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EXECUTIVE SUMMARY 

Project obJectives To reveal the genetIc baSIS of UnIque reSIstance to water stress m WIld barley, 

Hordeum spontaneum, from Israeh desert populatIOns, as a potentIal source for a radIcal Improvement 

of cereals drought reSIstance ThIS mcludes IdentIficatIOn of phYSIOlogIcal mechanIsms of drought 

reSIstance of desert wIld barley and genetIc dIssectIOn (QTL mappmg) of the revealed dIfferences 

between reSIstant and susceptIble genotypes 

ProJect findmgs over the first year SIgnIficant dIfferences were found between the parental 

genotypes of the mappmg populatIOn (desert WIld barley and cultIvated barley) m response to drought 

stress, manIfested m few phySIOlogICal traits, mcludmg osmotIC adjustment Currently, a prelImmary 

lInkage map of 90 DNA markers have been constructed ThIS allowed us to conduct the first mappmg 

of drought reSIstance genes evolved m the desert barley (m chromosomes 4, 6 and 7) 

ContrIbutIOn to the proJect ObJectIves and mternatIOnal development the results of the first year 

proved the effiCIency of the chosen strategy of taggmg UnIque drought reSIstance genes from IsraelI 

desert barley The final results wIll be of hIgh theoretIcal and practIcal Importance The theoretIcal 

Importance IS due the need of understandmg the molecular-genetIc baSIS of plant survIval at edge of 

lIfe The used wIld barley plants cope WIth as low as 100 mm year ramfall The practIcal Importance IS 

m the fact that mappmg of UnIque reSIstance WIll generate DNA markers flankmg the target genes, 

enablmg marker-assIsted mtrogressIOn of reSIstance genes from WIld progenItor to modern cultIvars 

Nature of collaboratIOn FruItful relatIOnshIps have been establIshed between the partners based on 

complementatIOn of the strong aspects of each group ThIS mcludes the IsraelI expenence of molecular 

marker analYSIS and genetIc mappmg, QTL mappmg analYSIS, and drought reSIstance phYSIology at 

the cell and seedlIng levels The Almaty group IS good m field expenmentatIOn and plant phYSIOlogy 

at the whole plant level ThIS complementatIOn was already used to achIeve the project objectIves 

LIkeWIse, members of the Almaty group partICIpated durmg theIr trammg VISItS m molecular marker 

sconng These VISIts proved to be very useful m both learnmg the technIques and generatmg data 
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SECTION I 

A) RESEARCH OBJECTIVES 

WIld relatives of many cultIvated plants, mcludmg wIld barley, Hordeum spontaneum, have 
long evolved m the Near East FertIle Crescent across a wIde ecologIcal range ThIS generated a nch 
spectrum of adaptIve dIverSIty to multIple dIseases, pests and ecologIcal stresses, mcludmg drought 
(Nevo 1992) The objectIve of our research IS to reveal the genetic basIs ofumque reSIstance to water 
stress m wIld barley, Hordeum spontaneum, from IsraelI desert populatIOns, as a potentIal source for a 
radIcal Improvement of drought resIstance ThIS mcludes IdentIficatIOn of physlOloglCal mechamsms 
responsIble for drought resIstance of desert ecotypes of H spontaneum and genetIc dIssectIOn (QTL 
mappmg) of the revealed dIfferences between resIstant and susceptIble genotypes 

B) RESEARCH ACCOMPLISHMENTS 

Over the past twelve months, the research has been focused on (1) phYSIOlogIcal phenotypmg and (2) 
molecular-marker genotypmg of the parental hnes and one of the two target F4 mappmg populatlOns 
ThIS mcluded 

(a) DNA extractIOn and DNA-template preparatIOn for both sequence-tagged SIte (STS) and 
amplIfied fragment length polymorphIsm (AFLP) and testmg the parental genotypes for 
polymorphIsm of molecular markers, STS (sequence tag SItes) and AFLP, 

(b) sconng the mappmg populatlOn for molecular markers and constructlOn the molecular map, 
(c) phYSIOlogIcal scormg of parental genotypes and the mappmg populatlOn for resIstance-related 

traIts at the seedlIng stage, 
(d) prepanng a second mappmg populatlOn based on a cross between Israeh desert genotype of H 

spontaneum and Kazakh cu1tIvar 
Important progress has been made, as WIll be shown m sectlOn Results (after the sectIOn of 

MaterIal & Methods) 

Matenal and Methods 

(I) Plant materIal WIld barley (H spontaneum) genotype 23-39, orIgmated m WadI QIlt, a desert 
populatlOn from Israel (100-250 mm annual ramfall) was crossed to H vulgare cv Mona (SwedIsh 
cuitivar) A mappmg populatlOn of 152 F4 famIlIes was establIshed for QTL mappmg of phYSIOlogIcal 
characters related to drought stress 

(11) PhyslOloglcal characterIzatlOn At the first stage of thIS proJect, the dIfferences between the 
two parents m reSIstance to a umform water defiCIt and the underlymg mechamsms were mvestIgated 
m an envIronmentally regulated growth chamber The parents and later the F4 mappmg populatIOn 
were tested to drought reSIstance traIts and dehydratIOn reSIstance (a) Drought resIstance the 
conditlOns m the growth chamber were 12 h photoperIod (35 W m 2 PAR), 25±loc, RH 35% day, 
60% mght Seedlmgs were grown hydropomcally m controlled greenhouse and stressed by 
polyethylene glycol (PEG 6000) at -04 MPa external water potential Water defiCIt was gradually 
Imposed by PEG to the root nutnent solutIOn PEG was used as an osmolyte because It IS an mert, 
non-tOXIC and non-penetratmg solute m plant research, unlIke other osmolytes such as manmtol, 
sodIUm chlonde and sugar All measurements were made at 37 d after the onset of PEG treatments 
Assays of phYSIOlogIcal responses to a umform water stress at the whole-plant and cellular levels 
mcluded Shoot bIOmass under stress (g), Shoot bIOmass as % of control, Leaf relative water content 
(RWC, %), Osmotic potential under stress (measured m MPa), OsmotIC adjustment (MPa) Leafwater 
relatlOns were measured m the mIddle mature tissues of the last fully expanded leaf The abIlIty to 
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resIst drought was evaluated based on two cntena absolute bIOmass productIOn under stress (mg per 
plant) and relatIve reductIOn m bIOmass by stress (%, calculatmg as (1- BdlBc) x 100%, where 
Bd=blOmass under stress and Bc=control bIOmass) (b) DehydratIOn resistance EstImated by 
treatment of severe water defiCIt, whIch was Imposed at the young seedlmg stage The followmg 
parameters were assayed m the mappmg populatIOn VIabIlIty after rewettmg (%), Number of new 
adventltIOus roots, MaXImal root length (mm), Total root length per seedlmg (mm) 

(Ill) Molecular-genetic characterizatIOn (a) Sequence tagged sIte (STS) 130 paIrs of STS 
pnmers, kmdly proVIded by Dr T Blake (Montana UmversIty), were used to amplIfy sequences from 
genomIc DNAs of Hordeum vulgare cv Mona and Hordeum spontaneum WadI QIlt PCR 
amplIficatIOn was done accordmg to Tragoonrung et al (1992) and Blake et al (1996) The PCR 
products of samples were separated m I 2% agarose gels to detect msertIOn/deletIOn polymorphlsms 
To detect base substltutIOn polymorphlsms, 12 j.ll of the PCR products after amplIficatIon were 
subsequently dIgested WIth I 5 umts of the four-base restnctIOn endonucleases Msel (or Trull), 

HaelII, Hhal, HmjI, Mspl, Rsal, Ddel, and Taq'1 DIgested fragments were separated on 8% 
polyacrylamIde gels (29 1) (b) Amplified/ragment length polymorphism (AFLP) AFLP generate a 
large number of molecular markers WIthout any prevIOUS knowledge of the genetIc constItutIon of the 
genotypes under mvestIgatIOn (Vos et al 1995) Compared WIth other DNA markers, AFLP has 
proved to be very powerful and effiCIent for generatmg hIgh polymorphIsm m (QI and Lmdbout 
1997) The AFLP techmques that we used to screen out the pnmer combmatIOns whIch can 
dIfferentIate parental genotypes m barley are mmor modIficatIOns of those descnbed by VOS et al 
(1995) and QI and Lmdhout (1997) GenomIC DNA from the two parents were double dIgested WIth 
EcoRIlMseI at 37°C and then adapters were lIgated to the dIgested DNA For the pre-selectIve PCR, 
EcoRI+A and MseI+C pnmers were used GradIent electrophoreSIS was employed AFLP templates of 
four reference genotypes m barley (Nudmka, Morex, Stepteo and Proctor) after the pre-selectIve PCR 
were kmdly prOVIded by Dr Ql (Wagenmgen), and amplIfied WIth the pnmer combmatIOn E35M48 
TheIr AFLP fingerpnnts were demonstrated m QI et al (1997) at SIte 
http Ilgram 10UY mra frlggpages/QI, and here used as mternal reference lanes 

(IV) QTL analYSIS A novel mappmg analYSIS of multIple trait complexes, whIch IS effiCIent WIth 
correlated quantItatIve traits, was developed and used to mcrease the resolutIon power of QTL 
mappmg ThIS techmque IS employed on the baSIS of mIxture models WIth a smgle QTL and lmked 
QTLs per marked chromosome (Korol 1998, Romn et al 1999) The mam algonthms of our multIple 
trait mappmg strategy are Implemented m the form of mteractive package MultzQTL and enable users 
frIendly data treatment aSSIsted by maSSIve Monte-Carlo SImulatIOns, bootstrap analYSIS, etc These 
tools are developed by collaboratIve efforts of the InstItute of EvolutIOn and a team workmg m a 
TechnologIcal Incubator (L N InnovatIve TechnologIes LTD, HaIfa, Israel) under general supervISIOn 
of Prof Korol The current verSIOn of MultzQTL can be downloaded from the webSIte 
www multzqtl com 

RESULTS 

1 Drought related traIts The tIller number and the shoot fresh weIght of the unstressed control 
plants dIffered between the two parents, but other phYSIOlogIcal parameters assayed were SImIlar For 
example, after 5-week growth under control condItIOns, each shoot m cv Mona weIghed 307 9 ± 22 0 
mg DW 1, not dIfferent from 3442 ± 266 mg DW 1 m WadI QIlt 23-39 (means ± SE, n=lO) 
However, when subjected to -0 4 MPa root water defiCIt, shoot growth m cv Mona (on the baSIS of 
dry weIght) decreased by 85 2% compared WIth control plants The shoot growth m WadI QIlt 23-39 
was mhibIted (74 8%, p=O 01) by the same root water defiCIt In addItIon, the stressed plants of WadI 
QIlt 23-39 produced much hIgher bIOmass at the whole-plant level than Mona (p=0 01) The 
phYSIOlogIcal companson of cellular and whole plant responses to umform water defiCIt between the 
cross parents H vulgare Mona and H spontaneum 23-39 IS represented m FIgure I and Table I Thus, 
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the cntena for reSIstance evaluatIOn IndIcated that wIld desert progemtor IS much more 
drought-tolerant than the cultIvar Mona By comparmg and contrastmg the cellular responses to water 
deficIt In mtact plants, the mechamsms underlYIng drought-tolerance strategy In WadI QIlt 23-39 
appeared to be related to hIgher abIlIty of osmotIc adjustment In the response to -0 4 MPa water 
deficIt, full osmotic adjustment was achIeved In the last fully expanded leaf tissues of WadI Qllt 
23-39 In contrast, the expanded leaf tIssues of cultivated barley cv Mona compensated for only 
62 5% of the 0 4 MPa change In external water potential dunng the same penod As a result, the 
osmotIc potentIal gradIent between the last fully expanded leaf and the root water source m WadI Qilt 
23-39 was 1 33 MPa, that IS sIgmficantly hIgher than 1 09 MPa In Mona (P < 005) Leaf relative 
water contents m the stressed plants of WadI QIlt 23-39 and Mona were respectIvely 87 5 ± I 1% and 
82 0 ± 0 9% Both values were also dIfferent at the sIgmficance level of p=O 01 

The foregomg results allow us to conclude sIgmficant dIfferences m reSIstance to eIther 
moderate drought stress (at -0 4MPa PEG) or severe dehydratIOn stress are mamfested between wIld 
barley mhabItmg desert enVIronments (WadI QIlt 23-39) and cultIVated barley (cv Mona) Cellular 
phYSIOlogIcal mechamsms underlymg theIr dIfferent reSIstance appeared to be related to theIr osmotIc 
adjustment abIhty under drought condItIons DIstnbutIOn patterns of the mappmg populatIOn relatIve 
to the parental genotypes for some of the reSIstance scores are shown m FIg 2 (see the Appendr<:) 

2 Molecular marker analYSIS 
(1) Sequence-tagged-slte (STS) Of the sets of STS tested pnmers, 53 pnmer paIrs dId not amplIfy 
eaSIly dIscernIble fragments from the genomIC DNAs of both parents, 11 pnmer pairs amplIfied peR 
products from only one of the two parents, as shown In Table 2 Totally 66 sets of STS pnmer paIrs 
gave clear amplIficatIOn products In both parents, of whIch five dIrectly dIfferentiated between cv 
Mona and WadI QIlt 23-39 based on 1 2% agarose-gel electrophoreSIS (ABC302 1, BCD402 1, 
ABG004, ABC156 1, BARGI0) For example, amphfied DNA fragments from ABG004 pnmers 
IdentIfied an InsertIOn/deletIOn polymorphIsm When thIS pnmer paIrs was used, a smaller fragment 
(380bp) was amphfied from cv Mona, whIle a comparatively bIgger fragment (450bp) was produced 
from WadI QIlt 23-39 In addItIOn, BARG 10 pnmers amphfied only one fragment-In cv Mona 
(approXImately 350bp) Clearly, the STS pnmers whIch generated dIStInCt band-SIze polymorphIsm 
can be dIrectly employed to score the mappIng populatIOn In barley However, the PCR products 
amplIfied WIth 61 pnmer sets dId not show fragment SIze polymorphisms between the two parents on 
1 2% agarose gels They were consecutively dIgested WIth dIfferent four-base cutters and 
electrophoresed on 8% polyacrylamIde separatmg gels RestnctIOn SIte polymorphlsms were 
IdentIfied after the dIgestIOn of amplIficatIOn products WIth 57 pnmer sets (FIg 3) On the PCR 
fragments amplIfied WIth the remaInIng four pnmer sets (ABC305, ABG378, ABG379 and ABG054), 
the DNA recogmtIOn sequences of eIght restrIctIOn enzymes here used dId not appear to be flanked 
Thus, after the dIgestIOn of amplIficatIOn products, no restnctIOn fragment SIte polymorphlsms were 
generated between the two parents 
(2) Amplified Fragment Length Polymorphlsm (AFLP) WIth maJonty of the 42 pnmer 

cOmbInatIOns, about 90 DNA fragments were totally generated from the two parents However, the 
number of amplIficatIOn products WIth the same pnmer combmatIOn was sIgmficantly dIfferent In 
each parental genotype For example, the SIX pnmer combmatIOns labeled WIth the rare-cutter E45 
(EcoRI +ATG) amplIfied VIsual AFLP fragments of 80 4 ± 49 In cv Mona and 696 ± 53 m WadI 
QIlt 23-39 (mean ± SE, n=6) ThIS IndIcated that the two parents are dIverse, m spIte of theIr same 
genome SIzes (IC=5 lx109 bp, Bennett and LeItch 1995) On the baSIS of the number of AFLP 
fragments (out of 42 tested), the polymorphIsm rate and the feaSIbIlIty of marker sconng, eIght pnmer 
cOmbInatIOns WIth the best amplIficatIOn have been screened out to analyze the barley mappIng 
populatIOn, whIch are gIVen below- E33M48, E33M54, E35M48, E35M61, E38M55, E40M54, 
E42M62, E45M49 (Example see at FIg 4) 
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3 GenetIc map constructIOn and prehmmary QTL analysIs Currently, the prelImmary lmkage 
map of 152 F2 mappmg populatIOn (genotypes F2 represented by F4 famIhes), constructed by 
MAP MAKER verSIOn 3 Ob showed 11 lmkage groups assIgned to the 7 barley chromosomes At 
present, thIS rough map contams 87 AFLP markers and 2 STS locus (aABC160 on chromosome IH) 
and covered 17692 cM SegregatIOn of alleles at each locus was checked agamst the expected ratIO 
(3 1 and 1 2 1 for AFLP and STS markers, respectively) usmg a chI-square test at the level ofp=O 05 
The mam target of thIS part of our actiVIty for the second year WIll be to add codommant STS markers 
(at least 3-4 per each chromosome) LIkeWIse, we plan to take advantage of recently developed for 
barley microsatelhte markers (about 150 such markers are aVaIlable at the InstItute of EvolutIOn due to 
our mternatIOnal collaboratIOns) Smgle traIt mterval mappmg analYSIs was conducted usmg our new 
QTL mappmg package (currently developed based on fundmg from IsraelI Mmistry of Commerce and 
Industry) The first trIals have already revealed four QTLs affectmg (a) Dry WeIght (DW) on 
chromosomes 4 (P=O 004), (b) OsmotIC PotentIal (P=O 07) and RelatIve Water Content (RWC) on 
chromosome 6 (P=O 011), and (c) Total Root Length after dehydratIOn on chromosome 7 (P=O 008) 
(see FIg 5) The sIgmficance level was evaluated usmg permutatron test WIth 10,000 permutatIons for 
each case (these results were presented as a poster at the 4th Gatersleben Research Conference Plant 
GenomIcs, Structural, FunctIOnal and applIed Aspects June 17-21, 1999 Schlob MelsdorflHarz and 
IPK Gatersleben, Germany) 
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c) SCIENTIFIC IMPACT OF COLLABORATION 

The first year has demonstrated a frUItful collaboratIOn between the partner teams proved by the 
nchness of the generated data In partIcular, thIS was mamfested m a complementatIOn of the strong 
aspects of each group The IsraelI team has accumulated a good expenence of molecular marker 
analYSIS and maker mappmg, QTL mappmg analYSIS and drought reSIstance phySIOlogy at the cell and 
seedlIng levels The Almaty group IS strong m field expenmentatIOn and plant phySIOlogy at the whole 
plant level In practIce, two members of Almaty group partIcIpated durmg theIr trammg VISItS m 
molecular marker scormg (Mr S Sersenbayev) and scormg phYSIOlogIcal traits (Dr N Ryabushkma) 
The accumulated expenence WIll be used by these SCIentIsts for advancmg the second mappmg 
populatIOn LIkewIse, the SCIentIsts at Almaty conducted prelImmary field scormg of the candIdate 
mappmg populatIOns that WIll aSSIst m makmg a JustIfied chOIce of the second mappmg populatIOn as 
well as m further sconng of both mappmg populatIOns under drought stress condItIons charactenstIc 
to Kazakhstan 

D) DESCRIPTION OF PROJECT IMPACT 

Although It IS premature to expect a real usage of the obtamed results after the first year of the project 
start, It IS clear that the final results of the project WIll be of hIgh theoretIcal and practICal Importance 
The theoretICal Importance IS due pnmanly to the umque drought reSIstance mamfested by the used 
Israeh desert genotypes of H spontaneum The genetIC dIssectIOn of thIS reSIstance and testmg for 
comcIdence WIth already IdentIfied dehydrm genes WIll open the pOSSIbIlIty to clone new umque 
alleles of drought reSIstance genes These WIll be of Importance not only for barley Improvement, but 
for all cereals Note, that the foregomg barley genotypes are able to cope WIth as low as 100 mm 
ramfall per year The ImmedIate practIcal Importance of the obtamed results IS m the fact, that dIrect 
mappmg of the umque reSIstance WIll result m definmg molecular markers flankmg the key reSIstance 
genes, hence allowmg for marker-assIsted mtrogressIOn of the reSIstance genes for the wIld progemtor 
to modem cultIvars 

E) STRENGTHENING OF DEVELOPING COUNTRY INSTITUTIONS 

ThIS project has mamfold pOSItIve consequences for the Kazakh InstItute m partIcular and for 
BIologICal and Agncultural SCIence of Kazakhstan, m general These mclude 
(1) Purchasmg modern eqUIpment to conduct Molecular BIOlogy studIes Due to techmcal obstacles 
they have got the money for eqUIpment relatively recently, so that only for the second year of the 
project the ordered eqUIpment WIll generate data ThIS wIll allow to conduct large-scale peR analYSIS 
as well as other marker genotypmg at Almaty 
(2) Trammg the personel was conSIdered an Important aspect of our collaboratIOn Dunng the first 
year, two members of the Almaty team (Mr Sersenbaev and Dr Ryabushkma) VISIted HaIfa, WIth 
total duratIOn of the VISItS of about 5 months Dunng thIS time they learned technIques and 
partICIpated m sconng the molecular markers and phYSIOlogICal traIts, It IS noteworthy that one of 
them IS a very young student (conductmg hIS M Sc proJect), and thIS polIcy to mvolve young students 
WIll be contmued In addItion to expenmental technIques, they had the opportumty to learn how to use 
new mformatIOn technologIes mcludmg QTL mappmg software 
(3) Bndgmg between modern quantItatIve genetIcs and breedmg for crop reSIstance IS one of the 
consequences of projects anned to dIssect genetIcally complex traIts related to plant adaptatIOn Barley 
IS a very Important crop for Kazakhstan and reSIstance to drought stress IS a hmItmg factor m 
prodUCtiVIty and YIeld stabIhty of barley m thIS country Therefore, the pOSSIbIlIty to faCIlItate 
selectIOn for drought reSIstance based on umque desert alleles of Israeh WIld barley and developed 
molecular markers IS a major contnbutIOn of thIS project to theIr agrIculture Moreover, the faCIlItIes, 
stuff and know-how, that WIll be estabhshed m Almaty as a result of thIS proJect, WIll serve a baSIS for 
future development for other crops and other hmItmg factors of agnculture productiVIty m thIS regIOn 
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F) FUTURE WORK 

(1) Lmkage map we wIll Improve the denSIty and mformatIOn content of the lmkage map by 
complementmg the dommant AFLP markers wIth SIS markers whIch proved to be polymorphIc 
between the parents, as well as avaIlable mIcrosatellItes 
(2) Candidate genes a senes of dehydnn genes (ChO! et aI, 1998) are now bemg mapped on our 
mappmg populatIOn m order to relate the pOSItIons of detected QTLs WIth those of candIdate genes 
related to drought reSIstance, m partIcular osmotIC adjustment LIkeWIse, we start to test for 
dIfferentIal expreSSIOn of the candIdate genes m the response of the parental genotypes to drought 
stress, based on Northern analYSIS 
(3) Drought reSIstance scormg further charactenzatIOn of the mappmg populatIOn for the reSIstance 
at the whole plant level WIll be conducted (m the lab, at Haifa, and m the field, at Almaty) 
(4) OTL analYSIS a detaIled multIple trait analYSIS WIll be conducted usmg a reVIsed map WIth added 
codommant markers and addItIOnal scores of reSIstance traIts 
(5) Charactenzmg the second mappmg populatIon a few candIdate mappmg populatIOns F2 have 
been establIshed based on crosses between IsraelI desert genotypes of H spontaneum and Kazakh 
cultivars One of these WIll be chosen as the second target mappmg populatIOn for the project and WIll 

be charactenzed for molecular markers (mamly, STS and microsatellItes), as well as for reSIstance 
traIts 

SECTION II 

A) ManagerIal Issues (a) The Kazakh group reqUIred to aSSIst m managmg the trammg budget from 
HaIfa ThIS problem was addressed to the Project Admmistrator Mr Boaz Ayalon who approved thIS 
apphcatIOn In lIght of the dIfficultIes m managmg such problems m Almaty, thIS deCISIOn appeared to 
be very Important to proVIde effiCIent management of the whole trammg part of the project (b) The 
Kazakh group was mterested m managmg all the purchases (eqUIpment and chemIcals) VIa HaIfa 
Umversity The reasons were (1) hIgher effiCIency m ordenng the Items from the provIdmg compames, 
and (n) lower dependence on voluntansm of the local admImstratIOn The PI of the project was ready 
to take the responSIbIlIty for that, but It appeared that such a management does not fit the mtenor rules 
of HaIfa Umversity 

B) Budget The finanCIal part of the report WIll be prOVIded the next week by the management of the 
Research Authonty ofthe UmversIty of Haifa (by 3-5 of July) 

C) SpeCIal concerns No such Issues have ansen 

D) CollaboratIOn, Travel, Trammg and PublIcatIOns 
(1) Collaboration FrUItful collaboratIve relatIOnshIps have been establIshed between the 
partIcipatmg groups In partIcular, thIS was mamfested m a complementatIOn of the strong aspects of 
each group The Israeh team has accumulated a good expenence of molecular marker analYSIS and 
maker mappmg, QTL mappmg analYSIS, and drought reSIstance phySIOlogy at the cell and seedlIng 
levels The Almaty group IS strong m field expenmentatIOn and plant phYSIOlogy at the whole plant 
level ThIS complementary expertIse was already used to achIeve the project ObjectIves of the first 
year Namely, the first mappmg populatIOn that was establIshed by HaIfa group has been charactenzed 
at HaIfa for molecular markers and cell and seedlmg level reSIstance traIts, whereas whole plant traIts 
were partly charactenzed at Almaty LIkeWIse, a thorough test of several candIdate mappmg 
populatIOns establIshed by crossmg of IsraelI reSIstance genotypes of barley to Kazakh cultlVars, IS 
conducted at Almaty 
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(2) Travel and Trammg Two members of Almaty group partIcIpated dunng theIr trammg VISItS m 
molecular marker sconng (Mr S Sersenbayev) and scormg phYSIOlogIcal traIts (Dr N Ryabushkma) 
Altogether, theIr trammg VISItS at Haifa contmued for five months, August-October 1998 for 
Sersenbayev and March-Apnl 1999 for Ryabushkma These VISItS proved to be very useful m both 
learnmg the technIques and generatmg data 
(3) PublIcatIons The obtamed results demonstrate a remarkable success of the project already after 
the first year we have produced a prelIm mary QTL map for drought resIstance evolved m a desert 
ecotype of H spontaneum These results were presented at a European conference on Plant Genomics 
(Gatersleben) (see AppendIx 2 for the Abstract of the presentatIOn) After the completIOn of 
genotypmg of addItIOnal 8-10 STS markers, a reVIsed map wIll be constructed, and the first two-three 
papers wIll be submItted for publIcatIon We expect that the first manuscnpt wIll be submItted no later 
than by September-October 1999 Here IS the lIst of publIcatIOns (m preparatIOn, beSIdes the first 
one) 

(a) Lu Z, Krugman T , Sersenbayev S , Turuspecov Y , Nevo E ,and A, Korol 1999 PhYSIologIcal 
charactenzatIon and genetIc mappmg of drought reSIstance m WIld barley, Hordeum spontaneum 
Poster, presented at the 4th Gatersleben Research Conference Plant GenomIcs, Structural, 
FunctIOnal and applIed_Aspects June 17-21, 1999 Schlob MeIsdorflHarz and IPK Gatersleben, 
Germany 

(b) Lu Z , Krugman T , Turuspekov Y , ROnIn Y , Nevo E and A Korol 1999 QTL mappmg of 
drought reSIstance evolved m a Negev desert ecotype of wIld barley, Hordeum spontaneum (m 
preparatIOn) 

(c) Zamorzaeva I Korol A, Krugman T ,and E Nevo 1999 DIfferentIal response ofdehydnne 
genes to drought stress m drought-resIstance and drought-susceptIble genotypes of barley (m 
preparatIOn) 

(d) Lu, Z Y A Korol, T Krugman, Ronm, Nevo Companson of barley genetIC maps H vulghae X 

H vulgare versus H vulgare X H spontaneum (m preparatIOn) 

E) Request for American Embassy Tel-AVIV or A I D ActIons We have no speCIal requests The 
helpful aSSIstance of the Project AdmInIstratIOn IS hIghly apprecIated 
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AppendIXes 

AppendIX No 1 Tables and FIgures 

Table 1 PhYSlOlogical compansons of cellular and whole plant responses to umform water deficIt 
between the cross parents 

Table 2 Category of PCR products amplIfied WIth STS pnmer paIrs m barley parent 

FIgure 1 Companson of OsmotIc Adjustment and RelatIve Water Content m Hordeum vulgare cv 
Mona and Hordeum spontaneum WadI QIlt 23-39 mduced by -04 MPa PEG 

FIgure 2 DlstnbutlOn of drought and dehydratlOn related traIts m 152 F4 famihes (a) RelatIve 
water content % (b) OsmotIc potential mduced by -04 MPa PEG (c) Total length of new 
adventltlOus roots after treatment of severe water defiCIt at young seedlmg stage 

FIgure 3 Examples of segregatIOn of STS-PCR markers m the barley mappmg populatIOn 

FIgure 4 Examples of AFLP fingerprmtmg of the barley mappmg populatIOn 

FIgure 5 LOD scores for smgle traIt mterval analYSIS of 4 QTLs 

AppendIX no 2 

Abstract of poster, presented m the 4th Gatersleben Research Conference Plant GenomIcs, 
Structural, FunctIOHal and applIed Aspects June 17 -21, 1999 Schlob MelsdorflHarz and IPK 
Gatersleben, Germany 
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Table 1 Ph\SIOloglcaI compan"OD!. of cellular and \\hole-plant responses berneen HO/deum 
\ ulgQJ e C\ Mona and Hordeum spontaneul11 Wadi Qdt 23-39 to a umform "ater deficit Water 
deficll at -04 MFa PEG "as Imposed at the seedlmg stage The aerated root medmm nutnent solutIons 
contaInmg PEG "ere replemshed weekh and all the measurements were made at 37 d after the onset of 
PEG treatments Water potentials of fresh leaf tIssues and osmotIc potentIals of fr07en tha"ed tIssues 
\\ere detenruned b\ thermocouple pSl,chrome11} usmg 5 leaf sectIons of 5-mm length per leaf cutter 
probe and a 3-h eqUIlIbration penod at 27°C m a "ater bath as descnbed m Smr & Neumann (1997) 
Turgor \alues III the ne"l\ e\."}Janded lea\es "ere obtamed b ... subtractIng osmotIc potentIals from "ater 
potentIals RelatIve "ater contents were deterrruned as 10 MatIn et aI (1989) and water loss rates of 
e\'cIsed-leaves as 10 Clarke & McCaIg (1982) No slgmficant dIfferences between the parental control 
plants \\ere found 10 the assa\ed ph ... SlOlogtcal parameters e\.cept tIller number and shoot fresh "eIght 

Each \ aIue represents the mean ± SE for 10 plants 

Ph) SlOlogIcal assa) C1, Mona 23-39 
(Sv.edtn barle) (v. dd barle) 

Leaf \\ ater status 
Water potentIal (MPa) -051 ± 0 02 -070 ± 006 **T 
OsmotIc potentIal (MFa) -1 12 ± 005 -I 36±00-l- * 
Turgor pressure (MPa) 061 ± 0 03 066 ± 0 02 "5 

'flo" - 'fIn\ (MFa) 008 ± 0 02 027 ± 0 06 ** 
OsmotIc adJustInent 

(MFa) 025 ± 005 041 ± 004 * 
(%) 625 1025 * 

Relatn c "ater content (%) 820 ± 09 875 ± I I ** 
Water loss after e\.CISIOn 

(mg g I H~O) 6947 ± 213 6834 ± 42 N5 

Shoot grO\\th 
Leaf de\ elopment 27±01 43±01 *** 
Number of tIller 0 15 ±O 1 *** 
Plant heIght (mm) 2220 ± 125 1937 ± 8 2 "5 

Fresh "eIght (mgtplant) 1975±243 4323 ± 319 *** 
Dr... "eIght (mg/plant) 457 ± 43 79 7±6 0*** 

Root grO\\th 
Root length (mm) 3080 ± 6 3 575 0 ± 20 8 *** 
Fresh weIght (mg/plant) 3496 ± 314 456 4±37 0* 
Dr... "eIght (mg/plant) 673 ± 41 77 8 ± 5 0 },s 

Root!shoot dn matter ratIo 147 ± 0 02 098 ± 0 06 *** 

BIOmass productIOn 
Fresh \-,eIght (mg/plant) 547 I ± 10 7 8886 ± 57 7 *** 
Dr... weIght (mg/plant) 1130±49 1575 ± 10 5 ** 

'I'O\\ and 'I'm represent the e\.1ernal "ater potentIals of the root medIum and the 
Internal "ater potentIals of expanded leaf tIssues, respectIvely 

1" "15 
* ** and *** mdIcate drfferences bet\\een means of two parents whIch are 

non-sigruficant or sIgmficant at P < 0 05 001 and 0001 respectIvel\ 



T J.ble 2 CJ.tegon of PCR products amphfied with STS pnmer sets In barlev parents The 
sequences of sets of STS pnmers as In Table 1 PCR reactlOns were performed accordIng to 
Tragoonrung et al (1992) and Blake et al (1996) and amplIfied products were detected In I 2% agarose 
gels WIth Ix TBE In brackets M and W represent cv Mona and WIld barley 23-39, respectIvely The 
numbers In brackets are the molecular weIght SIZe (base pan) of ampltfied DNA fragments or the 
number of bands 

Type of 

amphficatlODs 

No amplIfied 

products 

AmpWied products 

In onlv one parent 

Amphfied products 

In both parents 

Polvrnorpluc 

products In 1 2% 

agarose gels 

STS-pnmer set 

ABAOOl, ABA004, ABC15l, ABC1565, ABC1567, ABC168, ABC255, 

ABC261, ABC302 I, ABC310, ABC323, ABC45 I, ABC455, ABC468, 

ABGO05, ABGOI0, ABG020 1, ABG0202, ABG055, ABG057 1, ABG058, 

ABG059, ABG064 ABG065 ABG070, ABG075 ABG317, ABG320 

ABG356, ABG366 ABG377 ABG45, ABG459 ABG460 ABG466 

ABG471 ABG484, ABG498 ABG573 ABG5703 ABG616 ABG654 

ABG694 ABG712 BCD269, BCD828, BCG57 I, BG123 BTA002 

C00213 CD0+74, CD0475 D14 MSTI26, WG232 1 WG541 WG686, 

WG940 WG996 

ABAOO 1 (M) ABC253 (M), ABC717 (M) BCD402 7 (W) PST337 (W) 

ABG452 (M) ABG493 (M), WG464 (W) ABG57 4 (M) ABG053 (M) 

ABG153 (M) 

ABA003 ABA005 ABCI52 ABCl53 ABC153, ABC156 I, ABCI56 1 * 
ABCI562 ABCI565 ABC160 ABC164 ABC252 ABC302 1 ABC3023 

ABC303, ABC305, ABC306 ABC451, ABC454, ABC465, ABC483 , 

ABC718 ABG065, ABGl55 ABGI56 I, ABG170, ABG379, ABG380 

ABG391, ABG396 1 ABG397 1, ABG4, ABG458 1, ABG472 ABG473 I 

ABG473 11 ABG484 ABG498, ABG500, ABG54, ABG572, ABG602, 

ABG603, ABG608 ABG6 13 , ABG618, ABG701 ABG7 11 , ABG712, 

ABG715 ABG716, BARGIO BCD175 1 BCD269, BCD402 I, BG123, 

CD0673, MSTlOl, MST102, MSTl07, MSTl08, MSTl09, MSTl26 

MST510,RJUN5S1,RJUN5S2, WG669 

ABC3021 (M 350bp, W 450bp), BCD402 1 (M 350bp W 450bp), ABGO04 

(M 380bp W 450bp) ABC156 1 eM, 1 band, W 4 bands) BARGIO (M 1 

band, W 2 bands) 
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Fig 3 Examples of endonuclease digestIOns of STS-PCR products amphfied from the two 

parents with different pnmer sets From left to ngbt lanes pruner set no 1-12 represents ABA397 1 

ABC7I8 ABG473 1 ABG378 ABG7I5, ABG473 11, ABG396 1, ABG609 ABC160 ABG484 

ABC305 and WG669 respectively Each set of STS pruners amplIfied the DNA templates from 

Horduem vulgare cv Mona (the first lane) and Hordeum spontaneum Wadi Wilt 23-39 (the second 

lane) respectIvely AmplrticatIon products were cleaved With HaeIII at 37°C for 2 h and then separated 

on a 8% polyacrylanude gel at 210 V for 35 h DNA SIZe markers (100 bp BIO-Rad) was shown as M In 

the nuddIe lane 
----------------------- --------------------------



Fig 4 Examples of AFLP fingerpnntIng of the barley mappmg populatIOn The genoIDlc DNAs 
ofF4 farmhes denved from the cross of cv Mona wIth Wadi Otlt 23-39, were amphfied wIth the pnmer 
combmallon E33M54 namely EcoRl + AAG fMseI + CCT Each lane represents the AFLP fingerpnnt 
of one farmly The molecular weIght SlZe range of the fingerpnnts IS from 45 to 500 nucleohdes 

------------------------------------------------
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Fig 5 LOD scores for ~!lDgle traIt Interval analysis SIngle trait interval mappmg analysis revealed 
four QTLs affecting (a) Relative Water Content on cbromosome 6 (P=O 013, 
d/o-=lO.J/ll 9=0.86); (b) Osmotlc Potential on chromosome 6 (p=o 01, d/cr=O.261/0 161=1 6) 
and (c) Root Len~h after dehydratlon on chromosome 7 (p=o 008, dlcr=250.1l49 0=5 1) 
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AppendIX no 2 

PhysiologIcal characteriZatIOn and genetic mappmg of drought resIstance m wIld 
barley, Hordeum spontaneum 

Lu Z I, T Krugman\ S Sersenbayev\ Y Turuspecov2
, E Nevol and A Koroll 

1 Institute of EvolutIOn, Haifa UniVersity, Mt Carmel, Haifa, 31905, Israel 
2 Institute of Plant PhysIOlogy, Genetics and BlOengIneermg, NatIOnal BIOtechnology Center, 

Almaty, Kazakhstan 

WIld relatIves of many cultIvated plants, mcludmg wIld barley, Hordeum spontaneum, have long 
evolved m the Near East FertIle Crescent across a wIde ecologIcal range ThIS generated a wIde range 
of adaptive dIversIty to multiple dIseases, pests and ecologIcal stresses, mcludmg drought The 
ObjectIve of our research IS to reveal the genetIc basIs of umque resIstance to water stress of wIld 
barley, Hordeum spontaneum, from Israeh desert populatIOns, as a potentIal source for a radIcal 
Improvement of drought reSIstance ThIS mcludes IdentIficatIOn of specIfic phYSIOlogIcal mechamsms 
responsIble for drought reSIstance of desert ecotypes of H spontaneum and genetic dIssectIOn (QTL 
mappmg) of the revealed dIfferences between reSIstant and susceptIble genotypes 

WIld barley (H spontaneum) genotype 23-39, ongmated m WadI Qilt (100-250 mm annual 
ramfall) was crossed to H vulgare cv Mona (SwedIsh barley cultivar) The dIfferences between the 
two parents m reSIstance to a umform water deficIt were mvestigated m a growth chamber Seedlmgs 
were grown on hydropomc substrate and stressed by polyethylene glycol (PEG 6000) at -0 4 MPa 
external water potentIal Leaf water relatIOns (water potentIal, osmotIC potentIal and turgor) were 
assayed m the mIddle mature tIssues of the last fully expanded leaf When subjected to water stress, 
the shoot growth (DW) m cv Mona decreased by 85 2%, as compared WIth the control plants, whIle 
WadI Qilt 23-39 was SIgnIficantly less mhIbIted (74 8%, P<O 01) By companng and contrastmg the 
cellular responses to water defiCIt m mtact plants, m response to -04 MPa water defiCIt, full osmotIc 
adjustment was achIeved m the last fully expanded leaf tIssues of parent 23-39 In contrast, Mona 
compensated for only 62 5% of the 0 4 Mpa As a result, the osmotIC potentIal gradIent between the 
last fully expanded leaf and the root water source m WadI QIlt 23-39 was 1 33 MPa, sIgmficantly 
hIgher than 1 09 MPa m cv Mona (P<O 05) Leaf relatIve water content m 23-39 and cv Mona, 
were 87 5± 1 1 % and 82 O±O 9% (P<O 01) respectIvely A mappmg populatIOn of 154 F 4 famIlIes 
was establIshed for QTL mappmg analYSIS of the revealed dIfferences as well as change m whole 
plant performance m response to drought stress The AFLP technIque was used to produce molecular 
markers across the genome On the baSIS of the number of AFLP fragments, polymorphIsm rate and 
the relIabIlIty of marker sconng, eIght pnmer combmatIOns (out of 42 tested) were chosen for 
analyzmg the barley mappmg populatIOn In addItIon, 133 STS pnmer paIrs were tested for 
polymorphIsm between the parental hnes Of these, 66 STS markers produced clear amphficatIOn 
products m both parents, five STS markers dIrectly dIfferentIated between the parents and the 
remammg 61 manIfested fragment SIze polymorphisms after restnctlOn analYSIS usmg 4-base cutters 
The results of QTL mappmg analYSIS of the foregomg drought reSIstance scores obtamed m 
controlled condItIOns WIll be presented m thIS report Another mappmg populatIOn denved from a 
mtraspecific cross of meSIC and desert ecotypes of Hordeum spontateum IS also bemg currently 
analyzed for mappmg of drought reSIstance genes 
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