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OBJECTIVES

To revedl markers that help in the study sécondaryevolution of Triticeae tribe within
Tunisian Barley Landraces
INTRODUCTION

Barley Hordeum vulgard..) is one of the oldest crops in the world and played a key
role in agriculture and science developmenthiworld, barley is used mainly for feed {55
60%), malt (3840%), food (23%) and seed (5%). In the world, average barley production is
estimated to 140 million tons (20@®07). For Tunisia, annual total need was 0.9 million ton,
with 0.4 millions quinals produced in the country. Average Maghreb barley production in the
late decade (200R009) was 3.172 million tons, adjusted by average importation of 1.384
million tons, with annual total need of 45.556 million quintals (El Felah et al, 2015).

The baley varieties (Martin, Ceres) are carefully cultivated only for the production of malt.
The marginalization of barley cultivation continued until the 70s, despite the country's
independence in 1956. After the bitter experience of collectivism in the 8Gke®conomic
recovery of the 70s, Tunisia wanted s&ifficient in agricultural products, mainly milk and
derivatives, red and white meats and other products. For this it was necessary to increase the
size of sheep and cattle and therefore significaimityease feed. So we started to give
importance to barley which, despite annual average plantings half a million hectares, yield
levels and production remained very low. Local barley, introduced improved and included in
the catalog do not have a real impan the quantitative and qualitative improvement of the
national barley production (El Felah, 2011; Gharbi et El Felah; 2013).

INRAT barley improvement program review for the late 98 years was done to show
achievements and how to improve our reseactiviies to face new challengeS¢haren and

al, 1986). Local barley landraces analysis revealed regional distribution across the country
depending on uses, farming systems and-gsagraphic adaptation within littoral and
continental areas. Barlagnprovement started early in the late century. 108.787 barley lines
from INRAT (32%), ICARDA (43%), CIMMYT (22%) and ACSAD (3%) were evaluated
during the period (19142008). During this period, 17 barley varieties were registered and
widely cultivated in he country. Rihane registered in 1987, has been widely cultivated in the
country and in the region and participate actively in barley production records.

MATERIALS AND METHODS

This study involved evaluation of 148 barley germplasm samples collected in 75 island and
mainland sites in central and southern Tunisia (El Felah, 1998). It aims the evaluation of
polymorphism of storage proteins in barley. This is to the revelationradtigemarkers that

help in the study of the evolution of this species. This work was performed in electrophoresis
cereal lab in Bari Germplasm Institute of Italy. The method used was that of Shewry et al,
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1978 and Cooke et al (1983), which we have madeestimnges related to extracts samples
in the stacking gels (Kralova et al, 1991).

RESULTS AND DISCUSSION

The tested 148 samples gave 56 profiles with a polymorphism rate of 38%. Hordeins
B and C being the most polymorphi@gvegenerated 44 B and 40 @Gadrams. Similarly, we
noted the presence of 2 to 9 band B and 2 to 7 band C. The relatively high polymorphism
found in the central coastal and central island (83% and 73%), shows the importance of the
gene flow of germplasm coming from different regiomsl &kills of farmers acceptance of
new introductions barley crops for possible crop adaptation. This was confirmed by the allele
frequencies of storage proteins in grains. Indeed, the allele frequencies hordeins B showed
two polymorphic classes of hordeinentral class (insular, coastal and inland) characterized
by alleles frequencies from 41 to 49% and a second own ranks of continental coastline of
southern Tunisia with frequencies from 36 to 38%. For the other polymorphe hordeins class
C, different pollsisland, coastal and inland were more or less similar and ranged from 32 to
37% (Table 1). Typically, Gabés oasis farmers usually cultivate Sfira forms as barley dual
uses and produce forage for direct pasture or after cutting. Observed similarity es allel
frequencies of the polymorphe hordeins classes B and C in southern coastal areas (HB = 38%;
HC = 38%) and in southern continental areas (HB = 34%; HC = 36#)ed the flow of
migration of indigenous genes continental urn to littoral urn and vice.\araaother hand, a
second collecting mission of sixty accessions, collected from the central Island of Kerkena
(sites of El Attaya, Mellita, and ElI Khmara), were evaluated for hordein patterns using SDS
PAGE. Results showed a high polymorphism for B andh@&@dein bands, with the
identification of eighteen distinct barley chemotypes (figure 1). Notable changes in B and C
banding patterns, including band shortening, discoloration or total disappearance of a specific
storage protein (El Felah and al, 2004ihc® Bhordein is indicative of good grain quality,
the modification or disappearance ofhBrdein would therefore indicate a reduced grain
quality in the barley populations at Kerkena during the elapsed period (El Felah and al, 2006).

This lead us to cartude that dual purpose barley varieties are not actually concerned by total
yield proteins of hordeins B and C and that the indigenous peoples of other regions (central
island, central coast, central and southern continental island) practiced uncopstiass!
selection to choose barley ecotypes rich in protein content and prefered for food. Moreover,
these areas are popular and known for barley uses for human consumption (Bsisa, Zammit,
Hail, Dardoura, Dchich, Bazine, Barkoukech, Glia, Kisra ...). Hosi& may play a key role

as markers for quality and identification of food barley. We did observe that endosperm color
frequencies evolution depend a lot on barley landrace site and on the gender issue,-(Bettaieb
Ben Kaab and al, 2005; El Felah and Medima2p06). In Tunisia, the local grown barley is

the product of all this panoply of gene routes between the native gene flow in the Middle East
and through urn of Eastern Mediterranean. Local forms of barley are grown generally in small
traditional farmingsystems where farmers practiced subsistence traditional farming with local
empirical knowledge. The local barley map in Tunisia indicates that anthropological and
sociological factors within cultural practices have significantly influenced the empirical
edablishment of barley local genetic resources over time. Moreover, the selected barleys

66Djebal i 6 in northern Tunisia encountered
in fact, barl ey ecotypes from tihgeuic@®htbrad ugam
ships owners transhumating for summer grazing. These forms of long spikes, bearded, semi

compact | ikely helped diversify the |l ocal Tu

landrace of open area between the North and Southeotduntry where other forms were



received from cyrenaic mediterraneen areas and early, within Punic and Roman introductions
throughout the islands and the central medi t
in Djerba, 0 6 Benldd i60666S fiinmr akweér kienn ntahhe aoasi s of
generate other forms much more tolerant to drought, heat and salt and used mainly for human
consumption as local Souihli, Ardhaoui and Arbi barleys, (El Felah and Medimagh,
2005).The elucidation dpecific key candidate gene essential for amino acid regulation and
prolamine metabolism help for future breeding strategies to quality and phenotype response to

climate change.

Table 1. Areas, Regions (landraces) Collection Sites of barley accessionsiarusouth of
the Tunisian Dorsal

Zone Landrace / Collecting Sites Ecotype EPP/Ec EPP/Eco HA HB HC HD Total
Region (%) RDI RDI HB/ RDI HC/ RDI HD/ Hord.
(HA/ TH (%) TH (%) TH (%) ZDI
TH) (%)
(%)
Littoral Central Sahel Téboulba Souihli 5/6 83 8 32 23 5 68
Mahdia 12) 47) (33) ®) (8,5)
Littoral Sud Oasis Gabes Sfira 7/15 47 12 30 30 7 79
(15) (38) (38) 9 (9.8)
Continental Le Kairouanais Route Sfax Frigui
Central Kairouan km 68  Tarichiti 7/19 36 8 37 24 6 75
Sabhli (11) (49) (32) 8)
Beldi (8,5)
Continental Sud Médenine El Fedja Ardhaoui 5/11 45 11 20 19 5 55
(20) (36) (34) (10) (6,8)
Insulaire Central Tle de Mellita Beldi 11/15 73 16 51 40 12 119
Kerkennah Ouled Kacem SMP=4 SMP=13 SMP=10 SMP=3 (24,9)
Ouled Bou Ali (13) (43) (33) (11)
Attaya
Jorf 1 km 2
Insulaire Sud lle de Djerba Jorf 2 km 8 Jerbi 33/54 61 52 167 151 34 404
Houmet Essouk SMP=9 SMP=28 SMP=25 SMP=6 (50,5)
1 (13) (41) (37) 9)
El Khmara
Houmet Béni
Dighet
Djerba 1
Total 5] 14 8 68/120 56 107 337 287 69 800

ZMP=7 ZMP=24 ZMP =20,5 ZMP=5 ZMP=57

Abbreviations: EPP: Electrophoretic Polymorphism Pattern; Eco: Ecotype; HA: Hordeins A; HB: Hordeins B; HC: Hordeins C;
HD: Hordeins D; RDI: Regional Diversity Index; TH: Total Hordeins; ZDI: Zonal Diversity Index; ZMP: Zonal Mean pattern; SMP:
Site Mean Pattern.
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Figurel: Polymorphism Analysis of storage proteins of Tunisian local barleys byP8G&

and characterization of profiles under extinction or gradual drift. The example of accessions

of Kerkena Island (sites of El Attaya, Mellita, and El Khmara) (Accessions 112, 114, 115,

116, 117, 118, 119, 120 and 121) that segregate by 5 patterns (Pr.1 to Pr.5).

PROTEIN Markers (PM): phosphorylase (94 kd), bovine serum albumin (67 kD), Ovalbumin
43kKd) , Anydrase Carbonic (30 -lkdoplobuliild4kd)si n soy
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OBJECTIVES

We studied genetic diversity and population structurthie spring barley using microsatellite
(SSR) markers, which provided the basis for targeted research activities.

INTRODUCTION

Barley (Hordeum vulgare 1) is one of the oldest cultivated crops in the world. Today, it
constitutes the fourth most cultivated cereal in the world after maize, rice, and wheat (FAO
2015, http://www.fao.org/home/ep/ In this crop, asn others, genetic diversity has declined
following domestication and intense selection in modern plant breeding programs: it is
highest in wild barleyH. vulgare subsp. spontanepmtermediate in landraces or parents of
mapping populations, and lowest @lite cultivars, over the last 100 years, modern plant
breeding has led to the development of elite cultivars that have often been based on a single
genotype (pure lines, hybrids or clones) with improved vyield potential, quality, and pest
resistance trast (Fischbeck, 2003 Today, most barley landraces have disappeared from
practical farming. Many of them are still maintained in-séx repositories. Globally,
landraces represent the largest part of barley germplasm conserved in gene banks
(Anonymous, 2008

In order to breed and improve barley cultivars for future needs, it is very important to search
for new sources of useful variation and to understand thé&ameship among cultivated and

wild populations, focusing on the centers of barley domestication and diversification.
Breeding barley strategies in Egypt, included screening of local and exotic materials, crossing
blocks, and yield test trials (exotic amfy providing from ICARDA, CIMMYT and
ACSAD) and INRA;Europe to support breeding objectivédoaman, 2008

Currently, Genomavide association analysis (GWAS) and association mapping project is in
progress on 472 germpalsm, with the aim of identifying molecular markers for traits
important for low input under the Egyptian conditions. As a §itsp in this project, we report

a preliminary characterization of the population structures in part of our panel.

MATERIALS AND METHODS

Plant materials From 472 Egyptian spring barley germplasm adapted to a wide range of
climates in Egypt, a set of 153 ltvars and promising lines were used in this study to
represent the Egyptian barley diversity.

Pedigree The pedigree of the lines was obtained from several souCARDA, CIMMYT,

ACSAD and INRA) and archived at Agricultural Research Center (ARC) kh&a\N31.3°,
E30.9°, Egypt. The populations were collected since 1998 and growing annually as parental
sources in the same geographical araagdakhdar@kyudai.jfor more details.

DNA extraction Five seeds oéach line were germinated on growth chamber in Institute of
plant genetic resources at Kyushu University, Japan; young leaves)®fceach genotype
were collected to extract DNA according the CTAB methods protocol suggest@bipie

and Dolye, 199D
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Genotyping using SSR markersSixty-nine SSRs markers were selected based on their
mapping position in the barley genome, covering all selietntosomes (Table 1).

Genetic diversity and population differentiatieonThe number of alleles, gene diversity,
heterozygosity and polymorphism information content (PIC) values, were determined for all
loci across the total population using PowerMarker5312u and Muse 2006 Genetic
variation within and among populations was estimated by AMOVA using GeneAlEx6.5
(Peakall and Smouse 2Q12Zhe population structure of the 153 genotypes considered was
inferred using STRUCTURE 2.3@Pritchard et al., 20Q(based on 69 SSRs markers. This
approach uses a Bayesian clustering analysis to assign individuals to clusters (K).
STRUCTURE simulations were performadgth the number of presumed clusters from K=1

to K=10 and five runs per K value. For each run, the initial fuperiod was set to 100,000
Markov Chain Monte Carlo (MCMC) iteration¥he most probable number of clusters was
determined by plotting the easiated likelihood values [LnP (D)] as a function of K.
Furthermore, delta (K) values were also calculated as propos€Bviayno et al., 2005
NeighborJoining tree were performed using MEGA@mura et al., 2033

RESULTS AND DISCUSSION

To the bst of our knowledge, the present study is the first that directly compares the
population diversity of Egyptian barley landraces, even at a field (data not shown) level, with
a representative pool of Egyptian barley germpalsm. In particular, using S8Randnace
collections spanned 18 years from several test trials experiments (IBON, IBCB, SEGB, ON
FARM, PNBYT, F5SAL, F5DR and local varieties). This collection comprised of 153
genotypes (36 and 117 naked and hulled barley, respectively) included Ifecnat
varieties were analysd8ellucci et al., 2018

Out of the 69 SSRs analysed, 64 turned out to be polymorphic and 5 monomorphic. The 64
polymorphic SSRs resulted in 261 alleles averagifi 4lleles per locus (Table 1). The
highest number of alleles (10) in polymorphic SSRs was scored for Bmac0030/ 4H. The
highest PIC value was estimated €@kS021/ 1H and scssr00103/ 6H (0.82), with a mean of
0.49 over the 64 polymorphic loci. The markeBnac0154, GMS021, GBM1214,
Bmag0125, Bmac0030, Bmac0096, scssr09398 and scssrd@®ichstrated a high level of
allelic diversity and were found most informative (GD > 0.75) on the set of genotypes
analyzed, the results agree with (Elakhdar e2allgb).

The highest value of ek was observed with
accessions most likely separate into three subpopulations, which is in contrast to the three
populations found in the set 416 genotyg@sllucci et al., 201Band ten populations in the

set of 1485 spring barley landra@asam et al., 20)4Neighbo¥fjoining dendrogram results

shown three main clusters (Fig),2and agree with Structure analysis revealed séwveajor

clusters with low bootstrap support and generally good separation of accessions in terminal
nodes often consistent with the known origin. This may be explained by more diverse set of
genotypes with respect according to origin and growth t{Bbsam et al., 201£&lakhdar et

al.,, 2016a Elakhdar et al., 2016§bTable 2 gives the results of the AMOVA analysis.
Considering the genetic diversity between an
0.001) genetic variance was observed between and within subpopileioanded a total 49

% and 51 % of total variance, respectively, with main genetic variation occurred within
subpopulationgElakhdar et al., 2016bIn Conclusionsithe 153 genotypes great genetic
diversity and good sample to represent the taiet collection size of 472 genotypdscreased

marker coverage and precise phenotypic data for our collection will help to identify candidate
genes also for agronomic and adaptatelated traits using GWAEomadran, 2012



Table 1.Diversity staistics for 143barley accessions inferred with 69 SSR markers.

Marker* Ch NA GD He PIC Marker Ch NA GD He PIC

EBmac0501 1 2 0.33 0.00 0.28 Bmac0030 4 10 0.81 0.91 0.78
Bmag770 1 8 0.70 0.23 0.65 HVMLOH1A 4 3 0.66 0.00 0.59
Bmac0154 1 7 0.75 0.02 0.71 EBmac0701 4 5 0.72 0.00 0.67
Bmac0213 1 5 0.59 0.03 0.50 scssri8005 4 4 0.65 0.00 0.59
Bmag382 1 3 0.26 0.00 0.24 Bmac0181 4 3 0.59 0.89 0.50
GMS021 1 7 0.82 0.08 0.80 GBM1221 4 2 0.47 0.00 0.36
GBM1278 1 3 0.51 0.58 0.43 GBM1323 4 2 0.50 0.00 0.37
GBM1434 1 3 0.48 0.09 0.42 GBM1482 4 2 0.50 0.00 0.37
GBM1451 1 3 0.63 0.00 0.56 GBM1501 4 1 0.00 0.00 0.00
GBM1461 1 3 0.66 0.00 0.59 GBM5210 4 2 0.38 0.00 0.31
GBM1480 1 5 0.67 0.00 0.62 Bmac0096 5 5 0.76 0.00 0.73
EBmac0695 1 4 0.74 0.00 0.69 Bmac0113 5 2 0.03 0.00 0.03
scssr10477 1 4 0.47 0.02 0.44 GMS001 5 4 0.71 0.00 0.66
Bmag0125 2 6 0.78 0.00 0.75 scssr02306 5 3 0.55 0.00 0.48
EBmac0415 2 4 0.67 0.00 0.60 scssr10148 5 4 0.73 0.00 0.68
Bmag749 2 5 0.58 0.03 0.50 GBM1164 5 3 0.62 0.00 0.55
scssr08447 2 3 0.58 0.00 0.51 GBM1176 5 2 0.50 0.00 0.37
Bmac0093 2 4 0.55 0.00 0.45 GBM1227 5 2 0.49 0.00 0.37
GBM1208 2 5 0.58 0.00 0.53 GBM1483 5 2 0.36 0.00 0.29
GBM1214 2 5 0.76 0.34 0.72 EBmac0602 6 6 0.69 0.00 0.65
GBM1218 2 2 0.49 0.21 0.37 Bmag0009 6 2 0.33 0.00 0.28
GBM1459 2 4 0.69 0.00 0.64 Bmac0316 6 7 0.69 0.01 0.64
scssr03381 2 3 0.66 0.00 0.59 GMS006 6 2 0.36 0.00 0.29
scssr07759 2 3 0.52 0.01 041 scssr09398 6 9 0.82 0.57 0.79
HvVLTPPB 3 4 0.70 0.00 0.64 scssr00103 6 4 0.73 0.35 0.68
Bmac0209 3 6 0.78 0.00 0.74 Bmag0011 7 3 0.63 0.00 0.56
EBmac0871 3 5 0.77 0.00 0.73 EBmac0603 7 5 0.52 0.01 0.44
GMS116 3 6 0.74 0.06 0.70 Bmag0120 7 5 0.75 0.01 0.70
scssrl0559 3 3 0.66 0.00 0.59 HVCMA 7 4 0.67 0.00 0.60
GBM1078 3 2 0.02 0.02 0.02 HvID 7 5 0.70 0.01 0.65
GBM1280 3 2 0.50 0.00 0.37 scssr07970 7 6 0.78 0.80 0.75
GBM1405 3 1 0.00 0.00 0.00 HVTUB 214 3 0.23 0.00 0.21
GBM1413 3 1 0.00 0.00 0.00 HvLOX 5/6 4 0.71 0.00 0.66
scssr20569 3 2 0.48 0.03 0.36 HvWaxy4 6/7 1 0.00 0.00 0.00
scssr25538 3 1 0.00 0.00 0.00 Mean 4 0.55 0.08 0.49

-*source:Grain Genes data bagstp://wheat.pw.usda.gov/GG2/index.shtml
-Ch; chromosome, NA; No. allel§&D; gene diversity, He; heterozygosity, PIC; Polymorphism Information
Content.

Table 2. Analysis of the molecular variance using SSR markers, performed at different levels.

Source df SS MS Est. Var. %

Among subpopulations 2 2584. 1292.1 125 49%
2

AmongIndividuals 150 3626. 24.1 11.2 44%
2

Within Individuals 153 263.0 1.7 1.7 7%

Total 305 6473. 25.481 100%

5
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University

P.M. Haye$ all current and past members of the OSU Barley Project, and our
worldwide network of collaborators

'Department of Crop and Soil Science; Oregon State University; Corvallis, OR 97333
Phone: 544737-5878 email: Patrick.m.hayes@oregonstate.edu

OBJECTIVES:

Share with the 12International Barley Genetics Symposium participants the impact
that student training has had on plant breeding with the Oregon State University
Barley Project.

INTRODUCTION:

Barley is one of last major crops in the U.S. where the public sectot ecstiely

engaged in cultivar development. A number of factors have contributed, historically,
to this unique status. An additional set of factors could lead, in the near term, to a shift
towards greater private sector delivery of varieties and pulditosdelivery of

knowledge and training. A retrospective analysis of the Oregon State University
(OSU) Barley Project is useful as an example of the outcomes that can be achieved
when a public program receives sufficient support to engage in the Landn@saion

of (i) contributing to the fundamental body of knowledge, (ii) stimulating economic
development through variety release, and (iii) assisting in forming an educated
citizenry. Keys to the success of the program have been a balance of public (e.g.
USDA Collaborative Agricultural Project grants) and industry funds (e.g. American
Malting Barley Association); an opportunity to explore challenges and opportunities
with no obvious immediate practical application (e.g. facultative growth habit and
barleycontributions to beer flavor); the integration of research and learning (e.g.
graduate and undergraduate student research; the Oregon Wolfe Barleys); and an
extensive international network based on unrestricted collaboration and exchange.
Consideration$or future public sector barley breeding include: shrinking public
investment in plant breeding research with applied outcomes; expansions (e.g. the craft
sector) and consolidations (e.g. the multinational sector) in the malting and brewing
industries; a increased emphasis on innovative undergraduate and graduate teaching
and experiential learning (with concomitant increases in time commitments); and the
mantra that public sector variety development can generate sufficient revenue to be
self-sustaining.



MATERIALS AND METHODS:

Students were recruited, funded, supported, and engaged in all aspects of the OSU
Barley Project. They assumed primary responsibility for the preparation of their theses
and the resulting manuscripts.

RESULTS AND DISCUSSION

Since 1986, 27 students have completed graduate degrees (21 MS, 6 PhD) at OSU
with barley breeding and genetics as the focus. There are currently two graduate
students in the program, both pursuing PF
contributed- directly and indirectly to the release of 10 varieties, 3 registered
germplasms, and 10 mapping populations; 144 journal articles, 13 germplasm
registrations, and 13 book chapters. Student research projects focused on traits and
breeding methods integeat with overall breeding objectives. Traits include malting
quality, food quality, agronomic performance, low temperature tolerance, growth

habit, durable disease resistance, and input use efficiency. Breeding methods included
phenotypic, markeassistedand genomic selection. Breeding objectives include
facultative/winter érow and 2row malting, food, forage, and feed varieties. Engaging
students in plant breeding is, on paper, more expensive than accomplishing the same
tasks with fulltime staff. Howeer, the integration of student research and breeding
objectives has led to serendipitous and synergistic outcomes that would not have been
predicted and that would not have been possible to jusphyori on a costecovery

basis. Student contributionsleas and outcomes are deeply appreciated. Many thanks
to Nusret Zencirci M.S. 1989Somvong Tragoonrung M.$989; Chris Schon M.S.

1990; Sue Kolar M.S. 1990Chen Fugiang Ph.[1991; Judy Holmer M.S. 1992;

Adeline Oziel M.S1993; Odianosen lyamalith.D. 1994; Aihong Pan M.S. 1994;
Abdoulaye Traore M.S. 1994; Doris Prehn M1894; Ergun Ozdemir M.$994;

Theerayut Toojinda Ph.D. 1998; Luis Marg«@sdillo Ph.D.2000; Ariel Castro

Ph.D.2002; lvan Matus Ph.D. 2002; Jarislav vonZitzewitz M.S., P2004, 2010;

Carlos Rossi M.S. 2005; Kelley Richardson Ph.D. 2006; Juan Rey 2808; Kale
Haggard M.S2008; Yada Chutimanitsakun Ph.D. 2012; Scott Fisk M.S. 2011; Natalie
Graham M.S2011; Brigid MeintdM.S. 2014; Ryan Graebner M.2014; Araby

Belcher Ph.D. 201;5Dustin HerbPh.D.continuing Javier Hernande2h.D.

continuing.
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OBJECTIVES

To transfer three drought tolerance QTL from cv. Tadmor into four barley aslthe
marker assisted backcross breeding.

INTRODUCTION

Drought is a major yield limiting factor for crops worldwide. Drought tolerance is associated
with many traits such as chlorophyll content, carbon isotope discrimination, osmotic potential,
osmotic adjustment, relative water content, flowering time, rioottwire(Mir et al, 2012)

and stoma conductivit§Cattivelli et al, 2007) Therefore, it involves many genes with

relatively minor effects compounded by differences in plant phenology. Transfer of multiple
loci responsible for drought resistance throulgssical plant breeding strategies is difficult,

and a marker assisted approach can facilitate easier monitoring of genes during breeding
generations.

Certain genomic regions in barley have been reported to carry drought tolerance loci in
Tadmor x Er/Apn cross. A QTL was found on chromosome 6 around WG28®and
markerg(Teulatet al, 1998) This QTL was also associated with relative water content,
osmotic potential, osmotic adjustment and 1666d weightAnother QTL detected on barley
chromosome 2round EBmag84 marker was associated with carbon isotope discrimination,
a trait related to water use efficiency and yield stability of c(@psilatet al, 2002) A third

QTL for drought tolerance was mapped on barley chromosome 1(7H) around Acl3.marker
This QTL was reported to explain 5.8 and 12.3% of the variation for relative water content
and osmotic potential, respectivélyeulatet al., 1998). This genomic region was also
associated with plant height, harvest index, carbon isotope discrimifidtiolatet al, 2002)
Favorable alleles for all three QTL regions were conferred by cv. Tadmor. Because of their
associations with yield related traits, these three QTL regions are good candidates for marker
assisted breeding of drought tolerance.

Barleyhas good genetic maps that consist of many RFLP, SSR and InDel mRd&ersafet

al.,, 200Q Wen42 et al, 2006; Varshnegt al, 2007;Zhou et al., 2015). These are codominant
markers that can be transferred between different maps. SSR markers havaritege of

carrying higher number of alleles and, hence, polymorphism rate in addition to ease of use as
PCR marker. However, close size of different alleles and stutter bands make their analysis
complicated (Arif et al., 2010). InDels are relatively netype of markers that also have ease

of use as PCR markers. Though their low number of alleles may seem to be a disadvantage,
clear differences of allele sizes eliminate problems related to their genotyping.

Despite many QTL mapping studies about drodglerance in barle{Baumet al, 2003;
Teulatet al, 1998; Teulaet al, 2003; Miret al, 2012; Gucet al, 2008; Chloupekt al,
2006) breeding efforts that employ the knowledge gained through these studies are rare. The
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gap between the number oTQstudies and breeding programs that use those @uiland
Crouch, 2008are also evident in drought tolerance of barley. Determined by martyasish
drought tolerance is especially suitable for marker assisted breeding.

MATERIALS AND METHODS

Three Q'L regions for drought tolerance are being transferred from cv. Tadmor into two malt
(cvs.Ay d a n hand$ladoran and two feedcvs.B o | arydBaronessebarley cultivars
through marker assisted backcross breeding. Tadmor is a cultivar developed from a Syrian
landrace and has been extensively used in QTL studies for drought tolerance.

Crosses and backrosses are being made in greenhouses under cootrdltezhs. Embryo

culture has been employed to hasten the time to complete a generation. In addition to
foreground selection using markers linked to QTL regions, we employ background selections
with about 50 markers scattered throughout the genome. @et tato complete the

breeding in BGF, generation with a satisfactory level of recurrent parent background
recovery.

SSR and InDel markers are being used for background and foreground selections. These are
mostly single copy markers. Markers have besacted based on their locations in barley

maps. First, polymorphism screenings have been made between donor parent Tadmor and
four recurrent parents. Some of the markers have been mapped,ipauktion of 90

plants from Tadmor x Baronessggopulaton which has the highest number of polymorphic

loci for all three QTL regions. Markers were mapped udliagDisto Software (Lorieux,
2012).Because of uncertainties about the exact location of QTL re@i@msg), 1994)

transfers are being made as aboutM0sized genomic pieces. These regions will be
fragmented later to allow higher resolution mapping of respective QTL regions.

PCR productsverer un on 3 % Met a Bwith 1% TBR luther. DNAwas g e |
visualized via ethidium bromide added to the ge$éng a gel image system (Vilber Lourmat
CN-08). Bandsvereanalyzed using BioCapt v.11.02 softwavkarker polymorphism rates
weredetermined using PIC values, which were calculated according to the following formula:
Pl C = % Wwhere PB the freqency of I" allele (Anderson et al. 1993).

RESULTS AND DISCUSSION

Pol ymorphic markers between cv. Tadmor, dono
Baronesse and Sladoran, recurrent parents, were shdwgure 1 Chromosome 1 and 2

QTL regions are matored by about ten markers and chromosome 6 QTL region is monitored

by about five markers. In addition, about 50 markers are used to select against donor parent to
allow fast recovery of recurrent parent genomic background.

Both SSR and InDel markers meused for polymorphism screening. We compared

polymorphism results of 40 InDel and 66 SSR markers on a panel of nine barley cultivars
including cvs. Durwusu, Tokak 157/37, Arta an
and four recurrent cultivar&\(y d an han é m, Bol ayér, Baronesse atl
program. An average of 2.409 alleles were determined for each SSR marker. Average number

of alleles for InDel markers were 1.875, which was clearly less than that of SSRs. However,
average polymrphic information content of SSR and InDel markers were similar (0.354 and

0.313, respectively). This finding may imply that some of the alleles found in SSR markers



are rare alleles and they may not be very useful to distinguish most cultivars. AlleiBglo
markers seem to have a more equal distribution among barley cultivars. Considering clear
differences in allele sizes, relatively new InDel markers offer a good potential for marker
assisted selection as well as genetic diversity studies. Clealifs&zences could also

facilitate use of more convenient and cheap gel systems rather than difficult and expensive
ones like polyacrylamide and special agarose gels.

Markershad beerselected based on their map positions in barley cons@08dSSR map
(Varshney et al., 2007). Since some of the markers were not mapped on the same mapping
population and distances were calculated only in consensus maps, we wanted to map them in
the same mapping population. Ninepyfants from Tadmor x Baronesse crossicltwas

the cross with the highest number of polymorphic markers, were used. Results were given in
Figure 2.Map distances between markers are close to or slightly higher than what was
reported by Consensus 2007 SSR map (Varshney et al., 2007).

BCsF; lines have been obtained so far by transferring about 30 cM wide genomic pieces from
Tadmor into recurrent parents using a marker assisted backcross pragrenpicture of
backcross lines using an InDel marker (InDel6063) was given in Figure 3. Thuseagfi

markers for background selection against genomic background of donor parght|iB£s

with a minimum amount of genomic regions from donor parent could be developgd. BC
seeds will be evaluated under field conditions for drought toleranceitobations.

Changes in drought tolerance characteristics of recurrent parents will be determined based on
seed yield androught related traits such as carbon isotope discrimination, relative water
content, amount of chlorophyll, chlorophyll fluorescpatametersandleaf and canopy
temperatures. Effects of transferred QTL regions on feed and malting quality features of
recurrent barley cultivars widllso be investigate®eveloped lines could be used for fine
mapping as well as for sequence basedigpof drought tolerance QTL.

Aydanhanim Bolayir Baronesse sladoran Aydanhanim Bolayir Baronesse Sladaran Aydanhanim Bolayir Baronesse Sladoran
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Figure 1. Polymorphic markers for three drought tolerance QTL regions in four backcrossing
program between Tadmor and four recurrent parents. Shaded boxes show approximate
location of linked markers in original QTL mapping. Distances between markers are based on
baley Consensus 2007, SSR map (Varshney et al., 2007).
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Figure 3. Genotyping oBC;F; linesfrom Tadmor xSladorarcrossusing InDel6063 markers
in a 3% MetaPhoagarose gel. S, cv. Sladoran; T, cv. Tadrharge arrows show alleles of
InDel6063. Bands marked by smalirows belong tasecond loading on the same gel.
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Conventional barley breeding is tinaensuming and strongly depends on environmental
conditions. Therefore, breeders are extremely istecein new technologies that optimize
breeding processes. Molecular marker technology offers such a possibility by adopting a wide
range of novel approaches to improve selection strategiesleybreeding. There has been a
large and rapid accumulatioof genomic tools inbarley during the last decade. These
developments have been coupled with the emergence of high throughput technologies, which
have allowed advances in molecular marker technology and implementation. The impact of
new molecular tools antéchnologies available has proven to be essential to optimize and
acceleratdarleybreeding programs.

Yield, disease resistance amahalting quality are prime targets in practical barley breeding
programs. In all cases the breeding process can be ateglesaapplying markeassisted
selection (MAS) markerassisted backcrossing (MABC) and/ or genomic selection {@S)
developing new material and for improvement of the selection intensity and accuracy.
Example 1MAS forresistance gendsarley BaYMV/BaMMV

The soilbornebarley yellow mosaic virus (BaYMV)/barley mild mosaicus (BaMMV)
complex was firstletected inGermanyin 1978 and since then, the viruses have spread over
large partf Europe and became one of the most importanadesof winter barley (Ordon

et al. 2009). Resistant sources are quite frequent in the primary gene pool of barley and
several monogeni@redominantlyrecessive resistance genegr( 1-18) have been detected

and mappedIn Central Europerym5 is most wigspread and was introgsed in elite
populations by moleculamarkers. MASbecamethe method of chioe for introgression
because ]ithe resistance to BaYMV cannot be screenedamingle plant level in the
greehouse,(ii) the resistance is recessivej)(ipyramiding of several genes is necessary
(Werner et al. 2007) due to newly arisen strains. fiyjne4/rym5locus has been clonda,
mapbased cloning and turned out to be the translation initiation factdi#EIF4E (Stein et

al. 2005). By resequencirig000 entries of the Gatersleb&enebankseveral new alleles of

this resistance gene have been detected (Ordon et al., AQ@®Mating the power of allele
mining oncethe gene sequence is available. Identification of the respective geopdmesa

fully new prospectivenow throughtherecently discovered CRISP®4s9 technology.

Genomewide association scan§&\(\WAS) have become a common approach to dissect the
factors controlling complex traits imarley Pasam et al. 201Rodeet al. 2012 Ziems et al.

2014). However, this method frequentgads to theletection of falsgositive markettrait
associations (MTAs) and strongly depends on additional validation steps before large scale
introgressions of detected markeaits into elite germplasm araugtified. One efficient
method to validatenarkertrait associations is to test for respective MiPAindependent bi
parental populations segregating for the relevant alleles at the associatechtocesently
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well demonstrated in winter barley by Lidetsal. (2016). Marketrait associationthathave
beenverified can be directly implemented in barley breeding for the selection of parental lines
and markesassisted selection.

Malting quality traits in barley breedingaditionally have been targetedby usingmarker
assisted selectioNevertheless, the recent advance in high density genotyping has opened
new possibilities to apply genorwéde markers in Genomic Selection (GS) rather than
individual markers as in classical MAS.

Example 2GenomicSelection of malting quality traits

Genomic selection has been applied to various plant species, mostly for yield or yield related
traits including grain yield, thousand kernel weight and resistances against diBesggte

the breeding material beingdhly related and a long history of breeding for quality traits,
there is still considerable variation in those traits. This opens the opportunity to further
improve those traits through the applicatiorGS.

In the frame of the InnoOGRAMALT project, thepotential to applyGSto twelve malting
quality traits in breeding programs of spring and winter baréydeum vulgarel.) was
assessed. Phenotypic means were calculated over three and four years with three to five
locations per year. Heritabilities fanalting traits ranged from 0.50 to 0.98. Predictive
abilities (PA), as derived from croesalidation, ranged from 0.14 to 0.58 for spring barley
and 0.40 to 0.80 for winter barley (Tab. 1). Furthermore, it could be shown that (i) due to the
genetic struetre spring and winterbarley need to be analysed separatelya(ifaining set of
around 100 individuals can give sufficient PA and correlations to unobserved data (e.g. when
phenotypes of one yearene removed before analysig) a breeding program withighly

related material and (iii) an increased training set size leads to higher PA with a reduced
standard deviation, showing the potential to improve the accuracy by increasing the training
set sizgSchmidt at al2016).

The results from this studyearly indicate the power @&Sto improve selection efficiency in
malting barley breeding programs. Deploymenttto§ approachin barley greatly helps to

reduce cost intensive phenotyping for quality traits, inceaséection intensity andan
shortenbreeding cycléength A comparable result is expected for application of GS in barley
for grain yield.

Fast development of genomics resources and tools in barley during the last decade has
strongly sped up the process of gene identification and valigamrmously increased the

use of molecular tools in practical breeding and thus supports a greater selection gain in
barley.

Tab. 1. Predictive abilities (PA) derived from a 5 by 5 cross validation with their
standard deviation @§ and sizes of the training sets (#TS) for the twelve analysed
malting quality traits in springand winter barley. The traits are alphand beta
amylase (AMA, AMB), extract (EXT), free amino nitrogen (FAN_L), final attenuation
(Fin_At), friability (FRI), betaglucan content (GLU)Kolbach index (KOL), malting
loss (LOSS), soluble nitrogen (NIT), protein content (PRT) and viscosity (VIS).



Spring barley Winter barley

Trait PA (mean) PA (sd) HTS PA (mean) PA (sd) HTS
AMA 0.444 0.151 99 0.564 0.300 102
AMB 0.142 0.218 118 0.606 0.150 102
EXT 0.558 0.072 424 0.625 0.175 102
FAN_L 0.497 0.218 65 0.572 0.165 102
Fin_At 0.495 0.120 424 0.732 0.113 102
FRI 0.552 0.077 424 0.788 0.113 102
GLU 0.479 0.096 423 0.798 0.173 102
KOL 0.487 0.106 424 0.556 0.178 102
LOSS 0.419 0.101 322 0.652 0.165 102
NIT 0.583 0.074 424 0.551 0.150 102
PRT 0.521 0.064 424 0.399 0.158 102
VIS 0.449 0.111 424 0.744 0.116 102
mean 0.469 0.117 0.632 0.163
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OBJECTIVES

To identify barley genes encoding SQUAMOSA PROMOTERIDING PROTEIN
LIKE (SPL) transcription factors, and establish their phylogenetic relationsBipLio
genes in other plant species. To investigate the develophnelgs of HYSPLs by
expression profiling, miRNAargeting analyses and transgenic manipulation.

INTRODUCTION

SPL genes, first discovered in snapdragon (Klein et al., 1996) and then described in
Arabidopsis(Cardon et al., 1999), maize (Hultquist andreiler, 2008) and rice
(Yang et al., 2008), encode plaspecific transcription factors (TFs) involved in
essential developmental programs such as reproductive timing, patterning and growth
(reviewed in Schmid and Huijser, 2011). In particular, multgiledies in crop plants
found clear links between SPL activity and branching, both vegetative (tillering) and
reproductive (inflorescence architecture), as well as flowering time, seed size and plant
stature (Wang L, et al., 2015; Chuck GS, et al., 2014icKI6, et al., 2010; Silva et

al., 2014, Liang WH, et al. 2014; Luo L, et al., 2012; Jiao Y, et al., 2010), suggesting
that SPLs are major regulators of agronomic traits. However, little is known about SPL
function in the temperate cereals such as bardyheat.

SPLs are part of a complex and conserved miRNRA network

Analyses ofSPLgene families also revealed that multiple members encode transcripts
containing complementary binding sequencesimoRNA15miR15§. Evidence in
Arabidopsis maize and rice suggests thatR156binding leads toSPL transcript
cleavage and/or translational inhibition, a layer of ficstscriptional control which
plays a key role in modulating many SBpecific functions, including SPL control of
developmentatiming (Wu and Poethig, 2006; Schwab et al., 2005).

Changes in miRNA, AP2 and SPL transcription factor
abundance driving developmental transitions in Arabidopsis

miR156 —>juven|Ie
adult < miR172

Arabldopsis barley

Figure 1. Antagonism betweemP2-SPL network components.



In fact, we now know thamiR156regulation of SPL activity works within a deeply
conserved network defined by antagonistic interactions betweRth56and another
micro RNA, miR172 which targets APETALA2 (AP2)ke TFs. Abundant early in

the lifecycle, miR156 promotes juvenile charactstics such as leaf and tiller
production by inhibiting SPL function. Over time, levelsmiR156decline and the
associated increase in SPL activity leads to promotion of adult features and flowering.
In parallel,miR172abundance increases to advandé@ntiation of adult features

and flowering through the suppression of A2 activity (Fig.1).
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Figure 2: The phenotype ofZeol.brepresents an example of the readout of the
AP2-SPL network in barley, unbalanced by increasedAP2 expression.Scale bar
(bottom, left) indicates 1 cm.

The dense spike and lateading phenotype of the barl@eol.b mutant, which
expresses ar\P2 transcript resistant toniR172mediated cleavage, represents one
example of phenotypic change caubgdunbalancing th&P2-SPL network (Houston

K, McKim SM, et al., 2013). Inspired by this mutant, we decided to further unbalance
the network by increasing SPL activitlyig.2). Here, we analyse barl&§PLgenes to
explore their function during barley degpment and their potential influence on
important agronomic traits limiting yield, especially inflorescence architecture, plant
height, grain number and quality. Therefore we are generating transgenic barley lines



expressing miRNAesistant SPL transcripts To further resolve this network,
downstream targets of the involved TFs will be identified byCHfP-seq analysis.

MATERIALS AND METHODS

Identification and sequence analysis of barlegPL genes

Arabidopsis and rice SPL gene family sequences are well described and easily
accessible at the corresponding web resc
(http://rice.plantbiology. msu.edu/ annotat
(http://www.arabidopsis.org/browse/geneity/sbp_box_genefamily.jsp); (Cardon G,

et al., 1999; Yang Z, et al., 2008). By searching the publicly available barley genome
resour ces, OEnsembl Pl ant s (http://plant
BLAST server 6 (gatersigbent/baey) by BLASTt wei igektified

several barley genes encoding proteins with the conserved SBP box signature
matching the consensus sequence:
OCQVEGCKADLASAKEYHRRHKVCEAHSKAPRVVVAGQEQF
LSEFDQAKRSCRRRLAGHNRRRRKPQPG®G.

Sequence and phylogenetic atyses

Sequence analyses were done with the NCE
custommade Pythosscripts using Python V3.1.1. The genomic map positions of
OsSPgenes were received from the genome br
Pr oj e c tpdsitionsMwene determined through the given map positions of the
corresponding morex_contigr agment s derived from the 0
(http://webblast.ipkgatersleben.de/barley). The relative genomic position of the
OsSPLandHvSPL-genes were pltted on the genomic rice and barley maps by using

the Rpackage 6ggbi o V1. 18. 5 &tudio ¥0.99.893 and et a
R_V3.2.4. Phylogenetic analyses were performed with the software program
MEGAG6.06. Phylogenetic trees were generated by usinggthvea x i mum Li kel i
Phyl ogeny Testé6é with 62000 Bootstrap Repl

HvSPL gene expression analyses

In-house RNAseq resources developed by R. Waugh, P. Hedley and colleagues from
the James Hutton Institute, were mined for information ablw@&PLgere expression.
These resources contained gene expression information from eight different barley
tissues collected from cv. Morex. (Consortium, The International Barley Genome
Sequencing, 2012).

RESULTS AND DISCUSSION

Identification of barley SPLs

SPLs are defined by the SBP box, a unique BiNiAding domain containing two zinc
binding pockets, where the second zinc finger overlaps with a nuclear localisation
signal (Yamasaki et al., 2004; Birkenbihl R. et al., 20@8%abidopsisand rice Qryza
sativa) are known to have 17 and 8L genes, respectively. We identified 18 genes



in the barley genome encoding proteins harbouring a typical SBP box with two zinc
fingers of the type 3xCyslxHis and 2xCys1xHis1xCys. These genes, hereafter referred
to asHvSRH.s, were named based on their homology to @s&PLgenes, determined

by the best BLAST hit. Six of the 1l8vSPLgenes encode transcripts containing a
miR156bi ndi ng site, o6égtgctctctctcttctgtcao.

Genomic location and phylogeny

Since SPL functions areebt understood in model species such as rice and
Arabidopsis we focused on these species to identify ortholo@Risgenes in barley.

To examine homology amondgdivSPLandOsSPLgenes, we compared chromosomal
location, genomic synteny as well as determlirtbeir phylogenetic relationship
(Fig.3). Comparison of the chromosomal position of rice and ba8Bisreveals
conserved clusters within chromosomes as well as genomic rearrangements; however,
these rearrangements are in agreement with the overalingymé&dationship among

rice and barley chromosomes (Mayer et al., 2011), as depictéid.t;for HvChr2,
OsChr4 and OsChr7. Further detailed analyses of the genomic context as well as
functional analyses to support orthologous relationships are ongoing.
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Figure 3: Map position and phylogenetic analysis oHvVSPL genes.The genomic

map positions in cM oDsSPLand HVSPL genes were plotted to the chromosomes
withthe Rpackage O0ggbi od. Maxi mum | i kelihood
MEGAG6 with 2000 Bootstraps. The high bootstrap values (bottom, right) indicate a
high homology of the putative orthologous gene p&Ri08;, SPLO7 and SPL13
among rice and barley. The comparison of the chromosomal positions (bottom, left)
shows thatSPLO7and SPLO8cluster together in both speci&L13is located in a
syntenic region (sr; Mayer et al., 2011).

Functional analysis in baréy

Detailed comparison of developmental expression patterns will also help to identify
potentially shared function across species. To characterise indiHadS8&Lgenes, we

are determining their developmental expression pattern and their regulation by
MIRL56 As a first step, we accessed expression data resources from the James Hutton
Institute (courtesy of R. Waughkijg.4). This data set reveals expression data for all 18
HvSPLgenes. MosHvSPLsare mainly lowly expressed and rather inflorescence than
leaf-specific expressed. We also detected expression in other tissues but rarely as
highly expressed as in the inflorescence (data not shown). This pattdnsBL.gene
expression later in development and specifically in the developing inflorescence is
similar to the previously described developmental expression patte@sSbtLgenes

(Xie K. et al., 2006). We anticipate that HvSPLs will have developmental roles within
the inflorescence based on phenotypes Q#SPL mutants which show major
differences in iflorescence architecture. Since the available expression data is limited,
we decided to analyse the expressionHofSPL genes in more detail. Hence, we
collected selected tissues at specific developmental stages to determine the spatio
temporal expressioof HvSPLsduring barley development.

Expression of HvSPLs in leaf (LEA) and inflorescence (INF) tissue
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Figure 4: HYSPL gene expression analyse¥he analysis is based on a barley RNA
seq data set provided by the James Hutton Institute, described by The International
Barley Genome Sequencing Consorti(2012)



Conclusions

Since our barley sequence analyses confirmed that certain I&Pleyranscripts
harbour miR156 target sites, we are investigating whether these binding sites are
associated with transcript cleavage and defining where and whemakieis place
during barley development. Loxigrm approaches based on transgenic barley lines
expressingniR156resistanHvSPLtranscripts will enable detailed functional analyses

of theHvSPLgenes and may reveal new barpecific SPL functions. Idenitfation

of direct TRtarget genes by FEhIP-seq will add a complete new layer of complexity

to the AP2ZSPL gene network by revealing through which pathways AP2 and SPL
function is realized. Meanwhile, the combination of detailed gene expression studies
and analyses of the syntenic relationship of putative orthologous gene pairs among
species like rice, maize and barley will contribute to our understanding of candidate
genes influencing agronomic traits in barley.
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INTRODUCTION

Barley Hordeum vulgarel.) is one of the major cereal crops grown in Ethiopia and
its production is an old heritage with a large number of landraces and traditional
practices.The landraces dve an international recognition for their useful traits to
modern agriculture through provision of genes for resistance to diseases, high
nutritional quality and abiotic stresses. Barley is the fifth important cereal crop in
Ethiopia aftetteff, maize,sorghumandwheat.( CSA, 2014). It igproduced on about 1
million hectares of land from which 1.90 million tons of grain is produced annually
(Table 1). The average national yield of barley is about 1.96 tons per Hegtent@ch

Is low compared to the ovid average of 3.t/ha. Both food and malt barley are
grown side by side sharing similar agroologies.The share of malting barley in the
national production is low (about 105 %) as compared to food barley. The estimated
annual production of maltdbley ranges from 225 thousand tons to 267 thousand tons.

Table 2 National Estimates of Area, Production and Yield of Major Cereal Crops
in 2014 crop season

Crops No. of Ar ea Product Yi el
hol der (6000h (6000t (t/ hi
Cerea 13,4109 9, 848 21,583
Tef f 6, 613, 3,016 4. 418 1. 46
Mai z e 8,809, 1, 9914 6, 491. 3.25
Sorgh 4, 788, 1,677 3,828 2. 28
Wh e at 4, 746, 1,605 3,925 2. 44
Barl e 4, 461, 1,019 1,908 1.96

Source: CSA, 2014

In the barleybased farming systems of the highlands of Ethiopia, smallholder farmers
have very few alternative crops. One source of income could be growing malting
barley, which has dependable local buyers incihentry (Bayeh and Berhan2011)

and possibly export market.

RESEARCH ACHIEVEMENTS



The Ethiopian Institute of Agricultural Research (EIAR) with the support and collaboration of
international organizations carry out barley research and developmeitiesctor the last

fifty years The research objective was &msure food and nutritional security through
availability of sustainable improved foobarley technologies andontribute to import
substitution of barley malt and grain through continuousggion and supply of improved
technologiesOver the years, more th&® food and malt barley varieties have been released
with appropriate packagedsy the national and regional research programs through local
germplasm selectionbybridization and selectionand introductions.

Food barley

A considerable genetic progress was attained for grain yield and important agronomic
traits on food barley varieties generated from 1975 to 20G&dimu et al., 2014)

The yield gain hasisen at an average rate of 42.96 kg (tr19%) yeafof release

(Fig. 1). Similarly, harvest index was also improved with 0.004apd the progress
occurred at annual rate of 1.58% increase for the last three decades. However, plant
height was reducewith an average annual genetic gain 839 cm {0.33%) year .

6000 —
<& 5000 -+
[an>] L 4
=" 4000 -+
=
_;'__-) 3000 —+ Y = 42.96Xx + 3615.
= 5000 4 R® = 0.803
(4]
SO 1000 H
(@] t t t |
o 10 20 30 40
Year of Release Since 19 B

Figure 1.Plot of grain yieldgain of food barley varieties against years of release of
varieties

Malt barley

The malt barley research program have so far released and registensdlt bérley

varieties. Of which, 11 varieties are under production at different scales in the
potential malt barley growing environments. The varieties and associated production
packages are contributing to increased income source of small holder fanntiees i
highlands and enhance the local malt production supply to the malt factory. Grain
yield potential of malting barley has risen at an average annual rate of 28.95 kg ha
(0.88%) year since 1979( Fig. 2) Moreover, kernel plumpness was significantly

i mproved as kernel size O 2.5 mm shdowed
non standard seed si ze,to-D.21% year (@on@muzt mm w:
al., 2013).
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Figure 2. Plot of grain yieldgain of malt barley varieties againgtears of release of
varieties

Partnership to Strengthen Research and Development in Barley and Wheat

Recently, aresearch collaboration between Ethiopia, and Germany through GIZ
Capacity Development (CBeed project, KWS and the German Breeders AsBonia

has been started. The collaborative project focuses to enhance the efficiency of barley
and wheat breeding through a combination of conventional and modern tools such as
double haploids and marker assisted and genomic selection tools; increase qualit
production of early generation seeds of released varieties and capacity development.
In line with this,communitybased seed multiplication (CBSM) and participatory
variety selection trials are being conducted with full participation of farnmee s
2013.

Community based seed multiplicatigfBSM)

Improved seed is the basic component to improve crop productivity and increase
production. However, the availability of this component is not sufficient to meet local
farmersd requi rlg duera the limited capaditys of tmea existing
national and regional seed enterprises of the country and absence of private seed
producers mainly for self pollinated crops. To this effect, a radigtiplinary
integrated community based seed production veatablishedby the Holetta
agricultural research centat Robe gebeya and Telech kebele in wolmera woreda to
address the need of the framers within their farming system on major crops including
barley, wheat, highland maize, highland pulses, potato iasdeld. The aims to
strengthen the informal seed system and enhance seed production, seed quality and
marketing at local community level.

At welmera wereda, Repebeya kebele, 253 volunteer farmers (246 female and 6
male) selected and trained on s@edduction and management aspects. At planting,
2.32 t of pre basic food barley variety (HB 1307) provided. Based on the training
given, almost all farmers used row plantiitpe CBSM activity enhanced quality seed
production and more than 15.0 tons seed produced and utilized to improve



productivity in the community. Production and productivity is not possible without a

sufficient seed

multiplication program can be one of the best options to alleviate the existing seed
shortage in the country. The activity continued with the engagement of more farmers

in the system. Therefore, promoting communéged seed

and support from the GBeed project

Participatory variety evaluation of i& food and malt barley varieties
A participatory variety evaluation on 10 elite food and malt barley varieties including &
variety was conducted at wolmera woredd&obe Gebeya and Telecho kebele on ti
far mer so
and adoption. The varieties were evaluated by farmers at flowering and maturity stage
agronomic data and farmers overall assessment score is shown in Table 2.

fields

t oprefererices iomthefvarietiesefar girther ipremo

Table 2. Summary of participatornanety selection at Telecho kebele, 2013 cropping seas

GY  FSS(13)

SN Genotype Type DMA TKW HLW (kg/ha) Scale *

1 Cross 41/98 Food 138.33 48.67 68.3 5453.2 2

2 EH 1493 Food 138.33 54.93 68.97 4491.0 2

3 HB 1307 Food 141  49.73 65.33 4942.0 3

4 Baleme (farmers Food 139.67 56.27 65.57 4054.2 3
variety)

5 IBON 174/03 Malt 128.33 52.13 64.57 4092.8 3

6 Bekoji-1 Malt 141 49.2 71 3818.7 3

7 EH 1847 Malt 141 47.47 68.6 4263.2 2

8 Shege Food 141  49.33 63.67 4893.7 3

9 BLLUP/Petunia Food 128.33 43.6 57.77 2599.7 1

10 Kedo Guraghe Food 138.67 55.07 63.93 4701.8 2
(farmers variety)

Mean 137.57 50.64 65.77 4331.0 2

CV (%) 0.04 6.75 3.05 17.7 11.99

LSD(5%) 2.46 587 344 1315.1 0.5

* Farmers Selection Score (FSS) dependinghe traits of interest 1= poor and 3= very

good
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1 Mar keeltue ( white color and grain size)
Based on the farmers preferences, two malt barley varieties (IBON174/03 and Bekoji

1) and one food barley ( HB 1307 ) variety are being promoted and popularized in the
project area through CBSM and scaling up activities. As a result high demand for
improval seeds is created and market linkage established.

Double Haploid Production (DH)

Application ofdouble haploid techniques on barley was initiated in 2014 through the
CD-seed project with technical back stopping from KVEgbech, Germany. The aim

is to enhancehe efficiency of the barley breeding program acdeleratehe variety
development process. The activity is progressing on protocol optimization and green
DH plant production at the Holetta national biotechnol@dporatory. The focus is on

mal barley to develop disease resistant and high yielding malt barley varieties with
acceptable malt quality standards.

Future plan

The Ethiopian Institute of Agricultural Research will continue and strengthen its
collaboration with thé&1Z-CD Seedprojed and KWS in the following areas:
1 Enhance exchange of trapecific germplasms of barley and wheat to widen
the genetic base of Ethiopian breeding materials
1 Acceleratebarley and whedireeding viaapplication of doubled haploid (DH)
technique
1 Strengthen integration of biotechnological tools (mgrkerassisted selection (MAS)
, Genomic selections (GS) for diagnostic disease resistance and quality traits) in
wheat and barley breeding programs
1 Implement screening of barley landraces for acidil stolerance through
molecular markers approach aatdmerparticipatory barley breeding program
T Strengthen community based seed multipl:i
enhance access of improved seeds of barle
T Capaciltgp Mdente
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Abstract

Dense genomwide marker dataset®ustitute the basis for research into demographic
processes and patterns of natural selection among barley cultivars, landraces and wild
relatives and make it possible to correlate genotypes with phenotypes in geidane
association studies. In barley, gsencebased methods such as whgkEnome
resequencing, exome capture and genotypyigequencing have been implemented

to detect and genotype singlecleotide polymorphisms across the genome. Integrated
analyses of these variation datasets will greaglyefit from the positional information
provided by the linearly ordered, highly contiguous genome sequence assembly of cv.
OMorexd6 generated by the I nternational B
this talk, | will give an overview about the genatyplatasets collected in recent years
using different resequencing strategies and discuss the genomic distribution of genetic
diversity in context of the mapased reference sequence of barley.

Genome sequencing for assessing intspecific diversity

The construction of higlguality reference genome sequence is often followed by the
construction of haplotype maps (HapMaps) for assessing gescetantra-specific
diversity. Prominent examples in crop plants include the HapMapseaite (Gore et

al., 2009) rice (Huang et al., 2010sorghum(Morris et al., 2013)and wheatJordan

et al., 2015)are underway and have already demonstrated the impact on population
genomics and attempts of resolving the genetic basis of key quantitative agronomic
traits. Whereas HapMap projects for small genome species can be performed by whole
genome sequencing (WGS), genotyping density and population size need to be well
balancedin large genome species, where complexity reduction is necessary prior to
sequencing to obtain sufficient sequencing depth for reliable variant calling. Once the
data have been collected, HapMaps gaovide insights into nucleotide diversity,
recombinatio rate, decay of linkage disequilibrium and repeat content, underpin
genomewide association stues for important traitfHuang and Han, 2013nd
identify targets of domestation and crop improveme(itufford et al., 2012)

Exome sequencing
Exome sequencing uses oligonucleotide probes to selectively enrich sequencing

libraries for fragments from specific regions of the genome. An exome capture liquid
array targeting ~ 60 Mb of mRNAoding exons is available for higloverage



resequencing ofhe barley genespad®lascher et al., 2013)A consortium led ¥
researchers of IPK Gatersleben, the James Hutton Institute and the University of
Minnesota has recently sequenced élxemes of aeapresentative collection of geo
references ofandrace and wildaccession®f barleyand explord the patterns of
diversity in this panel (Figure 1). Their data also indictiat geeclimatic variables
associated with temperature and dryness were at leastnesgilynsible for driving the
adaptive response as the barley crop dispersed across temperate regions of the world
(Russell et al., 2016)

Genotyping-by-sequencing for characterizing germplasm collections

Genotypingby-sequencing (GBS) employs digestion with restriction enzyme for
complexity reduction(Elshire et al., 2011)Its highly streamlined wdab protocol

make GBS the method of choice for the esi$icient sequenceblased
characterization of very large germplasm collections encompassingatiasi of
individuals (Romay et al., 2013)Researchers at IPK Gatersleben are currently using

GBS to collect at ~ 50,000 SNPs variants for all ~22,000 accessions in the barley
collection of the German Federak situgenebank. First results on ~7,000 winter

barl ey accessions indicate that this dat e
breeding history and inform genebank management decisions.

The map-based reference seqnce of barley

The limited resolution has long hampered the assessment of sequence diversity in the
nonrrecombining percentromeric regions of the barley geno(ienzel et al., 2000)

The International Barley Genome Sequencing Consortium has recently constructed a
high-quality reference assembly of the barley genome by sequencing a minimum tiling
path of overlapping baetial artificial chromosomes (BACs). Chromatin interaction
frequencies obtained by chromosome conformation capture sequdéhbhgrman

Aiden et al., 2009)were used to derive a linear order of nearly all Ba3ed
sequence scaffold&or the first time, an accurate and comprehensive sequenaaf map
large pericentromeric regionsis now available. Ranalyzing the available
resequencing datasets in the context of this sequence resource indicate that-the high
quality barley genome will empower mépased cloning of genes residing in these
regions angopulation genetic analyses to understand that the origin of large stretches
of reduced sequence diversity in domesticated barley in particular on chromosomes 1H
and 4H.

Conclusionsand outlook

Genomewide resequencing datasets of diversity diverséye key to study the
demographic history of barley, identify regions of the genome selected during
domestication and subsequent dispersal and crop improvement, and to link genotype
and phenotype by genomdde association mapping. Powerful resequencing
strategies together with a higiuality reference sequence will lead to many exciting
results in barley genomics.






Figure 1: Exome diversity in genome(A) Nucleotide diversity in 91 wild (black)
and 137 domesticated barley accessions (red) as revealemrieythan 1.6 million
single nucleotide polymorpéms. Diversity is reduced towards the genetic
centromeres (marked in gray(B) Reduction in diversity in domesticated barley
relative to the wild accessions. Several region of reduced diversity coindide w
known domestication genes (elgrl/2 on chromosome 3H anud on chromosome
7H. (C) Populationscaled recombination rate is correlated with nucleotide diversity.
(D) Distribution of exome capture target regions along the genome.
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