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_ FAOSTAT: 132 Mio. tonnes barley ~ 26.4 billion € in 2012 2




Allele erosion occurred during
and after domestication
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The nested association mapping population
HEB-25 — studying allelic variation among
ERA- 25 wild barley accessions in parallel
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HEB-25 (Halle exotic barley) = 25 families with 1,420 NAM lines in BC1S3
Expected segregation per locus: 72% : 6% : 22% (Hv:het:Hsp)




Origin of the 25 exotic HEB donors

ERA-CAPS

R 3

+ 1 H. agriocrithon
accession from Tibet

}z—“«_

3 L e
e el TSN B

CO()S[G earth




@ SNP genotyping of HEB-25

ERA-

Single nucleotide polymorphism (SNP)
v llumina

Barke: | ...ACGTACAGTCA...
Exote: | ...ACGTGCAGTCA...

Infinium iSelect 9k barley chip
at TraitGenetics, Gatersleben,
with 7,864 SNPs

5,727 SNPs are informativ in HEB-25

Estimation of genetic similarity (GS)
between lines with DICE

CaICUIatiOn Of genetic diverSity 3 chips in lllumina BeadStatio 500G
with principle component analysis (PCA)
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Genetic Diversity among 1,375
HEB lines, 25 HEB donors and Efarl{ew

25 exotic donors:
mean genetic similarity
to Barke =43%

1,375 BC,S; lines:
mean genetic similarity
to Barke = 85%

PCO_2 (3.41 %)
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4 1,375 BC1S3 lines & Barke 7



Variation in flowering time
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@GWAS mapping of 8

QTLs/candidate

- cnps genes, controlling flowering time

QTL analysis: Step-wise multiple regression,
with selection of co-factors (X)

Model: Y = B,+ a SNP + > (3, X)) + €
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@Allelic variation of flowering time
ERA- at the Ppd-H1 locus
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ERA-

EU ERA-CAPS:
BARLEY-NAM

Partners: HAL, DUN, JHI,
HUJ, ARO, JKI

» Testing HEB-25 under
stress
* N deficiency,
« drought and
« pathogen resistance

» Exome capture sequencing

of 1,420 HEB lines

http://www.eracaps.org/

The BARLEY NAM project

Germplasm Task To do Partner
Task 1 [ | Exome [ ] DUN
SNP genotyping J sequencing ‘
+ Nitrogen stress J - ML;J,“[:IUN
Task 2 L | Drought stress & |
Phenotyping under stress J remote sensing J A
BARLEY-NAM I
population HEB-25 * Pathogen stress J - JKI
(1,420 BC153 lines,
nested in 25 families)
Task 3 | |
) Data warehousing J el L J 1 Ly
asE:csi:::?on - L R
HUJ, ARO & JKI
Task 4 | R ) ) )
SNP-trait association [
Genomic  MLU, DUN,
selection JHI & HWJ
Task 5
Development | .
Backcrossing MLU

of high-resolution (HR)
sub-populations J

and selfing

11




@ BARLEY-NAM — Project Partners

ERA-

Partners

* Pillen, Klaus
Martin-Luther-University Halle (MLU), Halle, Germany

* Flavell, Andy
University of Dundee (DUN), Dundee, UK

* Thomas, William
James Hutton Institute (JHI), Invergowrie, UK

* Fridman, Eyal
The Hebrew University of Jerusalem (HUJ), Rehovot, Israel

* Bonfil, David
Agricultural Research Organization (ARO), Gilat, Israel

 Ordon, Frank
Julius Kiihn-Institute (JKI), Federal Research Centre for Cultivated Plants,

Quedlinburg, Germany



@ BARLEY NAM Goals

ERA-

1. Applying new breeding approaches including new population types
P First nested association mapping population in barley.

2. Characterization, evaluation and use of wild barley biodiversity
P Testing wild barley genes to locate new favourable alleles for trait
complexes life history, yield, grain quality and pathogen resistance.

3. Development of genetic and genomic (pre-) breeding tools
» NAM population strategy, exome capture sequencing, mixed model
association mapping and genomic selection will be applied.

4. Biofortification of crop plants
» Improving grain quality by increasing nutrient contents (e.g. iron, or zinc)

5. Development of remote sensing tools for phenotyping
P Using state-of-the-art sensors to map and use new exotic alleles that
improve stress tolerance. 13



@ Exome Capture Sequencing
ERA- at University of Dundee
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Bamshad et al. 2011: Nature Reviews Genetics > 100-fold reduction in sequence compIeX|ty4



@Exome Capture Sequencing of 1,420
oo HEB lines at University of Dundee

1. Sequence the parental exomes at high coverage TR A R T
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@ Studying HEB-25 under

ERA- abiotic stress

Testing HEB-25 during 2014 and 2015 at

 Dundee & Halle (N deficiency)
* Rehovot & Gilat (drought stress)

Traits

* Life history

* Yield

* Nutrient content
* Stress response

Nested Association Mapping
* Locate trait-improving exotic QTLs
with exome sequences down to single genes



@ Studying pathogen resistance
ERA- at JKI, Quedlinburg

* Testing HEB-25 for 3 fungal pathogens responsible
for severe yield losses of up to 50%

e Stripe rust (Puccinia striiformis)
* Leaf rust (Puccinia hordei)

* Net blotch (Pyrenophora teres)

!

* Apply nested association mapping (NAM) to
identify and utilize exotic resistance genes
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@ Two additional studies with HEB-25

ERA-

Mathematical Model
(Relationship of spectral

images and biochemical
/ compounds)

Sample Plants Hyperspectral
Imaging

\ > (\ u Lu?k t<?
= Application

. Biochemical

Extraction of Relevant 3
Analysis
Compounds
* Bundesministerium
Loy fiir Bildung
und Forschung

1) BMBE-IPAS: BARLEY-BIODIVERSITY (2) DFG-SPP1530: Flowering regulation
(1) e i Partners: MLU, IPK, DUN, JHI, ICARDA

Partners: HAL, IFF, IPK, BREUN KAUST, ADELAIDE

»None-invasive hyperspectral imaging  p.\yorid-wide testing of HEB-25 lines
of HEB-25 lines to measure under abiotic stress

growth and nutrient content (N deficiency, drought, heat, salt) ,
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