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EXECUTIVE SUMMARY

Project objectives To reveal the genetic basis of unique resistance to water stress i wild barley,

Hordeum spontaneum, from Israel: desert populations, as a potential source for a radical improvement
of cereals drought resistance This includes identification of physiological mechanisms of drought
resistance of desert wild barley and genetic dissection (QTL mapping) of the revealed differences
between resistant and susceptible genotypes

Project findings over the first year Significant differences were found between the parental

genotypes of the mapping population (desert wild barley and cultivated barley) in response to drought
stress, manifested i few physiological traits, including osmotic adjustment Currently, a preliminary
linkage map of 90 DNA markers have been constructed This allowed us to conduct the first mapping
of drought resistance genes evolved n the desert barley (in 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 tagging unique drought resistance genes from Israeli
desert barley The final results will be of high theoretical and practical importance The theoretical
importance 1s due the need of understanding the molecular-genetic basis of plant survival at edge o;
Iife The used wild barley plants cope with as low as 100 mm year rainfall The practical importance 1s
in the fact that mapping of unique resistance will generate DNA markers flanking the target genes,

enabling marker-assisted introgression 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 includes the Israeh experience of molecular
marker analysis and genetic mapping, QTL mapping analysis, and drought resistance physiology at
the cell and seedling levels The Almaty group 1s good 1n field experimentation 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 during their training visits in molecular marker

scoring These visits proved to be very useful i both learning the techniques and generating data



SECTIONI

A) RESEARCH OBJECTIVES

Wild relatives of many cultivated plants, including wild barley, Hordeum spontaneum, have
long evolved m the Near East Fertile Crescent across a wide ecological range This generated a rich
spectrum of adaptive diversity to multiple diseases, pests and ecological stresses, including drought
(Nevo 1992) The objective of our research 1s to reveal the genetic basis of unique resistance to water
stress in wild barley, Hordeum spontaneum, from Israeli desert populations, as a potential source for a
radical improvement of drought resistance This includes 1dentification of physiological mechanisms
responsible for drought resistance of desert ecotypes of H spontaneum and genetic dissection (QTL
mapping) 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 phenotyping and (2)
molecular-marker genotyping of the parental lines and one of the two target F4 mapping populations
Thus included

(a) DNA extraction and DNA-template preparation for both sequence-tagged site (STS) and
amplified fragment length polymorphism (AFLP) and testing the parental genotypes for
polymorphism of molecular markers, STS (sequence tag sites) and AFLP,

(b) scoring the mapping population for molecular markers and construction the molecular map,

(c) physiological scoring of parental genotypes and the mapping population for resistance-related
traits at the seedling stage,

(d) preparing a second mapping population based on a cross between Israeli desert genotype of H
spontaneum and Kazakh cultivar

Important progress has been made, as will be shown 1n section Results (after the section of
Material & Methods)

Matenal and Methods

(1) Plant material Wild barley (H spontaneum) genotype 23-39, originated in Wadi Qult, a desert
population from Israel (100-250 mm annual rainfall) was crossed to H vulgare cv Mona (Swedish
cultivar) A mapping population of 152 F, families was established for QTL mapping of physiological
characters related to drought stress

(1) Physiological characterization At the first stage of this project, the differences between the
two parents 1n resistance to a uniform water deficit and the underlying mechanisms were mvestigated
in an environmentally regulated growth chamber The parents and later the F4 mapping population
were tested to drought resistance traits and dehydration resistance (a) Drought resistance the
conditions n the growth chamber were 12 h photoperiod (35 W m ? PAR), 25£1°C, RH 35% day,
60% mght Seedlings were grown hydroponically in controlled greenhouse and stressed by
polyethylene glycol (PEG 6000) at -0 4 MPa external water potential Water deficit was gradually
mmposed by PEG to the root nutrient solution PEG was used as an osmolyte because 1t is an inert,
non-toxic and non-penetrating solute in plant research, unlike other osmolytes such as mannitol,
sodium chloride and sugar All measurements were made at 37 d after the onset of PEG treatments
Assays of physiological responses to a uniform water stress at the whole-plant and cellular levels
included Shoot biomass under stress (g), Shoot biomass as % of control, Leaf relative water content
(RWC, %), Osmotic potential under stress (measured in MPa), Osmotic adjustment (MPa) Leaf water
relations were measured 1n the middle mature tissues of the last fully expanded leaf The ability to
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resist drought was evaluated based on two criteria absolute biomass production under stress (mg per
plant) and relative reduction 1n biomass by stress (%, calculating as (1- B3/B.) x 100%, where
Bg=biomass under stress and B.=control biomass) (b) Dehydration resistance Estimated by
treatment of severe water deficit, which was imposed at the young seedling stage The following
parameters were assayed in the mapping population Viability after rewetting (%), Number of new
adventitious roots, Maximal root length (mm), Total root length per seedling (mm)

(i) Molecular-genetic_characterization (a) Sequence tagged site (STS) 130 pairs of STS
primers, kindly provided by Dr T Blake (Montana University), were used to amplify sequences from
genomic DNAs of Hordeum vulgare cv Mona and Hordeum spontaneum Wadi Qilt PCR
amplification was done according to Tragoonrung ef al/ (1992) and Blake ef a/ (1996) The PCR
products of samples were separated 1n 1 2% agarose gels to detect msertion/deletion polymorphisms
To detect base substitution polymorphisms, 12 pl of the PCR products after amplification were
subsequently digested with 15 units of the four-base restriction endonucleases Msel (or Trull),
Haelll, Hhal, Hinfl, Mspl, Rsal, Ddel, and Taq“l Digested fragments were separated on 8%
polyacrylamide gels (29 1) (b) Amplified fragment 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 a/ 1995) Compared with other DNA markers, AFLP has
proved to be very powerful and efficient for generating high polymorphism n (Q1 and Lindbout
1997) The AFLP techniques that we used to screen out the primer combinations which can
differentiate parental genotypes in barley are minor modifications of those described by Vos et al
(1995) and Q1 and Lindhout (1997) Genomic DNA from the two parents were double digested with
EcoRU/Msel at 37°C and then adapters were ligated to the digested DNA For the pre-selective PCR,
EcoRI+A and Msel+C primers were used Gradient electrophoresis was employed AFLP templates of
four reference genotypes in barley (Nudinka, Morex, Stepteo and Proctor) after the pre-selective PCR
were kindly provided by Dr Q1 (Wageningen), and amplified with the primer combination E35M48
Therr AFLP  fingerprints were demonstrated m Q1 et af  (1997) at site
http //gran jouy nra fr/ggpages/Qi, and here used as internal reference lanes

(v) OTL analysis A novel mapping analysis of multiple trait complexes, which 1s efficient with
correlated quantitative traits, was developed and used to increase the resolution power of QTL
mapping This technique 1s employed on the basis of mixture models with a single QTL and linked
QTLs per marked chromosome (Korol 1998, Ronmn et a/ 1999) The main algorithms of our multiple
trait mapping strategy are implemented 1n the form of mteractive package MultiQ7L 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 working n a
Technological Incubator (L N Innovative Technologies LTD, Haifa, Israel) under general supervision
of Prof Korol The current version of MultiQTL can be downloaded from the website
www multigt! 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 in cv Mona weighed 3079 £ 22 0
mg DW ! not different from 3442 + 26 6 mg DW ' 1n Wadi Qilt 23-39 (means + SE, n=10)

However, when subjected to -0 4 MPa root water deficit, shoot growth in cv Mona (on the basis of
dry weight) decreased by 85 2% compared with control plants The shoot growth in Wadi Qult 23-39
was mnhibited (74 8%, p=0 01) by the same root water deficit In addition, the stressed plants of Wad:
Qult 23-39 produced much higher biomass at the whole-plant level than Mona (p=001) The
physiological comparison of cellular and whole plant responses to uniform water deficit between the
cross parents H vulgare Mona and H spontaneum 23-39 1s represented in Figure 1 and Table | Thus,
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the criteria for resistance evaluation indicated that wild desert progenitor 1s much more
drought-tolerant than the cultivar Mona By comparing and contrasting the cellular responses to water
deficit 1n intact plants, the mechanisms 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 1n the last fully expanded leaf tissues of Wadi Qult
23-39 In contrast, the expanded leaf tissues of cultivated barley cv Mona compensated for only
62 5% of the 04 MPa change 1n external water potential during the same period As a result, the
osmotic potential gradient between the last fully expanded leaf and the root water source in Wadi Qult
23-39 was 1 33 MPa, that 1s significantly higher than 1 09 MPa in Mona (P < 0 05) Leaf relative
water contents in the stressed plants of Wadi Qilt 23-39 and Mona were respectively 87 5 + 1 1% and
82 0 £ 0 9% Both values were also different at the significance level of p=0 01

The foregomg results allow us to conclude significant differences in resistance to either
moderate drought stress (at -0 4MPa PEG) or severe dehydration stress are manifested between wild
barley mhabiting desert environments (Wadi Qilt 23-39) and cultivated barley (cv Mona) Cellular
physiological mechanisms underlying their different resistance appeared to be related to their osmotic
adjustment ability under drought conditions Distribution patterns of the mapping population relative
to the parental genotypes for some of the resistance scores are shown in Fig 2 (see the Appendix)

2 Molecular marker analysis

(1) Sequence-tagged-site (STS) Of the sets of STS tested primers, 53 primer pairs did not amplify
easily discernible fragments from the genomic DNAs of both parents, 11 primer pairs amplified PCR
products from only one of the two parents, as shown 1 Table 2 Totally 66 sets of STS primer pairs
gave clear amplification products 1n both parents, of which five directly differentiated between cv
Mona and Wadi Qilt 23-39 based on 12% agarose-gel electrophoresis (ABC302 1, BCD402 1,
ABGO004, ABC156 1, BARG10) For example, amplified DNA fragments from ABG004 primers
identified an insertion/deletion polymorphism When this primer pairs was used, a smaller fragment
(380bp) was amplified from cv Mona, while a comparatively bigger fragment (450bp) was produced
from Wadi Qilt 23-39 In addition, BARG10 primers amplified only one fragment™mn cv Mona
(approximately 350bp) Clearly, the STS primers which generated distinct band-size polymorphism
can be directly employed to score the mapping population mn barley However, the PCR products
amplified with 61 primer sets did not show fragment size polymorphisms between the two parents on
12% agarose gels They were consecutively digested with different four-base cutters and
electrophoresed on 8% polyacrylamide separating gels Restriction site polymorphisms were
identified after the digestion of amplification products with 57 primer sets (Fig 3) On the PCR
fragments amplified with the remaining four primer sets (ABC305, ABG378, ABG379 and ABG054),
the DNA recognition sequences of eight restriction enzymes here used did not appear to be flanked
Thus, after the digestion of amplification products, no restriction fragment site polymorphisms were
generated between the two parents

(2) Amplified Fragment Length Polymorphism (AFLP) With majonity of the 42 primer
combinations, about 90 DNA fragments were totally generated from the two parents However, the
number of amplification products with the same primer combination was significantly different in
each parental genotype For example, the six primer combinations labeled with the rare-cutter E45
(EcoRI +ATG) amplified visual AFLP fragments of 804 + 49 1n ¢cv Mona and 69 6 £ 53 in Wad:
Qult 23-39 (mean + SE, n=6) This indicated that the two parents are diverse, 1n spite of their same
genome sizes (1C=5 1x10° 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 scoring, eight primer
combinations with the best amplification have been screened out to analyze the barley mapping
population, which are given below- E33M48, E33M54, E35M48, E35M61, E38M55, E40M354,
E42M62, E45M49 (Example see at Fig 4)



3 Genetic map construction and prelimmary QTL analysis Currently, the prelimmary linkage
map of 152 F2 mapping population (genotypes F2 represented by F4 families), constructed by
MAPMAKER version 3 Ob showed 11 linkage groups assigned to the 7 barley chromosomes At
present, this rough map contains 87 AFLP markers and 2 STS locus (¢ABC160 on chromosome 1H)
and covered 1769 2 cM Segregation of alleles at each locus was checked against the expected ratio
(3 1and 12 1 for AFLP and STS markers, respectively) using a chi-square test at the level of p=0 05
The main target of this part of our activity for the second year will be to add codominant STS markers
(at least 3-4 per each chromosome) Likewise, we plan to take advantage of recently developed for
barley microsatellite markers (about 150 such markers are available at the Institute of Evolution due to
our international collaborations) Single trait interval mapping analysis was conducted using our new
QTL mapping package (currently developed based on funding from Israeli Mimistry of Commerce and
Industry) The first trials have already revealed four QTLs affecting (a) Dry Weight (DW) on
chromosomes 4 (P=0 004), (b) Osmotic Potential (P=0 07) and Relative Water Content (RWC) on
chromosome 6 (P=0 011), and (c) Total Root Length after dehydration on chromosome 7 (P=0 008)
(see Fig 5) The significance level was evaluated using permutation test with 10,000 permutations for
each case (these results were presented as a poster at the 4" Gatersleben Research Conference Plant
Genomics, Structural, Functional and applied Aspects June 17-21, 1999 Schlob Meisdorf/Harz 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
richness of the generated data In particular, this was manifested 1n a complementation of the strong
aspects of each group The Israeli team has accumulated a good experience of molecular marker
analysis and maker mapping, QTL mapping analysis and drought resistance physiology at the cell and
seedling levels The Almaty group 1s strong in field experimentation and plant physiology at the whole
plant level In practice, two members of Almaty group participated during their traming visits in
molecular marker scoring (Mr S Sersenbayev) and scoring physiological traits (Dr N Ryabushkina)
The accumulated experience will be used by these scientists for advancing the second mapping
population Likewise, the scientists at Almaty conducted preliminary field scoring of the candidate
mapping populations that will assist in making a justified choice of the second mapping population as
well as 1n further scoring of both mapping populations under drought stress conditions characteristic
to Kazakhstan

D) DESCRIPTION OF PROJECT IMPACT

Although 1t 1s premature to expect a real usage of the obtained results after the first year of the project
start, 1t 15 clear that the final results of the project will be of high theoretical and practical importance
The theoretical importance 1s due primarily to the unique drought resistance manifested by the used
Israeli desert genotypes of H spontaneum The genetic dissection of this resistance and testing for
comcidence with already identified dehydrin genes will open the possibility to clone new unique
alleles of drought resistance genes These will be of importance not only for barley improvement, but
for all cereals Note, that the foregoing barley genotypes are able to cope with as low as 100 mm
rainfall per year The immediate practical importance of the obtained results 1s 1n the fact, that direct
mapping of the unique reststance will result in defining molecular markers flanking the key resistance
genes, hence allowing for marker-assisted itrogression of the resistance genes for the wild progenitor
to modemn cultivars  _

E) STRENGTHENING OF DEVELOPING COUNTRY INSTITUTIONS

This project has manifold positive consequences for the Kazakh Institute in particular and for
Biological and Agricultural Science of Kazakhstan, in general These mclude

(1) Purchasing modern equipment to conduct Molecular Biology studies Due to technical 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 PCR analysis
as well as other marker genotyping at Almaty

(2) Trammng the personel was considered an important aspect of our collaboration During the first
year, two members of the Almaty team (Mr Sersenbaev and Dr Ryabushkina) visited Haifa, with
total duration of the wvisits of about 5 months During this time they learned techniques and
participated in scoring the molecular markers and physiological traits, it 1s noteworthy that one of
them 1s a very young student (conducting his M Sc project), and this policy to involve young students
will be continued In addition to experimental techniques, they had the opportunity to learn how to use
new information technologies including QTL mapping software

(3) Bridging between modern quantitative genetics and breeding for crop resistance is one of the
consequences of projects aimed to dissect genetically complex traits related to plant adaptation Barley
1s a very mmportant crop for Kazakhstan and resistance to drought stress 1s a limiting factor m
productivity and yield stability of barley i this country Therefore, the possibility to facilitate
selection for drought resistance based on unique desert alleles of Israeli wild barley and developed
molecular markers 1s a major contribution of this project to their agriculture Moreover, the facilities,
stuff and know-how, that will be established in Almaty as a result of this project, will serve a basis for
future development for other crops and other lmiting factors of agriculture productivity in this region
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F) FUTURE WORK

(1) Linkage map we will improve the density and information content of the linkage map by
complementing the dommant AFLP markers with STS markers which proved to be polymorphic
between the parents, as well as available microsatellites

(2) Candidate genes a series of dehydrin genes (Chor et al, 1998) are now being mapped on our
mapping population in order to relate the positions of detected QTLs with those of candidate genes
related to drought resistance, in particular osmotic adjustment Likewise, we start to test for
differential expression of the candidate genes i the response of the parental genotypes to drought
stress, based on Northern analysis

(3) Drought resistance scoring further characterization of the mapping population for the resistance
at the whole plant level will be conducted (in the lab, at Haifa, and in the field, at Almaty)

(4) QTL analysis a detailed multiple trait analysis will be conducted using a revised map with added
codominant markers and additional scores of resistance traits

(5) Characterizing the second mapping population a few candidate mapping 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 mapping population for the project and will
be characterized for molecular markers (manly, STS and microsatellites), as well as for resistance
traits

SECTION II

A) Managernial Issues (a) The Kazakh group required to assist in managing the training budget from
Haifa This problem was addressed to the Project Admunistrator Mr Boaz Ayalon who approved this
application In light of the difficulties in managing such problems in Almaty, this decision appeared to
be very important to provide efficient management of the whole training part of the project (b) The
Kazakh group was interested in managing all the purchases (equipment and chemicals) via Haifa
University The reasons were (1) higher efficiency in ordering the 1tems from the providing companies,
and (1) lower dependence on voluntarism of the local adminustration The PI of the project was ready
to take the responsibility for that, but 1t appeared that such a management does not fit the interior rules
of Haifa University

B) Budget The financial part of the report will be provided the next week by the management of the
Research Authority of the University of Haifa (by 3-5 of July)

C) Special concerns No such 1ssues have arisen

D) Collaboration, Travel, Traming and Publications

(1) Collaboration Fruitful collaborative relationships have been established between the
participating groups In particular, this was manifested 1n a complementation of the strong aspects of
each group The Israeli team has accumulated a good experience of molecular marker analysis and
maker mapping, QTL mapping analysis, and drought resistance physiology at the cell and seedling
levels The Almaty group 1s strong in field experimentation 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 mapping population that was established by Haifa group has been characterized
at Haifa for molecular markers and cell and seedling level resistance traits, whereas whole plant traits
were partly characterized at Almaty Likewise, a thorough test of several candidate mapping
populations established by crossing of Israeli resistance genotypes of barley to Kazakh cultivars, 1s
conducted at Almaty




(2) Travel and Tramning Two members of Almaty group participated during their tramning visits in
molecular marker scoring (Mr S Sersenbayev) and scoring physiological traits (Dr N Ryabushkina)

Altogether, their traming visits at Haifa continued for five months, August-October 1998 for
Sersenbayev and March-April 1999 for Ryabushkina These visits proved to be very useful in both
learning the techniques and generating data

(3) Publications The obtamed results demonstrate a remarkable success of the project already after
the first year we have produced a preliminary QTL map for drought resistance evolved in 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
genotyping of additional 8-10 STS markers, a revised map will be constructed, and the first two-three
papers will be submutted for publication We expect that the first manuscript will be submuitted no later
than by September-October 1999 Here 1s the list of publications (in preparation, besides the first
one)

(a) LuZ, Krugman T, Sersenbayev S, Turuspecov Y ,Nevo E,and A, Korol 1999 Physiological
characterization and genetic mapping of drought resistance in wild barley, Hordeum spontaneum
Poster, presented at the 4™ Gatersleben Research Conference Plant Genomics, Structural,
Functional and applied_Aspects June 17-21, 1999 Schlob Meisdorf/Harz and IPK Gatersleben,
Germany

(b) Lu Z, Krugman T, Turuspekov Y, Ronin Y, Nevo E and A Korol 1999 QTL mapping of
drought resistance evolved mm a Negev desert ecotype of wild barley, Hordeum spontaneum (in
preparation)

(c) Zamorzaeval Korol A, Krugman T, and E Nevo 1999 Duifferential response of dehydrine
genes to drought stress in drought-resistance and drought-susceptible genotypes of barley (in
preparation)

(d)Lu,Z Y A Korol, T Krugman, Ronin, Nevo Comparison of barley genetic maps H vuighae x
H vulgare versus H vulgare X H spontaneum (1n preparation)

E) Request for American Embassy Tel-Avivor AID Actions We have no special requests The
helpful assistance of the Project Admmustration 1s highly appreciated
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Physiological comparisons of cellular and whole plant responses to uniform water deficit
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Category of PCR products amplified with STS primer pairs 1n barley parent

Comparison of Osmotic Adjustment and Relative Water Content in Hordeum vulgare cv
Mona and Hordeum spontaneum Wadi Qilt 23-39 induced by -0 4 MPa PEG

Distribution of drought and dehydration related traits in 152 F4 families (a) Relative
water content % (b) Osmotic potential induced by —0 4 MPa PEG (c) Total length of new
adventitious roots after treatment of severe water deficit at young seedling stage

Examples of segregation of STS-PCR markers 1n the barley mapping population

Examples of AFLP fingerprinting of the barley mapping population

LOD scores for single trait interval analysis of 4 QTLs

Appendix no 2

Abstract of poster, presented in the 4™ Gatersleben Research Conference Plant Genomacs,
Structural, Functional and applied Aspects June 17-21, 1999 Schlob Meisdorf/Harz and IPK
Gatersleben, Germany
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Table 1 Phyvsiological comparisons of cellular and whole-plant responses between Hordeum
vulgare o Mona and Hordeum spontaneum Wadi Qilt 23-39 to a umiform water defict.  Water
deficit at -0 4 MPa PEG was 1umposed at the seedling stage The aerated root medmm nutrient solutions
contaiming PEG were replemshed weekly 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 frozen thawed tissues

were determuned by thermocouple psychrometry using 5 leaf sections of 5-mm length per leaf cutter
probe and a 3-h equilibration period at 27°C 1n a water bath as described 1n Smir & Neumann (1997)

Turgor values 1n the newlh expanded leaves were obtained by subtracting osmotic potentials from water
potentials Relative water contents were determined as in Matin ef al (1989) and water loss rates of
excised-leaves as in Clarke & McCaig (1982) No significant differences between the parental control
plants were found 1n the assaved phvsiological parameters except tiller number and shoot fresh weight

Each value represents the mean + SE for 10 plants

Physiological assay ¢v Mona 23-39
{Sweden barley) (wild barley)
Leaf water status
Water potential (MPa) 051002 070£006 ¥+
Osmotic potential (MPa) -112+005 -136+£004 *
Turgor pressure (MPa) 061003 066002 ™
Yow - V1w (MPa) 008002 027006 **
Osmotic adjustment
(MPa) 025005 041004 *
(%) 625 1025 *
Relative water content (%) 820+09 875+£11 **
Water loss after excision
(mg g' H.0) 6947213 683442 ™
Shoot growth -
Leaf development 27101 43£0 1 ¥**
Number of tiller 0 15101 ***
Plant height (mm) 2220125 1937+£82 ™%
Fresh weight (mg/plant) 1975+243 4323 £ 319 ***
Dr weight (mg/plant) 45743 79 746 Q¥**
Root growth
Root length (mm) 3080+63 5750208 ***
Fresh weight (mg/plant) 3496+314 456 4437 0*
Dn weight (mg/plant) 67341 778+50 ™
Root/shoot drnv matter ratio 147+002 098006 ***
Biomass production
Fresh weight (mg/plant) 5471+£107 8886 £ 57 7 *¥*
D weight (mg/plant) 1130+49 1575+ 105 **

" Wow and Wi represent the external water potentials of the root medium and the

mternal water potentials of expanded leaf tissues, respectively

T NS x % gpd *** ;pdicate differences between means of two parents which are
non-signuficant or sigmificant at P<0 05 001 and 0 001 respectrvely



Table 2 Category of PCR products amphified with STS primer sets i barlev parents The
sequences of sets of STS primers as mn Table 1 PCR reactions were performed according to
Tragoonrung et a/ (1992) and Blake er a/ (1996) and amplified products were detected mn 1 2% agarose
gels with 1x TBE In brackets M and W represent cv Mona and wild barley 23-39, respectively The
numbers 1n brackets are the molecular weight size (base pair) of amphfied DNA fragments or the
number of bands

Type of STS-primer set
amplhifications
No amplified ABAOO1, ABA004, ABCI151, ABC156 5, ABC156 7, ABC168, ABC255,
productsi ABC261, ABC3021, ABC310, ABC323, ABC451, ABC455, ABC468,

ABGO05, ABG010, ABG020 1, ABG020 2, ABGO55, ABG057 1, ABGO058,
ABGO059, ABG064 ABGO65 ABG070, ABGO75 ABG317, ABG320
ABG356, ABG366 ABG377 ABG45, ABG459 ABG460 ABG466
ABG471 ABG484, ABG498 ABGS573 ABGS5703 ABG616 ABG654
ABG694 ABG712 BCD269, BCD828, BCG571, BGI23 BTA002
CDO213 CDO474, CDO475 D14 MSTI126, WG232 1 WG541 WG686,
WG940 WG996

Amplfied products ABAQCOL (M) ABC253 (M), ABC717 (M) BCD402 7 (W) PST337 (W)
1n onlv one parent ABG452 M) ABG493 (M), WG464 (W) ABG374 (M) ABGO53 (M)
ABG153 (M)

Amphfied products ABAO03 ABA005 ABCI32 ABCI53 ABCI153, ABC156 1, ABC156 1*

in both parents ABC156 2 ABC156 5 ABC160 ABC164 ABC252 ABC3021 ABC302 3
ABC303, ABC305, ABC306 ABC451, ABC454, ABC465, ABC4383,
ABC718 ABGO065, ABGLI55 ABGIS6 1, ABG170, ABG379, ABG380
ABG391, ABG396 1 ABG397 1, ABG4, ABG458 1, ABG472 ABG473 1
ABG473 11 ABG484 ABG498, ABG500, ABG34, ABGS57 2, ABG60Z,
ABG603, ABG608 ABG613, ABG618, ABG701 ABG711, ABG712,
ABG715 ABG716, BARGI0 BCD1751 BCD269, BCD402 1, BG123,
CD0673, MSTI101, MST102, MST107, MST108, MSTI109, MST126
MST510, RRN35S1, RRN5S2, WG669

Polvmorphic ABC302 1 (M 350bp, W 450bp), BCD402 1 (M 350bp W 450bp), ABG004
products n 1 2% (M 380bp W 450bp) ABC1561 (M, 1 band, W 4 bands) BARGI10 (M. 1
agarose gels band, W 2 bands)
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Fig. 1. Physiological responses comparisonl of the cross parents Mona
and Wadi Qilt 23-39 to umiform water deficit: Osmotic
adjustment (Mpa) and Relative Water Content (%)
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Fig3 Examples of endonuclease digestions of STS-PCR products amphfied from the two
parents with different primer sets From left to nght lanes primer set no 1-12 represents ABA397 1
ABC718 ABG4731 ABG378 ABG715, ABG473 11, ABG396 1, ABG609 ABC160 ABG484
ABC305 and WG669 respectively Each set of STS primers amplified the DNA templates from
Horduem vulgare cv Mona (the first lane) and Hordeum spontanewm Wadi Walt 23-39 (the second
lane) respectively Amplification products were cleaved with Haelll at 37 °C for 2 h and then separated
on a 8% polyacrylamude gel at 210 V for 3 5 h DNA size markers (100 bp Bio-Rad) was shown as M 1n

the middle lane
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g4 Examples of AFLP fingerprinting of the barley mappmg population The genomic DNAs
of F4 families derived from the cross of cv Mona with Wadi Qult 23-39, were amplified with the primer
combination E33M54 namely FcoRI + AAG /Msel + CCT Each lane represents the AFLP fingerprint

of one family The molecular weight size range of the fingerprints 1s from 45 to 500 nucleotides
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Fig 5 LOD scores for single trait interval analysis Single trait interval mapping analysis revealed
four QTLs affecting (a) Relative Water Content on chromosome 6 (P=0013,
d/g=10.3/11 9=0.86); (b) Osmotic Potential on chromosome 6 (P=001, d/c=0261/0 161=16)
and (¢) Root Length after dehydration on chromosome 7 (P=0 008, d/c=250.2/49 0=5 1)
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Appendix no 2

Physiological characterization and genetic mapping of drought resistance 1n wild
barley, Hordeum spontaneum

Luz T Krugman', S Sersenbayevz, Y Turuspecovz,E Nevo! and A Korol'

I Institute of Evolution, Haifa Unwversity, Mt Carmel, Haifa, 31905, Israel
? Institute of Plant Physiology, Genetics and Bioengineering, National Biotechnology Center,
Almaty, Kazakhstan

Wild relatives of many cultivated plants, mcluding wild barley, Hordeum spontaneum, have long
evolved 1n 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, including drought The
objective of our research 1s to reveal the genetic basis of unique 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 includes 1dentification of specific physiological mechanisms
responsible for drought resistance of desert ecotypes of H spontaneum and genetic dissection (QTL
mapping) of the revealed differences between resistant and susceptible genotypes

Wild barley (H spontaneum) genotype 23-39, originated i Wad: Qilt (100-250 mm annual
rainfall) was crossed to H vulgare cv Mona (Swedish barley cultivar) The differences between the
two parents 1 resistance to a uniform water deficit were investigated in a growth chamber Seedlings
were grown on hydroponic 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 in the middle mature tissues of the last fully expanded leaf When subjected to water stress,
the shoot growth (DW) 1n cv Mona decreased by 85 2%, as compared with the control plants, while
Wadi Qilt 23-39 was significantly less mhibited (74 8%, P<0 01) By comparing and contrasting the
cellular responses to water deficit 1n intact plants, mn response to -0 4 MPa water deficit, full osmotic
adjustment was achieved in 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, significantly
higher than 1 09 MPa in cv Mona (P<0 05) Leaf relative water content in 23-39 and cv Mona,
were 87 5t1 1% and 82 0+£0 9% (P<0 01) respectively A mapping population of 154 F4 families
was established for QTL mapping analysis of the revealed differences as well as change 1n whole
plant performance n 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 scoring, eight primer combinations (out of 42 tested) were chosen for
analyzing the barley mapping population In addition, 133 STS primer pairs were tested for
polymorphism between the parental Iines Of these, 66 STS markers produced clear amplification
products m both parents, five STS markers directly differentiated between the parents and the
remaining 61 manifested fragment size polymorphisms after restriction analysis using 4-base cutters
The results of QTL mapping analysis of the foregoing drought resistance scores obtained
controlled conditions will be presented n this report Another mapping population derived from a
intraspecific cross of mesic and desert ecotypes of Hordeum spontateum 1s also being currently
analyzed for mapping of drought resistance genes
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