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1. Final publishable summary report 

1.1 Executive summary 

 
WHEALBI’s aims were to develop and implement tools, methods and procedures to facilitate the 
characterisation of wild relatives and local varieties of wheat and barley as sources of genes for use 
in crop improvement. WHEALBI was organised in 7 workpackages which major achievements are: 

 WP1: A panel of 512 wheat and 512 barley genetic resources was selected from European 
Genebanks for deep genotypic and phenotypic characterisation in subsequent WPs of the 
project. All 1024 wheat and barley accessions are available as multiplied seed stocks from INRA 
(wheat) and from IPK-GGR (barley) and can be accessed through URGI’s portal (https://wheat-
urgi.versailles.inra.fr/Projects/WHEALBI). 

 WP2: Using state of the art genomic technologies, over 600,000 and 500,000 robust genic 
based SNPs were identified in an assembled worldwide collection of 500 wheat and barley, 
respectively. Using this data, the genetic impact of domestication, selection and adaptation in 
both wheat and barley were explored. Importantly, this legacy dataset will provide a rich source 
of genetic diversity, within the broader research and breeding community to further our 
understanding and improve diverse traits, from environmental adaptation to disease resistance 
and nutrient use efficiency. Two manuscript describing exome variation and highlighting its 
consequences on adaptive traits have been written and submitted to peer review journals. 

 WP3: This workpackage has completed all phenotyping analyses carried out to describe: the 
basic adaptive traits of the whole WHEALBI collections, the response to drought of spring wheat 
evaluated both in the field and in high throughput phenotyping platform; the relationship between 
canopy development and yield in barley; the response to Septoria, leaf rust and powdery mildew 
in wheat and to powdery mildew and P. teres in barley. The phenotyping activities for diseases 
resistance have identified many known and novel sources of resistance. 

 WP4: The WHEALBI wheat and barley germplasms (WP1 data) were integrated in the 
information system.  The evaluation of multi-trait and multi-environment models on WHEALBI 
data was carried out. Exome sequencing and phenotyping of large wheat and barley collections 
poses a number of challenges concerning storing, access and application to biological 
questions. WP4 developed databases and data exploration tools, allowing the scientific 
community to access the data generated by the WHEALBI consortium. WP4 provided a number 
of recommendations about imputation methods and statistical methodologies for genomic 
prediction. 

 WP5: The promoters of 4 genes SPA, MCB1, MYBS3 and SHP were annotated using a tool 
developed by INRA and work focused on the SHP promoter for the yeast-one-hybrid 
experiments. The molecular diversity of agronomically important genes in barley and wheat 
germplasm across Europe has been studied. This has resulted in a comprehensive overview of 
the sequence diversity of genes involved in grain quality, frost tolerance, as well as resistance 
genes against several wheat and barley diseases. Whereas some loci revealed a large allelic 
diversity in the studied germplasm, other genes were identical or highly similar. 

 WP6: The overall objective of this workpackage is to serve as inspiration for future use of the 
WHEABLI legacy. Modelling how best to use different approaches will be valuable in future pre-
breeding projects, both academic and industrial. The objective of WP6 was to carry out and 
evaluate six different approaches to pre-breeding aimed at delivering novel genetic diversity and 
knowledge to commercial plant breeders. Lines have been selected for further evaluation as well 
as exploitation in commercial breeding programmes. 

 WP7: The overall aim of this workpackage was to identify wheat and barley ideotypes that will 
perform in low input agricultural systems either under conservation management or organic 
husbandry. This would allow both growers and breeders to select ideotypes more suited for 
stable performance under diverse environments and the assessment of the socio-economic 
factors that favour the transition to innovative crop management if implemented within the next 
reform of CAP in 2020. 
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1.2 Summary description of the project context and objectives  
   

To satisfy the demand of an expanding population, agriculture faces the challenge of delivering 
safer, high quality, and health-promoting food and feed in an economic, environmentally sensitive, 
and sustainable manner. A sustained effort is thus required to generate crops with higher and more 
stable yields across diverse and changing environments. Wheat and barley are key renewable 
resources and among the most important crops worldwide, particularly in Europe. Indeed EU (27) is 
the first for production and a major provider of world market for wheat, and by far first producer and 
exporter for barley, both for animal feed and malting purposes.  
 
Wheat yields have been stagnating in the European Union (EU) since the mid-1990s 
(FAOSTAT2010). In a recent study in France, Brisson et al (2010) showed that this stagnation was 
mostly due to climate, i.e. increased frequency and severity of negative factors such as drought or 
high temperatures. These effects of climate are more severe in Southern European and are not 
expected to improve, whatever the climate scenario to occur (Ray et al 2012, Moore and Lobell 
2015).  
 
In addition, intensification of agricultural practices is associated with increased crop damages 
caused by pests and diseases. Chemical control has been increasingly used and Europe is 
currently the number one user of pesticides in the world, with cereal cultivation accounting for 40% 
of this consumption. This situation leads to high production costs, emergence of resistance to 
pesticides, and environmental and human health concerns. The most sustainable alternative to 
pesticides is the use of crop varieties that are genetically resistant to pathogens. Thus, genetics is 
one of the principal leverage for addressing the effects of both climate change, and societal 
demands for environmental sustainability and healthy products. 
 
In order to flourish, breeding programmes in either large companies or small and medium size 
enterprises (SMEs) will need to select new varieties that are both adapted to changing 
environments and to more sustainable cropping systems while maintaining or improving yield. This 
implies more resilience to biotic and abiotic stresses, increased water and nitrogen use efficiency 
and higher stability of yield and grain quality. Agronomists and crop (eco)-physiologists must help 
define optimal combinations of traits, or so-called ideotypes. Crop management systems must also 
evolve to fit the improved properties of these new ideotypes. They will have to consider issues such 
as yield stability in adverse conditions, lower dependence on chemicals (fertilizers and pesticides), 
and maintenance of desirable grain composition under sub-optimal plant nutrition. Eco-physiology 
and gene (network) modelling will help define crop ideotypes for the future that are aligned to new 
crop management practices. 
 
WHEALBI aims were to develop and implement tools, methods and procedures to facilitate the 
characterisation of wild relatives and local varieties of wheat and barley as sources of genes for use 
in crop improvement. It will explore the application of modern molecular, computational and 
analytical tools to provide understanding of the evolutionary processes that have shaped the current 
diversity in the genepool and to predict exploitable value from unadapted germplasm. The project 
also aimed to develop innovative methods to optimise the use of these resources in pre-breeding 
and breeding programmes. New ideotypes were evaluated in innovative cropping systems under 
several climatic conditions. Particular attention being paid to the usefulness of the developed tools 
and knowledge and their transfer to stakeholders, particularly SMEs, breeders as well as present 
and future farmers. The WHEALBI project used a multidisciplinary approach, including genetics, 
genomics, ecophysiology, bioinformatics, biostatistics, agronomy and socio-economy to improve 
European production of wheat and barley, through increasing productivity, robustness and 
adaptation to changing environmental conditions. The project challenge was to improve the 
efficiency of wheat and barley breeding programmes and design sustainable crop management 
systems adapted to new plant ideotypes. 
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1.3 Description of the main S&T results/foregrounds 

 
WHEALBI was divided into seven research and technological workpackages, one workpackage for 
the dissemination and transfer of results and a workpackage dedicated to project management. 
 

 

WP1 – Identifying circa 1000 germplasm accessions representing genetic 
diversity in European agriculture 

 

WP1 objectives were to identify core subsets of wheat and barley germplasm, that provide 1) a fair 
balance of worldwide geographic and historical origins provide to allow a study of cereal evolution to 
be performed and 2) give priority to germplasm more suited to EU growing conditions, particularly 
by overrepresenting winter habit material. WP1 aimed to provide1) high quality DNA of # 500 barley 
and 500 wheat accessions for exome sequencing and repository; and 2) seeds of #500 barley and 
#500 wheat accessions for agronomic evaluation of key adaptive traits and to provide guidelines 
and protocols for optimal conservation and utilization of genetic resources. This workpackage was 
organized in 3 tasks and involved 11 partners. All five deliverables associated with WP1 were 
submitted.  
 
Task 1.1: Provision of CORE and PARENT genetic resources  
The targets and objectives of the task were to sample accessions in genetic resources collections 
and available varieties to achieve the best compromise between 1) representativeness of the world 
genetic diversity, 2) minimum adaptation to European growing conditions to carry out relevant field 
evaluation and 3) be suited to both evolutionary studies (i.e. good temporal/geographical 
representation) and pre-breeding objectives for adaptive traits: the panel of 512 barley and 512 
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wheat (Figure 1) genotypes were compiled and passport data made available on the project 
webpage of URGI. 
 
Task 1.2: Assemble and distribute approximately 1000 WHEALBI accessions, isolate DNA 
and establish biorepositories  
Heuristic strategies were used to when identifying accessions representative of the worldwide 
diversity while providing sufficient adapted material for relevant evaluation in European condition. 
WHEALBI samples were largely taken from existing core collections at INRA and IPK and 
completed by partner’s proposal with key varieties or breeding lines, parents of studied populations 
(such as MAGIC/NAM in WP6). Overall, seeds for DNA extraction and downstream activities were 
provided largely on time and DNA samples were extracted and were also provided to downstream 
WPs.  
Passport data for all accessions were imported into URGI/WHEALBI database at INRA. Legal 
issues for MTAs to be used for seed distribution were solved except for about 40 wheat and barley 
accessions. Passport data of all 512 WHEALBI wheat accessions were submitted into GnpIS 
database (SIREGAL). 

 
Figure 1: Origin of the 512 wheat accessions 

 

Within WP3, all material was multiplied and stored at INRA GDEC genebank (Wheat) and IPK group 
GGR (belonging to Genbank 6 department), respectively. Passport information of all material has 
been forwarded and stored at URGI. 
 
Task 1.3: Development of guidelines and protocols for Next Generation Valorization and 
Utilization of PGRFA collections  
The results of the task were drafted into a detailed deliverable report, which was substantiated by 
developing case studies for the individual aspects covered in the report, As an example, one case 
study addressed the aspect of how existing datasets (passport) data of genebank accessions can 
be data-mined and connected to other public datasets (e.g. climate data) and then linked to project 
specific phenotypic and genotypic datasets.  
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WP2 – Identify the nature and extent of gene sequence diversity in the wheat 
and barley genepool 

 
WP2 objectives were to provide raw sequence data (NGS) of # 500 barley and 500 wheat for storing 
in WHEALBI database and to provide an extensive catalogue of exome-DNA polymorphisms of 
#500 barley and #500 wheat accessions. This workpackage was organised in 3 tasks and involved 
6 partners. All three deliverables associated with WP2 were submitted. 
 
Task 2.1: Exome capture and resequencing of approximately 1000 wheat and barley 
accessions selected in WP1  
Exome captures for both barley and wheat were conducted at PTP and Earlham Institute (formally 
TGAC) respectively. All 512 accessions chosen in WP1, for both wheat and barley were 
successfully captured, sequenced and variants called, providing data for WHEALBI and legacy data 
for future use. 
Exome sequencing for barley and wheat accessions generated an average of 40 million and 37 
million read pairs / sample, respectively. 
 
Task 2.2: QC sequences, deconvolute and establish robust pipelines for calling sequence 
variants 
Pipelines for both crops were developed within this task and used to filter, map and identify SNPs. 
 
Barley: Following QC correctly paired reads longer than 50 bp were used for further processing, this 
resulted in a total of 24 million reads mapped to the reference genome and BAM files generated for 
variant analysis from 510 accession (2 accessions with less than 50000 reads were removed). All 
BAM files were processed together using GATK, from 510 accessions, 67 accessions with an 
excess of duplicates were removed from the variant calling due to technical issues. Genotype calls 
were validated in collaboration with IPK and JHI using genotyping by sequencing (GbS) a custom 
384 SNP chip (BeadExpress GoldenGate assay, Illumina), respectively. From both of these we 
were able to verify 403 accessions (40 accessions failed quality). From these at total of 64,523,315 
variants were extracted. A set of filters were then applied to the data and resulted in 449,237 robust 
SNPs. A dedicated exchange server has been setup at PTP for downloading the raw and filtered 
variants. The server can be accessed from any SFTP client (e.g. FileZilla is a good option). 
Instructions for all partners to access the data were posted on the collaborative platform. 
A greater number of robust SNPs were identified. Original filtering was too stringent and many 
important SNPs were lost (449,237 SNPs reported Month 30). The improved filtering has resulted in 
over 2 million robust SNPs. 
 
Wheat: Following QC, from the original 512 accessions, 10 failed sequencing and capture with low 
read counts. The total number of reads mapped to the reference was over 20.5 million post 
trimming. Variants were called using FreeBayes software v0.9.20 (https://github.com/ekg/freebayes) 
rather than GATK as used with the barley data because of hexaploid nature of wheat. SNPs were 
annotated using IWGSC v2.2 assembly with 99,386 genes. Validation was carried out using Axiom 
820K and iSelect 80K SNP arrays (details from CerealsDB, http://www.cerealsdb.uk.net/), although 
only a small number of accessions were in common between these and the exome capture (38 
accessions) (464 accessions untested). Despite this, HMGU were able to determine a false 
discovery rate of only 3.29%. The data is accessible for partners via ftp maintained at HMGU. 
Overall, from the 43,932 captured gene models, 6,800,653 SNPs have been identified for the 502 
successfully sequenced genotypes. 
The new variant calls were imputed to reduce the amount of missing values and then post-
processed through the same filtering steps established in the previous runs, yielding a final variant 
set of 620k SNPs and small InDels. The quality of this set was evaluated by comparison of 
genotype information to publicly available results from SNP array-based genotyping experiments. 
This evaluation suggested a very low false discovery rate (FDR) below 2%. The variation data was 
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complemented with presence/absence analyses. The detected SNPs and Indels were then used to 
analyse the phylogenetic relationship between samples and to assess the spatio-temporal change 
in diversity between wheat accessions. The final variation dataset has been further analysed in 
close cooperation with the group of Jerome Salse (INRA)(Task 2.3). 
 
Task 2.3: Genome wide analysis of molecular variation  
Barley: From these various analyses we were able to identify regions of reduced diversity and 
recombination along barley chromosomes. Genetic structuring of populations and differentiation 
between groups were observed using various population genetics approaches. By examining the 
relationship between inter-individual genetic identities of pairs of accessions and geographic 
distances a significant overall reduction in genetic identity with geographic distance was observed. 
We developed methods that revealed associations between genetic diversity and environmental 
variables in our dataset using bioclimatic variables from WorldClim database. We applied haplotype 
analysis to specific genes (flowering-related genes) and strong geographical structuring of 
haplotypes.  
 
Diversity analysis in CORE barley germplasm 
2,125,873 SNPs were identified and removing minor alleles (frequency less than 5%) resulted in a 
working set of 449,237 SNPs, distributed across each of the 7 chromosomes. Diversity was 
examined at several levels, overall chromosomes, within chromosomes and across all accessions, 
between wild and cultivated, within cultivated and between row types. 
1. Overall the diversity across chromosomes was similar, with a mean value ranging from 0.272 
(6H) to 0.286 (3H). 
2. Diversity, calculated using a rolling average, varied along each chromosome. Different 
chromosomes exhibit different patterns, with increased diversity towards the telomeric ends of the 
chromosomes. 
3. The genetic relationship between individual accessions was explored using a pairwise similarity 
and cluster analysis and a subset of randomly chosen SNPs (1,000 SNPs from each of the 7 
chromosomes). The resultant dendrogram highlights the distinctiveness of the wild barley 
accessions which form part of the WHEALBI collection (Figure 2). 

 

 
Figure 2. Dendrogram of all WHEALBI accessions, wild barleys highlighted in red. 

 
4. Examining diversity within cultivated and landraces, which were classified by row type (2, 6, 
intermediate and deficiens), habit (winter, spring and facultative) and category (formally bred 
cultivars, landraces and wild barleys). Using the same subset of SNPs, accessions were analysed 
according to these characters. An Analysis of Molecular Variance (AMOVA) using row type and 
category identified row type as accounting for more variation between groups, with 14% compared 
to 8% for categories (Figures 3). 
 

 
 



9 

 

 
Figure 3. PCoA comparing categories (a) (formally-bred and landraces) and row type (b). 

Percentage of variation within and between is shown as pie charts for both. 

 
This data with the designations (categories, row type and habit) has formed part of a genome wide 
association analysis with trait data from common garden experiments across Europe. This analysis 
is described in detail by partners at CREA and Wageningen University in collaboration with PTP, 
University of Milan, IPK and JHI. 
 
Exploring local adaptation using CORE germplasm collection and flowering time data from spring 
sown common garden experiments 
As part of Task 2.3, we have attempted to use the data generated to test whether landraces are 
actually adapted to their local production systems. This issue is particularly important for designing 
crop breeding strategies that respond appropriately to anthropogenic climate change. We collected 
geographical, environmental and phenotypic data for 170 accessions, of spring and winter barley 
that were included in six WHEALBI field trials undertaken at four locations (MTA-ATK, Hungary, 
spring and winter planting; CREA, Italy, winter planting; CU, Turkey, winter planting; JHI, Scotland, 
spring and winter planting). We represented the data graphically by plotting heading date against 
latitudinal distance for each trial site. The hypothesis is that the ideotype for each site is at zero and 
deviations from this are associated with geographical distance i.e. less well adapted. As expected 
for spring landraces for which we had geographical co-ordinates, evidence of local adaptation for 
the spring trials was observed, with those from the similar geography showing optimal heading i.e. 
zero and those non-adapted accessions at greater latitudinal distances heading earlier (Figure 4). 
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Figure 4. Linear regressions are shown for heading date differences against absolute latitude 

distances (from site of origin to site of evaluation) for 39 spring-type landraces in two spring-planted trials 
Based on actual coordinates. 

 
In the case of formally bred cultivars, using mid-point locations, linear regression of heading date 
against latitudinal distances for each of the three groups of barley accessions (spring-type 
landraces, spring-type formally-bred cultivars and winter-type formally bred-cultivars) was 
performed. There was an indication of adaptation for the spring landraces in the spring trials, but in 
the case of spring-type formally-bred cultivars in spring-planted trials, evidence for adaptation based 
on latitudinal proximity appeared very weak or absent. In the case of the formally-bred winter 
material in the winter-planted trials, there was no indication of adaption by latitudinal proximity. Our 
analysis supports the conventional (but frequently unproven) wisdom of local adaption in landrace 
material, and that this adaptation is greater than that found in formally-bred material. Our data 
therefore provide support for the utility of landrace material in responding to anthropogenic climate 
change challenges. 
 
Besides the report, 371 cultivated barley were used to write a manuscript about the genetic basis of 
adaptation in barley. This manuscript uses exome capture on the crop to allow more detailed study 
of adaptation. This work involved sequencing of a wide collection of carefully chosen barley 
materials that included an extensive range of cultivated germplasm, coupled with multi-environment 
(location and season) field phenotyping. This research represents the first for which both detailed 
exome and multi-site, cross-season phenotypic data for several basic traits, including flowering time, 
1,000 grain weight, plant height and awn length, has become available for a broad range of 
cultivated barley types and therefore provides new opportunities for analysis. 
In our analysis we included both landraces and formally bred (i.e., breeder-developed) cultivar 
materials, were of 2- and 6-row barley types, and were of spring and winter growth habits The 
spring and winter habits of different barley varieties, with their different responses to cold, heat and 
light, make barley a particularly interesting crop for exploring environmentally-adaptive responses to 
climate, and this has provided data to explore issues of crop adaption and provided an in-depth 
case study of the multi-genic control of flowering in domesticated barley. 
 
 
 



11 

 

Specific outcomes: 
• Exome sequences reveal substantial variation in the barley collection and significant sub-
population structure in barley corresponds with origins, histories and growth habit 
• Chromosome-level genetic differentiation and linkage disequilibrium analysis reveal strong 
differentiation by barley category and highly variable linkage decay. 
• Field trial data and adaptation analysis reveal significant adaptation-based phenotypic variation in 
barley, especially in landraces 
• Multi-environment genome wide association scans support the power of barley germplasm panels 
and cross-site field phenotyping for trait genetic analysis  
• Dissecting adaptation and the genetic control of days to heading confirms the importance of known 
flowering-associated genes in barley 
• Adaptation and latitudinal distribution of haplotypes at key flowering-associated genes indicate the 
importance of sampling contexts and barley category in understanding adaptive responses (Figure 
5) 

 
 

Figure 5. Geographic distribution of haplotypes at Vrn5 genes: Haplotypes coincide more with geographical 
origin and population structure than single SNPs, although there is no 1:1 correspondence with row type. 

 
Wheat: As with the barley data, methods and software for genome wide evolutionary analyses has 
been tested using published wheat data from INRA. As the data has been distributed for wheat, 
these approaches are now being used by INRA and HMGU. 
Diversity in wheat has been examined at the ploidy, genome and gene level. Using the approaches 
developed at INRA. 
(i) At the polyploidy level, difference in SNP density and frequency has been characterized between 
15 diploids, 49 tetraploids, 439 hexaploids. 
(ii) At the genome level, difference in SNP density and frequency has been characterized between 
A, B and D subgenome of the hexaploid bread wheat genotypes (439 lines) using various fixation 
and selective indices. 
(iii) At the gene level, for genes driving key phenotypic traits, diversity across the genepool has been 
described identifying changes at candidate genes involved either in domestication or in the 
subsequent improvement process. 
 
Explore trends in the frequency and location of sequence-predicted functional variants 
Over 620,000 small-scale variant positions targeting 41,032 genes were identified from exome 
capture sequencing of 487 wheat accessions (after discarding accessions with too many missing 
Data). The variants comprised 56,163 Indels (9%) and 563,995 SNPs (91%). Contrasts in 
normalized SNP density (average number of SNP per kbp) as well as allelic diversity (He index) 
were observed at the subgenomic level (lowest diversity D genome, greatest for B genome) and 
within gene compartments (comparing introns, exons, UTR and intergenic sequences)(Figure 6). 
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Figure 6. Allelic diversity (He index, y-axis) illustrated as bean plots between subgenomes (A, B 

and D), genomic compartments (between exons, introns, UTR and intergenic variants). 

 
At the spatial/temporal levels, phylogenetic inferences show clear accession grouping according to 
geographical origin (America, Western Europe, Eastern Europe, Fertile Crescent and Asia), with a 
clear separation between accessions from the Asian and European/American gene pool (Figure 7). 
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Figure 7. A. Principal Component Analysis (PCA) of diversity among the 488 accessions grouped 

into polypoidy levels (di-, tetra- and hexaploid) and historical groups (I to IV) according to the 
coloured code legend (right). B. PCA of diversity among the 435 hexaploid accessions grouped into 

historical groups (I to IV) according to the coloured code legend (right). C. World map showing 
different colours for continents (America, Oceania, Asia, West-East Europe and the Fertile 

Crescent). The hexaploid accession grouped according to their geographical origins defining similar 
accessions from neighbouring countries as a footprint of wheat expansion routes (black arrows). 

 
In comparing landraces and modern varieties, we identified genomic regions showing domestication 
(including domestication genes such as Btr, Tg, Q genes conferring respectively a brittle rachis, 
tenacious glume, and a non-free-threshing character) and breeding (including Ppd, VRN, GI, CO, 
CUL, Glutenin and Gliadin genes) signatures (Figure 8). 
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Figure 8. Selection (domestication and breeding) signatures. Domestication signatures (y-axis) from the 

hexaploid wheat accessions on the 21 chromosomes (□). Significant regions are highlighted by a red vertical 
bar (top). Selection signatures (y-axis) from the hexaploid wheat accessions on the 21 chromosomes (□). 
Significant regions are highlighted by a black vertical bar (top). Domestication (green) and improvement 

(purple) genes are mentioned according to their nomenclature (□). Haplotypes for domestication (Tg, 
chromosome 2A) and improvement (VRN, chromosome 5A) genes are illustrated according to the colour 

legend for the gene structure, allele, vernalization requirement, genotype groups information (bottom). 

 
Phenotypic data (WP3) from four locations across Europe (UK, France, Hungary and Turkey) 
provided the opportunity to link the allelic variation observed at 390,657 SNPs and InDels to such 
phenotypes through multi-environment genome-wide association studies (GWAS) for heading date 
(yielding 48 major peaks including Ppd, VNR, FDL, WPCL genes) and plant height (with 40 
significant associations including Rht-1 genes on chromosomes 4A, 4B and 4D). 
Overall, our dataset represents a comprehensive wheat structural variant resource for deciphering 
the genomic selection signatures of modern wheats as well as for the improvement of elite bread 
wheat cultivars. 
 
The manuscript explores the impact of 10,000 years of hybridization, selection, adaptation and plant 
breeding that underlies the genetic makeup of modern bread wheats. Exome sequencing revealed 
large genetic variations at the genic, chromosomal and subgenomic levels in a worldwide panel of 
almost 500 accessions from all across the geographical ranges of the wheat species complex. JHI 
conducted genome-wide analyses of differentiation within our wheat population which unveiled its 
origin and expansion, and selected genes since its domestication. Data supports a reconciled model 
of wheat evolution and provides novel avenues for future breeding improvement. 
The manuscript was accepted for publication in Nature Genetics, Feb 15th, 2019) 

WP3 – Phenotypic exploitation of the WHEALBI germplasm collection 

 

WP3 objectives were to phenotype both legacy collections (#500 barley and #500 wheat accession) 
in a series of field trials in 6 location across an environmental gradient from Scotland to Turkey; to  
evaluate a range of different traits using precision phenotyping on different subsets of barley and 
wheat accessions including drought tolerance, canopy development and resistance to Blumeria 
graminis f.sp. hordei (barley powdery mildew), net blotch (P. teres) and Bipolaris sorokiniana in 
barley and resistance to powdery mildew, Fusarium head blight (FHB) and Staganospora nodorum 
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leaf blotch in wheat. This workpackage was organized in 4 tasks and involved 9 partners. All four 
deliverables associated with WP3 were submitted. 
 

Task 3.1: Standard phenotyping of basic adaptive traits (common garden trial)  
This activity has been accomplished through the organization of a network of field trials (common 
garden experiments) across different latitudes (from Scotland to Turkey) and climatic conditions 
(from wet to extreme dry, from sea level to 1200 meters), where all the WHEALBI accessions have 
been tested. Overall, 10 common garden experiments have been successfully carried out for barley 
and 8 for wheat (Figure 9). The plants were grown in the fields according to the local environmental 
conditions as expected. The plants were grown in the fields according to the local environmental 
conditions as expected. All data were collected using a standard file format (Ephesis, prepared by 
INRA-URGI) that allowed storage of the data in the WHEALBI database and further analysis. The 
analysis of the data (adjusted means and basic statistical analysis i.e. boxplots, AMMI, mixed 
models) were carried out in conjunction with WP4. 
 
The phenotypic data acquired highlight the wide genetic diversity present in the WHEALBI 
germplasm, suggesting that different genetic factors are responsible for the adaptation of each 
genotype to specific environmental conditions. These data were analysed together with the 
molecular data generated by exome capture and resequencing in WP2 to identify the genes 
responsible of specific adaptive traits.  
 
The management of a large set of germplasm, its multiplication and distribution to a large network of 
field trials as well as the scoring of the phenotypic data carried out by different researchers in 
different locations, the harvesting and threshing thousands of plots are all activities that are subject 
to human error (most frequent is the mix up of samples). Since these errors can significantly impact 
the quality of the data, the WHEALBI steering committee decided to verify the phenotypic data 
through a repatriation experiments carried out in the growing season 2016-2017. A sample of seed 
from each single plot of all WHEALBI trials were collected and sown in a single location with the 
same accessions form different locations grown side by side for direct comparisons. The results of 
the repatriation have highlighted an average of 2-3% of errors in most field trials, with the exception 
of two locations where the errors were above 10%. This information was used to curate the 
phenotypic data, and unreliable phenotypic data was removed from the analysis and subsequent 
publication. 
Phenological traits from this network field trials have been used as proof of concept for genome 
wide analyse using the exome variants in the barley and wheat manuscripts described in WP2. 
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Figure 9. An overview of the “garden experiment” in Italy, Fiorenzula d’Arda 

 

Task 3.2: Precision phenotyping of drought tolerance related traits  
This task provided a detailed phenotypic evaluation of drought tolerance screen-house and open 
field condition in Israel for more than 250 accessions of wheat (Figure 10), as well as an extremely 
detailed phenotypic characterization in Germany of about 130 accessions exposed to drought stress 
in both vegetative and grain filling stage using a precision high through put phenotyping facility 
(Figure 11). The field evaluation of drought response was carried out in two years with a different 
design. Data collected and analysed included grain yield, number of fertile spikes, spike weight, 
grain weight per spike, number of grains per spike, thousand grain weight, fruiting efficiency, days to 
heading, plant height, peduncle length, peduncle extrusion, spike length, flag leaf length, width and 
area, specific leaf weight, osmotic potential, osmotic adjustment, leaf rolling and glaucesness. 
Thermal and RGB aerial photographs were used to calculate canopy temperature, crop water stress 
index, percentage of ground cover, green-red vegetative index. 
A wide phenotypic distribution was found for each of the measured traits in both experiment and 
treatments. Average grain yield (across all genotypes) under water-limited treatment was reduced 
relative to the well-watered control by ~50% and ~30%, in the in first and second years, 
respectively.  
 
The genotypes tested exhibited a wide range of genetic diversity and a wide range of phenotypic 
diversity in each of the experiments conducted. Concerning the results of the precision phenotyping 
experiments, vegetative drought affected and reduced plant grain yield, mainly by reduced seed set. 
During stress, biomass formation slowed down, stopped and led to wilting systems. Moreover, 
photosynthesis was negatively affected but could recover up to the level of control treatment within 
one week after re-watering. High broad sense heritability estimates were observed indicating the 
suitability of current panel for GWAS with >450,000 SNPs from exome capture. 88 QTL regions 
spread over 17 chromosomes were significantly associated to at least one measured physiological 
trait. Stage and drought specific QTL were detected for all traits, including the physiological traits. 
The panel of 130 spring wheat lines consists of very old landraces (1926-1951), historic cultivars 
(until 1950ies), more recent cultivars (1960ies to 90ies), breeding material and current varieties 
(year of release 2000-2010). Beside the well-known trends for plant height and harvest index, in 
both drought setups the current varieties outperformed the landraces in the most significant yield 
parameters (grain yield per plant, grain number per  year).  
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Figure 10. Map location of drought experiment in Israel (left). Canopy temperature of well-watered WW and 

water-limited WL of the WHEALBI plots in the Neguev experiment 
 

 
Figure 11. The Lemnatec phenotyping platform at IPK, Gatersleben 

 

Task 3.3: Precision phenotyping of canopy development  
The detailed characterization of plant canopy development along the whole plant life cycle was 
completed for two growing seasons. Starting from December 2015, canopy development was 
characterised through several campaigns during which digital photos were taken from above and 
analysed for green excess, canopy spectral reflectance, height measurements and scoring of 
lodging and diseases. Highly significant differences between accessions for all studied traits and 
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large spans in the trait values demonstrated the high diversity of the barley accessions tested. High 
between year correlations and broad sense heritabilities suggest that the data set is a valuable 
resource for GWAS and allele mining approaches. The data set allows for the study of the impacts 
of prostrate or erect growth habit in the vegetative growth phase, of lodging sensitivity and tolerance 
to powdery mildew. Significant between accession differences resulted for canopy cover and NDVI 
at the level of whole crop cycle integrals as well as instantaneously. These indices for canopy 
development correlated with grain yield and yield components, relationships that will be further 
investigated with multivariate analyses. Relationships among traits will be studied with path 
analyses also taking into account meteorological indices in the diverse developmental phases. 
The experimental trial was visited in April 2016 by the participants of the Training Course on “Field 
Phenotyping” and by WHEALBI partners during the project annual meeting. In addition, frost 
tolerance tests were done with plants in first leaf stage grown in trays within growth cabinets, cold 
hardened and leaves harvested in the canopy development field experiment. The plants and leaves 
were exposed to freezing stress and the damage assessed with measurements of chlorophyll 
fluorescence.  
 

Task 3.4: Precision phenotyping for disease response 
Several protocols/technologies for disease analysis were designed. 
FHB/wheat. The first field experiment resulted in a total of 3,048 pictures have been taken to score 
for diseases after artificial infection. These were automatically analysed with new algorithms 
developed by INRA and collaborators to determine disease severities for each accession. 
Brown rust/wheat. To identify resistance genes for breeding a step-wise approach was adopted to 
evaluate the panel. At each step, only resistant accessions were retained and tested in the next step 
with a broader array of isolates. 454 accessions were evaluated with 4 isolates and 318 resistant 
accessions were identified.  
Septoria leaf blotch/wheat. 454 accessions were evaluated with the reference isolate IPO-09415 
and 120 accessions showed resistance. The 120 accessions were then tested with three additional 
French isolates carrying different virulences and 30 accessions have already been retained for 
further evaluations (Figure 12). In addition, novel phenotyping methodologies have developed for 
septoria allowing the quantification of the pycnidia number by image analysis and of the sporulation 
capacity with a particle analyser. As an alternative screening strategy, the same wheat panel was 
evaluated using the Septoria Mexican isolate IPO90006, which is a master differentiator as it is 
virulent for Stb6, Stb7 and Stb9 (the former gene is very prevalent in wheat germplasm and 
frequently co-occurs with other Stb genes) and the isolate IPO87016 (Uruguay, virulent on 
Stb4+Stb6+Stb13+Stb14). 
Powdery mildew/wheat. 344 wheat accessions were found susceptible to at least one of the four 
isolates employed, while 27 were resistant to all isolates. More Bgt isolates were further used in 
order to discover additional sources of resistance. 
Powdery mildew/barley. The results from inoculation with D353 showed a good phenotypic spread 
ranging from immune to extremely susceptible (>80% leaf area covered by powdery mildew 
pustules). Approximately 25% of the accessions exhibited a quantitative resistance ranging from 5% 
to 30% of infected leaf area. This group carrying potentially more durable forms of resistance is not 
specifid to a particular group of accessions (wild, landraces, breeding lines, cultivars). 
Yellow rust/wheat. The field phenotyping analysis has highlighted a full range of response from 
completely resistant to fully susceptible genotypes. 
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Figure 12. Identification of new sources of resistance to S nodorum isolates (in green) 

 
In all disease/host combinations the screening highlighted the considerable variation, identifying 
both resistance and susceptible phenotypes, which provided WP4 and WP5 data for GWAS. The 
results of this task have identified new sources of resistance against all diseases tested. Many of 
the associations identified have not been previously reported, thus representing novel sources of 
resistance. These new sources of resistance will be subject to more detailed investigation to clone 
the corresponding genes, which can subsequently be used in breeding programmes.  
 
Net blotch/barley. A panel of 6-row barley accessions part of the Whealbi barley collection were 
screened for resistance to net botch through artificial inoculation with a field isolate (from CREA) of 
Pyrenophora teres. A preliminary GWA scan using exome capture data showed significant 
associations on chromosomes 4HS and 5HL. 

WP4 – Data integration and analysis tools 

 

WP4 objectives were to provide a data management system for sequence and evaluation data of # 
500 wheat accessions; to provide a data management system for sequence and evaluation data of 
# 500 barley accessions; to provide an informatics pipeline for SNP detection and missing data 
imputation from NGS data and to provide informatics tools for multivariate approaches and genomic 
prediction across multiple environments. This workpackage was organized in 3 tasks and involved 6 
partners. All three deliverables associated with WP4 were submitted. 
 

Task 4.1: Data storage and interoperability 
INRA-URGI completed the integration of the WHEALBI wheat and barley germplasm and 
phenotyping data in the information system (GnpIS database). 
A web-page is available with the links to the WHEALBI data (Figure 13): https://wheat-
urgi.versailles.inra.fr/Projects/Whealbi. 
 
 

https://wheat-urgi.versailles.inra.fr/Projects/Whealbi
https://wheat-urgi.versailles.inra.fr/Projects/Whealbi
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These data are: 
- 509 wheat accessions (collaboration with INRA-GDEC), including passport data, photos, 
geolocation, WHEALBI identifiers. 
- 511 barley accessions (collaboration with IPK). 
- A trait ontology (WIPO) developed in the frame of the BreedWheat project and updated for the 
needs of WHEALBI. This ontology have been used to generate the phenotyping data. 
- Wheat and barley phenotyping data (collaboration with CREA): 12 trials on 6 sites. 
- Wheat SNPs (collaboration with HMGU) are available on the official wheat reference sequence 
browser (IWGSC RefSeq v1.0). 
 

  
Figure 13. Homepage of the WHEALBI information system hosted at INRA-URGI 

 
HMGU: Extending on the previously reported platform for accessing the variation data on the web, 
the platform has been modified to accommodate the latest wheat reference sequence and variation 
data. A search function now allows researchers to rapidly access variation data at regions or genes 
of interest and the web-enabled genome browser provides a comprehensive view of the variation 
data in the context of the reference sequence and the gene annotation. Additional information tracks 
can be easily added by an administrator and also (temporarily) by the user. The web interface 
further allows the retrieval of detailed variant information for single variants, e.g. concrete genotype 
of the currently displayed sample, allele frequencies and nucleotide diversity across the whole 
panel. The data access can be restricted to prevent the dissemination of unpublished data to the 
public. In that case, access details can be requested from the contact given on the website 
https://pgsb.helmholtz-muenchen.de/whealbi. All available data has also been integrated into the 
URGI repository and can be accessed from there. 
The technological base supporting the data access platform was completely replaced by a 
distributable AWS S3-compatible storage tier which enables rapid access and display of large data 
files. This storage system was evaluated and set-up for the purpose of this platform which now 
allows the use of 3rd party open-source tools for displaying comprehensive genomic information 
and associated geographic maps. Changes at the API layer however required a full 
reimplementation of the data access layer to enable the use of S3-compatible storage and data had 
to be converted into appropriately indexed, binary formats. Further, sample meta data was also 
cleaned and converted into the required format and search indices were built to support the search 
function introduced above. 
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Additionally, a hands-on training of variant calling was prepared and executed in Wageningen which 
used a sub-sampling of the data generated in Whealbi to teach an actionable work-flow of variant 
detection from reference and raw sequence data to variation data. The goal of the class, each 
attendant completing the full process of variant calling, was reached. 

 
Task 4.2: Efficient approaches to impute and utilize sequence variation data for 
prediction and mapping of complex traits 
In a report submitted at M54, WU explained why and in which situations imputation strategies might 
be a useful tool to reduce the genotyping costs, described a number of commonly used imputation 
methods, compared results of imputation methods, and provided recommendations about the 
convenience of imputation strategies. Two case studies are included; one in wheat and one in 
maize. The wheat example consisted of a diversity panel that was imputed with Beagle 4 and 
FImpute and evaluates the effect of the composition of the set of reference individuals. The main 
conclusion is that methods considering the genetic similarity (sample uniformly from the genetic 
space) when choosing the reference set outperform methods that do not (e.g. random). The maize 
example considers a Nested Association Mapping population and compares Beagle and 
magicImpute. When markers are missing at random, Beagle performed very well as long as the 
missing fraction ≤0.8, and it broke down at the high missing fraction 0.95. Markers missing for 
genotypes characterized at low density, were poorly imputed by Beagle. In contrast, magicImpute 
showed a high accuracy for this scenario. This shows that Beagle might not be the best method for 
imputation when the aim is to reduce cost by imputing progeny that is characterized at lower density 
than the parents. 
Imputed exome SNP were used, jointly with evaluation data from WP3, to explore relationships 
between genome variation and trait adaptation. Figure illustrates an example of association 
statistics between haplotypes at key-genes controlling the circadian clock and days to heading in 
the WHEALBI barley collection (Figure 14).  
 

 
 

Figure 14. (a) Manhattan plot for days to heading (DTH) for 371 domesticated barley lines based on a multi-
environment genome-wide association scan of haplotype states for chromosome 2H and (b) additive effects 
for specific haplotype states for HvPPD-H1, HvCEN and QTL3 (close to HvCO4). In (b), rows indicate the 
additive substitution effects in days of specific haplotypes states. The x-axis represents physical distance in 
Mbp. 
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A manuscript will be accepted for publication in The Plant Journal, after minor revisions. 
 

Task 4.3: Multivariate approaches for genomic prediction across multiple 
environments 
The work was performed in collaboration with the other WPs and consisted of two reports (one 
describing genomic prediction models and one applying these modls to a wheat data set) and one 
paper about multi-environment analysis of barley adaptation. Multivariate genomic prediction can 
have a number of applications and prediction objectives. Common applications are the prediction of 
multiple traits in a single environment, or the prediction of a single trait across multiple 
environments. Prediction objectives can consider prediction of unobserved genotypes in observed 
environments, prediction of observed genotypes in unobserved environments, or (more challenging) 
prediction of unobserved genotypes in unobserved environments. WU described different models 
for multivariate genomic prediction, emphasizing the differences between univariate and multivariate 
cases. Firstly, the report concerning D4.2 describes when multivariate prediction is expected to be 
advantageous, compared to univariate prediction. Then, it continues with a description of mixed 
models for multivariate prediction. These models can consider a fixed part for genotypic sensitivities 
to the environment and a random part to model the polygenic effects. Finally, the report illustrates 
different model classes with examples from the literature and with applications to the Whealbi wheat 
diversity panel. 
 
WU evaluated and developed an extensive set of genomic prediction models that include terms for 
QTLs, polygenic effects, covariables and combinations of these three types of model terms. These 
modelling approaches are formulated within a general mixed model framework for prediction of 
multiple traits in multiple environments where the models contain terms for environmental 
covariables (U), genotypic covariables (V), QTLs (Q) and polygenic terms (M): 

 
For details on the proposed methodology we refer to the report included in MS 13. 
The reports in MS13 and D4.3 discusses in which situations and for which type of data each model 
term is most relevant. Some of the QTL models were applied in a WHEALBI barley paper (accepted 
in The Plant Journal, after minor revisions) and in the WHEALBI-wheat paper by Pont et al. 
(accepted in Nature Genetics). Furthermore, a number of QTL detection and prediction models were 
applied to wheat data produced by WP6.  
The first data set is the wheat diversity panel of 435 hexaploid genotypes used in the Whealbi paper 
about genetic diversity. Genotypic data consisted of 390,657 SNP derived from exome sequence, 
after filtering out SNPs with Call Rate <0.80 and Minor Allele Frequency (MAF) <0.05. Phenotypic 
data consist of heading date, plant height, grain weight, awn length, among other traits, observed in 
four common garden experiments in France (INRA, Clermont-Ferrand), Hungary (ATK, 
Martonvasar), Turkey (University of Çukurova, Adana) and United Kingdom (KWS, Cambridge).  
The second data set is a back cross nested association mapping population, developed by KWS 
within WP6. This population consists of 382 wheat lines developed from the recurrent crosses 
between 18 ‘exotic’ lines and the elite winter wheat variety ‘Costello’. These lines were 
characterized genotypically with a 35k SNP chip (Illumina). Phenotypic data consisted of yield, test 
weight, ear emergence, height, lodging and leaning, and moisture content. Given the seed 
limitation, traits were measured in a trial without replication, with a check every seventh plot 
(alternating Costello and Relay). A subset of 358 genotypes were evaluated in the same location 
during 2017-2018 in a similar design as the previous year. For the diversity panel, the prediction 
models considered in the D4.3 considered fixed QTLxE effects and a random term for polygenic 
GxE effects. For the wheat multi-parent population produced by KWS in WP6, models considered a 
fixed term for the family effect, plus a polygenic term to model within-family variation (results 
presented during the final meeting). Models with polygenic terms, considering genome-wide effects 
had a larger prediction accuracy than models focusing only on QTLs. Multi-environment prediction 
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models showed a larger prediction accuracy than single-environment models, indicating the 
advantage of multivariate- over univariate genomic prediction (D4.3). A robust and versatile 
software pipeline was developed with VSN company (Figure 15).  
 
Besides the reports, WU, JHI and CREA led a manuscript describing the genetic basis for 
adaptation in barley (with the contributions of other project members). This manuscript analyses 
exome sequence data and life history traits measured in multi-environment trials of a diverse panel 
of 371 domesticated barley lines (a subset of the WHEALBI-barley collection) to explore the 
genetics of crop adaptation. G×E interactions indicated adaptation profiles that varied for sub-
populations defined from exomic data. GWAS analyses were done for single SNPs, but also for 
haplotypes constructed within the exomes. Exploration of circadian clock-associated genes related 
to days to heading revealed complexities in G×E effect directions, and the importance of 
latitudinally-based genic context in the expression of large effect alleles. Analysis provides practical 
information for future crop breeding. This manuscript was accepted in The Plant Journal (5fth of 
March 2019), provided that minor revisions are done. 
 

 
Figure 15. P0151: A Robust and Versatile Statistical Genetic Pipeline for Plant Breeding 

WP5 – Allele and pathway mining for adaptive traits and grain quality  

 
WP5 objectives were to provide a list of validated candidate genes regulating Seed Storage Protein 
genes in response to nutrient supply; to provide a list of haplotypes at the key adaptive and frost 
and drought tolerance genes in barley; to provide a list of haplotypes at five candidate genes 
targeted by barley domestication and improvement; to provide a list of haplotypes at key resistance 
and susceptibiliy loci in wild and bread wheat; to provide a meta-dataset including functional 
validation of candidate genes for race nonspecific pathogen resistance in barley and to provide a list 
of candidate genes for functional validation by silencing and allele complementation in powdery 
mildew and B sorokiniana-attacked barley. This workpackage was organized in three tasks and 
involved five partners. All five deliverables associated with WP5 were submitted. 
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Task 5.1: Gene networks for grain quality (protein content and composition) 
A tool dedicated to in-silico annotation of cis-regulatory motifs in promoters was developed. The in 
silico footprinting made in this preliminary work proved to be useful to select the most relevant cis-
motifs for functional validation. 
 
Results of the transient expression in wheat developing endosperm experiments suggested that 
ROC8 and TaHdZip transcription factors might repress the SHP promoter activity. These genes are 
thus good targets for allele mining of key players of the storage protein regulatory network. 
 
The experimental work was laborious and despite our efforts, the list of identified regulatory proteins 
remained short. To detect more candidates, we developed a strategy based on a regulatory network 
derived from RNAseq data of grains at different developmental stages of a wheat model species 
(the diploid einkorn, Triticum monococcum), grown with different N and S supply. All the networks 
were built using the RulNet platform for network inference (http://rulnet.isima.fr). The results of the 
first analysis concerning the integration of all the RNAseq data are described in a manuscript that 
was submitted. 
A blast analysis revealed that 1,159 TF genes are expressed in the grain of T. monococcum. In the 
following, we focussed on 580 of these TFs. The networks obtained by stage gave a first list with 
130 putative interactor genes belonging to 36 TF families (Figure 16). Twenty-nine interactors were 
found in both approaches. 
 

 
 

Figure 16. In silico analysis:  Identification of T candidates by a network-based strategy 
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Eighteen candidate TFs were associated at P value<0.001 with at least one trait concerning SSP 
composition. However, associations found have to be considered with caution and need to be 
confirmed using larger samples. Still, some of them were found in several locations and for several 
related traits. This suggests a certain robustness. In addition, Y1H (Yeast one-hybrids) and 
statistical approaches indicated that TFs of the C3H family likely play a role in the expression of 
SSP. 
 

Task 5.2: Allele mining at key genes for adaptive traits  
At the barley frost tolerance locus, 41 alleles, carrying deletions from 35bp to 6.4kb, were identified. 
This information was exploited to select a core collection of about 80 barley accessions representing 
the total genetic diversity of CBFs and Vrn-H1 unveiled in the Whealbi panel. 
 Candidate genes involved in several traits for mining of novel alleles in bread wheat and wild 
emmer wheat were selected. The resulted candidate LD-islands were compared with positions of 
genes showing different expression in wet and dry conditions. 
 
For drought stress resistance in wheat, in silico analysis enabled determining “macro-haplotypes” of 
SNP highly associated with traits related to drought resistance (Figure 17). Three 1Mbp segments 
(on 3A, 4B and 6A) were identified as a primary target for future genetic dissection. A secondary 
target set for future genetic dissection included five 1Mbp intervals (on 1A, 3B, 4D, 5B and 7D). By 
combining GWAS with information on QTL and differential transcription between drought vs. well-
watered conditions three 1Mbp segments (on 3A, 4B and 6A) were revealed as a primary target for 
future genetic dissection based on focused mining of novel alleles in a T. dicoccoides collection that 
displayed high variation for drought tolerance. The suggested secondary target set includes five  
1Mbp intervals (on 1A, 3B, 4D, 5B and 7D).   
  

 
 

Figure 17. An example of haplotype mining and geographic distribution of an osmotic adjustement QTL in 
WHEALBI wheat collection. 

 
In barley, the Frost resistance-H1 (Fr-H1) and Frost resistance-H2 (Fr-H2) loci explain most of the 
phenotypic variation for frost tolerance, and the responsible candidate genes are known. A total of 
27 alleles were detected at the HvBM5a gene for Fr-H1/Vrn-H1, carrying deletions from 25 bp to 8.9 
Kb in the regulatory regions of promoter or first intron. With respect to plants carrying a true winter 
allele, some of the new alleles detected showed a reduced vernalization requirement, with an 
anticipation of heading after two weeks only of low vernalizing temperatures. Concerning the cluster 
of CBF genes mapping at Fr-H2, 57 SNPs were identified on six CBF genes, with preliminary results 
suggesting a significant association between a haplotypes at HvCBF14 and the frost resistance 
phenotype (measured through the physiological parameter Fv/Fm). On the contrary, no differences 
were observed for genotypes carrying different paralogs/paralog combinations at HvCBF2, identified 
by looking at heterozygous calls from exome data. Finally, copy number variation at the tandemly 
duplicated genes HvCBF2A-HvCBF4B was observed by counting the number of sequencing reads 
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mapping at the locus, with lines showing up to a 10X increase of read depth with respect to the 
reference Morex. 
Also in barley, five gene regions were mined using the exome capture data, including brittle rachis, 
row type, grain characteristics (hulless) and photoperiod genes, with varying degrees of success, 
depending on annotation and whether the gene was present on the original 2012 genome assembly 
(IBGSC, 2012 Nature 491:711-716) and the subsequent capture array (Mascher et al., 2013 Plant 
Journal 76: 494-505). For the brittle rachis gene that was recently identified after the exome capture 
was designed, the actual gene was not present on the capture, although genes in the region that 
may be the correct one are used as examples in this study. In contrast, the photoperiod gene on 2H 
is well represented on the capture array. After filtering for missing data SNPs, haplotypes were 
constructed for each gene and ranged from 4 to 26. 

 
Task 5.3: Allele-mining for biotic stress resistance genes 
At IPK, the phenotypic data of powdery mildew infection from task 3.4 were used for a GWAS 
analysis in barley, using 449,585 high confidence SNP provided by WHEALBI. GWAS was 
calculated for three traits: 
a) Infection (% of diseased leaf surface) by Bgh isolate D35/3 
b) Infection (% of diseased leaf surface) by Bgh isolate Ri III 
c) Infection (% of diseased leaf surface) by either Bgh isolate producing higher values 
Associations were calculated in R by using a mixed linear model (Trait + Subpopulation +SNP 
+Kinship). Several significant associations were found for all traits. Race-nonspecific association 
peaks were located on chromosomes 2H, 3H, 4H and 5H. A total of 10 QTL containing 1 or more 
significantly associated candidate genes were identified. This resulted in 27 candidate genes 
(Figure 18). All SNPs per candidate gene exhibiting a –log(10) p value of >3 were used to calculate 
gene haplotypes. This resulted in up to 5 haplotypes per gene. As a trend, minor haplotypes were 
correlated with enhanced resistance.  
At UZH, allele mining for the wheat accessions at two powdery mildew resistance loci (Pm2, Pm3), 
a Stagonospora resistance gene (Snn1) and an ortholog of a rice durable resistance gene (Xa21- 
like) was performed. 122 variants in the vcf file are reported on chromosome 1A in the Pm3 gene. 
61 accessions show variants to known Pm3 alleles at 56 positions. The powdery mildew resistance 
gene Pm2 is not functional in cv. Chinese Spring. There is no complete gene in the reference 
genome annotation and the gene was also not complete on the sequence capture array. Therefore, 
we considered only a truncated version of the Pm2 gene. 442 accessions with the D sub-genome 
were considered. In total 66 variants were found in the Pm2 gene for those accessions. For 
example, 258 accessions gained a stop codon at position 43408812 (177 accessions have missing 
data). In total, we identified 52 accessions that probably carry Pm2. Two accessions could carry 
new Pm2 alleles, both are from A. tauschii (WW-247 and WW-248). The remaining 50 accessions 
do not show further variations compared to resistant Pm2 and can therefore not be considered as 
new Pm2 alleles. Snn1 is located on chr1B. 447 accessions with the B sub-genome were 
considered. In total 4 variants (one intron variant and three synonymous variants) can be found in 
the Snn1 region for those accessions. According to the literature, there are two homologs of the rice 
resistance gene Xa21 in wheat, Xa21-like1 and Xa21-like2. For Xa21-like2, there were no variants 
reported in the WHEALBI vcf. 442 accessions with the D sub-genome were considered. In total 2 
variants (a synonymous variant in accessions WW-097 and WW-307 and a non-synonymous 
variant in accession WW-242) can be found in the Xa21-like1 region for those accessions. 
 
Yr15 is a wheat gene against the fungal pathogen stripe rust: The screening of the 461 genotypes 
by co-dominant gene-specific FMM markers revealed that all 461 samples from the WHEALBI 
collection contained the wtk1 non-functional allele. 
Due to the release of the new Chinese Spring (CS) reference genome IWGSCv1.0, a new .vcf file 
with the SNP calling was provided for the exome capture data. Consequently, allele mining for the 
wheat accessions was repeated at two powdery mildew resistance loci (Pm2, Pm3), a 
Stagonospora resistance gene (Snn1) and an ortholog of a rice durable resistance gene (Xa21-like). 
Work in task 5.3 also included functional studies towards the end of the project. The new Pm2 
allele, tentatively name Pm2j was molecularly characterized and the functional validation of a 
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candidate gene conferring race-specific resistance to powdery mildew derived from the results 
delivered in WP3.4 was initiated. This potentially novel powdery mildew (Pm) resistance gene has 
been identified through GWAS in the WHEALBI population. It was confirmed that ~ 35 genotypes, 
resistant at phenotypic level against the diagnostic isolate, had the exact same sequence showing 
the identical three amino acid changes compared to the haplotype in cultivar Chinese Spring.  
 

 

 

 
Figure 18. Identification of race-non specific loci ro powdery mildew in barley and candidate genes though 

genome-wide association analysis (GWAS) 

 
Furthermore, 15 randomly chosen susceptible lines had the Chinese Spring version of the gene.  
Three different approaches for the identification of possible candidate genes involved in Fusarium 
head blight resistance allowed the identification of a set of 270 genes potentially involved in wheat 
resistance or susceptibility against FHB. Using a BLAST search against the RefSeqv1.0, the 
physical positions of these genes were determined. SNP present in these genes were identified 
within the wheat exome data. A total of 264 SNP were identified from 49 genes. None of these 
SNPs were shown to be significantly associated with FHB related traits in WP2 GWAS data. 
A final list of 33 candidate genes form barley against Blumeria graminis f. sp. hordei (Bgh) was 
determined based on the performed genome-wide association studies for three traits. The four most 
promising candidates were selected after confirmation of the annotated gene models and different 
PCR based amplification tests. For the functional validation the selected genes were tested in Bgh 
attacked leaves via particle bombardment by transient gene silencing and transient allele 
complementation. This overexpression assay form 3 candidates lead to the identification of one 
allele which causes increased Bgh susceptibility in the tested resistant genotype. 

WP6 – Genome-assisted pre-breeding and breeding methods  

 
WP6 objectives were to provide a list of # 30 barley and wheat lines adapted to European conditions 
all with novel, wide allelic diversity for yield per se, yield stability, and yield related trait; to provide 
>10 barley lines with incorporated genetic diversity for useful traits in regions otherwise showing no 
or very little diversity in elite European spring barley malting varieties; to provide >10 wheat lines 
with introgressed QTLs for yield and yield related traits originating from wild emmer wheat, 
accompanied with associated molecular markers for further use in breeding; to provide >5 wheat 
lines with translocated barley chromosome segments for further exploitation in breeding and to 
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provide statistical model(s) for efficient introgression of QTL(s) into breeding programmes. This 
workpackage was organized in 3 tasks and involved 8 partners. All five deliverables associated with 
WP6 were submitted. 
 
Task 6.1: Introgression of wide allelic diversity into elite barley and wheat varieties 
The successful inclusion of SIS into the task for additional phenotyping was a major achievement 
and added value to the whole work package.  
 
64 elite pre-breeding lines from a KWS NAM (Nested Association Mapping) population were tested 
in replicated yield trial in the UK. Best line was 9% higher yielding than the recurrent parent, 
showing that high-yielding and locally adapted lines can be generated from pre-breeding. On 
average, the 64 lines carried 11.8% exotic genetic diversity. Six pre-breeding lines were selected by 
the commercial breeding team for use in their crossing programme. KWS has established a pre-
breeding pipelines which exploits results from the WHEALBI project (Figure 19). 
48 other lines from the INRA NAM population, selected based on a combination of previous years 
field performance and genetic characterization were yield tested in four locations in France by INRA 
and Italy by SIS partner. Five lines were identified showing superior performance across 
environments, showing that selection for broad adaptability is possible. Further work on exploiting 
the genetic data is expected post-project. 
Genotyping of 380DH lines from the barley MAGIC population with the 50K SNP chip was 
completed, resulting in 18K informative genetic markers. The phenotyping for post-harvest traits 
was also completed. A few lines out performing modern varieties across environments were 
identified. Combined analysis of phenotypic and genotypic data revealed a QTL for yield on 7H, and 
more association mapping is on-going. 

 
 

Figure 19. Workflow of the pre-breeding pipeline in KWS. 

 
Task 6.2: Introgression of targeted genomic regions into elite barley and wheat varieties 
This task involved inter- and intra-specific crossing which is always associated with certain level of 
risk of failure. All three main partners (HU, KWS, and ATK) have all worked towards their objectives. 
The first round of tetraploid-by-hexaploid crosses carried out at HU did not produce viable 
pentaploid plants hence a new round of crossing has been carried out (Figure 20). Unfortunately it is 
impossible to predict the potential physiological disorders in these types of crosses but it is expected 
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that eventually HU will succeed in producing viable pentaploid hybrids. Similarly, the translocation 
work performed at ATK is a numbers game with low percentage of successful and fertile 
wheat/barley lines expected. The fact that already six fertile 7H and 4H translocation lines have 
been generated is a success. 
The work at KWS does not have the same chromosomal challenges as the other two projects. The 
crossing and backcrossing to 80 barley landraces is a challenge in itself and once the exome 
capture data is available this number can be reduced based on available diversity in the target 
regions. This task has produced some successful translocation and, as expected, difficulties with 
interspecific crossing.  
 

 
Figure 20. Wild emmer wheat: a valuable genetic resource, native in Israel and Middle East. 

 
We identified and selected promising GPC-QTL (Grain Protein Content) for introgression into bread 
wheat cultivars: on chromosome 4BS, 7AL and 5BS. Three KASP markers were developed for 
each, used for transferring the QTL to BC3F3. During the last 18 months we screened 344 BC2F1, 
707 BC3F1 and 537 BC3F2 plants. BC3F3 will be grown in 2018 for protein content and yield 
validation and will include sisters with and without the QTL, as well as recombinants in the QTL 
regions. Combined, this procedure resulted in: 129, 30, 3, 3, 28 and 30 lines based on the cultivars 
Ruta, Gedera, Galil, Barnir, Yuval, and Zahir respectively. We also evaluated the results of the field 
experiment conducted in Israel in 2017 (obtained from Y. Saranga, WP3), and their GPC values 
obtained from Maria Megyeri in MTA ATK. Based on these, we chose four European lines that have 
high yield but differ in GPC in order to test them together with our introgression lines in 2018. 
 
In order to better inform the introgression targets at B1 from each of the 29 landrace families 20 
individuals were selfed and seed sent to New Zealand for multiplication. The resulting B1F3 
generation was grown in a yield trial in Cambridgeshire, UK replicated in 2016 and 2017. This 384- 
plot trial was assessed for yield, yield components, agronomic traits and phenology traits. After 
spatial adjustment of the data (using the array of check genotypes) association analysis was carried 
out for each target haplotype. Exome capture data has enabled us to identify informative SNPs in 
the target haplotype regions (in silico) and to design KASP marker assays for the efficient selection 
of each target. This has been done (with a very low fail rate) and employed in the selection of a first 
batch of B2 individuals carrying candidate introgressions which have been backcrossed and are 
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now at B3F2. Currently B3F2 individuals are being marker selected in order to identify homozygotes 
for the target introgressions. Selfed seed at B3F3 will be available in March 2018 completing the 
introgression phase of the programme. Seed will be delivered to the KWS line breeder for inclusion 
in ongoing breeding programs in March 2018 and also multiplied to B3F4. Beyond the WHEALBI 
project the actual performance of the introgression material will be validated in yield trials by KWS. 
 
The genotype carrying 3HS.3BL compensating translocation was transferred into a modern 
Martonvásár wheat cultivar, Mv Bodri. The introgression of the 3HS.3BL translocation significantly 
reduced the plant height due to the incorporation of the dwarfing allele RhtD1b. The presence of the 
3HS.3BL translocation in the Mv Bodri wheat background improved tillering and seeds per plant 
productivity in field experiments carried out in Martonvásár, Hungary. In general, the selected lines 
had good spike fertility and the phenology matched Mv Bodri.  
Taking advantage of the breakage-fusion mechanism of univalent chromosomes at meiosis, the 
‘Rannaya’ winter wheat 7B monosomic line was used as female partner to the 7H addition line male, 
leading to the development of a compensating wheat/barley Robertsonian translocation line 
(7BS.7HL centric fusion, 2n = 42) which exhibited higher salt tolerance and elevated grain β-glucan 
content. 
Three translocation lines were developed from a cross between Rannaja 6A or 6B monosomic and 
Asakaze/Manas 6H disomic addition lines. Initial tests indicated that the 6BS.6HL introgression in 
the wheat background had better yield than the Asakaze wheat parental line. The plants carrying 
the 6HS.6BL disomic centric fusion have low fertility. Monosomic 6A.6HL translocation lines have 
been developed but not yet tested. 
The gametocidal system was applied to produce new wheat-barley translocation lines from the 
wheat/barley addition lines (Asakaze/Manas) developed earlier in Martonvásár. All the five 
wheat/barley available addition lines (2H, 3H, 4H, 6H and 7H) were pollinated with wheat/Aegilops 
cylindrica 2C addition to induce chromosome rearrangements and introgressions carrying different 
barley chromosome arms. Work is ongoing to generate wheat lines with shorter segments of barley 
introgressions. 
Twenty-three 5H-specific EST-based PCR markers were selected using the 5HS-7DS.7DL 
translocation line, and the size of the introgressed barley segment was determined. It was 
approximately 74% of the whole 5HS. The translocation breakpoint was flanked by markers Hv7502 
and Hv3949 
The major goal of field testing Israeli elite varieties with introgressed QTLs for increased grain 
protein content was accomplished. Although the testing was only in small plots, there were clear 
indications that protein content had increased without negative effect on important plant traits. 
Validation of grain yield vs protein content will happen post-project.  
Yield testing of B2F3 introgression lines representing 50 introgression targets was completed. As 
expected, many targets had no or negative affect on yield performance, but a sub-set of targets 
showed positive contribution to one or more important agronomic traits. These targets will enter a 
third and final round of backcrossing before being passed on to KWS’ commercial breeding team. 
Wheat-barley translocation lines have been phenotyped and compared to the wheat recurrent 
parents. Indications of increase in yield (small plots only), salt tolerance and fusarium resistance are 
encouraging. Further translocations are in the process and translocations of 3HS, 5HS, 6HL, 7HS 
and 7HL are at different stages in the development. 
 
Task 6.3: Modelling Exotic alleles introgressed into elite germplasm 
Candidate QTL mapping and genomic prediction models were developed for application to the KWS 
pre-breeding data. WU formulated a general mixed model framework for prediction of trait k for 
genotype i that contains terms for QTLs (Q) and polygenic terms (M): 

 
Multi-trait QTL detection in the backcross nested association mapping from KWS requires some 
modifications to the general model to account for the population structure in combination with 
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multiple traits. Fixed intercept terms need to be added for the means of the individual (sub) 
populations. Allele substitution effects can be defined in various ways. Once by contrasting the 
central parent with all peripheral parents, another time by a unique substitution effect per population. 
Further models are possible in which alleles of peripheral parents are combined in classes. This this 
population, data were prepared for use in later QTL mapping and genomic prediction.  
Meetings with WU has taken place to explain the structure of the pre-breeding programme at KWS 
and discuss how to use modelling to evaluate the pre-breeding scheme. Data on selection 
intensities from BC1F2 generation through to BC1F5 generation were provided for analysis. The 
aim is to assess population size and selection intensity and compare with performance and genetic 
diversity. The 35K SNP data has also been made available to WU who will attempt different 
methods of analysis for identifying positive, negative and neutral genetic introgressions. Analyzing 
pre-breeding populations which have undergone heavy selection under field conditions requires a 
different strategy than analysing populations with a balanced family structure. Combined analysis of 
the genotypic and phenotypic data from KWS’ wheat pre-breeding populations identified exotic 
genomic regions contributing positively towards yield, and also identified the pre-breeding crosses 
which had the potentially highest pre-breeding value. Preliminary results about QTL detection 
models were presented at the final Whealbi meeting. 

WP7 – Innovative crop management practices to identify wheat and barley 
ideotypes with enhanced performance 

 
WP7 objectives were to provide a list of candidate traits and ideotypes for improving wheat 
adaptation and stability in target populations of European environments from crop model 
simulations; to provide phenotypic datasets and report for performance of # 20 barley and wheat 
lines under conservation management; to provide phenotypic datasets and report for performance 
of # 20 barley and wheat lines under organic husbandry and to provide a report on the economic 
value of different management practices. This workpackage was organized in 4 tasks and involved 
6 partners. All four deliverables associated with WP7 were submitted. 
 
Task 7.1: Simulation mining of adaptive & constitutive traits to improve grain yield & quality 
stability  
The sensitivity analysis of SiriusQuality2 identified several traits (e.g. number of leaves produced 
after floral initiation, phyllochron, potential duration of grain filling, light use efficiency) associated 
with high and stable yield and protein concentration in a range of environments. The results of this 
study have been accepted for publication in Journal of Experimental Botany. The WP succeded in 
defining a list of traits and measures including weather, soil characteristics and crop traits to 
calibrate the process-based model SiriusQuality2.  
 
A strategy for in silico ideotype mining has been developed and tested in three contrasted European 
environments (Figure 21). The strategy for ideotype research has been presented by A. Dambreville 
at the International Crop Modelling symposium in Berlin in March 2016. We have collaborated to a 
barley multi-model study conducted as part of the FACCE-JPI MACSUR knowledge hub aiming to 
for designing future barley ideotypes for Boreal and Mediterranean climatic zones in Europe and a 
paper has been submitted for publication. Three additional scientific papers are expected to be 
submitted by the end of Task 7.1 on i) the model of leaf area development of SiriusQuality2; ii) the 
identification of genotypic parameters related to this model and there genetic variability in elite 
cultivars; and, iii) the innovative strategy for wheat ideotype research. 
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Figure 21. Scheme of the ideotype strategy developed in WHEALBI to mine for resource efficient 

ideotypes. 

 
The work carried out in this task has led to the setup of an innovative approach for ideotype 
research based on resource use optimisations. Using this approach, we identified a set of important 
parameters needed to optimize the efficiencies under different water and N scenarios within Europe. 
We also highlighted a strong significance of anthesis date within the optimized population. This 
Deliverable has led to two scientific publications with a further publication in preparation. 
 
Two papers based on the work carried out in the previous period on the genetic variability of model 
parameters and ideotyping mining have been drafted. 
 
Task 7.2: Conservation management   
Field experimental platforms were established under conservation management practices at all 
partner sites. Completed an initial selection of ~30 winter barley and ~60 winter wheat accessions 
selected and sown in nursery plots for seed multiplication and initial phenotypic observations. 
 
The nursery trials at NIAB for seed increase and initial phenotypic assessments were harvested in 
August 2015. Accessions were evaluated for disease, crop height, lodging and maturity date to 
better enable the selection of the core accessions for the field platform experiments at partner sites. 
Seed was collected and processed (weighed, cleaned and dressed (where necessary) and 
dispatched to WP7 partners in September 2015 ready for sowing.  
 
A core set of 10 wheat and 10 barley accessions were chosen to ensure a wide range of diverse 
genetic material including material from old cultivars, landraces and adapted elite lines. Field 
experiments were conducted over two growing seasons (2015-16 and 2016-17) at three 
experimental sites in the UK (NIAB), Italy (SIS) and Hungary (ATK). The treatments were three soil 
tillage methods (ploughing, deep non-inversion and shallow non-inversion) and two N fertilisation 
rates (Figure 22). The experimental design was a split-split plot, with tillage as the main plot, N level 
as sub plots, and genotypes as sub-sub plots (Figure 23). 
Using grain yield as the main indicator of performance, the results showed that Landrace 
accessions of wheat and barley yielded less than the commercial cultivars, regardless of fertilisation 
level and tillage practice. In general, Old cultivars were competitive with the newer elite cultivar 
performance. The general impact of tillage practices on genotype performance, across all sites and 
years, did not have a consistently significant impact on yield either in wheat or barley. The lack of 
significant genotype x N fertilisation interactions suggested that the hypothesis is not supported, that 
older cvs or landraces may harbour beneficial alleles not present in elite germplasm which would 
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give them an advantage under non-inversion tillage or reduced N inputs. Indeed, N use and 
efficiency was driven by differences in grain yield, so the higher-yielding elite (or recently 
introduced) cvs showed greater NUE than the lower yielding landraces. 
 

 
 

Figure 22. The three cropping systems compared in conventional agriculture with two levels of inputs. 
 
 

 

 
Figure 23. Overview of crop system field experiment in Hungary and summary of results 

 
Task 7.3: Organic husbandry 
Field experimental platform established under organic management practices at partner site. 
Additional selection of spring cereal accessions to compliment the initial selection of ~30 barley and 
~60 wheat accessions to ensure a wide range of diverse genetic material.  
Two years of data were analysed on 20 winter wheat (10 WHEALBI set plus 10 British entries, from 
landraces to Elite Breeding Lines, selected by ORC in the previous phases of the project) and 10 
Barley entries in ploughed and shallow-non-inversion systems. The experiment was set up as a 
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split-plot Randomised Complete Block, with Tillage as a main factor and Variety as a subfactor. All 
data were analysed through a mixed model as in R/lme4. 
The variety factor was split in a set of contrasts to test specific hypotheses related to differences 
between varietal classes. In particular, we focused on (1) differences between UK and non-UK 
varieties; (2) within UK varieties, differences between landraces and proper varieties (historic, 
modern); (3) within UK proper varieties, differences between historic and modern varieties; (4) 
within UK modern varieties, differences between commercial varieties and those selected as elite 
breeding lines; (5-7) the same as (2-4) for the non-UK varieties. The contrast matrix was completed 
by comparisons between individual varieties within single classes, thus resulting in 19 orthogonal 
linear contrasts. 
The effect of shallow non-inversion tillage appeared to be evident and consistent in a slightly 
reduced performance in wheat, in terms of establishment, early ground cover, N uptake, weed 
abundance and biomass, ears density and, last, yield. Yield performance of different genetic classes 
(Landraces, Historic, Modern, Elite), showing that the advantage of progressive steps in wheat 
breeding might be diluted or lost in organic systems, especially in reduced tillage conditions. 
Across the two years of our trial, no “best cultivar” could be identified. Yield advantage of modern 
cultivars and elite breeding lines over heritage cultivars across both years was inconsistent. 
Moreover, when looking in detail at relationships among different morphological traits, yield did not 
appear to be linked to some of the key features of modern wheat, particularly short straw and high 
harvest index (grain/total biomass). The most consistent yield driver seemed to be ground canopy 
cover at the onset of stem extension, probably because of its relationship with resource capture and 
timely competition against weeds. 
 
Task 7.4: Socio-economic assessment of innovative crop management practices  
One of the conclusions is that reduced tillage could be implemented on multiple kinds of farms. In 
most of the cases, reducing the mechanization and the labour cost, results in a benefit on the gross 
margin, even if the crop yield is slightly reduced (Figure 24). Within this task we have highlighted the 
role of European and national policies, which play a major role on the development of conservation 
agriculture and reduced tillage in Europe. With the CAP 2014-2020, very few measures were 
engaged in the soil conservation, even if there was some ambition at the commission level before 
adoption of specific “greening” at the member state level. We can expect or hope that the next 
reform of the CAP in 2020 could include soil protection and conservation in the mandatory 
measures. 
 

 
Figure 24. Gross margin of wheat and barley cultivars under various cropping systems and levels of inputs. In 

most cases, reduced tillage has better margins than traditional ploughing 
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1.4 Potential impact, main dissemination activities and exploitation of 
results 

 
1.4.1 Potential impact  

 
The WHEALBI project main outputs are: 
• A publicly accessible collection of 1024 geo-referenced inbred lines of wheat and barley chosen 
from across the geographic range, to broadly represent the whole species and focusing on 
germplasm more adapted to European conditions.;  
• Deep sequence (5-20X) of the exomes of the same wheat and barley accessions than enabled 
extensive study of genetic variation and evolution across geographical and historical ranges.; 
• Life history trait and phenotypic data from all wheat and barley accessions grown in multiple 
environments along a wide climatic gradient in Europe, from Scotland to Israel; 
• More detailed phenotypic data of selected subsets of wheat and barley accessions from high-
throughput/precision phenotyping platforms, e.g. canopy development, disease scores, frost and 
drought tolerance;  
• A data repository and management system containing all of the above data with a unique access 
portal;  
• An interpretation of the observed patterns of diversity in relation to geography and environment, 
published in high impact journals; 
• A list of candidate genes and alleles involved in key traits such as grain quality, frost and drought 
tolerance and resistance against fungal diseases; 
• Pre-breeding pipelines using up-to-date statistical approaches and tools to integrate new useful 
variation into applied breeding programmes, including those from old varieties and wild relatives; 
• Identification of new sustainable crop management systems and their economic evaluation at both 
farm and EU levels; 
• Identification of best ideotypes suited for innovative sustainable cropping systems, with reduced 
environmental impact (in terms of pollution, energy use, greenhouse gas emissions); 
• Advice to policy makers at EU level on project related impacts (e.g. in relation to support 
agriculture, agro-environment and other CAP - Common Agricultural Policy - related issues). 
 
As consequence of the WHEALBI activities, a number of downstream effects will be promoted. 
 
Development of breeding tools to support the breeding sector 
The tools that have been developed in WHEALBI and the proof of concept made on the exome 
sequences will place EU research and industry in an ideal position to valorise future developments 
in genomics. This will help maintain EU scientists and breeders in the first circle of top world 
achievements in cereal genomics. 
 
Development of new varieties with increased genetic variation and improved agronomic, 
processing and nutritional characteristics to support the farming sector 
Succeeding in filling the “yield gap” of European wheat and barley production will help to maintain 
the gross value of major cereals production. With a reasonable figure of 30 kg/ha/year on average, 
across all EU countries, this would lead to about 50 more million tons in the decade following 
WHEALBI, i.e. a gross value of around 10 billion euros, and is certainly crucial for the maintenance 
of EU export capacity. 
  
Widening the range of available adapted cereal genotypes 
The efficient exploitation of untapped biodiversity of small grain cereal genetic resources, including 
wild relatives and landraces, through genome based methods will ensure the potential of long-term 
genetic progress, particularly for specific adaptive traits to crop management systems which have 
been little considered up to now. 
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Environmental impact of new varieties grown in improved and/or novel management 
practices  
Development of new varieties with durable resistance to diseases will enable farmers to reduce the 
use of fungicides, saving around 500 million euros per annum while maintaining yield and safer 
production of grains. This output will enable farmers to comply with the IPM requirements. 
Adopting tilling conservation on at least 50% of the EU cereals growing areas will stop the 
degradation and even improve the soil organic matter content. In addition to the positive impact on 
soil erosion and fertility, this will lead to the sequestration of substantial quantities of carbon. 
 
Contribution to food security through more productive, diversified and resilient European 
cereal production 
WHEALBI outcomes will enable EU agriculture to maintain its cereal production at a high level with 
more limited year to year variations. This will have positive impact on world production stability, 
limiting the volatility of cereal prices which has dramatic consequences on farmer incomes and 
consumers well-being, particularly in developing countries, but also on poor people in developed 
ones. 
 

1.4.2 Main dissemination activities 
 
WP8 facilitated the dissemination of all activities within WHEALBI. Thus, general public, students, 
young researchers, stakeholders were informed and participated all along the project through 
trainings, the final Stakeholder forum and scientific conference, videos (15 released), newsletters (5 
released) as well as many other tangible communication actions. 
Over the course of the entire project, more than 120 dissemination and communication events took 
place in 20 different countries. The presentations (talks, posters, open days, college project, 
trainings, etc) reached a total audience estimated as more than 50 000 people.  
 
The College project, which included five colleges from five participating countries, was a success. 
Colleges that participated were: Vetagro Sup (France), Easton&Otley College (UK), Anhalt 
University of Applied Science (Germany), Instituto Tecnico Agrario e Chimico Scarabelli (Italy) and 
Georgikon Faculty (Hungary). Results were excellent as regards to interest of the students, 
dissemination and students access to the project. 
 
Seven trainings on genomics, phenomics, bioinformatics and data mining, applied breeding and 
agronomy were organised for scientists in the frame of the project. 
 
Breeders, farmers and cooperatives were targeted via NIAB Innovation Farm, a knowledge 
exchange and research demonstration facility. The final Stakeholder forum was organised in 
December 2018 at the European Seed Association, in Brussels. Besides the European 
Commission, ETP Plant For The Future, European Seed Association and National plant breeders 
associations attended. 
 
WHEALBI’s public website (http://www.WHEALBI.eu/) was developed to allow the wide 
dissemination of project information to different stakeholder groups (scientists, consumers, farmers, 
breeding and seed industry).  
 
WHEALBI has been presented to several large congresses over the four reporting periods: PAG 
(USA, January 2014), European Seed Association Annual Meeting (May 2014), ITMI-EUCARPIA 
(Denmark, July 2014), National Organic Cereals (UK, 2014), Organic Producer Conference (UK, 
2014) International Wheat Conference (Australia, September 2015), EUCARPIA (Switzerland, 
August 2017), Genotype to Phenotype Modelling of Plant Adaptation (The Netherlands, November 
2017). 
A scientific conference open to non-WHEALBI partners was organised in Edinburgh during the final 
meeting. As many as 21 short presentations were given, across all WPs. 

http://www.whealbi.eu/
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During the course of the project, WHEALBI interacted with other projects and initiatives (Annex 1 
and 2). The consortium gave permission to a PhD Student at JHI to share exome SNP data of 9 
barley lines with the breeding society SECOBRA (not a partner in WHEALBI). For the other 
demands of access to the whole SNP datasets, the reply was that they should be publically 
released after publication, expected before June, 2019. 
 
According to the External Advisory Board of WHEALBI composed of Kellye Eversole (IWGSC), 
Hélène Lucas (Wheat Initiative until 2017), Pierre Devaux (Florimond Desprez), Silvia Travella 
(Plant for the Future ETP), Mike Bevan (JIC), Frank Ordon (JKI, wheat Initiative since 2018), 
Benjamin Kilian () and Scott Chapman (CSIRO), WHEALBI has been an ambitious and interesting 
programme that they would rank as excellent. 4 EAB members attended the final meeting and wrote 
a report that highlighted key points.  
Wheat and barley accessions have been extensively characterized at the molecular level using 
exome capture and re-sequencing. This yielded a wealth of data that have been used throughout 
WHEALBI. In parallel, these lines have been phenotypically evaluated for a range of life history 
traits under field conditions. Subsets were phenotyped for abiotic and biotic stress-related traits, 
many of which were challenging to assess such as drought tolerance which required bespoke 
precision phenotyping solutions. Exchange of seeds and import regulations proved challenging, and 
the barley collection did not pass phytosanitary requirements and proposed activities had to be 
revised.  
The EAB observed strong collaboration between the wheat and barley groups, referring specifically 
to the study of gene orthologs to assess signatures of domestication and breeding history of these 
two important crops. As to (pre-)breeding, the EAB was interested to see that not only landraces 
could be resistant to all major strains of pathogens but also some recent cultivars in the case of  
Septoria leaf blotch. Through successive crosses carried out by the companies involved, original 
introgressed lines (pre-breeding material) have been constructed and evaluated under further 
evaluation. The EAB is confident that all stakeholders will benefit from newly developed material.  
Although the project has ended (Figure 25, 26), the pipelines developed and analyses for 
association scans will continue to be used by the consortium.  In addition, with respect to resistance 
screening validation of identified and novel resistance under field conditions will provide valuable 
genes for future breeding.  
The EAB has motivated the Executive committee, to actively share the success stories of this 
WHEALBI initiative widely. First exciting manuscripts were submitted to high impact journals and 
many more will follow.  

 

 
Figure 25. The final meeting Edinburg, October, 24-25th, 2018 
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Figure 26. The final stakeholder meeting in ESA headquarters, Brussels, December 4th, 2018 

 
1.4.3 Exploitation of results 
 
Six lines developed from the wheat pre-breeding project have entered the commercial wheat 
breeding programme. These were all crossed to commercial varieties in early 2019 and the progeny 
will enter the product development pipeline. If we have been successful in introducing new genetics 
for increased performance, these will indirectly be selected for during the selection process and end 
up in commercial varieties grown initially be UK farmers. As the European wheat breeding industry 
is closely interconnected, over time these genes will spread into other part of European wheat 
communities.  
For barley, the pre-breeding lines have been handed over to the commercial spring barley breeding 
in France who will evaluate the lines and select promising material for crossing into commercial 
spring barley lines, which is successful have a pan-European market. 
 

1.5 Public website and relevant contact details 

Address of the project public website: http://www.WHEALBI.eu 

Relevant contact details: 
 
WHEALBI Coordinator: 
Dr. Gilles Charmet 
INRA-GDEC 
5 chemin de Beaulieu 
63039 Clermont-Ferrand - France 
E-mail: gilles.charmet@clermont.inra.fr 
 
WHEALBI Project Manager: 
Ronan Pendu/Claire Bonard 
INRA Transfert (IT) 
Rue de la Géraudière, BP 71627 
44316 Nantes Cedex 3 - France 
E-mail: claire.bonard@inra.fr 

http://www.whealbi.eu/
mailto:gilles.charmet@clermont.inra.fr
mailto:claire.bonard@inra.fr
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2. Use and dissemination of foreground 

Section A (public) 

 
TABLE A1 : LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE OLDEST ONES 
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Author  
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Ravel 
Catherine 

Frontiers in 
Plant 

Science 
  electronic 
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d 

2014   

doi: 
10.3389/fpls.2

014.00621 

Yes 

INRA 

In silico system analysis of 
physiological traits 

determining grain yield and 
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climate and crop management 

Pierre 
Martre 

Journal of 
Experiment
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Oxford 
Press 

UK 2015 
pp. 3581-

3598 

10.1093/jxb/er
v049 

Yes 

INRA  

Improvement of the 
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barley centric fusion by 
introgressing the 3HS.3BL 
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Edina 
Türkösi  

Genome  57:  NRC   Canada 2015 
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2014-0187 

No 

ATK 

Wheat-Barley Hybrids and 
Introgression Lines.   

 Márta 
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Springer 
books  

2015 
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Science + 
Business 
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Heidelberg 
New York 
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No 
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Media, 
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Dordrecht 
London 
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(e-book).  DOI 
10.1007/978-
3-319-23494-

6. 

Alien introgression in wheat. 
Cytogenetics, Molecular 
Biology, and Genomics 

Márta 
 Molnár-

Láng 

Springer 
books 

2015 
Decembe

r 

Springer 
Science + 
Business 
Media, 

Springer  

Cham 
Heidelberg 
New York 
Dordrecht 
London  

2015 pp 385.  

ISBN 978-3-
319-23493-9, 
ISBN 978-3-
319-23494-6 
(e-book). DOI 
10.1007/978-
3-319-23494-

6. 

No 

ATK 

Salt stress response of wheat-
barley addition lines carrying 
chromosomes from the winter 

barley „Manas”. 

Éva Darkó  Euphytica  203  
Springer 
Netherlan

ds 

Netherland
s  

2015 
: 491-
504  

doi: 
10.1007/s106
81-014-1245-

7. 

No 

ATK 

Exome sequencing of 
geographically diverse barley 
landraces and wild relatives 

gives insights into 
environmental adaptation  

Russell, JR  
 Nature 

Genetics 
 48; July 

2016 

 Nature 
research 
journals 

USA   2016 
1024–
1030  

doi:10.1038/n
g.3612 

Yes 

JHI, 
IPK 

Addition of Manas barley 
chromosome arms to the 
hexaploid wheat genome  

Edina 
Türkösi  

BMC 
Genetics  

17:87  
BioMed 
Central  

London, 
UK   

2016   

DOI: 
10.1186/s128
63-016-0393-

2  

Yes 

ATK 

Next Generation Breeding L. Cattivelli  
Plant 

Science 
242 Elsevier    2016 41334 

doi:10.1016/j.
plantsci.2015.

07.010 

No 

 CREA 

Photosynthetic responses of a 
wheat (Asakaze) – barley 

(Manas) 7H addition line to 
salt stress.  

Dóra 
Szopkó  

 Photosynt
hetica 

 54 

The 
Institute of 
Experime

ntal 
Biology of 
the Czech 
Academy 

of 
Sciences, 
 Springer, 

Czech 
Republic  

2016   

  No 

ATK 
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 Designing future barley 
ideotypes using a crop model 

ensemble 

 Pierre 
Martre 

European 
Journal of 
Agronomy 

January 
2017  

Elsevier  
 Netherlan

ds 
2017  144-162  

- No 

INRA 

UAV-based high-throughput 
phenotyping to discriminate 

barley vigour with visible and 
near-infrared vegetation 

indices. 

Di Gennaro 
SF., Rizza 
F., Badeck 
FW., Berton 
A., Delbono 
S., Gioli B., 
Toscano P., 
Zaldei A. & 
Matese A.  

Internation
al Journal 
of Remote 
Sensing  

Vol.1-15,  
Taylor & 
Francis 

  2017   

doi: 
10.1080/0143
1161.2017.13

95974  

No  

CREA 

A model of leaf coordination 
to scale-up leaf expansion 

from the organ to the canopy 

Pierre 
Martre 

Plant 
Physiology  

No. 176 

American 
Society of 

Plant 
Biologists 

USA  2017 
pp.  704-

716 

DOI: 
10.1104/pp.1

7.00986 

Yes 

INRA  

The partial duplication of an 
E3-ligase gene in Triticeae 

species mediates resistance 
to powdery mildew fungi  

Patrick 
Schweizer  

BioRxiv & 
Genome 
Biology 
(subm.)  

  

 Cold 
Spring 

Harbour 
Lab. & 
BMC 

(subm.) 

 USA 
2017 & 

2018 (sub
m.) 

  

https://doi.org/
10.1101/1907

28 

Yes 

IPK 

Modelling the genetic 
variability of wheat canopy 

development in response to 
nitrogen and water supply 

Anaelle 
Dambreville  

Journal of 
Experiment
al Botany 

  
Oxford 
Press 

UK 2018   

  Yes 

INRA  

Contribution of crop model 
structure, parameters and 

climate projections to 
uncertainty in climate change 

impact assessments 

Fulu Tao 
Global 

Change 
Biology 

15 Dec. 
2017 

Wiley UK 2018 
1291-
1307 

10.1111/gcb.1
4019 

Yes 

INRA 

Genotype by Environment 
Interaction and Adaptation 

  

 Daniela 
Bustos-
Korts 

Encycloped
ia of 

Sustainabili
ty Science 

and 
Technology

  

5 April 
2018  

 Springer   2018  1-44  https://doi.org
/10.1007/978

-1-4939-
2493-6_199-

3 

No  WU 
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Molecular cytogenetic and 
morphological 

characterization of two wheat-
barley translocation lines 

László 
Ivanizs  

 PLoS One  June 
2018 

Public 
Library of 
Science  
electronic 

 USA 2018    doi.org/10.13
71/journal.pon

e.0198758 

Yes ATK 

 Linking the International 
Wheat Genome Sequencing 

Consortium bread wheat 
reference genome sequence 

to wheat genetic and 
phenomic data 

 Alaux 
Michael 

Genome 
Biology  

 2018 
19:111 

Published
: 17 

August 
2018 

 BMC USA   2018   https://doi.org/
10.1186/s130
59-018-1491-

4 
 

Yes INRA 

Development of a new 
7BS.7HL winter wheat-winter 

barley Robertsonian 
translocation line conferring 
increased salt tolerance and 

β-glucan content 

Edina 
Türkösi 

PLoS One Novembe
r 2018 

Public 
Library of 
Science  

electronic 

USA 2018  doi. 
org/10.1371/j
ournal.pone.0

206248 

Yes ATK 

Modelling strategies for 
assessing and increasing the 

effectiveness of new 
phenotyping techniques in 

plant breeding  

Fred van 
Eeuwijk  

 Plant 
Science 

 2018  Elsevier  NL 2018   1–17 https://linking
hub.elsevier.c
om/retrieve/pii
/S016894521

7311548 

Yes WU  

Tracing the ancestry of 
modern bread wheats.  

Pont 
Caroline et 

al  

Nature 
genetics  

2019    Nature  UK  2019     Yes ALL 

 The impact of cultivation and 
nitrogen input regimes on 

cultivar performance in low 
input systems 

 N Morris 
and E Ober 

Agriculture, 
ecosystem
s and the 

environmen
t  

2019   Elsevier EU  Planned 
(2019)  

N/A  N/A N/A NIAB 

 Exome sequences and multi-
environment field trials 

elucidate the genetic basis of 
adaptation in barley 

 Daniela 
Bustos-

Korts, Ian 
K. Dawson 

 The Plant 
Journal 

 2019  Society of 
Experime

ntal 
Biology 

 UK  2019  accepte
d, after 
minor 

revisions 
are 

impleme
nted 

 Yes ALL 

Why do crop models diverge 
substantially in climate impact 

projections? 
Fulu Tao 

Agricultural 
and Forest 
Meteorolog

y 

2019 Elsevier NL na Na 

Submitted (28 
December 

2018) 

Yes 

INRA 

https://doi.org/10.1186/s13059-018-1491-4
https://doi.org/10.1186/s13059-018-1491-4
https://doi.org/10.1186/s13059-018-1491-4
https://doi.org/10.1186/s13059-018-1491-4
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Wheat ideotypes for yield 
improvement in different 

environmental scenarios that 
optimize resource use trade-

offs 

Pierre 
Martre 

Plant, Cell, 
& 

Environme
nt 

2019 Wiley UK na na 

Under 
preparation 

Yes 

INRA 

Integrating genomic resources 
to present full gene and 

putative promoter capture 
probe sets for bread wheat 

Gardiner et 
al. 

Giga 
Science 

31 Jan 
2019 

OUP UK 2019  doi.org/10.10
93/gigascienc

e/giz018 
 

Yes EI 

 
 

TABLE A2 : LIST OF DISSEMINATION ACTIVITIES, STARTING WITH THE OLDEST ONES 

Type of 

activities1 
Main leader Title Date/Period Place 

Type of 

audience 

Size of 

audienc

e 

Countries 

addressed 

Project 

partner 

Oral 
communicati

on 
G Charmet Plant and animal genome XII 

January 10-
15, 2014 

San Diego, CA 
Scientific 

community 
200 World INRA 

Poster Diana Icsó 
Annual National Conference of 

Hungarian Plant Breeders, 
Hungary 

18 March 
2014 

Budapest, 
Hungary 

Scientific 
Community 

300 Hungary ATK 

Poster Diana Icsó 
Pannonian Plant Biotechnology 

Association Conference, 
Hungary 

28-29 April 
2014 

Gödöllő, 
Hungary 

Scientific 
Community 

100 EU ATK 

Other Martin Wolfe 

House of Lords All Party 
Parliamentary Group Meeting. 
Sustaining the seeds that feed 

us: impact of UK, EU and global 
policies 

30th April 
2014 

London, UK 

Scientific 
Community, 

Industry, Civil 
Society, Policy 
Makers, Media 

40-50 UK ORC 

Oral 
presentation 

Sebastien 
Crepieux 

WHEALBI : an European 
project on wheat and barley 

13-
14/05/2014 

Paris 

European Seed 
Association : 

staff + 
representant of 
+-20 breeding 

30 All Europe AI 

                                                           
1 Choose amongst the following dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media briefings, 

presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 

https://doi.org/10.1093/gigascience/giz018
https://doi.org/10.1093/gigascience/giz018
https://doi.org/10.1093/gigascience/giz018
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companies 

Oral 
presentation 

Márta 
Molnár-Láng 

EUCARPIA Cereal Section and 
ITMI Joint Conference, 

Germany 

29 June-4 
July 2014 

Werningerode, 
Germany 

Scientific 
Community 

350 International ATK 

Presentation 
Joanne 
Russell 

EUCARPIA Cereals Section 
Meeting 2014 

29 June to 4 
July 2014 

Wernigerode, 
Germany 

Scientific 
Community 

350 International JHI 

Poster 
Alessandro 

Tondelli 
Joint EUCARPIA Cereal 

Section & ITMI Conference 
June 29 - 

July 4, 2014 
Wernigerode, 

Germany 
Scientific 

Community 
350 International CREA 

Poster Charmet G ITMI-EUCARPIA cereal section 
July 1-4, 

2014 
Wernigerode, 

Germany 
Scientist and 

breeders 
350 Europe INRA 

Other 
Robbie 
Girling 

National Organic Cereals, UK 1st July 2014 
Milton Keynes, 

UK 

Industry, 
Scientific 

Community 
150 UK ORC 

Website 
Sebastien 
Crepieux 

www.WHEALBI.eu 
Release 

August 2014 
internet 

Scientific and 
general public 

250 / 
month 

All AI 

Oral 
presentation 

Márta 
Molnár-Láng 

56th GEORGIKON Scientific 
Conference, Hungary 

2-3 October 
2014 

Keszthely, 
Hungary 

Scientific 
Community 

100 EU ATK 

Colloquium 
talk 

Tzion 
Fahima 

The potential of wild emmer 
wheat genetic resources for 
improvement of bread wheat 

12 October 
2014 

Sichuan 
Agricultural 
University 

Scientific 
Community 

150 China HU 

Colloquium 
talk 

Tzion 
Fahima 

Genomic approaches for wheat 
Improvement 

13 October 
2014 

Chengdu 
University 

Scientific 
Community 

300 China HU 

Colloquium 
talk 

Tzion 
Fahima 

Overview of Genomic Studies 
in Wild Emmer Wheat 

15 October 
2014 

China 
Agricultural 
University 

Scientific 
Community 

50 China HU 

Other Martin Wolfe 
The Organic Producers 

Conference, UK 
26th – 27th 
Nov 2014 

Solihull, UK 

Industry, 
Scientific 

community, 
Policy makers 

200 EU ORC 

Other 
Nick 

Fradgley 
The Organic Producers 

Conference, UK 
26th – 27th 
Nov 2014 

Solihull, UK 

Industry, 
Scientific 

community, 
Policy makers 

200 EU ORC 

Other 
Sally 

Howlett 
The Organic Producers 

Conference, UK 
26th – 27th 
Nov 2014 

Solihull, UK 

Industry, 
Scientific 

community, 
Policy makers 

200 EU ORC 

Oral 
Presentation  

Márta 
Molnár-
Láng,   

Plant ＆ Animal Genome XXIII, 

The International Conference 

on the Status of Plant ＆ Animal 

10-14 
January 

2015 

San Diego, 
USA 

scientific 
community 

100 EU ATK 



45 

 

Genome Research. 

Poster 
Stylianos 
Kyriakidis 

Annual Meeting University of 
Dundee Life sciences  

February 
2015 

Crieff, UK 
Scientific 

Community 
100 UK JHI 

Oral 
Presentation 

Márta 
Molnár-
Láng.   

XXI Plant Breeders Scientific 
Days 

11-12 March 
2015 

Martonvásár, 
Hungary 

scientific 
community 

250 Hungary ATK 

Oral 
Presentation 

Gabriella 
Linc 

XXI Plant Breeders Scientific 
Days 

11-12 March 
2015 

Martonvásár, 
Hungary 

scientific 
community 

250 Hungary ATK 

Poster 
EdinaTürkös

i  
XXI Plant Breeders Scientific 

Days 
11-12 March 

2015 
Martonvásár, 

Hungary 
scientific 

community 
 250 Hungary   ATK 

poster S Crépieux 
Recent progress in drought 
tolerance: from genetics to 

modelling.   

8-9 June 
2015 

San Diego 
(USA) 

Scientific 
community 

300 EU+ all 

Invited talk 
Robbie 
Waugh 

International Barley Genetics 
Symposium (IBGS) 

June 2015 
Minnesota, 

USA 
Scientific 

Community 
300 All JHI, IPK 

Flyer S. Crepieux  Newsletter 1 and 2   June 2015  
Project 

newsletters  

Scientific 
Community 

Industry, Policy 
makers, Medias, 
Other (students) 

 1000 EU  AI  

Flyer S. Crepieux 
Flyer distributed at the 

European conference on plant 
genetic resources   

June 2015  Brussels  

Scientific 
Community 

Industry, Policy 
makers (EU 

Commission), 
Medias  

 300 EU   AI 

flyers S. Crepieux 
WHEALBI: An EU project. 

Newsletter 1  
June 2015  

DROPS final 
conference  

Scientific 
Community, 

Industry 
300 Europe AI 

Poster Guerra D 
Congress of the Italian society 

of agricultural genetics 
08-11 Sept 

2015 
Milan (Italy) 

Scientific 
community  

200 Italy CREA 

poster S. Crepieux  
Presentation poster WHEALBI : 

an EU project 
Sept 2015  

 International 
Wheat 

Conference, 
Sidney 

Scientific 
Community, 

Industry 
600 World AI 

Poster Tondelli A 
Congress of the Italian society 

of agricultural genetics 
08-11 Sept 

2015 
Milan (Italy) 

Scientific 
community  

200 Italy CREA 

poster 
G 

Charmet/S 
Crepieux (all 

Intern. Wheat Conference  
25-29 sept 

2015 
Sydney (AUS) 

Scientific 
community 

500 world all 
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WP leaders) 

Training 
Workshop  

Rizza F 
Workshop on optimization 
methods for environmental 

measures 

08-09 Oct 
2015 

Perugia (Italy) 
Scientific 

community 
50 Italy CREA 

Training 
Workshop 

Badeck F 
Workshop on optimization 
methods for environmental 

measures 

08-09 Oct 
2015 

Perugia (Italy) 
Scientific 

community 
50 Italy CREA 

Presentation  Cattivelli L 

Innovazione e sostenibilità nella 
coltivazione dell’orzo. 

http://www.georgofili.info/detail.
aspx?id=2345  

21 October 
2015 

Firenze (Italy) Civil society 50 Italy CREA 

poster S. Crepieux  
WHEALBI: An EU project. 

Newsletter 1 + poster 
Nov. 2015  

 International 
Breedwheat 
Conference 

Scientific 
Community, 

Industry 
150 World AI 

Poster and 
demo plots 

Eric Ober 
NIAB Innovation Farm Demo 

plots  
Autumn 15-
Summer 16  

 Cambridge, 
UK 

Industry   UK NIAB 

Poster 
Tamar 

Krugman 
Plant and Animal Genome 
Conference, (PAG XXIV)  

January 9-
13, 2016 

San Diego, CA, 
USA 

Scientific 
Community 

1000 All HU, HUJI 

TV, radio 
Robbie 
Waugh 

BBC 
January 

2016 
Dundee Public 

TV and 
radio 

audience
s 

UK JHI 

Poster 
Stylianos 
Kyriakidis 

Annual Meeting University of 
Dundee Life sciences  

February 
2016 

Crieff, UK 
Scientific 

Community 
100 UK JHI 

Oral 
Pierre 
Martre 

Modelling the genetic variability 
and genotype by environment 
interactions for leaf growth and 

senescence in wheat 

15-17 March 
2016 

Berlin 
Scientific 

Community, 
stakeholders 

350 Global INRA 

Oral 
Presentation 

EdinaTürkös
i  

XXII Plant Breeders Scientific 
Days 

10 March 
2016  

 Budapest, 
 scientific 

community  
 200 Hungary   ATK 

Poster  
László 
Ivanizs  

XXII Plant Breeders Scientific 
Day  

10 March 
2016  

Budapest, 
Hungary 

scientific 
community   

 200 Hungary   ATK 

Poster 
Andrea 
Lenykó-
Thegze  

XXII Plant Breeders Scientific 
Day  

10 March 
2016  

Budapest, 
Hungary   

scientific 
community  

 200 Hungary   ATK 

Conferences 
(Oral com.) 

Pierre 
Martre 

Modelling the genetic variability 
and genotype by environment 
interactions for leaf growth and 

senescence in wheat 

15-17 March 
2016 

Berlin, 
Germany 

Scientific 
Community, 
stakeholders 

350 Global INRA 

Oral Edina FIBOK 2016 Conference of 21-22 March Gödöllő  scientific 100  Hungary   ATK 

http://www.georgofili.info/detail.aspx?id=2345
http://www.georgofili.info/detail.aspx?id=2345
http://www.georgofili.info/detail.aspx?id=2345
http://www.georgofili.info/detail.aspx?id=2345
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Presentation Türkösi  Young Biotechnologists 2016 Hungary  community 

Flyer S. Crepieux  Release of the flyer WHEALBI April 2016 
Flyer 

WHEALBI  

Scientific 
Community 

Industry, Policy 
makers, Medias, 
Other (students) 

 1000 EU AI  

Poster  S. Crepieux 
WHEALBI: An EU project. 
Poster WHEALBI + flyer 

 May 2016 
Open days 

INRA  
Civil Society  200 France  AI  

Presentation Badek F 
Presentation of the methods for 

plant field phenotyping 
31 May 
2016 

CREA-ORL 
Lodi (Italy) 

Scientific 
community 

10 Italy CREA 

Conference 
Tanja 

Gerjets 
Sommertagung Getreide 

24 – 25 May 
2016 

Halle, Germany 
Scientific 

Community 
50 Germany HMGU 

Poster and 
demo plots 

Nathan 
Morris 

UK Cereals 2016,  
15-16 June 

2016 
Royston, UK. Industry 

Event 
attracts 

c. 25,000 
UK NIAB 

Oral 
presentation 

and n.2 
Posters 

Tondelli A 
International Barley Genetics 

Symposium 
http://www.ibgs2016.org/  

26-30 June 
2016 

Minneapolis 
(USA) 

Scientific 
community 

300 All CREA 

Poster and 
demo plots 

Nathan 
Morris 

NIAB Cambridge Open Day,  
28 June 

2016 
Cambridge, 

UK. 
Industry 120 UK NIAB 

Poster 
Edina 

Türkösi 
Plant Biology Europe 

EPSO/FESPB Congress 
26-30 June 

2016 
Prague Czech 

Republic 
Scientific 

Community 
400 Worldwide MTA-ATK 

Conference 
Robbie 
Waugh 

Barley: a research model for 
the temperate grasses  

26-30 June 
2016 

Univ. of 
Minnesota, 

USA 

Scientific 
Community, 

Industry 
400 

Europe, 
Australia, USA, 

South and 
central 

America, 
China, Japan, 
Canada, India, 

North Africa 

JHI 

Poster + 
flash pres. 

G Charmet EUCARPIA general congress 
29 Aug-1-
sept 2016 

Zürich CH 
Scientific 

community 
400 All All 

oral 
presentation 

Javier 
Sanchez-

Martin 

20th Eucarpia General 
Congress  

29 August to 
1 

September 
2016 

  
Scientific 

community 
400 All UZH 

Conference 
// Oral 

presentation 

Davide 
Guerra 

Annual meeting of the Italian 
Society of Agricultural Genetics 
(SIGA): A genomic resource to 

13-16 
September 

2016 
Catania (Italy) 

Scientific 
Community 

200 Mainly Italy CREA 
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study allelic variation in barley 
for the adaptation to the 

environment. 

Conferences 
(oral comm.) 

Pierre 
Martre 

XLV Conference of the Italian 
Society of Agronomy 

20-22 
September 

2016 
Sassari, Italy 

Scientific 
Community 

100 Italy INRA 

Oral 
presentation

/seminar 

Marta 
Molnar-Lang 

WHEALBI experiments carried 
out in Matonvásár 

October 
2016 

Keszthely, 
Hungary 

MSc students 50 Hungary MTA-ATK 

Poster 
P. 

Schweizer 

WHEALBI project:Mining for 
new powdery mildew resistance 

genes 

October 
2016 

IPK 
IPK staff, 
scientific 

advisory board 
500 DE IPK 

oral 
presentation 

Beat Keller   
2. 

November 
2016 

Minneapolis/Blo
omington 

Scientific 
community 

    UZH 

Conference 
// Oral 

presentation 

Alessandro 
Tondelli 

Barley Genome Net annual 
meeting: The WHEALBI barley 

resource: a platform for 
genetics and genomics 

analysis. 

30 
November 

2016 

Zaragoza 
(Spain) 

Scientific 
Community 

30   CREA 

oral 
presentation 

Beat Keller 
Wheat Conference organized 

by the German Ministry of Food 
and Agriculture 

8. 
December 

2016 
Frankfurt,  

Scientific 
community 

    UZH 

Presentation Eric Ober 
NIAB Professional 
Development Day 

15 
December 

2016 
Otley, UK Industry 20 UK NIAB 

Thesis 
Mariarosa 
Giordano 

Studio della risposta di varietà 
di grano tenero a diversi livelli 
di intensificazione produttiva 

21/12/2016 
Academic 
Year 2015-

16 II session 

Bologna, Italy Civil Society   IT SIS 

oral 
presentation 

Ksenia 
Krasileva 

Plant genomics and immunity 
(seminar) 

Jan 13, 
2017 

Berkeley, CA 
Scientific 

community 
100   EI 

Poster 
Ambrogio 
Costanzo 

11th Organic Producers 
Conference 

1-2 
February 

2017 

Birmingham, 
UK 

Industry, Policy 
makers, 
Scientific 

community 

250 UK ORC 

Poster 
Andrea 
Lenykó-
Thegze 

XXIII. Plant Breeders Scientific 
Day  

7 March 
2017 

Budapest, 
Hungary 

Scientific 
Community 

250 Hungary MTA-ATK 

Poster 
László 
Ivanizs 

XXIII. Plant Breeders Scientific 
Day  

7 March 
2017 

 Budapest, 
Hungary 

Scientific 
Community 

250 Hungary MTA-ATK 
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Leaflet 
Nathan 
Morris 

NIAB Innovation Farm Visitor 
Guide 2017 

Spring 2017 Cambridge, UK 
Industry, 
Scientific 

community 
150 UK NIAB 

oral 
presentation 

Ksenia 
Krasileva 

Plant genomics and immunity 
(seminar) 

May 5, 2017 Norwich, UK 
Scientific 

community 
100   EI 

Exhibition 
Luigi 

Cattivelli 

Fascination of plant Day 2017: 
Open day dedicated to the 

genetic diversity of cereal (title: 
CEREALI: come la biodiversità 

sfamerà il pianeta) 

16 May 
2017 

Fiorenzuola 
d’Arda (Italy) 

Civil Society 200 Italy CREA 

Oral Pierre 
Martre 

MACSUR Scientific 
Conference  

22-25 May 
2017 

Berlin, 
Germany 

Scientific 
Community 

+100 Worldwide INRA 

Conference 
// Oral 

presentation 

Luigi 
Cattivelli 

WHEALBI training workshop on 
allele mining:  Mining genes 
controlling frost tolerance in 

barley: allelic variation and copy 
number variation e Workshop 

on allele mining,. 

6-7 June 
2017 

Wageningen 
(Netherland) 

Scientific 
Community 

40   CREA 

Workshop 
Michael 
Seidel 

Data bases and SNP calling 7 June 2017 
Wageningen, 

the Netherlands 

Scientific 
Community and 

Industry 
40 

Netherlands, 
Belgium, 
Germany, 

France, UK, 
Israel, Italy 

HMGU 

Workshop 
Fred van 
Eeuwijk 

Genetic analysis of multi-
environment data 

8-9 June 
2017 

Wageningen, 
the Netherlands 

Scientific 
Community and 

Industry 
40 

Netherlands, 
Belgium, 
Germany, 

France, UK, 
Israel, Italy 

WU 

Exhibition // 
Oral 

presentation 

Alessandro 
Tondelli 

Festival Cerealia: La 
biodiversità dell'orzo come 
fonte di caratteri utili per 

migliorare la produttività e la 
qualità 

12 June 
2017 

Rome (Italy) Civil Society 100 Italy CREA 

Poster and 
demo plots 

Nathan 
Morris 

NIAB Cambridge Open Day 
27 June 

2017 
Cambridge, UK Industry 80 UK NIAB 

Workshop 
organization 

// Oral 
presentation 

Luigi 
Cattivelli 

Workshop on Plant Breeding 
Today 

30 June 
2017 

Fiorenzuola 
d’Arda (Italy) 

Industries (plant 
breeders) and 
EFSA GMO 

panel members 

40   CREA 

oral 
presentation 

Beat Keller 
The Sainsbury Laboratory 

Summer school 
10. August 

2017 
Norwich, UK 

Scientific 
community 

    UZH 



50 

 

oral 
presentation 

Ksenia 
Krasileva 

Evolution of Plant Immune 
Receptors (invited talk, 

Genome 10K Conference) 

Aug 27, 
2017 

Norwich, UK 
Scientific 

community 
100   EI 

oral 
presentation 

Beat Keller 
4th International Symposium on 

Genomics of Plant Genetic 
Resources 

September 
4, 2017 

Giessen 
Germany 

Scientific 
community 

    UZH 

Summer 
school talk 

Joanne 
Russell 

New insights into barley 
diversity, adaptation and 

selection 

7th- 9th 
September 

2017 

IPK, 
Gatersleben, 

Germany 

Scientific 
Community, 

students 
30 Europe JHI 

oral 
presentation 

Beat Keller 6th Powdery Mildew Workshop 
15. 

September 
2017 

Eger, Hungary,  
Scientific 

community 
    UZH 

oral 
presentation 

Beat Keller 
Plant Research in a Changing 

World 

19. 
September 

2017 
Kiel, Germany 

Scientific 
community 

    UZH 

Conference 
// Poster 

presentation 

A. Tondelli, 
G. L. 

Rossini 

Annual meeting of the Italian 
Society of Agricultural Genetics 
(SIGA): Allele mining for frost 
tolerance in barley unveiled 
untapped allele and copy 

number variation of CBF and 
VRN-H1 genes 

19-22 
September 

2017 
Pisa (Italy) 

Scientific 
Community 

200 Mainly Italy CREA 

Thesis 
Daniela 
Bustos-
Korts  

Title of the PhD thesis: 
Modelling of genotype by 

environment interaction and 
prediction of complex traits 

across multiple environments  

15-nov-17 
Wageningen, 

 the 
Netherlands 

Scientific 
community 

  NL WU 

Symposium 
Fred van 
Eeuwijk 

Genotype to Phenotype 
Modelling of Plant Adaptation 

16 
November 

2017 

Wageningen, 
the Netherlands 

Scientific 
Community and 

Industry 
85 

Netherlands, 
Spain, France, 

Germany 
WU, INRA 

Oral  G Charmet 
Symposium “Genotype to 

Phenotype Modelling of Plant 
Adaptation” 

16-nov-17 
Wageningen 

NL 
Scientific 

community 
85 All (mostly EU) all 

Conference 
// Oral 

presentation 

Agostino 
Fricano 

Barley Genome Net annual 
meeting: Copy number variants 

of barley coding sequences 

29 
November 

2017 

Copenhagen 
(Denmark) 

Scientific 
Community 

30   CREA 

Workshop 
talk 

Robbie 
Waugh 

Natural Genetic Variation as a 
Tool for Gene discovery and 

Crop Improvement 

12th-13th 
December 

2017 

Cambridge, 
UK:  

Scientific 
Community 

50 UK, Europe JHI 

Presentation 
in 

Tamar 
Krugman 

Improving GPC in wheat using 
wild 

18/12/2017 Rehovot 
Students, 
postdocs 

20 Israel HU 
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a faculty 
seminar 

emmer wheat alleles and researchers 

Video 
Luigi 

Cattivelli 
Video for the presentation of 

WHEALBI WP3 activity 

You Tube: 
https://www.
youtube.co

m/watch?v=i
Cz0kMYb8xI 

  Civil Society     CREA 

PhD thesis Edina 
Türkösi 

New wheat/barley and 
wheat/Thinopyrum 

introgressions lines and their 
identification using molecular 

cytogenetic methods and 
molecular markers 

 Gödöllő, 
Hungary 

Scientific 
Community 

 Hungary ATK 

Talk Alaux 
Michael 

Plant Animal Genome 2018 
Talk: The IWGSC data 

repository and wheat data 
resources hosted at URGI: 
overview and perspectives 

13-17 Jan 
2018 

San Diego USA Scientific 
Community 

150 World INRA 

Conference 
// Oral 

presentation 
A. Tondelli Plant Animal Genome meeting  

13-17 
January 

2018 

San Diego 
(USA) 

Scientific 
Community 

200  CREA 

Poster András 
Cseh 

XXIV. Plant Breeders Scientific 
Day 

6 March 
2018 

Budapest, 
Hungary 

Scientific 
Community 250 Hungary ATK 

Public 
discussion // 
round table 

L. Cattivelli 

Biodiversity camp: Risorse 
genetiche vegetali opportunità 
per il miglioramento genetico, 

l’ambiente, la salute e 
l’economia 

08 March 
2018 

Pontecagnano 
(Italy) 

Civil Society // 
Scientific 

Community 
50 Italy CREA 

Oral 
presentation 

Fred van 
Eeuwijk 

Statistical methodology for 
modelling genotype by 

environment interactions in QTL 
mapping and genomic 

prediction, with applications to 
barley and wheat 

19-21 March 
2018 

Clermond-
Ferrand 

(Eucarpia 
conference) 

Scientific 
Community 

300 Netherlands, 
France, 

Germany, 

WU 

Poster I Dawson Breeding cereals for 
sustainable agriculture. 
Eucarpia cereal section 

19-22 March 
2018 

Clermont-
Ferrand, 
France 

Scientific 
Community 

400 Worldwide JHI, IPK, 
ATK, CREA, 
EI, HMGU, 
PTP/UMIL, 

WU 

Poster  András 
Cseh 

Eucarpia Cnference, Cereal 
section 

19-22 March 
2018 

Clermont-
Ferrand, 

Scientific 
Community 250 International ATK 
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France 

Talk Javier 
Sanchez 
Martin & 

Beat Keller 

EUCARPIA cereal section 19-22 March 
2018 

Clermont-
Ferrand, 
France 

Scientific 
Community 

300  UZH 

Oral 
presentation 

Andrea 
Lenykó-
Thegze  

National Conference of Young 
Scientists, Hungary 

28-29 March 
2018 

Budapest 
Hungary 

Scientific 
Community 50 Hungary ATK 

Presentation 
// Seminar 

L. Cattivelli 
Food and Science Festival 

(https://www.mantovafoodscien
ce.it/) 

18-20 May 
2018 

Mantova (Italy) Civil Society 50 Italy CREA 

Leaflet Nathan 
Morris 

NIAB Innovation Farm Visitor 
Guide 2018 

Spring 2018 Cambridge, 
UK 

Industry, 
Scientific 

community 

150 UK NIAB 

Presentation Alessandro 
Zatta 

Cereali a paglia ed altre colture 17 th May Idice (BO) Farmers 13 Italy SIS 

Workshop Nathan 
Morris 

Training Workshop: 
Crop management and 

Development of Innovative 
Cropping Systems 

29-30 May 
2018 

Cambridge, 
UK 

Industry 10 International NI 

Workshop Daniela 
Bustos-
Korts 

Use of statistical modelling in 
pre-breeding 

(Talk within the workshop 
organized by Jacob Lage/KWS 

for WP6) 

30-31 May 
2018 

Cambridge, UK Students, 
breeders, 
Scientific 

Community 

30 UK, France, 
Germany 

WU, KWS 

Oral 
presentation 

Márta 
Molnár-Láng 

Wheat and barley pre-breeding 
training 

30-31 May 
2018 Cambridge, UK 

Scientific 
Community/ 50 Hungary ATK 

Oral Pierre 
Martre 

Advances Master class on 
Genotype-phenotype modeling 
of the rate of development and 
flowering time for durum wheat 

31 May 
2018 

Montpellier 
France 

Students 10  INRA 

Oral Pierre 
Martre 

Postgraduate course on  
Fundamentals of  Crop 

Physiology in a Changing World 

3-8 June, 
2018 

Wageningen, 
The 

Netherlands 

Students 30  INRA 

Presentation 
// Seminar 

L. Cattivelli Barley breeding 
06 June 

2018 
University of 
Milan (Italy) 

Scientific 
Community 

30 Italy CREA 

Presentation 
// Seminar 

L. Cattivelli 
Summer school for PhD student 
on “Climate Change and Crop 

Productivity” 

12-13 June 
2018 

Isola Polvese 
(Italy) 

Scientific 
Community 

50 Italy CREA 

Poster Andrea- Plant Biology Europe 18-21 June Copenhagen, Scientific 500 International ATK 
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Lenykó 
thegze 

EPSO/FESPB Congress 2018 Denmark Community 

Interview // 
TV talkshow 

L. Cattivelli 
Grano Italia dalle scelte varietali 

al mercato 
19 July 2018 

Agrilinea (Local 
TV broadcast) 

Civil Society  Italy CREA 

Publications Ambrogio 
Costanzo 

ORC bulletin no. 125, summer 
2018 

Summer 
2018 

 Industry  UK ORC 

Talk  10+ wheat genome project 11-13 
September 

Munich Scientific 
Community 

50   

Oral Pierre 
Martre 

Wheat Initiative Training 
workshop on High-throughput 

wheat phenotyping 

17-18 
September, 

2018 

Bologna, Italy Scientific 
Community, 

Industry 

+100  INRA 

Conference 
// Oral 

presentation 
A. Fricano 

Congress of the Italian Society 
of Agriculture Genetics 

25-28 
September 

2018 
Verona (Italy) 

Scientific 
Community 

300 Mainly Italy CREA 

Article Nathan 
Morris 

The impact of cultivation and 
nitrogen input regimes on 

cultivar performance 

Issue 35, 
2018 

UK Industry, 
Scientific 

community 

Approx. 
3000 

UK NIAB 

Poster Daniela 
Bustos-
Korts 

Exome sequences and multi-
environment field trials 

elucidate the genetic basis of 
adaptation in a diverse barley 

collection 

16 October 
2018 

Wageningen, 
The 

Netherlands 

Scientific 
Community 

150 Netherlands, 
France, 

Germany, 
Brazil, 

Colombia, 
United States, 
UK, Poland, 
Switzerland, 

Brazil 
 

WU 

Oral 
presentation 

Fred van 
Eeuwijk 

Using exome sequence data 
and field trial phenotypes to 
model the genetic basis for 

adaptation in barley 

24 October 
2018 

UK Scientific 
Community 

100 UK, Germany, 
Netherlands, 

France, 
Hungary, Israel, 

Italy 

WU 

Oral 
presentation 

Daniela 
Bustos-
Korts 

Modelling and analysis tools 24 October 
2018 

UK Scientific 
Community 

100 UK, Germany, 
Netherlands, 

France, 
Hungary, Israel, 

Italy 

WU 

Conferences Nathan 
Morris 

WHEALBI Final Conference 24 October 
2018 

Edinburgh, UK Scientific 
Community 

70 International NIAB 

Conferences Ambrogio 
Costanzo 

WHEALBI Final Conference 24 October 
2018 

Edinburgh, UK Scientific 
Community 

70 International ORC 
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Interview in 
Dutch 

newspaper 

Fred van 
Eeuwijk 

Factcheck: Klimaatverandering 
maakt bier duurder 

26 October 
2018 

The 
Netherlands 

Civil Society NRC 
newspap

er 

The 
Netherlands 

WU 

Discussion Anthony Hall Wheat diversity and breeding 17 
November 

2018 

UK Wheat breeder 
RAGT, KWS 

2 UK EI 

Talk Anthony Hall Genomics and wheat 17 
December 

2018 

 Wheat breeders 
Elsums 

15 UK EI 

Training 
group 

Nathan 
Morris 

The impact of cultivation and 
nitrogen input regimes on 

cultivar performance 

Jan 2019 UK Industry,  Approx. 
30 

UK NIAB 

TALK Salse 
Jerome 

: Plant Animal Genome 2019: 
Reconciling the Evolutionary 

Origin of Bread Wheats. 

12-16 jan 
2019 

San Diego CA, 
USA 

Scientific 
Community 

200 World ALL 

 

Section B (Confidential or public: confidential information to be marked clearly) 

 

TABLE B1 : LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP Rights: Patents, 

Trademarks, Registered designs, 

Utility models, etc. 

Application reference(s) 

(e.g.EP123456) 

Subject or title of 

application 
Applicant(s) (as on the application) 

N/A       

 

TABLE B2 : OVERVIEW TABLE WITH EXPLOITABLE FOREGROUND 

Exploitable Foreground 

(description) 

Exploitable product(s) 

or measure(s) 
Sector(s) of application 

Timetable, commercial 

use 

Patents or other IPR 

exploitation (licences) 

Owner & Other Beneficiary(s) 

involved 

N/A      
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3. Report on societal implications 
 

A Ethics  

 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 

 If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 

 

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 

described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 

 

 

 
NO 

2.      Please indicate whether your project involved any of the following issues (tick 

box) : 

YES 

RESEARCH ON HUMANS 

 Did the project involve children?   

 Did the project involve patients?  

 Did the project involve persons not able to give consent?  

 Did the project involve adult healthy volunteers?  

 Did the project involve Human genetic material?  

 Did the project involve Human biological samples?  

 Did the project involve Human data collection?  

RESEARCH ON HUMAN EMBRYO/FOETUS 

 Did the project involve Human Embryos?  

 Did the project involve Human Foetal Tissue / Cells?  

 Did the project involve Human Embryonic Stem Cells (hESCs)?  

 Did the project on human Embryonic Stem Cells involve cells in culture?  

 Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos?  

PRIVACY 

 Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 

 

 Did the project involve tracking the location or observation of people?  

RESEARCH ON ANIMALS 

 Did the project involve research on animals?  

 Were those animals transgenic small laboratory animals?  

 Were those animals transgenic farm animals?  

 Were those animals cloned farm animals?  

 Were those animals non-human primates?   

RESEARCH INVOLVING DEVELOPING COUNTRIES 

 Did the project involve the use of local resources (genetic, animal, plant etc)? YES 

 Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 

 

DUAL USE   

 Research having direct military use NO 

 Research having the potential for terrorist abuse NO 

B Workforce Statistics  

3.       Workforce statistics for the project: Please indicate in the table below the number of 

people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator   1 

Work package leaders 2 7 
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Experienced researchers (i.e. PhD holders) 16 29 

PhD Students 4 3 

Other 13 18 

4. How many additional researchers (in companies and universities) were recruited 

specifically for this project? 

15 

Of which, indicate the number of men:  

 
7 
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C   Gender Aspects  

5.        Did you carry out specific Gender Equality Actions under the project? 

 

X 
 

Yes 

No  

6. Which of the following actions did you carry out and how effective were they?  

   Not applicable Not 

at all 

effect

ive 

Not 

effec

tive 

Effe

ctive 

Almost 

effective 

Very 

effect

ive 

   Design and implement an equal opportunity policy X      
   Set targets to achieve a gender balance in the workforce X       
   Organise conferences and workshops on gender X      
   Actions to improve work-life balance X      
   Other: Paid attention to promote women as WP and task leaders whenever possible 

7. Was there a gender dimension associated with the research content – i.e. wherever people were 

the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 

considered and addressed? 

   Yes- please specify  

 

  X No  

D Synergies with Science Education  

8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 

  X Yes- please specify  

 

   No 

9. Did the project generate any science education material (e.g. kits, websites, explanatory 

booklets, DVDs)?  

   Yes- please specify  

 

  X No 

E Interdisciplinarity  

10.     Which disciplines (see list below) are involved in your project?  

   Main discipline2: 4.1 Agriculture, forestry, fisheries and allied sciences 

   Associated discipline2: 1.5 Biological sciences 

Associated discipline2: 1.1 Mathematics and computer sciences 

 

F Engaging with Civil society and policy makers 

11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 

 

X 
Yes 

No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society (NGOs, 

patients' groups etc.)?  

   No 

   Yes- in determining what research should be performed  

                                                           
2 Insert number from list below (Frascati Manual). 

College project, Many students attending trainings 
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   Yes - in implementing the research  

   Yes, in communicating /disseminating / using the results of the project 

11c In doing so, did your project involve actors whose role is mainly to organise 

the dialogue with citizens and organised civil society (e.g. professional 

mediator; communication company, science museums)? 

X  
 

 

Yes 

No  

12.    Did you engage with government / public bodies or policy makers (including international 

organisations) 

   No 

   Yes- in framing the research agenda 

   Yes - in implementing the research agenda 

  X Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by policy 

makers? 

   Yes – as a primary objective (please indicate areas below- multiple answers possible) 

  X Yes – as a secondary objective (please indicate areas below - multiple answer possible) 

   No 

13b If Yes, in which fields? 
Agriculture  

Audiovisual and Media  

Budget  
Competition  

Consumers  

Culture  
Customs  

Development Economic and Monetary 

Affairs  
Education, Training, Youth  

Employment and Social Affairs 

 

 

 

 

 

 

 

 

 

 

 

Energy  

Enlargement  

Enterprise  
Environment  

External Relations 

External Trade 
Fisheries and Maritime Affairs  

Food Safety  

Foreign and Security Policy  
Fraud 

Humanitarian aid 

 

 

 

 

 

 

 

 

 

 

 

Human rights  

Information Society 

Institutional affairs  
Internal Market  

Justice, freedom and security  

Public Health  
Regional Policy  

Research and Innovation  

Space 
Taxation  

Transport 

 

 

 
 

 

 
 

x 

 
 

 

 
 

http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm
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13c   If Yes, at which level? 

   Local / regional levels 

   National level 

  X European level 

  X International level 

G Use and dissemination  

14.    How many Articles were published/accepted for publication in peer-

reviewed journals?  

27 

To how many of these is open access3 provided? 17 

       How many of these are published in open access journals? 17 

       How many of these are published in open repositories? 0 

To how many of these is open access not provided? 10 

       Please check all applicable reasons for not providing open access:  

        publisher's licensing agreement would not permit publishing in a repository 

        no suitable repository available 

        no suitable open access journal available 

        no funds available to publish in an open access journal 

       X lack of time and resources 

        lack of information on open access 

        other4: …………… 

 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 

jurisdictions should be counted as just one application of grant). 

0 

16. Indicate how many of the following Intellectual 

Property Rights were applied for (give number in 

each box).   

Trademark 0 

Registered design  0 

Other 0 

17.    How many spin-off companies were created / are planned as a direct 

result of the project?  

0 

Indicate the approximate number of additional jobs in these companies: 0 

18.   Please indicate whether your project has a potential impact on employment, in comparison 

with the situation before your project:  
  Increase in employment, or  In small & medium-sized enterprises 

  Safeguard employment, or   In large companies 

  Decrease in employment,   None of the above / not relevant to the project 

 X Difficult to estimate / not possible to quantify    

19.   For your project partnership please estimate the employment effect 

resulting directly from your participation in Full Time Equivalent (FTE = 

one person working fulltime for a year) jobs: 

 

 

Indicate figure: 

 

 

 

 

 

                                                           
3 Open Access is defined as free of charge access for anyone via Internet. 
4 For instance: classification for security project. 
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Difficult to estimate / not possible to quantify 

 

X 

H Media and Communication to the general public  

20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 

  X Yes  No 

21. As part of the project, have any beneficiaries received professional media / communication 

training / advice to improve communication with the general public? 

  X Yes  No 

22 Which of the following have been used to communicate information about your project to 

the general public, or have resulted from your project?  

 X Press Release X Coverage in specialist press 

 X Media briefing  Coverage in general (non-specialist) press  

 X TV coverage / report  Coverage in national press  

 

X 
Radio coverage / report  Coverage in international press 

 X Brochures /posters / flyers  X Website for the general public / internet 

 X DVD /Film /Multimedia X Event targeting general public (festival, conference, 

exhibition, science café) 

23 In which languages are the information products for the general public produced?  

 X Language of the coordinator X English 

  Other language(s)   
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Annex 1: Interactions between WHEALBI partners and the Triticeae Genomics 
Network (TGN)  

Organisation Country Team leader Topic of interest 

Martin Luther University 
Halle- 
Wittenberg (MLU) 

Germany Klaus Pillen 
Barley: genotyping (NAM 
population), allele mining, (pre-
breeding) 

University of Dundee (UD) UK Andy Flavell 

Barley: genotyping (NAM 
population), allele mining, (pre-
breeding) 
 

Florimond Desprez (FD, 
wheat breeder) 

France Olivier Robert 
Wheat: (pre-)breeding 
 

MTT Agrifood Research 
Finland 

Finland Alan Schulman 
Barley: PGR, genotyping and 
sequencing, phenotyping 

Agroscope Switzerland Dario Fossati Wheat: PGR, phenotyping 

Delley Seeds and Plants 
Ltd 
(DSP, wheat breeding 
SME) 

Switzerland K H Camp 
Wheat: PGR, phenotyping, (pre-
)breeding 

Limagrain (LE, wheat 
breeder) 

France 
Alain 
Murigneux 

Wheat: PGR, genotyping and 
sequencing, phenotyping, (pre-
breeding) 

University of Modena 
(UNIMO) 

Italy 
Nicola 
Pecchioni 

Barley: phenotyping, allele mining 

Institute of Field and 
Vegetable Crops (IFVC) 

Serbia S Dencic 
Barley: genotyping and sequencing, 
allele mining 
 

Weizmann Institute of 
Science (WIS) 

Israel A Levy 
Wheat: PGR, genotyping, (pre-
)breeding 

Università degli Studi della 
Tuscia (UniTus) 

Italy Carla Ceoloni Wheat : (pre-)breeding 

Institute of Experimental 
Botany (IEB) 

Czech 
Republic 

Jaroslav 
Dolezel 

Wheat: allele-mining, (pre-)breeding 

Institute of Agriculture and 
Food Research and 
Technology (IRTA) 
 

Spain Conxita Royo 
Wheat: PGR, phenotyping, crop 
management 

Consejo Superior de 
Investigaciones Científicas 
(CSIC) 

Spain 
Pilar 
HernandezHernandez 

Wheat: genotyping, phenotyping, 
allele mining 

Universität Hohenheim 
(UHOH) 

Germany 
Tobias 
Wurschum 

Wheat: phenotyping, allele mining, 
(pre- 
)breeding 

Kaiima (next-generation 
seed 
and breeding-technology 
company) 

Israel Itamar Lupo 

Genotyping and sequencing, (pre-
)breeding (including germplasm, 
trails, markers, MAS, association 
mapping) 
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Annex 2: Interactions between WHEALBI and other projects 

Projects Connections with WHEALBI 
Involved partners 

and countries 

International projects and initiative 

IWGSC (International 
Wheat Genome Sequencing 
Consortium) 

→ Draft sequences and coming assembled wheat 
genome will 1) be useful for selecting baits to 
extensively capture coding sequences and 
putatively regulating upstream sequences in WP1 
and 2) provide mapping (physical and genetic) 
information on NGS markers, which will be 
exploited in WP2-6 for evolutionary studies, trait 
dissection and breeding 
← IWGSC will have access to the exome 
sequence of >500 wheat lines 

All partners working 
on wheat 

IBSC (International 
Barley Genome Sequencing 
Consortium) 

→ Draft sequences and coming assembled barley 
genome will 1) be useful for selecting baits to 
extensively capture coding sequences and 
putatively regulating upstream sequences in WP1 
and 2) provide mapping (physical and genetic) 
information on NGS markers, which will be 
exploited in WP2-6 for evolutionary studies, trait 
dissection and breeding 
← IBSC will have access to the exome sequence 
of >500 barley lines 

All partners working 
on barley 

European projects and initiatives 

TransPlant FP7 (2011-2015) 

Trans-national Infrastructure for Plant Genomic 
→ transPLANT is a consortium of 11 European 
partners gathered to address the challenge of 
using sequencing data and to develop a 
transnational infrastructure for plant genomic 
science.  
WHEALBI will potentially benefit from this 
consortium through trainings and workshops. 
← WHEALBI public data will be available for 
TransPlant partners. 

INRA (France), 
HMGU (Germany) 

AdaptaWheat FP7 (2012-
2015) 

Genetics and physiology of wheat development to 
flowering: tools to breed for improved adaptation 
and yield potential 
→ Candidate genes and gene networks for 
flowering found in AdaptaWheat will be paid 
particular attention in WHEALBI WP5 allele 
mining for adaptive traits. 
← WHEALBI outputs (allele sequences, 
association 
results) will be transferred to AdaptaWheat 

INRA (France), ATK 
(Hungary), KWS 
(UK) 

TriticeaeGenome FP7 
(2008-2012) 

→ WHEALBI will benefit from sequence 
information and physical maps developed in 
TriticeaGenome, 
as well as phenotypic information gained on the 
TriticeaGenome panel, which will be used in 
association tests with NGS data generated in 
WHEALBI WP2. Information generated in 
Triticeaegenome was used in the development of 
the exome capture arrays. 

INRA (France), IPK 
(Germany), JHI (UK), 
NIAB (UK), UZH 
(Switzerland), HU 
(Israel), IT (France) 

DROPS FP7 (2012-2015) 
Water stress tolerance and water use efficiency in 
food crops 
→ The methods elaborated to study the drought 

INRA (France), ATK 
(Hungary), IT 
(France) 
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tolerance of durum wheat will help to analyse the 
drought tolerance of hexaploid wheat in WHEALBI 
WP3. 
← The study of drought tolerance of various  heat 
genotypes in WHEALBI will provide useful 
informations about this character to DROPS. 

PURE FP7 (2011-2015) 

Pesticide Use-and-risk Reduction in European 
farming systems with Integrated Pest Managment 
http://www.pure-ipm.eu/project  
→ PURE will provide integrated pest management 
(IPM) solutions that will be used in designing the 
experiments for testing ideotypes in WHEALBI 
WP7. 

INRA, France), WR 
(NL), JHI (UK), IT 
(France) 

SOLIBAM FP7 (2010-2015) 

Improving performance and quality of crops in the 
context of organic and low-input systems by 
breeding and management 
→ Elaborating crop management system for 
organic production helps the development of 
management practices under sustainable farming 
practices in WHEALBI WP 7. 
← Analysis of various tillage treatments in 
WHEALBI WP 7 will give information about the 
effect of conventional tillage on plant production 
for SOLIBAM project. 

INRA (France), ATK 
(Hungary), ORC 
(UK), IT (France) 

Statseq COST (2009-2013) 

→ Statseq aimed to develop methods and tools to 
best exploit HT sequence data. This is exactly 
what WHEALBI aims to provide as a legacy for 
wheat and barley communities. So Outputs of 
Statseq will be of primary interest for WHEALBI. 
The Statseq coordinator will lead WHEALBI WP4 
“data integration and analysis tools”, thus making 
this transfer obvious and efficient. 
← Development in WHEALBI WP4 will be 
disseminated and shared in the Statseq 
community. 

WR (NL), INRA 
(France) 

EXBARDIV,Genomics-
Assisted Analysis and 
Exploitation of Barley 
Diversity (EXBARDIV) 
ERA PG (2009-2012) 

→ Association panels (spring and winter cultivars 
selected to represent the diversity and history of 
European barley breeding). 

JHI (UK), IPK 
(Germany), CREA 
(Italy) 

Genomics-Assisted Analysis 
and Exploitation of Barley 
Diversity (EXBARDIV) 
ERA PG (2009-2012) 

→ Association panels (spring and winter cultivars 
selected to represent the diversity and history of 
European barley breeding). 

JHI (UK), IPK 
(Germany), CREA 
(Italy) 

ClimBar - An integrated 
approach to evaluate and 
utilise genetic diversity for 
breeding climate-resilient 
barley – FACCE ERANET 
(2014-2018) 

Exome sequencing data for 32 WHEALBI 
accessions for genome-wide association studies 
(GWAS); association genetics; candidate gene 
identification; allele mining; diversity analysis. 
 

LUKE (Finland), Uni. 
Copenhagen 
(Denmark), Hebrew 
Uni. Jerusalem 
(Israel), CREA (Italy), 
Uni of East Anglia 
(UK), Uni. Milan 
(Italy), CSIC (Spain), 
IPK (Germany), Uni. 
Dundee (UK) 

BarPLUS - Modifying canopy 
architecture and 
photosynthesis to maximize 
barley biomass and yield for 
different end-uses - FACCE 

Allele mining of WHEALBI barley exome variant 
data for a list of candidate genes for canopy 
architecture and photosynthetic efficiency and 
evaluation of their potential impact on gene 
function. Mapping the distribution of variants 

Uni. Milan (Italy), 
CREA (Italy), Uni. 
Potsdam (Germany), 
Uni. Silesia (Poland), 
Uni. Lleida (Spain) 

http://www.pure-ipm.eu/project
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Surplus (2016-2019) across the ecological and geographic range 
captured by the WHEALBI germplasm collection 
and performing measures of divergent selection to 
partition the observed allelic diversity along 
specific eco-geographical gradients. 

National projects and initiatives 

Breedwheat Investissement 
d’avenir (2011-2020) 

→ Results from Breedwheat will be used (after 
partner’s agreement) in WHEALBI 1) to select 
accession for exome sequencing and phenotyping 
in WP1-3, 2) to select candidate genes to focused 
on in WP5 and 3) to use genomic selection 
methods in WP6 
← Outputs from WHEALBI will be reciprocally 
used in Breedwheat 

INRA (France) 

BBSRC Wheat prebreeding 
LOLA BBSRC (2011-2014) 

→ Synthetic wheat germplasm developed by 
NIAB in the pre-breeding LoLa will be phenotyped 
and genotyped in WPs1-3 
← Data generated on the synthetic lines by 
WHEALBI will help inform the choice of lines for 
exploitation in the the follow-on project, BBSRC 
WISP. 

NIAB (UK) 

PHENOME Investissement 
d’avenir (2012-2019) 

Phenotyping platforms network 
→ Although not written in the project, high 
throughput and precision phenotyping platforms 
developed in PHENOME can be used in WP3, 
particularly for disease resistance assessment. 
← WHEALBI can provide pilot projects to help 
PHENOME in optimizing HT platforms during their 
development stage 

INRA (France) 

CANADAIR Italy-Canada 
bilateral project (2012-2014) 

→ CANADAIR will provide: i) markers information 
on fusarium head blight resistance in bread 
wheat, ii) transcriptomic data on wheat response 
to fusarium head blight, iii) fine mapping of 
fusarium head bligh resistance QTL on 
chromosome 5A. 
← The sequence information produced from 
WHEALBI will provide genes and allele in the QTL 
region associated to fusarium head blight 
resistance. 

CREA (Italy) 

OTKA Hungarian National 
Research Fund 2008-2012 

Study of the effect of barley chromosome regions 
incorporated into the wheat genome on earliness, 
quality and drought tolerance 
→ Selection of new wheat/barley addition lines 
with favourable nutritional quality parameters, with 
early flowering behaviour form the starting 
material to develop translocation lines in 
WHEALBI WP6. 
← Development of wheat/barley translocation 
lines in WHEALBI WP6 will make it possible to 
study the effect of barley chromosome segments 
on various agronomic traits in wheat 

ATK (Hungary) 


