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S 1 - GERMPLASM AND GENETIC RESOURCES

Variety of Barley Crops in the Republic of Yemen

M. Al-Harazi

Ministry of Technical Education & Vocational Training
Agricultural Education, Sana’a, Republic of Yemen

1 - Preface

At the beginning of this paper, I’d like to thank the organizers of this conference for
inviting me to participate and for giving me the chance of attending, especially Prof. Dr.
Oldrich Chloupek who was my colleague in faculty of agriculture in Brno and he is now the
chairman of the department of crops, faculty of agronomy- MENDELOVA ZEMEDELSKA
A LESMICKA UNIVERSITA.

There is no doubt that the agriculture has its own importance all over the world, and it is
the main pillar to which many countries pay of all attention in as much as it is the main
support for human to continue living. Since this conference is focusing mainly on the barley
crop, and specifically on the genetic side by which we can finally get a new kind of crop with
a high quality and productivity.

Before presenting my brief paper, I’d like to talk briefly about my country and its
geographical position on earth, perhaps many of you know a little about my country, though
today the world becomes a small village due to the development of telecommunications and
transportation means.

Republic of Yemen is located in the southwest of Arab peninsula, it is distinguished
with its excellent position, it overlooks on the Red Sea to the west, which separates Yemen
from Africa. The Kingdom of Saudi Arabia borders it from the north, the Arabian Sea and
Oman to the east and to the south is the Arabian Sea.

Yemen can be divided into four sections they are as follows:

1- The plain area along the Red Sea, in these areas, the temperature is high all over the year.

2- The central area which is a chain of mountains, some of them rises to more than 200 m
above the sea level, between these mountains lie many valleys and farmlands, the rain
there falls heavily in some seasons for which the farmers can depend for farming.

3- The eastern area which is a separate mountains, through them there are many valleys and
fields.

4- The area in the far east, which is part of Al Rub Alkhali desert.

The total area of Yemen is around 555,000 square Km, and the population is nearly 20
millions, 65% of them work in the agriculture sector, the rest works in trading, industry and
vocational careers.

Republic of Yemen has relations with many countries all over the world, it exports to
them oil and gas but in a limited quantity. In addition to coffee, leather, fish, fruits and
vegetables which are exported to the neighboring countries and others. Yemen imports many
things from all the countries. These imports reach to 80% in comparison to the exports.
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2 — The Objectives

The purpose of this paper is to transfer a complete picture of planting the barely crop in
our country and how it is cultivated, also to present the different kinds of the genetically
improved crop and areas of the cultivated land in some governorates.

Growing the barely crop in Yemen is limited because few people come to buy the crop,
it is not used as a bread any more except in some cases. Nowadays people would like to buy
the wheat instead that is widely used in the bread, cake, desserts...etc. Due to the large
imports from the USA, Canada and Australia, Yemeni farmers grow a small amount of barley
and wheat in their fields.

Look at the table below which shows the areas of barley crop by Hectare and production in
ton.

Area/ha and production/ton table

Years Area/ha Governments
2002 2001 2000 1999 1998 Production/ton
18843 19666 18116 18116 23240 Area/ha Sana’a
13617 15721 14697 16331 24197 Product./ton
2553 2722 2409 2409 2188 Area/ha Ibb
4121 4918 4771 4337 3907 Product./ton
2633 2731 2683 2712 2851 Area/ha Sadah
3115 3411 3312 3400 3763 Product./ton
2204 2360 2115 2001 2116 Area/ha Al Jawf
26792 2813 2711 2510 2749 Product./ton
26792 27479 25323 25238 84637 Area/ha Total
23057 26863 25441 26578 34616 Production/ton

References: General Department of Agricultural Static/Ministry of Agricultural and
Irrigation. 2000 - Year Book.

I’d like to apologize for not presenting a complete paper about barley and the work
related to the genetic side of it due to the scarcity of researches on this field, but I have known
that the general authority for researches in Dhamar governorate tested four kinds of barley
brought from outside which give high production better than the local one. They began
expanding farming these kinds by distributing their seeds to the local farmers.

These four kinds are:

1- Arafat
2- Bitcher
3- Mabser — Dhamar
4- Jahrani

And there is a local kind called (Sagleh). There is no data available on the detailed
contents that features the local kind.

It has been noted that Yemeni people are not interested in growing barely since it is not
baked as bread. It is used only as a syrup in the wedding ceremony and the Qat chewing
sessions, but it is mostly used as a fodder for animals. In addition, it is not used as a bear
drink as it is happening in Europe because it is prohibited as Yemen is an Islamic country.
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3 — Summary

As I mentioned before the growing of barley is limited since the Yemeni farmer does
not like to expand it because it is sold in a small amount in the Yemeni market and not be
used as a bread.
Nowadays, Yemeni family greatly turn to grow wheat because the increasing demand in the
local market, it is much consumed as a bread cakes, biscuit ...etc.
Because of the large demand for wheat by consumers, the government has to import it from
abroad in hard currency. It imports about 1,126,531 tons with the cost of 150,000,000 $ that
means 133$ for each ton.

It is mainly imported from the USA, Canada and Australia and sometimes as a grant.
Now, the government is working hard to expand planting the wheat by encouraging the
farmers to grow it. The aim of the government is to reach the self-sufficiency and to reduce
the imports. Currently, the ministry of agriculture is supporting the farmers through its local
offices in making extension services on how to choose the suitable soil and the proper climate
for wheat and by easing the use of the modern techniques which will help to increase the
production in quality and quantity as well.
Sources: the central organization for statistics.
Republic of Yemen — Ministry of Agriculture & Irrigation
Agricultural Research & Extension
Authority (AREA) — Head Quarter

4 — Recommendations

I’d like to suggest to make a team from the participants in the conference to have a visit
to Yemen to be familiar with the circumstances of this amazing country which was unknown
to many countries before the revolutions of 26™ Sept. 1962 and 14™ Oct. 1963. These
revolutions made a large turnover in my country and lead Yemen to be opened to all world
Often it was completely closed state where the life was like in the medieval ages.

The visitors will see the wonderful and astonishing habits and traditions as well as
behaviors of the Yemeni people.

Furthermore, they will find out a rare plants especially in Socotra Island which is near
to Hadramout governorate to the south of Yemen. Also they will notice the deferent climates
despite the short distances between them. There is nothing like Yemen anywhere in the world.
When you drive for two hours you will find the climate is completely different, therefore,
there can be found a different kind of crops though they are close to each other. Also there are
many special agricultural crops particularly fruits and vegetables and due to the variety of the
climate you will find these crops all over the year.

One of the special characteristics is its delicious taste for example:

The grape has many different kinds. It is different to find grape like it. It has a high
percentage of sugar and it is proverbial in the Arab world. Beside that it can be found for six
months in the market while the other crops often are yield twice a year, while the fodder crops
in some parts is existed all over the year.

I kindly invite you to come to this interesting country and you will find the truth
yourself, and I will be available with any visitor from you.
Look at the attached photos. (Pictures) from Yemen.
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Matching Soil, Water and Genotype for Barley Cultivation in Kuwait

H.S. Al-Menaie'*, P.D.S. Caligari’ and B.P. Forster'

'Scottish Crop Research Institute, Dundee, DD2 5DA, UK;
*Kuwait Institute for Scientific Research, Safat 13109, State of Kuwait;
3The University of Reading, Reading RG6 6AS, UK

Abstract

In 1996 a government master plan was approved for the greening and agriculture of Kuwait.
Barley is among 50 prioritised plants. A general survey of all Kuwait soils identified potential
sites for cultivation, greening and other uses. Wafra was for selected as a potential cultivation
site and the soil was investigated further using USDA standard tests. The ground water at
Wafra was brackish, but had potential for irrigation of salt tolerant crops such as barley. Large
field trials, irrigated with local ground water and imported fresh (desalinated) water, were set
up over two seasons. A wide range of genotypes (141) were tested and included: 1) control
recommended salt tolerant cultivars; and various 2) wild barleys; 3) semi-dwarfs and 4)
parental lines. Various agronomic traits were investigated, the most important being plant
weight (barley is used mainly for fodder). The two control genotypes performed well in
brackish and fresh water irrigation. A list of the best performers in both treatments contained
representatives from all four groups. Semi-dwarfs (ari-e. mutants) were notable by their
performance in brackish irrigation. Sustainable barley cultivation is feasible in Kuwait using
selected soils, local ground water, soil rejuvenation, water table control and selected
genotypes.

Keywords: Kuwait; barley; soil; water; salinity

Introduction

Kuwait is a desert country and farming takes up less than 17,000 hectares (3% of the land
area). Farming is confined to the Abdali region in the North and the Wafra region in the
south. Brackish water is used for irrigation in these areas and can lead to rising water tables
and secondary soil salinity. In Abdali the use of ground water caused a build up of salts and
sodicity (AL-RASHAD & AL-GHAWAS 1999). At Wafra salinity increases with increasing
depth (AL-RASHED & AL-SENAFY 1995). The combination of aridity and salinity in
Kuwait limits the range of crops.

Barley (Hordeum vulgare) is an important forage crop in Kuwait, but the lack of local
production necessitates expensive import. The Public Authority for Agriculture and Fish
Resources (PAAFR) of Kuwait has surveyed several thousand of hectares with a view of
expanding barley cultivation in Kuwait. Barley is also is the most drought and salt tolerant of
the small grain cereals and included in the list of priority crops in the “Kuwait Greenery
National Plan” (KISR 1996) and in the Agriculture Master Plan of the State of Kuwait (KISR
1997). The work programme was therefore set up to survey and match soils, water and
genotypes for barley cultivation in Kuwait.
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Material and Methods

Test Site
Following a national soil survey (OMAR et al. 2001) a barley cultivation test site was
selected at Wafra. The Wafra soils are loose and susceptible to wind erosion and a protected
site, surrounded on three sides by tamarix trees, was chosen. The deep-rooted trees provided
an additional advantage in that they prevented a rise in the water table, a hazard in irrigation
schemes.

Soil Survey

Physical and chemical properties were evaluated in the field and laboratory using USDA
standards. The soil was analysed before and after each field trial. The soil type was defined as
Muslan, but importantly was non-saline down to a depth of 100-150 cm. In general the soil
was non-gypsiferous, calcareous and non-sodic with a very low clay and organic matter
content and with a low water storage capacity. A more detailed soil description is given in Al-
MENALIE (2003).

Water Analysis

Salinity of the ground water at Wafra was measured by electrical conductivity (6.75 dSm™)
and classed as S1 (low sodium adsorption ratio) and C4 (high salinity) (RICHARDS 1954).
This brackish water was saturated with Ca and SO4. The analysis indicated that Al-Wafra
water could be used in conjunction with permeable soils and moderately salt tolerant crops
such as barley. More details of the water analysis are given in AL-MENAIE (2003).

Genotype Survey

A wide range of barley germplasm was surveyed for field testing in 1999/2000 and included

the groups:

1. Recommended lines for the regions, ICARDA recommended the salt tolerant cultivars
Gustoe and California Mariout.

2. Wild barley lines from the “Fertile Crescent” (primary centre of diversity of H.
spontaneum), previously tested for salt tolerance (PAKNIYAT et al. 1997).

3. Semi-dwarf mutant lines, previously assessed for salt tolerance (FORSTER 2001).

4. Parental lines of genetic mapping populations, including cultivars, breeding lines and
landrace material.

In the second field trial (2000/2001) the best and worst lines were re-tested along with F,

hybrids from selected crosses.

Over 140 genotypes were tested over two seasons. Two treatments were applied: fresh water

irrigated and ground water irrigated, applied at the surface. It was important that these

treatments did not overlap and were separated 1.5 m in a split plot experimental design. In the

first year 141 genotypes were tested. Seed were sown in parallel rows with one replicate per

genotype occupying 1.25 m of a row in a bed. Each replicate row consisted of 5 seed spaced

at 25 cm intervals. Each treatment plot was composed of 3 beds, and each bed consisted of all

(randomised) genotypes. After harvest salt was flushed from the soil with fresh water. The

second field trial consisted of 54 entries.

Data were collected on: plant weight, number of seed/spike, number of seed/plant, spike

weight, survival, number of tillers, height of main stem and tillers.
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Results

Because of the large data sets (>10,000 data points), only an overview is presented here. Over
all yields in brackish water were reduced by about 50%, but there were strong genotype and
genotype*treatment interactions for all traits in both trials. Table 1 gives a summary of the
first trial results, because biomass was considered the most important trait for Kuwait, the
genotypes have been ranked according to plant weight. Relative performance was calculated
as: Control — Stress x 100

Control

Table 1. First year overall rankings for relative performance of the top 10 and worst 10
genotypes arranged according to plant weight

Genotypes Plant |No. [No. of |Spike [Survival [No. of [No. of [Height |Mean |Overall
(*Group) weight|of  [seed/ |weight spikes [tillers |ofthe [|height |ranking
seed/ |plant main  |of tillers
spike stem
Golden Promise’ 1 58 |20 10 16 31 38 107 18 3
Tab 377 2 108 (120 |94 108 85 67 92 49 95
ari-e.228 3 40 |16 24 77 35 43 115 61 16
ari-e.l’ 4 53 |22 46 110 25 26 105 56 29
ari-e.156° 5 70 [38 40 |3 41 37 |82 104 [19
Tab 45 6 22199 9 141 116 107 |90 112 84
Foma® 7 49 |27 39 39 62 64 73 71 22
Gustoe' 8 44 |15 53 137 29 36 117 82 47
Maythorpe’ 9 23 |10 14 61 26 30 |61 37 2
California Mariot ' |10 28 13 33 105 44 48 87 119 37
I-15° 132|111 |85 8 94 78 74 72 52 89
T-20° 133 |59 |71 132|100 76 72 140 140 130
Gadot” 134 |69 |116 |106 (40 121 119 |52 121 126
1-6° 135 |99 |48 67 22 22 14 129 128 73
NL 5/1° 136 |79 |82 122 |23 86 86 35 31 80
T-17° 137 {133 |134 |65 15 118 112 |66 93 124
NL 5/2° 138 |45 |55 126 |73 74 81 78 43 92
I-1° 139 |120 |64 83 34 24 25 119 103 91
T-7° 140 |86 |94 125 |26 95 93 125 115 128
1-2° 141 |68 [124 |72 78 125 125 [123 125 137

* 'Recommended, “wild, “mutant , *parental genotype

Similar results were obtained in Year 2 with Golden Promise, ari.e.228, Foma, Gustoe and
Maythorpe being in the top 10 in terms of overall relative performance (California Mariout
was just outside the top 10, twelfth), and with the worst all being wild barley lines (AL-
MENALIE 2003).

Discussion
Taking both years into account, promising genotypes could be identified for fresh and
brackish water irrigation in Kuwait, Table 2.
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Table 2. Promising genotypes for biomass production

Fresh water irrigation

Brackish water irrigation

Gustoe'

Gustoe'

California Mariout'

California Mariout'

Derkado®

Golden Promise’

Bonus” Derkado”
Maythorpe® ER/Apm’
26-35° ari-e.228°
7-168° B83-12/21/5%
ER/Apm’ ari-e.156°
NM6/5° Bonus”
22-30° Foma”

Genotypes from all four groups possessed useful traits and some interesting contrasts were
revealed between the best genotypes in fresh water irrigation compared to brackish. For
example four of the top ten lines in the brackish treatment carry semi-dwarf alleles at the Ari-
e. locus (Golden Promise, B83012/21/5, ari-e.228 and ari-e.156). The salt tolerance of these
lines has been noted in previous studies (FORSTER 2001; PAKNIYAT et al. 1997a, 1997b).
Furthermore, studies by AI-MENAIE (2003) showed that ari-e. genotypes had short roots and
this may have an additional advantage at Wafra in not penetrating into the saline soil zone at
100-150 cm depth.. There has been no breeding of barley for Kuwait and the potential for
improvement is great. Traditional breeding (crossing the best with the best) is one route
forward as recommended cultivars, California Mariout and Gustoe, showed good
performances. These two cultivars have been crossed together and doubled haploids (DHs)
have been produced from the F,; for further studies. Landrace and wild barley genotypes, as in
other studies (CECCARRELLI et al. 1998; ELLIS et al. 2000; FORSTER et al. 2004), were
also identified for breeding and genetic studies of abiotic stress tolerance. Selected genotypes
have been crossed onto California Mariout and Gustoe and DH lines produced. These
populations have been developed to study the genetics controls of performance as well as to
initiate a barely breeding programme in Kuwait.

Irrigation with brackish water is of concern. In this study we found that brackish water
irrigation had positive and negative effects on soil properties, but analysis after each trial
showed that soil rejuvenation was possible by flushing out salts with fresh water. The site
benefited from the presence of tamarix trees in maintaining the level of the water table and
reducing wind damage. The work demonstrates that barley production can be expanded in
Kuwait, but an integrated approach is necessary in matching soils, water, genotype and
ecology.
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SSR-Based Genetic Diversity Assessment among Tunisian Winter Barley
and Relationship with Morphological Traits

W.B. Hamida and S. Hamza

Laboratory of Genetics and Plant Breeding, Institut National Agronomique de
Tunisie, Avenue Charles Nicolle, Tunis 1082, Tunisia

Abstract

For studying genetic diversity caused by selection for adaptation and end-use, 17
microsatellites (SSR), representative of the barley genome, were used in 26 barley
(Hordeum vulgare L.) accessions and cultivars in Tunisia. The accessions/cultivars
originate from different geographic regions and are of different end-use. For the 15
polymorphic SSR, the mean number of alleles per locus was 3.6 and the average
polymorphism information content was 0.45. Cluster analysis based on SSR data and on
morphological data clearly differentiate the genotypes according to their type (local
landraces vs. varieties), row-number and end-use. The correlation between both
diversity measures was highly significant (/=0.25, P<10”) and the correspondence
between the clustering based on SSR and morphological data was relatively good. Our
results show the large genetic diversity of the Tunisian barley cultivars and the
association of this diversity with adaptation traits.

Introduction

In Tunisia, barley is the most important cereal crop after wheat (7riticum aestivum)
and occupies one 38% of the cereal cultivated area. Prior to national barley breeding
programs, which started in the 1960’s, cultivated barley represented essentially winter-
type landraces. Despite their low productivity, they still constitute 40% of the present
barley cultivated area.

Since the creation of barley breeding centres in Tunisia, new cultivars were
developed by (i) selection from local populations, (ii) introduction of new varieties and
(111) crossing and selection for yield. Several high-yielding winter barley cultivars of
two and six-row type were introduced from Algeria, France, Denmark, Australia, USA
and from the International Centre for Agricultural Research in the Dry Areas
(ICARDA) in Syria. However, the cultivation of two-row barley for brewing were
rapidly replaced by six-row cultivars, mainly because of farmers’ preference and
agricultural practices, that were not relevant for two-row barley. Currently, the most
interesting cultivars are ‘Martin’ and ‘Rihane-03’ introduced, respectively, from Algeria
in 1931 and from ICARDA in 1986, which occupy about 20% and 60% of barley
cultivated area, respectively.

Molecular markers that reveal polymorphism at the DNA level have been shown to
be a very powerful tool for genotype characterisation and estimation of genetic
diversity. Among these, microsatellite or SSR (simple sequence repeats) markers were
showed to have a high potential for identification and estimation of genetic diversity of
barley germplasm collection (SAGHAI-MAROOF et al. 1994; RUSSEL et al. 1997b;
STRUSS & PLIESKE 1998; PILLEN et al 2000). The fact that microsatellite
sequences were shown to be more frequent in transcribed regions (MORGANTE et al.
2002) and that microsatellite markers are under the influence of natural selection in
barley and wheat (SAGHAI-MAROQOF et al. 1994; STACHEL et al. 2000) constitutes
the advantage of SSR markers to assess the relationship between DNA polymorphism
based on microsatellite markers and adaptation of barley accessions to particular
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environments.

To date no information is available i genetic variation of Tunisan barly germplasm
at the molecular level. The objectives of the present study were to use the microsatellite
markers, described by SAGHAI-MAROOF et al. (1994) and LIU et al. (1996) and
which are distributed all over the barley genome, for characterisation of Tunisian barley
germplasm including two-row and six-row winter barley accessions and estimation of
the genetic diversity. Barley germplasm was also characterised for morphological and
agronomic traits and relationship between genetic similarities based on SSR markers
and euclidian distances based on some morphological and agronomic traits is described.

Material and Methods

Plant Material and DNA isolation

Twenty six Tunisian winter barley cultivars /landraces of diverse geographic origin,
end-use and row type were used in this study (Tablel).

SSR Markers and Protocol

Seventeen SSR markers from the commercially available Mappair primer sets
developed by Research Genetics Inc. (Huntsville, USA) (Table 2). They provided at
least one marker per chromosome, however there were four markers on chromosomes 6
and 7. PCR amplification was performed with 20 ng DNA in 15 pl volume reaction
according to the protocol developed by LIU et al. (1996). The amplification products
were resolved on 6% polyacrylamide gels (PAGE) followed by silver-staining
according to the protocol described by PILLEN et al. (2000).

Morphological and Agronomic Traits

Twelve traits were scored on the 26 barley lines. All traits, except the number of
rows in the spike (NR), were evaluated using one-row plot of 1.5 m and three replicates.
These include morphological traits (NL, LI, HMB, LB), earliness and maturity traits
(FL, PhM, EP, DRG) and yield components (NGE, PMG). All traits were standardised
before analysis.

Data Collection and Analysis

Marker Polymorphism

To measure the informativeness of the markers, the polymorphism information
content (PIC) for each SSR was calculated according to the formula: PIC= 1- (Zp?),
where i is the total number of alleles detected for an SSR marker and p; is the frequency
of the ith allele in the set of 26 barley cultivars investigated. Null allele is considered as
one of the series of multiple allele and is included in the computation of PIC values. PIC
is also an estimate of the discriminatory power of an SSR marker locus.

Genetic Similarity Estimation and Cluster Analysis

Each SSR band was scored as present (1), absent (0) or as a missing observation for
the different cultivars. Genetic similarity (gs) between two cultivars 1 and j was
estimated following NEI & LI (1979). Based on the genetic similarity matrix (denoted
GS), UPGMA cluster analysis were used to assess pattern of diversity among the barley
entries. To test the goodness of fit of this clustering to the genetic similarity data, the
cophenetic correlation, r., that is the correlation between the matrix of gsjj and the
matrix of ‘cophenetic’ similarity value (computed from the tree matrix), was calculated.
All calculations were performed using the NTSYS-pc version 2.1 software (ROHLF
2000).
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Analysis of Morphological Traits

A principal component analysis (PCA) was performed on observed morphological
traits after standardisation All traits were standardised by subtracting the mean value
and dividing by the standard deviation; this allows to remove scale effects before
calculating Euclidian distances. Based on standardised trait values, euclidian distances
(md;;) between the lines were calculated. Morphological similarities (ms;) were also
calculated as (1-md;j). Matrix of these values is denoted MS. Using the matrix (denoted
MD) of euclidian distances, an UPGMA cluster analysis was performed producing a
second dendrogram depicting relationships among cultivars relative to their
morphological characteristics. As for genetic similarity, the cophenetic correlation was
calculated to measure the quality of the clustering with regard to the original data.

Comparison of Marker and Morphological Data

Simple (r) and Spearman rank correlation (rs) coefficients between the 325 values of
genetic similarities (gsij) and morphological similarities (msij) were calculated. P-
values for these coefficients were calculated based on their respective asymptotic
distributions (Kendall & Stuart, 1979).Correspondence between the two similarity
matrices GS and MS (matrix of msij values) as well as between their corresponding
cophenetic matrices was tested with the Mantel Z statistic (Mantel 1967). Significance
of Z was determined by comparing the observed Z values with a critical Z value
obtained by calculating Z for one matrix with 1000 permuted variants of the second
matrix. All computations were performed with appropriate procedures of the NTSY S-pc
version 2.1 software (Rohlf 2000).

Results and Discussion

Characteristics of SSR Markers

Seventeen microsatellite markers dispersed across the genome were used to test the
genetic diversity of 26 landraces/cultivars. Fifteen SSR markers generated polymorphic
patterns and two (HVDHNO9 and HVM64) gave a monomorphic pattern, yielding a
polymorphism rate of 88.2%. A total of 55 alleles was detected by 15 markers. The
number of alleles per locus varied from 2 to 7, with a mean of 3.6 alleles/locus (Table
2). The mean PIC for the 15 SSR markers was 0.45, with values ranging from about
0.068 for HVM11 to 0.78 for HVM74. This result confirms that SSR markers are highly
informative compared to the value (0.38) obtained by Pillen et al. (2000) who used 22
microsatellite markers and a set of 28 mainly German barley cultivars and two wild
forms.

Genetic Diversity Levels

The average GS among the barley lines was 0.58 with values ranging from 0.31
between ‘Roho’ and the accession collected from Bizerte and 0.94 between ‘Cowra’ and
Tunis. The average GS among the OLT accessions is significantly larger (0.70), ranging
from 0.47 between OLTGabes2 and OLTGabes9 and 0.87 between OLTTeboulba and
OLTGuellala.

Based on GS values, we attempted the identification of the accessions collected from
different areas in Tunisia by examining the most similar known cultivar (having the
highest genetic similarity). The most similar cultivars/landraces to the accessions
collected from the regions Tunis, Bizerte, Ariana and Dinar, were, respectively,
‘Cowra’, OLT Gabes8, and ‘OrgeBlanche’. These relationships were supported by
similarity of morphological traits of the spike. For example, the genotype Tunis and the
cultivar ‘Cowra’ which have high genetic similarity value, have also dense spike, and
yellow awn and glume.
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Genetic Diversity Pattern

UPGMA cluster analysis of SSR genetic similarity matrix resulted in the phenogram
in Fig.1, which has quite a good fit to the GS matrix (r.= 0.77). Four groups can be
distinguished by truncating the dendrogram at gs value of 0.55. The major group
(denoted group I) consists of 20 genotypes and includes all OLT landraces, cultivars
derived from local landraces (‘OrgeBlanche’), the accessions collected from Tunis,
Dinar, Ariana and Bizerte as well as introduced cultivars (‘Rihane-03°, ‘Hor1259’,
‘Cowra’). The position of cultivars ‘Rihane-03’ and ‘Hor1259” within the OLT group is
consistent with their origin; they are both derived from a cross involving Atlas (As) as a
parent genome that is a local landrace collected from the Atlas mountains of North
Africa. Several local accessions were collected by Australian breeders at the beginning
of the nineteen century of which 55 were catalogued in ICARDA. In this group I
microsatellite markers used were also able to discriminate between all the OLT
landraces even when they were originated from the same region (four from Oasis
Gabes) and have the same common name (Sfira). This high discrimination between
closely related landraces is also the result of the large heterogeneity of local landraces,
which are defined in Tunisia as geographically based populations. Each population has
typical characteristics of the grain appreciated by farmers and local inhabitants for food
and tasting properties (MEDIMAGH, pers. Comm.). GRANDO et al. (2000) mentioned
that considerable heterogeneity exists both between landraces collected in different
farmers fields (if designated by the same name) and between individual plants within
the same farmers field for several plant characteristics.

In group I, a subgroup consisting of ‘Hor1259’ together with ‘OrgeBlanche’ and
Ariana corresponds to a homogeneous Group of fodder barley cultivars.

Another group (Group III) includes all three two-row barley cultivars (‘Faiez’, ‘Taj’,
‘Roho’). These results are consistent with those obtained by several authors who used
RFLP, RAPD and AFLP markers (GRANER et al. 1994; MELCHINGER et al. 1994;
RUSSELL et al. 1997a). ‘Martin’ and ‘Manel’ are clustered together and form a
separate group (group II). The cultivar ‘Mumtez’ is well separated from the other
groups and forms Group IV.

Morphological Analyses

In the principal component analysis (PCA), the first four principal components
(having eigenvalues > 1) explained about 87% of the variation. The first two axes
explaining about 58.4% of the variation, were, respectively, linked to variables related
to yield and maturity (correlated negatively with EP, PhM and PMG and positively with
HMB and NGE, (7> |0.7]) and to earliness (positively correlated with NR and F1, 7>0.8).
The third axis, explaining 17.9% was correlated positively with NF (»=0.79) and
negatively with LEN (7=-0.95).

Based on the projection of varieties in the first principal plan (Fig. 2A) one can
distinguish four groups. The first group in the lower-left part of Fig. 2A comprises
‘Faiz’, ‘Roho’ and ‘Taj’, which are the two-row early barley commercial varieties
introduced in the end of the seventies and mainly characterized by high PMG and small
NGE. On the opposite side, a second group is composed by the accession collected from
Ariana, ‘OrgeBlanche’ and ‘Hor1259°, which have naked grain and are fodder barley
characterised by their tall straw (high HMB), late ear emergence (high EP) and high leaf
area (high NF). Note that these two groups are also clearly distinguished in the second
principal plan of axes 1 and 3 (Fig. 2B).
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The central group in Fig. 2A could be split into two groups: first one composed of
varieties ‘Martin’, ‘Cowra’, the accessions collected from Bizerte and Tunis, and Safra,
and the second composed of all the remaining varieties, i.e., all the OLTs plus ‘Manel’,
‘Rihane-03°, ‘Mumtez’ and the accession collected Dinar. However, when examining
the second principal plan, one sees (Fig. 2B) that ‘Manel’, ‘Rihane-03’, and ‘Mumtez’,
which are six-row high-yielding commercial cultivars could now be considered as a
separate group whereas the group of the five cultivars/landraces ‘Martin’, ‘Cowra’,
Safra, Tunis Bizerte and is now spread and partly mixed with the OLT group. This gives
further homogeneity of OLT group, whereas the nine remaining genotypes (‘Martin’,
Bizerte, Tunis, ‘Cowra’, Safra, ‘Manel’, ‘Rihane-03’, ‘Mumtez’ and Dinar) may be
considered as a heterogeneous group including both old cultivars used since the 1930s
(‘Cowra’, Tunis, ‘Martin’, Safra, Dinar) and registered commercial varieties used since
the end of the 1980s (‘Manel’, ‘Rihane-03°, ‘Mumtez’).

Comparison of SSR and Morphological Traits-Based Diversity Estimates

Correlations between GS and MS values were significant (7=0.25, P<10”; r=0.22
P<107). The Mantel Z test statistic was also significant between GS and MS matrices
(£=2.43; P=0.006) as well as between the cophenetic matrices of GS and MS (Z.=2.88;
P=0.002). These results indicate a good correspondence between the two similarity
measures. The relatively high correlation between morphological distances and genetic
similarity based on SSR markers is revealed by a similar grouping of varieties; in fact,
three consistent groups were found in both classifications (SSR and morphological-
based): the two-row group (‘Faiez’, ‘Roho’ and ‘Taj’), the naked fodder group (Ariana,
‘Hor1259’ and ‘Orge blanche’) and the OLT group. The other varieties (including
landraces and commercial cultivars) are so diverse with respect to their genetic
background that no consistent relationship could be found. When these varieties were
removed and the remaining were re-analysed, we obtained an even better
correspondence between SSR and morphological similarities (Z=4.47, P<0.0001;
Z:~4.85, P<0.0001).

In this study the microsatellites markers proved to be valuable in genotyping barley
accessions. The finding of relationship between SSR based polymorphism and
morphological traits showed that SSR markers are powerful to examine functional
diversity. A broader study with a large collection of well characterised accessions
collected from several areas of Tunisia will be realised using EST-SSR markers to
examine genetic diversity in relation to adaptive variation.
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Table 1. Genotypes used in SSR and morphological analyses, their pedigree
(when available), their breeding institute (for cultivars), end use and region of
origin

Barley Number Breeder/ Country End use
Landraces 12 Tunisia Food
Collected accessions 4 Tunisia
Six-row varieties 7 International and Food and
national breeding fodder
centers
Two-row varieties 3 ICARDA, Riso  Brewing
laboratory
Denmark, West
Institue /USA

Table 2. Characteristics of SSR markers used with the number of alleles and
polymorphism information content calculated over a set of 26 barley genotypes

Marker Repeat pattern  Chromosomal location Number of alleles PIC Number of null alleles
HVM9 (TCT)s 3 2 0.45 0
HVM11 (GGA) 3 6 3 0.07 1
HVM20 (GA)19 5 4 0.54 0
HVM30 (CA)8 7 3 0.54 4
HVM31 (AC)9 6 2 0.07 0
HVM33 (CA)Y7 3 5 0.56 1
HVM40 (GA)6(GT)4 4 4 0.47 0
HVM43 (CA)9 5 6 0.67 0
HVMo4 (GA)A(GT)7 6 1 0.00 0
HVM74 (GA)13 6 7 0.78 2
HVM77 (CA)7 4 4 0.66 2
HVCMA® (AT)9 1 2 0.26 0
HVBKASI'  (C)10,(A)11 2 2 0.56 0
WMS6 (GA)40 4 3 0.53 7
HVLEU® (ATTT)4 7 4 0.45 2
HVDHN7* (AAQ)S 7 4 0.20 23
HVDHNY* (AC)6 7 1 0.00 0
Average 3.6 0.45 2.8
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Abstract

Decreasing genetic variability in modern cultivars may become a problem in the near future.
The utilization of exotic genotypes is a possibility of broadening the genetic base, but presents
many problems if quantitative traits are to be improved. A large number of suitable accessions
exist in the gene banks, but how can a promising genotype be chosen without first undergoing
a long and complicated back cross procedure?

To answer some of the many questions that arise when dealing with crosses between wild
genotypes and modern cultivars ten parents were chosen from each group and 30 Hordeum
vulgare x Hordeum spontaneum crosses were established in four back cross generations. A
number of quantitative traits of the progeny as well as the cultivars and wild barley accessions
used as parents were evaluated in field trials.

Means and variances of the progeny in different backcross generations were compared to the
theoretical expectations of various traits. The general and specific combining ability of the
modern cultivars and the wild barley were analysed. The potential for positive transgression
for the trait yield was examined. The feasibility of predicting which H. spontaneum
accessions will contribute most to an improvement of traits and the consequences for the
choice of an optimal breeding methodology are discussed.

Keywords: H. spontaneum; quantitative traits

Introduction

Genetic resources are growing more and more important as the genetic variability of our
modern cultivars decreases. Until now exotic material has only been used to improve traits
influenced by either one or only a few genes. However wild forms have the potential to
improve quantitative traits as well (SCHACHT 1998, ZELLER 1998).

To the present date a plant breeder does not have the knowledge to choose appropriate parents
from the exotic material.

Studies using AB-QTL analysis can speed up the breeding process only if few wild accessions
are used as parents as the high costs and huge amount of work make the analysis of many
wild accessions nearly impossible.

In this study the inheritance of quantitative traits in “wide” crosses are examined using barley
backcrosses between H. vulgare and H. spontaneum as a model.

Material and Methods

Ten randomly chosen Hordeum vulgare varieties were crossed with ten randomly chosen
Hordeum spontaneum accessions using an incomplete factorial mating design. A number of
backcross generations (BC; — BC4) were then produced by crossing the descendents with their
respective H. vulgare parents. In each backcross generation up to 28 lines were derived from
each cross. The derived lines were selfed for at least three generations.

These lines were then evaluated in field trials with their parents for two years. A number of
quantitative traits were studied, e.g. grain yield or height.
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The resulting data was analysed by comparing the means for various quantitative traits of the
progeny with the theoretical expectations that were calculated using the model developed by
COX (1984). In addition the general and specific combining ability were examined. The
estimation of variance components was computed in order to investigate the relative
significance of the general and specific combining abilities.

Another interesting aspect was the ability of the H. spontaneum accessions to improve the
performance of the modern varieties used as parents. To find out more about the potential of
this exotic material the number of progeny with grain yields higher by at least two standard
deviations than those of their respective H. vulgare parents was computed.

Results and Discussion

The phenotypes of the H. vulgare cultivars and the H. spontaneum accessions differ strongly
for nearly all traits, as is shown in Figure 1. Especially traits that have been subjected to
intensive breeding, e.g. grain yield, show large differences. H. spontaneum has many
characteristics common to wild plants, e.g. seed shattering.

Grain yield

O H. spontaneum

Figure 1: Traits of H. spontaneum depicted relative to the mean of the H. vulgare cultivars
(mean of the H. vulgare = 100%)

In Figure 2 the theoretical expectations based on the model by COX (1984) and the empirical
data of the various quantitative traits are shown. With the exception of the number of kernels
per ear most traits approach the theoretical expectation in later generations as the amount of
H. vulgare alleles increase. Choosing suitable parents in early backcross generations using the
model developed by COX (1984) presents problems. The empirical values and the theoretical
expectations do not correspond well in early generations.

The trait grain yield, which is of agronomic importance, fits the model better than a number
of other traits. A possible explanation may be that the model takes only additive effects into
account and neglects epistatic and dominant effects. Grain yield, a trait which is influenced by
numerous genes, seems to be governed mainly by additive effects.
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the performance of the parents and the resulting theoretical expectations
based on field trials.

23

9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



The statistical analysis of the deviations of the empirical values from the theoretical
expectations show significant deviations for a number of traits (Tab. 1): seed weight, kernels
per ear, height, vegetative growth duration, generative growth duration and total growth
duration. In later generations the number of significant deviations is smaller then in early
generations. Possibly the effects due to the H. spontaneum accessions, that are neither adapted
to our climate nor to intensive agricultural systems, are countered by the increase of alleles of
the modern cultivars.

A further explanation is that the model developed by Cox is based on the performance of the
respective parents. As the evaluation of the H. spontaneum accessions is highly problematic
in field trials, partially due seed shattering, but also because there is no synchronization of
flowering time or ripening, one of the parameters that form the basis of calculation of the
theoretical model must be viewed with caution.

Tab. 1: Means of the backcross generations for various traits for the incomplete factorial
compared to the mean performance of the parents and the theoretical expectations based on
the data from field trials.

BCI BCZ BC3 BC4
H. spontaneum H. vulgare
Grain yield 1,27 4,33 4,84 5,16 5,35 5,32
Seed weight 26,05 43,2 11143,7(1]43,8 43,9 43,8
Ears per plant 3,87 5,72 5,71 5,71 5,70 5,50
Kernels per plant 36 100 111 118 122 122
Kernels per ear 8,2 17,5(1119,6 [1]21,0]][21,8]] 22,3
Straw 8,18 5,75 5,72 5,71 5,50 5,19
Harvest index 0,11 0,39 0,42 0,44 0,46 0,47
Height 98,9 82,7111 82,0 80,9 79,8 80,3
Length of awn 11,1 10,8 10,4 10,4 10,2 10,0
Vegetative growth duration 1018 744 111 766 ||| 788 | || 779 || 802
Generative growth duration 396 467 | 1] 445 | 1| 421 428 403
Total growth duration 1403 1210 | {1208 ]| 1208] | [ 1205 1205

General and Specific Combining Ability

The general and specific combining abilities were calculated and the variance components
were estimated separately for each backcross generation as the definition of the combining
abilities does not take the different allele frequencies into account. Information on the
influence of the parents respectively of specific crosses can be helpful in developing suitable
breeding strategies.

In the current study the estimation of the variance components proved that the general
combining ability (GCA) of the H. vulgare parents had the biggest influence for nearly all
traits in nearly every backcross generation. The general combining ability of the H.
spontaneum accessions did not play an important role in any case.

For a number of traits the specific combining ability played a major role in some of the
backcross generations, mainly the early ones. The grain yield was an exception, in this case
the specific combining ability (SCA) had the biggest influence in all generations except the
BC;. In the BC; straw, length of awn, ears per plant, kernels per ear, kernels per plant,
vegetative and generative growth duration and in the BC, kernels per plant were the traits
influenced mainly by the SCA.
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The influence of the specific combining ability especially in early backcross generations
explains the problems that arise if markers for quantitative traits are used in different
populations. The effects often cannot be reproduced as they do not exist anymore in a
different cross.

41923 | | OBC, o BC,| |
41925 i 1 i OBCs ‘I BC4
o ; ; ;

41936

101-23 :b‘ |
I-B-30 E

1-B-86 ' =

2820 _— |

os | ; =
o ; ;
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Figure 3: Effects of the general combining ability of the H. spontaneum accessions in
four backcross generations for the trait seed weight.

The general combining ability of the seed weight is shown in Figure 3. Even for this trait,
with a high heritability, the effects specific parents achieve in different backcross generations
vary widely. In most cases the effects are not even either positive or negative in all
generations.

Transgression

The ability of the H. spontaneum accessions to improve the performance of the modern
varieties used as parents is an important aspect of this study. To asses the possibilities H.
spontaneum offers, the number of transgressive lines in crosses with specific wild parents was
calculated. Transgressive lines were defined as lines with grain yields higher than those of
their respective H. vulgare parents by at least two standard deviations.

Transgressive lines were found for all wild parents. The number of transgressive lines varies
widely from generation to generation for individual parents even though there are more in
later than in early generations. The wild accessions 42-8 and 41923 produced a higher number
of transgressive lines in all backcross generations than any other parent, in some generations
their results were not as good as those of other parents. Correlations between the percentage
of transgressive in the individual generations were low and seldom significant in some cases
they were even negative. Predicting transgression by the performance in earlier generations is
not possible.
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Tab. 2: Percentage of transgressive lines for the trait grain yield in four backcross generations.

Transgressive lines in percent
Crosses with H. spontaneum BC, BC, BC; BCs BC;-BCq4
101-23 * Apex, Dorett, Harry 0,00 1,85 3,06 1,32 1,43
1-B-30 * Apex, Aura, Dorett 2,22 0,65 0,00 6,25 2,43
1-B-86 *Beate, Golf, Klaxon 0,00 2,13 5,31 0,65 1,83

2-B-20 *Aura, Beate, Dorett 1,32 1,61 4,32 4,11 2,85
42-6 *Berolina, Harry, Lerche 0,00 1,90 2,63 5,65 2,36
42-8 *Arena, Golf, Klaxon 4,17 2,00 7,55 3,85 4,14

41923 *Arena, Berolina, Golf 1,31 3,23 7,86 11,11 5,71
41925 *Arena, Berolina, Lerche | 4,49 1,94 1,54 2,60 2,69

41929 *Aura, Beate, Klaxon 1,40 2,88 4,20 4,08 3,15
41936 *Apex, Harry, Lerche 0,70 0,67 2,00 5,26 2,19
Factoriell (0] 1,59 1,85 3,80 4,33 2,89
Control group (H. vulgare) O 4,08

Choosing suitable parents from exotic material remains problematic. Neither the theoretical
model developed by COX (1984) nor the general combining ability of the H. spontaneum
parents seem to allow reliable predictions about the performance of progeny for quantitative
traits. Exotic material definitely has the potential for improving even traits like grain yield,
that have been subjected to intensive breeding. The decision which H. spontaneum accession
to use in a breeding programme should be made under consideration of other criteria e.g.
disease resistance.
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Abstract

United States Midwestern six-rowed malting barley varieties constitute a narrow germplasm
tracing back to approximately 40 ancestors. Varietal candidates developed at the University
of Minnesota have shown genetic improvement for many traits despite the fact that most of
the crosses leading to these lines in the past 50 years have been among elite lines from within
the breeding program. We initiated a study to estimate genetic gain for traits that have been
under selection in Minnesota breeding germplasm. We evaluated 62 varieties and variety
candidates developed from 1958-1998 in five locations in 2002 and 2003. Genetic gains for
yield, plump yield, and malt extract are estimated to be 9.5 kg ha™ year™, 20.5 kg ha' year™,
and 0.065 % year™, respectively. Parallel to this genetic improvement of selected traits, we
have observed a decrease in genetic diversity within this same germplasm. Allelic diversity,
based on 65 SSR markers distributed throughout the genome, has decreased from a mean of
6.0 alleles per locus for lines developed from the first decade to 2.3 alleles per locus for lines
developed during the last decade. These phenotype and marker data will be the basis for an
association mapping study to identify loci for important agronomic, disease resistance, and
malting quality traits that have been under selection during breeding.

Introduction

Plant breeding in six rowed malting barley (Hordeum vulgare L.) in the North American
Midwest has been successful in developing varieties with combinations of desirable
agronomic traits (yield, lodging resistance and disease resistance) and malt quality parameters
(malt extract, alpha amylase, distatic power, etc,). This has led to highly accepted varieties by
both the malting and brewing industry and farmers.

Breeding for such a complex target has led to the development of a regional narrow
germplasm pool, characterized by close pedigree relationships. This phenomenon was
assessed by MARTIN et al, (1991) using a co ancestry index. They concluded that for the
main cultivars grown in the area, “52% of the germplasm was contributed by the 5 ancestors
with the highest mean (Trebi, Coast, Lion, Manchuria and Mensuri)”. RASMUSSON &
PHILLIPS (1997) suggested that the main reasons for the narrowness or isolation of this
germplasm was germplasm exchange between the three main breeding programs in the region
and the need to maintain gene complexes for general environmental adaptation and
acceptable malting quality. The fact that the dominant varieties in the region were highly
related to each other was due, in part, to industry quality standards that dictated that new
cultivars be similar in malting quality to those currently in use. This high level of relatedness
has also been reflected in molecular marker studies that detected limited polymorphism in
SSR and RFLP markers (DAHLEEN 1997; CONDON et al. 2002). The high level of
relatedness among lines is reflected in the pedigrees of the variety candidates used in this
study. When the germplasm was grouped by the decade it was developed, the average
number of SSR alleles per locus decreased from 6.5 to 2.3 between the first and last decade
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(CONDON et al. 2002). Fifteen of the 65 loci studied were fixed over time. This reduction in
allelic diversity was significant overall, but not constant across the genome.

Another factor that has contributed to the genetic narrowness of the Midwest six-rowed
germplasm is the successful deployment of major disease resistance genes for spot blotch
(Cochiobulus sativus) and stem rust (Puccinia graminis f. sp. tritici). The resistance to spot
blotch pathotype ND85F race 1 was derived from NDB112 and/or Dickson (STEFFENSON
et al. 1996). Stem rust resitance was introduced via the gene Rpg!, located on chromosome
1P (STEFFENSON 1992; KILIAN et al. 1997).

Despite the narrowness of the germplasm used for breeding Midwest six-rowed barley,
genetic improvement has been reported. Studying a set of six cultivars (Manchuria, Kindred,
Trail, Larker and Morex) WY CH and RASMUSSON (1983) reported significant genetic gain
for yield, yield components, lodging resistance, plant height, and quality traits (malt extract,
alpha amylase and diastatic power). They estimated yield gains of 0.98 % or 22.1 kg ha™ yr™!
for all the cultivars evaluated. For the period between the release of Kindred (1942) and
Morex (1978), yield rates doubled to 2% or 45.7 Kg ha™ yr'. HORSLEY e al. (1995) also
found a considerable diversity for several malting quality traits available within Midwestern
barley cultivars. They concluded, that although these varieties were closely related, crosses
made from within a single breeding program would produce sufficient segregation for several
important malting quality to make progress in breeding.

In general, evaluation of achieved genetic gains in breeding has been done at a regional level,
between varieties released over a long timeframe, and across different breeding programs.
The goal of this research is to assess the genetic gain within a single breeding program by
examining variety candidates developed over a 40 year period. Has genetic gain been
achieved in a gradual manner, or by steps determined by the major released varieties? Has
progress reached a plateau within this period as a result of limited genetic diversity?

Objectives

The overall objective is to assess the rate of genetic gain within the Minnesota Barley
breeding program between 1958 and 1998, using the following traits: yield, plump yield,
plant height, days to heading and quality traits like plumpness, kernel weight, malt extract,
alpha amylase, diastatic power, and the ratio between soluble and total protein.

Material and Methods

Germplasm

Sixty two varieties and variety candidates developed in the Minnesota breeding program
between 1958 and 1998 were selected to assess genetic gains made through that period. This
set included 50% of the of the variety candidates designated during that period. Lines
included in the study were selected on the basis of pedigree to include lines that made a
significant contribution as parents in the breeding program. The names, pedigrees and years
in which the crosses were made are described in Table 1.
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Table 1. Name, pedigree and year in which the cross was made for the germplasm included
in the study

Genotype Year Pedigree Genotype Year Pedigree
M1 1960 TRAILL*3/BR. 57502 M6 1977 NORDIC/MANKER/RBST
MRX/MANKER//M72-
*
M2 1958 PARKLAND*2/ND B112 M48 1977 N,
*
M6 1960 LARKER*2/I1-51-43 M49 1978 yANKER 2/STEPTOE/M3
M7 1961 SWAN/WISC. 691-1 M50 1980 ROBUST/BUMPER
ROBUST*2/3/CREE/BONA
_ - — *
M8 1962 MI/M59-8 11-51-43*2/B112) | EXCEL 1981 O A
MO 1962 M3/LARKER M55 1981 MA46/M44
RB//M28/MANKER/3/BOW
*
M10 1963 LARKER*4/B112 M57 1981 VR
CREE 1963 M1/DICKSON M59 1982 M47/M44R
*
MI5 1964 E%?;’é” 2/CI47802/M23IN | g1 ANDER 1985 EXCEL/RBST/BUMPER
CREE/4/M2/3/VANTAGE/2/KINDRED/
MANKER 1965 CREE M66 1987 M44/EXCEL
* -
M17 1966 gl{%’ HY*7/BR3720-2/2/IND | 69 1982 M44/EXCEL
LARKER*7/BR. 5750-
MI8 1966 S M71 1988 M34/EXCEL
JTN/KIND/2/VNTG/3/TROPH
M21 1964 N ASNP R AIS M72 1988 MSS/EXCEL
JTN/KIND/2/VANT/3/TROPHY/4/DCK
M22 1965 JINKIND 2/VANT 3 TR M73 1988 M57/STANDER
M23 1968 M21/CREE ROYAL 1990 M62/AZURE
M24 1967 CREE/PARAGON M75 1989 M66/EXCEL
STANDER
MOREX 1969 CREE/BONANZA M76 1989 S OB S TM79.20
M2/M59-24/2/CREE/3/M62-
M26 1969 N ety MS1 1992 M66/STANDER
M27 1969 M66-83/M66-124 M82 1992 M86-151/STANDER
M29 1969 CREE/M66-123 MS3 1992 M73/EXCEL
CHERI / M66 // EX /3/ ST
M30 1970 MI8/M14 Ms4 1992 D)
M31 1970 M21/ND BI133//CREE MNBRITE 1992 M90-89/M69
MANKER//M21/ND
M32 1972 A MNS93 1994 CHEVRON / M69
M33 1972 M28/MANKER M6 1993 STANDER / EXCEL
M35 1974 M70-43/M69-77//MOREX LACEY 1996 M78 / M79
ROBUST 1973 MOREX/MANKER M100 1995 M78 / EXCEL
M37 1974 M18/63AB2987-32/MANKER | M101 1995 MS1 / M89-358
M38 1976 MOREX/BONANZA//M32 M104, M105 1993 M92-211 / M83
M39 1976 MOREX/MANKER//M30 M106 1993 M92-334 / M8 1
NORDIC/MNKR/3/MOREX//
Md4 1976 NSNS M108 1997 M92-395 / M83

Field Evaluation

The genotypes were evaluated during 2002 and 2003 seasons in five different environments
(Saint Paul and Crookston, in 2002 and Saint Paul, Crookston and Morris in 2003) using a
randomized complete block design with two replicates. Seed was sown in 2 row plots 3.0 m
in length 30 cm apart. Yield (YLD) was determined by harvesting 2.0 meters in the center of
the plot. Plant height (PHT) was determined by taking the average of 3 different points in
each plot. Days to heading (HD) was recorded as the number of days after planting when the
heads of 90% of the plants in the plot had emerged from the boot. Plump grain percentage
(PG%) was measured as the proportion (by weight) of grains larger than a 2.25 mm mesh .
Plump yield (PYD) was calculated by multiplying yield by the plump grain percentage. The
data was analyzed using the SAS PROC GLM (SAS Institute, Cary, NC) in a combined
analysis for all environments, considering each year-location combination as a fixed effect.
Regression was performed using the least squared means estimated in the previous analysis
against the year in which the crosses were made to estimate genetic gain. For quality
variables only Crookston and Saint Paul 2002 are included in the analysis. The grain
harvested was pooled across reps within locations, cleaned and sent to the USDA-ARS
Cereal Crops Research Unit in Madison, WI for evaluation of the following malting quality
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parameters: malt extract (ME), diastatic power (DP), kernel weight (KW), barley protein
(BP), soluble over total protein (S/T), alpha amylase (AA) and beta-glucans (BG).

Results and Discussion

Significant effects of genotypes and genotype-by-environment interaction were observed for
all the agronomic traits evaluated (Table 2). Significant genotype-by-environment interaction
was detected for ME and S/T among the quality traits. Calculations of genetic gain were
done using the data pooled across environments despite the GXE interaction, since the
breeding target for this program is represented by the locations used in the study.

Table 2. Germplasm statistics (mean, minimum, maximum) and analysis of variance results,
mean square (MS) and F statistic for 12 agronomic and malt quality variables

Genotype x
Germplasm Genotype Environment

Variable' Mean Min Max (%)

YLD (Kgha™ 4420 3453 5187 14.9 2058543 4.774%* 629069 1.45%*

PG (%) 84.6 54.5 93.5 9.7 568 8.36%** 97 1.43%*
PYD (Kgha') 3799 2290 4714 18.2 4023695 8.40** 735778 1.54%%
HT (cm) 78.8 66.1 89.6 6.2 395 16.4%** 39 1.64%**
HD (d) 53.1 51.2 55.8 24 833  4.99** 249  1.49**
KW (mg) 31.2 27.5 34.5 23 5.67 10.6%* 1.59 2.97**
ME (%) 77.1 73.6 79.8 1.0 3.89  6.76%* 091 1.59**
BP (%) 15.4 14.2 17.6 5.5 1.06  6.76%* 0.94 0.1
S/T 51.2 42.2 60.8 3.8 42.7  11.0** 7.8 2.01*
DP 153.6  109.0 209.3 12.5 1359 3.67** 568 1.83
AA 68.9 47.2 85.6 115 125 1.98** 69.7 1.1
BG 205.4 712 517.9 0.9 16464 4.47** 4496 1.22

"YLD, yield in Kg ha-1; PG%, percentage of plump grain; PYD, plump grain yield; ME%, percentage of malt
extract; HT, height in cm; HD, days to heading in days after June 1%; KWT, kernel weight; S/T, soluble over
total solids ratio; DP, diastatic power; AA, alpha amylase activity; BG, beta-glucan content.

** significant at P<0.01, * significant at P<0.05,

The estimated YLD gain per year was 20 kg ha year” (Table 3), representing a 0.49%
increase per year, with an observed significant r* = 0.20. This corresponds to about half the
increase reported by WYCH & RASMUSSON (1983). This estimate is similar to other
estimates of genetic gain made for wheat (DOMNEZ et al. 2001) and soybeans (USTUN et
al. 2001). Percent plum grain increased 0.51% per year (r* =0.36) and PYD increased 34.4
kg ha™ year” (1.09% per year), indicating a combined selection for both increased yield and
grain plumpness (Figure 1).

There was no change in heading date and a slight reduction in plant height (Table 3). This
suggests that the reduction in plant height in the University of Minnesota released varieties
has not been achieved through major genes. Significant gains were detected for KWT, ME
(Figure 1), AA, and S/T. We can conclude that even within a very narrow germplasm,
significant genetic gains for several important traits has been achieved. This progress can be
modeled adequately with simple linear regression with no apparent evidence of a plateau for
the traits measured. There does also not appear to be signs of depletion of phenotypic
variability for the traits studied. Future research will address the relationship between genetic
gain and the changes in allelic frequency detected by SSR marker analysis.
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Table 3. Estimates of linear regression parameters for the different variables studied

Variable ! R? Year (b) Pr > |t|
YLD 0.20 19.9 0.0003
PG% 0.36 0.511 <0.0001
PYD 0.39 34.4 <0.0001
ME(%) 0.41 0.074 <0.0001
HT 0.06 -0.12 0.05
HD 0.04 0.01 ns ?

KWT 0.25 0.07 <0.0001
S/T 0.40 0.27 <0.0001
DP 0.005 Ns Ns

AA 0.14 0.25 0.001

' YLD, yield in Kg ha-1; PG%, percentage of plump grain; PYD, plump grain yield; ME%, percentage of malt
extract; HT, height in cm; HD, days to heading in days after June 1%; KWT, kernel weight; S/T, soluble over
total solids ratio; DP, diastatic power; AA, alpha amylase activity.

? ns, not significant.
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Figure 1. A Genetic gain for Plump yield. B Genetic gain for percent malt extract (% ME).
Diamonds represent variety candidates. Triangles represent released varieties: Cree (1963),
Manker (1965), Morex (1969), Robust (1973), Excel (1981), Stander (1984), Royal (1989),
MNBrite (1992), Lacey (1998)
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Abstract

The Oregon Wolfe Barley (OWB) Population - a set of doubled haploids (DH) developed
at Oregon State University (OSU) from the F1 of the cross between Dr. R. Wolfe’s
Dominant and Recessive marker stocks - is a publicly available resource for plant
genomics research and serves as a vehicle for stimulating public awareness and interest in
genetic diversity and agricultural biotechnology. The OWB population, which displays a
stunning level of morphological trait diversity and a high level of DNA-level
polymorphism, is available in both real and virtual formats. Seed of the population can be
obtained from the Oregon State University Barley Project (www.barleyworld.org) and
this site also serves as a gateway to a spectrum of information and tools for research and
instruction involving the OWBs. A subset of the OWBs will be featured on the 9™
International Barley Genetics Symposium field tour, and the poster will describe some of
the many research and teaching activities around the world that involve this unique
germplasm resource.

Introduction

The OWB population is visually interesting and stimulating due to segregation, linkage,
independent assortment, and epistatic interactions of alleles at morphological trait loci.
The population is also useful and interesting as a research tool, since in addition to the
high level of polymorphism at morphological trait loci, there is a remarkable level of
DNA sequence polymorphism. The OWB population is, accordingly, a useful tool for
integrating all types of markers (e.g. morphological, RFLP, SSR, STS, and EST-based) in
a single reference linkage map. This has led to the development of an OWB-based BIN
map, which should, in the future, also be useful for aligning linkage and physical maps.
Since the OWB population consists of doubled haploid (DH) lines, it is an “immortal”
resource. Data are available on the Web at http.// www.barleyworld.org /owbs.html and
at GrainGenes http.//wheat.pw.usda.gov/OWB. The power and interest of the OWBs lies
in their simultaneous utility for genetics outreach and research. Seed is available upon
request.

Material and Methods

There are so many ongoing OWB-related projects that it is not possible to describe all of
them in this report, or to present them in the poster. Accordingly, a standard Material and
Methods section is omitted from this report. In cases where results have been published
or posted on the Web, citations or URLs are provided. In the case of work in progress,
please contact the authors for details. Progress reports will be periodically updated on the
Oregon Wolfe Barley homepage (http:// www.barleyworld.org /owbs.html).
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Results and Discussion

The OWBs as a Tool for Genetics Outreach

In order to facilitate outreach activities, we have developed the Informative and
Spectacular Subset (ISS) of 18 OWB DH lines (plus the two parents). With these 20
plants, one can capture most of the morphological diversity as well as demonstrate key
genetic principles, including allelic variation at the phenotype and genotype levels,
segregation, independent assortment, linkage, and epistasis (Table 1). Thanks to V.
Carollo (WRRC, USDA/ARS)' an ISS image gallery is posted at GrainGenes, as are
additional resources including (i) animations demonstrating the meiotic events giving rise
to specific ISS DH lines and (ii) illustrative examples of the RFLP, SSR, and EST
markers used for the animations. If you are interested in using the OWBs as an outreach
component, please join the OWB “nation”: contact the authors for details.

The OWBs as a Tool for Genetics Research

The OWB population has proven to be a useful tool for genetic analyses. Brief profiles
are presented for several of these projects. Readers are encouraged to become involved!
Please contact the authors with your research plan.

* The OWB BIN Map: Because the OWB map includes a range of marker types, it
is useful as a standard reference for integrating marker and Quantitative Trait
Locus (QTL) information from multiple mapping populations. L. Marquez-
Cedillo (OSU?), A. Kleinhofs (WSU?%), P. Szucs (MRI*), and ML Vales (OSU)
collaborated on mapping the SCRI SSRs and North American Barley Genome
Project (NABGP) RFLPs in the OWBs and L. Marquez-Cedillo aligned this map
with the BINs defined by Kleinhofs and Graner (2001). The OWB-based BIN
map will evolve as new markers are added. The current version, as shown in
Figure 1, features 14 morphological markers, 49 SSRs, 122 RFLPs, one mildew
(Blumeria graminis) resistance gene, four STS markers and 15 DsT insertions.

» Towards a barley transcript map: More than 360,000 barley ESTs are reported,
most of which still have no assigned function or map location. As a first step in
this direction, and a proof of concept, J. Russell, W. Powell (SCRI*), and L.
Marquez-Cedillo are collaborating on mapping selected ESTs in the OWBs.

*  Mapping Ds insertion sites in transposon tagging stocks: L. Cooper (OSU) and
cooperators have used the OWB population as the principle vehicle for
characterizing Ds insertion sites in transposon tagging stocks developed in
“Golden Promise”. Please see the paper in these Proceedings by Cooper et al. for
additional detail.

« Gene discovery: characterizing the partners in an epistatic interaction: L.
Cooper, S. Bell, R. Riera-Lizarazu, and 1. Vales (OSU) are characterizing the
intriguing epistatic interaction that results in the hooded phenotype. In individuals
that are homozygous for the dominant allele Kap and the recessive allele lks2, the
hooded phenotype is masked, resulting in a non-hooded, short-awned
inflorescence. Non-radioactive differential

34
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



display in combination with bulked segregant analysis is being used to isolate
cDNAs involved in the epistatic interaction of hooded (Kap) and short awn (lks2)
The OWB population was divided into four groups, based upon the genetic
makeup at the Kap and lks2 loci. Bulked cDNAs were generated from messenger
RNA, extracted from floral tissue at the terminal period of the elongating lemma
primordia stage from individuals of each group. A total of 240 primer
combinations were used to screen the OWB ¢cDNA bulks by differential display.
The differentially displayed fragments were grouped into five expression patterns
based upon the allelic composition of the OWB bulks. Two cDNAs are currently
being characterized and mapped in the OWB population that were up-regulated,
based on quantitative real-time RT-PCR analysis, in bulks that display the
epistatic interaction (KapKap lks2lks2). BLAST search results indicate that these
are unidentified barley gene transcripts with strong sequence similarity to
published ESTs of unknown function. This group is currently characterizing the
expression patterns of two cDNAs identified as being specific to the long awn
phenotype (kapkap Lks2Lks2). This work should contribute to the understanding
of the epistatic interaction of Kap and lks2.

QOTL mapping: The OWB DH population offers a unique opportunity to relate
QTLs with major genes determining morphological characters. The population
segregates for ~13 morphological traits, and some of these traits can be mapped
genetically based on qualitative evaluations. Other traits, including awn length,
spike length, heading date, and number of hairs on leaves, can be evaluated
quantitatively. As an example, MI Vales (OSU) has measured the awn length trait
in the OWB DH mapping population and the parental lines. Subsequently,
composite interval mapping (CIM) implemented in QTL Cartographer was used
to identify QTL that affected this trait. Significant QTL on chromosomes 2H, 4HS
4HL, 5H and 7H were detected. A major QTL was located on 4HS that explained
up to 59.1% of the phenotypic variance. Tests for epistasis between QTL were
evaluated using the MIM (Multiple Interval Mapping) method of QTL
Cartographer. Significant epistatic interactions were detected between the 4HS
and 7H QTL, that coincided with the positions of HvKnox3 (Kap or Hooded) and
lks2, respectively. The epistatic interaction explained 39.9% of the phenotypic
variance. These analyses confirmed the epistatic interaction phenomenon
previously described in this population. When the OWB DH lines with hooded
spikes were eliminated from the data set for QTL analysis, a major QTL was
identified on chromosome 7H; this QTL explained 61.3% of the phenotypic
variance and coincided with the location of /ks2. In addition, two other QTL were
found on 2H and 5H; these QTL explained 1.8 and 1.1% of the phenotypic
variance, respectively. The QTL on 2H coincided with the position of Zeo|.

Institutional affiliations: 'Western Regional Research Center, USDA/ARS,
Albany, California. USA); “OSU: Oregon State University, Corvallis, Oregon.
USA; * WSU: Washington State University, Pullman, Washington. USA. * MRI:
Martonvasar Research Institute, Martonvasar. Hungary; *SCRI: Scottish Crop
Research Institute, Dundee Scotland.
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Table 1. Morphological loci and chromosome locations segregating in the Informative and Spectacular Subset (ISS) of Oregon Wolfe
Barley DH lines. “A” = dominant parent allele; “B” = recessive parent allele. See www/barleyworld.org for locus definitions.

Chromosome 1H 2H 3H 4H SH 6H 7H
Locus Blp vrsl Zeol wst7 alm Pub Kap Hsh Srh rawl rob nud lks2
DH#
1 A B B B B B A A B - A A A
2 B B A A A B B A B B B B B
5 A B B B A B B B A B A B A
6 B A A A B A B B A A B B B
9 B B B A B A A B B A A B A
10 B A A B A A A B B A A A A
11 B A A B B B B A A B B B A
13 B A B B B A B A A B A A A
14 B B A A B B A B A - A B A
16 A A B B A B A A B B A A B
22 B B B B A B B B A B B B B
39 B A A A A B B A A B A A A
44 B A B B B B A A B A A B B
46 B B B B A B B A A B B A A
49 B B A A A A B A B A A A A
55 A A B B B B A A A B B A A
57 A B A A A B B A B B A B B
90 B A B B A B A B A B A A A
A 5 9 8 7 10 5 8 11 10 5 12 9 12
B 13 9 10 11 8 13 10 7 8 10 6 9 6
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Tunisian Insular Barley Landraces: A Significant Hordeins Drift
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Abstract

Barley genetic resources play a key role in dry farming and poverty alleviation in dry areas in
Tunisia. In semi-arid regions, barley is mostly cultivated by sheep owners and grazed one or
two times. It’s also grown for grain production in intermediate zones and for hay making.
Barley is used mainly for feed (85%) and occasionally for food (10-15%). In southern zones,
barley landraces are submitted to various constraints, essentially their substitution by
improved cultivars, and are threatened of disappearance and extinction. To safeguard these
resources, 423 barley accessions were collected from diverse regions of Tunisia and
specifically from the islands of Djerba and Kerkenna. Sixty-one accessions, collected from
Djerba [Jorf 2 & 8, Houmet Essouk , Houmet Beni Dighet and El Khmara], were evaluated
using SDS-PAGE. Results showed high B and C hordeins segregation. 33 chemotypes were
characterized. Beni Dighet accessions showed a fatal drift for A and D hordeins. It seems that
certain important quality traits have been loosed and dramatically influence may occur on
nutritional value. Presence or absence of some hordein groups or components also could
indicate the quality of technological traits of the barley grain.

Keywords: insular barley landraces; hordeins; SDS-PAGE; genetic drift

Introduction

Barley is cultivated on about 450.000 hectares in Tunisia. During centuries, early
domestication and local knowledge have generated diverse local barley landraces used mainly
for feed and lowly for food (VAVILOV 1951). In semi-arid regions (Central and Southern
zones), barley is mostly cultivated by sheep owners, and grazed one or two times as early
winter crop when forage and pasture are not available. It’s also grown for grain and for hay
making. The mostly grown six-rowed improved barley varieties are Martin, Rihane and
Manel. Rihane is grown on more than 50% of the barley cultivated areas. Manel, a new six-
rowed variety was officially registered in 1996 and released for sub-humid areas. Momtaz, a
drought tolerant genotype, was proposed officially for release in 1999. Local barley cultivars
are still grown essentially for double use purpose. The most grown local barley landraces are
Souihli, Ardhaoui, Frigui, Beldi and Djebali. Sfira and Djerbi are cultivated in limited niches
in the South and essentially used for food to prepare special recipes for restricted rural
communities in the island of Djerba (EL FELAH 1998).

The conservation and use of plant genetic resources are essential to the continued
maintenance and improvement of agricultural production, sustainable development and
poverty alleviation. Plant genetic resources include, reproductive or vegetatively propagated
material of wild and weedy relatives of cultivated species, cultivars in current use and newly
developed varieties, obsolete cultivars, special genetic stocks including elite and current
breeders lines, aneuploids and mutants, and farmer’ traditional cultivars and landraces (KARP
et al. 1997). The objective of plant genetic resources is to preserve and to use as broad a
sample of the extent genetic diversity, and conduct a participatory plant breeding program
only possible way for crops grown in limited agroecological niches. The major storage
proteins in the barley endosperm are the alcohol-soluble prolamins, the hordeins which have
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been classified into four groups, namely, B-, C-, D-, and gamma hordein (HIROTA et al.
2000). In another hand, barley storage proteins can be divided into 4 groups A, B, C and D
according to their molecular weight and to their hydrophobicity (SHEWRY et al. 1994).
Polyacrylamide gel electrophoresis of cereals storage proteins is a vluable tool for assessing
variation in germplasm samples (DAMANIA et al. 1983).

Indigenous barley accessions were collected from diverse ecogeographic regions of Tunisia
and specially from the island of Djerba. This work describes an extraction technique using a
modified SDS-PAGE that is capable of resolving barley endosperm proteins into clear and
repeatable band patterns.

Material and Methods

Nine barley landraces were collected from farmers’ fields in Houmet Beni Dighet in the
island of Djerba in 1983. These accessions were grown in unreplicated small plots of 2.5 m
row length with a row spacing of 25 cm. These head-rows allow us to obtain by mass
selection pure line accessions. 10 kernels in total of each entry were analysed to provide some
indication of sample purity.

Single half-kernel extracts were prepared, in a single electrophoretic analysis for the majority
of Dighet accessions. Electrophoretic analysis of these 9 accessions was achieved using SDS-
PAGE method according to SHEWRY et al. (1978) and COOKE et al. (1983). For each
endosperm analysed, 50 ul of extracting solution is required instead of 15ul

Endosperm color frequencies were evaluated in Technology Lab. of INRAT using visual
method.

Results and Discussion

A total of 9 single seed anlysis was made to identify variation in this material. Each
population was represented by several chemotypes, and these are indicated in figure 1. Each
seed having a distinct electrophoretic profile with respect to position of bands and their
intensities are recognised as a different chemotype. Landraces collected in Houmet Ben
Dighet were highly variable with many chemotypes in each population.

Morphological analysis of these populations showed that all barlys from the island of Djerba
are 6-rowed cultivars. SDS-PAGE analysis of seed proteins from 9 local barley landraces
(112, 114, 115, 116, 117, 118, 119, 120 et 121) collected from Houmet Beni Dighet (Djerba
island-South-Tunisia) have segregated into five patterns: Pat. 1, Pat. 2, Pat.3, Pat.4 and Pat. 5
(Figure 1).

Results showed a clear and significant drift of D-hordeins bands in the pattern 1 (accession
112) and in the pattern 4 (accession 119). In another hand, a gradual drift of D-hordeins bands
was observed in the patterns 2, 3 and 5 regarding to the band intensities of the accessions 114,
115, 117, 118, 120 and 121 (Figure 1). Regeneration will be needed and has to be carried out
to ensure that genetic drift, or change in genetic structure of the population, is reduced to a
minimum (KARP et al. 1997).

The local barley evolution is based on a gradient of endosperm color, shape and size. The
food barley survey revealed that 91% of Tunisians preferred consume the white to yellow
barley grain endosperm, whereas 9% of them choose the grey barley (Figure 2). Traditional
and industrial processing preferred elongated to round than the oblong shape, and the big size
to medium barley grain. Presence or absence of some hordein groups or components could
indicate a drift of the quality of technological traits (endosperm color) of the barley grain
(PEROVIC et al. 2000). Food barley genetic resources should be managed following socio-
economic and agronomic modeling strategies with a participatory/decentralized breeding
program aiming to in situ conservation, farmer’s property rights and poverty alleviation
(CECCARELLI et al. 2001). Changing world (global warming, globalization, consumer
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behavior, biosafety, quality and sustainability) needs new strategies toward new priorities.
Such information is useful to initiate a breeding program aiming to a genetic gain in barley
quality improvement in advanced material in the coming years.

112116 115118 114117 119 12

D-Hor

C-Hor

B-Hor

A-Hor

Pat. 1 Pat. 2 Pat 3 Pat. 4 Pat5
Figure 1. SDS-PAGE analysis of seed proteins from 9 local barley
landraces (112, 114, 115, 116, 117, 118, 119, 120 et 121) collected from
Houmet Beni Dighet (Djerba island-South-Tunisia) segregating 5 patterns
(Pat. 1 to Pat. 5).

Protein markers (PM) were Phosphorylase (94 kd), Bovine Serum
Albumine (67 Kd), Ovalbumine (43 kd), Anydrase Carbonique (30 kd),
Trypsine I de soja (20 kd) and a-Lactoglobuline (14 kd) (BETTAIEB-
BEN KAAB & EL FELAH 2003).

100%
75%
50% -
25%
0% /7 |
White Yellow Grey
Figure 2. Barley grain color frequencies
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Bridging the Widening Chasm between Exotic Germplasm and Elite
Breeding Populations Using Recurrent Introgressive Population Enrichment
(RIPE)
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Abstract

Recurrent Introgressive Population Enrichment (RIPE) is a method of utilizing basic
evolutionary principles in breeding. The RIPE system is focused on accumulating desirable
alleles and allele combinations for specific traits in populations from which well-adapted,
high-performing lines can be selected. The limitations of the number of crosses needed for
population development and recycling, and the length of the breeding cycle have largely been
overcome in the RIPE system through the use of genetic male sterility (linked to a xenia-
expressing phenotypic marker for pre-sowing selection) for crossing. The use of controlled
environments for rapid generation advance, offseason nurseries for seed increase, and
effective evaluation of derived lines in the target environment complete the efficient system.
Moderate levels of heritability, moderate selection intensity, reasonable breeding population
size, and reduced cycle times have resulted in a very efficient, effective, and therefore
economical, breeding system. The RIPE system is useful for incorporating new genetic
diversity into elite breeding populations, while maintaining performance and adaptation.
There has been more than 50% increase in yield over the foundation parents in ten years with
several superior cultivars in commercial production.

Keywords: yield; genetic male sterility; barley

Introduction

Plant breeding is a short-term, accelerated form of artificial evolution used to improve
specific traits in specific populations from which desirable genotypes will be extracted,
evaluated, and may eventually be commercialized. As such, the more knowledgeable a
breeder is of the theory and mechanics of evolution, the more effectively and efficiently they
can practice the art of plant breeding. Charles DARWIN (1859) developed the concept of
evolution around small, random variations upon which natural selection acted to accumulate
those factors associated with increased 'fitness'. Sewall Wright developed much of the modern
theory of the relationships among the forces influencing evolution and has explained it in
terms that can be used in a breeding context. WRIGHT (1963) wrote that “exploitation of the
enormously amplified field of variability provided by recombination speeds up evolutionary
change enormously, if it can be coupled with an adequate process of selection”. McPROUD
(1979) analyzed three major international barley breeding programs and described them all as
various forms of recurrent selection. He used pedigree information to show that they all
generally created variability through crossing, isolated inbred lines, evaluated them to identify
the superior lines, then recombined the best lines for the next cycle of breeding. McPROUD
(1979) goes on to point out some of the shortcomings of the programs he studied as being
based on low numbers of founding parents, introduction of few new sources of germplasm in
recent cycles, and long recombination cycle times. FOUILLOUX (1980) demonstrated that
several cycles of recurrent selection were much more effective in accumulating desirable
alleles than even large increases in single cycle population size. The amazing progress of 20-
30 standard deviation units of improvement over the original population mean in the Illinois
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long-term high oil and protein selection populations (DUDLEY & LAMBERT 2004)
provides additional inspiration for attempting to apply recurrent selection methods to cereal
breeding. Recurrent selection, in a general context, could be used to describe the vast
majority of established cereal breeding programs.

Many breeders do not use unadapted germplasm because of fear of diluting their elite
populations with inferior alleles and breaking up desirable linkage blocks. 'Exotic' germplasm
can be characterized as an unadapted background with [potentially] a few new, desirable
alleles (a weak chain with few strong links). 'Elite' germplasm is generally an adapted
background with only a few undesirable alleles (a strong chain with a few weak links). The
process of producing and selecting the best possible lines in the existing population through
recurrent selection, then bringing in new, desirable alleles to further enhance the population,
and producing the best possible new combinations is the essence of an ‘open-concept’
population breeding approach. The RIPE system described for barley (see KANNENBERG &
FALK 1995) details the integration of a recurrent selection system with a structured
introgression mechanism to continually upgrade the potential of the core breeding population.

Material and Methods

The RIPE system used at the University of Guelph has undergone considerable evolution in
structure and function over the decade since it was first implemented (KANNENBERG &
FALK 1995). The coupling of the recessive male sterile gene msg6, on barley chromosome
6H, with the very closely linked (less than 0.1% recombination) recessive, xenia-expressing
shrunken endosperm sex/ gene gives a mechanism that allows seeds which will produce male
sterile plants to be identified prior to planting. This is based on the phenotype of the
endosperm (sexI/msg6/sexImsg6 are shrunken seeds giving male sterile plants;
SexIMsg6/ _are normal, plump seeds giving fertile plants; see FALK et al. 1981). The
recessive orange lemma gene (0) located between the Sex1 and Msg6 loci is now being used
as a repulsion marker to identify seeds from plants that are homozygous for the fertile and
plump alleles (Sex/oMsg6/SexloMsg6) in the F2 population without progeny tests nor a
detailed examination of the seed of individual plant progenies (Figure 1). [NB the orange
lemma was coupled with the shrunken endosperm and the male sterile alleles in the original
RIPE system] Heterozygous plants produce two phenotypes of seeds, based on the genotype
at the Sexl locus, in a ratio of three plump to one shrunken seed. The plants grown from
shrunken seeds will be male sterile and are used for further crossing. The plump seeds will
give two heterozygotes to one homozygote with orange seed (due to 00).

Controlled environments (growth rooms) are used for crossing the male sterile plants with
selected male parents (September-December) and for growing the resulting F1 plants
(January-April) for selfing resulting in two generations in the offseason. The F2 seed is then
available for the normal field season (May-August) (Figure 2). The F2 populations are grown
in the field environment as bulk populations where some natural selection likely occurs. Very
little breeder selection is practiced in these populations because heritability for quantitative
traits in such highly heterozygous populations is generally low. F2 populations are chosen for
further selection primarily based on performance of the male parents in concurrent yield trials.
After harvest, well-filled orange F3 seeds (Sex/oMsg6/SexloMsg6) are selected from the
chosen F2 populations and sent to an offseason nursery (Southern California) where they are
grown as spaced plants. Selection in the F3 is practiced for tillering, height, maturity, BYDV
tolerance, spike and grain size. Only plants that produce enough seed (about 60 gr) for
unreplicated yield trials back in Canada are selected. The F3:4 generation is grown in yield
plots where basic agronomic and disease traits, and yield, relative to the checks, are
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determined. Principle component biplots (YAN & KANG, 2003) based on all the available
data, are used to select the best lines for further evaluation in multiple location, replicated
trials the following years. Superior selected lines (F3:5 seed from the F3:4 plots) are used as
male parents in the following round of crossing onto male sterile plants. Shrunken seeds (=
male sterile plants) from remnant F2 or F3 seed of the most recent crosses (the same
populations selected for winter increase) are used as females in the crossing. This completes
one full breeding cycle of the Elite population with five generations being grown in two years
and culminating with a yield trial. The cycle is actually one year on the female side and two
years on the male side (see Figure 2).

The Elite population was founded by backcrossing the sex/msg6 gene block into four well-
adapted, successful but somewhat diverse cultivars (Bruce, Leger, OAC Kippen, Chapais) and
then intermating the resulting lines in all possible combinations in two cycles so that all F1
plants making up the initial population had all four cultivars as parents. This launched the first
cycle of recombination among the founders. Adaptation was considered to be the most
difficult 'trait' to breed for, and thus, it was important to include only well-adapted material in
the initial population. The focus was on recombination to eliminate defects and ultimately, to
enhance the traits related to yield, disease resistance/tolerance and agronomic type. New
germplasm is introgressed into the Elite population by crossing with Elite male sterile plants
(Figure 3). The resulting F1 plants are crossed again with Elite male steriles during the winter
grow-out. The F1 seed from this second cross should be 50% sexIsex! (= male sterile) and
50% SexIsexI (= fertile). The male sterile F1 plants grown from the shrunken seed are then
crossed with the selected Elite males (00) in the next crossing cycle to give F1 plants that
contain approximately 87.5% Elite germplasm (these populations are designated as the 'High'
level). The F1 plants from this last cross are selfed and the F2, F3, and F4 populations are
grown out in parallel with the corresponding generations of the Elite population. The best
High lines are selected from the F4 yield trial, based on the same index as the Elite
population. Those High lines with additional desired traits which may be missing or deficient
in the Elite population are selected for use as male parents in the next round of crossing (these
are Norman Borlaug's 'toros nuevos' = 'new bulls'). It takes eight generations, but only three
years, to introgress new material into the Elite population in this way. After the selected High
lines are crossed with the Elite male steriles, they should contain 93.75% Elite germplasm and
their progeny will be considered to be part of the Elite population in the next round of
evaluation. They should also contain about 6% 'new' alleles which complement the Elite
genetic background. Thus, some new genetic ‘information’ can be introduced into the Elite
gene pool without disrupting (nor polluting) the existing adapted, high-performing Elite gene
configuration. Because the ‘new’ lines are selected on performance in the mostly Elite
background and in the target environment, they should compliment the existing epistatic
combinations that have been developed in the Elite population.

Results and Discussion

The shrunken endosperm marker system is highly efficient and very economical to use
because male sterile plants can be selected prior to planting the crossing block (FALK et al.
1981). Crosses with male steriles typically set about 95% crossed seed and 99% of the crosses
produce at least one seed. The repulsion linkage of the orange lemma marker allows
elimination of both the male sterility and the shrunken endosperm in bulk plots prior to winter
increase and without requiring progeny testing. Initially, crosses were made using the NC
Design 2 (see KANNENBERG & FALK 1995), however, in recent cycles, this has been
relaxed to where an average of three crosses are made with each male onto a random choice
of females. The F1 plants are grown separately, but the F2 seed is composited by common
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male parents across females to give a de facto NC Design 1. Generally 15-25 male parents are
used in the Elite population with another 10-20 at the High level. Up to 25 new 'exotic' lines
are introduced into the introgression system each year.

Since its inception, a number of high-yielding, agronomically desirable cultivars have been
produced. The cultivars OAC Baxter, OAC Staffa, Celebrity, and Prosper are currently in
commercial production. In 2002 and 2003, in 17 official Performance trials across Ontario,
three of the top four cultivars for yield were from the RIPE system. These cultivars include
the top two lines for test weight and the top line for lodging resistance. They also have good
powdery mildew resistance, desirable plant height, and appropriate maturity. In the Provincial
Performance trials in 2003, nine of the 23 entries were developed through the RIPE system.
The top five for yield were all from the RIPE system, and eight of the top ten were from the
system. They had the top test weight, kernel weight, lodging resistance, powdery mildew
resistance, and leaf rust resistance. (Figure 4). All of them have combinations of desirable
agronomic traits coupled with high yield. The RIPE system is producing more than just
germplasm; the lines derived directly from the Elite population are fully competitive and
commercially desirable. Sixteen lines from the RIPE program have been supported for
registration in the past three years. Once most of the undesirable alleles have been eliminated
from the Elite population, many of the best lines produced each cycle will be an improvement
on the previous cycle. The lines being developed are equal, or superior, to lines coming out of
conventional and doubled haploid breeding programs being used by other breeders for the
same target environments.

In 2003, a trial which included the four parents used to create the original foundation
population was grown at the same site as the official yield trials with the five most recently
developed lines; all trials included the common check variety Brucefield so comparisons
could be made across trials (Figure 5). The original parents averaged 24% lower yield than
Brucefield while the derived lines were 18% higher, giving more than a 50% increase in yield
over the original parents. The parents averaged 9% lower than Brucefield in kernel weight
while the lines were 25% higher than Brucefield; an improvement of about 35% in kernel
weight. The derived RIPE lines were also better than any of the parents in powdery mildew
and leaf rust resistance. Thus, significant improvements in yield were achieved concurrently
with significant increases in grain quality in the RIPE system.

The RIPE system comes very close to meeting WRIGHT's (1963) conditions for maximizing
the 'enormous evolutionary potential' of a population in the short time frame of a breeding
program. This system also addresses McPROUD's (1979) concerns about low numbers of
founding parents, few new introductions and long cycle times. The RIPE system, as it has
evolved, is highly efficient and effective in developing new cultivars which maintain the suite
of genes necessary for adaptation and high yield, and incorporate improved agronomic
performance and disease resistance. Using exotic germplasm in an applied breeding program
does not necessarily mean taking a step backwards in adaptation nor performance.
Combining recombination and introgression in a recurrent selection population is effective in
bridging the widening chasm between high-performing Elite lines and the potential genetic
contributions of unadapted exotic germplasm currently languishing in the gene banks.
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QTL for Seedling Root Traits in Barley

B.P. Forster, D. Allan, R.P. Ellis, R. Keith and W.T.B. Thomas
Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, UK

Abstract

A 2-dimensional observation chamber was used to measure seedling root number, root length
and root spread in a barley genetic mapping population. Tests were conducted in the dark at
12°C and images scanned and analysed over a 10-day period from germination. The test was
used to screen the Derkado x B83-12/21/5 doubled haploid population and QTLs were found
on four of the seven chromosomes. QTLs for root length were located on chromosomes 5H
and 7H; six root spread QTLs were found on 3H (2), 4H (1), 5SH (2) and 7H (1) and two QTLs
for root number were located on 4H 5H. The mapping population segregates for two dwarfing
genes, sdwl (3H) and ari-e.GP (5H), as expected both were associated with reduced seedling
shoot length, but only ari-e.GP was associated with short roots. Seedling shoot length QTLs
were also located on 4H and 7H. Over 60 traits have been mapped in this population and it
provided an opportunity to look for associations between root traits and other characters.
Keywords: barley; QTL; seedling root traits; mapping

Introduction

Root systems have until recently been a neglected area of crop research. It is now recognised
that root systems vary according to genotype and environment and their effects on plant
performance are the subject of much interest. Root traits known to vary with genotype include
many vital for crop performance, e.g. rooting depth, density, penetration, length, branching,
mass, root hairs, number of seminal roots, exudate composition, nutrient uptake and
rhizosphere community. Limited studies have revealed genetic differences for some root
characteristics in barley. For example longer and more prolific root hairs have been identified
for phosphate deficient soils (GAHOONIA et al. 2001). In addition, a recent study has
highlighted that whilst there are differences amongst some elite barley cultivars, the
differences are relatively small and did not appear to relate to simulated drought conditions.
Some differences were apparent in the stability of a yield character with a short-rooted
cultivar being more sensitive (BINGHAM & MCCABE 2003). Thus, whilst differences in
root characteristics may be small, they may well interact with physiological mechanisms to
have a profound effect upon the phenotype. However, for most root traits little is known about
the number of genes involved, allelic variation and the magnitude of individual gene effects.
Environmental conditions that affect root growth and function include; extremes of weather,
waterlogging, drought, mineral deficiencies and toxicities, soil compaction and soil type.

As roots grow in soil, the expression of their various characteristics is difficult to observe and
can be modified considerably by differences within and between soil samples. We have
therefore utilised a gel observation chamber that has recently been developed in which root
traits of cereal seedlings can express their full potential, be easily observed and measured and
therefore screened efficiently (BENGOUGH et al. 2004). The chamber is formed from two
gel-coated plates, one being transparent in which chitted seedlings are placed and allowed to
grow. The test is simple, non-invasive, non-destructive, transportable and can been applied to
large populations for genetic analysis. Seedling traits that can be scored include shoot length,
root length, root number and root spread. We have used this two-dimensional observation
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chamber to gather and analyse data on seedling root traits in a barley genetic mapping
population.

Material and Methods

Initial tests showed genotypic differences in seedling root traits among parents of genetic
mapping populations and the influence of seed size on some traits (BENGOUGH et al. 2004).
The test population here involved 156 random doubled haploids (DHs) from the F; of the
cross Derkado x B83-12/21/5. Seed size of the DH lines along with the two parental controls
was standardised by sieving (<2.8 mm and >2.5 mm). Seed germination procedures and the
seedling root observation chambers were set up as described by BENGOUGH et al. (2004).
The experiment consisted of four randomised blocks, each comprising of 53 plates with three
genotypes per plate (Fig. 1). The experiment was conducted in the dark at 12°C and images of
seedling development taken at Day 2 and Day 9 after the transfer of chitted seed to the
observation chambers. Scionlmage was used to analyse the images and collect data on shoot
length, individual and total root length, root number and angular spread.

Figure 1. An example of seedlings growing in the observation chamber

The ANOVA directive in GENSTAT was used to analyse the data and produce genotypic
means. The updated marker data and genetic map of Derkado x B83-12/21/5 (NEWTON et al
2004) was combined with the phenotypic means to search for QTLs using PLABQTL (UTZ
& MELCHINGER1996). The default values of PLABQTL were used to identify cofactors for
Composite Interval Mapping and this set was selectively refined as described by (NEWTON
et al., 2004). MAPCHART (VOORRIPS 2002) was used to display the results (Fig. 2).
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Results and Discussion

Figure 2. Location of QTLs for seedling traits shoot length (ShootL), longest root length
(LRootL), total root length (TotRootL), angular spread of roots (Spread) and number of
roots (RootNo) in the Derkado x B83-12/21/5 population. Thick bars are the QTL peaks
and the whiskers their 1 LOD confidence intervals. Sign indicates effects of Derkado
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Fifteen QTLs were detected by PLABQTL for seedling root traits on four chromosomes, with
the most being found for angular spread (6) and the fewest for total root length (1). After
cross validation, the QTLs were found to account for between 37 (shoot length) and 1% (total
root length) of the phenotypic variation for the characters. The locations of the QTLs and their
confidence intervals are given in Figure 2. Note that no significant QTLs for the characters
were detected on chromosomes 1H, 2H and 6H. The only association with a visible phenotype
is that of decreased root and shoot length with the semi-dwarfing gene, ari-e.GP on
chromosome SH. This association has also found in the soil rhizo-trunking experiments of
AL-MENAIE (2003). In contrast, the sdw/ dwarfing gene on chromosome 3H showed no
direct association with any seedling root trait, although it appears to be linked to a QTL
decreasing shoot length (Figure 2). These are interesting findings as the dwarfing gene effects
on height are manifest right at the seedling stage but only one appears to have an effect on
early root development. These two dwarfing genes are known to have effects on a number of
traits, although it is not clear whether these are due to linkage or pleiotropy. We have used the
updated map to re-analyse the data from hydroponic experiments on shoot weight, root
weight, 8"°C in the shoot, and 5"°N in the root presented by ELLIS ez al. (2002). Our results
are consistent with the results from hydroponics experiments as both dwarfing genes were
found to have similar effects upon shoot weight as we detected for shoot length. In addition,
the ari-eGP dwarfing gene was associated with a reduced root weight in the hydroponics
experiments, which is consistent with its effects on reduced root number and length detected
in the current study.

It 1s noteworthy that the Derkado QTL allele for increased root number on 4H is associated
with another QTL allele from Derkado for reduced root spread. In fact, this is the only clear
instance of an association between root spread and any other character measured in the
present study or the hydroponics study of ELLIS et al. (2002). These are surprising findings
as one would have thought that the conditions of our seedling root test may well have forced
an apparent association of increased root number with increased spread. It does, therefore,
appear that there is potential to manipulate the spread of roots within the elite gene-pool but
the implications for rooting depth would require further study. Four of the QTLs for root
spread are associated with functional markers. HvCW21 on chromosome 3H and HVM3 on
chromosome 4H are genomic SSR markers for a non-specific lipid transfer protein and
rubisco activase respectively and Ctig2374 and Ctig4158 on chromosome 5H are EST derived
SSR markers for a nucleoporin and a receptor like protein kinase respectively. The
significance of these associations is far from clear and requires validation from further, more
extensive studies.

In general, the heritability of the seedling root characters was far less than that of the shoot
characters, reducing the likelihood of QTL detection for the former. Thus, whilst there are
regions such as those on 3H and 4H where shoot length appears independent of root length,
there are no instances where QTLs for root number and/or root length are not associated with
shoot length. This suggests similar genes and/or mechanisms operate in the growth of these
tissues. The major QTLs for plot yield detected in the same population are associated with the
two dwarfing gene loci (data not shown). With the exception of the QTL for root spread in the
region of Ctig4158 on chromosome 5H, none of the other QTLs detected for the seedling root
traits are associated with QTLs for plot yield. This suggests that it might be possible to alter
root structure by targeting these QTL and not affect plot yield. Seedling root QTLs were also
found to be independent of the developmental QTL for leaf and tiller emergence (data not
shown). The lack of associations between seedling root traits and subsequent plant
characteristics may be a reflection on the development of an adequate adventitious root

56
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



system in the experiments and/or population analysed. Seminal roots may be more important
in stressed conditions, e.g. drought where barley plants can survive solely on a seminal root
system (BRIGGS 1978). We are therefore studying these characters in another mapping
population known to segregate for a range of physiological characteristics related to drought
tolerance to test this hypothesis.
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Abstract

Barley is a traditional crop of low rainfall areas of North Africa where a common phenotype
is non-dwarf plant with six-row ears. In a recent EU INCO-DC programme semi-dwarf and
two-row barleys were tested with national checks in rain-fed and irrigated field trials in
Egypt, Tunisian and Morocco. Two row and semi-dwarf genotypes performed well and often
better than traditional types in certain North African environments. In addition to height and
ear-type, flowering time was also found to have a major influence on plot performance.
Major genes controlling these traits had strong pleiotropic effects on important agronomic and
physiological traits throughout the crop cycle, from germination to maturity date and
ultimately yield. Two-row types performed well in Egypt, Morocco and Tunisia and selected
lines have now entered breeding programmes. Semi-dwarf types were also competitive in
Egypt and Tunisia, but data from Morocco were less convincing. Since major genes have
large effects on adaptation to low input conditions of North Africa there is a need to select the
most appropriate alleles in matching plant development with environment. Our data challenge
the dogma that tall, six-row barleys are the best ideotype for North Africa.

Keywords: barley; North Africa; phenotype; phenology

Introduction

Drought is a major constraint to crop production in North Africa. Barley is drought tolerant
and constitutes a reliable risk crop in low input, dry land agriculture. In North Africa barley
production is dominated by tall genotypes with six-rowed ears. The crop is used primarily as a
multipurpose animal feed for which green and dry shoots are grazed and later grain is fed.
Decreasing amounts of rain over the last 40 years has seriously affected barley production in
North Africa. In Morocco for example drought years have increased from 1 in 10 to 1 in 2
years and a lack of rain can result in crop failure. Climate change in Europe has also resulted
in drought, which now seriously threatens traditional cereal production areas throughout
Europe.

In 1998 the EU funded a European/African collaborative project “Stable yields in
Mediterranean barley: application of molecular technologies in improving drought tolerance
and mildew resistance”. The research involved three contrasting approaches; backcross
conversion using modern cultivars, physiological analysis of adapted lines developed from
landraces and advanced backcross quantitative trait locus (QTL) analysis. All three
approaches involved mapping populations that aimed to identify regions of the genome
influencing performance in drought-stressed conditions. A key component of the work was
the application of molecular genetics to develop genetic maps and detect associations with
physiological and agronomic traits. Populations were specifically developed using a wide
range of material including cultivars, landrace derived lines and wild genotypes. Over 600
lines were tested in two or more seasons in non-irrigated (rain-fed) and irrigated field trials in
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Morocco, Tunisia and Egypt. Comparisons with local standards allowed the identification of
superior lines for use in breeding.

QTL Analysis
Populations
Three populations were investigated for QTL analysis:-
1) recombinant inbred lines (RILs) from the Tadmor x ER/Apm cross
2) doubled haploids (DHs) from the cross Derkado x B83-12/21/5
3) advanced backcross QTL analysis (ABQA) population developed from the cross Barke x
Hor11508.
The RIL population (167 individuals) was initiated and developed jointly by CIMMYT and
ICARDA to investigate the genetics of drought tolerance. The parental lines, Tadmor and
ER/Apm are selections from Mediterranean landraces, both have two-row ears, but contrast
for physiological responses to water stress (TEULAT-MERAH et al. 2000). The population
has been studied extensively by QTL analysis of physiological traits in controlled
environment experiments. Physiological traits studied included: plant water status, relative
water content, water-soluble carbohydrate, osmotic adjustment, carbon isotope discrimination
and chlorophyll content (TEULAT et al. 1997a; 1997b 2001c; TEULAT et al. 1998; THIS et
al. 2000; TEULAT et al. 2001a). The RIL genetic map was developed further during the
INCO project and now contains over 150 markers (RAPDs, AFLPs, SSRs and candidate
genes: see the GrainGenes data-base for updates). The marker map was used to detect QTL
for agronomic as well as physiological traits detected in data from field trials conducted in
Morocco, Tunisia and Egypt (1999/2000 and 2000/2001 seasons). Agronomic traits included:
plant height, heading date, aerial biomass, grains per spike, thousand-corn weight and grain
yield (TEULAT et al. 2002; TEULAT-MERAH et al. 2000, 2003). A comparison of
physiological and agronomic QTL maps is given in FORSTER et al. (2004).
The Derkado x B83-12/21/5 population consisted of 156 DH lines. Both parental lines have
two row and semi-dwarf phenotypes (Derkado carries the sdwl dwarfing gene and B83-
12/21/5 the ari-e.GP dwarfing gene). The population has been studied intensively for over 60
traits, including quality, yield, disease resistance and abiotic stress tolerance (THOMAS 2003;
ELLIS et al. 2002). This population segregates for plant stature (tall, semi-dwarfs and
doubled-dwarf types in a ratio of 1:1:1:1) and provided an opportunity to compare semi-
dwarfs, that have received little attention in North Africa, with tall types in a similar genetic
background. In contrast, the semi-prostrate semi-dwarf habit has been highly developed in
European spring barley and shows greater yield potential than tall genotypes. In addition co-
location with other QTLs can be investigated. The DH population was grown in irrigated and
non-irrigated sites in Egypt and non-irrigated sites in Morocco and Tunisia. Agronomic data
were collected throughout the season, from seedling emergence to yield and subjected to QTL
analysis (FORSTER et al. 2004).

Hor11508 is a wild barley (Hordeum spontaneum) line that was used in a backrossing
programme with the modern European semi-dwarf (sdwl) cultivar Barke to create a
population for advanced backcross QTL analysis, ABQA (TANKSLEY & NELSON 1996).
The method aimed to introgress positive alleles for drought tolerance into elite material from
the wild, and to identify linked markers. A DH population was developed from the BC,F;
generation. DH lines with negative, wild traits (dormancy, inappropriate flowering time,
shattering, low grain weight, etc) were discarded. The remaining 123 selected DHs were
evaluated in the field under varying conditions of water stress in Italy, Morocco and Tunisia
(TALAME et al. 2004).
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Effects of Genes for Flowering Time and Height

The biggest QTL effects were found to be associated with major developmental genes for
height and flowering time and these are the results of pleiotropy. In the Derkado x B83-
12/21/5 DHs over 10 QTLs (seedling establishment, vigour, height and height components,
heading date, yield and yield components) were associated with both dwarfing genes, sdw/ on
chromosome 3H and ari-e.GP on 5SH (FORSTER et al. 2004). The Tadmor x ER/Apm RILs
segregate for vernalisation response and QTL analysis revealed a cluster of 4 QTLs (yield and
yield components, and osmotic adjustment) on the long arm of chromosome 4H in the region
of the spring growth habit gene, sghl (FORSTER ef al. 2004). Large QTL were also found to
be associated with flowering time loci (Ppd on 2H and 5H) and height (sdwl, 3H) in the
ABQA (TALAME et al. 2004) indicating segregation for photoperiod response. Although the
effects of these genes can be masked in certain environments there is a need to check
segregation for such genes as they have large effects.

Although it was possible to detect associations with major genes for flowering time and
height in these populations none segregated for two-row/six-row ear type (all were two row).
However, comparisons of ear type were part of a phenotype survey (see below).

Other Effects

Over 20 agronomic and over 30 physiological QTLs were detected in the RIL population with
all seven chromosomes being involved (TEULAT et al. 1998, 2001a, 2002b, 2001c;
TEULAT-MERAH et al. 2002, 2003). In addition to the QTL clustering at the sghl locus,
three other hot spots were detected in the RILs in which agronomic and physiological traits
were coincident. A centromeric region on 2H was associated with QTLs for thousand grain
weight (TGW) and osmotic adjustment, relative water content (RWC), osmotic potential (OP)
and water soluble carbohydrate. Another QTL for TGW was associated with carbon isotope
discrimination on the long arm of 6H, and a QTL for plant height co-located with QTLs for
RWC and OP on 7H (centromeric). Although sdw! and ari-e.GP loci accounted for most (28)
QTLs another 20 were identified over 6 of the 7 chromosomes in the Derkado x B83-12/21/5
DHs (1H proved to be inert, data to be published elsewhere). Interestingly, some commonality
was found between the DH and RIL QTL data, e.g. grain yield/ TGW QTL on 6H and plant
height on 7H.

Phenotype Survey

All three QTL populations were tested at multiple sites in replicated field experiments in
Morocco, Tunisia and Egypt. Over 600 genotypes were tested including a standard check,
Rihane common to all three countries, and the best local standards. All the standards were tall
six row types against which semi-dwarf and two row types could be compared, Table 1 gives
some examples for the main yield traits, aerial biomass and grain yield. From Table 1 it can
be seen that the top lines included a mixture of ear and height types, except in Noubaria trials
where the best lines were all two row. Several lines from the RIL population were selected in
Tunisia, eight of which out yielded Rihane and the local check Souihli. Clearly two row
genotypes are competitive with traditional six row barleys in North African. Semi-dwart
genotypes also performed well in Tunisia and Egypt, increased tiller production was found to
compensate for height reduction in biomass and grain yield. This was somewhat surprising as
all semi-dwarf genotypes were of European origin and had been bred for yield potential under
high inputs. The results suggest that breeding with two row barleys should be encouraged and
that the incorporation of dwarfing genes into North African breeding programmes can provide
further additional benefits.
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Table 1. Top lines in various test sites

Test site | Condition Trait Top lines Phenotype
Ear Height
Meknes, | Irrigated Biomass Local* 6 row Tall
Morocco Rihane 6 row Tall
Grain yield | Three RILs 2 row Tall
Le Kef, Non-irrigated | Biomass Eight RILs 2 row Tall
Tunisia
Noubaria, | Non-irrigated | Biomass Prisma 2 row Semi-dwarf
Egypt Atem 2 row Tall
DxB DH line 2 row Semi-dwarf
ER/Apm 2 row Tall
Giza, Irrigated Biomass Giza 126* 6 row Tall
Egypt B83-12/21/5 2 row Semi-dwarf
RILS81 2 row Tall
Grain yield | ER/Apm 2 row Tall

* Local standards

Conclusions

The results of QTL analysis can be broken down into two component parts; 1) effects of
major genes, and 2) other effects. The strong pleiotropic effects of developmental genes
cannot be ignored. Positive effects of ear type and plant stature genes have been noted and
bring into question the dominance of six-row, tall barleys in North Africa. Two-row types
were among the top performing lines in all three countries and should be given greater
consideration in future breeding efforts. A case for semi-dwarf genotypes can also be made
for Tunisia and Egypt. Flowering time is also critical in matching phenotype to the
environment but this can be achieved by the manipulation of a number of genes/alleles. Since
flowering time genes can have strong pleiotropic effects it is necessary to trawl among the
available diversity to select the most beneficial source. In addition to developmental genes the
work has highlighted other regions of the barley genome that can be targeted in improving
drought tolerance in barley. Some of these are associated with physiological characteristics
that may themselves be used as selection criteria for practical plant breeding, or alternatively
used to study drought tolerance mechanisms. The primary genepool of barley has proved to
be a rich genetic resource with cultivated, landrace and wild lines possessing valuable traits
(ELLIS et al. 2000). The genetics and physiological dynamics of drought tolerance in relation
to the Mediterranean environment is now the subject of a new EU INCO-DC project:
“Mapping adaptation of barley to drought environments” (ICA3-2002-100073).
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Abstract

Barley lipoxygenase-1 (LOX-1) is believed to affect the flavor- and foam-stability of beer. We
have screened more than 1000 barley landraces worldwide for the LOX-1 relative
thermostability (LOX-RTS). The frequency of the LOX-RTS value was distributed in a
bimodal manner. Based on these values, the barley lines were categorized into 2 groups:
H-type with relatively thermostable LOX-1, and L-type with relatively thermolabile LOX-1.
The qualitative trait locus (QTL) analysis with Steptoe/Morex doubled haploid lines revealed
a major QTL of the LOX-RTS value located at around the LoxA locus on the barley
chromosome 4H (LOD score = 46.97, Variance explained = 81.9 %). Geographic distribution
of these H- and L-type barley lines implied how these LOX-1 genes spread.

Introduction

Lipoxygenase (EC.1.13.11.12) (LOX) is a non-heme ferrus protein, which catalyzes
hydroperoxidation of polyunsaturated fatty acids with the 1.4-cis-cis-pentadiene structure. In
barley (Hordeum vulgare L.) seed, two isozymes have been characterized, namely LOX-1 and
LOX-2 (BAXTER 1982; YANG & SCHWARZ 1995). VAN MECHELEN et al. (1995, 1999)
characterized the cDNA structures for LOX-1 and LOX-2, and mapped them to LoxA4 locus on
chromosome 4H and LoxC locus on chromosome 5H, respectively.

In the brewing industry, LOX-1 is regard as a negative enzyme that deteriorates the flavor-
and foam-stabilities of beer (DROST et al. 1990; KURODA et al. 2002). WU et al. (1997)
found the genetic variation of LOX-1 activity using several barley cultivars, suggesting that
the LOX-1 activity might be reduced through breeding. An alternative way to reduce the
LOX-1 activity in the brewing process through breeding is to create a variety with heat-labile
LOX-1. YANG and SCHWARZ (1995) suggested that kiln condition and genotypic variation
may have an influence on the LOX isoenzyme survival in finished malt. However, intensive
research on the thermostability of LOX-1 has never been reported.

The purpose of this study is to investigate the genetic variation of the LOX-1 thermostability,
and to analyze the mode of inheritance of this trait.

Material and Methods

Plant Material

Barley cultivars (Collection of Sapproro Breweries Ltd.) and landrace lines (Collection of
Okayama University) were used to evaluate the thermostability of LOX. Steptoe/Morex
doubled haploid lines (DHLs) were used for the QTL analysis of the LOX-1 thermostability.
The plant materials and genotype data of the Steptoe/Morex DHLs were supplied by the North
American Barley Genome Mapping Project (NABGMP). The DHLs were grown in the
Kurashiki field, Okayama, Japan.

LOX Thermostability Assay

Crude enzyme was extracted from a single silent seed with cold extraction buffer (0.1 M
sodium acetate, pH 5.5). After centrifugation, the supernatant was incubated at 24°C for 90
min in a cocktail (2 mM linoleic acid, 0.05 % tween 20, 0.1 M sodium acetate, pH5.5). The
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reaction was stopped by adding an equal volume of BHT solution (0.8 mM 2-6-z-butyl-cresol
in methanol). After centrifugation, the supernatant was subjected to a hydroperoxide
measurement according to JIANG et al. (1991) using cumene hydroperoxide as the standard.
The heat treatment condition to evaluate the thermostability is described in Results and
Discussion. A negative control of the individual samples was prepared by inactivating the
crude enzyme through heat treatment at 100°C for 5 min. All heat treatments were carried out
using PTC-200 Peltier Thermocycler (MJ Research, Inc.).

QOTL Analysis

The QTL analysis was performed using genotype data of RFLP markers for the 150 lines in
the Steptoe/Morex DHLs, referred to as NABGMP. The QTL analysis was performed using a
computer program, Mapmaker QTL (Lincoln et al. 1993) in the back cross population
analysis mode. The threshold of the log-likelithood (LOD) score was set at 2.0 for detecting
the QTLs.

Results and Discussion

Heat Treatment-Dependent Decline of LOX Activity

In a preliminary experiment, the crude extract from the barley landrace lines, OUC619,
OUNG647 and OUUO025, showed relatively high, medium and low thermostabilities of the
silent seed LOX, respectively. Crude enzymes from these landraces were incubated from 46 to
70°C for 30 min, and the decline of the LOX activity was traced. As shown in Figure 1, the
LOX activities declined depending on the treatment temperature. The heat treatment at 60°C
for 30 min was suitable to evaluate the thermostability of LOX in these three lines. In a
subsequent experiment, we adopted this condition to assess the thermostability of the barley
seed LOX. For an index to represent the thermostability of the seed LOX, the relative
remaining activity was defined as the activity with heat treatment over the activity without
heat treatment: LOX-RTS (%).
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Figure 1. Heat treatment-dependent
decline of LOX activity
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Variation of LOX Thermostability in Barley

The LOX-RTSs of 153 barley cultivars were surveyed. The frequency distributions of the
LOX-RTSs were broad, but two major peaks were observed (Figure 2). Based on this result,
seed LOX in the silent seed of barley can be mainly categorized into two groups in terms of
its thermostability: high thermostability type (H-type) and low thermostability type (L-type).
Further analysis showed that the thermostability types could be discriminated based on a
LOX-RTS value of 52.5 % (data not shown). In the barley silent seed, it was reported that
LOX-1 showed predominant LOX activity, whereas the LOX-2 activity was not detected
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(YANG et al. 1993). In addition, we confirmed the predominance of LOX-1 in the protein
level using the LOX-antibody (data not shown). Therefore, the thermostability of LOX
analyzed in this study was regarded to be that of LOX-1.

® Figure 2. Frequency distributions of
I LOX-RTS in barley cultivars
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Barley landrace lines worldwide (1040 lines) were surveyed for the thermostability of LOX-1.
We observed bimodal frequency distributions of LOX-RTSs in the lines, as well as in the
cultivars (Figure 3). The geographical distributions of the thermostability types are shown in
Figure 4. The frequencies of the H- and L-type were almost equal to each other in western
Asia. The occurrence of the H-type predominated in eastern Asia (Japan, Korea and China)
and Africa (Ethiopia and north African countries), whereas in Europe and Turkey, the L-type
did. This result is consistent with the idea that various phenotypes that exist in the Middle
East area differentiated into the Western type and the Eastern type (TAKAHASHI 1955;
TAKEDA 1996; TAKEDA & CHANG 1996; COOKE 1996; KANEKO ef al. 2001).

LOX-RTS (%)

60 140
50 - 120 ]
>‘100*
40 >
> g 80
g =
S 30 o
g 2 60
) 23
20 40
°l | |H|‘ hl o |
o e LLLALLLLALLLLRL LR R AL LA 0 - . o - e . =
= - = : =TI g £ 2 £ B
S N v ad S N v a2 K owv oo o 4 |5} s g =
— N o <+ v © v ©~ ®© & O . 5 E Z. O M S B
[ o
wn
)

Ethiopia
North Africa
Western Asia

Area
. . Figure 4. Geographical distributions of
Figure 3. Frequency distributions of LOX-1 thermostability types

LOX-RTS in landrace lines Open bar: H-type, closed bar: L-type

QOTL and Segregation Analysis
In order to investigate the factor controlling the thermostability, a QTL analysis was carried

out with the Steptoe/Morex DHLs. The LOX-RTS values of the parents were 71.3 % in
Steptoe (H-type) and 35.0 % in Morex (L-type) (n=4). The frequency of the LOX-RTSs for
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the DHLs showed a bimodal distribution around the LOX-RTSs of each parent (data not
shown). The QTL analysis revealed two QTLs detected on the short arm of chromosome 4H
(LOD score = 46.97, Variance explained = 81.9 %) and on the short arm of chromosome 7H
(LOD score = 3.12, Variance explained = 9.1 %) (Table 1). The major QTL on chromosome
4H is regarded to determine the thermostability of the seed LOX predominantly.

Table 1. Location and effect of QTLs on LOX-1 thermostability
Chromosome  Marker interval LOD of peak  Variance explained (%) Weight
4H CDO669-B32E 46.97 81.9 -0.407 (S)
7H iEst5-His3A 3.12 9.1 -0.136 (S)

The individual LOX-RTS values of the Steptoe/Morex DHLs were translated into the
phenotype of the LOX thermostability (H-type and L-type) based on the borderline of the
LOX-RTS value (52.5 %). The segregation ratio of the H-type to L-type was 80:70. The ratio
fit to the 1:1 ratio (x> = 0.67, p = 0.41), indicating that LOX-RTS was governed by a single
allele. The factor controlling the LOX-RTS in this population was mapped on chromosome
4H at a distance of 13.4 and 4.2 cM from CDO669 and B32E, respectively (Figure 5). The
QTL was near the LoxA locus, which corresponds to the LOX-1 structural gene (VAN
MECHELEN et al. 1999). Furthermore, in enzyme expression experiments in E. coli, the
LOX-1 cDNAs derived from Steptoe and Morex were translated into the H-type and L-type
LOX-1, respectively (data not shown). Thus, we concluded that the thermostability of LOX-1
was attributed to the gene structure. We are analysing the cDNA sequences which directly
affect the thermostability of LOX-1.

13.4 M

|

6990d0O
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Figure 5. A chromosome 4H segment showing molecular
markers linked to the LOX-1 thermostability
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Abstract

Barley lipoxygenase-1 (LOX-1) is regarded to be involved in the formation of
beer-deteriorating substances. We have screened barley germplasms worldwide (Collection of
Okayama University, Japan) for LOX-1 activity, and discovered six barley lines without
significant LOX-1 activity. An immunological analysis showed that these germplasms lacked
the authentic LOX-1 protein. The segregation analysis revealed that the LOX-1-null
phenotype was governed by a single recessive gene that was located at the LoxA4 locus on
chromosome 4H. The six LOX-1 null mutants shared similar features, implying that these
mutants might be derived from the same ancestral origin.

Introduction

Lipoxygenase (EC.1.13.11.12) (LOX) is a non-heme ferrus protein, which catalyzes
hydroperoxidation of polyunsaturated fatty acids with the 1.4-cis-cis-pentadiene structure.
Two isozymes of LOX in barley (Hordeum vulgare L.), LOX-1 and LOX-2, have been
identified (BAXTER 1982; YANG & SCHWARZ 1995). The genes of LOX-1 and LOX-2
were cloned and mapped to the LoxA4 locus on chromosome 4H and to the LoxC locus on
chromosome 5H, respectively (VAN MECHELEN et al. 1995; VAN MECHELEN et al.
1999). LOX-1 produces predominant LOX activity in malt, and has a relatively low pl
compared to LOX-2 (YANG et al. 1993; YANG & SCHWARZ 1995).

Brewing scientists have paid attention to LOX-1 because this enzyme is involved in the
formation of beer-deteriorating substances in the brewing process (KURODA et al. 2002;
KURODA et al. 2003). In contrast to these functional characterizations of LOX-1 in the
brewing process, little is known about its genetic variation in barley. If available, barley
germplasms without LOX-1 activity may make it possible to breed barley varieties with the
potential to improve beer quality. The purpose of this study is to search for the LOX-1 null
mutant barley, and to analyze the mode of inheritance of this trait.

Material and Methods

Plant Material

Barley germplasms from the Research Institute for Bioresources, Okayama University, Japan,
were used to screen for the LOX-1 activity. Segregation analysis of a LOX-1-null trait was
performed using the F;, seeds (n = 136) derived from a cross between cultivar CDC Kendall
and LOX-1-null barley landrace SBOU2. The mapping of the LOX-1 null gene was
performed using DNAs of the F, plants (n = 144) derived from the same cross.

LOX Enzyme Assay

Crude enzyme was extracted from a single silent seed with cold extraction buffer (0.1 M
sodium acetate, pH 5.5). After centrifugation, the supernatant was incubated at 24°C for 5 min
in a cocktail (2 mM linoleic acid, 0.05 % tween 20, 0.1 M sodium acetate, pH5.5). The
reaction was stopped by adding an equal volume of BHT solution (0.8 mM 2-6-t-butyl-cresol
in methanol).  After centrifugation, the supernatant was subjected to measurement of
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hydroperoxide according to JIANG et al. (1991) using cumene hydroperoxide as the standard.
Negative controls of the samples were prepared by inactivating individual crude enzymes
through heat treatment at 100°C for 5 min.

Western Blot Analysis

Total protein was extracted from a single silent seed with 20 mM Tris-HCI (pH 7.5)
containing Complete Mini (Roche diagnostic, GmbH). The extracted protein (3 pg) was
separated by 10 % (w/v) SDS polyacrylamide gel electrophoresis (SDS-PAGE), and
transferred to an Immobilon-P membrane (Millipore) by electroblotting. The LOX protein
was detected with the LOX-antibody (KURODA et al. 2003). This antibody recognized both
LOX-1 and LOX-2. Isoelectric focusing (IEF) were performed using PhastGel pl 3-9
(Pharmacia Biotech AB).

RFLP and CAPS Analysis

Isolation of genomic DNA, Southern blotting, and restriction fragment length polymorphism
(RFLP) analysis were carried out as previously described (KANEKO et al. 1999). JBC970,
which was previously mapped on the short arm of chromosome 4H (MIYAZAKI et al. 2000),
was used as the RFLP probe. For the cleaved amplified polymorphic sequence (CAPS)
analysis of the LOX-1 structural gene, two primers (5’-CCATCACGCAGGGCATCCTG-3’,
5’-GCGTTGATGAGCGTCTGCCG-3’) were designed based on a known LOX-1 cDNA
sequence (VAN MECHELEN et al. 1995). The polymorphism was detected by digesting the
amplified DNA with a restriction enzyme, Afal. Linkage relationships were calculated using
the MAPMAKER/Version 3.0b program with a LOD threshold of 3.00 (LANDER ef al.
1987).

Results and Discussion

Screening of Landrace Lines for LOX Activity

LOX activity in the silent seed was investigated for 1,152 landrace lines stocked at the
Research Institute for Bioresources, Okayama University. Six lines, SBOU1, SBOU2,
SBOU3, SBOU4, SBPOUS and SBOU6 (SBOU?2 type lines), did not exhibit significant LOX
activity compared to each negative control (at the 5 % probability level, n = 8)(Tablel). All of
the lines shared common features regardless of their geographic origin: covered kernel, 6-
kernel rows, blue kernel, occidental type of rachis-brittleness (TAKAHASHI 1955), ‘A type’
of B-amylase thermostability (KANEKO et al. 2001), and so on (Tablel). Moreover, the
CAPS analysis for the LOX-1 structural gene revealed that the six lines exhibited the same
unique pattern, which has not been observed for the other analyzed lines (Figure 1).

These facts imply that these lines are derived from the same ancestral origin. This mutant
probably originated in the Indo-Nepal region, and was introduced into Taiwan. We will
continue a further investigation on the relationship among these lines.

Table 1. Characteristics of LOX-1 null mutant lines

Characteristics SBOU1 SBOU2 SBOU3 SBOU4 SBOUS SBOU6
Seed LOX-1 activity ND* ND* ND* ND* ND* ND*
Covered or naked kernel Covered Covered Covered Covered Covered Covered
Kernel rows 6 6 6 6 6 6
Ear-awn type Lax-long Lax-long Lax-long Lax-long Lax-long Lax-long
Leaf-sheath hair Absence Absence Absence Absence Absence Absence
Heading time® Mid-Apr. Mid-Apr. Mid-Apr. Mid-Apr. Late-Apr. Mid-Apr.
Kernel color Blue Blue Blue Blue Blue Blue
Rachilla hair Long Long Long Long Long Long
Vernalization requirement Highly spring Highly spring Highly spring Highly spring Spring Spring
Brittleness of rachis Occidental Occidental Occidental Occidental Occidental Occidental
B-amylase thermostability Type A Type A Type A Type A Type A Type A
Origin India India Taiwan Taiwan Nepal Nepal

a Not detectable.
b Data in Okayama, Japan.
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Figure 1. CAPS patterns of the LOX-1
structural genes

M: molecular marker, 1: wild type, 2:
SBOU1, 3: SBOU2, 4: SBOU3, 5:
SBOU4, 6: SBOUS, 7: SBOU6

Immunological Analysis of LOX Protein from Silent Seed

Western analysis of the silent seed protein after SDS-PAGE revealed two faint bands about 95
kDa and 57 kDa for the SBOU2 type lines, while one major band about 95 kDa for CDC
Kendall (Figure 2a). Western analysis after IEF separation did not reveal a lower pl band
around pl 4.8, but high pl band around pI 6.5 in the SBOU2 extract. This indicates that the 95
kDa band of the SBOU2 type lines in SDS-PAGE/Western analysis is derived from the LOX-
2 protein based on its pl (YANG et al. 1993) (Figure 2b). YANG et al. (1993) also showed
that the LOX-2 activity was detected only in germinating barley. Therefore, it can be
concluded that the SBOU2 type lines are LOX-1 null mutants. LOX null mutants have been
isolated and well characterized in soybean (KITAMURA et al. 1983). However, such a LOX
null mutant has never been reported in barley. This is the first report of the LOX-1 null mutant

lines in barley.

a b
SDSPAGE IEF
S KM S K .9
3
ol | 4 LOX-2
95 »— - -
57 p 4 == LOX-1
kDa = pl3

The Segregation and Linkage Analysis

Segregation of the LOX-1 null phenotype was investigated using F, generation seeds (n =
136) derived from the cross between CDC Kendall and SBOU?2. The segregation ratio of the
wild type to the null phenotype was 104:32. The ratio well fit to the 3:1 ratio (x> = 0.157, p =
0.69), indicating that the LOX-1 null trait is governed by a single recessive gene in Mendelian

inheritance.
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Figure 2. Western blot analysis of LOX-
1 protein extracted from SBOU2 and
CDC Kendall. a: Western blot analysis
after SDS-PAGE separation. b: Western
blot analysis after IEF separation. Lane
M: molecular marker, lane S: SBOU?2,
lane K: CDC Kendall
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For linkage analysis, the LOX-1 phenotype of the F, plants was estimated based on the LOX
assay data for F3 seeds (n = 5) derived from individual F; plants (n = 144). The CAPS analysis
for the LOX-1 structural gene was carried out for their F, DNAs. All the plants giving the
homozygous SBOU?2 type CAPS pattern exhibited the LOX-1 null phenotype, and vice versa.
The location on chromosome 4H was confirmed using the previously mapped RFLP probe
(JBC970). Linkage analysis with MAPMAKER revealed that the LOX-1 null trait was
assigned to a locus at a distance of 0 and 4.1 cM from the LOX-1 structural gene and JBC970,
respectively. (Figure 3). The location is consistent with a previous report describing that the
barley LOX-1 gene was located at the LoxA4 locus on the short arm of chromosome 4H (VAN
MECHELEN et al. 1999). Therefore, these results suggested that the deficiency of LOX-1
was due to a homozygous allele, /lox4, which was recessive to the one (LoxA) required for the
presence of the LOX-1 activity and the protein (Figure 3). This information will be effectively
used in breeding programs to create advanced LOX-1 null malting barley varieties.

We have already confirmed the effectiveness of the LOX-1 null barley in a trial brewing,
indicating that this trait will become one of the powerful tools to improve beer quality.

Figure 3. A chromosome 4H
|_ LOX-1 structural gene (CAPS)  segment showing molecular
4.1 LOX-1 null trait markers linked to the LOX-1 null
) trait
JBC970
cM

Chromosome 4H
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Abstract

A core collection consisting of 153 accessions originating from different countries of The
CWANA was established out of the entire collection of cultivated barley (Hordeum vulgare
subsp. vulgare L.) held at ICARDA. Genetic diversity of the CWANA core collection was
studied using AFLP markers. The accessions were grouped into different geographic sub-regions
and the total genetic variation was estimated using Popgene software. Genetic distance matrix
was computed and hierarchical unrooted tree was performed using Phylip software package. Out
results show that the AFLP markers were highly informative and were useful in generating a
meaningful classification of the cultivated barley that we determined as subset of core collection.

Introduction

Cultivated barley, Hordeum vulgare subsp. vulgare L., is widely distributed over the eastern
Mediterranean region and western Asian countries. The cultivated core collection investigated in
this study representing the geographical distribution of H. vulgare was analyzed using Amplified
Fragment Length Polymorphism (AFLP) to assess the geographical pattern of genetic diversity.

Plant Material

The core collection, a total of 153 accessions was collected from thirteen countries. The
ICARDA core collection was selected from the entire H. vulgare collection held at the center to
represent the species diversity across its geographical distribution area. Three plants were
analyzed per accession.

AFLP Analysis

Total DNA was extracted from 50 mg of fresh leaves of each individual plant with the modified
CTAB method. Approximately 500 ng of total DNA per sample were used for AFLP reaction.
Three primer combinations were used for all the 450 samples. Bands were scored manually and
by eye within a range from 100 bp to 300 bp.

Statistical Analysis

To evaluate the genetic diversity within and among populations, Phylip and Popgene software’s
were used. The total gene diversity of cultivated barley originated from different countries was
estimated, which is partitioned into the mean of allelic variation within the Hordeum vulgare
subsp. vulgare L. from diverse countries.

Results
The three primer combinations gave highly informative patterns that were polymorphic among
individuals within and between the cultivated barley accessions. A total of 165 AFLP’s markers
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were detected for all three-primer pair combinations and the percentage of polymorphic loci was
equal to 92 %.

To assess the relationship of the accessions listed in different regions, consensus tree was
calculated. The barley landraces from Morocco were the most diverse followed by accessions
from Oman and Iran. Landraces from Turkey, Egypt, Syria, Yemen and Iran showed an
intermediate genetic diversity. The third group is represented by accessions from Algeria,
Tunisia, Yemen and Jordan. The lowest genetic variation was for barley landraces from Cyprus
and Uzbekistan.

Discussion

Landraces of barley are known to offer rich sources of genetic variation for crop improvement.
Accessions from Morocco were found to be more diverse than others. This result corroborates
those revealed by agro-morphological characterization where a great genetic variability between
and within landraces for different characters has been found. The same observation is valid for
populations from Oman. Barley landraces from Uzbekistan and Cyprus were found to be
genetically very distinct from the rest of populations. The results of this study suggest that the
genetic variation in the ICARDA H. vulgare subsp. vulgare subset of core collection is structured
geographically, but still a major part of the genetic diversity can be found within the geographical
subregions.
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Abstract

Variation of isozymes, inter-simple sequence repeats (ISSRs) and simple sequence repeats
(SSRs) were surveyed in 197 spring barley accessions from the Nordic and Baltic countries.
The investigation included landraces, cultivars from the end of the 19" century, cultivars from
the 20" century and breeding lines. The objective of this study was to assay putative genetic
erosion probably due to the intensive breeding during the last century. The results indicated
that there are differences in changes of genetic diversity over time in two and six row barleys.
When evaluating each country’s material separately, differences in diversity changes over
time were found. In some cases trends of diversity differed depending on the markers used.

Introduction

There is a concern throughout the world about the genetic narrowing of elite barley
germplasm (GRANER et al. 2003). The question is how reasonable this concern is and
whether it would be an issue in all the regions of barley growing where the commercial plant
breeding is practised. In the Nordic and Baltic countries this began at the end of 19" century
(GAIKE 1992; PERSSON 1997). The common objectives for barley breeders are to develop
new cultivars with high, stable yield and outstanding quality. However, there are differences
in breeding strategies, based on differences in climate, soil, pests and diseases. The Northern
European eco-geographic zone, for example, represents a marginal agro-ecological area for
barley growing, which brings specific demands for adaptation breeding. In this study we
evaluate the changes of genetic diversity that might have occurred over more than a century of
barley breeding. To follow the changes of diversity and identify differences between markers,
we choose three marker systems, namely isozymes, ISSRs and SSRs.

Material and Methods

Plant Material

The material used in this study comprised 197 spring barley accessions from Nordic and
Baltic countries including landraces, cultivars from the end of 19" century until modern
cultivars and breeding lines. The material was obtained from gene banks in the Baltic
countries, the Nordic Gene Bank, and plant breeding companies (Boreal Plant Breeding Ltd.
in Finland, Kvithamar Research Centre in Norway, Sval6f Weibull AB in Sweden, The Abed
Foundation and Sejet Plant Breeding in Denmark, Priekuli and Stende Plant Breeding Stations
in Latvia, Jogeva Plant Breeding Institute in Estonia, Lithuanian Institute of Agriculture,
Dotnuva-Akademia in Lithuania). The material consisted of 129 two row barley accessions
and 68 six row barley accessions (Table 1).
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Table 1. Number of accessions from different breeding periods and origins
included in the study

Landraces and Cultivars 1931 - 1970 Cultivars after 1971

period  itivars before 1930 and breeding lines Total

type six-rowed two-rowed  six-rowed two-rowed  six-rowed two-rowed

Denmark 5 6 0 8 0 11 30
Estonia 0 0 1 1 2 16 20
< Finland 5 4 5 4 11 3 32
D Latvia 1 1 1 1 1 19 24
© Lithuania 1 1 0 2 0 16 20
Norway 8 0 6 3 13 0 30
Sweden 5 7 3 9 0 17 41
Nordic and Baltic 25 19 16 28 27 82 197
Isozymes

Ten days old seedlings grown in a greenhouse were used for electrophoresis. The methods for
electrophoresis and staining procedures for aconitate hydrotase (4Aco, E.C.4.2.1.3),
phosphogluconate dehydrogenase (Pgd, E.C. 1.1.1.43) and esterase (Est, E.C.3.1.1.2) were
previously described in detail by LIU et al. (1999, 2000). The enzyme names and their
abbreviations followed those recommended by the Nomenclature Committee of the
International Union of Biochemists (IUBNC 1984). The designations of alleles at the Aco-1,
and Pgd-2 loci follow NIELSEN and JOHANSEN (1986), at Est-1, Est-2, Est-4 and Est-5 loci
— Hvid and Nielsen (1977), at the Aco-2 locus LIU et al. (1999) and at the Pgd-1 locus —
KONISHI and YOSHIMI (1993).

ISSRs and SSRs

DNA Extraction

DNA was extracted from leaf material from glasshouse-grown plants as described by Cheung
et al. (1993) with minor modifications: for tissue breakage Crush Express (Resistenz Labor
GmbH) was used and for pellet re-suspension only TE without RNAse was added.

ISSRs

Each PCR reaction for ISSR was carried out in a total volume of 25 pl, containing 20.87 pl
deionised water, 2.5 pul PCR buffer (10mM Tris-HCI (pH 8.0), 50 mM KCL, 2mM MgCl, and
0.02% gelatin), 0.33 pl of primer (15 uM), 0.2 ul d’NTP (100mM), 0.1 ul Taq polymerase
(SIGMA 5U/ pl)and 10-20 ng of genomic DNA (1 pl volume).

Initial denaturation was carried out for 1 min at 94 °C, followed by 30 cycles of Imin at 94°C
0.5°C/s to 55°C, 2 min at 55°C, 1.3°C /s to 72°C, 0.5 min at 72°C, 1.3°C /s to 94°C, and a fine
5 min extension at 72°C. Four ISSR primers (#888, #889, #890, #891) were obtained from th
University of British Colombia Biotechnology Laboratory. The polymerase chain reactio
(PCR) was performed in a PTC-200 Peltier Thermal Cycler (MJ Research). Products wer
analysed on polyacrylamide gel (CleanGel 48S, Amersham Pharmacia Biotech AB) and ban
size was estimated from a 100 bp ladder. Loci were named based on the primer and observe:
band size.

SSRs

Each PCR reaction for SSR was carried out in total volume of 5Sul, containing. 2.39 ul
deionised water, PCR buffer 0.5 ul (SIGMA), 0.4 ul MgCI(SIGMA), 0.1 pl of Forward
primer (0.15 pM), 0.1 ul of fluorescent labelled Reverse primer (0.15 pM), 0.5 ul d’NTP
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(2mM)0.01 pl Taq polymerase (SIGMA 5U/ ul) and 10-20 ng of genomic DNA (1 ul
volume). A total of 21 primer pairs (Bmac0399, Bmac0032, WMCI1E8, HVM36, Bmag0125,
Ebmac0415, HvLTPBB, Bmac0067, Bmac0013, Bmac0384, Ebmac0701, HVM67,
EBmac0970, Bmac0223, AF043094, Bmag0173, EBmac0806, Bmac0040, Bmac0007,
Bmac0273, Bmag0135) from the Scottish Crop Research Institute Barley (SCRI) Genomics
were used. The PCR was performed in a PTC-200 Peltier Thermal Cycler (MJ Research),
according to the programmes from SCRI for each primer pair. The PCR products were
analysed on a 96 capillaries electrophoresis sequencer (SPECTRUMEDIX, LLC), the
sequencer data images were analysed using the DNA Fragment analysis software
GENOSPECTRUM™ VERSION 2.06.

Statistical Analysis
Gene diversity (h) at each locus was calculated using the gene diversity index of NEI (1973):

h = 1-2pi, where p; is the frequency of the i-th allele of the locus. The average value of gene
diversity (h) was calculated over all loci (H) for all entries and groups of cultivars. To analyse
electrophoretic data, the POPGENE statistical package was used (YEH et al. 1999).

Results and Discussion

From eight isozyme loci (Aco-1, Aco-2, Est-1, Est-2, Est-4, Est-5, Pgd-1, and Pgd-2)
analysed, all except Pgd-1 were polymorph. For ISSR 48 polymorph loci and for SSR 22
polymorph loci were analysed. Overall in Nordic and Baltic material the gene diversity for
1sozyme loci ranged from 0 to 0.494, for ISSR loci from 0.023 to 0.450 and for SSR loci from
0.033 to 0.8913. The average gene diversity for isozymes was 0.193, for ISSRs 0.395 and for
SSRs 0.623 (Table 2).

For isozymes and SSRs the highest average gene diversity value and mean number of alleles
per locus was found in landraces and old cultivars released before 1930. ISSR data showed
the highest gene diversity value in cultivars released from 1931 to 1970. Cultivars released
after 1971 and breeding lines had the lowest gene diversity value for isozyme and ISSR data,
whereas for SSR the lowest gene diversity value was in cultivars from 1931 to 1970.

Table 2. Levels of genetic variation detected using isozymes, ISSRs and SSRs in Nordic
and Baltic spring barley overall and in different breeding periods,
A=mean number of alleles per locus, N,=number of polymorphic loci and
H=average gene diversity (Nei, 1973)

A Ny H
isozymes  ISSRs  SSRs isozymes ISSRs  SSRs isozymes  ISSRs  SSRs
Landraces and
o 1930 2625 2.000 7.454 . 7 48 21 0214 0373 0.604
Cultivars 1931 - 1971  2.125  1.958 5.727 7 46 20 0.189 0388 0.577
Cultivars after 1971 5 1,5 5 500 7.182 6 48 2 0.174 0342 0.602
and breeding lines
Nordic and Baltic 2750 2.000 8.636 7 48 22 0.193 0395 0.623

(overall)

Differences were found in gene diversity changes over time for two rowed and six row barley
cultivars (Figure 1). Modern two row cultivars had low average gene diversity value
compared to the old ones according isozyme and ISSR data, whereas for six row cultivars it
was not observed. SSRs data indicated a drop of gene diversity for two row cultivars in the
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middle of 20™ century, but diversity of cultivars bred after 1971 and breeding lines was
similar to the landraces and cultivars released before 1930.

A B C
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Figure 1. Average gene diversity value H (Nei, 1973) for six row and two row
cultivars from different breeding periods, A-isozyme; B — ISSR; C - SSR.

Since the Nordic and Baltic regions comprise a large variation in climate and soils there are
also differences in breeding programmes. When comparing the cultivars from different
breeding periods within the countries we have found differences (Figure 2) (Baltic accessions
from different periods were not compared among the countries due to the low number of
accessions representing some of the breeding periods.). For example, data from all markers
showed that in Norway the average gene diversity in landraces and cultivars before 1930 is
lower compared to modern cultivars. Norwegian landraces and old cultivars also had the
lowest average gene diversity value compared to landraces and old cultivars from other
Nordic countries. On the other hand for Swedish material different markers showed different
trends of diversity changes. Isozymes showed a decrease in genetic diversity over time,
whereas SSR and ISSR indicated rather high values of gene diversity in modern material.
The highest average gene diversity within Swedish material according to ISSR data was in
cultivars bred in the middle of the century.
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Figure 2. Average gene diversity value H (Nei, 1973) for cultivars from different Nordic
countries and breeding periods, A-isozyme; B — ISSR; C - SSR.

The differences of trends in changes of genetic diversity, depending on marker should be
taken in consideration when conclusions are drawn. Commercial breeding has affected the
diversity of spring barley in Nordic and Baltic countries, but this effect might differ
depending what part of the genome is studied and how the breeding practice has been carried
out. However in total for the region we could not find definite decrease of diversity.
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Abstract

Wild barley disperse their seeds at maturity by means of their brittle rachis. Brittleness of
rachis was lost in cultivated barley during domestication. Non-brittle rachis of occidental
barley lines is controlled by a single gene (btr/) on chromosome 3H. However, non-brittle
rachis of oriental barley lines is controlled by a major gene (b#r2) on chromosome 3H and two
quantitative trait loci (QTLs) on chromosomes SHL and 7H. This result suggests multiple
mutations of the genes involved in the formation of brittle rachis in oriental lines. A high-
density amplified fragment-length polymorphism (AFLP) map of the b#ri/btr2 region was
constructed. A phylogenetic tree based on the AFLPs showed clear separation of occidental
and oriental barley lines indicating at least two lineages of cultivated barley.

Keywords: seed dispersal; shattering; disarticulation; quantitative trait loci (QTLs);
domestication

Introduction

Wild barley has complementary genes, Btrl and Btr2, for the formation of brittle rachis, and
cultivated barley carries recessive alleles at either of the loci, resulting in non-brittle rachis
(UBISCH 1915; SCHIEMANN 1921; JOHNSON & ABERG 1943; TAKAHASHI &
HAYASHI 1959). The btri and btr2 loci have been mapped to chromosome 3HS, and the two
loci are tightly linked (TAKAHASHI & HAYASHI 1964). Most occidental cultivars carry the
btrl allele, and most oriental cultivars carry the bzr2 allele, indicating a clear differentiation
pattern of the two groups (TAKAHASHI 1955). We previously identified AFLP loci flanking
the btrl locus (KOMATSUDA & MANO 2002), but the position of the btr2 locus was
ambiguous. We detected a new gene factor, ‘d’, independently inherited on chromosome 7H,
which affected the mapping of the btr2 locus. In this study, composite interval mapping of
QTLs was performed in order 1) to test the hypothesis that the b#r/ and btr2 loci are tightly
linked (TAKAHASHI & HAYASHI 1964); 2) to identify the modifier gene ‘d’ previously
detected in chromosome 7H (KOMATSUDA & MANO 2002); and 3) to detect any other
QTLs that affect the rachis brittleness of barley. High-density AFLP of the btr/ and btr2 were
constructed. Phylogenetic patterns of cultivated and wild barley were inferred by using AFLP
markers. In this study, we assumed that possession of both the Btr/ and Btr2 alleles is a
necessary condition for producing brittle rachis in barley (TAKAHASHI & HAYASHI 1964).

Material and Methods
Hordeum vulgare ssp. vulgare cvv. ‘Azumamugi’, ‘Kanto Nakate Gold’ were obtained from
the Barley Breeding Laboratory, National Institute of Crop Science, Tsukuba, Japan. H.
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vulgare ssp. spontaneum, lines were obtained from the Research Institute for Bioresources,
OkayamaUniversity.

Azumamugi is a non-brittle (BtrlBtribtr2btr2) six-rowed cultivar, Kanto Nakate Gold is a
non-brittle (btr1btriBtr2Btr2) two-rowed cultivar (KOMATSUDA & MANO 2002). Ninety-
nine RILs (F;;) have been developed from the Azumamugi x Kanto Nakate Gold cross by
single-seed descent. A single plant of each of 87 RILs was pollinated with Natsudaikon Mugi
(btribtr1Btr2Btr2), and a single plant of each of these and of five other RILs was pollinated
with Hayakiso 2 (BtriBtribtr2btr2). Natsudaikon Mugi is a spring barley (sghi/Sgh2/sgh3)
and Hayakiso 2 is a winter barley (Sghl/sgh2/sgh3). These 2 testers are used to test rachis
brittleness and spring habit of growth at the Research Institute for Bioresources, Okayama
University. Rachis brittleness was evaluated as 100% x (number of rachis nodes
disarticulated) / (number of rachis nodes in a spike).

MANO and KOMATSUDA (2002) constructed a base map eliminating the clustering
markers and using the remaining 100 markers to achieve a density of 5 to 10 cM/locus. On
the basis of the map, we performed composite interval mapping of QTLs by using the
computer program QTL Cartographer version 1.14 (BASTEN et al. 2000) on arcsin \/p-
transformed brittleness data (%). The mapping was run with the default setting for model 6
(five background markers and a window size of 10 cM). The inclusion of background markers
makes the analysis more precise and permits efficient mapping of QTLs. A log-likelihood
(LOD) score threshold of 3.0 was used to identify regions containing putative loci associated
with the trait.

We carried out DNA restriction by EcoRI and Msel, ligation of adapters, non-selective
preamplification, selective amplification using primers having three selective nucleotides, and
polyacrylamide gel electrophoresis, as described by MANO et al. (2001). Bulked-segregant
analysis was carried out to identify AFLP markers tightly linked to the b#r/ and btr2 loci.
Two bulked DNAs were made by combining preamplified DNAs of eight RILs of btribtri
genotype and eight RILs of BtriBtrl genotype selected from 99 RILs of Azumamugi X Kanto
Nakate Gold on the basis of Fy generation data (KOMATSUDA & MANO 2002).

Fourteen cultivars of H. vulgare ssp. vulgare, two lines of var. agriocrithon, and 19 lines of
ssp. spontaneum were analyzed by using primer combinations that generated AFLP loci
linked to the b#rl and btr2 loci. As a comparison, we scored another 46 AFLP loci that were
independently inherited with the bt/ and btr2 loci, and used them to construct another
phylogenetic tree. Phylogenetic trees were constructed by the minimum evolution method
(NEI & KUMAR 2000).

Results
OTL Mapping of Brittle Rachis Genes

In the RILs x Natsudaikon Mugi population, only one major QTL was detected, flanked by
el4m27-4-1 and el5m19-7 on chromosome 3H. The QTL is identical to the b#rl locus. This
QTL explained 72.4% of phenotypic. The result indicates that the Btr/ allele from
Azumamugi was almost sufficient to complement the genotype of Natsudaikon Mugi to
produce brittle rachis. In the RILs x Hayakiso 2 population, three QTLs were detected. A
major QTL (LOD = 27.9) was located at the same position as the btrl locus, between
el4m27-4-1 and el5m19-7 on chromosome 3H. The result indicates that this QTL is the btr2
locus (TAKAHASHI & HAYASHI 1964). This QTL explained 70.3% of phenotypic
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variance. A secondary QTL (LOD = 6.9) was located between cMWG704 and el Im17-10-2
on chromosome 7H. The region overlapped the ‘d’ (modifier) locus located between
cMWG704 and el2m22-10-2 (KOMATSUDA & MANO 2002), indicating that the QTL and
‘d’ are identical. This QTL explained 10.8% of phenotypic variance, and the allele of Kanto
Nakate Gold had a positive effect. The third QTL (LOD = 3.7) was located between e07m25-
03 and el2m19-09-1 on chromosome SHL. This QTL explained 5.2% of phenotypic variance,
and the allele of Kanto Nakate Gold had a positive effect. Thus, Kanto Nakate Gold alleles at
all three loci were necessary to complement the genotype of Hayakiso 2 to produce brittle
rachis.

High-Density AFLP Map of the btrl and btr2 Loci

A total of 4096 combinations of 64 EcoRI+3 and 64 Msel+3 primers were subjected to the
analysis between two bulked DNAs, and 148 AFLP markers were developed. These 148
markers were tested against 13 RILs of Azumamugi x Kanto Nakate Gold that revealed a
recombination between e/4m27-4-1 and el5mi19-7 (MANO et al. 2001). As a check, another
22 RILs without recombination between the two AFLP loci were also included. The analysis
placed 84 markers on or between the two AFLP loci. Ten AFLP loci co-segregated with the
btrl or btr2 loci. Four AFLP loci were located 0.5 cM distal and e37m44-13 was located 2.7
cM proximal to the btri1/btr2 complex.

Phylogenetic Analysis Based on the btr1/btr2 Region

Unrooted phylogenetic tree of wild and cultivated barley was constructed by using 74 AFLP
loci assigned in the 9.9-cM region covering the btrl and btr2 loci. The tree shows a clear
separation of cultivated barley into two groups. One group consists of “W” (Western)-type
barley lines (btribtriBtr2Btr2). Modern Japanese two-rowed cultivars are included in this
group, because they have the W-type genes inherited from European barley lines. A Bulgarian
cultivar, ‘Caveda’, and two Moroccan weedy barley lines formed a small clade highly
supported by bootstrap analysis. A clade of ‘Golden Promise’, ‘Bonus’, and ‘Kristina’ was
also highly supported by bootstrap analysis, and was more or less separated from the other
cultivars in the W-type group. A wild barley line from Jordan (OUH638) was included in the
W-type group, and two wild barley lines from Iraq (OUH742) and Tibet (OUHS25, var.
spontaneum type) were close neighbors of the W-group. The second group representing “E”
(Eastern)-type barley lines (BtriBtribtr2btr2) included ‘Azumamugi’, ‘Hayakiso 2’, and
‘Soren Oomugi 19329°. The clade was highly supported by the bootstrap value of 98.
Including a wild barley line from Libya (OUH783) and a Tibetan line of var. agriocrithon
(OUH786) gave the clade the bootstrap value of 100.

Discussion
Identification of QTLs for Non-Brittle Rachis

Although non-allelic modifier genes have been suggested for the non-brittle rachis
(SCHIEMANN 1921; TAKAHASHI & HAYASHI 1959; KOMATSUDA & MANO 2002),
this study is the first in which modifier genes were precisely identified in the linkage maps.
Oriental barley cultivars may represent additional steps of mutation from ancestral barley to
landraces or local cultivars. Probably some Oriental cultivars have these modifier genes. The
QTL on chromosome 7H is probably identical to the dense spike 1 (dsp!, formerly /) locus,
because a major QTL controlling spike internode length (or spike density) was located at the
same position in work using the same RILs (SAMERI & KOMATSUDA, accompanying
paper). The dspl gene occurs naturally in local cultivars from Korea and Japan, and both
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Azumamugi and Hayakiso 2 have the dsp! allele (TAKAHASHI 1951, 1955; TAKAHASHI
et al. 1979, 1983). Dense spikes tended to show a lower degree of rachis brittleness than those
with normal (or lax) spikes (TAKAHASHI & YAMAMOTO 1949, 1951).Some barley
cultivars show disarticulation at only one or a few rachis nodes in a spike, resulting in loss of
a spike segment. The phenomenon is called ‘rachis break’ or ‘head shattering’ and causes loss
of yield. Head shattering QTLs were detected on chromosomes 2H, 3H, and SHL
(KANDEMIR et al. 2000). Head shattering can be regarded as a special case of brittle rachis,
so it is natural that some of the genes or QTLs controlling the two traits are common. The
head shattering QTL detected on chromosome SHL and the brittle rachis QTL that we
detected on chromosome SHL could be identical, but their relative positions remain to be
confirmed by the use of common markers. The b#ri/btr2 complex is not allelic to the head
shattering QTL on chromosome 3H (KANDEMIR et al. 2000).

Organization of the btrl and btr2 Loci

Our high-density map includes 84 AFLP loci in the interval of 6.7 ¢cM harboring the btr/ and
btr2 loci, providing an average density of 0.08 cM/locus. The map shows a fairly even
distribution of AFLP loci, except for the clustering detected at one of the flanking markers.
TAKAHASHI (1963) reported on the basis of the analysis of 1267 cultivars from different
regions of the world that all cultivars were either E-type or W-type, and none was
btribtribtr2btr2 type. Why have double recessive types not been identified? The most
adequate explanation is that the two loci are physically too close to allow the breeding of
recombinant lines (TAKAHASHI & HAYASHI 1964). However, it is not clear why a double
recessive btrlbtribtr2btr2 does not occur by spontaneous mutation in cultivated barley. Does
it exist in other cultivars but has escaped detection? One explanation is that double recessive
plants are lethal, although this explanation does not account for the fact that double dominant
BtriBtriBtr2Btr2 was not bred in segregating F, or RILs (TAKAHASHI & HAYASHI 1964,
and this study). We maintain the hypothesis of tight-linkage between the bt/ and btr2 loci.
The hypothesis may be tested by simply increasing the size of segregating populations
followed by test crosses. Hayakiso 2 may not be the best tester, because it has a dsp/ gene. It
would be favorable to use barley lines with lax spike density in further studies.

Domestication Patterns Indicated by Molecular Loci in the btrl/btr2 Region

Wild and cultivated barley are positioned at subspecies level because the two taxa are
interfertile (BOTHMER et al. 1995). Gene flow between them caused by natural pollinators is
possible, so it is difficult to define what is wild barley and what is cultivated barley. Non-
brittle rachis therefore could be used to discriminate cultivated barley from wild barley. The
phylogenetic tree based on the AFLP loci linked to the btr1/btr2 loci may represent the gene
genealogy for the brittle rachis genes. The tree clearly shows the differentiation of cultivated
barley into two clades, E-type and W-type, in good agreement with the differentiation pattern
of cultivated barley (TAKAHASHI 1955).

It seems surprising that a Libyan wild barley line (OUH783) has a strong connection with the
E-type cultivars. However, more than 90% of North African barley cultivars carry E-type
gene sequences for brittle rachis (TAKAHASHI et al. 1983), in clear contrast to the fact that
more than 95% of Abyssinian barley cultivars carry W-type gene sequences (TAKAHASHI
1963; TAKAHASHI ef al. 1983). Our phylogenetic analysis suggests that the E-type barley
lines of Asia and North Africa have the same lineage. What is the origin of var. agriocrithon
inferred from the analysis? In the present study, the Tibetan line of var. agriocrithon
(OUH786) was distinctly separate from the ssp. spontaneum group, being much more
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distantly separated from the Tibetan line of ssp. spontaneum (OUHS825). Therefore, the result
was not consistent with the theory of hybrid origin or reverse mutations from non-brittle to
brittle forms. Other than Tibet, var. agriocrithon has been found frequently in Israel, Cyprus,
and Libya (for review see BOTHMER & JACOBSEN 1985). In this case our results agree
with the hypothesis of hybrid origin between ssp. spontaneum and six-rowed cultivated barley
(Bothmer et al. 1995), because the var. agriocrithon from Israel (OUH802) was included in
the group of ssp. spontaneum. Probably OUH802 has a btri/btr2 gene region obtained from
sympatric populations of ssp. spontaneum. The var. agriocrithon lines from Tibet (or China)
and Israel may have different origins.
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Abstract

The aim of the present study was to estimate a relationship between phenotypic (PD) and
genetic (GD) distances in a set of barley genotypes. Material for the study covered 18 spring
barley cultivars and breeding lines different in their morphological characters: Apex, Grit,
Havila, Krystal, Maresi, Roland, A35, C54, RK22, RKS58, RK63/1, B33, B61 (2-rowed,
hulled), Klimek, Pomo (6-rowed, hulled), IN86, POA0325, A39 (2-rowed, naked). Cultivars
and lines were examined with regard to yield-related traits in a field experiment carried out in
a randomised block design with 3 replications. Grain yield per plot, 1000-grain weight, grain
weight per ear, plant hight and spike length were observed. The data were processed using
multivariate analysis of variance. Mahalanobis distance (i.e., distance between genotypes
evaluated for all the studied traits treated simultaneously) was used as a measure of
phenotypic distances between studied genotypes. Besides, RAPD (random amplified
polymorphic DNA) polymorphism was examined in the studied genotypes. Fifty 10-mer
primers were tested in each cultivar or line, giving altogether 389 amplification products, 55%
of which were polymorphic. Genetic distance for all pairs of compared genotypes was
estimated and a dendrogram was constructed using unweighted pair group method.
Correlation between PD and GD distances appeared to be a weak but statistically significant.
Keywords: barley; genetic distance; phenotypic distance; RAPD

Introduction

The simplest method to perform in order to promptly detect changes in the DNA sequence
throughout the whole genome is a method using random amplified polymorphic DNA
(RAPD). Due to a very large number of various sequences of 10-mer primers (4'°), the RAPD
method has become especially useful in the search for markers of agronomically important
traits. In cereals the RAPD markers are used, among other, to localise quantitative trait loci
(QTLs), to construct genetic maps, in taxonomic studies and in the assessment of genetic
diversity (BARUA et al. 1993; BUSTOS et al. 1998; HANG et al. 2000; KUCZYNSKA et
al. 2001). The aim of the study was to detect genetic and phenotypic differences among
cultivars of selected spring barley genotypes.

Material and Methods

The material for investigations included 18 spring barley (Hordeum vulgare L.) cultivars and
breeding lines different in their morphological characters: Apex, Grit, Havila, Krystal,
Maresi, Roland, A35, C54, RK22, RK58, RK63/1, B33, B61 (2-rowed, hulled), Klimek,
Pomo (6-rowed, hulled), IN86, POA0325, A39 (2-rowed, naked). The DNA of the analysed
cultivars was extracted from the leaves of 3-week old seedlings (THOMSON & HENRY
1995).

The RAPD-PCR reactions were performed for 50 10-nucleotide primers, selected previously
from 300 with a random sequence. The reaction was performed according to the following
protocol: 5 min. at 95°C , 45 cycles of: 94°C for 1min., 36°C for 2 min., 72°C for 2 min. and
final extension at 72°C for 10 min. (KUCZYNSKA et al. 2001).
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The electrophoresis of DNA fragments was conducted for 2.5 h at the voltage of 100 V in
1.5% agar gel containing ethidium bromide.

The coefficients of genetic similarity (GS) of the investigated genotypes were calculated
using the following formula (NEI & LI 1979):

GSIJ =)

where Nj; is the number of alleles present at i-th and j-th objects, N; - the number of alleles
present at the i-th object, N; - the number of alleles present at the j-th object; i,j =1, 2, ..., 18.
Genetic distance (GD) were calculated by transformation of GS as follows: GD = 1 — GS.
The coefficients were used to group the cultivars hierarchically using the unweighted pair
group method of arithmetic means. The results of the performed grouping are presented in the
form of a dendrogram.

Grain yield per plot, 1000-grain weight, grain weight per ear, plant height and spike length
were observed. The data were processed using multivariate analysis of variance. Mahalanobis
distance (i.e., distances between genotypes evaluated for all the studied traits treated
simultaneously) was used as a measure of phenotypic distances between studied genotypes.
Correlation coefficient was estimated between phenotypic and genetic distances.

Results and Discussion

As a result of the PCR-RAPD reactions performed for the investigated barley cultivars and
lines with the use of 50 primers, a total of 389 amplified DNA fragments were obtained, out
of which 214 were polymorphic. The number of polymorphic bands revealed by one primer
ranged from 1 to 6, with an average of 4.3, and the size of amplification products ranged from
100 to 2000 bp (Fig. 1).

Investigated genotypes appeared to be different on the phenotypic and molecular levels.
Values of genetic distance ranged from 0.107 to 0.798. Dendrogram constructed on the basis
of genetic distances is presented in Figure 2. The lowest genetic distance was found for lines
A39 and B33, whereas the highest GD was revealed between cultivars Apex and Pomo.
Mabhalanobis distance between pairs of genotypes ranged from 1.076 to 36.411. The most
similar genotypes on phenotypical level were cultivar Grit and line A35, and the most
different were cultivar Pomo and line C54.

Values of GD and PD are presented in Table 1. Correlation coefficient between PD and GD
distances appeared to be a weak (-0.200) but statistically significant (at level a = 0.05).
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Figure 1. Results of RAPD analysis for studied 18 lines and cultivars of barley with primer
Gensetl (GTGCCTAACG)

M — Gene Ruler™ 100 bp DNA Ladder Plus

1 — Apex, 2 — Roland, 3 — Krystal, 4 — Maresi, 5 — Pomo, 6 — Klimek, 7 — Havila, 8 — Grit, 9 —
RK 63/1, 10 -RK 22, 11 —RK 58, 12 - IN86, 13- C 54,14 -B 61, 15-B 33, 16 — A 39,

17 - A 35,18 —POA 0325
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Figure 2. Genetic distance presented on the dendrogram
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Table 1. Genetic and phenotypic distances between investigated barley cultivars and lines

Phenotypic distance

9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004

IN86 - 12.979)14.355]16.036 | 6.396 | 6.498 | 7.902 | 2.856 | 4.355|28.39|5.941|2.617|3.638 |29.574.209|3.670| 6.191 | 3.683
A35 0.301| - |5.191]4.239|5.168|6.215|8.121|1.076|2.748|27.204.479|1.989|3.001 | 28.72(2.020 [ 1.325(4.439 | 1.775
A39 0.40710.217| - |8.067|7.485|4.565|7.5225.207|7.079|28.89|6.865|5.5334.070{29.91|5.843|5.336| 8.590 | 6.342
Apex 0.71810.714]0.735| - |5.421|8.953|7.088|4.171|3.398|29.53|4.135|4.030|6.016|31.53]2.507|4.466|2.670 | 2.884
B33 0.45810.217]0.107]0.735| - [5.593]6.34716.040|4.116|31.03|1.872|5.872|6.699 |32.64|4.718|4.118|3.587|5.532
B 61 0.48810.277]0.188|0.721|0.128 | - |8.141]6.957|7.355|29.52|5.960|7.369|5.820|30.62|6.821|5.408 | 8.276 | 7.627
C54 0.51310.266]0.267|0.691|0.267|0.239| - |8.273|7.494|34.96|5.413|7.567|8.765|36.41|7.010|7.811|7.311|8.007
g Grit 0.47110.376]0.413|0.721|0.474|0.382|0.448 | - |3.269|27.05|5.172|1.650|2.916|28.59(2.147|2.363|4.922|1.538
& |Havila 0.40710.362]0.339|0.735|0.385|0.3530.267|0.399| - |28.91|3.352|2.584|5.580|30.43|2.750|2.491|2.502|2.667
% Klimek 0.431(0.4420.587|0.729 0.537|0.484 | 0.252 | 0.307| 0.653| - |30.85|28.21|26.68|5.713]28.32]27.67]30.02|27.68
g) Krystal 0.29510.310]0.284|0.701 | 0.284]0.3140.393|0.475|0.3430.440| - |4.865|6.236|32.47|3.5683.586|3.030|4.657
Maresi 0.513{0.28910.41710.800]0.417]0.32310.375]0.308|0.4330.389|0.542| - |4.266|29.59|2.6022.806|4.603|2.069
POA0325 |0.4230.389]0.349]0.789]0.34910.365|0.419|0.365|0.301 | 0.439|0.354|0.383 | - |28.31|3.748(3.6696.677|3.746
Pomo 0.33310.3280.365|0.7980.413|0.3180.480|0.318|0.444 1 0.333|0.354|0.268 | 0.328 | - [30.09(29.15(31.90|29.43
RK 22 0.35810.395]0.306|0.7290.355]0.387 | 0.475]0.452|0.355|0.518 | 0.248 | 0.644 | 0.456 | 0.539| - [2.331|3.431|1.527
RK 58 0.31210.28310.372]0.689|0.372|0.34310.420 | 0.329 | 0.255|0.4530.135]0.493 | 0.385|0.308 | 0.219| - 14.059|2.671
RK 63/1 |0.456 [0.529(0.496|0.706 | 0.496 | 0.475 | 0.500 | 0.458 | 0.478 | 0.415 [ 0.395|0.482 | 0.444 | 0.622]0.396| 0.409| - |3.703
Roland 0.50410.270]0.333]0.756 | 0.225|0.349 | 0.385 | 0.485 | 0.550 | 0.433 1 0.396 | 0.476 [ 0.475 [ 0.536 [ 0.367 [ 0.427 [ 0.368 | -
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Abstract

The Spanish Barley Core Collection was created to represent the genetic variability of the
over 2000 accessions present in the Spanish National barley collection. It consists of 159
inbred lines derived from local landraces, as well as 16 cultivars with an extended history of
cultivation in the country. Data of several sorts have been gathered, including passport,
morphological traits, plant pictures at several growth stages, agronomic traits, have been
compiled and will be presented, at the end of the year, in a new website,
http://www.eead.csic.es/barleybreeding/SBCC, accessible to researchers. Currently ongoing
studies on new agronomic traits and genetic characterization will be incorporated in the
future. This collection represents a pool of largely underused genetic variability for barley
breeding, as revealed by previous studies, and also a potential tool to study barley population
genetics and adaptation on landrace materials.

Keywords: germplasm; genetic resources; landraces; variability

Introduction

Genetic narrowness of elite germplasm in barley breeding is a cause of concern for breeders
(MELCHINGER et al. 1994). The use of landraces as source of new variability has not been
fully exploited, especially in the displaced landraces from peripheral European countries
(AHOKAS & POUKKULA 1999). These materials are usually kept in large germplasm
collections. From a practical point of view, the use of plant materials coming from large
collections, necessarily with a low level of characterization, seems to be quite hopeless. To
get around this problem, and to properly evaluate representative samples of germplasm, big
efforts for generating core collections were recently undertaken in Europe (KNUPFFER &
VAN HINTUM 1995) and in USDA-ARS collection (BOCKELMAN 1996).

In Spain, the Spanish Barley Core collection was assembled (IGARTUA et al. 1998),
incorporating 159 inbred lines derived from landraces, and 16 old varieties. This Core
Collection is being characterized for the last three years; some preliminary results were
published in LASA et al. (2001).

Material and Methods

Three Spanish groups collaborate in the agronomic evaluation and characterizations of this
collection, under different climatic conditions in the Spanish provinces of Zaragoza, Lleida
and Valladolid.

Molecular markers analysis is being carried out with microsatellites, to establish membership
to genetic groups, results that will be published elsewhere. The results produced are being
compiled in data bases, that will be presented in a Web site that is described in this paper. The
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initial contents of the web site will include passport data (Table 1), and twenty-six

morphological and agronomic evaluation traits (Table 2).

Table 1. Passport data available for the Spanish Barley Core Collection

PASSPORT DATA

1.1 Accession number
1.1.1 BNG number

1.2 Donor name

1.3 Donor number

1.7 Cultivar name

1.9 Acquisition date

2.1 Collecting Institute
22 Collecting number
24 Collecting date

25 Country of collecting
2.6 Region

2.7 Province

2.8 Department

2.9 Latitude

2.10 Longitude

2.1 Elevation

2.14 Status of sample
2.22 Local name

Characterization was developed following the IPGRI Descriptors for Barley (1994), on the
characters presented in Table 2.

Table 2. List and key for the description of morphological, and agronomic evaluation traits, to

be included in the web page of the Spanish Barley Core Collection

IPGRI Code Character/Class 1 2 3 4 5

711 Growth Class Winter Facultative Spring

71.2 Growth Habit 3-Prostrate - 5-Intermediate - 7-Erect

713 Plant height (cm) <60.2 60.2-67.3 67.3-74.3 74.4-81.5 >81.6
714 Stem pigmentation Green Purple

7.1.5 Auricle pigmentation Green Purple

7.21 Photoperiod sensitivity 1-very low - 3-low - 5-Intermediate - 7-High

722 Heading (days to) <96 96-102 103-111 112-118 >118

7221 Grain filling period (days) <31 31-34 35-38 39-42 >42
723 Row number 2-two row - 6-six row

724 Spike density 3-lax - 5-intermediate - 7-dense

7.25 Spikelets/spike <135 13.5-16.5 16.5-19.5 19.5-22.5 >22.5
7.2.6 Lemma awn/hood Awnless Awnleted Awned Sessile hoods Elevat. Hoods
727 Lemma awn barbs 3-smooth — 5-intermediate — 7-rough

7.2.8 Glume and glume awn Shorter th kern  As kernel  Longer th ker..

729 Glume colour White Yellow Brown Black

7.2.10 Lemma type No teeth Teeth Hair

7211 Awn colour White Yellow Brown Reddish Black
7.212 Length of rachilla hairs Short Long

7.213 Length of spike (cm) <4.90 4.90-6.46 6.46-8.02 8.02-9.58 >9.58
7.31 Kernel covering Naked Semi-cover. Covered

7.3.6 1000-kernel weight (g) <29 29-33.9 34-39 39.1-44 >44
8.1.3 Test weight (kg/HI) <51.7 51.7-55.5 55.6-59.3 59.4-63.2 >63.2

9.3 Yield under drought 1-resistant - 9-susceptible
9.8 Lodging 1-resistant - 9-susceptible
10.2.3 Reaction to Puccinia hordei 1-resistant - 9-susceptible
10.2.4 Reaction to Blumeria graminis 1-resistant - 9-susceptible
Results

The Web site will present passport and characterization data for each entry. As a summary,
mean, standard deviation and distribution of the different classes is presented in Table 3.Spike
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and grain photographs for each entry will be presented. Other types of data will be
incorporated as they become available. The initial version is expected to be launched by the
end of 2004.

Table 3. Summary of distribution of morphological and agronomic evaluation traits

IPGRI Code Character Mean Sd 1 2 3 4 5 6 7 8 9| Total
711 Growth Class 264 071 23 16 133 172
712 Growth Habit 4.68 1.05 40 122 12 174
713 Plant height (cm) 392 0.94 3 13 25 84 47 172
714 Stem pigmentation 1.63 0.48 64 111 175
715 Auricle pigmentation 1.63 0.48 65 110 175
7.21 Photoperiod sensitivity 3.33 1.84 40 85 26 21 172
722 Heading (days to) 3.33 1.84 8 43 8 25 15 171

7.2.21 Grain filling period (days) 36.25 3.72 16 35 68 47 6 172
7.23 Row number 5.57 1.25 19 156 175
724 Spike density 4.37 1.35 76 78 21 175
7.25 Spikelets/spike 299 0.90 5 44 84 29 12 174
7.2.6 Lemma awn/hood 3.00 0.00 0 0 175 0 0 175
7.27 Lemma awn barbs 6.58 0.92 4 29 142 175
7.2.8 Glume and glume awn 1.78 0.59 54 106 15 175
7.29 Glume colour 273 0.69 24 0 151 0 175
7.2.10 Lemma type 273 0.59 183 21 141 175
7.2.11 Awn colour 273 0.69 24 0 151 0 0 175
7.212 Length of rachilla hairs 1.47 0.50 93 82 175
7.213 Length of spike (cm) 7.24 1.56 8 41 9 23 13 175
7.31 Kernel covering 2.99 0.15 1 0 174 175
7.36 1000-kernel weight (g) 2.98 1.02 11 46 61 43 M 172
8.1.3 Test weight (kg/HI) 2.97 1.02 9 42 62 30 13 156

9.3 Yield under drought 5.02 1.49 0 11 28 47 43 25 8 7 3 172
9.8 Lodging 3.95 1.87 25 15 31 29 34 22 14 2 o 172

10.2.3 Reaction to Puccinia hordei 7.07 2.05 4 3 6 11 4 12 29 47 401 156

10.2.4 Reaction to Erysiphe graminis  5.83 1.61 3 4 8 19 27 42 48 21 0 172
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Abstract

The request of an International Database for Barley Genes and Barley Genetic Stocks was
already discussed in 1989. In 1991, Sigfus Bjarnasson demonstrated a proposal of a
constructed database for Barley Genes and Genetic Stocks. In 1993, Dave Matthews and
coworkers introduced the Triticeae Genome Database “GrainGenes” where compiled data
include all information on genetics, cytogenetics, maps, phenotypes, molecular markers,
genetic stocks and other germplasms of most small grain grass species. The selection of
AceDB as a database server system was natural as it has several important advantages over
conventional rational db-systems in handling biological information. The usable data model
already existed for wheat genes at “GrainGenes”. Compiling data for barley genes and genetic
stocks resulted in several publications in Barley Genetics Newsletter and thanks to well
formatted descriptions, it was easy to convert the enormous amount of information into this
database system. Descriptions of more than 600 genes, over 3700 alleles and over 1700
references are included. Most of the described genes are illustrated with images, both
overviews and detailed close-up pictures. The database is easy to handle starting with Basic
and Simple Search, and it is possible to select the object you are looking for. It is available at
http://www.untamo.net/bgs

Historical Development and Review

The request and necessity to establish an International Database for Barley Genes and Genetic
Stocks was already discussed in 1989 at a FAO working group on Plant Genetic Resources in
Lund, Sweden. One of the above authors as the International Overall Chairman for the barley
linkage groups and barley collections since 1986 has been asked to help in establishing an
“International Barley Genetic Resources Database”, including induced mutants and Barley
Genetic Stocks. In the following years inventories of existing accessions by regional
databases world-wide have been started. During 1991 together with Sigfus Bjarnasson, the
head of the Nordic Gene Bank at that time, a call has been sent to the barley coordinators for
the seven chromosomes and the different collections to investigate weather the yearly
coordinator reports for Barley Genetics Newsletter were based on own research work,
literature studies or other information, and if the reported materials are available in regional
Gene Banks or in the Main Stock Center for barley.

At the IBPGR (The International Board for Plant Genetic Resources), to-day IPGRI,
workshop in Helsingborg, Sweden, in 1991, Sigfus Bjarnasson (BJARNASSON 1991)
demonstrated a proposal of his constructed possible database for Barley Genes and Barley
Genetic Stocks. In his proposal he stressed the importance of gene, allele, synonym, stock and
reference tables. The participants of this workshop urgently called upon the Scandinavian
barley geneticists in corporation with the Nordic Gene Bank to proceed in developing and
constructing this detailed database. During the following years more inquiries were performed
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in order to collect information of different barley genes and mutants from all over the world.
This was a rather difficult task, especially as many barley researchers have turned into new
molecular biotechnology research.

At “The First Meeting of the Coordinating Committee of the International Barley Genetic
Resources Network™ arranged by IPGRI in Guelph, Canada, 1993, the members again
recommended and stressed strongly the importance of the continuation of this project. Also in
Guelph, 1993, at the ”15th North American Barley Researchers workshop” Dave Matthews
and coworkers (ALTENBACH et al. 1993) introduced the Triticeae Genome Database
”GrainGenes” developed under the Plant Genome Research Program of the U.S. Department
of Agriculture at Cornell University, Ithaca, USA, with additional support from the
International Triticeae Mapping Initiative, USA. All data compiled in this database is
including all information on genetics, cytogenetics, physical and molecular maps, information
on phenotypes, quantitative traits and QTLs as well as genotypes and pedigrees of cultivars,
genetic stocks and other germplasms of most small grain grass species. Additionally, efforts
are made to incorporate digitized images of mapping and protein data as well as images
depicting plant morphology and pathology. Also at these meetings barley researchers called
upon the International Overall Chairman for barley linkage groups and barley collections to
collect images of barley morphological characters. GrainGenes also relies upon corporation of
the international research community for suggestions and data input.

”GrainGenes” and its software, AceDB, was later to become the model for the ’International
Database for Barley Genes and Barley Genetic Stocks’. Since AceDB has several important
advantages over other conventional relational db-systems in handling biological information
and because a usable data model already existed for wheat mutants at ’GrainGenes’, the
decision was natural. Dave Matthews at Cornell University, Ithaca, USA, kindly worked as an
advisor and support person throughout the project, e.g. in adapting the data model to the
barley’s and providing the GrainGenes model for linking data to references.

The Barley Genetics Stock Descriptions

During several years hundreds of genetic stocks containing morphological, physiological and
resistance characters and genes were brought together world-wide from different regions,
different genetic backgrounds and different cultivation environments. By Jerome D.
Franckowiak’s, Fargo, North Dakota, USA, tremendous and skilful crossing and selection
work, it was possible to transfer most of these genes into a common genetic background. The
two-rowed cultivar "Bowman”, a common high malting cultivar from North Dakota, USA,
was used. These isogenic back-crossed derived lines are extremely useful for linkage studies,
assessment of specific marker genes, determination of linkage drag and marker assisted gene
transfer. All detailed studies and information resulted in detailed descriptions of more than
600 morphological, physiological and resistance barley genes published in Barley Genetics
Newsletter, mainly in Volume 26 (DAVIS et al. 1997) and later issues (LUNDQVIST &
FRANCKOWIAK 1997; JENDE-STRID et al. 1999; FRANCKOWIAK & LUNDQVIST
2002), both electronically and by hardcopies.

These descriptions include information about gene expression, its locus name and its symbol
with the use of a three letter code. These recommended locus symbols are based on the
utilization of a three letter code for barley genes as approved at the business meeting of the
’Seventh International Barley Genetics Symposium’ at Saskatoon, Saskatchewan, Canada, on
August 5, 1996. Also, the previous nomenclature and synonyms are covered. Every locus or
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germplasm is associated with a BGS stock number and corresponds to an accession GSHO or
NGB number held at the Barley Genetics Stock Collection in Aberdeen, Idaho, USA and at
The Nordic Gene Bank, Alnarp, Sweden, respectively. One allele of each description is kept
at the Main Stock Center. Further, information of the chromosomal position, if known, of the
critical locus and other mutants at that locus is given. The chromosome numbers and arm
designations are based on the Triticeae system. The utilization of this system for the barley
chromosomes was recommended (LINDE-LAURSEN 1997) and adopted at the business
meeting of the ’Seventh International Barley Genetics Symposium’ at Saskatoon,
Saskatchewan, Canada, on August 5, 1996. Furthermore, the descriptions include information
of the origin of the first described mutant at that locus, all mutational events and all references
of published literature. All the many listed Swedish mutational events are available in the
Nordic Gene Bank.

The Barley Genetics Stocks AceDB Database

The procedure followed in order to populate the AceDB system with data can be described in
separate steps: designing of the data model, conversion of the source data into a format usable
by the AceDB import software, installation of AceDB server and the user interfaces, import of
the data, addition of additional information and performing corrections and updates. The last
step, especially keeping the database up-to-date, remains a continuous process (DURBIN &
MIEG 1991 -).

The source data was extracted from the barley mutant descriptions published in the Barley
Genetics Newsletter, mainly volume 26, and later ones. Thanks to the authors and editors who
agreed to provide in a uniform format, it was possible to convert the enormous amount of
information into a database system that allows field-based searches, e.g. gene or allele names.
The extraction was performed by first converting the original documents (usually in
WordPerfect or MS-Word format) into plain text files. A script (written in the Perl
programming language) then extracted and converted the source text to AceDB’s import
format. Because of this semi-automatic procedure, the conversion script could be run again on
new descriptions in later Barley Genetics Newsletter publications, or repeated any time to
allow corrections or adjustments.

The Barley Genetics Stocks Database now comprises more than six hundred genes with
descriptions, more than 3700 alleles and more than 1700 references. Almost 4000 germplasm
objects are referenced (mutant and parents). Many of the germplasm accessions are hyperlinks
to webpages of the holding genebanks (ARS/GRIN/NSCG or NGB) in order to facilitate easy
ordering of material containing interesting alleles. Many of the genes are illustrated with
images, both overviews and detailed close-up character photographs. Most of them are taken
in the Bowman back-crossed derived lines and compared with the normal cultivar. More than
900 digitized images are incorporated in the database. In addition, chromosome maps with its
known positions as described in the inheritance and chromosome part are shown. Finally, 736
induced Swedish Translocation and Swedish Chromosome Segment Duplication lines,
derived from Translocations, with their genetic background are incorporated in the database
as an extension project, also associated with NGB stock numbers. Interactive karyotype maps
are available for part of the material where breakpoint positions are sufficiently well known.

The database is easy to handle, it starts with Basic and Simple Search, and it is possible to
select the object you are looking for. When using anything it searches for the entered text
across the whole database. During the following years this International Barley Database will
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get incorporated into the Triticeae Database ”GrainGenes™ after some more proofreading and
when some remaining problems especially in the Germplasm part are solved and revised.
When only one gene locus is detected for a special character with several alleles, all
Germplasm should be designed with an 1”. Today, this is not done consequently.

The present database is available at http://www.untmo.net/bgs

The aim of this International Database for Barley Genes and Barley Genetic Stocks is to
maintain the knowledge, retain the competence and transmit its distribution to the barley
community. The use of existing morphological and resistance gene markers will always form
a major input for future gene mapping and is immensely valuable for all molecular genetic
analyses of cloned mutant genes. In any case, it is our intention to try to maintain the database
for future achievements in both mutation and informatics research and it will be updated
continuously. Any suggestions, information, mistakes and questions are welcome to the
authors.
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Abstract

Nuclear and chloroplast SSR diversity were studied in a population of wild barley from
“Evolution Canyon” in Israel. Over 200 alleles for 19 mapped nuclear SSRs and 12 chloroplast
haplotypes were detected among 276 individuals. This level of diversity was detected in
populations separated by a distance of 400 m and is comparable to studies that sampled material
from a much wider eco-geographic range. A phylogenetic tree of nuclear SSR variation showed
clear differences between individuals collected from opposing slopes of the canyon. Inter-slope
contrasts for chloroplast haplotype frequency were also observed. Most genetic diversity was
observed on the North Facing Slope rather than the highly irradiated, hotter and drier South
Facing Slope. Evidence for strong and structured cyto-nuclear interactions (disequilibria) were
also detected. The SSR data are discussed with reference to adaptation and divergence to
contrasting environments colonized by wild barley in “Evolution Canyon”.

Keywords: nuclear; chloroplast; SSR; diversity; wild barley; “Evolution Canyon”

Introduction

Hordeum spontaneum, the wild ancestor of cultivated barley occurs in a wide range of
ecologically diverse habitats from primary habitats of the Fertile Crescent (from Israel and Jordan
to south Turkey, Iraq and south-western Iran) to secondary habitats in the Aegean region as well
as central Asia. Previous diversity studies using SSRs have focused on examining variation in
wild barley populations across a wide range of environments (BAEK et al. 2003; HUANG et al.
2002). These authors observed non-random SSR allele distributions associated with temperature
and water stresses. In order to address the question of non-random associations at a micro site
population level, we have chosen to assess SSR variation in wild barley, collected at “Evolution
Canyon”, Israel. “Evolution Canyon” has contrasting north (characterized by a ‘European’ type
environment) and south facing slopes, the latter receives more sunlight (and as a consequence is
characterized by ‘African’ flora and fauna; NEVO 1995). Most recent studies have focused on
genetic variation within the nucleus (NEVO et al. 1998; OWUOR et al. 1999; TURPEINEN e¢
al. 2003; HUANG et al. 2002). However, SAGHAI-MAROOF et al. (1992) highlight the
importance of interactions between chloroplast and nuclear genes for a number of physiological
and biochemical processes. This raises the question whether the variation encoded in the nuclear
and chloroplast genomes are related and how associations are distributed eco-geographically. The
current study was conducted to investigate both nuclear and chloroplast SSR diversity within a
single population with and intra- and interslope at “Evolution Canyon” in Mount Carmel, Israel.
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Material and Methods

Lower Nahal Oren, Mt. Carmel, Israel (32°43’N; 34°58’E), known as “Evolution Canyon”, is a
seasonally dry valley draining Mt. Carmel from east to west into the Mediterranean Sea. The
opposing south-facing (SFS) or “African”, and north-facing (NFS) or “European” slopes are 100
m apart at bottom and 400 m apart at top. The slopes share an identical Plio-Pleistocene
evolutionary history (dating back 3-5 million years), geology (Upper Cenomanian Limestone),
pedology and regional Mediterranean climate. The slopes diverge in topology (the SFS has a
gradient of 35° and the NFS 25°) and in geographic orientation, resulting in differential reception
of solar radiation, interslope micro-climatic and biotic differences.

H. spontaneum was sampled in "Evolution Canyon" at seven micro-sites, at three elevations 30m
apart (60, 90 and 120m above sea level) on each slope and one at the floor of the canyon:
“African”, xeric, south facing slope: micro-sites 1 (high), 2 (middle) and 3 (low); canyon bottom
(CB): micro-site 4, and “European”, mesic, north facing slope: micro-sites 5 (low), 6 (middle),
and 7 (high). Seeds were collected from 276 plants 1-2 metres apart at seven microsites. These
sub-populations consisted of 19 to 32 genotypes and were analyzed for nuclear SSR loci, and 31
to 51 genotypes were analyzed for chloroplast SSR loci. One seed of each genotype was grown
and bulked in glasshouse conditions at the Scottish Crop Research Institute, Dundee, Scotland
and DNA extracted using the Nucleon Phytopure DNA Extraction Kit (Nucleon Biosciences),
following the manufacturer’s instructions.

The 19 nuclear and 4 chloroplast SSR loci used are listed in Tables 1 and 2, respectively. PCR
conditions for nuclear and chloroplast SSRs are described in RUSSELL et al. (1997) and
PROVAN et al (1999) respectively. PCR products were sized according to the M13 sequencing
marker, and scored as allele sizes in base-pairs. PCR products were sized according to the M13
sequencing marker, and scored as allele sizes in base-pairs (bps). Diversity indices were
calculated for individual primer pairs as H = (n/n-1)1-Zp;® where p; is the frequency of the ith
allele or haplotype.

Results

Nineteen previously mapped SSRs successfully amplified 226 alleles in 276 genotypes (Table 1).
The number of alleles ranged from 1 (HVLEU and Bmac0216) to 23 (HVM3) with
corresponding diversity values of 0.000 to 0.932 respectively. Three of the four chloroplast SSRs
were polymorphic, and a total of ten alleles were detected. Since the four chloroplast loci are
linked the data can be expressed as haplotypes: a total of 12 haplotypes were found with an
overall diversity value of 0.692 (Table 2). The NFS had significantly more alleles (178) than the
SFS (138 alleles, p<0.05) with the mean number of alleles decreasing from low to high sub-
populations on both slopes, the highest being CB 4 and NFS 5 (Table 1). Similarly the highest
diversity values were observed in the bottom and North Low sites (0.715 and 0.718) compared to
the South Middle and South High (0.556,0.583)(Table 1). The highest number of private alleles
(16) were found in the NFS with 11 on the SFS and 12 in the CB sub-population. Similarly a
significant (p<0.01) inter-slope difference was found in the frequencies of 106 (47.3%) alleles,
from all polymorphic loci. The level of diversity does not differ significantly between slopes, but
allelic composition and distribution varies across several loci (Table 1).
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Table 1. Statistical analysis of nuclear SSR variation in the seven sub-populations

SSR NFS7 NFS6 NFS5 CB4 SFS3 SFS2 SFS1 Mean diversity
(chromosome)
Diversity Diversity Diversity Diversity Diversity Diversity Diversity
(no. alleles) (no. alleles) (no. alleles) (no. alleles (no. alleles)  (no. alleles) (no. alleles)
HVM20 (IH)  0.706 (8) 0.683 (5) 0.699 (6) 0.819 (10) 0.692 (6) 0.567 (6) 0.681 (5) 0.692
HvHVAI (IH) 0390 (3) 0.490 (2) 0.170 (2) 0.580 (2) 0.300 (2) 0.230(2) 0.040 (2) 0.314
Ebmac0403 2H)  0.819 (7) 0.579 (8) 0.808 (10) 0.739 (6) 0.799 (6) 0.606 (5) 0.590 (5) 0.706
Bmac0216 2H)  0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000
HVMS54 2H)  0.602 (6) 0.504 (3) 0.802 (8) 0.840 (8) 0.745 (6) 0.606 (4) 0.648 (3) 0.678
HvLTPPB 3H) 0.369 (3) 0.571 3) 0.530 (3) 0.766 (6) 0.611 (3) 0.527 (3) 0.492 (2) 0.552
Bmac0029 3H)  0.646 (4) 0.506 (5) 0.740 (5) 0.792 (8) 0.612 (5) 0.653 (3) 0.527 (3) 0.639
HvOLE (4H)  0.790 (7) 0.597 (6) 0.849 (8) 0.738 (8) 0.787 (6) 0.748 (6) 0.735(7) 0.749
HVM3 (4H)  0.829 (10) 0.834 (8) 0.711 (10) 0.843 (11) 0.774 (5) 0.583 (7) 0.723 (7) 0.757
Bmac0030 (4H)  0.843 (11) 0.605 (4) 0.820 (11) 0.795 (9) 0.819 (7) 0.508 (5) 0.699 (5) 0.727
Bmac0186 (4H)  0.706 (4) 0.512 (3) 0.715 (4) 0.353 (3) 0.632 (3) 0.646 (3) 0.547 (4) 0.587
Bmac0096 (5H)  0.709 (6) 0.694 (5) 0.716 (8) 0.601 (5) 0.768 (5) 0.715 (4) 0.549 (4) 0.679
Bmac0113 (5H)  0.813 (8) 0.719 (8) 0.893 (13) 0.845 (10) 0.870 (10) 0.754 (10) 0.761 (8) 0.808
HvLOX (5H)  0.501 (2) 0.295 (3) 0.678 (4) 0.467 (4) 0.566 (3) 0.402 (2) 0.248 (2) 0.451
HVLEU (SH)  0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000 (1) 0.000
Bmac0316 (6H)  0.811 (6) 0.865 (10) 0.800 (9) 0.824 (9) 0.660 (6) 0.452 (4) 0.720 (6) 0.733
Bmac0218 (6H)  0.837 (9) 0.784 (7) 0.887 (12) 0.881 (12) 0.781 (5) 0.682 (6) 0.809 (9) 0.809
HVCMA (7TH)  0.580 (3) 0.532 (3) 0.488 (3) 0.366 (2) 0.506 (2) 0.000 (1) 0.455 (2) 0.418
Bmag0135 (7H)  0.879 (11) 0.823 (11) 0.907 (13) 0.899 (14) 0.806 (6) 0.770 (8) 0.692 (6) 0.825
sum (11) (96) (131) (129) (88) 81) (82)

mean (poly) 0.696 (6.35)  0.623 (5.53) 0.718(7.59) 0.715(7.47)  0.690 (5.06)  0.556 (4.65)  0.583 (4.71)
stdev  0.155 (2.81)  0.147 (2.64)  0.177(3.53)  0.171 (3.40)  0.138 (1.95)  0.194(2.27)  0.191 (2.16)
sterr  0.036 (0.64)  0.034 (0.61)  0.041 (0.81)  0.039 (0.78)  0.032 (0,45)  0.044 (0.52)  0.044 (0.45)

Table 2. Chloroplast haplotype frequency and diversity values for the sub-populations

Haplotype (*) NFS7 NFS6 NFS5 CB4 SFS3 SFS2 SFS1
A (113, 101, 140) 0.205 0.267 0.333 0.19 0.387 0.658 0.523
B (113, 100, 141) 0.045
C (114, 100, 140) 0.718 0.667 0412 0.262 0.419 0.237 0.205
D (113, 100, 140) 0.033 0.137 0381
E (115, 100, 140) 0.119
F (113,101, 141) 0.026 0.033 0.02 0.024 0.194 0.079 0.045
G(114, 100, 141) 0.051 0.02 0.024
H (113, 102, 140) 0.02

(112, 100, 141) 0.02
J(112, 100, 140) 0.039

K(114, 101, 140)
N(114, 101, 140)

Diversity 0.451 0.499 0.711 0.753 0.658 0.518 0.677
No. Haplotypes 4 4 8 6 3 4 7
* allele sizes at HvetmS2, Hveptmlf and OSCP6, respectively

Further evidence for differentiation between slopes was observed by comparing the number and
distribution of chloroplast haplotypes. Although similar numbers of haplotypes were observed
between the two slopes (NFS (8) and SFS (7) the distribution of the two most frequent
(Haplotype A=0.367 and Haplotype C=0.404) haplotypes showed significant (p<0.01) inter-slope
differences in their frequencies Table 1).

Discussion

Genetic Diversity in “Evolution Canyon”

The overall diversity (mean diversity 0.788) and allelic composition (mean number of alleles,
13.1) found here was comparable to previous studies (BAEK efal. 2003) in which the
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populations sampled were from a much wider eco-geographical range (mean diversity, 0.512; mean
number of alleles, 13.8). The maximum distance between populations in this study was only 400 m.
Interestingly, the genetic divergence between sampling sites is as great as that found between the
Judean mountain and Negev desert populations, separated by 100 km (TURPEINEN et al. 2001).
Furthermore, the chloroplast diversity was remarkably high and exhibited a haplotype cline from
one side of the canyon to the other. Twelve haplotypes were observed with a corresponding
diversity value of 0.692, mirroring the nuclear diversity. PROVAN et al. (1999), examined
chloroplast variation across the natural distribution of wild barleys (51 accessions), and observed a
similar number of haplotypes and variation. Comparisons between slopes revealed greater nuclear
SSR variation in the “European” slope (NFS), compared to the “African” slope (SFS). This is in
agreement with the study in the Neve Yaar region, with a lower level of variation observed in
individuals from sunny and rocky sites compared with those from milder, shady and deep-soil
micro-sites (HUANG et al. 2002). The trend of greater diversity in low stress compared to high
stress is also evident within the slopes of “Evolution Canyon” with both the NFS and SFS sub-
populations increasing in genetic diversity with decreasing altitude (decreasing irradiance,
temperature and water stress). These results however, contrast with most other studies (NEVO et
al. 1979; OWUOR et al. 1997) using other marker systems such as isozymes and RAPDS, which
showed great variation in more stressed environments.

Early studies (GUTTERMAN & NEVO 1994; LAVIE et al. 1993) have suggested that the sharp
contrast between adjacent populations may be of adaptive significance, but that random genetic
drift cannot be excluded as probable cause for population divergence (SAGHAI-MAROQOF et al.
1992). Seed dispersal of wild barley by animal and other vectors would tend to homogenize the
population, but clearly this is not the case in the canyon and diversity is non-random. The high
levels of diversity at the base of the canyon and at the low north facing site may however be
indicative of seed dispersal by wind and/or water, which would result in low areas acting as
repositories for genetic variation. Maternally inherited markers such as chloroplast SSR
haplotypes can monitor seed dispersal. Twelve chloroplast haplotypes were identified in the
population indicating twelve maternal lineages. Again these are not randomly distributed in the
population. Six of the twelve haplotypes were private to sub-populations, generally found within
the bottom site of the canyon, five of which were present at very low frequencies suggesting that
these lineages are in decline or else newly introduced. Haplotype E was only observed in the
bottom sub-population (CB) at a relatively high frequency (0.119) and may represent a more
established lineage.

The inter-slope genetic pattern observed for SSRs and other markers suggest adaptive divergence
by natural selection. This conclusion is supported by the dramatic inter-slope differences in
germination patterns (GUTTERMAN & NEVO 1994) and by transplant experiments (LAVIE et
al. 1993) in wild barley. The distribution of SSR allele data described here are however in
contrast to other marker data sets of wild barley at Evolution Canyon and elsewhere. In this study
the lesser stressed slope (NFS) showed greater diversity than the highly irradiated, hotter and
drier slope (SFS). In most other studies the reverse is true, e.g. greater diversity of RAPDs
(BAUM et al. 1997; NEVO et al. 1998) and AFLPs (TURPEINEN ef al. 2003) is found in the
most stressed environments. Since SSRs are associated with non-repetitive DNA (MORGANTE
et al. 2003) they sample a different portion of the genome and may reveal new information on
genetic diversity.
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Abstract

In this study, the genetic diversity of barley accessions Hordeum vulgare ssp. vulgare
collected from Eritrean farmer fields” was studied within and among field populations. A total
of 240 single spikes were sampled from 24 farmers’ field i.e. 10 spikes per field. Forty five
microsatellite covering the whole barley genome were employed and analysed on ABI
PRISM 377 DNA sequencer and Mega Base 1000 sequencer. Analysis of Molecular Variance
(AMOVA) based on genetic distances was conducted. The level of molecular variance among
fields and regions was 5.43% and 7.08%, respectively. Interestingly, high level of variance
was observed within the field that reached up to 87.5 %. Average Gene Diversity (AGD)
values in fields ranged from 0.35 to 0.55.

Keywords: Eritrea; genetic diversity; SSRs; in situ conservation

Introduction

Barley (Hordeum volgare L.) is considered as one of the most important cereals crop
worldwide. It is grown in West Asia and North Africa as a landraces in marginal, low-input,
drought-stressed environments for both grain and straw (CECCARELLI et al. 1987). Barley
is an important crop in Ethiopia, Eritrea and Sudan (RASMUNSSON 1985). In Eritrea barley
is one of the most important crops for poor resource farmers. It is grown in the Central
Highland zone on about 40,000 hectares with an average yield of about 500 kg/ha. It’s
production represents 20% of the total agricultural production. Barley is one of the staple
crops in the highlands of Eritrea where is widely used as human food. In addition, straw is an
important source of animal feed, as well as it is grown not only as a single crop but also in a
mixture with wheat to control disease during we t years and to ensure a production during
drought years.

In the search for diversity in cereal crops, farmer varieties or landraces (locally adapted
population) are usually an important source of genetics variation (GHEBRU et al.2002).
Using barley landraces in breeding programs offers other advantages including the
incorporation of desirable agronomic traits such as drought tolerance (CECCARELLI et al.,
1987; YAHYAOQOUI et al., 1996).

The microsatellites (SSRs) have proven to be very useful in the study of genetic diversity, the
variability of microsatellites loci is due to the difference in the number of repeat units, and it
is easier to detect the variation in length of DNA fragments obtained through PCR
amplification. SSRs have several advantages over other DNA markers such as RFLPs,
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RAPDs, or AFLPs. The advantages include uniform distribution over the whole genome; high
levels of polymorphism, and co-dominant inheritance (PEJIC ef al. 1998).

Material and Methods

A total of 240 Eritrean single spikes were collected from 24 farmers’ field located in different
agro-climate zones (Fig. 1). DNA was extracted according to the protocol described by
SAGHI-MAROQF et al. (1984). PCR for genomic microsatellite was performed in Thermo-
Fast 96 plate from ABgene in a final reaction volume of 20 pl containing 100 ng genomic
DNA, 1x Mg free PCR buffer, X MgCl,, 0.1 units 7ag polymerase (last three from Promega),
250 uM dNTPs, and 1 uM of forward and reverse primers. PCR program for each primer was
performed according to (RAMSY et al., 2000; LIU et al, 1996) and (BECKER & HEUN
1995). All samples were tested with forty-five microsatellite markers covering the whole
barley genome. Forward primers were labelled with one of the following fluorescent dye:
HEX, VIC, TET and FAM for C filter, NED, HEX or VIC and FAM for D filter. The PCR
products were run and analysed on ABI PRISM 377 DNA sequencer from Applied Biosystem
and MegaBace 1000 sequencer from Molecular Dynamics, using GeneScan® and
Genotyper® version 2.1 programs in ABI and Instrument Control Manager and Genetic
profiler version 1.1 programs in MegaBace.

Results and Discussion

Land races from Eritrea showed high level of polymorphism. A total of 315 polymorphic
alleles were detected gained from applying 45 microsatellites primers on 239 lines with an
average of 8 polymorphic alleles per microsatellite. The highest polymorphism was detected
with the primer Bmac0156 with 23 alleles, and the lowest polymorphisms were found with
the primers HVLOX and bmag(0218 giving only three alleles. Monomorphic bands were
obtained with the primers HvLEU and WMCI1ES.

Analysis of Molecular Variance (AMOVA) was conducted based on genetic distances.
Highest level of variance was observed within the field that reached up to 87.5 %, While the
level of molecular variance among fields was 5.43% and among regions was 7.08%. High
percentage of variation within the field could be referring to the absence of the breeding
activities in Eritrea that saved high variation in the fields.

Average Gene Diversity (AGD) at field’s level was ranged from 0.35 to 0.55. The highest
AGD were found in Adi hizbay field that is located in Dubarwa Halhale region, while the
lowest AGD was in Abi adi in Medenfera Adi Quala region.

Cluster analysis based on Unweighted Pair Group Method Average (UPMGA) for 239 lines
with 38 SSRs showed high level of variation among the lines. Only two lines were identical
even though collected from different locations, all the other accessions differed from each
other; this result shows the high percentage of AGD found within a field.

The study revealed the complexity of genetic variability found in Eritrea that should be
further studied and exploited in breeding programs.
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Picture 1. The sites of Eritrean barley collection
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Abstract

The highlands of Nepal representing almost one-third of the Himalayan-range are known to
harbour valuable barley genetic resources. Previous studies have shown considerable variation in
morphology, maturity and disease reaction among Nepalese hull-less barley (Hordeum vulgare
L.) landraces. However, precise and detailed information on genetic diversity is lacking.
Therefore, a set of 107 naked barley genotypes from Nepal including 8 selected German and
Canadian cultivars were analysed using 27 SSRs covering each barley chromosome. Based on
these analyses 165 alleles were detected with an average of 6.1 allele per SSR. Taking into
account only Nepalese barley on average 4.8 alleles were found. UPGMA clustering based on
DICE similarity index ranging from 0.07 to 1.0 clearly separates European and Canadian from
Nepalese hull-less barley. However, also within the Nepalese collection a large degree of genetic
variability was detected. The Nepalese collection is grouped in two distinct clusters and several
sub-clusters which in some cases are in accordance with the collection site.

Keywords: Hordeum vulgare L.; hull-less barley; Nepal; genetic relatedness; SSRs

Introduction

The hull-less or naked caryopsis character of barley seed is controlled by the single recessive
gene ‘nud’ located on the long arm of chromosome 7H (KIKUCHI et al. 2003). Hull-less barley
is less common than the hulled type and grown in limited parts of the world, mainly in East Asia.
In this region, the grains are often consumed as human food, particularly in the high mountains.
There is an increasing concern on this crop in recent days due to it’s high feed value and also for
human consumption (ATANASSOV et al. 2001).

The Himalayan region is considered rich in barley diversity (BADR et al. 2000). In Nepal barley
is cultivated mainly in the Northern highlands and naked barley is grown predominantly above
2,800 m (BANIYA et al. 1997) from east to the west extending along almost one-third of the
massive Himalayan chain. Due to high cold tolerance and performance under poor management
condition, hull-less barley is a successful cereal in the highlands (DAHAL & SHARMA 1994).
Naked barley is a high-value crop in the highlands of the Himalayas and is tightly associated with
livelihood of the people. It is mainly consumed as staple food and besides this, in ethnic
communities as animal feed, for alcohol preparation and for medicinal as well as religious
purposes.

Due to a large geographic variation, multi-ethnic society and primitive farming practices, a large
number of hull-less barley landraces has been preserved in farmers fields since centuries.
Previous studies have shown considerable variation in morphology, maturity and disease reaction
among landraces (SHARMA et al. 1994; BANIYA et al. 1997; GUPTA et al. 2000). However,
there is a lack of precise and detailed information on genetic diversity. Such information is vital
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for crop improvement and conservation of genetic resources for future use. In this study, a large
number of naked barley accessions originally collected from Nepal were analysed using SSR
markers.

Material and Methods

A total of 115 barley genotypes were analysed using 27 SSR primers located at each of the barley
chromosomes (Tablel). The plant material consisted of 107 six-rowed Nepalese hull-less barley
genotypes, five Canadian naked cultivars and three German hulled cultivars. The seed material of
the Nepalese landraces was obtained from the Barley Germplasm Center, Okayama University,
Kurashiki, Japan. Genomic DNA was extracted from the leaf tissues of two weeks-old plants
grown in the green-house following the CTAB extraction protocol (DOYLE & DOYLE 1990).
The SSR assay was carried out according to RAMSAY et al. (2000) with modifications in a
Geneamp 9700 thermal cycler (Perkin Elmer).

Respective SSR profiles were detected on an automatic DNA-sequencer (LiCor 4200-S2). The
presence or absence of each band was coded as 1 or 0, respectively, using the software RFLP-
scan 2.1. The resulting 1/0 data matrix was employed to compute DICE similarity index (DICE
1945). Based on these data UPGMA-clustering using the SAHN option of the software NTSYS-
pc (ROHLF 2000) was carried out. To measure the informativeness of each marker, polymorphic
information content (PIC, ANDERSON et al. 1993) was calculated: PIC = 1- X (p;)*, where (p;)
is the frequency of the i allele of the SSR locus across the 115 genotypes studied. The mean
diversity index (DI) over all the loci in 115 genotypes studied and with in the Nepalese collection
was estimated according to NEI (1973):
1
DI = — X (1- Zxj 2, where xij 1s the frequency of the i™ allele of locus j and n the number of
i i

n

loci.

Results and Discussion

All the 27 SSRs used in the study were polymorphic on the 115 genotypes analysed and a total of
165 alleles were detected. The number of alleles per locus ranged from 2 (HvMLO3, Ebmac0970,
HVLEU) tol5 (Bmag0007) with an average of 6.1 alleles per SSR (Tablel). The polymorphic
information content (PIC) varied largely among the 27 SSRs used. The smallest PIC value was
estimated for HVLUE and Bmac0316 (0.07) and the maximum for Bmac0273 (0.89). The total
genetic diversity (DI) was estimated at 0.53 for all the 115 genotypes analysed. The DICE
similarity estimates varied from 0.07 to 1.00. The minimum value was observed between the
Nepalese landraces (collected from Annapurna-South, upper basins of river KaliGandaki and
Marshyangdi) Canadian (Candle, Freedom, Silly), and German (Alexis, Ludmilla) cultivars. The
maximum similarity estimate was found within the genotypes from Bimtakothi, Philem, Nepal,
Sipche, Sikha locality and between Jomsonl and Kagbeni3. The 115 genotypes were clustered in
two well distinct groups, clearly differentiating German and Canadian cultivars from Nepalese
germplasm (Fig.1). The 27 SSRs used for the analysis were able to discriminate the genotypes of
different origin.

Genetic Diversity within Nepalese Germplasm
Out of 27 SSRs applied to 107 Nepalese genotypes, except HVLUE, 26 were polymorphic and in
total 130 alleles were scored resulting in 4.8 alleles per SSR (Table 1). The maximum number of
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alleles scored for Bmag0007 (14) and minimum for HVLUE (1). The genetic diversity index
(DI) based on 26 polymorphic SSRs was 0.48. The genetic similarity estimates (DICE) ranged
from 0.22 to 1.00. The minimum genetic similarity within the Nepalese germplasm was
estimated for Solu-Uwa vs Pisang7, Pisang6 vs Ghara2 and Pisang7 vs Gharal. Solu-Uwa is a
cultivar developed by selection of a local landrace from the Mt. Everest region of East Nepal,
whereas Pisang7 and Pisang6 were collected from upper Annapurna; Gharal and Ghara2 from
the lower Annapurna in Central Nepal.

Table 1. SSRs used for the analysis, repeat motifs, chromosomal locations (MACAULAY et
al. 2001); number of alleles and PIC values for Nepalese genotypes and over all 115
genotypes

SSR Repeat Chromosomal No.of alleles PIC
location
a b a b
Bmac0399 (AC)21 IH 9 7 0.72 0.69
WMCIES8 (AC)24 IH 3 2 0.10 0.07
Bmac0093 (AC)24 2H 5 5 0.67 0.66
Bmag0378 (AG)14 2H 6 3 0.50 0.46
EBmac0415 (AC)17 2H 3 3 0.66 0.65
HVM54 (GA)14 2H 4 4 0.65 0.60
Bmac0067 (AC)18 3H 9 7 0.77 0.76
Bmac0209 (AO)13 3H 8 4 0.50 0.43
Bmag0013 (CD)21 3H 11 8 0.36 0.26
Bmag0136 (AG)6-(AG)10-(AG)6 3H 3 3 0.16 0.04
Bmag0353 (AG)21 4H 7 6 0.68 0.66
EBmac0701 (AC)23 4H 9 4 0.56 0.49
HVM40 (GA)6(GT)4(GA)7 4H 6 4 0.55 0.49
HVM67 (GA)11 4H 7 5 0.43 0.34
HvMLO3 (CTT)6 4H 2 2 0.43 0.42
Bmag0223 (AG)16 SH 12 11 0.86 0.85
EBmac0684 (TA)7(TG)I11(TG)11 SH 6 6 0.63 0.60
(TTTG)S

Ebmac0970 (AC)8 5H 2 2 0.11 0.07
HVLEU (ATTT)4 S5H 2 1 0.07 0.00
Bmac0018 (AO)11 6H 3 3 0.56 0.51
Bmac0316 (AO)19 6H 3 2 0.07 0.02
Bmag0009 (AG)13 6H 6 5 0.60 0.54
Bmag0218 (AG)6(AG)6 6H 3 2 0.35 0.25
Bmac0273 (AC)20(AG)20 TH 11 11 0.89 0.88
Bmag0007 (AG)16(AC)16 7H 15 14 0.88 0.87
Bmag0120 (AG)15 TH 7 4 0.59 0.53
HVCMA (AT)9 7H 3 2 0.43 0.35
Average 6.1 4.8

a, all genotypes analysed (115)
b, Nepalese genotypes
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Fig.1. Dendrogram of UPGMA-cluster analysis of 115 barley genotypes based on DICE similarity index
(German cvs: Alexis, Ludmilla, Verena; Canadian cvs: Alama, Candle, Freedom, McGwire, Silley)
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In contrast to this, landraces: Bimtakothi-3, -11; Philem-2, -3; Jomson1, Kagbeni3; Nepal-3, -4, -
5, -6; Sipche-3,-4,-6,-7,-9; Sikha-1,-2; Sikha-5,-6 and Nepal-1,-2 are not differentiated from each
other by the 27 SSRs tested up to now. Respective genotypes clustering together have been
collected from the same location, possibly being duplicated.

The clustering of genotypes in two broad groups did not follow defined agro-ecological origin,
however, some of the genotypes from Bimtakothi and Pisang areas are grouped in distinct sub-
clustures. The naked barley germplasm analysed in this study were mainly collected from the
hills and mountains of Annapurna, Manaslu and Lantang Himalaya-range in Central Nepal which
represents about one-third of the Nepalese Himalayan highlands (Catalogue of Barley
Germplasm, Okayama Univ.,1983). Like in other studies, eg. based on morphological traits
(WITCOMBE & MURPHY 1986, a,b), or isozymes (KONOSHI & MATSUUARA 1991; LIU ez
al. 1999) results of the present study indicate considerable genetic variability in these naked
barley germplasm. By analysing additional SSRs a more detailed insight in the genetic
relatedness of hull-less barley from Nepal will be gained. Together with phenotypic data well
characterized germplasm for hulles barley breeding will be available in future.
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Abstract

Since centuries, barley (Hordeum vulgare L.) is one of most important crops for mankind. In
the course of industrialization of farming, old “barley landraces” were replaced by modern
high yielding cultivars. A limitation of elite cultivars results in a leakage of diversity. This
leakage cannot even be replaced by advanced genetic methods. If exotic and wild forms
extinguish, this will result in an irreversible loss of genetic diversity.

Therefore the federal state of North Rhine-Westphalia (NRW), Germany, endeavour in
increasing the genetic diversity of cultivated crop species. Hereto a barley core collection
should be established by the project at hand. The chosen accessions should be grown in situ,
so they could participate, unlike ex situ accessions of gene banks, in evolution and changing
environmental conditions. /n situ conservation is a proper alternative for ex sifu conservation
by gene banks. In distinct cases a loss of genetic diversity in gene bank accessions is observed
by “seed rejuvenation cycles”.

In the present project 150 spring barley and 144 winter barley accessions were chosen to be
analysed for their genetic diversity by different methods of examination. The accessions were
analysed for morphological, taxonomical, historical, geographical, qualitative and genetic
differences. Field tests where conducted in 3 blocks for 2 years and SSR-markers were used
to analyse the relationship of the different accessions.

Keywords: barley (Hordeum vulgare L.); genetic diversity; core collection; SSR markers;
genetic distance; genetic similarity; UPGMA; DICE; cluster analysis; dendrogram

Introduction

Barley (Hordeum vulgare L.) is one of the oldest cultivated crops of mankind and still has a
major economic impact. As a result of intensive breeding efforts, barley is not only very good
analysed, but also sufficient characterised. More than 320.000 accessions stored worldwide in
gene banks (FAO, 1993) and numbers are still rising.

The great number of accessions brings up several problems. On the one hand, conservation is
labour-intensive, high- priced and time-consuming, on the other hand utilisation of accessions
is very complex.

The information currently available is not sufficient for users (scientists and plant breeders)
and curators. To alleviate the management difficulties, the identification and use of core
collections has been suggested. A core collection is a subset of an existing germplasm
collection, which represents with a minimum of size the widest range of the genetic diversity.
The question is: what material to choose for plant breeding purposes from a germplasm
collection, what material to include in the collection and what material to remove from the
collection?

Different sampling strategies of the concept of core collections have been suggested since
Frankel (BROWN, 1989a). BROWN (1989b) makes the following assumption: “70% of the
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alleles present in the whole collection would be retained in 10% of the total collection’s size
based in the theory of selectively neutral alleles.” For several plant species, core collections
have been established and compared for their effectiveness to maintain the diversity of the
base collection (SPAGNOLETTI ZEULI and QUALSET, 1993; BATAILLON, 1994;
CORDEIRO et al. 1995; DIWAN et al., 1995; GALWEY, 1995; HINTUM VAN et al., 1995;
IGARTUA, 1998).

At present, the collection of cultivated barley (Hordeum vulgare ssp. vulgare) maintained at
the IPK Gatersleben contains more than 90.000 accessions. The objective of this study was to
identify the accessions with regional connection to NRW and then to identify a "local” subset
or core collection of these regional accessions that retained the widest range of genetic
diversity with a minimum of repetitiveness.

Material and Methods

Plant Material

The material consisted of 150 spring barley and 144 winter barley accessions obtained from
the Institute of Plant Genetics and Crop Plant Research (IPK, Gatersleben), Germany and
from the former Federal Centre for Breeding Research of Cultivated Plants (BAZ,
Braunschweig), Germany. They were chosen in relevance to crop growing in North Rhine-
Westphalia based on the “Beschreibende Bundessortenliste” of the Bundessortenamt
(Hannover), Germany.

SSR Analysis

Leaf tissue of 10 days old plants was harvested, freeze dried, and ground into powder. The
DNA was extracted using a slightly modified protocol of the CTAB method by SAGHAI-
MAROOF (1984). PCR fragments were amplified by a total of 23 SSR markers. The
amplified fragments were electrophoresed on 6% polyacrylamid gels and were visualised by
silverstainig with AgNOs.

All SSR markers amplify single, distinguishable bands for each accession and are mapped on
the seven chromosomes of barley. The distribution and the number of SSR marker per
chromosome is shown in Table 1.

Table 1. Position and distribution of the 23 SSR marker. " PILLEN et al., 2000; ? LIU et al.,
1996 ; ¥ RAMSEY et al., 2000 ; YTHIEL et al., 2003.

Chromosome Number Name
1H 2 HVALAAT", Bmag0579”,
2H 5 HVM36?, HVM54”, EBmac0415%, GBM1016", GBM1047"
3H 6 HVLTPPB", Bmac0209”, Bamg0225>, Bmag0013¥, EBmac0541?,
EBmac0705°
4H 5 EBmac0701%, EBmac0788”, HVOLE®, EBmac0635>, GBM1048"
5H 2 Bmag0337%, GBM1026"
6H 2 Bmac0316”, Bmac0040”
7H 1 Bmac0156°,
Statistical Analysis

Bands were scored as present (1) or absent (0). Genetic similarity (GS;;) was estimated with
the DICE algorithm described by NEI and LI (1979)

2N,
GS, ="
T,

i

where N;; was the number of bands common in i and j, and 7;; was the sum of the number of
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bands in i and the number of bands in j. A similarity matrix was further on calculated by using
an UPGMA (unweighted pair group method with arithmetic average) cluster analysis to
generate a dendrogram illustrating the relationship between the accessions. The analyses were
performed by using the NTSYS-pc vers.2.21 computer software (ROHLF, 2000)

Results

Allelic Distribution

23 SSR markers were analysed, showing clear banding patterns at 150 allele loci. Number of
amplified alleles varied from three alleles with the SSR marker EBmac0415” up to ten
distinct alleles at EBmac0701). The average number of alleles per SSR marker was at 6.84
alleles.

Genetic Diversity among Spring Barley and Winter Barley Accessions

The percentage of number of alleles in spring barley accessions (135 in total; 90,0%) is
higher, than the number of alleles in the winter barley accessions (109 in total; 72,7%). So
one can say that the genetic diversity is lower in the evaluated winter barley accessions than
in the spring barley accessions shown by the number of alleles per locus.

Table 2. Number of alleles at each SSR locus in spring and winter barley accessions.

SSR locus Number of alleles in: SSR locus Number of alleles in:
total Spring Winter total Spring Winter
barley barley barley barley
EBmac0705 5 4 4 Bmac0316 8 8 2
EBmac0701 10 6 9 HvOLE 5 5 4
HVALAAT 5 5 4 EBmac0788 8 7 7
HVM36 6 5 5 Bmag0579 5 4 5
Bmac0156 9 8 6 EBmac0635 9 6 7
EBmac0415 3 3 3 Bmac0337 5 5 4
Bmac0209 5 5 3 Bmac0040 6 5 4
HVM54 5 5 3 GBM1016 7 6 5
HVLTPPB 4 4 2 GBM1026 8 8 4
Bmag0225 8 7 8 GBM1047 6 6 6
Bmac0013 9 9 7 GBM1048 6 6 4
EBmac0541 8 8 3
total 150 135 109
% 90,0 72,7
119
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Figure 1. Groupings of 150 spring barley accessions on the basis of genetic similarity (GS;;)
by DICE at 23 SSR marker loci.

For example the locus Bmac0316 has a total number of eight alleles over the spring and
winter accessions. But while 8 alleles were detected over the spring barley accessions, only 2
alleles were detected in the winter barley accessions.

Grouping of Spring Barley Accessions

Figure 1 shows the grouping of the 150 spring barley accessions based on their SSR data. For
illustrating the formed cluster, a tree plot (dendrogram) was chosen. Several distinct groups
(clusters) were formed. One accession separates from all accessions. Examination has to be
done, whether this accession is not right described by literature or these accessions has a
special trait, which separates it from all the other.

Discussion

The molecular data presented here is not sufficient for establishing a core collection for North
Rhine-Westphalia. A clustering of distinct groups could be shown. Additional data has to be
compared in combination with the dendrogram to explain the clustering and make further sub-
assembly groups. The additional data already exists but has to be examined. It is up to show,
whether this morphological data goes along with the molecular data attained by the SSR
markers.

Phenotypic data will be examined by “step by step” backward elimination. This procedure
assures, that only accessions remains, which represent the maximum variance of all
accessions.
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Abstract

The accurate identification of barley cultivars is necessary to assure seed quality, protect
intellectual property rights and support plant breeder’s rights. Traditional techniques for
identification that involve morphological and physiological characters are increasingly being
replaced with genotypic methods, with simple sequence repeats (SSRs) being the current market
of choice. More than 600 SSR barley markers are available but a manageable set of quality
markers has not been identified that will differentiate large groups of UK barley varieties. This
study set out to identify a robust set of SSR primers and establish a database that would
differentiate barley varieties on the UK National list. Twenty-nine SSR markers were screened
using capillary gel electrophoresis. A set of 7 primers was chosen that amplified 34 alleles and
differentiated 116 of the 134 varieties on the National List. Individual seed tests on 8 varieties at
2 SSR loci revealed heterogeneity at a level of 0.67% unexpected alleles. Peaks from unexpected
alleles were also detected in bulk samples of identical varieties.
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Introduction

The accurate identification of barley is necessary to address issues of commercial interest. For
example, assurance of seed quality, protection of intellectual property rights and the support of
plant breeders’ rights and patents. Traditionally, variety identification has been determined using
a combination of morphological and physiological markers.

Identification methods based on plant phenotype require time consuming assessments of
adult plant morphology, microscopic examination of seed and can be influenced by
environmental conditions. Physiological markers have been developed for barley differentiation
that includes the use of isoenzymes (ANDERSON 1982) and gel electrophoresis of hordein
proteins (GEBRE et al. 1986; HEISEL et al. 1986; NIELSON & JOHANSEN 1986). However,
physiological markers are not ideal. Profiles can be difficult to interpret, poor resolution of bands
can occur and there exists no one method that can differentiate a large set of barley varieties.
These problems have led to the need for more accurate means of identifying barley varieties.

Much work has centered on DNA based methods including the use of Restriction
Fragment Length Polymorphisms (RFLP) (BOTSTEIN et al. 1980), Random Amplified
Polymorphic DNA (RAPD) (WILLIAMS et al. 1991), Amplified Fragment Length
Polymorphism (AFLP) (QI & LINDHOUT 1997), Simple Sequence Repeats (SSR) (RUSSELL
et a., 1997) and Single Nucleotide Polymorphisms (SNPs). An ideal DNA marker method for
variety identification would be simple and quick to use, be robust, have low development and
running costs, have high inter-variety differences yet have no intra-variety differences (be
uniform and stable). Studies comparing methods (POWELL et al. 1996; RUSSELL et al. 1997;
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KRAIC et al. 1998) have highlighted the benefits of SSRs. This, coupled with their
amenability to high throughput and in the development of large databases (DONINI et al.
1998), has led SSRs to be the current marker of choice. Databases for varietal identification
have been constructed and assessed for several plant species including wheat (RODER et al.
2002) and tomato (BREDEMEIJER et al. 2002). The use of SNPs has also much potential but
the current cost and time required for the development of SNP genotyping means that there is a
present need for a marker system before SNPs are applied.

SSRs have been developed and mapped in barley (SAGHAI-MAROOF et al. 1994;
BECKER and HEUN, 1995; Liu et al., 1996; STRUSS & PLIESKE 1998; PETERSEN &
SEBERG, 1998; RAMSAY et al. 2000). However, at present there does not exist a published
database of markers that have been tested for reliability, robustness and uniformity using a
capillary electrophoresis platform, that will distinguish the varieties on the UK National List.

Material and Methods

Plant Material

Seed of the 134 barley varieties on the UK National List (February 2003) was obtained from
the definitive collection held by the Cereals Section of the Scottish Agricultural Science
Agency (SASA) and was stored at 4°C. Plant material (leaf, seed and root), for tests on
reproducibility of allele scores between plant parts, was obtained from farm grown plots at
SASA. Plants were identified as being ‘true to type’ whilst growing and were stored at -70°C.

DNA Extraction

DNA from the 134 National List varieties was isolated using the Nucleon Phytopure Kit
(Tepnel, Manchester). Approximately 3 seeds (0.1g) were ground in liquid nitrogen and the kit
protocol followed with minor modifications. Five spring barley varieties (Decanter, Spire,
Optic, Cellar and Riviera) were used to determine whether allele size calls were consistently
obtained from different plant parts of the same plant. Three samples were taken from each of
the 3 plant parts: root, leaf and seed to give a total of 9 DNA extracts from each variety using
the GeneScan (Adgen) protocol.

DNA from Individual seeds for tests on intra-variety uniformity was extracted using
GeneScan. For tests on uniformity in seed 6 separate bulks of 100 seed samples from the
varieties Muscat and Antonia were used. The bulks were ground to a flour using a Moulinex
(Birmingham) Super Junior’s Coffee Mill. Approximately 15ml of the sample was used for
DNA extraction following the GeneScan protocol. To analyse the sensitivity of the method for
allele detection, seed from varieties Angela and Prisma were bulked in 8 ratios (Angela:
Prisma; 1:99; 3:97; 5:95; 10:90; 20:80; 30:70; 40:60; 50:50). The 100 seed mixtures were
ground to a flour and DNA extracted using the GeneScan protocol.

SSR Markers and Protocol

29 microsatellite primers were screened from over 600 available in the public domain
(RAMSAY et al. 2000). Forward primers were fluorescently labeled at the 5’ with one of
PET™, FAM™, NED™, VIC™ (Applied Biosystems), to allow for detection in capillary
electrophoresis. Reverse primers (MWG) were “PIG-tailed”(Brownstein et al., 1996) to
facilitate accurate genotyping. Amplification reactions were carried out in 10pl volumes, each
containing 10ng DNA, ImM dNTP mix, 2.5mM MgCl, 2pmol forward primer, 50pmol reverse
primer, 0.5 units AmpliTaq Gold® (Applied Biosystems), 1 x reaction buffer. Initially, each

124
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



primer pair was screened using a temperature gradient PCR reaction using a standard set of PCR
conditions: 10 minute hotStart at 94°C; 30 cycles of 30 seconds at 94°C, 30 seconds at 47-70°C,
30 seconds at 72°C; and; a final elongation step of 10 minutes at 72°C. PCR profiles for Primers
chosen to screen the whole National List either followed the standard program using the
respective optomised temperature or one of 2 ‘touchdown’ programs (Touchdown 1[ Bmag0211
and Bmag0120]: 10 minutes at 95°C; 7 cycles of 30 seconds at 94°C, 30 seconds at 65°C - 58°C
[1°C reduction each cycle], 30 seconds at 72°C; 30 cycles of 30 seconds at 94°C, 30 seconds at
58°C; 5 minute hold at 72°C. Touchdown 2 [HvM62 and Bmag0093]: 10 minutes at 95°C; 10
cycles of 1 minute at 94°C, 1 minute at 64°C - 55°C [1°C reduction each cycle], 1 minute at
72°C; 30 cycles of 1 minute at 94°C, 1 minute at 55°C, 1 minute at 72°C; 5 minute hold at 72°C).
Amplifications were performed in either an MJ Research (Massachusetts, USA) PTC-200 Peltiet
Thermal Cycler or a GeneAmp®PCR system 9700 (Applied Biosystems, Warrington, UK)
thermal cycler.

Fragment Analysis

To 1pl PCR reaction was added 0.25ul GeneScan™ -500 LIZ® size standard and 8.75ul Hi-Dill
Formamide 1 (Applied Biosystems). The samples were denatured by incubation at 95°C for 5
minutes and cooling on ice for 5 minutes prior to loading. Samples were loaded onto the ABI
Prism® 31004vant Genetic Analyzer (Applied Biosystems), utilising the 36cm capillary array
and POP—40 Performance Optimised Polymer. Data was collected using Data Collection
software (Applied Biosystems) and analysed using GeneScan® Analysis Software version 3.7
(Applied Biosystems).

Data Analysis

Alleles were recorded manually as present (1) or absent (0) for each primer and variety and were
entered into a database constructed using Microsoft Excel. Discrimination of the varieties by the
primer sets was determined using BioNumerics™ version 3.0 (Applied Maths).

Number of alleles observed for each marker was recorded. Rare alleles were detected and
classified as such if their frequency within the data set for that marker was less than 2% (RODER
et al. 2002). In practice this corresponded to an allele frequency of less than 21.44 in a data set of
268 (134 diploid varieties). PIC values were calculated using Microsoft Excel software using:

Gene diversity = 1- . P%ij
(Struss and Plieske, 1998)

Where i and j are the frequencies of the i and j alleles at that locus. Differentiation of varieties
was calculated in Bionumerics™ using the Dice coefficient for binary data that measures
similarity based upon common and different alleles. A Dendrogram was produced for the
composite marker set using the Unweighted Pair group Method using Arithmetic averages
(UPGMA).

Results and Discussion

Differentiation of Varieties Using SSRs

Primers were chosen initially based on 2 criteria; those that had similar annealing temperatures,
to facilitate future multiplexing and those with a high PIC-value. To be useful in a system that
differentiates barley varieties primers need to be reproducible and reliable. Of the 29 primers
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Table I. SSRs chosen to screen UK National List of Barley varieties including number of alleles, PIC-values and
degree of heterozygosity displayed

Primer Allele size Number of PIC % Heterozygosity
range (bp) alleles value () — number of varieties
() —rare alleles displaying heterozygosity
Bmag0211 185-191 4 (1) 0.69 0.75 (1)
Bmag0120 229-263 8(4) 0.78 3.73(5)

HvMe62 null,235-265 6(3) 0.68 1.49 (2)
Bmac0093 157-166 5(D) 0.72 0.75 (1)
Bmag0009 174-180 4 (0) 0.63 2.24(3)

HvLEU 171-175 2(0) 0.40 0

HvM36 111-141 52 0.72 3.04)

screened 2 produced no product (Bmag0378; Bmag0384), 6 displayed weak signal (Bmac0134;
Bmac0156; Bmac0378; Bmag0223; Bmag0021; HvMO03), 3 amplified inconsistently (Bmac0067,
Ebmac0701; Bmag0206), 5 were either monomorphic or gave only 1 or 2 deviants when
screened on the Scottish Agricultural College (SAC) list, and 2 displayed profiles that were
difficult to interpret (Bmag0353; HvCMA). Of the set, 7 proved to be useful and were used to
screen the whole National list (Table 1). Of the 134 varieties 14 pairs and 1 group of 4 were
undifferentiated using the 7 primer set (Fig.1) Further screening of the unresolved varieties with
HvM54 and Bmag0125 (data not shown) leaves 7 barley pairs undifferentiated. 34 alleles were
detected over the 7 loci with a null allele being observed in 1 variety at the HvM62 locus, which
was verified by repeat DNA extraction and amplifications. The occurrence of null alleles in
barley corresponds with previous findings (RUSSELL et al. 1997; DONINI et al. 1998;
WILLIAM et al. 1997; KRAIC et al. 2002)

PIC values, which included rare and null alleles ranged from 0.32—0.75 with an average
of 0.62. Heterozygotes were detected at 6 of the 7 loci and were verified by repeat amplifications.
A level of 1.7% heterozygosity over the entire data set was observed with Bmag0120 displaying
the largest number, in addition to revealing the greatest number of alleles.

As more than 1 seed was used for DNA extraction the observed heterozygosity could be
due to admixture from contamination of the seed batch. However, seed was obtained from the
SASA definitive collection and no variety displayed heterozygosity across the range of markers
suggesting that such variability is not due to contamination with another variety. Hetereozygosity
could therefore be due to fixed heterogeneity within a variety or due to outcrossing that has
occurred in the batch used for sampling. Previous study on heterogeneity in wheat varieties, also
a self-fertilising plant, revealed a higher level of heterozygosity (RODER et al. 2002).

Reproducibility between Plant Parts

Alleles called from different plant parts of the same plant were consistent (data not shown).
These results support the findings of WILLIAMS et al. (1997) whom analysed leaf and seed SSR
profiles using Polyacrylamide Gel Electrophoresis and silver staining. However, profiles obtained
from most of the root samples were poor which was attributed to the DNA quality obtained from
root extraction.

Intra-Variety Uniformity
Assessment of varietal uniformity at 2 SSR loci in 8 varieties revealed heterogeneity (Table ). Of
the 748 data points scored there were 5 unexpected alleles observed which equates to 0.67%
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variation. Two individuals from different varieties displayed homozygous heterogeneity, whilst 1
individual of the variety Regina was heterozygous at the Bmag0009 locus. The occurrence of
non-uniform homozygous individuals could be due to admixture or outcrossing. Heterozygous
non-uniformity, however, suggests outcrossing. It is possible that such heterozygous
heterogeneity is fixed within a variety. Interestingly, the variety Regina that displayed
heterozygosity in 1 individual at the Bmag0009 locus did not show heterozygosity in the National
List screening. This suggests that within varieties homozygosity and heterozygosity at SSR loci
exists. Therefore, to establish database accuracy it would be necessary to assess individual seed
profiles for varieties that initially display heterozygosity at an SSR locus.

Table II. Uniformity data for 8 barley varieties at 2 microsatellite loci. Non-uniform individuals are italicised

Primer Antonia [Angela Muscat Regina Optic Carat Prisma Static
Bmag0009 [22°x180° [23x176 23 x176 23 x174 22x174 |24 x174 24x178 |23 x174
Ix 174 1 x174/180
HvLEU 24 x176 |21 x176 22 x172 24 x172 24 x172 24 x172 24 x172 24 x172
1x176

* number of individual seed profiles
b length of fragment scored (bp)

[+ BN 132 141 144 147 150 153 1ss 5o 152 165 1s@ 171 1v4 177 190 193 195 199 193 195 198 201 204 207 210 213 16 219 233 226 228 29

o0 Figure 2. Example of
o0 Genescan  profiles obtained
3000 (1) Expected allele from bulk seed samples of (i)
= : Muscat using HVLEU primers
= e Detected heterogeneity and (i) Antonia using

CIE 175 1 MUSCAT_1_HVLEU 05 01122 7 Bmag0009 primers. Expected
e . allele peaks for the 2 varieties
s750 (11) «—— Expected allele and unexpected allele peaks,
= P that demonstrate heterogeneity
%] Detected heterogeneity inthe seed bulk, are

° i highlighted.

To ascertain whether varieties in the individual seed tests, that displayed heterogeneity, were
representitive of the seed batch profiles from bulks of 100 seed for varieties Antonia (Bmag0009
locus) and Muscat (HVLEU locus) were analysed (Fig. 2). Low levels of the unexpected allele
that had been identified in the individual seed tests were clearly visible. Thus, verifying the initial
observations made in the individual seed tests. Further study would be required using bulk
samples obtained from different sources to determine whether such heterogeneity was fixed
within that variety.

Summary

This study set out to establish a data set that could reliably differentiate the barley varieties on the
UK National List. Primer screening has highlighted the difficulties in establishing a robust and
informative set of SSR markers to meet this aim. Heterogeneity has been detected within
varieties and will need to be assessed in a larger data set before the construction of the database.

128
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



Acknowledgements
Thanks are extended to SASA for funding this study and for providing plant material.

References

BECKER, J. AND M. HEUN (1995): Barley microsatellites: allele variation and mapping. Plant
Molecular Biology, 27: 835-845

ANDERSON, H.J. (1982): Isoenzyme characters of 47 barley cultivars and their application in
cultivar identification. Seed Science Technology, 10: 405-413

BOTSTEIN D, WHITE RL, SKOLNICK M, DAVIS RW (1980): Construction of a genetic
linkage map in using restriction fragment length polymorphisms. American Journal of Human
Genetics, 32: 314-331

BREDEMEIJER, G.M., R.J. COOKE, M.W. GANAL, R.PEETERS, P.ISSAC., Y. NOORDIJK,
S. RENDELL, J. JACKSON, M.S. RODER, K. WENEHAKE, M. DIJCKS, M. AMELAINE, V.
WICKAERT, L. BERTRAND AND B. VOSMAN (2002): Construction and testing of a
microsatellite database containing more than 500 tomato varieties. Theoretical and Applied
Genetics, 105: 1019-1026

BROWNSTEIN, M. J, CARPTEN, J.D., SMITH, J. R. (1996): Modulation of non-templated
nucleotide addition by Taq DNA Polymerase: Primer modifications that facilitate genotyping.
BioTechniques, 20: 1004-1010

DONINI, P., P. STEPHENSON, G.J BRYAN AND R.M.D KOEBNER (1998): The potential of
microsatellites for high throughput genetic diversity assessment in wheat and barley. Genetic
Resources and Crop Evolution, 45: 415-421

GEBRE, H., K. KHAN AND A.E. FOSTER (1986): Barley cultivar identification by
polyacrylamide gel electrophoresis of hordein proteins. Crop Science, 26: 454-460

HEISEL, S.E., D.M. PETERSON AND B.L. JONES (1986): Identification of United States
barley cultivars by sodium dodecyl sulphate polyacrylamide gel electrophoresis of hordeins.
Cereal Chemistry, 63: 500-505

KRAIC, J., M. ZAKOVA AND E. GREGOVA (1998): Comparison of differentiation capability
of RAPD and SSR markers in commercial barley (Hordeum vulgare L.) cultivars. Cereal
Research Communications, 26: 375-382

LIU, ZW, RM BIYASHEV, M.A SAGHAI MAROOF (1996): Development of simple
sequence repeat DNA markers and their integration into a barley linkage map. Theoretical and
Applied Genetics, 93: 869-876

NEILSEN, G. AND H.B. JOHANSEN (1986): Proposal for the identification of barley varieties
based on the genotypes for two hordein and 39 isozyme loci for 47 reference varieties. Euphytica,
35:717-728

129
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004



PETERSEN, G., AND O. SEBERG (1998): Molecular Characterization and sequence
polymorphism of the alcohol dehydrogenase 1 gene in Hordeum vulgare L. Euphytica, 102: 57-
63

POWELL, W., M. MORGANTE, C. ANDRE, M. HANAFEY, J. VOGEL, S. TINGEY AND A.
RAFALSKI (1996) The comparison of RFLP, RAPD, AFLP and SSR (microsatellite) markers
for germplasm analysis. Molecular Breeding, 2: 225-238

QI, X., LINDHOUT, P (1997): Development of AFLP markers in barley. Molecular General
Genetics, 254: 330-336

RAMSAY, L., M. MACAULAY, S. DEGLI IVANISSEVICH, K. MACLEAN, L.CARDLE,
J.FULLER, K.J. EDWARDS, S. TUVESSON, M. MORGANTE, A. MASSARI, EMAESTRI,
N.MARMIROLI, T. SJAKSTE, M. GANAL, W. POWELL AND R. WAUGH (2000): A simple
sequence repeat-based linkage map of barley. Genetics, 156: 1997-2005

RODER, S.M., K. WENDEHAKE, V. KORZUN, G. BREDEMEIJER, D. LABORIE, L.
BERTRAND, P. ISAAC, S. RENDELL, J. JACKSON, R.J COOKE, B. VOSMAN, M.W.
GANAL (2002) Construction and analysis of a microsatellite-based database of European wheat
varieties. Theoretical and Applied Genetics, 106: 67-73

RUSSELL, J., J.D. FULLER, M. MACAULAY, B.G. HATZ, A. JAHOOR, W. POWELL AND
R. WAUGH (1997): Direct comparison of levels of genetic variation among barley accessions
detected by RFLPs, AFLPs, SSRs and RAPDs. Theoretical and Applied Genetics, 95: 714-722

SAGHAI MAROOF, M.A., RM BIYASHEV, G.P YANG, Q.ZHANG AND R.W.ALLARD
(1994): Extraordinarily polymorphic microsatellite DNA in barley: Species diversity,
chromosomal locations, and population dynamics. Proclamations of the National Academy of
Science USA, 91: 5466-5470

STRUSS, D. AND J.PLIESKE (1998): The use of microsatellite markers for the detection of
genetic diversity in barley populations. Theoretical and Applied Genetics, 97: 308-315

WILLIAM, M., I. DOROCICZ AND K.J. KASHA (1997): Use of microsatellite DNA to
distinguish malting and nonmalting barley cultivars. Journal of the American Society of Brewing
Chemists, 55: 107-111

WILLIAMS J.G.K, AR KUBELIK, K.J LIVAK, J.A RAFALSKI AND S.V TINGE (1991):
DNA polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic Acids
Research, 18: 6531-6541

130
9" International Barley Genetics Symposium, Brno, Czech Republic, 20-26 June 2004
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Abstract

Twelve South American diploid Hordeum species belonging to the H genome and three
diploid species belonging to the I genome (including cultivated barley), were investigated for
their 5S rDNA sequence diversity. The 374 sequenced clones were assigned to classes, called
“unit classes” which were further assigned to haplomes. Two unit classes were found to be
present in each haplome. These were labelled to reflect the haplomes, viz. the long H1 and
short I1 unit classes for the I haplome diploids, and the long H2 and long Y2 unit classes for
the South American H genome diploids. The aligned sequences were subjected to a series of
Maximum Likelihood analyses and various tests, including molecular clock, which are
presented and discussed. The divergence among the unit classes suggest that the genus
Hordeum might be of paleopolyploid origin.

Keywords: 5S DNA gene; molecular clock; paleopolyploid

Introduction

5S rRNA genes in the Triticeae are organized into tandem repeats with the highly conserved
genes separated by the more variable, non-transcribed spacer region (henceforth NTS). In
several publications (e.g., BAUM & BAILEY 1997; 2000; 2001; BAUM & JOHNSON 1994;
1996; 1998; 1999; 2000; 2002; BAUM et al. 2001; 2003), we have described the molecular
diversity of 5S rDNA sequences in species within Elymus, Hordeum, Kengyilia and Triticum.
We were able to classify them into putative orthologous groups, which we call unit classes,
and moreover to assign the different unit classes to haplomes. Our objectives were: 1) to
examine the diversity of the 5S rRNA gene sequences among the South American diploid
species belonging to the H-genome group (BOTHMER & JACOBSEN 1991); 2) to classify
them into unit classes; and 3) to compare the unit classes of these South American diploids
with the unit classes previously found in the I-genome group of which cultivated barley (H.
vulgare L.) 1s a member. The present study describes the results of these analyses with respect
to the evolution and time of divergence of these genes.

Material and Methods.

Plant Material and 58S rDNA Cloning

Material from the following 11 taxa, represented by 38 accessions of seeds collected in their
natural habitats in Argentina and Chile, was investigated: H. chilense Roem. & Schult., H.
comosum Presl, H. cordobense Bothmer, N. Jacobsen & Nicora, H. erectifolium Bothmer, N.
Jacobsen & J@rgensen, H. muticum Presl, H. patagonicum (Hauman) Covas ssp.
magellanicum (Parodi & Nicora) Bothmer, Giles & N. Jacobsen, H. patagonicum ssp.
mustersii (Nicora) Bothmer, Giles & N. Jacobsen, H. patagonicum ssp. patagonicum, H.
patagonicum ssp. santacrusense (Parodi & Nicora) Bothmer, Giles & N. Jacobsen, H.
patagonicum ssp. setifolium (Parodi & Nicora) Bothmer, Giles & N. Jacobsen, H. pubiflorum
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Hook. f., and H. stenostachys Godr. The five subspecies according to the taxonomy of
BOTHMER et al. (1991) are also recognized as species especially by South American
authors. Several sequences from species containing the I haplome published earlier (BAUM
& JOHNSON 1994, 1996) were retrieved from GenBank® and used for comparisons. The
isolation of genomic DNA, PCR amplification of the 5S rRNA genes, cloning of PCR
products and sequencing of plasmid DNA have been described, e.g. BAUM and JOHNSON
(1994, 1996, 1998, 1999, 2000, 2002). The PCR primers used target the coding regions in
tandem repeats and amplify a sequence starting from 5’ from the BamH1 site within the
transcribed region, through the NTS, to a site 3’ of the BamH]1 site within the adjacent unit in
the array. Amplimers were either digested with BamH]1, cloned into the BamHI site of
pUC19 (YANISCH-PERRON et al. 1985), and transformed into Escherichia coli strain
DHS5a or latterly ligated directed into pGEM-T (Promerga Biotech) and transformed into
DHS5a. A total of 374 clones were isolated and for each clone, both strands were sequenced.

Sequence Analysis

Sequences were routinely checked to ensure removal of vector sequences using the
VecScreen program at NCBI (National Center for Biotechnology Information, USA). For
each sequence a search for direct and inverted repeats was carried out using DNAMAN
(Lynnon Biosoft®). The sequences were then submitted to NCBI and an accession number
for each was obtained.

The 374 sequences were subsequently aligned using CLUSTALW (THOMPSON et al. 1994).
The alignment was further improved by visual examination and editing using GeneDocC
Version 2.6.002 (NICHOLAS & NICHOLAS 1997). GeneDoc© was used to assign similar
sequences to sequence groups, i.e., unit classes, based on the refined alignments for each
putative orthologous group. At this stage, the alignment would reveal any sequences that
would appear to have been assigned to the wrong unit class. Several sequences representative
of each unit class were then subjected to similarity searches of the GenBank® and EMBL
(European Molecular Biology Laboratory) databases using the NCBI Web-based BLAST
service (ALTSCHUL et al. 1990) to identify the unit class with an already established, i.e.
published unit class. The sequence identified as being the most similar, i.e., having the highest
scoring segment pairs and the lowest P(N) value (as defined in ALTSCHUL et al. 1990), was
subsequently aligned in toto with the representative unit class, and also with other sequences
of interest among previously defined unit class sequences mentioned above. All the 374
sequences were then re-assembled for a final step of alignment and manual refinement. This
process and the method of unit class determination and recognition has been discussed in
more detail in BAUM et al. (2001).

The data were subjected to the program WinModeltest© 4.b (POSADA & CRANDALL
1998) to test the fit of various maximum likelihood (ML) models and to choose the model that
best fits the data using the hierarchical likelihood ratio test. To conduct the following ML
analyses, a reduced set of sequences, representative of each unit class within each taxon, was
used after first subjecting them to WinModeltest in order to verify that the model with the best
fit for the reduced data set was identical to the model derived for the total data set.
Phylogenetic analyses were then conducted with the following ML methods and
bootstrapping with neighbour-joining (NJ) search: ML clock not enforced, ML clock
enforced, using both PAUP*© (SWOFFORD 1998) and PHYLIP© (FELSENSTEIN 1993),
tree calibration by nonparametric rate smoothing (NPRS) and NJ using TREEFINDERC
(JOBB 2003). The time calibration in NPRS was based on the estimated time of divergence
between barley and wheat of 13 million years (MY) (GAUT 2002). All the trees were
imported to PAUP* and subjected to the KH (KISHINO & HASGAWA 1989) and the SH
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(SHIMODAIRA & HASEGAWA 1999) tests for the best tree. The latter was then subjected
to tree analysis under the maximum parsimony and minimum evolution criteria using PAUP*.

Results and Discussion

All of the South American diploid taxa in this study were found to possess the same two 5S
rDNA unit classes, i.e., we found 159 sequences that were assigned to the long H2 and 215
sequences to the long Y2. This is consistent with our previous findings in H. cordobense
(BAUM & JOHNSON 2002) and H. muticum (BAUM & JOHNSON 2003).

An analysis of these sequences was carried out with the addition of exemplars of two unit
classes from I genome species, i.e., long H1 and short I1. Modeltest selected the following
settings as best, namely the HKY+G model with transition/transversion ratio = 1.0799, the
assumed nucleotide frequencies of A=0.269, C=0.1743, G=0.2492 and T=0.3075, the shape
parameter = 2.9192 and the rates=gamma.

These analyses yielded eight trees - one ML tree, one molecular clock tree (PAUP and
PHYLIP), one NPRS tree and four NJ trees (TREEFINDER), and one NIJ tree from PAUP.
The KH and SH tests selected the molecular clock tree as best. However, all the eight trees
have identical topologies in the sense that the major branches are identical and the four unit
classes (Fig. 1) are clearly identified and similar. The differences relate to branch size and
specific details that depend upon the optimality criteria used in the tree analyses. Some
specifics apply to a particular optimality criterion, e.g. with the parsimony criterion branch
lengths are expressed in number of nucleotide step changes that clearly do not apply to the
other criteria. The Phylogram (Fig. 1) combines the results obtained from all the three criteria
(parsimony, likelihood and distance) superimposed on the (distance) minimum evolution tree.

The estimated time of divergence of 13 MY between Hordeum and Triticum (GAUT 2002),
likely based on comparisons of cultivated species (H. vulgare and Triticum aestivum L.), is
close to the previous estimate of WOLFE et al. (1989) based on chloroplast DNA variation.
But the genus Hordeum, with 31 species (BOTHMER et al. (1991), or more depending on the
taxonomy, is probably much older judged from its distribution with a center of diversity in
South America, one species in South Africa, a center in the Near East and a diffuse
distribution across Eurasia. Although phylogenetic estimates of organisms form the basis for
genomic and evolutionary studies, in this paper we have examined genome evolution through
the 5S rDNA. Clearly different unit classes might have arisen at different times (Fig. 1). What
is puzzling is that the long H1 and short I1 unit class, both present in the I-genome species
and characteristic to them, are the most divergent ones. Furthermore, the South American
diploid species belonging to the H-genome species group (BOTHMER et al. 1991) contain
both the long H2 and long Y2 unit classes which are nearly as divergent as the former two
unit classes. Does this indicate that Hordeum as we know it today is a diploidized
paleopolyploid? (Paleopolyploids have a disomic inheritance and their progenitors cannot be
detected by cytology or DNA markers). Sequence analysis of full genomes in the classical
diploids Arabidopsis thaliana and Oryza sativa, has revealed that they are apparently
paleopolyploids. Alternatively, could two different unit classes have evolved so rapidly in
each group during roughly six MY ? Both case scenarios point to an earlier origin of the genus
Hordeum. In this study the 5S rDNA has shown itself to be a valuable tool for the detection of
paleopolyploidy status, at least in the Triticeae. The non-transcribed spacer varies
considerably more than the coding region of the 5S DNA which is consistent with the greater
than 10-fold synonymous substitution rate variation among homeologous loci in Arabidopsis
(ZHANG et al. 2002). In addition it appears that paralogs do not evolve at different rates and
that the unit classes appear to have evolved by the molecular clock fashion. Based upon these
conclusions, it can be postulated that the 5S rDNA units featuring two different unit classes
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Figure 1. Phylogram of 5S rDNA sequences representative of the four unit classes, based on minimum evolution
tree. The Phylogram combines information of the best maximum likelihood tree, the molecular clock, parsimony
and NPRS trees. MY: Million Years since divergence; above major brances: bootstrap support (%); below major
branches: branches lengths (distance from root, distance from tip) and further below: assigned branch length

under the parsimony criterion (Min. possible length — Max. possible length); scale bar: distance from minimum
evolution distances; on the right the four unit classes.
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were present in two unidentified diploid progenitors. In the past, they contributed to the
formation of a paleopolyploid through horizontal transfer of chromosomal segments or genes
(LEVY & FELDMAN 2002) giving rise to the present day diploid species.
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Abstract

The Oregon Wolfe Barleys (OWBs) are a well-characterised, phenotypically polymorphic
mapping population that has been used for a whole range of mapping and QTL studies. The
population was grown in the greenhouse twice in 1999/2000 and 2003, and biometric (organ
lengths) and phenological (flowering time) traits were established in a systematic fashion.
Additionally, the mapping population was used to prepare a ‘functional map’ by employing
ESTs in different marker assays like RFLPs, SSRs and SNPs. The ‘functional map’ (or
‘transcript map’) based on the OWB population contains >500 genes. This map has been used
for QTL analysis for the above traits. The combination of the functional map with information
on biometric morphological traits promises to give new insights into the nature and
quantitative inheritance of these traits and is hoped to provide a decisive progress in the field
of expression mapping.

Introduction

Genetic studies in plants have revealed that a selection of traits is inherited by major genes. A
qualitative inheritance has been described for several genes determining plant morphology or
phenology. Major genes for dwarfness are located on all seven barley chromosomes. Another
group of genes determining flowering time via vernalisation or photoperiod response are
located on six out of the seven linkage groups (FRANCKOWIAK 1997; LUNDQVIST et al.
1997).

Beside the major genes many loci inherited quantitatively are present in the genome. They
are, however, difficult to detect. With the development of various DNA marker based linkage
maps and quantitative trait mapping methods the discovery of such quantitative trait loci
(QTLs) became possible in many plant species, including cereals. Starting in the early
Nineties of the last century (e.g. HAYES ef al. 1993; BACKES ef al. 1995) QTLs for many
characters were detected and put in relation to RFLP, AFLP or SSR markers of ‘unknown
function’. Recently, EST based markers have been developed and successfully mapped
(KOTA et al. 2001; THIEL et al. 2003; VARSHNEY et al. unpubl. data). These ‘functional
maps’ are useful tools for mapping any trait of interest. In the present paper we used the
‘Oregon Wolfe Barley’ (OWB) mapping population, saturated with EST based markers to
study a range of morphological (plant organ and grain characters) and phenological
(flowering time) traits.

Material and Methods
Preparation of Functional Map of Barley
In context of the barley genomics programme so far more than 110,981 ESTs from 22
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different cDNA libraries have been generated (MICHALEK et al. 2001; http://pgrc.ipk-
gatersleben.de/b-est/). Cluster analysis yielded a tentative unigene set comprising 25,224
genes. To facilitate the integration of EST data with mapped traits, the non-redundant set of
ESTs was exploited for construction of a high density ‘transcript map’ by using 3 different
mapping populations, i.e. OWBpem X OWBgee, Steptoe x Morex and Igri x Franka. In the
OWBpom x OWBRge mapping population, 293 ESTs were mapped as RFLP probes while 157
ESTs were mapped as SNP markers (KOTA ef al. 2001) and 144 ESTs as SSR markers (Thiel
et al. 2003; Varshney et al. unpubl. data). In addition to these ESTs, the OWB map has
another set of 137 markers including 16 morphological markers. Thus the OWB map
consisting of a total of 731 markers (including a total of 594 ESTs/genes) was used for QTL
analysis.

Plant Culture

Ninety-three lines of the Oregon Wolfe Barley (OWB) mapping population plus parents (REC
and DOM) were grown in a greenhouse at [PK, Gatersleben, Germany (51N82, 11E28) from
October 20, 1999 to April 2000 (experiment 1), and from February to June 2003 (experiment
2) under normal light and temperature conditions, with automatic shading applied to avoid
temperature extremes. Watering as well as application of fertilizers and herbicides followed
common horticultural practise. Details for experiment 1 are described in BORNER et al.
(2002). In experiment 2, sowing was carried out on February 13, 2003, at a density of one
seed per pot, into 14 cm plastic pots using as substrate a standard soil mixture previously
established for cereals. Seven replications of each genotype were set up in a total of three
equally sized and lit chambers of the same greenhouse (i.e. three replicates per chamber, plus
an additional replicate as a backup in a separate chamber, as not all seeds germinated). Pots in
experiment 2 were arranged according to genotype number, with ascending or descending
order alternating according to the replication. However, the distribution of the replicates over
the three chambers had no influence on the data set obtained (as concluded from a One-Way
Analysis of Variance; data not shown) so that the replicated data obtained for one genotype
were pooled subsequently.

Measurements and Statistical Analysis

Phenological and morphometrical data were obtained on living plants during development
using a ruler (accuracy 1 mm). If not mentioned otherwise, only the main shoot was
considered. Parameters obtained during development were the final lengths of blades of ranks
1 to 3, as well as the percentage of germinated seedlings and the time of anthesis (i.e.
flowering, here defined as the time of dehiscence of anthers, which usually occurs while the
ear is still in the sheath of the flag leaf and which was regulary checked using a forceps and
magnification lens, s.a. PRYSTUPA et al. (2003)). All plants were harvested at full maturity
(DC 90-92). Due to considerable variation in time to maturity, the harvest period stretched
over several weeks though the bulk was harvested during the first week of June, 2003. The
ears were separated from the culm at the height of the collar and the remainder of the plant
was removed from the pot, the soil removed and roots clipped to a minimum length. Plants as
well as ears were stored separately in paper bags in a dry store until further use. Up to 16
viable kernels of one ear per genotype were scanned using a HP flatbed scanner (HP scanjet
5400c) and the resulting bmp-format images analysed using QWin software (Leica, Wetzlar,
Germany) and the own software Korn (Brandenburg Technical University, Cottbus,
Germany). Parameters thus automatically obtained were the mean values of kernel length,
width, circumference, area and roundness (i.e. deviation of shape from perfect roundness,
which latter is one). The main shoot was detached and the following measurements carried
out using a ruler: length of the flag leaf blade and the lengths of the first three internodes
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measured in experiment 2. Raw data were stored in MS Excel worksheets and mean values
calculated for all measured parameters therein. For the purpose of QTL analysis, the mean
values were transferred to the software QGene v. 2.30 (NELSON 1997) where QTL analysis
was carried out as a simple regression analysis. The two main significantly independent
markers were identified (Table 1). If more than these two markers were found for a trait, these
are indicated as QTLs in the map (Figure 1).

Results and Discussion

Table 1 summarizes the results of main QTLs for the 14 traits considered, whereas Figure 1
indicates the position of all QTLs on the chromosomes. Overall, 68 QTLs (of which 44 with
LOD scores > 3) were detected, which were associated with 49 markers. The distribution of
the involved markers over the genome was not homogenous but concentrated mainly on
chromosomes 2H (24 QTLs, 14 markers) and 7H (18 QTLs, 12 markers), with the other five
chromosomes harbouring 4 (6H), 5 (4H, 5H), and 6 (1H, 3H) markers correlated with
measured traits. Most markers (40) contributed to only a single QTL each, 7 markers to 2
QTLs, 2 to 3 QTLs, and one each to 4 and 6 QTLs. Among the latter, the morphological
marker Zeo (Zeocriton), a biallelic dominant Mendelian gene inducing an overall dwarfing
phenotype (culm length reduction, dense ears), was the marker involved in most QTLs,
followed by two further morphological markers, Vrsl (number of kernel rows, i.e. fertility of
lateral rows) and Nud (hulled or nude grain). The average number of QTLs per trait was 2.14
(range: 2 to 3) in experiment 1, and 2.86 (range: 1 to 7) in experiment 2, with seven QTLs
found for flowering.

Internode lengths (Fig. 1a) were — as was expected — strongly associated with Zeo. This effect
was most pronounced in the peduncle (= internode 1) with a LOD score of 24.28 for Zeo, and
decreased in internodes 2 and 3. Long peduncles (mean 26.86 cm, Table 1) were characteristic
for the absence of Zeo, thus it is a recessive trait (coming from the parent REC). As
mentioned above the three internode traits were measured only once (in exp. 2), however,
comparison with internode length data of the same population (Patrick HAYES, pers. comm.)
showed that similar markers were involved in both cases, thus confirming our findings.

For the length of the flag leaf blade (Fig. 1b) three respective four QTLs were found,
surprisingly with completely different markers and on different chromosomes for the two
experiments (exp. 1: chr. 7H, 5H, 4H; exp. 2: chr. 3H, 1H, 6H). This could not be explained,
since the flag leaf length in a winter barley population grown under four different conditions
exhibited a very uniform QTL pattern (BUCK-SORLIN, unpubl. data). The results for the
first three leaves exhibited a similar pattern as the flag leaves: In experiment 1, the main QTL
for leaf 1 was found on 6H, whilst in experiment 2, one significant QTL was found on 2H and
none on 6H. For blade length of leaf 2, no significant QTL (LOD > 3) could be found in
either experiment. In leaf 3, two QTLs (of which one significant) were found on 4H and 7H.
Overall, leaf blade lengths did not exhibit a reproducible pattern of QTLs. It remains the
subject of further investigation whether this result means that the trait blade length is not
genetically inherited in the OWB population. The first three or four leaves on the main stem
are usually preformed — along with the coleoptile — in the embryo (KIRBY & APPLEYARD
1981) and their lengths should thus be predetermined at some stage of embryo development
while the grain is still attached to the parental ear.

QTLs for the grain-associated traits were mainly clustered around the morphological markers
Nud and Vrsl or with molecular markers in their vicinity on chromosomes 7H (near Nud) or
2H (near Vrsl) (Table 1, Fig. 1 ¢). Grain area yielded two QTLs each in both experiments
which co-located on Vrs/ and Nud. A similar situation held for grain width, with reproducible
QTLs at Vrsl, plus one further QTL on 1H in experiment 1 and 2 QTLs on 1H and 2H (near
Zeo) in experiment 2. Four QTLs (of which 3 significant) were found for grain length, with
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Table 1. Summary of main QTLs identified for measured traits in two experiments

Experiment

Marker

Parent

Mean aa

internode

2

Zeo

REC

26.86

GBM1405

DOM

20.44

Length of 2™
internode

2

Zeo

REC

16.86

KFP203

REC

16.65

Length of 3™
internode

2

Zeo

REC

12.30

GBS0092

REC

12.04

Length of flag
leaf blade

GBM1030

REC

28.70

GBM1054

REC

28.10

GBRO16b

REC

9.65

GBM1204

REC

9.06

Grain area

Vrsl

DOM

91.60

Nud

DOM

93.58

Vrsl

DOM

17.32

GBR1478

DOM

16.98

Grain length

Nud

DOM

8.26

GBRO095

DOM

8.42

GBR1478

DOM

7.87

GBS0081

DOM

8.19

Grain width

Vrsl

DOM

3.00

GBS0125

REC

3.36

Vrsl

DOM

2.96

Zeo

DOM

2.99

Grain
circumference

Nud

DOM

20.53

GBS0705

DOM

21.13

GBR1478

DOM

18.91

GBR1012

DOM

19.19

Grain
roundness

GBS0378

DOM

1.69

Bmac399

DOM

1.75

GBS0250

DOM

1.59

GBR1012

DOM

1.60

Germination

GBM1498

REC

92.07

GBS0265

REC

92.24

Zeo

REC

97.96

GBR1319

89.28

Length of 1%
leaf

GBR504

19.22

GBR586

21.38

GBM 1498

11.50

Length of 2™
leaf

MWG652b

17.26

Bmac047a

16.98

GBM1385

16.66

Length of 3™

KFP221

23.53

GBR1610

25.55

GBM1218

19.26

GBM1385

21.12

GBM1204

66.19

GBR283

65.28
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Figure 1 a-d. QTLs found for 14 different traits. Significant (LOD > 3) QTLs are represented by arrows, subsignificant (LOD 1.5 — 3) by triangles.
Data from experiment 1 is designated by thin-headed arrows and up-pointing triangles, from experiment 2, by thick-headed arrows and downward-
pointing triangles. Numbers inside arrows indicate LOD scores. Different shadings apply to the different parameters (see legend on each figure)
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one interesting one near the centromere of 4H, co-locating with a QTL for the derived trait
grain circumference. The latter trait exhibited — as expected - a very similar QTL pattern to
that of grain length and width, with an interesting exception, a highly significant QTL on
THS, co-locating for a QTL for the trait grain roundness. This trait, a classical shape factor,
apart from being influenced again by grain size and, accordingly, Vrs/ and Nud, yielded in
experiment 1 an additional QTL on 1HS, which deserves further attention. Overall,
reproducibility of QTLs in the grain-associated traits was moderate to good yet might have
been masked by the strong effects exerted by Vrs/ and Nud, i.e. in a mapping population
lacking variability of these traits, QTLs might crop up at different locations on the genome.
The trait germination (measured as percentage of established seedlings) yielded two
significant QTLs, near Nud in experiment 1, and near Zeo in experiment 2, with one
subsignificant QTL on 3H (exp. 1) and 5H (exp. 2, Fig. 1d). The QTLs obtained were thus not
reproducible and indicate in this case that environmental factors at the time of germination
might exert a more significant effect than heredity.

Time to flowering yielded two significant QTLs in experiment 1 (on 1HL and 7HL, near
Nud), and seven QTLs (of which 2 significant) in experiment 2, which partly co-locate with
those from experiment 1, indicating moderate reproducibility of these QTLs and thus
quantitative genetic control of this trait.

Use of the functional map for QTL analysis is useful as the putative gene/enzyme involved in
a particular trait can be identified by deducing the function of the EST (corresponding to an
identified marker). For instance, the marker GBM1498 is associated with a significant QTL
(LOD 3.6) for germination and has been derived from the EST encoding for ‘dehydration
responsive element binding protein’, generated from a seed germination cDNA library
(embryo plus scutellum, 0-16 hrs after imbibition).
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Abstract

An extensive collection of barley maps has allowed us to compile a consensus map of barley.
The consensus map was formed using four barley maps produced in our laboratory as well as a
number of other Australian and international published genetic maps and includes over 2000
markers. CMap software was used to view the consensus map and validate marker order by
comparison of the consensus map to the individual maps that contributed to the consensus map.
The options in CMap such as the matrix were found useful for quickly assessing the occurrence
of duplicate loci. The alignment of different genetic maps was generally unambiguous with
respect to the order of loci and examples of alignments will be presented together with an
estimate of the error inherent in producing the consensus map. QTLs were also inserted into
map in a searchable format within the software and this has enhanced the value of the map
considerably.

Keywords: consensus map; CMap; molecular markers

Introduction

Consensus maps are essential tools for the selection of markers for a corresponding QTL region
for marker assisted selection in a breeding program. These maps are build based on the common
markers between two or more populations. If a marker is mapped to a defined region of a
chromosome in two populations then the markers surrounding the common markers in both maps
are put together in one linkage group conserving their orders in respective maps.

Several consensus maps were constructed for barley (LANDRIDGE et al. 1995; QI et al. 1996;
KARAKOUSIS et al. 2003a). These maps serve good for the research community to
identify/select markers for further mapping activities. The power of the consensus map in this
study is that it allows users to do 'live' search at the CMap platform. CMap allows user to
navigate around different maps and combination of maps of choice.

Material and Methods

The availability of saturated barley genetic maps constructed predominantly with RFLP and SSR
markers provided the basis for the comparison and construction of consensus maps
(LANDRIDGE et al. 1995; QI et al. 1996; KARAKOUSIS et al. 2003a). Mostly JOINMAP
software was used in the construction of these maps. This software essentially uses the common
markers, regularly distributed along barley chromosomes, across several populations to generate
new linkage groups.
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The consensus map in the study was constructed "by hand" with the method developed by
APPELS (2003). For each chromosome a map with the most common markers (bridging
markers) with other maps was used as the starting point. In most cases, RFLPs and SSRs were
used as bridging markers. Lina x H. Spontaneum Canada Park (RAMSAY at el. 2000) and Igri x
Franka (GRANER ef al. 1991) maps were the most utilised bridging maps since they included
majority of the SSR and RFLP markers, respectively, used across the maps studied (Table 1).
Most distantly located bridging markers between the pairs of maps for each chromosome were
identified and then the genetic distance between these markers was normalised in a new map to
match the respective distance found in the reference map. Bridging markers within a
chromosome region analysed provided an estimate of the error in generating the consensus map.
For example, a particular marker may be at position 15 cM (normalised) in the new map and at
21 c¢M in the reference map and this difference in the position was not considered to be
significant. If the difference exceeded 20 cM, the marker in new map was given a new
designation ( a or b etc.) to indicate that marker may be duplicated. These decision points were
derived from several iterations of examining the maps available and were intended to minimise
the loss of information from the consensus map. The process has essentially utilised floating bins
of 20 cM units to develop the final map.

Table 1. List of the crosses that were used for the barley maps and references

Name of Cross Reference

Alexis x Sloop Barr et al. (2003a)
Amagi Nijo x W12585 Pallotta et al. (2003)
Chebec x Harrington Barr et al. (2003b)
Clipper x Sahara Karakousis et al. (2003b)
Dicktoo x Morex Hayes et al. (1993)
Galleon x Haruna Nijo Karakousis et al. (2003c¢)
Igra x Franka Graner et al. (1991)

Patty x Tallon Cakir et al. (unpublished)
Lina x H.s. Canada Park Ramsay et al. (2000)
Steptoe x Morex Kleinhofs et al. (1993)
Tallon x Kaputar Cakir et al. (2003)
VB9104 x Dash Cakir et al. (unpublished)
Baudin x AC Metcalf Cakir et al. (unpublished)

Results and Discussion

Thirteen published and unpublished maps with a total of more that 2000 markers were used to
construct a comprehensive consensus map of barley. One of the main challenges faced during the
construction process was the inconsistent use of marker names across different maps. Especially
the names of RFLP and SSR markers that were used as bridging markers were carefully edited.
For example names such as Bmag010 was changed to Bmagl0. CMap software was also
modified to tackle the problem due to upper or lower case letters used in the names.
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Figure 1. Alignment of 2H consensus map with the 2H chromosomes of Lina x H. spontaneum
Canada Park and Alexis x Sloop maps
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The alignment of consensus map back to the original maps indicated a high level of consistency
in the marker order in most cases (Fig 1). The more bridging markers individual maps had the
greater accuracy in the order of bridging markers in the consensus map was achieved. This was
generally within 5-10 cM.

For illustration purpose we have used the chromosome 2H. The consensus map for this
chromosome included 401 markers (Fig 1). Due to space limitation CMap only shows 78 of
those markers in Fig 1. Consensus map in this study indicated a good alignment with the most
recently published barley consensus map derived from 5 individual Australian barley maps
(KARAKOUSIS et al. 2003).

QTLs, where available, were also recorded for each map, and included in the consensus map as a
reference source. Since CMap is a very interactive software it allows researchers to search for the
location of the QTLs for certain traits then choose a variety of markers from the QTL region to
be used in barley breeding programs.

The consensus map constructed in this study serves the purpose of summarising extensive
datasets in the area of molecular genetic mapping as well as in the application of molecular
markers in plant breeding programs.
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Abstract

In previous studies, QTLs that influenced variations in barley grain protein concentration
(GPC) were identified on chromosome 5H and 7H. The objectives of the present studies were
verify QTL effects through realised heritability and to observe whether low GPC in these
lines was associated with (1) differences in tiller capacity and biomass accumulation, or (2)
differences in nitrogen uptake, translocation and deposition in the grains.

In the first study, QTL effects were confirmed using three doubled haploid populations with
different combinations of low and high GPC parental lines. In the second study, doubled
haploid lines with allelic variation at these QTL were grown at Horsham, Victoria, in 2001
and 2002, at 0 and 80 Kg ha™ of nitrogen application, and assessed for differences in the
contribution made by pre- and post-anthesis assimilation to GPC. For most traits, there were
no significant differences among lines with different allelic combinations at the genetic loci.
However, highly significant (P < 0.01) differences were observed in traits associated with
spike morphology (spike weight, spike length and kernels per spike). At anthesis, there was
no significant difference in straw carbon and nitrogen content among the DH lines. However,
a highly significant difference (P < 0.001) was observed for nitrogen content of spikes at
anthesis, and also for spike C/N ratio (P = 0.001). At maturity, these differences were not
significant. The implications on germplasm utilisation were discussed.

Keywords: barley; grain protein; molecular marker; QTL; validation

Introduction

Grain protein concentration (GPC) in barley is influenced to a high degree by the environment
and this may increase or decrease the protein level above the limit for malting barley.
Breeding for low and consistent GPC, however, is difficult due to low trait heritability and
marked genotype-environment interaction. With the advent of DNA markers, it has become
possible to locate quantitative trait loci (QTL) for numerous phenotypes in plants. Molecular
markers associated with such regions can allow breeders to efficiently select for such traits
without interference of environmental effects.

Beyond QTL identification, a number of issues still need to be addressed in order to integrate
quantitative genetic information into genome-based breeding programs. Among these include
validation of QTL effects and also a determination of the possible physiological basis of gene
action. In a previous study, QTLs that influenced variations in barley GPC were identified on
chromosome 5H and 7H (EMEBIRI et al. 2003). In subsequent studies, the QTL effects were
found to be consistent across diverse environments in Australia and the USA (EMEBIRI et al.
2004), making them ideal candidates for marker-assisted selection. Our objectives in the
present study were to verify QTL effects through realised heritability and to observe whether
low GPC in these lines was associated with (1) differences in tiller capacity and biomass
accumulation, and/or (2) differences in nitrogen uptake, translocation and deposition in the
grains.
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Material and Methods

QTL Verification

Two approaches were used for verification of QTL effects in this study. The first approach
relied on realised heritability for GPC in DH lines selected from within the original mapping
population. For this purpose, twenty DH lines representing the four possible marker genotypic
classes at the SH and 7H loci were grown in field trials carried out at Horsham, Victoria,
Australia (Lat. 36.4° S, Long. 142.° E) during the 2001 and 2002 cropping seasons. The lines
were sown in a randomised complete block design with four replications and two levels of
nitrogen application (0 and 80 kg ha™). Other lines included in the trials were the parents
(VB9524 and ND11231*12) and 5 to 7 check varieties.

In the second approach, DH lines were randomly selected from surplus materials not used for
the original QTL mapping. These lines were included in the stage 4 trials of the Barley
breeding program at DPI, Horsham. A line (VB0229) with consistently low GPC was
identified from trials carried out at 18 environments. Six individuals were randomly selected
from within this line and fingerprinted using markers closest to identified QTLs on
chromosome 5H and 7H.

Physiological Studies

Physiological determinants of GPC were investigated using the DH lines selected from within
the original mapping population. Plants were sampled at awn emergence and at maturity. At
each stage, 5 plants were sampled per plot, oven-dried at 70 °C for 48 hrs and measured for
total aboveground dry weight and tiller numbers. Other traits measured relate to spike
morphology (spike number, weight, length), 1000-grain weight, grain yield, protein (%), and
grain plumpness. Duplicate samples of spike and straw were also processed for nitrogen and
carbon concentrations at the Sate Chemistry Laboratory, Werribee, and expressed on a dry
matter basis.

Statistical Analysis

Analysis of variance of the data were performed using IRRISTAT 4.4 for Windows and
GENSTAT 6 software packages, while graphical representation of mean values were drawn
with QUATTRO PRO and SIGMAPLOT.

Results and Discussion

QTL Verification

Realised heritability estimates are widely used in plant breeding to reflect the progress made
from divergent selection (eg. GUTHRIE et al. 1984). In verification of QTL effects, the
estimates can be used as a measure of marker-trait association after divergently selecting on
the basis of marker genotypes. Estimates of realised heritability in the present study varied
from 0.92 under conditions of 0 kg applied nitrogen to 1.16 under 80 kg of applied N,
indicating a strong association between GPC variation and loci previously identified by
EMEBIRI et al. (2003, 2004) on chromosome 5H and 7H.

Further evidence of the QTL effect on GPC was obtained from DH lines selected from
outside the original mapping population. These lines were evaluated as part of stage 4 trial of
breeding lines carried out between 2000 and 2003 at 13 to 18 locations in South Australia.
From these trials, VB0229 was found to be consistently lower in GPC than any of the check
varieties, which included standard malting barley varieties (Franklin and Schooner) and newly
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released varieties (Dhow and Baudin) (Fig. 1). Six individuals were randomly selected from
within this line and fingerprinted using SSR markers, XBmag323 and XEBmac603, linked to
low GPC at 5H and 7H. The assays showed that five of these lines had fragment sizes
characteristic of the parents, ND11231*12 and VB9524, at these loci.

Dhow
Franklin
Sloop Vic
Schoomner
Sloop SA
Baudin

Gairdner

VB0229

-0.8 -03 03 0.8 13
Environment standardised GPC

Figure 1. GPC of VB0229 and checks from stage 4 trials at 18 site-year environments in
Southern Australia

QTL Effects and Associated Morphological Traits

There was a no difference among genotype classes for tillering or dry matter accumulation in
the straw (data not shown). There was also no difference in the number of fertile tillers, but
highly significant differences were observed in spike morphology (weight, length and kernels
per spike) (Table 1). The differences were particularly noticeable amongst genotypes with
low-protein (NDVB) versus high-protein (VBND) alleles.

OTL Effects and Associated Physiological Basis

There was a highly significant response to nitrogen application, as measured by N content of
straw and spike (Table 2). Genotype classes had similar levels of N in the straw at anthesis
and maturity, indicating that the differences in GPC were not related to N uptake. A highly
significant difference was observed for N content of the spike at anthesis, but this was not
present at maturity (Table 2). The highly significant difference in GPC (Table 1) would
therefore suggest that the lower GPC conferred by favourable alleles at the QTLs might be
due to reduced efficiency of N translocation to the grains during the phase of grain filling.
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Table 1. Mean squares from analysis of variance of dry matter accumulation and kernel
morphology measured in 2001 and 2002 trials

Spike Spike Kernels
DM at DM at  Spike per Grain  Screenings
Source of variation DF anthesis maturity length  spike  protein (<2.5)
Replication 3 0.6 15.2 0.7 34 9.1%* 65.2
Year (Y) 1 23.2%*  456.8** 25.0**  91.8** 136.2** 17018.3**
Genotype class (G) 3 2.1%  128.1%* 26.3** 136.8%*  24.6** 861.3**
NDVB vs VBND 1 0.1 230.3%*% 29.6%* 247.4%*% 42 7** 818.3#*
LF Residual 2 3.2 76.9 247 81.5 15.6 882.9
N applied (N) 1 0.7 1.2 0.6 6.1 3.6%* 326.5
GxY 3 2.2%  131.7*%* 0.8 29.1** 1.7%  1060.2**
GxN 3 0.3 19.4 0.4 15.7 0.5 10.1
GxYxN 4 1.1 31.0 1.2 14.7 1.1 15.5
Residual 231 0.7 29.6 1.0 7.8 0.5 94.4

* ** Significant mean squares at P < 0.05 and 0.01, respectively

Table 2. Mean squares from analysis of variance of tissue nitrogen and carbon content
measured in the 2001 trial

Tissue Tissue
Nitrogen  carbon  Carbon-
Source content content  Nitrogen
Trait of variation df (% w/w) (% w/w) ratio

Straw at anthesis

N applied (N) 1 2.16** 2.13* 1039.45%*
Genotype class (G) 3 0.28 0.08 143.46
GxN 3 0.10 0.09 73.70
Residual 22 0.21 0.37 79.74
v.a.f (%) 22.10 0.30 32.90
Spike at anthesis
N applied (N) 1 0.05 0.30 13.66*
Genotype class (G) 3 0.12%* 0.30 22.52%*
GxN 3 0.00 0.25 0.38
Residual 22 0.01 0.43 3.28
v.a.f (%) 42.00 0.00 38.50
Spike at maturity
N applied (N) 1 0.79%** 1.02  247.58%*
Genotype class (G) 3 0.04 0.06 13.07
GxN 3 0.08 0.17 18.89
Residual 22 0.05 0.25 15.84
v.a.f (%) 37.80 0.00 32.90

* ** Significant mean squares at P < 0.05 and 0.01, respectively
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Abstract

Malting quality of barley represents the manifestation of the well-adjusted interaction of sev-
eral different genes. Due to this complex genetic basis, quantitatively inherited traits and in
particular malting quality, require sophisticated methods to be tagged by genetic markers.
Induction of gene expression by a standardised micromalting process was used to identify
differentially expressed genes both in varieties and in segregating populations. Based on a
DH-population which was previously used to construct a QTL map for malting quality, phe-
notypic pools were assembled utilizing the information about markers which flank significant
QTL intervals for malting quality traits as well as the observations of these malting quality
traits. cDNA-AFLP analysis was performed with a selected subpopulation of the segregating
progeny and differential TDFs were integrated into the linkage map. Several polymorphic
fragments could be assigned to QTL intervals of the reference map and their correlation to
malting quality traits was calculated. The favourite alleles of differential TDFs increased the
means of malting quality parameters significantly compared to the means of the entire sub-
population. Differential TDFs which are located within significant QTL intervals represent
candidates for functional genetic markers for malting quality and are therefore well suitable
for efficient selection in early stages of plant breeding.

Keywords: malting quality; cDNA-AFLP; expression profiling; functional markers; marker
assisted selection

Introduction

Estimation and selection for malting quality in barley require a comprehensive knowledge of
the genetic background of this complex trait. Since the inheritance of malting quality is based
on the multiple interaction of a number of genes which are unknown to a major part, it is very
complicated to identify single genes which contribute to this important trait. However the in-
formation about the sequence of such functional genes is a prerequisite for the development of
specific molecular markers which can be used to identify favourable genotypes providing the
basis to generate the desired quality of raw material.

The development of QTL maps for malting quality is an important and necessary basic step to
narrow down the genetic background to particular genome regions. Nevertheless markers
linked to QTLs are difficult to use for marker assisted selection (MAS) because they may be
specific only in the genetic background which was used to construct the QTL map.

The use of gene expression analysis for the detection of genes in context with seed germina-
tion has been demonstrated by POTOKINA et al. (2002) who compared the expression of
germinating seeds from barley varieties with contrasting malting quality by the use of a
macroarray composed of selected barley ESTs.

The introduction of sensitive molecular methods to screen for differentially expressed genes
like Differential Display (DD) (LIANG & PARDEE 1998) and cDNA-AFLP (BACHEM et
al. 1996) paved the way to target specifically induced genes even in complex plant genomes.
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In contrast to the array hybridisation experiments which are a very efficient method to
examine the expression of known genes the expression profiling technologies have the
capability to detect yet unknown genes which contribute to the focussed trait (APPEL et al.
1999).

The assignment of transcript derived fragments (TDF) obtained by expression profiling to a
genetic linkage map was introduced for potato by BRUGMANS et al. (2002). This method
allows to include differentially expressed genes into an existing linkage map in order to assign
functional markers to genomic regions which contribute to interesting traits.

Since most genes which are responsible for malting quality are expected to be induced during
the malting process the analysis of samples taken directly out of a micromalting facility repre-
sents the best type of material to analyse the expression of genes correlated to malting quality
(HERZ et al. 2003). The combination of a well founded QTL map and a method for specific
analysis of gene expression promises to identify yet unknown genes with strong influence on
malting quality.

In the presented study an approach is described, integrating expression profiling and the
analysis of chromosome specific marker based phenotypic individual pools derived from a
QTL mapping population. The assignment of differential cDNA-AFLP fragments to a QTL
interval is introduced as an initial point for the development of functional genetic markers.

Material and Methods

Plant Material and Generation of Phenotypic Pools

From the DH-Population used for QTL mapping (HARTL et al. 2000) 50 individual lines
selected for their phenotypic and genotypic uniqueness were grown together with the parental
lines as a standard in 10m’ field plots in two replications at the location Pettenbrunn in the
years 2000 and 2001. The field trial was designed as a randomised block. For micromalting
the replications of each line were combined. The 50 lines were used to assign differential
cDNA-fragments to the QTL interval on chromosome 6H.

Differential pools have been constructed by bulking ten selected lines from the segregating
population described above, carrying the desired marker interval for the QTL region on
chromosome 6H and displaying the best performance of malting quality traits. Likewise,
pools for the opposite alleles of the QTL have been designed. The composition of the pools
and their phenotypic characteristics are shown in table 1. For selection up to four AFLP
markers bordering each QTL interval have been used. To facilitate marker based selection of
the differential pools the software “Graphical Genotypes” (VAN BERLOO et al. 1999) was
employed.

Micromalting and Sampling

From each sample 250.0 g kernels of the harvested sieve fraction above 2.5 mm were malted
in a micromalting machine (Automated Malting System, Phoenix-Biosystems, Australia). The
micromalting process and the analysis of malting quality were performed according to
MEBAK (1997). During the malting process samples were taken during 18 particular points
of time ranging from the unmalted kernel to 76h after starting the micromalting process.
Collected grains were immediately frozen in liquid nitrogen and stored at —80°C until proc-
essed. For the present study only the material from the samples taken at time point 24h during
malting was utilized.
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RNA Extraction and Pool Formation

Total RNA was isolated from 400 mg of malted material, ground under liquid N, with pestle
and mortar using the PURESCRIPTL RNA Isolation Kit as recommended by the
manufacturer (Gentra Systems, USA). Remaining DNA was removed by DNAse I digestion.
Final clean up of the total RNA was performed using the RNeasy Kit (Qiagen). RNA of the
lines selected for the differential pools was bulked to a total amount of 1.0 pg for each pool.
Each single DH-line was represented in the pool with equal RNA concentration. Alexis and
Steina as parental lines of the cross were included into the analysis as a control using the
equal amount of RNA.

cDNA Synthesis and cDNA-AFLP Analysis

Double-stranded cDNA was synthesised from 1.0 pg total RNA using the SMART™ PCR
cDNA Synthesis Kit (Clontech Laboratories AG, Switzerland) according to the manufacturers
protocol. The cDNA-AFLP analysis was performed as described by BACHEM et al. (1996)
with following modifications: 300 ng ds cDNA was digested by 5.0 U Pstl and 2.5 U Msel,
and ligated to 2.5 pmol Pstl (Ssel) adapter and 25 pmol Msel adapter by 0.96 Wise-U T4
DNA ligase (New England Biolabs Inc.). The reaction was performed in a total volume of
12.5 pl containing 1.0 mM ATP and 0.1 mg/ml BSA in 1 x NEB buffer 2 (New England
Biolabs Inc.). The reactions were incubated for 3 h at 37°C and afterwards at 4°C over night
in an MJ PTC-200 Thermal Cycler (Biozym). Ligated fragments were diluted 1:4 in TE; (20
mM Tris/HCl, 0.1 mM EDTA, pH 8.0) and used as template for further cDNA-AFLP
reactions, performed and analysed as described for genomic AFLPs by HARTL &
SEEFELDER (1998). As Msel specific primer for the preselective amplification MOO,
without selective nucleotides was used.

Fragment Analysis and Linkage Mapping

The cDNA-AFLP patterns were analysed with the computer software Cross Checker
(BUNTIJER 2000). The data matrix generated by this program was used as input data file for
the software JoinMap 3.0 (Plant Research international BV, Netherlands). Linkage mapping
was performed using JoinMap 3.0 with a LOD threshold of 6.0 for the calculation of groups.
Calculation of the linkage map was carried out using the default settings of the software.
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Results and Discussion

The screening of the differential pools for chromosome 6H with 25 ¢cDNA-AFLP primer
combinations resulted in a total of 63 fragments which distinguished between the differential
pools comprising good and poor quality respectively and both parental cultivars.

Figure 2. Segment of the linkage
map of chromosome 6H in the
Alexis x Steina population contain-
ing the QTL interval of interest.
cDNA-AFLP markers identified by
pool screening are highlighted.
Encircled markers have been used
for selection of pools. The web
diagraph shows the influence of the
favourable marker alleles on

Segment of Chr. 6H

—- ,M:§EP1 - camoos malting quality parameters in com-
C - .

- = = CAFLP-2| —Hptesos parison to the mean of a subpopula-

TTCAFLP-3| - p1se s tion consisting of 50 DH lines from
All —T1— GBM1022 : .

R the mapping population. Labels for

traits on the web diagraph are as
described in fig. 1.

BRA VIS ——o—p1761_3

Detailed sequence analysis of these fragments is in progress.

To exclude artefacts, linkage analysis was performed which resulted in 17 markers which
could be assigned to chromosome 6H. Three of the differential TDFs detected by the pool
screening could be located close to the genomic AFLP markers which were used to select for
the pools (Fig. 2). One particular differential TDF of which sequence information is already
available and which is homologous to the sequence of a gene from the family of the heat
shock proteins, Hsp70 could not be included into the linkage map until now. This suggests
that this gene is located in a chromosomal region which is not covered by the existing linkage
map. A further explanation for the low ratio of accurately mapped to actually detected differ-
ential fragments is that only the negative pools which do not show a cDNA-AFLP fragment
are indubitably pure. If only a small number of individuals out of the ten forming a pool dis-
plays a fragment, the pool will be scored as “positive” for this fragment. When subsequently
the single individuals of the pool are analysed separately, it might be observed that only a part
of the pool individuals show the fragment. This was observed for the TDF with homology to
the Hsp70 gene and explains why this fragment was detected by the pool screening but could
not be integrated into the linkage map at the QTL interval on chromosome 6H (Fig. 3). A
third explanation for the observed discrepancies between detected and mapped TDFs is, that
the lines of one single pool contribute to more than one QTL interval.

Pools Figure 3. cDNA-AFLP expression
Alexis 6H+ 6H- Steina profile showing A: the comparison
— between the two differential pools for
= : the QTL interval of chromosome 6H

P e———— 4 A with the parents and B, the single DH
lines forming the differential pools.
A —— Arrows mark the differential TDF with

sequence homology to the Hsp70 gene.
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The latter is the most probable reason for the unlinkable fragments detected by the pool
screening. The analysis of the remaining differential pools for the three QTL hot spots on
chromosomes 1H, 4H and 5H will uncover such interrelations. Because the fragment with the
sequence homology to Hsp70 was also detected by a previous study which assessed varietal
differences in gene expression during malting (MIKOLAJEWSKI ef al. 2001) the influence
of this cDNA-AFLP marker on malting quality traits in the mapping population has also been
calculated and is depicted in figure 2.

Performing a linkage analysis with the differential TDFs offers the opportunity to identify
systematically differential TDFs which are located within a particular genomic region. As
illustrated in Fig 1. three TDFs could be mapped adjacent to genomic AFLP markers which
have been used to select for the individuals to compose the pool for the chromosome 6H
QTL-hot spot.

The mean trait values of the individuals carrying the favourable allele of the cDNA-AFLP
markers were compared to the mean of the entire subpopulation. The results show that the DH
lines carrying the allele from Alexis show a better average performance of all malting quality
traits than the mean of the entire population (Fig. 2). The means of all lines which possess all
three positive cDNA-AFLP marker alleles is significant higher than the mean of lines with
only one cDNA-AFLP marker. If this effect is caused due to the existence of different genes
in the QTL interval or just by effects of the QTL has to be revealed by sequence analysis of
the respective fragments and detailed QTL analysis.

Particularly the trait VZ 45°C is increased to 13.3% over the population mean by selection for
the positive alleles of the cDNA-AFLP markers. This confirms the selection of the parental
varieties of the mapping population which had been chosen due to their contrasting perform-
ance in the cytolytic parameters.

When sequence information of the presented three differential TDFs will be available, useful
genetic markers can be developed to select specifically and effectively for malting quality
traits.

Table 1. Means of the malting quality parameters in the marker assisted selected phenotypic pools, the entire
population and the parental lines of the cross. RP: Crude protein, LN: Soluble N, ELG: Kolbachindex,
VZ: VZ 45°C, EX: Extract, EV: Apparent attenuation, VIS: Viscosity, BRA: Brabender, FRI: Friabil-
ity, PH: pH, MQI: Index of malt quality.
RP LN |ELG| VZ | EX | EV |VIS| BRA | FRI | PH MQI
Population | 10.13[ 689.40] 42.63| 42.31| 82.25| 82.39| 1.50] 111.40] 80.22| 5.79| 7.80
Pool 6H+ 9.92( 702.69| 44.34( 47.73] 82.54] 83.22| 1.48| 103.49| 84.32| 5.78| 8.71
Pool 6H- 10.36] 641.28 38.79 35.45] 81.81] 81.58| 1.52] 121.69| 75.48| 5.80| 6.78
Alexis 9.96| 685.79| 43.09] 45.72| 81.94] 83.60] 1.49| 102.81] 83.32] 5.80] 8.30
Steina 10.62| 664.20| 39.33| 36.23| 81.79| 81.25| 1.52| 126.82| 73.93| 5.79| 6.62

The presented results show that differential expression profiling using marker based pheno-
typic pools and the cDNA-AFLP technology is an efficient conception to generate functional
genetic markers in the context of quantitative characters particularly with regard to malting
quality.
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Abstract

A spontaneous wilty mutant (eibil) hypersensitive to drought was identified in wild barley,
Hordeum spontaneum Koch. Eibil had a highest relative water loss rate among the known
wilty mutants, indicating that is one of the most drought sensitive mutants. When compared
with wild type, eibil had the same ABA level, the same ability to accumulate stress -induced
ABA, and the same stomatal movement in response to light, dark, and drought, revealing that
eibil was neither an ABA -deficient nor an ABA-insensitive mutant. eibi/ leaves had a larger
chlorophyll efflux rate in 80% ethanol than the wild-type leaves; demonstrating that eibi/ was
defective in an actual barrier layer in cuticle that limits water loss of the plant. An
approximately 3:1 segregation ratio of wild type to mutant among 158 F, plants derived from
a cross of eibil by Morex revealed that the eibil high water loss rate was caused by a single
recessive nuclear mutation. This mutation was mapped on chromosome 3H short arm between
simple sequence repeat markers (SSR) Bmag0603 and Bmac0067, and cosegregating with
Bmac0828.

Keywords: abscisic acid; cuticle; eibi/ mutant; mapping; stomata; wild barley

Introduction

Well-developed cuticles and stomata exhibited in fossil specimens of the very earliest
terrestrial plants known (Edwards et al., 1998) indicate the critical importance of the
regulation of plant water status. Defects in stomata closure and cuticular layer cause wilty
phenotype due to excess water loss under drought conditions. Wilty phenotype of ABA-
deficient mutants (SCHWARTZ et al. 1997) and of some ABA-insensitive mutants (LI et al
2000) reveals the fundamental role of ABA in higher plant drought resistance. Mutants
defected in cuticular wax such as eceriferum mutants in barley and Arabidopsis have been
identified (LUNQVIST & LUNQVIST 1988; JENKS et al. 2002).

While testing drought resistance of wild barley genotypes from Wadi Qilt population
(longitude 35.38 Decimal, latitude 31.83 Decimal, altitude 50 m, annual termperature 24.8 °C,
annual rainfall 144 mm, annual evaporation 3300 mm (NEVO et al. 1979)) in Israel, we
discovered a spontaneous mutant genotype hypersensitive to drought, readily exhibiting a
wilty phenotype under water deficit. This spontaneous wilty mutant was investigated and its
genetic mapping was conducted in the present study.

Material and Methods

Plant Materials

A wilty mutant, discovered from a zeric wild barley ecotype 23-19, was found to be
hypersensitive to water stress. Its second and third generation offsprings showed the same
wilty phenotype. This wilty mutant and its near-isogenic line, wild type 23-19, were used in
the present study. For comparison of detached leaf water loss rate, tomato flacca and its near-
isogenic line RR were also used in the present study.
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Physiological Analysis

For leaf drying test, fragments of the basal part of the leaf blades were dried abaxial side up
on a lab bench; leaf water loss rate was expressed as percent of initial weight. Drought stress
was applied as water withholding on seedlings at four-leaf stage. Shoot samples were
extracted and assayed for ABA according to the protocol detailed in the ABA enzyme
immunoassay test kit for the quantitative determination of abscisic acid (IDEXX Laboratories,
Inc., Westbrook, ME 04092) (MERTENS et al. 1985). For transpiration rate in response to
transition from dark to light and from light to dark, The youngest fully expanded leaves were
cut 1 cm above sheath and immediately inserted the cut ends into distilled water. Detached
leaf transpiration was expressed as weight (g) of water lost per m” per h — g water m™ h™.
Cuticle permeability was measured using chlorophyll efflux. Four replicates of mutant and
wild type leaves were immersed in 80% ethanol solution in 12 ml tubes with covers. The
amount of chlorophyll extracted into the solution was quantified using a UV-160A
spectrophotometer (Shimadzu, Japan) and calculated from UV light absorption at 647 and 664
nm as described by LOLLE et al. (1998). Total chlorophyl was expressed for each time point
as a percentage of total chlorophyll extracted after 24 h.

Genetic Analysis

Two crosses were made to investigate the segregation of the mutant in F2: (i) Morex (a
cultivar) x mutant, and (i1) 23-19 (a near-isogenic line wild type Hordeum spontaneum) %
mutant. F,seedlings were allowed to grow in Petri dishes in a transparent box to retain high
humidity for additional three days. The expanded first leaves were cut for leaf-drying test as
described later. A genetic map was constructed with DNA extracted from F, populations.
Methods of genotyping with SSR were employed as described by PENG ez al. (2000).

Results and Discussion

Identification of a Wild Barley Mutant

One out of ten of ecotype 23-19 seedlings was found to be hypersensitive to water stress
while drought resistance experiment was conducted with Israel xeric wild barley. Two seeds
were harvested from this drought sensitive plant (M1). Two M2 plants and all the M3 plants
exhibited the same phenotype as the M1 plant. This spontaneous mutant was named eibil
following the name Eibi (Professor Eviatar Nevo), the supervisor of the first author of this
paper. The eibil detached leaves lost significantly more water than the tomato flacca (a
typical wilty mutant) detached leaves within one-hour dehydration (Fig. 1). To our knowledge
eibil has the highest relative water loss rate among known wilty mutants. This tremendous
relative water loss rate of eibi/ implies that there may be a novel mechanism underlying the
water conservation in plant leaves and consequently drought resistance.

Segregation analysis of the F2 progenies of two crosses: Morex (a cultivar) x eibil and 23-19
(a near-isogenic line of eibil) x eibil showed an approximately 3:1 segregation ratio of wild
type to mutant, indicating that the eibil mutation was caused by a single recessive nuclear
mutation.
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ABA Contents of eibil and Wild Type

Wild-type and eibil shoots had the same ABA contents under control conditions, whereas
drought stress increased ABA contents in both eibi/ and wild type to the same level (Fig. 2),
indicating that eibi/ had the normal ABA content and the ability to accumulate ABA under
drought stress.

Transpiration of Detached Leaves Responding to Light and Dark

The fluctuation of transpiration of eibil and wild type in response to light and dark revealed
that eibil had the normal stomatal movement as wild type (Fig. 3). Detached eibil leaves had
more than 10 times larger transpiration rate than wild type leaves in dark implying that eibil
had a defected waxy cuticle.

Chlorophyll Efflux Rate
Chlorophyll efflux rate of leaves in 80% ethanol was much greater in eibi/ than in wild type
(Fig. 4), suggesting that eibil is defective in cuticle.

Genetic Mapping of the eibil Mutation

The eibil was mapped on chromosome 3H short arm (Fig. 5). The high collinearity of barley
chromosome 3H with rice chromosome 1 will guide fine mapping of eibil using the small
rice genome as a vehicle.

Conclusion

The eibil mutation identified a novel gene that functions in the transport-limited layer in
cuticle that is essential for plant drought resistance. This eibi/ mutation was located on
chromosome 3HS.
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Abstract

Adjustment of crop phenology to the resources of the production environment is among the most
important traits for barley adaptation. Three genes, Sgh;, Sgh» and Sghs, are responsible for
winter/spring growth habit and vernalization response. Two more genes, Ppd-HI and Ppd-H?2,
control photoperiod response. In most studies, the main photoperiod and vernalization QTL
coincide with the putative location of the corresponding major genes. There are also a number of
QTLs with lesser effects on flowering, known as earliness per se loci, more abundant, but
showing less consistency across studies. All these loci have been detected in a number of studies
involving biparental progenies. But their use in MAS requires knowledge of their effects and
interactions at the germplasm-pool level. For this reason, seventeen populations of up to 20
doubled haploids each, made of combinations of 14 parents routinely used in a Spanish breeding
program, are being phenotyped for heading time, and genotyped with markers located in the
vicinity of major photoperiod and vernalization response loci. The objective is to identify a set of
markers that can be used to make predictions of flowering time of genotypes and candidate
crosses. These predictions would also be useful to perform MAS towards favorable loci
combinations. A progress report on association between markers and field heading time for two
genomic regions (Ppd-H2 and Eam6) is presented.

Introduction

The adjustment of crop growth to available resources is one of the main factors of crop
adaptation. For grain crops, flowering time is a crucial event in the life cycle, and the main trait
affecting adaptation to cultivation under water stress conditions (LUDLOW and MUCHOW,
1988).

Heading date in barley and wheat is determined by the concurrence of three phenomena:
responses to cold temperatures (vernalization), responses to photoperiod, and intrinsic earliness,
also related to temperature (ROBERTS et al. 1988; ELLIS et al. 1988, 1989; SLAFER 1996).

Genetic studies of heading date (a surrogate measure of flowering time in winter cereals) reveal
its complex nature. TAKAHASHI and YASUDA (1970) proposed the existence of three genes
controlling winter-spring growth patterns in barley, now known as Sghl, Sgh2 and Sgh3, in
chromosomes 4H, SH and 1H, respectively. Only the first two are known to segregate in Western
materials. Molecular marker studies confirmed the presence of these loci: Sgi/ on the long arm
of chromosome 4H, closely linked to the B-amylase locus (HACKETT et al. 1992); Sgh2 on the
long arm of chromosome 5H, close to RFLPs CDO504 and WG644 (LAURIE et al. 1995),
syntenic to similar loci in rye and wheat (PLASCHKE et al. 1993; GALIBA et al. 1995).
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Recently, vernalization locus VRNI in wheat has been found by comparative mapping (YAN et
al. 2003), which also shows homeology with barley loci (DUBCOVSKY et al. 2001). LAURIE
et al. (1994) identified a photoperiod response locus on the short arm of chromosome 2H, close
to RFLP MWG858. This finding was confirmed in other studies in barley (HAYES et al. 1993;
PAN et al., 1994). This locus, known as Ppd-H1, is detected under long photoperiod. Another
major photoperiod response locus, Ppd-H2, whose effect is evident under short photoperiods, is
located on the long arm of chromosome 1H (LAURIE et al. 1995). Any other loci have been
found to affect intrinsic earliness in mapping population studies, usually with lower effects
compared with photoperiod and vernalization response loci. Among them, the most important is
Eamé6, located near the centromere on chromosome 2H (BOYD ef al. 2003). These major
vernalization and photoperiod response loci are not totally independent. Some studies revealed
interactions among them (LAURIE et al. 1995; KARSAI et al. 1997).

The combination of all detected flowering time QTLs in a single map is not straightforward, as
different markers were used in each mapping population experiment, and QTL polymorphisms
vary from cross to cross. Nevertheless, this is necessary task to render the information on QTL
location useful to plant breeders. To this end, studies on degree of polymorphism over a wider
range of germplasm, number of alleles and their effect for each QTL are needed.

This study is a first attempt to extrapolate the information on major heading time loci, found in a
number of barley mapping population studies to a wider range of plant materials.
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Material and Methods

Plant Material: Seventeen small populations of doubled haploid (DH) lines, from representative
crosses of the Spanish public barley breeding program were used (Table 1). A maximum of
twenty lines per population were selected. Parents were cultivars from Spain and other European
countries. Winter, Spring and Facultative growth types were represented. There were fourteen
different parents, thus each parent was present at least in two crosses.

Field Trials: Heading dates of the collection of the small DH populations and parents were
recorded at two field trials planted in November 2002 at two locations in the provinces of Huesca
and Zaragoza (North-Eastern Spain). The field trials consisted of three replications of two-row
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plots, Im long, following a randomised complete block design. Heading date was recorded as the
moment when 50% of the tillers exhibited 2 cm of protruding awns.

Marker Analysis: Markers were selected at five different regions of the barley genome, carrying
the major vernalization (Shgl, Sgh2), photoperiod (Ppd-HI, Ppd-H?2), and earliness per se loci
(Eamo6), as shown in Fig 1. Markers aMWGS858, and aMGW518 are STS derived from RFLPs
(Casas, unpublished), which showed linkage to Ppd-HI (LAURIE et al. 1994) and Ppd-H2
(IGARTUA et al. 1999), respectively. These STS produce the same result as the RFLPs in a
mapping population, and in a collection of cultivars (data not shown). A total of 32 markers are
being evaluated, over a total of 285 DH lines and 14 parents. Results are presented on markers in
the region of Ppd-H2 and Eamé.

Table 1. Description of the seventeen small populations used in this study

Parents Growth habit' ~ Row type DH number’
Albacete Monlon F-F 6-6 7
Albacete Plaisant F-W 6-6 20
Alexis Pane S-w 2-6 20
Angora Clarine W-W 2-2 20
Barberousse Albacete W-F 6-6 10
Barberousse Monlon W-F 6-6 12
Barberousse Plaisant W-w 6-6 20
Barberousse Tipper W-W 2-6 8
Beka Monlon S-F 2-6 20
Clarine Plaisant W-W 2-6 20
Gaelic Tipper W-F 2-2 8
Nevada Beka S-S 2-2 20
Pané Plaisant W-w 6-6 20
Plaisant Orria F-W 6-6 20
Seira Alexis S-S 2-2 20
Seira Tipper S-W 2-2 20
Seira Orria S-F 2-6 20

' 'W: winter ; S: spring; F: facultative
* Number of doubled haploid lines per population

Results and Discussion

Heading dates at the two locations were very similar (r=0.86). Thus, the mean heading date for
the two trials was calculated, and all further results are based on this mean. Field heading dates of
the entire DH collection presented a wide range of variation, for the mean of the two autumn
sown trials (Table 2). There was a difference of over 19 days between the earliest and latest
heading dates. The range of variation was 6.4 for the parents, and it varied between 6.0 and 16.4
days for the 17 populations, with an average of 9.7 days. Transgressive segregation was evident
for all crosses: the average difference between heading dates for the parents was 2.3 days,
whereas it was 9.5 for the DH lines.
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Marker analysis is complete only for the regions of Ppd-H2 (chromosome 1H) and Eam6
(chromosome 2H, near the centromere). Thus, only the results for these two regions are
presented. A rough estimation of the overall influence of these regions on heading time is
revealed by the fact that the range of heading dates for populations polymorphic at these regions
was 11.3 days, whereas this value was only 8.1 days for populations not polymorphic at both loci.

As the markers are not part of the flowering time loci themselves, we chose to use the haplotype
defined by the two flanking markers as an approximation to characterize QTL polymorphism,
which may be good enough to track it in the doubled haploid populations.

There were five different haplotypes defined by the combination of flanking markers:
microsatellites Bmac132 and Ebmac640 presented 3 and 2 alleles, respectively, combined in five
different ways (denominated a through e). Twelve populations presented polymorphism at this
region. There were three different haplotypes in the Ppd-H?2 region, defined by the combination
of flanking markers aMWGS518 (STS), and the microsatellite Ctig5280, each with two alleles.

Overall effect of the two regions considered in this study was detected by analyses of variance
(Table 2) using the haplotype as classifying factor. This approach assumed that haplotypes
defined by bands of similar size had similar phylogenetic origin. Though the overall effect of
each region was significant, the amount of heading time variance explained was 8% for each
region.

There was not complete consistency of the results for the Eam6 region. There seems to be at least
two alleles, one represented by haplotype V, and possibly haplotype IV, conferring earliness
(Table 2). Another allele, conferring lateness seems to be shared by haplotypes I and II. The
effect of haplotype III cannot be ascertained clearly. Only one parent (Pané, a primitive Spanish
cultivar) presented haplotype III. It was present in two crosses, and its effect was intermediate
between the other two alleles, but there were not enough crosses, nor with differences significant
enough, to conclude about its effect.

Only six populations were polymorphic at the Ppd-H2 region. Three haplotypes (I, II, III) were
identified using flanking markers, and the general analysis of variance for all populations
detected three different effects for them. The effect of this region, however, was only evident in
two crosses when considering single population analyses.

There was not exact equivalence of haplotypes with QTL alleles. Haplotype V for the Eam6
region is characteristic of earliness in most cases. Monlon and Plaisant both have this allele. They
were crossed to Albacete, and should present a similar effect, but only Monlon’s allele confers
earliness, whereas Plaisant’s allele has no effect on heading date crossed to Albacete. For the
Ppd-H?2 region, crosses Beka x Monlon and Alexis x Pané showed similar polymorphism.
However, a significant effect on heading date was evident only in the first cross. This study has
to be completed with a yet more thorough analysis of all five regions considered. Also, the study
of plant responses under controlled conditions, currently underway, will shed more light on the
effects of these major heading time loci.
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Table 2. Population by population analysis of field heading date. Range of variation, and effect of two genomic regions
at chromosomes 1H, and 2H on deviation of heading date on population mean.

Haplotypes, Eam6 region’ Haplotypes, Ppd-H2 region’
Heading date Heading date
range (days) range (days)
Parents Parents' DH’ I I I IV V P(T<=t) I I I PT<=t)

Albacete Monlon 1.0 7.5 1.7 -1.8 0.09 0.0
Albacete Plaisant 0.3 6.0 0.3 -0.3 0.49 0.0
Alexis Pané 1.9 10.2 1.4 -0.9 0.14 -0.1 0.2 0.84
Angora Clarine 1.0 7.2 0.0 0.0
Barberousse Albacet 1.5 9.0 2.6 3.2 0.01 0.0
Barberousse Monlon 5.2 8.7 0.0 0.0
Barberousse Plaisant 1.8 6.8 0.0 0.0
Barberousse Tipper 0.3 11.2 5.0 -3.9 0.25 0.0
Beka Monlon 6.4 16.4 2.9 -1.4 0.04 -2.2 3.3 0.00
Clarine Plaisant 0.2 9.8 0.0 0.0
Gaelic Tipper 2.8 10.8 5.8 -1.9 0.01 0.0
Nevada Beka 3.0 9.7 -0.4 0.7 0.52 -0.3 0.2 0.72
Pané Plaisant 1.3 10.5 1.6 -0.7 0.09 0.0
Plaisant Orria 2.6 9.0 -0.5 0.5 0.41 0.0
Seira Alexis 1.3 9.2 0.0 0.41 -0.7 0.2 0.02
Seira Tipper 4.5 13.2 -0.3 0.2 0.84 3.0 -0.8 0.49
Seira Orria 4.0 9.2 0.2 -0.3 0.67 -0.2 05 0.72
All populations 02b°1.5¢-0.1-0.1 -1.1 ~ 0.003° -0.7 1.4¢c 0.7b 0.001°

! Heading date difference (in days) between the parents of each population
? Heading date range (maximum-minimum, in days), for each population of doubled haploid lines
3 Average effect of each haplotype for each population, measured as the overall deviation (in days) from population mean
* Probability of finding a statistic equal or larger than the observed, using a two-tailed t comparison for samples with equal variances
> Values followed by the same letter are not significantly different according to a F-protected LSD, P<0.05.
% F test probability of an analysis of variance including polymorphic populations for each QTL region
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The Distribution of Retrotransposon-Based (S-SAP) Markers in European
Barley Cultivars
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Abstract

The retrotransposon based S-SAP technique has been shown to be a highly informative method
for genetic analysis. We have evaluated primers designed from the LTRs of six retrotransposon
families in conjunction with a large number of selective Msel primers to evaluate the most
informative primer combinations that generate high quality profiles. Following extensive
screening, we selected six of these primer combinations from four of the retrotransposon families
for wider application. This subset of primer combinations has been used to profile a set of over
500 barley cultivars using the S-SAP technique. The barley cultivars were chosen to represent
the barley germplasm cultivated across Europe during the past 50 years. This has allowed us to
determine the relationships among and between a range of genotype/ germplasm classes at these
loci. Thus, our research gives insight into trends and events that have shaped barley breeding
programmes over the past 50 years.

Introduction

The ‘Gediflux’ project is an EU collaborative project that aims to determine changes in the
genetic diversity of four crops; barley, maize, potato and wheat over the past 50 years. To
achieve this, a set of more than 500 barley varieties has been created from the varieties in
commercial use in European countries that evenly represents the material grown in each decade.
This material encompasses the winter / spring and 2 / 6 row phenotypes, as well as including
selections that represent the introduction of disease resistances and key donor germplasm based
on pedigree analysis. The genetic diversity of these barley varieties has been assessed using a
range of molecular markers including the retrotransposon based marker system S-SAP (sequence
— specific amplification polymorphism). Preliminary analysis of this data has allowed easy
classification of the varieties into groups that reflect 2 phenotypic characteristics.

Material and Methods

DNA was extracted from the flour of 30 seeds of each variety using the Qiagen Dneasy kit. DNA
was genotyped using the S-SAP protocol of WAUGH et al. (1997) was followed with minot
modifications, detailed in LEIGH et al. (2003).

Results and Discussion

A set of 101 alleles was identified from 4 retrotransposon primer combinations. The map
location of 23 of these alleles was known whilst the remaining 78 alleles were unmapped. The
mapped alleles were evenly distributed through the barley genome.

Material was classified into spring and winter varieties, and 2- and 6-row varieties. Jaccards
analysis was performed followed by principle co-ordinate analysis. Scatterplots revealed that two
distinct clusters were generated; these corresponded to the 2-row spring barley and the 6-row
winter barely varieties. The 6-row spring and 2-row winter barley varieties formed two clusters
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between these extremes. The clustering was sufficiently strong to allow the unknown habit of a
variety to be predicted from the position of the variety within the plot. Indeed, the efficiency of
this prediction was 97.5% in 2-row spring barley’s and 89.8% efficient overall.

To understand the power of the mapped markers, the efficiency of this subset of 23 mapped
markers at predicting the habit of a variety was calculated in the same way. The mapped markers
were only 11.3% less efficient than the complete set of 101 markers (of which they were a
subset) whilst the set of 78 ‘anonymous’ markers was 2.1% less efficient than the complete
marker set. Therefore, the 23 mapped markers are 88.7% as efficient as the complete set of 101
markers, require only a quarter of the effort and provide information across the whole genome.
Future work will investigate the key alleles that are responsible for the classification of the
germplasm into four groups. Additionally, changes in the genetic diversity of the set of varieties
will be calculated and related to events that have shaped barley breeding where possible.
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Abstract

Over 150 barley RGA clones were generated by using two pairs of degenerate primers
designed from nucleotide binding domain (NBD) of several previously cloned disease
resistance genes. The resultant RGAs were characterized based on both DNA sequence data
and RFLP patterns after Southern hybridization. Representative clones were mapped using
NABGMP mapping populations and disease resistance near-isogenic lines. Thirteen different
barley RGA classes were identified. The encoding amino acids indicated that all these 13
clones, except one, contained continuous open reading frames and had characteristic regions
of NBD. RGA-related clones were mapped to all barley chromosomes except chromosome 7.
One RGA mapped to chromosome 4 and at least 2 markers mapped to each of the remaining
barley chromosomes. Almost all of the RGAs mapped to barley chromosomal regions which
previously had been reported to contain known disease resistance factors. DNA sequence
comparisons showed that a diverse group of RGAs has been identified.

Introduction

Most of the cloned plant resistance genes encode common sequence motifs, including
nucleotide-binding site (NBS) and a series of leucine-rich repeats (LRR). The NBS/LRR
domains are speculated to be involved in recognition or signal transduction during the
interaction of resistance gene and pathogen molecules (ELLIS et al. 2000). PCR
amplification of these motifs using degenerate primers is a rapid approach for the
identification, isolation and PCR cloning of RGAs (KANAZIN et al. 1996; YU et al. 1996;
LEISTER et al. 1998; MAGO et al. 1999). RGAs have been isolated from many plant species
including grain crops rice, wheat, barley and maize (COLLINS et al. 2001; LEISTER et al.
1998). Genetic mapping of RGAs demonstrated their clustering in the vicinity of previously
mapped disease resistance (R) genes (GRAHAM et al. 2000; COLLINS et al. 2001). This
makes RGAs very useful for the discovery of R-genes. The objectives of this study were (1)
to identify RGAs from barley, (2) to localize them in the barley genome, and (3) to examine
any possible associations with known barley resistance genes.

Material and Methods

Plants Materials

Genomic DNA of barley cultivars ‘Steptoe’, ‘Morex’, ‘Harrington’, ‘TR306’°, and ‘LUGC’
were used for PCR amplification of the RGA sequences. Three barley double haploid (DH)
NABGMP populations of the parents Steptoe x Morex (SM) (150 DH lines) Harrington X
TR306 (HT) (150 DH lines) and LUGC x Bowman BC (LB) (106 DH lines) were used for
the genetic mapping of the RGA sequences. To search for possible association of the RGA
clones with specific resistance genes, a number of barley near isogenic lines (NILs) were
screened with the above-mentioned RGAs.

Amplification and Cloning of the PCR Products
Two pairs of degenerate primers were used in the study. They were designed from the
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conserved motifs of the NBS in tobacco N and Arabidopsis RPS2 genes. For the first pair of
the primers, the forward primer was designed based on kinase-1a region, and the reverse
primer was designed near the kinase-3a region (YU ef al. 1996). This primer pair is hereafter
referred to as BN primers and clones derived from the sequences amplified with this primer
pair are referred to as BN-class RGAs. For the second pair of primers, the forward primer (5°-
GGIGGIGTIGGIAAIACIAC-3’) was slightly different from that of the BN primer, and the
reverse primer (5’-ARIGCIARIGGIARICC-3’) was designed from the downstream region
(GLPLAL). The second primer pair is hereafter referred to as GL primers and clones as GL
class RGAs. For PCR with BN primers, 2.5mM of MgCl,, 200uM of dNTPs, 1.0uM of each
primer and 2.5u of Tag DNA polymerase (Invitrogen) and 50ng of DNA template. PCR
profile: 94°C for 3 min, 18 cycles of 1 min at 94°C and 1 min at 72°C; annealing began at
69°C and was reduced by 1°C per cycle to 61°C followed by 25 cycles of 1 min at 94°C, 1.25
min at 60°C and 1 min at 72°C. The PCR conditions with GL primers consisted of a hot start
(3 min at 94°C), and 42 cycles of 1 min at 94°C, 1 min at 45°C, and 1 min at 72°C. The PCR
products amplified with the GL and BN primers were purified from agarose gel slices using
Qiaex II gel extraction kit (Qiagen, Valencia, Calif.). The purified products were subcloned
into pCNTR vector (5Sprime-3prime, Boulder, Co.) following the manufacturer’s instructions.

RFLP Analysis

DNA extraction and RFLP analysis were essentially as previously described (SAGHAI
MAROQOF et al. 1984) using six restriction enzymes, Dral, EcoRI, EcoRV, Hindlll, Sstl, and
Xbal. Mapmaker/exp 3.0 at LOD = 3.0 with maximum Haldane distance of 50 cM was used
for genetic linkage and distance determination (LANDER et al. 1987).

DNA Sequencing

DNA was sequenced using an ABI377 DNA sequencer. Plasmid template was prepared using
standard alkaline-lysis method followed by purification with QiaexII (Qiagen Inc., Valencia,
CA). Dye-terminator cycle sequencing was done based on the manufacturer’s protocols
(Perkin Elmer, Foster City, CA).

Results and Discussion

Cloning, Characterization and Mapping of Barley RGAs

PCR-amplification of barley genomic DNA using BN- and GL-class primers resulted in
major products of the expected sizes of 340 bp and 540 bp, respectively. These PCR products
were gel-purified and cloned. A total of 109 BN-class and 81 GL-class RGAs were analyzed
by RFLP using a set of diagnostic blots containing six barley parental lines digested with six
restriction enzymes. Clones were grouped based on RFLP patterns. High copy number clones
were discarded. Remaining single or low copy BN and GL RGAs were grouped into six and
ten classes, respectively. 70% of the BN and 53% of GL clones belonged to one class. At
least one representative was sequenced from each class. DNA sequences from three BN and
five GL clones contained open reading frames (ORF). These clones, representing eight
different classes, are BN1-C7, BN1-C8, BN1-D5, GL2-B1, GL2-B4, GL2-B11, GL2-B5 and
GL3-H11. Also, sequence analysis showed that three BN classes represented by BN1-A10,
BN1-B10 and BN2-D3 and four GL classes represented by GL1-A2, GL2-D5, GL2-E4, and
GL4-A2 were interrupted by stop codons.

RFLPs, identified in the hybridization studies, were used to map the above-mentioned RGAs
in the barley genome using three DH populations. A total of 15 sequences were placed on 6
chromosome (except SH). Because RGA are potentially derived from disease resistance
genes, experimental RGAs were expected to be located in the vicinity of the previously
mapped disease resistance genes. The comparison of the location of the RGAs with the
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position of R-genes was based on the position of common markers linked to RGAs in our
maps as well as R-genes in other maps. Three RGAs, GL2-E4, GL2-D5 and GL4-E1 were
mapped onto the chromosome 7H (Fig. 1). GL2-E4 was mapped onto the centromeric region
in the SM population. This region harbors several QTLs conferring resistance to fusarium
head blight (FHB) and kernel discoloration (KD) (DE la PENA et al. 1999), and Rpt4
conferring resistance to the spot form of the net blotch (NB) (WILLIAMS et al. 1999). Two
other RGAs, GL2-D5 and GL4-E1, were clustered in the long arm of the chromosome 7H,
where three single leaf rust resistance genes Rphq9, Rph3, Rph19 were mapped and QTL for
barley yellow dwarf virus (BYDV) was identified (TOOJINDA et al. 2000) (Fig. 1). Four
RGAs were positioned onto the long arm of the chromosome 2H covering the genetic
distance of about 23 ¢M (Fig. 1). These RGAs may have associations with Ha2 — cereal cyst
nematode resistance gene (KRETSCHER et al. 1997), QTLs for FHB (DE la PENA et al.
1999) or BYDV (SCHEURER et al. 2001) (Fig. 1). GL2-B1 and GL2-B4 were assigned to
the short and long arms of the chromosome 3H, respectively in the SM population (Fig. 1).
Position of GL2-B1 clone is of great interest, since several QTLs such as FHB (DE la PENA
et al. 1999), BYDV (SCHEURER et al. 2001) and NB (RICHTER et al. 1998) as well as
single BYDV resistance gene Yd2 were previously mapped within this region. With respect to
GL2-B4, this clone was mapped near the QTL for stripe rust (SR) (TOOJINDA et al. 2000)
and KD (DE la PENA et al. 1999). GL1-A2 appears to be closely linked to the Mlg gene on
the chromosome 4H (Fig. 1). The close linkage between GLI1-A2 and Mlg was also
confirmed by RFLP analysis of the NILs. GL4-A2 and BN1-A10 were mapped near Mlal2
on the chromosome 1H (Fig. 1).

The discovery of conserved sequence motifs between plant disease resistance genes
has resulted in their use to design candidate gene approaches for identifying resistance genes
and analyzing their distribution in plant genome. In this study, 13 different classes of barley
RGAs were isolated from barley using two pairs of degenerate primers. The results of our
genome-wide mapping of the RGAs identified a number of new barley RGA loci: on
chromosome 1H: BN1-A10 and GL4-A2; on chromosome 2H: BN1-C7; on chromosome 4H:
GL1-A2; on chromosome 6H: BN2-D3 and on chromosome 7H GL2-D5, GL4-E1 and GL2-
E4. All the above-mentioned RGAs did not find any significant matches during BLAST
search and can be considered as unique RGA loci. However, some RGAs such as GL2-B11,
GL2-B1 and BNI1-D5 exhibited high similarity with the previously reported ones. Many
authors have reported close associations between RGAs and disease resistance loci and QTLs
(WANG et al. 2001, GRAHAM et al. 2000). In some cases genetic linkage of RGAs with
already mapped R-genes manifests the physical proximity (~100 Kb) (WEI et al. 2002). This
fact makes them extremely attractive for map based cloning of disease resistance genes. In

addition, such RGAs can be useful markers in marker-assisted selection of resistant

genotypes. In this study, many experimental RGAs were mapped in the vicinity of known R-
genes.
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Abstract

This paper presents the preliminary results from the genetic analysis of a barley four way
cross. The population has been extensively phenotyped for malt quality and adaptation
characteristics, through evalution as a mainstream breeding population within the South
Australian Barley Improvement Program (SABIP). Of the 841 Doubled Haploid (DH) lines
837 lines were evaluated in double row trials, with 350 individuals promoted to stage one, 70
individuals to stage two and ten individuals to stage three. One line (WI3408) has
subsequently progressed to commercial scale evaluation, with likely commercial release. Due
to the large size of this population, high throughput technology was adopted for the
genotyping. There were 290 microsatellite markers (SSRs), 90 of which were EST derived
that were selected for the initial parental screening, based on their association with the traits
of interest for this population. Of these combined markers, approximately 60% were
polymorphic between one or more parents. An initial skeletal map is currently under
construction using a minimum of 48 microsatellites from the parental screens. The 350 stage
one lines will be screened more comprehensively as will the 70 stage two lines and the ten
stage three lines respectively.

Keywords: barley; whole genome analysis; microsatellite markers

Introduction

Genetic mapping in cereals has been almost exclusively applied to populations derived from
simple crosses. Genetic studies are now beginning to target broader population structures to
take advantage of association mapping and whole genome analysis techniques. The
germplasm used in this experiment is a significant departure from typical mapping population
structures. This population will assess the ability of feed varieties to improve the agronomic
performance of elite, malting barley varieties for Australian growing conditions, and the
possibilities of breeding for a molecular ideotype.

There have been significant developments in marker technology allowing for marker
saturation of key regions in the genome. This development has been made possible by the
availability of markers closely linked to traits of interest within the breeding program.

Material and Methods

Germplasm

Initial crosses were made between Chieftan and Barque and similarly between Manley and
VB9104, resulting in ‘single cross’ F; plants. These F; plants were then intercrossed, and 841
DH lines were derived from nine different intercross F; plants. The number of these DH lines
generated per plant ranged from four to 332 with 206 lines and 332 lines being the two largest
sets.
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Phenotyping

Of the 841 DH lines, 837 were evaluated in double row trials in 1999 and are under
evaluation again in 2004. All lines from 1999 trials were harvested, and data collected on
screenings and quality traits were assessed by near infra-red spectroscopy (NIR). There were
350 selected individuals promoted to stage one yield trials in 1999, grown as one replicate at
three sites, with seven cultivars as grid checks. Agronomic observations were recorded, yield
measured and IOB wet-chemistry quality data obtained. 70 individuals were advanced to
stage two yield trials in 2000 and evaluated in unreplicated trials at eight sites. Data was
collected as in stage one but with more detailed quality analyses. Ten individuals were
advanced to stage three yield trials in 2001, which were evaluated in replicated trials at eight
sites.

Genotyping

DNA extractions were performed as described in ROGOWSKY et al. (1991) with some
minor adjustments to facilitate the high throughput grinding of leaf material. An SSR based
marker system was chosen to genotype this population using a combination of fluorescently
labelled and unlabelled primers. These primers were amplified using a touchdown PCR
reaction with an annealing temperature of either 50° C or 55 ° C. Each 12.5uL reaction
contained 2uLL DNA, reaction buffer (Qiagen), Q solution (Qiagen), 1.50mM MgCl,, 10uM ot
each forward and reverse primer, 0.24mM dNTPs, 0.25 unit of Qiagen Taq polymerase.
Three fluorescent labels FAM, HEX and NED were used to facilitate multipooling, or
simultaneous analysis of these markers. Labelled samples were electrophoresed on the ABI
3100 and analysed with Genotyper software. Unlabelled SSRs were analysed on 8%
acrylamide gels, stained with ethidium bromide and visualised using a gel documentation
system. Due to the size of the population a 384 well plate format was used in conjunction with
the Corbett CAS-3800 pipetting robot.

Results
The minimum density of SSR markers for linkage map construction was selected based on
their map positions around known QTL and specific traits of interest (Table 1).

The parental germplasm was screened with 290 SSR markers. From this screening there were
174 polymorphic markers detected (142 fluorescent labelled and 32 unlabelled). Of these 174
markers, 20 could distinguish between each parental barley genotype in this study i.e. produce
four alleles (Figure 1).

Up to eight PCR products, which were amplified using fluorescently labelled primers, were
resolved simultaneously on the ABI 3100 (Figure 2). Markers were then assigned to groups
also more commonly referred to as kits based on the expected size of the PCR product. Each
group comprised markers with all three of the fluorescent labels. To date, 22 kits have been
formulated for the labelled primers of which six kits have been completed and analysed for
the initial parental screen.

For the purpose of the initial skeletal map, approximately four markers per chromosome arm
(48 SSRs, 40 fluorescently labelled, eight unlabelled) were selected ensuring even coverage
across the genome and relevance to the traits of interest. The molecular marker work for the
skeletal map has been completed and the map construction is in progress.
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Discussion

The full set of DH lines of the Barque/Chieftan//Manley/VB9104 cross is similar to a very
large conventional mapping population. However, the population is derived from intercrossed
F, plants and from four parents that are not all necessarily homogeneous and homozygous.
Some markers appear to have more than four alleles present, suggesting that one or more of
these parents could be heterogeneous and/or heterozygous. Preliminary analysis suggests that
the additional alleles were derived from Barque. However, further investigation would also
support that VB9104 is not a fixed line and is heterozygous for some loci. Using additional
SSR markers, a high density map will be generated on a sub group of the initial 841 DH lines,
comprising the 350 stage one lines. This will facilitate measurement of frequency changes to
alleles in response to pragmatic selection, and the identification of conserved linkage blocks
associated with superior agronomic or quality phenotypes.

This analysis will determine the genetic basis of the elite line WI3408, which is a member ot
the largest family of 332 lines. W13408 is currently being considered for commercial release,
targeting medium-low rainfall production environments and export markets requiring high
diastase and highly fermentable malt.
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Table 1. Characteristics of the four parental lines, Chieftan, Barque, Manley and VB9104.
The key genetic locations presumed to influence the traits are also shown.

Chieftan | Barque | Manley | VB9104 | Chromosome
Scald R S S MR 3H
SFNB S R S MR 7H
Mildew R MR S S 2H,4H
Height SD T T T 3H
Maturity L E L E 2H
Leaf rust R S S S SH,7H
Lodging R MS MS 2H
Extract H L H M 1H,2H,5H
DP M L VH M 1H,4H,5H
Viscosity L H L MH 1H
Fermentability | M L VH M 4H,6H
CCN(Ha4) S R S S SH
Yield M H L H 2H,3H,4H,7H
Grain size SM ML M VL 2H
Ppd sens sens 2H
Eps E E 2H

SFNB — spot form net bloch; DP - diastatic power; CCN — cereal cyst nematode; ppd — photo
period response; eps — earliness per se; R — resistant; S — susceptible; MR — moderately
resistant; MS — moderately susceptible SD — semi-dwarf; T — tall; L — late; E — early; H —
high; L — low; M — moderate; VH — very high; MH — moderately high; SM — small to
medium; ML — medium to large; M — medium; VL — very large; sens - sensitivity
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The Multivariate Data Analysis Revolution in Genetics, Plant Breeding and
Biotechnology
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Abstract

The main focus in genetics since the rediscovering of the laws of Mendel 100 years ago has
been centered around gene analyses. As the developmental geneticist Waddington in 1969
pointed out: “They say nothing what so ever about the actual phenotypes concerned”. Classic
statistics is set up for studying gene populations and has difficulties in characterising
biological individuals and the imprint of genes on the phenotype. This paper presents
supplementary experiments to our earlier publications and aims at proving that NIR
spectroscopy and multivariate data analysis will be able to revolutionise the view of the
mutual connections between the genome and phenome aspects of data.

Near infrared reflection spectroscopy (NIR) technology, now widespread in quality control,
makes it possible with high precision to obtain a total multivariate physical chemical
fingerprint of the barley endosperm. Whole spectroscopic fingerprints of the physics and
chemistry of barley seeds can be interpreted by multivariate analyses such as Principal
Component Analysis (PCA) for classification and Partial Least Squares Regression (PLSR)
for correlation. PCA classification of NIR spectra can differentiate between mutants and
alleles in the /ys3 and lys5 loci and can as well be used as specific multivariate selection
criterion for improving a multigene quality complex in barley as a whole increasing starch
and reducing fibre content. Based on classification of NIR spectra two alleles in the /ys5 locus
were characterised as a new class of (1—3,1—4)-B-glucan compensating starch mutants.

Material and Methods

Two barley materials are used: Material I: 49 samples of /ys5f and lys5g low starch mutants
(DOLL 1983; JACOBSEN et al. 2004)) with moderate increase in lysine (appr.10%) and
recombinant crosses as well as normal barley lines were grown in greenhouse (n=13), outdoor
pots (n=7) and field (n=6) in 2000. Material II: 14 samples of the very high mutants /ys3a and
lys3m and seven segregants (0502, 0505, 0531, 0538, 0556, Lysimax, Lysiba) as well as six
normal barley lines (two samples of Minerva, Bomi and Triumph) were grown in the field in
1991. Multiplicative signal corrected (MSC) NIR measurements were obtained on flour from
all samples (MUNCK et al. 2001). Protein, Amide, Starch and (1—3,1—4)-B-glucan were
determined according to MUNCK et al. (2001). The “Unscrambler” software (Camo A/S,
Trondheim, Norway) was used.

Results and Discussion

Differentiating between Gene Specific and Environmental Effects on NIR Spectroscopy
Patterns from Barley Endosperms

Figure 1A shows the MSC-corrected NIR spectra from 49 samples of barley grown in
greenhouses, outdoor pots and in the field. The barley material consists of normal barley
varieties (N) and two low starch mutants (/ys5f and lys5g) selected at Rise (MUNCK et al.
2004) as moderate high-lysine lines with the dye-binding method. The /ys5f mutant is more
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drastic than lys5g. The mutants are in the same locus and are identical to Risg mutant 13
(background Bomi) and mutant 29 respectively (background Carlsberg II). In this material
there are additional homozygotic mutant recombinants (doubled monoploids) from crosses
with normal barley.

By using the unsupervised classification algorithm PCA in evaluating the whole spectra in
Figure 1A, six clusters according to genetic parameters as well as for environment can be
interpreted by consulting the field book (Figure 1B). Normal samples are located diagonally
in the top left corner, whereas /ys5 mutants and recombinants are spread diagonally in the
bottom right corner. There is a tendency that the more drastic mutant /ys5f is placed in the
periphery of the /ys5 clusters (Figure 1B). Furthermore, it is seen that samples in the two
clusters grown in greenhouse are located diagonally in the bottom left corner below the
division line, samples from field (bold) are located in the middle and samples grown in
outdoor pots are placed diagonally in the top right corner.
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Figure 1A. Average NIR spectra (MSC) from normal barley grown in greenhouse (n=5) and field (n=8), lys5f
mutants and crosses grown in greenhouse (n=6) and outdoor pots (n=4) and Ilys5g mutants and mutant
recombinants crosses grown in greenhouse (n=13), outdoor pots (n=7) and field (n=6). B. PCA (PC1:2) score
plot of NIR spectra (MSC) for 49 samples of normal barley (N, Nb=Bomi) and mutants and mutant
recombinants crossings of lys5f (5f) and lys5g (5g) grown in three environments: greenhouse, field and in pots
outdoors. Squared samples are original mutants. C. Average spectra of normal barley (N) and mutants of /ys5f
(5/) and lys5g (5g) grown in greenhouse and field. Table. PLSR predictions of chemical properties
(BG=1-3,1—>4)-B-glucan) from NIR spectra (MSC). RE = relative error in percentage, PC = number of
Principal Components used in the model.

Because samples located near each other in a PCA plot indicate similar pattern of variables,
here NIR wavelengths, mean spectra from the six different clusters in Figure 1B can be
characterised by visual inspection. In Figure 1C an interesting small area from 2260-2380nm
marked with a square in Figure 1A is enlarged for the average spectra of the six classes in the
PCA in Figure 1B. It is easily recognised that the average curve form in Figure 1C of the
normal barley (N, stippled lines) is quite different from those of the mutants (punctuated line
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lys5f, whole line lys5g). While the normal barley’s have a decided plateau at 2285-2295nm
the slope is here much steeper with the two /ys5 mutants. Likewise the mutants have a
characteristic bulb at approximately 2350nm which are almost non existent in normal barley.
This bulb is larger in the spectra of the /ysjf mutant than for that of /ys5g.

When comparing growing locations in Figure 1C it is seen that the curve form for each
mutant genotype is approximately the same while an offset base line indicates growing
location where the greenhouse has a higher intensity than the field. As indicated from the
PCA in Figure 1B, the original /ys5f and /ys5g mutations (marked with a square) are drastic
enough to obtain full penetrance in the recombinants. Thus the recombinants are classified
together with the original mutants in the PCA. As demonstrated by us (JACOBSEN et al.
2004; MUNCK et al. 2004) it is also possible to differentiate between several mutants and
alleles from the lys3, lys5 loci and other loci in the same data set with PCA.

Verifying the Chemical Nature of the lys5 PCA Cluster as (1—3,1—4)-B-Glucan
Compensated Starch Mutants

In an unsupervised PCA, where one does not know the origin of the samples, the spectra may
be inspected using prior knowledge regarding critical wavelengths indicative for certain
chemical bonds in order to define analyses for chemical validation. In comparing the
wavelength areas indicating different chemical compounds and bonds (Figure 1C), it is seen
that the mean spectra from the mutants and normal barleys are different from each other at the
wavelength about 2276nm correlating to starch, at 2294nm describing amino acids, at 2336
and 2352nm characteristic for cellulose content and unsaturated fat at 2347nm. From here it is
possible to make hypotheses about differences in chemical composition and to evaluate these
by choosing proper reference analyses for final validation.

Several authors like DOLL (1983) and GREBER et al. (2000) have suggested that the high
lysine mutants of barley could relate to starch synthesis which is more or less reduced in these
mutants. It was therefore surprising when we found (JACOBSEN et al. 2004; MUNCK et al.
2004) that lys5f and lys5g, which all were classified by NIR spectroscopy and PCA in the
same cluster, had a strongly increased content of (1—3,1—4)-B-glucan which to a large
extent compensated the low starch content. In Table 1 the chemical composition of the six
clusters and the individual genotypes classified in the experiment in Figure 1 are shown. The
drastic increase in (1—3,1—4)-B-glucan especially for the /ys5f genotype - up to 20% in dry
matter - is clearly seen. The lys5g genotype seems to fully compensate the loss in starch with
(1—3,1—4)-B-glucan as seen from the total figure of (1—3,1—4)-B-glucan plus starch (BG
+S, Table 1) which is comparable to the normal controls.

Table 1. Chemical properties (BG=(1—3,1—4)-p-glucan) of the six groups in Figure 1 as well as for lys5f and
lys5g compared to Bomi.

n BG Starch(S) BG+S Protein Amide

N Greenhouse 5 74417 50.1#3.9° 57.5+25%° 150+1.4 0.41+0.05
5 Greenhouse 19 14.6+3.0 33.5%7.5° 51.6x4.5° 17.5+1.3 0.44+0.04
N Field 4 50+09 559+35 60.9+2.8 10.5+0.8 0.26+0.03
5 Field 6  85+0.9 43.2+4.0° 55.1+4.4° 12.4+0.7 0.28+0.02
N

Outdoorpots 4  7.4+0.6° 44.6+1.3° 52.0+0.6° 16.7+0.4° 0.44+0.02°
5 Outdoor pots 11 13.332.6 - 18.1+1.1__0.440.04
Bomi compared to lys5f and lys5g mutants

Bomi Greenhouse 1 6.8 48.8 55.6 14.6 0.4
lys5f  Greenhouse 3 19.6£0.4 29.8+0.6 49.4+1.0 17.0t1.4 0.42%0.06
lys5q Greenhouse 6 13.1+0.8 44.7° 58.2d 17.4+1.0 0.43+0.04

h=4, °n=3, °n=2, “n=1
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Greenhouse conditions increases both protein and (1—3,1—4)-B-glucan while keeping the
relative differences between the different genotypes. The function of the highly reproducable
NIR spectrograph as a “multimeter” is clearly pointed out in Figure 1 (Table) displaying fully
cross validated PLSR prediction values for whole spectra in correlations to the different
chemical analyses including (1—3,1—4)-f3-glucan. This explains also the high discriminating
power of the PCA in Figure 1C using the same NIR spectral data.

The question is now if NIR spectroscopy interpreted by chemometrics is restricted to
detecting mutants with major effects on chemical composition? Is it possible to use this
technology in regular plant breeding e.g. to improve starch and reduce fibre content in the
very high lysine genotype lys3a - Risg mutant 1508 by crossbreeding and selection?

The Feasibility of Selecting for an Improved Gene Background for High Starch, Low Fiber to
the lys3 Gene for Starch by NIR Spectroscopy and Chemometrics

As demonstrated by MUNCK (1992) it is possible to breed for an improved kernel quality
and yield with the /ys3a mutant to reach the level of normal barley's. This results in an
improved starch content from about 48 to 53% which is equal to normal feed barley's. A
library of the original mutants, normal barley lines and yield-improved crosses was evaluated
by NIR. A section of this data bank from material grown in the field in 1991 is demonstrated
in a PCA (Figure 2A) which shows the pattern of the 14 NIR spectra 400-2500nm
characteristic for six normal barleys, two mutants and seven crosses in F5-10.

02 -] PC2(@%) Scores 0505 A 1.0 —| PC2(16%) B glucan Bi-plot B
Minerva 1 Amide .
1 " Protein
Minerva
o1 Mi 0556 1 3]
inerva —
0.5 i
0531 1 MineRa™ A o505 0531
0 Bomi 1 Bomi est
Bomi <4— Lysimax 4 0538
01 0502 0538 o]
) <— Lysiba ] 0502
Triumph ] 0556 @l
02 05 ] — Lysiba
T <«4— Lysimax
03 Triumph ] Triumph
] Starch
- -1.0 —| Triumph
047 ‘ ‘ , ‘ PC1 (87%) ume : : : PC1.(75%)
-1.5 -1.0 05 0 0.5 1.0 15 -1.0 05 0 0.5 10
Intensity

. triumph
049 Iyssaﬂl\l\mp C

0.48 -
047 -
0.46

0.45 —|

T - T T T T T T
2260 2280 2300 2320 2340 2360 2380 nm

Figure 2A. PCA score plot of NIR (MSC) spectra from normal barley (Bomi, Minerva, Triumph), mutants
(lys3a, lys3m) as well as high lysine recombinant lines (0502, 0505, 0531, 0538, 0556, Lysiba, Lysimax). B.
PCA biplot of chemical data (protein, B-glucan, amide, A/P, starch) at the same material. C. Comparison of the
MSC NIR area 2260-2380nm for samples of Triumph, mutant /ys3a and high lysine recombinant lines Lysiba
and Lysimax. Numbers are referred to in text.

It is clearly seen that the samples divide into two clusters: one with normal barleys (Bomi,
Minerva and Triumph) to the left, and the original /ys3 mutants (squared) lys3a and /ys3m and
their high-lysine segregates to the right. Lysiba and Lysimax are semi-commercial high-lysine
varieties with verified improved yield (about 10-15% better than the original mutant). The
lines Lysiba and Lysimax are thus a priori defined as positive selections. They are in the NIR
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PCA situated closer to the normal samples than for example lines 502, 531 and 538, which are
negative selections confirmed by their locations above and to the far right in the PCA (Figure
2A). If an unsupervised PCA is performed on chemical data (protein, amide, A/P, starch, -
glucan and rest = (100-(protein + starch +B-glucan)), almost the same pattern (Figure 2B) as
with NIR spectra (Figure 2A) is seen, indicating the physical-chemical basis of the NIR
measurements.

The PCA bi-plot of chemical data in Figure 2B shows that samples of Triumph, which are
known to have a very high starch content, are located close to the starch variable, indicating
that these samples are highly influenced by this variable. Opposite, still to the left, are
Minerva and Bomi samples highly influenced by amide, A/P and B-glucan. To the very right
the mutants /ys3a and lys3m are placed with the high-lysine segregates and together with the
variables protein and rest. The samples of Lysiba and Lysimax (Group 1) are located closer
to the normal varieties than the others, indicating a positive selection (with regard to starch) as
in the PCA with the NIR spectra. Samples 502 and 556 (Group 2) are located close together,
whereas the negatively selected samples 505, 531 and 538 (Group 3) are placed in between
the mutants.

When comparing the chemical data of these four groups one can easily see (Table 2) that
Group 1 with Lysiba and Lysimax has protein and starch content closer to normal varieties.
The amide content and A/P index is, however, more closely related to the mutants. This
means that they still are likely to have a content of essential amino acids as high as the
original high-lysine mutants combined with an increase in starch (mean) from 48.7 to 52.6 %.
Group 2 is intermediate in starch content with reduced protein content, while Group 3 has as
high protein content as high as the original mutants with only a slight increase in starch. The
wavelength area used in earlier investigations (2260-2380nm) is compared for spectra from
samples of the normal barley Triumph, /ys3a and from the positive selected lines Lysiba and
Lysimax. From Figure 2C it is seen that the curve forms for Triumph and lys3a are very
different, and that those of Lysiba and Lysimax are intermediate between lys3a and normal
barley.

Table 2. Average and standard deviation of chemical data for the five groups from the lys3 breeding experiment.

Normal (n=6) Group 1 Group 2 Group 3 Group 4
Protein (P) 11.3+0.4 11.7+0.1 11.7+0.1 12.6+0.2 12.5+0.2
Amide (A) 0.28+0.03 0.21+£0.007 | 0.21+0.007 | 0.22+0.02 0.23
A/P 15.5+0.9 11.0+0.3 10.9+0.4 10.7+0.8 11.4
Starch 54.6+2.5 52.6+0.5 50.0+0.1 49.4+1.5 48.7+0.2
3-glucan 4.7+1.1 3.1+0.1 3.1+0.2 3.1+£0.3 2.8+0.5
Rest (100-P+S+BG) 29.5+1.8 32.7+0.5 35.3+0.3 34.9+1.8 36.1+£0.5
Group 1= Lysiba, Lysimax Group 2= 502, 556  Group 3= 505,531,538 Group 4= lys3a, lys3m

The improved high-lysine lines have adopted some characteristics from the normal curve
form. In the wavelength area 2285 to 2295nm (arrow marked 1) the Triumph curve form is
horizontal and lys3a is diagonal, while Lysiba and especially Lysimax are approaching the
normal horizontal condition.

It is also seen that the bulb in /ys3a at the arrow marked 2 (Figure 2C) is much reduced in
Lysiba and especially Lysimax indicating a more normal barley state. This area correlates to
unsaturated fat (2347nm) and cellulose (2352nm). The content of these analytes should be
tested further to detect the reasons why the samples separate from each other. A lower content
of unsaturated fat and cellulose (fibre) in Lysiba and Lysimax should be expected.
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Data Breeding - NIR Spectroscopy and Chemometrics in Breeding for Improved Physical-
Chemical Composition as Whole Integrated Genetic Complex

We first introduced the concept of “data breeding” at the IBGS-VIII meeting in Adelaide in
2000 (MUNCK et al. 2000). As seen in the PCA of the whole NIR spectra in Figure 2A it is
possible by crossbreeding and selection to move the /ys3a segregants Lysimax and Lysiba in
the direction of the arrow towards normal barley (Triumph), signifying an improved starch
content verified by the PCA for the chemical analyses in Figure 2B and Table 2. Near
Infrared Transmission (NIT) spectroscopy is today used as a “blackbox” technology in plant
breeding by analysing for specific chemical parameters such as protein and water by a closed
chemometric prediction model given by the instrument manufacturer. By introducing
chemometrics to be used directly by the plant breeders the closed box can be opened so that
they themselves can make their own NIT barley seed classifications and correlation models
tailored to their own materials and needs. This is demonstrated for malting barley in these
proceedings by MOLLER and MUNCK (2004).

The need for a paradigm shift to obtain a more balanced view between the genotype and
phenotype by classifying the (barley seed/endosperm) phenotype as a whole physical-
chemical pattern to monitor gene expression was forecasted already in 1969 by the great
geneticist C.F. Waddington (1969). First now such a much needed paradigm shift is possible
by combining spectroscopy (NIR) with chemometrics (PCA) as visualised in this paper. We
conclude that different mathematical models should be used for the gamete and zygot
levels of biological organization (MUNCK 2003) where classic probability statistics
effective on the gene recombination level should be complemented by pattern
recognition data analysis (chemometrics) for analysing gene expression at the phenotype
level.
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Identification of RAPD Markers Linked to Salt Tolerance in Cultivated
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Abstract

Randomly amplified polymorphic DNAs (RAPDs) were used to search for markers associated
with salt tolerance in barley. Initial screens involved growing 63 cultivated and wild barley
genotypes in saline conditions and testing for shoot sodium content along with other
physiological traits. From these tests 5 tolerant and 5 non-tolerant genotypes were selected.
DNA from the tolerant and non-tolerant genotypes were formed into two contrasting bulks
and interrogated using 30 different 10-mer RAPD primers. One primer (P15) produced a band
found only in tolerant lines, and additionally produced a smaller product found only in the
non-tolerant group. Primer P10 produced a band specific to the tolerant bulk and P22
produced a band specific to the non-tolerant group.

Keywords: RAPD markers; salt tolerance; cultivated and wild barley

Introduction

Soil salinity is a major concern in arid and semi-arid areas of the world, including Iran. The
exploitation of tolerant crops is one approach to the problem and barley is considered to be
the most salt tolerant cereal crop (MASS et al. 1977; GILL & DUTT 1987). Wide genetic
variation exists for salt tolerance in both cultivated (Hordeum vulgare) and wild (H.
spontaneum) barley germplasm (PAKNIYAT et al. 1997). Common tests for salt tolerance in
barley have involved measuring tissue sodium content, carbon isotope composition and
proline content which have been correlated with dry matter content in salinity tests
(FORSTER et al. 1994; PAKNIYAT et al. 1997, 2003).

A wide range of genetic markers is available for study in barley. Here we use RAPDs as a
quick and easy method to search for DNA markers associated with salt tolerance in selected
lines contrasting for tolerance. In a previous study PAKNIYAT et al. (2003) used shoot
sodium and proline content to screen for salt tolerance in 63 Iranian genotypes of cultivated
and wild barley. From this study we selected the most tolerant and most non-tolerant
genotypes. RAPD fingerprinting of the two contrasting bulks was used to identify markers
associated with tolerance and non-tolerance and tested further in other material where
tolerance had been measured.

Material and Methods

Plant Materials and Genomic Isolation

A total of 14 wild and cultivated Iranian genotypes were selected; 5 most tolerant, 5 most
non-tolerant, and an additional group of 4 tolerant genotypes (Table 1).

DNA was extracted from two week old seedlings of the 14 genotypes using the CTAB
method (DOYLE & DOYLE 1987). DNA was extracted separately from each individual
genotype. Two bulks were formed, a tolerant and a non-tolerant bulk (Table 1) and used in a
bulked segregant analysis (BSA, MICHELMORE et al. 1991). DNA bulks consisted of 3l
(15ng plI”' DNA) from each contributing genotype. The additional tolerant genotypes were
used to test further any selected marker from the BSA.
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Table 1. Fourteen selected barley lines formed into tolerant and non-tolerant groups using
shoot Na' content data from PAKNIYAT et al. (2003)

Genotypic Na' content mg/g
identification dry weight
Tolerant bulk genotype

Vineyard (Hs) 10.77
Afzal (Hv) 12.17
Victoria (Hv) 14.83
Plot. No. 21 (Hs) 15.50
Na-cc-4000-123/Walfajre (Hv) 15.75
Non-tolerant bulk genotypes

Vineyard (Hs) 24.33
Asse/Karoon (Hv) 24.67
Reihan (Hv) 25.17
Star/Jenusa/em//Rihan-03(Hv) 27.00
Additional tolerant genotypes

Plot. No. 34 (Hs) 16.20
80-5010/Mona (Hv) 17.77
Valfajre (Hv) 16.90
Black grain (Hv) 17.67

Table 2. Primer nucleotide sequence used to amplify DNA

Primer Sequence Primer Sequence
designation 5'-3' designation 5'-3'
Pl ACACAGAGGG P16 CCTGGGCTTC
P2 CCTCTCGACA P17 CCTGGGCTTG
P3 TCTCAGCTGG P18 CCTGGGCCTA
P4 GTGTGCCCCA P19 CCTGGGCCTC
P5 CCACGGGAAG P20 TGCCCCGAGC
P6 TCGGCGGTTC P21 TTCCCCGACC
P7 CTGCATCGTG P22 GAGGGCGGGA
P8 TGAGCCTCAC P23 AGGGGCGGGA
P9 TCGGCACGCA P24 GAGGTCCAGA
P10 CTGCGCTGGA P25 GGGGGTTAGG
P11 CCATTCCCCA P26 ATCGGGTCCG
P12 GGTGAACGCT P27 CCGTGCAGTA
P13 CTCCCTGAGC P28 TAGCCGTGGC
P14 TTCCGGGTGC P29 GGCTAGGGGG
P15 GAGCTCGCGA P30 TACGTGCCCG

Polymerase Chain Reaction Conditions

PCR was carried out essentially as described by WILLIAMS et al. (1990). Thirty 10-mer
oligonucleotide primers were used for DNA amplification (Table 2). Amplifications were
performed in a Technogene Co. thermocycler with one cycle of 30 mins at 94°C followed by
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40 cycles of: 1 min at 94°C, 1 min at 38°C and 1 min at 72°C. After the final cycle samples
were incubated at 72°C for 4 minutes and then held at 4°C prior to analysis. Amplification
products were separated by electrophoresis in 0.7% agarose gels and detected using ethidium
bromide and UV light. Each amplification was performed using a single primer and gels
scored for the presence and absence of products.

Results and Discussion

Four primers (P3, P26, P27 and P30) did not produce amplification products, two (P7 and
P28) produced vague un-scorable bands and P17 and P20 did not produce any polymorphic
bands. The remaining 22 primers produced polymorphic bands suitable for BSA, of these 20
produced bands that were specific to one or other of the two contrasting bulks. P10, for
instance, produced a band that was present only in the non-tolerant bulk and P22 generated a
band that was present only in the salt tolerant bulk.

Once discriminating primers were identified they were tested further and applied to each
individual making up the bulks. P15 was particularly interesting as it produced two
polymorphic bands: a large band product that was present only in non-tolerant genotypes and
a smaller band that was present only in salt tolerant genotypes including the additional salt
tolerant genotypes (Figure 1). These bands are therefore useful in screening for salt tolerance
in both cultivated and wild genotypes and may be the first case where two RAPD markers
from a single primer alternate between extremes for a trait.

The results indicate that RAPD technology is a powerful tool in quickly identifying markers
in BSA, in this case for salt tolerance. It is hoped that the discovery of markers associated
with salt tolerance with aid the identification of the genes involved. One strategy for the P15
products is to sequence the smaller band and search against stress-related ESTs in public
databases to identify the gene involved. T strategy can then be repeated for the larger band to
see if the products are allelic and the result of an indel. Sequence data can also be used to
develop more robust PCR primers as diagnostics for salt tolerance. Another strategy is to map
the two P15 products to confirm or otherwise their genetic co-location.

Figure 1. P15 RAPD banding profile of the 14 barley genotypes screened. The larger band
(upper) is present only in non-to