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23rd-24th March 2017  
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•  9.30-9.45 - Meeting Welcome: 

    Michael Lenhard  

23rd May 



 

•  9.45-10.00 - Opening Remarks: 

Paolo Pesaresi WHEALBI partnership agreement, FACCE SURPLUS Mid-

term meeting. 





Please ‘Save the date’ for two forthcoming FACCE SURPLUS events: Mid-term meeting on Wednesday 15 November 2017 and 
Networking event on Thursday 16 November. We will invite pertinent stakeholders and other FACCE JPI projects to join for 
further interactions and common interests (e.g. from KNSI, TAP soil, MACSUR and other FACCE actions). 
 
FACCE SURPLUS Projects’ coordinators presence in mid-term meeting is required as is indicated in the call announcement. As 
some of you expressed this wish in the kick-off meeting in Foulum, you can also invite up to two persons from one project to 
participate. Please take into consideration that in the afternoon of mid-term meeting, on 15 November, two workshops will be 
organized in parallel: first one on Industrial valorization and the second – on Social sciences and humanities. You may want to 
consider this when choosing whom else to invite from your projects. 
 
 Location: INRA headquarters, 147 rue de l’Université, Paris, France 

Mid-term meeting  



10.00-11.30: Session Forward Genetics 



Task 1.3: Forward screening for mutants in traits influencing biomass production (Leader: P5, Partners 
involved: P1, P4) - Duration: Month 1 – Month 14 
In parallel to reverse genetic analysis, a forward strategy will be applied to find barley lines with phenotypic 
alterations in the traits of interest. The screening will be conducted on 6,000 field-grown M3 plants from 
‘HorTILLUS’ population and 15 broad leaf lines obtained from the NordGen collection characterized by P4. 
Grains will be sown in experimental field of P5 and the phenotypic analysis will be based on measurements 
defined in the common protocol (see Task 3.2). Selected lines with desired characters will be grown under 
controlled conditions and subjected to detailed analysis to obtain a precise score of the phenotypic traits. The 
data will be statistically evaluated to select lines being significantly different from parent variety ‘Sebastian’. 
They will be further subjected to crop physiology studies and agronomical evaluation in field trials within the 
WP3. As part of this task, we will also generate sufficient seeds of the 17 broad leaf mutants for the field trials 
in WP3 by harvesting the plants grown here. 

Agnieszka Janiak:  

D1.3: Mutants from forward screening of TILLING population for testing in WP3-task3.4 (M14) 



Möritz Jöst/Michael Lenhard:  

Forward screening for broad leaf mutants 

 

Salar Shaaf:  

Forward screening for mutants with altered number of tillers and leaf angle 

 

Luca Tadini:  

Forward screening for mutants with altered photosynthetic performance 



11.30-13.30: Session Reverse Genetics 



Task 1.1: Selection of candidate genes (CGs) responsible for biomass production in barley (Task leader: P1, Partners 
involved: P3, P4) - Duration: Month 1 – Month 2 
Based on their own data and literature for model species, all partners will participate in preparing a list of CGs that are 
expected to have a significant role in the development of traits important in biomass production in barley. The list will 
include functionally characterized genes with a demonstrated involvement in the regulation of photosynthesis 
(photoprotection and antenna size), nitrogen use efficiency, tillering, leaf size and leaf angle. When starting from genes 
identified in other plant species, we will select bona fide functional orthologs in barley by careful consideration of 
phylogenetic and comparative genomics information (e.g. EsemblPlants, http://plants.ensembl.org, Plaza, 
http://plaza.psb.ugent.be, and our own analyses), publicly available transcriptomics data supporting expression in the 
relevant tissues and developmental stages (eg MorexGenes Barley RNA-seq database 
http://ics.hutton.ac.uk/morexGenes/index.html), and other prior information such as map co-location with known loci for 
related traits in barley. Approximately 50 candidates will be selected. The CG list prepared in WP1 will also be used as a 
basis for WP2. 

Laura Rossini:  

D1.1: CGs regulating photosynthesis, nitrogen use efficiency, tillering, leaf size and angle (M2) 



List of CGs (63 CGs) to be employed in Task 1.2 (5 CGs), Task 2.1, Task 2.2, Task 2.3 (3-4 CGs) 
Trait Gene Annotation Barley ID Possible paralogs Nº exons
Tillering D27; DWARF27 Strigolactone (SL)vpathway MLOC_67450.9 7
Tillering D10 SL pathway HORVU3Hr1G071170.1 5
Tillering Os02g0221900 (MAX1 paralog) SL pathway HORVU6Hr1G040170.2 2
Tillering HvD14 SL perception/signaling HORVU4Hr1G070070.1 HORVU5Hr089130.1;HORVU5Hr1G089150.1 2
Tillering D3 SL perception/signaling HORVU7Hr1G023610.6 1
Tillering D53 SL perception/signaling HORVU5Hr1G048300.3 HORVU4Hr1G024950.6 3
Tillering OsCKX2 CKs level regulation by degradation HORVU3Hr1G027460.1 HORVU3Hr1G027430.6 3
Tillering OsPIN5b Auxin polar transport HORVU5Hr1G076060.3 HORVU5Hr1G076210/HORVU3Hr1G094000 5
Tillering OsLBO SL production downstream of MAX1 HORVU3Hr1G098580.2 2
Leaf angle TUD1 BR signaling HORVU4Hr1G066070.1 1
Leaf angle ILI1 BR signaling HORVU2Hr1G115240.3 2
Leaf angle osXIAO  regulator of brassinosteroid signaling   HORVU2Hr1G094360.1 2
Leaf angle LPA1 controlling the adaxial growth of tiller    HORVU4Hr1G064740.2 3
Leaf angle DL promotes cell proliferation in the cent         HORVU4Hr1G067780.6 7
Leaf angle OsLIC BR signaling, mainly by inhibiting trans     HORVU7Hr1G096320.3 10
Leaf angle OsSPY negative regulator of gibberellin (GA) HORVU6Hr1G019280.2 17
Leaf angle DWARF4 brassinosteroid biosynthesis HORVU4Hr1G065440.16 8
Leaf angle D11 brassinosteroid biosynthesis HORVU2Hr1G081650.10 9
Leaf angle CPD1 BR biosynthesis HORVU5Hr1G043140.1 7
Leaf angle DIM BR biosynthesis HORVU7Hr1G120030.4 3
Leaf angle LG1 (SPL8) SBP-box TF HORVU0Hr1G039150.3 3
Leaf size CNR organ size including leaves and fruit HORVU6Hr1G078660.4 3
Leaf size DA1 organ size including leaves and seed HORVU2Hr1G002700.14 HORVU4Hr1G060560.10 11
Leaf size OsPCF5 (Os01g0213800) leaf size HORVU3Hr1G028240.5 1
Leaf size OsPCF6 (Os03g0785800) leaf size HORVU5Hr1G103400.1 1
Leaf size OsPCF7 (Os01g0755500) leaf size HORVU3Hr1G072670.2 1
Leaf size OsPCF8 (Os12g0616400) leaf size HORVU5Hr1G008340.6 1
Leaf size OsTCP21 (Os07g0152000) leaf size HORVU2Hr1G060120.1 1
Leaf size NAL1 leaf size HORVU2Hr1G098820.2 5
Leaf size KLUH organ size including leaves and seed HORVU2Hr1G032890.2 HORVU5Hr1G081060.2/HORVU7Hr1G057100.2/HORVU4Hr1G081210.1 2
Leaf size ARGOS organ size including leaves and seed HORVU2Hr1G077510.2 1
Leaf size EBP1 organ size including leaves and seed HORVU1Hr1G059960.2 9
Photosythesis eff. PsbS Photosystem
II 22 kDa protein, chlorop HORVU3Hr1G082740.1 HORVU3Hr1G082730 4
Photosythesis eff. VDE, NPQ1 Violaxanthin
de-epoxidase-related
 HORVU2Hr1G068610.2 5
Photosythesis eff. PPH1, TAP38 Protein
phosphatase 2C
 HORVU3Hr1G048950.9 8
Photosythesis eff. CAO Chlorophyllide
a oxygenase
 HORVU0Hr1G007360.2 9
Photosythesis eff. CHAOS AK363670; MLOC_43394
Photosythesis eff. GUN1 HORVU5Hr1G022350.1

 4
Photosythesis eff. Mog1; PsbP-like; DUF1795-like Photosystem
II reaction center PsbP fa  HORVU2Hr1G086040.4 5
Photosythesis eff. PsbR PsbR HORVU2Hr1G038940.2 5
N remobilization HvGS1_1 HORVU6Hr1G074030.1 1
N remobilization HvGS1_2 HORVU4Hr1G066860.5 10
N remobilization HvGS1_3 HORVU4Hr1G007610.1 12
N remobilization HvGS1_4 HORVU1Hr1G038060.9 19
N remobilization HvGS1_5 HORVU6Hr1G012290.6 16
N remobilization HvGS2 HORVU2Hr1G111300.2 16
N remobilization HvASN1 HORVU5Hr1G048100.4 12
N remobilization HvASN2 HORVU3Hr1G013910.3 12
N remobilization HvASN3 HORVU1Hr1G084370.2 15
N remobilization HvASN4 HORVU1Hr1G092110.4 15
N remobilization HvASN5 HORVU4Hr1G056240.2 12
N uptake osDRO1 Deep rooting HORVU5Hr1G062130 4



Agnieszka Janiak: 

Task 1.2: Identification of mutants in selected CGs by TILLING approach, selection of homozygous 
mutant lines and their phenotypic evaluation (Task leader: P5, Partners involved: P1, P4) - Duration: 
Month 2 – Month 26 
 
Five genes from the list of CGs will be selected for TILLING, based on their predicted importance in biomass production. 
Priority will be given to single copy genes with no known paralogs in the barley genome and likely to have a marked 
impact on the phenotypic traits. TILLING analysis will be based on the most conserved gene fragments, important for 
subsequent protein structure, that will be selected after phylogenetic analysis of their orthologous sequences. Target 
amplicons will be analysed using standard protocol with Cel I cleavage (Kurowska et al. 2011). The type and precise place 
of the mutations will be analysed by sequencing. Based on P5 previous experiments we expect to find on average one 
mutation per 477 kb and about 10 alleles per gene. For missense and non-sense mutations and changes in splicing 
regions homozygous lines will be selected for further detailed phenotyping. Depending on the type of CG analysed, 
appropriate phenotypic tests will be applied, according to the common protocol defined in Task 3.2. Lines of interest will 
also be subjected to crop physiology studies and agronomical evaluation in field trials within the WP3. 

D1.4: Lines carrying induced mutations in selected CGs, to be tested in WP3 (M20) 



Task 2.1: Prediction of sequence variation effects on candidate gene function (Task leader: P1, Partners involved: P2, P4) – Duration : 
Month 1 – Month 9. 
WHEALBI exome variant data will be mined to extract for each candidate gene (from WP1) a list of molecular polymorphisms and 
haplotypes and predict their potential impact on protein sequence/gene function: predicted high-quality variants will be processed with 
tools such as SnpEff (Cingolani et al. 2012) or AnnoVar (Wang et al. 2010), which predict the effect of a sequence variant in the context 
of a gene structure, using SequenceOntology dictionary to annotate the variant introducing nonsynonymous substitutions (potential 
missense mutations), alterations of splicing sites and stop codons. To predict the functional significance of the identified variants, we 
will compare and integrate results from a range of software tools based on different principles to identify bona fide functionally relevant 
variants. Currently available tools include SIFT (http://sift.jcvi.org/), which predicts whether an aminoacid substitution is likely to affect 
protein function; PROVEAN (http://provean.jcvi.org/index.php), which predicts whether an amino acid substitution or indel has an 
impact on the biological function of a protein. Both SIFT and PROVEAN predictions are based on the degree of conservation of amino 
acid residues in sequence alignments derived from closely related sequences, while SNAP2 is a trained classifier based on neural 
network (https://rostlab.org/owiki/index.php/Snap2). A set of 20-30 variants of particular interest will be subjected to validation by 
Sanger sequencing of genomic amplicons. Additionally, due to masking of repetitive regions (e.g. highly conserved domains) in the 
capture design, partial coverage of specific genes is expected in some cases: for genes/genotypes of interest, the missing portions of 
selected CDS will be analysed by genomic PCR and Sanger sequencing to obtain more complete allelic information. The output of this 
task will be a priority list of genes, alleles and accessions of interest for further analyses. 

Laura Rossini:  

D2.1: List of naturally occurring alleles for candidate genes of interest and corresponding protein defects (M8) 



List of CGs (Task 1.1, 63 CGs) to be employed in Task 1.2 (5 CGs), Task 2.1, Task 2.2, Task 2.3 (3-4 CGs) 
Trait Gene Annotation Barley ID Possible paralogs Nº exons
Tillering D27; DWARF27 Strigolactone (SL)vpathway MLOC_67450.9 7
Tillering D10 SL pathway HORVU3Hr1G071170.1 5
Tillering Os02g0221900 (MAX1 paralog) SL pathway HORVU6Hr1G040170.2 2
Tillering HvD14 SL perception/signaling HORVU4Hr1G070070.1 HORVU5Hr089130.1;HORVU5Hr1G089150.1 2
Tillering D3 SL perception/signaling HORVU7Hr1G023610.6 1
Tillering D53 SL perception/signaling HORVU5Hr1G048300.3 HORVU4Hr1G024950.6 3
Tillering OsCKX2 CKs level regulation by degradation HORVU3Hr1G027460.1 HORVU3Hr1G027430.6 3
Tillering OsPIN5b Auxin polar transport HORVU5Hr1G076060.3 HORVU5Hr1G076210/HORVU3Hr1G094000 5
Tillering OsLBO SL production downstream of MAX1 HORVU3Hr1G098580.2 2
Leaf angle TUD1 BR signaling HORVU4Hr1G066070.1 1
Leaf angle ILI1 BR signaling HORVU2Hr1G115240.3 2
Leaf angle osXIAO  regulator of brassinosteroid signaling   HORVU2Hr1G094360.1 2
Leaf angle LPA1 controlling the adaxial growth of tiller    HORVU4Hr1G064740.2 3
Leaf angle DL promotes cell proliferation in the cent         HORVU4Hr1G067780.6 7
Leaf angle OsLIC BR signaling, mainly by inhibiting trans     HORVU7Hr1G096320.3 10
Leaf angle OsSPY negative regulator of gibberellin (GA) HORVU6Hr1G019280.2 17
Leaf angle DWARF4 brassinosteroid biosynthesis HORVU4Hr1G065440.16 8
Leaf angle D11 brassinosteroid biosynthesis HORVU2Hr1G081650.10 9
Leaf angle CPD1 BR biosynthesis HORVU5Hr1G043140.1 7
Leaf angle DIM BR biosynthesis HORVU7Hr1G120030.4 3
Leaf angle LG1 (SPL8) SBP-box TF HORVU0Hr1G039150.3 3
Leaf size CNR organ size including leaves and fruit HORVU6Hr1G078660.4 3
Leaf size DA1 organ size including leaves and seed HORVU2Hr1G002700.14 HORVU4Hr1G060560.10 11
Leaf size OsPCF5 (Os01g0213800) leaf size HORVU3Hr1G028240.5 1
Leaf size OsPCF6 (Os03g0785800) leaf size HORVU5Hr1G103400.1 1
Leaf size OsPCF7 (Os01g0755500) leaf size HORVU3Hr1G072670.2 1
Leaf size OsPCF8 (Os12g0616400) leaf size HORVU5Hr1G008340.6 1
Leaf size OsTCP21 (Os07g0152000) leaf size HORVU2Hr1G060120.1 1
Leaf size NAL1 leaf size HORVU2Hr1G098820.2 5
Leaf size KLUH organ size including leaves and seed HORVU2Hr1G032890.2 HORVU5Hr1G081060.2/HORVU7Hr1G057100.2/HORVU4Hr1G081210.1 2
Leaf size ARGOS organ size including leaves and seed HORVU2Hr1G077510.2 1
Leaf size EBP1 organ size including leaves and seed HORVU1Hr1G059960.2 9
Photosythesis eff. PsbS Photosystem
II 22 kDa protein, chlorop HORVU3Hr1G082740.1 HORVU3Hr1G082730 4
Photosythesis eff. VDE, NPQ1 Violaxanthin
de-epoxidase-related
 HORVU2Hr1G068610.2 5
Photosythesis eff. PPH1, TAP38 Protein
phosphatase 2C
 HORVU3Hr1G048950.9 8
Photosythesis eff. CAO Chlorophyllide
a oxygenase
 HORVU0Hr1G007360.2 9
Photosythesis eff. CHAOS AK363670; MLOC_43394
Photosythesis eff. GUN1 HORVU5Hr1G022350.1

 4
Photosythesis eff. Mog1; PsbP-like; DUF1795-like Photosystem
II reaction center PsbP fa  HORVU2Hr1G086040.4 5
Photosythesis eff. PsbR PsbR HORVU2Hr1G038940.2 5
N remobilization HvGS1_1 HORVU6Hr1G074030.1 1
N remobilization HvGS1_2 HORVU4Hr1G066860.5 10
N remobilization HvGS1_3 HORVU4Hr1G007610.1 12
N remobilization HvGS1_4 HORVU1Hr1G038060.9 19
N remobilization HvGS1_5 HORVU6Hr1G012290.6 16
N remobilization HvGS2 HORVU2Hr1G111300.2 16
N remobilization HvASN1 HORVU5Hr1G048100.4 12
N remobilization HvASN2 HORVU3Hr1G013910.3 12
N remobilization HvASN3 HORVU1Hr1G084370.2 15
N remobilization HvASN4 HORVU1Hr1G092110.4 15
N remobilization HvASN5 HORVU4Hr1G056240.2 12
N uptake osDRO1 Deep rooting HORVU5Hr1G062130 4



Laura Rossini: 

Task 2.3: Phenotypic characterization of accessions carrying diverse alleles for selected genes (Task leader: P1, 
Partners involved: P2, P3, P4). – Duration : Month 10 – Month 20. 
Lines harbouring diverse alleles for genes of interest, identified from Tasks 2.1 and 2.2 will be grown in replicate pots 
under controlled greenhouse conditions for precision phenotyping of morphological and physiological parameters, to 
investigate the relationship between the allelic variation at the selected genes and the phenotype. We will focus on 3-4 
genes exhibiting relevant allelic variation and assemble overlapping balanced diversity sets of ca. 150 accessions, 
taking care that alleles under evaluation are represented with at least 10% frequency. Population structure will be duly 
considered based on genome wide variant data from the WHEALBI dataset. Depending on the genes considered, we 
will phenotype individual diversity sets following the common protocol developed in Task 3.2 that considers the 
evaluation of leaf size/erectness, tillering and photosynthetic efficiency, as well as total biomass and straw production. 
The resulting phenotypic data will be used to run association mapping analyses and estimate allele effects on the 
target traits. This Task will deliver selected barley accessions to be further characterized in WP3 in comparative multi-
environmental field trials. 

D2.4: Selected lines to be tested for their performance in WP3 field trials (M20)  



Alessandro Tondelli: 

Task 2.2: Population genetic and spatio-temporal analysis of allelic variation (Task leader: P2, Partners involved: P1). – 
Duration : Month 1 – Month 9 
Population genetic parameters will be adopted to estimate sequence conservation/divergence and the effect of 
selective pressure on coding regions (e.g. Ka/Ks, nucleotide divergence rates). The frequency of non-synonymous, splice 
site and KO mutations will be calculated in cultivated vs. landrace barleys, to provide knowledge of temporal changes in 
allelic diversity and to assess adaptive variation emerging post domestication, in particular for candidate genes with a 
role in the crop improvement process. We will also map the distribution of these variants across the ecological and 
geographic range captured by the WHEALBI germplasm collection (every WHEALBI line comes with detailed passport 
data) and perform measures of divergent selection to partition the observed allelic diversity along specific eco-
geographical gradients. Based on the outcomes of this Task and Task 2.1 we will propose sets of accessions harbouring 
diverse alleles (and allele combinations) for genes of special interest for further analysis in Task 2.3. 

D2.2: Spatio-temporal differentiation of alleles at the selected candidate genes (M8). 
D2.3: Significant allele-trait associations and estimation of allelic effects (M18). 



13.30-15.00: Lunch 



15.00-16.00: Session broad leaf mutants 



Möritz Jöst/Michael Lenhard: 
Task 1.5: Generation of mapping F2s and phenotypic characterization of broad leaf mutants (Task leader: P4, Partners involved: none) – Duration: Month 1 - 
Month 6 
Fifteen broad leaf mutant lines available from the NordGen germplasm collection will be used to identify potentially novel genes influencing leaf size and 
barley biomass accumulation. P4 has begun to cross these lines (induced in a range of different backgrounds) with three barley wild-type accessions, Bowman, 
Steptoe and Barke, for which extensive polymorphism information is available, to produce segregating populations suitable for genetic mapping; F1 seeds of 
these crosses are expected to be available at the start of this project. These F1 plants will be grown to generate segregating F2 seeds. In parallel, the 15 broad 
leaf mutants and their isogenic wild-type backgrounds will be grown under two different conditions (glasshouse and walk-in growth chamber) and their 
phenotypes in leaf size and shape, plant height, flowering time and fertility will be characterized. Based on this, three mutants with robust leaf-size 
phenotypes, minimal pleiotropy and high fertility will be chosen for gene identification. For each of them, the three F2 populations from the crosses to 
Bowman, Steptoe and Barke (100 plants each) will be phenotyped. The mapping populations that show the clearest phenotypic segregation will be chosen and 
extended to the total of 400 F2 plants that will be phenotyped for leaf width. For each mutation, 50 unambiguously broad leaf homozygous mutants will be 
chosen, and roughly equally sized tissue fragment per plant will be combined into a pool for extraction of genomic DNA. In parallel, genomic DNA will also be 
isolated from the three broad leaf mutants and their isogenic wild-type backgrounds, resulting in a total of 9 samples.  
Task 1.6: Rough-mapping of three broad leaf mutants and identification of candidate mutations (Task leader: P4; Partners involved: P5) – Duration: Month 7 - 
Month 12 
The nine DNA samples from task 1.5 will be used for exome capture as described in Task 1.4. Captured DNA will be sequenced on half a lane of an Illumina 
HiSeq1500 instrument, resulting in an estimated 30-fold average coverage per sample. The resulting sequence data will be used for two purposes. First, after 
mapping the reads from the mutant pools to the barley reference genome, variants will be called and allele frequencies determined in sliding windows along 
the barley chromosomes; this will take into account the available polymorphism information for the three wild-type accessions. This approach will result in an 
overrepresentation of SNP alleles from the mutant background close to the causal mutation, compared to a 50:50 ratio in the rest of the genome. A 
comparison with Bowman, Steptoe and Barke sequences will also identify SNPs segregating in the population in question that can be converted to PCR-based 
markers. Should this analysis indicate that two of the chosen mutants may be allelic, we will repeat the above procedure for two more mutants, aiming to 
identify three non-allelic mutants for further analysis. Second, comparing the sequences of the three broad leaf mutants with their wild-type lines (after 
mapping to the reference genome and variant calling) will identify mutations in the broad leaf mutants.  



16.00-17.00: Session Ideotype design and modelling 



Task 3.1: Ideotype design (Task leader: P3, Partners involved: P2, P4) - Duration: Month 1 – Month 15. 
A review and meta-analysis of the literature will be carried out in order to build up a conceptual scheme (a crop-
physiological, agronomically sound, model) of biomass and yield determination in field conditions. This scheme will (i) 
describe and justify the selected elements in the crop-physiological determination of grain and straw yields, (ii) quantify the 
magnitude of genetic variation available, and (iii) establish the relationships between these determinants exploring and 
highlighting likely trade-offs. Traits will be functionally related to capture and use of radiation for producing biomass and 
yield considering interactions with N and water economies of the crop. Based on this conceptual (and quantitative) model of 
straw and yield generation, a barley ideotype (or more than one considering particular targeted growing conditions; 
depending on the universal or local value of proposed traits to be improved in the model), with empirical evidences of being 
achievable (the conceptual model will include analyses of possible trade-offs) will be offered (and then tested widely in 
WP4). 

Roberto Confalonieri/Livia Paleari 

Updates on the working strategy defined in Lleida 

D3.2: Conceptual scheme of determination of straw and grain yields produced (M9) 
D3.3: Ideotype of barley increasing straw and grain yields proposed (M12) 



Task 3.2: Development of a common protocol for determinations to be made in task 1.2, task 1.3, task 2.3, tasks 3.3 
and task 3.4 (Task leader: P3, Partners involved: P1, P2, P5) - Duration: Month 1 – Month 6  
The focus of this Task will be the fine-phenotyping and characterisation of cultivars/lines. This will imply measurements 
and determinations that should be made collectively in the experiments carried out by the different partners involved 
in these WPs. This is critical for an accurate estimate of environmental (location) effects and the associated GxE 
interactions, which in turn are critical elements in a truthful estimate of heritability for particular traits. The protocol 
will include basic phenological stages, plant height, leaf size and erectness, photosynthesis performance, nitrogen 
uptake and partitioning (among organs and within the canopy depth), which will be measured during stages of the 
onset of stem elongation and anthesis. At maturity grain yield, total biomass, nitrogen content and yield components 
will be determined (spikes/m2, grains/spike, thousand grain weight, harvest Index). Determinations of resource capture 
and use efficiency will be included. 

D3.1: Common protocol for measurements and determination released (M6) 



Alessandro Tondelli:  
Task 3.3: Genetic variation for traits determining biomass and yield in elite material (Task leader: P3, Partners involved: 
P2, P5) - Duration: Month 1 – Month 24  
Breeders aiming to increase complex agronomic traits, like biomass and yield, attempt to pyramid -along generations- 
genes collectively (and interactively) contributing to these complex traits. That is why they are normally reluctant to make 
wide crosses for keep improving these complex traits over the expression of the best cultivars available (the contrary is 
true when breeders aim to improve relatively simple traits), limiting the crosses to their elite material (normally 
constituted by the currently grown modern, well adapted, cultivars plus some promising advanced lines). In this context, a 
thorough quantification of genetic variation within the elite material of barley for the traits targeted by the project would 
offer prospective parents for strategic crosses. 
Field experiments will be carried out in North Italy (Fiorenzuola d’Arda) and North-East Spain (Lleida) in the first two 
growing seasons under randomized block designs in which treatments will be elite materials. Similar field experiments will 
be carried out also in Silesia (Poland) in the second growing season. These materials will include two sub-sets. The first 
one will be 10-15 cultivars and advanced lines selected from the material analysed in WHEALBI. These common genotypes 
will allow us to test for genotype by location interactions for the material analysed and will serve as benchmark for the 
second sub-set. The latter will be 10-15 modern, well-adapted cultivars commercially grown in each of the regions in 
which the experiments will be conducted. Measurements will be made as defined in the protocol prepared in Task 3.2. 

D3.4: Characterized elite material, and prospective parents for strategic crosses (to pyramid improved straw without 
penalizing yield) identified (M24) 



17.00-18.30: Visit to the Facilities of University of Potsdam  



24th March  
 

 
9.00-11.00: Session Project management and dissemination 
 
Task 5.2 (Task leader: P4. Partners involved: P1, P2, P3, P5; M1-36)  
Möritz Jöest/Michael Lenhard: 
Project website 
 
Task 5.3: (Task leader: P5, Partners involved: P1, P2, P3, P4; M2-36)  
Agnieszka Janiak:  
Dissemination of knowledge to scientific community and collaboration with other research programs 
 
Task 5.4: (Task leader: P2, Partners involved: P1, P3, P4, P5; M3-36) 
Alessandro Tondelli 
BarPLUS meets companies  
 
Task 5.5: (Task leader: P1, Partners involved: P2, P3, P4, P5; M6-36) 
Paolo Pesaresi 
Outreach to the general public 

 



11.00-12.00: Session Next Tasks and Concluding Remarks 



List of CGs (Task 1.1, 63 CGs) to be employed in Task 1.2 (5 CGs), Task 2.1, Task 2.2, Task 2.3 (3-4 CGs) 
Trait Gene Annotation Barley ID Possible paralogs Nº exons
Tillering D27; DWARF27 Strigolactone (SL)vpathway MLOC_67450.9 7
Tillering D10 SL pathway HORVU3Hr1G071170.1 5
Tillering Os02g0221900 (MAX1 paralog) SL pathway HORVU6Hr1G040170.2 2
Tillering HvD14 SL perception/signaling HORVU4Hr1G070070.1 HORVU5Hr089130.1;HORVU5Hr1G089150.1 2
Tillering D3 SL perception/signaling HORVU7Hr1G023610.6 1
Tillering D53 SL perception/signaling HORVU5Hr1G048300.3 HORVU4Hr1G024950.6 3
Tillering OsCKX2 CKs level regulation by degradation HORVU3Hr1G027460.1 HORVU3Hr1G027430.6 3
Tillering OsPIN5b Auxin polar transport HORVU5Hr1G076060.3 HORVU5Hr1G076210/HORVU3Hr1G094000 5
Tillering OsLBO SL production downstream of MAX1 HORVU3Hr1G098580.2 2
Leaf angle TUD1 BR signaling HORVU4Hr1G066070.1 1
Leaf angle ILI1 BR signaling HORVU2Hr1G115240.3 2
Leaf angle osXIAO  regulator of brassinosteroid signaling   HORVU2Hr1G094360.1 2
Leaf angle LPA1 controlling the adaxial growth of tiller    HORVU4Hr1G064740.2 3
Leaf angle DL promotes cell proliferation in the cent         HORVU4Hr1G067780.6 7
Leaf angle OsLIC BR signaling, mainly by inhibiting trans     HORVU7Hr1G096320.3 10
Leaf angle OsSPY negative regulator of gibberellin (GA) HORVU6Hr1G019280.2 17
Leaf angle DWARF4 brassinosteroid biosynthesis HORVU4Hr1G065440.16 8
Leaf angle D11 brassinosteroid biosynthesis HORVU2Hr1G081650.10 9
Leaf angle CPD1 BR biosynthesis HORVU5Hr1G043140.1 7
Leaf angle DIM BR biosynthesis HORVU7Hr1G120030.4 3
Leaf angle LG1 (SPL8) SBP-box TF HORVU0Hr1G039150.3 3
Leaf size CNR organ size including leaves and fruit HORVU6Hr1G078660.4 3
Leaf size DA1 organ size including leaves and seed HORVU2Hr1G002700.14 HORVU4Hr1G060560.10 11
Leaf size OsPCF5 (Os01g0213800) leaf size HORVU3Hr1G028240.5 1
Leaf size OsPCF6 (Os03g0785800) leaf size HORVU5Hr1G103400.1 1
Leaf size OsPCF7 (Os01g0755500) leaf size HORVU3Hr1G072670.2 1
Leaf size OsPCF8 (Os12g0616400) leaf size HORVU5Hr1G008340.6 1
Leaf size OsTCP21 (Os07g0152000) leaf size HORVU2Hr1G060120.1 1
Leaf size NAL1 leaf size HORVU2Hr1G098820.2 5
Leaf size KLUH organ size including leaves and seed HORVU2Hr1G032890.2 HORVU5Hr1G081060.2/HORVU7Hr1G057100.2/HORVU4Hr1G081210.1 2
Leaf size ARGOS organ size including leaves and seed HORVU2Hr1G077510.2 1
Leaf size EBP1 organ size including leaves and seed HORVU1Hr1G059960.2 9
Photosythesis eff. PsbS Photosystem
II 22 kDa protein, chlorop HORVU3Hr1G082740.1 HORVU3Hr1G082730 4
Photosythesis eff. VDE, NPQ1 Violaxanthin
de-epoxidase-related
 HORVU2Hr1G068610.2 5
Photosythesis eff. PPH1, TAP38 Protein
phosphatase 2C
 HORVU3Hr1G048950.9 8
Photosythesis eff. CAO Chlorophyllide
a oxygenase
 HORVU0Hr1G007360.2 9
Photosythesis eff. CHAOS AK363670; MLOC_43394
Photosythesis eff. GUN1 HORVU5Hr1G022350.1

 4
Photosythesis eff. Mog1; PsbP-like; DUF1795-like Photosystem
II reaction center PsbP fa  HORVU2Hr1G086040.4 5
Photosythesis eff. PsbR PsbR HORVU2Hr1G038940.2 5
N remobilization HvGS1_1 HORVU6Hr1G074030.1 1
N remobilization HvGS1_2 HORVU4Hr1G066860.5 10
N remobilization HvGS1_3 HORVU4Hr1G007610.1 12
N remobilization HvGS1_4 HORVU1Hr1G038060.9 19
N remobilization HvGS1_5 HORVU6Hr1G012290.6 16
N remobilization HvGS2 HORVU2Hr1G111300.2 16
N remobilization HvASN1 HORVU5Hr1G048100.4 12
N remobilization HvASN2 HORVU3Hr1G013910.3 12
N remobilization HvASN3 HORVU1Hr1G084370.2 15
N remobilization HvASN4 HORVU1Hr1G092110.4 15
N remobilization HvASN5 HORVU4Hr1G056240.2 12
N uptake osDRO1 Deep rooting HORVU5Hr1G062130 4

Task 1.2: Identification of 
mutants in selected CGs by 
TILLING approach, selection of 
homozygous mutant lines and 
their phenotypic evaluation (Task 
leader: P5, Partners involved: P1, 
P4) - Duration: Month 2 – Month 
26 

Task 2.3: Phenotypic 
characterization of accessions 
carrying diverse alleles for 
selected genes (Task leader: P1, 
Partners involved: P2, P3, P4). – 
Duration : Month 10 – Month 20. 



Agnieszka Janiak: 

Task 1.4. Molecular analysis of mutant lines using exome sequencing (Task leader: P5, Partners involved: P1, P4) - 
Duration: Month 14 – Month 36 
In collaboration with the involved partners, up to 50 lines from forward screening of the TILLING population will be 
subjected to exome sequencing to identify candidate mutations, possibly causing their phenotype. Whole barley exome 
sequencing will be carried as reported in Mascher et al. (2013) and Henry et al. (2014), using the exome capture method 
based on Roche NimbleGen SeqCap EZ Developer Library, design 120426_Barley_BEC_D04 (Mascher et al. 2013). Libraries 
of four pooled individuals will be sequenced on a single lane of HiSeq1500 (Illumina). Reads will be analysed using 
published software for quality analysis and trimming, mapping of reads to the reference sequence and identification of 
mutations. The impact of the mutation on the protein sequence and function will be assessed using the SnpEff tool and 
SIFT scores 4. (Cingolani et al. 2012; Sim et al. 2012). Depending on overall progress, initial experiments towards a 
functional characterization of the genes would be initiated by partners with expertise on the corresponding relevant traits. 

D1.5: List of mutated genes identified by exome sequencing of M3 plants with desired phenotype, including foreseen CGs 
responsible for canopy structure and/or photosynthesis efficiency (M36) 



Task 1.7: Fine-mapping of three broad leaf mutants (Task leader: P4, Partners involved: none) – Duration: Month 13 to 
Month 24 
It is highly likely that several mutations will be identified in the rough-mapped regions for each mutant. We will therefore use 
fine-mapping in large F2/F3 populations to further localize the causal mutations. Polymorphisms in the rough-mapped regions 
will be converted to PCR-based markers for KASP-analysis, a rapid and robust one-tube approach for high-throughput 
genotyping. These will be applied to the initial 400 individuals per segregating population (see above) to confirm the rough 
position of the causal mutation. Approximately 2,000 seedlings per segregating population will be sown and genotyped with 
markers that flank the causal mutation. Only individuals with a recombination event within the region will then be grown up 
and phenotyped. These recombinants will be genotyped with additional markers within the mapped region. Comparing 
genotypes and phenotypes (or phenotypes of progeny families) will delimit the location of the causal gene to a smaller and 
smaller interval in an iterative process. Based on previous experience and published literature, analysis of 2,000 plants is 
expected to narrow the target region to only a few genes, at least if the mutation is in the gene-rich subtelomeric region with 
high recombination frequencies. Information from the genetic mapping will be continuously integrated with information 
about mutations identified in the broad leaf lines (see above). Genes in the mapped interval that show perfect co-segregation 
with the leaf-width phenotype and that contain mutations not found in the isogenic wild-type strains are then prime-
candidates for underlying the broad leaf phenotype. 

Möritz Jöst/Michael Lenhard:  

D1.6: Three further leaf-size regulatory genes from barley (M36; in combination with task 1.8)  



Task 3.4: Crop-physiological characterisation of lines selected in WP1 and WP2 (Task leader P2, partners involved P1, P3, 
P4, P5)  - Duration : Month 21 – Month 36 
Lines selected in WP1 and WP2 will also be tested under field conditions to evaluate the effect of mutational events and 
allelic variation/allele combinations at selected CGs on different physiological and agronomic traits related to biomass 
production, as well as on final grain yield. Trials will be carried out in North Italy (Fiorenzuola d’Arda), North-East Spain 
(Lleida) and Silesia (Poland) in the growing season 2017/18 (standard plots under randomized block designs) with selected 
lines in WPs 1 and 2. Measurements will be made as defined in the protocol prepared in Task 3.2. Information on leaf size 
traits and canopy development, already available from WHEALBI project, will complement the newly collected data. 
Environment effects on the traits under study will be taken into account. Depending on the number of genotypes to test and 
the availability of seeds, two different sowing densities will be also tested. Statistical association will be evaluated between 
the main traits identified for these ideotypes and molecular variations at CGs detected in WP1 and WP2.  

Alessandro Tondelli:  

D3.5: Lines selected in WP1 and WP2 with best performance (increased straw production without reduction, or even 
increase, of grain yield) in field conditions identified (M36) 



THE END 
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