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Preface
 

Work on conserving crop plant genetic resources has aI\ ays been concerned as much with tie effective 

UL of theic so-n ISaswritl c( 11SerVill variatio +elr se. Core collections cal make lniimlportant 
coritributian)r to~lt bihIIi)l1b~tl+,cit\'esiV"ildand .ove r tleptS eidhave becomem a n creasinuly itpratpr[ o t ltp ro ve the past decade. ha ebicoth1 1 C 

is gerntplasof discLssiOIP+ OinL'tHI",I'vhllad Lil2 crOl more effectively. The IBI1GR/CGN/ 
phsr
\mrk,,hopon (orc ('ollcctionms: Improvin+,g.the MianullmcIIt and I Iseof Plt ema(;('INAR( ;If:N 

(ollection<,'. held iI Brt,,lia in .\utLnt J.()2. wa,,co nencd in reponusc to this Utpsurg of' interest in 

core collcction, antilon, plnt crfilnpiaSi c\pCrtS in orlCr to bring together illsingle volumle a wide;I 


raneeLc of rele\ ant iforillation OHthe sublct. (GN had bCCn itthe cCntrc ol the tion, described in 

thi,, ,oil t desclol abaole co, collctiOl,aInd II-BP(GR (rn'.lamed I'(;RI in 1994) had received.:lrc 


ul l't how to construct one. 
, 

na1\1N requests flo i e on the e o"l core collection antI Of iltforiatiot Oil 

('IN.R( IN,one of the \.oril lartt2Cst and ',active Ilatiotllal !CeiCtic rcesIlC, institutions, was 

el%Hit-, consideration;uno(ne the olL"alli till" 'leriou" to doing so. 

i( tc..ore collectiois, based 

On litcriture then I\asilablc. [Ihat ff't bcaitte bo21eCd down ill coiitittious ,taadclic views on 

siitpIi li2 thCor\ andI.wl nt f lV 1092 there as a itch greater sense of urgency abOUt the 

In the late I t )k B((I'( k had \orkcd.. ot the de elopient ofa potlsition plaperon 

1 )IISLid. 
11eansIltter bcasel,,. 1lua1,,Celcntic rCsorce, institutions wcre lookine to fie core collection ats a m of 

addressinLu som1e11 minaitnliCnt probletmts. The aim ol the \./orkshop and of this publication,ureent 

therefcfu. \\its nlt 111cely to refine the conoCpt biUt to eXamine how it has been applied in order to 

develop solc practical Solutions Iothe problems f'acing gene bank managers and genetic resources 

users itt I l99(0Is. 

The lroblel s fr v,Itich core collections iitght oflIcr soltitons are felt to be essentially of two kinds., 

both lIa\inu their origin il the waly il which enetic resourc.s work has developed over the past 20 

ears. In the early It 70s the loss of traditional c.ultisfs and landraces itt the wake of new agric.ultural 

dcc loplcnts ,ccnlcd to lbethe 11most llgent prolet1 and a massive collecling effort was made to 

addr-ess ' it. ll thelfirst )l.'e. more gencbank,, \erc established -- many more than could have beetn 

foreseen 111that tite. The volullc of, the collections that have bcen assembled worldwide has' far 

OtLrokk itlthe mialaitt'l resourceslald lre of1"i1i1eso these facilitiCs, collectively .Second. the use that 

his been lu tltecollections to bri aitot economically signilicanit improvements i ield rid 

l1rofit h,s beCnI 1tcty anMid It the especCtatiOtIS of governments. Generally, this has beenotCi not ul 
hcLaue,ge1nC hauk IIliaIiiaCgrs havC been nii or taisk ol'c valuating tlieir materialiiable t1) colc with the nia 

to enable crop brecders to Select rifoliit tilesatples most likely to meet their needs. 

As oruiiallv described by 0.11. Frankel ht his article on 'Genetic perspectives of gcrnplastn 
conser\vattmu (in ,,\rber. W. et al. C;em'ti+"Ma ilahtion."Imlrton Alan adu1'9iv, published in 1984 
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bv Calnhridee I.Iniversiiv Press. t I, a core coIl I.ion is a limited set of accessions of'a crop species 
and its Wild relalives s hich \Wold represent. \ ith amiininit of repetitiveness, tie genetic diversity 
of a crolp spcciC id its il rehiives. Ahis subset of the whole collection wolid provide iolenltial 
Users \0it a hae rounio ItIe as al'abhle' Cereltic \ ai'tlion ollthIe c_'rop g'neIIro in a wovrklble nnmlber 
Of aCCCssiOls. It or.ld lhere'fre be senl to plant hrceders seeking neuw. characters which ietuit+e 
screerriII, techtitiqIres 110t possi\le , hilt liree collctionl. Icus CliC, Of tie accesSiOls ill a core 

" it it particulaire oI theo'dlectionl is, to sote e\Itl. l+piesli+tll C" f aaI ittiil Ie of1ccsos 1*0 
s,orIl or \ ith "oiIC sIhared c liatli, t]M WI.e al I lie used as a to tIe ali\ 'e baseCorelc ,+o i IinoI' elll I[iN ir" 
colctions ofla crop. l)tiilcd r'search cM lie cirrriCd Outil ol Itto obtin rl eII'ctiv' piCture of 
the chiarretersii s of th'e 'Cte pol a, t v, r. 

The core co}llucc+ulh CtciC.l+Ihs alols.d c0sideI-ble ,,,(trhlv, ide interest and (lebIte wilhin lte plalt 
CerCiC rsI.'uicN etitrrrrrrirtv. It has b)eCir v,elconre.d is a \s v of nakine arl cxistilr collectii Ilore 
accesiIle thrrotreh deI',ri~trrl t I ullrltro of accessions that v,,otld be tire focus ovli, tatioir and 
rise and v,orld lrirvide Mir er pint lo the larger coullectjonr ., hich it aims to represent. Illoever. 
cu'tHct.Ill, ertll that the a\ ail;ale kIos, ledee Of Uenetic diverisit is still riot snfficiett. it anV crIp, 
to CIraeL" I lIrealiI to eI .c,.td ls tl sIch a lowLhrl cotre ie 11i llrIIV of tile usefull charcr occuIr 
frequrtrc\ that tile\ \k otld almrrost ,lJs asse oititted fon atsaiall cure cuIllectionti o mtIIr how it was 
sel 'ted..-A rire e Coriauurieril th hs,1 bett e\presSd is tht tIe d,\eltIinIeIIt uila Core cullectiot 
will leald to at ele't ol th. rest tthre uoturh arid a redtrc+ititr ii thre riJrirces available to work tt 
tot(l-+or accll, ils. 

Il IQXIllt( ik tarried out a ourlv, idC stir, \ ()Ioi stiut1iuis Mid researchers kliiwn to be involved 
Ill eveIte core Iollectit ni, ( ),cr 2 p1,rojctts ,crc ideittiicd itvi" virairI leutnie, vegetable and 
Ir1it crOps. arid dhescriptionr, (i1t established Core collections of' rkra. wild (;'i'hu' species and winter 
, teat alrearls e isled. Since that time there ias been rtcrilt i interest in core collections arid further 

projects liave KIl initiated. The aialssis il Lcenctic diversit,, in coIllections. to assist it their 
IIattIa I Il IIlald rrse. his a.lso IIILTCaIsd. 

lhe IIIP(iR Srv\e, als. s.l,u, ed htvm important the core cullection approach was becoming to the 
rrtIrtraeerictiand ise of plant getutic resoiurces. Ihuwtver. it also re\vei.aled . tintnber of problems in 
efhecti els,, t chipirI this app)roach . ,\fterc+'rsiderirte the torture and variets of tie work in progress, 
tie potential imptortarIC of core cidlc'tio, itt tievelopitng countries. and tie prohlems of taking the 
concept furlier. tie co-sptirsors Identified tie pressingt need for apibli ation to prtovide a theoretical 
aiid practicil Isis forltl hu trithrlc Clrrrtc1tt rfcres". Ii irirpro\'ei letelairk lllaragenli.. nd tI ote 
[le use tl tgttrtilasIi colltelctio s. 

The v,uirkstlp i lBrasil;li rov ided a tirtrlyv opportr ity t emieaue itt healthy scientific debate foicusel 
o ftile iSuICs iMt l\vrl itt de'elopir coreucoullectits and tie cottribuitiorts such eIllectiotIs Miht 
Ilake It CIrrert rIIlsI, liILtlaaeieilt problems. A long peririd iil preparatiot went into tie event. 
(FNAR(IlN kinls offered to tlirke a\ailahle its exceIlent f'acilities inIIBrasilia and a programme 
ctuItlitte reprclilrig tirethree spotlsorih, or.!aisatiotns selected speakers, and topics to approach 
liu' bjcct rirtl) sarjurrs ,Itmsiti\ssso as it Iiis, lihtl ril snI t tCcStiotI', IS: ('a t c re collection 
be uSCfutol forI0 trartlaceirterllnII f all zClelic resource, If so. how]arCuitlinirte thlr fIauc collection? 
sitotld LsnChli itdle .tiOil be cotstructetd arid i,, carn it be madetllost effective as a managerment tool? 
('ant l core ceutllecihi help to facilIitate effective access to r large ctllection by users atnd thus help to 
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channel gern1llasin more elfficiently f'rom conservation into breeding programmes, biotechnology 

prograninies. etc' h the ptetial is there for a core collection to be used in this way, how can it be 

realiked if] practice'. 

It s,as no surp1rie that fiial, dCfinitivC answer0t these quttestions did not emerge from the week of 

presence OF experts working On dit'erent tliceIS of thesedeliberaitins in Brusilia. Ilowever. the 

qut,iOls. and ila vatiet) tdcrops. had the \Cry positiveoutcole of bringing together the numerous 
+
 

stranIds of rel'evant knmo\ lcdge. stimulating deatue and establishing collaboratioi. The pubIi cation ol

the contributio s,revised ill the light of*workSholl discussions,. should help to rel'ile the theory and 

practI icc of core colIccti on, iII particular, all tode.lchlopInore elf'ctive ways of colnserving an d using 

plant genet.ic resources in elliera 

V I'I)Ail. B.OI.I). i..J.L. vim . Mira'el'fs mlA.A.+'ICuskerlrrn, Ilt.m i 

http:genet.ic
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(ort. (olh ltt iorns oI Plant ( wili , Rws,i es 
[ iI h I A I!1.1) 1 rm '.. , I1.1 .l.%.mi titm and F.A. V. Moralle~s-, . ~hdll,km, 
1 I I11 Irht,Int ir(iiml Pihnt (;,nuIi( Re mi .s Institute II'ft;RI) 
A\\V)W , 0. ' Puhl1( 111MI 

The core collection at the crossroads 
/\.H.D. 1tv n,,x 

AIstract 

Nationa!u ene hanks are no\, entering an.rai of increased activity and responsibility. particularly for their 
ot.v n itldi l rCllogel11r ast ll. Th ir proplritt t need to cover all plla;es of germplasm activities, arndC p 

el llase to na %s offers t %\av to iIeet thesc chtll cnges. A,tlc tilt limittd resources. The core collectiti 

,Cre collection cotisists ol a limiled set of acce,,sions derivd trot an .istiii, collection, chosetn I() 

Irr ,,.Crt the +'CieticI sip triL in that colctiti. I're conicept has lt ctiticism itl i nt areas: that the rest 

t the cllection Is \ ihcrable it) dc,.a\ or tlispi'sal: that tile ias toi, aids erpi,sciing diversily ignorcs 

ucl ith .,: Ilut lie ,, stelil is too itle \ible: anld t1l1 a1titiOll s%thin ac.cessoit is ti lled. Most iifthese"+ , 1C H,.+t.Il l jll, otf the ,iiie ar)1l103,+.+1 ito 4a1kc l'l slis iiillsIII ,'rstalidili 

(eni i_ tanks hlaiillin, clonal ciops. or species ,, ih r 'ecalciltmltseeds. ca. it aill iticlh rill lsilg core 

0+ Cll'11011. Fhll h nks mrir c ,isi\ c to I1i11 anid prtol, to lonss. Tle ctir' approlch Ctall Iuide tile 

cloice i s'itis It) kn iIIllthe fieli ll l d,\e\loe& i l, inai c !i1i,% tho e g ald using vilro ticltids. The 

le 
,, 

in. t sraiti lied. re'prentati Ci, MIplin,. ill lie cile conrce pt also appl, to tire chice of popilatious 

to coinscl allwt i, 1 the cost of such stratecics inin ti)S1. The letd for choice ar iscs tl rop species and tile 

1lm til caN tslr lie pic,cis ati\ ll of \%i l species. A better use of li ited reitrces \,t ill ctable specific 

sc WI tl .t Lo1l' Ism 1uas lhe ,dico \ of locft reCsistalLcs) tin e ;ICe'hieeCd. llalce 1itltheis of deposits, +,.\ ness 

cuIhl s\k.lllp Itatioual '0iiC hui1ls. S0rlrc selectionii is unlavoidable tio prcient tie loss of significalnt 

_0lllptuleClIS OItleiroct u.'.'tins.anid crc collectiot CollId assist itl dealitll Lwith e \cc ss ttibers. Iultrther, 

a cre \%ill r,.nI,: a collcCtion iire v, orkahle for tile user. and lits ensure' stippotrl for its cotservation in 
(hi IIlLcr telni. 

ith the responsihility ol Conserving plant genetic resources have challenging 
work ahead. Receit evets, thai have shaped otUrcurrent situation include the almost universal adoption 
of the Food and Agricutlture Orcanisation (FAO) Underti:king on Plant Genetic Resources atnd the 

l,,unchin 0f the International Plant (;enctic Resources Inslittte OIPGRI). 'Ihese developments have 

brouglht nIew cnltltismll for, alld eI1phasis upoI. I tllltanl programmes (f plant genetic resources 

conserv atioti. We are challetged to do a better job assembling, managing, conserving and using 
collections, particularly of our indigenous genetic resources. 

Those of us chiarged %% 

http:H,.+t.Il
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Yet at the same time these tasks mLust hC achieved with limited rCSOurce. Inadditioni.,; is important 
to address all phases ot gene hank activities -- from collection thironlh to actual use 0ol the ''Cnetic 
vvriatiot in plant improveiment frwraminiies. A hindrance to fulfilling all these functions is the 
unrestrainCd erow1th in the nulb1er of, accessions illcollections iid the irilorlhous nature that 
collectiotis can take ()1n. 

Recoellisili tthat the sheet sii f a 'ert laq.slI collectionm could dCter its use, Frankel (1984) 
proposed that i cutUld he pruied to a "core colkctiot'. The ore ,ollction \,ould repreCent "\itlh 
uritinurit repctitivcllsst 1CrichC of CrI'os-ecics alidthe a+iCsir its, relative'. "[he remaining 
ICL'CsNiolns \ 1ld llOtucccsarilv he discadd but \Wt[oldhe 111oaill'Ced t',a *rlsCt e collection'. 

Sinuce this fro osal. \,C hav e lllelc the rational., purposes and gencral principles of core 
collections (liraikel anrd Bros u. II)-1f lirt\,nI Q)i. h. As to the si/c of alcore collection. sampling 
theory of,,eleci, ireutral all e,,it finite popullllions indicited that about I01; drm., ra',ndorly 
front the ,hoe ,'ollec.tin .C,,relalii\CI, efficient itt tet'aniie its , 'alllic vaiation (tbhout 7014( 
retained), I lov,r. this could he iriipt,,ed 1w ,tratifyin tihe collection into groups of' related 
iccessiots and sclctlito If)1 Itoln each eroup. A lUnibern olcore collecrions ha\ve ntl.\ been l*rrred 
and orht a'rc descrihe ill this volltte. In addition. there has bccn Iuch dcbate as to tie reasons for 
core collections and \,ai\ then). Inthis chapter. I ,. inauV o'tlC issues.s to 1h0)rl1n ill begirr by rCviewine 
arid then outlie the steps and luestions ill%olvCd ill Select ig- coeS, k tita special focs OiloCMal
 
crops. 

WI IAT IS A CORE COLECTION? 

Like many timely and appropriately named ideas, that of tile core collection has already begun to 
diverge. Let itsstart with the original conceptLput forward by Frankel and Brown ( 1984) and Brown 
(1989a. h): 

A co' e o ulcim co ists of'i limited set of, accessionst derived from aItexisting gerll)Iasl 
collection, chosen to represCent tire gCnCtic spectrun inl the Whole collectionu. [he core should 
include a,, tr.I'uC,, ,,ible of its gectic diversity. The remaining accessions ill tile collectionao1 

are called tie I'.,'Ti,' ( olch. il -. 

The entries ill tIe core are cho,sn fprimarily to be representative. They arre ecologically or 
,enttically distinct froin one arotller. Within the prirnary corstrainit of coverine ihe genetic spectrum 
and ecoloeical ran..c, tire atim should then be to naximise the genetic diversity. This implies that tire 
core should tot contain duplicales and should miniinise similarity between its entries. For example, 
tile sampling vkould include single-sipaced points along an ecological gradicit (a spectruin ) rather than 
be restricted to aifew repicats hro1 both CxtrtireCC (mnaxirirllll diVcr-sity). 

I The term 'accessimi' is ued inthis chapter to retfer to ,amplemaintained ill tie whole collection. The rerni 
.erntry' is used to ref'eI to ;rrrvaccsNion or ,uhline from it that is selected fo~r inclusion illthe core. 

2 The work,,hop on which thris \ot lie is Nosed resl\d that tire term 'reserve collection' should trot be formally 
recognised by the Internat ionl Ioard r I Plant Genetic Resources (13(;R ).Ilwever,the concept itsell nusl 
be discussed iinthis chapter. and the terniis usCd NoCney in that context. 



While it miht he com lient to spealk ill the ingIar of' a core f0r a \ hole grot Ip of' related species, 

such a. th leCorel' l peIforIerenial (;Iv il w species (liro\%inet al. It)987). il pactice ccCore ,election I'or each 

speCic is nlade scpaIraItl I deed, the -aplingIII1 proced Iure aniid ini tiI are Iikel\ to di ilcr hetweenII" 

it lti\es.tIre cro p "lp ci". iI', pri -ucliIrIo r cI ose N\id reditit ', anditL liIall -Ctani 

eCCrr is IL alter thle terli itself'At lCast tMo ilrdificatiiosl to the cole Concept hria proposed. ()ei

1t ubsets o 'IIrle"or tirele 1'IC Illat thleC sparatc collct ll.h ait sel of'Core irr order tI arcInllot 

LiC',eiiiated accsions1', \ i i i c\ii. cohleLit (N'tinal c'aRclc (-ItIuniuCil. IQ9 I I. lhC ILeIi 
"cotre. Cl' tli l he siirpl. ,is tihe \ ,u",rli i' rcludLIant. 'Iik atpproacrIllyv he appropriate fl'r 

collections Ihat aire nder no p resse Itohe reluccd ill "i/c ilrdIolr \\ hich no ph ,ical separatiol oftie 

core from Ilc l" t! teh collection is pmlIr'. I separatiorr of tireUtlsen.ill 'Ilt FrrhdcLItion o1 

tire totaiZl si/" ila\ he irICdeti inC "ti hun iliceorrrnrrrhe airdltol l s \\ fil ll lie , or tirese co)llcc!itis the 

oLrrilal tCerii i,, appropriatc. Mlore iiirrpotritl\ , it has, IpreceCderr . 

+,\scCotl IIIOdilca ItimiI jI) ,',l tire se (otirelrric olre orltl" s oftaccccssiorr that a curaltor his 

choseli as el\ rnue in li lol'eeI ) fL.umr as, a ethr ofacid Soleralriisoils.c l iorr pic ir C suICiL ,C1' 1c 

alid ali 01ulior rust ritance (l.c kav. ( ' ,, 1qc,-/.4. IlliA 1-o/111 I'). I Ilosse ti Ier.ll, uL of'the Irull 'core' 

is coloiturlsll .li Licks lc!ilhll lc' h cail" it has hcerl tl'Cl pre iolllv to dliote ai ecrrticall 

rercrlrtlative set (I rallcl aid IlrMIs L. I t B-lrowl i. l,'iQ)a. \,Ir\ rot tlst incorporae tilLe specific 

ft:rpo c for \ IliCIa t a fee1 ,Cn iol it, Ilrallc( IhrCariiipC. all "icid-soil tolera'll ',Ct' illa RstsCi i chose 

.\ rIue'\ ec" lolrllrre'tro tir core coircoCt lirs arierr torrll cuttirn tire liikace ola core to a specif'ic. 

CxitIiInL_,e nneliaIlasIrrII i illd l tire toI I C' as ite IIa lTiufecllectirrl IuII co iIcep cro p sCipect.a ro. ireccore 

CO IIcc iItirr fo cropl+ ( coui":, fla I irIrI ruirIer of cItIie it erese rIeleIahir ofoldI Iuitd chirsCn o the 

di\ erit\ of' lesCit'es illd its Id Irelatie"or r I Wtiiaid rese'arChl. it \s Iu(dhe a 'vIitC Iic core, 

aseIrbIIC ed( r0ri Ire v:aiolu, c t0I)C'il itILIre Iaril is',irli c I f 11 11,r 1)or1 frll fresI i Irplirign otf'\ i Id or crop 

plltioi lnIrhe i ieCtCI it far is larlc\ ('ore ('ollectioni projecthuo rirbiitioiis of tis so lile 

iinitiatred b\ the Fulropcall ('o)Ceati\C lrlrriIC 1' tire11C ('0is'i.atiirUl aili LClrartge O' ('r-O ) 
,(lietic Resource, ( Krripffei- ( 'hqic" 4I I. 

I \k isir to ,treCIr li (IiIlereircuC' bC't\\ ceIIIrCe\ nltiCtic cOre cOlelctuioir ai t Core coIcCtii ittached 

no) a .pecific eeie hSk [ire first 111irot 1 diI'Irt ill thie ,vritlreic cre isio tioreivoti .irencCis 

assi sance toci rlli ,C i to, e ill riaiateirictl. It oris1 iritlllie, iil adiditior toi ll ll 1 iik a set Illhos 

heCld il rat1,6MIl cOllecttion h lltI\ I bI rIr arl l as aIr" aid d itiilct tilli Irn L'oli' t t coreociolleclion 

i,, lakcir 'rini 1i c\istinrc collectioIl it does nIl rave I0 he 2alltic fr'redll \several soiures. Second, 

tile s\lltll(tic cor relies iir air illtrilatilial coilriritte of C\xperts oil that Crop rtn aree oir its 

coirpo ilin. lil Ctiurlist. aicr or cail iipleeniri t tire originarl cuiicept directly l n rilliilatiirg its 

entrics h'o tire curretirt hrildiiLu,. 

lhC1es oildl oftit Itll corle collctii t' likel\' to cOlntilll. I however, tie rest of thistibi, tir Ire 
chate)r Ifocuses oiil theurriirrlal ,cirC-eptioll. Fho tile dli illitiOln iii 'Core collection" we flow turn to tile 

" h\ ail tild ht \ ' ill iPNsCIrbliimrc Ird iri cure cOIllCtio0is. 

TII F FUNCTl(I)NS OF A ('ORF COLI.f('TION 

(rre collections have inny' roles to plhav ill tle nl.nagertllCn a11d tise of IenFt ic resoUrces. This is 

eCus iLIrit c.ic itics ini tc hank rani.ierllletIl rilireC tihe curaltiro Illilike clhoiCeS or to set priorities 

irlrl(i_ accessions because Ii llited resorcl es. It is tiSul ly)' not1 logical or efficient to start at accession 
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number I and work sequentially through all accessions in tile collection. '[he genriplasm operations 
for which I cure collection offers distinct advantages are: 

AtCCitioll 1w 'tC C"'o. bi.: The core colleciion provides a ielIerefnce set lor dCcidil wiether niew., 
samples arriving lt i ,g.nehank are worth auldin lit tie collection, or even to tile core itself. Does 
the new sample resemble any current core entry? If so, are ther+C enough of this type i fhe whole 
collection alreiady! if rnot. should the saMple he a new core entry'? The core may help in idetittfyiig 
gaps iII the collection. 

Conmcrraion:The core contains material o llighest lprioritv lor conservation. It should have first 
call on the nlcliloril, of viability bv routine eed testing. CuraItor'L0S I'aced with tile task of 
regenerating and rnultiplvin a laie and leglected collection could attend to the core iirst. 
Duplicates held at other gelle banks 1r slfe!v shuMi include tile Colre entries. The representative 
nature oIf the core niakes it suitable for :leveloping lle, methols of conservation (such as ullra-dry 
seeds, in 'i!ro or cryogenic storage). 

-

" 	 ('haraClrisatioll."The core is tile suilable material for dCvelop)ing a1n a1detlZ.ie list of descriptors. 
A sufficiet llnuhei"ef characters and states should be used to distinguish between its entries. 

I Lt'ahuali+n."It is for this task that tie core collection has tnost t olfer ([rankel and Brown. 19,84). 
The core enables;-' logical and efficient iv, o-stcpl pocedure to be carried out ill sampling the whole 
collection. It,; entries can be tile l'irst to be evalated for expensive or coniiplex triitS. It provides 
a set of Inlaicrials covering tie rallg' oi variatitn ill tile \hrle collectinl for developing nlew 
netlods of evaluation tat tild sounid for the whrole collection. Furtller, v f'ocusing11 be 

evuiLation on a restricLed set of, accessions, the core assists tile development of a niltivariate 
database to study tire itlrielationships between characters and hetween kinds of data (pas.sport, 
characterisation and evaluation characters). 

G'rnrIpla.isi ('f/haicnCUl'n. Th e breeding of desirable characters 'rotn alien genetic bac kg r un d s 

into locallv adapted stocks is '. lengthy and expensive pro'';. in- -ore forns a reduced set of 
representative accessiorrs I'm testir, gc-. :il co:;iininrg ability with local gerrnplasin in the search 
f'or yield enhancemlieni (Frainkel and Brown, 1984: Abel and PoIlak, 19) I: SpagIoletti Zeuli and 

Qualset. ChpC'r5.]). 

" 	 (;Cr'ilia.ni di.mtirboii.. Desen aition 0l' a core can hel lp to accelerate tile respolse to re tLieS!s 
because core sainples can be lti plied and pack aged in advance, ready for dispatch. More 

inportartly. it provides ati opporliitunitv to distributet representative e rniplas i on a redriced scale. 

The general leature (Af most of these belefits is that the judicious reduction of tile number of 
accessionrs toibe handled in orne operation saves resources. These resources are available for a illore 
complete range o1"activities to be conducted ini greater depth and thoroughness because the entries are 
represertative of the collection (Morales, C'hupter_5J). 

CRITICISMS OF TIIF CORE COLLECTION CONCEPT 

If the core can serve curators iin so many ways, why has it riot been implemented more widely'?
 
Numerous objections to the core concept and stratification of gernrpiasm collections have already
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appeared or can he foreseen. lhese objections can he groui)ed Under tour headings: vulnerability of 

the reserve collcctiion: bias towards diversity rather than usefulness: inflexibility of core entries; and 

lack o; validity iin sampling variation. 

Vullnerahiliti of the reserve collection 

Several criticisms revolve arolund Co1Cncern for the reserve collection (Marshall, 199; National 

Research (oucil, 1991). This concern is that a core collectiotn tiihit threaten the size of the total 

Collection as administrators seek economies and dispose o the reserve as excess to needs. The 

appr'oach may lead to coiniIing mlaterials or siipl' neglecting gCrillhplasm Ihat is tot part of' the core. 

In Ceneral, tile divisioll olacollection iltocore aLd rese'v'\'e Ill threaten the interitv' ofa carefully 

,isseiibled Collect'tion. 
These criticism,s ',Stiine that tihe Core coll,2ction is ali canlily on its own. We have always stressed 

that a Iuidiamnltal role of tile Core is that it is a uide to the wvhole collection. Another role is that it 

Ihaters betler conserva ton o uCrirplasill (Brown. 1989a). No reduction of'collection size is involved. 

Indeed. the appraisal of Al the accessions in hand needed lor setting up1 acore collection can prodlce 

evidence forincasine tie ttl, collction size throtgh targeted collecting ill particulr areas. Most 

collectlionls ill cic hcanks do not hae tlchir contelnts reflect uneven oriIssailhlC 'interity" because 

historic salmplire etfeTts (Fraikel anid SolIcK f, I 

The n1eL to rc tlhC sizeCofoni t'collections hecauisetoi shortac of rtesources will arise wheiher 

or not acore hals CCn set u1p.Indeed, as national prograninirrs hecolc increasingly responsible IOr local 

genetic resou esl',the arc in dalgero lbeiig swatilcllpd h largc nu1mrhts ttlnew d(lepsits.The practical 

hottlelnecks Illat litit initeriatiomial acLutisitiol (,utch Is costly periodic Cxploration, shipnCnt and 

quarantineI a ro1t10in placc tocheck such gro th. To ulse I loldeln s (I 98-1) phrase, national programmes 

\ ill have to 'dcal s\ ith thcdelut'' of local material. Soime seleciton seenIs inescapable, particularly 

'o clolial Crops (m., lw/im I. 

ias tIwmtrds representing diversit rather than tusefulness 

The I'act that enlries ill Ile core ire chosein to represent the genetic sliCttrurin of tire collection has led 

sOM .e tlht the core forms a suboptimal sample. They feel it ignores tire rclative easeuthors to chlim 
of nlakiini tile ctosses needed t0 use a clirac tcer in breding arid that it is directed more at tle Ieeds of' 

tlhe molcutlar hi1olist arid gCnCticist thlir at those ofl tl.e hrCeder. 

'l'lleC clailris can he displltld. SLp)ose atICV resistance is soult I'rorl a gle hank and, from a 

,earI of'thC core. this reLsistance is folunl il i \ ild r'hlivC. This does not Irecess'irily enian the breeder 

would tiomlsCerening and start crossing. Tihe decision ilnly %wellbe to eXillile Illotelltlterial 'rolll fIre 

rest otfthecollectioll ofihl cultivated species to seek otherresistairces.'"'he breedermay pre eora weaker 

resistance than that ti, st Imttrd. if' it is ill a ehter cerielic backroud. The hencfit that the fir's: search 

of, tire core has provided ill this Ca e is a resistance phenollype as a 'ardstick, and possibly a usel'tl 

rt'eOtr'cu it' no other optiions appear. ('Consider tile case of the resistances to soybeal leafl rust f'aurrd ill 

wild perennial (I/ry'ilespecies which have so far Ibell extrlCemely diflicull to tlilIsler to0 soyCai. Such 

rsisCtaICes have pr0.C'I very' useful hCauSe they uncovered cryplic pathotype vairiation in the 

pathogenl to which the genlerally suIsceptible crop SpC'cies is blind (lBurdon and Spoor, 1984). 

It is true that ill rary inIslnces tile core is unlikel,' to contain tie single most 'useftl' source of' a 

character for the brecder. I owever, as the first samplifng of a two-step process. it provides a logical 



general strategy in identifyini tie best source. Further, adiverse core is more likely tocontain adequate 

sources of many characters than that seleced by ot ler strate,,ies. [or exatnple. Vaughlani (I1991 ) ound 
that a diverse core of file rice collection at [he International Rice Research Institute (IRRI) had 
Ip)preciahly frequent sources 0lall six rtcsista.lc,.s he was s.eking, \\ iereas r',nldou or sequCntiatl sets 

of aCCCe",Siois% le less reliable in their conlents. 
The represC.ellttion of tlisersitv at tbie expense of tit\h implies that tIle core \ ill colltail some 

entrnes of little use to aparticla.r tser. fthese are ohvious al the oW:;et, they call ie ecided frol that 

use of 
Ilowver, not all biologist,s will be contelt ssith acor: some have specialist ieeds (lfor example, for 
rare iiiorphiolo!ical, developiiital or physiolog.'al illltauIlS) which can escape inclusitni ill acore. 

project. The attraction of the core to lrany hiologists is its dive:silv Inld its [rIal resources. 

One adsantae ofa di ,erse orre Ir the hrceder is tihe chaIce Ito bcome acquainted wih tile diversity 
of pheiiolypes in a crop or its related \, ildl species. S:ich cores can sow tile seed iil the breeder's 
ilagination of Ile\\ characters to use in plant imllprovenntl. 

It should be obViols 11it tihe core procedle ais never intended to pre-ellpt all other niethods of 
strulctirhnI or smpilllllli hill ''ertnplasl collections. Notr was it intended to replace all other batches 
of samples that a curator ligllt dispatch. or that a user might work wilh. Yet some of the specific 
reqlests that a gene ballk recei\ es nuiohit be better answered with a core than with file varieties requested 
(VaigIn and Jackso i. ( '/tr 5.. ). 

Inflexibility of' the entries i11 f le core 

One area of potential ditficults is the rate it swhich changes slioid be made ill the composition of the 
core. (leaINl, sole ev olintion of the core cotnCtts shuld be anticipated (Brown, I989a) because tile 
core primarily represents tie diversity ofl a collecton that is itself changing. Yet a disadvantage of 
chanige is the reducdC,. SCOiC [or studying interactions allollg,attributes of all kinds that accrue as the 
evaluation of,a limited set of,entries proceeds. SOille balaicc can lie struck between tile conteilding 
needs for chanlce and Or stability. l)isagreenieits about contents cami he resolved at the woi king level. 
Ocourse. tile curatlororthl Ler is lit bond to work \0it, tile Comliplete core set and citherimay choose 
to enthplt aSubset lira s)eiI: purpose. In all these Issues what is important is not to take too inflexible 
a view, of''ore contents. 

Lack of' general validifi in Sam)ling variation 

Several ctncerns Iiive been voiced about whether stratified random sampling is the optimal strategy 
for finldi li ieeded vsrialiOn. The Snpl)psCd problems Ior lie core as a sampling strategy are: the 
available knowledge o1 geretic disersity in any crop may be inisurficient to enable a reliable core to 
be developed: the characters for which breeders turn to gene banks often are very rare variants or 
com+bilt i inS.party beeaue the clihaacters Illit are commnon in i crop species are likely to be in a 
breeder's working collection already (I)uvick. I98.) , and the core procedure deals witl, whole 
accessions and appears to take no explicit account of polyniorphisin within accessions. 

/,rfin-1,11 o r'quiir',inw 

The National Research Council ( 199 1) claimed that the lack of basic infoniation on accessions was 
a major constraint in designating core entries. This is arguable. Complete docunentation and 
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eviilu;+tit0of a Clhllectioll would be tile ideal basis for a fully deterministic choice of a core set. 

IIow%,ever. there is no need to delay establishiin acore for lack of complete data. Second. some coml'ort 

call be drawnII from the robust nature o; Inaive random sanpf ig' (Brown. 1'99: Schoen and Brown, 

Chairer2.3I.pO\U'ideIthat a Ihihlll tlic. u distribhtution of polvuorphism or of identitv by descent 

(reduIdanc\) is 1not preClit ill tile collection. Lven the ollot limitel aId amout ol'dat;and11,r iuneven can be 

tised to improve upon the basic ellicitlcn of raindon sauplirig. Yet such a tSC of the data in hand does 

not validate the crItilisn voicedI, Il'mwkcs (I 992) 1ha.it 'tIle core idea is basicallv lawved' because tie 

choice Of the core tequ,ires evaIfluat|ing the \hole collection. In Contrast, the choice of' the core should 

IreceLe. rather than fbOllow., extenlive eva+tlua+tion. 

Any particularextrtemely rare variant orspecif ic combinationi of characters is unlikely to be in the core. 

The core ,.ill, of course, COlln;+itaasamtple of man;+tt1\ of the other rare variants from tile collection, but 

the probleim olthe specific rare variant has long bedevilled discussions of'samunpling strategy (Marshall 

;aln (IIrov.'l. 1975. 1IS 1: (1Lanel. I ). An oft-citd exatmlple is the finding of resistance to grassy stunt 

ynU5 1,sa rare v;riant i1 onelpopulation of the Il d species OrY:a nivara. Whether one has a specific 

rare \ ariait in a colleCtioll ad lfinds it depends ulpon luck and total sanple size alone, and is largely 

uftlecred b\ stratc.\ Such '. ailani, are thus irrelevat, and not a p;aratliignn Ir strategic 

cotsid.7ratills. The core concept iS not aimed ll them. Ilowever, evahlaing t core does have the 

1f0lo(m inc beiel'it, ill addreSsing the ploiitleiii of the rare varuiant: 

" 	 The userlniehi niot kno. , aprioriM.letherthedesired variant is a raretone in the species. Checking 

the core fhist is the m1tot efficient % i'.ol establishilg this. 

SIf' the cOre has ben studied for other ,imiilar traits (for example. resistance to ;ani array of specific 

patlotyptsc f;disease. 'ho spot',' of geiietic diversity may be detected, even if the desired variant, 

a specilie resistance, was absent. The tccesstmns fl-om these hot spots in the reserve collection 

\.ould hie tile next logical Ones to screen. Such lint spots of diversity are a part icula.r felature of 
19 1).inbreedii species (Schoeln and Brown. 

Absc._nce oflte Variaiit in the core mighlit encourage one to test a core of wild related species. If the 

variant was ftound there, the cost of extracting it I'oini exotic gertniplasn could be weighed against 

the cost of',creening more of tile reserve tIllection of the cultivated species. This sequence would 

be relevant to the case of -resistance to the white-backed plantlopper and the brown planthopper 

inl rice. These resistances are rare in the cultivated species (Ibtolt I1. )but common in a wild relative 

(abouUl 50"; 1 (haru, 1989). 

The procedures for sampling of polyiirphism within ai accession differ markedly between species. 

Upoiltheir breeding system. 

For outbreeding species, the sample size for each accession must be kept up to avoid inbreeding 

depression and gentiic drift. Itn some outhreeding species (tor example, maize) the collection may 

contain nmr1V accessions that are relatively ho0migeneous inbred lines, while other accessions are 

depCdingIprin ari Iy i 

opeti-pollinated populatiots. In these cases the core should include a set of entries representing the 



t0 CORI ( LICt(II()N( ,F (INIIANI II RI S()R( IS 

inbred lines, Isdistinct Irom mother set of entries representing the populations. The entries in such a 
core, with dilferent nating systems,. are likel to dilTer markedly I'roi ore aniother in their level of 
polvnllorphisu nl core for specilic genes stuch as rust resistance, the Iother ('S) hifltssreellinlg tile o 
Irori each ilr ill inbreedilne a given IfrqLenU (1) ill'\ coefliciellt I required to find geile Io the 
accession \kith given certaill (sa\. 951t )isreadily ftornilatled (Marshall and Bro nn, 1975): 

S = 3/ (F - 2.hog . I -p1 

The core sl mid tlus be it1cltured Iilr'd cllinics, popn,,laliO llties and other such groupings) to 
alert tle User t, ,CitiC I,teocrimitics ill the collection. The iuser can then choose a sample size for 
each accession \%hicl is appropriate fur o\ erComling tile problem of :.'tra-accession polymorphism. 

For seIf-polliiited species, one opl iollto Consider is tliat ohfrteducin the con.entry to a pure line. 
I loilmogehlci\ ha,,solle allpeal iii fiimg thle entries olspecies cores such a,the Barlev ('ore Collection 
referred to earlier. I o\ever, it biases teilrepresentative na1ture of such a core and retlnIces its totl1 
\aiatioi anid ilfo+nnIatiom Content . (6eleral. tile allonntll of, i[itIa-accessio l pu'lull lro\ti. 1902 ) 

mnorphisn likelk tu Lmatl\ tiletIller afmiomni accessions ofauttogaimoou species IlIgene hank."lhis 

implies that both the mileal i an accession I fr0amiiple., fIor tolerance oi resistance score, of ildividtial 
laits) and the \ariancC \%ithin it ncedIto be nilcasored if lie\IhittTCp are tobe found. Such studies 
r'qiLr lloIe \\ ok )lle".C'"I"'esioIIs. sta tIttliI'M\Nlhil tIm CoI i s elI snited." forll collection 

For comial crops. the illtillilI'ICe o1 te l structure oailnrigiml )pplahti ('etativet) sample from 
a Sinc.le fiehl is iiorlC difficult and Iles,jutified tliaii ill sed crops. The ieideLCv is to split 
comIsicIol\ pob. inoplmclli samIlles itoI distinct clioes. Inde.'ed, the ('entro hiltrilacionial de Ia Papa 
('IP) rcstricts lonal ilaiMIt.liTrice Of pta)to accesions, 1t tUliqiC genotylpes antI reloves luplicates 
o he imaintaiied a,sed co lecionsl (IIt]uaman, 1)84). This makes thw enoty let uit of tle clonal 

co.leetioii. lTme ltn ofillra- and inter-field vaiatiVil6 ctnthl b+ee\tracte.d f'rol 'rIcords in the database 
On tie oricini of'each cloneC MICHhCoCeded. 

'[Hil. illaMncr 1t the criticium', LOIICeriied %0thvilid W's to samlphle variation, the overall 
conIclusioii i that stratified samling and core esieiatitii is an effective wa todeal withlolynmorphism 
within acccssions. Ilo\e\ Cl,it sholuld be stressed that experimental prot oCIs ImLSt ltake account ollithe 
diflCrences illvriatioll structure w+ilhbrtediiig system (alhlgamousLtut,;iLnlllllOulli orclonal) or mating 
design (inbred lines or opein-polliitcd pllpilL,!iolns) il tle collection. 

H()W (I h()()SI: TIE CORFII TO COLI-CTION 

Other cll.hapters in this v(Olme describe spili e aim o,r the designation a coreullples and method+ts of 

Collection. By' way of ilitrodtCtiOlh. let us1set 0Lin ZIgaeneIal scheme and note the problems that need a 
Solution il each specific caw. Figure I presents i flow diagrain of the operations involved ill 
developing a cure colleciiolm. 

)ata assembl2i 

We Start with the .collection illhaind. 'he available passport ('[ohlme et al., Ch'ter 3.1) and 
laracterisation (Rao and Rao. Chapter 3.2) data need to be asseinbled and updated as far as is 

pract ical. 'Tiis step o'data asseihl y ::dses lhe problems of ho\ complete the data should be, how iucti 
and whal kinds of data should be used. and how time various kinds of data should be combined 

c 



Figure 1 Procedure in developing a core collection 

Qu.stions nd P.. .obienr.. Processes 
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Itow to ( ,llihinle dat' , 
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Ihtalog:,en ise.?
 

Core set 
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lreeding
 

User and breeder opinion Di use
 

( core (onllt,.
 

Validating a (ore
 

Clhnging a core
 

(K resov ich, Ohaptr3.5 ).The most flex ible approach is to organise the passport, characterisation and, 

in soiie cases, evaluation data for a hierarchical classification of the accessions into groups (Ha(on 

el al.. Chal'r 3..). The attributes are considered in descending order: taxonomy, geographic origin, 

ecoloejcal origin. genetic markers and agronomic data. At any level, accessions lacking data for an 

attrihute can he assigned to a separate category isan unknown state. Often a set of similar attributes 

(such as cliinnat i( variables) nav have no obvious hierarchical order. Such asel can be reduced to a few 

compound indexing variables using nltivariate ordination techniques. 
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(;rouping 

Illerhel's ot'which are likely It, 
,iiiilar I(C pIprotAch is ;id)ptC ( I liuiih ('hap.It 2.!1. \ke 

The secolld step is to ssiLui tle accessions to u'rollps. tile be genetically 
rossa cl al.. ( "l-h,, 2.4. Ittle liCrarchiCall 

) IM\ ti OCC IdIirC. 1 11 I I dlcr aind .I IllllrI I 
\Viilia ',.IQ I). Th-'Cillibcr ! C I[il,dt-'pcildi upollfle ,i/C I1 Illt-'colection. the iintnled si/c of 

cinplo I pro ,,pIItii I 1ii ,COlji ."rotips '\itl it groulps 

otid ll cl tthc l ihe di,,,,iii Iht-IIj'Ir , I w lhCt,, I\Cl of , rli . W ith aiholal collectionI of N 
Ni/ct: 1 l' I , ' IIIa\iiiitlll ltu bc I tt i - 2 l'\,.Iild he 0. 1 N. 'this 

itiilihcr \\i~ulhl I .. ltIllc,11tl I N -K (l1 

il. ..,t&iIN. lt[ Ic0i1 1() ()IHt-CIiIlt\ 
Ippop colicclioll, . Ihi . For IItdCralcl\ Ni/cd col ilcioils
 

I N about IIltl. theI IItI ),lollCioips Illl\II NCtd", priti0li tolt11 ill No Iltat
i1 Ihe b hwa of N. IIIore 
l l MC CUtr\i1ro111 otp'0 lt. tc ..It N - 1(1001. li f ,,ccC,., iltII 1\\1Iilcl Ic iii di\ i t.tie i into ab 21) 
routp, \\uld Ii~iIpl\ I I\I, Ii\\c ll , ,%li -r 1 ill Ite COIC.tl i C1 0IC 20c1h \ ilI I C eito \Mhich
 

Ile ci, iN il o1Cc 
 lihIlli1 h" literAIci ,,procCdC, NhlOtlc tecjitl tli l cli tirnliS Ciless. 
Slai.' lcIr li (I ,idX tc.itctt It-lotthn il!w ,ii. .15 ill]/C't ll.I)tAI ,,c'(I alittliler aI)pMttcl i jltl 

C\;IIIlplC, lic iltl l; iItc ;1ltii.l',]s (I .ilit cliIIllilt . c ,pikcIc cli ciCS Ill the llitcd Sta~les 
)eplrIllicitll itl iCt tlI riI t fllctIII tfl(tItilill \\hCa . III icc ,slt)ts\CIC chikidCd illtoJ\,_'c I)..\I 

Ci'(IIJ)N .iccuIt. ldiI1C hi lIcll CtMti\ Illtliwill. Th c Illi'iCN \\.ikCF Iici clitsitCLcI 1iNilW ifCtilltOliC;l 
(Icrij inj1ilit i', the IIC it.- ltii tlit+'-, \k ili Illt rlt.1 ; imiilir ,,cit.iiii l\ NINi, sik itpicall. icc . The clI.,lsrs 

Ni;IIJlIOwilt -l,t inllll I ) Iit.It h il ,111i li t Theuch iLit ,lilcN i IM lilt.',ic 411thr M C(l a sliWi I Ilill 

t l lrJi Itl .hicli Lt ittll it o iei N i ot i eliibl d asis, ltLiSIot cljICi I loiiei Cr. thtiiaiCPtii. iiLtiti'C 

eClt' i dlllcc Ittljhcl '111hilht l IN o anothrli uds. title itlit01 I t ili" lai c set 
itt data blr 11,.lc\. ICct- ' \lartllelli rtar coicltisil c(itillitr\ )l,t 'ivililld It),t) I rcac'hed IhIe ,o thait 

INilrcliai lc Celici,i Of it.illcati of toir 

Il;tillg ciiided the collect iou into groups, [lie third step is to select entries from eaich group. The 
llCitito Ihie tiddresscedareherarc rh Ituliher to be chosen from each grmtltp ;[i tle nMethod ol'chutice 

\k itlhi [lie grtup I Yn-/a. t c al.. ("haontr2.21. Schoen and Brown I('Iap r 2.31 discuss this issuIe 
illdetail. 

tlsinut the kilil , d CaCruts 1t 6-- I tl9 t)tCtiCil CLtIlilillitilt iii idel (if" i\ClV fitutrll ItiutantssClctC 
with paraMuItlCi X c potptionltii si/c X mtitaititn rate), it i,,possible to iprove aIgeneral1(0 -- xcfc'i\ 
thetnCllr t tic Ii iiUlll ,,thi iin \cktallel'Nithii th" ctre will occur slien cach group is represented 
inproportion to it', valtlic of (1 I.This IN,a \r,rp(os erful Conceptual restlt. I towver.its applicatioi ii 
practicc iecds aln estiiile Ifthie paramitllel'r (0 loir each grotp. Soie appro'xinate approachcs are: 

irst. ,ppetht Ilislc li\c lit) c,hi Oil CleCtic vari itili. Ifreduniidlancy of- idcntit' by descentl do 
iotvar a tlli ,groips. Ile tlhircili illiptiCs Iepreseilitdliot sholIll he iii tlircl'C proportiti to the sile 

of each grolup. [or Cailile, liossii I t)989h1 or blih.aiey (Nvtin' oiwtm'ntllait Firskiiie and]nd 
NIMLuehlbic I 19i Io fr Icillils. 11ti1tl this stratces is beliter than takiuc aconistant number 1rom1 hall 

each gri p. Ift -ii Ia itIherC are differcil n teirotips inl iedliidiIiIC\. uisullV OccuiS becIuse 
redullillc tCiIIs to h iii proportion ito lhelC lliCill iii lirger groips. InSLiCht cases, iepresetCtilit 

logarilthm (f group si/C is inore coitser'ative I Brootin. I t1).
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111Cg :C.SsiOls, within 

based ioa cmrtIparale ,ample. of hOci. lhe torola,0 =Ih/) I It ,iricle-loctmsgmIch e.s.timIate 

of'cne di\,rsit. (1 hetero/\ IIoiontfhe lldilr an estimate olf' (0t. 

.Second.% Illahave esltimales of i-ccireic ptk iliorplhisi lla th Igroup 

species) in cach group to 

ThC inbliierhC Of entries from tcroltp in the core is fiC.l ill pripolrior to thea era.ce %alue. olIfOf 
tha, crmup.I,,r 


eslifft Of itll ot ilidd iveC) 

cliractw'" ,lrtht be aevilvablc. It is knol.x i hor\ of Lltlallttali e cnLiclic 
T hird. 'Olipalratie tt,, tile 1t ' 1cnetic \iriiaic forl Iua titiati ,Ce 

trollut thm tile ilnolltit 

varatillCC for a 'netutral' charICCtr (OiIC thiat i,riot under ,Clecliomi is proportiomal to lh-parameter 

the core is to represent0) ;iCluilibriltI. 'h'lu the uide to nillllbcrs Of ellries frot each group ill 


them in prtoprirtiol to tite Letetic Vaianltce illeach 1Nr0111U.
 

(A ,courNe. enetic .lta ita\ he u ed in tlie second approach lrov tefal.. I9()0: Gepts, (iaplu'r 

.,.4). r-evaimple,. Perry ct :il. I I ) I ),Used cMonical discriminant analysis ot ii lymorphismzvmte poi t 

in the USDA so\ bean collectiom to cluster cIuntr. olorigin into sis eruutips in a x,vxi'niilogLu+s to [he 

,,tulies iuieititll..d carlier. I lo. ever. the\ \%cti oni to use this cenelic ev idence 

Of di'crCruCe to e nitlr spIig rtsC. lh'i, ,su.CctedloIlllgl icore by selecting a fraction of' tlie 

laruest cluster (('ihina. Ko a and.lul a irl related material (that t etler madc up X, oflthe wholc 

collection iand all tire accessions ill other f'tUlir oftlie collection i. h re, arcted forsuch 

dnrui ,xllh.t ald l es s 

file Iusters ( 1 

n e bcc;Iu st 'rare es er' pI' d duLti 

favoured clusters, and becaus thesc x,%erc kno\ r,centres of dil rits . Ihoxx e e.the fettct of this 

iarlilir allele x aN Iolt tsted. 

higIl., o es r.r.-eprtillatitll t x eCs it anCr danc y xx, Ises ill the 

oii C recovrs 
\Vhret herricess of dix ersit, x th1in agroup (a, outl ilcd above) ordegrec ot divergence from other 

crup should e.the nijOr c'iteliolt IIeteitrm ing i-rereselltatiri in tile core is a ttllerof debate. 

In -eireral. ho,,Cever, caiitiini is needed %\hen sti'esited saiilig proportiotis arC higly une'VtI over 

cgrIIs "kith i tspecies. 

HIandling 

The fiail step in setting ipthe core concerns the handliro: of' the entries. In ma)'collections, suCh as 

those if cereals, the core entries remain within tire \\ hole collection. It nlay hIesufficietnt merely to 

record in tire datbalse a siculal that atcertain accession is.iacore entry. Ii otller cases (such astor cloilal 

cl(p )tspatially eplmartecd pilanitalion max be planned. or alothe'r cmservatiort method (such aistissue 

culture. crvorenic set or I)N.\ bank) may be emiphoyed. \ second question is whether (ir not eatch core 

enlt\ shloultd Ibemale htlloniogeneOLls. lFor slt'-pollinating accessions, this would mean making a lnew 

pure-line fronlt on inbred idix iual. Ioraol)nictic slpecis,. itwould mtiean propagating one clone as 

the core entrl. Ile rs (or such :a rocedureI is to achieC getotvx'pic tiximtiOn that would provide a 

clstall reference point. I however, the cost is a stbstlattial loss of' gentic variatiotn and the creation 

tfa ucnctic stock rather tham tire representation of ar accession ii a collection (Bhrowt 199). 

With the core e.taheihd,pgratrrtte ofcevalhitin cart Ibe.in. "'heevalution could be for finding 

(1t010r , of Variou1S charaIcters for use itbreeders' crosses, (Ir itt biotlogical projects, or for agronotlic 

performtance and direct uLe. 'his raises tie qIuietio t , t( whether the breeder or"other user of plant 

vermlkilasu, shou ld in fltietCee ,hlt eitries are in core collections. Ideallv, tile userofl'a core should send 

uelful iltiritratioti back to tire curator as to the core's validity and value (Galwey, ('hapr 43). 

[he firidins Iiay \wel lead to itfe revision of'group assignments or number of 'epresentatives per 

grolp Jaradat, C'hipu-4.2).Other major changes to the core would follow fror new samples entering 
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the collection. The Iew sam pling may lie plan:ned from knI , led.lee wIal is still in the field and 
lackine from the collection, exl targelteld to fill gaps. Such nwo samples I'kwrm neC\,wgroups front 
v,hich extra entries fr the core would proceed. 

C'()RIF ('().1.t("'ll()NS F)1('I.()N.AL ('ROPS 

The conservation and ise of tile cutC re.orCes ofl'clonal crops oter partictlar challenges in StLIIh 
Aellrica. "ale I ,tniaris" dllri I tl I. rnCIC Ct l1. (I ()O) arid other srllelS oi lhnteapproxinate 
"i/es of several collt0Clion, thI clCOlntinCn of thee imjtor clotal crops: CaNava. potato and sweet 
potit he.he data illutItetII ilt r and rlll' ill Ni/l of c(I tlo c llc lions. 

.\t first siult. atcore Collection sct fto he diicult to justify and to apply in af clonal species. For 
xaiple. a nator theoretical ;truuLnttl for cores in seed crops is thai a snall nuiibr ohl stamples is 

tstrpriisit.'l,,C ienti t rclainit, alleles at sit.le loci (Bro . I9a )a, atd v, e cal resulne that the 
brLeders \L0(11 sH alleles iCto g pes 'It\ ill in crtoss.,i ng prota [lhc relative ,,,NI. t, rmls. efficiency 
of Ies SanileCN INattrihutale to th e,xpcctation tIht th ltnutlber of llele, i'ncreases in poportion to 
tie hl.alithnl t ile lltInber t samleIs. In contrlltl. In .lol('1A CrOIs IIItLC' mlore- interest surrounds tie 
\k itole geMo Ile. Speci tic coit itatiN[ts of 1Cllcs itt tiehl. hetero/yveous cont ill.ioncnb ;.ll orth 

' , i,I.,,C iie. IHttIl case the tnh.r of gcitot. nt, pr.,r, e i(creses in direct rportiont to 
tle tntutbnhei of ,ailol,s (il',stit,-dptiplicaltcs are eliminated). and there is no Special sallplillg 
C'i tei lC\ In ,all IIuInubers. 

Secold. it al~l),tr, lrntt Iable I and I[li) da.tla iesCtNitId h\ I LIdn( ),S4 )Itlatcollectitoits olcloal 
crops re ahre-CI- dsItflIIn rdeItr iI't'ud[IItIlle l tiII areI tiot cotllCctionsNof' sced crop ,. The la rest o 
ithlle order ot tllousads of iccsiolts, rltehr Illll e[l tensl'. ofIllOfto llud', kluild inl large. cereal 

Collections. If chlal cOl-l.tiot, h, natur alrletld hals.e fe,,r accessions, do they need further 
corerationalisatit. 1, thtcte i ,cpc Iscopfo Collectiotns in cotnal species'? 

In fact, a c lihialioi ol seCcral Iactors, sue1CeSts that,1ene hianks fOr clonal crops, or for species 
x itlh recalciltril seeds. Ih;1c iuclt to gain froit setting up core collections. lhese factors are: 

S he.i gene banks are e\pcit.i\c to rttl aind are exposed to damage rom poor manaellent, 
inappropriate ensir tinet's. pathliogits, herbivores. theft and loss Of suppor IMorales et ail.. 
("hapir .i.., 1. [heir e\pensC aridI ihilCrabilitv increase s\ith increasing nunmbers to maintain. Sie 
of field uene hanki, is an increasingly irC.ing prhleim as national programmes assume respon
sibilily for their indiguelnos erIplasilt. and core entrie:; will need to be given first call on limited 
resources. (larl.,, tile elimiuiatiotn (of proll durplicates is anl obvious and important first step iii 
rationalisine clonal collectiots. hut such reduction imay he itsufficient to met the restrictions of' 
st/zc. 

C0.'l-vatUion I)t'AO< /I. (loial species thierefore stand in great riced ofil new and alternative 
metlods Iforc.n.rvatiot. :\1 imiportatnt option is thc conservatin onf tissLCtLure inI'itro tinder 
cryogenic orslo eros'. in1cttditions I Iocaet ., I )), with uini ned freqUllC.Vofsubelturilng. 
These nethllods have svral experimental variables that need optitnising. Further, the optima are 
specific to species and often eellto genotype. The ideal expCrimental material for developing and 
Vialidatitte ness in tItro lehods, and for Mnitoring thre health tf the conserved samples would he 

restricted set of accessions representative ofI the gentic diversily within aIcollection (that is, a 
core. [huhs fhe conse.r\valion of clonal species is technologically more complex than that of seed 
crops, and developmental research enhances the experimental role for core collect ions. 

i 
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fable 1 Large collections inSouth America of three root crops 

Country and institution., Cassava h Potato Sweet potato 

Agentina 
IN IA, BVl( r e 200 :302 (18) 
I I A, ( l (flondlr,' 700Op( 

IIl 1 .( i, ihal) , 653 164 (29) 

I N\k(l N, railia 800 79 (18) 387 
NI'l 1, Hra,;dia 74 5 (1) 660 5 (1) 

r 2 469 (30)limiilia 

( NI'MI ru/ (I. Amas 1500 198
 
1 I'M I 1italh,/a 474
 

(hilt' 

.\(. \i,likia 579 38 (5) 

I I(i 5000 597 (30)
 
l( "\.H i* t1062 (8)
)gi 120 

INIAr\ Quito 185 

IAN, ( or(illera 164 14 15 

(I' ) ima 3500 1500 (90) 5528 820 (59) 

INIAA, (a Molift 294 1 (1) 445 
I N I..\,l'II ) 490 
LINSAA(, ( I,,( 3354 

1N, 1 Mo)lina 2500 

[IN( , I Itharn , () 972 

LINS( I, A.a ii( h10 898 13 456 37 (16) 

SNITR( , I inlavequ( 167 365
 

I ( )NA(k( ), (him ha 400
 

Ventr/tll
 

S(IAR(( I. ,raure 248 

UIV, Mara iv 212 40 

NoiIii a [hi tIll nIrl ts )OftIht1' isltitLoitis ,Ire gi ven inIhe a( rOnlynI list at the t(l o(f this volume 
I) Ihe wt Of thre r unuilors refei, i) 1lbt iltililr (f I( I- i(55n,0Of ( UiivatItl species, of the wild 

( (. II)Ii, ,11d in parenth(ssi I the total numher of wild spetes 

Sour(e: I a,,sr(,iie el il. I)8l,); (T NARGFN and CIPIpers. (onim.) 
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Cr(nrer,'ilr,osecd:
Another Option. that ol seed s or;ic,.is .15.iS;Il forIhoe lOnal speciC lhai 
are vegetativeld propagated ild, prlthIi Sroup I[)i Ils d includes sucar cie, 
tlilbr crops. plcnnial herbs. .files., shlub and lves be\ cra'c, ruiti and fortc trces). Ill s'ch 
species. rlteii2c iht Ik!iO thelhi\R i in olfOld olnes il ,i field eLc bank sherC tile\.ilibjcCIMV 
t cr\ ptic jld dcCline and rtSC. ltClli f spc g0liot.s lie,I I the Iific of sexual species InIiCld 
CtillCcti IIIS cill Ile isitiCtL I aS sl tle \ C",,llie [ slt f tiltilre Use in planltationis. \V cilo.l'"CL' 


t \ lles beC Iit d i futretOIl c1- o I ICiOtiiu .cd,Ihe lpripiar le is finlIkel\ ti he ,cltI\ a ,hbut rathcr 
' 
as parents i rCe'dCe, "-s (a'cI iiOr,,of1clies And linked hlocks i. [of this rtoe. their scxal 

plf)l ..ii ( See, . prlducd , fcin ll liiIIttCl la'n2c o l'cI'Ns . could these 1.MiCS.It)1C' an1d 
liilkaL'e, and cmnild later bl i i atIIl ftilltIt+WC lIL as pireil',for the1d tithr eders. Thus.iie\t -li.ratioill 
if' Seed colillstitolli isan a iilabllhc optiOll. itOC Ot" such CItte , CUItlh be conVtLI to sedt. 
I lt1~c rCi 'ItOMIal c srse !M irttellICIi11ic, has ttle a.\ aIita ei etl )laed itnthat it prtlduces Ililliii. 
naterial t<fr e Ofl traits. ittie aliiatioi Iles. lhe'lrefore is ch 'aler to Cvaltiat. MS. 51)() cl l s, 
represciitili a ide discersit thian 5)() pouIplatio laca,,I 'In,\\ h s each of at )-2) tle tIne core 
apprich ol'trs a sas ilnini
to ch oIsC t\ hiCi a.ssiois to k'cp ,r_,ios te ficeld. The seed collcCion 
couild inCleic bth co nties aid reSc\ accessiosll. 

L I lU,Itio : .\ naior role o ciiI collaCto1. ns is to prov,,ide eI1It\pVS folr (liIFCt use. "lliS cln be 
heloliei donie v,.hIon gcnlnt p.. 1 I notLI earlie., th cotre+..L is v,has, C Ieuluated. A.\s, applroacfh elI Suited 
to effective C\ ilalio of aIcollection in Ihat it aloss s aii iltcr,.aS InlC of cIharact's and their 
interactions lo he tcstd mcr a rep.re.,elitis 'etof the collection. 

Intomlu'itou.'liiikCd \\ ilhthe abos lactor i,,1he, role ofcloiial Collections illsupplying genotypes 
for inll"t(litiCli area.i r nOe' rIui,S e th lil ii Ofi',Cto es s or foI I , liCe f1 ll,'tiii inihlel ie\area 
would he Ine first stlep l'lil tss0-slac sjratcs to tintle best gnotvpc Ii)r cxtension. Fewcrentries 
in tria woild ;tlfos IiOil' replication and usc Of resiturces ill testing itmore sites 'or the 
importalnce Of x clisi-onllenitl inteiractitins.tl!eiittvpe 

" ('omhiliUng aut, hirced ing (1 chlinalmhiiw: The species aiis to capitalise oilheterosis. Bteeding 
advances colli frolli findine,colitbiitioilns ollplelln.s ,ith high specific c<imbinin ability. Insugar 
caie bi-edil . this has led to \, ide ise of' tile 'provellCross' approach. The prlhemhenli is how 
to explore clonal collections for fie\ parents or combinations that \o ill improve upon te current 
cultivars. \ Set of 'xlirator Crosses based ol a Subset of'likely celotypes chosen from the core 
collectio ould be a hloical heinnine (ranlkel and Brown. I984I. 

SGermh ism di.j ltbj/utit. ( eicebaliks lh ihatIave to distribute cloinal mtnate rial Ibear gcreater burdeIn 
eliminatiitg pallogeils (cspCcia IIv%iru s) flromiliill their shipments than do gele hanks dispatching

seedI samples. A recttiClil in collection Sic is thus very inportaint because of' the ligh cost of 
producing and nialaintainiig palihel-free clonll material. 

These factors lprescnit liaty of the incentives for setting till) cte collections ill clotnal species. 
However. the ltornatiotn of' groups and tine Selection of'core entries should give inre emphasis to 
phenotypic characters exprcssed iintilerelcvant environunent than that given in seed crops. This is 
especially So illclonal species that rarely or never set Seed. suh aSSbainna. 'helldevelopment of tie 
core will Ined m10Coillteraion ofttal K rrsovich tlal., C'hapulr 3.5) than hi seed collections. Also, 
tine proportion of entries illtine cure should not he fixed at I l,'. TOIl'ullfill the Special roles ill C1onut 
collections discuissed above. iIligler or a lower pronportion might be needed. 

http:iltcr,.aS


THE'L CORI (()NIC T AND IN.IT'" CONSIVATION
 

Another challene prominent inl the KcN,,itone International I)ialogue Series on Planlt Genetic 
is that teed rml'illllllls reo."urces 'ill.Resources (I))M of, tile flor" r[e)l'o I1:1 consCr' Leletic ill 

Conservation i, ,il, ha, lon bCen (e prelferred mehl d f0 [he \k ild spcics related to crop pla ls. Its 

role ill tle colnscr\ atiol of, culti\'alCd ,pCciC, ik mo10re debatable Narshall. I9SQ): \\:ilkes. I989). The 
,raliolllle of Such ]ranins as proved so cntftro\e iall that devising tele hest ,avs to iin plenment 

tIhlni has rcci,.c little attentiom. 
Perapll, the cOr con1cept of' ,trati lied. rlresentati\ e sampling froll t species ha., something to 

ottel'r in tle choice ofplpllatiotis or areas fr .ilo. Tnconservation The neced for selection ofl the crop 

population, to he maintained ari,,es buse of tile costs Or conipl \itiCS of itlplenicnlillg such 

,tratei.,,. lr,,h Ilt91 I discus,d three exaitipies (potito ill the Andes of Peru. naie inl Chiapas in 

\le\ico and rice in northeri lhailand) %hecre farmers currently incorporate modern varielies into 

tarnin~n ,,\s.tems, ,ithoit discarudine triditional varieties. e,tw lie conservation oflie etd that 

Iaindraces in no could Ibe ichie\ ed h\ colnCr1aninfam2 il areas ofIdiveri'Sity to conitinue tlie diverSeeisllC'I 
plantileIs, that tian\ already practise. tHtis call f+or 'pilot proiects," it areas of crop diversity requires 

illlrio ing the tioriiatioti baC to locate f'aritiiie rc,ions where the maintenance of crop genetic 

resourcc, , is piactised. Selection olareas is nteededtlo target lhe iillprvntent of marketing systs by 
-uch nall" a,, bettell'irall..IOrtllatioll). to Conduct "upportillg arotllolii reCearch id to dot.Xllcenl 

,Cntic eff'iVCl1-',s. A liiriited Itiber of.sutch proiects in areas selected to Cir\'r tilte agroeCologiCal 
riee s.Otll cotlitutC a cOre.t_ appr1ioach to il s.it conservationt. 

In the case of wild crop relill , the iced tor sclctiolicomies f'rom limitits tihe area of a country 

li:lt ca it le'C'el+rcilIiide. cl(led froni develop nt it lihtebenefis olselection are analogous to tIhose 

for ex i/l coiiservaoll. Bv risricting protjcs to modest proportiotts that are ctosen to cover the 

uiietic di', csil. oflthe spcie i atd its ecogeoIaphilic inge. hetter tse oftinmited resources will enable 

Slpcific ,ciCiltific g_'oals (Sich s ics.roe\ olhitionary studies antd the discovery ofl new resistances) to 

lie ahie'.cld. :\ ood C\iantllc of such i liltiect in \k ild cereal relatives is tlte Atniad project inlTriticun 

(lito(,t id.'s aid I fl n/ slimmin. t cu'c#!ni 1 iAilik ster at Noy-Meir. 1991 ). The saime gene sampling 

lhCory indicates tlhat modest pr icts \wo<uld Calturcl substantial frI'action of conceivable target alleles. 

(hrallio. scielics including large acreages orl farmland or large excltusive reservations are not 
justified. 

CONCI.USION 

The priposal to develop core collections has tiow been under discussion for several years and 
iitiplemented in i ftw cases. Theil arguments for attd Against cores, lie theory behind them and the 
miethods to select them have matured. Core collections now stand at the crossroads as to whether they 
will ble tre widely adoplted., modilied or" retmtain tilte special interest of a few Studetits of germplasni. 

The ',i e w s pil ftorward ill this volulnle .re aitirned tilideitifying and solving the problems that hinder 

tile deelopnteit of core collectiols. I believe that cores or similar s,rategies are needed to ileet the 

cUrretl challeiges itt tile conservation and use o" tgenetic resources. 
s\nationial _ee banks take ol total responsibility for local genetic resources they are in daiger 

of bteiglw, alnped b, large numbers oflie\ deposits. This isespecially the case for clotial crops. Some 
selection setms inescapable if geie banks are to avoid losing significant components of' their 
collection. Far from heing a threat to the initegrity of'collectiotis, thelconcept of core collectiotis isthere 
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to assist in dealing with a delugoe of local material. Further, the development of a core will render a 
collection more workable to the user, aresult that must hell to eSLire its conservation in the long term. 
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Hierarchical approaches to the analysis 
of genetic diversity in crop plants 

AI
7TH.l L. V.AN HI-tPv 

Abstract 

(;ill'tic diversitv' is the remltl if0t-'iltit , iichlidili (llesCtication and plant breeding. The processes o1" 
ntlural ' I ol gelietic diversity ill natural pol) liIiflS. Dollestctiilt i cl.Lltili tin rei,t,'i in hit 1duJ) 

the IlrthCr di IrcItiatti id 'asmall parl of tile to hun ldiversity of wild SpeciCeS, \k hich hecaniC dIIItti0 

iequirctiicis. lhnt hrlediliq laiiii lmd yentic divcrsity of doiiie.stic~ited spCcies Mid Illalde it suitable 

lIii i tnleari.lral pldu,.tiiti .NvSt.i,s.Ill the p)rOcess of adaptin, crops to moiidern aigriculturil 

syst, the lic.liic dersiylv over il .aie:isbeciilc \etv small. Genetic diversity is iot radithnily 

disilihilitl ;illil l lalill pmill ati uishul hli lrlcltlrC tllat caill y a hilierarchljals geierally he represented 

he,recoiIStICtl by bra tchitin e il kle 

factll isilillillal evoluition, toliesticationl, distr i uioll a 1ii1tulisatioii, and y cliuserilg, hiised oil(fa 
model, a Iic. A oc'iltc di lsit 1tiec iill t d on iivledtee of' Such 

' 
IhtIMetic illhl t idills. l-:1 tihe 1l[ii)0',L 1iClUs iiti. tdal Obtained aiscloe tIotile)NA asSis Jn)li 

pssihli should he uscd slll il, tree isavailahible, acore collectionR i.'s :1l1d Al hi t1iS). ()ice adiversits 

call he elecled hdec idII]n ill th iltililhli-, oIaccessiol s per suhgroupI, a diithen clotisitig accessils with 

\ ecill sUherNuip.llimilla\ divlivi. itlhil 

( ;enCt ic d eversity is tIle raw IIlatI ria I for pllIn breedi tlg. For tlie effici iconserv at ion and ex p oitat ion 

itl,ietl,etic diversity it is illplrtallt tio his becomes even more importantknow its nature and StriuIture.t 

it the ibjective is to inlix i llt I O1"uSefltIl genetic divers ity in igerniplasl coilection, suchiht aolt 
isa coCle cullectiotl IBrown. I99). 

Allmlll tile nthilds, I0r selecting a core collection. two types Clln he distinguished: those based on 

hrailchigtl alidlthose bNed Oil CluLtriteg. Branching metiods are based Oil Passporl dalla colbined with 

kinowledge of'. and a1 1 fisulptions about, the structuri hitle gelIC pIoOL. Knowledge of all dilTreti tiating 

pIlcees cain Ile1tpIliCd, itiCliditi1 nufatural evolltioll, domest ication, dirst rihution and util i isation. No 

actual accessioins ae needed. Clhustcrin tnethod.s are hased oil ipheletic analysis otebharacterisation 

data (i accessions Iron which lhe cire collection is to be selected. For example, ill the case of tihe 

Barley ((Ire Collection (Kniilptter aid I inuitil, (hal'r-4.1, tis rolane) initial brailnhitg resulted in 
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groups such as 'LII-ropean culivars'. 'South Asian landraces' or w IM.species'. ',hich ii Lurn will be 
divided into smaller groups such as "Westerni lIuropan spring cultivars 'Ilimalayan lanlraces' or 
"/orde'm c/hih',.se.
 

Once branching is coni leted. tie numbers of accessions to be cLosen per group cai1 be decided, 
depeilding upon tiletotal sie of' the core collection and tiheielative imnl'portance of the groups. The 
strtiure within a 11' indigi'O11p cali be determiiIed hw clusle rin dual accessions froiii thai group. The 

final choice ol'accessions can he made using theeiesults oftiis analysis. Fore xample, in tie Barley Core 
Collection the selection of core accessions otthe 'IIhiiala'aii laniraces' group could be based on the 
results of the electrophIoretical chltarcterisatioi of a represenitative sample of this group (Konishi and 
MaitsUlra. I ) I ).If' the IClenetic structuCre of the group is kn\own, accessions contaillilgl maximal 
Ceneilic diversit,, should be clseni for inclusioii ill the core collection. 

Both tvpes of'leths ai based on asstll1mpioiiS abotl the slltlrutllogenetIc diversity. Il the case 
otfranclhing it is assume.d thal iit'ortiation on the idnlity and origin of iimterial allowvs predictions 
tIohe made about tle cenetic diversity inl that lalerial. This implies lhat passport data should be 
relialle. In litcase olcluseri heIl,it is assumed thai observed diversity ill iorphologicall, molecular 
or other marker svstensicrCPrCeits the iuiiderlvilg totalI geClic diversity. 

(E-:NICl'l( DIVRSIT'Y 

The first modern system fOr classit'ying natural diversity into categories was devised by Linnaeus 
(1753), although it was highly artificial. The iethodologyof'iclassical taxo1oIny proved useful for tie 
classification oIgenera and species. hut not very suitahle IOr the clhssification of infraspecific crop 
diversitv. This is illustratedl bv tile tawlxouluoVli'(Inliis coicerIlli- and nolmenclature of cultivated 

plants (Ila\vkes. I986), which l1ay .-c rooted in the opillion expressed by LinMnacus (1764) that '[he
"tOupingoI cultivtted lonis under species is the task ol beginers il Iotiay: a ,+lualifidbotanist 

studies spCcies aInd higher taxonomic levels'. This ha, ultl pievenled nialy experiiicnta laxonomnists 
Mnd aterolltlll siiice sttviiig crop diversi\ uslli1Il inaeus I'toui a rallge of' approaches, flrol tile 
simple descriptioui aid claNiIication of ,henotYie5 in a gomie pool. through biogeography and 
CthM)botany, tithe curI'e'nt nmolecnlair alprachieS. The iestults ol'these studies have parlially clarified 
tie complex structure of' eletic diversity. 

Genetic diversit\ can be delined as tileextent to which heritable material dilers within a group Cf 
plants. Genetic diflerentiationl istIle e\tent to which herilable material differs between groulsof plants. 
The heritable material ola plat clulmprises its genomic and cytoplasmic DNA. I leritable nuaterial can 
diff-C both at tie level ol l)N, sequnCLIces (alleles) and at the level ofallele colbinations (genotypes). 
The del'inition isconcerned \k all heritable material. not only with characters. The expression of aihh 

given character isminrel the reflection of'a relatisely small amount of the total heritable material of 
a plant, often obscuield bv tileenvi'Onllllellt. 

Before discusig cenetic diversil, gCenetic similarity 10hould be briefly considered. Comparing tile 
heritable material of plant., it can be seen that nany sequences, representing ii considerable part of the 
DNA. are shared by' all plants. A comparison of the large subLuit of tileiribuhose biphosphale 
carboxv!ase (rh1'L) gene on the chloroplast )NA of totally dilCrenlt crops of tobacco and rice showed 

)3(,:4 sequence similarity (1Sugiura. 1989). And ahdhough genomic DNA is known to be more diverse 

thancytoplasinic DNA. thie e i iliuity bet\veen tile basisspecies is evident. 'Iissimilarity is tile 
on which diversity is studied. Althouglh0 sinilarities are numerous,m kr gene bank curators and plant 
breeders tie differences in heritable material are what counts. To understand genetic diversity, it is 

http:c/hih',.se
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lerentiation and how these processes influenced the structure ofimportant to know whal causeLld difl' 
,ienet-"diversity'. 

Evollution
 

Stirst level of gcietic dilfrentiation is that aion spc.'S. lvoIlUtiCIr)' divergence resulteAl in an 

association of claracters that miakes it possible to distinguish weil-defined groups. These grolps Un 

be descrihed using a uniited nlullebr oft'haracters based onla minute part of the heritable material. It 

can be assuelnd thai, be.1CMse o1 rCioduCeLinVe isolation, a rclatively large part of the rest oflthe heritable 

material is also Io eroup!' anlidthaillt wilhin igroup will he si aller than thoseunique' the diTreics'C 


l\,Cel21cr171uips. ()heCiI b1C o ,rsity h i group into
divide tlc gce leic dive scuc hmaller 

g1OtIlls oil te ,(file 
it \ill pos ilC inll.

ha"is. 

This lprinciple of subsequelt divisions ilpliest,ha species di\eisity lis a hasically) hierarchical 

sru1Cture. 'laixtonoinc ronuiiecalturc' is bas'd oinhis hierarchy. IFor eXilple, Kenttcky bluegrass can 

h clIssifiCd inllo IIeOl iing erOLiups. e,ICli 1roLup) being ole of, tire sibUOlpS of Ihe piCvious one 

Portr.19,9iI kintilmli llilantic , division lrlihvlophta, suibdiivision Phlianaeroeania, branch 
,
,\ io ,-iaei,clalss .lOocovledonaC, e.llbclass Gln illorae, order Pfoales, famil' Poaceae. sub

fa lnil\IFtlcoideae. tribe FceiiLcC I. c'lltlI, PritnSCs, I'CSp'tellsis. ThisPOO. sction SlciC PO 

hicarch\ \.ill ceneralls rflct IhC'ffct' of CvoiltOi in tilC. Like osllt systems in nature, this 

strllctlre is not l I\S clear-cut. There are numeu'slIt nati Itos., sich as hy'bridisation and clinal 

aiailuin. thliltC'iCoUplicialc t'e strucituire. Iln cnral. however, tle hierarchical imIodCel will sulTice. 

('llidstics., also kno'.'.n ,1aplrlonciretic sslernatic's inVOlvCs tIre sltud'' of this Cvolutlionary 

hie'rirchl Se.~.y, I1)1I. In ipre-d'fii-ed er1olps, Ire so-called operational taxononic units (OTU), I 

distinctioin is ilridc beteen Character stlite. I'riinitive 'wild tx pe statcs are distinguished from 

idl\'iiic ie%,\ slates. (0in this hasis. cladot sill bClieCoistructed. descrihing the seLutince of 

branlchinllol'allcetral popltoilsll,. 

The recotll ctionllof C\olutiolary history res:ulltd illthe ilced to discriminate c itain kinds of 

evoiliolnar\ i, The illost olles are hollolog'y and lionioplksy. I ollology is resellrends. ipililrtant 


inhCritlncC frOlmI onilritr
blanMcCiais rslCtll ot 1 anlcestryl\. I lolloplas y is resermblance not resuItirig 

roil suich inhcritanuce.a;ud incluidCs IarUalllisni and converence. Parallelism is the development of 

sinilar character stlact if) separate liniaet-s of comllilon alcestr onltilebasis ol'characteristics oftIhat 

Illccstry. (oonrg'lce is the development of' similar character states in different lineages but without 

i clmlonlll(il ancestry. These trCnRs lrtiher Up in the Iree of geneticdirect aC also illlrtantl if' We go 

di ferenlitilion. 

I)nmest icaf ion 

'lhe second level lf cenetic diflerentiation results I'rom inf'raspecific divergence as a result of 

doirestiCilion. lh proc'sses cMusine gietic cIhingtC inder domeostication are bas icall y the same as 

those oCiir'illU ntdCr e-volution illiatuire, except tait htiuman selection, partly coIscions, partly 

ln1cOn1SCiou., is added. The major difTerence, apai't I'r)i being centred around hunan activity, is that 

thi rate ' r dOmnmSstiicatiOi i,iLII.h higher than the slowc'r processes undertIilidChanC relatively 

naltCi'l viltiOn (IPickersgill, 1984t. 

Domestication uliallv acauiLses reductiin of cermetic diversity compared with tire (diversityof the 

species in the wild. This is attributable to the foulder effec: only a small part offthe wild gene pool 
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is brought under cultivatill ([Ladi/insky, 1985). hn general. this limited initial diversity hardly 
increases \'.! hyNbridisation hetweenlIntrol.!ression. Various isolating mechanisns prevent natural 

cultivated and %% occurs this ismore ellective in the direction from the
iht plans, and ifgene flow 

cultivated to the I,
IdpOpuatioIIs. Because of' the generlly recessive nature ol'culti.va ted character
istics I9.adi8inskv, I9,5: Lester+ 989)thyblrids will showv allinl\
\. ild characteristics. and will thus 
have a selective disadvk anta0e illthe huMal env\'htrlOuiiin. 

I anidrace, developCd v.ithill domesticated species. Since laindraccs in a ceitain region can be 
expected to be adapted o t hat region and since e\chainge of heritable material Ibetw\een landraces rown 
ill he moore landraces e'rom 1 ill dilferell regions. they calla certaill re-ion \kill frequClt llall beteen 
be assumled to share a.certain cetietic backeround. ihicludim specific ldaptllions to the area. In tile 

eoraphical distlribution otfoihmleticte d di\ ersitv it ispossible to ilent i Ithree primary spatial scales 
(Zitnnerer and )ouc'hes. I'M It. lhe largest "c;ile (Imacrm-geographic) ,kas first described hy Vavilov 
1"926) k,ithhis centres of origin. and later enlared by Zlukovsky ( '75) with his ineca-centres of 

di.ersiy e en adlde Wet. I982).Several studies iiidicated that these ofte sucontinental centres 
divide into ,mnallcr slhcenites (siicso-Igoeraphic;l scale, with distinct diverSit\ (SilIMnOnds. I)76). 
MicrO-ge eraltiCal centre., ofcr p diversita,, are often related to geo'graphicallv distiici areas such as 
costs aild 111otllIllaillous 989).areas,ls lnted, for ealpmle. by Weli,ien (It 

Apart from this genetic differentialion in meso- and nIicro-1e1oe.raphical regio w,.thina recgio 
Lndrac, grNips, I/even. I )80) cail oftell be distiliguis.ied oil the basis ol name. mtorphology or lsage, 

as repotled, ftOr I9111 and /liierer and I)otuctes (I 991 ).The COI-trnmion ot'lheseexaiple. h\ I\linmgs 
laiidraic gr ips is the resut llmainl\ of hulnall selectiot. which caus.es diflerenitiation for specific 

applications. The resimltiimg ihCemotypic differenitiatiomi can be excessive. An example is flra.sica 
0lc*rt1Cu, ,,.here tile phentotypes kale, Chinese kale. caulilower,dolliestic.'atLd iluLe. Ca.bbaieg. 
broccoli, Brussels sprouts and kohl rahi I I'GR. I981). an impressive range which indicates the 
di(ersit\ in tIe Nild ofB which the (lnesticatedotrh'ma'a f'lroli lorls arose. 

The c',tent tos ,hicl the hierarchical structure applies to the genetic diversity \ithin adlest icated 
crop species will gciierallv be less thmami the species level. The association between charactersthat at 
withit a crop species ssill generally be much smaller than betweeit species since the reproductive 
isolation at the species .evel has occurred over a.1uchLlonger period of time. rest,ltinc in a clearer 
delihnitatiolt of variation. I owever. tileassociations that exist in landraces can. like species diversity. 
be represented it . hierarchical structure. 

Plant I)ree(ing 

Moderll plant breeding brings many of the above processes under humn. control and changes the rate 
radically. So1e plant hreeding techniques increase crop diversity (Ifor exatmple, induced nutations, 
hybridisatlion between previLIusly inco+,mpatible ptiplt ions, aid introgression from previously 
isolated populations). Others cause a re(iutiionl ol'diversity (for examnple, the production of inbred lines 
and hybrid cultivars. and most of' the breeding for adaptation to high-hput agriculture). The 
replacement of relatively variable landraces by tileresulting homogeneous cultivars is one of tile 
causes of Cenetic erosion ill minor crops.many imajor and 

Ii the case of nodern cultivars, specific adaptatiom to certain growing areas and usages can be 
expected, as in the case of landraces. A breeder will preler to use material in his breeding programme 
that isalready adapted to tIle exotic' material is used this isspecific market at which he isaiming. II 
usually only for the introduction of speci fic characters. Itt the classical breeding techniques al'ter across 

http:ol'culti.va
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with less adapted niaterial, the undesiranle exotic background is reduced via recurrent backcrossing. 
Modern techniques lromiSe to make it possible to transfer only the gene with tile desired character. 

Although the Similarity of modern Cultivars is striking, it is usually possible to distinguish types 
of similarly adapted male ri ai. The di ifferenlt types wi I rIot be Iotally distinct fron each other: there will 

be a more or less contilnuOus spectrum of cutivars between the extreme types. lven for this rather 

diffuse structure, however. the hierarchical model of diflferentiation can be used Ir the purpose of 

composing acore collection. 

Structure oh' genetic di'ersit 

Genetic diversity has a coinmplex m1ulti-dimensional structure. As a result of considerable association 

between characters in groups of plants, it is possible to describe the structure of gnetic diversity to 

Snie extent hy descrihing these groups and their relationships. In many cases this structure can be 

adequate I relpreseited in a hierarchica.al iodel. 
B1ased tl iuch I iiodel, atgcileic diversity tree carl be coistrLctedl. Starting from the trunk of the 

free, which s the et ire dotiaiti otdiversitv stiudied (lh.il is, Ihe glellLS or a crop species), distinct groups 

such aS species or tinajor plhylogenetic groLIps c'an le (listil-uiShed. Eacih group Cifili e lurther divided. 

Steli by tep. into sllmaller groups which have Ire highest geentic differentil;tion possible. This 

hrarlhiIri2 cill contiue utlil no more difleireltialing steps can be Iade. Material iii aroup at ary level 

of diflferciltiatioi Crt ie saillpled aid characterised. If suflic'ienl characterisaltion data on individual 

plants are avhilable it ispossible to Coiistruct i diversity tree usi ig Clustering tecIi iquicS indivi(dulIs 

are 1irtOitlied il ile hasis Ofohiserved siminiliarity. It shoul d be ntited that geie bank accessions are often 

not eenet ic'all lhoiogelleOls since they corespOIild with wild populations. landraces or cultivars. 

ANALYSING CROP 1)IVI-RSITY 

A critical distinction in ways ofanalysing the genelic diversity inita group of plants lies in the data used 

for analysis. Clustering hased on pedigree dal.i, genetic m11arkers, qualitative characters, or quantitative 

characters call be expected to differ beca;.use all dati1 types require their own measures oh' genetic 

diversity, and can seeiii to presenit different aspects of genetic diversity. 

Pedigree data 

If pedigrees of the studied material are known, which is only rarely the case, it is possible to perform 

aIpedigree aialysis. The degree of co-ancestry of two individuals is usually quantified with the 

coeflicient of parentage 0) as defitied by Kenptlhorrie ( 1969). Tile r between two individuals is the 

probahility that a randoma allele at a random locus in One inrdidvi dual is identical by descent to arandom 

allele alt the saiie locus i lnthe oitlier individual (Cox et al., 1985). In the analysis. several assumptions 
have to be iitade (Martin el al., 1991 ): all of themn are, to varying extents, open to dispute: 

.i cultivar receives half its genes from each parent 

" parents in crosses are hoinloz.ygous aid homogerteous 

" ancestors for which no pedigree infornation is available are unrelated 

* the i between a cultivar and i selection from that cultivar is 0.75 

http:hierarchica.al
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Pedijree analy'sis hs been isetl lo describe [Ihe gLenetic asis of crops (Knauil'l and (orbel, 1989) 
atid its development over lile (Cox cl al.. 1986: Sou/a and Sorrells, I 9t, but also, for example, to 
predict hybrid pertormanc (Sinith etI al.. I990). 

enet ic markers and qulalitalie characters 

Genctic markes, alio\, idetificaillil of the alleles for i certail gele oi' the planl withioult disturbing 
el'virolllllnlial inteirferen'e. (Genietic iiarker, in diversi\y StudicS include miro1rpllhoLical markers, 
,lirae protellis (10or exaiple. Iliiiur and Hings 1991 . .llho/vlles (for example. Bro\nild Weir, 

ant) fracilei ltrei polk morplifin tR:lA's (Iforexairple, Kecssli c al.. 1991 ). Notiild rcstrict ionl 
ill e l irc r ;ikers 1tor e ar, rple. allo/elli I' larc i ,oulfII exlei ll llai h it' , c cilc and atn 

al h mire baud iimti c' lr'spllilto ri lra hir i)N.\ ,etuet.'e. .)alitativechiraceis,. Stch allsfoWr 
ctitouir. \' a\ iilies, aild iee tllCC Of 11tlii1c ilil, ilO ',lo\ ihe' g'iot lipe of the plaill, but do not ilw ays 

,allo%\ ildirect interpettiliol into allici bciLsC of Ihe oftn iitore cotplicated gclltic tbasis. The 
incei silitf populati R111.1s are lnil\ ed ts quaiItlitativC chariicters (( iraner Ct il.. 19:t: Miller and 
lankslIc, I990: Smith cl al.. I()()(): Kotcherl el.. It. l.I ). \l.itiiiorilthological chilalrciers call also be 
colliderlCid to Ibe luiliilliC.The illl sis, oftIhi, I)PC of dtal;l is characterietd htire fact that distlinct 
cliCs (1 illeleC , Or chiractI risics aire! -,tttldiCd.', 

Sc' Clil rlreiC di'ritv b call beiCasurel c., ae iil ilell)C. 'k% colncepts identified: the allelic 
richliCs (tIre lll1t1Cr lltdiitCl AllClC ill a salliple): it ilte allelic evenness (the distribution ofallelictt 
freuecies., Itros' li 'ii \Veil. IQN31. ('o1Mt itllrrsse,, suich as Nei, (1973, di\ersity index 
II or hlillrolt aid ,V'ella ci",, I I949) informtation ide's I combinell these to concepts II 'ink and 

c's err. I 1 1 fiitUll ari l{liii I I) . ( Celtric difeltc lialtion bI'Ls'cCi pop)fatirli sc be quantlifiCd 
ill se.vCril 's'i s.,,. iir [ite wse of( illI Nei, 1973). inlferptetab c itt ericric lertms (( iegorius., I987) 
or mIr" se irf ireastres uch as the' [hrtlllrtiOtt 01 Corresonldi1gh billds iil le RH .1'baldilg paltern. 

(GClietic di' ersi' iC, oila .liullalitive chlract.r's IrestIdiCLb Lnclic irarkes arid tIed for many 
,piuisoe,. The\ hive keilr utsd inl talitliit-ic tltldi s tMiller aid Tattkslfe 199M1t, to find tlre centre 

" l diersil of i species (I llbler ct il.. 1991t), to trace the rioute of dhresticatiotr (Kutiishi. I988 ), to 
stud, tihe reftlrtlioship bctheeetrtivirllillert aid divcrsit\ IililItli1 atd FliniIS. 1991) aid Itstudy I 
ctililete crop eric iroOl IKe seli ci il.. 1991t or ih die ersitv ilia Specific part ola geel pool (.'ix 
cl al.. I tlQ61. l'he distiict claiSCs thil rsClti flrlii descripliOtis based trr cnctic tirarker, ard tqUalitative 
chraracter ialso all.n' (lie so\ r ie I irlt i-locus structLre of groupstilr tdh asciatiumir betwen characters 
(fkrr exaiple. /il cI al.. .1990)1) 

Qu)antiative characters 

The exprssCiOiri Of IlanrrliiialiC cha raeers is depe ndtit upon b(th genmiotype atid environmneit. They 
i llI 1mii rp1hiuCtl'ic chiaNrae r arid ip ortair agnrt iolitlli chiracters stich is yield, earliness and 
diiligltl ,usceptihiiiy. Since: Iheir gocetie basis is coimplex arid the influence of the environent is 
tlsuall's sigtrificail, rid siice sitiilaril can be beoil tt cin'ergenee, tquantitittiVC characters are 
goeierally not ver\ sutitlle for (iiveirsiv stUdie,. Th\ can bie, tisCLIfor tile identlification of simirilar 
ialap latiOlis. 

A ieasure o diversity is'siiitt polulatitn., the commtiioirin istandard deviation (t ) and coefficient 
of variation CV) can be tUsed. Differentiatiotr betwecn populaltiOns is usually quantlifid using tlre 
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difllerence in eal expression or anal ,sis of varilce compornts (tbr exaniple,Spagnoletti Zeuli and 
Qualet, 1987). 

A na'lysi.s,
 

Alter calculating the similarity between indiviluil.S or hetweCii populalions it is possible 1o clasSit'y 

the material, resultlinc in clusters of sinlilar material using phnetic Methods. Most COIllilll are 

hicrarchica Ilclutistering, tchniqueS prolucingldendrograin Ifor example, Kesseli et Il.,199 1: see al/so 

Ficurc 3I. :\[iimportant lactor in aipplying cluIstering techniques is the choice of the method for 

caIlcultiILhI hetwcn clclieIiIICC Isters. Standard statistical software packages usially do 1ot include 

c'nCtIic disance euirc;I,,es n.siaking it di liicul Ito apply tlie proper method.i in Itleir clus ering Illodu(les 
It i also po"sihle to trace pteCirs usIg,principal components analysis (PCA) (see Figure I ) or to 

check the validil\ ol' ca clssification tuine tlhe related canonical variance analysis (CVA ) (forexitine,, 

hlb I, . 

lhicurC, I. 2 and 3 cis e ilirc of* tihe many dilTeretit ways of graphically :epresenting genetic 

dicrsil. altd illustratelihcir relationship. The principal coniponlenlt plot (see Figure I I. the restult ofa 

t'iciioilll shows tihe of Lenlic diversity igroup 01 

c\ailiple. ,,kinC illd,hiCn iuCr,1 

Iphenetic study. oructure in indiVinlil inIWO 

dillesllioll .The m o orllogonal axe . p~rincipal coiponents, Coltain the maximal variance possible 

illlhcilulli-diiiensioillial ILce;.tdescription.. Thev are liicar combinations o1"the descriptors ised 

Figure 1 Example of a principal component plot 
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in the analysis. The three-dimensional diversity tree (seFigure 2)adds the dimension 'differentiation 
process' to the two presented in tie principal component plot. It shows the differentiation process 
'estilting in ihe patterns as shown illthe principal Colponent plot.corresponding wit litile uppersturface 

inl the three-diniensional diversity tree. The dendrograni (we Figure 3). which can result fron a 
cladistic ora phenCtic stLiy ora coillbllation ol both. shows the distances between objects and clusters 
ol oh jects. and call be Seen as a side view ol the three-dimensional diversity tree. The symbols used 
iii the deidrograin correspond to those illthe principal coniponent ilot. 

Figure 2 Example of a three-dimensional diversity tree 
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IotulatJltion intime
 

Comparison of methods 

Several papers have compared the results of using the different types of data. Souza and Sorrells 
(199 Ia, b) studieCl North American oat cultivars, both old and modern, and found that grouping based 
on pedigrees was very similar to that based on qualitative data. Clusters formed on the basis of 
quantitative characters produced agood measure of' similarity of environmental response but abiased 
measure of genetic relationship. 'his had also been reported by Wilson (1989) who found on the basis 
ofallozyme markers that Iwo morplhoietrically distinct Mexican C'ucm'hita species, one crop and one 
weed species, were genetically very similar. whereas the allozyme markers allowed for a level of 



Figure 3 Example of a dendrogram 
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resolution that extended to infraspecific differentiation. Hintum and Elings 1991) studied storage 

protein diversity and phenotypic diversity in durum wheat landraces in relation to their geographical 

oriein. They Iound that diversity measures based on quantitative characters had a much lower positive 

correlation with environmental factors than diversity measures based on the storage protein markers, 

implying that the markers were more suitable for measuring genetic diversity. Cox et al. (1985), in their 
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study of old and nodern so\'lan clltivals. found -ood correspondence h\een coef't'icielt of 
parentage and similaritv indexes aseId Oilailh/,\1ieS and ilalitative nliorphthoie.'al mnarkers. There
W it) iilic IttIi that the aiIlo/yiIIe dataII\ ere beIer than theItirphto ical data. Smiti I al. (I199() 
stldied tIe .'eielic diailice a1oIll lore or less related inbred lilies of riiai/e based oi RIils and 
1'1tld iat%el high positi, e colrelatitoi %\iliII ield comlpoieit,,. This correlation x.as slightly hi.-her 
laiu that o,f the cOlfliCIell Of iirlitawe. and uih higher than those of all oiier nIlea,.isre. baIscU t 
allo/.iies,. /eiis o1rniorpholoical characters. 

lhese alnd 1ilial\ oillir ,stildisconifirmlllli: 

" genetic diVersit\ can best he t;uaitified oi thelbasis ofdata otainedias close to the DNA aspossible 

" the results of the anial sis of pedigree data correspond to those of the analysis og etne.icmarkers 
antd talitative CllarICIer, 

expression ofthile ilorphohlo
icail and agronomic ctharaciers indicates aidapltion toenviolnilienlita 
factors rather thaIn genetic iersits and differentiation 

Sontilli,.no0 sirIcIlre oronl a crr uaklv defiied structtre cail be Iotlld. This can le altributede e, 
to i lack of \ariaion at tie marker loci or to an instlfficient resoil ing power of the combilnation of 
characters and aiais tical tools (for eaMlple. (;elS and (l'ege. 1989). It coid also he aIttribted to the
 
chatotic nitrC Of the,, It. a,, studied. in iot
enetic ersit\ that %% cases %\here the hierarchical model did 
app.. Sometilmies. tle resiths of differetnt situdiCs seen t0 be Colltradictor. lis nmaV steIll froilc.ha.ra+cter il+'O+ tlml|rnencen Varllia+tionlot Imer protni.s ill st,,ruct lr1Cli o ltlnnols Prentice., 19X4 ).in some 

cas, tihe structure is extreiels Clem.as il the cas+e ofati RIA.' study condtcted by Kesseli et al. (1991)
 
On lettuce. ,m\kere lot only species cilstered perfectI., hit also ilifraspecific variation clustered in the
 
,yav that hatd been expecled.
 

CONCI.LUSION 

istribuited l\er p!ait popu 
evolution. doiesticatioi limodern 

Cienctic tiversitv is not raniidoly dIi flations. As a resuIltotprocesses in natural 
anlld plant breeding, genetic diversity has a structure that caln 

generally he simmarised in a hierarchical motlel, atree. 
The selection of, r1ccessions for a core collection is based oil te sructLure of tue genetic diversity 

to be repreented by that core collction. To describe the strt.ure, I genetic diversity tree cai be 
constructeid by +,ra.ineling(based oi a know ledge of iiluraI evolution., dorliestication, (listributi)to ard 

itiiisaiti or by clnstering blIased onl aplieiietic analysis of ilndiviItul accessions). Forclusteriig, data 
tibtainetias close to tile be used (that is,RIFI.Ps and allozymes).DNA as possihle shoul 

If a tdiversitv tree is available, a core collection can he selected by deciding on tite nunibers of 
aIccessions per subgrotp. anid stnbsetuenily choosilig access (iorsI with maximal diversity within each 
group. 
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2.2 

Sampling strategies for use in stratified 
germplasm collections 

K. Y )NA WI'., T. NO )AIUR, and H. MORISHIAIMA 

A bst ract 

Sample size and stratification sirategy insampling core entries fromt astratiflied or structured collection 
were investigated on the hasis of a Iheorelical imodel that takes account of hoth the aniount of genetic 
di versify retai ned and its niaitcn atice. ('alculations ising the model shov,ed that tihe optimum sam ple 
fraction depends upon various genetic and rsinUrCes parameters. priniarily on the degree of genetic 
red nllldnlllCy llllonI iCccssiois colprisillo tie whole collection and (lie lllont 01 resources available for 
tlc nliltcnace Irelivelnatiot) ot tie corc entries. ThC optiumilitt Iraction\was large, with a lowersample 
redntldacy aMtoit iacces.siOll or I loser initial allelic diversity within accessions, indicating that i larger 
sample traclion is hctel ill species with a higher selfilig tile. A 20-3(0'1 sattple was estitiated to he 
appropriate in the sittlatiolts .khere acccssiotis in the collection are neither very hacavily nor very liehtly 
icdundatn i (0.) > /)r > 0.2. ill terms of the deCree of the redurtdintcy defiined in this chapter). and the core 
entries l tc iiilincd f'r aduration of ahout l e s of' rejl\'enation, with plant s of the order of 1(0' 
heing gros ii for ole c cle of rcjtvenation. l-ise stratification strategies wvere cottipai-Cl, USillg the 

calculations of 14 hipothctical and four real collections composed of see'Cral groups. It was concluded 

thatl, ill general, tie optilial stratlegy i-. a protportioinal olie. where the ,iaiplc size for each group is il 

proiportion to the nutnher olaccessiotis in that group. When the gentilc diversity is known ill advance a. 
straltey where the stratificition is n ade in propoirtioin to the railge of genetic diversity ishest. Sampling 
proicedures for coltcclions where accessions are hierarchically structured amoting groups or single 
accessions were assessed. "io relin bolihIle pattern and the range of genetic diversity itt the whole 
collection. procedures lsinrg Olt'iullltleess of accessions were developed. I 

Plant germplasm col lectiotns have grown fairly large in size (for example, Yeatman et al.. 1984). 
Developing procedures for reducing the size ola collection to amanageable and accessible level (acore 
size) is becoming one of the more important issues in the management and utilisation of plant 
gennplasm collections (Frankel, 1984: Brown, 1989a: Marshall. 1990). Two basic issues to be 
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addressed are the optillili samp.le size (thllis,hw large a fraction ofla whole collection should he 
Sap11ILd) and the stItey for sI ratItratiled t'Mlroued soIlesamplig \\hen tIhe coIleCIICtion is or ,trtn'urId iln 

DiSCiilsioll i these isuC, \\a, initiated by Brown (I )a,b). lie recommended isamlIple size of 
about (). M\hich shlIuld be stratiied inlog proporltio srate,-y I..defilled hlo\) or absolute 
proportion PIecthe lntllnher of, accessioll+ gromn.S when the collct iOuiscomp1ltosed of

)Ito i 
,'veral ero+i,. llhij iliololel which. as \,ill be esplained later. nlay,+'olixiliiil \as bl,edon a theoretical 

not aI\%a\ hold ill
actual collections. 

hi this chap er, erepoltl investigations i1l the toptinnn sample Se,,anditsallocat ion strategy 
isine another theoretical mltodel %,,here lot only the tlnge of Clenetic di'e'rsit' retained lVythcIsampIilng 

\wats colnidereCd hUt aNo tie I'esOLIICcs rllir'd for tle Illaintellance olthe lgietic diversity initiallya 
retained. The access'ions iii collctionIlta be hierrIicl:ly strnctnred amntg griuLISor sinrgIC 
,cce.SsNitls. Sampling procedures for stnctnred cllliOnlS are also disctssed. 

OPTIMUM SAMPLE FRACTION 

iDefinilions aind formtlotlions 

Sample size (that is, the numher of" accessions tolbe sampled) istile first iSSLIe to be addressed when 
Ilrmtln acore collection from a whole collection. As noted above, a sample fraction ofabotil l(c4 has 
been llpropused by 13roi\ (98,9) as the optimum sample sizue. This estimation was based onl tie 
sanjl~llhi theorv put 1owa rd \%ens (I9172) where tileil1v number of alleles (n, in Brown's notation)
 
exeCted to he retained Iroi a ptiulattio of eff'ectise size X w ith A',individuals being landomly
 
chosen, , as discused.iApp illg tleor.\ . BI-o\\ n ( 1X99a) slho\% ed that the fraction (hi
F\ els'. more 
precisely. the lb,er 951; liiit of, it) of he alleles retained f'oml iipOIpulatioti inlreasedCl raphlidly as tile 
sample fractioi X,/N,ilcreCased 1l ().1it11 dfolv ifter A',/X,, siurpassed (.1.I. rather 

The estimation lased on ls\ eiis" theorv Could not be directly applied ill inaanv cases of sainplitig 
core entries froi t Ng, ipopulation of elfective si/e A'. should not beCollection. Satmpli. plants fllo 
relgairded as genecaiilly euli\ ;ilell to amlpling N,core entries from N, accessiots. The accessions ill 
a collectiol are tilegenctic tiits, \hich have adaIIptCd to or 'cold itl diffeirlt halitat conditions in 
isolation froill others. Ill ilothers, and hasec bCen collected and mllaillta+illedSCpaatelyv rloml additiOl. 
accessiol liaV iltt bteof I iiwflc ,Cnotlpe bit a lllixtil'of' plants with diffei-n.t genotypes. The 
iccesslOils in a,collection therefIre could not generally be regan,del Ias Cquivalent to individuals 
interbreeding iti one populationi. lwens' theorv aIlso aiSSiilCd tINtrality ol alleles and a stite o)f 
etii[irthii in aIIIcIiC iees. The neutrality principlII'rl,.hIu may not hold for many genes controlling 
tile adaptive traits of \ild species and ecoiloiilic traits of cultivars because these traits are the produtcts 
of long-term natural and artificial selection. It also has been suggested (Ifor example, by Morishina, 
1991 )that Some,. iInlot nlami, iso/Vlles are distributed highly associated with adaptivc characters, and 
thus tileneutrality principle may tot apply evel for isoz,ine variati6ils. The aSSUlpitiOi of an 
equilibri(til state also a collection do not interbreed with eachmiaV not be valid since accessions inl 
another. 

In this Chlapter, the optillLllll sailll sie is discussed Lisiig alll er theoretical model. Suppose that 
the svhole collection is comlposed of / accessions which, as shown in Table I,are classified ito K 
classes i allelic comlposition al a locus. Based on this definition of the co)llectiotl, each accession 
belongs to oily one K class, and all the accessions belonging to the same class have an identical or 
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this collection, 
th, tllo, Ilg tLuaIltitV is Ilttroduc,.d: 
almost identical allelic Coi.'mposition. To1 measure the degree ol genetic redundancy iin 

Ir = I - K/A (I 

I),* equals ( when all Ihe aecCS.',,hs lhiVae a diflferent Illelic Conpositit. approaching unity 
,
(lreisei\. I - I/A a K gets smaller. With I, accessions being randomly sampled from this 

collection. the rmtentiom of gcnt.tic diversits. rel'erid to as RI. is: 

R7 - AI/K '2)/-] 


In this formula./-j j indicates the expected nuItier ol'the allelic composition classes retained in 
mIacce,ssions. This wvas used. alhmough in different context, by Brown ( 19991), being formulatedtile 


aIS: 

K 

1, : K- IQ, (3) 
I 

where: 

...
I - when n, < M-,m.: t=': (4) 

otherwise
0 ...


K classes are retained, taking the minimumi vall Ieof I/K when 
only olle class is Iclailled. "lIme is related to the sample t'raction p thus: 
Retention (R')reaches i ity when all file 

sample sizc in 

/i, = Al .p 1 p = m, IA (5) 

Cannot be derived using the quantity RT alone since RT increasesThe optimitinIn .amlplC ri'lactioll 
r
 ,as )Cs / lliity i1 define the optimuni 

fraction, a(luaJlit t, n 
steadilv to\. aid,s unllil\i! towards or towards XM. 'o sample 

o mieasure degree of maintenance ofIhe allelic conlpositi withill accessions (that 

is. the prloportitt ithm hich the initial state of allelic composition within entries is maintained tor a 
certailt dur:itioin otlhc core collection) was introduced. Using this quantity, denoted yGA'!, the overall 
elficiencv of, tihe core collection, 1/ is quiaittified as: 

=I R (;A1 (6) 

v,hichl may be taken as the total 'raction of allelic diversity that is expected to be sampled and 
ma inlalled in the core cillection. WithIhte input offiltttal amounit of resources (sueICIto as manpower 

and lacilitv resources) for the mnaintenance of the core colleclion kein- fixed, GA! decreases, while RT 
increases, as p increases. [he maintenance of the allelic composition of siingle entries will be 
jcoparclised i l'inore entries with lower resou re in put per entry ate naintained. The salple fraction that 

iaxiinises 1+ with a fixed total aou.tll1 of iresOilces is defined as the optihnuL traction. 
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sinmplest ways is:There are a nulber of different ways of f'ormulatlg (MI. One ot tile 
I-01 

GM = (7)1 -0,, 

where variable 0, irdictes file probability that any two alleles random ly chosen from a single entry 
are identical by descent, [ihe subscript I being the number ol rjIenatt\Cliois for nmaintenance (0 defines 
the vialue at initial state). Therefore. () neasures degree of allelic honogeneity \wilhin entriestile it 
increases as the al~elic diversity within entries is reduced as generition advances. reaching unity when 
tile iXCd (contafinig only a Single type of allel.lThe quantity I-0'. beingentries bcolmle gcnetically 
starIaidiseid bx its initial vltic I . therefore measures degree of mnaintenaice of tileinitial allelic 

cOli.positior within entries. 
When anlentrV ol Inorroecious species isrejuvenated, with N planis being grown each generation, 

tileprolability (, recurrence relationship:is calculated by tile 

0 1 +/i 0, t1-1 
N 2 N 

(8) 

./I+ (-s) o-i 

where s indicates tlhe selfing rate of each plant,./ being the probability of tvwo lioniologous alleles of 
atplant being identical Iby, desCen iat tgeneratioln t,a qiutantiity that measures the excess decree of 
htllzygosity over the I lardy-Weinberg ratio. A relationshipf, =s / (2- .), which is expected to hold 
in anatutral plant population at genetic equilibriun, is assumed ill numerical calculations presentedtile 


in tile formula (8), whichnext section. Abence off selection and tmutation of'alleles was assunld ill 
is nit . problent illtilepresent disctssioll since entries in this case are miailtainetld under mainaged 
conditions with a Small sizc: poIpulttion genetics theory shows that, with a small poilatlion size, the 
raindom driftl deteriies tile fate of a po1pulation (for example, Crow and Kimnura.genetic 197(0). 

BotlIt and, are equal to tuit fora genetically fixed entry thim fron the beginming (t= (I)contain'. 
only a single hioroZygon, genOtype. The qurantity (M for this eiitry sliotild be defined as unit, since 
i0ereduction itt allelic ,C:onipositiori occurs in this entry. In reality, (M would take different valucs with 

different entries. btnl as lfilt step it is assulnlmed to be niloIm throughtout all tile1,entries saIpled. 
Lastly, cost parareiters are inctrporated into the model. InI maintaining tiecore entries, most of the 

resotices w.ill he allocated tc tihe pocelures for rejuvenation, such i as field premparation, seeding, 
growing and harvesling. Whcl a total 1notirIt of resources, R,is allocated for the maintenance of the 
core collection, the lfollowing relationship iMnay be assuied: 

R = l r N t 

and therefore 

N = (R/Ir)/(U In) (9) 

where r denotes the resource input per plant for one cycle of rejuvenation, t being the number of 
rejuvenatiors (the duration of the core collection). By definition, R/r,which is symbolised by a in 
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formula ( 10). 	 represents the aggregate number of plants treated for the maintenance of the m,entries 

through t cycles of rejuvenatiolI, and then the quantity U/1I, symbolised by B,indicates the plant number 

treated in a single generation. Usin, these symbols, formula (9) is written as: 

N, = or / 	 (o)/ 1t 1,) 1f, 

EhIis now related to the cost parameters by substituting the right side of fornula (10) for the plant 

number N informula (8). 

Numerical comlpvLations 

l0 nd = 10. was computed for threeThe retention ef genetic diversity (RT), where M = 500, (x= 

cases (a,) and c,as defined in Figure I ) differing in Dr.The figure shows that, with a high degree of 

redundancy (l)r=0.9), RT increases very sharply with an increase inp, reaching a plateau at a relatively 

s1mal I / value (0.2 - 0.3).With a moderute or small )r value, however, Rl increases steadily towards 

init\' at a rather COlStalt increasing rate. ]'he optimum1 fraction, therefore, cannot be deduced from the 

retentioli alone. Calculations fOr the case of Al = 200 (not presented here) gave essentially the same 

results, indicating that Rf with a given )depends primarily Ulpot the D: in the collection. 

Thc retention is influenced not Only by I)/ but also by the distribution cf accessiois on the allelic 

composition classes (see Table I).RI with a given value ofI)r is reduced as the number of classes that 

Figure 1 	 The retention of genetic diversity (R) in three cases differing in degree of genetic 
redundancy (Dr) 
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Table 1 Genetic composition of accessions contained in a collection 

Class of allelic composition 
1 2 ... K Total 

Number of a((,siions 1 1 177,7 ... /Il ( 

cont ain only one accession increa ses. lweVoVr, the ca lcul at ions (not presented) showed that this 
influence is not important unless I- is as high as or higher than 0.9. 

TVhe overall efficiency (1.) was calculated fkor a nrurhr of comlNations of the constituent 
paramleters. The results for the three cases (a.Ihand0 a1re shown ill Figure 2.Thlle four11curves (i to iv) 
inl each of the three cases show the influences of tihe sating- sstem (.s)and the initial allelic 
ionloce neil (0) s ithin entries. 

AComparison of the iree cases in [igure 2shows that the olptinium sam+lplc traction (as expected)
 
tends to he large as the IOr decreases from (.9 to 0.2. lhis increase, however, is not very large: the
 
optimlum sam1ple fraction slts within the rance of (1.2 -(.3, althogh this goes ip to about 0.5 when
 
predomfinantly outcrossiing ( (.1. ) entries with a high initial co-ancestry (0,, = 0.9) are to be 
llailntailed (clrve iii). 

Wilh a ci'en degree of thle redundancY, curvecs (iii) and (i') show hiher rctliomis aid larger 
optinn 'raltions thalln (i) and (ii). iildicating that allelic diversity ,\ ilhin outCrossing., entries is easier 
to maintain thau that \, ithin selfing entries. Where entries with a high selfing rate are re'jnveated by 
hulk sed handlin,.c,. as aSSLmted in the fwl1ratio of 0 a1id/ . rare allelCs will soon drop off because 
of tle raidonl drift. Comparisons between curves (i) and (ii) ard between (iii) and (iv) show that tile 
opltimnlil sallple fraction increases with an increase ill the initial allelic honogeneity (0,,). Inl an entry 
with low initial alleic diversitv, cenetic fixatioi lroceeds rapidly even when a fairly large number of 
plants ire grown per generation. In this siltuation, keeping more entries, with lower resource input 
(fe wer plant ntumbers for rejutivenation) heing allocated for individual entries, is more rewarding than 
keepin, fewer entries \ith high resource input for each entry. 

Calculations for the case of M -- 2)) (1not presented) produced similar trends, except thal tlhe 
optinum sample fraction was inflated compared to that for X1 =500, rather slightly for(i), (ii) and (iv) 
but appreciably f,()I (iii). 

The oltin ntun sainlup1e fraction is also inlluunced by tile resource para mieters uLand B (tle plant 
numbher in total and per generation) and the dluration of tile core collcclion (1). Th'ie effects of these 
parameters are seen in 'ables 2 and 3, respectively. 'ahle 2 shows thal, with a given duration of tlhe 
core collection 1u= 10), the oplimun fraction is markedly influenced by t (and 1B),increasing with 
increasing values 1theCsepIarMateters. The oplimunm traction is extremnily smiall when the plant nuniber 
isas small as (. 10 (and B.= I-2). suggesting that tihe plant number allocated to an entry pergeneratlion 
-- that is. .,/t, I) , 111) - should not be too snall. In other words, there is a critical lowver limit of 
entry size for keeping the allelic diversity within entries. In 'able 2, the critical value may be said to 
be about I0: the ph1a1t n ur rper entry pergeieration is not nutich reduced from( ahout I0 by tile pIt1 
number ( (and BA)being reduced froll It0 (and 10) } to 10 (land 102). 

'Fhe iinluence of t with a l'ixed plant nuber per generation is shown in 'able 3. The opfilmumn 
sample fraction decreases with an increase in t, although not so drastically as it does with a decrease 
in (x (and 1.),as noted above. this indicates that a larger n1urber oflplants per entry is needed to retain 
the allelic diversity for a longer duratiot of tie core collection. 
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Figure 2 The overall efficiency (EF)of a core collection in different sample fractions (p) 
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Table 2 	 Optimum sample fraction with different amounts of resources in total ((A)and per 
generation (l0a 

Initial genetic state 	 (t, II 
4 

A 0, 	 103, 102 10) , 10' 101, 1()4 

0.9 	 0.812 0.9 0.02 (10)1h 0.2 (10) 0.8 (25) 
0.1 0.02 (10) 0.2 (10) 0.8 (25) 

.I 0.05 0.9 0.06 (4) 0.4 (5) 0.9 (2-3) 
0.1 	 0.04 (5) 0.3 (7) 0.9 (23) 

Note: a 	 acws~ionl in eich la ;= IIAl =500; K= 25(; h c 


) Figures in parentlisi in)litale 1)1,ll IlUmhnr per entry per generalion
 

Table 3 	 Optimum sample fraction with different maintenance durations () for a fixed plant 
number per generation (1 = 1()14), 

Initial genetic state t 
Ao 0 10 20 50 

0.9 	 0.83 0.9 0.8 (25) ' (.6 (.14) 0.4 (50) 
0. 	 0 0.0 (34)0.8 (25) 0.3 (67)
 

(.1 0.05 0.1) 0.9 (23) ( .8 (25) 0.6 (34)
 
1.I 	 0.9 (231 0.) (25) 0.5 (40) 

Note: a AJ = 500; K = 250; two accessions in eath (LIasS 

h Figures in parenlhesis indi ta1,plant nuenher per entry per generation 

In conclusion, the oplimlumn sarple fraction cannot be uniquely specified ordelimited. It is affected 
by various genetic and technical factors, of which the degree o1 redundancy and aniount of available 
resources (mteasured by (Xand .()seem to be most infuluential. It has been widely acknowledged that 

selling or predominantly sellting species tend to have a high degree of genetic differentiation between 
populations and allelic homogeneity within popul lit ions, compared with predominantly outcrossing 
species (for example. I lamrick and (Godt. 1990: Morishima et al.. 1992). II is therefore logical to 
assumne that accessions of sellfing species have a mnch lower genetic redundancy and a higher initial 
co-ancestry than those of outcrossing species. A strategy of tlaintaining more entries, with fewer 
resources being used for single entries, would be efficient for species with higher selfing rates. 

STRATIFICATION STRATEGY 

Model 

The optimum sample fraction discussed above assumed completely random sampling from a 

collection or that the classes of allelic composition as defined in Fable I are not identified at the time 
of sampling. The accessions in a collection may be divided into a number of groups according to 



43 5,\MI'IIN(; 5IR\II(IIS IR .IN.\IIIII[) (M I II( )NS 

passport data. The efticiency of sampling in this situation will be much improved if an appropriate 
stratiflied sampling approach is adopted. 

Five sampling strategies (I'oIr strati tied strategies and one completely random strategy, as a check) 

are discussed here: 

" RanIldomI s!IaIe'gV (I."intries are completely randonly sampled 'rom acollection, groups being 

ignored 

* 	 (o.tat .1Suwe..g.v(': An equal numbCr of entries is sampled firon all groups, irrespective of the 

number of"accessions (group si/e) in each group 

li13+l~l ).-intries are sanpled in lprop• 	/ 'l,'rtu Afrag(', rtion to gro\up size 

* 	 /.lo-Uil/)ic sraiY'vo (I.).- Lntries are sampled in proportion to the logarithm of*group size 

" 	 Gen .x sampled in proportion to the am11OLnt Ofic diVir.S iiv'-peude'nt stratv,(('). Entries are 

genetic diversitv in the groulps 

Strate-ics C'. P and 1.have been compared by Brown ( 198b). Strategy G is addressed for the first 

lime here. To quatlifk the eTficiency ot Ihese strategics. the parameters of'the genetic composition of 

the collection are established, using the following variables: 

/it" 	 number of acc:ssions in groulp i (i= I. 2, 1). belonging to the allelic composition 

class! (I = 2. M 

Mr = 	 total accessions in group i ( =L1111 

IM., -	 total accessions fOr class / of allelic composition (=Xi), 

M = 	 grand tolal nunber of accessions (=Y., 

k 	= number of' allelic composition classes contained in group 

K = 	 total number of allelic composition classes contained in the whole collection (<X) 

Mi.+ 	 number of entries sampled 'ron group i. allocated by any of the five sampling 

strategies 

/it. 	 total accessions sampled (= n = Al p) 

The structure of' this collection is set out in Table 4. The classes of allelic composition in this table 

arc the same as those defined in "'able I,indicat ing that each accession in the collection belongs to only 

one class in only one group. 
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Table 4 Establishing the parameters of the genetic composition of a collection 

Number of non-
Group 

(1) 
Class of allelic 

1 2 
composilion (Q) 
... K 

Group size 
(i.) 

empty classes 
(ki) 

S17111 
1712jn 

1711. 
, 

... 

... 
11111 
17,, 

1111 k, 
K, 

117N2 ... nM. k17.1,2 171k 

S oni overl 

g4rnnps i-, 177. tl nrl A'l k.h) ! n... 


Not allgrtonpS mii\ have ,e,sf is. sole classes ia. be sharedniqune ,lia oCalli ic coin)osition (tlia 
or1 one11 uliO i the of overlapping betweena1,. pu). masure negre groups of' the allelic 

cotllpsition classes. the Iol]<o,in aqunrtity is introdthuced: 

/), = I -K/ , (11) 

I),takes /ero in tile absence of'lthe overlapping (K = i, ). approaching unlity (precisely. I - /g) 
as tlhe overlapping increases. 

IfmIl.from the total .llaccessions are sampih.' ,m,, accessions being allcated to group i,the 
retention of,the classes of allelic composition (RT)would be represented by: 

R'I, = II /K 

A 
= I- v IUI (WIi/K (12) 

Silere 

I ... =w hen In,, 0 
n--IQ,(i) =,[,I -" I I ...when m,, < m,.- M (In # 0) 

0 ...otherwise (m,, t 0) 

The retentionol or strategy I with sani ple si/ in isobtained by substituting mn., and III., for mi and in, 
in Q/of fortmula 14). respective\'ly. 

rhe allocation to group i j(m)illtlie I'Mtr strategies C. P. L and G are represented by: 

m,.,i = I . " 
-- li.,, PI/m,. 


mH . = I ., .log Il,.l log (H I , )1 (13) 

, , 1=1 
iii -- , /Aii k 
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Numerical Comlputlat ions 

'The nUIIitiC SIrucinie of a col lctCion iSusiallv unknown inadvance. Fourteen hypothetical collections, 

chosen to repreNent ,tllu,tpfical Sintltiolsn. wr 'estii.dtued to determinle some1 eneral trends inlthe 

Stralltgitc. lhese collections isshown in 

characteristic leatrcs of all 14 collections are stlnmarise(d il 'fahle6. The results of ihe calculations 

are preseinted 'lale7. A samlle fraction of ISSUMed fo" all the calcuhltions. 

relative cf'iciencic, of, the Sainp.io One of 	 able 5,and 

iin 	 01.2 was 

Table 5 	 Genetic composition of one of the 14 hypothetical collections used for numerical 
conputations 

Group 	 Class of allelic composition (j) 
(1) 1 2 3 4 5 6 7 It 9 10 11 12 13 K mi ki 

I 1 ) 10 10 1(D 	 50 5 
2 if 8 8 If i 	 40 5 

36 6 6 	 (30 5 

5 5 	 5 5 5 20 5 
2 2 2 2 2 t0 5 

4 

in.1 10 	 10 18 18 24 14 19 11 13 7 7 2 2 150(M)25(k.) 

Table 6 	 Summary of features of 14 hypothetical collections used for numerical computations 
(g=5 for all cases) 

Change in-
Collection M K Dr mi. ki 

I 15( I3 0.48 Change,,ble (ID to 5(' Constant (5) 

2 21 (1.16 (Changeahl, (()11 So) Constant (5) 

121 0.10 I lighlv ( hatgeaible (7 to 75) Constlnlt (5) 

4 20 (1.1 1 (hngeahle II()to)( ( hagealfle (2 to I)) 

5 5( 0.()7 I lighly ( bmnge,ible I)to 75, I lighly ( hangealhle (2 to .-0) 

6 300 II (.48 1Ilighly hangeable 1 I()t lo(1) ConrslntI(5) 

7 21 (.10 Changeale (20 to 100() Constalt (5) 

8 21 (.I I ligl (lanlIhle ((M o 518 (onstant (5) 

9 21) (.11 (oia'tlll (0() Changeable (2 to I0) 

10 26 (.I (hangeable (20 to 10(0) Changeahle (2 to I0)
 

II 20 ) . I lighly ha10e ( (ChargeIablel2 to 1()
.1I lo 15() 
12 50 0(.()7 Cosll tnt ) 1lighly .1wangeable (2 to 30)
I 536 1(.7 It (( 	 10)Changablh 	 (2(1to l-ighly (haigeable (2 to 

14 56 (.017 I lighly l hangealfle It ((to 5(5) I lighly (hangeable (2 to 30) 

Note: a = (higing in,1 equal dillttren, h twenIiwo ne.i.ghhoiring groul.,(1h1,11gei'hte 

Ilighly ( h,1ugl'dfle = (hanging in inequal rio htween Ivo nighb uiring groups 

,
) 1igure. in mrtenh,,i ,how the range 

http:Sainp.io
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Table 7 Retention of genetic diversity (RTs ) expected to be sampled using the five 
sampling strategies (p = 0.2) 

Strategy
 
Collection R C P L G
 

1 .8286 (5), .919 3 (I) .8198 (4) .89 50 (31) .193 (I) 
1 .7228 (5) .1242 M1) .7430 (4) .1042 (13) .8242 (1) 
3 .6)305 (5) .8741 (I) .6.137 (4) .8051 (H) .8741 (1) 
4 .7122 (3) .65-15 (5) .7330 (I) .0()07 (4) .733(1 (1) 
5 .458 (3) .375 1(5) A171 (2) .4263 (4) .4677 (I) 
6 .8512 (5) .9801) (21 .8.16 (41) .9962 (1) .9899 (2) 
7 .8806 (5) .9652 () .8I51 (4) .9638 (3) .9652 (1) 
8 .7772 (5) .9741 (2) .7919 (4) .979) (1) .9741 (2) 
9 .8481 (5) .861)-1(2) .86(4 (2) .8604 (2) .9321 (1) 

10 .91 11 (3) .8(520 ( 1) .92-1) () .11775 (W) .924(1(1) 
11 .8876 1) .8541 (5) .90-18( 2) .8998 (.3) .9292 (1) 
12 .5351 (5) .5408(2) .5308 (2) .5408 (2) .7132 (1) 
13 .6435 (.) .53(15 (5) .65 12 (2) .5640 (4) .7188 (1) 
14 .6909)) .5)OI (5) .7(19(I) .5935 (4) .7001) (1) 

Average rank -1.21 1.0()) 2.61 2.93 I.14 
Fre(IlUIVI(I : 

hest rank 1) 4 2 12 
worst rank 81 6 ( 0 0 
worse than R - 0 0 5 0 

Note: a :iguV,> ill parentlh si. sliv rank in superiority 

Tw collectins in pairs of"(3) and (8), (4) and ( (1),and (5) and (14) differed in the total number 
of accessions (M). with other pararmeters being the sane. Two in pairs of( I ) and (2), and (6)and (8) 
differed in the numbl1er of, the allelic composition classes (K) and consequently in the degree of 
over'lalppinig (I, o. Comfparisons in Table 7 between two collections in these pairs showed that while 
the absolIne value of I?1" increased as M and IDo increased, the rank in the superiorioy of tile five 
strategies was little modified. 

Strategy R. as expected, was in lio case the best stratecy. being worst in most (8 out of 14) 
collections. Stfrale\ C"was best (as good as () in tcollieclions) I . (2), 3) and (7), where all the groups 
had tile same range (k,= cowtant) of genetic diversity, atholgh they differed in size (i.). IHowever, 
this strategv alve lower RT, than slratev R in collections (4). (5). (10), (1I), (13) and (14) where k. 
varied aiong tle grOllS (v'' Tahle 7)or was highly chaneabile. StrategN Pachievcd tle best or nearly 
the best ranks in collections (4). (5, ((1) rind (14), in all of which n,. changed in parallel with A wiihin 

S.Slrategv I. v,as the miost e'fficie'nt in collctions (6) and (8). where i,. was highly variable but 
, was ,lmost constal. It ranked lower thain stratey R in five collections - (4), (5). (10), (13) and 

(14) - ways achieved the best rank, although itgavewhcre stralegy C was poorest. Strategy ( aIlmost al % 
slightly Iower RT, than strategy L. in col lectioins (6) and (8). As shown in the lower part ofTable 7, the 
average superiorilt ofIthe five strategies for tile 14 collections was in the following order: G, P, L, C 
and R. 
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Calcultiolns were conducted on four real collections: two collections of Glvcine tontiu'l~l 

Iwo of (hr\'v-a sativa (Oka, 1953. 1954). The characteristic(reproduced 1'romBrown, I989)b) and 

teatures ot these collect ioins are presented in Table 8,and the results otlthe calculitions are summarised 

in Tahle 9. 'rlnls similar to those in the 14 hypothelical collections were obse:ved. The average 

Suplriority of the five Strallte'ies was illthe order of' (, 1), L. R and C, the difference between lthe last 

two straliees being insignificalil. 

From these investigations, we conclude that a stratil'ied strategy weightcd by either the group size 

or range in golelic diversity is superior to randoim or constant strategies. 01 tihe three weighted 

was nearly always the best. 'He alliount of geiletic diversity otllhestrategieCs (1P, 1 and (J). strategy ( 
lany practical collection lro'.ects. Stralegy P is recoimeilendedgrolpS. howvOer, could not be known in 

in this silualion. 	StrilCgy L. coieived oil the ineutrality principle)pult'orward by Brown ( 199b) and 

good as or better than P. does not appear to haveva wide application.th ioght to be as 

Table 8 	 Characteristic features of four real collections (two of Glycine tomentella and two of 

Oryza sativa) used for numerical computations 

Range Range
 

Do of ki Species ReferencesCo!lection 	 g M K of m i 

I 7 270 6 0.047 5-125 2-4 G. tomenlela (4n) 	 Brown I 989b) 
(table I I 

5 125 5 0.375 8-60 1-3 G. tonmntelh, (2n) Brown H 989b) 
(Fable I) 

3 13 147 15 0.722 5-16 2-7 0. sativi (2n) 	 Oka (1953) 
(Table 8) 

4 10 83 11 0.633 2-12 2-5 0. sativa (2n) 	 Oka (1954) 
(Table 6)" 

Notl: I S0nn grOuIplS wVerV poold 

Table 9 	 Retention of genetic diversity (RTs ) from the four real collections described in Table 8, 

expected to be sampled using the five sampling strategies 

Strategy 
GCollection R C P L 

1 .8-178 (5)" .9829 (3) .8532 (4) .9873(2) .9938 (1) 

2 .9522 (2) .8515 (5) .9597 (I) .8967 (4) .9281 (3) 

3 .3.345 (5) .5453 (4) .5557 (2) .5498 (3) .5716 (1) 

4 .656) 0,) .0423 (5) .6885 (2) .6740 (3) .6942 (1) 

3.00 1.50Average rank 4.00 1.25 2.25 

Note: a iniarenthe' .iperiorilyFigure,; s Jiow rank in 
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SAMPLING FROM A IIIERARCHICALLY STRUCTURED COLLECTION 

Structure aniong groups 

The groups Ina collection n1ay be hierarchically related, as illustrated inFigure 3.The hierarchy 
dciidro'raii is based on the gCeneo dcdistaci:,s between groups which are calculated froI the traitscores
 
av'eraeed i, In th> treated equally (that is,iin each 1ttroup. srtt niIe, accessions within a group are 

\t\hott 111\1sani linc within the crOtlp is matde \1 aiVin'prioritv to any single accessions). 

Figure 3 Hierarchical relationship of six groups in a hypothetical collection 

0.1
 

0. 3t 

Distance 0.2
 

0.4 

0.1
 

.20.2 0.2 

01 0.1 

Groutp: A B C D E F 

Source: Crozier (1992)
 

Since accessions belonging to more closely related groups tend to have a higher degree of genetic 
similarity or overlapping, the saniple size allocation weighted by the group size alone (strategy 1)) may 
not be the most appropriate. \ imodification system using tle uniqueness value proposed by Crozier 

1992) is described here. The niliqueliCSS \alile ssas introduced to measure the degree of genetic 
remoteness of a species from others, based oii calculations which take account of both the genetic 
distances and phvlo-eeiic topohgy aiong the species. Crozier (1992) defined the uiliqueiiess vale of 
a spec ies as 'the probability of'this ,pecies heing unique in character state, which equals the probabilit), 
ofitliis species be inc difTereit in state from its node inthe phlogeniic network pIlus the product of the 
chance olthiss pecies not beinc di ftferent fron the node and the probabilities ofall other species being 
different 'rom tli i node'. 

For the sinplest example of three species (1,2 and 3)being colliected to a comllon node. If. the 
Lin iqueLIess of species I is cilculted aisdil + ( I - d/ 1/) .d,/ .d111 . where dM etc. indicate the genetic 
distance of species I etc from the node tl.I-or phylogenic trees with more species, the calculation 
,involves proiceeding down the tree instepwise fashion' (Crozier, 1992). The absolute (it) and relative 
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(vu,)valties of Ih tiiqtuI eiSS ftIlhe Sie groups (A to F) conmposing the phylogeilic trce ol" igure 3 are 

presented in the third and lotIrlH cohtInins ollable I0, respectively. With thle sizes of the groups being 
as presented in the sectnl coluiin of l'alIc I0. the sample sizes allocated by strategy 1) (n ,), are as 
presented in)the fifth coltiii Of tile table. These sample sizes are, inl turn. are modified Ey the 
tilUeness valuies thus: 

01td II In~~, r/lt 
o r Ii .

/ / I
(I,,, • ( ,/. e )14)	 () 

The sample sizes thus obtained are presented in the last column of 'able I0. By this modification, 
the sample size for grotip C With the highest uniqueness 'a\'tie of 0.47 was considerably inflated, rising 
from 16 to 3.1. Converselv. the sizes for the two relatively closely connected groups F and F were 
reduced. 

Table 10 	 Sample sizes modified by the uniqueness value of six hierarchically related groups 
in a hypothetical collection 

Number of 	 Relative, Sample sizeb Sample size 
accessions Uniqueness uniqueness with allocation P modifed by uniqueness 

Group (mi) (uj) (ru) (mftp) (mfcu) 

A 20 0.20 1.30 41 5 (4.59) 
3 4() 0.20 1.30 8 (9 (0.17) 

C fi0 0.47 2.30 16 34 (33.59) 
D 100 ).27 1.25 32 35 (35.28) 
[
F 

320 
040 

0.20 
(0.2) 

1.00 
1.00 

64 
128 

56 (56.45) 
113 ( 12.9I) 

[otal 1200 (M) I.04 8.23 252 (M,) 252 (AI, 

Note: 	 , Rei,iive in thfI ,i,)hIc vIliR' (1.2 
1) A'+, ,i,,m lvh frai I f1)tjniiiig io oHI 0.2 

Structure arnong accessions 

A collection may be structured from the level of single accessions (for example, Souza and Sorrells, 
1991 a,b: Zeven and I lintum. 1992). Inthis situation, the uniulileliess value is calculated foreach single 
accession, and a step-Iby-stel allocation 'rollitile node of the highest rank to those of lower ranks in 
fie phyhogenic tree nmust be used. A system for this allocation is described here and is illustrated in 
Figture 4 (the lower part of the hierarchy in the Figure has been abbreviated because of space 
constrainits). 

In the first step. the total sample size (It = V .p = 80( x 0.2 = 160) is calculated at the highest node 

of the dendrogran. These 160 accessions are then allocated to the three branches from this node, being 
weighted iin two steps: first, hy the total imtber of accessions belonging to each branch (i.) and, 
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Figure 4 	 Dendrogram of a hypothetical collection that ishierarchically structured from
 
the level of single accessions
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secOnd,by the average iqlueness value through accessions within each group (u). The sample sizes 
i tihe fhrst step (allocation by strateey P) are obtained thus: 

,i00
 
Branch I: I(0 x = 8()

81((
 

20(
Branches 2 and 3: 16( x = 40 

800( 

which, in tileSecond step, are modified by the average uniqueness thus: 

I x 80 
Branch I: 160 x = 32
 

I xX(+2x40+6x 40
 

2 x 40
 
Branch 2: 160 x = 32
 

I xgO+2x40+6x 40
 

6 x40) 
Branch 3: 160 x 	 = 96I xX)+2x4()+6x 40 

In some cases, it may he better to make the calculation in the second step using the genetic diversity 
within each branch, which is most simply measured by the maximum genetic distance within each 
group (di) (that is, 10, 15 and 30 in tlhecase of Figure 4). The sample sizes in this weighting are: 



l()x 80
 
Branch I: 160 x = 49 (49.23)


lOx 8()+ 15 x40 + 30 x -10 

15 x401 
Branch 2: 160 x 	 = 37 (36.92)

lOx SO+ 15x40+ 30x -10 

3(0 x 40 
Branch 3: 160 x 	 = 74 (73.84)

IOx 80+ 15 x40 + 30 x 40 

lIe above two-step allhcalion is iepeated at each node ol lower rank down to inode where the 
iilibil'r of ac'cecssions illocItL I5C1ial to.or less thaM that of brillnches. In the I'orller case, one 
accession should h'allocated to each of le branches so that the widest range of genetic diversily is 
cov'ered. Iitihe latter cisc. priority sloild bie given to brailich2s contilllig a larger numbers of' 
accessions. with olle accession bcine allocated to eacti lhranches litiS chosell: Otis will give theh 
largest represC i lioll idt, 2ciilic diversiiy in tilede.and [Ite %\ coverac' o'theC 

In thahst step ol choosiri- one accession fionl withil a brilach. an accession wilh the lowest 
niielnLess S1011hol,1be prefCerreCd, isthIls accession has thleIhlrcst ilulnlber of, related accessions wilhin 
the hnlch and is 1hcref'ore most represcti tlive of' ie hrainch. 

TO sniltnra1rise, [he rille, rloi.'Litill sample si/es to branches within a node are: 

Ruh, 	 AI: a1ccCssions to all branches inode, giving weighls in two steps (first, by tihe,llocL 	 ill 
hralch A1iid, second, by Ihe average uniqueness \aile 

(ill' lroup 
uinhcbrofaccessions contained in tile 

).
 

Ru 2: 	 \Vhen lie accessions allocated t)anode are as many as or more than the accessions for all 
hralicles belolginw lgithis node, choose all oflhese. the excess (oflthe numberallocaled over 
th ilIlllbCr aVailable) Ibeinc allocaled to another node o'nearest distance. 

inber of' accessions allocated to a lode is exactly the nunmber of' 
branches, allocate oie accession to cacth hrlllch. 

Rlt 3: 	 Whehcn tie same ts tlie 

Ru/ 4: 	 When accessions allocitid lo ainode are fewelr than the number of 'anches, give priority 
to hranclhes LoiolailinIL accessions, allocatin- onie accession to each of the branchesmore 
lhls choscli. 

Ru/, 5.: When samnpling a single accession frot within a branch, choose one that has the lowest 
uniqueness (highest reprseiltii veiness of the braildh). 

CONCLLISION 

a friaclti isallBrown ( I989a,b) proposed halt olo'ahoLt I (/; approlriate samlple size for sampling core 
entries fron a iie s proposal oil the that had been put forward bywhole collecti basd t 	 aheorv 

l'wens (1972), where the retention of allelic diversit sampled from afinite population was formulated 
on the assuiplion that tihe pOp)uliation is algelltic equilibrium for neultral alleles. The calculations 



tat least 7(01; 
certithly if 1(0; or Inote of the plants \\ ere salliIed( frolm the oIi)IlItiOi ( roWn. I ). Il tile work 

osic this tI._eory led to the resul hat of the existent alleles cohtlh Ie dra'.n With 9t5',: 
i)ta 

reported ill this chapter. the '.taiiple si/" in esligltiol N,,s I+,ied on t difllerlenlt model. w.ith two 
Cillljitnleiis: the il1ntt11 o1 eCIletiC di\ er.,it C.s~icted froimi saitiiplinl! a, certain fraction of a whole 
collection 11,I/ in frmtiila 2 )j. and theilmt I iaince of *llelic ti\ er,,it\ ,,, ithii sinigle accessions 
(P.M. It s'. cai'ulittC froI1i Ii., model thai the olpiliiui samlple fraction depends largehy tupon the 
.i . of" ec'litic thtlllthlllt' ,icc total airioiiitlo resourcesaillt 11 1ssiouiI/)/- ill lo itilia ( I )I. file 
availaible Ir tIe illailitelialicc of cor elitlis (Iuantifliv'lalthtt) luaul Inui)Ce., treated for the 
iuiaiteance), and the dur(iL;iio (inlnile of r.itls enatios) o file COW ctillection. \Vlile the optimuminm 
Sallfle '.,l could uot lie tuiqil.i,, determined. a fractiom ill the ralige of' 2) - 301r; xsv'S estiimated to 
lie te let or0'icai1 the Ili,,t under condition N.here 01.2 < Or < 0).9 (I * IO1 and I 1I(1. 

The hlltel., coimstttiulin tIe ONCiall effiCienic\ of time cillectiO l ImImay ble qnaiitiied ill different 
L ,-, , Ito tile le cnetic fa.ctors,\N11\ Wtccd I.N f ' ' Ilk' retiilied and im.aintainied. For hluslailce, wllt_'le 

partlicuir kiiid, of allcle, are to lie umiaint;ined Faithier than tie alfelic coilliposiliotts issnmiled aiove, PM 
shouldile qtiiaitilieuf il Iclis f1the loibilhiit\ that the,,e latt1liciliar alleles ae malnained, n1ot itl tel11s 
oteltl co-ncllst, I), ats, adoptdl in tin- chatpter. Acce'ios,i soni caSes 1nI)V Ie characlerised bw trails 
controlled h.l gelIv , ilt itltitil)e loci. The ',uc.'cess of llilillUtlanle ill Oit'., LitntiOll IIImml Isheteiasured 
coiisideliing colihiliituis (1 alhl'lic ate', it imilitiple loci. The OptilimLII saiule size lends to decreise 
N\ilh t larumr :lalumnl of lesoulces f I'lC .l the f.1ctors that chiraclerisereqnliled for niaotail.tinein clic 
tile core entrllies. 

The &fnait\ of lmainmenYumice maytric" in somie sitnatiolls. rather than -/+td Inav he imipoitanlt 
as defiied in tlli, chapter. ( )cca,,ioila;I\, the IpocC_'dnrsC, of lll'a1eIilelt for inodividual entries may le 
ireletermined for sonlic rnl.il~o. Il this case, the optimni aiile fraction cannot le defined since tlhe 
re,,oOrce impot for iindiv idnal enlie" is predtermined. lie ltllube" ol'accessions il tile core colleclion 
i.sthen deteriimed fIh\ tie ainttt of, esomrcc, as ailaleI (primuaril\y. ralpower and facilities). 

(oe entries ill "(liie llant spCCies mumuvliminltainl d N\willitLll rejuvelalioll ill the form of' seeds. 
,,uictative i, am, or plants. lhe otiiliii Saimiplc Ifraction il !he,,e cases most he defined differently 
and Ipuanitified in terni of paraimmt.r, decrilino the persistence olviahility mf'seeds, oralls or plants. 

.\ stratified sillplilL srttc,.,\ ssill Ile efficient \ hu the collection is subdivided into a number of 
gronps ol act.cessio lh., coAl ua-ison of five sltiftiticatiol strategies led to a rather simple conclusio. 
Amo 1 thefi e stlmatCCi, coimipared. sltrle 'y (; (svherc accessioils ale sanpliled ililroportill lt the 
cenetic diversits w,ihin grolops) \rt alnmost avwa,' , tile hies. \V\hen tile absolutie or relative altntOlts 
ol elielic diver,,ity \\ itliii roop,, ale not known, as vold le the case in many collections, strategy 
P (\where accessions are saiimpled in Troliortioln to group site) is recomnimendd. Allocation by strategy 
f shold Ile aihIoliiathC\ Miodified ilany additional inf(rnl:ition otfier than grbup size is availaile: for 
illsmIlice. a oroup ,MIMich co1taii_g 11more accessions front similar Iabitat conditions may le Ics 
wt.eighled than other gronps. Strategy 1. (.Nhere accessions ar Sanpled il proportion to the logarithm 
of 0ronp site). considered h., Iio\ n (l 198h) to lie aS or 'mi0eefficient thall strategy, P, was found to 
lie rather of limited use. 

Iastly. N-,c proloid imvaions l)rI'CCdueres hierarchically collections.sel sampline for structured 
l'rocednres ,'.lucrc sIralegy I is modified nsime tile luifuenes,, value (( rotiel, 1992) were descrihed. 
The iiniqiiemiess vilnle of a uiotfi or accession (.vsc Figures 3 and 4) measures the degree of genetic 
emo-teness from others. beini cilecnlted hom1 tie tim')ath,\ of' dendrouram and genetic distances 

almion grouI'.s or a'cessi)lis. Both th pattern and tho rang, o geitic diversity, il a collection could 
lie well conserved it- core entries by using tie sampling ptocedures which we have descrihed inl this 
chapter. 
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(0 1995 hnlatith ,fld a l~m (Gentli< Rt,++ tmr(vs+ h1 ,titulIC (I11GRI) 
A W.ihvv-Savte Plubli ation 

Maximising genetic diversity in core collections 
of wild relatives of crop species 

D.I. 5( iI )FNmd A. H.D. BROlWNa( 

Abstract 

The conservatitin of gecnetic diversity in wMld relatives of crop species presents challenges beyond those 

taced in the case o1 domesticated species. Iln particular, there are itiany potettially uselul accessions and 

natural populatiis,,yet it Ii possible tfo conserve only a representative sample of these. The core collection 

may h1us have special relevance in the conservation ofgermplasm ofwild ci op relatives. Unequal diversity 

Ild differentiton ainono accessions create problems r constructing diverse and representative core 
collections. 

Inl this chapter. i tonew, core collection strategie,s terned the "1F and 'N" strategies) are developed 

to address these problems. Both util se stratified sampling2 and marker gene data to select allelically rich 

accession. front different oe graphical or ecological groups. In addition, the M strategy attettipis to rc(lucc 

redLdancy in the core collection by piipointing sets of well-differentiated accessions. The 11, M, and 

several other Core collection strategies %serecompred by simulating the sampling of' accessions for the 

cotstruction of core collections in nine wild crop relatives. Allelic richness in these simulated core 

collections %..Sas calculated in all cases. The resuhls sho) the importance of strati fled sampling, demonstrate 

that genetic marker data help to maximise allelic richness in the core. and confirm that genetically diverse 

and re presellt ati ye germp lain cil ect ions of w.ild crop relati ves can le establ ished using the core collect ion 
approach. 

Frhoe conservation of' wild relatives of crop species is an important part of efforts to maintain crop 

genetic diversity ( larlm. 1984; Chapman, 1989: Ladizinsky. 1989), but the inclusion ot'wild relatives 

in gene banks presents a nutnber of technical and logistical problens. First, there are many more 

sp-cies and populations ol wild relatives than ol crops. and it is practical to collect and maintain only 

a :mall fraction of these. Second, because of ttheir often wide-ranging geographical distributions, the 

exploration and collection of wild relatives tnay involve significant costs. Third, reproductive 

biological characteristics such as poor seed set and germination make it difficult and costly to rnaititain 

some wild relatives species. Fouri , manr. breeders use wild relatives only when the variability they 

need is absent fron elite lines. The challenge, therefore, is to make the variability of wild crop relatives 

P-revious Pac Bhn!:
 



more accessible to plant breeders but at ; iintll Lli1 cost. By enmphasisinp, representative and better
docunented gernplasrn samples, tile establishmrent of core collections (F[rankel. 19 4.: Frankel and 
Brown, 194) of , ild crop relatives should help anmeliorate the problems outliied above. 

'his chapter is concerned w\itlh [Ire filetlrtlOdt h 'y for L'Onstrllichl core12cillectiniIIS of ,. ild relatives 
of crop species. We begin bh rev wi'-'g Sttle IlOplatiii elIiti f'icr.'lithat co.tribute tlietr 

Orgasl ilatiolof eclictic va;rilibilit\ in iatural pIn'IIt Jetilat tion:iind that cai cotmrplicatc samlplinig efforts 
desi,iled to cilser\ e ,.itetic ,anatioli. Il Irlicular. it is sLe,,gestcd thaIt utieqLial levels Of genetic 
di\ersitV ad difTCren]tiatitm aio1L+ ICCcssion+s It+a, plrente problein satpling \ ild relatives olf 
cr'o species. I.null di\rsity llay ecspciall\ prevalent ilil1ICbeders(Schon and Bro). 1991). 
VIdle utiequal degrees of differentiatiorr are lik,.tl\ 10th lbiuitiiS. Ill ViC. Of tlh,,e coIllplicatiolns, 
tVo,icw \,atiplliir stratc icic.lerlied the '11' and 'M' slrat.Is. l'Fr Colistr1Ct ill" core collections areL 
devlold hcre. lrhec diiflcr Irotti p)r,.ioi', decried sarripliug .tratecies in that inlormartiot gained 
from screenin+ acccssions at ectrtic marker Itci is irrCOrpOritCd Irectinto th- satipiliir JVrttIcCIl. 
:\fter introdLiw' tir II ai.l NI StratecieS. leir eflfccivcI:S, With respect to al lele reteltion in tihe core 

' collection is e\luated. Thi isdoie bx niuliti hg tire construc.'tionOfllo lsil2 Igpblished11 re COllections 
dlam oil raeograllicrlaull allo/\m: ot, \ild relalives of crop species. The resillsrange 'ruevllito 
obtained \%fill tfe I and Nl Nt'itte'ies ae cOIlllarcd \\ ith tll+rse frori] seeral olher slralcies tor 
cOristrilistr t Fl] ills genetic rerdata toi sarrs .ar1ulead to sinlificaltoue c.lctior.,. Lrrplo, 

gaill, ill the oI collcCtions. tiver. reulls tinderalllic r5,erallrichness core More the h,10%% what 
cirsta+ilces such r methods \\ili be the rost \\11(1 relatives ol-assisted+. oeffeclive. While orI 

crop spe.ies are earmiled in this StUld\ . \Ie esc\Ct that tile results \\ill hold ill geCleral. 

' PLANT P(ILATION 0IAl'NIFI(S AND AILF.Il.l( RI(IINESS 

It is gererall\ accepted that cotlibil]ittiiiiis o1 alleles phl air irliportalit role ill adaptation but. as noted 
elsevII here, such crrrrbhilatiorrs are likely either to behave as supergenes (and hence, be inherited like 
sirwle alle.Cles) or to he difficult 1t colserve in tire lace of rocrbiinatirr pressure (Brown and Briggs, 
1991 ). Ma "ir+isirig tlIe tlilrbers of' kinds of distinct alleles (allelic richness) is. therefore. the most 
approriate Iheoreical objecL.tive ili conltuclif cole colleclions. The conservation of a diverse and 
representative collection oh11,lcles should ensure that plait breeders have at their displsal the genetic 
resoLIrCcs requirted t0 breed crops to0 renlet0rid 1t luture+' chalges ill the )hy'ical aid biolic ervirotrilent. 
I lence. ill \ hat folh , tile prinllary Concern \ill he witlh+ lhe effects of, various pu ulhatit genetic 
kactors oi allelic richness arid, later. %% ioCthotlds fo0r irra1,,itsir richness in core collections.ith aleliC 

lhe %%,av ill \\ hIchIallelic' divri,,io ccurs hitlh atirg and v, ithiu tile accessihns of a civein wild 
relative of a crop species w%,ill influence the sucLC.'es of diffrent core collction strategie's. Patterns of 
allelic riches il \,, id relti,.Cs are ultirrratelv tie prOducts i1 ltitatiu11. selectiol, lurIl+atioi. geeICtic 
drift aid ireot-ranldoi Iatfur. Soume of these factors. hliv, ever, are mre influtential trhan others. For 
instance, puitialitis of 'Ilios+t plnt species are lunllikel tolbe numerically' stable over long periods of 
time. Such d,.rograp hic irstability Ina\ be especially lirriouiriced il natural )piulations of wild 
relatives'. lurll. of \%hich are ',eedv Colonists of disturbed sites. l)emographic instability as tIalilested 
by peridic largeT. redLtiounS ill the si/c Of*eXistlirI pop)lilations (lpopulation bottlenecks) or establish
moerit of rel. populations from one or i fe\ individirals tfor(dirre everrts) llow the effects of' cenetic 
drift and inbreediii toi coumre to tire fore. ()i+e (if the motre pronLrIIced COl+Se(qluences of p1ptLlation 
bottlenecks is the reduCtiII in the number of alleles i]ainlairied in tlre porpulation (Nei et l.. 1975). 
Thory suggests that allele richness is more sensitive to the effects of bottlenecks than other measures 
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Oti enCltit: , auiatiOL. sich a gene dim'vil.y and hetcri/\ gost ( Nei el al.. I975: Marl.l'al and Flierst. 
1985. I.tbtrrm (L41,0221 rcchaitI\ pnuINihtd c%ience based on the :\perilllltal manipulaIiOl of 
1I11111din, popillatioll si/c [hill supporl" fil', ioini. Rare' alIkcI¢ aire ;:%peciaII. prone o loss followingk 

,
'itb lelnct I(Sirk,,o-,t~n a. NI 1), 1)(1 \\ n Ilu'lct ulaton i in ,,mall M\Cr illan.%-ClieiCN I60n11. lte ClIlTct,, 

IIH I 'C CL,,,, I l thtC011111101 allel."Of 	 1)(11)ti1allil ilC' CI.'tlItl liI\C an 1,ili C i,, aiil HInCr a,,in'! i)IrOhbtilith 

I i I iN C 'it, c Clllli dca I<il't.t 't ,l't Bl' r i n Iiohci li , ti .le I 1L) n. l clin +'pl illing 

i l I\ C't.'s10h11 itt:i llll litill l ll IN i tlll u t il tiai al i t ptijirinati ia dtllclict t.iii sl , \it 

loillldillL, c",c'lil Ai t rC,,uhI 0I 	 IO 1 lhN Ill2 21aC'ialiOll. 1lllrOtLIt liOilIS illlo lC\ ,i)++ IlJiih0iI ,,lit. ICdhlclit 10 

cttim ti ill tisa ill a ilstltai :a i. tini ctcib a.!t:I lds . iil illg i 	 it ct .ic ,,. 

tmta di,, by tc i ,im,ll aiid , t t piu w i olling.,+eIt p Iuoptltti cu ll a\ be rIclalively 
, 

l llat 
C01111 11ilbat I,,. ill ,,clicis,;i,,l op ,'!o .,+_'lcllpro is sli icicnillthl 	 , t ('tlcl o,,c'l,. ,i ,,n i,-mulc founit 1lieC\N

\CltllC\ t. td llt il'' tlO oa l and l nT. 

p i i Ihilll DNA .I(iIRAcs I Ul( t I iSuili Im ill n d. in 

It)nti tlllat)H ths i . h l iC rricL A1 lI t til I l itf i MlorL C' ( 

- t llila k'IK lieUCC i le 
t,:I~c t,1 jl i I '~lLI i\ C (11l c'I~L "101)j) iW . IC.'lltC' s, ",MllC',lC.C' "0,lt I' l OtIt+ \ allHAN C 10 file' L't l1.' COI IC'clIlol 

ti 1tc1i1.11ici tCOI . V ariation ll nallelit. 

tlaitdms. itiu I1 u. ,,, n llian 

Ihmlli llhcl'l,. l ii il cl1do li ltin ri nt eC 
,

iit .,M LI o~~il tll '. S)CCiC,. i, C\ iLICnl frolll1I lchii" ll, 111 W l11C i)0t (Isl l ,I ,t. il iclali .piilic.ulall ili lll 

m Hotl 	 10177: n t) Ne .itl.ih /\lll r+,l\c.\s (d l illll i pu liton 
, c\;unplc'. Rick -I al;l.. Ilo\ 1979t e al.. 

I)-,): Sc'lhtlw l anid Ili \,ll it ~9 ) . 

Ill 'iddtli 'll~lhi llt tlU~ l \ 1li l ltl Ill JC I N 1)', l ll\ it. i l p'tl\+liu 0rdt+il,ld rI' aliVCS 

,)I C+101) ',ICk.W s' ',it il', C l e~d It) '. alil' Ih .. ,CC (liilcr,..inliaitiin frontl onll1' ) k l Ow n -cid (d 	 aniolter. Thcere are'c 

. in 	 h\ iIlhrC'CdinI1,,C.\ C'IJI ic'a,,,il,, hm lhi,. 1It q,. pa+lla~ll i., ,c' .cclhin in aiddilitIui 10 (11"ICI~Cilt'Ct+t 7 and 
VAtICC~ItuLin I-IS nd I aicI) ,~iit] I bitt a cns.. BaCi 119 alLNIC:Nntat silot aCsigliols spciesb 

hililiCt+ di-.C'Lu11I iN ll IH. le ds, W dilfclt.'n1 Al~ilunl,,1 Of inIlcrptliula(tion dikergcnce' The palllern of 

,,clc ti~clllcl, li lal iia', (Ollcl1 he L'1)iiij+1C\, a,,. l101 \ llll' in Ole' palcli+,. spatial re llt ionsh ilp 

OlbsCl\ Ct I), l CC'n illnl i+,rilic 
, , and ih1cir hotsi, I Bludonl Cl al., 1I)L)q). Stichl underl) inj, coIInpI\ily 

inilcs, it dillit.uh 100hllai ,a ICl~rCsCnili\CNJc, UN1 itl varlialion in t iht re'laives', of'drop species,II Oflipc t 

(101. 	 CU.'\ I,lll.;ittd l C l t ( 1t1',[ ICsIIJlI'C" c se'l ondC'~lt.nialtural Ipopul lit ilI dilTer in liinling of' 

tli\c'E ~'l'' 1(11IItll C011ll110ll Alllt.'."+lo!'. Ill lite Case o il tl' lral OIl llc~ ulr-al va+riation., p'opulations 

i, 0lJ(C'd 11-1)[110 J n1Wllc'I .h u l' JCriih O t ilC ', ill lia\,C ti\C1'Cdt 111 r1+C it', lit.e IC 0'i t lhe 

l Initiaion"' C0ll1il-~ lessa'cL-ill lahw i o d %61IthlllItlaltins isolatecd for t- ', lime. The ove'crall situation 

nuiith e ,ulninnairicda il FiIn 1i 1'~In ihli, hp ic lc nl c, tlilt n+dfe r eclio. lh 	 ewih 

[Ihe ClleCIf'l, I IClIC drift andi tillh ittle ,"nicetl ,' cl~'l Ii iCOilIInnOll an lC',lol. "l e prolblen is that 
' 

;itC0llCCAhW Or !'ClIC hank iillalri- l intere,,ted ill esialli<,liing a diversec and irelre"+.+nlalive collection is 

unlikeklt h e ;tac of these tilicrl ,L'cnctic + mnost diverseac 	 llt,' .',+r For e\aniple, tile ge.netically 

access,I I-i,_'urc F",hill :1 ti\ Ci1,.1!1.:+';iorl., reVrII ' ltativ e t o'ltf accessitllS mlight he"Ils Ill I aric 1) andt 

0hliainICd h\ ClI0io 'iiW A. and (G insctea . Ill [ihe ,,.c'l i I[hill fotllows' \ e preseni so,lt e. ossilhle solutions 

it) pro cll"li- surch it,. this onle. 

MARKERI (ITNE'S AND. MAXIMISINGI ALI.C.( RICHINESS
 
IN CORE~t++ COLLECI''(TIO)NS
 

Gileeic mrarkers, ,.urch ,, all/y'ne, irestriction fragmnlength pcl~llolymnorphisnm (IRFIP) and randorn 

aniplificd pollymolrphic DNA (RAII)I ilalkcrs, have heen successfutlly enmploy'ed inl mliany applied 
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Figure 1 Uneven levels of diversity and differentiation among accessions in a hypothetical 
wild relative of a crop species 
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aspects of btiology and med iC i. lie!ud ing disease resistance leitalp (IissecI i n of qua nili tat iV. 
traits I I.andry and Mlichtelnlore. I~97: Tanksley etla., I X)). marker-assisted selection (Stuler clal.. 
I9X8f) and studies of latin S\ steils and ithlreedin luevls i wil and capliv' populations (Ritland, 
1983). Informaltion gained from Survey, of marker hI (alho/viles) Iight also he profitably appliedloc 
to the task of asessing genetic resources (Broni1, 197X and assciblil cote collections (of crop 
species and wild relatives (Brown. 1989-h: Ierr\ t al.. ]991). IHowever, although lhe utilit of 
al/\ ItiiS has ben r-ccocnIsed, all explicit procedure for incorptorating such information lirectly into 
acore colle~ction stratcg\¢ is lackine. "Iss0 nmethods for doing this are presented here. Both mnetho~ds canl 

be \,ie% ed as \t\ensions of pie\ ions procedures. For instance, Setting up I core Sanple typically 
illoxes the sclection M aIpro\inlately f(, t'eI tollal collectlion., aIe\'Cl of sampling thal hi thleory 
is expccted to retain rougl.l 7()' of the alleles in the whole collection (Brown, I989a). This samlpling 
iutensit, ,,.as used in the nitholds developed in this chapter. Int addition, division of the overall 
collecti il 1110a nunherof lion-overlapping ecoeographical regions or groups. fol lowed by sarnpl i'' 
,,ithin the roups, has ken+recommtended as a practice to help ensure inclusion in the core of' all 
ecotypes (Fralkel and lBros n. 1984: Brown, I9t )a. h). This practice was also followed. The main 
depart ure fltnil firev iOLIS net hilds of core sainipl iig . tliere fo re, pert irs to the ise of iit format ion ga incd 
front marker loci to guide in sampling accessions. 



I strategy 

RC a Ip LIllionls can have a diverse array of'genetic strutctures, deperding upun tile predominance of 

tile di lie re I)opl tli in geClet."i ct'ct (is as well as LIponIlistorical accident. As t pirelude to samp1ing 

f*Or r1mplltsillt COnsClvatin. one may choose to learn about this stritLuire or, alternatively, one may 

base tile sa,ndllimt ol a species (11i atheoriCal Model 1tht I)roxilItCs the strLictIIre ol population 

Ceitlic variatioll. The ininiie ntltral alleles model (lK intlrla and Crow, 19-1)f as applied to a large 

iIIutibr otf isolated (iklatild populations has pro, d uSCt IIill this recarl. This irioeOl aiSSLI111eS that every 

allele that arises tlow-1ouh mtation is selectivel\' Itral. atid that l)po latiorns areiiqile aInMid 
ftltiitral model is not ileanlt to iml)ly thatIlnother. Tle adopltionl ofh c 

model is t'seful 
ireprOdLICl\ 'I isote0iIiCd fI on(+lie 

thC 2'cLtiiC a;rI'i~ltiiO of interCt to conser\ ati ists is selectivelyIneural. Thlie ncutraIlI 

becautU it specifiets I C\act distribution of allelic frequencies. \ith sampling characteristics that are 
\\ell definCeI+d iCn's. ItlQ21.h alh.lic lreluene' distributions specified 1w tile neutral mnodel lie 

bet \, eul odels, that +tsIttclheterotic ,election (11ita1, alleles each with relatively high freiquency) and 

thoset hat atili tatioiln ,,clectioin balance fCv cl alleles, one Coiimon !ind the rest rare)(IMarshall 

and lio,, ii. I975 ). hiIfact. ,, lien selection iseak. allele distributions specilied K the ncutlral alleles 

liodel \ iCId disiribuiioii ' s Of alleles that arc c\pcrinictally indistinguishable front models invoking 

seICction. (lear,. it isimltportalit to establish ,hcthe.r the distribimio, olf alleles of' interest to 

coll",itraionis is \%elI approsiniated h\ ncutral tlteor \, but as a startihge point the icutral todel 

11), i.d's : nI, ,iIt "iimricdite moCdel of allelic distribution i Marshall and Brown. 1)75:13rown 
andi Cs',. I J~l . 

' ', lln, thle Ietrll imOdll can Ibe used its a 'ude to conistructin tile core collection, coisider 

ucr;IpIralIhical IUl',0111 Iof 

aild I. 1l.011, inc tle definltion ofcore collc,'thion, it is asstmed that iere is sortie finite aitt0till of' 

isouICC, sticli that tele o cs tall inuber of' accessions collected for the core is a coislant. Based oil 

"\e,,s I1972) iimiplimg ihcor, for the neutral meIl, and its inte ral approximation ( Brown, 1989b), 

the e_\pci LCL nuibtmhCr ofl distict alleles sampled 'lom tl,,, to groI.ps oifaccessions (it both loci) is: 

iv o isolated Ic' 	 aCCesiIs 1(-rolps I and 2) and two pulk miorphic foci (loci A 

K 	 ()//Ill U,,1 +1nfl+ 111i10'/ +11/1 + I,'+ In1[1,12+1n1 + 0,, In 107. +"n1 

- _,\ In U,, (It' + constant 

whlre: 
U,, = 	 artestimate (i'fU,= 4 N 
N, = 	effective popnllathior size for grtup. 

1),, = 	 tihe iltitilioil i'ae 1i'01tihe"hlusIO 


To I'llid the optiial /I1 and it, (ihat is.the values ofl'i, aid ii, that nmaximise K. assuming 6i<< Ill 

and n,I). it issufelficiest to find the value o0n/ suri that: 

ldhIdt, 	 - 10// //, + If)'/ /,1- 102/n1 -10-/,:1 = 

(2)01r 
1(0/1 + O. //I I, - 1(0/2, + 0-,) //,.l = ( 

= + 0.-). In other words, the two groups should 

be san pled i pnpotrti on to the ratio liet s sUMS 
This leads to the ,l,t1ion n1/,1( U,/ + 0:,) / (01, 

(or average) of the estimates of 0 obtained fron the 

marker loci. The above result may be generalised to any Imtbber of loci U= I,., ). Moreover, using 
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tie method of l.aranoe smultipliers, it can he shown thai withIf2> 2 - I...... /) (groupsthepallocation 
of sanllphlii g elfrt (i li her. o laccess ions selected perionip) sh(ltd be ii direct proport ion t ile ratio 
of tile sUmI.s (across ile i loci) ofl estimates of, 0, l'ort1'e.1 z'tUl'): 

1 ;:: If : ... . , = ( -, Q,): (1, (,2) ( U')..: ("3, 1,)) (3) 

This mcthod is refe.red to as the II sralteg (ler N'ei's gene diversity index, described below). 
Indi idual estiates,of th , ax be obtained in sev eral ,xvas.One apprtoach based oin sampling 

tleor'' Ir the llutral model, is toC:tiIaltethe 0 dirt,'Cl)' from tle intnllilerofal'tlleles observed Ir' locus 
(xens. I)72: ('hakra ortx and Nedl. I )9). An alternative is to Ise tle relationship: 

0u = I (h,/I- ) (4) 

x here If, is Nei,, ge 1 \ ersit\ index, define.d is one minus tile sUlli of the sluUared alfeliC Ie'ueuLncie.s 
at the ill' locus 'ltrup Nj.i. 1m7173 should be emstithated same set of loci ii eachin the a the i on the 
population. Ilu:ttior of* 0,, rsinr equation (4) is affected less b variation in samplelp si/C (not always 
re)teId ill Iptlished t,Iudie,,) thal estiatioll based otil observed lunllibers ot' alleles. Once lte sutlls 
ox e'r foci oflt'ie ,,ale obtailed foreaclh roup. huy are averagc(l. and acccssiots are sampiled at rattdoti 
lm ",ithin the r 1if,,iIn the poptirtiots speciied by equation (3). In priirciplC. the II slrategy could 
be extedlced to iifl'r ation gained enletic varlil. exaiilel int o)ulatiOtmiiiqulittltV C ForL'\J 
that is ill Cluilibriurli txxcen tittion and ecritie dril'h the addilive COripoInti of' qLulaitative 
"Clltic xarialtiot , ill be proportional to U (lLande anid larroxlxouefh, I987). '[his suigests that 
stirillt'sofl qUaniltli' 1 xariarte ,ai.lcd flr ietric trlaits ill eachigroup ofedlreic a lntlinber of' 

accessions COUld he used 1t dlte.rminei the I)ro)OrtiOtlS ill CtiUltior (3). 

MI strategy 

The II and othlr core .ollection ,,tramt cis Broxn, I )Xt)b specif, ho samrleliing fforts should beh 
divided tpl aoltIre dilfereilrt group, to be samleId (that is. how rni tu'ccessionls should I)e randomly 
sailldIper ,grop). strategy. de\eloped here difl'ers f[rorirThe these approaches in that it pinpoints the 
o/inividlo I<''s.i'.,, fron) xxilhi each geographic group o be selected as entries ill tile core, so that 
sairl'ipll of' accessiorrs xhtliir groutps isno lorrecr doie randoillly. 'he apprtoach is to use in ber 
ot'entic rirarker- loci to identifx accessions ax ilnc bioth hiCh alelic ricirresS alnd Ipairxxvis dilleren
iatior (h redtulrdallc\ I. It is,aUurrrd that\ ariatiorll [Ire rriark ioci is r'epresertati i vf t[lie variation 
.it foci of, interest il .Crliet.'cose\ralinl (here.ifer referred to ats'tire t loci,)'or, inl other xxords. that 
riraxiriisatiori oli -,r.rrallelic dix's itx, in thecore xxill ta\iitis tareet allelic dix'ersitx. This str'atecxy 
is ter ed tIr NI (rtaxiris,.liri ) -tte \ . 'lr'h k\ assuimptinir ol'srriilarit betwee uniarker and target 
locu, xai;. tiort is based Onl t 0 ostul,ates: irt. that genetic diversity levels at ieutral or near-neutral 
foci are. correlated: and. second. that die pattern of' genetic dilferentiatiort arnone sets of' accessions as 
rbsr'v",cd ,v ith riarkcr loci is sihil;r to that ill ltlu loci. Before ttliring the Operalional details of 
the NI sttiegy. the threoretical basis and emhpirical i dernce for these postulates is revie'wcd. 

'o llcirt, conirsider thK' variaice aSs i;lCtd \with the axerage ptpulation x'ale ol' Nei's diversity 
intdcx. /I. , hI,,/I.The varianIce t1f this aVerage'C v,i, (h.) . also called tile popuilatiot diversity 
ctr)ttOnrrtI M)V ). has tx, 0 ctItiptricri.t,,( fit')x it and SchoIen. I )4 ). lhe l'irst, Igene diversity variance 
(GI)V). arises fromri variatitm x,.ithiii potpilations hetxx.et flrte sitele-locus ene diversities measured 
ait (Iilfe rent foci. whereas tire seCOId Cit)i t)erit . geMIre diversityt'v ' ((i)('), arises From theairiarce 
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covariaice bemee\.n parir's ol" ,Ingle-locus diversities vilthin populations (see Appendix I).When 

I(or h'\. ) levelk of diversity at one locus tend alIso to e'xhibit high (or low) 

(OlIl'/;1)V and the correlation ol tue diveisity. R,,.. 
populatioin, that e\llihit highI 

ill heOtver'itv at 
postiv,. hi,, is psccall. likelv witti the sepiaate po0pulatitis of ilspecieCis difftr ill the tngilitLlde 

stieigt.- of dirctiotal selection. 

levelod, oilier hct. both 

ald/or IeCelc\ I),fia1,t populiotioll hotletCck',. orsltow \ariaition ill t 
ar'Illpopultliolti' that have e\peIiC'd Ilareceni lr '.Uverebottleneck or tliat IMICr ',1ro' dircit1l11 

.' utu ' ith ntifOrtuinl. hIfler/, alue'."ill hlrcr,,eh.ctitii. onle sJIect', iunilotrllvk I . a ,it, lIoItiared 

anid dC111t2Iral iiCall. itioC ,tablei iiiliilaItitiil' or tl;,i'+i' '.' hreCldile tis ,nil,,Clecti n pruresrU , Ale 

directi', into signilicatnt C D( or '. Illtact. ,ipnihcanitll.Iela,,d. Suc.h \a+riation tla t'.ll>, pjosti',e 
positie C /( I)V and I? iittl'l+l. l'+Ild ill alloih/\.nlr.Imui inl5'.il:re.ltiVe'.(i op 'g.pe+,+ies.(l)( 

atlilOU, "I cies lirom 11aind Scltloe . 99 )i.Si Iccorelation Of CieC di', C'.itV i'I-tiCulutlil in iltlto 

oiler loci. Ill one case. Barlett and I ,lunhlaud(I 1,)x\p.cted to ipp.. not onil\ to nurker loci hut alsoto 

CoiilUld a lt,+'e s uce pop lulatiolot te' ilquatic plait I:o/ 14ni011m S11,naller. disjt( I/tih/ul Iwith 

illboth allo/viluic Val-iahility (percentageand derived polilatlit. The\ ftOurld corrClted reMlctioi, 

loci polyvilorphi. allelic richness and ilthe hCit.blility ICveS of 15 quaititailVe trail"t',. 

lhe ,eCild po'.tnlate outlined tatu ,thilt accs'.tons that alre '.eli differentiated at iarker loci will 

all.o tend 1t be '.'I (lIfferetiticd at other loci. Such a correlatinll allllre or intLilber (t reasonts. 
" 
rltigationllt p lplU and te iolln. ll .'.tabili'rnieit of lepopul:ttiois,. takes 

placc'li 'iuv,hole gerIltie ..0 lilr'. ot acce'.siii '. ithitrecetl'. shaIed evohltiotilr'. Iistuir, should also 

onIIe, tl raits toI foster adaptllolli. 

-iHrst. I llrruri itioll a'., '.' it, 

'.ha- ct lruc lntllbr tf acllele'.. Secordi. local ,electi inii1av lctil 


and n', traiC llll\ 2.nticallv Corelted (LiaIde. 1982). Third. i ll SIWCiCS,
antIrtiL.of thes t', 'I.e 

hih I' eI,, cI.cotitvII g dow.n ill o'linkage diequiliinrium will helpof inbredilg and the llo'.h'.\ deca 
Exar.les tuguestive O1 associationsto enforce si'ociatio ', bCt.',%.ec mtarker loci and oilier loci. 

(tel'.u ,igletttXlIreeIVItvS tie fo(Uld ill1 1'-01(l Ihtna+/io.. here there is anbet'.' eii titrker 2I Othard 

w'ild relative'.t _not' PC'. aid tIicrtolabitat (I laririck. 1975), ill of tni/c 

ltiltudihial position has beeru'nutid (IBrettinige et al., 
a'.,,ociatiitl bet'.', ,eriallo tle/y 

,t correlation itoitdlovlne enotype k'%lthere ia 
I09) and iin 1Iie. leg un ie :11 i/litujt+tl hNI'llh, W,he'e. correlations between allozy tile and disease 

een reported (Parker. 

Io rIrake the NI traeiugv operational atlincar progratmming appritach is followed. Ilother words, 

stugllt. ,ttbject to one or mire .ets ol'constraints. Ilntie ease of' 

resistince gcnot\pe', bh\ I988). 

the oplitril '"Iltuior to the pttletii i,, 

tre N1 stratev. te a[ie is to rillinli'.e hos of irar.1ker allele. with respect to Ihose present in the entire 

collection. subject 1tothe tlo'vii- cin,t rait.-nts: that a fixed pri'portitti tthe total nunnliberof accessions 

I t Ihe entered into tile core collection, and that the Core include at least one accession per groitip. 

ntation olthe prioblelll is .Ifollows. .et I, the tiltal llLrbli+'ifccCsCsiOu1S presentA formlal repre. 
illg.loull = I..... I: = I. = the aCttull nutber of accessions selected for entry into the core . r. ) 

tIre set containsfromrtIroup /( fl, z it.. { = set if accessions chosen ias the core collection (that is, 


se',eral accessions (i selectCd fron groupl) atrd Q, IA,, I = tle tprolbility that allele i is to, inIcluded
 

in the core when the set of accessions A, is sampled. The probletn can now be stated in the notation
 

of linear progratinIlnil as:
 

Nliitnise: ).(3,,,I 

Sutbjcct to: ill/= n.= 0.10) .0 

aid (5) 

,,>I(lfor alhj = I..I) 
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Once aparticular set of accessions I A,,1 I is specified, the ii,,t is determined: note, however. 
that there are many ways of selecting mdividual accessiols f'roun the different . groups. For exanple,
with.J = 2 eroups. the first with I () and the second with 3() accessions (that is,r. = -0 accessions), a 
core collection consistinhl of'i' = 4 accessions may be selected such that 0 1/1,) = (3.1 ), (2,2) or (1.3). 
The total lUlnber of possible comhbinaions of' groups and accessions (total nlUmb1her of unique setsA ) 
is: 

3 12 2' 3)
Cm 3l 10 +(30 () + (30.,'6377 (6) 

In general, the number of' combinations of groulpS and accessions for .1 groups each with n 
accessions is: 

2 I 

where the nj(a vector) indexes all tile ways of'taking ni*accessions per group froiri each oftlhe,/groups 
(for instance, the summation is over the vectors (3,1). (2,2) and (1.3) in the above example).

There isno known analvtical solution to the programming liroblein as (letined above. It is,however. 
possible t solve tile problem by searching through all ('m combinations ofgroups and accessions that
satiSfl'v the constrailts outlined it' equation (5). and evaluating the quantity . ,QA,,{A for each 
combiilatioi. To otdhi. acomputer program ) ISIARCI 1)was written that searched through all 
possible sets A,,). calculated the quantity XQ,{ , .} and stored the one(s) that minimised this 
quantity. Such sets olaccessions are referred to below as 'M sets'. Note that since Ci is typically very
large. it ispossible that more than one M set will be found Ior a given species. In such cases, the 
effectiveness of the NI strategyvwas evaluated by calculating target allele retention averaged across all 
tie NI sets. 

COMPARISON OF CORE COLLECTION STRATEGIES 

Methods 

The effectiveness of the II and M strategies was examnined by simulating the construction of core 
collections for a number of wild relatives of crop species. The species studied were selected based on 
tile availability ofdata on geopraphical origin and allozyme variation fora large number of accessions 
per taxon (>2) in most cases). Data were obtained directly f'rom tile literature orthrough tihe generosity
of individual researchers (see Table I). The species inclded wild relatives of several domesticated 
traswes (]Ilurdolnt neta lr ssp. aruIWilln'et.t,Zea a'ma , *Sgr ithu , nys ssp. iar-/igltmisand 
Z. mi. ssp. In.i'cal, )vegetables (Capicum annum. C..frut'scns,Iup'rsin pennellii aid L. 
pimpill]ifllion,),beans (tI'ha/soltusr'tilgaris). potatoes (Solarun hthaltiibe and S. tarijense) and 
cotton ((;os.'p it,ill&vidsm,1:i). In a few oftiese cases, two taxa that were closely related to one another 
we:e pooled and treated as a single taxon (for example, Zea mavs ssp. parvig/tmis and Z. Ilays ssp. 
,nemxicalta: Capsictii annuwit and C.f. ,.ctns: *Sola ,m herihaultiiand S.tar jEense). While such a 
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practice might not be followed when constructing real core collections, it was necessary to do so in a 

few cases here in order to ensure an adequate sample size. 
To serve as a benchmark for evaluating the II and M strategies, several other core collection 

strategies were examined. Like 'ie II and Ni strategies, these other strategies also invoke stratified 

samilI ing from designated geographic gro-ts. but they (ditTertroni the II and M strategies in that genetic 

to guide sanl pitng. They involve the samlpling of a eo.stai1l uLItiliber ofmarker data are not LIsed 

Table 1 Wild relatives of crop species included in the study of sampling strategies 

for core collections 

Species 

Hlordeum spontaneum 

Sor,'tum hiholor';sp. 
Irud(finaceOl 

Zea mavs ssp. parvi-

g41tiv,'ltxicaa 

Ly( persicon
ilimpilellif~liuli 

Solanun pennellii 

"apsicuinlannuiumI/ 

flrtescens 


Phaseolus vulgaris 

Solanum berthaulti/ 
tarijense 

G ossypium davidsonii 

Origin 

Israel 

Africa 

Mexico 

Peru 

Peru 

Mexico 

Central Armerica, 
South America 

Bolivia, 
Argentina 

Baja California, 
Mexi.o 

Regions for 
stratified sampling 

(1) Inland -- mesic 
(2) Inland - xeric 
(3)Coastal 

(1)Sooth Africa 
(2) East Africa 
(3) West Africa 

(1) Norlh 

(2) South 

(I) Piara, Lanlbayeqlue
(2) La ILiberfad, Ancash 

(3) Lima 

(1) Lirna 
(2) Ica 

(1) Campeche, Tabasco to 
Jalisco, Michoacan 

(2)NueVO Leon, 
Tamaulipas 

(3)Sonora 

I I Mexico, Guatemala, 

Costa Rica 


(2)Columbia, Peru 
(3) Argentina 

(I) North 
(2) South 

(1) Caho San Lucas 
(2) La Paz 

Source 

Nevo et al. (1979) 

Morden et al. 0 990) 
J.E. Doehlcy (pers. comi.) 

Doebley et a). (I 981) 

I.E. Doebley (pers. comm.) 

Rick et al. (1977) 

Rick and Tanksley (198 1) 

Loaiza-Figueroa et al. 
(1989), K. Ritland (pers. 
comm.) 

Koenig and Gepis 
(1989) 

D. Douches and 
D. Spooner (pers. comm.) 

Wendel and Percival 
(1990) 
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accessions per group for entry intO tilecore (C strategy): the sampling of accessions ill npolrtiol, to 
[he nunber available per gLroup (P Strategy): and tle Samlpling of accessions in proportio to the 
I1g'ithln off the numbLer a\'ailable per group (L+ e. 

discussed elsewhere 


strategy) The rationale for these statecgies has been 
(Brown, 1989b). Also examined was the simplest stralce.y, which involves 

rundvmv sampling ol'accessions for inItl Sii ill the coe wito0ut rega rd to either geographic origin or
 
marker locus data (R stra ev).
 

Accessions were assigned to two or three non-overlappinc getographic groulpS cnCtpassiiig the
 
enliire raigetof' the accessions available for the taxon Lunder consideration (se',fable I ).In some cases,
 

Table 2 Gene diversity in wild relatives of crop species 

Average gene 
:
Total Total Marker Marker Target Target diversity (h..) Rsl(


Species loci' allelks loci alleles loci alleles Th 
 M T M 

Ihrldouk l
 
spo5ft,1(,(un 25 101 15 50 10 
 51 0.11 0.10 0.99 1.08 

hi( vlor ;Sp. 
J r17dilt,utIII 25 96 14 54 11 42 0.04 0.05 3.95 1.213 

Zma vs,Is
SpS).
fptrL n4lumis, 

lileu(,ihl 22 154 10 81 12 73 0.22 0.25 0.47 0.51 

1%'( i( lf o)i 

Iit'IpineIlimiill 
 10 37 5 25 5 12 0.17 0.38 0.78 0.43 

1,111111 
pennellii 15 75 8 38 7 37 0.26 0.19 0.48 0.62 

(ap i(till 
'11tllll,
 

uvlwte wnS 19 61 10 34 9 27 0.03 0.03 10.04 9.68 

tilqris 8 23 4 11 4 12 __ 

horhmltii/ 

tfrijf' q 10 27 5 13 5 14 0.14 0.20 1.05 0.91 

(;(S\k'pll1
 

(vidvsonii 13 26 7 13 6 13 0.09 0.08 2.99 2.98 

Note: a 1ok'morphi( Io(ionly 

1) T = totel; M = markers
 
( Ratio of inter- to intra-t)po)olatioen (fiversity
 
df Allele Ir'(tCCCn(y data net iv,ildbaIl
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the designated 2ro ps IVpresented different knoi wnii physi ograph icor ecological ha i tats: for exam ple. 
1 tl. v,\lilall l111. . in]iIand-mnesic and inland-xeric gro'utips (Nevoi Icccssiolis we.re assined to colstal 
et al.. 1979). Inlother cases here dealiled ecolo'gical data were ulavailable (for example. L. 
/rnnoi/o/innl and!. /,I(I v.). the overall raneC\,as divided arbitrarily ivtol o or three geographical 

groups of roughly equal area ol tile Iasis of position ill a tolih-sotlIh or east-west clijie. Or according 
to ob\ ious discolitiiiiitics in spatial distribution. These -ltlllS at-e 11o intended 'to reprlesent the "best" 

divisiol of+ the Ialton1. aild were dIonelollv to deinonStllate anld compare ilte various core collecliolt 

sntatecies: it is likcl', that a \ (orker '. ith aimore detailed kiivlcdge of the taxononlic and ecological 

diversity of these species w,ouild, perhaps, divide up the accessions diflerently. 

The data| on alloyinle varialion (uiii',ers and identities oral leles) in each taxon w\ere split into two 
parts. Rotu-hly half the loci and :assOci iicd alleles were considered as Ir/ol,'r.S. atnd lsed only to assist 

in saimpliing via the II and Ml strategies, lerea.s the remaining loci and their alleles were considered 

to be hlr,,C AMllele's Whose illCilSiOll ill core molnllt the va-ionsthe wis assessed an1d C0illpa.red lg all 
sampling strategies (R.C, 1,.. I aid M). l)ta f'or 8-25 polymlirphic loci illtotal were available per 

ta\01i. AverlaCe cene diversity for the different taxa (h..) viried from 0.03 to 0.26 (mean = (.13) for all 

loci. alnd froll (.13 to (.3., for niarker loci se Table 2). The ratio of inter- to iltr3-l)l)LlatiOtI Vene 

diversit\ ( R5 ),a ieasure ofecographic differentiatioi, ranged lron 0.48 to 10.)4 lorall loci. and fromt 

0.43 to Q.68 for rnarkers (se lable 2). Alleles limited in their frequentcy of occtirietice to one or two 

accessions ofteii comprised a significant fraction of the variability in fhe nine laxa investigated - up 

to 52'_ in the t o subspecies of/. mav\.(.c "Table3). The retention of this class olalleles is expected 

to be most iiftluieiced y varia tioti inl samipliing strategy (Brown. I989b). 
Also of interest is the lare degrce oftvariation inl uene diversitv found anllion different accessions 

v,ithiti each species (.t li.ure 2). The discoverv of such \ariation accords wilh the notion that 

p)opulations of these %kih(relatives of crop species hatve experieIIced variation in the nmaigtudc or 

ieceiic\ of geeietic drift and directional selection. 

The unit ofsaiilpling for all strategies was the individual accession (that is,an individual accession 

was either included Or excluded Is:aentry inl the core). The expected allele retention in the core and 

its vari anice were det erinii ied using tlle pr ced t te out liined M! l i-ow n (1989)t), as well as by simulatirting 

the random sanpling ofaccessiotis (seeAAppendix 2).The different core collect ion strategies were also 

Table 3 Distribution of target alleles in wild relatives of crop species 

Number of Number of localised'1 

Species target alleles target alleles (%) 

ttorvieno spoiitiuini 51 17 (HAy.) 
Sorghum o i( / ssp. ,ituinddiliasun 42 17 (4 0%-) 
Z-,) 1tivs sp.pa iil;4/iiiisilC,\icaiml 73 36 (52%) 
11(1irr ii I mt1i) /ell dium 12 3 (25"/,,) 

.5ihinum pIiinellii 37 10 (27%) 
( ,lpin 1 ,um utes( els 27 7 (26%) 
phwolle /I il 12 2 0 7'Wu/ ,'s 

5i(i, ili) ll hert, /ti /,i rij(nse 14 2 (1 4% )
 
(;ivss/iti" l/ud,1iSomii 13 2 (15%)
 

Note: a r no iccessions per IdlXOnl( )1(u rrin g In ) m re than tvi 
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Figure 2 Distribution of average population gene diversity (h.)inwild relativesi

of crop species 

C /IiI hlllhit)Ir 

I 

oU1 --,.1 ... -


-() 


o lit0;0 .1 121"18.2 2 

Average i)pulatiCI 
gene Cl)C, lv h.j) 

_,____- _-l- ... 


I I F 

/ I 

1 .H; .1 3 .0 I 

Average tNIMIlaiMtiCC 
gene densily CIh1j 

1 - " 

.02. I I).08.1.12.14.16014 

Average l))l)illion 
gene density (h.j 

/ei (hJi
 

C0 

zi 

IZ] 
 I
 
1, ; '
 

.053.1 .15 .2 .25). .1 

Average IpCpllation 
gene density (1.j) 

1( t 

- z J

0!) .1 .15 .2.'. .15 .4 

Average ICCICulali(on 
gene density (I1.j) 

gen desi j)
8 C.tpI- f-6~ 

z2 

0 .02.04 .06.08 .1 .12.14.16 

Average POlpnlation 
gene density (h.j) 

)hlgene densi(hol)
 
-

z z. 

.6S .1 .1i .2 .2i . 0 .01 .02 .03 .04 

Average IMCI)LCtiC~r 
gene density (h1/) 

Average population 
gene density (hfj) 



to the ,InauM taI _el possible ive. the smI)I llI 

(thal is, the nither of accessions illthe corC).This \',s dhone hy applying the NISFAR(' I pmgramme 
to the set Ot* (its, llaku) alleles. The maxinum possihle target allele retention 

C'\'alLlte~l With r'.Se)e. 01t ,fnI lhlIc retentiot t effort uised 

tareet opposed to 

proVidCe A i for coitria e oroCh itI IstpossihleC restlt.Inhiurk it h eCte+IIitO I strlttC\' %t the 

Table 4 lists several hltacteristi.s oflthe simu.latetd Core samples. Il itC\\ instanes it was 
necessary to saLnple InoIe lhlaIW; o(lthe overall collction sO tHIt sulfiCietl 1utrrbe'rs of acessiotis 

were avil; I)1 Ir mliipainw thIe(IiltreInt slpl iIIv ,Itrig'ies. Nh101.'Otre,+r se veral saml)illg sttg', iCs-

oftn coilelided; lrerUl.C when the ratit OnItIL n atCled tlhIoser,ol, rccesSioInIs pegr)ltpII)oselycl m 

Table 4 Information on sampling strategies for core colleclions of wild relatives of crop species 

No. of No. ("/) No. of possible 
No. of geog.b of act. No. of acc. combinations of 

acc., in regions for selected for selected(d/region geog. regions No. of 
overall stratified inclusion for strategy and acc. M sets 

Species collection", sampling in core P L H (M) (M) 

Ihlol' I I 
Spoillmnli'um 28 0) (21',,) 3,2,1 2,2,2 2,2,2 271 791 

.Sorghuimlhij +o)o
 

'SS). 'I,,tdi((i,( ,ro 618 3 6 (9%) 2,3,1 2,3,1 2,3,1 48 050 772 

ri',Olh/0 
+, 
",'t 

m(0\i( ,lu 17 2 4 (11%) 2,2 2,2 2,2 59 109 1 

I )()('It,i( ofI 
pI lpinllifl th 35 3 6 (17%) 2,3,1 2,2,2 3,2,1 1 197 000 66 

,lnllf~lllt 

p(etillhi 21 2 4 (19%) 2,2 2,2 3,1 5 455 12 

(iisj 

tfrloms 
nnl,riall}It / 

ns 06 3 6 (9%) 2,1,3 2,2,2 3,2,1 60 031 686 372 

,I1h,sui s 
wttlgis 

, oklflltl horth,1mllil 

I)ijtlSt' 

70 

2) 

3 

2 

6 

4 

(9%) 

(14%) 

3,1,2 

2,2 

3,1,2 

2,2 

-1 

2,2 

55 778 000 >10 000 

21 385 13 

( 0()s lfl~t 

(Ividsoii 13 2 4 (31%"A,) 1,3 2,2 2,2 640 155 

Not(,: ,a A ((es n, 
r; ili(h (1 r (i ,it 

mi l(,( Strleg'y, eqlal Inl bi-ilh)t (,(wssit lswere sam ldI per region; the I Itlllers of accessionsS 
siimp)hct per rtgion fo)rlltK,iiit M Srvgh'y ,i varilieh (Ste Wt) 

(I ( ) hr (i (SSi(Ils regionifllo w, order oi regions listed in laltleIt ,mt i)(,r 


Se( the M stratey (at leasl one accessionItlh(iinu)itr i ( ,)ibili ()in',ittI f(,r per region included 
illtIe ,(ore)

I ;Alleh, ivailalvhfrc(ltvnt (,H,no)l 
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Figure 3 	 Expected target allele retention in simulated core collections of nine wild relatives 
of crop species 
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of the estiIlates of efIective polation si/,. tle ). L and II stratecgies were often identical (se Table 
tIo\,s Cm possilIle cotilhrbalions of 

eoe,,apliic groups and accesions wlien r accessions are Selected for lentrV r 
3. For the M ,,trate'v. fte nerliltllinate columln +Ilable 4 elie 

into tihe Core (all > 0), 
vhrea, the last colu rn ,,ieS tle Ac1tal ntIber of IMSet, found. Inl 111os' ease,, the 11um11be1hr of M sets 

represented oil I\a \i", 'mlal I ploptot til I(<< II of' the all the 'I/ ColnbiiIations. and in two instalces 
(M, .%/)('malnim'l and /. IV.N ) onkly I singfle NI set ts found. 

Results 

()O\erall, the simulated core collections captured approirnatelv 7(4 of the available target alleles (see 
I[icure 3). [here \%a'. hwe\Cr, Sone variaion atllone species. Il the Species with many loealised 
tarUet alleles (principally the three gras, tilaxa). core collections captured on average -4)-65,;. ofthe all 
t'reet alleles,. \%Ierea, in the splecic ,, ith le\\er localied taretl alleles. 70-X(0; of all lar et alleles 

\sCrC Cap1turted in the core collection (s' [able 3 and lii,,rC 3). LCss iterplecific variation was 

obseruved \%hen allelh retention C ax tinul ptutconIlplard i I t'rillt, oftle proptrtinion ofthe )oihb'allele 

reieullni' Livel the ,aiiplinl n, i,,edl. aI s opoSL'ld toretel'nlion ofall taret alleles (.' Figure 3). 
It is notable thalt the foriofthe empirical relatiolnship relaling f'raction ol all tal l alleles retained 

to ,a,,nplihni. inllni\ paralhlls theI there;cal epectatiol for thle netral allele.'t, Filre-I tinlral f'n 

Figure 4 Proportion of all available target alleles captured in the core collection (average 
of the six strategies M, H, L, P, C and R) versus the )roportion of all accessions 
from the entire collection included as entries in the core collection 

fi,-10 ' /f1 i 

• 8 1 p<r, o~~~0 

= .75 

..Solifum ,penellii 0 

E Ilordun 0 
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Figure 5 Allele retention as a function of core collection strategy (M, H, L,P,C and R)and 
frequency Gf occurrence of target allele among all accessions 
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,hhlI, target allele retell io01w lICOntilued investnent 

in szanipling I IHrov, n. I9XYa. The o\ Crall a\ Crage ranking,otlle six strateci, (highest rank = lowest 

rank = 1l1or \pected allele retention is: NI (2. 1)> 11 (3.0I > P (3.I)> 1I (3.7) > C (4.1 )> R (4.7) (see 

File.re 3). Allele reteinltion as a Iticlio of, hoth saiiipliig stratep, and t't. cv, ol"occturrencc of tile 

tar-c't IIlC ani11 the I 'acCCsions I,,,lhOn il Figtre 5. To perlorni this analysis. all alleles with a 

gieln lrelqliene, iloccurrence ,,Cre a sili,' c'las. these results it i-, that 

niodel with lIaux'v loi (1linti,IihIIi r.tulnl,ill 

pooled in From0 apparent 

stratilietd ,,titpline) staeCt.'ies Nl. II. P. I. ( )ndsss, morre efli'CInt than imiple randoil sampling 

strateg ) that the ntle markers to II)lnd (t ,crtii -,uid,. core samplihg (sirategies NI and further 
in,.'rusc,,: I,+I Ct~ltitml.
 

)IIilrtiCt'h- inteIreCt \,as the significalnt inlproveilleit in pe'0rlkrta11MCe of the M strategy over the 

oilier stratuies. Tls imlprouvement \;,,particularly itMOilIc-tI lOr alleles Whose distribution is not 

\.idCtlprd .l,':icur1 5.)..'Such hocailised alles maxy he Iportant sources ol(disease resistance and 

adaplatioi tto,PeciliC elIIh-0ouimeiital con'ditionls (Marslhall and Brown,. I975). IllAl ut two ol the 

,,l, ,idied. the.'Ni allele retention. II exceptionis (. h. tri]j.nse%st rat,,v e'ase the highest tlar e 
and G;. dviI.Nolnii) ale revealing in tlat tile\ ,.,ere the only taa ailln the nine that did not exhibit 

positie co,ariatil l' diversits cithr the marker loci orall loci (hige(id)(/( V and R)ofIe lilell 

IC T"aleh 5). VIhel thse.species are C\cludedlrotl consideration. the ranking )fstrategies hecolmes 

Table 5 	 Association of gene diversity within populations as determined by variance component 
analysis and correlation diversity' 

Association of gene Average correlation 

Species 
diversity (GDC/GDV) 

All loci Marker loci 
of gene diversity (R) 

All loci Marker loci 

I r(Ielo pliotif JII .(). ').... 0 *0 0.05 0.02 

StulojhIllIm (1uw 0.08 0.07 0.07 0.06 
10 111t01.l oull? 

/1%)1' , 1k ~ /),Itki- 0.09)' 0.13 * 0.08 0.14 

I I.ttw'1sit oly 0.18 0.10 * 0.20 0.14 
/imp llm(-1
diull 

",14,11111n hpnnllii 0.10 0.07 * 0.11 0.07 

.1 l),.111/1/10' ().08 * 0.05 ** 0.06 0.12 
Illti ,( O 

,ris I'h.istttlj.', uh i+ -- -

:st)l;jlO11?1 I rth, ltii/ 0 iSt 0.01 ns ) 0 

(, pitJ ( l.(1(/ollii ( is -0.04 ns -0.11 -0.32 

Nt(h ,I st'e l I hr dlclik 
I' . (1.05 1)< t iurm n" ()1.) 	11< ().001 ;weo' and Schuen (1994) for details of significance testing 

( Wrin.ireqtJ-ml v daaI. ntll aivailable 

d NOI ,,imi( jnt 



72 ('RM C( ll( IR)NS (01 IHANt (I INt IC RISOUJRCf5 

M (1.0) > 11(2.9) > P(3.5) > 1.(3.8) > C (4.4) > R (5.0). Thus, thle N stratlcgy %or.,s best ill all cases 
where it is expecled tO dto so. and the successful apIplication of bolh the NI and I I strategy, %ere 
predictable from the analysis of associalion of' gele diversity in the marker locus subsel. 

Additional analysis of the results f'roml/ /Iol..a/II('1dCII and. nvs helps to confiril the theoretical 
rationale for Ile II and NI strateuies. In hoth cases onl a ,ie l NI ,et as, lounld. This makes it easy 
tocompare the gettetic characteristics WIth aIcuCessiolln selected Nthle N sMtiratcuv against those present 
ill the entire collection. In othll tau. tlhe accessions comtlprising the NI set had higlher 1enMe diversity and 
average pair\ise ucetic distances compared with all accessionls. It is iitelresting to note that ill otie 
case. II. s/ tltltICtiM. the M set contained an accession w.'hich is tlonornorphic ait all marker loci. 
Further examinaition of this accession revealed that it '.us highly differentiated from the others, alnd 
tlhis hihlevel of difflretiaitin i lhe basis for its cltlrv into the core. The resltil unLderscores the 
Oiff'erence betweenl the i1 and M stratelies. 

Clearly, it ouitld also have been of sivnif'icant interest inl this studv to exalline ho\\ narker-assisted 
strteegies of nlal 'ompa wChen examining tile reIliOil of*genes coding for traitscolner. atioln \ire 
such as disease resistnce and'.a tlrrtelriperalure stress. By UIsitig allo/vyrte loci }l place ol'such tar et 
gen1es to assess tiel effectli\ ess of* the differet core collection strategies. w.e do not Iean to iniply 
That such loci are reprewselili eoft lie loci of interest inlue conservation. Ratler. tills step was tikel 
out of necessity, as there are ano cotpreheisive datlstN lor "Ns'ul' va'ialiol. I shotuld be itled. 
howver.Cl. thati it least soic of the variation of ipteIntial intcre t to genetic conservalion is likely to be 
selectively rieutral at present. anld so its distributional aitl SaililIig pIroperties iiv be approximated 
by Lse, Of al loivmiies. Mioreover, in inbreeders. variation at nctllral and selected loci is likely to be 
correlated because olf aislowdok l in tile decay rate of' linkage disCequilibriiuln. 

CONC'ILUSION 

In tile face 01funiequlal di'rsity and differentiatioll, the allelic richness of core collections cati be 
llaxilised b1 attention to several practical steps. The simplest step involves the lse of' passport and 
other data to create groups if acces'',siols ftbr stratilied satmpling of' tie etie collection. This eisures 
broad coverage ind, is the siIul:litOil results sho\, increasesthe alleli. richness in the core. Stratified 
satlllillg almiost as.avs increases the gelle diversity of lthe core and does not demand much in tenns 
Of' labour speilt 1t clharacleri ,e accessions. 

The discusNiol has also sholn That infortnalion gained from marker loci cai be useful in 
niaxiitisiine core di%. isit\ once- gr(H0 i'pOr Stratified sampling have been defined. Iti particular, 
collectine, More a.ccessiolls froiml t1rouLS of higih marker gene diversily (11 strategy) or Targeting 
particular lcce<+,siots that re both hih in allelic richness and v -ll differentiated (Ni st'.i can offr 
important advantages over other ,amllpling Strategies and help alleviate difficulties brought about by 
unequal levels ofkdiversity aid differcllialio. .S new Techiologv fordetecting narker locus variation 
develops, particularl tile screening of accessions for RFIIs ald RAII)s (Williams et al.. 1990), it 
should be possible to assess v\arialionIlevels at ay;.i us a.llOtIe. 1cC'ause suchmioUre loci than with allo 
loci are lik.Iv t be -iandOlli distributed throughout the genotlie.they should provide a iiore 
represeltative pitirte of palle'lls of variation. 

Despite the apparent iscfilncs ohgenetic markers, the question arises as to whether the potential 
gains tiua1de in usillg genetic timarker data to coIlstrLIui tlhe core samiiple iierit the effort required. SLich 
rl ltndelavour requires msources that inight justifiably be spent oi ()tlie r lasks associated with 

geriplasn conIservalitln. sucih as additioaill exploralion and phenotypic evaluation of accessions. Are 
the gains achieved by i strategy such is the M strategy worth tihe extra effort? Unfortunately, there is 

http:howver.Cl
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no clear aln\cwr toi is qtestion. Muc+h dCepnds luplon the nature oIt Ihe variation lnld breeding systeml 
of tlhe Species inlquestion. For example. if an increase in allelic richness of the core sample leads to tile 
retellniI oftallel I I I tl+1indi seae,,. reistallce, tie extra richness may he weIl worthItie investmenttil+p1+ta' t 
of eflrt, partlicUl t , inIthe cIs of l in rIporl taItI crop pest. With ill wlll Collse,rvatinl, \where there are 

limlitatiols tel n1ibd'1erof natural ha itats that can be preierved, the nia\inatio ofallelic richness 
inl tile Core thrugh adopoti of ire II or MIstiteI ma\ be especially colnlplling. 

\Whilecc Irx e concnctraIted ofnI core "arIIles oIf wild relatives, thO principles behind tIle Methods 
dceloped and discused aloc ;ire gcentral and should beo tiol,c in coil,,tructing core sami+ples of 
doie,ticated mtlrials ("ueh a, crop varictic, and laindrce,,i. Indeed, there is ac0m11peling need 1t 

1pl, stlch prICtcO,(lir\ ard ratiolliali, the ctunthiluing gro,. th of 'geriplasl n collections. The results of 

tle x (irk pWresented ab1i e sho, tha accsiins of ', ild relaties of crop ,pecie , differ widely in gene 
di er,il, ard thrCefire are rit il"eqll \alue to co,,servation. This, togelhr \\ith redudancy in tile 

oclelic Cillp itiouioll acc oilln. pro\ides a stIrong i1petus for seekin to construct core collections 
tllat x ill serve as 1iscfl IWOcal puints of \,elI-evaluatcd gernuplasmu for breeders to exploil. 

Appendix 

I (Cill-/iItf ill I'/ j rs iftO/i (1lo11 itIt 

The I )uOI lrion drersil , ctmun uetre ( I has . gene diversity (GDV) and gene1ra variancetwo component+s: 

d,\ erh\ c , i jin, e ((il)() ll'oV. i and Schuen, 1994), tir: 

IPIV -- (GIV/I + (GD) (I-li/ 

,
\'1a ,Iu =-- I V . a i(/u,i+ 2XX 1 ., c=i',lIh,,, h,l 112 (Al) 

hlieai of ( )( /( it)V i, akil io lie pairxvis, correlatin ofl'gene diversity for separate loci within populations. 
,xeraged ox cmall tir of hoci: 

R -- .. ,, I )cox ./u , )0, xi/ ii/u xar (/t, I /I I-I1 2 (A2) 

2 (Clt ultmo ot cq i (/i /t rhf' lu'hllll mid if. i'-irallc', ll 

c.h icc+tdFor ,iramilicdt simnpl", etlpe number or alleles retained iii the core whose entries are randomly selected 
rn %% cach geographic group (Ithat is,according to the C'. P. L or H strategies) is:rthin 

F(Ki = li, - 0- (k, I 

Q,(k) I r -, V,4 nil/rA - lil) ... whent < 1" - ,a (A3) 

= i ...otherwise 
where: 

S, = the ri inber of accessions from group k having allele i 
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Note that in (he case of tlie N1strategy, the assulop nitIt fSil .ntpiol oII'the accession as the ing 1mS that11 I 

which is analogous to Q,1 L) in f'oniua1 IA3 I,(3 val eitler (0or 1.
takes oil otitf 

Fhe variance f 'expeclted allele ret ention in the case of' the R. C, ). L and II strategies was estimated via a 
computer algorilln which ,illiulated sampling of'accessions withouL replace+menl from the entire collection. The 
alorithu wav, ued to c+hoose ac'esions raidoinkl Ironill each groiiup inaccorldance \ ilh tile r, ,pecified by thle C, 
P. I. and II sIrateLcis. or the yi ( strategyI)For cach set of accessiois saipled. tihe algorithm determined whether 
each target allele in the oeill Collection %isrtaned in the core collt+ction. Siiice there areas typically many 
poss ibl c w as tof* sclectin ttile access ioiins. the al;.o ditlli \%.as iterated until 310 unique sets of accessions were 
selected. The variance of tarcet allele reteition s\&a,Ilei cal'ulllCd. The anal'tical fkormula (A3) Used for 
calculating F-K) and the randoimi sampling algorithmi gave virtually identical estimates ol average target allele 
retenition. 

For the M siratey', there istito ,aalyticall fhriula thai can be used to calculate ElK). Instead, this was !one 
by as erainu larget allele reteiltllm o,s r all M ,Is ft ind (is Igthe NISSARCI I programme. Variance oflexpected
allele retentin ir the M straltc wi also c'alc.ulaeLd ii'over all NI sets. 
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2.4 

The use of multivariate methods in developing 
a core collection 
1. CR,' "s ,,, /.H. 01 L.v nd ,S.7;\,, 

AIbstracl 

Thc Concept it Core coclleclion', \%as illltruced for fhe I'LptIrp10i icllLreasilg the lliciency otf gelplasin 

de'lriptill itail n\plhitithl. \lItilt i:tCMCthod,, Il ilii teti(tic interprulaliotn a nd de ciiptiotn oflcouiplex 

v, i-'. . ( gc.cC1 i iu x ittrihutc ) tata. Il obl.icctic'.L,, Afl lhi, stid\ \,crc to rc\i,.', and describe illt ltivariate 

latl.ii p.lc i\ '.'CrsiVr nm ucL'CeSsio'tItric, UR'. ti1)IlCd ii tl,.tiCk Liii\'.l liloll. ptl\ lhutt , Ol' 175 li,C , 

Of IlL Thi'.1Lilii 1cLCcoltiJ)1 \. tnd help i,1c ,cnpal',i hank cutliltol ,idCtLI.htu011. %vhiu l c;t'C.'.It"stiallN
 
N.ht~klld h -,,+h'd101 tleu c.'olle'L'ioll. ,+m llh'+.alstl[CS ;sLSO{ I ) I,+L' p Of*
IL,. .d ,.I ,+_c Ntuln ica';l 0 i i i~I Cl %CI,. CII Ichir 

nl\CC it iNiOIIirl lol 
+ t 'll ',Li liitcrII (,It I Ituil ll '',it) atlnd tldiitl ioll (otr. cipal 'omot e utsI ici ,i i t 

%as ed itet 

ts Cluster altak'sia 
N.tr;ltC \ anid , t ll lcid,+iIllcii ul it ic. a the." i ,in 1tiaia il.i Itcalr, . la r tClaif \ l IpCl-uIt 

ICc l,.:,t Iol)l . ',,.'t In it\'. d cculo-u"ic,. Tle result .f 
,011111r111M IIIONCu I1 1 111I)MILul+AIM N lhi,, I)rtt+'OL + \ t.+ rliL'd 011t ill a seriescCtu,IOtI. Ih etlI c t a'.a l 

OhlAMl,++t Lo llipllnclil ;1l1;1t l '. lr'+1, ,t 
,


(1 ste'p", %kh,++cl.r:111h llik le, l %% .LAINlufilll\
' t[ ;!LTSN'.",+IOlIN111111cLJttll)S, [+0111 >',is. ;tlltd C,.o1llllu'd \%ith 

. u . AI half or few\%er ofOrdinatlitonti l ,,a'.i. '. lc Included ill tilt IC\t ,lt lfu therl ]. ,iii!' ,i, atch step, abot 

(lie accesin's' crl ad%'allcetl it) tile nc',,t stepI lh proccssnetled ',,hen 4s of the original 175 accessiolt' 
usil in allutlic'' r, retained It, fhorm th c rcc.olcCtlitl. .\ Ifin l ,II'h k olith, , ectioll pr euittthile 'k .'asl rde l 

a'ialte alla i,. aI tollp tisl ll o1 disclimi lli l. anal'ysis..ut1iti-il u al 

Frankel ( 19X- in!rotdiced the Ctn .Ie lof' ctre collections to increase th eflic.ietcy of germpllasnm 

dlescription and tle h\ ensuring niinum genetic diversity while reducing the size of a collection. 

F:rank liad I3rm n lIQ)4 ) and 1row,n (i i 9)89) described Iow a core sulbset could be assembled Utsing 

itoilatioll on the oriLilt and auroon"ic and morphological characters of' the accessions. 

h, o of thile more illportant ivstues that a -crmplasm bank Ciultator Should address when lormiing core 

collectiotis are to dletetrmine: 

" the optiilm number of accessions fo0r retainin! most of' tile alleles present iin a given collection 

" ho'., to select accessions for the core collectijon 

77 
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The first question was addressed by Brown ( 199), who reconInInded incIndiling onl y I()/ of' thle 
total collection and a iiaxiiilaihi of 300) accessioins per species. The second question relates to tile 
issues of hlo\v to identifv di ibroup-s of" alcce'ssions and'ZICh +tosamptle and select from thern. 
Brown II99) suggested a strtllified riltOn sanipIline striltegv where tle core ilmbers would be 
selected front irotups b'rn,ed 1w soneimethod f'om the entir collection. Ile succe'sted., as an exalple, 
that the colIectiOnl could Ie sub~divided into ion-overlapping grioups based on racial orecogocraphical 
criteria. 

Suppose we have t data set consisting of 'reasurenln of several attributes (morphological or 
ierolnolic characters) for various acce.ssions. This two-way table of dati Cal be conceptualised as 
placing the accssions into a position in1 1 ulti-dijucosional Space defined by the attributes, where 
each dimension is determine d by an attribute. The coordinates of the position of each accession are 
detertinaed frnlin tie value of, each tttribute1. TIios acce.ssions \with similar values I'Or each attribute 
would lbe close to each other inl this Space and have a similar pattern over the attributes. Such a 
ntiltivariate datl set is cr pIe"stin struclture and niultivariate statistical technique._Is fkicilitate the 
interlretattion and description of the relationships ailmong the patterns of the accessions. 

'lassific tiii (grluping o entities with similar piittei-rs) anod ordination (description Of spatial 
relationships almiong entities) Methods are tWo mlijor Iriltiv\ariate tCchniqeLS commonly uisCd in such 
i11"1 it.sasnillerical taxonolliv, geticicc analyis, plant breeding and biotechnology to describe aind 
analy,5 liuh.i ariac dila sets. Piattern analysis. \%\hich is tie combined tise of' cluster analysis and 
ordination techniques ( \Villians, I970, proides a pt c'rlul tool for dcalingo with the coi)lexity of 
cxatillin larc dtai sets. A numilber of atlhOi's ha\ve recoiniiildedpattCrn analyvNsis f'Or the analysis 
Of inuli-tttributeC dala, irk iodine Bv\th el il. (1976), Williars (I 976). l)el.acy and ('ooper ( 1990 )and 
l)elcs ci al. ( 199)t fo0r alrictilrual dala. .lld l)igbv and Ke1+plontu(IT97) lfor cologicai data. These 
iLIthor-s ha\ c po\ ided riai\ C\;aIplhs of tile Luse of these techiiqies. 

The'lIse of ntiiicIaf chls'tr ilil\ sis to classify accessions r'rli erm plasir collectionsa ccording 
to their dcree Of' siiilarit\ \ it, i, "cstd byVlP insandiMartinelli 1I1989). (anio il discritninant 
aIal\ "is ant Clusterianalysis wcre used to separate geogralhical atternls of* variation in sobialn 
gui lasir base5d ont h rical iler atits, 1fre5qullCies (Perr,Iirplrl •+ind Nltitosln. 1991 )iandtfivIIOnie 
ct ,il.. fIQ I ). ('luIter analsi,, pintcipal coliponreulis analysis (P(',\) arnd canonical discrinlinant 
anal sis ' crtc tuscl ol Irorlholhugicill and itlolloic daita 'st plRIVIattCri of genetic disersity in 
CLtivtIid crimiiiinri beau ll '-'Ii chl il.. I9) 1 . ('lissificalito and ordination ieclirniques were used to 
uss',es', r'tICic diersit \ arill iLd \\ithin niti/e races usinge airorltrii ic arid mnorphological traits 
(Cotllianiaid Bird. N977: Bird aid (huthriai. 19781. ()lthe above. ciIrIniliCil discr1ilinilaitilatnlysis 
i, i classifiatinlll Itechniqu :iiiul lt('>\ is air o1rdlillitn technique. 

lre olbicti\c" Of tIhis chapter arc to rcvie\' arid describe relevant multivariate methods and 
illustrate their iise ill folrirne, t breedin, core collection., th study phenotypic diversity patterns in 
at'cCsiOriis f'oma.iIai/' "'t'LUxpelr corllection, aid to help the gene bank curator decide which 
a.ccessions shiOuld be selected for the core collection. 

C'LASSIICATION MT 101 I) 

The objective of these netliods is to classify items (accessions) into groUlls which have similar 
valutcs for all attributCs. 'he data are simtplified aind sumimarised by determinirig more homogeneous 
subsets (f 'accessionls. We will describe two classification imethods: cluster analysis and discriminant 
anmalysis. 
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Cluster atalysis 

partitioning 01' a set of objects into groups so thaiobjects within a group are sinilar 

and olects in difterent groups are dissimilr. The aim ol any nulmerical cluster analysis is to find 
,rotIpS tile obiects. Cluster analysis is 

(.,lsterinhg is tile 

discotinuity in tile data byVmeans of a cluster stralegy that 

elTicient in grouping obieuts with simnilar charalcteri.stics. 

Clusterine nlthods can be either hierarchical or non-hicrarchical. Inhierarchical mlhods, the 

individuals (accessions or alttribules) are oreanised ililoa tree or hierarchy where individuals or groups 

ilh tie irost simihlar pittCrns, for ill attribules. hInonare Ilused one itItime to inli\iduals or groups %N 
of group's ill 'best" possibletile
individuals are orenmised into a set imtrllrbCr 

a fixed ntinlber of .groups by trtncating tle 
hierarchical svstenis. tile 
manner. The hierarchical mrethods cart be used to fortl 

hierarchy at a fixed level. In 'enleral. the "best" grouping at any level isincompatible with ahierarchy. 

since the rrCIerberS in a roup at a fixed level are constrained hv their iremiibership at a lower level in 

the hierarchy. I lierarchical rethods optimise a path through tie iIIdividuals as distinct from Ioptitnisitng 

ircholds have tire ildvanlia.e llat a si'ificant aillotlt of 
atgrotuping t amrnlevel. I lowevcr, tire path 
inlfornalion :a111o1 he iidivuidIs resides illtleliierarchv. 

.. cra''chical ch inr tIn'tir ds\'.h,,Ior'ai 

have
All arelotnerativ mietihods %\tarta dissiriharity ratrix ar1d fuse the two individuals \vlwichlvith 

ilh 	 groulp-ildividlIaltile smallest dissiiilarit.\ hetmeerr tlerI to forin a groulI \\ two members. Next. tile 

etoulp and all tileretrrainingt individuals is calculated. This set ofdissitrilaritv bt eell this tre\\ 

dissinilaritiCs is then ailLded to tire lnatrix of' dissinrilarities among tile remaining individuals to for1 

a new.\ is one aId coUrnI smaller than the origitnal. The procedure isdissimilarity irratrix that r0\ 
present, group-group disshitt'riliiesrepeated arrd art1lher fusiorr tiade. When tmo or irore grorps are 

rlst be calculated. The procedture ensC,\herl l tileidividuals ate rn olle grO tlp. 
tile
Tlie nlettliod for calcultingite' roup-inidividil a11ndgr'oup-gtup dissiinilarity is called 

clusterirre, sateev. ,A tiuuirber of stralcies for c:lwhdoteraiiv cloistering have beeni propiosed and their 

'The icitlods discussed here kcre cerrnked SAI IN (sequential aggloneraliveproperties iniveslialaed. 

hierarchical conrbinatorial siralciesi by Sneatlh ard Sokal ( 1973. 

All tire SAI IN nclhl.trds cani be described in relation to f'lexillc sortinrg fOrntrulae. This provides the 

bts6Ii a nitew1\ jut forlned ItO old 2l'1ot1)ipIlew oUlp-erUp di,,nirihurit cu group1+ ro'1lim atid sotnie other 

terr s of the original dissimilari'iis Iiakes tile tlltiods collbirllatoiiil, which is expressed illgr 	nulp. 
+UsCr-defined paitilitlers that determine the trature oltlie strategy. Ifwe writeties before fusiotr arid f'OtIl

the dissiilhuitv hbeet tr'n Iwo grn'ottrS I anrd 1as I) l ., then tire distance DIKJl. betsseen inew group
 

1KirIoedli l old I aid J froi atorther grt'lp 1. is given as1,:
O g 

DI)K.li = .) ltl.t + A, l)i.l) + lH:Dl)(I.J) + (:iahsj(I--l)A (J.l)A I 


The c\ distaince 1)IK.I.+ is i	'tictioni of tire old distar :es betsseen groups I andi)and L. Tire four 

\-. B alltd: "abs' ricarns ibsolte vallue. MOlotonicit\1 is gularanteeduser-defilied paireters aire A1.
 
if t 1re following relaliotlnships hold allollr ire fle pa hetrs. ,' A, (I-B /2and -1 0.
rril = = = 


Six sliate ies based oilthis UcierIl fornluii hiave been prorposed arid used:
 

I 	 Sin/g inkar,'e (rt'e'st nreignhour:Set A A,= 0.5, B = I)and G = -0.5. 'Iis strategy defines 

the gr up-group dissimilarity as tire siallest of all tire pairwise dissimilarities betveen mnembers 

of one group aid anther. It is highly space cottractiing. Ionotonic and not reconrmended. 



2 Ma.ximuml/t' e (/o'thst iih/rNtur) SeL A\r= A, 0.5. 13= i = Ia.5.This slr.Itcruz v defines 
the group-groutpdissitnilari as tilaItrgcst ofail Ihe pairwise dissiljiarities alliong the two groups. 
it is highly splc dilaltrr ll.tollOniCaid rot recomentdlIed. 

3 I.hlib/e sortin,'. Tilre are thrct forms of l.anlcc lnlWilliams' (I 67) general method. 

I) 	User Ilexiblc sortin.,: Set. " . i and (ito anv constants. Tie flcthlods sarv fromi iollnottollic 
1t0 iat re.erals arid lFoM hi.2hl SpiCe dlating to extelrnlc\ space con Iraeting, depeniding% (fthe collstants. Itu1pon ileatlties isrecommeridetford investigniting die properties oft lie 

stratleters. 

h) 1In\eCiLhtCd fle\iblC sortir.,(Ile.\ilC \VI'( 	 ,,.\):Set A = -+'/2. 	 B.)1 = (1ai(d specify 
\\"IG(1lA Ntlds Ior' Cs ntIrtieticiCrilin" (Sneath and Sokal. I97.3 ).Thiseighled pair group 

\ 
 tsLalc alld ll\\illins oritii dcfinilion. The method is tttt101iiC and Varies fronill ighly
Space dihling - -I) tlngt,, siac cterr'ttnW'1,= f to highl,, space contracling (13 = I1. 
The nIethlod chagcs tire sCilts of objects i erLl\ \\iii L'roUp SiC. It is CnerailV believed 
that tie nt\ \ crsion flihllexibllc sortling slraftecgp iS preferatl1c. 

c) VCighted flc\iblc sortire (flexilec Ll.ik, flcxiblc gloup average): Set A = ( I-I3) 1N(I)/ 
INIH N(Ihj.A, I-l )/IJM +NtJ)I.(; =11)ltspeei 1.NO I,tileiUiterofrmclbers 
ill 'rotup I. P(;Nl,\ stars for Cig'irhC 2'0utp lritihCreic aIvertrr (Sireatt ande'I pafir
Sokall. I973). lhe Objects ahialkre e t trighrreditroughout il Irefsion process. It Nii- N(J), 
ins is i to tiretlttIlldissimilanrit\ in3h.The rtcliod is t1orrontic :rd variCs frot highly 
SpJacLc lilatirig(\itIrl- IIto - space corltrtlllirg (H = I ). The recomtedeted gzroutp
a\crac clustlrire stttt.L\ is 13 = if ifthe pturpose of, tireanalysis isto Search for1'truC
 
discorlirnuitics in tire d(ltta. If tire pLrpOSC is to LCscribC lIre grotul strtltre.,IBshould he set it 
-0.25 to i\C lstrtmg ,' . ilcttie,.2, 'IIl 1sp 	 grotip-roulp dlissimilais, 	 r groitp averagctire uiss cigirttit as er~,ge, ofall patirssise dissitiii~ities,kIsstec tl'el~ riretirbers ofl'one gr'oupl anld 

all tie rtrcr"rrers of i're othier group. 

4 Median ill I'(A ):Set AI = A.= 5 -.25 and G = if.WPI(;MC stands for 'weighted pair 
.rimp) certroid" aitdt Sokal.Snelatill I973). It is tire centroid equi'alernt oifWGMA. is riot 
llrotnotoniic arid is IsIorecommteideti. 

('cmroid I II/ ';.(.Set Al = N(u)/IN(O) + N(.I)I, A,= N(i/) N(I) + NiJI. 13= A1 A, arid G = 0. 
LIP(IM( stmtIs for urasseighrted palir grmnurp cerIio'id' (Sreath and Soka, 1973). It is tire centroid 
CtlLIs IIeIII GIAC1,\, is not mtontonic aid is liot recomentteided.of" 


;methd(IYSS.-Set A6 'ard r = INOI+ NII.I/INIi ) ,+ = IN(J) + N(Ii/N(I)+ N(J)NU +N(fl, A, 
+ N(i[h), B3= NIl)/I N(I +Nt.I) + N(iL MIidG = ().providcd alss'as that [lie dissimilarity measure 
is tire sLuIarcd LuclildCai distartc (SII)). lihe incremental suil of SULarCS (ISS) Ilen I'uses tire Mo 
groups wshich increase the \sithirr-grorrp Sir) oi(fsquares tirelea t.it isiniuonitoniic, stronigly
custerirg and is tilepreferred mithtiod s hell tire artribtrt types airAll qualilativHe hccatsC [le SI:D 
rrreasu re can he used. ( )rer\ isc. the flexible grouppaseragc s'ith 13set at -1.25 miiics the clustering
intncsitv of ISS. The advarialce of this strategy is tihat it is a gnt'ieralised formi of tiieaiaal sis of 
variance ard enables tire properties of' the classifications to be integrated into standard theory 
(DeLacv and Cooper. I 990). 
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All non-hierarchical ielhdods operate by "guessing' a groupfing and then employing some method Or 

a lgtri thim to improve Ilclassitficatioi. The process is repeated (ilerated) until no futher imlprovenent 

in the classificatiron occurs. The aiuorithim requires hotlh acriterion ftoi evaluating the improvement in 

the enOli" inldividusal arie+. Iioli oric to i procedure forliCn e tralstrrel grotlp allotherland 

deterlninigI! 110\\ i tlli t0 urouips 1t li1riove the classit'icill.dul', shOuld be fellocateld 

There arc many w'\ s ol plriding the initial grou ping. '%lost Methtodls pro,, ide a set ol seeds and 

imliViduals chroseni I,'. ,()iW e tlod ltolll 11th 'igillal population: the retilaiiiin intlividulals are then 

allocate+d to thnc lne_.arcest scd. .\rv practic.al metIod IltiIt provide a rIrecliarlisill to Create a Ilew%grI'rIp 

it iulividlls ae 1ritd w.ich a!e too unlike tie initial seds. 

I)iscri minant analysis 

Linear discriIIi Iit aialvsis is perhapsItIe IIIost w\idely used metI hod of classification (Fisher. 1936). 

The hIrimral purpose of' discrimilinat alirmlyis is to assign distinct sets of items (accessions) to one of 

s'\ efrl groups or classes based on a set of mllea1suelints (llrtibultes). The method allocates new itemllis 

to pie,, imursl delined gloups by lfidinglirtallieriaticil discrimninlt lfuIlctiunns ( liircar comubinations of 

tire origirnal variables) that riiniilise file chance of rinisclassificationl. 

I'or tm.o polal'triis w,ith iears X: and X Cooled i,, el's samplc discfirili1anlaitd variance S. 

llction is: 1) = I' X. whcre I' = (XI - X.,) * S '. ]Thus 1) = I I l + I N ,- ... I kx . 'le I's are 

\.ciulrtin- CctTicicits. andilte N's are tire valuies of tile k discriinirlaitnt variables. ,\rt observation X1 

isallocaed tonpmoprrlatio I ill) S I(X)+I . Otherwise. N is allocater. toD=l'X>/2(NI- N 

p lilrtitorr 2. 

Fisher's disclilhi.lllt fur'ctirlns a I the allocation rule carl be gencralised to nore thain two 

Cluslied piOpulat ions. 

ORDINATION MFTI ODS 

)rdlatiom methods si imn'rise muiltidimensional data by p'oducrei ng a low-dinensional space in 

which similar items (accessions) are close together and dissimilar items are far apart. Field data have 

high dimneIsions becarse of thielare ntnibcr of acccssirns and attributes, whereas the final results 

irrurt be ot ,lrwcrdirnesions.Spatial represenlation o tlie iterrs in two or three dimnensions vill reflect 

their relatiurrIhip ill higher dimensions vii oninimiun distortion. 

Ordination techniques ale used ill firii a core collection ill oder to sludly diversity of' traits 

ar i accessiotls, Ccillrlerieit and et mlhift groupilngs otbtained tl:-'o ugh classification, establishtg 

whret~icr frthcfclassiticatiri (snubdivisimn ( is needed based on variabi*y shown in low.er dimensions, 

arid cliO(P L'accessions tlat have tt'colllbiled trails f interest. 

Principal cmnponents analysis 

Tihe imost commn ordination technique is PCA. This technique involves using a similarity matrix 

armong items (accessions) given by either the covariance matrix or correlation matrix. Tile main 
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funtctioIIs of I'(,\aitr' Ito explain variance 'witia linear coiniiation of' Ilie original var ales. project 
points fIroml high dimensiotns to fewer din,.rsitos (dala reduction), and f.acilitate inlerpretation of'thl, 
Cxisling,pallerls aiio1tn. ciltics. 

III P., successive Cotl.' uncorIlatCd nties, andoctlits are constructed t0 heII ,ithrite prer\'ouls 

l'ttt "of .ith only a l'es principal compolirts.
mot thne variation canl he SuitIIari.sed 

ltROlPiRTll.St ()F TiMI: DATA AN!)D R()XIMITY MIEAStRES 

(.la;ssificatio)n andl otlinatiortl Pr )cedtir+c,, require a.measulre' tasoationj amnil individuals which is 

als,,)
(n1ostlv, hut t1101 tssicallted fr1'i0]r1.r.s;utlettIelnts of aturhetof allribtelis onl each individual. 
-1e" n since tv-o-w:r 


oil tile accessions and cliaractrisation aid evaliatioi datla 


This tlpe of daltlk co,.iot or101l-Iplasll [, tahles are "ecitatledby passport data 
ol tile. whole or parts oItlte collection. 

The ef'cive use o1 clhssificatiot an, ordinatio a-n nd'll.ilglliethods requires erstall Of the
 
properties of' the hinits of data collected. type..,
of dala collected, trainsf'ormalionl and standardisalitjo
 
of, fhe data, anld ilteasulies of associationI.
 

lorms of (lata 

\s stated ahove. niost data ct)",sj of, a two-way ltable of measurements ofla number of attributes on
 
tst o s wOl arl occasional s\ llniellticall associatiotll matrix allorg thle accssins. These
:nccessiolt ill 
tahles consis[ of several differetll sets of passpot. characterisation and evaIalation dalta on differet+l but 
ou'erlappinge suIsets of the acce.sionll t the collections. For example. 1f01ievaluation data tie 
accession, lliia he evaluated IfOr an altrihlte (ieldI) at several sites giving ani accession hy site matrix. 

Ty'pes of, data 

A e.xamntation oIfa tpical accession bv the atltet tw,'o-w,Iy tlale will shoW lhat the data for etich 
attrihute ae often o diffellnt types. Data catt he qualitative eilher hinary or mtftinomina) or 
uaititativC. lirM\ data Occur %\hcit an attribute is scored as havite ,,,kostates, such is heing present 

Or ahs.llt, ' or\ khite. \fulfiionrliril attrihues cltakel imotellthi two staIs ard candhe unordered. 
such as a series of, colours, or ortdred,. suchtas a five-poinl ratling, fo,0ra disease score. Quantitative 

,
rteaslure" are t.elltia, Data tahles caln consist of measuirel ltns whichL'Ollllts, s or 1Iteasurnietlltlls. 

areol'f on1e ltlpeo vat ,isIi teti of,tI\ pes. \hen th lrllihtes are ofo'tie type, thie analyses are tiior' 
tractahle. hut ,itt aidl are unlikely to he urliifknn0ii.andcharacitetiiol data 

Trmansl'irmatirm atln( standardisaioin ordalta 

lhe inltforrialion c.'oiltrilhuted to ;, llls itof thc diffterences of antumer l'accessiolls is affected lw 
the scale o thle ihteallcsutll.ill. .\ Ctin1t l'tu1tltl0 to elimiinate scale dif renccs, which also has fte 
'l'ct ot mkin IlI attti hute.s e(ltll\ iirportailt to the NIals'ses. is t stalldatdis' each attribute ill the 

normal w.va, i,strlacted'tlll each ,altle arid tlien divded by tle standard deviation ).This(the nileau 
is tt.I(-ste prtcedIre whCrev the attribte is first cnteCrd 1t0 IO IlI.llalld the scaled to unit 
variance. Innthis particular instanlice, which stel) is perl'OrtreI first is irrelevant, but inllgeneral this is not 
the case. Stalnlardisillg eicihat tribute al'ter rnv ceCri ili)grdtices t dilferent result than that froii 
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st Ianda r sin, he 1'0 re rt, c ui ticm. Sca ing hv ranl,c or mean are a Iso common. Carefi I con sik, ration 

has to le ito cellterinc and scalit, andtli hiw thev altect tile anal'ses. 

Me.tasujres ofassociation or pro\imity measures 

Numerical ieasmtles tllkeness hewceiceach pairof accessions 10IfI a s\'InItiI'alsquare Illatrix and 
are nccssarv flo both classiaication and ordination techniques. l'he are often called proximrity 
measures because lhey can be considered to p ovide a litaSLre of distanLce Or closeness ill tile iu1ilti

dinttisiotlal spate relt'red to above. There are 1\\o t'undaneial t\pe,, ol pronlity m stisures: 

siilarit\ inelaslrs, such as the Pearson correlation coefficient., which are laucer toraccssioll - that 

arev ilore similar for a set of atlribtelIs, and dissilimlatV Illeasures., such as tle FIuclideanl distance, 

\ hlih ar. kacer tle otle the accessionts diI'' r. 

l'e tirst poinit to note is that sIitilarilv atid 'Std\\,, s essiffltuil\t relerredMU occur ill ipirs. 

to a, COlIitaIIot ]tltiarl itelsu-res, that cxploil le salie intformtation ;loni0n O'OIIplet (dis)siiilarit 
the accessiotis ((o\\c. I9t)(. This is si luificant bcuLISe ilMn' cltissil'Jc;ltion p~rocedures IeqileV 

icasrcs, %Nhile ordiiiatiot pr cedures require simi laritIy measures. Since onme catl alw\vaysdissii iilarit\ 


be calculaMed mlt- li' other. c.tt;,leuieittary cls,icttit atid d1tttot (tht llh.'sis)
is. a patitiCna 

caln be tchievel. While it is alway possible to calculate the ct+leiii''clitarv plro\itiItv mleasure, what 

these Illeasules are is ttalays obvious. Dltac\ et al. ( 1l9) list sort oI the comiplements: the 

u1.sttdrdised squared luclidean] distance is the comnipletent ol the co aunlC inaitrix, the stldard

isCd suLrled ditancC is the Ctupleiuelit oh' tie product illolielill correlalioll mtatrix. and flie sqtrred 

Fluclidean dlistatnce oil raiked datla is file complenient of the rink corrclation miatri. 

The secotl poitt is that there is a cenueral forti of' the associatioti mcasurlc. This IloiI. although it 

is lotrniulated ii the trlditiotal itiiner ltr qualitative. atltributcs, it used flor biiarty or mnulti-state 

atttributsC calculItCs a leaSturc \liiclh caii he rccoclliised as a trai;tiotnll Ieslrllem defined for these 

alttribute tllpes. The stlandatd form defncs aineasure belts en tw\ o accessions IOr one atlrilute. A 

\, ei lited iae thn Illroduced over all ttrlbutes. althotugh ittillcomton lleasures are the resultisI, l 

of an1Li.eiglltuel aelcC e. The squtrcd l"uelideam distance het\Ieeii any two accessions is the 

Ii\ ei1cted avl ae e all tttribtles of the ,Auared pair\ ise dilfence betss ccil the two accessions. 

If thiscisesUre is applied to lbiatt attributels. then the cotplenicilt( thellh simple matching coefficient, 

a traditional sitilill\itias,,urc for hitarv data. is produced. The averaging protcess entables nissinga 
data Ito be accontutodated. It one and/or allother of" the sCores fti all attribute aire missing for a 
cOtlipari iSol bet\eeni !\\0 t the aserace.ICC,',iOtIs. that differetice is excluded front 

The third point is thal as,,ocialtitn eala'sures aniotg the atlributc, can be found by simply 

tratisposinI! tile orkinal datat tiatrix. \n associationt nieasure beteen I\o attribules derived from 

scorescsl'all the accession in\s ides ameasure ollhotw (dis)similihr ihe attributes \\re in discriminating 

a1nmtic the accessiots. Classification tid ordination analyses f attributes descrihe relttiships 

:Mi0112 all the attlibutes. Illformation ol'this tN'lie is relevaut fOr describing he collection and forming 
Itctte collect ion. 

-XIERIM I''AI. DATA AND STATISTI('AI PROCF-DURi

'he 'I'u l to collection in tilie .Itize (ernipltasin Batk at thl ('entro Internatioam de Me.joramnientt0 

de Nlafz y 'rico (CIMIlYT) includes X48 accessions that have been evaluated il repl icated field 

experiments. Of these. 175 have been selected based on lodging and adaptation for further evaluation 
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1992). These accessions \xere collected in tm o ecoieuC region": 
lroIi)\ ectltuio, (< )(10 aboe sea lex and 48 ftrot %xetecologies < 10(0 in above Nea level ). 

ilba l 1l.. pilhicall 58 accesSiuoIs 
Ill I) 


\accessio [nsiIl'. I a Iboh phica IleioinS 

xelI l'si1e IIIid-ahitdt.'LLC',ssions. Iie 175 atccession, \eie plan1(ted INsinIw a I eralised lttlice
 

'[ll.e reIIIill,-in 0t(1 i\( eId-c++-,eo intclude. II1IteI f1r1o ,cogeug pIra as 
I I 


iCes-,ii x,,itt\' O replicate.' at hcatiois RICA Nie\ico ill [lhe
Mx0,o ([)()!;I ald Tilalti/1aII) in It)1. 
I ,ilkinl- aitl 

' 

ItIrp lluica, 11i i agnoltiIL- traits (INttribute,, reco rd+led \\ -rc a1itI'itei dates lial and eaIrIh 
heiht. ,,ecuilcc (iitiibeutl'fa\x Itca I tl e after silkan' . irain ultu11 ((; ).shelilinl 
I';.erait .itd. CMtilemietli. eal dianiieter. kernel length. and loot anid ,tal, h. ing. lhie laNt t,\o traits 

,CieC 1tot inClude..d ill tie all.\,is,. 
Statitical ana\ se,, iii\ ,d Molt+Ntame: aclassification Itd.'te.riiie M ICIher the a1.Cccssions cutuLd 

he ca-ntaied a,, ier In pairttitll. tloi',i1cjate++l -ioutlps+,(clruster amialvsi,), and an 
udilnitul stIud\ of ilse tces,,iolslt e\milillc their spatial I-Clatituhilips (I('A). (lusteranialvysis was 

l~erltriiet ti,i IS;S aidt cOMtilIete. siiigIe ilntd ax rate linkagec strategies. ( )Meilipotatml ohjective ,.,as 
IticdeteriinC the 0tultiii inibert giriults obtait ed lt1t1clusteiaiakNis. Ill this stud.\ tilecttling 
point xxas base,'d o)n the usethites, otfthe .,uhibit ij)s i-eSu1ii Iloiti it. Ill gCeiieial. xe xsere Con1servalive 
aiid ,.ed Snmtall +,llhrtilps 'lotllthe s .'h thuc accessionis thin weredendrLrmi il;, sll subgrlunps 
+it0iu1)1.C.Iut aid ulotll-dik'ee one or ixxplhetlltpialv ,peakiitg. Thus, at least o accessiolls \ te 
aitmlsX selected toutl eacth ,,uur01ui
 

Tlhe resnitsh,,tlthe clhrssilictiuui aiual', is 55ertestged (and coi:tiulriiiledu Sxili litose,tdtaitned trloun 1(',,
 

ill a ,,Icpxsillalllter. Seleial acce",sil selected on the basis oedendroirails t'rout cluster analysis 
%%I.,iiicluded ill ie Iftlchss iig ,lep fin)itt11 er anal\,is. At each step. about haltofl'he accessions, Or 
les er. wer.ue advance't.IdIto Iheie\t step. The prcs ended M hen about 271. ot the originial collections 

175) %Cre retained ill [Ie corre coilection. 

RESUJLTS 

The aiii %\asto determine'. aiiolutle 17ei75 accessions. those with good agrolnmnmic type tha, will 
represlenl. t,ituclh a,possbi. h', e.itiu iiorpht1-agiotiotn. diversity. This wa';s (lte in steps to 

accesns \eie caMutulls, ,elected 
Ord in;it,utn al aci ,tep. 

Cotibil+.d utal\ ,sis t"xariiie across h interaction 

elSlre Ithit ill, ilthe basis ol restlls obtained 'ron classilicatioi and 

tk'catiniis .,hSed that terit.Tvpe x ellvilollllt.eill 
5%.a, siili 'itL P' If.(1l005) toi sollie allrilbute,. (Classlicatiitm and ordir:'tiotn of the 175 Tuxpefio 
acce"sitls sscrc cit ucte(lot. ach luocation anid across locations. lhe reNtlling, sntbroups \were 
sinliilr Il both cases. IlcieLtfre. tuItlier ;iIal\,CS \were coMiluctcd ui\' On sile (or adJUSte,d lMIS 
across locations. Clllutrn obtaiied troIt I55 and complete, sinele and average linka c metlods were 
similar: IhetCrekr. ()nIl clusters ot acceSioiis based t I155 ate preciutCled. The dataxwerestatidardised 
becaus.,e attributei,.s ser iC,+etureld oil different scales. 

Step I 

UIstera.ial\ sisof,lthe 175 accessions using the IS; strategy )laced most dr),-ecolo), at(l wvet-ecology 
tu .cssits illtX,ollajor subgroups (dendrograln not showll). Tlie 69 mixed-ecology accessions were 

inulre or less evenly+distributed bet weent these two subgroups. This result indicates that dry-ecology, 

atid ssct-ecology 'luxpefin acc'essitOIS had distinct morphological and agronomic traits. On the other 
hand. the set o;l nlixed-ecolon, accessions did nut sent to ctstitute iseparate set. 
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.A\ mentioned helore, t5o reasoIS for Lli ordinla.tion techniqleiC are to stud\' diwersitv Of* traits 

aMlll0111- .. cces loll, and to coillenihnt anlld Colllill the lrOUplilig obtailed thloligh cluster analysis.ii 

PI( ., th"'e OIJctivC arc achieved h\ spatial represeintation (diagram) of the accession', in the first two 

01r thrl-e prliiicilMai coiiipiMiCiits axes. 
" , , 

1 l 10 I',t ld 	 IO .IIOt''C;IA 0 01 l \ M C11 Yi' pliIM'illoftl thd first t\sti lril1iil t st.indichtd that dr5l-\, c+tI loesaid %% "leu loil'lott iii tt''l TI\)C 
access'W'+tins hadl dr,tiiit ICOdlllH. iiid iiilthfl~icil attrihtitles. aitthioeh they os cilfapplil ito 501in 

'IC l l',, .'II[IL' 01*11Chl'lIl IIL'I)J\%l C.otiiiieiMI)UC~l"iI~iC;IL d i co ,;ldV et-CCOhn2 I tix 

dcTrCC (A'C lictiC 1I. VOt drW-t.l accessiolll,, had cli.tlfi-,st priti;il Coioinieint sCores. 

C\CC'liOll ill the \L0,c'i -chc gro ,ecIIIet.d, C lto h e i lisc thPIiitheir d1A -cohgO,, cOultlllrarts. 

'Iltl \pei tC CSs ioiis iI cll]ic \, LTt s, ii 2 tie other t5(1 grolps andthe rd-,.' I . "read0 10 

\, crc also iiutis+. lhl',, resullts coiirilictl the i\ 0 major suboroilps obtained 1y cluster analysi.. The 
t~ir ,tIl1111-C MCi0+ IL~ t'Ill" a l~cd l-V ; avId I I tt I \lthree l'wm ' o.'m for 001' If a'+riability. respectively. 

Figure 1 	 Principal components analysis ordination of 175 accessions in a maize 
Tuxpehio race colleclion 
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The magnitude of the eigeilectors indicates the importance of the kil attribute to one particular 
principal components axis. Fo.- ixample, traits separating accessions along the first principal 

com01ponents axis are (loads in parenthesis): silking (0.41), anthesis (0.42). plant height (0.40), ear 
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height (0.40), grain moisture (0.36) and ear length (0.32). Trails l;at separate accessions along tlhe 
second component are grain yield (0.74), senescence (0.50) and shelling, (' ) (0.30). 

A lotal of0 accessilios Wis se ec ted and advanced to the nexl Step, where finrt her redunCtiOll of the 
number of accessions will be plerformed based ol recurrelit reSilltS of classil'icltioln aind ordinlltioll. 01 
the 	 ()accessions, 26 are dry-ecology, 3( are wet-ecology and 24 are inixed-ecology accessions. 

Step 2 

The IP'CA of 80 accessions showed thialt tle dry-ecology and wet-ecology Tuxpeflo accession.S 11(1 

distinct a;.irononiic ald morphological traits I - Figture 2). Mixed-ecology accessions were spread oult 
between tiledry-ecology and wet-ecology subgroups. 

Figure 2 	 Principal conponents analysis ordination of 80 accessions in a maize 
Tuxpeflo race collection 
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The first three prin cipal components axes accoun ted for 5314, I1514 of total variabilily,and I I I(4 
respectively. In geleral. PCA results confirmed tho. e obtained by the ISS cluster analysis. Traits 
affecting accessions along the first principal componlents axis were the same as those in step I: silking 
((.40), anlthesis (0.39). plant height (0.38), ear height (0.39), grain ioistlure (10.36) and ear Icngth 
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(0.30). Traits 	that separated accessions along tie second principal compoilents axis w\,ere grain yield 

(-0.47).
(0.41 ). senescence (0.22) and shelIi i (';() 
tile FigUre 3.The last 

two branches of the dlendrogralt represent two tuor subrois ofaccessioIns. ()lie slbroup (chlUster 
The deldroterain illustratill ISS cluster analysis ol 8)accessiolS is sheo\1 ill 

1 

I ) conitainus 22 accessions: 14 wel-ecolouv and cight inixed-ecology accessions. The other subgroup 
in,'hldes all drv-ecolov accessions Is.\ell as the relmaining wet-ccology and inixed-ecology

as set further down into the branches oft lieaccessions. Ihoh. t.e hial cuIting poinft \\ 	 (endrogrant 

wherc more hIlnio ,eneonisalld less divse rse cInuste rs of accessions were foun1d. The distribuliol of 

aIccesl.Siols \ilhill diferell race categorie, shows that tile in1 I aremost of 22 accessions cluster 

Tiuxlelo. l'nspetI 8'uxpleI)CllO-T l'epecintle-Tuxpefio (se, Table I). Most of the 148. cintle and 
accesion., ilcluselr 2 arC 'TnxlI)Ct, 'l'uxpelo-Vildeno and olier types ofTl"'ipefio. The tnajority of 
the a.cccssions illcllsters 3 aid 4 are f'oill Tuxpcfio-Valldeno and Tuspeofi-Olotillo. respectively. A 

total of 48 accesslons was selected to '(r" tle cole. 

Table 1 	 Distribution of (10maize Tuxpefio race accessions characterised by race classification 

in each cluster 

Race classification Cluster 

Primary Secondary 1 2 3 4 

I1\h41 6 4 1 4 

Iilyef0( 8 5 0 2 0 

I UIlR1() lI IV(intle 4 0 1 1 

l(ee( hllh, IIu\tVpefl~o 4 0 1 0 

IUI\F(n V,andeo 1 4 11 0 

( v4l', , I u\nstlO 0 0 3 0 

Il(\l)('M (()hotillo 1 1 0 10 

I\t)ti() ((nwi(() Norlen() 	 0 2 0 0 

1 xlti( ( )ther 	 1 3 1 3 

SI'Mr("':id 1 .	 ,11I(P)'Q) 

Step 3 

The core collection of the Tuxpefio racial complex comprises the 49 accessions (19 dry-ecology, 13 

wet-ecology. and 16 mixed-ecology) selected in step 2. This represents 2714 of the 175 accessions. 

The ICA of the 48 accessions (sN'CFigure 4)showed the distinct morphological and agronlonlic 
attributes of wtel-ecologv and dry-ecology accessiots included in the core. As expected, mixed

ecology accessions overlapped both subgroups. 

A discrininant analysis wasCondulIted uising tileMtw cogeographical sulgroups (wet-ecology an(I 

dr\-ecology) 	and tie nlixedl-ccology accessiollts isclassification criteria. Posterior probability of 

lemlbership based ot1morpho-agrolonlic Irails iidicated that, of the original classification ito the 

three groups. all dr\v-ecology accessions w\ere correctly classified. 7511 oflthe w'et-ccology accessiois 

were correctly cla.,sified and 25(/, \were iisclassified is inixed-ecology accessions. and 7 c/ of tihe 

miixed-ecology accessiois were classified as dry-ecology aid 291/ as wet-ecology. 
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Figure 3 	 Dendrogram from the classification of 80 maize Tuxpefio race accessions using ISS 
or Ward's strategy 
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Figure 4 	 Principal components analysis ordination of 48 accessions of a maize Tuxpeflo 
race collection 
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The cano1ical discriminant analysis provides a graphic output in fewer dimensions, illustrating 

the cxistence of norpho-agronomic subgroups. Good discrimination between 19 dry-ecology acces
sions audl 13 wet-ecology accessions was obtained by plotting the tirst two canonical variahles (see 

Figuru 5). 

DISCUSSION 

Cla ,silIicatio nmethods used in Colijunction %kith ordination techniques were applied to a multivariate 

data set consisting of I I nmorpho-agronotlic attributes measured on 175 Tuxpefio accessions. Two 

different morpho-lgronomic grouls of accessions (dry-ecology and wet-ecology) were confirled. 

('lassificalion and ordination analyse s were very acCUrate in discriminating by origin of accession. 

This agrees with results obtained by Peeters and Martinelli ( 1989). who suggested that origin is a 

simple and effective wa' to partition variation in gerniplasm colh" +lions.Mixed-ecology accessions 

forn another subgroup that overlaps the others. The sequence of complementary classification

ordination muhivariate analyses has proved uselul in selecting accessions for the core collection. 
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Figure 5 	 Canonical discriminant analysis of 411 accessions in a maize Tuxpefio 
race collection 
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A svsteni for fiorminug core llcc ions should also include identifying accessions based on 
molecular marker data. Clearly, any system for forming core collections of a gerniplasin collection 
Should le confinmed I% both hiochemical and genetic methods (such as allo/ynle analysis) for 
estilllini chan,es ill al lic freq tieC1W ,cauI sed 1y tile process of core collection fornmation. These 
Illethlds Should be intetgrated for ethinlathit tie loss of' enetic diversity when formnng the core 
C(llCctitl ; iit lM%Sy ',,elf th, core collection represents the tIuange of diversity ofthe whole germiplasn 
colectih. I)rastic ,..au..e,, in alielic freqtuellcie, would indicate that adifferellt aplproach for selecting 
accessillls" for tile core Should be illvestligated. 

irleull formineg 	 oneA sillificalt in tie processiof core collections arises when more than 
clasSiicatiln has been proptled for the Satle set of accessions. This ma11,,be because classification is 
based oin: different seto,,f attribltes. the saille set If altributes bUt grOLps are fonmed using different 
classificatory techniques. or dif rent sets of attributes and different classificatory techniques. This is 
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alSo a problem in bioloical NSvtetlllticS and ease ilse to ie concept of taxonomhic congrLICeIlC 

(Mickevich. 197S), ,. hich is the d(lcrI. to Mhich llSiticaions of 'the ;amle itel s produce tile same 

grotupings. ()Ie implication o1 thi' c is related to the problem of finding attributes that showetmt',T'l 

Stiperiorit. ovcr the other" as iltdicatrios of lit.\ononlic relaltioShilips among items. ('risci 1 )84) 

co1ncluded that clas, iticaItiolu refll'cts the e\ olution that has occurred ill certain sts of attribltes; 

thereftor., it is e\pected tt \k IeuCadditional attributeS are incIlided in the" .tud\. the group originally 

tormed \\ ill be altered. I'cetrs and iMartilnelli ( 1)9tM) concluded that. ill classiicatiotll.the choice of 

attributes,, is ,.elI as tile ahleorithtt used. llt''tCC, the thilal OtutCotle. 

Silulttneotilli, anal.,ses IttclttdItt cnlslificatitht aind ordination tcchniques have been proposed fhr 
Li lla ith pe x enmroitueti (Bastord et Q)I i. Generalisations ofl-' k 1111 ulli-Mtlrilutu. 1.,ilot tttt al.. I 

cljster 'ils ,is (tM\ttreCti tt\iuntlttt likelihood amd PC'..\ for three-way data (tlree-tuode PCA) have 

been decribed b, las'ord et itl. ( 1990t. \Ve hae\C liestiated tile usefulness olf these techniques for 

llt.illLIe tcceSsiotl x altributes x c.virotiltsn l data il tlortn1 core collectionts and tile results will 

be published elssIr,. . 

)ne oftel t tiittobject\ es f this stid, \ Its to reduce the. nitnliber if e'itine accessions in tile 

lIxpe.'fito tace collection h\ tortiltte atcore Collection biased to\ward better agroltlltnic types. This is a 

departure trotilt. origitnal propoaIl ofa core collection based on a gene bank. Fhowever, our study ha, 

C\tettdd(l tiltat oricital iduil Nltcka\. ( n1wpwr.4. Ihi.\ vo/t' )by assentbling a speci tic core collection 

tllat oltCt Illa./e bteeder, inlparlicultr attd national prog ramttws in gelteral valtlable opportunity to 

ttiise it ,.il'ectl, its . sourC',.e of b edine tuaterial. 
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Part 3 

USE OF DIFFERENT KINDS 
OF DATA IN DEVELOPING 
CORE COLLECTIONS 
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3.1 

The combined use of agroecological and 
characterisation data to establish the CIAT 
Phaseolus vulgaris core collection 

7.I 1i, P./( 'a, S. B atd Ail. ltf..xv'-.\ 

kbslraet 

.\ 1Core i,IlonIlCC lhmi ite 24 )0) ac,'I iOll'\% licIh IrCavail it I f hIII\torl 1oIcollction 
l ' leiciiI /I I'lIoI I I fi.\ L.)ictCCIion hielId in[(lAT, ('ai . ('oloi i it. A batselIiiie of' 0 ((I olie reserve 

hut this I t 	 ic p or 
Lolci,I 1li n a,,,t for ,reie'iCilitioi+i h ,co lttlir in the pri :irr cntre. 

'
 
',tl' ( c O I.Stlil>h,tlt-nI.I. -1 -tC-stCp p roces, %a;ts:i. 011i11' tosliccilic "siItKiiAI ,tu licitiii ot cesi" ,
 

.ioi t. itle'Il., l 0al hiei Ciui\l llc-Oldl,areasi.
eC' lrioi iti"e pivinii7 C trahilitial 
, 

hthk c& iiN t. 
\kijs cltisilieil lile r l imOwrCiMii-oittiltill pairinlcrs wereliiupaisli accuit ii Ia Ciec lo icOLi urii1ii. 

t 
il-illtiel i s Liiti C:I llt oi _io\ inL,Sea"olsoii.plholicpeuio !, sil !\ IlC andiiloistuiC ritilui',. with 3. 2. 3 

,ndlel eIuls.repc 'ist .All Poisile coUllihiniliollls lcd 54 po"ible Civirtonof teC piraliiieir,\ 'ki 

iliCUl. Of \01i1chIf ) \CerC iclilli Iep CeCtild iilltle VIIIIIuLhi'sl .\11ollie l l cIlass wla Cleilted to 

ie.h C.,euiicflilenll\ i r~ o1et\ sli. Ii' sine iiWip cooltdillill" cllfctioniriiu (lvc, 1ine111- B% the Ih )l~isuli 

CuclisN c l\ ifl0l eita11 lts i iird CieiCuIloUiSClt\ ,W,ba Sed
'it1s. At ceCslilu, 'Acl_iialIchcul to)th iri le llHiU . 'I Il 

ttip inrmit otir ant si/c. Il i ist s'i igltlc'tl01 itll uhtoph ',ito ICil daa i-tt llhhailit Ivi e set 

sCi lC"CeSeilatiuli ats llh, airialltdil I 	 I lllc tes . lusiViiI ll0d the iee ill 

ilhin l cc totl uiblotit I ic.ce .iui l, idnified 
lwvt, hc'1\ il; ll(t ciC II illI\ 

sccleli i i ,is piicti i'M ss i icuOct) huiccil classes. ,r\ 
3)))) \\Cie Cliuien 1i 1 seCOiRIMd'l v til IC"illi, ldditinil to 4l)

htol piilii> ceitrC' ,+111ii thu1ilitiI 

it. biIciuhli\ ..	 inus iltd I cLcn lic ,locks. 

played a major 	 role in seenrtini genetic diversity andIntcrnil tnil geriliplasilt collections have 
prolliuing its use. I lsevurtors and users of major interiational gcrinp asi hanks arc already 
laciinthe"brdtli of properl ' conserving. elitcrising and eIating ailarge numnber of accessions. 

1984).
llie in' i iaeapplrlaisial of plant genitic re oileces,1a11'been recog ni sed I [ranke l and Brown, 

i.ack of l access_cto elitplasill and the Sheer ntillbers i at.'cce"Slisl o1rice, wheat, mnaize and bealn 

lklo evaluate the geriplasi properly.illtheir rsc'pective collectiotns illake it naltliost ilipossible tL, 

or at lcat 65,'(o ill accessions in the world's gccriplaslil hanks, and sonePisporl dalta arc lacking 


80-95()51' of then lick characterisation ofrevalualion data IPluCkilett et al., 19871.
 

Previous Pcze Blan!:
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The formationl ofta Core c 0 Ltron, a recently proposed concept (Franktl and lrown, I984: Brown, 
19Qa. b), is aili.ed ai prollotiilethe 1.-,eririnsc of tire arid lac'ililtalU the sIltnd o1 its genleitic 
di ,,tCril\s. R+,,earchers \, orkiii (1onproleit, that noIrmall Ir lir, ti ,re .cieirtio Ia Iargeintintier of 
acce,io 
 lookiin ir', t ,Sii ll iiliiiinitu 


'IllIS.aIcore llect it . . Ooil i l e ti 'tir.t look' atlie 


ill le Jitr ,tcd inl irs tla Ctlnl'iC ',but 111tllh I i\ lill variJa.hility. 
e i, collect ion fL)r a ree,,archer to ideiliy 

tjitklv the desired trait. ill\ CCttiat, as, I 2ui i0 tilher- tullCe,, held ill the rescr\eIv CsCr 

colctiol. It , C\pete th~it ihe cole
( llectio \\ ill l iciuestt+d h.' ir.ajtr ii\tt iijorl gernaplasn iliks 
inter.estedi ll \. ideri'ri their+Lcl tic \.iril itv \.itltrii ihe lbuitdernOftialdliiw hu.itC rin rirs.
 

Tie tltlillt~l beau Iu'dtu, 40.vldl'IIi. c0[llec.'tiond ',iltt -( aIccessionsosored at PIittira. 
Colollihbv tIr(cliltirt Iltcri cioial tie A icuhuritTropical ((I.A) is, far the largest colectioniC' 

of anmfood lIuliic in the ,t rhld...\ conuir lbe.an core'
crOl'rihc'tiOln. thr.eCStA ihCd. 'ill lritilate the 
c'\chalic of gcrrtilfl ltli\L, h iiatii,nl ,1cn.banks tnd the ch ,ul ,rcteialioi(tt Iraiit:, such as ahiolic 
stress tul'railc.. 'hlir iti pirlnalice of' propcr- iiraiitlainine arid charaU'tCIc inel' e v hole ctIllection is 
,ell t't+e'iii'ei atid v, ill snill l he ,ti nilin respon,,iilit of lire (ertnlic Resrli-ce,. nlit al (IAT. 

lKeeping irind li herrlbank dtos not andinl I tire ulst i,1 riot have access to the ori-inal 
alrihils (thaft is. ill it,, oriLitillaf collt\t). it is thus of alll int iillji-otanc, , io sam ple the existing 

populatiois to H,\ to plr'C,,1t, as it1CIh 0! the VeAl eene'ic iive'silVt as,possib',le ri1hlint tie whole 
pol'C"eS o" citl'tI co0serVation. It i' also considered ilportalt to promiote tile rise of, tie 
ociintplair ill \ ariow, hribedin2 pr1) ra.nteH, arid to fac..ilitale tire studv of tire teerrt it diversity Of the 
crop. Fhli, proiritLd Hrsto ue,,c a sl,\sthairlril.od of establishii- a core collection. wilh major 

,coIideraniotsli o ll ,ok Iple 'eI 1r0ivl l e ar1eI sat0 rliC di\. rI collection.Ti,,c+hate~,r Itreernt , tihe rtetlrtrdtli\tIs,, ,d thrdeVelp a lair rllectioni. "lire lppse.d ividel,ur lre 

uses both o\OltttiOrrarI\ idIocl _rici ,pproCice. lireI ('IAT hean core ollectio w,ill coisist of 
aIrcpreseintati\ c sill 1ple otl ti, h CertCCtiC variahil itte tirle gerrrllasui O/I. .1u1iis. Olyhthe work
 
Onltile cult i\ atd coIr01ttori he;uiI ,.ill le diSCusMed here. illhiooh t core urllectirr 
 for the whole 

IItrIAii)InX grn11. oIrCreticatcd as \\ ell as \ i.l is heirie considered. 

,MO[)Ii. SC III-lI FOR Will .-LOCtJNF.NTID COLLECTIONS 

A SyntihCsis betCCHe Cllrerttici arid ecogeourapi al lapl[roaches was followed, taking into account the 
strtucttlr.: of tie g2Ciriplatsrn1I O lect ion and the ag roecological areas ot origin. The selection model takes 
six tnain points into iccoirllil: 

S.ereic dier,,it\ is iot randonihy distributed 

* crop domiesticatior is impotrlant 

- ecoloical adaptation is irimportant 

* local selection and preference play a role 

* there are palterns of' bean disserrination from the primary centres 

* the collection has intrinsi: characteristics 

Based on archaeohogical, hotarical arid riroleculiar evidence, two main independent domestication 
centres o'I'd nu~uri+s iii the Mesome rican and Andean regions have been proposed (Gepts et al., 1986; 

http:sl,\sthairlril.od
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Debolck and TIohFine, 1989: Gepts and Debouck, 1991 ). Exactly when and where tile doniesticlations 

took place and Ioxmtiley proceeded over 0lie is still to be determined. The present data suggest, 

ho,, ever. that, like other crops. the ge.etic diversity is not randoiiily distributed. hiItile case if the 
d. MeesaNcloanmericanlcoiliiioi bn the iiultile doi stication centics have resulted in two main 


oine ani an ildeaii ovi (((11t. 19, Sprccher,. 198S: Khaitilal et il.. 1t)90: (;Cpt+, and l)ebouck.
 

99 : Sin, hIel al.. 19091 a-,h). Beid'sii, 1ti"diflrtnce , aIttie iiolecnlahr leve. , solle , idencC silggcsts 
,

tIla the, t\, 0 lla .r ee i slOI', til\ hae di er en ',t .i",10ito col icMal nviroiieI I' (iha;deri Ct 

ll.. 1982). 'I1i, sulceestts that adaplitio to ,pc ific Ci\iior init aw,!iiiche, played ll iiportaint 

v tolutillar\ u r esaipl. iiitial screeing for ti ieaapacit to ,eld uder condithons' 
of Iov, soil 

p h o sp,,i s a ,, ica tcs ,that I . lU' iir mt rial i ,,se witisec to i o h o,~ h i iie ncy ,ho r tu ailabilits , i nd( v'ilId fl,, a trns 

ill colltirat to alidrace I ft "alitl reioil.iThis obSert atli suCStS tha1t thel tole'ranhe oflhtivatCd 

I'.i'ul,,riA to0h1 pAhoihru . inilh be the reult of p Iot-(hloiiiicatiilI selection (eIceb elil..I 1992). 

NM rI bIeu I;iildiac,,, altlliCuZhlidverse an rich in gClnctic saria ility as allCtttl b\ lie variablility 

in iIiiphologinllt2 , scd i/c and ,cd colour. have CCn derivCd oiniia snill ollrtion oif the original 

lohin', 1989I). Sich it eduction ill genetic variability isvariabilitv in wild iiaterial (I)ebouik and 

kno , 11I. tle .ot1iier cilect' (I .adi/ii',k\. 1985). 

The nuiiibcr OifCitiplCs of iiscrc, ting trait" that are pieCill oiily in original wild popt 1l ions is 

iliicaiig: rc,ist iii'c to bruclids fSclioo'hiose al.. I986: Roniero Andreas etvCli et 183: ()shorn ci al.. 

a (l.,: b,, sone iRhi-dminm (Ki pe-Nolt ct al.. 1992). SuchIIndt rc,triCtioli of 'lodtiatii(i eroips o 

data iiidicated the iiilriaiicC Oif includilIi ill liiHateials ii a Corecollction. I Iov,-,r since mInany 
b-roeer anil ",m iterest ini acore collection viiia,, ilot ,wishl tol work witha.eroiiis.ts v, ithi a v t'itca:, 

Cihactiitic,,ia ,Irate core wils crea.itdwild beul prccicl\ bec'nlso theirloitl-dtoliiicsticatctl 
SpCCilically for v. ild iiiaterial,. 

The otllhl-cnsidelation to he taken into accolilil is related to seed diss ill,minatioi., Altcrthe Spanish 

coojuletl . tile C0111,ii bCa.luiln rd (lititc rapidly to l'urope. Africa aiid Asia: these areas, together with 

the Caribbcan. the I SA and iioi-,\iideaii Smith .\miica. will be coisidered secondary centres of 

divCrsit\. RotUs of it lrOduLictni have bIn etlCCrnIicd nsine historical data and nloiecular markers 

0itartin and d\aimi,,. 987.T h Gpts. I8 8X:(Geptsand Bliss. 1988: (;ts et al., 1988). 

ilie ge riiplasni, froln tile sccouida!v centles is ,elated to the two maii gele pools. I lowever, the 

elflct o)I iClction piCsuir,.es and possilelC inter gene pool reculliiillatiioml o l genetic variability is 

tai I-eet that g eriph-1,,till to bedctcr iin,.'d. PlrCliiiiiim ' stl asmil froiii tie sec ondary +cntrtes is highly 

dulicItivC of thalt fri l,riiarv centrsc. It was decided tha1t certiplasm froni countries outside the 

lrinary centtsc,, % ld he sailipIcd at a lo.,cr s eigit. 
The lctinitill of prilary and s contdarv cuntr s ofldiversity is,. tu some exteiit. arbitrary. It is clear 

thal doluictication sitcs. icnuavnlier,be. cOiistiC priury centres. Likewise it is clear that the 

VcS.0:i, 0f itruudtitctiol in the post-('olumiIbi,ili age. such ats Africa. are secondary centres. Regions of 

pie-ColiUibiil disptrsion, -such,as thl Amiicrican sooth-west and lon-Andean Solth America, are 

loire difficult to classify. Such ariias lia',N be the IOCLIS of special studies iii the fluure, but for present 

prpses theyvlc not inculed as pritliiry centres. I the context (iithisstudy, Mexico, Central America 

and the Andelan counlries w\,ill he considered to constitute the primary centres. 

STATUS OF Ti'li BEAN GFRMPLASM COLLECTION AT CIAT 

Faced with the Urgency to acquire a bean gerniplasnm collection, especially with respect to landraces 

under thfrcat of genetic crosion, gerriplasi aCqluisitinS an( collections were coMducted intile past in 

http:piCsuir,.es
http:a.eroiiis.ts


a rather ullnorganised Mid OpportLllintic fashion. (erruplanl Il1 lronoll-prill'i. Cenlres was over
represenlted. xxhilo geirmplasni fi'ltl importall areas in telnu of ceCntic variabilit\1 r'Clireied uncol lected. 
More rcentlIv.I e s\ I I.It;fit. Iv'a ti iC i rat'.e x of Ikliiition anIld collection \Nas deveoped. Since 1987.
CIA' and the hmitenatiaioiial Board for la'nt (;eiitic Resourc, (1111)('R)have jointly carried ont 

collectioifs to fill s,e ollhlIp I )eboiick. I+),7)8.caI xii rich bean eeiet ic divcrsit), snch as Per. xcre tareeteI Ito en0ance rcpre+,SntaliOl ill tle collectio. T Is,the present ('IAT collection 

is a truly eh0loal c0lhCctti; in COilnlIari,,Ol . ith all otler Imajor bela collections, inl x,hiclh sermplastl 
from the .\iiean rleits is'-1,tier-r,_'prYeeiltCd. The present collect ion at ('IAT' can still he conSidered 
as M\er-rle_'Silti ct ce.rtaitin i'uioiis haingilllall\ dlplicates. I lalf' the accesions at CI AT COniC 

rvil re. 
Iran). acut for ',itost tile anIteiliiber of, acces"ions as ,+erli. Moreover. half the accessions 'roln 

I'ro nln- ,.ltl. ( ictrilpl m fI'tl ctfi ltries of recetli plaint Iitrtodnction, such as TLurkev and 

these tm ) coutrllis be._rlone t) the satl, beall class ill terms of, seed colol" atd sel. For this reaso it 
aiMipliii2 strate, inl a randoml or-proport ioiml todel based on ol'k'ill \, oiild not adequtlely sample 

the 1enctie di,,colIt\. 
The \k)rld collect io off '. ',+,,4iris at ('IAT lis already been screened )r Itraits such as growth 

halit, 1Cd ,i/c. s.ed colour atd res is tnce to beall comt on osaic viris (BC'NIV ),1'1,poa.sc species,ll 
sCe stora,c ilscl, and bean collllni bacterial blihit (BClB I. An attempt \\+as rnade to screen the 
e!Itiplaslit I,(o]photopriod respolnse \Vhite and I aing. 1989). The datl availahle indicated that these 

resistan'e, %crc tWOsarce 01Oto pol distributed in tile collection to be of u1se ill the stratification 
schetile. Only eroxxth habit, sced ,i/c and seed colour were nsed in the selection scheme for the core 
collectioii. 

As,,,mCntiotned 'rliCr. it \\ As decided 1t lIacC spectial emphasis olit gcriplasm originat ing f'rno the 
printam, ceitre,.\ iiijOrClTfrt w+a, Is Its devoled to conipilin' tIle av\ailalC passpOtrt data of' wild anId 
Culivated bCeaI crnphasm 11llh1mnh1 such daLa are extrenelvy variable with respect to precision. 
lPriorit fr selectin of the core collect it x as cixen to accessions with iito.e conplete passport data. 

h a Ar-citina. 
nlateirlila. I h01ntintrd. Mcxico, N icaM'ana ani Pern have been loctiuleltel for the first title and to the 

degree that ax aihabl (lta periitted (,, 'tahleIf. They aCCoult fOr It (I(L)avecssions, almost halIfthe 

Som'iu,file. CCeIons frlll , livia. Colonhia, Costa Rica, Ecuador, El Salvador, 

present ('tAT collection. h',lic x carried ont f'Or %\ildP). ('ub,uris 1990).same exercise ,as Toro Ct al.,
'le accessions kwith proper coordinates of' tile collection site were plotted on an ecological nap at 

('IAT',,s A\urtcclogical Init to classify the gerlnplasm based on ecological regions rather than 
pilitical bouidariCs (.s FI0igurC I ). The germnplani xx'as then sampled based on ecological regions, on 
kno.vlecdge of, the richness of' ge n c tic variabi lity id erent in a region and on available morphological 
andill1(cchlair dal.. The ,ccessiollsf'rom the secondary centres were hadlI ed separately. 

AGROECOLOGICAL CLASSIFICATION 

For classification of the envirotments ill a region, the data must be uniifo'rmly comparable across the 
region. While fkr some areas great detail is available in the climate and soil data sets, this is not 
universally true. These analyses are therefore based oil tlhe extensivc database of clinlate data of long
termllotithly mcans colpiled by CIAT and ott simple characteristics of soils as defined by the Food 
and Agriculture ()rganisation (FA{) soil iap ol'the world, wilh a scale of' 1:5 0()1)0(0(0 (LNEP/GRID, 
I1)X). 

The CIAT climate database now contains data l'ron) ovxer 17 00() stations throughout tie tropics, 
over 800o(f these heing in South America. In general, the distribution of clinate stations follows that 
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Table 1 	 Number of gerrniplasm accessions from countries in the primary centres of diversity, 

their respective contribution to the core collection, and selected passport data 

Accessions Accessions 
in CIAT's world in core Origin by Bred Collected 

Country collection collection province county coordinates lines in market 

Argentina
13()li\ri' 

17) 
I 15 

15 
2 

065 
97)5 

65 
1 

05 
06 

8lonlna828 7,8 OW) 591) 3309 95 120 

(CotaRjai, 
[ thll(r 

270 
701 

1() 
00 

114 
665 

121 
5)1 

72 
458 65 

H1hlvad(1 214 5 O1 82 if 

(hutll4.I<l 2 181 70 781 686 400 50 

IMhIluraN 486 6 245 287 07 

Mi..i( (4 4027 400 3728 3502 3182 87 620 

Nin JhIg, 
Peru 

284 
2081 

6 
350 

79 
1795 

179 
1577 

(4 
1451 222 62 

Iol I 11417 1022 84 I 7 7679 6238 454 867 

interest 

with regard to beai ermiplas il. These include the Orintoco atnd Aiazon lowlands and the eastern 

plains of Colombia. areas itt ,hich native bean gernlplasll is scarce or ion-existenit. 

stations does Ilotitatch that of heal accessions and 

of' population. Inl practical term s this nieans that the areas with least in1formation are of little 

Nevertheless, tile distribUtiln of1climate 

illilerpolated clitate \ allies ,,vere nceeded for spaces between the stations. All stations in the database 

halvell ha e measured lMealnmeasured rilitl;ll records, about hallt temperatures and rather less have 

rane..As the altitude of acollection site strongly affects temperature,casurtled diurnal temiperatulre 

the altitudes ,,cre taken 11'0111a di:ital altitudc model (NOAA.198). This dataset prcvics the most 

C41111011 altitude (1noLtIal) iinie a Net of grid cells (pixels) dimensioned I0liiinlites of' latitude by 10 

niluteS honcituds: these are appr\ixNiately I,x I kin at the equator. 

The ietliod of illerpollatillt i tlproviLe 1repieseItative value for ach grid suare was to 
sLair whichsearch the databae fo the ive ',tation,, closest tothe centre 01' the trid poIssessed 

retd data foI+the Vitriable. I ence the pl-ecisioll of'tile rainfall interpolation is greater than that forillea.i 
teilperatrll,. \MhiMh ili l i thllant'reaterthat for diurnal temperature range. Insome cases allfive 

,itt ithin the orid square.v. .ere widerspaced. Usual ly, the live stationsiolls fell v. Idle inOthers the daait 

vcrc distributed aroiuilnd tIle estimation poit bll in ololle 1oa coastline) all would becases (such its 

to one ide. 'The Nlectioll and ilnterl)(flatioll prtOce(Ilre wls attonMtic. Tie average of the five stations 

thte sLare Of the distance o the pixel centre as a weighting factor.was calculated using the ivers If 

'hiN llnirtes that tileintCrplilatet kllfrace pIs)ss NlliNothlV the exact of aIhroIugh valuies at the sit,. 
station) Jories cl a!.. 199 1 ). 

The eflfects oil telliperalure \,ere cliifinated by correcting allthe stationof, clevation illeall 

emperature data t\ Iea i a lapse rate iltel developed at C'IAT and based oi datl.ilevel vale from 

Richl( I99t)). The interpolated tenperal re dala v,ere then corrected usiing the satillemodel to the modal 

atitude from tihealtitude iodel.
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Figure 1 	 Bean germplasm distribution in Jalisco and Nayarit, Mexico, superimposed 
over the ecological classification 
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The interpolated clinlate and soil fIlIes \were used to construct aclassification file based on the 10
minute grid. The classification kas developed in collaboration with members of the CIAT Bean Team 

and the Genetic Resources Unit. Four factors \were chtosen with a limited number of levels in order to 

keep the classification simple enough to be used: soil characteristics: expected phenology during tihe 

growing season: water stress: and pllotoperiod at flowering (set'Table 2). All these factors require the 

use of the modal or most probable data from each pixel. Thus the classification gives al idea of the type 

of areak and CaMnot be used to identify precisely the characteristics of acollection point for an individual 

accession. 

Table 2 Factors used for the agroecological classification of continental South America 

Factor 	 Description 

Soil 	 Good mineral soil
 
Poor mineral soil
 

\olcanic soil
 

Phenology 75-85 days: lowland type 
85-1 IO(lays: mil-,ltitude 
)ver I10 days: highland 

Water stress 	 Less than or e(lual to Ittstress (lays 
More than t1 (lays)stress 
No season toLlll arid) 

l'llttperiod 	 Less than or equtealI1 hours of daylightto 

More than I i h(ours (it (lylight 

The soil factor was created by reclassifying the 133 soil mapping Unit codes from the digitised 

version of tileFAO soil nap. This version has it nich higher precision than the 10I-minute grid and 

tleroioi. the centre point oft[he grid %\astaken as apoint quadrant estiniate of the most likely soil. The 

reclassificatioun prolduced four soil classes (tthe last class 'Aas elin ina.led froimt[lieanalysis):
 

" good mineral soils (good structure and drainiage. and high base sttiS) 

" por n-ineral soils Io base slaltis :ald nutrient dcliciencies) 

* wllcaliC "o I Andosolsi 

* inpossible soils Irock, salt. solonetz and solodi, soils) 

"T"ocalculate tie other factors (phenolhgv' during growth, water stress and photoperiod at 
flo\%eriiI t. tle long-term1 monthly mean data for rainfall and maxinum and miritiuin temperature 

scre interpolated to daily data using the Forier algorithm described by Jones (1987). Daily 

es apotranspiration was estiniated using tle method described h _inacre (1977): the water balance 

v,as C Using tile WATBAI., h11Catll.lled Ilgoritlhn ltdlie d fron illethod Used by Reddy (1979) as 

reported inJones (I987).Soil nioisture-holhding capacity, used for the water balance Calculation, was 

estimated for representative profiles for each of the FAO soil ma11p units. 



'he 2frox inc season ",as d'emld to start \"henidl I ter coittelt had c\cccidcd 501f o 'potentIial 
for 5 das and tlohi\ Ifinished fhen ax aihIable soil ,alter ,\as lessIthLan 501; of potentIia l for at Ieast 8 

JThe iclIiAircd cro hlp pWriAd I icriti, . IIalhltCd 'I IClI'iOfn 

of It'Itlr'raturehased Ol data roti l.aiii ci al. ( )84 . i m litojorii criod effects. iluillei ofl 

Ct'ollSeetUIi\sLdI. ,, ItlIiItit--lh \x C c Ia

Ilh.' 

strss (lax s "a s calculated as theuilt1" of dl\ .,'durin the riqil.tred nt "TxUf'iI\l"e liei tiial soil
 

iloisture x,.asless thii Nff' ;Ofl",oil \atr c'iaci,. lie philoop riod ;it th ,iiiatlcd l ofloxx, rit.
 
"xas calcuLathd and recorled.
 

The possible collbiIIal ions of all Iactlor lx ls rsnlted in a polteliitl ()f5-.distinct eii\ ironniental 
Classes (3,oil x I cmx IncIn seasons x Inos0n0 ie 2 o" A fut*h %added 

-
,l , topilds cI',lax as 

for a hi ltnd tixirol'itl x he.rwth e "loi t picolo, ccL'C dfd 3 . da\ N. lhis CIL\ irIiiiiiicit is 

e\ trciiilx iar, It to oilxIaind is ctlassified as Cold. ( )f 488-1 aL'c'ssioh. _27fall ito this catcco., 
The Classificatioi itself ca ih ippet.d :'clitL l\ nlt scaes. forI Stil AiiiCicat " ltl 0111 lt , bilt 

also for Africa and Asia. T is illlportll coi l cs for tile el t"f coi,_ s.n,1, iCt c iiieiit co'llctio 

ltci C\l'IiKc has bee Inti tS theo ',ld e\iSiLd,it of 'aLrotohwica. databass,,. 'aknls,oftare nox 

ceraipII ili accession t Acr_'}oceC 

u)ints 11e a\ailalh.. ()iir iOacli ptsi,,, tole need high uulit, prIof ally corded 

forl ait'.l.{I all i to tle \alit ic.'al class if stlif'iciitll ,asS tttdata 

f01r tsio 
Collection data onl fnrL'C accessions. en1-. iIcr.asi.l\ lisi x Positiotning"o this th,.e inc , (lobal 

S\ sttiesI( u;IS>Icold bel .t illiialnal, tool for "Critplasiti L-\xplorllits.
 

SIATFl"ION SCFIIAI : "llYBRII l RlI'I, N.dl)FI..\ II-I.,NI)UO\ 

The Itlel used takes ittto aCcotultt the clo stitnLthi of Ilie collection. the '_'iCal1t-rCCoOl classificatrion 
and cx olutiotalx kilux\ leIcd. The slcctioi xaitadmade illtxx% phases. First. ahaseline of I0" vaxf alsed 
as the ltQ'jcclc'tl relpreselitatiOn Ofeach cOMitrx ithe lpritllly ce-ntres. I)eplidihg2 Up)oI specific factors 
or sitlations. te pt.'itax aS idlnsta d up ortdoxx Ii acordiii to a sitljcclxc x c.iplued stra+tilied 
lliodtl. ('ate \as tllltito elinie proper representation of the ttlit ajolgeil lconols. Catcniala 

exiiple ofa major adjlinillt u'!l' 'tl liot ill core collet.C 
The collection fro ( nat.la is beliex ed to has c been ittrondu ito the ( 'I.Tceue baik sex cral 
titmes aiid is tihs higll r,'petitix e.'. tifir 1titirpl . 

pto ides atlil tit the lo ,ctrrccpreas h iOn. 

as,, Id othical ofh ,t\ attio lliits the tepro sellta
tili of (nteitlat acssis is stroill. re.ed ln the core coitViaed x\ith the reser, e ol('CttiiOl. 

Once the represcillttioit per cotlllt\ \\as determlllined., a threeC step]) lI" C', \as ituIlulcIlld to 

prioritise and classif, accessions. lirst. allarbitrarx ,icht xx\as aissi.,ned to g e gr;tphical areas 
delitiCatSuill shiiilarada itatiot /ones xxith ii areas of Ih txx mohaJor Ltic pool]s. (;ertiiplasi froll areas 
x60h ita lot histor, of beun fproduction xxetc assigne.d hipher x"ihtit than 2crtniplasti frotn areas of' 
recent initroductiot . For example. leh tlt,retiot of central highhatld Mexico represents a1sizable 
pt)mpIIrtmNo thel tid plrhaps for this reason is \ ell i tlie gene bank.111national p)rIductim represented 
I hi\ix., beau ctllt. atio i il tIls area is IphlltIltellIntl oti \ the pat 5ff years. andc exIlsi\ 
therefore tiaterials frot thi,, ix ia \rxeicht.area x\crc loxxe-


The secotld stIp considere.d the classification ofl crxx ivrItlntll,ased on
bea ll n sblli detailed 
agrocc, ghiical data as descried catllier. A cotiplete ti"ap of the atas ofitlietst in the Contitnent Was 

0000f charts coxc2riic Mxico. nd th" .,w 
xxith tie classi!icatiotl SLIperit11pot)sCd. The"ditributiotn of culli\'tt¢d and xwill accessiotns for xxhich 
coorditmtes xxrc axailahle xxwas idotted at cxactl the sate scale and prjeclitt (.' Fiure I and 
oerla'e.d on theinap. Athltonh this ste p xx as nottilccssr.toItrrixe ;ttai ailOtcoli>cical clhtssific:ition 
pr .cofth'Ie ghcrlplasi1. it x'as important itl 

produIced. Se\ral I:1(f ft enrad Ame'ica Atndes xxrI pNutted, 

oiduer to gain a visual apprecittiorn of the distributlion of' 
collection points in relttion to the agroccologically classifiCd areas. Iithis \'.'. xxe could readily see 

http:tilccssr.to
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the iClationship"of Collection poinl Io ph) ,eal anld tian-made features. I \itas ohServed thatlitany 

pointIs acc YhcscSin SUIsl bCe IdilIeI\% crc c ItIStered onI itnajorcitIiCS and Io\% 1s,. 01 i', Itd Col lCCI iOIl 

iii liiarkcts (.e bible I aid in this cas, the c'oorditutes \ ill [lot be rCprcCitalis c ot the auroccological 

COltiitOilS. HirctCorc Ihese aCCCSioll' cIC Cliltnittat.d in the slclionl ofIhC COr 

Gik el the imited ni.mb'r of ac'CCsions S,iihreliable COOidinateshC. criniasilti dtabllase ,aS 

Suhid Coordinates lolli olther jilfolilialitn. Forcclcd Io i iorOIIi{!h imeraipalion Ioidhntil\ ,cograllic 

C\iiplc.itfipat"Splr collector hil ilIdc a field col Icclin il tihe niciLihbourhlfild of'Alianda', in e\C\ico 

and thiS cil Ilitalmi,she onl. gcialtic indicator in the pasport data. Ihen Ih CIdieoord tit ofhe 

CIIrC of, .\ralltLS ,ild he CntCrCd in the dataaile . 

The apillthe c lissificd C'w, irlilinclsl \%, Icn plotted (o a I i-niitlciaster in Order to relate it 

to the sbscl LteLiiiipIiSil acc \60otisssilhcoordilats of their ,ite of orioin..\ F(ORTRAN 

riniet1l1lC \ A', 5 iienC hi idCnlil, tihe corresponldine, pi\cl in lie rasteIr classification tile for each 

til us iihthC agroecCOIgiciI for each acCeSsion. 

)Ithe II0ilLacce Slons, onl; 4X0) htad pro CrdaL. I1l0sCl. OOLld ,as oblained for 
CLCsioSloll. flits p idd it 	 clasitlicaliOt 

co\rac 
hich 

Ilcil t ltble 3 Iprc'hiils of the 2-135 idlcriifiable Nicicant accessiolts by 
ArTcnliia. Ilili, ( 'olonibia. FCtlalOl. Ne\ico and PCIt. s\, IC)rCscll the eilcr parl of tlhe 

crcl. i brcakdosn 
ci'.i'otitlitentala classes'. 

el of slratifictilin relied Ol ll)to )I\ sioltical data. BisCd Otil th hlhit. seed 

sI/c aid seed cohloIF data. ipical latidraces sscrc cieit a higher ei'lt thani amre'lltodern" or 
[le third Ih', Iol	 l 

TableI3 	 Distribution over agroecological classes of the total Mexican germplasn and 
the accessions in(Jlu(ed in the core collection 

Soils 
Good Poor Volcanic 

Phenology Stress Daylength Total Core Total Core Total Core 

I hanI'idl I Ince .SI rl 1 41 10 
IOng 95 19 18 6 12 4 

Siress Short 07 7 15 3 
Long 104 15 2 I 

)ry Shol I I 
I Ong 2 1 

Mid-altilde Free Sltort 74 4 

Iong 54 6 9 2 175 33 
Stress Short 94 16 8 2 

l ong 80 9 4 3 143 17 
Dry Short 24 2 3 

l olig 12 4 4 1 

Ilighlind Free Short 2 1 
1olg 14 4 37 6 

Sthess Shoil 9 2 27 1 1 
Iotg 59 I 1 112 9 

Dry Short 3 9 
Long 931 86 1 135 19 

lht'll 	 1610 191 35 12 790 121 
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Commercial gellotvtes. Th'e weiohs for these traits took into consideration tle characteristic of each 
of the Mesoanerican ailltAnotaimigc pools.The liil sarillplim,a as based oin[he diflereitiweigtrts 
at cacth stratificatioil Icxcl. 

A prclin linar	 ' coil pari son ht ell io zi/nes ill a sallllc of accessio s fromir t ruilelprovinces 
and those ill tire i ervian accCSSioiS includCd in the core clle.clion suniLests that fhe sarliing xxas 
valid A.Valderrallia and M. lxallaa. nnpnhl.M). The core collection lrox sorll 100inclides Isom 
ac'sioilns froll Collntrics in rlre jirirlnar%cCnt1 res alit covers -19 out of I'e 55 possibhlc ecolol-ical Cl asses 
f.e ltable 4). uuriltrerrore.', l0 accessrons tront secorlldarv ceritre have been selectedl. Since passport 
data are nl-exitICnl fiOr ilost grlplan om scolidar, centres, 1totatlv l rerit approach x,as 
filoxed in its ,lc'tion. A, rrerrtioiie., eaJrlieCr, lh %\illrIot10 det ilCed lire'. Briefl\v, tire broadesl
 
treCnltilatior possilC xxas o ilt x ithill s hacd oriral
broad rc,eio characteristics and plant hit.
 

Additioillal\ .1(Mslirdailrd ied lines arid -10 kc\ )tllrplosCs
laidraccCS we'rC incliudCd I"!', fclllipariso.ll,
 
as \cll as 'elite haCd liiso/.vrics, phaseolin, lID)NA or other iolectilar irikers.
4(0 ic stocks 

.\lthonluh tllishasic schlme x ;isned to "elecl tlle colleclion, adaptations \ eCie
col riade'lepridinig
 
upo llt dihata aaiiableWe ltiAV\C noted sllcof liesc adaplatiois, aild while tliese wxill he specific to
 
the I'IhIamoliA collections, xxe iress thaI rescarcheis \orking vilh otlher species will lC'iC0irlitrtheir
 
own pirjtilr lroles.n accniriUh to0ilre Structtre oh their collections and tile
datlait their disposal. 

Table 4 	 Number of ecological classes per country for the whole collection and the core
 
collection from the countries in primary centres of diversity
 

Number of ecological classes
 
Country Whole collection Core collection
 

.\rg Inlir .3 	 1 
IHolix i'i I 	 I 
(olomhii 20 	 13 
(Cost Ri( , 6 	 2 
: Uo( ir 16 	 9 
I 1,Ilvilor 	 2 
( unil 23 	 11 
1 ldrrsl 7 	 1 
,\ei(o 36 	 32 
Ni ir,gul 7 	 1 
Pteru 21 	 13 

1o at; 49 	 49 

BEYOND THEF CORE COLLECTION: THE NEED FOR AN INTEGRATED 
AND SYNTItFTIC AP'PROACII TO BEAN BIODIVERSITY 

The essential purpose of [lie core collection is to improve our indCerstainding of' the stiucturet and 
distributioln f to took for tise'til0rleCtiC dixCrSity so that researchers know x here best ienes and, oil 
filndili mnultilpI sources oil a trait. wiichl iithre genes involved have tte highest prohability of be ing 
distinct rid thus amnuable to recombinatioin. Inlscrving this essential purpose, studies of the core 

http:fclllipariso.ll
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collection s,.ill be undertaken w.vhich at the outlsetl mnay appear academic bLt will contribute illthe long 
lerl to ilte practical itili-atioll of germ pltsm. 

Th clreco llct ol ,ill h Charlacterised at t orplho-lph 'sioIogica l anld nolccular lcveIs in order to 

stu itie ceietic ,trltIe-ofT . lar/,tcl'liL gernpl Sill.\Vork isnow beill' conducted on classifying the 
Core collection tor seed plrotils Iclin and phascolill and tileulse of ,Iutch it, on restriction fraplrent 

llutlh pol.'i\rorpirisri R ). raindom amplified polvntorhlpic DNA (lRAPt)) and hvlp-r,'ariaIe 

plobes for finrlprintirr the Collection. Such chlrarrcterisatiorr \6ill also serve to ilekntify allele 
Itre-Ltlcircies. dtetcIt dupl ici" -t ak i te ittlof the Core. Gerriplasinrups aid ad Iu,tmetr, r constIht 
frot1n le'iol, 'iuClh,(" rlral \erica and oIIIrth-N\,e"tenas t SA !,cls to be lurther ilnsestiriated to 

dterrrrircr it., tirpOrtanc,. 
ill sers e. aim' treans[Ire t'c coldlec+t-tion s,. ;l,, rior eff~ic.ientl.\ idkertiflvrt rressitrait , arrd new sources', 

ofltraits rihead srrudied. It ill alsot ito rress. sorticesn tl res+is.tartl,,.'kn or kritowl s.ources hultsu",e. ide.t+ntits 

illtlit.rert -,crre coir litrtiorr.. SincC \\ Care LIcil irtl \k ithr tMs0 differerlt -'te ptOIS We carn expect that 

tssiCtinorts oftralits ,.l bIe difI cretlit eachCrte'n pool. F\ iLleclC Ire ulslulne-'s, ol'the core concept 

irridcilti t traits is,urcrrit beirte dt ururited at ('l,\r. lClhei r r' screerniis for 

lhtIipltlrus Cfc.ierCes iderrtifitd frot \\]Ill response.lia,, tcCC,sioil, spel'ic regiolls desirable 

Scrlerrllru i additiolll geririplsr reLiorrs perrmitted the scti.ctmir o 'it tumber ofd fllrirr tIrhC,, lareer 
desiraible erokll'.
 

It isl t\pct.d that tIre core Collectiotn v,ill be reuesnted b\ riajor gcnre banks, and breeding 

IIOr+iirrlimks, ItlSouthtAilic lrd .\lricl iter',,tdl itt broadenir tireir .t'ntetic variabilit, withtiu tihle 
burdlert ol lIrrrdluiL a sevcre o1 adaptation betsCcII agroecologicaliuee numbrer,. I los c",t-L'. lack 
i 11tili,is d arrrorg gkrtt t, ti Ir ttalr.v se\been obsrt pe, ftottl dis elre re \Cars,. Th core+collection 

,
orllit Il a ol rci''t'lS cittite tile 

acdpltllihr ofl/I Ilo'r direct t ele\ arca it is therelor likelv that trattsfer oftie 
ill t of accesi"Oll' rCprsrtrre'CIti ,i1rOeCOi aL'+ll icros's tatllee ot, 

rd. ntrodicton toll 
Cerrir core co'lk-lctiorr \k ill be irelficient sirre oltilc rraterials illav tnolt elivt tite areatrilrrlr\ set seed ill 
ot trtoductiotl. A tiliciOus prslr Ct iort of the collectiott could a\oid this \iasle ofeliort h\'scu.ding 

0ntis tio , rattrirtl it i U,. lik 'l\ Ith' ditllteL 1t tile rc'iotll. 

Sirci .l ofl - r be elfective gerrrplasim transfer. Arlr,-breih rrilr. examplellin rIpIlortit to acii.e' 
of this miiht lhetle tritste of pltisphtrits etlicielrc'. Table 3 , ittls a large nrumitber oi"accessions 

itllin,, \t ' tie tid-althiudes atid hill1il1d, of Mexico. Thesefront plroht ui,.r'ItIs-lii\11! OCattlIic soil it 
tilteI i ,itos Sm,\Li\ ip rildll)tatitn ,tIloss altitudes ssiltre ther tre anant phophtitrs-ptor soils.Prior 

brietlirl it ic .ithiludcs in lite appropriatl .troecoiogical situationlard it tadtl transfer to the 

talldot e ssith irbreeding, otiradaptatioln to the ItoCseCrC\ iliots Nvould rCsult ittlln eTicieit trarlsf'erl 
ulilul traiti, toptshto rnlt-poor lo rind i osl,+. i,parlt of' Bra/il. A ntetwsorkstich approach is 
irctttitettCl 'k ICuebs ditlioit diflerent traits ordatilotllie allt_ait titlinder difteriltl envirotnents 
ctuld be pooled pro , idilg IpIktN citllitool Ior selctling parental raltrials for a pre-hrectilig effort. 

the n ssild arid Ciltis'alted P. Vl1l1/,,UiS.C\lll thaire betI Ctr collcliotiI is aiticrocostniiI ofIboIti 
It IlIl itsCll Ifluriher tidst oftfhe es ollintiot ofl the species as, a crop. This \ouild entail idCntifyinie 

,
ipiirii.ild piopulaitin, % ithic'h i~tld lia\c s lristl ierisk mitterial ittitinitication. Thiis would 
tell) to0 utLh utILIbetter sNhiallimitatiots tIe iltitirl lfurtnder effect hiil Urllt P'. i/ei'i.s its icrop. It 
\ otlul all, is art sich traits haveI etvuli / sidT, l )i)rciairtn of1 l since LlOItesicatiorl ani which traits are 
trul\ iC't-ral. ( )nC ig1ht e\pct little sariabilit\ ill tie culivkated bean for an ancestral trail derived 
troitll iCotmtont antcestor. (i the otlr ititIL trail \ evolved Since domrnestication lray", ssIici ea\s lihave 

C\ o(LiCotLliS rrsls itt dift esk iltoIniItS. 
It ss oii bLIalsl s riSusfLril to kio\ lonle iboLIt tire sariability of diseases and pests at the sites of 

rreint, is t the Lii veritv iln the hean rlraterial. Where there is evidece of'co-evolutionand locirrelate thi 
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,and locall cOIIIIitI of" lt cCrshlt traitts. lree,,I thitl lI litore oildc, a )d gtrItp I a"tnIIsIpecilist, (cu' 
,,crs primilk, Iall& ICC Mtt l d51 heatv t their d,trihutitn \, ill bet reflect the reuional,,\ila Ce 

ditrihtit1 Of thC hiottC anod abiOtC cota,ints. lI uSe fthC ecore mid reserve cllettiot:+will require 
it inttCat.rtd jptOZICh t0 htiild trls uifulLdatakbas, , hich shonld coImWt~ie passport (lala with 
CCteOUtIC0, li.teal Classifi.atiol Cthnilwbtanical tif1irtttait atnd ttol+.1cuMr daIttt. 
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1/ Spf (iIl CO /mnIIth I 'lichigain. USA:I 1 /r ' AI,u1 (i'mnC/aaIni"g Ibis Nlilhigan Statie 

I 1111erilL. 

fr1ow ( .. Tliuc,..iand I)ebuck. l).( . 1990). It ild/11',,, f I'luusohuu vnleiari I-.: Oecipil a1/1( 

!)otIltu/111,, Call. (o14lha/R4'll. Iltals: (I.\I/Il'GR. 

t NI IAW( DI. 19.". lI () Soij/*lap N t4 1Iut "Ii' ki /i 1) O Scmls15, Th'solution . Nairobi. Kenya: Global 

Re oumicc Inforin 1 I)aasl. 
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A v-S,. Cie 'ubllicatuin 

3.2 

The use of characterisation data in developing 
a core collection of sorghum 
K.E. PR.'. \R.-w and V. RA,,\H. Rm)( 

A)stract 

The ranee ifgenctic v'iriability in CLIItVatCd sorehLllll is verv extenlesi e. The International Crops Research 

IlnstitLItC for the Semi-ArMd Tropics (ICR ISAT) cotlserves lver 33 It0 accessions of sorghiliul from 86 

co unric. al nplopriate Si,-C for a virld Sortln COlIlection inl iew o1 the platlli, jeograplic tlld 

tt\)IIiOliliC i , lsitv. Although sever;l ,ubsets ol'tle total ,,orld collectioi (Sich as a "woirkilg cillection' 

and t baSic collect;ot" ),, ctc dIc\ clt'Cd tor litilisltiiii 'i sorglihtiI scicili-tS. t lecame clear that these 

Lxets '.,C,,rc location SlpeCiIic aiid did [lot ei a l'ilir representation off the world cllection. This 

iccessitated (lC d oe oIll I e I ',, Iicli 'A ulI CttffcCtivCIy r'ple "CllI lie gelet icI I a it ot .II'',iIll cIcllc(Ctiol" v 


d.irsity it, the ',,orld collectiion. 'he c'oncept of it
acore colle''tioi eelled ito serve this rlurpose: 'ch a 

ill provide plalit breeders v, itli a to thoie The ola small collcctiiin.collccltiol %% .atel, 'k rld collectio. lie 

Simiil:i to a cure collection. ;',as tetcd ill ['thiopia and resuilted ill the release oL t','o improved cultivirs.
 

A core collectioin was ,stablihlielCl I ('RISA'V h\ stratit'ing the total w\orlM collection ueographically 

atd ta\otltllic.illv iitoi SLb. 110l,.i Accessions inl e.aCh siih'kp w,re thein clu.ste'Cd into closels related 

grotlN b., oil chiaracterisiotiio dalta. uSing principal cotllillloits tnal'sis. Repr'Setltative accessions 

from each cluster were Llrai in prtoorli to the total iLiiber o-ICCssiiiiis prtit in that subgroup. "hus. 

a stre2hinii core collection of 3-175 i.cccssioii <, (approiitlitli IIt'0 of the total ' orld collection) was 

fhirnlcl. The core collcctioi 'lct, cinliSts a \k i oflii+kin arl;itivel\ rapid assessilitt olthe diversity 

llCseli sO th il i t'Cihlll itI!,Cl' Of relatel i!Cldt11ilasll acce"Sioll C
a l  e tested siibSelIeitlv to idetiti f' 

promising accesions for Litilkisation in breeding priigrililicS or fr direct releaseits imiproved cullivars. 

The co-C collectioni will not affect tihe conservation of the 'A iLl col lecti(iti (f soridw iti gerniplasli at 

ICRISAT. SticI coil serval ion, boti at ICRISAT aid it otther centres Mhclie dLI plicate set,, are conse erd. 

kill . tItliiitLie. 

ti IIe world's cereals. It is aSorehto ( r'ThIthum )ii'colr [L.] Mo ench) is fifti in il pLort ancC.a nog
species of tropical origin, but il recent history it has been adlapted. through selectiotn, to teiperate 

regions. It remains the staple food of nlany CLountries ill Africa and Asia atid is iow atimajor feed grain 
Soouth Africa and the LISA. It was probablV donlesticalfvd incrop in Argentina. Au;ralia, MexiCO, 

Ilt+ 
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north-cetstern Af'rica. in anlarea extending from the FthioIpiMI-SndanIse border westwards to ('had 
M)otcelht I97t)0 de \Wet el 1.. 1976). Frot this area it Spread to Indiai. Clhin,., the Middle FI.st aid 
lurope soon after its domie,,ticalion (Doit-,,,Ct. 1965). 

."Q1,k,/111 inllicusel variahle g'ns and is stubdisided into thle sTtions (haetoS()sotrhLill).is an 

IIletrrosohniti. arasorehtil.Stiposorehttnl a id Ontiorht. 11 Sorehutt 
 section incltdes ltfivalted 
Orait stll mm t,a Ct-ttIplc\ otfC'hsels rlltttl aIMatl lta ot :''O\ll'fica and a collplIc' of' perenlllial tax 
Fomt stIthitrn] Enlrolpe and .\sma,,i I1078). lhe ranie of t.cielic sariabilits as ailable in cultivated(dcWet, 
son.zitLlll races+ and their s,ild relatk Cs is \ Crv ectnsi\e. \lremlII ty pes are so dilereit Isto appear 

,e..liae So),c(..'iC,
availahble dis ert.s,, attracted te atten~tin ofhreeders, an~d btanttists atbout three' delcades acto. Sinceu then.l 
Itobe ( ,d Rao0 Mid Nlti.sl,ia, 988). T 1chiectioti m:1n1d ctsrvS+'ttiott of' th1e 

itt t disappearaneI fl any lanidrace, and the rapid. lr'-,C-scale tliCstrnction of nraIrI0 ha+1bita+tls Of 
hn\. ild ntid \k ed\ rClati\ e,of sotlim througllh nrbanisatioii and intistrialisatioti. the conservation of, 

oceeticIr"n rc,.Of, sorni ha becom c fincreasiglyl'v important.
 
Ftaiblishitiw a \ stem t srvie , n ii germphasm for presnt nst:,1 for nltnlr'
andll 1unratIiS 

is the ehltal rSponsibilit. Of tele Int.rnational ('rlop Research Institute for the Semi-Arid Tropics 
I('RIS:\I). lhI (Ctl tic Resonlrces init at IWRISAT currentlv conserves over 33I 1I0) accessioms of' 

sorih1nn, collcted fromt 86 colrlies. It ik e\pected that this number nay reach 45 00(0 by the end ofl 
thIk decade. 

SIZE OF FIFIMPI.ASM COLLFCTIONS 

The ,':es' olfueruplasi collections have cr-nown markedl,,. Mamy collections are so large that extensive 
evalltiation is impossible lor all but t 'w clhracters which M readily and rapidly discernible ott single 
plant,, 00r e\tl)Ici, sone itorplholoical taits.c 1iemical differences delcctable by spot tests, and 
major .e, fo diseas res,"i'tance). (netetr LisofOerMulasit1t. collCctions Cndld be mad., particularlv 
fora \\ ider ranle of charcters, if a small ntber"ofaccessons \l to be givent priorit\ ilevalnation 
atid titiliatio . I h te ,nits totie ntbrf sple's that ca1tn be1hiandled ,..leffectively inl pror-amntnes 
I'tr the \lalitoll and ntilisitiott of gellelic eonlrces. "Thes limil a.e imposed prinmarily by the 

rlThue oiftlthe pnts.orull uilstoll)rd tcollti amItICRISAT is approptriatte in vie'w the geo,'gtaphtic 
and taootnic dive'rSit\ of the pint. Iloss ever, this siteC is imposing cotistraints oti evalnatiotn, 
llailln nllcand tnse' t hulecolielioll. 

Basic Collectijoti 

Iofacilitate the use ol'ti world sorghutn collcction at ICRISAT. a basic collection of' 140()0 lines were 
ca mefltllv cho,,ell altd ,Stratifleid bv race. slbrace, geographical distribution, antd ecological adaptation 
Ilarlan. 1972). The selection wsas ttade i ICRISA Center (near Patancheru, inl Andlta Pralesh, 

Ildia. at I N 78 F). ,\t this location. many tropical hmidraces did not flower or flowered very late, 
givil a elsxpressiont tflutcritltic potential. tIltmiately, :tbecame clear that the basic collection 
,' I locatiotn specific and did not lis' a fair represenitatitnt oflphotoperiod-sensitive germphas Ifrom 
sCI Cottltlltlie, Ethiopia. Nikaria. S .d1tt IdYe1eI1. sillits (i.'(etu1on, t most latndraces occui. This 
hiehlichiteud the lted to develop another stniall ctllectiom' which would effectively represent the 
ge.ltethC diieritv preSeIIt inl tite swrld C-llectili. 



C'ore collection 

(ivell tile l l " reduced Si t' -ermlplasm collections, Fruakel ( 1984) argued that a collection 

Could be prUlled to a 'corc collection that wouldlepreslnt tile t-'ileClicl divrsitv ola crop sfecie, and 

he dicrde(I lt rtititled as thelCltis CS. The acCeSSions lot included in)the Cole \olll nt 
"rCevC colct-ntiol'n Bls\ II. I 98)9). The tllill purpose oI tle core iS to pr-o ide efTiciclt accs to tie 

ill tile \s hlC col'ction rIe 

it" ,kil a 

slltc collectioni. I is iinpollIt that tile lla:jor killd, ol diVeiit\ preCSeit 


cprleitCd ill the core Collection, Ius lpr.\ idilig the hrcdtk,. \, imitile liealis )l 'applrausilig rClativel
 

held ill thellltl the li\ CisitS\ a, alle'hlC. thi,s \ olld theft nide the lIetlCi tt[ci lated snrecC 
ill oflW lS..\'l"co llc titmofl ctllc llcclitljl. Fl re\', illI.. \. file s.sl , i. ll lliopia \k ith asmall pot 

\ ), brC desl ", totldllhih t Ithle sorh121i rr I' totll'es l"o tmlell lmotld nlt-,I 

.\rica nimoerilIe lijel railfall aild ilitCrelidiIte lltitLC ColliditioIrS oIthilpia: 
sCIctedtl 'oiLrehtii +iCCC lls I 

South ll kai rs" Idid \\ e cll 
\'rica (278 accessions) amidtlttilmaely t.\this lcd to time tcstin2 otflt Coimlete sctt "katirs toll SoLuth 

Iccessions,. IS 193)2 and IS 9323, \\CevCleased tor lamg.-scaile p)todtImctill ill the lakO, Birr Vallley anitd 

Jiilllla arllas , t lliopii. sshcrc icc'hllised ItiilliiLe is ,ssiblIc (Nlenkil and Kcbcdc. 1984 ). 

Icction at IWRISATand(ll{\pCi icll sorltirlll hrccder S,.ho are tiilill itht t the)loftil u lleOP1 

if ,,a,
the locill Cm, ivolritelllntll codlltliOln areAle to)Specit\ their lUniUlCnent s " ill auCh as to make it 

P'r l( RISAI' gene batik siiel to conduct a ciollpnteliscd ,ell alld providevrclati el, Simple em, 


a list of appl riopiacl or scicltists iliiail aericultnraIl reserclh svstn.Cr, hiowever, the
accessionls. 
lad: niall\ oli th do iiot linkc uSC of tile Itcilil\ it (RISAT becanse of,proce)u'ss is less strail r iitlr 

on tile ioclillatic Conditions intheir kilck of lfailiuit ssili the collctf;ou iiinll/oir \k it detailed dat! 


tIme alcilr liich thie\ icCd ito biced illpr)ved \ lliclic, aid 1 lids. A ',Ore collctioi ould make
Isi, 

it easier tio pro'0vide- mmcl iciti " s \s fill i indicationti CilCtic di aiilaL. lhnablii, thenlii\riv 

to sClcCI dCiiilelC acceSSions li thcir lo'o.itiol. ( )nce' i core colle . ion Starts pllticiig anticipated. 

it Call he ueelleUi1C I'Mtdriist'ribtiont]Si6 tlecin te costs oh,
leSnlts. t Iharoer tintit\ of 'scd frommi 

ic. of"re'-miCmelaltiol i1d this help tonin.ullicaliti ald distrihution; this tt1)111 lso rieneT tihe lltle 

t illiiis- t-le ic drilt. 
Stcitill i ctore Collectioi at alter the conmservation strategy 1tr"tile worldm('RISAT \ ill not 

otllhc \\t rld :ollctliil will continue at I('RISAT-andlat other centres whereL'ollco.-tioli. (onservation 

duplicatCe seal,OrelitlltailCl. 

IS I\HIISIlIING TIll. SOR(HUilM COIRI COLLECTION 

to select the core entries.I LIaiinL, rc1-'tiniCd the eeCLI to establish a core collection, the Inext step was 
taking into account theThe first ilaiOr issnC t0 N! aldreCssd was tlhe number of*entries. Ii Sorghum, 

ulh wthorld tmllccitmiialid the genetic diversity presenrt in the crop species, 3500 sentedptle,,tue t,int 

!i0be anll Ir)opF'j~riait unllliberl (irtmiihlv, I(1:' 01	tihe world Collection). 
id and wCLV races otsorghuim because of problems in'Ihe decision ssas then taken to e\Itd-

hnlltlline tlheunm. SoiP ateC dilicult to c1row. whiie others are seriois weeds, especial' lhose with 

,istancte orl tolerance to lpesl and diseasess soturces of resII 

but the\ call ptserious threats to agriculture aid should he handled with great care. Moreover, they' 

need ditie remit t\'pes ot descripttlrS ailld Lesciilpitor saItes 1t0r ctlharacterisat ion. 

The Inext Step was to allakl'se tie world c)llecctiv," , .:;:,.--ss tle getetic ive rsit y. ('haracte ri sat ion 

dt;la Were usedthi di\vide the collectioI inlto rilttd g1oup1)S I'rtllm which representative samples could 

rliiiimcs. lhese ssild faces nilaI tave valu , 

he taken to 'ori the core collection. To idenil thiese roups, three types ot data were used: 

http:svstn.Cr
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Scouitry of origin (representing geographical diversity) 

" taxonomic groulp (lrepresenting taxonomic diversity) 

• agronounic tralts (uSing the numerical data fOr cluster analysis) 

Geographical dala 

The or igin, doo est, icat ion and early distribution of soghLm is particular' important for phlan
breeders. The geographical origis of the plant have played an important role ini the evolution of the 
dikcrse races and subraces of cultivated sor,,iunDislincl races occur indifTelent atl oclllatic re.olis 
and differ frml each other il miorphology aud some aspects of physiolog. Natural and liuiMan 
selection have aicte(i together t IpOduce cultivars thal arc physiologically stited to lie region where 
selectiol occurred, and culiurallh suited 1o tIle n,,cds iild expccta.Ilios o peole,,.,in ireaIS where 
sorZ7it has be.cromi fo Celtlrie,.Al IImltant ctnmseqLuence of' this selection is that each race 
of sorghu m"ha , bcome ecologicallv and culturall., specialised. Moreover. there appcars to have beenl 
ver\ little eschanee ofI,,rhum varieties of different races iMnong gmOtipS of pe)ople (Stemlhr elel.. 
1075). Because oft his , 0geographical diversification, hlIeplace oflorigin of each accession played a key 
role in tile Cslablilshmcnt of tile core collection. 

"TOaxonlmicdahl 

Cultivated sp)Ccies of the genus Sor,,hum are f'requie ntlyv mMore variable morphologically than related 
wild species. Snowden (1936) recognisCd 28 cult ivaled species. which lie further divided into 156 
varieties and IILieouslLs fOrulllSm. These spccies v.ere combined into the fbollowing basic and interiiiediaie 
races by Ilarlam and de Wet 1972): 

BooIi+iC '.'(, llC~l'l(' l (' ,S 

Race I hcolor Race 6 uim'-hicolor 
Race 2 .,'uin'a Race 7 CUo1d,im-bIi/or 
Race 3 calaution Race 8 ka/i'r-hicolr 
Race 4 ka/j" Race 9 durru-hi/cohor 
Race 5 durra Race 1(0 g,,uinu'v-caudalulm 

Race II ,uinva-ka/ir 
Race 12 tuiml'a-durra 

Race 13 klir- 'audatun 
Race 14 durra-c'audatin 
Rave 15 kair-d'ria 

Intermediate races hear a fairly close resemhlance to the basic race but they also incorporate
characteristics of the associated basic race in their spikelet morphology. At ICRISAT, the entire 
collection was classified into these five basic and I0 intermediate races, using characters such as 
spikelet morphology, panicle shape and compactiess. Based on this classification, representative 
samples were taken fIor the core collection. 
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Agronomic data 

The sorglm germpnlasmil accessions were sown at ICRISAT (on Vertisols) during the rainy selsoln ill 

Jlune hIa in Observations on 

flO\ering, plant height, and basal and n idal tillring were rec'orded only in tlie rainy season as most 
of the tlopical ernllpla"iii is phlopCriod-selnsiti Ve during this season because of' longer daylength. 

The samnaccesions %%erc so% nagain ill the second fortnight olSeptember. 

the second l rtlicht of1 and rveScd Novetmher-l)ecenmher. days-to

the Iost-rainy season ill 

With the shorter daylengtlh in tlis seasol. l a accessions, lltose l'roim tropical Afi canifIC.lulitI1 

Loitltli clelark. 1uriing this season, plant, paicle and graiin characters werei, lhowered coillslrii 

recordtedl. ObCrialtioiis on Illidrib c0louri\were rc'Corddlat ala leal'staoe, and other charaIctcrs between 
chariacters \vere rcorded~t the. lahoratlory. T'he dtat we'trefloss eci7 aidtl iatirii\. (ilrlin +ilfter harves't inl 

docuiilltd and Ct)i.iirisel along \\ itli passport ililformatioi. using, a VAX I 1/780. These data are 

maintained undei :ie I('RISAT l)ata laiaeitci etirieteval SN'slti (ll)MI4RS1. 

All the sorgihmllil erlilplasll accessions available at ICRISAT wcre characterised using 29 

descriptits passIpioti. lualitaliC, ltiatllil;,ive and classificalion). lhe total world collection was 

stratil'ied _'Couralpicall and IZi\oiioiicalfv ilto subgTi1roups. The lfollowing descriptors were used for 

clusterimng the accessions, \ iltin each s lblotip. using principal Coiponlents allalysis IP('A): 

-i-/u'e',iue. ubero s from meain ciergence date to lhe dalte when 5 plants 
li\C lailt flos erilig. lhis character is very' iiportiint as it ildicates the cCssalion of the 

vegelative phase. The pliotloperiod influence oil IloAering bhaeliviour during tile rainy (Iong lay) 

seas11,on is ver\ and of fhe tropical accessions of' West Alrican ori.gin did not flower or 

Oa hS iilli dlta\ ' 

ltli sotllic 

Ilo' ,.eredc ve'ry late.
 

* c1m1)I/m! /n'i,"l'/: This is the lelth of the illain lstalk (ill at 50)1~ flowering. Ten selected plants were 

licasured and tle meiiall liiliei ghi wis coiLpultd. TI ai otler iinportant charact er iinfluened by 

Clelic and elnvirointllial variaition. Photoperiod inluences this character in Ihe rainy (long day) 

Season. 

" 1111,e.est v.n .r llo Ill liii iti ice1e.se r.tli a Lretlastihe animon lt olexposedi' " inSlMoierce *' ill i ie 
lie tie base of' panlice.peI inleIerotli flag leaf*toe The greater the pedunciCle exsertion, tile more 

desirable the accessioll f'or plant breeling purposes. 

" or ,1,z/7m' c'11t h /: an Il'/: These are lie two hasic chliaraicters that aifwn lt yield. Openness of 

the panicle islinked with ihe( taxontonmic race. For exaiple, relalively high yields will be obtained 

tloiwi ilmg to tihe cawidatillilrace wit ia comi pact el Iiptic inunl'orll aii accessi hibe panticle h.av ing maxi i 

lengtl1 aind widdih. 

Gain covring: character indlicaCs tihe amount of1' hl'his grain covered by gluies Itiniturity. This 

is ole of, ttilistiiguishing chaacters useLl in the racial classilicatiorl o 'Cultivted sorgh.inl, The 

variatioi, ralges between completely' open grain ind(completely closed grain (scored on a 1-5 

Scale). 

" Grain 'cight:This is the weight illcrans of 10(0 grains at a iloistare content of 12%. 

'lhe variation ainone itcCe.ion,4 for al these descriptors is given in Table 1. 
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Table 1 	 Range and standard deviation of the quantitative characters used in principal
 
components analysis for developing a core collection of sorghum germplasm
 

Character 	 Range Standard deviation 

Daysyt)-tloxvering 	 31.OO- 9.U() 92.0( 

Plnt]height 	 34.O0-55.0()0 22.34 

tnllorc,,( erie v\,,ertion 00.00-71.00 	 10.27 

Inlhores( v1(e 	 tlngth 2.50-16.(10 22.31 

hrld( )re',,u 	 1..(ll 9.20idth 	 |0 -80.00( 

(riin (oering 	 1.00-5.0 2.73 

Irain weight 	 0.72-8.92 3.05 

Grouping the germplasm accessions 

In the characterisation of gcrnplasni, each accession is represented by a point in a seven-dimens ional 
Space, [ile c ord ina lc, x hich provide an indication ol'the scores for each character. "lus, accessions 
x.itll ,,inilar responsC a1mong these characters can he grolped in)close proximity hithe seven
dimenitoal ,,pacc.Ill such a 'iltialioll. I'(,\ allows a reLulction in dimensionality. In nost cases, the 
fir,,iO lxprincipatl comnpommmlit, to\ er m,osl of the inhormation. and allow the data to lie presented as 
diffcrent point,, in a tv,o-diJinsiOnal ,l'mce. lmegroup..att, he formed with etpes,uciorpyvisually 
(SAS. I. further selccion. individual accessions can[).or he drawn from each group proportion
l.'k to lepir-cnt enetic diverity. For eamiple, in the stlb[Olu) SRtdanll-d/ural 224 accessions were 
divided into I I rmlps and 22 accc,,ions \%cr randonfl' selected fron these grolp.s to represent the 
genclic dixetsit, Similarl., inl the suhthroup (anlbia-,,inva 46 accessions were divided into five 
grops, and tike accesions %%ere selected frot these groups. Using this procedure. itSOrgllll core 
collection consist n, of 3475 accessions, appoximately 10.1 of the total world colleclion, has been 
e,,tab ished at ICRI SAT. 
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A Ie\ ts tP .iliu11m, 

Developing a coffee core collection using the 
principal components score strategy with 
quantitative data 

VS.H..,()N, /X1. N(I/Rs( )1 ,-dF.A,,,i ,,ION 

Abstract 

'FTile ct'teeufte p ol was exam ined at tlhree h'vels: biogeogiraphhy. gereticlntic orgallisatioll of tile 
resources1and available dal;l. This investilliont inlicated that .core collection for eotTce should consist 

of 88 ii l p cc.rding to thir gene'tic history and [ht available verietic.rity et-uilps of thee t. ,,. 
kno% led.r:a ( 'u//e iualji ca tIio r\r. a Cat..'.,ir\ conitaiIniv.\c II--,t udicd species lchas (./ihb rica and 

itc.i.rv,, ith i1r.. .lei2 .lCC ,Irl iC. (, utic/l'ra. and a.L a lulllm r t d .pcLieS. Ditfferent ss\ re applied 

to the threec categorie.. Aler defining the diser,,t, groIups. t e ere conducted. using data obtained -or 
I' COIC sIrategy )!'fr de "lopilt'nentlpC. /ihurif a. on a lla methd IIrin).ipal i c'nfoll.- a core Collection using 

(liitittive tl:i. The retSllts shos. d that a1bout half the inuttia .\as obtained Mien 10); of the 33X 
gentypesx , r. s,,e : ll ott lutd nIst , leOf5()+ utlt"ese .llotVpes.lec.tedand. ot intl.lial saob0ta ined s, 

Selttig tll a core collection implies the selectioll of a limited nUllmb1er of' accessions which are 

ge etlly reprcsentativ,. of the ctlti\'ated selICteS and its Wild relatives (Fraikel and Brown, 1984). 

hie llain objectives of establis hing acore collection are to f*,acilitate the managemient of'germplasm, 

rLdiuc the Cost of, conservalio. and prmote [lhe diffttsion n:id resources.the use of genetic Brown 

(I t989., )suggested. ott the basis of allele fir-ILeticie . two types of'strategy: the first. fully random 

satnpling. can be used wheln the etetic irgatisation is unknowk n: the second. stratified sampling with 
three sampling possihilities (constant, proiportional or logarithmic) is appropriate when itformation is 
available on tile target spccies. 

Creation of a core ctfllectiot for a Liveti crop isdilfficulIt s1'he the gene pool is large and there are 

different evolutionar\ histories. pfidV leveles arid brCedirig behaviou rs. and when the extent of 
know,.ledge of cenctic diversity is not the same for each species, several beitg well studied but others 
still u ridesc.ribed hi tanicall. Tis is riot helped by tlie Ie\'eI offif'ormation available inworld 

collections. It has been estimated that sotne 652( of accessiotns in world collections have no passport 
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data. 8 f/ are not cliarac tersed and on IsVI'' hav'e bee n ex ten sis Iveseva I ted W.e Ic 1rIdWill I tials.I s 
1984). So. despite lhe simple I'ormulation of the core collection concept. tie stratley to be used is 
dilTicult to define pr'ecisely. 

Colfee has b,!'en wvideh collecled (tiertlid and (harrier. ]988: A,,nthIony. ]992). Illterms ol 
sttoraite possibi litie's co'tffee'u see.ds ie conside'red atsin~.ltemdjiate ...the, eurrerilti,. ca':lnot be colne'rved' 

lone11 thall I Nearf'Ot - - ad so tnlCc resources, trecOtnsersed in filCd collec+tions. The cult\iVated 
species. (Coib'ue funhiua. is 55ell ktna\o,hut other species are still IIdesCribd. The iiliintenIirnce f1' 
coflee uenetic resources iltile field is e-\penrsive. tinlie consuring and suhject to the risk ofl'oss. lit this 
chapter . ill first define tie diversity groups of' coffee arid then descrihe the applic';ltiOn Oi the 
principal cormlponents sCore strsllc) l(PSS (de.sigIed to ntiixliise the eleh+cted inertia, to a.Well
studied categorY of the di\ l'rsity loups. 

'
IH NITION OFT IT )IVERSITY GROUPS OF COlFll+ 

Main biogeographic groups 

lii A ric:t ari ad ahtasca r coffee trees grow Under the canopy ol'tropical f'orest. Species are distributed 
accordin to three hit11rrIerplhic units deliriiited . the mozil- .ari1 canal ard thiedorsal of Kiwu 
located in the castern part hlzaire. \bout 1(0(0 taxotollic units have heen described b\ manry botanists 
(for exanple. Chvalier. 1947: lridsoni arid Verdcourt, 1988). 

The most ecorrorically important species. C. anuui.a. is native to and geograilphically isolated ill 
souther n E-thipi:a. northern Kenva arid southern Sudai. West Aflrica. cof ee species.particularly inlii 
tile ,ith clirirate. hrave tree-like slle arid Iori'-.thin leaves. The periodareal i liincoL-CIoriiotse 

betcicu fIo\Cri g and riperlinin raingces fron 7 to 15 mointlis and the colee bean11,shave Irelativel' high 
level of,calffeine content ((I.5-4; dih%%eiht litLst :\flica. coffee species have characteristics oln. 
erophyllus adaptation. Plaints are bisliy ithnsniall thick leaves. Beans have a los. er content of 

catffeine (()-Yi'th\ ee fin. .\par frorrm tihis suhcritinental differentiation, well-diversified groups are 
lso InuMild at los.er guIgaIpl)hic leVelsI (l-erth:nd. 1986: Anthiorhny. 1992). 

Collected genetic resources 

Apart f'rom (.un.hu'a. which is at lotetraploid (2n = 44) and self-Ifertile. alt C(/hi'a species are diploid 
(2n = 22 aind self-sterile. The diploid species all have the same genonie. Because C.wabica isvery 
different both itthe ueneic and the economic level, colee egenetic resources can he divided iti two 
categories: ('.arabi ar11aldIle otlrer Species. 

For ('. ua/ colleclmrr Was clinducted ill1964 illEthiopia, the centre of origin aridi'a. it itissioli 
domesticatiot. 'lie missiorr to collect cultis ted I'orms was organised by the Food and Agriculture 
Oruanisation (IFAO) arid an as ocialtion ol cotffle producers (FAO.1968). A collecting mission. 
focusing palrticulrly on 'native types', ,,sas undertaken it 1966 by the Office de IlaRecherche 
Scientilfique et Tlinilue Outre Mer (ORSIOM). Somc 196 samples vere collected by FA() and 7(0 
h ORS'OM I{'('. I, 1er0ar(97). With tl the actuallield collections, the base cillection is located 
irn Jinna. Ethiopia. arid a larie tuniber of other collections, partially duiplicates. are located in 
('amneroo. ('sta Rica. ('C6e d"'Ioire aind Kensa. Isosrire studies IMVe shoWvri that the MnphihpOid, 
sell-ft'rti e ( ar' ia'a is claracterised by tlow level of'genetic diversity. with aipolymorphism index 
of"0.(03 cormpared vith 0.)5 or the diploid species (Bertho ard Trouslot. 1977). 
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\I diploid species are nlative to Africa and Madagascar. ('ollecting missions were conducted in 

eiucht countries bx ORS'( )NI and the Istitt di!Recherche stir le CaMetleC'acao (IRCC; for arev iew. 

fhe reader is referrCd tL I at1id and Ch arrier I 988). In West Africa, collections ,%ere nade in (C+te 

l'ivoire and Guine:i; in ('Central .\frica tey were made inllCameroon, the Central African RepuIblic .rd 

the ComnT: and in Fai Africa they ,.ere made inKenya and Tanania. Ahoutl I ; 5(01 genotypes \vre' 

collected. reprcenting 75 ,pecies. The only field collect ions are in CCte1d'lIvoire for all African 

accession and in N ada auiscar for ill iag.iscar species.INI 

diversitY groupsI)efinition oft' 

Fo build tip tlite c.'ir cilcelii nWe Isd atdatabase (-ASECAFF)with passport and eharliceriasation 

data it ntlinv, I992 31nd iltludehi . Passlport dit11are s'Stema UItaxn011011lic idnt ification, origin, site 

allt1 type of colfleceted iimateril. ('laracterisation data are alIso available, as are dala on th liocation of 

the plani in the field. ilte year of' planting aid the nature of" root system. h'lelist of descriptors is 

Preseit.d ilnTa le I. rlie list inclutdes both morphological and biochlenical dala. As for other crops. 

lie availaifitv ot'cliaracterisaliln dala depeinds ipolln tile econtiilic imiiportanet' of thle species and tlie 

pritrities of the ucnetic resotirces cenire. 

n mairsCdi collecting and characterisationthe idenlificatioln otllC Coffee diversity grotipS We sti 

reports. and s\ nihesised tilefollowing genetic L alniaLion dala (Charrier, 1978: Ilamon et al., 1984: 
otr 


Table I Coffee descriptors used for characterisation, recorded in the BASECAFE database 

Characters Descriptors Coding 

Molphlotgv Leatf diniensiois, 

Frtil ,1tak lnrghll 
Frtil dimtenSions 
Bean dimenions 

nim 

mm 
mm 
mm 

Isoiynies" EstCrases allhi, bta (lhodic IEST) 1/0 
1/0dehvdrogenase (I([)) 

Malate dlihydrogenase (MDII) 1/0 
Phoslpho-gl( )-isoimerase '('G) 1/0 
PhtOsfi)o-gltu( -nLtiSe (Il(GMK 1/0 

Ismcitrait' 


Fhiwering Inlrensily ((stinalioi ii flower numbter) 5 classes 

I'r dLut Iitlm Mature I ,rry weighl by pasSage kg 

I(-( gy 100 beans weight at 12' moisture content ghhii 
ComnerciaIl iffte yield % 

BIio hemistry Caffeine w-)iiv(,lt in green bean / dm 
Caracoli beai rat, 

Fertility Filling OVnle rate % 

Berry filling % 

(0)
N ite: a Presence of an allele (i);lack ofan a llele 



Table 2 Main diversity groups for the core collection of Coffea 

C.t, Ii(i P)11( (UitI'11t)i ~ Nasb
 

Siipi. groups, Ititli iI\ (IQ ild' uitsN 4(r,.b
uliaed 

SirtiiuI(groups., Iioiiii;t flks [III(l(5 ribtil (81grml)s) (7-) 
C. "p. 1- C. sp. 'Ngongo 2', 
C. sp. lTakc si C. sp. 'Ngongo V-, 
C. ',I. Cog'(.sp. 'NkouLl)A) 

.C. Sp CMvulSp. 'Song-Mbong, 

COInIple g[0)tJj)1 122 go)IJ, (oPP) 
C . Intt ipt 's 010t (arieroiirt, Kriumh-LOonv'" V,11.hth(eowlV') 

C.. iL11ephoii)(I. keLiIv(di, sir igo iafir' awis),0,N 

C. Iilqel(iii I(guntfan', nwon--,tmgolirvn l' 

( . 0esslii11,,mtiobt,lhriuil1gi 
. lsbeo-ha/l (gumeII, Iri n" Kto 
. sp. Nflooina (SimboloIid, oirk' 

Nadagast~x (5(0 gr hips1,1 

C. aretsiana C nillotii
 
(". mgi.igni( ri C tlluefeti
 
C. hermlrai C. perrieri 

C. f/ hiv~i C. salarviensis 
C. hifil,f0i1i' j C. rsikaraha 

C. 1oheioph C. lrhona 
C. (hoirhoaa([roe tns C. IS11.irnanac 
C. Itiik C. VA~it I'lime 

C. ginwih01i C. ks'aug'nii 
C. kianjasauwtnsis C. vianne 'vi 
C. lanuitidw C. ind. (20 unkescribed (axons) 

Nt:a Diversity groups represented in the current Corku core titilettiori 
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Berthaud. 196: Bertliau,l an] (harrier. ItSS: Anthonyi. 1992: Rakotomlalala, 1993). This resulted in 

8X grups fr the core collection (wc Iablc 2. There are 64 sinple grtoups that correspond to 64 taxa. 

A further 2_4rotup are compltl)e',these gruls correspond to nine species, structured mainly according 

to ecological reions or to iorphtoi\lpes. 

Till: PRINCIPAL COMI()NFNTS Sco((RIE; STRATEGY 

Statistical procedure 

i,t define tile 

describe tle asstullptions on \)lich the stratcov is based. 

Diversity relates to all that is lpotentially diverse and is a function of the genetic material and the 

tools Ued for it , estimation. I this context, variability, in terms oflthe statistical parameter 'variance', 

is a part o4 the dliversit\ restricted to quantitatiaive data. Inertia is the celeralised Stlm of Stluares of 

Ntandardi,,cd and independent variable,,. I a givcn diversity ZsIstllle that is no 

To avoid ainbigen itV, we will difference between diversity, variability and inertia and 

1roup w.We there 

reCloduC If\ barrier, apart Irotni self -incompatibility alleles, and that the principle ofgeneral additivity 

for quantitati\C data ould be alpplied. We consider that a cross bet\\.ccin two extrene genotypes is 

possible and that all intermediate plhlenotvpic forms cal be obtained hy recotilhinationl. 

I sine qliantititiVe descriptors, the ,.;ariability of a given set Of' gelItvpcs depends upon the 
difference, rccrded bet.,eci idkiduals. Ilere. the d istamtceini Used to describe differences between 

imldi,idual, Ihas the folo lin- characteristics: weight to tileit is metric, gives the same descriptors, 

ax id, the co-linelr it eixx cemI dcCriplt rs, and retmoves the residuatl variati lily. PCSS consists of 

three steps: the application tfprincipal components amalysis WCP(A) to the quantitative data; the 

coinputerisatioli of the ,cighitCd -LuclideaM distance betwv'een individuals: and the selection of 

gctlm.s that ,naximisesubset inerlia. 
The choice of the eigChted Euclidean distance allows the two first conditions to be fulfilled. The 

distance (d,bet,.een t\o individuals (iand k)is: 

d,= <V, I(X,, -X, I 2: 

where: 
J = number of descriptors 
s, = h descriptorstandard deviation of t ie .il

'[leco-linearity between variables and the residual variability are removed by the use of PCA. This 

step applies a P('A to the quantitaLive data table inorder to obtain new uncorrelated variables (the 

eigenvectors) and new coordinates of each individual. The residual variability is removed only by 

considering an axis with al cigenvalue greater than I (by definition the number is L) 

The sccontd step computes tileweigited Euclideal distance between individuals, using new 

coordinates on the 1 first axis. Weiohts are Liven by tile square root of eigenvalues. Thus, the weighted 
Euel ideanl distance between two gentotypes is: 

(,k all - 4 '-I X,,1 . 

where:
 
I = the eigenvalhe value oflthe jIll eigenvector
i
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The third step applies the tfollowing selection. Let us consider the total inertia of an N1 table, 
where N is the number of genotypes and L is the number of uncorrelated and reduced variables. It is 
equal to the product N x L (Lebart et al., 1977). The inertia of one genotype (Pi) is the sum ot squares 
of their tactorial coordinates fOr the L factors: 

P, =X 

The relative contribution of each genotype (RC i ) is therefore: 

W, = P,/ IN I) 

The selection procedure involves searching for genotypes which have the higher RC, Then, step 
by step. we add the genotype that gives the highest RC score. This procedure can be curtailed at any 
moment. either at a pre-selected level of inertia or when acertain percentage of genotypes is selected. 
Theoretically, the percentage of the selected inertia using PCSS, with random sampling, a large 
number of descriptors and N infinite, increases linearly (see FiLgure I, curve c). 

Testing the PUSS in the Coffea liberica guinean group 

We applied the selection procedure to a set of 338 genotypes of C.liher.;ca which originated in the 
Central African Republic. They were characterised for I I quanllitative descriptors inl uding morpho
logy, technology. fertility. biochemistry and agronomy (sve Table 3). 

Apart froml caffeine Collment. most descriptors are not too far from normal rand( ,nvariables. File 
coefficieni of variation is generally 1l0-2(. excelpt for some descriptors such as cau fee production and 

Table 3 Quantitative descriptors used for characterising the Coffea liberica guinean group 

Characters 	 Descriptors Code Mean CV (%) Skewness Kurtosis 

Morphology 	 Leat length ( n) LOFE 21.8 10.2 -0.3 1.2 
Le,af vidtlh LAFE 13. t 0.3 0.4(cm) 10.4 
Stem diarlaeter (cm) 

6 years after planting CCOL 10.4 16.5 -0.2 0.6 
leight or firstpersist hranch (cml) HPLA 49.5 21.9 0.6 

Maxinlum tree diameter a HPIA 
I 5 classes) JUPE 9.6 20.0 -0.7 1.7 

Plant total height I113 classes) HAUT 10.5 28. I -0.4 

Production Mature berry weight by 
passage (kg) PROD 31.4 53.5 0.4 0.6 

recinology 100 hean weight at I moisture 
(ontelt (g) P100 14.4 20.3 0.4 0.2 

Commerc ialcoffee yield (% TRDM 15.7 15.5 -0.2 0.6 

Bioc henistry 	 Caffeine ( ontent in green bean (%) CAFE 1.2 21.7 1.4 3.3 

Fertility 	 Caracoii bean rate M,,) TCAR 28.7 50.3 0.9 
Berry filling (%l TREM 71.8 13.1 -0.4 

0.8 
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Table 4 	 Correlations between descriptors and partial contributions of the descriptors to the 
principal component axes 

IU E PVariable I ( )I F ,.\LI )(( )lC(I)IALJI I-IPLA O0 TRDM TREM TCAR CAFE PROD 

I ( WF 

[All 714 
)(I )11 7 8 12 

C()I 13 5 174 884 

II.,\LI 210 2 59 692 711 

lLlIT 8 120 510 591 411 

tifl, t1 15 M12 278 252 123A 
'1) 9 127 211 27-1 285 226 -19 

IRI1)N j 125 151 171 276 154 54 555 

IRU\1 112 101 159 134 251 9] 105 167 549 
(\AR -I) -40 -_18 -4:) -155 18 83 1 -351 -785 

( A,, 121; I ,9 -1 -10 42 69 25 104 71 75 18 

'R( ) 1 16 98 -12) 480 126 324 165 203 232 251 -230 -104 

Axis/descriptor 

I 029"91 117 041 696 662 364 114 203 251 230 110 4 394 
2 (1.2" 
SI2.18, 

I (1) 
707 

I() 15, 
703 23 

157 
8 

30 99 
2 

21 
13 

25 
3 

320 
17 

580 
20 

550 
37 

20 
103 19 

WIll 807 81(M 817 801 692 465 148 231 588 830 697 127 413 

PCA axes 

indicate that the first thrce nain axes have the following features: axis I ( 30,')plant shape and vigour; 

axis 2 (15 plant fertility: and axis 3 (13' )essentially the leat polymorphisin (see Table 4). The 

caracoli bean 	rate. where it reaches 50(,;. Correlations between the descriptors and tile 

I 
distrilution tf the genotvpes along these axes did [iot reveal v defined subgroups. The group 

lest. miade 1y clusterinemethods lollowed 1w a discrininant analysis, confirmed the lack of a robust 

suberoup and ,,as th1w ilaccord \\ith the hypothesis ot asingle diversity group. 

The effect of selection on tile 	 I.Curve (b) shows that theinertia retained ispresented in Figure 
selection of the first 10' of1 most variable genotypes corresponds to 30(, ot the total inertia. Tihetile 

level of 5(0' inertia is obitained with 25'; of the genotypes. When \we repeited the analysis with only 

the three most inftoriative descriptors that is,those wvith the inaxinluni contribution oIaxis I -stelm 
that 10(/ otthe most variable genotypesdiaMtler. berrytilling and leave width). \re observed (curve a) 


c0I)rres pi ided t0 45'; oftle total inertia and 51 ftie genoty pcs corresponded to 90% of the total
 

inertia. In both cases, the selected inertia using P(CSS was greater than that with tie strictly random
 

sampling Icurve c). which is theoretically linear when N trends to infinite.
 

DISCUSSION 

Global definition ot'genetic diversity groups 

A good core collection needs to define genetic diversity groups precisely and thus it is important to 

have standardiscd descriptors. The available data (passport and characterisation) are very different in 
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Figure 1 Principal components score selection within the Coffea libericaguinean group 

100 *- _ _ _ _ _ _ _-__ _ _ _- __ _ _ _- #.__A_--- -.---

8]0 1,}

0)) •'7 - (a) m N() 

r a 

50 710 (li -T 

)0

2( I .' m 

50It) .m N 

Nuile of g•lo~p,20- IN ) 13 0 5 0 5 

C~Urve (aI) Sampllingt with PCSS mid )nlvl, th te mo) infrfimative variables 
Curve (b)l Samp~ling, will) 'Ind 1IP(S 1l ri1~~
 
CurveC Samrpling, with ,a ,,it llv rmiom I)r( .,, 

nature quantliy and reliability. The starting, point is certainly le biological species. Whenlavailable, 
bolanical dlla ltlMuthe con'irmed byv iter-crossing tets ill order to specify the level and nature of' 
pulaivereproductive harriers. T[his almst correspo~nds to the former de'inition oflhe gene pools and 
comnpartmentls (I larln, 1975: fernL's. 1984). *Fie def'iniion of the diversiy 11,1011p must le more 
precie. Bioeoraphic data ()n le original sa m~pling sie Could te used o emiphasise ecological 
suhgroulps. Clillatic Md ped >hgicil data oil the sits of' origin are of' great importance. bll 
Ltinforunitlcy lhe\, re often niissill"frolm of inadequately covered inlcollection reports (Peelers and 
Williams, 198-1). 

(Loveless and I hinirick. 19 84 ). Cralw l'ord ( 19,8,5) repoirls thatrapid .11d re CenltS e 'iV6iioll is c o>rrelated 
With little or no ailloz,,,ime divergeiice, D~avisand (Gilmarin ( 19 85 ) stress hat mnorphological differen
tiationlcould e assoiaed wilhineligihle isozynic d ifferenlce. Despfie his, these factors are oftenl 
useful f,0r design slnlieis livid tie choie o~fsamlple's I'Or in-LderII lh ilr analysi~s (B3rown.l 1990). 
"lakifil C' ffic'a <a.Jll exa m~ple, lei is consider the dif'crences b~etween thie ory, and p ractice. 

Estabhlishingl a coffee core ollection:One stratlegy or nmore? 

As menioned earlier inllhis chiaper, we proposetha, f'Or coffee .species, 88 diversity groups divided 
into three categories (based oil knowledge of their genetic diversity) need to be represented in the core 
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collection. F:or each of, these chre calcegori s, different Strategies need to be employed in torming tile 

cie Collect ion: 

ie impoxrtiInIt species, C'. 411W b ib e (th'ee diveI'rs i1tierops IIas 

to be sUlicd Sepairately. This species is aiiipllid, ainto[gaioLuS iiIlas airecent dIOmenstic.illil 

history. In addition, its level of, iso/vinic pol'norphisinl (IIF =0.005 Is IpiriIticaillv ' low (Itlcihlon 

and ilslot, 77 i.The enmctic hasiS i narrow andmosildl 

I'.Irni'alaciateo I The CcoiIoIicalk!llv 

t aIccessions in collections alre gclnctically 

closelh related. For this spccie , v orkci.sto-,lt cltlivated oriciil intalints and v'ariaiits. To reiiove 

redulndancy' in the collection, detailed idtici fication illethods hiVC to be Used. snch isfingCri)rilt
1992).
It)2 (and random allplifed polynorphic DNA ( ,AP)(IlatlrS et Zil., 

or breeders" collections, described illainly by quaintitative 
incI \Vcisin et ial.. 
Cn-reill, collection, are oiiokiiie 

characters, for which )('SS \olld be ilpl
rcpriale. 

A catc l cntaininelillu -sndied s.Id species: 'or a large iber of wild sllcies. few studies 

have Ibeei Conducted and Si)nie spCCICs reiCiiin b0tianiclll\' uIndescri d (84 diversity grplIlS). 

'Ilie'e specCi s. dip)oid iild sClf'-stCrilC. riChighly licterov/eoiLtls. Blrow11n (1 8t) i) lIarithmic 

straleie\' iscet-liil\ the MosLsitablhe Strlatelg\ for this ciategorI. nforillaly. in [LIriCC it is 

f!ifTicnlt to coniiserve suchlaIe divCrsil'. The'geniic iesoncC, of' Mildiaa ca'r Species (5(0 

ire not availbC ontsid t1he cOLnntrV'. SO. \,e c'onsidrCd onl tihe Africani speciesdiversis gn tipLIsi 
steCp.1irst colitI I i sction of' iCollstailttpS %% s t,35 di versity group Ifr Iic w cIose, i" a f I S 

iiniiber oft miotypes (40() llgrinips miked with all*a'illTable 2).t(fr each diversil 

,,Acatel.or\ coiilaininiII2 \ Cll-sttldiCd SpeCies. ':haractericd h IntlulitatiL\'C tLa.: For this category, 

%c sgget thalthile 'CSS,lpln'OCCdur. which is IaCd onsampling strategy isiml)roved hy using 

a simplelconcep aind is asSt' useWwith a standard computer. It allows tile
choice of' tihe most 

lhalt are iailriiable gCilotvp s. A for ollic methods, ho11ever, wC lCCd t(i be SUle we actuall' hi 

grp. ('oLntly. te nmlin limitatioin fo0r the lobll core collection Strategy is the 

definitioln Midtfhe \aliditv test ot'a diversity -ionup. ('Imoroplasltic I)NA isunsef'il to test p1hylgenici 

hypothesis heteeln gelCli o'lhC RN-LiiC fali II' Bre II 

di 201rsits file 

erCI ) 1).Perhaps the sysItIltic Study 
cotild be nsell for defilning theseof chloroplaslic I)NA %kthin atparticular llnI-.that is, ( ',//(',1) 

dikc rsitv -rolips. liespit tlii.,. the PCSS procedure. which maxinises the selected inertia. 

iintroduce", dc /i,.t) a Statistical saillpliig bias. If\we assnimle that there is no colrclatiot, between 
can be appliedmorphological and molecular markers and that tle postulate of geleral additivit' 

itJhn a diersily erotil, the ,election of" I().' of' the liiost extremlic genlotp.Vs, Using PCSS,ii 
tIh:orcliCliIl\ does lot prodLics less ltietrl diversily than a completely random selection tmethod 

13row% i. lItiLs, Ior the C'. fibTriC gnean grolup., 15.,of'33 studicd geOiypsS (not liar1ns strillatl! i 

ile f(/f ) conld captllure almost 6("/ of, tle total inertia using PCSS.rlomlthh3rlwM's 

CONCLUSION 

Several ditfcrent strategies, rather than iSingle Oie. shol d be used to establish a core collection, 

Lepdling nl only LUpon tile of'tle gen1e. pool bUt also upon tileOrganisaition level of' knowledge. A 

rcliable definition of' genetic diversity groLips is ilhen tileFirst priority. When the groups have been 

deflned. dilferent sampling approaches can l applied, according to the particular level of'knowledge 

and type of* available data.When igrotip has bsen weil studied interms of' quatitalive characters, 

PCSS could be hlpf'ul in improving the selected inertia. 

http:genlotp.Vs
http:catel.or
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A Wiley-Say(e Puhllicatiol 

Genetic markers and core collections 

P. GErs 

Abstract 

Molecular and biochemical markers such as isozytes, ULAN.Ps and seed proteins have been used to 

ciatracterlise gcietic (li'ersit in gernplasni collections,. IIttrn, this inforniation cani he] p inthe selection 

oia core collection that is more represettative of the iain collection. Genetic narkers reveal patterns and 

lvels of+ cntetic diversity that relieC thec\volutionary relatmshtp, of individual accessions aid can thius 

assist ill etClaled b\ CotlI,,nl IInCeStry. le \'t'iotiscateLoriCs ofidentifvying groups of 'acceSio s thtat are 

markers diffe fr several attributCs: level of pIlvilorphisint, de l-ce
oielnvirotienttal stability, number 

ol loci. iloiculair basis of he poilntorphisIt. and practicality. ()lieor other otfthese iarkei, can be 

clhtilCn. depending upon (lte objiectiv oirC(f ilte studs. Using the,'se niarkers it has been possible to idcnlify 

or cotllirillceilres ot donestication. hl SOIie cases, mlarkers ha\c hei able to identifv itore specifically 

tthanotter taits: s hiCh arca k as the most likely Cellire of dolestication : iruhtiple arcas ofdonesticatiom: 
iarcnt. Markers have bCCn used to subdivide the cultivatedMtid, ill pvIIloid crops. tlte eitth.e Or mal 

elie pool and thus delcrnlille ill sone cass whether )lelot.ypic similarity was atililaable to comlllon 

atUCCstrv or other cause" such as lvbridisatiun or polvphylv. 6Cnctic marker studies gcenerallv show a 

reductiont of diversity during dottnestication The pritcipal advanitage of Inoleuhtlar and biochemical 

itnarkers is that they, are geintt'llicinalkers and, helnec. will reiflect tie actual genctic distance between 

acce stios and their cotitmnii ancestrv itore accuratelv than plhenolypic markers. Their inh ttditsadxv'an

is that they are cruntberstome. and \ways to ('irtCuLell this disalvantage are discissed.lagle 


According to the definition proposed by Frankel ( 1984).acore collection is a subset of the general (or 

nain) collect ion that represents the gc netic diversity of acrop species and its relatives with a tiinirnunl 

of repetitiveness. There are therefore two essential steps in the establishment of a core collection: the 

first involves characterishig the genetic diversity olha species and its wild relatives: the second involves 

the choice ol'accessions to be included inthe core collection based ott genetic diversity data. For both 

these steps ,tsatnpling strategy is needed. In par, ular, sampling in the first step involves choosing the 

criteria by which genetic diversity is characterised. Plant gefnotes ilay contain sonic 1(( 000 genes 

(Kainalay and Goldberg, 198X0).Therefore, when one chooses aparticular class of traits or markers to 

clharacteriseldiversity, one perforns, in effect, a satnl~ling of the plant genotne. 

127 
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Various criteria have been uised to analyse genetic diversity if] crop plalls, including inorpho
logical. agronomic, ecogeographical and biochelmical or molecular traits or markers. ,ach of lthese
 
criteria have their advanlltalge and disadvanlages as markers of genetic diversity. Moleculiar markers
 
include any markers reflecting direct changes at the DN.\ seqtence le\el. principally res'iCtiOll
 
franeIInt length polyIIiorphisnIs (1Al's). Ibut also oilier narkers such as ranlomi alIpilied polINilor
phic )N.\ (RA.\l'l) and ilinisatellite markers. Because crop esolution studies require adequate
 
slllplinlg Of tile sequenLcinlg has rarlelyVi been used, if at
diversi!\ colitliied in the species, direct DN.\ 

all. becLlse of its el.oll ie
ililie ll t cnitall ss. 

Biochemical markers have included principally iso/yics aid seed priteins. Tlhe Ia jor ad vantage 
of molecular and biolchemical markers is Il ir presuied selective neulrali,. although cases otflloln
neutrality hac beein reported, such aIsWd/in ,o/phi/a (Anderson and McDolnald. 1 83). This 

iodistinguish those similarities th1ai to ci11111on antcestry 
frolm siimilarities caused b. com ecgelce. Il the past less vCar,.aii inlCreasiig alitii (11"data oii c'op 
evolution has ',ciimiuIuteLd basCd Oii imolecular and biochemical markers (review ed in l)ebley. I989, 
I092: ('legg. I')):(;epts. It)(),1)993) 

In this chapter. molecular lid biochemical markers will be discussed ISindicaltors of patterns ailnd
 
lhsels if disersi,. After a discussiom oI' the attributes Of various types of markers, some 


gleeral neutlralitv allos\s Ius are atlribtialde 

of' their
 
ciiiitributioii,, Itotr kno le'dge of time or'a isatiom ofgenetic diversity incropplants v ill he presentled.
 
This lype of, knoss ledge is a essential eleiment ill the establi-,iml.ient of core collections. 

ATTRIIUTI',s OF M()LIILAR AND BIOCICIILMI(AI. MARKERS 
AS (;ICNTIC DIVERSITY INDICATORS 

Molecular and biochemical markers have been Used in a NubStltial number of studies of gentic 
diversity ill crop plants. A slrey'of tHlitCraure shoss s that isozymes. RFIFs ind seed proteins have 
beeii uSed illo:oftel in these stidies (Irev iesved in D)eblev. I1)99, I))2; Clegg, 199(0 Gepts. 19(10). 
More receiitly. RAI'Ds Miid Sequences hybridiSing to minisatellite markers have also beet] u'ed. 

There are several attributes h\ sshich One can assess tilepotential usefulness ofa particularcategory 
of markers. These iiclude level of polymorphism, environmental stability, tilenumber of loci, 
milecular basis of"time polynlmorplhism and tileease and cost of'analysis (se Table I). Depending upon 
tile
objective of' the study, a certain level Of polymorphism is required: at higher taxonomic levels 
(species i)r abi se ) miore citnse ,-ed markers are needed, whereas at tlie populalion level more variable 
inarkers are desirable. I'lectri phoretic patterns should be free otiinvironiienial influence to cofiiml 
that Observed differences are genl)it ypiC differences. The inUmher of loci should be as high as possible 
and iprelerahly should be distributed at random in the genome to ensure adequate geiime coverage. 
The molecular basis of the ptilymirplhisiii (for example, nucleotide substitutiolS, insertions and 
deletiois, and cO- aid iiOSt-traislationmal niodifica.tiOlnS) Should be known so that genetic distance and 
diversity parameters can be deterniined. Markers for whichlite polymorphism results from simple 
changes at tilemolecular level, such as nucCotide substitutions (for example, isozymes,RFLPs),are 
therefore more amenable t(i such quantitative analysis than markers for which tile polynilorphism 
involves a more complex series (if events (flor seed proteins). Oti theexample, the other hand, 
probability of honoplasy is higher for the former class of markers than for the latter (homoplasy can 
be defined as similarity iii character states attributable to causes other than common ancestry, such as 
reversal or convergeiice.)°T'he methodology employed should be as inexpensive and simple as possible 
to permit the analysis of samples of adequate size. 
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Table 1 	 Comparison of molecular electrophoretic markers in evolutionary, genetic and 

breeding studies 

Seed Minisatellite 
Allozymes RFLPs proteins sequences RAPDs 

Polyniorphism 	 low Iiw-high high very high low-high 

Envirorlental 	sta!bility modlerate high high high high 

Numer Of It i moderate high lowW moderate high 
(< 50 lo(i) (< 10 loci) 

Mole( lar Ihi~is of 	 simple initeriediate complex Complex complex 
ipol,,iorphisnl 

Pr, cti cality 	 (quick, slow, quik, intermediale quick 
(heap expensive chea1) expensive 

S tire: (t'pl% (199 1) 

I essence, each class of molecular or biochemical markers possesses advantages and disadvan

tages. Depending upon the goals of tile study, one or the other, or a combination of markers, can be 

Used. In general, however, iso/yriles and RFI-Ps are preferred because they allow us to recognise 

holnolhogies and determine genetic distance and diversity parameters. 

isozynmes 

The nllain attribUtIes of isoZymnes include tile simplicity and low cost of' the analysis, the simple 

molecuilar basis o their polylorphism and a re asonable geionie coverage ( 10-50 loci per species). hi 

addition, sandardised experimental conditions allow Itsto detect genotypic differences although 

iso/.lmes are pIhenotypic markers. A disadvantage is tile general but not universal lower level of 

polymlolrphisill ( I)oehlev. 1989; Weeden and Wendel, 1989: Wendel and Weeden, 1989; i lamrick and 

(iodt, 1990). 

RFlp markers 

RFLAp markers can display a wide range of levels of polymorphism, depending upon the species 

(Nodari et al., 1992), tile genolne (such as cytoplasmic vs. nuclear; Curtis and Clegg. 1984; Palmer, 

1987; Wolfe et al.. 1987: Zurawski and Clegg, 1987) or the particular sequence. In general, however, 

RHI Js are more polynorphic thlan isoz/ymes. For exanple, in a di ect comparison between the two 

classes oIf larkers in tile sane set of maize genotypes, Messmer et a. (199 1) found th1at RFLPs were 

more polyiorphic than isozymes both ill terms of the number of polynorphic loci (94 vs. 68 %) and 

tile average number oh variants per polymorphic locus (3.4 vs. 2.5). Additional advantages of RFLPs 

include their better genome coverage and environmental stability. The molecular basis of RFLPs can 
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be as simple as a single niucleotide change which can lead to a restriction site loss or, less likely, a site 
gain. The likelilhood of a re peat inntaion involving a nucieottide change n+ay he Iiglher than that 
invol ving a rearrangement clharacterised by its sie as well as location. Tlirough restriction mappin g, 
it is possible to identify tlttmolecular basis of the polymorphism. although this limits the number ot 
sequences th1,at can be analysed (Weptsand Clcgg. I980). RIIT technology is cumbersome ald costly, 
vhich Cffectively limits ihe sample sic. 

Seed proteins 

Attributes of'seed prolcins as electrophoretic markers include their high level of poilyiniorphism, their 
high level of'environmental stability, although a few exceptions have been reported (fbr example, 
(ay ler and Sykes. 1985),and the complex molecilar basis ot the clectrophoretic aitterns that inricludes 
ntucleolide substitutmios., insertions ald deletions, and co- and post-translational iriodificitions. This 
complexity at the niolecular k-'vel. however, makes it difficult to relate phenotypic changes if) the 
electrophorctic bandinu atternl 1t c'hIIances at the mo10lecuLlar level. Ilence, one is ustally limited to 
phenetic anal'ses xx ilhthis catecgry of markers. A disadvantage is the low number oif' loci involved 
(usually less Itit i 10) (revie,.cd in+(iepts. 1990). 

Minisatellite markers 

Ninisatellite markers. niinl those revealed throtgh cross-hybridisation witli human rinsatellites or 
M 13-derived SCluences b(r example, Dallas, I988. Stockton et al., 1992), often reveal very high 
levels oi lxlytmorpihisii. The tingerprinting pattern does not appear to be in fltenced by environmental 
conditions (G. Soun'Mte Ct at.. Upubl.). Little is known about the actual molecular basis of 
hypervariable sequtiences in planls. The complexity of the tingerprinting pattern and actual mapping 
datla (T.Stockton et al., iniumber of loci are involved, although tileuipubin.) stiggest. however, that a 
genoiie coverac iiiay tiot be as extensive as that of RFLPs or RAPDs. The technology is similar to 
RFLP iecholog.x with tlie exception that sev\eral loci callIbe Sampled at once. 

RAPI) markers 

'he ailritagiilies if"RAPI) iiiarkers ;irelhalthey can be nore polyniorphic than RFLPs (Williams etal., 
1990), they ofter geiionie coverage equivalent to that of RFIPs, and their imethodology can be quite 
simple provided that a rigorously staiidardised methodology with the iecessary controls is adhered to. 
Disadvantages include limited it'ormiiation about the environmental stability of the polyniorphism and 
the mnolecular basis of RAPDs. 

INFORMATION ON GENETIC DIVERSITY PROVIDED BY
 
MOLIECULAR AND BIOCHEMICAL MARKERS
 

Studies Uisiuig iiolecular and biochemical markers have to address tilefollowing issues affecting 
organisation and distribution otfgenetic diversity: identi fication of the wild ancestor and the pattern of 
domestication, divergence within the cultivated gene pool, gene flow between wild ancestor and 
cultivated descendant, and fate of genetic diversity during domestication. 

http:revie,.cd
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Identification of the wil ancestor lind the pattern of domestication 

Ideilificatioli olthe \kwild ancestor isimportant ill crop genetic resources conserv'atio because it tells 
us \ lich wild laton contributed glelietic imaterial to tie cultivated gene pool. Conversely, it also tells 
Its \k hich wild taxa did not contribute eletic material to the cultivated gene pool. Both these aspects 

are ilipolrltit when idenltifl accessions fbr a cote collection that issupposed to reflect tile spectrum 
of, ieclic di\ ersitv for tie imllproveient ot tile crop. 

Traditionall\. the x\iht ancest or has becn identified oti tile hasis of' the overall morlphological 
siminilarit\ behteen thecropand a k ldlaxon. Nbore recently, other argueents have been lised. including 
C\ toenetic. Crossabilil\ and Chen.'lletaxon(ol c data(for e(xaiple, Simmonds. I976). It is clear fron 
these studics that the \\ ild ancestor. although sometinmes very different morphologically from its 

Ctltivateld decnCidanIt. is COiispcI \ iiil it aIdlbelongs 1t its primlry gene pool (I larlai and de Wet. 

1t)72). 
Molecular and biochliical markers have usually been used to confirm the identity oflthe ancestral 

taxon and il sonie cases to identitv mre specifically ill which geographic area dot nest icat ion may have 

occurred (Ati' Tables 2 and 3). 
Three Calses, . 'amav.%, Iham'lo vtularisand Brassi'aspp. - provide examples of the power 

of i1oleculatr iimarkers. 

'ase I MtIcc Iiid hl in ica markers havc confirmed teos inte as tihe actuial and immediated bit I 
progenitor of' mai/e. Multivariate analyses of' allo/yi frequencies i the genus Zva by 

l)oeblev et ill. ( 1984) showed that the wild taxon most similar isoenzymatically to the 

cultikars is /. mavs ssp. iarvi.Iugtnis (a short-spikelel annual teosinle adapted to inesic 
intermetldiate altitudes). Other teosintes. such is /. ma\*syssp. mc.ic'ana (ta large-spikelet 

anlLual teosinte adapted to arid high Alittldes). /. l.rialls(in aiinual teosinte froti ,outli

eastern (tteI IallI)lal1/.i j Z. di/lo/p'rt'nnis(perennial leos illes), were moreM 'nfi andilt 

dlisintlv rehtaied tio t1e cOltli ars.
 

Chloroplast )NAX restriction site ainal\ses also confirmed that annual teosintes were 

closelv related to maie: hlo\c\er. these analyses cotil not (listinutiish between the 

subspecies par.ighin. anld mcti ana as the most likely ancestral forn ([Doeblev et al., 

I987). :urther coiliriilitn that leosinte is the ancestor of maie was provided by rDNA 
restriction site analysis i./iiiiner el al.. 1988). 

Iso/,,ine anal,,ses h\ l)Dchlev ( 1990) further suggestel that tile /. ima\s ssp. partvightmis 

populations ofthc Ials a, ;nd Jalisco regions iii Nlexico were tile most probable progenitors 

of1cultivated inai/e. Iso/yine data did not agree w%ith mnorphllugical tlata iti that they showed 
I. 	 ma\' ssp. I)arvi/,'mi. to he tile m Iclosely related to iimaie, whereas morphologically 

I ay. sp. il-'I is liost similar fllai/e (Doebley, I9901).1t/4C inai/oid) Ito 

Case 2 Wil I . I'lg,ar. ha a ver\l large distlribhutiti, extending from northern Mcxico to northern 

Areentitia (Briclier. 1988: l)elgado Salinas et al.. I988). Ii addition. the archaeological 

record included finds of apprxiliatelv etual ages in Mexico and Peru (Kaplan atid Kaplan, 
I988). A sutrvey f morpholthgical diversity aniong eultivars suggested the existence of two 
groups, otic distributed ill Mexico and Central Anierica and the other in the Andes (Evans, 

1976). These data. however, were iilctnluCI usive with regard to the domestication pattern of 

colmmont beail because they did not tell Lis whether these two groups arose from separate 

tloiestications or through divergent selection after a single domestication. Molecular and 
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Table 2 Examples of closest wild relative of diploid species identified or confirmed using 
molecular and biochemical markers 

Crop 

A\ o ado) 
Ilrs a mie mw 

\'ar. Lm (mf(ni: 

oine ol hree ( tltivatcl 
av( ad( a ,1r 

Barley 
(Ihralum tmitxar, Slp. 
J/tvary, 

(nnorn bean 
(lhase oluas vularis 
var. vth, xis 

Lentil 
(Lens culinaris ssp. 
culinaris) 

Lettuce 
ILatoca saliva) 

Maize
 
(Zea mavs) 

Pea 
(Pisuni sativu ) 

Closest wild relative 

IP.
stev'inratkii( female)
\ P. /wbile-ha (11ale) 

I vig,ire ssp. spontaneun 

P. vulgaris var. iboriginetis 
and rIne\ic, 1nus 

L. culinaris ssp. orientalis 

L. serriola and other 
unidentified wild taxa 

Z. mays ssp. Imrviglumis 
(Balsas and lalisco) 

P. humih, 

Markers used Source 

cl)DNA, rDNA ['urnier et al. 
:ellulase(1))0
 

lsozymes, cpDNA, 
mIDNA 

Isozymnes, seed 
proteins, nitDNA 

nuclear single-
copy RFLIs 

IsozynIes, nuclear 
single-copy RFLI's 

Nuclear single-
copy RFLPs 

Isozymes 

cpDNA 

Jorgensen 
(I )76); Nevo 
et al. (1979, 
1986); Clegg 
et al. (1984); 
Neale el a. 
(1986); 
Holwerda et 
al. (I )86) 

(eplIs e1 11. 
(1986 

Koenig and
 
Gepts ( 989);
 
Khairallah el
 
al. (I990);
 
Singh et al.
 
H 99 la)
 

Pinkas V1al. 
(1985); 
tIoffman et al. 
(1986); Havey 
and Mel
baIMer (1U89) 

Kesseli el al. 
(1991) 

Doebley et al. 
(1984) 

Palmer eial. 
(1985) 
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Table 2 (contd.) 

Crop 

PeaLut 
(Arachishyp)o'L.) 

Pearl millet 
(Pennisetum gliticun) 

Poeppers 
(,lpsu [17 lTccatunm 

var. pendulum 
)ules(Cens 


n.
'1n111u11m, 
C. Irutescens, 

C. Chinns(, 

Ri( e 
()rvz saliva 

).141,errima 

SCorglI1101 
(Sor hulm Iicolor) 

Soybean 

(Ghcinemax) 

!Lycopersicon 
esculentum) 

CLI!( IU)N,, 

Closest wild relative 

A. monticoa 

P.glauctin ssp. monodii 

C. baccatunl var. bac(IItun 

C. eximiCIm (presumably
 
not the wild ancestor but a
 
closely related spUecies)
 
C. ,innim var. awiculare 

0. rufipogon 
0. brevilig'ulata 

S. bicolor ssp. arunidinaceurn 

G. soja 

L. esculentum var. cerasiforme 

Markers used 	 Source 

NuClear single-	 Halward et al. 
copy RFL's, (1991); 
RAPDs Kochert et al. 

(1991) 

cpDNA 	 Gepts and 
Clegg (1989) 

Isozymes 	 McI eod et al. 
(1982, 1983) 

Isozymes, cpDNA 	 Second et al. 
(1982); 
Cordesse et al. 
(1990); Dally 
and Second 
(1990) 

cpDNA 	 Duvall and 
Doebley 
(199o) 

rDNA 	 Doyle and 
Beachy 
(1985) 

Isozymes, mtDNA, Rick arid 
nuclear single- Fobes (1975); 
copy RFLPs McClean and 

Hanson 
(1986); Miller 
and Tanksley 
(1990) 
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Table 3 Origin of some polyploid crops as determined by molecular and biochemical markers 

Crop 

Brassica spp.
 
Brassica carinata 

(n= I7) 

B.juncea 
(n = 18) 
B. napus 
(n = 19) 

Cotton 
Gossvpiuni barhdense, 
G.hirsutum 

Potato (tetraploid): 
Solanuni tuherosun 
var. andigena 

Wheat 
Diploid: lriticum 
flionococCum(AA) 

Tetraploid: T. turgidufn 
var. turgidum 

A genome donor 
B genone donor 

Hexaploid: T.aestivum
 
AB genome donor 


D genome donor 


Parental taxa 

B. nigra (n = 8)x B. oleracea 

0n = 9) 

B. canpestris (n= 10) x B. nigra 
(n = 8) 
B. oleracea (n= 9) x B. campestris 
(n= 10) 

A genorne species (Old World; 

female) x D genorne species 

(New World; male)
 

Cultivated dij)loids (S.noniocalyx 
S.phureia,S.stenotornum 

and a wild diploid (Solanum spp.) 

T.monococcum ssp. aiegilopoides 

T. lurgidurn var. diccoides 

T.urartu 
T.speltoides or related species 

T. turgidun var. turgidum 

T. tauschii ssp. strangulata 

Markers used 	 Source 

cpDNA, nuclear Erickson et al. 
single-copy RFLPs, (1981); I'ilrner 
rDNA et al. (1983); 

Song et al. 
(1988); 
Delseny et al. 
(1990);Hosaka 
et al. (1990) 

cpDNA 	 Wendel 
(1992)
 

cpDNA
 
Hosaka and
 
Hanneman
 
(1988a, b) 

Isozymes 	 Asins and 

Carbonell 
(1986); Jaaska 
(1980, 1981) 

cpDNA, mtDNA 	 Ogihara and 
Tsunewaki 
(1988); Graur 
et al. (1989) 

Nuclear Dvorik and 
repetitive RFLPs Appels (1982); 
and RSAPs; rDNA Dvorik et al. 

(1918); 
Dvorik and 
Zhang (1990)
 

cpDNA, mtDNA 	 Ogihara and 
Tsunewaki 
(1988); Graur 
et al. (1989) 

Isozymes 	 Asins and 
Carbonell 
(1986); Jaaska 
(1980,1981)
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biochemical markers, on the other hand, have revealed that the conspecific wild ancestor 
has diverged into two major groups, the Middle American and Andean groups, and that 
separate dotnestications in the Middle American and Andean areas have led to two groups 
of distinct cultivars (reviewed in Gepts, 1990a, 1993). 

summa

rised by the triangle proposed by U (1935). In this triangle, the diploid species - B. rapa 

(syn. camwpestris), n = 10; B. nigra,n = 8; and B. olercea, n 9 - occupy the apices, and 

the amphidiploid species - B. carinata, n = 17: B.jun'ca. n = I8; and B. napus, n 19 -

Case 3 The relationships among the nuclear genomes of cultivated Brassica species are 

= 

occupy tilesides between their respective progenitors. 

Because of maternal inheritance ofcpDNA, it was possible to identify the maternal parent 

of the arnphidiploids (Erickson et Al., 1983: Palmer et ll., 1983). B. carinata and B. juncea 

derived their cytoplasm from B. nira and B. campestris,respectively. Part of B. tiapus 

derived its cytoplasn from B. oleracea, whereas tileother part may have derived its 

cytoplasm through introgressive hybridisation from another Brassica species (Paihneret al., 

1983).The identity of the parents of the alphidiploids was confirmed by Song et al. (I1988a) 

and -losaka et ail. ( 1990) on the basis of nuclear genome-specific RFLP markers and by 

Delseny et il. on the basis of nuclear rRNA gene polynorphisni. The molecular data(1990) 
also confirmed previous results obtained by various approaches such as cytogenetics, 

isozymes and artificial resynthesis (see I losaka et ill., 1990, for references). 

The following lessons can be drawn frm these studies: 

" 	 Markers can confirm or identify the wild ancestral taxon of crop plants. 

" 	 This capahilit' allows us to identify more specifically than with most other traits the wild 

populations that are genetically ilost similar to the crop. Tle ancestors of such populations were 

presu.hably involved illthe domestication process. For polyploid crops with uniparental maternal 

cytoplasmic inheritance, molecular and biochemical markers allow us to identify the female 

parent. 

" 	 Results from molecular or biochemical narker and morphological trait studies are not always 

correlated. Discrepancies nly be attributed to possible selective effects more likely to be 

associated with morphological traits than with molecular markers. This underscores tilefact that 

more than one category of markers or traits should be used to characterise genetic diversity. 

Wild ancestral populations or their innediate progeny populations are generally conspecific with 

their cultivated descendants. Because of tilelack of reduced viability of fertility inl crosses with 

cultivated materials, they belong to the primary gene pool of crops and could be more readily used as 

a source of gcnetic variation than other wild relatives belonging to different species. Molecular 

analyses can tell us which wild populations are most closely related to the cultivars and, perhaps more 

importantly, which populations are more distantly related and could therefore make a more novel 

contribution t0 the cultivated gene pool. It is suggested here that wild ancestral populations should be 

included in a core collection because of their conspecificity with the cultivated materials and the 

reduction in diversity observed during domestication (see overleat). Genetic data from molecular 

marker analyses may help select specific wild populations. 
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Table 4 	 Examples of studies involving molecular and biochemical markers on divergence
 
within cultivated gene pools
 

Divergence within the 
Crop cultivated gene pools Markers used Source 

Brassica spp. B. rapi 	 2 groLIIs: Indo-Furopean (turnip, turnip Nuclear Song et al. 
rape, spring broc(oli reah, sargon) vs. single-copy (19881), 1990) 
East Asian (pak thoi, Chinese cal)bage) RFL.Ps 

Conmon bean 
(Phaseolusvulgaris L.) 	 3 Middle American (Ourarigo, Jalisco, Isorynies, Singh et al. 

and Peru) and Andean (Nueva phaseolin ( 991 a, b, c) 
Granada, Peru, and (hi l) races seed iprotein 

differentiated by morpholhgical, 
agrononic and e(ohrgi(al characteristics 

Cotton 

(Gossypitun hirsutum) 	 Geographic different iation thai does Isozynies Hutchinson 
not snipporl a previous subdivision in (1951); 
7 races on mrplological grounds Wendel et al. 

(1992) 

Maize (Zea mays) 	 3complexes of nlorphological and Isozymes Doebley et al. 
ecologically similar ra(es: I high elevation (1985) 
Mexican pyramidal complex: (e.g., Palomero 
ToIluquerI , (Ihalue,(F); 2) northern complex 
(e.g., Azul, Apachito); 3) remainder: soutllern 

and western lowland (ohntsand flours: 
(e.g., IlxiermO, labkricillO) 

Sorghum 
(Sorghum bicolor) 	 Geographic clifferentiation that does Isozymnes Harlan and de 

not SLrpport a previous classification Wet (1972); 
based on morphological groUrds Morden et al. 

(1990) 

Divergence within the cultivated gene pool 

Divergence within the cultivated gene pool according to morphological, agronomic and ecological 
factors will provide additional sampling criteria for the establishment ofa core collection. In addition 
to the information mentioned earlier fbr several crops, some more detailed studies have been 
performed on a number of crops (see' Table 4). 

Case I 	 Wellhausen Ct al. (1952) established a racial classification of Mexican maize on morpho
logical grounds. Doebley ctial. (1985) provided evidence that these maize races can be 
grouped into three complexes of morphologically and ecologically similar races: the high 
elevation, Mexican pyramidal complex, including races Palomero Toluquedio, Chalquefio 
and C6nico; the northern complex, which includes races Azul and Apachito; and the 
remaining bulk of races, including the southern and western lowland dents and flours such 
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as luxpeno and Tablocillo. Frequencies of 22 isozyle alleles were correlated with 
altitude, which. in Mexico, is associated with precipitation anti temperature (that is, tile 

lowlands are hotter and noister whereas tile tend to be cooler and drier).highlandi 


Case 2 In cornnlon bean. whenl phasctin or isozviles1arc used isa priori classification criteria, 

multivariate anal\'ses such Iscanonical discriliiinant analysis reveal correlations with 

phenotypic traits such ats ro\th hIahit. iltcrnodC length, leat antid seed size. phenology, 

disease resistance and gCnerkl ecolocal adaptiat iois (sce Figure ).These data have led to 

a proposal I't*r or grtop related cultivars, three in each tuajor gene pool (Singhsix race, oft 

et al.. It)91c. In the Middle \mrican gene pool. race Jalisco represents the predominantly 

climbing cult'ivars of the southern, hunid highlands of Mexico and Ccntral America. Race 

Durango includes cultivars with a prostrate growth habit Front the northern. arid highlands 

o0'Ncxico nid race NI esoanlerica incIIdestI the indeterminate busIScuIltivars fron the hulnid, 

hotter lowlands ol Mexico. (I'Central America aid South Anierica. 

I the Andean gene pool, race NLICVa Granada iiciludes culti'ars with deterninate bush 

or ideterminate clinibin growth habits adapted to moderate altitudes. Race Peru consists 

of cultivars with a clinlbing growth habit adapted to higher altitudes, whereas race Chile 

incItides cultivars with i prostrate growth hia bit. Ihterestingly, races Durango and Chile 

display a similar phenotype, which includes mediuni-sized seeds and light pigmentation, in 

additio)n to the Prostratc growth habit. Tlhese two races diverge, howe,,er, at the molecular 

1aitd biociCnical levels ((;opts ctal., Utnplibl.).I980: Singh et al., 19)Ih: O.M. Paredes et ill., 
Their similar plientvpe ma\v hiaVC reslIted fron convergence caused by selection for 

adaptation to arid envirotnilients prevalent in northern Mexico and Chile. 

Figure 1 Canonical discriminant analysis of morpho-agronomic diversity inthe Midde American 

gene pool of Phaseolus vulgaris 
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Source: Singh et i.(1991a, b)
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In Sumnnary, itis possible to identi'y examples that show or do not show concordaince between 
patterns of diversity identified either hv tmolecular aid l,,chemical markers or niorplho-agronomic 
trails. Discrepancies can be atttributed to outcrosses between wild ancestors and cuIlt ivated descendants 
or within the cultis ated gene pools. Alternatively, polyph,,letic origins for the morpho-agronomic 
traits could ao acc0Lni ['or dissimilar results. When establishing a core collection, representatives of 
the various e-volutionary Iineacs identilfed with molecultar markers should he represented in order to 
help ensure that lie core is lroadly based. 

(;ene flow between wild ancestor and cultivated descendant 

Gcene flow betwecilwi1(ancestor and cultivated descendant will introduce additional genetic diversity 
into the cultivated gene pool. Methodologically, however, the identification oftlhese introgressants is 
soniewhat dilTicult Doceley. 1989; Gepls. 1993). 

'UMe I 	 ma ssp.As mentioned earlier, the progenitor ofcultivaled maize is an annual teosinte, I. ,vs 

lar iIiv,,mi.s. A distinct annual teosinte. . ssp. me'Xicana, is not the direct progenitorna,,',s

of'maiie hut ia
have ctntributed getnet icdiversity to the cultivated gent-C pool: inthe region
 

where mai/e and the sLub-,speciCs me'xuaniMa are s\niipatric. isozyme alleles characteristic of' 
the wild taxon were observed in cultivars. These alleles were absent rm the cultivars 
elsewhere (Doe le. et al.. 1984). lvideuce fbr initmroession in the other direction is 
prov ied ytlie perentia teosinte /. (liphllwr'nni,ilt which a plant showed isoItle al leles 
at twoIitked loci charateristic of the ctii pots,l.s ugge st iiig t Ile clhroniosonueItivated gcti hait 

segnient marked by the two loci was introduC-cd 'rommai/e (1)oehley et al.. 1984). 

Case 2 	 Cultivated pearl Millet {imi1n', t'..m is synpatric with the'tlurn u'ttuon) its wild aticestor itl 
Sahel. Viable and fertile hybrids can be fortedl although male sterility in these crosses has 
been described (Marchais and Perns, 1985). Isozytne analyses revealed that pollen frol 
wild forms V as preferentially involved in fertilisation o wild pistils irtpollination 
experiments witlh mixitiures of pollen front wild aid cultivated forms. Conversely, pollen 
from cultivated forms preferentiall, cl ected ferlilisatioti on cultivated pistils alter mixed 
polliniations with wild pollen (Robert el al., 1991 ).This type of reproductive isolation may 
explain. at least in part. why w\ild and cultivated pearl millet maintain their phenotypic 
integrity ins)ite of their sympatry and prcdotnitnant allogatny. 

Case 3 	 InP. u/,gri.s, muost wild aid cultivaled genotypes possess the Mdh-21"'allele. Exceptions 
to this are a limited nulmber of Wild-growing accessions and race Jalisco cultivars from the 
southern highlands of Mexico. which show the Mdh-212 allele. The rarity and the narrow 
geographic localisation of the Milh-2 2 allele argue infavour of gene flow, although it is'

not possible to determinie the direction oflthe gente flow (Singh etal.,1991 b). It is interesting 
to note, however,that the lhetnotypC of the cultivars involved does noit display any hint of 
past hybridisation with wild beans IS.Singh. pets. comm.). Phascolit data also provide 
evidence 'or occasional otcrosses hetveCi wild and cultivated beans. All cultivated 
accessions froni Mexico analysed so far show the 'S'phascolin type, with the exception of 
one accessioi With an 'M'phlaSeolin type characteristic of wild-growing accessions of*the 
same region. The latter accession also displays morphological signs of hybridisation with 
wild beans,such as smaller seeds and the striping and spotting pattern characteristic of wild 
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bean seeds (Koenig et al., 1990). Some wild accessions from Colombia, Ecuador and 

northern Peru also show signs o introgression from cultivars based on phaseolin data 

(Gepts and Bliss, 1986: Gepts et al., 1986: O.M. Paredcs and P. Gepts, unpubl.). 

Cultivated germpksm that may have resulted troin gene flow with wild populations deserves to be 

included in atcore collection Ibcause it may contmain alleles that are not represented in tile bulk of the 

cultivated gene pool. Molecular markers provide ways, in addition to morphological markers, of 

detecting introgressants ftrom the wild gent pool. 

Fate of genetic diversity during (lomestication 

Doebley (I 98) surveyed isozvnte studies examining differences in diversity between wild ancestor 

and cultivated descendants. Total heterozygosity (Wt ) decreased from 0.24 in wild fomls to 0.19 in 

cuItiv ated forms, the propo0rtion of plylflorphic loci per population from 0 32 to 0.25, the proportion 

o polynorlhic loti per taxon trom 0.58 to 0.49, and the number of alleles per locus per taxon from 

2.47 to 2.15. Chloroplast DNA data surveyed by Doebley (1992) also showed a rduction in diversity 

(calcuhltCd as the average prolibility per variable site that two accessions will differ; Clegg et al., 

1984) and the proportion ol polymorphic restriction sites (see Table 5). 

Table 5 Chloroplast DNA diversity in wild ancestors and cultivated descendants 

in crop species 

P D SourceProgenitor/Crop Na TS 

2 1.0 0.47 Close et al.(;vcine ojai 8 
1.0 0.20 (1989)G. ill,\ 46 2 

11 4 1.0 0.25 Rieseberg and/ lfixnthus ,mnuus wild/weedy/ 
23 4 0.0 0.00 Seiler (1990)H. 111/1t116 (ulItiv'atld 

I tordetui v'/,,iri, ssp. spor)ta1 lurn/ 11 5 1.00 0.43 Clegg et al. 

9 5 0.20 0.08 (1984)1I. vulI,,'arn ssp. vulIea 

HIrd t mNvulpate s. splont Ineuln/ 30 3 1.00 0.45 Neale et at. 

ssp. tul<,a 51 3 0.33 0.03 (1988)H. ,.t4,%lfre 

6 0.67 0.43 Palmer et al.Pisun, humili! 4 
0.10 (1985)P. s'ltivuI 13 6 0.50 

Sorghum bicoljrj sp. arundiiceuml/ 6 8 1.00 0.35 Duvall and 

S. bicoor ss). hicolor 3 8 0.13 0.06 Doebley (1990) 

Ze,i la),s ssp. parvighuniisvar. parvigiumis/ 31 3 1.00 0.38 Doebley 

80 3 0.67 0.22 (1990)Z. Ilmys ssp. mays 

Note: a N = rulmber o (.1ct'ssions analysed; S = total number of polymorl.hic sites; P = prot)ortio)of total 

siles that are piolymorphli ; 1) = diversity (that is, average probabilily that two cp)DNAs will differ 

at a polymo(rphic site (Clegg et at., 1lt.8) 
Source: Doebley (t 992) 
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Nuclear DNA markers such as -enes for ribosoimal RNA and single-copy RFIIPs were also 
characteriSCd hv i redtuction in diversiy (Allard, 198X: Doyle, 1988: Gepts and Clegg 1989: 1lavey 
and NlluchIlIauer, 1 9I : ('ordesse et al., I990). A few apparent exceptions to this irend have been 
reported. In-harley, isovni.es and clDN.,\ sho\ed equiv alent ICvels ol divCrsiIV in wild and cultivated 
accessions,. .vhereas mil)NA diversity Nas higher in the cultivars than in the Wild ancestor (I holwerda 
et al.. I Xf6: Jana and Pielr/ack IQXX). I'hese le ut COnltrast \VithI tos,'e of Brown and NIunday ( 1982) 
for i'svines' and) ('Ie et al. ( 1984) and Neale et al. ( 1986) for cpDNA. It is not clear what the cause 
is o tIIeC discrepancies. One possibility is the sampling of the plant material, which differed among 
these Studies h total numbhrof acceSSions. the relive number of wild ilnd cuIltivated aIc'essioliSli;the 

and their respective gcogr'phic origins. 
In pearl millet, RFI.I)s of enes for ribosimal RNA and the ,.II-i IocusL aals)'ed on the salle Set 

of %ild and cultivated accessioSil sho ,MedcoilraStirig triids- in diversity: whereas ihe former showed 
i clCai rCdhtici u ill di\ Ceiiv bet wcci the wi Id ancestor and tlie ciiItivltId desei'tidanlt. tllie hatr showed 
COMpMiable levels of diveisilv ((;e pts and Clegg, 1989). lhis discrepancy riay be attributable to 
differential Selection )ressure,s opiating on the A/i-i and rRNA loci or loci linked to then. For 
exaille. it is possible Ihllat thIe diversity al the A/-I locus in the cultivars is lainliiiled through 
iitrogression \\ ith (lie svn itric wild ancestor. For rRNA genes, this nechaniisn would not operate 
if these 'eiles er iehtl :inked to ail seilial featuilr of tlhe cultivalCd phenotype: henie, after 
ouiCroSSiIe %itl i \ ild polatilion, Selection for the cultivated phenotyl)e in slubseqUeni generations 
wolld eliminlate introercssed rRN A genes fron wild populations. information on the actual linkage 
reilationships be e ontrolling the cuilivated ipheniol)l)e isteil h 'teenolecular markers and genes 
needed to veriffy Ihis liv porhesis. 

In collillnoll beau, a1comparison of trends in genetic diversity revealed by isozyncs, low-copy 
nuclearI/RFI.PS a(ld sequniCcs Iyhridising to NI13-derived se(qtences also showed a Ie(uctliOl in 
diversity in the ciutivialrs coiparcdiwith viId i. I'oris(see'Table 6). lie RFLI data for the Andean 
gene pool are an exception: for these, a slight increase in di\ ersity was observed. Possible explainations 
inchItidC a sailmPi ig elfect aRd the lack of reprncsentation of wild pOpu Ilations from certain areas intlhe 
Andes. 

In surinarv.u,, available data suggcst a reLduction in diversity averaged over the whole geiiome ill the 
cultivated gelne pool compared with the wild ancestral gene pool. Some parts of the genloiie, however, 

Table 6 	 Trends in genetic diversity in Phaseolus vulgarisbased on isozyme, RFLP and 
M13 homologous sequences 

-- Average heterozygosity - -
N Isozymesa RFLPS' M13c 

Middle American Wild 11 0.13 0.33 0.24 
Cultivated 36 0.09 0.27 0.20 

Andean Wild 11 0.07 0.25 0.20 
Cultivated 26 0.03 0.27 0.16 

Note: 	 a 19 loci 
1 1 1probes for nuclear sequences, 3 restriction enzymes 
c 1 probe, t restriction enzyme 

Source: Koenig and Gepis (1(989); Singh et al. (1991 b); V. Becerra el al. (unpubl.) 

http:I/RFI.PS
http:isovni.es
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may show increased variation caused by selection under domestication. As mentioned earlier, wild 

lorms represent a source of additional diversity and should be represented in some way in the core 

collection of a crop. 

DISCUSSION 

The major advantage of niolecular and biochemical markers istheir genotypic Inature - that is, they 

are a direct reflection of changes at tile DNA level. Morphological traits, on tile other hand, are 

phenotypic traits. Because the same phenotype can be achieved by different genotypes, it is often 

dificullt to equate ph enotype and geCiitVl . Accessions with a similar phelnotype may sometimes be 

evolutionaril,' urrelated. For examIiple. in common bean, races Durango and Chile show similar 

phenotypes 'el i'ochemical markers indicate that they belong to different gene poos (Middle America 

and Andes, respectively )ol conilion hean (Singh el al.. Ic). An additional advantage of niarkers 

is that they are gencrall, although not always, selectively neutral and thus Will show patterns of 

diversity that reflect ancestral relationships among gene poois and are independent of selection. As a 

to measure genetic diversity levels and, particularly,consequence, molecular markers will allow us 
Cenetic distailces etsvcein populations or lines. This infornation. in turn. can then be used to form 

groups Cfevolutionarily related materials, Which shiould be represented in acore collection. Levels of 

diversily in the various groups thus revealed can also be used as a measure of tie sampling intensity 

to be applied to each group when establishing a core collection. 
d of anMid markers be their culnberSOilleness. It isdisadvantage mllolectLlar biochenIical can 

ohviousI>, unrealistic to sujh-ect an entire collection or even a large fraction oft it to m1olecular and 

biochemnical allalyss. Silnlplificatioiis of tile procedures such as the introduction of tile polymerase 

chain reaction (IICR) ulay help alleviate tihis problem. Another possible solution is to identify 

associations between correlate illtlecular/biochelmical markers and morphological markers. For 

example, in comm hean, certain alleles of morphological markers are found at highI freqlency in 

certain gene pools or races. Races can be distinguished by their leaf'let and bracteole shape and size, 

seed si/c and shape, pod beak insertion and pigmentation patterns in flower and seed. I"he MIfgene 

cauIise s the appearance of pLulIc veinalion at the bottom of the flower and is lounid atil high frequency 

in race Mesoamerica. l'uc (coloured dots on seeds), N1I (seed mottlingo, Snr (seed striping) and Cor 

(seed corona iare Andean alleles. Andean materials generally show larger leaves, longer internodes 

and larger seeds ((Gepts et al., 19X6: Singh et al., 1991 a). 
Multivariate statistical llethods could be used to assign individual accessions oil the basis of 

phenolypic data to specific groups (such as gene pools and races) tlhat have been recognised previously 
using aimarker-hased analysis of di 'rsity. Posterior probabilities oIf membership in the Andean or 

NIiddle American group obtained hy discrinlimlant analysis off norpho-agronomic traits were above 

951x (wilen tile prior classification criterion was Middle Amrican vs. Andean phaseolin type). 

Posterior prIabi lit ics of ineibership ranged between 65A4 and 85(Z4 when the prior classification was 

tile pllaseolil type itself (P. (iepts, unlibl.). 
This approach would involve a dynamlic analysis consisting of multiple rounds in each of which 

diversity is analysed at tile molecular and morphological levels until a satisfactory grouping of 

genotypes is achieved such that 1most accessions can be assigned to evolutionarily distinct groups. 

Further experiments are needed to corroborate this approach. 
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S. KRESOVICH, W.F. L,\IBOY, J.R. MCFERSON and P.L. FORSLINE 

Abstract 

The I' ndamental re spois ibi it ies ofa gene bank curator are to acquire, maintain and make accessible useful 
and representative genetic diversity of the crop of interest. This requires an understanding of the genetic 
and agronomic/h orticuhlurad irafnework of the variation exhibited by the crop. Genetic measures of 
identify, structure, relationship and action/location are needed for sound conservation and use. A curator 

may implement various strategies and procedures suiited to establishing these characteristics of accessions 

and taxa. Initially. he/she must he able to forniulate the appropriate question to be answered, and then 
integrate differet sources and types of phenotypic and genotypic data (including whole plant, biochemical 
and molecular) to address immnlediate and long-term needs. 

The ohjective of this chapter is to higighlight the dynamic nature of genctic resources conservation and 
ise. lssu os( particular relevance to i,.% sitt conservation and characterisation are discussed, including: 

spcific sitloatiols coli 111101 y Ciicou iite red by curators, forimlulating questions to be addressed, identifying 

potentially relevant data sets for decision making and planing. devising approaches for data analysis, 
generating prioritv options for action. and esaminiig tile advantages and limitations of the proposed 
aclions.The authors" cxperience with collections of iassica and Maits species is used toillustrate various 
point',. In (Ile conclusion, they discuss the evol ution of core collections in the light of theoretical and 
techiiical av aiccs ill tMolecu lar genetics and biology, biometry, oatabase toanagenrent and computinlg 
scietice, and pla nt breed ing. 

The genesis. evaluation and implementation of the core collection concept (Frankel, 1984; Brown. 
1989a. b) allows curators and users of genetic resources to make more accessible the potential value 
of the broad array of entries maintained ingene banks. Recent advances in technologies and models 
of molecular and population genetics have encouraged the implementation of many approaches, 

147 
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methods and analyses to improve our understanding of the genetic hasis and value of diversity. 
However, this abunlance of poteitial opportunities to resolve aind use genetic variation has created 
other types of problems for the nianagenient of e,xiticollections. 

This chapter foc.uses on situilions coniinonly e ncouintered withii ni'. sit ge1ne bank, including 
questiols which imay arise, data availahle For problcmii r, souiiin, inalvical approac lies, and subse 
quetIL lct ions. We describe problems encountered during out 1t1Cllpt 1o develop core collections and 
Iheir aipplicition for iiprov ed inallalgliil of'our collections oflia.sicu and Ala/Moispecies. We also 
discuss other aM1x1iples drawn froi collection miaintenance activ'ities at the Plant Genetic Resources 
Unit (PGRl I)at Cornell University in New York, USA. Inthe concluding section of the chapter, we 
discuss the evolution of core collections based on progress in allied fields concerned with improved 
resolution ind quantification of genetic variation. 

ES'TALISIIING CORE COlJ'CTIONS AND CIARACTERISING 
GENE-TIC VARIATION 

Many biological and non-hiological consideratiois affect lie nianageinient of plant genetic resources 
(sec Table I I. Trogether, these issues make the lask of an ex .itit genie bank curator a complex one 
(Kresovich, 1992: Kresovich and McFerson, 1992). Within the framework of* these considerations, 

Table I Considerations to be taken into account in the management of plant genetic resources 

Biological Non-biological 

Systematic considerations: Operations: 
Evolutionary history of the laxor and Location of the active collection 

related taxa Information availability 
Genmme organisation and complexity Current level of ongoing research 

Other collections 
Agroecological considerations: Number, quality and cost 

Geographic and niche range of the laxon of personiel employed 
and related taxa 

Populaliona ldiversity mid accessibility I Infrastructure: 
Regeneratiori facilities 

Genetic c(onsiderations: Storage facilities 
Life habit 
Time to, ar criteria for, reproduction I Finances: 
Pollination system Level of support 
Breeding system Timing 

Agronomic/horti cUltural considerations: Tradition: 
Plaiit size History 
MorphologicIal variation Previous paradigms for plant introduction 
End use Access to cooperators 
Method of preservatioi 
Phytosanitary status 
Method of distribution 
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examples are presented here on ways of resolving (lifficullies in determining genetic identity. 
relatedness and structure in the establishment of a core collection. 

(enetic identity 

establishment of any core subset or the main 
collection itself( Kresovich et al., I99)2. 1993).It will he of value insuch critical issues of global genetic 
resources conservation as ownership. intellectual property and tile 

The genetic identity of an accession is important in tile 

iovemilent and exploitatioi of genes 
and genotypes. Investigations are being conducted at the PGRLI to identify and establish the within
accession lieterogeneity of sin ilarly riined entries in thlie Brassi a u/trwta 1.collecti on. As isoyii 
analysis lacked tile now use tchnCiques includingresolving poo~r needed, \%e simple molecular 
randoi amplified polytnorphic )NA (RAPI))(Kresovich et al., 1992) and molecular probing with 
short, interspersed repetitive I)NA (SINIE v)ith samplilg strategies to calculate geeticidentity of the 

entries recorded as 'Golden Acre'. This historically important selection is represented more than 30 
times across collections held at the I(iRtU, at Wellesbourne in the UK and at Wageningen in the 

Netherlands. Because of tihegreat expense involved inthe maintenance and regeneration o' small

seeded, all og amous hbeiiiennials,the inlforlation obtained will help the curator handle tie array of* 
'Golden Acre' entries. 

(;enetic relatedness 

Two exaniples serve to illustrated the useltilness of acore collection in the maintenance and evaluation 
of Ma/us x doine.lic'a Borkh. and related species. In the first case. we have established and used a 

database supported by pedigree records, morphological and horticultural traits, and isozyme analysis 
(seveii eizymle systems encoded bv 15 loci) for over 2000 horticulturally important apple clones and 
related Species (l)ickson ct al.. 1991 ).Using niiultivariate techniques (hierarchical agglomerative 
clistering and principAl con'ploncits analys is) and based on which inaterial had been sanitised 

previously, priorities have been set for virus eradication using chemotherapy and thermotherapy 
coipleiiented by in vitro tecthiques and su bsequient field planting. In addition, isozyme screening of' 

the collectionl has yielded amarker at the PIn-2/Pin-3 loci which has proved useful in discrininating 
wild froni domesticated species of Mal/. (Dickson et al., 199 1). Further analyses may identify other 
useful markers. 

In the second case, the smine dat abase ad approachII Ias been iem pltoyed to support a genetic 
resources evaluation net woirk. Because of the great demadl for phenotype in adaptation and pest 

screening studies in apple, material is propagated clonally and difficulties are otcii encountered with 
movement because of quaratline regulations stemming from concern about the spread of' latent 
viruses.l fiere fore. acore of 200 clones represeiting an apple collection of 2500 entries was established 
for a replicated iiiulti-site national network for disease screening in the USA. 

Genetic structure 

Genetic structure within an accession or within a collection serves as an important criterion for the 
development of the core collection. We have used genetic structure to help in three major activities at 
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tie PGRU. The first is an inten.,;ive progranme to eradicate pea seed-borne mosaic virus (PShMV) 
from the Pisum sativum L. collection. The second involves establishing somein easure of genetic 
organisation in handraces of B. olc'i, 'ea (particularly cabbage ,nd kale) recently collected troni tile 
major cropping regions of Portugal. The thi is designed to establish tile genetic structure of' 
a large test populalion of tie crop types of B1.oleraccaas a whole. 

Fradicaiion(!f/,'a seed-tborhne i,,,. virus 

This isan issue of great concern globally as pressures increase to exchange genetic resources. As will 
be noted later. tile use of'a core collection for both eramdication and screening for disease susceptibility 
nmy prove to havye bee i.ia wise alternativye approachI. 

The virus Was first described hi 1)68 aMl since then has beenii nd to Occur not only in production 
fields but also iii genetic resou rce collections across tlie world. It ilas been a problem intlie collection 
which has been mainlailed by file P'R1J for aliimost 25 years. lin collaboration with three plant 
pathologists/bhreCdcrs ill Washington and ()recon, I ISA, an intensive prograinie was initiated to 
eradicaie PSbIMV from the collection and to increase file seed o'ithe virus-free accessions+. The PSbMV 
eradication phase included obtaining t seed stock source foreach plant introduction with tile mininu 
potential of PSlMV iiifection. growing 20-30 plalis per accession under aphid-free, greenhouse 
conditiois, and roguing ihdi\(iidtial plants showing sVIIIptIins visually Or through aii enzyme linked 
iniiunos.orbenIl assay (1l.ISA). Seed iar\ ested from the PSbM V-free plants was bulked to form the 
increase and serve as saiiitised ,lock f'Or future increase and distribution. We felt it would he instructive 
toCoIldLIct a detai led fil low-up study inorder to asses sthe degree ol'genetic shift which had taken place 
ini a broad range of nilorplholhoical and iiochemical markers during tii actual virus eradication 
progralmme. 

Fily accessions comiprisinug hetrogenenus landraces and cultivars which represented diverse 
geogra phic Origins and had undergone tile vilrtis e-ad ication programiume were selected for study. Forty 
plants fr each stock of each etitry \\ere crown ii tile reenhouse and analysed for 12 biochemical 
iso/yie) and 20 morphological markers. In addition, all plants were tested or tie presence of 

PSbMV 21 days fCler geriination, using FILISA. 
Based on these 32 characters, F-similarity coefficients were calculated for tie pea accessions Under 

studv. '[lie results Stuc',ctcl t hat sigciificant cenetic shift had occurred between tile source and 
saiitised Stocks in all accessilns. As niight be expected, tile genetic structures of heterogeneous 
landraces were illore greatly affected than those oI the more uniforii cultivars. Quantitative characters 
exhibited the least allotint of shilt, while qualitative and isozymic markers were highly affected by the 
cradicatiol and regenerationl processes. Additional statistical analyses were tised to determine the 
chara,:ters iost affected. Nei sdiversity index was applied to a1ll isozyme data and pooled across all 
accessions. I',, o loci. Alt-3 and PI'd-I, showed a high degree of diversity with no observable shifts 
occurring betwCen source and sanitised stocks. The loci Gl7i-2, h(h-I and Lap-I were mononmorphic 
for both source aind sanitised populations. I lowever, five isozyme loci (Aa,-2, Dia-3,Pgd-2, Pgm-I 
arid ',m-2) displayed significant genetic shifts. Furthermore. allelic diversity at two loci (Lap)-l and 
Mih-2) was completely eliiniiiated by the eradication and regeneration processes. For I0 norpho
logical claracters, tlie SIiannon-Weaver index wits applied to each pair of stocks within an accession 
and averaged across all accessions. Aniong tile characters studied, diversity and subsequent allelic 
frequency shifts were generally greatest .amongflower- and seed-related traits and lowest among pod
related traits. 
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These observations underline the need for caution in undertaking large-scale disease eradication 

and seed regeneration programmes. particularly when maintenance ol broad genetic and phenotypic 

diversity isparamount. Changes in genetic diversity might be mininlised by other types oferadication 

strategies, such as therapy, rather than roguing of infected materials. I lowever, curators ultimately 

must consider the cost of disease eradication programmes fron both the financial and scientific 

perspectives. 

Measuring e,g ic organisation of Brassica Iandhace.v 

The second case involves the establishment of a set of accessions that represent the genetic variation 

collected froni a particular country. Unique vegetable types of B. oherac'ahave evolved throughout 

Portugal as a result of particular selection pressures, including marketing considerations, cultivation 

methods and agroecological fiactors. Landraces in these regions exhibit considerable phenotypic 

variation in morphology and disease resistance. Despite tile great horticultural importance of' these 

diverse groups, little documentation exists on their genetic relationships. Isozyme analysis (starch and 

cellulose acetate gel electrophoretic techniques) and iultivariate analysis (hierarchical agglomerative 

clustering and principal components analysis) were used to assess levels of genetic variation within, 

and genetic distance between, landraces collected froin various regions of the country (Silva-Dias et 

al.. 1994). 
As expected for populations of aa allogamous species, tile landraces showed considerable genetic 

vriation within and hetmveen accessions. Nine cnzynle systems encoded by 22 putative loci yielded 

107 alleles in tile investigation. Oftie 22 loci. only one was found to be monomorphic for the 20 plants 

of eacl of the 52 eitries (incI tld ing 36 landraces) studied. Amiong the particularly informative loci were 

(;pi-2, Ihh-4. Lap-I. t'i,',-3 and Pm-4. Using vanious types of moltivariate analysis, we were able 

to identify genetically Uniquee ntries a111ong tie landraces. The analyses revealed patterns of Iiversity 
a1og accessions and tile findings w.Crc coinplcnlied by concurrent horticultural and restriction 

fragment length p'l yniorphisin (RFLP) studies of the same material. Independent of tie method used, 

it was fou1d that crop Iorni (fOr example, cabbage or kale) was less important in partitioning genetic 

variation than source of the accession (agroecological niche, such as cropping system, or edaphic and 

m teorological factors). Therefore, if one wished to establish a core subset of the Portuguese entries, 

it would be inore rational to establish it based oi niche. This finding. although surprising, dictated the 

most prudent stratcgy to be pursued. 

Establishing lie gC,'etic structre nithin lrassica oleracea 

The third activity was undertaken to establish the genetic structure within B. oh'raceausing isozyme 

data obtained from starch gel electrophoresis (Lamboy et al.. 1993). Fifty-six accessions were grown 

from seed stored at the PGRU. They were selected to provide across-section of the species' variation 

an1d included 14 cultivar groups (such as cabbage, broccoli, cauliflower, Jersey kale and kohlrabi) 

which had been determined based on morphology. F'our enzyme systems were analysed (Gpi, Lap, 

Pgd. and Pgm). Allelic frequencies were analysed pheneticall' using Nei's genetic identity measures. 

Six genetically defined loci " ore found in tile four enzyme systems analysed: Gpi-2, Lap), Pgd-I, 

Pgn-l, Pyn-2 and Pgm-.. All accessions were monolorphic at Pgm-I; the other loci were 

polymorphic. Four of the 56 accessions (three of cau,liflower and one of' cabbage) had low mean 
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heterozygcosities of less thai 0.1. All foulr accessions wee i selected comnmercial lilies. There 
were. however, other equilly highly selected lines with llreater diversit.,.. Nine of the 50 accessions 
were particularly variable, with leal hbetero/vuosities ueeater thiu 0.4. These accesl'sions weie either 
landraces or weaklx selected lines of di\CrsC cOtlllliercial origin. lii vie\, ot this l'inding, a curator or 
Iser wishil io naxliillliSC diversity baseld on a /ilt' i iber /latc'V./..N Illay eliphasise the lecd to 
include landraces ill a core collction otIB. oltrl('a.Conl erscI hsCiv>elthIlle alSo slCst that a core 
collection represented b iniw',1ttll'r /fp1ast.\ ol' B. oat Ca iiay requIire the ilu.'hISion ol d few 
seeds representing a di\erse aof accessions of ijl.\ selected Coll)illercial hlles, of tile inclusion 
of' a greater numbr o1 Seeds lCrived froiil tcs\ ei heteroeleous landraces of particuIl -rigii (with 
possible e\Xposure to tie deired llection pressure). 

Perlhaps tile most ipinortant result ot theCellCtiC anll,'sis olthe B. ObTrUtCIa isOZ\vine loci was foLnd 

h\ pamrtitionilg the variation \t ilnlland bhtween crop types. I sing Wright sF-statistics. it was fotMlnd 
that, slien averaeed over ill loci. nit/re than J3i at the variation was atlribtahble to hifferetices 
betmseeilaccessions It. Ilhihi cop types,) and only about 7t1 at fihe diVer>sih, reSultCd t'rail diIfferencCes 
bet,.eeu varietics. Th1,s. if acote collectitn is to represeit foithIillN' the diversity \%hil B. Id'rati',i. 
Illell MT('l'/t accssiols, ist beL lected t'rain eich crop type Ised oil other 'aclors a'ffecteul b' 
Selectihn. Iis tillding is ill contrast to a illore simple situition in which almost all thle variation Il a 
species ishetweVll crop It\pes. ill which case atcore collection made up of just l .si/lcaccession of each 
type inighl well be sufflicienlI to represent tile di ersity ill tile species. ,,\s ill Ihe ahove-lnentioned study 
of Poriuguese entries, factols such is level of crop illprv'eliet and agroecological niche play a 
greater iole ill aflTectil variation than does crop type. 

EVOLUTION O. 11 CORE COLLECTION 

The proposal to develop core collections has served to cIarif tlie COncclPtua l hasis ofgenetic resources 
conservation and lise, and Ias chiallciUied cuIIra tors It) beCome mllore eflective ill establishing priorities. 
In essence, the formilation tfcore colIlecli(/is has CnphiasisCd tile valIC f' ,enet-is in effective genetic 
resources inianI agcnleint. 

As noted ili m.any other chapters il tlis volmC, core collections Will conLtinue to evolve to serve 
curators and users. whether they are insolved with fluldallental or applied plant sciences. Criticisms 
of the approach. ,tich as redutced trait screenin igefficiency because of itiCIr detection /flrare alleles, alld 
potential biases of core etlablislinicnt. will have mininial impact on curattiriil activities, 

We Stggest,. apa'llit/li refinenents of tile core collection concept. other nllajor advances Will he 
nlade ill rclated fields itf research. pairticlarly those concerned with intensive ani extensive 
charactcrisation o 'entire c0illectioiis. We alsto coisider that the eVtOlutiOn of thIe discipline will occur 
more rapidly and be mlore accessible than currently believed (Kresovich et al.. 192, 1993). 

The I5-year. t1S$3 hillin e fto rt kn own i tle Ihn11an (ai;elimeIProject will generate more dala and 
tecliltilogy thal any single project to da1te ill bitlgv. Its impact il biology and related fields such as 
agriculture Will he as signilicant as the impact of the space progranlnme on the pliysicatl and computing 
sciences. Teclntlloeies which make useof )NA amplification and sequencing. particularly those 
aut(oilatedh for specitic tses, ila revoliii ise approaches to gelletic resources coservat ion and Ilse. 
MNlethodseinipltying random and selii-raiidoili priilini'i rlI)NA amiplilicatiin (Welsh and McClelland, 
1990. 1991: Williams Ct al., 1990, 1993- Cilatn/-An1olles ci al., 19) la. b: Weining and Latigridge, 
199 1: Akopyanz ct al., 1992) and repeal DNA polyniorphistis (Litt and Lly, 1989X: EdwaNrds et al., 
1991: Jacob et ll.,, 1991 : Jeffreys el al., 1991 ) caln greally assist ill the developtnent and maintenance 
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of higher quality collections. In parlicular, these molecular techniques may be used to address 

additional curatorial iceds swch its determiniation of genetic identity and ieresentation. partitomig 

of variation, mionihoriin- of ,ccd regeneration, and targeting of usel'll gone.-,. This progress at the 

molecular level ssill enhaice rather thtan reduce the eced for lloe detailed aeronomic and hlortictiltural 

evaluations. Therefore, cojitiunlud clo, linkage to advances in plant breeding is also essential. 
In th n er icrin, researchers, na, ,reen collectioisdirectly for useful gene's hy ising diagnostic 

tnethods such as tie lia,,ase chain reaction (l,'R)INickerson c al., 1991rany,Itt)(): 1991 ). [or this to 

hecoic reality, wc lmt he able t estI'ICt and Store hieh-qiialhy gCnomic aId complementary I)NA, 

tin de rstand 2cl and gclolllc ogaisaitioi and regulation, locale and sequence useful genes, and 

d Velop)atl ate.llCd to fltorts. All these el CS h1in led,','iInClS .upporl thesc 11 eh vieorotlSly plr 
,by various research grOlup vttrldwide. 

Researchers assoc'iated , ith Lcnuic I'CSOLIICcs manlI Ile must confront challenges and find new 

avecnues to exphore in ordcr to devise new ways of miaking more eflective use of the world's flinite 
resources. 
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Towards a Brazilian core collection of cassava 

P. FREER,,C.tvl.T. CO>otwo, E.A.V. /WIo.\ .s, D.M.S. RoCnIA, I.R.S. COsTA, 
A.C.C. V.lu.Us dS.Sa.,\ 

Abstract 

(.iideuiti. Ior tile cnistruction ol' Bia/ilitiatt core collection or c:issava are presented inlthis chapter. 

Three criteria are prpofsed lI'tihe stItilification tl',ccessiots: catgtury I latdraces or ihmprtved materials): 
*origill(1roZlptilll2 Irtoigc classificatiotn of origitis): atnd characters (4lacc'ssiotis acctrding .colooical 

importance to ttcb',er 0iiitiptirtitice. hritilbility Mid reli data). T['he,selected acci.rtdiitg ahility of1 

,acce clati i.'d. ,tcCOrlin.III,1o0rien, 1it n1im1Ilrazilil ect etol'raphic tilles. A validitttin.,iOt', re 

.,rcisc iFth1 lrolt tltlii llt+'med aid evalumation datm i
,'ld ili chmlacterinsttion atnd ttsitlgmltillivariate 
statistical tccluiliqi ,cs. is decribed. Rctiitlllte.l ate.+" utitip tittitodoltogy to blild theitili tit' Oil 


Core aMid tilm.mmiain' it t)inCludC ,,ildttteriAs.
 

The impressive ,rtwdlt of ct bainks and the difIiculties in obtainting appropriate I'unding "or their 

operation Itave highlighted the need to devise strategies tor he leficient managemernt and more 

i tCesiVC Use fI cc,..tions. Aimajor constraint il tile IcCrItrtp1astit collctionis ol'devCeopilrg coutn tries 

is the low%level of chataclerisatitl atd evalutation. tnaithlv becatise of fitltaital dilfTiculties. The idea 

oI cotncentratitg ClTorts til a r .esciltatiye samplc of* the total reserve collection (Frankel, 1984: 

Brown, I 1,;t),to he distim'uishCd aS ctillectioti which is accessible t) plant breeders andh). it Itc 

other users. has ttaoitr role to pl ilt this contiext. Of' necessity. it involves setting priorities for 

activities and ICNttuiC alh1catiom \\it, ittaene battk. Whent dealing with vegetatively propagated 

materials mtainitited itt tile field. cttnser\'ation is expensive and risky, atid thus special consideration 

,1t10mold be ' ivsn t phatitiig aIctivities such atseahitlit, in vitro cotservation, hybridisation, and 
Fitplicatlio1 t" for othenriiaccessiols 'elte banks. This iulderlines the import ance of1t ieconstriCtion of' 

a core t lcCtioti. 

TIll"i BRAZILIAN CASSAVA COLLECTION 

Cassava is a staple f1ood for millions of'people in the neotropics and palcotropics. '[ie crop is grown 

almost throughout Brazil, and interms of area under cultivation it is one of' the most important crops 
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in tile con try. lhe total Bra/iian cassa va root production is appirox1iatelv 24 nilliorn toils pe r year;
 
productioti in the north-eastern region accontts f'or almost 50(1 otf the total (EMBRAI A. 9 1).
 

Cassava is ill important coilllellit 0f low,-illltlt +glicti~t' :C becau.se it is aIhle to IprOdLiCe good
 
yields ltiifer tiitllvuiViale conlitol s suelh as lo'., soil lrtilty. aci ils or aJr rThe 
cotrailitsto proliductitio a1e pesl)s aIIL dissS Il.Tlhe illportaillt tises otlll crop in Brail are roots 
,l, 110 l.ut' htIlilllain CIlstItllipitol. liOlila,. tots. chip"aid pellets t'or dini lll coilstliptiol. and roots 
Ior industi'ial uses. includili. "larchlproductioi. The clti atiiorl o cassaMi lbe tiacLd back 3(0(00 ito 
700())years, ,%lien it \ajs uios' inbw tribe, ill tlo'. hind hmlid tpicsl (I lCrshes. NQ I i. TucreCMe manny 
celtis ol oricill ald li,, Crir, lor-,ai/iiot, Spalth I1973) sugiested fotir separate areas of' oricin:
 
(AIlen.l;il d Ml\ico: tile coastal savailaolIM, lottl-\,'.sterll SoIth Anlericla eaitet'll BoliVia and
 
nllth-wste'ril .\iCeiitiia: iiid astIril BIa/il. Wilhlin the 1eitis M'aliot., 98 species are videly
 
distribute.d tllro o t tle Ie l 1la oif tile .\llcrica;s.
t2Uie d tropic 

Alth gh there has +onsiderable in c issiva breedii ht ile piist 2) \ars, tllere isbeen progres, 

iiiich '0o1iii fo0r ill 0\Cililict. Floral bioloy anId pollination habit mlike cassava a p'edomhiantly
 
allocaillou,, Mil hiehi, llctcrot'vW/>r Olu SIiCieS. Thus hyb10ridisition of elec0ytedl piarnts creatcs Sour e:
 
populations \\ ill hiel gCeictic vM'iabilit\ ( LBueno. I(Y) I). Since cassalva is propagated vegetatively 
thl'olh ',tell ctllns. ,,Ul'ior Intst+pes id,,itilied ill breeding pmrgrai[iles Illav beliintainled 
illdelillitcl\ . 

BIrcedii,, liitrtailli"-, are Cat,1 id otlt W I iltlilbt.'l" oi ilstittites il Brazil. Work oii cassava 
ilprmv eiilnt can he traced back to the end of" tie I9tIl cellr" \%hlien Bra/il's first cassava collection 
skas initiated at Sao lleito das l.iies (zellilter, 19 It) . Some t tlhese materials \%cre used 'or pioneer 
breedine srk in Arica and Asia. 

Itability o1 institiUliolil policies, al a iaatioal level. ;inl insullicient htidgets have had a strolg 
neilatie illp,.:t .mt coillr alioll activitics aitd, in particular. (i tiose crops which require vecetative 
pi'l [otili.such as cassava. Periodic loss o!materials. oreven of'small collectiois, oints to the need 
Ifor action in terlls o 'estahlishing piioilics aid dtCining Optilniti ,strategies. Ill this coiltexi. the idea 
of, a cole collection of, cassava ol'l ers apromising approach. 

'he ('elilro Nacional (he PCsluisa. Cill RcLrsos Gentlicos eBiotcenologia (CENARGEN) has tile 
latiional liiiandat for ge-rinplasinl illiteilance and research activities. Iti partictlar. it coordinaltes a 
national cassaiva conise'vation network, based oill a central datla bank. The Brazilian collectiois of 

.,bycasslaa (l. e.'o 'uwlnta Cralltl mare tittained in tile field varionus research illislitlutes and uiversities 
(.'e Table I ). Ie\%in iitro collectiois are also iliitailned by several institutes: aloiig these is the 
C+NARIiN in Vitro collct01.lioll, Which holds aboti 80) accessilis. 

A Siiiaill nnlber otf additional collections ate tot included ini Table I becausetio inftiormatioin ott 
tile nueinhr of' iccessiod:s in thetit was ieadily availablC in tile CENAREN data batik. These 
collections hold a isgtni ficant percelnittae t ihe iaterials frot lie Amazollniallt i Cerrado regiotnls. 

ESTALI.ISIIN(i THE PARAMIIETERS OF A CORE CASSAVA COLLECTION 

The obWjctive ol this sivl is to Stiecest cuideliiies for tille costruction i l'a Brazilian core collection 
of cassava. Basic ill'orlllatill was oibtaitied by aialysir g tlie inventory of' all Brazilian cassava 
collections. Chiaratclerisatioi anti agrotnioolic data are available for alboit 40r, of the whole collectlioll 
Also, sollle in lormation is available oi stress tolerance and on resistance to major pathogens or pests, 
Ilformiat ion oil oriin passpoirt data) hias been obtained tothe level If iiiUtinicitpality for ilmost 80% 
of, the accessions. 
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Table 1 	 Number of accessions of Manihot esculenla Crantz in Brazilian gene banks, based on data 

from the CENARGEN data bank, t1992 

No. of accessionsInstitution 	 Location 

1454j,\fflI'IA-( NPNII Cal/ das. Alrma,+-Hahia 

781NIBRAIPA-( l'AA vanu,,-Ama/ onas 

IlMBRAPA-(l'A ISA Pvtrolina-lPernaiilu( o 
145IMBIAF'PA-( PAIL) l l6m l'ari 
1I3i6al-Maranhao136
I MAPA 

FNI(.,FAF I inhares-i shiritO Santo 255 

1PA( I -[I\li'Al I IA Ilarbalha-( (,lr.i 75 

1IA( I-I IAN( ILIA Fianguii-( eari 25 

SPAI I-PA(J Ia(ajJs-( eara 04AlLIS 
SI'A( RI Itaja-Sarita Catarina 2112 
Il'.\-I IA,\NiIl Iranml)(-Itoi amulu o 89 

IAl'IRIqMA Itapirtnia-tkrnaoibu o 226 

IlA-ARARIIPINA Araril)i1a-l(rnail)L1) 113 

IA( UIbatuha-Sat> Paul(O 3213 

I,I'AR t.ondriIw-Paranai 487 

IR() la(lari-t, (1. (10 SUI 	 289IL,,\( 


4132'1flital 


hIt~ diff(reIt ()lilions) arNowt(: i 	 Apprnximately 1201)0rdunL(ldo it ' s 1l Ii 1(li1011 ill knliwi) 

Several requirements are considered as crucial. The first one is representativeness of the core as 
toa sample of the whole collection. A second requirement is the inclusion of"genotypes adapted 

relevant elviroi)n melltal con ditiolns delii ed aCCordin g luthe ag rocCogical lones of irazil. i towever, 

sine soellC/olles have a lo\s representation illthe whole collection, it is acknowledged that the final 

goal of represenling the variabilit\ and diversity of cassava throngo1ut the countr,' will be difficUlt to 
attain. 

we are dealing with a vegetatively propagated md domesticated species. 

I huoan selection and multiplication ol adapted genotypcs fbr specific elvirniental conditions has 

played a strong role in determining the present distribution of this species. In this sense, the situation 

1t thIat f' aSCxUal species. suc Ii as ban aria and Valli. where 

In the casc of'.l. (' alfh %i 

wIitlh , lhilot might b cumpa red 
are crucial.conser,,ation of genolypes and phenotypic expressions inspecific environments 

In idditi(0. the Concecptual Ihack grtUmrid used for the definition of the l3razilia n core for cassava 

places the einphasis oi pragi atic dctii ands. It is asu med that better use of 'collections de peiids upon 

on the basis of such faclors asthe criteria for he selection of' entries. hie slecction )f genotypes 

agronomic 	information (Ithat is. adaptability. stability, resistance to pests, stress tolerance, yield and 

ther characters of interest to breeders) shoUIld Play a leadillg part itndeveloping tile core. The goal is 

to give priority to characters known to be useful. I lowever, much II thi.,,crucial information is lacking, 

•nd this hinders tle agronoic deinition of acore collection. 
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The diIciitnra iii selecting astrategy for c.'1strtnctinI a cI re co l.ction is been aptlvll . cs.sed byi p 
Frankel ( 1985): "'The distinction between plant an1 d ene intllroidctlion is significant fi r tile strategy of 
a Collectiln. If its objective is geii()tvpe, rather than genes, their th ctlectiirsionid COnsist OfldivCrse 
and represenlatihe cullirvars or ecdttypes. the Iintl Criterion for icilsOrn burci.z, cCOh,'ical rCleVance. 
This woldTM rsTl i a suibstaihrial rationalisation Otfcollect ols which are [to\\ inflated I\ aipletliora 
ofacccSi4) i tirIlikelh .'erIrohe nsed. IC jIr ahaOrtd reclalsethilt siric!'I ion lt lie eletic hrritac.' 
With rcuard to tire choice ol a straleg for o) lrankel ptOilits OuLIIItatfoa nun rhr crops. thteli qlestio is 
which ol these Crops is n1(4,. or is likcl, to he in the hrseeable Initire. stibjctt plait reecding other 
thaile Srcelec0tion 01' irldi idtnals or poplatinions., 

In tire case: of'.1lmihtll'.ost tf the hrcecdiri, ,ork Ulltil IRo\. has becn rIade throllllh scleclion, hut 
Ir\ lridisatioi %\ill ,oonrlr hrmc high prionty. 'rosliig is luit¢c easily achieved ill tlost cases. s,e'ucatiorn 
ishigh. arid thusile cIIIphiai, 44t the consrvt nV Iof represe nlitiseness (If allles instead olgerlotYpes 
is logical. This i, particularls tire ill tlre Case Of laidrace", or vild Mhlih,1 inatcrial. 

Ill aiill ihnoitmrtant oints raised hy Frankel ( 1985), imriproved Cullivarsatempt toaddrlc,,, these tw, 
s'ith chli al'tcr, off inltrest. Incultivation limesheen treated separately from tle llldraiccs. M.hich may 
:li\ hasC Cl e l)hnnlhiitiols of . T,.hc Iaterials arc' classil'ied into specific strata,lhe improsecd 
separatcd frori ladraccs. hIrdin rMateri;il, are ,el)aiatcd frorr lhl)se ohtainCd throu'.h formal 
sclection of landrace, h, brec'drs, thu crealin iv.M ) sIralta. I lc'e a riagirati slate', is stressed, the 
go~al bc.'Ji ig rcrritaixcres of elite matcrials. Tlhc cotirposilionl of thesc sItata \ ill l'i more flexible 
id d.na ic.. As adlIrCC'.ar mael il Valiuui brcedine o.o.(ik in Brail, neo, naterials will l e 

includcd rorcplacc +h,,slleic oines. It is undcrtood that lcdfrs,' rCCds chanLT With tile arid that 
coiillictiig prioritislra, arisc. sefuui sariatio i tinerils i cuiTc'tct brcedinicneeds nav not satisfytri)rr44v, 's re.'quiirerier,, I ( 'hraprrar. I9,S,;)), l'trlherrr)rc, hlandra.ce strata are conceptnualis'd as highly 

stahlc. ailiougl file r.im al Of) nratc'rial, It dclc luIplicatCs ( the inelnsini oIl cl'ICeSiJOnO a,s atresult
 
of, ctllcctili r c,.;allhatni, ilcltic's arc expected. TIhe aill hcre is to4represent materials showing
 
adaptlbilih, t dillrcint emirorrncntal corditiols. 

Wild rclis Cs are r10t cOISidCrCd iii this fir,t alinpt to define *icore collection. Ihuveer, these 
Inaterial., ar arll liporlil soirce oil cerdriver-Sit, aird slionld hc taken into accotll ill future 
attemipis to Cnrich the Coec. Ill particuular, tie\ have been used by hrecders a,, sonurces oif glcntic 
resistance itino. ]()')1 1. Bra/.ilian s,id relativ- are an Iniportait part (If the genetic oliversity of 
l,llihot. According to Rolgers (1963), Ithcre are two iajor corince1trations ofl'A/'laiol species. OlC in 

Mieico and the otlier ill Brazil. The species are predoiminantly Soutlh American: in Soiuth America, the 
realest nniber are found in eastern-central BIaiI. iairiill in the states ol Gorias (including the iew 

state of, Tocaitins). MIlias (;crais and the interior of Bahia (Rogers and Appail. 1973). 

MI I 1ODO LOGY 

Criteria for the stralificition of"the coil l ,. 

The first critcrion for tie hierarchical clas!.:.1calioui of tile accessions is the category of' material: 
landraces or imiproved material (resulting 'romin formal breeding procedures, such as crossing and 
selCctiii, a1id ([Laniidilrig landraces obtainedifrom formal ,selection procedures). 

lire 5CC i criteri oii, applicable ily to iaridrces, is regi(iioon criinsIwich siloId be letermitined 
in lerls f, Clirmatic and ecological characteristics.lhe Braziliar collection contains material from 
different ecosystems., v ich sh hudeapprtilpriately represented in the core. lhose of unknown origin 
colistilute . separatle stratl.ll. 
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The third criterion relates to characterisation and evaluation data. This study considers the most 

important source of inlormation to be data on strongly inherited characters of importance to the 

breeder. 

Ecogeographical zones 

Nine ecogeographical /ones have been defined in Brazil: Amazon. Cerrado, Caatinga. Agreste, South 

ittoiral. Northi .ittoral. Subdecidous Tropical [orest (or Ilumid Interior), South and Pant anal. These 

/ones were deli ned by cornmbinling inf1ormation Ironli vegetation maps (Alonso, 1 77a, b: Kuhlniann, 

1977a. b: Santos et al., 1977; Niiier and Biandao. I989 and climatic maps based on dry-season 

duration (Ninier. 199). The zones constitute [he stratalused to classify the inaltrials of ile Brazilian 

Ialdraces selectcd to build the core collection. % detailed description ofcollection and to saunplC the 

thee regions ks gixen in'Table 2. 

Sollic f the sccocographical tones coincilC with possible centres oforigin of Manliot. ats defined 

centres of didersitv of the w ild species identilied by Nassar I 1978 . Thesebh Spath I t)73), and %.ith 


aVe cCntral Brazil, %etCrin Mexico. nlorth-eastern Brazil. wcstern Malio (rosso and eastern Bolivia.
 

Furlhcr inlrinatiion oildiversity distribution was provided tW Guilik et al. II93 ) who distin

ere the crop is widelyiuiSlied three i)riniar\ liversit iones fkr ..	c'( ivlifa.These are also /ones 

incluics parts of' north-c,istern, eastern-central, soulhand ttraditioill. culti at'ld. The lirst 1o1C 
cla laraia. ' h second .otc inlcludes etern ('oloiinbia/ southernotlhern Brazil. as 

e\tiiinC "outliwards to the Amazon riverand along ihc ()riiioco river. 
Cast,lti and .	

, 

Vee/tiecla and nortlierti Biazil. e 

The third /one is ceiitered inNicar aii to Panalla and IHonduras. i()thcrareas oflsecondary 
divcritv. hcrca,,savt is antt iitodralt-l crop but appcars lobe less geneticallyitiorltnit iinl)rlantl 

coast ofvariable. are Boli ia.a large part ofthc \nia/ol basin. ,solhern lexico and areas iar tile 

there is hiih gnetic diversity of' cassava in north-eastern Brazil andnorthi-cas erniBra/il. 'hus, 


moderate genciic diersitv in the coasilal iccion of the norlh-east,
 

the collectiilStratilicat ion( ll' 

\ rtlinc to tileirst t o criteria tor tlie stratil'iication of tile collection. I I strata were defined. The 

sies itt liesc stral are showi inTable 3. The thiird criterion appl ies oiil Iocharacteri sed and evaluated 

accession. S%hichi at presenlt cont itutle 401,, oftlhe Brazil ian collectioi. This criterion will be used when 

satmpling iandraces. aiming at oplinum represenltation of diversity within strata. 

Sampling ol' core entries 

Marshall and Brown (I975. I983) suggested classifying allele:; into the following categories: rare and 

coninon (according to their frequency within populations): and widespread ard localised (according 

to their presence in naliv ora f'ew popuai)on., subJect of core collections BrowntS.When discussing tile 

(I989a. b) adapted these concepts aind defined acommion allele as one whose IrequnCIcy within aiiy one 

accssion is creater than I(,t . In tihe case of collections of clones, an accession is constituted by 

identical individualIs alid ili tihe definitions of riare and common' alleles, as proposed bv Brown 

I1 ) a, '0 are notluselul. What really matters in this case is whether alleles are present or absent in a 

specific clone and how the trequency of clones carrying alleles of interest behaves in the whole 

collection and in the core collection. 
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Table 2 Brazilian agroecological zones on which the stralification of landraces 
is based 

Zone 	 Description 

Ama/on 	 (/,Iait I! ,1/N:hutIiiitd, sMtIl)-lhttulid I-I Ill"3th, (lhV); tropicIaIl ItIlid 
1-2 MOtIth,, lr\ )Ie'tuatorial ,,upt--hu(1tti0 (%ilhoIt a (It ,Iason); tropical

semli-hutmid t+ monflhs dr') (Nimet, 19)891. 

fo)rt
,s:t\t'tgtit'i hhIt'trn ,33h3/(tilt I,3il3lt3 3r'st; stil)t(I( Oltu ,llad/OOiC 
fort':t: Ritnia,3 . 3Omt1let\ ,13177 lIkuhntl.i 


(terrado 	 (/liuntJ( hp :wi'-litiid il-- moriths d ) INimer, 1t 89f)).
 
Vget,tfion 1%1,):.( tvrad.h' 
 a ,nJ-k3 k,,.,tali(3n ,'j//inij,I976;

Miller mid BI'mida( 19891,. 

Calinga 	 (litti( tipe: ,,',i-atid th-I I montis (lir\) 1919).(Nimr, 
Ve,11,1;iont ti '/.:( ,lft!M,3. (id(3LJ,, )v hmert,a I4l3 (ktfhlmn, 1977a1).
 

Agresle 	 (Iiflltii t3/ : ('.11t-ht3- .1-7 months dro (Ninler, It89).i 1t( 

V0'3,90td tio,11Io n': (I)) idIOL,, tttr-lhriv hlt',,l(Knllmin, 1977a). 
Ih' Aglt-sl' \t3Iy'l,lliorl tO h, J ',liliVisiorn Of (aalinga byik 3otl',0i00(l 
Ri//i 1197 ,t.% he 1,. 1)('(h thefuoimdi\ greatn 01ut' ot its l(Ainily 
to) fit'l ,)'a.I t,'sOils ,tr, d 'pI, '11d flte ,(3'H, alioni5,tilIl, Mtid (loser 
Ihanlli t,i3( I , tt) ,3 \ 'g(t,tltioI. IHe, .js1 (01li l t ertnill 
dr,,'-', as3 duratl illied t \ti %e tlati3 h,,Ili'/(t3, is treated as a 

Littoral (north and stouthf) il m ti j ft pf : hulitd, su llit3hmid (I-i montls dry); semi-humid (4-5 
33nthu dr,' Nitwi, 1'89). 
"'g't, I p;,:('v'ergrteen( tstal r,ilt forest; evergreen baliianatiornw 


hvlean t3rest Alonso, 19,77a, 1); Kuhlmann, 1977a, h). 
[his region is divitledl inlo nrtlh (from southerm Ispirito Santo 
nortlhw,ards) and ,,t ll nfrom northern Rio de Jant'iro southwards to Rio 
(ian'(le (10 Sob he( dSe Of different Us in winler lemperatlres and great 
dirferent U' iill sf3' i's t331110tio it the ( oistal vegetation of Espirito 
Sal%3) ( Otnltard %iththe ((O )itptSitir tl0f the ,,ttl(ern Iloras. 

SubdecidkLoos Fropi al (Cllllti( titn: lbrhid, stl)tr-humid (1-3 months dry) (Nimer,1989).
Forest V.'3t,fii1t,1I tkt,': stIdl't idtOUs tropical forest (Aloiso. 1977af. 

SOutlh (lihatit ftjn': hintid, sUtttr-humid (I - I mtothc s dry). 
't',ttioutltip',:subtdt idlots stiliropical forest; suLibdtciduoLJs 

stIbtropit altOstI witI,-\fail(dri;grasslands (Aloiso, 19771)). 
Paniaral complex 	 Cli77,afi( fVI'es: Lumtid, I Iistif)er-humid - notrllis dry); semi-humid (4-5 

mo1ths dry). 
Veget'fai m lt
,yp3,: Pnilt3,3l, a t 331 ( (fstveral types oIf vegetation 
affec ted Iby flood(Is. 
The effe( t If ihn, Paraguadi river diff'er across theperiodic floo( s of flt 
region, \v'lti(rt'sojIlS the difft'ret'es in vegetation. There are 
permanently dml area,.s, temprarily flooded areas and areas unaffected 
by the floods (Santos ti il., 1977). 
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Table 3 	 Number of accessions contained in each of the 11 strata of the Brazilian collection 
of cassava (Manihot esculenta Crantz) 

Stralum 	 Number of accessions 

Agrest. 228 

Am i/on 179 
(iaatinga 279 

Cerrad(h 	 95 
SJle( i(luOIs rropical Forest 	 465 
North littoral 	 309 
SoJtth Iittoral 	 348 
South 	 20)0 

leeding iiiaterials 274 
Sehe( ted lan(ra(es 65 

Unknoiwn origin 558 

When working with vegetatively propagated material and focusing on adapted genotypes, the 

recovery of clones possessing the allelic structures, or allelic blocks, conferring adaptability charac

teristics is atcrucial goal. l3ccause of early and w%,ide dispersal of the crop and relatively low levels of 

uIletice chan0 c among regions, manv distinct and locally adapted gene pools haveevolved (IIershcy. 

1991). Grouping accessions according to an agroecological criterion enhances the possibility of 

recovering alleles rc"ponsible for local adaptabiliy (Ilocalised alleles). An appropriate stratification 

should place localised alleles in a Specific strattim. Inappropriate stratification might lead to the 

dispersion of a localised allele through different strata. Widespread alleles should also be considered 

when select iitthe cole. 'hcse allele, will be present in different environments. 

Preliniinar. stndies sho\M that the four sampling methods suggested by lrown (I 989b) behave 

similarly for the re\ cry of dispersed allelic blocks. In addition, constant allocation is recomnelided 

Mhen rCco\Vrine alleles concCntrated in small strata, while proportional allocation is the best 

procedure \shere concentration occurs intolIaure strata. 'he logarithmic strategy belaves as an 

intermediate strate.ey (Ferreira and ('ordeiro. I994 ). 
If stratification is ,uccesstl in concCiltrating alleles of interest, then the logarithmic allocation 

procedhlre is agood \ av of recovering alleles presenting different distributionl patterns. Inl the Case of 

an InSiccCssftul stralification. tie three strategies are eqtually appropriate and slightly less efficient 

than simple railom ,ampling. 

The size 1'thC core collectioi iLuSt be such that it ensures the safe recovery (90% of probability) 

of at leat oie topy of an allele present imthe collection with a 'requency of at least 5%. Analyses of 

the four niethods a 15-201Z. sample size proportionally allocated it)the log ofmelln' show that 

stratum size is stil icicint to attain this roal and that smaller samples may lead to the loss of material 

of interest. [he stLudv is baOe on probabihlistic models and makes no restrictive assumptions about the 

enetlic structure of the collection. 'hcrefore. 311(-4(11 landraces will be selected for inclusion. This 

size is ,ulficieit to recover localised and widespread alleles with a frequency of at least 5% inthe whole 

collection. 

A1IIiih ghIa prop(rtional allocation allows tile uitilisation of an inferior sampling rate illorder to 

reach the same recovery level, the logarithmic allocation is recommended for the specific case of the 

http:strate.ey
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Brazilian cassava collection because areas of high diversity for this crop (Ccrrado and Amazon) are 
poorly represented in tile whole collection. It is worth noting that there is no theoretical background 
on which to base tIle proportion of improved materials that should be included in the core. Pragmatic 
decisious should be made ill order to avoid overweighting these strata. Ahout 80 introdtctions are 
CxpeCted to be included in the core from this group. 

This approach is similar o that considered by Brown (I 989b;. lie argued that, according to the 
sam pl in g ther\ of' neut raI alleles, the allocation ofstrati fied random sam pling (STRS) should be made 
proportional to tIle logarithim of strata sizes. Other alternatives considered by fhe same author are 
proportionality to strata sizes, constarnt allocation and simple random sampling (SRS). In this case, tie 
size of tle core collection was deterrmined according to the need to recover at least 70% of the class 
o \vWideslead ai1d rare alleles. 

Selection of landraces from ecogeogratphical strata 

A cluster analysis of landraces within each of the edaphoclinmatic zones is recommended in order to 
define the final strata. Random sampling of landraces from these strata is proposed, following the rule 

"proportionality to the logarithm of strala sizes. 
To perform tile analysis, I8 v'ariablcs (seven discrete, II continuous) were chosen based on their 

interest to breeders (see Table 4). l'hc discrete characteristics were checked in terms of of their 
reliability (that is. small variation of data over the years). File Continuous characteristics were also 
chosen according to their herilabilities. 

Refinements of the core slructUre employing further agroecological parameters should be consid
ered in the future hecalSC such parameters may vary greatly within the above-defined Brazilian 
cdaphoclinatic /ones. 

Selection of improved germplasm 

Cassava is usually grown under stress conditions, such as little or no fertilizer, no irrigation, no 
chemical control of diseases or pests, and poor soils. Thus, one of tile objectives when selecting 

Table 4 Recommended variables to be used in the cluster analysis of cassava landraces 

within edaphoclimatic zones 

Discrete variables Continuous variables Heritabilities 

1-(N (onlent 1lan1 height (h = 0.43) 
Root surif(re Height of first branch (h = 0.47) 
tPhelloderni (olour Starch percentage (h = 0.50) 

Root fIesh1 c( our/rool weight (h2 = 0.43) 
Bran(hing patlern Yield index rool/bioriass weight) (h2 = 0.52) 
Root ,dile Storey length (112 = 0.44) 
Leat p)oesCernce Root length 2(11= 0.47) 

Median lobe lenglh (h" = 0.62) 
Median lobe width (h2 = 0.70) 
Number of lobes (h- = 0.47) 
Petiole lenglh (h2 = 0.62) 
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breedinig entries Ir the core is to represent genotypes with the ability to thrive under low-input, 
narginal conditions. There has also been increasing interest recently iii stability and integrated pest
and-disease in ana:eient, based oii host-p lant resistance (I lershey, 1991 

Selection f'rom breeding populations should emplov several additional criteria. The traits to be 

COlsidered incilde general adlaplatio , resistance to pesis and diseases, tolerance to abiotic faclors, 

ability to thrive under low-input, marginal conditions, stability, plant architecture, yield and root 

qlualitv. Possible uses, such as cousumnpiion of fresh cassava, flour production, starch production or 

other industrial applications, also deserve consideration. 
About 260 Bra/ililan breeding materials havc been identified. Of these, 10% will be included in the 

core as a stratumm. Some 001 selected landraces will constitute a separate stratum. 

VALIIDATION STUDY USING C!IARACTERISATION 

AND UVALUATION DATA 

A validation stutdv of, the proposed ecogeographical stratification of landraces was made using 

characterisation and evaluation data. The basic tool of this study was it cluster analysis oha subset of 

tie Brazilian cassava collection. Two additional intiltariate techniques (it correspondence analysis 

and imultidimellsional scalinigl were used to 'vilidate' the cluster and the ecogeographic classification. 

Data on tie clllracteri sal ion aind evaluation of 389 landrace accessions inl tie collection hel at the 

Centro Nacional de Pesquisa de Mlldiocae FrCtcultura (CNIMF). obtained over aperiod of 14 years 

(I 977-90), ,. ere eniploved ill this st uil. These lan'draces were selected because their information on 

origin was reliable id available. They wore representatives of the Amazoin, Cerrado, C'aatinga, North 

Littoral. Aereste and SubdIeciduous Tropical Forest agroecological zones. 

To perlrmii the cluisterilig of the Bra/iliai collection. 29 characteristics Were selected, 17 being 

categorical and 12 being nuiiierical (contituous and discrete). The criterion used to select the 

catcgoricll variablles was consistellcy of estimates over a 2-year period. All available numerical 

vari aii - \i el-C unwe. 'rton tIn Se showiiig ,aconi sidera I ablciid, I l iount (f liissincg data. 

Two dist anuce iat rices , one hiOr tile nlilmerical variabIcs and tie (ther for the categorical variables, 
were constructed and weighted according to tie ti1iliber of variables considered, thus producing a 

combined distance matriX. The distance nlatrix for the ntumerical variables (xi, i = I. p) was 

coistructed LiSilit! the fol lvO itg distance lleaSure (derived from Gower's scoring system r quanti

tati've dilla: Set, W ishart. I 986): 

d a.b) = , x (a) - x (b) /Range (xi) 

where: 
x, (a) - x (h) = values ol variables i for landraces I and b 

The distance matrix for the categorical variables was obtained as a complement of a similarity 
matrix based on tie ftollowing scoring system: 

1 b + I if a and i coincide toir tlie ill character
I,(a. b) = , + ( otherwise 

where the similarity is I weighted average of scores, and weights are proportional to the logarithm 
olf the number of categories of each variable. 
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The combined distance matrix was used Isa Starting point for the use of the Ward clustering 
method. On the basis of the pseudo-tC statistic, six clusters were considered as the optimun partition 
(SAS, 1990). 

The cltsiers/recions contingencv table was assessed by a correspondence analysis using the 
'Corresp' procedure devised by the SAS (l988). The graphical joint display of this analysis enables 
onle to visualise the association :ulloig clusters and regions. Angles between vectors corresponding to 
ecogeograph ical regions and causters ieasuore leveIs of association,. hirthermore, each individual 
display (looking separately at the cloud of poilts of the ccogCograpliical regions or clusters) enables 
one to associate distances between points with similarilties aind dispersion (we Figure I ).This 
representation provides an approximate view of the dat a because the first two axes retained 75 /,oflhe 
total inertia. 

The analysis show;s a clear relationship between the Amazon and North Littoral zones, with two 
specific cltusters. ''o other clusters appear as intcrmediate betw,'een the Caatinga and Agreste zones 
and the Amazon and ('errado zones. It is worth noting that these two pairs o1' regions are pairs of 
geographically ncighbomring regions. 

The ecological transition fromi the Littoral to the Agreste and Caatinga zones, an east-west 
geographical transition, is clearly reflected in the spatial conliguration of the corresponding vectors 

Figure 1 Display of a correspondence analysis for ecogeographical regions vs. clusters 
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in the graphical display. The Cerrado and Subdecidous Tropical Forest zones, which are geographi
cally neighhotlring regions, appear inl close association in the correspondence analysis and are isolated 
f'roml
other groups. 

The vertical axis is a hipolar dimension comparing Amazon and Cerrado materials with those of* 
the Littoral and Areste zones, a \west vs. cast dimension. The horizontal axis compares the Arnazon 

Figure 2 	 Display of 389 accessions of cassava according to the first two dimensions of a 
multidimensional scaling 
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materials with the rest. excluding the Littoral. These bipolar dimensions should be further analysed in
 

terms of the characteristics of their correspondiing materials.
 
A representation of the distance matrix computed for the 389 accessions was made using a 

multidimensional scaling procedure (Alscal procedure: see SAS. I986).A graphical display of the first 

two dirtensions is presented in Figure 2,and shows aclear separation between tihe North littoral and 
tileAmazon accessions. Inaddition, material frout the Agreste zone tends to be mixed up with 

accessions frout tileieiIel hoUring North Litoral zone. 

The validation exercise showed that the stratification of accessions according to agroecological 

intormation was SUCCCssf'ul because itbears close links with the classification based on phenotypic 
information provided by characterisation and evaluation dala. 

RIK(OMMINDATIONS 

Other validation procedures 

core collection:Some suggestions are given here fr tile lurther validalion and study of tIle 

" 	 Experiments should be implemented to evalnati segregatiotn using crosses between accessions 
selected from different strata of the core. These geietic parameters could be compared with similar 

quantities evaluated froit pairs of accessions arising fronm the same stratum. This technique was 

used by Peeters and Martinelli (1989) as a t00to evaluate ai hierarchical cluster analysis of barley 

germplasm. 

" 	 The use of genetic markers, such as iso/ylne, polyrfcrase chain reaction (IPCR),restriction 

fragnint length polynorphisin (RI-LP ) and protein, in sainples obtained fron each strata is 

recommended as a val idation tool. The question to be answered is whether there is aquantitative 

or qualitative differentiation of'the genetic variability aniong ecogeographical strata. These data 
could provide valuable int'Oriation about the genetic variability of each stratum, as well as a 

comparison of between- and within-strata variation. Measuring variability may provide interesting 
iniorniation on the relative importance 0f strala.
 

" 	 In tie proposals outlined iil this chapter,environental factors play a crucial role indefining tile 
strata ofthe core collection. Iloweve, irlorntation oitgenotype xenvironment interaction obtained 

froi national trials of tie collection's materials should be used to validate tite stratification. 
Locations cat be classified according to tlte similarity of their interactions with tile core materials. 
Using such a methodology, locations could be classified into regions which are not necessarily 

contiguous. such that tileinteractions between entries and locations within regions are small 
(Abou-EI-Fittouh et al., 1969: Cordeiro and Silva, 1980). 

Future selection of'wild material tor inclusion in tile core collection 

TFhe proposal put forward by Harlan and de Wet (1971) provides a convenient and useful way of 
defining what should make up a gemiplasm collection. They proposed a biological species concept 
with regard to applied plant breeding where tiledegree of kinship between related gene pools is 

ascertained in direct proportion to the degree of crossability between the crop species and its wild 
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relatives. Thus, they label a wild gene pool readily crossing with the cultigen and forming fertile 

offspring a primary gene pool (GP ). Taxa crossing with difficulty but giving some results make up 

the GP2. and so on. We recommend that the inclusion of materials in the core should concentrate first 

on strategic folk varieties and then expand to cover the wild GP I of cassava represented by the South 

American species Ai.labelij'0lia and AL. peruviana. The GP2 represented by section Glaziovianae in 

north-eastern Brazil is a close second priority. This proposal, suggested by A.C.Allem, is similar to the 

approach suggested by Allem and l-lahn (1991) for the collection of plant materials. 
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The Barley Core Collection: An international 
effort 
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A INtract 

The Ilarh.I ('ce (ollccliol (Mc('VI) Sarted as a collalborative incitiative of the European Cooperative 
r'ser. i-xchange-ocuramine to the ('tc at olt and oi C'rp (jenetie Resources (F19'/8R in 19X9. Its concept 

\%asclaboratled b a \ksi.okin ,-roupM,Ich . as recol slituted as an ineriational conllltee in 1992. The 

IC', ailiamimted Net of aCces1SIosllS SCeiOCLd f1011 cLene bank collections to represent optiillIl' the genetic 

diveusil, of balc.. The cbi'cti'.s of I l ( ' ar to increa,,e the efficiCncy of &eriIphlsin evaLation and 

tltilialion. to po, ide a managealc and reprec.nIati e set of' barey acccsions for use itt research and 

breed inte. a1d prto idC StandardiSed matrial for ScientifiC insvcStiations. It includes five main 

.h11'oiLCUMOI.cateettr es: cutlll, ;TS. Illaraccs,. Ht (h t otlher\\ iI Id/hordhim species,. and genetic stocks 

aid relerence macerial. The SIItltlritef Ile eLie potll dnt' lhie BCC' is hierarchical and can be described 

id riteria to partition the diversity and select accssiots are describe:d.) i dCnIrernti . lProcCdnrC , 


I,petts flo Speil icections Of the g'nC pool s.ill be in, olved in the actual Selection of 13CC accessions.
 

l' ,ensure o llnss ill be, as far a, posible, httiygots and hollogetcous lines.
con11inCd iteri,. IlLacc 
de\heloped flo gene hlnk 1ccesons b\ such Intlhods as sinle-sced desci,' I doubled haploids. 

\dsatu eid disadh anmtages tlhis,approach are discussed. The 13CC is expeci, . ibecotne operational 

in 1995. Aspect, , of crcamig and mainlaining Ihe colleclion. including international cooperation, coordi

litioll of ac ities, and documtnentatioun. ate diuisSed. 

Blarle\ is an economically important and geneally well-sttUdiec' crop. The cultivated forns belong 

to one diploid species. I10i',,t vlare L. s.l.. comprising the primary gene pool along with the 

.sPootd/10.t1nI cotple.lThe spel. IeS 1. /hIhO~sNm fI nrs the secondary gene pool. while the tertiary gene 

pool conmsists of' the remaining \wild species (about 3110)of the genuii Ihrdeu Botlhmer et al., 1991). 

Breeditg hegan earlv and, Iogether with intensive collecting of landraces and the creation of genetic 

stock~s. led to the a1ccuttniatiot of laroe numbers ofaccessions in '. situ collections such as gene banks 

and breeders' collections worldsv ide. The total number of barley accessions is estimated to be about 

280 (11(1 Phucknett ct al.. 1987. probably with a high degree of duplication (IBPGR, 1989a). 
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A recent survey of ongoing worst on core collections, carried out by Ihe Internatlitonal Board tor 
Plant Genetic Resources (IBPGR). revealed more than 20 such proJects Md Iour es1tblishedlcore 
collections (I Iodgkin, I'M ). These proJects differed widely in scope, in the difterentiation ot'groups 
o"accessions front which the core %%asselected, in the saimpling procedures used and in the practical 
aspects of developing and i aintaining a core. 

Compared with other core dlecdoils, thecil Harley Core Collection (HCC') approach has sevi,ral
 
distinct features. Tlhe main dilferences are that it is not a selection front the gernplhsln collection of
 
aIsingle instituitio buLf'm tlhe eittire gere pool of' a crop, as far as it is represented in gertnplasn
 
collections. aind hiat it is not ;Ipart ol an existing gene batik collection but icoilection created on the
 
basis of gene bank collections and maintained separately.
 

TI'll: BARLEY ('ORE COLLECTION 
WORKING (;ROUl 

Within tie Europeai Cotoperat i\e IProgranmti I'Orthe Conserv ation aud I xc hange of' Crop Genetic 
Resources (CP/(;R), a collaborai ye core collecioun approach was initiillyv discussed f'or Beta 
( hilinturn. 19)). It 199. the Iarlev Working Group of the IoP/GR considered the usefuilIess of 
selting op ibarley cote colleclIitoilol ihebasis of, European collections IliPGR. 9Il 9al. The group 
recourtised that rcratiit one syillhctic core cillectiitn instead of severial iiidepeiidCnt co(re cOllecti~lnS 
in larcr ecic baliks would coord iutIIlion of, ,ITorts and shariitg offIcilitlle tile responsibilities in 
Tcietic resources actitieN. lhe objectives 'lcreatiel tite 'Cwere to iici'easCe kiiowledlee a1bOut tile 
barleC elle"pool.llan Id t, the c\istintg geirmplasitS collections more efficieilly and to provide 
sndal.rds Ior studies of celitetic divcrsil. 

The Ilse ofiic I('("' in re,,earch and Cv;iilUaioii wNould lead to tileiiccun.Ulllatioln of a lirge aMn1tll 
of dal.ta ftor i litited staitdard sel of accessioll. When looking for Inew triti, the" researcher could 
iikas slarl Iron it covering a considerable part of tIhe whole liversity of tieretlativ ely small ,Inllel. 
gene pool, attd thus avoid epensi% screetings if large coilections conlaining dulplicied Material. 

'he BarleN ri P tipl a il hoc lask hrce which pul Iors ard various recoinnenda-Worki,,Group lii 

tiins IIIPGR. 989a). The Internationtal Barley Working Sesion ( HPGR, 1989b) endorsed the 
estatishliheni of a Europcan Barle" ('ore ('ollectioi and considered it as a pilot proiJeclt o explore 
possible ntittllodi glice and tIoprovide a first subset ol an international core collectioi. The network 
as1pect (Ifthc I('(' s as Niresdsd froi ile otintsel. Accessions for the European BC('C Shoul be selected 
using the Eul]opeali Baluh." as Kiiiiipff'er, 18I \%hich provides infkOrliation oitabout 55 0(0 

Ite
iccs.i' ieis ill RtErplncli Collections. 
The sslrking gouL nlet threC litls,(Anom.. 195), I1990f: Bothmer et al., 199). The report of' the 

second icoiiit iviasiistibulted fur coiment to nearlv 1111 collegies in ittianv parts of the worh.'[he 
report of' I' lhird 1etiitei11- siliari,,ed the results and reflect -ltihe ,'ontroversies and compromises. 
Slhort notes on Ihe subject ke'republishCd in a1rop1rialejou rals and newsictlers (f'or examlple, Hintul 
et al., The',u two events belore a wide internaional audience during theI99). sbject kwas discussCd It 
6th International Barley Genetics Siptiosium ill Sweden 'lie International Barley Genetic Resources 
Workslop (46 participants Ifroni28 cointries: IIHPGR. 1992). and the Barley Core Collection 
\Vorkshop (51 iparicipams: Iiitinunl, 199.2). Both workshops endiorsed the ea.lier work and recoil
nMeided its continUtlilion ad %%orldwideextensiol. with the aim otfsetting, up i BCC with continued 
IBPGR support %%ithin 3years. Subsequentls', atninternational BCC connittee wasIormed whichilso 
included toin-F iropeatn specialists (Anon., 1992). 
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CONCTPT OF TllE BARI.Y CORE COLLECTIGN 

)efinition 

Tlo 	avid C'oluiOli ill [he use of' termindogl., the IW('" is de'ined as a selected and limited set of 

accessionIs, otIiiIall. rep rs titg the 	 enetic divrsit of cultiva.ted lebIII v (arleyt l. an' IL.s.l. and 
, , ild species o4f /l-CIo m. alld InM idim: ,.,cll-kiiom.. .ignelicstandards (Holhller et ll.. 199). Its 

Obiecti\ s Me t: 

" increase ex 	 and ol \istilig collectionsthe eIliciecc\ of Itllll lhUs, of utili atin of, 

pro,, ide a " i 	 e of the available barle',IJtK!XaA11N(d ,C.')Ieslali\electionl 	 pernplasm f'or use in 

reeaIrch and hreding 

itlateial for the needs of standardisation in scientific %% ith barley" 	 ptis ide adequate ork %. 

The I('( is b:,s.d on the ,,orld', barle\ Iholdi.iws and coilmprises the whole .ells Ilor'dtle. 

includline ile secondar\ and tcrtiar gellc pools. uenetic Stocks and rel'erence material. The oriinal 

cOPCe_'lt of a core colction %t',ashat1 of alsLbset s lected from a partlicular genc hank collection and 

maIked in a datbase. lhe cot'ioIn sould thus be di, ided into the Core coilection Mid the 'reserve' 

cllclionm (Broml . ( ,qm'rI 1.l'i.svolume). The 1( '( ' liosc\r. \%ill be cretecd as a physically 

separtel, ,s"\tletic" collection (Bro%% nii. ('. oop/or I. ). selected from e\ isthi[ct bakllcollections. II 

is not iiiticided to replace gen bank collectmos and hoes nt iiak thiI' sur11fI uos., bill it will 

ilapro\ e their accssibilit.\. lhis also iliplie" that the \\ elI-ios, n concepiets of bae collctins. safet, 

duplicate collection , and acti e cocllections" , ill have to he appliel to the I( ('. 

\"ithiin the I(''. subsets ca be selected for specific purposes. An algorithm will have to be 

suset oii the san e request. l:or exanileU, if tone necds 5)devcloped Mhich vill ass civ. the same sl 

(CCaccessions of* tsso-ro\sed landraces, the algorithm shoul iildicte which accessions (Hit of the 

possily 200)mleting the criteria lui the (lesire1d Suberoup. 

The' composition of' th IlC( ' should be kept as stale aS possihl. With n.e. scientific insights, 

however, it Ilia. becolli lecessary to add accessioIs to. or dIete accessions I'ron. the BCC. Such 

stuggestion, s\ ill be aIccLuimlulated and addressed on a regular basis. 

Structure and size 

Genetic variation of the harley gene pool is considered to be classifiable in a hierarchical structure 

,,,hic: can be described by a dendrogram (lIIintum., ('hapter 2.1). In order to keep the collection 

inaaceable., the sie of the (C should not exceed 2000 accessions. Accordingly. the BCC will 
include tholl ii ng categories: 

* 	 Cn ti .rs .-.-a t 51)1) acc'Sions 

" 	 latidraces (that is, 'all cultivated material except that resulting f'ro continit.ois commercial 

breeding activities': Anon., 19))2) -- about II)) accCssionls 

II..sponlalemii (including tile aoriocrithoocomplex and the )rducts of introgression between 

II..pololiauwm and cullivated barley) - 151-20( accessions (two-thirds from central areas of 

distribuition and one-third from marginal areas) 
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" other wild Ihordleum species - 60-100 accessions (about two per species) 

" genetic stocks and reference material - a maxintuml ot 20{t accessions 

Coordinators for these categories and soie of their major ecogeographical subgroups have been 
nominated fromi the nenmhers of the committee (Anon., 1)92) . Ta ble I}. 

Table 1 The Barley Core Collection subgroups and their coordinators 

Subgroup Coordinator 

I thiopia 1(ultivi , 'Ind lindrt es) (open) 
\Vet Aia nd Nortlh fri a ( ulivar-, and lamdraojs J.Valkoiin 
South mrid lIt A',ia ((tlvi\r , 111d la1ndraes) *. Konishi 
Iuroj 111 1iividrs 1n1d 1,11)it V,0 G. Fischlheck 
Nortlh fad South Ameii a inlltivr,,and lindraces) H.E. Bockelman 
C)tl r ,irnv (nutltiv r, A.A. Jaradat 
I fhld smnntt A.A. laradat 
( )ther wild sjwn ic R.vonrBothlier 
( ,reet ,sto( k, idn rherro v mittrial (open) 

{:Sotm e Anon 11 ( J21! 

A further ecogeographical subdivision ''wasrecomnended for the first three categories. T",tative 
sites of the regional subgroups of' the cultivar and landrace groups are given in Table 2. This 
subdivisiou will I}e refined by tile coordinators in close collaboration with other experts for the 
particular group: it will result in a detndrograin, the terminal groups of which will be represented by 
selected lW(C accessions (wce Figure I . The classification concept Ior cultivated barley, both 
Ian d.races and cultivars, prl osed by I.ukyanova el al. (119() and comprising seven centres ofdiversity 
and 37 agroecological grotps characterised in detail (se Table 3) could serve as a basis for the initial 
s hi visioi. 

Table 2 Tentative sizes of regional subgroups of the cultivar and landrace groups 

Region Cultivars Landraces 

\\',t Asia ind NortI Afri (a 15 300 
Sotlh ,MldlI st Asia 80 300 
North nd South America 150 3) 
I thiopili 5 100 
Iu rope 200 80 
Auslralit, New Zealand, Southern Africa and other regions 35 0 

lottI 485 810 

Sourci: Aron (992) 
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Figure 1 Part of the barley diversity tree 

Level of Region of origin Ecogeographic group 
domesticationl 

-- C~livars - dW:Cultivrs-I- West Asia/ Syrian Steppe 

--- o ABanks of the Euphrates river 
-- Landraces /North Africa 

HvrdeonT 
-Spont'llIT1m 

Region 
of origin 

-4 

-- South Asia 

Section 

Wild species (excluding spontaneutm) ... 

Table 3 Centres of diversity of cultivated barley 

Centres of diversity Area 	 Main characteristics of barley forms 

Fthil;)ian Ethiopia 	 Large diversity, many endemic 
forms 

High diversily of endemic 	forms,East Asiatic' Eastern China, Korea, Japan 
and areas near eastern Tibet short straw, dense short ear, small 

almost round grain, short awns or 
awnless 

Near Eastern 	 Azerbaijan Armenia, Georgia Large ecological diversity of forms, 

and Anatolia area overlapping with that of 
I lordeom s!Jontaneou17 

Waxy forms, droLghl resistant,Mediterranean 	 Egypt, Algeria, lunisia, Palestine, 
Syria, Greece and the Greek islands, resistant to several diseases 

Spain, Italy; and )arts of western 
and soolth-western Anatolia 

leat and drought resistant, mainlyCentral Asiatic 	 Afghanistan, western lien-Shan, 
Tadjikistan and Uzb~ekistan forage types 

European-Siberian 	 Western Europe, Ukraine, northern 
Caucasus, and western and eastern 1igh level of breeding, tolerant to 

Siberia soil acidity 

North, South and Central 	America Lodging resistance, earliness,New World 
resistance to diseases 

Note: a Also known as the Chinese-Japanese cenlre of diversity, after Zhukovsky's classification 

Sour((: Lukyanova et al. (1990) 
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The decisions Made during this repeated stratification process will e carelnil ydocumented so that 
tbranching criterion cali he associated with each node of the branching tree. The combination of all 
decisions leading to tie f'ormnatioil of a parliUtiar small griup will describe this groLip anld tile13CC 
access Ions representing it in terms such as "two-rowed I)anish MaIling barley cult ivar ol'spring type'. 

[urther characteristics that uighl be used illconstructing the dendrogral for cultivars (category 
I)are. forexariple. phylogenetic group (occidental ororiental ).growth habit winteror spring barley).
climatic Zone of cultivation, car type and pedigree data. For landraces (category 2), important 
characteristics ilIcltLdC use, ccogCOgraphical data and tiheagricultural system practised. For II. 
.ASo'uhum (category 3). mainly ecogeographical data %ill be used to represen tlie diversity. The 
representatives of w ild species (calegory 4) will be chosen within each species according to 
ecogeographical and/or"morphological crileria. For genetic stocks (category 5), experts in barley 
genetics will be appro anced to pIropose appropriate 1C C accessions. Characters fIr which reference 
material should ieincluded in the BCC will also have to be selected. 

Accessions for the international l3CC might well be selected from existing core collections created 
fIr a specific purpoise or region (hir example. an Ethiopian core collection of landraces). 

Homogeneity of accessions 

In order to ensure the coutinued integrity of the BCC, the accessions will be, as far as possible, 
honlozygous and [loliogeneous lines. Carefully chosen mIetiods. such as single-seed descent or 
(h1)el hahploids, Iiave been luggested for obtaining homozygou s lines wiherever initial accessions are 

lIMuild to be hcteroygous. I letlrogCneous or heteroy/gous accessiois will be inclLed in the 13CC only
ill the case of the tN.o strictly oulcrossing/Hornleu species, and possibly for particular accessions ill 
tile as those containing letlial alleles. Inthese cases, other appropriatecatcgory of'uencetic stocks. such 
lleasuires illibe taken to ensure identical reproduction. 

The decision to use hlonliogeeous accessions was taken .alierthorough ;scussion (I lintuti, 1992).
The decisive advantages of u inglit inlnOygols alld Il oge neou s accessions are that identical 
inultiplicatioii MerCenerations and locatiois is possible, and that correspondence between informa
lion and material can be guaranteed. A high stability of the accessions and reliability of the 
doculienlatl isconsidcrCd very important: ifascientist uses a BCC accession, Ile imust be sure that 
the seeds lie analyses are genetically exactly the same as those previously analysed by others. 

The major disadvantage otf ge neous accessiois is that vai ation witiin landraces is notutsing In 
reflected il tilte('C accessiousI (lrown, 1992). A landrace will be represented iinthe BCC b),y a single 
liue: hovever, it is understood that such a iue is not identical to the landrace and can never be a 
substitule for it. To study tilevariation within a landrace. one should refer to the original gene bank 
aLcession I'romn which tie 13('C accession was derived. For the choice of these landraces tile canBCC 

be a useful gu,ide. Another disadvantage is that tile allele combinations ill the core isinimber of 
con sidera1ly reduced comnpared to tie normalI. oftlen heterogeneous. gene bank accessions. 

For modern cult ivars itcan be expected that tie accessions will already be homozygous lines. Local 
experts will be needed to verify the identity of [lie gene bank accessions and, iii the case of 
contamination or heterogeneity, to decide on the line best fitting the variety description. 

Choosing tie line to represent landraces and wild relatives isa more difictilt task. It is presumed
that asingle line contains the genetic background common to the material it represents. Local experts
will be asked to choose these lines (for example. a line optimally representing the barley grown in a 
given river valley iinPakistan, or the two lines representing Ilrdeum pirocertn in the BCC). 
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Plhases oIf development 

The plhases inl the establishment and o[peration of the core collection (1lintum, I992) are: 

SFlirst., pIha.- developmeunt and presenItation of' the concelpts ( I 989-92) 

" .Se(c(hd/pha.-' establishnment of the collection (I992-94) 

" T/ih p/1i.s '." 1B3CC becoming operational (i 995-

It x\ts recommuided that lll(GlR be involved from the outset (IB3PGR. 1992). An important 
criterion f'or selecting entries For the 1CC is the availability of reliable passport data which are as 
Comllplete as possible. 'o this end. a International Barley (yernmlasi Database as proposed by the 

Interinational rI c\ ( ene tic Re soutrces Workshop (Kniiflfer and Perry. I992) would greally flacilitate 

the Selection of the accessions 'or the B3CC. 

lut %tr.,ork 

)nce the 13CC accessions have been selected. the coordiiiators for the subgroups will oversee the 
ireparatin oif th material. They'will also coordinate tihe multiliication of the accessions to the exteit 

required to mect the requests of' the users. lHebase collection of' the BCC'will be maintained at the 

International (' enter ,Ariculture in tlhe Dry Areas (ICARI)A) and dulplicated in Canada. Active 

collections should he kept iilma~o r research cenires. Iieach of't'hIese collections the standard miiiniimii 
possible exceptions for material that is difficult torecommnedtl \ as 4)(( seed,,pLr accessi(i, % ilth 

mmultilil+,. Noni'i.ll,\ .onl, small ,amples would lie distributed. 

A \\ll-orailised do'ti[ienllitiol systeml wvill be of* vital importailce., Irefe'rahly coordinated with 

tlhe International IBarlev (crtiplasi l)atabase KniipOl'fer and Pei'rry. 1992). Researchers will be asked 
to provide their resillts oll('('Caccessions to tllis systell.doctulniiltatiol 1uilicatiollstf in/'estigations 

of 13CC miaterial should always refer o theo( CC accessio llnumbers. Refe'reice iaterial I'r B3CC 

accessi,,io(ns,,Isucih ais b or spike salles) willhelrbariumi libe needed for regular checking (if aultheilticity 

dUring multiplicat ioin. 
The nmamiiitena nc of thie coie collection will require additional fulnds and ef''€orts. The BCC 

coimiitle considers that [lie biieits restilinc f'roimt lhe B "CCwill niore than copnlieiisate f'or tlhe costs. 

The collmllittc anticileis meeting regularly to coordiinate activities. Although additional funds will 
be iieeded klol" implememitaioni activities are considered Itobe tihespecial activities, tlie of" 13C 
responsibilit\ of the particilpiting genie banks, It is exiected thal highl)' valuable sysematic informia
tion about tie¢ genetic diversityv in barley will acecuiulate during tile compilation of tlie BCC. 

CONCLUSION 

The 13CC can be considered to be the f'irst large-scale synlihetic core collection. Its success will 
determiniie. to a large extent, the lulure of this type of international cooperation. So far, scienlists anti 

curators have showin great willingiless to conitribute aind cooperate, possibly because of the commontly 

f'elt need to iilke barley ge-inplasm collectiions iore accessible iid to reduce redtindancy, in ge t hank 

activities. The BCC is allexample of' allinternational eftort to make genetic resources management 
nore efficient. As such, the approach could be applied to other large decentralised gene bank crops. 

http:Noni'i.ll
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The dynamics of a core collection 

A.A. JARAIJl 

Abstract 

I 'acore collectiol is It)represent a living record of aspecies or a genls, and COntains as i u1ch genetic 

variation as possible. it shoulh evolve over tinie. Alterations ill size and collelt of the collection should 

be a relatively slow process in order to build tip inl'orialion on the accessiols. I lowever, some alterations 

nay he necessary in the short te-ill to: iaxilmise the variation in the collection: provide additional sources 
to ineel nes needs: identits traits Cor which tuSefl variability is linited in the source collection; include 

the poteitial uSefulnleoss ill Illtested Iiiaterials: reduce changes resllting fron contamination; and clarify 

the sttlcitre otf genletic dicersilv in a species and ref in ile Structiore of tle core collection. This chapter 

-|InCeS which require a change ill the comlposition of a core : 

collection. Such ciremltanccs include cases wvherc: little is known aboul the species/crop and its 
discusses these alle atitos and the circtan 

popllation ,,tructure. and iorc inforntiaiiOn ( its gene pool is available: new brceding methods are applied 

to a crop, and new Lenetic variabili\ identifieIl/created; required variability is incorporated into desirable 

clitic background; nlamit ,locks undergo chiitges: expanding cultivation atld changes ill .iin ecosystem 

call tr ne%% ecoes and reatler iliversity: genetically cotntrasting lndrace genotypcs are identified: the 

geclletic base (ft l[liecollecikm's ci\'uIvalcimp11olneiit becomes niarrow: accessions are receivcd 'roin ntew 

areas or repteset lie%% a\axc a: and access',IIS with qunest iomble anthleti icity catn be replaced with tiew ones 

tr n comiparable source . The clapter comcIldes with i list of indicators to guide curators in making the 

lecessary chatnlges to a core collection. 

The development of 'ore collections to provide an adequate sample of a species range, to streamline 

gerinplasin evaluation and to devise a global strategy for the manageient and more effective use of 

variation in gerniplasin collections is receiving much attention. Core collections of winter wheat 
(l1acKey. I989), okra Ihainti and van Sloten. 1989), wild (;hril' species (Brown, 1989a), lentil 

(Firskine and Muehlbaner, 1991), peanuts (H olbrook et al., 1992), barley (ICARDA, 1992) and wild 

eniner whea (Jaradat. 1994) have already been described. A survey conducted by the International 

Board fOr Plantt Genetic Resources (1I1PGR) (Hodgkin, 1990) pointed out that if acore collection is 

to represent a living record of, and optimise tile genetic diversity in. aspecies or a genus, it should be 

aIdynattic rather than a static set of accessions. Alteration insize and content of acore collection may 

be desirable to optinlise its genetic diversity: however, theoretical and practical considerations suggest 
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thit chanCes in size aid COIltellt Iy become coInter-productlive. This chapler discusses tile 
advantages ald disadvantages o 'altering a core collection, outlines criteria to guide managers as to 
when, why and how a core collection should be changed and puts forward some ideas on how these 
criteria snay differ for different core collections. 

A CORE COLLECTION: STATIC OR DYNAMIC? 

Ali important Ineiasure of tihe efTeclivelless of a core collection is the extent to which it contains the 
genelic diversity present in gene hank holdings. Ilowever, material in gene banks is often unrepresenta
live of til. "'lal diversily of' a crop or a species (ICARIDA, 1992). For tie major crops, this divers.ify 
ilcludles obsolete cultivars and genetic stocks, landraces and primitive cultivars, and genetically 
related wild and weedy species. 

It has been log recognised (Frankel and Bromn, 1984) that tile collection and collation of 
characlerisation and e,, aluailon data describing genetic diversity is a first requirenicit I'or the effective 

nlallenment and use of plant genetic resources. I lowever, a beler tnltderslailding of tie way inl wh'ihl 
the genetic diversitV ofl sp'cies is distributed il cene hanks and ill nature is also becoming illportalit. 
Since ihe core collection concept focuses on the extetit and(distribution of genetic diversily in aspecies, 
tile collection shoul1d eolvC o er time in size and content ill order to provide optimal representation 
of the available genetic diversity in that species (Brown, 1989). Io\vever, the formation of a core 
collection aims at building up a bodv of illlornmlion on its accessions and providing slandard material 
for scientilic \,ork. '[his could lead. in the lon run, to hetter int'rnlatiOn floW, allowing potential.I users 
to idelitf'V ip)ppriatc , 'cessions for use ill their programmIres (I Iodgkin. 1990). It has been SLggesled 
thal too rapid a Ilu, olaccessions through tie core collection would def'eal these aiis ( Browi. 1989b). 

Brown (ItJ9t suggested thal altering a core collection, in the light of' new infornationi and/or 
availabilit\ of" new accessions, nuv be necessary. Ilowever. a core collection should conserve only 
those addiliins which are distinct (Chang. I989). The size of' tile collection should be related to 
comiprelhensiveness ill genetic diversi\t, and it shouldd also be manageable (Frankel and Brown, 1984, 
lBrown. 1989a. b. 

Alieringc tile size and composition o'f a core collection may be necessary for one or more of' tile 
f'odIlo \%ing reasons: 

" ho maxiinise its variation. in teimls of frequency and quality o(f alleles, relative to the collectioi 
from which it \kias derived. Smith and Dtuvick (I 89) coclti.ded that building a genetically diverse 
germhplasm base is almost pointless biless : elcomtpasses genes thal are useful, either ii 
themselves or in combination with other previously evaluated germnplasm. Brown (I 989b) stressed 
lie importance of' using the nitiinher of' types or alleles per locus as a measure ofldiversity in core 

collections, and pointed outt that the critical issue is whether any type or allele is present in the core, 
it()t its frequency. It is asstined (Bro\, ii, I 989a) that breeders, thronIi crossing and selection, can 
recover desirable alllels \k, hen required. and the\' need access to only one copy of such alleles. 

"1 o provide addliitonal Cenetic sources to take account of hiotic and abiotic stresses, breeders' needs 
and iiew fIarlmin sys!ems. t r xaexamlie, expanding cLltiV atiOn to newly opened areas and dynamic 
changes in a 'crop' ecosystem \will certainly call I'or new genes and greater diversity. Examples can 
be ciled from the rice ecosystems il the Asian tropics, the Amazon basin iii Brazil and many parts 
of Africa (Chang. 1989), where farmers are facing new probImdns associated with fauna, flora, soil 
and pests. 
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" IoideIIv traits for \\ hich useful'l varialilitv is liitedl iIIn rplasil collec ions and, prohably, ton 


include some rare ald valuable allcles. (enes for Inale'slerilitV. dwarl'ness and diseIse resislince 
have been exploited h\ brecders mainly to de clop crop varieies which are culliva: A over large 
dre'as. "'h.haards associatCd \k ilhtheIlse olsuclI a narro\v enetic base arc %elI documiented (Nevo 
et aL.. I98) and call for ne% sources of, variabilit\ for these traits. 

as uiItestcd 
materials. Ladi/insk, (IQ89) remarked thtl w\ild rlatis, ",oSc'oT) tlnlde.Cr-lClrsented 
'To include the pot.itlial lnI'lliiss of genltic re'sorIces ill set ,ild and cultivated 

plants1a1r1 ill 

ee hanks compared \ fil cultivated crmllplasti. \Vild relatives harbour cenetic diversity which 
111,% he abseInt frolm cultivatdl material. Also. thev display local and regional adaptive dif ferentia
itns a reNult of' diersifyvin, selection (Nevo el al.. 1984. I1,6). Ilowever., information is 

inadCaLte,. on the eIntire ditrihutionM range and the Ccolgical iniches in which the wild relatives 
of ilost crop plaits gro.. and thus it is likel, thai this \%ill bV a future souLrce of matteria f'ora core 

collec't
ion.
 

" To rcduec chan.es caus d bs, cotamIlill;tioll throug1111h ;+tiUt1Iii'oreignI i)OllCn o<+0' and it)seed, 
niuni+S "cenCtic drift h\ ensuLrin. a fulicintlI large"sail.ple i c and reducing opportunities For 

natural selection. l;almer (II989) , for uaniple. pointed out that certain mtant stocks may undergo 
cliaiies ssith timC asna resLIlt of' reversions, stippressions 111d sco1ndar illutliaitilS"herlore 
stocks, carr ill' c toloCical iiikCrs hivC to be ch.iracterised microscopically to ensure that the 
variant of interest hIas m bteen lost. loreover,rilainlenalice of small seed samples, as il the case 
of, core collections of cross-pollinated crops. cali lead to gelictic drilt (("ill. 1,89). 

"To clarif\ the structlurC of ,ectlic diversity in a species atid ic'iic tihe structire and Com 0position 
of the core collcction. It is cill isa'cd (Marshall. 1989) that tilecote collection will recieve priority 
in C\altion aid clharaclerisation, so that in tiic ilarce number of' traits would be evalated at 
different locatiois. This could ICad to a bettier utderstaStlil" o1'ihe Ocenetic st.rcture ofa particular 
species aid p'oiuIte the distrilition of, il'rlnation and material, thus f'acilitating use of the core 
collection. 

(;IINI'I(" I)IVERSITY ANI) )YNAMIC'S )F (()R E'COICTIONS 

Ai 1iln1derstaidinc of' die %kav ,cenetic variation is pr'titioned aitoig populatio s is of' primary 
itlportance for tlihe Nevotl 1986) and for the formationconservatiol of, ,cnetic diversi'ty in general I( tl. 
aid evoltion of ciCore coillcctiois ill SLUl'v'\'s of bi'hochemniial (Ne\,te al.,paricular IMarsill, 1(989). 
I9861, molecular (Ilanirick and (iodt, I990fl. iorlhilogical andl developmentatl (Nevo et al., 1984) 
sariatioti provide data that are critical for the C'blisliniln of strategies designed to preserve and 

lptinliallv saliple genelic diversity in plant species. 
Variaiioi %k bCen thorohtihly exaiined (Nevo cl al., 1986), billithiin atd alliong poulatiIns hall, 

little iniornifation is at\ailable on variation at the species level (ilanirick and (od., 19911: Brown, 1991). 
Io V iriltalrMit iSsics haivC to be alth'ICssd duin hc' Idevolution phases ofthleoriation ani a core 
collection: he 'iccuraicy ssith1which ucnctic variation althe populatioin level rel'lcts variation at the 

species ICvCl: and the relationships that exist hetmen levels ol, ciietlic (liversit), aid the char'ac'cristics 
(If species. 

A survey' (If allozvme variation ill lanrick and Godi,plant slpecies (Brilting and Goodman, 1989: 
1990fiindiclted that genctic dliversit' within species is significantly influenced b)phyletic group, life 



form, geographic range, breeding syste I and seed di sprsa I mcc an i sn. (i'ogra phi c r; nge was fOild 
to be tile best predictor of levels of allo.ynie varialiol within species. Species with widc,,pread ranIges 
had significantly higher levels of diversity than more narrowly distrihuted ones. 

Within p)opulations, dilff'rences existed inthe categories of' phyletic group. life fo,01tnh geographic 
range. regional disirilltion., breeding svtnt and seed dispersal n.cclanisi. The lighest level of 
variation withil pilraltiOns kRas associatcd \\ ilh cograplhic range and life form+ of the species. 

Significant diffcrencc, ill proportion of genetic dive+.rsity amon polpulatioils (I; ) occurred in the 
categories of pivlCtic group, life I'01ri1. Ngiol+ distrihttion, hrceding ,\stein, Seed dispersal 
mechanism and Succesional stals. B3rcediigi syste+ and life foh vere most closely associated with 
the variation in+G.,I: toguthe. these categories accIlcd for 841j of the variation ill all eight 
characteristics, of slcic,,. lan~rick and C;odt (19){ concluded that vVariation at ihe species level was 
positively anid significantly as.,sociated with variation at the population level, and that hotlh are 
influenced by differeit evolutionary processes. This fiilding has important implicatiois for the 
developicnt of gcritiplasil sampling (Ilanrick and Godt, 1990) and coiiserv:itioil (Britting and 
Goodman, 1989) strate-gies. 

Changing (lhe contents and composition of 'a core collection 

The conlltents and composition ol'a core collection shoulld be changed for one or nore ofthe following 

reasons: 

If'litile is known about the species/crop anuid its populaliot structure (Smith and Duvick, 1989), and 

if lol detailed iillfrltatlioll oil its geli pool is available. ]'le new inlformiatlit ll +IbOtl acces SiOllS 

from different sourlices in ay call for the revision (if categories or affinities allong accessions 

(Browni, I 9189a ). The lack oft ax ooilic veri ficat ion, characteri sat ion., docuil icl at ion anid descrip

tion olf gernplasti collections, especially old ones, is all important technical ColnStrailt to their u.se 

(Fra kel and Brown, 1984. MIore inl'orination on gerniplasn collecions.especially f'roin develop

iig conitries, can be made atv ailab!e if fIacilities for proper cv aIhation, characterisation and data 

storage, retrieval and ifisserminitatiot are available IChapitiali, 1989). 

As new breeding methoft ds are applied to i crop, and tiew getetic variability is being identified or 

created. A wealth of increasingly iseful gene.ti diversity is being generated through the diversity 
C*gernlp!asni, environments and selection sclhelm+es anlong plant breeders. New breeding methods 

being applied to sorghim are inbred selection 1*0"hybrid sorghuin (Nath et al., f984) and the 

tropical cotvye rsion prograitii e ( Prasada Ra iet al., I1,89) 1o iltroduce diverse alleles from tropical 

geriipllasn into dwarf, fihotoperiod-isellsitive breeding liites. 

When required variability is being iicorporated into desirable gelnetic backgroutld. Plait blreeders 

will liotl be able to imiake efficient Use of tihe riutiirfd variability if' it is Inot available ili ait 

agroilornically desirable background I I lerisen, 1986). For example, some of the Yr and Lr genes 

for resistacice to stripe rust anid Ieaf rust ill wheat, hiproly getics for high lysine and high protein 

inl barley, aindI the /) niutant geie for induced ho eoloOgous recombilialtion inl wheat are present 

in agronomically poor Iackgrotiids. Siinilarly, geinetic variability available in wild species must 

be transferred inito backgroulds mifcultivated s" -ies before it caill be used for crop improvement 
(Nevo et al., 1984; Ladizinsky, 1989). 
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" 	 When multant stocks undergo changes over time as a result of reversions, suppression and 
secondary mutations (Pal ier, 1989). 

"If cxpanding cultivation and dvna mic changes in an ecosystern call for new genes and greater 
diversity. The area of cultivation Cbr a number of staple food crops is still expanding into new 
ecosvste.ms (Chang, 1989-). Intcrcropping and iniltif c cropping are also increasing. These 

situ liolls will ivevitahl lcad to c hangr.es inpest d ai age aind cdafph ic aid other ecololgical stressess. 

Core collect ions have to cope wit ll these situ ations throng h1acquiring aid broadening the spectrum 
tof genetic diversityv. One possibi lity is to include sources o pest resistaice from new en ironnients 

where both list and pest have been ini troduced (CIaprrn, 1989). 

" 	 When genetically contrasting landracC getioivpcsare identified (Jaradat, 192). A landrace, being 

cormiposed of a rnixturC of hlo.ozygotLs gciotypes ina self-pollinated crop, usuaily exhibits 

conisiderable variation. These landrace geiotvpes will facilitate selection for high levels of 

recormbhinations and thus the ability to generale Mvrorc adapted genotyfpes. 

" 	 When the genetic hasc of the cultivars in tile core collection, based on the genetic divergence 

between them,beccries narrow. Nartin etal. ( 1991) reviewed several recent studies oinaillogainous 

crop species an,.: concluided that average culttivar diversity tended to decrease over time in some 

crops (lfor cxamfple, sr i'tred winter wheat and malting barley) and increase in others (for exanlple, 

hard red winter wheat and oats). Knowni pedigree data to estimate coefficients oflparentage (Souza 

and Sorrells, 1991 a,b), which estimiiate tile from eachprbability that two alleles chosen at raridoini 
individual are identical by descent, can be used itsan i'idex f the relationship between pairs of 

cultivars. I loxsever. Souza and Sorells (1991 b)suggested cormbiriing pedigree data and genetic 
marker iiforia:itn to prodte a better suiiiimary far i n proving tile estimate of the relationiship 
almOng CoLltivars in a core crllectitor. 

When new accessions arc rece! ed flron distinct or new areas or reprtsent new taxa (Brown, 
l989a). 

" 	 If the genetic basis fOr a desirable trait is diflferent in various species or groups of species (for 
example, species evolved in different gene centres) (Ladizinsky, 1989), and ifdesirable traits are 

scattered ariong different accessions and even amontg diffe rent plants within n accession (such 
as, potato ).Obviotislv it is iniportant t include several sources of variation tor tile trait in quie stion 
ill tilecore collection. 

" 	 When accessions with ttuestiorable authenticity can be replaced with new ones from presumably 

comparable soLIrces (Brown, I 989a). IntOrration oincollection sites of accessions is important for 
all phases Of' genetic resources work ingeneral, arid for the designation and evolution of core 
coilections in particular (Frankel and Brown. 1984). The coordhates of collection sites of wild 
rraterial and landraces may be lacking (Chapman, 1989), especially for older material collected 
from developing countries. Moreover, this information may be of limited circulation. 

Indicators for altering the content and composition of a core collection 

The indicators that could be used by curators for changing the content and composition of a core 

collection include: 

http:hangr.es
http:ecosvste.ms
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" 	 changes in allele frequeicies over succeeding mu ltillicattiolls: mean number ot alleles per loclis 
an11d lsedien111 level of diversity could be 

Scolmparisoils between the core and the source collection in terms of'genetic diversity and allele 
frequency 

" 	 relative va rid nuce cool poucits,bcause ol'different sources of variation, illthe analysis ol'Idiversity 
indices for a set of characters 

" 	 the non-randoi, partially adaptive distribution of certain molecular markers, their combinations 
and l'reqtuencies 

" 	 average gcenetic divergeice between cultivars in a core collection based on diversity in poly
morphic discrete characters 

Small core CIlec tions (s uci as those laimtained by plant breeders aiid experiileilal biologists) 
nay iesubjected to italll ore lie luerltlles lll thai large ones, for three reasons. Tihe first is that rare 
and special alleles or bi types could be important bOr a small but iot a large core collectioi. Second, 
a small core collcction should be more (lytnamic than a large one so that new genetic stocks and 'elite' 
strains possessing desirable gee Cti,Variability could be added more frequetly. And third, p lalit 
breeders imiay wish to have all the difl'ercit adaptive genes for their breeding work: these genes may 
not be all available in a ca,+re collection. 

CONCLUSION 

Recently. much attentio i has been paid to the developmeit and use ot'core collections of plant :Pecies. 
'[ie itea behind the core collection is that i: should rep-resetl, with minliillum redundancy, tile getietic 
diversity of'a crop species and its wild relatives. A core collection is expected to be a living record of, 
and to optimiize the enelic diversity ill, a species or a genus. Consequently, it has to be a dyNaiiiic, 
rather tlhati a static. set of accessiolls. 

The size aMd colposition otfa core collectio could be altered ill order to opti ilze its getetic 
diversity. Tli'i chapter has prOvidCd guidelires (or geiie bank lanagers oil wIly, whlei atid how to alter 
the size aid composition of a particular core coIIcCtion, dICildihlg uipoi tie species in quistion and 
the size of the core. In addition, indicators forcllaneine the content o'a core collection were suggested. 
TIhCse inchodc. hiut are 1iI lhIn parisitns between tlie core aid the source collectioils andited to: con 
allele frequencies c%,cr succeeding iultipIicadon1s. 
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1)I'l'15hlr ,rnrlihu I Plant (;enti( RFNhour(Is I1stituth (IIF(GRI) 
A.WVilc", cI' ll ll I( aI On-S,t1.,( 

Verifying and validating the representativeness 
of a core collection 
N.W G,.u 1.) 

A bsltact 

l',% II rclpescinaIVCnsIIo1ta core coIIcction are prol-osed: how nearly it clltains the Fullo (Ilitilii ot'lihe el 

rInog ol i presenI1 I1 ',e 'ol[Cc.cIlll: .|dhow closely i [is 1 \'variation resembles Ihatl\ ill til ili hole patlrn 

e IA ot I(I iIlerunl Icet44C11ICLI 41.IkL cs41 cLetlvnss Ii I IltOLoISOII4C)I1g aCCCSSiO [ISIo~r 

ll'd u dillata Iromtile (allibridlic IK) Phil.ool4. beantgerill)iasill Collection..'
tilt.,eole \aCII 
M\l isil lilt 1l,,'ll'tLIqrC\,C.lllIl\ L',.- 11, lde'lj1i'l) I ) or (III desLripordid not4c.)lnSi~llly Jlncrea;.se 

Ihro\lgihI'leCCLionoan reglular" nlllCrv;SrNLhrelldlsil I.s,,hr 4lhcr Ice, riIlIr', d:t.' at the d(lenot 

]prtldil..',at lll Ltlla;Ili\' 11114li 1 Iha.ll ,iltc relprescntativc.nessIliir esI+T L4)eILI".+ 1tm2 IIttlll sel'ction .NMLa\ill 

hoclh sigtlifIcain . \\ rc weak. Mulltivariate 

n1Ci14LI5d, lsleL d il1 I'itir44ti1)S 441 sions I'or ol lectlon,aind 
Ltle ias', liot n il ,ciplor ,,aillli Itl CI bCuuc 0111, lL 

lhe d-, OLI)! itLcC slect ion of .Lore 
,

tilep)rt.duLLerC4 this siaion1i4ll ale dicuL'sed. The :tfeet, 4t lliIiSSiIln data have 1n0t been found 1o be 

,.liOl5 Ill tile IIIh) ',!l Ldch.'ClI)) n 1ccessions. The althor 

cnsidels %%;I c\pensi'c to record tihe IIbe tlsd in the 
C\Lcpt '.here a iescriptoer is lllissni I rnI ,la.1 ..

ill MuLh IcmLiplls t illl L Ic4)l cIj4Itn could 

CLIi disersity \ illil accessio4ns will ot'lenhave to e treatedoil 

I,,ba,sis Ii tlehornation o .. since inltortnation onlthis lype ol diersity will nt11 be 
dIfilit tllt)fie Cle,. and nl tes tilal iL. 

f LiC .I)Ilccti)ns,. 


avhaitbhle raIl aLcessi')ns. Ahe usc o1 pap4ll. jlaxvImoIliic :nd cigeograp)lical (dlat
call help toenslre 

that thle 'co llioll is rcleseillatik C not on]) of the \khole collectioll but also of Ihe whole plaint taxor 

und,..rconsidoiratjton. It i C0ll.luded Iat \Cleticatioll of reprCsenlti\'c.'tSs ahhiotglh important. is not an 

oIbstacle to tile ,ICSeI%IIlo IT"llt4'Lolc tl lctioln'.. 

"I'lle be defined intwo ways: ( I)how close it cornes torepresentativeness of a core clollection can 

incIlIdiIw lie full rlgue of variation present inthe whole collection: an(! (2) how closely the pattern 

of variation ill tile core resembles that in the whole collection. The usefulness of acore collection for 

plant breeding isrelated to its representativeness ac cording to the Firstdefinition. However, definition 

I Ima- not alkways be tile mir..,t ion which gives rare and inusual types equalapprolriate: a core col le' 

prominence with the Commollon rllforms of a crt)p may be misleading. In particular, the ease with which 

results from studies oil the core collection can be applied to the whole collection will depend upon its 

1137 
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representativeness according to the second deli nit ioi. It isusualH desirable to extrapolate urthier, and 
make inferences about the crop taxon (species, getus or other unit as a \\ hole. Their validity will, in 
turn, depend uponLhow ciosely the pattern of' variation in the whole collection resembles that which 
exists (or formerly existed) in the field. 

Much of tie diSCSSioil of core collections has been in ierus of tie conservation of alleles, (for 
example, Brown , 198 a. b). Although this is helpful for identifving and re sol ving the issies involved. 
in practice other approaches \s ill be required when defining core collections. because ilnforrratior 
about individual alleles will Ie linavailable for nian\ traits and. inl any case, alleles do not occur 
irrdCpendenlV. Ih tl10 extreirre case of air obligately clonally prolp)agalCd orlaiisii, it is the whole 
gentotype Mhich is included or onitted, will lio prospect of recombination of its component 
alleles. hBui CCi ill oblicate ottbreederS., aiieles occur ill linkage grotpS v.hich are difficult t0 
recombine. Thus, even wi\ei the objeclive is tire conservation of alleles, the assessment ol + the 
representtli\eess of the core collectiol s-,ilould inclde tire Luse of pihenotypic characters, sortme of 
w,hich Icdleterniied b\ mans loci. Moreover. colllbillations of characters+ itri ie considlered 
together: a piarticular characler ill one geiretic background may be of' much imiore use than tire salle 
character ii another backerotnd. In addition to gCiotvpic ot phenotypic characteristics of the 
tceSSiolr. the definition of i core collection ilrav be based oir tie passport data of tiet.Laccessioins: 
indeed, good pISsprIt data probally have lo rival as a concise. rcealirng aird yet inexpensive source 
of illfolollatioll about accessiolls. 

Ph enot pic characters are -eIreseited ill crop germlahsi collectioins y des'criptors (such as plant 
heiilt and sceed coloni.r) each ha\rinu I rarre of states for example, 0.30- 1f.9) in: red, brown, black) 
(IBPGR. IN) . l)eScriltorS aid Lescrip)tor state. rather t1air loci and a11eles, will therel'ore be 
coll.idi.-red here. Descriptors irai\ be either cointirli oUiS (having a raillge of' numerical values. such is 
plant hei!it or discrCte (hi\ in \ alues \%hich do not lItrr a nattural sequence stich as seed ctlour).
QuWsi-cOiniiruotiiS d.SCriItIrn, in wkhich oinly integer valles Cail occlr. Will be treated Is COItiluouis. 

The ure+asures which have er.n propotsed for species diversity inl ecosystems are reasonable 
canid.lateN aS i Idices of thIe diversit of a discrete descriptor. One stch measure is: 

1D\ = "pexp(-iY 

wvhere: 

p, = tie p1rio i l I' aCcessiOrISll ll'ig tile ith descriptor state 

This index has tile p perties which are expected if a reasoniable mreasure of diversity: it gives larger 
valuCs w len mrore descriptorstates are present and. otherthings being equal, it gives larger values when 
descriptIr sMItes ae equally cOillol tianir hen son iCare t.Comlriron and others rare. I uwvever. it is little 
affcted 1y tire inclusion or e.luisl of rare descriptor Slates irr tile sample (Firlen, 1973). This is a 
desirable ltlribute ill sOlilC coirteS., blt ir a core collection 'atre descriptor states are of'coIsiderable 
inliportairce. Nevertheless. it \k otld be undesirab+,le to Use t nIreIiSlue of diversity which was strongly 
itinlueiced by their chance incluiion. \ imore COIIrIIOil\' used MleasUre of diversity is tie Shannon-

Weaver iiforrmation theoretic expression (Shann(n and Wea ver. 1963), often known as tile Shannon 
index: 

11'= -jp,log p1, 

which has similar properties to Dv. 
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,\ Ihird option isI/j.p, t1ltltll, 1973). The Shannon inlex is strictly appropriate when a random 

sample istakenIrom an infillit teinite population isstudied. its di\versitypopulation. When a comple, 
is iVC1n h\ Brilloiilt's mesure,. 0l. 197-1): 

II =N (Io'" . • 
N 

\,hle
re:
 

Ni = iuiiber of accessions liming the i descriptor state 
N = lotal ituber olficcessions 
c = a citauntitfr coilnCrsiotn of"log aritlins 'rom, base 10 to the base chosen for tileineasuire 

ofl
The sallliflillUacOr collection lies bisseen these tMo extClles. 

Iossible measures of the di\CrSitv 01' ICollintltiUs decCripitor inclidC its variancC, its stilnlard 

deviation. its ranee and the distance between its uipper and I'\s'.r quartiles. Iithe examples which 

lfilow, the Sh1alln i itlcx ani tihe v\alianCC \will be used: these two measures hi'ave tihe adv.intages of 

Iuamiliarit\ and simplicity. 

COMPARISON ()F ST'RAT IIIS FOR TIlE 

IFFINITION OF A CORE ('()LLFCTION 

Ill pnctice. a1core collection \ill be dcfined on tie basis of se era.' descriptors, but the principles 

involved can be examined ising a single descriptor. A core collection may be defined by dividing tile 

whole collecti in In and theI accessions from tile groups according to one of tiheurouin ICii selectig 

f'ollowiln straltecics (Brown. I98a): 

" St ratecvy U"(cot ai ,tl'raegv ) : eqtualLI nbers of accessitons selected from each group 

" Strategy 1.(hmgarithniic strategy): an internediate sttategv whcrelvy, IOr example, the number 

groUlselected is proportional to the logarithm of tie niumber iintile 

" Strategy I' proportiona. strategy : the numiber selected is proportional to he number in the group 

If the core collection is f'ormled on the basis o'a single nitrmally distributCd colitiltioLls descriptor, 

the eLliivalent ni strategy C \woldtl be to over-represent. proportionally, the extreme values of the 

descriptor. Strategy C will tld tw produce a core that is representltive according to definition ( I) 

whlereas strategy IP is more ill (2).will produce a core thait accord with defiinitioil 

Once the core collection has been selected, its representativeness canlie assessed by comparing its 

that lfthe whole collection for each inidiVidlnal descripior. The COinseqteuces of applyingdiversitv \itih 
dilferetnt criteria in tie selectii ofia'l oOliteclction Cal be illustratedlusing data Ilrol the Cambridge 

Pillst'ts beani gerinll hasnl collecti in inlthe UK.This collec tion was assembled bet ween 1968 and 

1979 and nm contains 4)39 ,icct.,siniIs thal Were able to produce seed when grown out in the 
asironllnlent ol Cainbridge (52'N)(Antni., 19,84 ).lhese accessions conle from 73 countries, as fil 

their oricins are kniovn.Tiwe 'nl-s.ven 
ell\ 


"1 descriptors have been recorded in the collection. but mainy of 

these are imissingI fri ll any accessions (sce Table I ). 
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Table 1 Descriptors recorded in the Cambridge Phaseolus bean germplasm collection 

% accessions for which 
Descriptor descriptor present 

Ac (esssion number 1(0.0 
USDA PI ntumner 25.9 
CouLtry of origin 96.2 
Sea son in whi( l grown I00.0 
Seed weight 93.9 
Seed shape 

h)ngitUdiil S6t tion 99.6 
Ira risverse e, iw(ion 99.6 

Seed ( oat l)'ttern 99.6 
Seed co)at (ohlur 

hase 99.6 
[nottles 25.7 

Seedling pigmentation 60.9 
Growth habit 72.9 
Bran(hing 56.1 
Number otf ndes 60.5 
I leight 45.9 
Leal slmidii 56.9 
ILeat si/te 75.6 
Flower (tour 

standard 56.2 
wing 56.2 

Days to flowering 71.9 
Days to maturity 61.3 
Pod posilion 42.9 
Number of pods 60.1 
Pod length 44.5 
Pod curvature 37.4 
Potd fibre 43.4 
Seeds per pod 57.3 

A simple way of selecting a core collection would be to include accessions at regular intervals 
through the sequence of accession numbers (say, every 10th or 50th). If accessions with adjacent 
numbers are likely to have similarcharacteristics because they have similar origins, this approach may 
be expected to produce a representative collection (in terms of definition 2) more reliably than a 
random sample of the same size. This idea was tested, and the results are presented in Table 2, where 
tie Shannon indices and variances of 10 randomly selected core collections are compared with those 
ot I0 systematically selected ones. These core collections each contain between 96 and I100accessions, 
as do all others discussed here. This is a much smaller number than would be sampled in practice. 
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Table 2 Measures of diversity in randomly and systematically selected core collections 

Descriptor 

Shannon indices: 

Seed coat patterni 

Seedling pigmentation 

Growth habit 

Flower standard colour 

Variances: 

Height 

Days to flowering 

Pod length 

Seeds per pod 

Method of selection 
Random Systematic 

min 0.306 0.333 

mean 0.384 0.385 

max 0.440 0.423 

min 0.262 0.230 

mean 0.328 0.322 

max 0.427 0.421 

min 0.239 0.206 

mean 0.257 0.259 

max 0.278 0.280 

min 0.411 0.401 

mean 0.490 0.476 

max 0.552 0.554 

min 3315 2930 

mean 4463 4049 

max 5003 5282
 

145min 165 
mean 238 193 

235
max 357 


min 4.85 4.98 

mean 7.15 7.69 

max 9.91 12.96 

min 1.58 1.49 

me,n 2.01 2.11 

max 2.43 2.58 

small sample size will highlight differences between the consequences ofHowever, the use of a 

different selection methods, since the properties of large samples are similar to those of the populations 

from which they are drawn. If systematic sampling were more consistent in producing a representative 

core collection than random sampling, the measures of diversity would be expected to vary less among 

the systematic samples. In the present example this is not the case but different results may be obtained 

in other collections. 



Vhe elffect on other descriptors of maxhiising fihe divers iv of the core colection for a particular 
descriptor can also be investigated. Core collcctions \%ere selected by takinoe equal nrnibe rs of 
accessions with each seed Coat pattern, or each growth habit, or equal numbers from each of threel 

arhitranilv defined ciasses for n111her of da vs to fltrweri ii or pod leireth. i'h]e innLiber of +I('ccssionls 
availle in each roulp for each descriptor is given in 'le 3. t is will the numbers in the different 
grotlps are 11o(st Lunequal that there is the ost scope 'for ilicleasing di\ ersitv h anl appropriate Choice 
of seIcI ioil ,tra Iee'v. The bonIIdaries between the groups for tIIle CoI tIl descriptors \,tl,,us ere thlerelore 
placed at one stalndard de\iationu hefo the nieanllad oil; standard deviatioiiabove the illeall. ensuring 
tha1t sIall nbr oLll.kfa.+ICC'ssiolls would k-ii1 into the etrcile groups. The results of, seflctine a core 
collection on the basis of' these four critcria are colpared with those of rindoi selection in lable 4. 
In '-eneral, file different selectioin stratcl,,ies halve1very shllil illoutcsHCS. For CXa\llh,, selection Ol the 
basis of' seed Coat pattuerrn hict-e cs tlire Sllarlrot ildC\ 'or sCCd coat pailrn, itslf. and lelnce 
representativeless ill terills of' d.l'chnitor i( ). hut selction on (lher hases (floes not produce values for 

ofl'
this index outside thle rlaili tllose ohtatinCd h\ radom selectioll. Fen inioiig pairs of descriplors 
halt are correiated, such as itillhIer of da, s to tlo erigu and plat hei'iht, or pod length and number 

of' scLds per pod (s Tahle 5 . selection i the basis of'.one does lno increaselthe variance oltihe other. 

Table 3 Numbers of accessions in groups defined on the basis of various descriptors 

Descriptor Group 	 Number of accessions 

Seed (o at pa ttern 0 3648 

1 776 
2 121 
3 29 
4 151 
5 131 
6 40 
7 22 
missing 19 

Growl habit 	 determinate 1016 
indeterminate 2586 
mnissing 1337 

Days to flowering 	 X < X - S)\ 549 
X -SD\ < X < X + SD\ 2445 
X > X +SD\ 558 
missing 	 1387 

Pod length 	 X_<X- SD, 353 
X- SD < X < X + SD\ 1508 
X > X + SD 335 
missing 2743 
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Table 4 Measures 	of diversity of core collections selected on the basis of various descriptors 

Shannon index 
Descriptor on which Seed coat Seedling Growth Flower Standard 

selection is based pattern pigmentation habit colour 

R'ai(lornl 	 Iin 0. 1)60 (1.1 2 0.2 1( 0.-11 I 

1111.111 . 184 (1.128 0.257 0.400 

n"X ( -10 R127 0.278 0.5521...1 

Se (U) Il),IltlOl 0.90 (. 1.1 0.255 (0.56 

( umIlh huhit 0.421 (.361 0.301 0.52 1 

I".v I() lomwering 0. 166 (0.408 0.282 0. 55 

Iod length D.115 0.374 0. 192 0. 50 

Variance 
Days to Pod Seeds per 

Height flowering length pod 

rain i I - 165 4.85 1.58Randlom 
mean -143 1 ' 7.15 2.01 

nuas 5010 57 (.91 2.43 

4856 182 6.99J 2.58 
;r th halit -124-1 2,31 9.02 1.57 

I)ay to flo eling 41)68 400 7.98 2.28 

lPod heni, lh 

. oitdmatternl 

46W7 193 16.19 1.95 

Table 5 Correlations between continuous descriptors 

1)1 = 2182 

1 )a\,v to I(o% 'ring 0.33 1 
l' d length 0.327 -0. 133 
b t, per lml 0. 352 0.090 0.355 

Height Days-to-flowering Pod length 

An', eflect (olselection strategy oil diversity would have to derive from associations between the 

descriptors. and the strengths of ltese .associations ire investigated in Tables 5, 6 aind 7. Associations 

het cell CoI tiluous de ,c ri plots a1re loefficiells. Ihose between oilllinIIoIUS aIndn 	 issCssed by correlation C( 

diScrcle descriptl rs by aiialyscs of variance, and those between discrete descriptors by calculation of 

the devialces troi cOltingcllcy lables o pairs of descriptors, which are distributed as chi-squiare. 

Since Olie salnuple Simes ire ery large, nirly all these statistics are sigifiiicant, but this doies not imply 

that the associaiion ire strong. F'r11,Mxallple. the largest c)rrelat ion coefficient (bet ween pod length 

and seeds per pod) is only 0.355. Evidently, such associations are Ilot strong enotigh for sampling oIl 

lie hasis of one descriptor to altec t tile diersi ty of alother. 
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Table 6 Analyses of variance of continuous descriptors grouped by discrete descriptors 

F ratio
 
Discrete Days to Pod Seeds per
 
descriptor DF Height flowering length pod
 

Seed ( 0at pattern 7 2.66 2.77 13.00 3.2.1
 
1494
 

Seedling pigmentation 5 1.95 3.52 4.32 5.48
 
1489
 

Growth habit I 1096.17 243.92 7.15 212.60
 
1498
 

Flower standard coloUr 5 11.25 10.20 35.42 18.13
 
1493
 

Table 7 Degrees of freedom and deviancesa for associations between discrete characters 

Secdling pigmentation 49 166.5 
Growth habit 7 69.3 7 13.3 
flower standard (colour 35 365.2 35 1124 5 146.8 

Seed coat Seedling Growth 
pattern pigmentation habit 

Note: a Distributed as chi-square 

DEFINITION OF THE CORE COLLECTION 
BY MULTIVARIATE METHODS 

In practice, the core collection will be selected on the basis of several descriptors, perhaps by using 
them to define clusters of accessions and then applying one of the three selection strategies to the 
clusters. Ifihe levelsofdiversily within the different clusters are not approximately equal, the selection 
strategies may be modified so as to take more accessions fromn the more diverse clusters. Another 
approach, which would avoid this requirement, would be to ignore any natural groupings among the 
accessions and to divide the mu,ltivariate space which they occupy into several equal volumes, 
applying one of the selection criteria to the accessions in each volume. Once the core collection has 
been defined, its representativeness can he assessed by comparing its diversity with that of the whole 
collection for each individual descriptor. 

It will not usually be possible to include the whole collection in a multivariate cluster analysis, and 
this means that the choice of accessions for the cluster analysis to some extent affects the definition 
of the core collection. I lowever, it isdesirable that accessions not used in the cluster analysis should 



VIFRIN( AN) 'AII)AIING( ( )1 R'[PRISINIA.VIN[SS 195 

nevertheless be candidates for incI isio in lthe core col lectioni. It w'ill Itherelore be necessary to deveIop 

lmethods to deterrblie to wIhich cluster each oft literemaining a,cessions belongs. The purpose ofdoing 

this is to make possible the selection of a core collection more representative than the sample of 

accessions on which lithe imuItivariate analysis was based. Thi iscan be achie ved for definition ( I ) of 

.,bil itis not clear that it can be achieved forrepresentativeness by adopting stlrategy C or strategy 

definition (2). 

FURTI IER CONSII)ERATIONS 

Missing data 

Missing data are likely to pose a problen in the definition ota core collection, as the extent ofavailable 

data is likely to be very uneven among accessions. Methods such as hierarchical cluster analysis cannot 

deal with this. at least as implemented in standard statistical packages: they generally require a 

coip[e. icctangar dat aiatriix All otlher things being eqail,iIaccessions with corn pl te data shoulId 

be prelerred for inclusion in the core collection, but total excIlision of accessions with incomplete data 

is likely to r'duce the diversity of the core collection considerably. 

'The cxtent ofIhis problem in tie (ian bridge Phaseous bean collection is shown in Table I,and 

tie effects of tissing data are explored in 'able X. 'he latter table shows tileresults of eliminating all 

Table 8 Effects on 

Missing % acc. 
descriptor retained 

None 100.0 
Country 96.2 

PInumber 25.) 
S1 600.8 

G-I 72.9 

DF 71.9 

S/' 57.3 

Missing 
descriptor 

None 
Country 
Ptnunmber 

SP 

G H 

DF 

S/iP 

mr.asures of diversity of omitting accessions with missing descriptorsa 

SCP SP GH FSC 

kept index %, kept indx.ox " kept index I% kept index 

(00.0 0.392 100.0 0.7 I 100.) 0.258 10).0 0.522 

90.2 0.396 97.6 0.371 97.0) 0.259 97.8 0522 

26.) 0.216 25.7 0.514 27.5 0.256 25.9 0.517 

61 .1 0.34 7 100.0 0.371 78.1 0.25(0 99.2 0.521 

73.2 0.396 93.5 0.37 100.0 0.258 97.0 0.522 

72.1 0.39 91 .() 0.349 96.1 0.261 99.6 0.522
 

57.5 0.308 71.6 0).332 78.1 0.258 77.8 0.527
 

H DF PL S/P 

1% kept vat. % kept var. % kept var. 1% kept var. 

100.0 4407 100.0 221 100.0 7.13 100.0 1.92
 

98.2 4417 97.1 223 98.3 7.16 97.4 1.94
 

24.2 2 2 35 27.7 232 23.8 4.22 20.5 1.9) 

99.0 4402 77.8 247 99.0 7.14 76.)1 .54
 

99.6 4405 97.5 220 99.5 7.14 99.5 1.92
 

98.5 4379 100.0 221 99.4 7.10 99.5 1.91
 

95.6 439 1 7). 1 181 98.9 7.14 100.0 L92 

Note: a ace. = accessiowns; S(O ::seed coat paitttern; SI = seedling )igmn('ntatlion ; GII growth habhit;
 
FSC = flower stan(adrd cIrour; -1= heighl; DF = days Ioflovring; PL = pod length; S/P = se' ds/pod
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accessiolls for \Nhich aparticular descriptor islissing.!, and then calculatily di elsitv ,icaitllC', for [le 
other descriptorN. llhiiinalion of the ac xesions \ ilionll I nitcd States I)eparilnelit of Agriculture 
iUSDA) Plant Introduction I'I) numbers lea\cs only inul a fuitrtleOf the colection alt results ill 

a considerable reduction ii diversity for (eeIc lili ant pii; h1it. althiigOh not for the Olher 
descriptors. ( )n tile AWlier IIaii. Cliilalioii of tuc acce,iols lot s hich lc nmiiiber ol daN s to 1lm\ erimIc 
is lilissi ea\ Cs aboutl 7 tilhecollection. hut iii c ieral l,a-ce,ions \\ithillissilit! days to 
flo, .ering alSO lid iiisiii1 plain leilts. tlld ei w% were knowntht1s o% ()' oi those hose lheights 

relMain. ('onsCunll\. there is little elfect onIttile !. cpt iCtle extreec
\airicC of height,Ls case of, PI 
nnIIer. thIe ef fect of elininatIr acces'siTls..,I, iti Inissing values is ininina Itlh\u crI different results 
miiiihl he obta;ined in a ,'errirplarinlcllectio i v,hich tile distribntiln olfiiisSinc values was different. 

Use o additional (escrilptors 

A furlher test of IhC reprseiltaliveress of fhe core Collection \would he to measure sotnic new variable
 
in the whole collection. anid then to compare tile core collection \wilh that of tile
dive'sitv of file whole
 
collection Ior this variable. I lo\ evcr, it would then be appropriale to re-define tile core collection.
 
taking the iie\v il'orrmation into ac;ount. A partial wa\ ont of this dileniiM is a, follows. A new
 
variale. lIerha, too C\pei0e to bIedeterriiiIied ntLhe v hole colleclion (a Itolectilar marker, for
 
ealliple, l b elviroullltIen) could be ilteastred illthe core
orlla-1roIoiollic trait ilf-tlenced the 

.ollectioi. If itsCe 'nlld that a
l imp ol accessis tniorli for tie variables so far considered was
 
di\rse or tire nes 5ariable. ilimn ac.'cess.t of this, crotip coild be tihe core collection,
icluded inl 

and could be pre'stinetd , new. variable had nit been
contribute to geetic di\ersit\ a1l0tgi tile 

rl1-llas,.lred Onlt[hent.
 

Genetic dh e:'sil Nvithin accessions 

(GerieticdiverSit %kithinaccessions iscertainl ti be widespread, particularly ilolibreediig seed crops, 
aid stlra'eciCes for selecIim acore colleclion call e evaliated illlernis of their success in capturing rare 
but \videpread alleles (thal i,. alleles which occur at tw frequencies illa large piportio of 
aICCCssions) (B1os n. I St)b. I lim\cer. the constraints of' gernipillnilca.taLCgues of'ten retIuire thal 

f cach descriptor I'r I clce, hell tile 
collection is bascd oii catalihcuc inifo0rIllatiori. it nlay be impossible to take account of within-accession 

there is oils one ,tatle ,.h accession. %% selection of a core 

Cllelic diversily. Ihis strrcnlheis tlhe case for coinsiderin Irad pllolyI*l C .Ill:es,ratlher thall 
alleles, it the units no Iecollnsercd. The e\tertt tio5 hich this distorl, reality ,.%ill tdepend upon the 
relati\ e niacritude o1f betveerIn-AccessioII and \%ithitlt-accs.ioi \ariathn. !hCever. cenelic diversity 
%% e.,criptOr' in tileithiri accessions cIould he tised its MI "additional 1vanIrer described above. 

Validation: assessment of representaliveness beoiid the collection 

distIssion is beetI 
relative to tlne wkvhole collection 1'rin \,, 

SO far. tile siniplified by considLrinig tile representativeness of the core collection 
hich it is selceted. This mcans that relatively straightforward 

and objective criteria for representati veness can ie del'ined. I iowever, amuch m(,re difficull objective 
represer.tative saiPliirig of tle phlant taxon unider con sideration - ntust eventua lly be tackled. The 
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ttt "_ri licatiot ItIv he uiIIed to indicate. the aSsessmnent of representativeness relative to the whole 
CoIleclion. atd ' alidati-it' to indI icate assessmet relati\e I textIernalI criteria. Two types of'evidence 
:e-C relevaintIto the lidiion of a Core collection: 

pa'Spor't datal for acsin the Collection 

taxoriortu ind ecO r.-ilShic al tudliC of eilepliih exterilll 10 tile collec'tion 

asport tlhia of hl h qualil,, x\ill indicate. 'orcxallple, the ralge of locations, allitLuLes, oil types 

and cropping s cx xxlole collection. It is probably more important that thle coreellclsttmered by the 
collection should he -cilneetalivc for thes ylllhilan 1 yother type of descrip lor-. UnfOrtlnately, lli'any 
otlcrtix c xaliilhlc collections Iinc ludiiig the (a ilridgee Phas'oluc bean collciion) lack good 

tilSpOlI data. I r,c-n Citv himited passport dala can he' conSidCr!hc aIh'. I:or exaniple,,ixx Cx 
both coutllr ofiriiin aild rainfalll atilhe sit wCre folnld to IhC related to the sail tolrnIe11an111 ol'oriei 
of accessioni ua harl\ collectioil, btil country ol'orin I-cInlil"lainl of the tWO variabl. ais Intlre 

it mimiiv ceecrS t al., I O). ioteoer'. lack of plasspot data can to solre extent le collilpensaled 

for b)\ C\Itelnil lta\OliOltiic a id ceolciogiaphical inlloi-iation. [or example, the cotimon heai 
(/1I,\ "oho. i', ) conlipriscs xo gClic potl, tile Middle American aid tire Andeani. that are quite 

dix!i nct u'nciicall, and ill their Cotalphicill ,iriginis ((epits. 198S). If thee'' gene pools were 

colsidterCd to he of equal ilportnicC arid interest, it milt he decided that a core collection should 
climprixc eCqual lillbinrhers of' acce ssiols of cch. Most accessions conld be uIequi Vocally' assigned to 
ote or 1lCother on the basis of sed size and other pllant characteristics. 

CONCLUSION 

The discussion in this chapter suggests that the defiinition of a core collection should he an iterative 
process. with siccessive staes of. efinrilunt. It Should not follow t nechanistic procedure: if'a curalor 
has i goid knowledge of the collection, his or ler discretion in inchltdine in accession or group of 
ac:cessions xxill he a 'alhiahle sUpplell lint to iy algorithim or forrnula. Since the stability of the 
conipositioi ol'tlhc core collection isinmrportant i'or tihe value of future work, this suggests thai it should 
nol be klefli ed or re-dClilled hastily: nior Should its de'fi nition he Iont, deIayed in tile search for 

perf'cLion. Even if the collection \xert- selected raildonlY, it is likel' that it would be sufficiently 
representative, and provide i sufficlnt improx eient in mn1n1ageabilily, to prove useful. Illthe studies 

of tile Canbridge Pha<'ohrsehean collection described here, it is sirikin how little difl"rence the 
differcit methods of defining a core collection Made to its diversiiy and representativtness. It cannot 
he assumed that olhiledescripltors or stratification ilelnhods, orthiat the sanit im tlhods applied to another 
collectiont, xnulId hiave produced the Saeile restlt. IHowever, it is worth heairing i nI ind that aitajor 
motive Ik01'stratified sanlpling (lor example, inl mirket research or in conducting opinion polls) isthe 
diflicul' ol'obtai itltg a alillnidol sample. There is no Such difficulty in tile definition ofacore collection. 

C'ore collect itons tsuaIs' cortiinlaboit 1(0(accessiolinsaidIli is is i large enough sample to provide 

t representative description of' a population. If it isconcluded lhat core collections are aIgood idea in 
other respects, verifying and validaing their reprcsen atiVenelss, although importailt, should not pose 
a najor obstacle to their developinent. 
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One core collection or many? 
AM.C. MA,,,,v 

Abstract 

The grosvt h inIhe size of gcrnplasin collect,ios aid in user demand cIUring recent lecades has caused 

conicern about tlcffec ivc nillgnltnle mntil uise of these Collections. The core collectii, based on the 

selectiori ofi ntivc sample froni collectiot, has been proposed as aa small. rcp eseni a large perinplasi 

iiieaiis of addressiti this proibleim. There are alleast w, motives for establishing a core collect ion. First, 

it \%iild assist in gene bank nii:itt:this has ilplications for policy and stratgy at genc bank, 

iiatiiial andinternali oal le cls of' plant c tic restitirces ialtitletit. SCecoit. it would contribute to 

lie eflctlki c and f'icicLit ulse of i\aila\le gerniplasni: this is achieCd 1 tcusing attention oil a sample 

oigerti isiin elte0Cd \\ ith rtpeselrt;tiot iif gentlic viriaition as the basic criterion. These two notives 

are firilk liiked: Lood c lehaik niian enlte.it contributeLits to irinilaslii utilisatti(I and hIc' Iothe 

rtlCLqilC 01 iibe t ', These r Liksliil ,it e simple rceIti for genotypes, givingll ,t U c may, 

icess iti or they may be rectLICSs ftr a rang of'genetic variation for anumber or nhandtsiglati, 


las not prCviousl) been reported. The latter type of request 

is best sCrved by using the Core c ollection principle- to select the desired raige of genelic variation. This 

chapte r disc isses tlie core collction with rerference to its practical applicat ion and thie possible inclusion 

of core Collectiotn principles into gene baink infornation management systcemns. 

particuhir attributC, tiCi wlhenl suchit \aati n 

The proposal to divide ex siti plant gcrtnplasnil collections into 'core collection' and 'reserve 

collection' components stemmed frotn the need 1Ia encourage gerniplasti evaluation, promote 

utilisatiot of gerniplasin and improve gene bank tnanagement (Frankel, 1984). The rationale was to 

redttce the effective size of a gene bank and thus encourage use of the representative genetic diversity 

in letcore cotpotiet t. 

The assumption that gene banks are notbeing effectively utiliised is questionable. Marshall and 

Brown i 98II state that 'whil it is true that evalualtion is a necessary first step to utilisation, it does 

not necessarily fllow that lack of information has been a nilajor stumbling block to the greater 

itiliisation of getietic resources iti the past'. This puts the emiphasis oti inforiation availability. It is 

iininaterial whether it be passport, characterisation or evaluation information; what matters is that 

avatilalc information is accessible to gertnplasni maniagers and users so that the best use can be made 

ofgerniplasni available. Emphasis has previously been placed oillsysteniatic evaluation (as a precursor 
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to ut ilisation), resulting in con fusion. Making tie best rise of avai Iable gerniplasin through sensible use 
of available information. whether it be evaILat iol (1ata or-some other type of informiation, is also a 
logical objective for core collections. 

Val-ionls approaches to developing core collections for a rainge of 'IjeCtiveshave bee;) discus:ed 
elsewhere (Frankel and Brown. 1984: Mackay, 1986. 1990: Brown. 198Q. h:I lanon land van Slotel, 
1989: \ontothlwi Ceal.. I t)():l3euSelinck and Steiner., 1Q92). None ot ttsC authorIs haS queried the 

premise tWat evaluation is a prectirsor to uLilis:ition. TheV describe ways olextendingc or restricling the 
original proposal of the core collcction (a set representing the variation held by a gene bank) and of 
selecting accessions for inclusion. Their ideas for naking better use ol available gernplasil include 
the seleclionl of sets of a.ccessions with different objeclives ilmind. These might include sets that 
represent tihe hroad genetic variation available for or in: 

" i totil] cl+op nellllgor specics 

" a geographical region 

• the accessions held byi a gene bank 

" one or more specific attibutes or loci 

" the alleles for a specific locus 

Any one of these sets could be considered to be a core collection because it is representative of the 
genetic variation of a larger g.roup of genhplasm accessions. The major differences between the 
valrious alpproacles relate to thle eceived expectations of users (I lodgkin. 1991 ) and to the choice of 
a method of selectiu a sNetotaccessiols that v ill contain the genetic variation being sought. Nowhere 
has it been stugCestedI tha,1tacore Col lect ion IMust be fixed, hlt rather that it should be flexible to facilitate 
the acquisition of knowledge or germplasin - there can be one core collection or many, and the 
objective in establishing a core collection can vary. 

The word 'core', ho0Vever, suggests that there can le only one such set and this has led to conlusion. 
B rown (Chaptei I. ].this volume) reports on how distinctions have been made between core collections 
with difTerent objectives hV incudin g aiI exIlanatory word.Examlples include 'core sets', 'syntheticMI 
coire and "speci fic ltr-se (alttriute )corc sets': perhaps 'gene bank core' could be added to this list. 

The term 'core collection, has clearl, become generic in that it now refe., to a principle or concept 
rather than a single, finite set of accessions. This principle is to select a small, representative sample 
of genetic variation fron at arge gCrllilplsill collection to assist with gerillpll n alnagenment and 
utilisation. Inthis chapter, the term 'core collection' is used in the generic sense (see Figure I 

The potential users of core collection sets fall into three main grouJs: 

" plant ireeders who wish to find and utiilise gernlplastn 

" gemiplasri specialists who wish to study germplasn or genetic variation 

" curators who require assistance with gerniplasnl imanagelent 

Breeders require rapid identification of desirable attributes and immediate access to seed samples. 
Gernplasm specialists attempt to understand genetic diversity more fully and require in-depth 
knowledge of' how variation is distributed. Curators require some knowledge of this diversity and 
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Figure 1 Varied uses of the representative genetic variation in a core collection set, 
ranging from a complete gene pool !o a single genetic attribute and determining 
the size of the core set 

werI I lh( tlil l t r(l[reI nlning ge(lic 
variation IIf 

~Spec i." 

DECREASING 
- Samlhple ize l(,ebaink 

- Variation 

INCREASING 
Precision 

- Similarity 

V 

V rialion in order to meel the needs, I"breeders, and cot IInUalI seek ways of improving the efficiency 

of ece ha llk managerriIe ut. (cripla,,im spci'lists and curators arc concerned mainly with nanage

ilent issues, ,, hile bIrceder" are concerned primarily with germplIasi usl.L_'Ie edifferent interests are 

not incompatihle: in fact. ad, ance ill one \%will cotlltibute to the succes. of the other (.vee f[igue 2). 

TIuns. %hiue onle can ditittntish different obijcctivcs for acore collection, the basic principle seems to 

Figure 2 	 Comlplementarity between various types of core sets, resulting in improved 
gene bank management and gerrnplasm use 

[el Core sets 
ge -,ylllleti . mr ) AttribUle co(re ''11)

Improved Syne ba or r 
b nI 

?AA!M!NIUTIL'~SAT1ON 
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be sufficientlyIlexible to satisfy all users. IIissugcgestId thai the principle can be further extelded to 
embrace innovati ''e techIologi 	 a andes, such as heuristic data mLodCls, ard allow dvlaIlc nli nllt.ilenn1.ine 
upgrading of coie collections. 

EVALI. ATION -- A PRER EQIJ ISITF T(O UTILIISATION? 

Tie premise that the cvaluation otlgerniplasm is a prerequisite to utilisation merits some consideration. 
Evaluation w.as one otlthe basic tenets belhind th? Core collection iproposal and it is frequently advanced 
as ai1tonSrintllt ,flecti\ cusi.e ecnetic re,.urces. Inreviewing this premise, Marshall ( 1989)the)ehC of plant 

concluIdCd that it%% Diiffereim gene hanks perforin diflercnt functions,such aSI..,as not naCCiii\ vidi, 

t he inaa.u'ellnt of acti e and bahe and 01th.u upotIC. Mid COlSnCtllCICe o'cvaluation
clions, illthe 

cannot be readily coiiparlc.l. The Itill idcnlifiCd h\ Marshall( ItJY)included:constraint, to uLtilisatiI 

" 	 deficielcies inLlc bal;nk I11nict that1effccti\,cl, restrict its itccCssihilit\ to LaSers 

" 	 limited inlfortlion fiom pC\ Cntiuc users fro0m acquirig a ailable gertnplasm, or inadeqtitate 
financial sUplIo)rt It) ba,ic gele bank acthitics: these are seen atsresolvable by users10undertake 

alone, or h\ users in collAbratioii v%ilh gone hanks
 

The significaice oleither t,pe ootrtaint ,,,.Ould differ from one gene hank to another, depending 
upon ilnstittioh)nal and LIathinal plitaritiC,. DsI)pitC hesC differences, tilevirious constraints highlight 
the li.ed for clecti., gec hank nianaelnctit and accessible infornation. They do not promote 
sv'stenatlic te t lt..cilror toaliatiOl a ltilisiation. 

The availahilitx (fl.idctlatc .,onetic \ariation \.ithin the adapted gerniplasmi held ilbreeders* 
,'orking collections iliLs, as a po0ssile constrai Ito the use o'gelle baniks. In nillly1l1s be conLtsidered 
cases, desirable iattribiite, froml cutllldtl species (such a1ssingle-goene disease resistance are simply 
inherited and casils incorporated into appropri;1te genetic backgrounds by backcrossing. Desirable 
attribute,, in ,ild material 'are s, iictilcs rielected becausc ofth1e ditficulty in transferring one allele 
(or atsmall numhCr Of allele,) iito an adapted genotype. The lack of pre-breeding (transf erring these 
attributes ilito imoth- 1t)89).suitable ba;ckr)u'ds s, aV, iden til'ied COnstrinl Ito utilisation (Marshall, 

The notion that evahlilation is the primary pret0tlisite to tle utilisation of plant genetic resources 
cnnotIll(aid .oe",n()tmiTed 1t be .ulbstanftated. Fvaluation eceived attention illtlhe past because it was 

seen bs Ios teir aCcs 1t gup.1lasItnI. tf gIlmIplasII does totu rsL'ti ic1t C Svstelaltic evaltiati(ll 
repreeit tileonly or the ot effectiV means of using available plait genetic resources. Prudent use 
of available illfoirntion ill,clectiig gcnotypes for evaluation is an attractive Method for targeting 
deib-lC geietic variatin. It addresscs a ranige of' issues. including gene bank management, 
information quality and availability and Oser involvenmet. inaddition to addressing a model for the 
strategic Cvalition of gerllplaull. 

Till ('ORI (O.LE('TION FOR GENE BANK MANAGEMENT: 
ONE C()RI: CO)LLECTiON 

The paradigm for atcore collection isthe rCductiion illthe sJze of a gene bank to make it inore 
nmanageaible, and usCable (FIranko-. I J4). cite bank management and acc.'ssibIlity strategy wasgen 

Itime when gene banks were growing rapidly (inll 
financial and physical resources. In addition, infornmation management was usually done manually or, 

proposed t 	 numbers of accessions). Thiis strained 
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ifeo Ipl+uterised, was pritl i'vc conIpareCL Wiill currennt systems. Inforniati otadds vaIlue to plant genetic 

resources -- inlo-mation availabilit' IIIdtransler are essential for effective indelficient utilisatiolt. 

[or anv asseilhv ofternplasmi, whether it he agene bank r oiother grolpilg .cor col lectiOii 

i,,repe-elltatisa e o Ill oitr nC''etic( diversity of Ihe original grotI II low tllpart of the S is ichieved has 

hCeeile Slh discussiol (Bro li.I t-)Xil voln ltlhillier et a., I991):Illa] elsewhereuhjet[o conISidhrili 

ill this volhille). In essence, Cturretll thonfult l t 'hSingIe core collection changing, il content (as 

llecessrl) while providil iie tesolIhlv fi\ ed set of gernlplasln "Or e\haustite cvaluation. 

i accessions in genc banks in the decade
 

ipto 198-1 ere Iaroc'l\ reCplolihi!lc for the core collection propos;il. lhis constraint to0 utilisation is
 
The difficuhlie , iii halidlin.g Iilrge and ,ro\l,, Inmers ot 

largel iiited b, iodi:ri datallase technilohogy,,. Geiie bllnks can lo\ manipulate infornlmation in 

illinles colillipat Itoihe da\ or e en \\c k sprit'i-Ii rCtUiirCd. SCCCting a set olaCtce'sions for any 

itrl),I,,not di ffictu It flone asllc ki cldge. infonilation all skill to exclude or include individl 

the givcll Loal. Sollic rlildoiil sai iillllcould AlSO be conidCr-CL le lilleialccessionst, accrdill, it 

In cCitain Circilil StaincCS. l)c\ elinig i IpoceLrC to inake thes, selections for vairiationi ofl single 

elnice ilribute is iicialC, bllut certainl\ iot Simple. Applxing simflar pIVOctilirs o0rinultifple 

attributes or ;electing onte,coc collec'tiol rcpresciitative of all clietic variaition will obviously be more 

diffi]lt...\ttelpts toide\ Clop stich a cLore c ,ectioll will ubite~hlCdly contributC to the general 

Ull.rstinig of .'iltic ittiOl and its diStIribulio in eMnC hiilkS,, whIch is a IC'itimtelC e'ndeavour. 

What 11 tall aaproposal to assist ilntle ilaili ent and use of' laree mbers of accessions is nowi 
of- s aritionI. 

I)e.s elopinL a sinlt corC cllionCiII ii Order 1t Cicouratge sv,tiilaltic evalulltilo aiid therefore 
foctisi ii n nei m1HodIs iial'-' genetic 

the Sutci ;i)iIch] Would be in 

OrtLpimii accessiolls to Ciiabl, for xiillp]e. i imip of ecogeogriphiical represe-ntationi within a 

be de eloped .hiclI s\told finiliarise gene ailk imnagers and users \\ihdle!'iciencies 

itilisition is of.questionable \Ilue t usrs i s[lhort Itermll. :111 sCeful.l 

collection It, 
There s, iflo\w-on toIIsC's froml01 analmlenltatcolkct7 11. ould be vai illprov ing the 

Or ritiolliili, it'gecn hank ini this was, which is obvioisl\ a legitilimale goal. 

The crucial Copolelltllide\Cloping a co e collection is tht lieis b+sywhich the set thatc'nltains 

whether the objective is i set 

or exccsses ill 

tilerepresenitative -enetic \iriatio issel cted. It i,n0t SO crucial 

le iltribuic. The objective, fromt tihe perspective if the user, is torcprceniiti of' aspecies or ai ,ilgz 


ilrease tile chance toffimlding the rqCLUiiirCd attribte oraitrihutes within atsnlallernunthllrotaiccessions,
 

thui illi k iilltliilisitiou noorc cfttutive and efficieint. 

A Single co)re collection is legitimaille if it facilitaies the acquisitioil of practical knowledge and 

ex.,eic, Mnd it 1iLISI AlSO contribuit 1t tile Cse with shich reqlired ariation is detectedi. rhis 

apillicalioil of tlhe corecollctI ion principle is focisCd llore oil gele.hillk and geriplasillIlllagetienlt 

than on utilisatio l pa (Bro% In. ./ ). (ermplasmnll Specialists and gele hank managers call't' ('apfcr 

ii core colIlec tion pros ides to giill ibetter undstlaint ifI plant genetic resources.Use liet lforlliat oil at 

Planlt iilprotcncit, through tile gellllitsinl._sC remainsi practical incentive and benefits from 

beler illailemieint of eleet ic resources. 

TIII CO')RI- COII.TION IOR GERNIPLASM USE:
 

MANY C(ORE ('OLICTIONS
 

O1e hasis for considering multiple core collections is that .crmplasmnl users often request a set of 

accessions thiat is likely to contain atcharacteristic nt l)r'viously described. Like most researchers, 

plant breeders will favour itechniquC that ena hlesthem toilhieve their objective as quickly as 
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possihIe. This implies i snill number of genoty.pes containing a repreisentative ralnce oI variatIion for 
the characteristic they are seekirre. These non-specific requests h .iV narrower. objectiveaimihr. bul 
than that of a single core collection. The'. differ Iro0n specit'ic retqueCst:.. V.hich are rqnstlesls for 
accessions that are readily identified, perhaps h\ 11,n1nC oi- designation. hecautse of' a reported 
characteristic or-charat,..eritics. 

The nton-specifi., reclucst hicrlichts the iieCd for atMethod f "targetin " rllllin or acCssiolls 
that are likel\ to pos,-ess ocneti,. + liation Ioor a piaticular atllrihue. When the esxtent ofcenetic 

a is not kllN. n (for exaMpIIl. fill host ,suscetiility. thronch vaious derees ofle rsistnlce to:riatiotu 

immunit\ for reactions ita fuinal disase) ihle breedsl.r v ill prefer i set ol accessions likel,' to be 
rcpresentati ve ox1'a\ ail hable\a:iriatiOin. It should be noted thIat what iSbeeing sought is c.llic variation 
a.ttone1ora tesloci. not a set pI en'IIetIIIr tielihtic variatlioll oftan entire species. ceiroln org lce 

Iank. 
The 111-pecific requt,,is iniport ltl hecaisc it repesntlls the cuttiing edge" of plallt imllprovemeint 
Ile identificatio lof nOf aiatioln cIs tral Illt prtodutliVity. Plantgeneti for ox'.rcotiril 

ilprovemntlt i mllijorcrop uch as \\ heit or rnai/e, i atep-by llat is ustallyspecies, S-step process 

aimed it addin Otte Ora;I e%\ U t a time to aI aidapt1Id genetic bcckirnd. l wtocatinr
ard idintilyine 
these gens is the objclhxe of noll-spec'ific retsL', fbr gertlaii. 

Aln e\anileh. could be thalt a breeYder finds thit a lrace elinnt tO\icit,, is tie CaLIse Of' rucLied 
prmllci',it , tlailloll fur tfolerance to the to\icil\ ha not be ipilrortedl aind the breeder reqtIre t s a 
range locillot. Pes that are lik.l\ to coirtaill 2cnctic \xariatioin for this attribute. A core collection of,w 

accessi,' selected cxplicitl+\ \, il oijcli. s, il ti inid. prox'ides anl ofb\ious ml1eans of' 
efficicitl,+ioleitifvinc the desirCd Ctic. ,ariation. 13. contrast, tire sinlIC Core collection \Othl 
coltain accession thit uild he coisidCrCd Idt1ndant to the breeder', objctix es. It is bith mrore 
Ctfecrixe arid mlore etticicint to base, ie rWcesion ILAii or slinllirrg strategy onItire reqn i teruientislec 
Of the breidr. Iis Ipproalch Of gC.c1itira gnrrani, core cullectiot, that dlirctly aldres, tie usrS 
rtlquireCIrt, crrlrlCinIcllrs tire plrirlay objcCtivCs ot the 'sirlcle core collection -- to prorote 
C ilutiloil nil[d
ls. 

[Te cllunilatis C illrrnraliol arid C,\lesriere gainCd ill slectine Slinl I.IllntipleCcore col lect ion sets 
xx\ill irltinatltv pro\ ide tCdb,ack benefil to -'erlhplasm spccialists, and gene bank mtara'ers. This, in 
turn. x%ill hv'fit gene hank aird grCretic rotur iarac,.'reirt. is xxe1l is facilitate utilisillinr. TheseicesC 
txo approaches to app\ ing the coe Cuollectiorn principle ofler brenflits tiatlcan be shared. The 
relationship bet'.'ein tire t\\o alpoIrYWrellsn is illustrated inlitcure 2. 

E':xamnplles of non-specific requests and core collections 

F"\perietnwe with noln -specific reqrets it tire Australian Winter Cereals Collection (AWCC) probably 
resni rbic, thatof oiler ILt i\ CLCe bairk s. Prior lo ii1-horts Collputerised dtocunentation systems it 
ka,,dif ficiult to ,ort or selct acccssiot,, for a specific project. The AWCC initially provided wheat 

accs,,irl at ralldoill fl lr'.d1 est sproutirw1 \ aluation. aild later x'as able to select accessions otn 
tile lasis Of eco,.c mranlrical dataii that had beein preiurusly held but x'as trot readily available. Sitce 
1)S,6. tie ,.,W((' has, Circounlged brceders xxitlr nn--specific reqstltSI 1t disctss their requirements 
%%ilicollection ,tafll ill aill attlipt to define tie larget accessions rmrore precisely. Selection of sets of 
repreeirtatix e ge .ticv'ariatiorr tori tolerance to to\ic levels ( thorrin inr tie ,oil amnd for resistance to 
tile cereal c\st nemilatorde (h'ir',,,/n'rz am,,I) are exanples otf lhe applicatio of ire core collection 
lriniciple (Macka\. 1990). 



Table I Geographical distribution of boron-tolerant genotypes of wheat, based on visual 

assessment of tolerance 

Region Visual assessment score", Frequency (%) of 

or origin VS S MS MT T VT Total MT, T and VT groups 

\I.1 .hii \lIn(io 22 82 8(9 105 49 101 157 47 

i 1, 47 8 1 - 9(1 10 

t2Y 22 7 -.. 54 0 

I uirup 18 98 981 2o 7 3 250 14 

\\ t,,i,,i .\tri a 1I0 9 5 2 - 31 23 

0 14 31 9 3 1 84 15 

N)III \rl itI I1 10 27 5 - 2 85 8 

Stlh \nu r(,i 1 12 21 12 8 - 56 36 

L'nki.in i ( ,111n 90 220 192 46 18 3 569 12 

185 549 519 216 88 19 1576 

[rs1terl \ "2 35 33 14 5 1 

\ Ic. I VS = Ut t ih =st' liAINl; MS st'sO tibh'i ,M I=rmIiuh'rat'ly toleri it; 1 I)lerant;rv (Ltlif fIt no(hratelv S 

VI wr tlolrit'e, 
sourt c \hi),)dk t' i (988t) 

sintg tis approach iclude tile selection ol'core sets of'accessions to provideMore receti cases of 
heati qualityentielc variatiot for pasling qualy of bread wheat. liothe effect otheat shock on bread \ 

and for spectral qulit, ol athiocVanin across altittdes in a range ofl)riticum species. including wild 

and cultii\ ated diplhids. (tta1.ploids and hesaploids. The possibilily of using a sigle core collection 

Ibro;idl\ reprt.'ntilCI tie gClleic auiatoiM of the cnC baik InI a set of abotl 30(11 accessions) was 

raised v, itl the ilser in CeIclt case. \il three clios.: l use a set selected spccificallIv for their pIurp)ose. 

I idubl edkl,. if'the oik option it ailable \,as a sitil coe collection thetu it '.'.ollld have beet ut.,ed ill 

pr,ferenlce to a rldatoi satIple. 

Anothcr exatuilc of' this iliic specific representatiotn of genetic \ariatton has bell tile recent 

searih tOr cnetic resistnUceI IO the lOtIi,, l x.\ te%t lphid (I)iuraphi. 110.1ti ) ill whea t. Initially,Ia iLnl ber 

of sources of' ic sislaic \k.erc tvaiahble inl wild relatives of' whet. Resistant accessitons alliong 

cIatdi%,- foriis have otuly iceintlVy, been fouId in gertlnplas,nt froin Asia Millor. whence tile aphid's 

ortCin s an be traced t('1NIMY'I. 1991). The A\\V(" supplied 42 accessions, represetiing a number 

of species, froll this region Ior screllill in 1t95: olie, atiaccessiottoi T. vi'ihlvi. provided useful 

resistance ill a lieaploid forim. 

Wheat breeders it the Waite Agricultural Research Institute at the University of Adelaide, 

Australia. have submitted several non-specific ic((Ltests folr gentetic diversittsince It)6S. '[lcir requests 

\ere initially sev iced with rando I sets of accessiols. More recenIly, lie core collection principle has 

been used to select representative sets of genetic variation for particular obJectives (A... Rathijen. pers. 

conltv.l.[.lie Maheat breeders concede that a single core collection is. it-, the absence of' any other 

lattribute-biased core collectioninformation, a valid starti rig poi nt. If, however, the opt ion Oif using 
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is available, then this is the preferred choice. Rathien has suggcested three reasons for avoiding tile 
single core collection option if'lultiple core collection,,,are available: 

" it is unlikely that the breeder will be totallk w\ithotl informlliOn regardin tilepos,,ible distribution 
ofrhe attribute beim sought 

" the probability of" identifvine a Lus;eful aCCession \wilhinia siigle corc collection is lower than it 
Would be iI aSpCialll ,eleCtetd Core collection becaLe there Will be very few geuotlpes from any 
area which experiences ithiic or abiotic stre,,s that is limited in its distributi on se\ere expression 
is often localiCd 

" tihe genetic diversity ill isiglelcore collection (represelting, lor exaimple, tie general variation of 
a sinele eenoc bank) could be far fron repreLsent'atiVC of tOlhew\hole ratnt'e diversily In ao1' -elnetic 
Species 

Inshort, tie Wite group believe that a germplasinl u cr, in Contrast to i gceiubk mana r or it 
ilerliplilsil
,pecialist. toultd be more likely to use mutlilelL Core collectiolis to locatLe CLsired genetic


variation. Tii approitch \ ould make v efficiem tuse oflit\
ltos ailahle resource,,, especially in lerslls of
 
the number Of accsioll', to eviluate! il tile
pteIillial Success rate of" locativie the de ,ired \ariatioi. 

T'hu, thC coi clleclii coiCept hIas Merit in sCeCLlii iepreselailv li"citV from t larger
assemI Ugciiiplaiu, but diff'rCenit ermlai. Usrs will have difflrenllt objeck.tivs in alaipling
ge'lrllail. A plait hrceder's requirtilnerit fr a raliiee of cetetic variatioln ustall int\ol''es oii Or a 
few illtribulte, at timlie. Aviv nuimber ohnituIliple core collections calbe colstrucled tloservice the non
sp)ciic retusCt Of plcoll bre "se 
 p for a Single core 
collctioll. The ttrite-iasedcotr cOl ction siiiplV addresses the individual rCtlirmllents ofOta
 
grilasni ler, and it cal lcotriltell It of sinele core collections. The single
the lo'er-teril success 

Core collection has aln important role to pla\ 
 ill\\ider aspects of' plant genetic resources policy

developtI)IIi aind iuthle t
inlagemnelnvi)and lanning of natiolnial and global progranmies. It will also
 
contfribute to the effectiveness with \lich a Collection cal be subsapllledl or a specified range of
 
ce IIetic \aritlion. [ll ,ie aitd
1 (Ii ultiple core co llcction altproacl es,when viewed isomplemtary, 
opentIurthter htori/oi, of eritplasin maitaentl and u.e -- ile possibility of a dynamic systen for 
elIectivel\ aind efficiently loCatineland/or ideitifVill a use r-defined range of gtetieic variation. The 
user, ill athis case. caitb eite baik manager, a plant breeder, a population geneticist oratl institutiona.il 
policy mitaker. 

FUTURE )EVI)I)VI IEMNT 

li achieving the stated objective ofIir noting the effective alnd efficient use oftavailable plant genetic 
resources, Luriors. gerniplasni specialkists and breeders must be mtindful of changing technologies. 
Cotipiuterised gene baink iifbrnilion systems have contributed significantly to gernplasl use in tile 
past decade through inproved ittfbrntatioin fow and availability. This technology has had a great
impilac on the current impleteitntationt ol the core collection its Tilean aid to gerie bank inanagenitcn. 
development of expert systeis involving, for example, hleuristics and pattern matching offers new 
dimensions iit plant geitieH resources nia+ement and use, particularly if such an approach is 
integrated into global crop networks. This technology is available and is being used in ivariety of 
natural resource and agr:cultural fields. Examples involve scientific exploration with geographical 

http:institutiona.il
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1991) and tileuse of an intelligent 'ranie s\,steln for selectinginformation systems (Twery ei al., 


cultivars (Bolte et al. N9 I).Both these applications share comnlti sanpling practices involved inl
 

developing a core collection. 

The developmlent of Such a sysIcInl rquircs a re-definition of our understanding of information 

assenliblv and linkages. InI a gene hank inlornaition lllacerlnenl systemll there is a logiCal Structure to 

the \,,ain which discrtcte ullits ol information are stored and retrieved. There are ally discrete units 

iedefihed bv the systen sttructure. I-orthiley'he IcceseL asof iIfornIlitiO, but can otv in that 

C\'atnple. it one were ,ceking accessions With Russian wheat aphid resistance inl a relational database 

nilodel, ;Ifield for (or descrihill :his attribute would need to be defined. On the other hand, a pattern

inatchiigi proess could be used to link the various units of iufornalition i less traditional ways. To 

C\patid on a piCioti.esarmple, tire trll 'RWA' 0t0r Russim wheat aphid slight prompt a simile from 
,

ainother data tile that hutks \ a list of acce-,sionI or w\ithr a geographical regioll where tileitll kuIIIbers

ins+;ect isendemic (and perhaps how long the insect has been known to occur in that region r. Ilthis case, 

are lesstle traditional links hc cciu units of information have heen replaced by new links wIich 

dependent upoII realollillng -- hy changing tiledepeldent upon traditional database structures but mllolre 

rule,, for linkinu infoniation units, the knowledee gained is ne, or different. 

Such an application for iagcrtnplasl ihformnation illanlacernelt sStmil would have elemetslS that 

dy -to-Iday tperational aspects of it geie b rk, but also p)rovidC )rOcedLures thatnot only addre,, tile 
'Allos pleViOLux experience uld knowledge to be aCCtUinulated (leuristic learning process) aid used as 

lien a gele bank user relLestsan aid in ,electing gcrr0p1si 'r ev'aluation ill trte future. Thus. 

. i Cenetic vairatiotl for a particular attribute, tileinformation mianagenentaccesion, v,ith a ran 


sysCten Could alert the breeder to tile fo011wri types of inltorlathior:
 

S(ttlier user"s have itnade a similar request (and the results obLained)
 

" th1e 1ttribute has already been identified
a beiig souehl 

" literature references to variation studies ol tilesubJect 

iiodel should also be used to request clarification Irorn the breeder, such as:liThis 


" Are von seek ing identified sources of variation? 

" Are you seeking new sources of variation? 

" Where is the variation you seek likely to occur in nature? 

Such a system would result in the selection of a set of accessions on the basis of details determined 

Figure 3) would sievefrom tileinteractive request session. The selection filter(s) generated (se, 


through all available accessions and choose the final core sample of accessions; the filter(s) would be
 

retained for future use or further refinement. This heuristic model would actually build upon
 

knowledge aLnd Would tinirn ise the need to re-define associated (or similar) requests each time they
 

are rtiade. 
mentioned above is used to maintain cultivar information and selectThe intelligent frame systern 

optinlal cultivar for specific sites or purposes (Bolte et al., 199 1 ).It is not difficult to imagine howtile 

resourcessuch an application can be extended to plant genetic management and tileselection of 

accessions for specific purposes. 
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Figure 3 Schematic representation of how a heuristic data model extends the core 
collection principle towards more precise selection of sets of accessions for 
evaluation and use 

~Ir idilitical 

Heuri sticle(o1 11l;t 

There are nurourtts fpossi hi lit ics for altering the way in which inlotalion is prxocessecl. The 
s uggested henri stic model is desi ened Ito maxim ise the relevan'e of)Ireadily availble infonnltation to 

yie the inquirer, and add ex tra in fi wrt at itn of lp05ssihle intlerest iin orde..r to: 'extend' the person nak in g 
the inquirv. It is see;cn as. an+ efficient meanus of na.gine rnon-spec.,ilfic requests made tIo gene banks, 
wvhile allowime a ',,lrate_'ic se.t oI eval'uation data;. to be' geneura.ltd b'r1 the pnrpo€ses otl lonll-ternil 
mnaIIcetuIIILtI of -ene.tic..reoc'US'1U.. [lhe model wou(tld reqluire minimal ma;.intenan.IIce andl would be aIble 
to aciulteH ktnov,'hdee as it is us,. t would ideally be decvelope,.d on an internatio~nal basis 5o as 
Ii) ensure cont ittned rele,.'aticv and could w.,ell be an axdjunct to global crop networks. It could p~ossibly
be cons idered a s the It)9g(),, rep~lacemnent fo(r the' core collection conceptl inetfectively and etfficiently
utilis;ing plant gcnctic resources. 

CONCILUSION 

The core collection was proposed in 1984 as a means of helping geneh anks manage large numbers 
of accessions. The proposal was put forward because of the need to proitlote the use of plant genetic 



re"oilurCes. [,-\tell"ive evalutIlti ot a set of accessions that re'preselnted thlie general diversity in itg'Cne 

bank \5as seel as itneffective metlhod of dolill core tile ofthis. The collection, by reduciht nutub1et 

accessions s a0ilable in the first intstanccc'. s ld foster greaternse ofgenetic resources by plant breeders 

thin large and cunliersolic collectioitS. While, this tid h\'his apfpeal to Cene hank nsers and 

Iannigr.. it also inplied the need for nlrthcr etiienlcnt to cnhaiice tilec'ficiency Of gernlpaNiii Use. 

While C\ utilistllionl, it is not tie oilt w s hicli this can beellatioll can be nlcdL tIprollott llcal, 

achic\Cd. )atabl "e,tcchlolh.\ that hais become as\ailable since tie core collection i.ka as first 

propose2d Iias ininaIted an important conslraint to titilisatiton ii the early 198. --the lack of a means 

to nliallipulate lar._e.Ci tnmnts tof infriiallioll. 

[here, are ',t pria\nlt iitives fwestablilthi a lsllUtagemlelntcore collctionS: alsSistig gerIlplu+.ill 

ild liicncill2 ii'e. (ieHlnlplasitn spccialists senlire coiicer'lied with tle nlinent1eipi:stl iallll 


noti\ c. A,hile breeders are lllCotlcerlid vith ('nratorIs ha, ean itreslt illboth mlotie\'2s bul
oe tsa.'e. 

arc (tiiderstandiilsl )bi;,sd to, ars eiie bank Ialnellliittl. lstahlishiie i.ore collectiol with ole 

of thesiC nlt th."e ohjct'i\ e floes not l1ccearil\ serve thle olhier. are, ho,\ er',Joilltita lit'ill he 
bhne'Iit-: 111C illtfotationlolbaiinn in hher c0ntribteto tileippro1ac2 Slc'Cs oftboth apdiiCltion' 

Ofthe 'CteCcll tion. l[he t,,,. are cn IInleII\tar', [Ihe benIeficitries are all th ose \%hohaveC o approacheC 

i take ill tle coners,ation aid jndiciOu, C\loltatio oflplainl -elliciteresources. 
,lo Illia\ Iefficientiii'C thC lon-'icll I i'lt of nietlieds foro iiakill ll tLsMorpaitfe ilId 

,fttctis ,.it pr\ IOnU, iie lcessill\. llhis involkes estnliding Currenticainls o1 Ilding on C\peIivcIC 
.ene bIaik intfornituol mnlaleletlt ttcliloloes\ to; aid' anuire henritic desigin. Thle rCsul \'ill be that 

the ctnillat i\e knoss It,,c tr i nformtation, obtailed by inlipleincnting either t\pe of'core collection, is 

fulls i,,d, I tis s asNtIlefull biefits if tie core coilectioln principle ---Improved gernilplasnil 

lIAna.l1QL illd Ilc achsit\ ed.Tllt u-Se Can11 
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The dururn wheat core collection and 
the plant breeder 
P.L. S,;NOtIET71 ZU.'L and C.O. QUALSET 

Abstract 

The choice of Ihe exotic gernplastn to use as parents is a major problem for plant breeders. Yet long-term 
progress can take place only if unrelated parents arc introduced into breeding programmes. The issues 
considered in this chapter are: the estimate of genetic diversity within acore collection; the evaluation of 
(he potential ot' exotic lines for use in a breeding progratimie: and the use o. information obtained froti 

genctic eva luiat ion ol'a cole collection to exlploil the whole collection more Iul ly. The role of plant breeders 
in the evaluation of phenotypic or genetic diversity anong accessions is stressed. The testcross procedure 
can he used to assess the coitbiring abilily with improved varieties which may reflect diversity among 
cxotic accessions. The di fferential in coini iing ability witi available ge rmpl ast could form the basis for 
classifi cati on. The choice and number of testers to be used should i e based on tile degree of genetic 
siinilaritv in the gene pool best -tdapled to the environient at which the breeding programme is aimed. A 
nethod hased on tlie imatinrig of a constant tester for selecting promising parents and estimating the genetic 
collipllents of variance is illusirated. A multivariate analysis approach is presented as a means of 
idcntifinigt.outccs of 'neV' yield-enhancing genes. Results illustrating approaches adopted in a pro
gramnc iititiated to develol greater understanding of a gerniplasin collection of durui wheat are 

prcsentted. 

The genetic potential of germplasin collections has been exploited only in a minor way. Breeders, 
confronted with a large number of entries in gene banks, do not yet have a good basis for selecting 
parental materials that will maximise potential genetic gain from derived hybrid populations. The use 
of these populations for breeding purposes could be greatly increased if there was more information 
on the aniount and kind of variation available, but in most cases the resources needed to characterise 
fully, both phenotypically and genetically, thousands of accessions may not be available. This task 
could be more easily accomplished if core collections were established (Frankel and Brown, 1984; 
Brown, 1989). 

Flow and to what extent plant breeders will use core collections will depend on a iumuber of factors: 

the crop species; the objectives of their programme; how well the accessions are characterised and 

213 

'Pra-vnirva Peve? v t1 



214 W( RfI (01ItI ((NS ()I 'IANI (ANi IlLR [ 'RI I'

docunented; and how much breeders know about the collection. This means that these collections 
should be characterised and evaluated primarily for characters which are 'useful' for breeding and that 
this information should be effectively transferred to the breeder. Clearly, these requirements would be 
met iftbreeders participated in tileevaluation effort tllelSelves. In this chapter we outline and discuIs 
some approaches a breeder might take to eValhate and Luse a core collection. The issues involved 
include: 

" estimating the diversity within a core collection 

" evaluating the breeding potential ol' exotic lines 

" deterniniing methods that can be used to idlentify promising parents 

• 	using information obtained from core genetic evaluation to exploit the reserve collections more 
fully 

results of some sttiies coiiducted on a large section (about 3000 
accessions) oh thelUnited States Dl-partment of Agriculture (USDA) world collection ofdurun\h 

As an example, \\e discuss tile 
wheat 

(TrIiticim tur.'i/wm I.. This collection has been extensively studied (Qualset and Pur, 1974. Jain et 
al.. 1975; Spagnoletti Zeuli and Qualset. 1987. 1990) and a core collection of -196 accessions was 
extracted on the basis of a niultivarate analysis of spike characters and other )ield components 
(Spagnoletti Zen liand Qualset. 1987). For mnost ol tlie nIeasured characters, tile tile corevariance ill 
sample was larger than illthe collection. This was attributable mainly to tilerelative increase of' 
frequencies in lie least represented classes and to a parallel reduction ill 111Ost represented classestile 


(Spagnoletti Zeuli ard Qualset. 1993). To assess tire anmount and kind of genetic variation, wve have 
lsed itestcross design involving iliatirg a "onlllolln palent with ia random samliple of accessions fron 
the core collection. Two improved hi lh-Vieldirg cultivars. ('reso and Modoc, have been crossed with 
accessions representing most countries where this species is grown (Spagnoletti Zeuli, 1993). 

Wheat isan altogamn1ous species and isalready at an advanced breeding stage, but niost conclusions 

can be extended to other self-pollinated crop species. 

EVALUATION OF CORE SUBSAMPLE S AND ESTIMATION OF DIVERSITY 

Phenotypic evaluation 

To use a gerniplasrn collection, breeders must know that it exists (Peeters and Williams, 1994), and 
to formulate an educated request ot'gernmplasm they should know the amount and kind of variation the 
germplasm collection contains. 

As pointed out by Prasada Rao and Rananalha Rao (C'hlt' 3.2. this.volume), many breeders are 
noi fimliliar vith the kind and aniount of variation available illgene banks. Thus, the very hirst task for 
the curator of a core collection would ieto promote gernplasrn collections among those for whose 
benefit they were established illthe firs, place. The core collection should be distributed as widely as 

possible to plant breeders. Because of the relatively snall size offthese collections, breeders will be 
more inclined to devote som effort to growing the core collection as part of their breeding programme 
and to consider sore sort oi .trategy for evaluation and characterisation to familiarise themselves with 
this 'exotic' geninplasm. 
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A quick and simIlple visual inspection of plailts in tle field w\ill give most bleeders an idea ot how 

IIuch better thee colhect ions coul benefit their \work than any comi pt teri sed database. MIiry required 
descriptiors are citler comiph.eC to ,core or en\ironmetallI\ sensitive (Peelers and GaIwey. 19XX). 

While descriptions ot tlc test site and of evaluation procedures miaV have indicative valtie, inl general 

thley \, ill not replace tests ill the Ib.cdcr , (i\ n ci\ iroileni t l:,lailkel. 1)81). 

\Vhen tile \%011h1 collection of dururvi \%lcat was c\ alualed at [hie I riersit\ of (alilornia. Diavis, 

liS\ s.,ile "years,ago ,t omeaccessionsivitl ver large kerrneIs (kernel ,\ eighit > 80 ru) wcre ident i ticd. 

Fvaluation data 1,for this Inulligeuic character %%Cre the ilicasll frol Iix\ randoill spikcs per accession, 

from al unreplicatcd esprinrnt. but kernel xxeight is %Nellknoxx'ii ltohe fairly stable. lIi a study tthre," 

CnviroIilCnt., the corln, lh]ioil em\x coi erIl was 1.7 (Spaginoletti Zeili and Qualset, 1993)irontIint vr> 

and hieritabilil\ h it.' = (.57 (l.ebsock ild AI Vaia.19)9: SpaI oletti Zeuli. 1993 ). "liexas ligh 

evaluation data x crc made aIvailaleh to the [IS National Plant (lerrmplasm database (GRIN)Iand 

shortlists of accessions slx x i1 etreinie vhealus for this and ithier plant and spike characters were 

pulii,,hed (Spai-iulltti Zeuli et at.. 1980(: SplagnOICtti Z.Ili and Qualsct. I )00. 1lmever, further 

evaluation aild [Ise of these accessions apparently occurred only at )avis. ( )fthe many possibhle reasons 

for the relatix el;' low use of ealuatior data, one x.as that breeerc-s did iol know that this germplaslv 

was :vailanble (IPeetersarnd (alx.ev. )88) and another x s the\ did not trust evaluation data. These 

kernel \weight figures. for catrIple. are hard to believe xxien looked at oti a corlputer printout, even 

if extnsix e irnfornmation ol ho\\, and x,heie the measuretmlentts were obtairned are provided. 

l.valuation for high yield 

WUld identify 

,gCrmplasml '. itli Vicld coiparable to any cultivar already grown in the target environmetnt. lowever, 

for crops that have ben little impro ed or where the Marget en\'iroilent has bCel tile sLbIject of little 

ia rough evaluation of the core sample for adaptation would 

IlII tmlost Speci es aiid for nost etnvi'onntriem Is plie nCotV PiC evahtation wOlt rarely iew 

b-ceding ftforl, it is posibltC that even 

idetify proririnu accessionls to be included in tile hre<elers ipopulation or even to be released as 

irimproved varieti (Kcnx orthi. IQ,(): ('ccarCielli et al., I987). This whould be tire case, for example, 

wNle i breed ingiifor CI etl viit eits where improved gerrniplasmii r forms poorlly or does riotcll rile 
st-vi c at all. 'xjrcrieiced Ieer', wkilt also be ahhcto idenitif'y sources of variation not tlught to be 

available ard miax discover characters not vet dcscrihd. lreedirng airs change rapidly with tilie a 

differ bctwCcll individual -reeders (F[rankel. 198),. 

(eccarelli et al. (1987) coiucted a studV to assess the value ot Lidraces for brccding harley for 

emi\ irolrllieits where e inllritallt l stresses such as drutigltxcold, heat all salitiity are cotntlnvll; tntder 

thesac'roclinlatic colditiolls, local illldraces oir selections from Iaidraces were considered to be tiore 

rcliablc and often outyielded improved cullivars. lheNc\evluited asmall sarnIple from 70001 harley lines 

collecLtd in Jorda.n arid Syria for vield and othercharacters, and 15 iues ouLyiclding the tester landrace 

kxere identified. They coiicluded Illit sonic of the 1ligh-yiclding lines had the potential to be released 

as pure line varieties and that thiose superior lines with such adapted background couldle also used 

effectively ill tire crossing programne. 

In general. however, yield performance (l exotic geruiplasm may be a poor indicator of breeding 

potential because of adaptatior. but at least sotme accessions rinight have genetic potential as parents. 

Somvie type of pre-bcreeding effort will be needed betore gerniplasiv nlot adapted to a given environment 

could be even looked at (Marshall, 1989). Given tile diumnension of recotmbirnatiotln potential for 

riiiltigeiic itraits (MacKey aid Qualset. 1986), the genetic variation in the segregating population must 
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be narrowed to increase the chances of recovering wIhatever tusekI 1 V.oc. \%as contribttcd bv the e\otic 
parent. In wheat, tie foIImk.ing combination of crosses cal be Lsed (A x 13)x (C'. \. here is theCe\Otic 
gemlplsm and A and C"are I. o well -adap ted varieties. 'hi s incolplete backcross scteeli has proved 
to he efficient in overcoming the problems encountered during initial altempts to %kidenthe 'ele pool 
(MacKey and Qualset. 19S6). 

Evaluation of breeding potential of' exotic lines using the testcross design 

A ima for id\ikantage () tsing I core collection is that I more accuirate evailation of qutlantitative
characters is pos+sible. lInlact. many traits 01 interest for breeding ire mu Itigenic. and thus envirotntmen

tally labile and replicated trials arc needed. As Frankel ( 199) p)intCd out., infniation ahout 
interaction belween accessions and locally adapted cLlivars is relevant to plant breeders. Because of 
its obvious Inilatlions. c\ alation on a lhenotypic basis should not he considered the end point. 

The perfornance oflesotic strains cives no indication of genetic differences eween the strains and 
current ciltivars. The cenctic basis of an\ observed phenotypic diversity can he studiCd hv adopting 
several possible matinlg designs. The atniotnt and accuracy of tie geietic infOrmatitim gaiied is 
nl'orttnately directly proportionial to the amount of resources required. It is also inversely proportional 

1t the numbher of genotypes that can be evaluated and thus ibalance between 'how well' and 'how 
11any' mLuNt be I'0d. 

Tt.sicro.ss de'sign
 

The matingc of a constant parent with a sample of accessions (core) fron the gerinplasm collection 
provides a good comprnmise fo r ranking tested material on the basis of combining ability with 
improved germplasmn. This (testcross) approach has been used in a few self-pollinated species. 
inclt(ling soybean (Reese et al.. 1988: Sweeney and St Martin. 1989). barley (Gebredikidan and 
Rasmusson, 1970), peanuts (Isleib and Wynne. 1983), anl wheat (Qualset, 1979), and more 
extensively in cross-pollinated species such ias maize (reviewed by Itlal laner and Miranda. 1998). 

Three issues need to be considered: 

" What is the best tester genotype? 

" Flow many testers should be used? 

• flow should testcross progenies be studied? 

Choice l"h'.\ft'rll 1'1)I.\o)f' 

The choice of the tester genotype is critical because it should ensure the correct classification of the 
relative performance and discriminate efficiently among accessions being tested. The tester should: 

" have the ability to maximise variance among testcrosses 

" be distantly related to most tested accessions 
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" carry a low frequtIuCe' of favourable alleles for tle trait of interest 

" be able to comlpeilsate for gcllot\,pe x environlent intractions 

" he. as far a.s;possible. hoillo/ous lgt.ecessive at illloci 

l)ilf'terent tester lines otldhbe used to rtank the tested gerniplasnm access iins in di ffercnt orders since 

the dCreC of' domillcellCC could cIance for dilierent sets o' tested lines. The best tester Would be 

hollo/.veotls recessive at Lill loci. [n this case, the regression of' otfIspritg oil on- recurring parent 

\%tltd he a niaxillnlll. Althobu-ll a tester should lie\%cak. it should also bie adapted Itthe target 

en\vironment. (iood cotluiniuc ahilit\ with alvailable geriplasim should also h a criterion, and thus 

tile testCrS should be selected from a cinrup of Iocall. adaptedl\mtics. 

An imtlportlait isstc isho. manl\ testers slOUld he used. We have compared the results (fl'crossing 

the sane 51 accessions to to imprwloved \i:ricties: Modoc front California, and ('reso from ItAly. The 

degree of lhenottpic correlation hetm cell the tested accessions and their testcrosses %\ill also indicate 

the viluC of'thc irftrninance ofltestcd accessiolls in I)redictill uperior linestile Iotetilal for sClecting sti 

'romi across. l)espite the difeellnc inlpedigree het\, c the two testers.,ite pattern ofcotlrelations (see 

Table I )bet cell tile Fis and thC loll-recurrinlg iJ;irNt.s for ei,ait spike characters was \ r\ similar in 

the to sets o 'crosscs. torrelation coefficients for si\characters were higlly sic'itieant an1d illMost 

citses were lar-clr Ithan f.45. \sili the correlation for linllber of kcrncls ald kernel weiclt \were lower 

ol lot sicnilficaut. Tihus. for c\aliple. inboth sets o1cct'osses for spike lengil. tile perforolanceIe'/ St, 

s of, soille vallie illpredicting the potilltial 'or secIhtiInc dCsirCd Iines Iroll exotic nitl.daplted 

.crni-llaili,but this is,not tIle cIsc for the othe'r lto hllrinlant yield characters. I ligh correlations for 

Vield bt, Clcl tsteIr Uld SClct ted ICStros, I ines%w& also obsCrvCd illso\ean ( tMartill and Aslan. 

It)'8: Swclney and St Mrtitl, I lN) ilbarle. Ies't:ross scle -iOin compared with selections,hile, 


iled on parcntai perforil iace did tlot g'ive a Ieal :tdvanitagc K;ehrckid;.ut aind Rasnitisson, I970).
 
be kept 

hidurnllil \healt. Lilthou01h thle x component was 
Itfhe aiccession x lesteriteacli is sall. the number oteter varite calen tloa liintini. 

11significanl, accesNion lester of' variance lor most1 

Table 1 Correlation coefficients for eight durum wheat characters between the non-recurrent 
parent mean and itsF,offspring mean in two sets of 51 crosses with Modoc and 

Creso cultivars 

Recurring parent 
Character Creso Modoc 

Spike length 0.501 0.49"* 
A h ,\\ih 0.45" 0.51 1* 
N tlh),r ()Ikvrt ,ls/,pike 0.301 0.22 ns 
k,ritl st ight',tike 0.25 ns 0.25 rs 
A\, I ke nlih 0.46* " 

)i-le' 0.74"" 
Kterntel \ (ighl 0.63"" 0.56 * 

* Number (It ,pikelt 0.35 * 0.45 +

Rn; his ttlt(lrIle length 0.74"* 0.60* 

N o t: P< 0.(05; = P < 0.01; is = llt significant 
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characters stllaller than tiletest.ross component (P.L. S)agnoleltti Zetili ald ('.O. QLI.Ilsct.. nub)Li.). 
hisoybean, St Martin and Aslau (1986) ftound Ilack tIinteraction bet ,,ceen parents anid testers. They 
ColiciILded thlltlce hoice ofthe tr t"COnld be lid.0on the basis ofconven ieti anI d that a sil I C t .ester 

" \%ould adeuqately evllate a palrent s lpOteltial fOr p1ronlune a+hiih-yiUId-ii line. 
Tiis. inl sell-plliaMUed speCCies, tile naibIr anrd the choic Ol'IstCr varieties slotild b.dtlermlined 

on a as possible to allo\ tllinher oitcse-by,-case hasis. The noinibUr slold be kept as lo\ fOr a larger 

ilnes to ietested. The defiltllioii prcliiinarV Criterion tl choice sho1ld prob Isetl on the
oftl be 

derc l the \ arilies best adapted to the lViioillo at which the breedillgatcenetic siniilari., aiion 	 llt 
,
progranIie i aimed. If tle enetic base of tie inmpro\ed gene pool is narrow, the ranking of tested 

eot.ic lines should ie largelv similar and only one or ltw testers Wonld be neled. 

.V'lecitii ?0/fIts I I ONACA 

The Selection ot testcrosses is actuallv tle selection of'hall'-sib families and cotild be perl'onued in 
either 1:1Or gencrations. ania)Smi'gtCcnttestcrosses provides ; estimate o 'ariance for 
combinine abil itv..\tI\ an inbred Iue is a -base tester, phenottypic selectiom ot'lestcrossesAlho 	 itrrt1, 

aIds to0selection for te,neS \ ith Idditivc eflects 0Falconer I9 I ).In general. if a broad-based tester 
is used. the estimate v,ould b iainl\I for ceneral coinbinine ability. If the tester is ntrrow based, the 
CstimateI voiild be Ior Secilic coiubimig abiity. Since it is diffitll to distinunisli general vs. specific 
conibhinii abilhi,, the teri 'colibinine abilit\ shoutld be LsCd illa broMder snsC (I lallauer and 
Miranda. I-,X I. 

FIor asiin locus. theCombining , Iiit ( I= - T.). I here ("is CoiIIbiniIi abilit ffIect for lineel 
I is tie ieai tlthe' ttci ,,losspro'nv itli the line i. and is f.the niean at all testrosses with the
 

itile. ts~tr \ 'r-iet)is.il eatt..fect,,Itr e
dependent lroi doniiii on agent tcnncy of(5.5 iltlie tester
 
1for tlC ) th l= . For nitltieeiii Ill.st be
tdoiinaii tl -- traits, the Collbhining ability variance (V 

sninmled over all hoci. and wIei iiibred lines arC Used istesters the variance will depend upon the 
balance of the nlillber tfloci v.ith a trellCeIncv 0 or I.An xes, of important loci with a frequency 
of0i in the tester ssill hebe \ \, asadVlntacosL illincrCSitie the variance and tile efficiency of'selection 
aillon tlesltrosses. Based on imnl)le models itthe sitgle-locus level, the size of +afriallce amiong 
testcrosses can be predicted Ilallamler and Mirantda. I )X 1.The variance amlong testcrosses will be at 

Table 2 	 Phenotypic variances for six spike characters among 80 durum wheat accessions and 
among their F s obtained with the cultivar Creso 

Characters 	 VP VIF Fa 

Spike length 	 1.52 0.67 2.27** 
Number of kernels/spike 816. 15 1434.68 1.76** 
Kernel sx(ightispike 521.1( 65().82 1.26 ns 
Kernel ,,eighl 0.071 0.026 2.71 *" 
Number of spikelets 11.I14 43. 82 1.32 ns 

* RA(hiis internrode length 	 4.618 1.32 3.54 +

Note: i 1li' F ,,LutWIIs 1t different e heo ,cen variam es; P < ).01;nis not significant 
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hen the tetcr islulls hlo 2os rectC.ssi\ C Ior the character of interest: itit is fully 

donintittiit the kaiance \t.Mild eI/ero. Pseido-overdominance for a gi\ ellcharacter can be caused bN 

tihpreseice ot doilliailt yelec at loci ditfl'renl illte tested line and thle imnprosed \aietv. When the 

tcstcr INW 1iptIo\ed \aric's thi's,.olds,,hsn be the case. Ill fact, it can h., e\pcced tha.t a high 

its na\its nl ' ,,s 

IM\C been acctlnated thrtough breinCCl 

atnonILe t,%11rtl' II bl .Inilheirt e1l palent . Therefore [ie results could 
proportio t el t lla'sh.' _,CI , ha's e airead't\ and the1C niriIcC 

lhes'scr lMta h 

he (.lit li ilere lt.dep iltdii Cilltl te,,ted, tle character lleitstirel and low thistupon the lcs beint 
2. where we show thesCtIeticall\ in Table 

pll )llt ll ',Allll01- iioii-lc i parent, I 'Sjilt (rUeso 
chirctCr I,, controlled. Fill,, iN illustrated b\ tile data 

,\lt'Mi .lltke itlls iltd their \'k for si\ spike characters. 
Lirng~er 

itrte1tsle leit thl but sinller tor iuiitber of kerliel, per spike. atd not ,igiticattl. differcnt per kernel 
\ariailce itl'0Le PaIeli, \ts'ss swnlit tl.,v tot spike length \.eiglt per kernel aitd rachis 

spike and nuntber of spikelets.\'s it pe',.r 

o/ c ,,t(lit/ial do,, ,hilijn. abili'y/Mr a dc.'icdInliI,]'ltilhI ,1J1+,' 

Whet tilte tlititler of paireits tlat atC pltintlal dottors of a spec 'fic trait is rather large. the choice of 

tle ,-IIrtt ,nliiacc ll, ,e :is rttl s is a iitlor pr l,,'iltS it) for plant hreeders. Inthis case, the 
eteotu,, Of F, hi's brds otitieo-recritn parent t(,Qu1,ls,+t. 197 )) can be used to Choose a siall 

sAIIpleC otCCN01', Iac1ittirthet stld\. Ill FiutLr I the results of such an aital%sis are sho' it for twoof 
Italian cultivartS durutl acctessio'ls and their lis \ ith tile 


'ru,,o.The OfIltne aild i1toIt-rcitItg parenit Ittleis are ptesented a \'s 

"Pike chitrctei, ob'sc\ ed Amontte %',teat 

is o-diltensional distribution 

tnd ilt l ,e led dotted diaetal- Iine sho's's s the h\ p tltCtical perfectobsC. .1iC,iotIis,lt 1'1.Ilhe 
C,.;iCI i ilof the I:,,Itltoi-rel lill' ilpariCiNts. This niiethoI readil, identifies p reittts witit heritablelnd 


,
\.lIrition1l or1"sourcsCof doittinaItC effcht,. It Ita, licd'"' bCitn l.sd iltta breeding prograttle for 

'shicI it appear, that l it lteritabie variationmilpro's in the proteiti ctint i hread \ teat, itt iartl 

' 11t1tC tit'ied (Qualset.Ifl t ilt is nc it 's.et.e ide 197'9). 

ItNC\is C it itat theClaborat ion otffficient screening methods that will make tie gene pool more usable 
titist be,batsedt etm of tite traits itfeetic kttov.s ldl interest I Mac'Key atid Qualset. 1.1986). The single 

:irra\ atalsis can pro'l ide ,eitetic iitotlllatliotl ttltie degree of domitnatnce arid altestimate of 

heritabihlit\ oflthe ItrtIs scored it Ilteset of cor -:cessionts itt a specilic envirnnient. Table 3 gives 

estilniates of additie nd tdoitllinance 'Cttic variance Cmpttone(Ilttts tie degle of doilllilarine ald the 

hiCritahilit's obltieud using the Method descrihCd ( i i'ffiitg (95)). The two genetic components of 

\aritice. tldr.'\ esIiltltd rollle atalll' sis of variatce from tlte replicaled experitents, .re tihe 

\lialtlcc colpnetsnlltin g tont-recurring parent and F -midparents. respectively. The degree of 

do0tiitan.e isthe -,l rolIIot lttofltle' iI of dortiattce and additive cotponents. Over-dominance is 

indicatied '\Ite tilettdiitiM1Ce 'arialttc' Coittponent is larger than the addit've variance component. 

Additi'e Cenetic \,IIriit'Cs wrce sienificalit for all traits altd 'sws'ere larger thIan dominace variances for 

six otilte eillt characters. I)oililltlce \ ariliitce \ as evideint for all traits. but was especially important 

fIr the fititess-reltd larIcters tiumber and 'seigllt of kernels per spike). 

tltcse Cestinates cotllfirited what the phenotyp'ic correlations htad suggested and what had been 

inldicated pr' iotlusl and Spagnoletti'for dirttt wheal by iorcedtu and Scarascia Mugnozzia (1983) 

Zeuli et al. 1983b 1985) and for other self-pollinated species I Matzinger. 1963). 
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Figure 1 	 Joint distribution of parental values and their Fjs for 80 durum wheat accessions 

crossed with the cultivar Creso 
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Table 3 Genetic coniponents of variance, degree of dominance (h)and heritability(h) estimated 
from a set of crosfes between 80 durum wheat entries and the cultivar Creso 

Character (5
2 g (511 h h2 

0)1 0.13Spike length 814.11 *" 11.4 1 

Awn length .508.70 * 177 17- 0.S 0.0 

0.12** 0.02 0. 38 0.70Awn/spike length 
Number of kernels/spike -5.06* 107.90(' 1.35 0.42 

Kernel \rgt,s,h 38,70'* 47.42* I .11 0.47,pike 

Kernel seight 55. 19' * 8.78' 0.40 0.56 
** 

NtUnbter 01 spikelets 2.52'' 2.29 0.95 0.49 

R,( i,,intenlnohle Ingth 0.38'' 0.02** 0.25 0.72 

Not(,: a "= p < i.OI 

IDENTIFICATION OF 'NEW' YIFLD-ENIIANCING GENES 

'oachieve short-tenn objectives, breeders concentrate on locally adapted high-yielding varieties as 

potential parents to iecrossed. W\hen a yield "plateau' is reached, a narrow genetic base is often 

snspected. l.ong-terln progress can be made, however, h aulnlenting the flow of distantly related 

parents into the programme. thereby- widening the gene pool of the breeder's population. "Exotic' 

germplasl. available btor many species in the Cene banks, can he a source ol additional enes I'r yieId 

are ntl available in improved cultivars or hyhrids with atvery narrowor Cvironlllenrtall adaptalion lha.tl 

Cenetic base tlSmith and l)u\ ick. I989). 

]Te search wkould be for "nev, . eld-ehllianciriL genes that cannot be precisely identified. To 

maslulise the potential geletic gain frm subsequent hyhrid populati ins. breeders will nced to identify 

parental materials that will increase encetic diversitv. Inl the genetic resources of cereals, phenotypic 
aenetic divergence hs en [lned ai yto geographic origin (Jain et al.. 1975: 'l'olbert et ill., 

1971): Spamnoietti Zeuli and Qualset. 1987. I99(: Peeters et al., 199)O. I lowever, not all accessions 

carry reliable passport datt (Spagnioletti Zeuli and Qualset, I987: Sweeney and St Martin, 1989). 

Evaluatilon and characterisation data based on environrtlentallv insensitive characters or strongly 

inherited characters can further improve the identification of'clusters within broad geographic groups. 

Multigenic characters that ate environmne,+tally labile provi'ide a more serious problem in evaluation. 

Nevertheless. gLood reasolls exist for Colliputillg estimates of genetic distances froin morphological 

dalta showk in cotmnuOts variation. Natural selection affects morphological traits linked to adaptation. 

Th.,us gelletic distances from these tlaits couild help il identity ing patterns of adaptation and co

adaptation ila germplasni collection (eccarelli et ill.. 1987). 

If evaluatiom is ha,;ed on a large nuit inber of different characters, lie ranking of tested accessions 
coLId be based ol 111111tivariate stalst cal techl iques. For each character, an estimate of the genetic 

variance and the frequency oCftransgressive segregates inindividual F,bulks could be also obtained. 

Choice ot characters 

Since the multicharacter approach will involve the use of a considerable amount of resources, the 

characters should be easy to score and infiormative of yield potential. Yield components and characters 
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revealing adapIation to the target environment could he used. A mlti gnic trait Ileeds replicaled trials 
for accuracy, and scores will be most valuable if obtaine d in the specific civirin imie ntal conditions at 
which the breeder's efforts are ained. An example is pr tVied by the spike characters iil whelt: 

" 	 the,' are easy to score 

Sthe,' are muhittenic, such that the genes could he considered rcpresentative of tile whole genome 

* 	 two out of, three yield components can be observed on single heads. thus providing iselfil 
ir forn ati ft I' reedin.g purposes 

* they probably playcd ii major role during wheat evolutioln, as conscioLis or uInCO11SUiOLIs hlUllInl 
selection see'ms to ha\c operalted oil these characters raller thain ol other traits 

Ahernativelv. charactcrs tiat ie ure affected 1w ntr'al hal hIlmalilmn selection have comtributed 
more to diversification aniong groups (Spagnoleui ZeLi Mld Quailel. 1990). It might be cxpciCted 1h 
when diversity fOr spike characters is present, tliverSily should also be present for other traits. 

Multivariate ami I,,'sis 

Estimates of, plienotypic tr genetic distances can be obtained from qualitative and quantitative dlta 
(Gootiman. 1973: Lcf'Ort-lBuson and tie Vienne. 1985). Accessions can be selected oil ile hasis of a
iive,lsitv tili x (l~ceeilers ai NMau'iinielli, I9/g9))orciseraunlis,(ohobsrvti" lilnsfkiriineti variables, 

(('ro sa ci al., ( hr 2.4). Multivariate slitisical Inalysis 01f lIeislrellliits of quanllilative charac
eots pr\ides Csthiilates of morphological ItLI geiitic diverCgelce ailloig accessions aild ellot'pes, 
which helps in planning crosses ationg gnotvlopes heloning toI diferemt clusters (Whiitelouse, 1969: 
13hati. 1970: Sniiah, It)76- ('amussi ciil.. 1983: Spagnoleiti Zenli ei al., 1985). Several mating designs 
hivC heii useti (IIlanson ai ('asas. 1968: Wi tehue.o I969 ('Cervantes el il.. 1978: (ualset, I979: 
Canussi and ()laviallo. , 11. and ('ainiussi et al. (1985) have developed a gencral incilhodl for 
estililatin ald testillu Clietic distaics. irrespective of Ime conplexiiy OF tie genletic desin. 

SiX d \v'11rtCi of tdiffering geographical origin (Ethiopia. Algeria and lla ly) and showing1 linC 
diversity in spike cliaraciers I pamioletti Zeuli et al., 1984. 1985) were crossed in diallel. The 
nmultiviriatC anal'ysis of Csimales I'm additive effects Showed corlespolndence between geographic 
diversity intd e1neic'ti dI.'lTrgeimc antI oilier Vield c'I pOnCluS. MI f i0Ve siti(ies ihave beenlost e aile 
reStricteI to iilier-raciai differences flr example, maize) or it small number of geographic group., (for 
example, t1runt wheat). It was obvious that the resulls exiended only o tile pOpullion s of origin 
because of the restricted nuntber of genotypes inctiLi in the crossing dlesign. 

The degree of hteterosis hetween populations, which reflects dilferences in gene t'rluenceis 
(Falconer. 198 I ). is positively reflted to their geietic diveroence. lItwever, a riedUction in heterosis 
is expecti if the parents are too divergenl (NMoll ei al., 1965: Cress., 1966). When the additive 
collPOlleItS acCOUln fr a imaJor proportion of total genetic variance, the plienotypic distances aiong 
accesssions aitd tite genelic dislances hased ol additive effects ate ver) similar. 

A nIlilt i variate approach can be used to help plan crosses anong geiotypes in difterent groups or 
Io selec lestrosses. Distances aimong iioin-retCirring paremits altI relevant tesicrosses can be compared 
LlSing nultivariate statistical techniques. This would intdicate how well observed overall phenotypic 
differences amoig gerniplasm accessions correlate with the perl'ornmance of their progeny teslcrosses. 
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We have CoIIdicted caIlonical discriminant analysis (Seal, I964; Pimentel, 1979) separately for the 

set O11of0+-lLre'uitiin parc'is a.lI (1'l their Fs. Canoni:cal variate trllns format ion pen lits aln loptimal 

vi a ,iat i in ol dilTe rtc'e,, ethe,men pOp liat iOns thron eli I redlnetitil lIidimenIIs ions lhat preserve most 

biolocical information. This technique had pre'iously been applied to the \kwhole world Collection of 

duItrun wheat (Spaginoelti Z/uli and Qualst. 1987). lahle 4 ,i,es the renls of' such analysis 

calculaled sepratelv 'Or the non-recuIring Mrents and their l'I,,. It the palrent Sts. di\ve+rsity antong 

as slIoI\ 1rout their correlatIiolS toa1cceIonsIttIs is attribuLtaleM)I mainly to chIaracters ItIicasurnI IC ueths. 


tle first and second ca_ornical variable. Kernel weight, one of the yield coI poltnents, isassociated with
 

the third canlonical variabli. In the Fl Set, the picture is quite different. '[he first Canoinical variable,
 

which a.cenitsIlor411Ofthe t tl variance, is strongly asiaStied \' ith viel-relCted characters. Most 

other Characters are associated \%itl, the Second transformed variahle. This result retlects the larger 

in the F I set than in tle parental set.contrihutioin of these charactlers to totll variane 

T;,'Ile 4 	 Correlation between canonical and observed variables for (a) parental accessions 
and (b) F s crossed with the cultivar Creso 

CAN1 CAN2 CAN3 CAN4 

Character (a) (b) (a) (b) (a) (b) (a) (b) 

Spike, len, th 
.'.. hn hlen il( 

A.. n'stik' length 

().75 
0.4-

-0.20 

-0.1 5 
-().)1 
(). I ) 

-(). 15 
0)73 
0.91 

).73 

0.1I 
-0.)2 

1 7) 
-).1 1 
-0.17) 

A.4I 
-).53 
-0. 1 

().44 
0.44 

-0.00 

-0.45 
).012 
0.4) 

NUnl1),4 )t kunel',pike 

Kiiiul ,%eight/spike 

-1.27 
-0.10 

0.74 
1).1) 

0).206 
).00 

0 )0 
().65 

().()2 
0.46 

0.22 
0.28 

1.40 
10.35 

-0. I 1 

0.05 

Kem'l \\wl/it 
Nuhlr () ,piket'l, 

[l-\i( itrrlo (l( .lnth 

-(0.018) 
-1.21 
1.95 

-10.20 
0.15 

-0.41) 

0.5 4 
-0. V) 

-(0.)7 

0. t 
0.69 

-0.)6 

0.73 
0A1 

-0. 15 

0.2-I 
0.51 

-0.17 

0.06 
0.71 

-0.20 

0.58 
-0.00 
0. 5 

I ige¢,nvilue 3.12 3.64 2.48 1.50 1.64 1.11 1.30 1.01 

Pl)mortiorn iftotal 
'aril m e. 0.28 0.41 0.2.3 0.17 0.15 0.12 0.12 (.11 
uultioe proportion 

it)tlhl varialnce 0.51 )5 8 0.66 0.7(0 0.78 0.811 

The plots of' t nti-recurring parents and their testrosses, according to the first and second 

canonical variables. are shownI1 in Filgure 2. The plots provide a synthesis of information front several 

charactlers in describin l the variability patterns and the phenotypic differences. The groups obtained 

through cluster ,nalysis are Ilso identified. The Ward method was used for the cluster analysis 

(Rl nUqu,re. I984) eo the trans formed variables. Despite sone overhlapping because of tlie variation 

within groulps. the parental accessions from dilferent geographical regions form distinct groups. The 

two improved recurring parent cultivars occur in the satne cluster. For the F s, three clusters are 

identified. Most of the testcrosses are grouped within values -I and +2 of the first catnonical variable 

and only one cluster is well sepal aled front the others. The characters that were more highly correlated 

to the first catonical variable were nuiber and weight (if kernels per spike (positively) and kernel 

weighl (negativelyj. They show a high degree of dominance (se Table 3). 
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Figure 2 	 Scatter diagram of the first Iwo canonical variable means for (a) 80 durum 
wheat accessions of different geographical origin and (b) their Fts crossed 
w;th the cultivar Creso 
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Whilei most testcrosses cluster according to tile of their non-recurring parent,country of origil 

cluster I is atypical ill thiat it inclIdes accessions fron diflrent geographical areas. Clust,!r analysis 

separated this group f'rom tlre oihers. It shows the iarge1,t distance between this and allother accessions 

along the first canoinical axis. The diversity among the lIs along tileirst canonical axis is probahly 

attriblutalle to domrinance althe loci controlling these chiaracters. The decgree otldomiinance was lower 

when the hybrids from cluster Iwere exctlrde(l 0l1ltie analysis. Itshouold be observed that only one 

lthiopia) (oulof 

tile t' gene [requiencV as rrca su red by hctCros is effect is more 
accession Irolli 14 clustered in tile same group as Creso illthe analysis that includes 

lMIrents. TiM>, tile prohbhilit. diffeIrct 

likely to oCeur a11rr"ongIrhirids tor0r dif'ferlnl clstCS. Most ]Is occur closer to eachr other, between 

v.Iues - I and +2o'the r.isl ts. This %%,asexpected frivicrnrical axis, than is tire case with tire pare 

the ob'served smil]ler variances rIrIII011rthe lesicosses. )istanrces iIIrorg tile other thrce cluslers are 

mctch srallerf,as are dlistances Illolli palritila clusters. II whell. as illother ilt1g,1ibnut>is Species.
 

clietic variance is expected (tderive minrliy fIolli (Mat/inrecr. 1heterrsis ill
additive Cffectl l003,. tire 
IFnl.y not eoldirect interest but i 'lerotic crosses could produce desirable triIr:IIressrvc seeganlilts. 

urrique gIerrtiC chIararctrfistics. l)ifrrlcCs illCile 
",-qulncics ,-lare ;ccessiols arnd tire cuhlivaus used istesters. The 

Tle FtS iltie firSt cluster pt)rhably h'irve 
probibly larger helwecr thes 

plntotypic alrllysis of ticros> s ot rrultivariate basis serins to identify atfev, highly diverse 
aiccessrorrs. l-,xperirrctrl evidence is irheded., fl'rll analysis r,F,and followirrgspeciaily tire 

geetratiorrs. )ur sturdy is orrC of tire 10w ;iltCrltS Itoestablish tile vailueof oerall c'rlllbiill ability 

be+tccr exotic and irmrproved grt-tnplasrl especially irr a self-pollihlated Species. 

Tlre pl-crlirinriy irlrrlvsis ofldururrrviteat ata terd,, to ,Urpp'ftrfirrdirgs. VeC alSo Cstiriratld\1C, our 


Celrtic \ arilces irlF ts,,icruos> populatiors, which is expected to be larger ,.rehln i ,ore
diverse parcllls 

il-c lIF S rre in cluster I are rnot sinificanitis differeit from Cresocroscd. Alrrrost all accessiors vre 

lkr kernel nurrber and weichrt. but their F, varianrccs \serc strinificantly large. Gerretic diversi., 

betmecrr pln'lrlts ill ovld he caursed bv d(orrrlrcC itdill errt lci afcCirrg tie saire rmuititins case 

,relic chiactlers. lire surrd clu ter irrcldes tire cI )l\\ell tile tm r im.rproved varicties. Tihe Sanme 

chrarctters re rcaly showd Ivrrarcc, as siurilficarrt as ill tire F,s ,,iere parernts differed signii

cilrtlv. Ilcru. cetic divrcnrce hetwen parents %k be caursed Irairly byvadditive genetic effects.ou Id 

IlCorlllpari"oll, btwee advanced arrd prirritive culitivars folro Italand FEthiopia, bolh UrIe 

)hMlrr)typit, anld tire g,+irOtv)ic varianrces wre sigrrifictll larguer Iilie segrgatling gerIeration If 

crlsses heI\tceU acc..r',is f'lorllItho,courltrics tirall fr'rr tiresiLr cuLIltry (Spagroleti Zulli eta1., 
I),X3a). Irl cureral, the samre results wrce obtained irr the preseint study \\ili tlis larger sample of 

irccessirtls . Accessions frorrr di ffercrlt cotuntriCs di fIered sigi'ficaitly: crosses between accessions 

1t01 Oriiftcrel cilusters generally snhowed larger vaniarinces. S(le pihenrtypically similar accessions 

v,etiaI tsidertified that sto\wcd heterotic response large eniourgh to discriminate the m frorn tire rest 

of lire Core. 

CONCILUSION 

Inour discuIssI ouiflhe apprMclies tiat plaitt brecuders inight take to ev alura te and make effective use 

ofra core collectioln, several important issures emerged. These cart be sun1inarised thuis: 

" It is very imrportant that plant breecders ctrrribute Iothe evaluation of*core collections. 

" Core collections shtuld be extensively distributed airong plant breeders. 

* Core collections should be evaluraed for multigenic characters useful for breeding purrposes.
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" Evaluation for combining ability with locally adapted cultivars is important in selecting exotic 
accessions as parental materials. 

" 	 The optimum testcross design rests on a compromise between the anount ol genetic information 
that can be ohtained aid the notmber ol"accessions tHiat can be evaluated. 

" 	 The choice of tester cult ivars should he based on the degree ol'relatedness within the improved gene 
pool and their number should be small. 

" 	 The constant parent method that allows the screening of a large number of accessions permits the 
genetic evaluation of core collections: genetically diverse accessiois couLld be also identified on 
the basis of lleterotl:c effecl. 

" 	 In durnII wheat, pieriotpic diversity among germplasin accessions indicates genetic differences 
that iav he useft I for breeding puo rposcs; in fact, tie additive genetic effects accoant for I large 
proportion of genetic diversity for most characters. 

" 	 The regression of ofTspring oil n01-recurring parent for characters of interest can be used to identify 
desired accessions. 

" 	 Moltivariate analysis can be effective in ideintifying a group of accessions showing heterotic 
response f0r yield-related characters, and new vield-enhalncing genes may be identified within a 
highly diverse group of accessions. 

" 	 The chaiacters to he preferred stoIild be: easy to score; multigenic, to represent the whole genome; 
tisel'ul for breeding purposes: and relevant to the evolution of the species. 

" 	 Phetnotypic diversity arnotng parents results in significant genetic variance in the F,; if domiint 
gene action is significant. large F, variances arise from crosses of phenotypically similar parents. 
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Abstract 

The composition of a gernplasm collection is dependent upon tie way the collection hits been 
accutmulated and conserved. A t irator's knowledge atnd good databases enable a1collection to be 

systematically organised and patterns of variation revealed. lowevert deficiencies in the compreliensive

ness and quality of inlformatiori ilttle database need to be considered when selecting geniplasm for a core 

cotllection. Users' knowledge of the gerniplastn collection varies; curators should therefore strive to make 

ne rnpIaisrr cc lcc ions riser fri endl,,". E\aliation has been conducted oil t massive scale ill some crops. 

Where a req nireil geiiothve is iot rare. c,.aiata ion can benirefit fron rsiig a core collecti(n. Examples from 

tmajor crops in US agriculture %%ith large germplasii colleclions reveal sustained yield gains over miany 

decades despite the rather lim',cd ise olcrinservcd germplasm. The rigorous selection during tire breeding 
process suggests that the relarively fvle anccstral varieries contributirig to released varieties should also 

form a portion of a core collectiron. Curators need to locus their attention oti germplasrm which will 
comlplement this ill the corirposition of a core collection. The key to the development ofcore collections 

is reliable inforuation ott all tile accessions ii the whole collection. Old and new information carl be used 

to sort gcnllplastl and select accessiols"for acore ciollcction. '[ile Use of core collections developed from 
the wlole collection of, cutivated and \%ild rice has enabled scientists to identify rapidly the geriplasrn 
they reqouire. 

Gerniplasm banks exist primarily to furnish germplasm and information on gernplasm to current and 

future gertnplasni users. The conserved gerrnplasm supplied to plant breeders for use in the 

development of improved varieties for farmers ultimately produces the economic return on invest

ments made in gertplatsm collecting, preservation and evaluation. 
The core collection, which is a part of the active collection, aitns to reduce genetic duplication and 

redundancy while mtaintaining tmaximun genetic diversity (IFrankel, 1984). There is no way at present 

or in the foreseeable future that genetically identical accessions in agene bank can be identified with 

complete certainly. Thus. the responsibility for the long-term conservation of the whole collection, 

which lies svith gene bank curators, will continue and will not be affected by the development of acore 

collection. The relationship between the whole (or base) collection and its core is the focus of this 
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chapter. In particilar, we draw on our experiences with the collection of rice maintained at the 
International Rice Research Institute (IRRI) illthe Philippines, where pilot studies have been initiated 
to determine the valute of tie core collection concept. 

STRUC'TURF OF A CGERMIPLASM COILF,'CTION 

Gemplasni collections are organi sed in different ways. but they all consist of some or all of the 
following: fandraces and sclecied lines from ladraces, elite breeding lines, released varieties, wild 
and weedy relatives of the cultigen, and genetic stocks (sec 'igure I).These components show 
difITerences in genetic diversily within ani hetcen accessionls: oiell. there are fewer accessions of lhe 

yelletically most diverse gruplaism such as wild relatives of crops. 
The phases in the growth of the rice gerniplasn collection al IRRI. which are probably similar to 

Ihose of solme oilier collections, cali be slinlallirisedlthus: 

* IQ6(-72: Donatlions of gerniplasm from cxisting collections 

* 1)72-85: Active collecting for rice landraces 

* i987-93: Active collecting for wild rices 

Figure 1 Components of crop gene pools 
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As ,collection increases in si/c. 50 newly' ireceived germplaism requires careful checking for 
duplicatlioll ,,ti+.:onservc' ed gerInplisin bef ore accepting it for long-term conser\aition. For seed

pMropaaicd SpCcies. this is a1particuflarl)' difficut task. 

It is ((lIn ;.iSi,lnd thitl,.,ie agerm plasln collection isvery large. itiscomplete. The large size 
iiia, hiilhthe fIact llat 'Crilasn1 fromllsoIc a.eas IaV he (iv er-xreiesented whih."thIla'ttroln (iher areas 
iNtirclresenl edhroulnder-r,,prcseiilcd. Although the gerinplasm collection at IRRI consists of about 

WN(It) a1ccesionS. it55ia only in1 I99 2 that :comprehensive collectioi of rice ctltivars WaS lllde ill 

West Kalimantai. Indone,.ii. A fthir-, oltMie \\ork on the rice varieties t)fMozambique (Gcmioalves 

\'alvil. I'81 show ,clearly hlaternillasnl froI Nlo/mhIiqle is tunder-represented in the collection 

,there are o(.'I\ighl t Nlo amhiqne accesitli inl the collection). ()n the other hand, a1collection of rice 
crnplasm recentl, re.:ei\ed 'rm C'ainodia had 5t) variety nilles represeltCd iore than five tliies. 

suggetlilg consi (lerall dtpflictMio ril tile ct.Cling phase. 'he larger and more diverse lhe 

ctolleclion is,. the niore difficult it becomes to clllserve germtplasni illa routine way. Certaii types of 
Zgermiplasm aIre niore difTicult to maintain thai otheis, because ol the environment in which they, are 

grL'. it or the iilierenti nature ol the niateria!. and the interaction between these f*,actors (Chang. 199). 

iIsecleting acore cIlection, these aspects should be taken ililwaccotl to ensure that irepresentative 

alliple of tile\,hole collection is pro%ided to ge-nila]iSln users. 

I)ATAB:ASES 

.\sgerlp! asin collections increase in si/e. agood database is of Iundanient a importance in maraging 

tilecllecCtili and tevea ling patterns t f ':ariatti (. The database. coupled with I broad know ledge of 

the gerlplasnil. becomes tilehasis WOr selecting accessions for the core collection. 

eirtiplastii datalbas go through \a.,ions 'ClevelopiMeiital stages. usually starting with handwritten 

re vrls bfcltoe cimiputerisalimi. The tlata I)ftai iied oil alnaccessioni and inicorporated illito database 

Colliprise three t\ pC,: passlr1t1tt data wolained at ile collecting site ). characterisation data (inherent 
characteristics o4fthe geriiilasll ;111ic\ altnatio1.an diti (geriiiplaIsil screenied iii response t) biotic an1(d 

abitic -sresses).To this slould be added ,tllaa.milent data '.iicli Iav or ma, n(ot overlap with 

passpo't. chlaractensaioiiand e IlllaiOii Lat,. 

Ne si,,,(lieI i i.LTcliC,,s lead t)illproveillelits ill111d gerliplasn databases from time to time. 

lhis. I54/5inc characterisatioi i,10,\ atdded to the characterisatiol database o,' rice. Isozynie 
classifcatiol increases our Lnderstaiding of the genetic variatio onifvarieties fr'nmldifTerent regions. 

In addition. varlieties ()I cerltain i 2.0/grilips have a shorter stotage life: this in'ornmation is helpful 

il iilaaging the coIllectiam. ()lher ,iocheiiical and niolectlar-characteristics of' gerniplasin are likely 

io be incorpo~rated intot he exisiig geriiiplaCsli databases ill the ffLutre. Similarlx'. ilproved evaluation 

mcthd)ls inla stimulatc re-evalulation of gcrnplasi and evaIltati (i for newly added descriptors ( f'or 
e\allllplC, t dnir to be a c(lniplex of two viruses). New stresses artselisease of' rice is tn%oknos ifl 
rcqluiring ne,. evaluation itlcllods ( fbr e\amllc, evaIluation is needed to ideitify gertuplasn resistant 

Iopa asitic plants ()Ithe genus .S'i,'.a.which is increasing iniiniportanice in some African counttries). 

'Tlied atase at IRR has about 5 million ileillsinlurniation consetrved accessionst)f i the 80 00() 

(4f rice. Ihlosever. the iinf'orinatio available oii each accession and oil the germ11plasl collection as a 

w.hole depends upoinlll Iafctlors, including tie relative ilmlportance of lie in fo irtiol ,tile cost and 

the time taken to obtain inftornation o trait. Some traits maytile ia e priority for evaluation, hut rio 
reliable screening techniques have been developed to obtain reliable data ointhem. One example is the 

identificalion of gertnplasin adapted to different edaphic stresses. however, some stresses can be 
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quickly, accurately and sinplv scored, such as tihe clippinp method fr hevalatingthe r;2actiotn of rice 
to bacterial blight (X(mhl/om.. C(amew',ris pv. orv:mu (]shiyvaa l)\e ) (Katiffmiin et al.. 1973). 

The accumulation of data in itacll-orgilised dalbase pernils a.nal :sis which can provide new 
insghts iltthe cinlas"n. L . r reen lealliopper resistance rvealed that a hilnc 
proportion of re'isaint aCCsSiois ar-C distributed in West Asia ( \'auehan. 99I l'.Sitiiilarl\. a 'earch 

ft'orrice gertilpiasin \shicl lfteracie. rCald thillathaslboth good elongation abilit\ aid fhood 110 sin'le 

accession .,ithboth trait's \kas availableout ot lt Q03 accessilns screened. These two useful Iraits are 
prol l>'tutually scilnsisC. 

(iond inf'ormttaion otf a terinplst collec'tion also to eneIC to respond"i is esittial curators 
apptopriazelv to0seed rCquests. Bet een Jalnlu\ t9tl and .lme1992. all 122 foreign seed requests for 
crinpflasin rccei d alIRRI's nature(seo'lableerlilplaslll baik were spcilic iil It. (;ernlplasiII users 

are oftell ull ilre teile concept and tihe existence of core collections. When nonof Core collectiot 
spcilfic or broad seed requests are received. gerinplasnllcratls should prolote accessions ina core 
collection as these \%(t1(1 be a relevant startitig point for experimental purposes. 

Table I 	 Foreign seed requests for conserved gerinplasm received by the germplasm bank at 
the International Rice Research Institute, 1991 to mid-1992 

loltal number otf 	 122reqeti 
Totial iti tn1i (it It( I lifict 	 18 

1ype' ()I requstin: 

. It(il virielte I ( e(551ll, 	 95 

.lit(ifi il/efilvuro 	 19it w~ 	 ililll 


S1Ie( Ili( 	 3grul)/origin 

( onilnination ot)variely, trail and site 5
 

USE- OF THE WHOLE COLLECTION 

Gerniplasin collection, are used by scientists for basic, strategic, applied or adaptive research. 
Scientists vary in their knowledge of collections, and curators could help by making collections 'user 
friendly' for those least tamiliar with the collection. Iligeneral, the major use to date has been for 
strategic research, particu larlv Cvalatuion of gernlplasm forespci fic traits for use in plant breeding. The
ise ofc(slticgcrlnl ani s "esrch, as iodivcritvstudies and adaptive researci inlvolvinig 

tiultilocational testing of' germlplasm, is likely to increase in the future. Results from the use of 
germ plasm in basic and adaptive research should help in targeting new gernpl:asni as potential parents 
for plant breeders. 

Evaluation 

Evaluation of' some gertuplasn co;llections has been done on a large scale. In particular, the 
international agricultural research centres based in the tropics have taken a lead in the conservation, 
evaluation and use of their mandated crops. At the International Crops Research Institute for the Semi
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Arid 'Fropics (ICR ISAT) ill India, screening Ara'hisgorniplasin for various ahiotic and biotic stresses 

has revealed many desirable accessions. One desirable accession was found, on average, ill every 144 

accessions evaluated for the 16 stresses described by Moss et al. (1989). 

The multitude ofevolving rice pests and diseases in the iropics has hd IRRI to undertake large-scale 

evaluatiol of rice genletic resources. Over 20) 00(0 accessions of rice have been evaluated for Iheir 

reaction to 1) biotic and abiotic Stresses (sc Table 2). For all lhese stresses. mialiy accessions showed 

resistance or Ioderale resistance. For some stresses, (he resislall varietic, were coilcenlraled ill a 

particular geographic region or rcgions: a good example is resistance ito the brown plantlhopper in 

southern Indian and Sri Lankan gernisnl (Kihlush, 1979). Clearly, a core collection approach couild 

have helped in redncing the elfirt expended on evaluation. Fining mnany resistalt accCssioins enales 

gCnlic analysis of these lnaicrils i "Icteirliewhelher or not the genetic basis for resistance is Ihe 
salle.' 

Table 2 	 Number of rice accessions in the germplasm collection at the International Rice Research 
Institute tested for 10 stressses and found to he resistant or moderately resistant 

Number of germplasm Accessions with resistance or moderate 
Stress accessions evaluated resistance to the stress (score 1 to 3) 

!Bro%)%nIliop('r
Clrv,(,n h,,iihoplpei' 

-14 15 
5 ( 0 1 1 

6182 
1 40(3 

RI( e , holl 1 Ct 22 949J 697 

\\,hitc-hi( kt'l planihoiler 52 042 871 

H,i niliiI hlih."i 4(J 752 5 512 

8IIt 3( 0 14 9 616 

sh ,iti li ',hl 2 (088 2 153 

1 )fOu Il l 1 ( (iat 

tidh"Illi\ \,ttt ( sti 28 319 4 288 
[)rmtllht (.ll ( C Mt 

Ill g li ( ,ihlge 22 873 1 826 

Rit timf-r\ I ()i Iriit(nhi stress 24 432 15 11 

Lehmann (198-) reported that I I accessions of barley in the Gatersleben collection out of 6000 

icsted \ere ident ified as beine, resisant to six isolate, of leaf rust (Pucciniahrdei Olth.). Since tile 

variation amonlg these accessions ssnlilmied, it \Uas thoughL t the resistance was based on a single 

gene. PaT. On the oilier land. 71 strains of barley resistant to ane\ race of stripe rust (P. sfriifnmis 

West.) suecesled thil se 1eral differet els conlrihuted to tile resistance. For biotic stresses caused 

b orglanissils lh.l ilha\ rapidl) evolve, seeking diferent resistance venles is an essential part of an 

eal ation ptgr'lrlimt.l l 

To improve the tuaii\ of so)Cll, e\lhaluation was undertaken in the USA Ito find gernplasm 

lacking arioLus cheinical consliluens of the seed. About 330(0 accessions of wild and cultivated 

soybean .erc evalied: of theseC,OIh twotwWere Iound that lacked the kunitz trypsin inhibitor 

(I lvivm. it/. 1980). After testinuc 649) sovhean accessions, two were found that lacked the enzyme 

Iipoxvgenase-I (Ifiidehrand and I lynioitz, 198 I). A core collection approach is unlikely to have 
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helped reveal these rare genotypes. When seeking rare genes, tilerelative costs of systenal ic screening 
of the entire collection compared with using a mutationl approach to generate the desired trait, or even 
with introducing alien genes through genetic transformation, may ieed o be considered. 

Use
 

Surveys ol LIS crops indicated that the inarease in yield as a result of genctic work was 0.5-0.89 per 
,ear during the and(960s 1970s for wheat, cotton and soybean {Boernia, I979: Meredith and Bridge, 
1984: Schmidt. 1984: Specht and Williams. 1984). I lybrid mai/e in the USA showed yield gains of 

t.4- 1.78' per year between 1930 and I I)uv ick, 1984). 1lowever, gains in sorghtm hybrids were(,D 


about 2; per yvear in the 197()s (Miller and Kebede. 1984). 

Despite these colnsidCable a1wdsusaid camis, the nuniber of plait inltroductiols contribtiting to 
the cenetic intpro etclnt (4 1 Scrops has been rather limited. The total numlber of accessions in the 
ITS stwbean collection is about 14 )00. )elannay ct al. I 1983) reported that eight cultivars contributed 
about 05'; l'the genes oft ISsoybean cultivars. Sonic 62 plant introduclions. out of"30 00(1 ilthe total 
I 'S ,,heat collection, conltrilutCd to breeding hex\aploid whcat (1. (le.stirum I..) in the USA: of these, 
1,\ en %k liralh~ccs. I I %% 199 1). Frey (1991)ere ere other species and 44 were improved wheats (Cox. 
"taled that 'niost of the oat gernplasm Htilised Mid de\ eloped iil the LISA until 197(1 can be traced to 
seven landraces. 'TheI US w%orld olt collection consists olabott 20 000accessions, of which about 25 /( 
aire %% lnd species. rice collectimu 20(1 )0( accessions but ricei \Nd\ lie US consists of about 
culti %arscil be traced to )nl\ -15 plant introductions (1Dilday, 1990). 

'Ilie iv.rie anullaUl ,ro\ ilrale of rice yield in .\sia since 1965 has been 2.0-2.51/1 (David, 1991). 
(;crnripauiil fronm the rice brcedini7 proraunni al IRRI. which has been available to national 
pl'wr;.iie,,ftordirect use o'1lse in their brcedine prograimmes since the early I 960s. has been derived 

ltoil6 112 crosses ill\ olving 3985 paireMItS lot derived from IRRI lines. Oftlie pareltS used inl crosses 
itIRRI, 124 varieties have each been used iinOeC I1()) crosses (e'' Table 3), and coistitLue tileIRRI 

Table 3 	 Number of times non-IR varieties or their derivatives have been used in crosses at the 
International Rice Research Institute, 1962-92 

Number of times used in crosses 	 Number of varieties 

> 10) 
'1()1-91 

124 
17 

80-89 22 
70-79t 24 
00-09 39 
50-59 55 
40-49 77 
30-39 130 
20-29 221 
10-19 544 

2-9 1919 
1 813 

Total 3985 
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breeders' collect lioll te breeders' act ie collect ion w\oul ilclude lany' of tlher own lines). From the 
Iho isa sIl, ctCuseSMade at IRR I.less than IMI( lines derived from these crosses have been released 
as varielles by national proerail11es. 

The st ro on g SCetcion V that IrcSlIS ill lines firom thoLISaInds of crosses beingpessure Millions 01 
reducedIo a fex, released v\arielies sugeCsts that the ancestral parents of released varieties should also 

be acotillillt ot'l core collection becaus olt01heir ulnique genleS, tlisefll gene combin ltions and good 

Cotibhinil ability. The germlasm curator has to determine+ which genrilplStllito include when 
d,,evelopin a core collection. Particular attention may need to be given to newly received gernplasml 
ill the collection which hlas ot llndergone multille testing over many years. 

In a iitlumlbcr oflClop,,. ,uch as at,,sand rice, one of the principal approaches is to infuse exotic 
ceurplasmitC+ox erCOtalanlU.It-.l yields ([rev. I1) 1: Khiuish. 1Q91 I). Developing new plantordeclilim 
leI\ ,, important approaich ast ik signil'icant increase in yield potential i"viels have reached 

a plateau. 

The active role oufcrilpla'm curators ilstlulating or participating in enhancing gernphasila to 
de\ elop ero ionilicall. lacceptable. genetically desirable and diverse populations WOUld overcome the 
prihar conlstraint in the u>,e elexotic gerni plasin frcultivairdevelopment. Inaddition, well-classified 
1erIplasi can iminediatel. highlight segments of the whole collection orcore collection suitable for 
use h th1e breeder. 

DEIVI.I()I-MENT' ANI) US- OF CORE COLLECTIONS.
 
WITI PARTI('TIAR RFFFRINCE TO RICE
 

diversity ol accessions in tile development ofcore 
collections. Vild species collections tend to be relatively small, with good passport data, and if well 
classified ta;mxoiiicall' tiex' can be reailily incorporated into a core collection. Small germplasrn 

Iforlation on tilhe whole collection iscrucial to tile 

collections pertnit comprehensive Ii-diVerSitv es. leading to better classification on which 

selectionl for core collectioii call be based (I laion and van Sloten, 19)). 
With lare collections, basic ifl'ormatioll such as passport data is oftein absent. For example, only 

about 5' of tie culti\ated rice gernnIlal;,s at IRRI has some passport data, compared with 72% of 
ilex,ilrice access iols.. -f£li)rtsto dcelop core collectiois fOr mnaJor crops pose problems beyond the 

mhere si/e of the collectio. The advice i\en ly Brown (1989b) to use a stratified sampling strategy 
to choose gerniplasi fOr acore collection has helped in the de'elopment of core collections for so1e 

miajor cr 1 I Bro\ nct al;.. I )98): Erskine and Muehlblhater. 1991: Vaughan. 199 Ia). 

IroblnCIIIs Clcountered ill core collections reflect those enctntered withdeveloping aiid using 
usLilg the whole col'.Cxtio,. such as inadequate coxerage of certain geographic regions, lack of 
ilf'rillr accessitIinS in adeqti ate seed stocks of some accessions. The use of accessions illalhi on) IItI 

core collect ion nay be Iii ted by its size aind the cost o"aparticular experiment. For example, several 
thostald accessions may be analysed Ikm isozyme diversity for the same cost as studying only scores 
or a few hundred using restriction Ilamelnt length polyvmorphisms (RFIPs). At IRRI. two small core 

collections have been developed to test the usel'uhless of the core collectiori approach. I lowever, our 
princilal interest iii establishing a core collection isthe safe duplication of accessions representing the 
bruad diversity of the genus Orx"a in several locations around the world, a tduplication of the whole 
collection IOr this purpoise would not be feasible. 

The ,cientil'icbasis fkir the tvo major rice varietal groups, indi'aandjaponica,was established by 
Kato et l. (1928). Oka (1958) subdividedjanica varieties into temperate and tropical types. Using 
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electrophoresis, Glaszmann ( 1987)surveyed about 2000 carefully choseni accessions and sutiniarised 
the diversity by recognising six isozyme groups which largely corresponded to specific types of 
varieties from different regions. Thus, groups I and VI correspond to indic'a and jiap'uicu rices (both 
tropical and temperate). Group IV, however, is represented by the so-called Rayada varieties, found 
only in a few villages on the edge of the Madhuniat i river in Bangladesh (.se Table 4). 

Table 4 Varietal types and isozyme groups in rice 

Isozyme group
 
Origin I II III IV V 


( )ka's testers (7) indica ..... japonica 
Iran, Pakistan .... sadri 
N rth-western India ...... basmati 
Blangidesh Anian aus early deepwater rayada 
South-eastern Asia lowland .- upland 
lava, [3ali Tjereh . buhl 
(hina Hsien ...- keng 

Su r(t u ( 1980iman,/1inM 

Our current knowledge of rice diversity based on geographic, morphological, agronomic, bio
chemical and molecular characteristics has resulted in the development of a small core collection of 
about 270 accessions of O.sativa which represents the known genetic diversity of rice (Glaszmann, 
1987; Bonnian et al., 1990). Using asimilar approach, Vaughan ( 1991 a,b)designated acore collection 
of wi Id rices to enable researchers to evaluate this geimplasm efficiently. 

Continued collecting and biodi versity studies require that these core collections are updated. 
Recently, varieties silent for the allele for the isozyie aninopeptidase-2 have been found in rice 
varieties from eastern ILdonesia (Vaughan and Juliano. 1992). Recent exploration for wild rices has 
resulted in anew species being added to the collection, and new ecotypes of other species from isolated 
areas have been found (Vaughian and Sitch. 1991). 

The use of these core collections has permitted rapid identification of germplasm for some traits. 
Thus, all accessions of the small Rayada group of varieties, highlighted in the isozyme study, were 
found to be resistant to leaf scald, caused by Microdochiiwn orv.ae (1-lashioka and Yokogi) Samuels 
and Hallett (Bonan et al., 1990). Since there are only 19 Rayada accessions among the 80 000 in the 
gerniplasi collection at IRRI, ieither randon nor stratified sampling would have been likely to 
include one of these accessions in the designated 270 core accessions. 

Broadcasting rice is replacing transplanting rice in many areas of Asia. Consequently, the 0. astiva 
core collection was used by Yaniialici et al. (1993) to find varieties suitable for directly sowing under 
the surface of flooded rice soil. The resilts showed that deepwater rices and summer (aus) rices from 
north-eastern India and Bangladesh were most suited to these conditions. This informiation has led to 
further in-depth studies comparing these varieties with currently used comnmercial varieties. 

The wild species core collection has been used to find sources of resistanice to the tutngro virus 
complex, one of the most serious diseases inAsia. Out of the 208 accessions of 19 species tested, 15 
accessionis of four species were not infected with one of the two forms of this virus, the rice tungro 

VI 
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bacilliform virus (RTBV), and had no or very low infection by rice tungro spherical virus (RTSV). Of 

these, three 0. rit/ipogoen accessions were susceptible or moderately susceptible to the green 

leallopper vector. Although more than 40 000 rice accessions have so far been screened (Kobayashi 

et al., 1993a, b). no good so urces of resistance to both RTSV ani RTlBV are available. Inaddition, two 

African species, 0. g,labIerrima Steed. and 0. harthii A. Chev.. exhibited a previously unreported 

symptom oftungro infection (Kohayashi et al.. 1992 ).1lowever, use of the wild species core collection 

has shown that insufficient information isavailable on intraspecific diversity, and its composition will 

need revision as more information on this critical issue becomes available. 

CONCLUSION 

From this review of the relationship between a.core collection .and the larger collection which it 

represents, several important points emerge which give an indication of the issues which need to be 

addressed in tile developmnent and use of core collections: 

" 	 Gerinplasni collections are still growing ald the studies of biodiversity in germplasni collections 

are increasing. Both these factors imply that significant new collections and information on tile 

whole collection will require periodic revision of core collections. 

" 	 More user friendly' daitabases to guie(Ic gerniplasm users to the gernplasni most stiited to their 

ieeds are low. available in inally celle banks. Too few users know what is meant by a core 

collection. The role of the gerniplasin curator in tile development. maintenance and prnlotion of 

this part of the whole collection will he necessary ifi ore useful results are to he achieved in acost

effective way. 

" 	 The role of cenetic resources centres in conserving products of biotechnology will become 

increasingly ilmportant for some crops. I low these vill be mnaintained and whether they become a 

part ol'a core collection will need to be addressed. Forexample, would an alien addition line series 

of a wild rice in the background of a cultigen be more useful in ia core collection than several 

accessions of the wild species, which is difficult for plant breeders to nse directly? 

SAll economic alalvsis of, thc reiurn on investment in rice genetic resources conservation suggests 

that this return far exceeds tile cost of managing and collecting" geriplasin (Evenson, 1989). 

tloever. the same analysis shows that ite estimated impact of special search landrace materials 

turns out to be qlite large. This has considerable relevance to genetic resource ainaigenlent 

becauie these special search materials are flound ol the fringes of the collection.' Such an1analysis 

is encouraging for those conserving gerniplasni and underlines the importance of rare genes and 

appropriate ineaniis of findiig ihen. 

" 	 The core collect ioi approach to evalating and iiunderstanding conserved genetic resources has 

been shown to be useful. Sustlaiiing the efforts to evaluate conserved genetic resources for a wide 

range of traits will increasingly require tie use of such a.n approach as financial and personnel 

resources f')r evaluation activities become more scarce. 
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resources
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Abstract 

AlIttolugh Ilany collections of genetic rcsiources have been Cstab ished, the germplasm is still insuffi

ciCntly us cd. One way of increasing the use of these collections is to develop a core collection which is 
,

aboil 1)-20)' of the Oricinal collection in si/c but has 70-8()' of its gcnciic diversity. Such acollection 
,hou1d Lake illto particular groups representing the genetic diversity of the gene pool and specificaIccOLItI 
manidesirable aiability reiqui red by brceders and rescarch prograinrncs. Gene banks in many developing 
:untries olten lack tle rCltuitCd financial and human resources to maintain a large collection. This 
sitUtiitt iIcreaces the neCd for support front developcd countries. II developing a core colILctioil, it is 

neccssarv first to check .vlicther an irti.inal collection, with aniadequate level of desirable genetic 
variabilitv Ibr the national scientific and technolo ical progranities. is available. It not, the initial work 
should ()cus itiorgatiisig s,,uch a collect ion. '[lie access ios siiould then be organised into as many groups 

as necessary to so it users' ieids. 'his reutires atialysing the representativeness of the collection and 
dleteriili in - clielier urthler ci ll eci otiois needed, organising the doeuCrllentation and information, 
characterising and evaluating lie accessions to estabIlish appropriate differences between them, and 

establishing a ciire with desirable aimouints of different accession groups, mnaking genotypes, genes and 
alleles availahle to lre eders. Using this methodology, it is possible to establish ausefEul core collection 
to preseirve the available genetic diversity in a coO litry. even when ithe amouti! of evaluation and 
charactcrisati n data is limited. 

The conservation of' genetic diversity must be concerned not only with establishing adequate 

procedUres to conserve the natural diversity of species, genes and habitats, but also with identifying 

and making available potentially useful genetic characteristics. To do this effectively, it is necessary 

to use modern sciences and new technologies, both to evaluate gerniplasin and to make material 

available Ifor use in research and breeding programmes. Such a strategy will reduce the risks associated 

with genetic uniformity. While such uniformity has led to significant advances in crop production, it 

may well become an important cause of failure to make further advances (Paterniani, 1989). 

"oimprove the use of plant gerinplasm, it is important that gene banks, especially those with 

limited resources, organise their genetic resources into well-structured collections which, based on the 
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gene pool concept of Ilarlan and de Wet ( 197I ),adeClualtely represent the genetic variation of a crop. 

A strategy to encourage researchers and breeders to use germplasm collections more f'requently could 

be to establish small collections for a crop or groUp ol'crops which, with a minimuni of repetiveness, 
contain as niuich of the available genetic variability as possible. This type of structure can be achieved 

hy cising the alppoachCs involved in developilg core collections (Frankel, 1984). In establishing a core 
collection in the context of limited resources, it is important to take account [olonly olhe amltt1.1 aind 

viability of, the geirnplasiii samples already conserved in national geriplasni collections, but also of 

the importance of the gernplasini as a strategic resource, the relationship withIi research and breeding 

progr'imnes, the potential geCetic diversily available in local or regional biounes, and the strategies 
required to organise core collections. 

APPROACIIEFS IN IFVE'LOPING(IGENETIC RESOURCES COLLECTIONS 

Genetic re.OUrces collections must containtas much as possible of' tihe available genetic diversity 

required 1y breeding progranmmes ( Breese. 1989). Thus, an ecological approach must be established 
for plant collecting aid coiiservation. wherey1each ecotype (whetller from wild relatives or landraces) 

is sampled from adistinct poptilation of individuals (Breese, 1989). Samples must alsO be of sufficient 
size to conserve the genetic variability of the pop l at ilon. This is more a lunclion of tile nuiimbers of 

individuals that will contribute to the next Ceneration than the nunibers of individCIals in the population 
(Vencosky, 1980). The accessions must iiiclude landraces or primitive cultivars, genetically related 

wild and weedy species and ohsolCec cultivars and genetic stocks (Frnnkel, 1984). 
(Iermplasm collections have been established using two diffei'enl approaches: 

A plant breeder's apprmch: The inai i ob'jective of this approach is to develop collections ol'simall 
nunuel-s of accssioOPs vWith the genetic variability required f'or a specific research or breeding 
objective. The accessions are screened, characterised and evaluated for speci fic traits of interest. 

Usually, they are obtained from field collections, mutants, lines, elite material produced by the 

breeder anI gerniplasin obtained f'rom other breeders. The genetic diversity of a particular gene 
pool is therefore low and loss of' accessions and genetic erosion is likely to occur during 
cOiCIerv'atioi, riegeneriation atd multiplication. 

A plant germpliasm conservation appmoach: The main objective of this approach is to conserve as 

much as possible of tileavailable gerniplasm. primarily to make genetic diversity available or 

research or breeding progranmes. Un f'ortunately. the development f*such1 collections has tended 
to have low participation hybplant breeders, who often already have their own working collections 
and easy access to foreign ge ri plasinl. 

One consequence of the first approach is that although great elforts have been made to collect and 
to conserve germplasm. the gene pool's fill range of' genetic diversity in all the main biomes has not 
always been saipled. The collections are therefore of'ten relatively unif'orn and do not possess a high 

level of' genetic diversity. Furthermore. while MUch work is done on morplotlogical characterisation, 
very little evaluation is caried out. Emphasis is given to preliminmry evaluation, without the use of 
adetquate procedure, for obtaining data that Woul be useful in breeding programmes. 

Although breeders consider genetic resources collections to be interesting and strategically 

important, they continue to maintain and use their own working collections as their main source of' 
information in their efforts to obtain rapid solutions to specific problems (Nass et al., 1992). Some 
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survevs have indicated that Idhlt breeders make little use of miaterial frolii gene banks (Peeters and 
Willi ams. I084: Smith and DuVick, I989: Nass el al., 1992). It is thus extrenlely important to improve 

the links lbetween gcnrinlhasi curators and gelrtipl1,osin users (usually plant breeders). Tle core 

collection concept provitles a new approach for achieving this. 
It has blien reported Ihat only 2-8K; of the available glinilasin in collection, ali ecii used in 

breedig proramie.s. and ilost of this is related to a illininlil l~ioItiili~ ol thle lhC1 otle (Sa1hua.l, 

I 985: "'ay, 198: Gill 1989). This situation, which pr(lhiblv stems floii the iced l'o rapid results frion 

breeding pribraiivllies, ias led solli athorities to suggetI Ii at gerniplasilii tise is Ioo low to warrant 

the high c(lsts of geriplasinl colleclioln, screeCning aid nlinlimenance, or that it places a burden on lite 

usual smallll budgets on.itionai piroglmallint (I .inticaI. a 1eCr 'llogh exaiples1988). I however. t Lre 

of the use of' :accCsiolls IroMi g'ello: binks to justify the iaiite lice oIf these collectiols. Exotic 

lilmaiii Source of vicld ini pro'c' llient lir sweet iotltto Cnit ivars (Kobayashi andgcriiiplasii has bneei 
Sakanioto, 1988): %ild :.\r'lux accessions arc being used to shorten tie cycle' ot 'eanusl (l 11[.SimpsoIl, 

I 9t): resistance to cassavaitosaic disease has. beell incorporated lroil Mallii tg411:-iovii into high

viohlini CltivMs (Ilah t 11 I tb: and resistance Io potato late-blighl and neilatodes has beenl., 
obt ained fl lili . lli1d',fi.s N)7(0). Whilt is needed is a1meansJolati and S. multide.t -titit (Watson. 

1ai)ttl make iiiore use of material ill plant gen 

A,\ .atiin Anerican survey off regional gcrniplasill availability. gerilplaslnl use and the genetic 

diversity oflthc inaini cultivated SpCcies producCd the ftkliowing results: the level ol'genetic variability 

secniled to be high: the anlte1nance of lite autog anous species" genetic variability secmed to be close 

to thC oDltlni but Io' iilloinout avid conC11" proplagtilcd speciCs it ranged belween inlernlediatel o 

deticient: aid the ,c ietic basis seenmi ed to be ilanow folr auOLtainOlS aud clOanallyv iolgited Spcies 

but broader fkr alloginous SpCcies 19~a85niani, 

of enilcoturaiginig bree(lcrs to bhanks. 

185). 

,.\itliou0h it Ias beeCn SimgestCdithati vailable getetic variability is not a serious issue, tlie low level 

be reliiated to tihe iature of, curre nt bree dihg progiramlmes thIiat eliiphasise tiniforniIty.of dlialid ii Iav 
lhis results il low )leSSle for high' levels of geiietic diversity. In general, it seemls that limited 

cCOI1 iomiC testo liices an1d tile lack of f'acilitiC avid qualiied personvi have had aisigni'ficant effect on 

tlme use of)Ilant gcriplasin (Williamis et al., 1975: Williams and Creeclh, 198 1: Paterniani, 195-, 

Morales, 1991). 

USE OF GERMPLASM 

While plant breeders view national germplasnm collections as valuable sources of genetic variation, 

they have commented on the inadequaicy ofl iany gerniplasin collections (Duvick. i98-4 Nass et al., 

1992). There is an urgent need, therefore, fOr structured collections which allow breeders easy access 

to qtijlititIive aid quMtitative traits for both specific and generial situations. Tile core collection 

approac h appears to olTr i structre which meets these needs. 

aIarriers to tlie use of'gcril ph asti collections in research aid breeding progriallnes appearThe main 

to hC: iadeLqntie dOCLUmentatltilio n nd iifOrtinaol oi (biotic and abiotic factors: lack o1" gerniplasln 

cliairacterisailion and evaltiation data oi ad aptativ traits relevant Io specilfic agronomlic or iidustrial 

goals: lack of' fast, efficieni and cost-effective methods for g1erniplasin screening: lack of adequate 

mieIsuiS ti) increaCSe e use tf germplasi.i in breeding prograinnies: and difficulty iil gainhng access 

to aicollect ion because tIf <distanc,_ expense or quarantine restrictions. "hese iladequacies olten reflect 

a lack of trained personne anld ol'h funds requiredIo iStire ef'ective documentation and information 

management (Frankel, 1982: Singh and Singh, 1982: Salibtlaia, 1985). 
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Characterisation and evaluation ol genetic diversity (for examprle, to identilty phenotypic variation 
between and within regions) could be one of' the most important ways of improving the use and 
maintenance of genetic resources (Perry et al., 1991 ).Once some degree of morphological characteri
sation and agronom ic evaluation is available, alloziyme freqjuencies can be used as a Luick and 
economic way of determining patterns of diversity in gerniplasnlcollections (Perry ei al.,1991). 
Complementary characterisatioii and evaluation can be done using Molecular tools such as restriction 
fragment length polynorphism (RFLP) and random aiplied polymiorphic DNA (RAPD) (Andersen 
and Fairbanks. 1990: Dodds and Watanabe. 199(0). Multivariate analysis is tilemain statis!ical tool for 
studying the differences between accessions, and discriminant and clustering methods ol'analysis can 
be Used for selecting parental stocks and revealing evolutionary patterns. 

In order to increase the use of gerniplasm in breeding programmes, itis necessary to pay more 
atlention to plant breeders' requirements. Singh (I1982), Harlan (1984), Breese ( 1989), Gill (1989) and 
Shands (I 99) have suggcsted that the most important issues in meeting these requirements are: 

" 	 maintenance of a Structured collection, hased on geneiic variability, where accessions are classified 
according to agronomic and other appropriate traits and to response to biotic and abiolic stress 

" 	 information on the genetic mnechamisns for specific traits, including a description of the genetic 
architecture oft'potential parental material 

" 	 information on food and agro-industrial uses 

" 	 information on current breeding objectives and strategies 

" 	 systematic characierisation and evaluation data 

• 	information on the availability of research support, including interdisciplinary research 

CONSTRAINTS IMPOSED BY LIMITED RESOURCES 

Although gene baiks are considered to be important strategic resources, they often suffer from limited 
technical and financial support. This is related not only to atchronic lack of funds to support their 
activities, but also to inadequate numbers of trained personnel. In general, these factors apply to gene 
banks in developing countries. The situat ion isparticularly serious for countries such as Brazil, which 
have autocihonlouS germplasm with high levels of genetic diversity but lack the technologies and 
trained personnel to collect, preserve. characterise and evaluate it and promote its usage. 

The strategic role of genetic resources as a developmental tool is well known. In general, however, 
little support is given to gene bank management and gennplasni improvement. This is probably 
because of the high priority given to critical social needs. As a result, agricultural and development 
policies may be implemented without an evaltnation of their effect on available and potential genetic 
variation, and thus loss of biological diversity occurs as improved or 'superior' gennplasi displaces 
landraces and original cultivars of auLociho0nous crops (Breese, 1989: Clark and Jumna, 1991). 

The international progrannies for agricultural development, conducted by international research 
institutions, may he another contributing factor to this situation. These programmes have supported 
large amounts of work on genetic resources without reciprocal actions by national programmes, with 
the result that some countries do not consider it a priority to support, establish or improve national 
actions on genetic resources. One of the most important consequences of this is an increasing 
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de iden internationtal . All inlprOVed would he tolice of national proramtlllllesupll OI Sll'teL' 

Colntiltiu to spllp1ort stici ,,ortk hut to develp cl .lt tr ' mechanisms which eincourage dev[elop

ill, countries to ed sol\ C their o\wn probhIit and needs. 
liespite these ,Cierl in s t aiol Collslrail fitsor gelleCoilsiktratil. iiportalll laclors reitllaill as 

banks w% ick oftrlailed personnel to iIiprove tile getliplaslIl quality: and theith lihited ueollirues: tile 
lack ol tuinds f'or enere bank inl;i erlliit.t. IhlI irst point affects poIlicies atnd procedures: the second 

iits the eff'icicy of tlrt.ad\-r.ic,adopited. As a result. knowledge ofl the \'ariation ill large 

collections is poor. this rCdtcit tIeL tise t'ltiess, (11u'h .CoIICllCliols.I lere agailn. the core collelion 

approach appears to otl'r in flor ipllro\ving this situation.atl1t.ecli\ C strat.. 

'II1' C ( )lRF (0II1£("I'()N AS A RAlI )NAI GFIN BANK STRV'+FGY 

A core collection \\ hi'h is IMf-20,; of, time sie' ot the ori illal collection and containts at least 7)Y, o1" 

tile enetiec \ariatiorn llust be established in a strali lied manner rown, 9tX9a., b). )nce a core is 

tireallis'd, it is possille to define and establish lpriorities for maUalgenell+nt, I-ainitenlance, research and 

use and to allocate humn resources to ensuretlI that Ithese ,ls aU"-coa achieved. A \, elI-structd core 

permits 'asN' ret'ri.l of inllolllatioln and of the accessions ieeded 0totresearch or breeding pro

erice blocks and gemmotypes.raltlllle. ll motll \ oi specific .e'ties and allele's but also of desirable 

lhe mlail lIctnrs to lake lntoaCcountIl ill (r.n ticil!acore collectio lare tie level and type olcelletic 

variabilil to be conser'ved. Althotch a core collection could he oruaniscd with tle -enetic variability 

na ailable inl the oricinal collection, the inil task must bc to sapllle lot only the available national or 

recional !cIti" \ ariatiot fuor alUlot'tlloll s ge'rillplasii, but alsoas mnuch as possible of the gene poo ls" 

total cenetiL' diversil\. [or Iatt C.IO'"Iicall\ illOtrlatit species, it seems advisable to incorporate 

\Nliu possibl. sne foiiuin lite 'tliplasm and eientic stocks developed outside of the centres of 

di%trsit,, 

lhe dc\teloplllnt ul a core cotllection requitrmes a strOilt collaborative effort involving not only 

,erilpl,,snl curators, plant brceders dntother researchers, but lsO such sp.cialists its biologists. 

loculau" bi-holoists antd statisticians It also requires careul costing and tlh use of clearly defined 

procedures. Fi\ c major steps riced to be carried ot, in the following order: 

I lcteriurei tile tItIUS, taiXtt0ioiic pOsilit antid eVOlutitn ,atterns to be considered. 

2 l\attate tile cenetic diveCrsiIv. as \, cIt as tlhe geo,raplical distribution ol'the gene pools lto be used. 

3 ()riaUisc (i dtctlieiatiol alid itforuation ill nIllaccessile way. 

4 e)teernine , heller I desirable level of, -eltic variability. adequale I'or national scientific and 

tehiolouidcal programnitles. is present in tile original collection to be used as a major sotirce of the 

Cilo. If,siuch acolh litl ttdCs e'xis. iecessar)y to develop one or to locate a collectionCit it will he 


that call be used.
 

(C)ruelise the accesiols ill a stratilied IManner \ith Is inanv groups ats necessary. This requires 

elattulisitn the (hoctmentation and inltlOrlIllaitm data: anarlysing thet availabl gcenetic variation 1o 

check lhe representativeiness ol tile final core arid establis1I neeIl for turti-Ier gcrunplasm collection 

or documtentation: defining tIle num.ll[1ber of desiraIle strata that will prmit genotypes. getes and 

alleles to be a\,ilahlae: and clharacterisiung and evalultaing tIle accessions itl a lrinetl which allows 

tiUl to he grrtiped. 
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It may be iillportant to coilsider as sources otfgermplasrn not only lie original gerlilasilI collection 
but also any available workinig collections and col lections ol genletic stocks. Since tie stratification and 
the sampling procedures will strongly influence the final core, it is essential to assess tile genetic basis 
and structure of the original gerniplasni sources. Ilere it is necessary to determine the level of 
representativeness of tile gene pools' genetic diversity, [he availability of lines, mlutanls and genetic 
stocks. tie level Of'deinIand from curreni research iprogramnles arid tile size of tile original collections 
Irorn which the core is dra\% n. 

It is ullllecessa.ly to establish a core in the following situations: where there is not a significant 
amount of'the genelic diversity iii tile gene pools: where tIle grrmplasni does not have the specific traits 
required for research aid breeding: where tile size of the original collection is small (less llan I100 
accessions): or where the original col lection is well claracterised and evaluated and easily accessible 
to users iii its current I'orn. 

With regard to [lie original gerr uplasin collection to be used, it is most appropriate to utilise tile base 
collection. This will ensure that aiccessiors have a low level of genelic drift or genetic erosion. The 
orgauisation of tie core collectiOn slhonld be based on at least fon r main strata: 

I 	 Adaptatiye traits from Ianl races, wild re Ilat ives, arld collections obta ined on ecogeographical basis. 
For these, tile allocation 0hould be proportional to tile number iin tile original collection, using 
random sariipliiig. 

2 	 Specific trails frori iaploids, polyploids,. mutants and genetic stocks. For these, the allocation of 
tile accessions should be systematic, selected accor(inig to the research requirements of plant 
breeders. 

3 	 Elite gernrplasi such as superior landraces and cultivars. For these, tile alCat ioul should be 
proportional to the niumber in tile origiial collection, using randoim sampling. 

4 lmproved geriiplasri or breeding material, such as preliriinary or advanced lines. pure lines or 
desirable cultivars. For these. the allocation olccessioris should be systematic, selected according 
to the research requirelillel, of plaiit breeders. 

File maiii criteria anrd procedures for rgarnising acore collection have been established (Brown, 
1989a. b). 1lo, ever, it is iecessary to ensure that tlhe final size is 10-201,/< of the original size and that 

tlhe nieliodS 0irflhocaliri accCssions follow Irosc described by Brown ( 1989a, b). If large differences 
in numnibers of, acce,,sions exist between differerit grolups, it is advisable to Use an1allocation ill 

proportiol to the loganlihn of the riruiber o acccessiois in each groip. 
If lsoie reliable passport dala are available, it is possible to organise a core by choosing the main 

grouips on ai ecgCograliic baisi, uid by Saipling tile accessions using proportional saipliig. hiI a 
subsequent slep. selectcd accessions are characterised arid evaluated in order to obltain better dala and 
to define and ei iminair any duplicalio l or geletic redundancies. Jsing this procedure, it is necessary 
to note that different ti' lornis will renliain ill the original collection arid that work with the original 
collection to preserv' it for fIture"action should coMitiriue. 

For countries with considerable genetic diversity iil a given species or crop, it seems advisable to 
group landraces and obsolele cullivars on an ecogeographical basis, which will provide groups thatil 
reflect adaptative traits. I lowever. exotic gerniplasri could be organised using geopolitical strata, 
particularly where there is evidencc that different counlries have different approaches to the collection, 
na iintenancice and use of rgeriplhasln. 

http:ullllecessa.ly


K(RI(()iI.( iI()NS IN (.IN[ IANKS %Nl11l IlMl ) RN[S)LFR([5 247 

Ol ce the core is established in prelin minary for-m, several studies are needed before establishing the 

definitive core collecttlon. To idenitify duiipl1ications and genetic redulancy, it seems important to 

con pIe ment theiorpcli gical clIaracterisation with specia Iised eva I mation (for example, agronomicII orp 

or plarmaccutical) and to use specialiscd techniques such as isozyme analysis. It will he lecessary to 

use inultivariate and discrimilnant aalysis to confirm the proposdt strata (Peeters and Martinelli. 

1,849). 
Importanl iliatters to coiisider in elffots to improve the scientific basis orlcore collections include: 

methodologies ft'r the rapid mcasurement and determination of gne tic diversity distribution over 

populatims and geographic areas: sampling techniques to capture a gene pool with a minimum of 

repetiti\ eness: documentation and information on agroecological aspects of the genetic (listribution, 

and potential use Ibr breeding programnes (CIAR. 199I 1. I'o ensure maximum luse by breeders, 

specific points that need attention include: tie SoUrce of material and its ptitentiial for establishing 

heterotic combinations: the general cotnbinllne abilily of the accessions: the detection of adaptative 

environnental traits, includiing the"degree felstress tolerance: aind specif'ic charaicteristics oflhigh value. 

such aIsresistace todiseises and insect pests (Salhuana, I15). It is also iliporant to initiate economic 

and social studie S,hich \, ill provide dle justification for eslahlising and maintaining acore collection. 

A suitable strateg IOr adoption by devClopingL countries with impressive amounts of genetic 

diversity \would he to use the core collectiol approach in association with in situ conservation 

initiatives. I lcr, popuiilatioms conserved in situ cnin he characterised and evaluated. and selected 

matcrial can then be removetd to form an ex situ core collection. This strategy will allow tile ill situ 

collection to 'crve as the main collection, and the c. .itu collection to represent 70-8t4( of the available 

genctic vauriatioi hut ,. ith only 10-2()' of the population samples. 

An in portant C unllT t of organising of acore collection is tile development of cmpleniemcntary 

studies linked with the release of a core collection. Aiong the studies suggested by Cordeiro et al. 

(( "hapti'r.3... this ulm) are: c\ aluation of'crosses betwecili accessions selected from different strata, 

in order to evaluate the use of hierarchical cluster analysis: use of genetic markers t detect duplication 

and redtundancv evaluation til the level o!fgenetic variability in each stratunil, in ordertodefine possible 

ftuture gem iplasm collection needs: ald evaluation of genotype x environment interaction, main!y for 

cloml crops. 

CONCLUSION 

A core collection is an appropriate way (f establishing a useful geiplasn collection for gene banks 

hich have limited resources. It should reflect most of the genetic diversity in the crop gene pool and 

contain the specific trails required hy research aund breeding programmes. Because of its small size, 

the Iunds required to inanage acore collection will be easier to acquire than those needed to manage 

a lar1c collection. 
The main aims of' a core collection are not itly to preserve gerniplasi, but also to use it. Thus, 

iollhabiative participation by phant breciders and germphasnil curators is essenutial in establishing such 

a collection and pronoting its usage. As the si/e off a core is significantly smaller than the original 

collection, it is feasible for researchers and plant breeders to be nvolved in its continuous characteri-

Satiol and e'vaialion. I lowcver, establishing and maintaining a core collection is not only the task of 

curiar and plant brhrders: it also reiluires inputs hy a imlltidiscipmlary teal of specialists. 

The' establishment of acore collection requires a clear asses-<nuent of the institutional integration 

and 'oilaboration required and the need for technical, administrative and political .upport. In order to 
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know the lull value of the .e.rmIplasm through characterisation. evaluat ion and screening. arid to 
implerlment soulnld COnIServation procedures, it is necessary to Ilave adeq nate lurdili g, facilities and 
trained personniel. This tay he heyoid the capacity of somie iatioiial and regional programnies. 'me 

most diflicult task fOr developing countries is to find ways 1o organ ise, establisit, ev:iluale, conserve 
and use a core collection in a collahoralive aid integralive programme, hoth withini the cotilry and 
through partierShip bctv\, cCII cOuntriCS in the Sallte reio. 

.\lIthtuelh at core will never substitute lor a base collection, it may form an ellective active 
CIllctiOtt. In critical cirCturistalces, the structured core provides the last genetic retfuge against 
significant genetic erosioi and provides a basis fkOr fituire scietiti tic ard technological progratnes. 
Nevertheless. it is imporlanl to point out that once the origirial collectiori is lost, a sigtiificanit arr1ount 
of tihe variability in it will also he irrevocahly lost. 

References 

Andersen, W.R. and Fairharnks, .J. 1990. iMoleculhr markers: Iportant tools kor plant genetic resource 
characterisation. 1)iversitv 6 (3&4i: 51-53. 

lreese, Ll. 1989. Ri iwe'a'it11 (' rf "int Seed Gem' Bainks: Atwand MNt iplicalion G'rtplaio R',sorc
,S(icntli(la( akg,round. Romelt, Italy: IBP(IR. 

Brown. Alt). I98a. The case f1or core collections. Ill Brown, A.tI.D., Frankel, 0.1 .. Marshall, I).R. avid 
Will iaus. J.T. dc Th I '.o'l/ Plant1%(h',i, ('aimbridge, UK: Cambridge U iversily Press./I 'itarce. 

B rt ii, A,.11.1). I()81), ('ore co'llectilnis: A practical approach to genetic restotirces manageineili. Genoit' 
31: 818-24. 

((GI.A-R. 199I1. Riportof i01 .t I:thcrn/ l Review' oi lthent'riioial Itardfir Ihla, (h'lic Ret'uces 
(1I?1P(;IJ. Romne, hlal: ("(II,\I-TA('/F:.\). 

Chark. N. and Junia, C. 19')1. li 'i t ohltolot0'Su aillath/Ilvelopmet. Polic'vOplin xfit, Devchlping 
('oiUit 'x. Nair hi. Kem a: African Centire for Tlchnology Studies. 

)odds. .1.11. aiid Watanabe, K. 1990t. liotechnological tools for plant getietic resources Imanaigel enl. 
)ijv'raiv 6 (3&- : 20-28. 

l)u\ick, l).N. 1984. (enetic diversitv in iaitjor crops on the 'iUrn and inl reserve. iconomic Boiatum, 38: 161-78. 
Frankel. 0.11. I1982. (icultics,reourcs aid tIre plait breeder: Inroducliri. li Singlg, R.B. and Chonlchalow, 

N. (eds) (h'iits / th Pa'ti h'dcr.Bangkok, Thailand: IBP;GR.c.t and 
FranklI, 0.11. I184. (.etclic perseciives if g'ri i1:1sil cornservation. hi Arber, W.K., Lii nrcisee. K., 

Peacock, W.,. and Siarlirier, P. ('lic fatilmhiati: on Alan antd,'o,'i'.v. Camrbridge, UK:nltIpaclt 
('abibridge UIniversil\ Press. 

Gill. K.S. 198(). Role of plait genctic resmource collections iii research and breeding. Ilt Brown, A.t.)., 
Frankel. (). I .. NIrarshall. t).R. and Willins. J.T. (eds I/ ti.s'P (h''iicRi'sonurc'es. Cambridge.fiai 
I K: ('amnlbridge I lniversiry Press. 

I lhi. S.K. Terrs . I.R. and Icuscier, K. 19801). Breeding cassava for resislantice to Cassava mosaic disease. 
l:'iph it a 2(): (7.3-83 

Ilarla. J.R. 19X'4. Fvalualion of \wild relatives of crop plants. In I lolder, J.H.W. ard Williams, J.T. (eds) 
('rop (;'It'it lit mt .' ("ctwirvatlimn and Evaluaion.Rome, Italy: IBPGR.u 

I larhart. J.R. and de Wet .INI... tie. 1971. Toward arational clssificaliltil tf cultivated plats. 'inmtml 
201: 50)9- 17. 

Kobayashi. M. and Sakon olo, S. 1988. Utilisalioi of cxotic germplasn in sweet polalo breeding. hi Suzuki, 
S. (ed) C'op (Ge'nticRe sources e)(East Asia. Rome. Italy: IIPGR. 



249 ( MR1 ( I 	 II [(I i(N' IN (If't I\NKS till III t ) RAM )R(ih 

Lantican, R.M. I988. RecetIII de vclopine ts ill plan!i geneic reotUrces conservation work in Southeast Asia. 

In Suzuki. S. (ed) ('rop Gcitic Rcsurc.ct of'xa.st *\tia. Rome, Italy: IBPGR. 

(It/cPlan Il 111a A( 

"a.pcvacion dh' /t.s: Rc urs . (;cppdtt.s dcl lopict wumicptiao.Brasilia. Brazil: I CA.
 

Moralcs. 	 F.A.V. 199 1. Prt '.ita itrhhut par itol luteq,r 'iccl Alani'j y 

o. Ptt ,noi/ellramentoNass, l.1.., PcIlicaMo, I. aid Valois, \.( .( ".lQQ2. t Wili:aao dh kt't ((Itdlio.x de 

Al//ho c Stu I, Ihra.mil. lhraslia, Btail: FIBRAI'A-CNIPR. 

Paterniani. F..195. :\i evaluation of the cenetic di critv ifi the rictrcs currently utilised. In IcRpot ofthe 

iLatpipi ,.\lpita(i I/ai Blecpti' ,R'p.ut'ct, h .iru ILatitiAmri Rc.SMr( i.s Aiidult Food- Planht 

.S t uic'., I/ iuFltme'. (':uraca,, VCnCI,'Cla: I'ittIer Illi-fred Ir teratilill. 

Paterniani, F. I08". I)iversidad gcntuica tll plantas cultiv;tda,. Iliht tt t .Lt/ohr' frt'p.'ttr. ('ut ;icos. 
Anais. Jaholicaihal. Iha/il: [NS'F'VFMIAACINI(IN 

gene banks \\ iih special reterernce to informnation.Peelers. J.P. arid \Williams,.I. I1)8-1 l.TS aids better ise trt 

i/Pi (h'cn titfc'sttpu cx. V -'t'lllc (i0: 22-32. 

Pceters, J.P. anid Ntarlielli, I.A. 1989. lierarchical cluster aal.\s, as a tool to nmanige variation in 

(;ri'tits	78: 42-48. 
hical pattirns of variation inthe USDA soybean 

'crilfplasinl ctl n'tus.7httrt/ti(al a /.tpplic/ 
Perry M.('.. lclItosh. NI.S. and Stoner. A.K. 1)1 (cogra, 

gctrfiplail Collcclion. I1. ic frcquencies. (CrtpS(icic 31: 1356-60..\l1o/,, 


Strate 10r ir airin 111 rCllirr . Ili Report the L1tin Aliriri n Pla tSallIulia. W. 19855. sic, tire uISOf ala 

ir.cdiit 	 ,RCA,.'irMh Foi ttn-11 ilp Amippita'. P/'t la , ttrop c,\. Abundant Itod Stppli. jr the Fuurre. 

('aiiN., 	 VCn1Cuela: Pioneer I li-Bred ilncrational. 

Shunds. I1.I.. 1990. Plant it rstOiucC ,s.tirsCr arittnr: The role tf thre grre hank in delivering usefirlI 

Ccieic nleialsote i ersearch sieeutist.J.. SI: 7-I0.i 	 li'rcdit"v 

,iinpt'tll, ('.FI. '(91). hillrt,messit of e imrlrts, inlo ,.\rmhIli.%/s7 t gtit .Li Al erian 'aunt R'search 

PW./ l .Sttt ict ' I'ixttt''p/i',,'s. Strllre M ltillns. IUS\: AI'RIES.IPUI alitlt 

Siimih. R.F. I)x2. Crop gCllclic rcs,trrces and tlreir ufilisation in Sotllreast Asia: \n overview. In Singh, R.B. 

hMlaBIpcdr. Bangktk. Tiailand: IBPGR.and ('honlchdmos, N. (etl,) (;t'im'tt Re ouot'. and ft' 

Singh. R.K. and Simh. M. 1982. The use of orain leguite germplasni in India. li Singh, R.B. and 

ROif t p. aidthe P/Mt Irccdcr. Baigkok.Thailand: IBPGR.thoinclial.ss , N. ieds) (;cmP't 

Smith. J.S.('. and l)uvick. D.N. 190).Gemplasl Collection, and the private plant breeder. In Brown, 

Frankcl, O.1.. Marshall. l).R. and Williams. J.T. (Cds) The sp'ofP/Mt (h''tic Resources.A. I.I).. 


('anribridc. UTK: Calnbridee [;niyestsit, Press. 

Ta, ('. 198S.Preseit status, manaelent arid utilisation of tropical vegetable genetic resources at AVRDC. 

hi SI/Lki. S. led) ('rop (ei'tit Rt'csop'3t' of/l At'Li. omiie,Italv: II3P R. 

1980p'. lp Pho/it F/pivtt 1't/ipi l ippil iI ("'ohit c Pi'c'.Ti -atic (dt'irioplasmun dc / pecie.sVc.sky, 


Ai,1titA. Brasilia. Brazil: FN'1BAPA-('F-NAI(I'N. 
\Vatstn, I. 1970. The rrilisation of \kildspecies ill the breeding of cultivated crops reistant to plant pathogens. 

tiitu antidIn IFrankel. ( ).1. and Bentnet, F. (wds)(hpnctip Rc.'ut trc''.s illPiaits - Their .ph'.p/ 

Ctli.ttrvalimti. ()Wlord. UK: Blackwell. 
Williars,.J.T. anid ('reech J.l. 1981.('rp (h'mtic ic'sourte.to.1 the FarLast and the Pacific. Bangkok, 

Thailand: I IGIR. 

Williains. J.T., Lainrourex. ('.11. and Wulijanti-Soctjipto, N. (cdst. 1975.Sot/ih Eust Asian Plant Genetic 

if.t-trc.v. BOiOl, ldonesia: II)PCR-SEAM+OIII lOTROIP-LIPI. 

http:Pi'c'.Ti
http:thoinclial.ss
http:Ihra.mil
http:of'xa.st
http:Rcsurc.ct


Part 6
 

CONCLUSION
 

7"revious Page Blan
 



6.1 

Core (olle(in011s of I ant ettKi Rc(,ourCPs 

Edited by T. IIodgkin, \.1 i.1). t t1 L 111intu1ovn an I and(l E.A.V. Morales 
0 11)59Intrnational Plant (,.nel it kt, rc-e; iinstitute (IPGRI) 
A Wiltv-Sayc'e Publi, a lion 

Future directions 

T. Ho)u;,IN, A.H.D. BROWN, Th.J.L. VAN HINTUM and E.A.V. MORALES 

After a fairlv lengthy gestation period (8 years passed between the publication of the original papers 

on core collections and tile workshop on which this book is based), core collection work has moved 

firmly into the practical arena. A number of core collections have been established and more are being 

developed. The work involved in some of these initiatives has been described in the preceding chapters. 

I)urilg the workshop, a group o Iparticipants met infornmally to identify t ie major issues that had 

been raised during each day's presentations. Their conc Ilsions were presented at the workshop as part 

of a final discussion oi ftIIIlre work needed on core collectiotns. This discussion led to the development 

of a series of recoitiiendations (se Appendix, pag ' 20 1). Four working groups were also convented 

to discuss topics which \\ ere conisidered to be particularly important to the development and use of core 

collectio s. The topics were: 

" the role of core collections in gene bank management 

" core collections and molecullar genetics 

" core collections in evelopitIg countries 

" core collections and tie plant breeder 

In this chapter we draw on the discussions of tile working groups and the final workshop sessioil 

and discuss issues that we believe will be of most significance for future core collection work. 

SOME GENERAL, CONSIDERATIONS 

A considerable diversity of approach and procedure is apparent from even the limited number ofcore 

collections described in this book. The Barley Core Collection (Knopffer and Hintum, Clapter4.1, 

thiS Itdmt',) depends upon international collaboration, others are based on collections in single 

international or national gene banks. The methodology used varies significantly, as does the emphasis 

given to di fferent kinds of inforniation or tile relative size of the resulting cores. This is not surprising 
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and is,in facit. almouIst clain! dsir.,,l. 'hlie ied is it \Clop ihodv of' practical experience based 
ir the establishilli lc collecliolls fora variet\ crop species and thcir wild relatives. Gene bank.ore 1'l 

tallalers nlld oked ill core 'l-cethcir cllabiitls in develophigi collections Irige of' problems 

which \a;11-\ he'ircocllectroni. tinah'rial with which theydepeinding upo lel che rcierat the nainre 
ire ,lorkiri resources dhe\ tllcir this boik ciptir-eSolle.,hutand tile iiC at disposal. The chaplers ill 

lot all, of, the possibilities adli,
\%C hope. \\illallow\ those interested ildeveloping cores to consider 

,.'iiOls develop anl approach \dhich will hesIt fil thcir"lnceds.Options and possibilities iil 

There is nowma substantial illeasure o1a.relIelt co'C'lill the iidCrdIillg oh.jcCliCS anL 
pro'esses of' core collection delccllllcl. The definition h\ Brown (C'haptv'r 1./) prokides a, 
a1ppropriate and pralctical approach to core Collectioirs. It places the development of a core collectionl 
in tile conetiofI tol , i wav o iirtviiwg overall orgaii sationIrllilluaacllnt ofthle whole collection 

Mtd Use Of'tIht collctitCl. The importance of'recou'einill, thIil tihe core is a coporllert of' thle whole 
\% mcollection \wilh hich it is iiliilltel, connected has been eriphasiseh . b rair authors. It is worth re

ltll oilnil l the wh(ile eripliasising that tile ore collcclirir is t a it ol\l: it i"a+ it tri 
collection. ('Core collections call thereforC be CpCctdt uIcreIC tile vilue oftlhe \\ hole nllectioll 
rather lrilrr le \ ileC of -coreelCntCl.reduce it nonl1 

lii tCrec'Ic ollctiis dCs cried to dale, the processestoells ed have been generally simrilar. 'he 
evhloprit ofgroripsii, a process otfll saipling"of'Iierarchical stratification lhas bein followedt 

the aiccessiols Within Cich group to gi'C the core. VariliationS rirlld this Ibsic uLit,,' of' i)roIch will 
udloutdlu I tIhe aai. ibi lity o'diffcrcrit kinds oltalli (aISSot0_.occur. r'tllct'CiiIL ipCligree. characteri
satioll, C\ealtition. hiochcillicil or ilrolckilar, the natilrC ofI't ih:SsitnIIs iii tIle sotirce colcCtiOir 

suIch iasbeed'C ' iCs. aidace.Cs ;rid ,,ild spec'ies), tIre biological chillacter of the Species (whlether 

self'- or cross-pollinated. ttivel' rCidtciirg"Or aillic!ic)Iarid tre iii ests of'tlre users he they 
breeders or ot her rcaich scietlist'). 

Air area \shere much sork, i,,_ceded is tlre developenirt otl'ore cllections for clni.ally propag;te 
crops. \t pielit, Cxplericicc is Iiiiied to cass;iv i (('ordeiro et ( h+pt" 3.6). Genetic datalil., are 
tlsiall, imure irilred for such crops, ad tilre which acc-ssions iiil tle core represent and asway irl clt 

a pint o' Clllr, lie source collectiorns is irmuch less clear. ('uollections of cloiallyt tithe accessions ill 
propagated crops ire usrrall\ rmirch stiller aind tire perceitage of accessioirs thit tire included inl the 
core iri',\ hiihcr Ie sti.,..ested te IHlowever, the pricticallie thanell somtetirmies as ilenor. 
COr.Nltetlices of devlCIopi)ng icore fLr aclonll yipropagaitted cr p1may be rintch higher than for aseed
pi(ipagated lec caan.lierI r iitly heeicial 1,0" gene hank ainragers illidertnify'ingill ir 


accessrios %licr has lvtririt. for rainter ance in vioro or infield banks illoene different countries. 

This CC fnIinerr wIuld he aiilictilarlv beneficial w ere exchange of cloinally propagated crops is 
hce with problemrrsol 'pmtertiafl disease transrissin and tle facilities available foruisease indexing 
have tIo he hlited to i few accessions. 

Anillnehr I I uerair by those 1o0irn1ing c.'nre cllections fnr tise in slpeci fic contries or ireisire f.cdl 

olfthe world is tire xtcent to which accessions thlat ireclearl,,,nt adapted to their specific environment 
are iircludedl. Doesltie core collectini for a seed crop such as suirgliunr or sesaime irrclude i.aterial 
sIich, hv reasol ofplrotmperiod respoilse for flowering, will irever be prodtlictie inl the iarea for which 

the core is ilntlded? I Isers of, tIre natria1,1l IMrare ird sLch iIccessilois witlh disfavour and avoid them 
ifpossible. I lowev'er, they ill.ay\ll posss characters, such as disease resi stance, iot present inl other 

aiccessions and thleir oilltissilir min--im result iir excludim a sinyrnificarnt fraction (f' tire lotal variation. 

Practical considerations w ill be important illrrrakiig decisions on such iiaterial. For example, genei 
hairks that h,'ave tIle facilities; t i (Iuice plotope riod-se rrsitive imate riill nivy well inclode Iluwe riig ill 

theni in tie core, while rtihers ni),choose to exclIde thein in tire first instance. 

http:aidace.Cs
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The"c diflerent slartinge points aniid aipproachles iindevelinititn a core collection indicate that there
 

ill llothie lI,.prlct core Collection I'or
a ,lpecilic crop. Si.'e and Content ol the core will depend, apart
 

rloliil inontlialtill an1d ma,1tCrial. LIpoi thle spCcit'ic deIlliaiids aLl jl ,ibilities t1 it
ilvailabilitv 0! 

scinti ci~ipiling, it. 
It is lioilhitill-_, in pinll that it iliatlot a', s b"leCilhCr ariopriat" ori lce.ari to develop 

atLor Collection. \Vherc collectiols elleil]Milld c'ill liandled \%ithol dill'icult Iv at lcneh':ink. 

and \\here "itlticicult ililralllctirc eit to eliire,11hatall accessioi, Can.i a oIlSC'She lleil aiabl 

I' ii core collection. Work ClalOIIIItlaldtheie is,Slearll iicOCllin' ,iM) to deel\op ai proceed at 
thecI ol the k holC collClcion, adlid shonuh do so'.I Ios\CVer, it iako ,Orll Iloting thaill 


nalilkticil proccdtlures lir ideittil iie atd stl. ill-

esire"'Cd Ie'0 

the sructirc ill viriationi ill.hecollection and 1,orl 

Sillliiin Iro1-iti a collectioi niliyCl!h usefu,Cl Ifor such collctcliOli,. 
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G'NI"I('..I.Y MI"ANIN(iI'JI. (IROIiI'S 

CCcrn Cevelo mlellt (ifA central theme which rulls Ithrough ni'Iof lieC c'lialptnrs illtlis hook teIIIl 

wy ft-uiping ccesioll 

(ollctinii, ,, Cril diffrlcll CollcCioWs. Tile aipprloachiCeS dc",riei and uled to dle essentially 
anl1teclteiise \ , le' ihe inl icollectiol or, isilthe case of the Barley Core 

i le 


ti titldC h\ Bross.ii (%\ 11 1.!). succCively, dis'idin' lleotheM icesl'ion O it/ tihe 

c'olleclioil ll tihe hiis )1i\lillli'ii2 gr~ilpllic aind ecilogical iilfornlllliln the acces
hierarchicil. 'ie 

-c. colncrlill 

Stoil. lhe is th this s ill lead tii L1'011ps oiICe',iolls ',hich hilareConiioi characterC,,illliplil 


slics such that \ riltiol he' ccii grlosip %\ill he increcedand variatiolt \\ ilhin groups decreised. As 

noted h\ I I iltiIn (( "hIpl' 2./. lhicC conllidCrahlC 0 idceICC frol) tihe literature oi tihe di.tribltioll 

'id relatives pll)lpoteCnIal r)ioac'h. 

illorilIt n oili ihIritulii of aiilii ii lifcrll tte l, hecoine" ito conuplcte. t ways 

ill Mhicl '-I Mpii2 he hcCuOille iOic ,plisiicalcd. An exaimple' of his is the \sork 

oI ,,iictlie di\Cuiit\ iii 1rop ,pcie, ;iitl lhcir to tihe I As 

illi\ aclisC\Cd 


erihed 'h loliin e'lt'il.1('/o/' oilh core.
./) dc elopillcll of the ('IAT I/l/t ou.. [his case 

coihiincil iOriationon ko ii pattcis ot di erhiv itih lgrocological datla ald genetic inlfoliila

lili itiCtils tie rtilsi and heci iccessioCn that ciitered (he col collection. 

thi is Iarding not onl f'or tiheI-Lirlhu '.ork ill alca il tlie pantiCilaryi rewi and relvallt, 

dc lpilcill coecllc'iotis nll, or l'uiiieltanilidiln e\teii to which gc1etic diversityrof aillso l i of'li 

is strictuiCtL. IlltUri, \Ci_ can leant toSCsers slolud mo0',t effectively employ dilerent indicalors of 

[he dist-ihtili~lI Of vAi-i:Atill iii a collcuioi to iICeinil\ material fori their o\nl piorlli i es. 

ior ore collections. pisspit daii are likcl to pr-ovide much ol tle ilformilation ileededtlo identi'y 

gr ti)', ininItLialC utltLC',iolis coicell tle ailloillutof Stich dlalt tlht is needed and Ite way in whichilld 


it slltitld he sed. Is gCol-raphic distribulitiol sulfficiCll for C'ectivC g1r"u0ping or Coes the addition of 

dilti Stich i', Vsoil Itpe a.lidlillUnnl the dTvelopeICit of' moreol charcltllrilic altitlde riiifall iSLlt ill 

gLeiieC~all, nueaningfiul gronl , iAlhlg Iipasspill dala are of1en incomplete, the' nimahe relatively 

S ol ttie accesiollsi,in gcine hank. \Vhere sites of'origin are know. 

it is l ila of cllatic and ceolo,-,icil chill.iriSliCs Ifor the sites which 
comuiplete Aith respct to ,Siteoloi.,,ilo 

oflti pusihlc lo identiil iriel 

could hieused tilillodit'' idetnliid, hul it illainis to) he determined wlhetletr this intpovesLrolup', 

tIle 1-tmu)ilig fllr ie i de clopi cilt. 
tilev 


'c olh ctliu 

Ailtoierarcio initst way in svhich geuletic dta ma collmbined with passportcr,,I concernsI liet Iliav hest. 

data. I-or the lh.woh. core (lohlic etl ' . geletic ililformation wits used initially is ial.. (ipivu g/. 
pref'eretce. After'Aici-hlitin device soi that material I'roin known areas oIfhigh diversity was givel: 

http:Bross.ii
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agroccologiical classifica tion, stI eps Were Iakei to I IsIuhtl dil'l'ereI characte,.Ir tatMes.C\..re include.d 
for cc rtail key characters. "hi s ntleml 1'inteC'estinI gis not tIe oly approach possible., and Ihere are a 1r 
possihilities for exploriie (Ile .fectC of diflTerelit prc'cdlire th,_e c s'tlSRiCtiOll Mid blalCe l1' Ile 
gro.ps. Should eograciahic diStributioji lake precelnce over ilapn iuorphological livisions withill a 
crop ill forning. u ls o-r should it Ie the oilier wt\ round? \Vlat morphological or physiological 
criteria are tlcailliI'ul II this rcspclt'' Soimetimies specific criteria \ill relpre.enclt a ltural gil'ltinj)i 
ofI naterial fr' these (iore.saiilI, breeeCrs ork \within .,lprri Or w.iftlertyVpssomC, rMIi.ight Mretr Itol 

of tire crop).
 

It would he valtale to C\1lore these and relatel issues for dilferent species with irelatively well
de'ited collections ,o that the roblstiless of the hierarchical Ileroupine, Procedure canIle established. 
The resuit ilia'i vJA ,Iele'ldiulli llponii tele Crop selected its histor\ and current distribut id the extent 
to which tlcrial ill litferirt areaSha kIe reprodtctively isolltel and selected for different 
putrposes. Sot Ir bnlnuot 1i1Work ott exploritng the relatiVe' succeSs of diffleeCnit grotpihglucre hais lll 
striat'ies to partitilo i aiatioi ithiel to%% tile coittc\t of, developing core collections. 'lhere is a need 
explore this both for" useful' uc'leliC Vaiation colicernl'-i' chaacters ofl orpluhogical Indliagrontolllic 
ilirtllitirce anid otr bic hrurtical Mid molecular mirl kers. It Is irportant that the differelt classes of' 
characters arc irildle ill such ,ltdies ii; order to ilteurale ilnforirlation of' itmportanrce to ursers with the 
1rre blsic geucMic anls of tIe cOlslCeilCCIs 0' tire dif'ecrilt strateiCS that are used to develop 
i'Otlps for eCite collections,. 

.,..\I' .ING WITlHIN (iTl)l+S 

TI evidenccC r'c',,IIic'd b\ ")'CIloci :ioi dll ,11(C"/uh 2..) sugests that usiitr gavailable infotinatiot 
oil the c tc'iit aid distriutilllof \iri;itloil \', iill cioUllps can increase tie diversity olthe core. I timany 
caIse, sutch iiforll'ulaio titlia.\ rot he ;iIinIble_ aridwalternltive solltions ilray be reluiretd. I'nr tlata are 
ai lalc, tlc. hoiril hlric or pi .oltillal Iratic's may bc used and wiould appear likely to iive 
,ltsisflctor, results in triaiuL ,c,,.. Iteitil\lic' tchniul'scribed lv! lan t al. (l'/nptcrl. 
Ilia\ lc tbeu'd Ir iit rilelie eriCeIII be Clecld frol withini Lr't-, ril'thcur tll i.llraldoll 
saiirmiiilu. Irhi ru , be itliciilarf\ u,,eful lor collections for which Claluitioti (lala exist but whc're 
thcre Ihas beenI littlc 0trialA iLieti' ;irt:>l\ ,,s of thc collcc'tiot . 

)11c'C ,I, lt.1 bl ,sillc' to stirv \ limited nullbier ofaccessirisll-, c been it;ibli,,hi d. it tita he i 
fitthit eIcIIi ,iul' tor \iti;tioii at I,/so lteloci lr otlher bioclTellicalI markers so as toobtain iprelintrary 
c'stliiiirilco tI edltlibut lon l iiiitoti ,\ ithin ihedilfCrerii ulotils. 'l is iltfbruaiin l %twould then allOW 
.idC-'nc'!lD, tt he iid;dc' olt the ieiribers iof saiple, to be included iii the cole for the diliTerlit ri (1tUlls. 
lii p,ii,.c the cftiloi c' li l lictc olf cc'iltaill ltiltpsto[li the lsers will ilso ofteln t ettirlitie thle ntiber 
Of iol11011f'theel erorips to be included ill tie core. Altho.h cullivars t'epresent a relatively 
,iiii 1tparttitllci 'it t f tlc totilal /'++uo,,ugene pool, ilrcy coiilise I l 'gepait of'te Barley Core 
(U'olhcctitti. c',pecialk \%helucotijmpic'l ie tile \kwild spc'c ic's (Knupftftr and I liiiuin., C('ap'tvi 4. ). 

I N'I+~tkRATIN( 11DII.'FIENT "lfll'YIS OF DATA 

One of le tiilr, siiritcaililteaiiur Cs tIe'I ilrk ott core collcilns has bCell the impeltis that it isgiving 
to explihrii, tire wa\s ill Mh ich tclic resources data cart lie collated, analysed and used lnore 
Cfficicirtlv .Thus. there is Collsiclcrible interest ilt cunitining data fron evaluation work with that 
othaietd front biochentic'al or' nole.cular stildiCs and il carryIIig out rn.ltivarite atnalyses of large data 

http:characte,.Ir
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sets involving many hundreds of accessions. As experience With such data analysis devClop)S, it may 

be possible to ideltifty more or less useful characters for studies to develop core collections, or more 

or less uselful i-hods of dala analysis where both quantitative arid qualitative data may be combined. 

There continues to be lnuch ilerest ill the potential for molecular markers in the development of 

core collect iols and th1is is iellected by Gepts ( "haplcr3.4). Techi ties contintle to evolve rapidly 

anid to becomire increasingly cost eflective and easy to use. The niulibers alo lietelrogeneity of 

ope rationS still pieselit problems tor tile use ofaccessions involved il llost genetic iesources 

molecular techniques and it is probable that these techniques will be used on slall saiples of the 

total Cillection ito test specific procetdurcs or- hypotheses. InI particular, studies oil tile relalionship 

between di\eC.'rsity as dleclted by molecular iiarkers and that detected usine other melhods are needed. 

One of the criticisms of colre collections that is oflell cited is that tile development ofhi core requires 

all imlipossible aiioult of data Oil tihe accessions in tile lotal collection. :illd the eiphasis of*the above 

pIaalgralhs on dala collection, analysis ant luseliiighit be seen to suipprt such ill argutiierI. In reality. 

the process is rather different. t:,xperieniccfnow shows Ihat the developiientof a tcore collection 

intcriIease, the Use of. iid intereSt ifl. clta already existing and Iplaces in sharp toculS certain data 

irmaniageiienrt issues 'or gene bank riiarae-rs. 
Broadly ,peaking. erietrc dai Oil acCessions rirIM be of' two kinds: qualitative (concerned with 

characters conlrolled 11Nknown eencs with identiied alleles arld sinple Meideliai inheritance. stich 

iti ailarker 'ceeS. t0,\ r,,iles ;litI rintlecular iarkels ) Oriquaihtilative (coicerned nlainlvN with 

aeroroplilolgical lthracters). "'hcrc is soinic evidence froni tihe dala eiveni in this book fIorexaniple, 

tht t1hose workil '%itih tlanlitaltiveI lanluiol Cl al., ("hapwr 33.. and ordeiro cl 1l., (Iru~ner .3. 

characters finl that file peleitige of tlne iu.iinber of accessions that shollld be inlided iii a Core 

I id\ocated Oil lte basis of' luilitalivC chlaracters. In this area.collection is ligher thanl the 

there is a iluictlkirly UlPenIl iced for ;ludies to conilpare the inftrifo ation Irioll both types of d:rta 

obtaiiledtil the sallie sets of" acccssiorls. \Vith respect to quallititative characters, a residual question 

reiiiairls as to , Ietlier it is desirable to include a riange of+slates iOr a character such as plant height or 

silpl\ to Iuclude ill the core tholse accessions that. when irtercrossed, will generate all the desired 

variation of a character. 

MANAGING AND USING CORE COLLECTIONS 

To date. we have roti actltuired mnuch experience on how core collections are best managed in gene banks 

tir on their use to ieet the various needs of plant breeders, research scientists and other users. Once 

a core has been established the first qLuestion that will be 'isked concerns the extent to which it achieves 

its aims. I low mulch of hci diversity of a collection or gene pool is contained ii tihe core? Galwey 

(C/aptir 4.3t gives stllie geineral guidelines oil how this question may be answered but, ill general. 

it is likely that ,tirveys of the core and whole collection using biochemical or molecular markers viii 

be lecessal to establish whether there are signi f'icant ptickets of variation that have escaped selection. 

Although tire suhg gestion Iias been miade that a coie shohlid also reflect tile di,ittiob't of variation ill 

tile whol collection, the primary concern should be to represent the range of varintiun. Frequencies 

otiffeirten geiotypes in Ile core collection call differ considerably from l hose in tlie main collection, 

provided thait the desired types are present. 

Conelv'atinl is a dyuarilic prlcess. Knowledge of a gone pool is always incomnplete and is 

continually iriproiving. This raises the question ol the way in which changes to the constitution of tIhe 

core ctllec6ion should be nmanaged. Accessions shown to posses significant new variants absent f'rom 

the core should undoubtedly be added to it, but oil what basis and iin what way? Should some existing 
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entries be discarded in order to keep the total number of'accessions at the s.ame level'? Slhould this occur 
on a continuinlg basis or sioll there be periods inl which the core is held cOnstailt? Tlhese questions 
are best answered b\' gente bank nanaers on a case-by-case basis and are likel' to reflect the size of 

the core and ti lie mina gellie it sys temli chose n. Clianging ilC onslitution o1' the international Barley 

Core Collectioii is likely to occur lairly infric(iLiClV civen tile inanacilzent collilications of' such a 
change., whereas a sni core de''cloped by a1specific gene bank for its Lrvii i1 con1munity could be 
changed more oflei. 

All gelee bank nialiagrs strive to iinaiiiian liih standalrds for he laintenance and regeneration of' 

their accesSions eveln wliien resources imit their ability to Ilse oplil11ilm procedires. Core collections 

will uIndoubtedl' rllirc Ite best Slalldards of mlitenlilnce available to tihe geie bank. Thus, where 

possible. it nilav be desi rable tO ilSC larger populiations fOr regceneration tian (Or oLther accessions aint 
to give prioilyto tile core withl respect to salety duplication and other appropriate management 

practices. This is not to suggest that the rest oflthe collection has 1o be neglccted. It is essential thait this 
does lot ocLcur if tie coie is to realise its full valuie. 

Ifcore collections ire to b effective as part of a process of inlproving lhe conservation and Lise of' 

planiit genplasii. they shoutld be pr( C rlyd tioCumented. II sonIC SC i,.ses core collections calli act as 
coninillUicalion devices and, for this to be elective. tieii data need to be widely accessible and widely 
used. This requirCs ditNbasC inae mliii piVced ures which allow oplinial and f'ull excli nge and use 

ol'fthe infIornation. AnothiraSpect o 'he tise of the docuLnliCnilation ol'lhe core collection is the selection 

ol'acce.ssions 'rom the main collection. I low can the in format ion oil the core be extrapolated to the main 

cotlee t ion'.' I low can scarches ini t lin colletclion be optiinised ilSi rig iilorniat ion oil tile core'? 

CORE COLLECTIONS FOR (IFNI BANKS WITI I.IMITEI) RESOURCE-S 

The development, n1,ageellent and use oflcore collections iake detlailnds oil resources which lay be 

difficult for gene banks with liiited resoirces, particularly thihoe in developing countries, to mobilise. 

The issues involved are dealt with in detail by Morales t al. (Chapter 5.3) and it is noiinecessary to 

repeal thlcin here. Nevertheless, it is worth enipliasising that core collections are likely to result in tile 

more effective and more cconoilllcally efficient use of the total resouirces allocate~d to plant genetic 

resources coIservation in a number of' ways: 

" The development of a core collection relieves gene banks Irom the need to hold large or 
unstructured coileltions of inany crops. A core collection I'ron anotliergene bank iay be sLficient 

for their purposes. 

" As has recently been suggested by anl internatiinal workshop on sesa.e, a core collection may be 

nilleffective way of rapidly identitying that range (if variation which is likely to be of iost value 

ill meeting plant breeders' Iurgent dlemlands for variation in a crop that receives little international 

research support f'rom organisiltions sLIch as the international research centres. 

As cmphasised by Morails et al. (('hapter5.3), I basic coiponent of' the development of core 

colleclions is collaborative work between gene bank managers, plant breeders and other agricLl

tural research scientists. "hiis collaboration will increase qualitatively the efTectiveness of the 

conservalion el'f'orl as well as the electiveness of the breeding and research work necessary for 

crop inproveinent. It will also draw on1resources that may not otherwise be available to those 

concerned with conservation. 
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FUTURE POSSIBILITII-S
 

The basic concepts that have been developed to identify accession, for a core collection are likely to 

find other applications. Most obviously, they can he used when new collections are established to 

ensure that tile variation in such collections is inaxlniisd and genetic redundancy nitninised. The 

procedures that allow groups to be identified and that ensure effective sampling \. ithin groups should 

also ensure that ne\\ collections are not burdened ,kith larpe ntumbers of acces,,ions that add little to 

the overall objeclie of conserving tile Ill;.iximlIln possible \'aiation present in a gene pool. 

Could the same armLen be taken further? Inrecent years there has been an increasing interest in 

in sim conservation. particularly of ihose wild relativcs of crops Ihat constitute the primary, secondary 

and tertiary genie pool. It is tempting to suggest that a stralegy based Oi using tile techniques developed 

for identif yin" core collections cou!d also be ttsed to identifv populations which should have highest 

priori Iort in ifie conserv;ation prograntmes. I lerbariu anind ecogeogra phic surveys could be used to 
which could then be grouped aecording to taxonotnic,identify populaltions of the target taxa 


geographic aud ecolOgical criieriai. Priority for in .sifu coiservatiotn would go to popuilations from
 

different groups , heiever practical consider,tiols (smh as management, social and political issues)
 

almcd, tItus attelllptillg to llx~illlituse tie conserved diversity.
 

dotlibt~Cdl\. ,1a11M tuestioils concernitng the most effective development. manallgemllt ;.Ild use 

of core collections remain. I however, we hope that tile chapters in this book confirm tile value of core 

collections, ideiifyilhe mljor principles involved in their development and provide a secure 

founldation fr workers %isling to develop their own collections and researchers interested in 

investigatin: the tmany unres:ilved issues. 
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Appendix
 

CORE COLLECTIONS WORKSHOP:
 
RECOMMENDATIONS FOR A GLOBAL RESEARCH AGENDA
 

At the final session of the workshop, the participants discussed the research work needed on core 

collections. It was agreed that the most important research areas for core collections were: 

I 	 Modl studies to asssn the specific probliems of dceveloping core collections ot particular types of 

crops (such as cross-poll iniicd alliila1S and clonall IN propagated pere niials). 

less of the qlUltity aid quialitv of' ilorluation nceded to develop core collections, wvith particular 

ref ereice to th iofpa, oit data and the adt ntages gained from additional agioccologica], 

ciaractcrisaioll and uletic data il ternms of core representativeness anld value. 

Invet,,ligaltoti et'r apa;le)n c[ trast inresuts froml uing quanitiliv" arid qualitative approaches 
to develohp core,clcions ill ordcr to detmiriie the hasis 'or tihe ohsrv'tion that illore accessions 

include a amoun0t1tll an11 d to includeare needed to .iillcienlt of" qtallilatiVe variation hll a C 


obscivcd qualiative valialioin.
 

4 Studies on1tile concept of hieraichical striit.curire o' gcenelic diversity and of' stratified sampling 
hich rc cerillal to dc\clopil e core collections. Tlie effeci of using different sanpling and 

rllrllcturtre sraitei, oniIhe diversitv relained' in the core needs ito he thoroughly researched. 

5 	 ll1estr-'aliln of the colllseLleCe1LC of' Using dilTerent statistical methods in developing core 

collecilo, particularly with respect to dilerent approaches to data analysis and satmpling 
ill et hIodology%. 

6 	 Tile devtloprlrit of compatible and optimal inl'orrnation ssienis which allow different gene 
banks to comipare irltOriiialioin oil accessitns: these are particularly iiportait in developing core 
c(llectioi, through networks. 

7 	 The iost efTective and practical \kays in which isozynie or mloleculIir data cal he used in 
dCCloling o1r0,alidtllirig core collections. 

S 	 The use of, the Corc collectiot concept in asseiblin a new gernplasirr collection, with particular 
reftrelnce to the usc of tratiliCd saliplirrg lechniqUes and hierarchical strucLturing of variation in 
d.siratit ke alreas for collectiont or gCtlrplasi b'Or conservatioln. 

Q 	 Stldie Oil the rece eratioi and dvnalliics of a core collection which have as vet received little or 
rio attention aid where praciical results are required. 

1(0 	 Applications of the core concept to i .situ conservation through the Use of agroecological or 

ecogeograiphic approaches to designated areas of dissinfilarity which shouIld be included in any 

integrlted in sitit programe. 

Pre~ioUAVPcigeM I1-zn
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Acronyms
 

ARS 
ASIC 
AW'CC 

CC 
III)TROIP-LIPI 

(AII 
('INA,R(iI-N
('(6I..R 
(CIATF 

(i~'I%,,' I 

('11t 

("NI'NIF 

('PAIl 
(SSA 
(SIi,()
[-(P/(I R 

I1lFA 

FNIBRAPA 
1-1 I 
I-.A() 
IA\(' 
IA:IlIAR 

IIBCiGR 
K'A RDA 
I(R ISA] 
I : ( 

IICA 

IN IA t 

I NTA 

IIPA 
IPG RI 
IRUC 
IRRI 
JtLIS] 
NAS 
N)AA 

0)R SI() I 

P(iR I 
II)()C"
St-A,'I-1() 

TA" 
tNIi' 
t S,\ II) 
I ISI)A 

Agricultural Research Service (USDA)
 
AssociLiii Scicillifiitue Internat ionlIc du CaitW (i.rance)
 

Australian Winter Cereals Collcction
 
Barlcy Ctc (ollcction
 
Rcgili;d ('cnier Iir Tropical lndoncsia)
diiti.V 

('citio .\goin6mico ropical tic hicc.ltlgaicioli N -iist'inza (Costa Rica) 

Cciinto Nacimnal tic Icstluisa clii Rccurs,,os (itnlicos c Iioilecnologia (Brazil) 
('onuhlative G;roup till Initctnational .Agticuhlural R ',ceach 

(C lltrt IntirlhIC1i11:11tie .+\.Z lilldil lFripic.ll 

('Clnil lnicnitmional tic Ncjoraiicnto de Mai/ v Trio 

(' irI InicriiaciOnlil tic Il Ia 

('Cinto Nacional tic itc,,tlu,, to".Nintlitca CFrintictura IBla/il) 

(t'liro dc IPc,.lIa .\glpccuiria tilo Tiopico Scini-Aridto (Brazil) 

('cnoM tit' Ac!tii,,l rinIl'opitti 1,iiitio dilrai!lI Atglopccuii 
('rop Scicncc Socicl,*t \llicrica 

('Collin clmcaII (Australia)S.icltitic antd Industrial Rcscaich ()rganisalio 
1:'uropll ('oopcil-: l rograuin [ihc ( l onrvatlion and I-Axcha.nge 

Of ('iop ( icnc1C RtO, ttlrccS 
Fs.ltaciii l-,,I rininial dctAurictiltkuia 

inpica iBraNililc ti Pcsqui,.I i\rOpc'uarial Cazii) 

liplc\;i tic 'c,tlui , A\glopct.'uiri.i C I)illu,1o tic lccnoIIOI ia (Brazil)
 
Foodlt andilt! !il,.uhlill )rguanii,tioii tll the Ut led Nations
 

hl.,litill ..\ iolloillict de ('ailpin~lla ratzil
 

h|llsiltlto FItll1d 00 IIti itll llfiillico (14) lP ralli (Mrizil)
' lo 

lntcrnautionaiil irti ltof Iulot ( inctic Rcsonrcc, 

Inlcritional ('Center Ior Agricultural Rcscarch in tile l)rv Areas 

Inicratinal (rops Rcscarch histiliuic foi tile Sciiii-Arid I'ropics 
lUCI dintitni Ir uins tiLI ( 'Iit. till C Itao e d'Auti ,csPlaijics SiIIuiaii ts 

Inicramncrican institutc iCr Coopcration in Agricliturc 

Intituto Natcionl tic IM,tiiciincs Agropccuarias (Lcuador) 

Instituto Natioll] tic Tccnohogia Agropccnario (Argcntina) 

histituto tic Pcstuia,,, Agron61nicas Il"ra/ill 

Inlcrnati Il Pla Genetic Rc,,otircs Institue 

Instittit tic Rcchcrchc ,tir Itc Cal ci Ic Cacao (Franc)c 

Internaiional Ric Rcscarch institutc 
Jotrdanl tni,.crsit c''lcnc .antd TcchnologyOt 

National Acadcm, i' ' -nccs ItSA I
 
National ()ccanic at. %iniosphcric Administration (LISA)
 

Instii ian i tic kcc ithrchc Scicntifiqte pour lc Deloppencint en Coop6ration
 

(fortnerlv ()IIicc tic la Recherche Scicntililuc ct Technique Outrc Mer) (France)
 

Plant (l cnciic R sourccs, Unit W orncl ULivcrsity. LISA) 
CentreI .or Agricultural IublShilihin aDi I)Icuiicnit'iiion (Netherlands) 
Region~al (Center for "lropical IBiodloo (Indo~nesia) 

Technical Advisory ('onuilicc I('(IIAR, i 
Ulniicd ,iNations iiniririnicntal I'roraniiii 
Unhitcd Slate , A cticy Imr Intcrnational Dcvclopmiin 

Ullicd Stis [),parIIlicn ol Agriculturc 

http:lFripic.ll
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