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3 ExecutIve Summary

Wheat IS a key food crop for people of the world Insect pests and diseases cause losses and
mstabIlIty m global wheat production Hessian fly IS a pest of wheat that causes major losses m
wheat productIOn m Morocco and other countnes mcludmg the US Genetic resistance IS the only
effective, econorrucal and environmentally frIendly means to control damage to wheat m countnes
with Mediterranean clImate, such as Morocco, and new sources ofgenetic resistance to thIs bIOtiC
stress are needed Barley yellow dwarf VIruS (BYDV) IS the most senous viral disease of wheat
worldWide, mcludmg Morocco and the US, for whIch no resistance genes have been found m
cultivated wheat thus necessItatmg WIde crossmg Genera and species related to cultivated wheat are
reservOIrs ofvanabIhty for useful traits for uruque germplasm enhancement Much of the world's
genetic mformatlOn IS carned m species found m developmg natIOns and wIld species are the subject
of chOIce for disease and pest resistance but the sCientists need to learn to apply biotechnology to
explOIt these reservOIrs ofgenetIC vanabllIty Rapid advances 10 technology can make It drfficult for
the profeSSIOnals from developmg countnes to keep abreast of change Development of
bIotechnology and the enlargement of wheat gene pool through It are often beyond the expertise of
develop1Og countnes and httle has been accomphshed to mtegrate the tools of biotechnology m plant
breed10g programs m Morocco ThIs PSTC project was between Instltut Agronorruque Vetennarre
(IAV) Hassan II, Morocco, and Purdue Uruverslty, USA The USPI was Dr Harl Sharma and the
Moroccan collaborator was Dr Ouafae Benlhablb The goal of our research was to enlarge the gene
pool ofwheat for resistance to HeSSIan fly and pOSSIbly to other bIOtic stresses by Wide crosses
between wheat and wheat relatives us10g tissue culture and cytogenetIc techruques, and to transfer
technology 10 these areas of agncultural SCIences to Morocco We wanted to obtam and charactenze
plants from wheat x Agropyron (Thmopyrum = wheatgrass) crosses, through anther (pollen) culture
and backcross1Og, that contamed the wheat chromosome complement plus one or two Agropyron
chromosomes We wanted to deterrrune the genetic control of resIstance to HeSSIan fly m pnrruttve
dIplOId progerutor (Tntlcum monococcum) ofwheat We wanted to evaluate the germplasm of wIld
and pnrrutlve wheats and that from wheat x Agropyron crosses to HeSSian fly m Morocco to IdentIfy
reSIstant hnes and hybndIZe them With wheat for gene transfer The grant was to proVIde support for
the grantee's program and enhance collaboratIOn and technology transfer between Purdue
Uruverslty, USA and IAV Hassan II, Morocco We wanted to establIsh a germplasm enhancement
program through bIOtechnology m Morocco mvolvmg evaluatIOn of diverse genetIC resources of
wheat relatIves for useful genes, and gene transfer through mterspeclfic crosses employmg embryo
rescue, anther culture and chromosome analyses The research mvolved both lab and field work

Overall we conSider the project a 'success' We made conSiderable progress m accomplIshIng our
goals Results were pubhshed m refereed Journals, presented m profeSSional meet10gs or manuscnpts
subrnttted/be1Og prepared m a collaboratIve manner m the areas of anther culture, embryo rescue,
gene mtrogresslOn m WIde crosses, mhentance of resistance to HeSSIan fly and other trmts m dIplOId
wheats, reactIon ofwIde cross denvatIves to BYDV, cytogenetIc analySIS ofmterspecIfic crosses,
Isolation of s10gle chromosomes or genomes ofAgropyron species m wheat, development and
charactenzatlon of ahen additIon and substitutIOn hnes, release of Improved germplasm, development
and charactenzatlOn of putatIve translocatlOns from WIde crosses, chromosome elIrrunatlOn m anther
culture ofwIde crosses, IdentificatIOn ofwheat relatives as sources of new genes for resistance to
HeSSIan fly and crossmg of some of them to Moroccan wheat for germplasm enhancement (Please
see PubhcatlOn hst m Project actIVities/Output sectIOn of thIs report)
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Anther culture technology was fine-tuned, and apphed to Agropyron species and their mtergenenc
hybnds with wheat The Wide hybnds were completely male stenle and almost female stenle
Stenhty of the mtergenenc hybnds and non-culturablhty of their wheatgrass parents resulted m low
or no response to anther culture The callus mductlon ability of wheat genotypes expressed m the
wide hybnds and was influenced by the wheatgrass species Anther cUlturabllity improved as the
number of Agropyron chromosomes decreased and fertility Improved m backcrosses Large
vanatlOn was found for chromosome numbers and chromosome doublmg occurred m the callus
roots 24% of the regenerants and callus roots had 22 or 44 chromosomes mdlcatmg that
chromosome number ofWide hybnd denvatlves can be reduced and alien additIOn hnes can be
Isolated 43-chromosome plants could be obtamed m Be3 generation by backcrossmg method also
but one more generation of selfing was needed to Isolate dlsomIC allen additIOn hnes compared to
anther culture method The wheat x wheatgrass hybnds were advanced through backcrossmg, and
smgle wheatgrass chromosomes were added/substituted m wheat genome Lmes With 44
chromosomes were charactenzed to be additIOn lines and those With 42 chromosomes substitution
hnes Excellent levels of resistance to BYDV were found m these hnes and a substItution lme from
wheat x A mtermedlUm cross was released as germplasm for breedmg Putative translocation hnes
were developed from substitution hnes and some ofthem were charactenzed and evaluated for
reactIOn to BYDV To determIne If the additIOn lmes and the substitution lines Isolated mvolved the
same chromosome, mtercrosses were made and analyzed cytogenetically whIch showed that the two
substitution hnes that were used to develop translocatIOn lInes contamed the same Agropyron
chromosome that replaced chromosome 7D of wheat SImIlarly, two ahen additIOn hnes were found
to mvolve the same ahen chromosome Four substItution and two addition hnes were found resistant
to HeSSian fly m Morocco 11 putative translocatlOns are bemg tested m Morocco All thIs matenal
Will be useful for mcreasmg HeSSian fly resistance m Moroccan wheat 358 accessIOns ofwheat
relatives were evaluated agamst field populations ofHessian fly m Morocco Some ofthe 42
accessIOns found resistant were successfully crossed to wheat followmg Purdue UnIversity protocols
for crossmg and embryo rescue for enlarging the gene pool ofMoroccan wheat Genetic analySIS of
resistance to HeSSian fly m diplOId wheat was camed out whIch showed simple genetic control and
hence feaslblhty of gene transfer to cultivated wheat Backcrossmg of the mterspeclfic hybnds to
wheat for germplasm development m Morocco IS contmued

The project led to technology transfer and ItS applicatIOn to Morocco It helped Morocco acqUIre
plant biotechnology trainIng to sCientists and students The US and Moroccan collaborators
remamed m constant touch regardmg worktng With techruques, results, supplies, hterature and Jomt
publicatIOns Dunng the tenure of tms proJect, we evolved from trainIng to active partnershIp and
collaboratIOn to mdependent research by the Moroccan collaborator The project enhanced the
capacity ofMorocco to conduct mnovatlve research and contnbuted to the mtroductlon of
bIOtechnological tools m the breedmg program m Morocco whIch was still usmg the conventIOnal
methods It fulfilled dlstmct need for a biotechnological collaboratIOn that encouraged the
developmg country's researchers to focus on local problems, namely, germplasm evaluatIOn and
enhancement for pest resistance through the use of wide crosses m tms project The project enabled
Morocco to mtegrate blOtechnology With conventlOnal research for wheat Improvement Dr
Benlhablb came to Purdue m 1993 and received the necessary trainIng m embryo culture, anther
culture, and chromosome analySIS ofwide crosses, HeSSian fly testmg, and use ofmatenals, reagents
and equipment to do SImIlar research m Morocco The necessary eqUIpment and supphes were
purchased for Ouafae's lab The USPI VISited IAV Hassan II m 1994 and Imparted hands-on trainIng
and guidance to her and her students, planned expenments, presented a semInar, and VISited INRA's
wheat breedmg program at Settat m relatIOn to mtegratmg Ouafae's research With wheat breedmg
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This package of techrucal traInIng and consultatIOn, lIterature and discussion, conductIng expenments
together, reCiprocal VISitS, and eqUIpment and supplIes constituted the major phase of technology
transfer to Morocco for wheat Improvement and achieved the level of collaboratIOn and success In
technology transfer This enabled Ouafae to actively participate In the proJect, and develop wheat
germplasm program through biotechnology ImpactIng wheat productIOn In her country The
germplasm enhancement program through Wide crosses set up In Morocco extends from collectIOn
ofwIld species all the way to IncorporatIOn of useful genes from these species Into wheat vanetles
that farmers grow In Morocco The project encouraged her to collect the biodiverSity ofwheat
relatives In her country which Will be useful In germplasm enhancement for Morocoo InterspeCific
hybndlzatlOn, embryo rescue, chromosome analySIS and anther culture techruques were used In local
research program In Morocco 239 seeds of wheat x Agropyron hybnd denvatlves from Purdue
were analyzed successfully for chromosome numbers, and 7888 anthers from backcross plants were
cultured and a callus InductIOn frequency of3% was obtaIned In Morocco Dr Benihabib IS
extenSIvely applyIng the cytogenetIc and tissue culture procedures to produce Interspecific hybnds
and backcrosses ofwheat WIth I monococcum and Aegtlops species Identified to be resistant to
HeSSIan fly to develop germplasm, IncludIng that of durum wheat which IS grown Widely In Morocco
but ofwhich there are no HeSSian fly resistant cultlVars New germplasm produced through the
InterspecIfic hybndIzatlOn IS beIng prepared for further testIng and use to breeders and SCIentIsts
natlOnwIde Thus, the project establtshed a sound WIde croSSIng program for germplasm
enhancement InvolVIng lab, greenhouse and field research to augment the natlOnal breedIng program
The project enhanced the research capabllttles ofMoroccan Investigator As a result of the project,
Ouafae's lab was transformed and the research faCIlIties In her lab became reasonably adequate as a
result of eqUIpment and suppltes procured and put to use through this project which now remaIn In
Morocco FIve students worked In the project related research and defended theIr theses Thts
attests to the success of our efforts In technology transfer Dr Benlhablb VISIted Purdue Uruverslty
dunng 1996 regardIng consultation and diSCUSSIOn on results and her expenence With the use of
techruques In Morocco, and she confidently partiCipated In lab and field actiVitIes From my VISit to
Ouafae's lab In Apnl, 1997, I can say With confidence that the project Will leave a permanent effect
to carry out Independent research of this kInd for wheat Improvement In Morocco The technology
transferred to Morocco WIll also be useful In teaching The project Will contInue to Impact creatlOn
of new knowledge In Morocco by research and use of that In agncultural development As the
research program establIshed at IAV and Integrated Into the breedIng program In Morocco moves
forward, It Will Impact this Important food crop

The grant award has been very encouragIng for InternatIOnal cooperatIOn and development and for
the USPI's research We are very pleased With our accomplIshments and collaboratIOn We are very
thankful to AID/BOSTID for approvIng our project and proVidIng assistance throughout ItS
executIOn We would lIke to avaIl ourselves of the opporturuty In future for contmuatlOn of the
lInkage that has been establIshed, and a Moroccan molecular biOlogIst and a VIrologIst are ready to
be a part of a future collaboratIve research We would appreciate receIvmg AID announcements
solIcItmg research grant proposals In future
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4 Research ObjectIves

Human populatIOn growth places increaSing demand on the world's food crops Wheat provIdes
more nounshment for people of the world than any other food source and It IS a key food crop both
m Morocco and the U S Insect pests and dIseases cause losses and instabIlIty m global wheat
productIOn Hessian fly (Mayetlola destructor) is Wide spread m North Afnca as well as m the US
(Maxwell and Jenrungs 1980, LhaloUl et al 1992, Ohm et al 1995) Tills pest constitutes a major
constramt to wheat productIOn m Morocco where natIOnal surveys find more than 80% mfestatIOn
each year (Amn et al 1992) GenetIc resIstance IS the only effective, economlcal and
envIronmentally fnendly way to control Hessian fly damage to wheat In Mediterranean chmate of
Morocco where cultural practIces hke fly-free plantmg date have hmlted use However, Moroccan
wheats lack resIstance to tills pest Of the several resIstant genes m the US, only five have been
found to be effective agamst Moroccan populatIOn of the fly (EI BouhsSInI et al 1985, Gallagher et
al 1987, Obanru 1989) Whereas these genes are bemg used m wheat breedmg smce a few years,
there is only one common wheat (I aestivum, 2n=AABBDD=42) cultivar carrymg the H5 gene and
no durum wheat (I durum, 2n=AABB=28) resistant cuitivar is avaIlable to Moroccan growers
Furthermore, genes for resIstance m wheat are frequently overcome by new bIOtypes e g biotype L
has become the most prevalent bIotype m IndIana Thus new sources of resIstance must be sought In
wheat and ItS relatIves to stay ahead of fly biotype evolutIon Genes denved from wheat relatIves
could be dIfferent and more durable Barley yellow dwarf VIruS (BYDV) IS the most senous VIral
dIsease of wheat worldWIde, mcludmg Morocco and the US, for willch no resIstance genes have been
found m cultIvated wheat thus necessitatmg WIde crossIng In Morocco, BYDV causes 11-26%
yteld losses m wheat (Yamaru and HIll 1991) Gene pools of related speCIes ofcultIvated wheat are
reservOIrs ofvanabIlIty for useful traIts for umque germplasm enhancement (Knott and Dvorak 1976,
Kerber and Dyck 1978, Sharma et al 1981, 1984, 1992, Sharma 1995a, and others) They are gOIng
to be more and more m need for crop Improvement, espeCIally for genes that are not found m our
crop speCIes The concerted use of tradItIOnal and more recent methods ofgenetIC mampulatIOns
should contnbutor to wheat Improvement through WIde crosses between wheat and itS related
speCIes However, development ofbIotechnology and ItS use m enlargmg the gene pool are often
beyond the current expertIse of developmg countnes where lIttle has been accomplIshed by way of
mtegratmg the tools ofbiotechnology m breedmg programs and productIOn of agncultural
commodItIes (Tzotzos 1996) The overall ObjectIve of our project was to enlarge the gene pool of
wheat, partIcularly for resIstance to HeSSIan fly and also to BYDV by WIde crosses between wheat
and ItS related allen speCIes employtng tIssue culture and cytogenetIc techruques, and to transfer
technology to Morocco m these areas SpeCIfically, we wanted to obtam and charactenze plants,
from wheat x Agropyron (Tillnopyrum = wheatgrass) crosses through anther (pollen) culture and
backcrossmg, WIth wheat chromosome complement plus one or two Agropyron chromosomes We
wanted to detemune the genetIC control of reSIstance to HeSSIan fly m pnrnttive dIplOId wheat
Tnticum monococcum We wanted to evaluate wIld and pnrnttive wheats, and wheat x Agropyron
denved lInes to HeSSian fly m Morocco to IdentIfy reSIstant hnes, and hybndlZe them With wheat for
germplasm development The grant was to prOVIde support for the grantee's program and enhance
collaboratIOn and technology transfer between Purdue Umverslty, USA and IAV Hassan II,
Morocco

Agropyron speCIes are useful sources ofahen vanatIOn for wheat Improvement (WIenhues 1973,
Wang et al 1980, Sohman et al 1980, Sharma and GIll 1983, Sharma et al 1984, Whelan and
Conner 1989, JIang et al 1994, Sharma 1995a, and others) and our results showed several
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Agropyron specIes to be resIstant to the most virulent bIotype ofHessmn fly (Sharma et al 1992)
and to the most potent and prevalent Isolate ofBYDV (Sharma et al 1989) Based on genoInlc
affimtIes, whereas Wild and pmrutive wheats have the same genomes as cultIvated wheat, Agropyron
speCIes are dIstantly related to wheat and their chromosomes do not pair wIth wheat chromosomes
due to lack ofhomology Thus, mdividual chromosomes from Agropyron have to be added mto
wheat before gene transfer can be accomplished Producmg alien addition hnes for gene transfer by
conventIOnal method is very tIme takmg and m some mstances an ahen additIOn hne may not be
recovered (Islam and Shepard 1981, LukaszewskI 1988, Sharma 1996) Thus improvement of wheat
by wIde crossmg from wheat-Agropyron crosses is a slow process and efficIent methodologIes are
needed to hasten tms process Anther culture holds potentIal to produce addItIon hnes and
somaclonal vanatIOn from Wide crosses However, mformation is lackmg on anther culture response
and cytogenetIc nature of pollen denved calh and regenerants ofwIde crosses We produced
mtergenenc hybnds between wheat and Agropyron speCIes (Sharma et al 1989) We Identrfied
responsIve genotypes ofwheat for anther culture (Lu et al 1991) some of wmch were parents m
wheat x Agropyron hybnds Zhuang et al (1985) and Wang and Hu (1985) had reported callus
mductIOn and regeneratIOn from anther culture ofmtergenenc hybnds m the wheat group We
apphed anther culture technology to wheat x Agropyron WIde crosses to mvestigate theIr response
and the feasIbIhty of InclUSIOn of ahen chromosomes m theIr pollen such that plants WIth a haplOId set
ofwheat chromosomes plus one or more Agropyron chromosomes could be recovered In the event
we could not recover addItIOn hnes VIa anther culture, the same were to be obtamed by backcrossmg
We had Identrfied three acceSSIOns ofT monococcum for reSIstance to bIOtype L ofthe HeSSIan fly
(Sharma et al 1992) GenetIc baSIS oftms reSIstance wmch has a beanng on the use oftms
reSIstance for germplasm development for reSIstance to HeSSIan fly was unknown Inhentance
studIes otherwIse also have been very hInlted m diplOId wheats (Kuspira and Bhanbham 1986,
Sharma and Waines 1994) and mhentance ofHessmn fly reSIstance had not been mvestigated m
dIplOId wheat before We mvestigated the genetics oftms reSIstance EvaluatIOn of germplasm In
Morocco proVIded a dIfferent enVIronment and fly populatIons and for startmg a snllilar research
program ofgermplasm enhancement by bIOtechnology to Impact wheat productIOn m Morocco

5 Methods and Results

For anther culture, anther donors were A elongatum (Th ponticum) cv Jose, A tnchophorum (Th
tnchophorum) cv Luna, A mtermedlUm (Th mtermedlUm) cv Oahe, theIr F1 hybnds With wheat
(female), and BC1, BC2, BC2F2 denvatives (Sharma et al 1989 1995) BC1 plants ofA camnum
x wheat (Sharma and BaenzIger 1986) were also used Anther culture procedure, In general, was the
same as followed for wheat (Jones and Petolmo 1987, Metz et al 1988, Lu et al 1991) One-two
spIkes from each plant were used for backcrossmg to wheat Chromosome numbers were counted m
root-tIp cells ofnot only donor plants but also of regenerated plants and calh, and of plants denved
by backcrossmg the anther donor plants Smce different wheat cultlVars were used m backcrossmg
dependmg on the avatlablhty for the Irregularly flowenng Wide crosses, morphology was not useful m
groupmg the allen addItIOn hnes and the ahen substitution lmes that were Isolated The addition hnes
were mtercrossed and chromosome pamng behaVIOr of the hybnds was studied m pollen mother
cells If the hybnds showed 22 blvalents (22") of chromosomes as the predommant configuratIon at
meIOtIC metaphase-I, the allen additiOn hnes were claSSified as havmg the same Agropyron
chromosome Plants havmg 21", Agropyron trait (BYDV resistance) and chromatm were crossed to
wheat A chromosome pamng of20"+2' (2 umvalents) In the hybnds mdicated that SubstItution has
occurred SubstItutIOn hnes were mtercrossed SubstItutIOn lines whose hybnds showed 21" were
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classified to be the same These results were further confirmed by RFLP analysIs (Sharma et al
1995) and m SItu hybndizatlOn usmg wheatgrass genomic DNA as probe (Sharma et al submItted)

To determme the genetIcs of resistance to Hessian fly m T monococcum, hybnds were produced
between homozygous resistant acceSSions of I monococcum and homozygous susceptible
acceSSlOns ofI monococcum and I boeotlcum whIch are subspecIes of the same blOloglcal specIes
(Sharma and Wames 1994) From the hybnds, F3 and TCIF2 progemes were produced and tested
for resIstance m controlled envIronment agamst bIotype L ofthe fly at Purdue Umverslty accordmg
to the method descnbed by Foster et al (1988) and Sharma et al (1992)

To evaluate ofgermplasm for HeSSian fly resIstance m Morocco, acceSSlOns of Tnticum speCies and
Aegilops speCies, and matenal developed at Purdue from wheat x Agropyron crosses were grown m
field at Jemaat ShIm whIch is known for natural mfestatlOn of the fly Each entry was planted m two
rows, 3 ft long, 1 ft apart Dunng Apnl, the plants were uprooted whIle they were still m
vegetative stage Plants WIth hve larvae and stuntmg were declared susceptIble Plants WIth dead
larvae and no stuntmg were declared reSistant Absence of larvae mdicated 'escapes' For gene
transfer ofHessIan fly reSIstance, crosses were made between wheat and resIstant acceSSlOns ofI
monococcum and Aegilops specIes A backcross program was followed usmg wheat as the recurrent
parent HybndlzatlOn, embryo rescue and cytogenetic techmques were employed by the Moroccan
mvestlgator as learned by her dunng her ViSits to Purdue and as assisted by the USPI through
correspondence and dunng hIs ViSItS to Morocco

The research was coordmated m such a way that the Moroccan sCientist/students got hands-on
expenence/traImng of dIfferent aspects of the research Dunng the whole penod of the project, the
US and Moroccan collaborators remamed m constant touch through letters, faxes, and recently
through e-mail also, regardmg executlOn oftechmques, research results and progress, Jomt
pubhcatlOns, travel arrangements, hterature, functlOmng of eqUIpment, shIppmg and receIpt of
equIpment, spare parts, reagents and supphes ConsultatlOn, tralmng and travels were utIlIzed to
achIeve the level of collaboratlOn m the project and success m technology transfer

The data on wheat anther culture gIVen m the grant proposal was pubhshed, and wheat genotypes
responsIve to anther culture were IdentIfied (Lu et al 1991) Anthers ofJose, Luna and Oahe of
Agropyron specIes were not responsIve From 2836, 755 and 300 anthers ofhybnds of these
genotypes WIth wheat, mean callus mductlon was 0%, 0 26% and 0%, respectIvely (Sharma et al
1994a) The FI plants were completely male stenle glvmg backcross seed set as low as one seed per
200 florets polhnated Stenhty of the mtergenenc hybnds and non-culturablhty of theIr wheatgrass
parents could largely be responsIble for the low or no response Due to a very hIgh female stenhty of
the hybnds, only a few backcross (BC)1 seeds were obtained and these were used to produce BC2
seed sexually Instead of usmg them for anther culture and runmng the nsk of dead end SItuatIOn
Plants WIth chromosome numbers sundar to those ofBC1 were avaIlable In BC2 populatIOn for
anther culture A carunum x wheat BCIF2 anthers gave 48% callus mductIOn but did not produce
any plantlets PIOneer 2550 (wheat) x Luna FI had the htghest (2%) callus mductlOn PIoneer 2550
was the best responder to anther culture (Lu et al 1991) Thus, anther culturablhty expressed m the
WIde hybnds Of 9294 anthers from 190 BC2 plants cultured, 1 6% formed calh, and 1 3% calh
regenerated mto plantlets These were mIxoplOld (2n =42,45) or haplOId (2n = 22) From 2160
anthers ofBC3 plants denved from the BC2's that had shown response to culture, 1 2% formed calh
and 8% calh regenerated mto plantlets Anther culturabihty Improved as the number ofAgropyron
chromosomes decreased and fertlhty Improved by backcrossmg Wheat x A tnchophorum cross was
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the best responder gIv10g up to 37% callus 1OductIOn from some of the BC2 plants Large vanatlon
was found 10 the callus roots for chromosome numbers and chromosome doublIng was occurnng as
cells wIth double and half chromosome numbers were found 24 I% of the regenerants and callus
roots had 22 or 44 chromosomes 43-chromosome plants were obtamed 10 BC3 generatIOn by
backcross1Og method but one more generatIOn of selfing was needed to Isolate dIsomIc addItIOn lInes
Tlus provIded an eVIdence that the chromosome number of wIde hybnd denvatIves can be reduced
effiCiently to a deSirable level by anther culture, and by spontaneous chromosome doublIng or
colclucme treatment of 22-chromosome plants, alIen additIOn lInes from wIde crosses can be Isolated
for germplasm enhancement by wIde cross1Og (Sharma et al 1996a, Sharma et al 10 prep a)

SeedlIngs from 239 seeds ofwheat x Agropyron hybnd denvatIves produced at Purdue were
analyzed successfully 10 Morocco for chromosome numbers, and 7888 anthers from BC1, BC2 and
BC3 plants WIth lugher than 44 chromosomes were cultured A callus 1OductIOn frequency of3%
was obtamed Expenence for tlus was acqUIred by Dr Ouafae Benlhablb dunng her 1993 VISIt to
USPI's lab She set up, fine-tuned, and carned out tills work and publIshed the results (BenlhabIb et
al 1996a) AddItIOnally, AegIlops speCIes were used and 0-8% callus 1OductIOn response was
obtamed Tlus attests to technology transfer success

The anther culture response was low but It IS typIcal of cereals There has been lIttle success 10
anther culture ofwheatgrasses Marburger and Wang (1988) obtamed only alb100 plants from Th
pontIcum Wang et al (1991) and NIU et al (1991) obtamed some green haplOIds from only two of
the several speCIes Wang et al (1975) obtamed mostly alb100 or partly green plants from a 56
chromosome hybnd ofT vulgare x Th tnchophorum Recently, Jla et al (1993) obtamed up to 5%
regeneratIOn from anther culture ofwheat x Th mtermedlUm hybnds Accord1Og to WeI et al
(1993), It was dIfficult to 10duce callus from anthers ofwheat x Leymus multIcaulIs denved plants
grown m greenhouse and callus 1Oductlon frequency from field grown plants reached 5% In an
effort to Improve anther culturabIlIty ofwheat x Agropyron hybnds, we studIed co-culture ofanthers
WIth theIr ovules 10 five BC populatIOns Overall pollen callus mductlon was 1 6% WIthout and 3%
WIth co-culture 1OdIcat1Og some benefiCial effect of ovules on anther culturabIlIty (Sharma et al
1996b, Sharma et al 10 prep b)

Wheat x wheatgrass hybnds were advanced through backcrossmg Our results of these WIde crosses
underscored the sIgmficance of paternal genotypes of alIen speCIes and cold treatment of rescued
embryos (Sharma and Ohm 1990) BC1 seed set was only 0 5-10% dependmg on species
Companson of chromosome numbers of the BC1 and BC2 seedlIngs mdIcated wheatgrass
chromosome elIm1OatIOn A sIgmficant Improvement 10 fertIlIty was aclueved m BC2 By couplIng
backcrossmg, cytology and BYDV reSIstance test1Og, fertIle backcross denvatIves WIth one or two
wheatgrass chromosomes were Isolated DISOmIC ahen addItIOn hnes (2n=44) were obtamed by
sel:fing the monOSOmIC ahen addItIOns In additIOn to whole chromosome addItIOn hnes, some
telocentnc addItIon hnes were also Isolated In the process ofbackcrossmglselfing, chromosome
SubstItutIon also occurred and some ahen SubstItutIOn hnes were recovered Allen addItIOn and alIen
substItutIon hnes developed from wheat x Th mtermedlUm cross were charactenzed They had
regular meIOtIC behaVIOr as expected ReSistance to BYDV from Agropyron and a chromosome
pamng of 20" + 2' 10 the hybnds of SubstItutIOns WIth wheat proVIded eVIdence of SubstItutIon
wherem the wheatgrass chromosome replaced chromosome 7D of wheat Tlus was based not only
on chromosome pamng but also on DNA analySIS (Sharma et al 1995) and 10 SItu hybndlZatIon
(Sharma et al submItted) CharactenzatIOn and evaluatIon of these lInes lead to a germplasm lme
P29 release for wheat Improvement (Sharma et al 1997a) CytogenetIC analySIS of the 1Otercrosses



10

between two substItutIOn hnes showed that they contamed the same Agropyron chromosome whIch
replaced chromosome 7D of wheat SimIlarly two of the additIon lInes showed to have the same
Agropyron chromosome (Sharma et al submItted)

The substitutIOn and additIon hnes resistant to BYDV were Irradiated to mduce translocatIOns
Based on the segregatIOn pattern m M2 generatIOn, resistant plants from famIhes that represented the
putative translocatlOns were followed Some of the translocatIOn hnes were charactenzed (Crasta et
al 1996, Anderson et al 1997, Francia et al 1997, Sharma et al SubmItted, Crasta et al In prep)
Four substitution and 2 additIOn lInes were tested m Morocco for Hessian fly All were found to be
resistant Results of evaluatIOn for BYDV resistance at Purdue showed that not only additIOn and
SubstItutIOn hnes but also some translocatIOn hnes represented valuable germplasm wIth excellent
levels of reSIstance to BYDV (Sharma et al 1997a, Sharma et al submItted) for whIch there IS no
other reSIstance source found so far 11 putative translocatIOn lInes were evaluated In Morocco for
the fly reSIstance All were resistant but thIS needs to be confirmed because the fly attack In the field
was not homogeneous

EvaluatIOn ofwheat relatIves for reaction to HeSSian fly at Purdue UruversIty that was In progress at
the tIme of submIttmg the grant proposal was completed and the results were publIshed (Sharma et
al 1992) In addItIOn to I monococcum, 13 accessIOns of Agropyron speCIes and 13 accessIOns of
Aegilops speCIes resistant to the most Virulent bIOtype (biotype L) ofHessmn fly were IdentIfied For
the genetIC analySIS of reSIstance to HeSSian fly In diplOid wheat I monococcum, In all, 4996 plants
of435 progerues from F2-denved and TCI-denved famIlIes InvolVIng reSIstant and susceptIble lmes
were tested for their reactIOn to bIotype L ofHessian fly The reSIstance was Inhented as a SImple
MendelIan trait (Sharma et al 1997b) Simple genetic control for reSIstance to HeSSIan fly IndIcated
thefeaslbIhty of transfer of thIs resistance to wheat

A total of358 acceSSIOns were tested In Morocco, excludIng those that faIled to gefffilnate or gIve a
satisfactory number of seedlIngs, ofwIld and pnmItlve wheat germplasm These collectIOns were
from Purdue Uruverslty, ICARDA and Morocco Forty-two accessIOns belongIng to the species I
monococcum, T boeotIcum, Ae squarrosa, Ae 10nglssIma, Ae vanabilIs, Ae tnanstata, Ae
caudata, Ae tnunclahs, Ae cylmdnca, Ae ventncosa and Ae ovata were IdentIfied as resistant (EI
BouhsSInI et al submItted) Some of these were hybndized to common and durum wheats and
mterspecrfic hybnds were developed followmg Purdue Uruverslty' methodologies for crossmg and
embryo rescue (EI Khhfi et al 1996, EI Khhfi et al In prep) These mcluded I monococcum, Ae
ovata, Ae squarrosa, Ae tnanstata and Ae ventncosa Cultlvar Baraka was IdentIfied to be the best
bread wheat for crosses With I monococcum (20% seed set) In wheat x Aegtlops speCIes crosses,
the best wheat was Jon that gave 19% hybnd seed set and 16% plants after embryo Ae ovata and
Ae anstata were more compatible than the other two speCIes Crosses With wheat as the pollen
parent always had more seed set than reCiprocal crosses BackcrossIng was necessary to produce
seed from hybnds mvolvIng Ae ovata and Ae ventncosa Some ofthe durum x Ae squarrosa
hybnds produced synthetIc hexaplOlds (EI Khhfi et al m prep) Hybnds and BC progerues were
scored for morphology, chromosome compOSitIOn and fertilIty Some of these were further
backcrossed to wheat for developIng HeSSian fly resistant germplasm In Morocco FertIle advanced
backcrosses Will be selfed and homologous gene transfer from the A or D genome ofI
monococcum and Ae squarrosa, respectIvely, to wheat WIll be accomplIshed m future as thIs
matenal IS processed and screened to Isolate deSirable recombInants



11

AdditIOnally, results were obtained that showed that several genes confemng resistance to HessaIn
fly In the US appear to occupy a single lInkage block on wheat chromosome 5A (Ohm et al 1995)
The support of this project for the USPI's program also helped him In wntIng a paper on the hrntts of
Wide croSSing (Sharma 1995a), a paper on the role of students In research (Sharma 1995b), an
invited paper on embryo rescue follOWing Wide crosses (Sharma subrnttted), participating with
students and other sCientists In locating disease resistance genes on wheat chromosomes (Hu et al
1996), and evaluating the near relatives of Wild and pnmltlve wheats for BYDV (Sharma et al
1997c) Please see Project acttvltles/Output sectIOn for publIcatIOn of the results

6 Impact, Relevance and Technology Transfer

The project proVIded developmental assistance to Morocco Dunng the tenure of this grant, a
germplasm enhancement program was started and establIshed at IAV Hassan II for enlargement of
the gene pool ofwheat for pest reSistance, particularly for HeSSian fly reSistance, by Wide crOSSing
through the applIcatIOn of tissue culture and cytogenetic techruques This program extends from
collectIOn ofwIld speCIes all the way to incorporatIOn of useful genes from these speCIes Into wheat
vanetles that farmers grow In Morocco This would Impact wheat productIon In Morocco from the
eventual development of new wheat cultlvars resistant to HeSSian fly and other stresses The
interactIOn due to this project has certaInly had a positive Impact and several of the results and
techruques are being used and some new leads for future research were found Consldenng the
tedIOUS and tIme taking nature of interspecIfic gene transfer, the practical Impact of this research Will
be reahzed In future, but we have made a slgruficant headway In this directIOn dunng the tenure of
this project as we had proposed The project led to the IdentIficatIOn and utIlIzatIOn of resistance for
HeSSIan fly In wIld gene resources for wheat Improvement, espeCially for durum wheat which IS
grown Widely In Morocco but ofwhich there are no resistant culttvars The program In Morocco
was developed to the POint that the Moroccan PI IS now Independently able to conduct this research
and complement the instItute's accomplIshments for agncultural developments The model can be
followed for other traIts In wheat and on other crops as well

The project promoted human resource development and buIlt InstttutlOnal strength for future
Independent gainS by Morocco Rapid advances In technology can make It difficult for the
profeSSIOnals, espeCIally from developing countnes to keep abreast of change (Lindsay et al 1977)
The US has Invested conSiderable resources Into the Improvement ofMoroccan agnculture and
recently there has been more emphaSIS on technology transfer (Shroyer et al 1992) The project
accomphshed the technology transfer component WIth full success It brought Into play new
capablhties and enhanced Morocco's SCIentific capacity to conduct innOvatIve research With new
techruques to solve theIr senous agnculture problems The IAV Hassan II IS the center for
agncultural tralrung and research m Morocco The SCIentIsts at this mstitute understand the local
problems and potentIal ofbIOtechnology to theIr problems BIOtechnology IS a recent addItIOn to
internatIOnal crop Improvement and to be effectIve It must be Integrated WIth conventIOnal
agncultural research and developing countnes often cannot keep pace WIth bIOtechnolOgical
agncultural research (Cohen 1993) The project fulfilled distinct need for a bIotechnolOgical
collaboratIOn between Morocco and the US that encouraged the developing country's researchers to
focus on cntlcal areas oflocal problems (germplasm evaluation and enhancement for pest resistance
through the use of Wide crosses, embryo culture, anther culture and cytogenetIC techruques m this
project) It Introduced new biotechnological tools In the breeding program which was stIll USing
mamly the conventional methods Thus, this kind of research IS uruque and complementary for IAV
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and INRA InterspecIfic crosses were made and used for the first tIme by Moroccan team to transfer
the Hessian fly resistance Much of the world's genetic 1OformatlOn IS camed 10 specIes found 10
develop1Og natIOns Many staple foods have theIr ongms 10 these areas and wIld species are the
subject of chOIce for dIsease and pest reSIstance but the SCIentists have a need to learn to apply
biotechnology to exploIt these reservOIrs ofgenetic vanabIhty The project encouraged Ouafae to
collect the bIOdiverSity of wheat progemtor species 10 her country whIch WIll be useful 10 germplasm
enhancement for Morocoo (Benlhablb et al 1996b) The research on food crops and their relatives
offers prospects of10creasmg yIeld and nutntlOnal quahty by combImng new genetIC traits usmg
hybndization and gene transfer technologIes The project offered trammg to Moroccan SCientIst and
students 10 these areas and enabled them to apply these methods 10 theIr sCIentific endeavor of
developmg pest reSIstant wheat Interspecific hybndizatlOn, embryo rescue, anther culture,
chromosome analysIs and 10terspeclfic hybndization were put mto practIce whIch are now bemg
employed routmely at IAV The Moroccan collaborator actively particIpated 10 the project, obtamed
encourag1Og results 10 Morocco leadmg to publIcatIOns WIth Moroccan researchers as the semor
authors (Benlhablb et al 1996a, 1996b, EI Bouhssim et al submItted, El Khhfi et al 1996, El KhlIfi
et al 10 prep, Fatima et a 10 prep ), and exhIbited a great potential offuture research 10 tlus area of
bIOtechnology She IS aggressively conductmg research through the use ofbIotechnology to Impact
wheat productIon 10 her country The mformatlOn transferred to Morocco wIll also be useful 10

teaclung The project wIll contmue to Impact creation of new knowledge 10 Morocco by research
and use of that 10 agncultural development Ouafae IS now collaborat1Og WIth the molecular biologist
of her mstltute to find molecular markers for useful traits 10 related species for wheat Improvement
WIde cross progemes were produced locally and are bemg evaluated before theIr mcorporatlOn 10

cultivar development As a result of thIs proJect, Ouafae's lab was transformed The research
faCIlItIes 10 her lab became reasonably adequate due to the eqUIpment and supplIes purchased through
thIs project The eqUIpment to be left behInd for the mdependent cont1OuatlOn of the research
program 10cludes a mIcroscope With a camera, an mcubator, a computer, and a dlssect10g
mIcroscope AddItIonally, IAV should have books, reagents and supphes These eqUlpments and
supphes WIll enable Ouafae to contmue the research Faculty and students at IAV are also usmg these
facIhties

In addItIOn to IdentrfY10g and explOItmg alIen germplasm for HeSSIan fly reSistance, we developed
BYDV resistant germplasm through a WIde cross ofwheat With a wheatgrass Some of the alIen
addition and substitutIOn hnes from wheat x A mtermedmm cross were evaluated for fly reSIstance 10
Morocco They were resIstant to Moroccan populatIOn ofHessIan fly and are bemg used 10 natIOnal
wheat breed10g program 10 Morocco Furthermore, translocatlOns developed from the SubstItution
and addition hnes WIll be even more refined matenal for breed10g

7 Project ActIVItIes/Output

The follow1Og papers were publtshed, presented 10 profeSSIOnal meetmgs, or are 10 the pubhcation
process

Sharma HC and Ohm HW 1990 CrossabIhty and embryo rescue enhancement 10 Wide crosses
between wheat and three Agropyron speCIes EuphytIca 49 209-214

Lu CS, Sharma HC and Ohm HW 1991 Wheat anther culture effect ofgenotype and envIronmental
condItIOns Plant Cell, TIssue and Organ Culture 24 233-236
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Sharma HC, Foster JE, Ohm HW and Patterson FL 1992 A note on resistance to Hessian fly
(MayetIOla destructor) [Diptera CecidomYlldae] biotype L m the tnbe Tnticeae Phytoprotection 73
79-82

Ohm HW, Sharma HC, Dwelkat I, Mackenzie S, McFatndge D, Patterson FL, Shaner G, Lister R,
Huber D, BuecWey G, RatclIffe R, Shukle R, Safransla G and Cambron S_1993 Indiana, Purdue
Uruversity Annual Wheat Newsletter 39 269-277

Sharma HC, Benlhabib 0, Ohm HW and Lu CS 1994a Anther culture response of wheat and wheat
x wheatgrass hybnds 1994 Congress on Cell and Tissue Culture (Abstract P-1 090 PO)

Sharma HC, Ohm HW, Lister RM and Benlhabib 0 1994b ReactIOn of wheat -Agropyron hybnds
denvatives to BYDV Barley Yellow DwarfNewsletter 5 10

Sharma HC, Ohm HW, Goulart L, Lister Rand Appels R 1994c IntrogressIOn ofBYDV resIstance
from a wheatgrass mto wheat 2nd Inti Conf, Plant Genome II, p 61

Sharma HC and Wames JG 1994 Inhentance ofleafpubescence m diplOid wheat J Hered 85
286-288

Ohm HW, Sharma HC, Goulart L, and Lister R 1994 IntrogressIOn ofbarley yellow dwarf ViruS
resIstance from wheatgrass mto wheat Indiana Crop Improvement AsSOCIatIOn Conf, IndIanapolIs,
Feb 3-4 (poster presentatIOn)

Bentika A 1994 Evaluation ofdurum and wild wheats for resIstance to HeSSIan fly MS ThesIs IAV
Hassan II, Morocco

Hmoud R 1994 AnalYSIS of chromosome numbers and plant morphology ofbackcross denvatives
from Wide crosses between wheat and Agropyron speCIes MS TheSIS, IAV Hassan II, Morocco

Sharma HC 1995a How Wide can a WIde cross be? Euphytica 82 43-64

Sharma HC 1995b PublIcatIOn trends m Crop SCIence Journal and role of students m research
publIcatIOns J Natural Resources and Life SCI EducatIon 24 197-199

Sharma HC, Ohm HW, Goulart L, Lister R, Appeis R and Benlhabib 0 1995 IntrogressIOn and
charactenzatIOn ofbarley yellow dwarfVlrus reSIstance from Thmopyrum mtermedmm mto wheat
Genome 38 406-413

El Ouafi I 1995 CaractensatIOn et evaluatIOn d'une collectIOn Marocame d'Aegtlops spp £t de
certames acceSSIOns T monococcum, crOlsements mterspeclfiques ble (T durum, I aestivum) x I
monococcurn These de 3erne cycle, IAV Hassan II

Houan A 1995 EvaluatIOn de la reSIstance ala Cecidomyudae d'un germpIasrne de ble et d'especes
apparentees et etude des mecarusrnes de reSIstance de la vanetes Massira These de 3erne cycle, IAV
Hassan II
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Rafiql K 1995 Analyse d'hybndes mtergenenques I durum x Aegtlops spp et tests prehmmmre de
production de plantes haplOldes chez Ie ble dur et les Aegtlops These de 3eme cycle, IAV Hassan II

Ohm HW, Sharma HC, Patterson FL, Ratchffe Rand Obanru M 1995 Linkage relatlOnshtps among
genes on wheat chromosome 5A that conditIOn resistance to Hessian fly Crop Sc 35 1603-1607

Ohm H, Anderson J, Berzonsky W, Dwelkat I, Mackenzie S, McFatndge D, Patterson FL, Sharma
HC, Buechley G, Huber D, LIster R, Perry K, Shaner G, Maas F, Ratchffe R, Shukle R, SafransIa G,
Cambron S and Stuart J 1995 Indiana, Purdue Uruverslty Annual Wheat Newsletter 41 225-232

Sharma HC and Ohm HW 1995 Wheatgrass based BYDV resIstance m wheat USDA-ARS
BYDV Workshop St LOUIS, Mo, May 10-11 p 7

Sharma HC, Benlhablb 0, Jekkel Z and Ohm HW 1996a Anther culture and concorrutant ovule
culture m wheat x wheatgrass hybnds and wheat Am Soc Agronomy 88 160

Sharma HC, Ohm HW, Jekkel Z and Benlhablb 0 1996b Effect of concorrutant ovule culture on
anther culturabIhty ofwheat and wheatgrasses 1996 World Congress on In VItro BIOlogy, San
FrancIsco, CA, p 84

BenlhabIb 0, Hmoud R and Sharma HC 1996a Analyse cytogenetlque de descendants
mtergenenque entre Tnticum aestivum et Agropyron spp Actes IAV, Maroc 16 27-32

Benlhabib 0, Nachtt M and EI BouhsSIru M 1996b Collecte et utilisation des especes Aegdops
apparentes dse cerels In Proc SEWAN Network Meetmgs, IAV Hassan II, Rabat, Dec 6-7

Sharma HC 1996 Mamtenance of haplOId genome of Agropyron Junceum m wheat Wheat
InformatIon Service 83 21-24

Hu X, Bostwick D, Sharma HC, Ohm HW and Shaner G 1996 Chromosome and chromosomal
arm locatIOns ofgenes for Septona glume blotch m wheat cultivar Cotipora Euphytica 91 251-257

EI Khhfi 0, Benlhablb 0, Nachtt M and Sharma H 1996 CrOlsement mterspeclfique entre Ie ble dur
(Tnticum durum) et drfferentes especes d' Aegtlops In Proc SEWAN Network Meetmgs, IAV
Hassan II, Rabat, Morocco, Dec 6-7

Crasta 0, FrancIa M, Greene A, Bucholtz D, Sharma HC, Ohm HW and Anderson J 1996
Molecular charactenzatlOn ofThtnopYrum chromatm m wheat toward targeted mappmg 2nd Int
Crop SCI Congress, Nov 17-24, New Dellu

Sharma HC, Ohm HW and Perry K 1997a RegIstratIOn ofbarley yellow dwarfVlfUS reSIstant wheat
germplasm hne P29 Crop SCI 37 1032-1033

Sharma HC, Ohm HW, Patterson F, Benlhablb 0 and Cambron S 1997b GenetICS ofreSIstance to
HeSSIan fly (MayetlOla destructor) bIotype L m diplOId wheats PhytoprotectlOn 78 61-65

Sharma HC, Ohm HW and LIster R 1997c ReactIOn ofnear relatIves ofwheat to P-PAV Isolate of
BYDV BYD Newslett 6 7-8

I
I,
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Anderson J, Crasta 0, Francia M, Bucholtz D, Sharma HC and Ohm HW 1997 Molecular and
cytogenetIc analysIs of potentIal translocatIOn lInes contammg Thmopyrum mtermedmm
chromosomal segments Plant and AnImal Genome 5 90

Ohm H, Anderson J, Berzonsky W, Dwelkat I, McFatndge D, Patterson FL, Sharma HC, Buechley
G, Goodwm S, Huber D, Perry K, Shaner G, Cambron S, Maas F, RatclIffe R, Shukle R, Stuart J
and WIllIams C 1997 IndIana, Purdue Uruverslty Annual Wheat Newsletter 43
http //www ksu edu/wheatpage/

Francia M, Crasta 0, Sharma HC, Ohm HW and Anderson J 1997 Structural orgamzatlon of an
alIen group 7 Thmopyrum mtermedmm chromosome m US soft wmter wheat Genome 40 716-722

Sharma HC Embryo rescue followmg wide crosses In Plant cell culture protocols, Molecular
bIlogy senes In press (submItted by mVltatlon of the editor)

Anderson J, D Bucholtz, A Greene, M Francia, S Gary, H Sharma, H Ohm and K Perry
CharactenzatlOn ofwheat-denved barley yellow dwarf ViruS resistance m wheat alIen chromosome
substitution lIne Phytopath Accepted for publIcation

EI Bouhssim M, Benlhabib 0, Bentika A, Sharma HC and LhaloUl S Sources of resIstance m
Tnticum and Aegdops specIes to HessIan fly (Dlpter CecldomYlldae) m Moroccco Arab J Plant
ProtectIon SubmItted

Sharma HC, Francia M, Crasta 0, Gyulal G, Bucholtz D, Ohm HW, Anderson J, Perry K, and
Patterson FL CytologIcal and molecular charactenzatlOn wheat lInes WIth Thmopyrum mtermedmm
chromosome addItIOns, substItutIOns and translocatlons reSIstant to barley yellow dwarf VIruS
Euphytlca SubmItted

Sharma HC, Benlhablb 0 and Ohm HW Anther culture and chromosome reductIOn tn wheat x
Thmopyrum wide crosses In preparatIOn a

Sharma HC, Z Jekkel, 0 Benlhablb and Ohm HW Effect of conCOmItant ovule culture on anther
culturablhty m wheat and wheat x wheatgrass backcrosses In preparatIon b

Crasta 0, M Francia, D Bucholtz, G Zhu, HC Sharma, H Ohm and J Anderson IdentIficatIon and
molecular charactenzatIOn wheat-wheatgrass translocatIOn lmes and localIzatIon ofBYDV resIstance
on the ahen chromosome In preparatIon

FatIma et al Androgemc potentIal companson m durum wheat effect of ovanes and relatIOnship
WIth protems and permadases Plant Cell, Tissue and Organ Culture In preparatIon

EI Khllfi 0, Benlhablb 0, Sharma HC and Madia M ReCIprocal dIfferences m mterspecIfic cross
between durum wheat and Aegdops ovata to transfer resIstance to HeSSIan fly In preparatIon

Also, an article on an overvIew oftms USAID-supported mternatlOnal collaboratIve project between
Morocco and the US was publIshed m a natIonal Journal m Morocco (Agro Vet Magazme, 1996) As
WIll be seen from the pubhcatlOns, the overseas collaborators secured faIr credIt for therr
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partIcIpatIon In the research The funding promoted several addItIOnal aspects of our research and
some of the above publtcatIOns show the on-gOing research where thts project fitted and provIded
assIstance to the research program of the USPI In addItIOn to enhance collaboratIon and technology
transfer to Morocco Repnnts of some of the publIcatIOns have been sent WIth the annual reports
Those of some others are enclosed WIth tlus report

Dunng the tenure of thts project, the USPI attended IntI PI Path Meeting In Montreal, IndIana
Crop Improvement AssocIatIOn Conference m IndIanapolIs, Amencan Soc of Agronomy meetings m
IndIanapolIs, BYDV Workshop In St LOUIS, Stadler GenetIcs Symp m ColumbIa (Mtssoun), and
World Congress on In VItro BIology m San FranCISCO and Washington Moroccan PI attended
Wheat Workshop m ICARDA She orgamzed thIrd SEWANA (South Europe West ASia North
Mnca) network meetings In IAV Hassan II We presented some of our work In these meetmgs

Two VISIts by Ouafae to the US and two VISItS by Han to Morocco were undertaken WIth these
VISIts, the Moroccan SCIentIst learned the technIques for technology transfer The traImng/skIlls were
Imparted to conduct on-statIon and on-farm expenmentatlOn ConSIderable tIme was devoted on
consultatIOn and training, dISCUSSIon and planmng the expenments, conducting some of the
expenments together, bUying eqUIpment, reagents and supplIes for Dr BenlhabIb's lab Thts traImng
In technIque development, technIque use and lIterature search In the area of ttssue culture and
cytogenetIcs was necessary for Moroccan counterpart to be able to actIvely partICIpate In the project
and to ImtIate SImIlar work In Morocco The technIques she learned Included preparatIOn ofcells and
slIdes for chromosome analySIS of WIde crosses, preparatIOn ofvanous stocks and workIng solutIOns
for embryo culture and anther culture, reagents formulatIOns for cytology and tIssue culture medIa,
cultunng anthers ofWIde hybnd denvatIves, and handling research data and report files on computer
Ouafae mastered these technIques m the US and set up and fine-tuned these procedures In Morocco
As she worked on each techruque, she kept makIng lIst of the reagents and supplIes reqUIred and then
purchased these Subsequently she tramed her staff and students In these technIques Arranging
exchanged VISItS, synchromzIng expenments WIth the VISitS, Imparting hands-on training/consultatIOn,
purchasing and shtppIng eqUIpment and supplIes were slgmficant mvestment accomplIshments of thts
project In strengthemng IAV Hassan II m Morocco The tralmng enabled the IAV sCientists to
evaluate and apply new techruques In their program These Will get extended to other programs m
Morocco through the tratned students and Dr Benlhablb's interactIOn WIth other researchers
Training such as thts IS a way to acqUIre and dlffiIse bIotechnology by a developing country

The tralmng In technology was acqUIred by the Moroccan SCientIst dunng the first year (1993) at
Purdue Umverslty The USPI VISIted Morocco In 1994 to faCIlItate technology establIshment and to
consult on hurdles In thIs process He worked WIth Ouafae and her students In preparmg statns,
sconng callus, cultunng WIde cross embryos and anthers, prepanng slIdes for chromosome counts
from callus and seed-denved plants, performmg WIde hybndlzatlOn between wheat and ahen speCIes
m the nursery, transplantmg HeSSIan fly reSIstant plants from field to greenhouse for seed mcrease
and hybndlzatlOn, Impartmg needed gUIdance, and answer to their problems The vanous supplIes
and eqUIpment along WIth technIcal tralmng and reCIprocal VISItS by the Moroccan and US
inVestIgators constItuted the major component of technology transfer enablIng the Moroccan
SCIentist to start actIvely partiCIpate m the proJect, enhance her research capabIlItIes and start
developmg sundar program of her own Dunng the USPI's VISit to Morocco m 1994, we also solved
the problems related to photography and stam preparatIOn for cytogenetICS Dunng thIs VISIt,
Sharma also met WIth Ouafae's four students (Hmoud, Oum, Ahmed, EI Khhfi), as well as A
Ouassou (wheat and barley breeder), M'hmed Sedratl (DIrector ofIAV), N ASSalI (molecular
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bIologIst/phySIOlogIst), M EI Bouhssmi (EntomologIst), M El Yamaru (vIrologISt), Nasralla (durum
wheat breeder), M'hmed Hanafi (USAID nuSSlOn advIsor), C Uphaus (USAID nussion cluet) to
accomplish project goals, appnse about the project, learn about theIr actIvItIes and/or build Imkages
for future collaboratIon Dunng 1996, Oufae VISIted Purdue Uruversity to consult and dISCUSS field
and lab results, analyze data and prepare manuscnpts and reports Dunng thts VISIt, she also
mastered the chromosome pamng techruque and mterpretation of the data gathered by thts
techruque She also met WIth Purdue UruversIty's budget office to reVIew the expendIture reports,
purchased research supphes and consulted hterature m library Fmally, the USPI dunng early Apnl,
1997 vIsIted Moroccan mvestigator's lab m IAV Hassan II, her collaboratIve work WIth INRA
(Settat), and field plots Thts provIded an opporturuty to carry out mterspecific crosses m Morocco,
work on manuscnps, further ensure technology transfer to run the program on relatIvely more solid
and mdependent basIs, make demonstratIOn on chromosome bandmg that Dr Ouafae and her
students (El Khhfi, Dana, Htslander) would need for allen chromatm IdentIficatIOn as they move
forward m theIr research WIde hybndizatlOn m nursery and chromosome bandmg m lab were also
attended by other students/staff (FatIma, Sadia and Bushnell) These techruques and mteractlOns
would further enhance Morocco's research capablhtles and future collaboratIon probabilIty WIth the
US sCIentIsts Dunng thts VISIt, we also started workmg on our final report

FIve students m Dr BenlhabIb's lab worked on thts project related research and prepared and
defended theIr dIssertatIons Two more students are workmg toward theIr degrees, respectIvely, on
blOtechnologlcal research lrutlated dunng the tenure of thts project Thts IS a proof of success ofour
efforts on technology transfer

8 PrOject ProductIVIty

Several of the goals of the project were accomplished along WIth much beyond the goals m certam
areas As WIll be eVident from our publIcatlOns, we, IdentIfied allen sources of reSIstance to HessIan
fly and dIseases m wheat relatIves, understood the genetIc and chromosomal baSIS of some, and
explOited techruques to transfer these traIts for germplasm enhancement of wheat We evaluated and
utIlIzed techruques m WIde crosses leadmg to the mcorporation ofalIen chromosomes carrymg new
genes mto wheat for reSIstance to HessIan fly, BYDV, and possIbly to other stresses as WIll be found
m future The project established and enhanced collaboratIon between Purdue Uruversity and IAV
and accomphshed the technology transfer component successfully

Some eVIdence was obtamed through thts project that IsolatlOn of mdIvldual chromosomes of ahen
specIes m the form of allen chromosome addItIon hnes from WIde crosses through anther culture will
be feasIble and more effiCIent than conventlOnal backcrossmg The response of pollen to form callus
and calh to form plantlets was low due to pollen stenhty of mtergenenc hybnds and poor anther
culturablhty of theIr wheatgrass parents m addltlOn to impreCIse melOtic stage at culture, less than
perfect culture media and environmental conditlOns, and these bemg grasses Anticipatmg low anther
culture response, we had proposed to obtam allen addItlOn hnes through backcrossmg for germplasm
development Thts provIded companson WIth the anther culture work, and allen
addItIon/substItutIon lines were developed and charactenzed that are reSIstant to BYDV and
Moroccan HessIan fly, and one of these was released as germplasm Germplasm evaluatlOn for
HeSSIan fly m Morocco was not pronusmg dunng the thtrd year (1994-95) due to drought However,
we already had IdentIfied a number of reSIstant acceSSIons for mterspecific crossmg work
EstabhsIung crop was somewhat dIfficult m Morocco dunng the fourth year (1995-96) Gene
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transfer from wheat x I monococcum did not go as fast as we had anticipated That backcrossmg
wheat x I monococcum to wheat IS very hard has been observed by Cox et al (1991) also who got
only 0 5-1 5% seed set and that too with one genotype

9 Future Work

We would lIke to follow some of the research aspects that remam m progress We would lIke to
sublTIlt our remalmng manuscnpts for pubhcatlons After a detaIled charactenzatIOn of wheat x
wheatgrass-denved translocatlons, we Will Identify and use those m breedmg that Will have the trait
and the smallest amount of chromatm from the wheatgrass In the germplasm enhancement program
Imtlated m Morocco, several activities are bemg previewed for the few cOffilTI1ng years Screemng the
AegIlops collection for other Insects, diseases and abiotiC stresses, advancmg and testIng the
progemes ofwheat x Aegllops species crosses and wheat x T monococcum crosses, studymg the
genetic control resistance, developmg addition/substitutIOn lInes, effectIng gene transfer, and
mcorporatIng newer molecular cytogenetic techmques for detectIOn of alIen gene mtrogresslon

The grant award was very encouragmg for our research, and InternatIOnal cooperation/development
We are very pleased with our progress, results and collaboratIOn We are very thankful to
AIDIBOSTID for approvmg our project and provldmg assistance and guidance throughout ItS
executIon We are very much Interested In mamtatmng the collaboratIOn and a molecular biologtst
and a VIrologIst In Morocco are ready to be a part of a future collaboratIve research We would
appreCIate recelvmg AID's future announcements sohcltmg research grant proposals
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