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Programm “Breeding plants for tomorrow`s world – challenges and solutions” 

 

Monday, September 12, 2022 

11:30 Registration, Poster set up, Lunch 

13:00  Opening 

Transfer of new traits into crops 

13:10 Gregor Mendel Presentation Pamela Ronald 
UC Davis, California, US 

Crops for Resilience to a Changing Climate 

13:40 Robert Hoffie 
IPK, Gatersleben, GE 

Targeted mutagenesis for virus resistance in barley 

14:05 Götz Hensel 
HHU, Düsseldorf, GE 

Accelerated breeding by de novo domestication of crop plants 

14:30 Gwendolin Wehner 
JKI, Quedlinburg, GE 

QTL for priming efficiency regarding fungal plant diseases in barley 

14:55 Coffee Break 

15:25 Vivianne Vlesshouwers 
Wageningen University, NL 

Exploiting effectors to achieve resistance to late blight disease in potato 

15:55 Wolf Frommer 
HHU, Düsseldorf, GE 

Bacterial Blight Resistance – from discovery to the farm 

16:20 Vanessa Wahl 
MPI, Potsdam, GE 

New kids on the block: the regulation of potato tuber induction 

16:45 Amrit Nanda 
Plants for Future, Brussels, BE 

Enabling the contribution of new genomic techniques to more sustainable agri-food 
systems 

17:10 Gesa Helmsorig 
HHU, Düsseldorf, GE 

The effect of FLOWERING LOCUS T1 (FT1) on barley development 
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Evening Program 

17:45 Wricke Award Ceremony 
18:45 Poster session 

 

Tuesday, September 13, 2022 

New crops – new breeding goals (orphan crops) 

08:30 Dirk Prüfer 

University of Münster, GE 

Russian dandelion (Taraxacum koksaghyz) – development of a new rubber crop 

09:00 Andreas Weber  
HHU, Düsseldorf, GE  

Designing Crops for Carbon Sequestration 

09:25 Christian Wever 
HHU, Düsseldorf, GE 

Creating a new crop – starting the domestication of Silphium perfoliatum L. 

09:50 Daniel von Maydell 
JKI, Quedlinburg, GE 

Improving annual caraway (Carum carvi) under challenging climatic conditions 

10:15 Coffee Break 

10:45 Zerihun Tadele 
University of Bern, CHE 

Promoting productivity of tef through tackling key constraints 

11:15 Markus Stetter 

University of Cologne, GE 

Elucidating the domestication history of an ancient grain to accelerate crop improvement 

11:40 Karl Schmid 

University of Hohenheim, GE 

Towards efficient breeding of the underutilized grain crop quinoa for cultivation in native 
and new production environments 

12:05 Hélène Pidon 

JKI, Quedlinburg, GE 

Ryd4Hb: a major resistance locus to BYDV from the barley wild relative Hordeum bulbosum 
with a very large diversity in barley germplasm 
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12:30 Tsu-Wei Chen 
Humboldt University, Berlin, GE 

Breeding progress of German winter wheat is advanced by reducing plant-plant 
competition 

12:55 Lunch 

14:00 Annaliese Mason 
University of Bonn, GE 

Making new crop species –  
new hybrid Brassica types 

14:30 Ulduz Vafadarshamasbi 
University of Queensland, Brisbane, AUS 

Epigenetic perspectives for sorghum breeding 

14:55 Janne Lempe 
JKI, Dresden-Pillnitz, GE 

Elucidating the genetic control of winter dormancy and bud break in apple for breeding 
climate-adapted cultivars 

15:20 Nazgol Emrani 
CAU, Kiel, GE 

Unravelling genetic mechanisms of agro-nomically important traits in quinoa (Cheno-
podium quinoa Willd.) 

15:45 Seth Davis 
University of York, UK 
Adaptation to climate change in Northern Vietnam by developing rapid-maturation rice 
varieties 

16:10 Coffee Break 

16:30 Kerstin Neumann 
IPK, Gatersleben, GE 

The INCREASE European Citizen Science Experiment with plant genetic resources of 
common bean 

16:55 Pitch session 
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Evening Program 

17:30 Poster session 

18:30 GPZ Membership assembly 

19:30 Conference Dinner 

 

Wednesday, September 14, 2022 

New approaches to access complex genomes of crops,  

crop wild relatives 

08:30 Martin Mascher 
IPK, Gatersleben, GE 

Pan-genomics for crop improvement 

09:00 Sariel Hübner 
MIGAL, Kiryat Shmona, ISR 

Genomic landscapes of adaptation to climate change in wild barley 

09:25 Federico Casale 
HHU, Düsseldorf, GE 

Genomic prediction of the recombination rate variation in barley – A route to highly 
recombinogenic genotypes 

09:50 Magdalena Ehn 
BOKU University of Vienna, AUT 

Development of bunt resistant and adapted winter wheat lines by combining marker-
assisted and genomic selection  

10:15 Manfred Mayer 
TUM, Freising, GE 

Theoretical and experimental assessment of genome-based prediction in landraces 

10:40 Coffee Break 

11:10 Korbinian Schneeberger 
LMU, München, GE 

The hapotype-resolved assembly of a tetraploid potato genome 

11:40 Steven Dreissig 
MLU, Halle, GE 

Genetic architecture of recombination rate variation in barley and rye 
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12:05 Murukarthick Jayakodi 
IPK, Gatersleben, GE 

Genome assembly of the largest diploid field crop faba bean  
(Vicia faba) 

12:30 Kai Voss-Fels 
HS Geisenheim University, GE 

Artificial intelligence guided allele stacking to develop high yielding, highly 
resistant varieties 

12:55 Willem van Rengs 
MPI, Cologne, GE 

Exploring the effect of sequence divergence and sex on meiotic recombination 
patterning in tomato hybrids 

 
 

13:20 Farewell 
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Keynotespeaker 
 

 

Pamela Ronald  
UC Davis 

Dept Plant Pathology and the Genome Center 

26951 county road 96 

95616 Davis, United States 

Pcronald@ucdavis.edu 

https://caes.ucdavis.edu/people/pamela-ronald 

 

Breeding Crops for Resilience to a Changing Climate 
 
Pamela C. Ronald, 
 

The rapid advance of genetic technologies has provided new tools to generate crops that are resilient to climate 

change, resistant to infection and that can better sequester carbon. Professor Pamela Ronald will discuss the 

development of climate-resilient rice varieties, the genetic basis for plant resistance and CRISPR-mediated strategies 

to enhance carbon sequestration of rice.  

mailto:Pcronald@ucdavis.edu
https://caes.ucdavis.edu/people/pamela-ronald
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Vivianne Vleeshouwers 
Wageningen University  

Plant Breeding 

Droevendaalse steeg 1 

6708 PB Wageningen / Netherlands 

vivianne.vleeshouwers@wur.nl 

https://www.wur.nl/de/Personen/Vivianne-dr.ir.-VGAA-Vivianne-Vleeshouwers.htm 

Exploiting effectors to achieve resistance to late blight 
disease in potato  
 
Yerisf Carla Torres Ascurra1, Lisha Zhang2, Xiao Lin1, Chenlei Hua2, Doret Wouters1, Richard G. F. Visser1, Thorsten Nürnberger2, 
Vivianne G. A. A. Vleeshouwers1  
1 Plant Breeding, Wageningen University and Research, Wageningen, The Netherlands 
2 Department of Plant Biochemistry, Centre of Plant Molecular Biology (ZMBP), University of Tübingen, Tübingen, Germany 
E-mail of corresponding author: vivianne.vleeshouwers@wur.nl 

 

Potato is an important food crop for the world’s food security crop. However, without chemical control, 
potato plants are often consumed by the notorious late blight pathogen Phytophthora infestans before 
harvest. The most elegant strategy to control this devastating oomycete is deploying genetic resistance. 
Identified resistance genes against late blight encode for nucleotide-binding and oligomerization domain-
like receptors (NLRs) that localize inside plants cells, and these typically provide high levels of resistance in 
potato. However, NLRs turn quickly ineffective since the matching avirulence genes exhibit high rates of 
evolution that consequently leads to evasion of recognition. Other pattern recognition receptors (PRR) reside 
on the plant cell surface, and PRR recognize more conserved pathogen-associated molecular patterns 
(PAMP).     

In our laboratory, we are exploiting effectors of Phytophthora to precisely target immune receptors that 
contribute to disease resistance, known as ‘effectoromics’. In this presentation, I will present the latest data 
on our work with on a novel PRR that recognizes Pep-13, a conserved immunogenic peptide pattern from 
transglutaminases of Phytophthora species. The Pep-13 receptor unit (PERU) is a leucine-rich repeat receptor 
kinase that binds Pep-13 and enhances immunity to infection with P. infestans. We are exploring the natural 
variation of PERU in wild Solanum species and have identified additional PERU variants that differ in 
recognition specificities. Evolution of PRR has been understudied so far, but interestingly, these data suggests 
that PERU co-evolved with rather conserved patterns of Phytophthora.  

According to recent developments in the molecular plant-microbe interaction field, PRR act in concert with 
NLR immune receptors to activate defense against pathogens. In line with this concept, the combination of 
PRR and NLR is believed to contribute to resistance to late blight in potato. 

mailto:vivianne.vleeshouwers@wur.nl
https://www.wur.nl/de/Personen/Vivianne-dr.ir.-VGAA-Vivianne-Vleeshouwers.htm
mailto:vivianne.vleeshouwers@wur.nl
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Dirk Prüfer 
University of Münster 

Institut für Biologie der Pflanzen 

Schlossplatz 8 

48143 Münster 

dpruefer@uni-muenster.de 

https://www.uni-muenster.de/Biologie/Dozenten/Pruefer.html 

 

Russian dandelion (Taraxacum koksaghyz) – 
development of a new rubber crop 

Fred Eickmeyer1, Christian Schulze Gronover2 and Dirk Prüfer2,3 
1 ESKUSA GmbH, Bogener Str. 24, 4365 Parkstetten 
2 Fraunhofer Institute for Molecular Biology and Applied Ecology, Schlossplatz 8, 48143 Münster 
3 University of Münster, Institute of Plant Biology and Biotechnology, Schlossplatz 8, 48143 Münster 
E-mail of corresponding author: dpruefer@uni-muenster.de 
 

Natural rubber is an important raw material and additive for a wide range of high-quality rubber products 
used in everyday life. It is characterized by extreme elasticity, tensile strength and low-temperature flexibility 
- properties that cannot yet be produced synthetically.  

Natural rubber is mainly obtained from the latex of the rubber tree Hevea brasiliensis, which is cultivated in 
large monocultures in subtropical regions. Due to the steadily growing demand, however, production has 
reached its capacity limit. As a result, natural areas, such as tropical forests, are being converted into 
agricultural landscapes to meet the shortage. 

The Russian dandelion is an excellent and efficient alternative to the rubber tree, as its natural rubber meets 
all quality criteria relevant to its use as a raw material and in various materials. The biology of the Russian 
dandelion now makes it possible to efficiently elucidate rubber biosynthesis and, with the resulting 
knowledge, to develop breeding lines that enable the production of natural rubber outside the traditional 
growing areas. This can create a new, bio-based industry in countries with a temperate climate (e.g. 
Germany).  

During the talk, the entire value chain in the development of the Russian dandelion as an alternative rubber 
source will be presented, ranging from the breeding of high-performance lines to cultivation and extraction 
to the production of the first commercial products.  

mailto:dpruefer@uni-muenster.de
https://www.uni-muenster.de/Biologie/Dozenten/Pruefer.html
mailto:dpruefer@uni-muenster.de
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Zerihun Tadele 
University of Bern 

Biology 

Altenbergrain 21 

3013 Bern / Switzerland 

zerihun.tadele@ips.unibe.ch 

https://www.ips.unibe.ch/aboutus/personen/development/prof_dr_tadele_zerihun/index_eng.html 

 

Promoting productivity of tef through tackling key 
constraints 
 
Zerihun Tadele1 and Solomon Chanyalew2 
1 University of Bern, Institute of Plant Science, Bern, Switzerland 
2 Ethiopian Institute of Agricultural Research, Debre Zeit Agricultural Research Center, Ethiopia 
E-mail of corresponding author: zerihun.tadele@ips.unibe.ch 

 

Tef [Eragrostis tef (Zucc.) Trotter] is the most important cereal of Ethiopia in terms of production, 
consumption and cash crop value. In Ethiopia, tef is annually grown on about three million ha with total grain 
production of over five million tons. As such, it accounts for about 30% of the total cultivated area and one-
fifth of the gross grain production of all cereals cultivated in the country. Despite its supreme economic and 
agricultural significance in Ethiopia, the productivity of tef is relatively low with national average yield of 
about 1.8 t/ha. This is primarily due to limited scientific improvement done on the crop. Tef has still been an 
‘orphan crop’ since it is globally under-researched crop owing to its localized importance. Major constraints 
affecting the productivity of tef are lodging or the displacement of the stem from the upright position, and 
drought. We have established an efficient pipeline to bring improved tef lines from the laboratory in Bern to 
the on-station and on-farm research in Ethiopia. Of critical importance to the long-term success  

of this project is the cooperation among participants in Ethiopia and Switzerland, including donors, policy 
makers, research institutions, and farmers. Together, European and African scientists have developed a 
pipeline using breeding and genomic tools to improve the orphan crop tef and bring new cultivars to the 
farmers in Ethiopia. 

mailto:zerihun.tadele@ips.unibe.ch
https://www.ips.unibe.ch/aboutus/personen/development/prof_dr_tadele_zerihun/index_eng.html
mailto:zerihun.tadele@ips.unibe.ch
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Annaliese Mason 
Universität Bonn 

INRES 

Katzenburgweg 5 

53115 Bonn 

annaliese.mason@uni-bonn.de 

https://www.inres.uni-bonn.de/plantbreeding/de/pfzz-mitarbeiter/annaliese-mason-2 

 

Making new crop species – new hybrid Brassica types 
 
Mason, AS1 
 
1 Department of Plant Breeding, University of Bonn, Katzenburgweg 5, 53115 Bonn, Germany 
E-mail of corresponding author: annaliese.mason@uni-bonn.de 
 

The close genetic relationship between the Brassica crop species offers interesting opportunities for 
development of new crop types. The three diploid species B. rapa, B. nigra and B. oleracea and the three 
allotetraploid species B. juncea, B. napus and B. carinata represent genome combinations of AA, BB, CC, 
AABB, AACC and BBCC respectively, and represent crops such as cabbage, turnip, mustards and rapeseed. 
Therefore, approaches such as resynthesis of the allotetraploid species by crosses between the diploid 
species (e.g. AA × CC -> AACC), as well as combining all three genomes together to make allohexaploids 
(AABBCC) represent possibilities to combine these genomes to build new hybrid Brassica types. This material 
can also act as a bridge with which to transfer useful traits and genetic diversity between Brassica species 
for improvement of established crop types. 

To date, our research group has produced allohexaploid Brassica from the cross combinations B. napus × B. 
carinata × B. juncea, B. napus × B. nigra, and B. juncea × B. oleracea, using different parental genotype 
combinations. The majority of these lines show immediate heterosis for plant growth traits, but reduced 
fertility as a result of meiotic instability. However, major genotypic variation for genome stability and fertility 
was observed, and generational selection appears to be an effective method to improve seed yield in initially 
heterozygous material. Investigation of this material for useful phenotypic traits (also for transfer to 
rapeseed) and field performance is underway. 

mailto:annaliese.mason@uni-bonn.de
https://www.inres.uni-bonn.de/plantbreeding/de/pfzz-mitarbeiter/annaliese-mason-2
mailto:annaliese.mason@uni-bonn.de
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Martin Mascher 
Leibniz-Institut für Pflanzengenetik und Kulturpflanzenforschung 

Corrensstraße 3 

06466 Seeland, OT Gatersleben 

mascher@ipk-gatersleben.de 

https://www.ipk-gatersleben.de/forschung/genbank/domestikationsgenomik 

 

Pan-genomics for crop improvement 
 
Martin Mascher 
Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben 
E-mail: mascher@ipk-gatersleben.de 
 

Pan-genomic studies aim at representing the entire sequence diversity within a species to provide useful 
resources for evolutionary studies, functional genomics and breeding of cultivated plants. Cost reductions in 
high-throughput sequencing and advances in sequence assembly algorithms have made it possible to create 
multiple annotated reference genome sequences along with a catalogue of all forms of genetic variations in 
plant species with large and complex genomes. In this talk, we will summarize our work in barley pan-
genomics: the selection of representative core sets by genebank genomics, the assembly of chromosome-
scale reference sequences, and the discovery of structural variants associated with agronomic traits. Future 
challenges will be the development of pan-genome interfaces for easy access by breeders and geneticists 
and the construction of a genus-wide pan-genome to make the wild relatives of barley more amenable to 
(pre-)breeding. 

mailto:mascher@ipk-gatersleben.de
https://www.ipk-gatersleben.de/forschung/genbank/domestikationsgenomik
mailto:mascher@ipk-gatersleben.de
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Korbinian Schneeberger 
Ludwig-Maximilians-Universität München 

Faculty of Biology/Biocenter 
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The hapotype-resolved assembly of a tetraploid potato 
genome  
 
Hequan Sun1,2,†, Wen-Biao Jiao1,2,3,4,†, Kristin Krause2, José A. Campoy2, Manish Goel1,2, Kat Folz-Donahue5, Christian Kukat5, 
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2 Department of Chromosome Biology, Max Planck Institute for Plant Breeding Research, Cologne, Germany 
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Potato is the most widely produced tuber crop in the world. However, reconstructing the four haplotypes of its 
autotetraploid genome remained an unsolved challenge. I this presentation I will show how we managed to reconstruct a 
3.1 Gb haplotype-resolved, chromosome-scale assembly of the potato cultivar 'Otava'.  

To assemble the genome, we combined high-quality long read sequencing with the analysis of 717 individual pollen genomes 
and Hi-C data. The diploid pollen genomes allowed us to separate the reads of the individual haplotypes, while the Hi-C (i.e. 
three-dimensional chromatin information) allowed to combine the assembled sequence to chromosome-scale pseudo-
molecules. Based on the analysis of the parental cultivars of ‘Otava’ we estimated an assembly precision of 99.6%. 

Unexpectedly, we found that around 50% of the tetraploid genome were identical-by-descent with at least one other 
haplotype due to recent inbreeding that is recorded in the pedigree of ‘Otava’. However, this high level of redundancy in 
the genome was contrasted by abundant structural rearrangements involving around 20% of the genome. The degree of 
these genomic differences exceeded by far the sequence differences that are common between genomes of one plant 
species, and are likely a footprint of admixture and introgressions with other, wild potato species during domestication and 
breeding.  

Among 38,214 genes, only 54% were present in all four haplotypes with an average of 3.2 copies per gene. Using the leaf 
transcriptome as example, 11% of the genes showed allele-specific expression in at least one of the haplotypes, where 25% 
of them were likely regulated through allele-specific DNA methylation.  

Our work sheds light on the breeding history of potato and the functional organization of the tetraploid genome. Moreover, 

the assembly method is broadly applicable and has the potential to strengthen genomics-assisted breeding strategies. 
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Targeted mutagenesis for virus resistance in Barley 
Robert Eric Hoffie1, Dragan Perovic2, Antje Habekuss2, Ingrid Otto1, Frank Ordon2 and Jochen Kumlehn1 
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OT Gatersleben, Germany 
2 Institute for Resistance Research and Stress Tolerance, Julius Kuehn Institute (JKI), Federal Research Centre for Cultivated 
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The Potyviridae are the largest family of plant–
pathogenic viruses. Members of this family are the 
soil-borne bymoviruses Barley yellow mosaic virus 
(BaYMV) and Barley mild mosaic virus (BaMMV) 
which, upon infection of young winter barley 
seedlings in autumn, can cause yield losses as high 
as 50%. Resistance breeding plays a major role in 
coping with these pathogens. 
The EUKARYOTIC TRANSLATION INITIATION FACTOR 
4E (EIF4E) is a well-known susceptibility gene for 
potyvirus infections in many plant species. Its 
resistance-conferring alleles are widely used in 
winter barley breeding, but new virus strains have 
overcome these resistances. Thus, there is a need 
for novel sources of resistance. In ancient landraces 
and wild relatives of cultivated barley, alleles of the 
susceptibility factor PROTEIN DISULFIDE-ISOMERASE-
LIKE 5-1 (PDIL5-1) were identified to confer 
resistance to all known strains of BaYMV and 
BaMMV. Although the gene is highly conserved 

throughout all eukaryotes, barley is thus far the only 
species for which PDIL5-1-based virus resistance has 
been reported. 
Here, we present the employment of Cas9-mediated 
targeted mutagenesis of HvEIF4E and HvPDIL5-1 in 
winter and spring barley to generate bymovirus 
resistance, circumventing the tedious and time-
consuming introgression by crossing to the European 
elite winter barley breeding pool. We induced knock-
out alleles for EIF4E and knock-outs as well as base 
substitutions in PDIL5-1 similar to those that were 
described to render certain landraces resistant. 
Primary homozygous mutants were produced in 
winter barley, and transgene-free homozygous M2 
mutants were produced in spring barley. A variety of 
mutants was mechanically inoculated with BaMMV, 
by which all frameshift mutations and certain in-
frame mutations were demonstrated to confer 
resistance to the used virus strain. 
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Accelerated breeding by de novo domestication of crop 
plants 
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Domestication of plants is a sustained multi-
generational relationship in which humans 
started to collect and propagate seeds of plants 
with favourable traits. This process happened 
multiple times and in all parts of the world. The 
features ancient farmers selected for were more 
and bigger fruits, fruit colour, taste and fruit 
abscission. For cereals, similar properties were of 
interest. 

Our current crop plants are often locally adapted 
and thus do not have all the necessary 
characteristics to ensure yield stability due to 
changing climatic conditions and the associated 
spread of pathogens. Breeders are therefore 
challenged to develop new varieties at ever 
shorter intervals. Classical methods such as 
radiation mutagenesis and crossing have led to 
many new varieties. However, these methods 
require a complex multi-year backcrossing 
process to enrich the desired traits.   

In addition, there was the limitation that traits 
could only be exchanged with close relatives. 
Another limitation is related to the linkage drag 
meaning favourable and unfavourable 
characteristics can not be separated by 
recombination. The transfer of foreign DNA was 
introduced in the 1980s and is an integral part of 
the breeding process in many parts of the world. 

These plants are also increasingly cultivated 
outside Europe.  

Targeted mutagenesis utilizing customized 
endonucleases as transcription activator-like 
effector nucleases (TALEN) and clustered 
regularly interspaced short palindromic repeats 
(CRISPR)/Cas technology allow a precise 
induction of mutations which are the driving 
force of evolution.  

As the system has worked in almost all species 
tested so far, it provides a fast and specific 
variety of development tools. Published 
literature indicates that CRISPR/Cas technology 
has been used to alter food and feed crops, crops 
for industrial use, oil crops and ornamentals. 

In barley, the tool has been used to modify 
domestication traits such as spike architecture 
and dormancy. Other plants could convert wild 
species into elite cultivars by a few mutations. In 
this way, within one or two generations, 
breeders can accelerate the domestication 
process and would be able to respond to the 
demand arising quickly.  

The presentation will focus on the above-
described requirements and limitations and give 
examples for this exciting new tool in the 
breeders' toolbox. 
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QTL for priming efficiency regarding fungal plant diseases 

in barley  
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E-mail of corresponding author: Gwendolin.Wehner@julius-kuehn.de 

 

Upon priming, plants respond stronger and faster to 

a pathogen attack, resulting in robust resistance and 

securing higher yield. Many recent reports suggested 

that bacterial quorum sensing (QS) molecules might 

induce priming in plants. One of the best-studied 

groups of QS molecules is N-acyl homoserine lactone 

(AHL), produced by numerous Gram-negative 

bacteria such as Ensifer meliloti, to control the 

density of populations.  

In the PrimedPlant project, a set of 200 spring barley 

accessions (the spring barley IPK-SB224 panel, 

Genobar) was tested for priming efficiency utilizing 

various priming inducers and pathogens, i.e. Puccinia 

hordei (leaf rust), Pyrenophora teres f. teres (net 

blotch), Blumeria graminis (powdery mildew) and 

Bipolaris sorokiniana (leaf spot blotch). A natural 

mutant strain of E. meliloti, called expR+ch, 

producing a substantial amount of AHL, is used as a 

priming bacterium. After three bacterial 

inoculations, barley plants are infected with the 

respective pathogen at the three-leaf stage. Twelve 

days after inoculation, scoring of pathogen response 

was assessed, which allows for calculating relative 

infection and priming efficiency. 

Results suggest that the effectiveness of AHL-

induced priming to enhance resistance against all 

pathogens is different among barley genotypes. First 

statistical evaluations indicate positive and 

significant (p<0.001) effects of priming.  

Based on the observed phenotypic differences and 

493.846 filtered SNPs derived from the Illumina 9k 

iSelect chip, genotyping by sequencing (GBS) and 

exome capture data, a genome-wide association 

study (GWAS) was conducted using a compressed 

Mixed Linear Model (cMLM) implemented in GAPIT 

in R. For example, GWAS revealed 18 significant 

(LOD>4) associated markers in 12 QTL, for priming 

efficiency regarding net blotch infection. 

Interestingly one QTL on chromosome 5H at 640 Mb 

(Morex V3) is in accordance with a QTL for priming 

efficiency under leaf rust infection. QTL identified 

upon individual priming inducer - pathogen 

combinations will be compared and merged to 

identify common and stable priming-specific QTL. 

This comparison will reveal whether respective QTL 

are pathogen-specific or universally involved in 

priming for enhanced resistance. 
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Bacterial Blight Resistance – from discovery to the farm 
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Pathogens infect their hosts in order to gain 
access to the nutrients that are required for 
effective reproduction. While studying sugar 
transporters from plants, we found that the 
gram-negative bacterium Xanthomonas oryzae 
pv. oryzae (Xoo), which causes bacterial blight of 
rice uses transcription activator-like effectors to 
induce host SWEET genes (Chen et al., 2010 
Nature; 2012 Science). 

Editing of the corresponding binding sites in 
SWEET promoters caused resistance. Assembly 
and systematic analysis of an Xoo strains form 
Asia and Africa indicates that the current strains 
induce three sucrose transporting SWEETs (Oliva 
et al., 2019 Nature Biotech). Simultaneous 
editing of all known binding sites was used 
generate rice lines (Kitaake) that were resistant 
to all strains in the collection. The approach was 
subsequently implemented in multiple elite 
varieties, including IR64 and Ciherang-Sub1, as 
well as varieties for Africa (Oliva et al., 2019 
Nature Biotech; Eom et al., 2019 Nature Biotech). 
Field trials did not show detectable performance 
loss in the lines. Currently, the strain collection is 

further expanded, monitoring systems for the 
disease are being implemented, and the 
spectrum of resistant varieties is expanded 
further. 

In parallel, a diagnostic kit was developed that 
enables rapid identification of the target gene 
and test for suitable R gene variants to control 
the emerging strains (Eom et al., 2019 Nature 
Biotech). 

An increasing number of countries is 
implementing regulatory frameworks that 
classify edited lines that are transgene-free as 
equivalent to conventional breeds (Buchholzer & 
Frommer, 2022, New Phytol.).  

Rice lines with robust broad-spectrum resistance 
might help to reduce the losses that pose a threat 
to food security and livelihood of small-scale 
producers in Asia and Africa. 

A wide range of aspects will have to be 
considered if the plan is to register the new 
varieties, reaching from import regulations, 
liability, intellectual property landscape, public 
perception, to extensive field testing. 
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New kids on the block: the regulation of potato tuber 
induction.  
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Salomé Prat4 and Vanessa Wahl1 -  
1 Max Planck Institute of Molecular Plant Physiology, Department 2, Potsdam, Germany  
2 University of Potsdam, Potsdam, Germany 
3 Umeå Plant Science Centre, Department of Plant Physiology, Umeå University, Sweden 
4 Center for Research in Agricultural Genomics (CRAG), Barcelona, Spain 
E-mail of corresponding: vanessa.wahl@mpimp-golm.mpg.de 
 

Developmental transitions, such as the floral 
transition and tuber induction, are regulated by a 
complex genetic circuit that integrates diverse 
environmental and endogenous signals. We 
previously reported that plants rely on sugar 
signalling to regulate flowering when N is limited in 
otherwise non-inductive short-day (SD) conditions, 
highlighting the joint importance of N and C 
signalling (1).  

Sucrose levels increase in Arabidopsis thaliana 
wild-type plants grown under N limiting conditions 
in SD allowing them to eventually flower via the 
trehalose 6-phosphate (T6P) pathway (1). These 
plants also induce FLOWERING LOCUS C (FLC), an 
important floral repressor, repressed by exposure 
to cold temperatures in a process termed 
vernalization. Further, plants expressing an 
artificial microRNA against TREHALOSE 
PHOSPHATE SYNTHASE1 (35S::amiRTPS1) do not 
flower in SD in N limited conditions and induce FLC 
to very high levels. A deletion mutant in the FLC 
gene or in the gene encoding the interacting 
protein SHORT VEGETATIVE PHASE (SVP) causes 
plants to no longer respond to limited N, and wild-
type plants flower at the same time in limited and 
full nutrition soil when exposed to a longer period 
of cold (2).  

The early nitrate response involves the NIN-LIKE 
PROTEIN transcription factors NLP6 and NLP7 (1,3). 

Our data however demonstrates that NLP-
independent N signalling and SnRK1-dependent 
T6P-mediated C signalling independently impact on 
FLC (2). Together with the published works by 
others these findings further support a multi-factor 
system for N and C signalling responses of 
developmental processes. 

Taking the work in the model Arabidopsis thaliana 
as a basis, we identified several FLC (StFLCA-D) and 
SVP (StSVPA-C) genes in the crop Solanum 
tuberosum (potato) and investigated their role in 
the regulation of flowering and tuber formation. 
StFLC and StSVP gene expression profiles 
throughout potato development and protein 
interaction studies indicate tissue specificity of the 
individual genes and distinct roles of a variety of 
putative protein complexes. In particular, StFLC-D 
demonstrates a marked impact on flowering and 
tuberization under non-inductive conditions and 
temperature-induced second growth (4). Taken 
together, this hightlights functional diversification 
of players known from the model and increases the 
importance of taking research to the next level by 
investigating these players in a crop. 

(1) Olas et al., New Phytologist, 2019 
(2) Gramma et al., in preparation, a. 
(3) Krapp et al., Journal of Exp. Botany, 2014 
(4) Gramma et al., in preparation, b. 
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Enabling the contribution of new genomic techniques to 
more sustainable agri-food systems  
 
Amrit Nanda 
‘Plants for the Future’ European Technology Platform, Avenue des Arts 52, 1000 Brussels 
E-mail of corresponding author: amrit.nanda@plantetp.eu 
 

The EU Green Deal’s Farm to Fork (F2F) and 
Biodiversity strategies set environmental targets 
for agri-food systems, with a specific focus on the 
farm level. Several impact assessments predict 
that implementation of these strategies will lead 
to a reduction of crop production. Without 
access to new and innovative technologies, the 
EU risks increasing its reliance on imports from 
third countries, thereby threatening global food 
and nutritional security and EU competitiveness. 

Plant breeding alone has contributed to a 
cumulative 67% increase in EU crop production 
in the last two decades, and has an important 
role to play in maintaining future production. 
However, there is a general lack of awareness 
from consumers and society of the importance of 
plant breeding in our agri-food systems. At the 
same time, the trend for “more natural” plant 
varieties, products and breeding methods have 
resulted in decades of polarised debates and 
mistrust around the use of biotechnology in plant 
breeding, often fueled by misinformation and 
ideology. It is therefore essential to build trust 
and engage with consumers and society, in order 
to increase awareness and understanding of 
plant breeding.  

Two citizen juries organised through the 
CropBooster-P project demonstrated that 
informed citizens tend to be more accepting of 
the use of new genomic techniques (NGTs), like 
genome editing), while a consumer survey from 
Sweden showed acceptance of a specific crop 

variety depends more on whether it provides 
societal benefits (e.g., reducing environmental 
impact or world hunger), than the breeding 
method used. Citizens also indicated that 
policymakers should show leadership in 
supporting new and safe innovations, such as 
NGTs, and that hesitancy and inaction have 
negative effects on consumer trust and 
acceptance. 

The EU commission’s initiative to update 
legislation for plants produced by certain NGTs 
offers a unique opportunity to develop a EU 
policy environment where biotechnology can 
contribute to the transition towards more 
sustainable agri-food systems. As a trusted 
source of information, researchers and 
education providers can play an important role in 
increasing acceptance, by engaging with 
consumers and society. 

‘Plants for the Future” European Technology 
Platform (Plant ETP) is a multistakeholder 
platform representing the plant sector from basic 
research to crop production and distribution. 
Plant ETP brings relevant stakeholders together 
to develop a common vision for the future of the 
plant sector, identify corresponding challenges, 
respective solutions, and provides strategic 
direction for research and innovation in Europe. 
Plant ETP also represents the interests of the 
plant sector before policymakers, by advocating 
for science-based policymaking to enable the use 
of safe and innovative new technologies. 
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The effect of FLOWERING LOCUS T1 (FT1) on barley 
development 
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Photoperiodic flowering is a major factor 
determining reproductive success and thus yield 
in plants. Agronomically important temperate 
cereal crops, such as barley and wheat, are long 
day plants requiring day lengths above 12 hours 
to induce reproductive development. While 
some key players in photoperiodic flowering in 
crops, such as PHOTOPERIOD 1 (Ppd-H1) and 
FLOWERING LOCUS T (FT1) have been identified, 
large parts of the underlying genetic mechanisms 
are yet mostly uncharacterized and remain to be 
elucidated. 

In long day conditions, Ppd-H1 induces the 
expression of FT1, one of several FT-like 
homologs in barley. An induction of FT1 in the 
leaf correlates with accelerated reproductive 
development.  

However, the specific effect of FT1 on floral 
organ development and its surrounding genetic 
network remains to be elucidated. 

To improve the understanding of these relations 
I am characterizing FT1 knock-out mutants 
generated by gene editing in different Ppd-H1 
allele backgrounds. The homozygous ft1 mutant 
lines are late-flowering and show a strongly 
reduced fertility and seed set. Plants are normal 
in height, but biomass is increased due to 
continuous tillering. Main shoots and lateral 
tillers show abortion of florets and, in later 
stages, of the entire inflorescence.  

To understand the molecular network 
downstream of FT1, comparative gene 
expression analyses were performed in 
homozygous ft1 mutant lines in contrast to WT 
plants. In addition, micronutrient analyses in 
seeds and leaves showed a different composition 
in mutant plants compared to WT, strengthening 
the hypothesis of FT1 affecting carbohydrate 
transport in barley. 
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Designing crops for carbon sequestration 
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More than 300 Gt of carbon have been released from fossil resources into the atmosphere since the 
beginning of the industrial revolution in the 1800s. This anthropogenic change in the atmospheric carbon 
pool caused an increase of the global average temperature of nearly 1.5 K. This change in temperature causes 
altered precipitation patterns and severe weather events, which threaten agricultural food and feed 
production and hence the base of human civilization. Even if we achieve net zero emissions, the atmospheric 
CO2 concentration will remain high for centuries, if we don’t actively remove carbon from atmosphere. 
Achieving negative carbon emissions is essentially to overcoming the biggest challenge to human civilization 
in this century.  

Burning 300 Gt of fossil resources would release at least 2.4 EWh (2.4·1018 Wh) of thermal energy. Re-
capturing this amount of C from the atmosphere and sequestering it into long-term stores would require at 
least twice the amount of energy released during the burning of fossil fuels, i.e., ≥ 5 EWh.  This is equivalent 
to 30-times the global energy consumption in 2019. Clearly, because of the immense amount of renewable 
energy required, industrial and technical processes will not be able to achieve the scale of negative emissions 
required to mitigate anthropogenic climate change. Only through biological means and predominantly 
through plants it will be possible to achieve negative emissions at the scale required to mitigate climate 
change and return to pre-industrial levels of CO2 in the atmosphere. These demands on carbon sequestration 
and storage set the agenda for plant science research for the next decades.   

Crops assimilate approx. 10 Gt C per year into biomass. Hence, the equivalent of 30 yrs of current global crop 
production would be required to convert 300 Gt of atmospheric C into plant biomass. If this goal was to be 
achieved by 2100, not considering reforestation and afforestation restoration of peatlands, soil carbon 
sequestration, improved management practice (e.g., no-tilling) etc., 1/3 of global crop production at current 
levels would have to be sequestered into long term stores for the next 78 yrs. This would have to be achieved 
without compromising food security, increasing land use, increasing input of other resources such as water 
and fertilizer, and without increasing the loss of biodiversity. 

Potential action points for future research in the field include but are not limited to: i) increasing 
photosynthetic efficiency to maximize yield per unit area land; ii) increasing water-use and nutrient use 
efficiency; iii) deep-soil deposition of carbon; iv) increasing the energy content of plant biomass; v) purpose-
bred crops for plant products that can replace dairy, meat, and poultry. I will discuss the challenges ahead, 
research needs, and design concepts to enable efficient carbon sequestration.   
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Creating a new crop – starting the domestication of 
Silphium perfoliatum L. 
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Today plant biomass production in Europe is mainly 

done by silage maize. To solve the well-known 

problems of maize monocultures we have to 

reconsider our strategy for biomass production. The 

cup plant (Silphium perfoliatum L.) is like sunflower a 

member of the Asteraceae and native to the US. Due 

to its high biomass yield, Silphium perfoliatum 

represents a promising alternative for silage maize. 

S. perfoliatum is a perennial plant with a broad range 

of ecological benefits like a long flowering period, 

pollinator- friendliness and less soil erosion. Growing 

this wild perennial as a crop could be a step to a 

more sustainable plant biomass production.  

However, Silphium perfoliatum is still nearly a wild 

plant with several challenges for agriculture. Until 

today almost no breeding attempts have been made 

for domestication of the cup plant and all field trials 

were done with the available European genotypes of 

unknown origin. For estimation of the genetic 

relationships between these genotypes a selected 

part of the European gene pool was analysed via 

tunable Genotyping By Sequencing (tGBS) 

technology. The data showed that most of the 

examined accessions share common alleles and only 

one clear pattern of population stratification was 

detected. To ensure sufficient germplasm diversity 

for future crop improvement, a plant hunting trip to 

the US was performed. Based on herbarium data, 40 

accessions covering the whole native distribution of 

Silphium perfoliatum were collected. The new US 

accessions were compared with the European 

material at two levels, genetically via tGBS and 

phenotypically via field trials for 3 years. The 

possible origin of the European gene pool, several 

new traits and a promising variation for biomass 

yield were discovered. 
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Improving annual caraway (Carum carvi) under 
challenging climatic conditions  
 
Daniel von Maydell and Frank Marthe 
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Quedlinburg 
daniel.maydell@julius-kuehn.de 
 

Caraway (Carum carvi, Apiaceae) is one of the 
oldest spices used in Europe. In pharmacy, it is used 
to ease gastrointestinal afflictions. Traditionally, 
biennial caraway has been cultivated in Europe. At 
least in Germany biennial caraway was replaced by 
annual caraway in the 1990s because of easier 
integration into crop rotation. However, until today 
annual caraway fails to reach a satisfying yield 
potential and essential oil content, the most 
important quality trait. Moreover, prolonged 
drought and heat in 2018 and 2019 caused 
devastating yield losses. It is predicted that such 
challenging weather conditions will frequently 
appear in future. Consequently, the cultivation 
area of caraway was low in recent years (200 to 400 
ha per year) and farmers even question the 
remaining caraway cultivation in Germany.  

In contrast to this, caraway cultivation in Germany 
would have several desirable effects. First, more 
regional production would decrease CO2-
emmission from transport. Second, as an insect 
pollinated crop, caraway could promote insects in 
agricultural landscapes. Third, caraway is well 
suited to extend crop rotation, which can be a 
contribution to the required reduction of 
pesticides. 

To stabilize and to increase caraway cultivation, 
caraway has to be improved by breeding. Thus, a 
breeding project was started in 2017 (FNR 
22023215 and since 2021: FNR 2220NR103A). The 
breeding strategy is based on two main 

approaches, which should be finally combined. 
First, it is aimed to exploit heterosis by breeding 
synthetic varieties. Second, it is aimed to establish 
winter-annual growing. 

Synthetics: The potential of heterosis has not been 
evaluated in previous caraway breeding. To test 
this, inbred lines were outcrossed in a polycross so 
that open pollinated F1 populations were 
produced. The outcrossing rate (estimated using 
single nucleotide polymorphism (SNP) markers) 
ranged from 51.6% to 82% (mean 66.5%). In a two-
year field trial, all F1 populations gained higher 
yields than the corresponding inbred lines. This 
indicates that heterosis can be exploited in caraway 
breeding. Breeding of synthetics will be conducted, 
as long as no efficient system to control pollination 
is available to realize hybrid breeding. 

Winter-annual growing: By sowing in autumn, it is 
aimed to utilize precipitation from autumn to early 
spring for germination and vegetative growth. 
Furthermore, early flowering should avoid 
prolonged summer drought and heat. So far, no 
genetic material with sufficient winter-hardiness, 
yield potential and essential oil content is available. 
Therefore, new crossings were conducted. 
Resulting F1 populations already revealed 
promising new combinations of the target traits. 
This breeding material will be selected in 
subsequent years and prepared for heterosis 
breeding. 
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Thousands of crops have been taken into 
cultivation over the last 10,000 years. 
Nonetheless, only few major crops with a narrow 
nutritional spectrum provide the majority of 
calories for humans. While these crops are highly 
productive under optimal conditions, they might 
be less productive under marginal and unstable 
environmental conditions. A number of local 
minor crops are well adapted to harsh 
environments and are of high nutritional value. 
Some of these crops might be well suited for 
future crop production systems. Yet, their 
agronomic performance lag behind that of major 
crops due to the lack of research and breeding 
efforts.  

One such minor crop is grain amaranth, an 
ancient pseudo-cereal from the Americas. 
Amaranth has a high protein content and a 
particularly favorable amino acid composition. 
The crop has been domesticated three times in 
different regions of the Americas. The three 
domestication histories in distinct regions make 
the crop an ideal model to study the process of 
domestication. Despite this replication, key 
domestication traits, such as the loss of seed 
shattering or strong increase in seed size are 
missing. To understand the domestication 
history of the crop and the reasons for the lack of 
domestication trait changes, we combine 
genomics, population genetics and molecular 
genetics. In addition, we elucidate the genetic 
underpinnings of traits that did change during 
domestication.  

We find that the three grain amaranths 
hybridized after their domestication and that 
gene flow from wild relatives reduced genetic 
load, but potentially disturbed the selection of 
major domestication traits. One trait that has 
changed during domestication is the seed color, 
which changed from almost black to pale white. 
While all wild Amaranthus species have dark 
seeds, white seeds can only be found in the three 
domesticated grain species. Population and 
quantitative genetic analysis revealed that the 
seed color likely changed three times 
independently but via the same two genomic 
regions. Differential gene expression analysis 
between developing seeds of the two colors 
showed the complexity of metabolic traits but 
indicated the flavonoid pathway as major target 
of transcriptional change. Our molecular 
dissection of a transcription factor candidate 
gene provides detailed insights into the 
molecular function of the trait.  We suggest the 
conversion of seed color during domestication 
was a side-effect of selection on agronomically 
important traits such as seed dormancy and 
germination speed. 

Our multidisciplinary dissection of amaranth 
domestication might help to elucidate potential 
reasons for the lack of domestication traits that 
is observed in thousands of minor crops. The 
resources and techniques we develop will allow 
to develop breeding strategies for amaranth, and 
minor crops in general.  
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The favourable nutritional properties of quinoa 

(Chenopodium quinoa Willd.) and its potential as a 

future crop for food security in a changing climate 

are generating worldwide interest in its cultivation. 

To achieve these goals, new quinoa varieties with 

higher yields and tolerance to biotic and abiotic 

stress factors for its native cultivation area in South 

America and new production environments such as 

Central Europe need to be developed.  

In previous breeding programs of quinoa, 

quantitative genetic parameters relevant to 

selection gain were not studied. We established a 

conventional breeding program for the Peruvian 

Andean highlands and estimated genetic variance 

components and heritabilities for agronomic traits. 

Six segregating populations were established by 

crossing popular Peruvian quinoa landraces and the 

resulting F7 generation was evaluated over three 

years in trials at multiple locations in the Peruvian 

highlands. Phenological and yield traits showed high 

heritability (e.g., panicle length, H2=0.86, grain 

width, H2=0.94) and correlated with grain yield. 

Based on these traits, we selected the 18 best lines 

for additional field trials. Of these, 3 lines that 

combine advantageous traits of their parents (lower 

plant height, earlier maturity, higher yield) were 

submitted for variety registration.  

In parallel, we developed a high-throughput 

phenotyping pipeline based on image analysis using 

convolutional neural networks (CNN). Using this 

pipeline, we analysed five panicle traits from 5,151 

images of lines in our breeding populations. 

Automated phenotyping with CNN shows very high 

agreement with manual phenotyping (accuracy = 

0.95), which will enable phenotyping of large field 

trials with limited resources. The phenotypic data 

and genotypic data obtained from low coverage 

sequences of all breeding lines are currently being 

used to map QTLs and develop models for genomic 

prediction of traits of interest. 

As complement to developing breeding populations, 

we are characterising the native genetic diversity of 

quinoa as part of an international effort. Population 

genomic analyses and genome-wide association 

studies with environmental and phenotypic traits 

identify genes and genetic resources for cultivar 

development in novel target production 

environments (e.g., North Africa and Germany). We 

will present first results of this collaboration and 

show that by applying state-of-the-art breeding 

methods in underutilised crops such as quinoa, new 

varieties can be developed efficiently that will 

contribute to future food security. 
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Ryd4Hb: a major resistance locus to BYDV from the barley 
wild relative Hordeum bulbosum with a very large 
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Virus diseases are causing high yield losses in 
crops worldwide. In this respect, the Barley 
yellow dwarf virus (BYDV) complex is responsible 
for one of the most widespread and economically 
important viral diseases of cereals. Transmitted 
by aphids, its incidence in the fields in Europe is 
increasing; associated with the reduction of 
insecticide use and led by the increasingly warm 
autumns, driving more frequent aphid 
infestations. To achieve durable protection of the 
crop, the use of resistance genes appears as one 
of the best tools. While no complete resistance 
gene has been uncovered in the primary 
genepool of barley (Hordeum vulgare), one locus 
providing a dominant resistance to BYDV was 
identified in the wild relative Hordeum 
bulbosum. Intraspecific crosses were performed, 
resulting in a resistant introgression line carrying 
a single subterminal H. bulbosum introgression 
on chromosome 3HL (Scholz et al, Theor Appl 
Genet. 2009) We are aiming at cloning this locus, 
named Ryd4Hb. Recombination events in crosses 
between H. vulgare and H. bulbosum are scarce 

and the interval identified in a population of a 
thousand plants was large and imprecise. Taking 
advantage of high-throughput genotyping 
methods, we screened a population of 16,000 F2 
plants, in which we identified less than 120 
recombinant plants in a 13.3 Mbp interval. 
Ultimately, we were able to reduce the interval 
to 67 kbp on the barley reference genome, 
annotated with two genes from the nucleotide-
binding and leucine-rich repeat immune 
receptors family (NLR), including a pseudogene. 
However, this locus presents a very large 
structural diversity in the recently published 
barley pangenome, including a large number of 
duplications of the candidate NLR. To identify the 
candidate genes in the resistant plant, we 
assembled the genome of the resistance donor 
introgression line, revealing a 700 kbp-long 
interval in which four complete NLRs were 
identified. Functional validation of those 
candidates is ongoing using Cas9 endonuclease-
mediated knock-outs in the introgression line.  
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Breeding progress of German winter wheat is advanced 
by reducing plant-plant competition  
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Plant-plant competition (PPC) in modern crop 
production with high planting density may 
reduce potential productivity since competing 
individuals suffer from investment costs for 
resource capture. However, the role of PPC in 
breeding history and the potential of reducing 
PPC to improve crop performance is still 
unknown. To explore this potential, 223 winter 
wheat cultivars, which represent the breeding 
history of German winter wheat, were grown in 
a greenhouse experiment under three different 
levels of competition pressure. We set up a low 
density treatment with minimal PPC (T1),  a high 
density treatment with inter-genotypic shoot 
competition, but without root competition (T2) 
and a high density treatment with inter-
genotypic shoot and root competition (T3). Shoot 
biomass and length, plant growth rate, tiller 
development, leaf area and specific leaf area 
(SLA) were measured to quantify the genotypic 
differences in competitiveness and vigorousness 

and to determine their breeding progress. Our 
data clearly suggest the negative effects of PPC 
on biomass production at individual and at 
canopy level. No correlation between plant dry 
mass in T1 and T2 indicates that plant 
vigorousness does not explain competitiveness. 
In 89% of the studied cultivars, higher PPC 
induced the production of cheaper leaves (higher 
SLA), a characteristic to increase 
competitiveness. Although modern cultivars 
tend to increase their plasticity of SLA in 
response to high competition pressure, they 
have reduced competitiveness due to short plant 
height and low tiller development. Our results 
suggest that breeding progress of German winter 
wheat is partly driven by a reduction of PPC. 
Plasticity of SLA in response to competition 
pressure might be a trait to be improved to 
enhance plant-plant cooperation and canopy 
productivity in the future. 
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Integration of genetic gains into traditional 
breeding programs could accelerate breeding 
efficiency through the prediction of phenotypes 
and selection of desirable agronomic traits based 
on genetic variation. But important agronomical 
traits are complex, and genetic variation is 
unable to uncover all components underlying a 
trait. There is potential to increase the accuracy 
and efficiency of trait prediction by identifying 
the missing information for the total heritability 
of a trait. Epigenetic factors impact phenotypic 
variation, which can pass on to the next 
generation through cell divisions and play an 
effective role in phenotypic responses. Cytosine 
methylation is a DNA modification, and variation 
in methylation can lead to altering alleles 
underlying a trait (epialleles). Sorghum bicolor is 
an important crop because it is a staple food 
playing a pivotal role in feeding livestock, is a 
seed-based biofuel crop, and is considered a 
tropical model crop due to its small genome and 
resemblance to the maize complex genome. The 
extent of variation of methylation signatures in 

the sorghum genome is largely unknown. 
Exploring methylation variants that are not 
associated with genetic variants can enhance the 
understanding of epigenetic contributors 
underlying phenotypic consequences in 
sorghum. Hence, our objectives are to (1) identify 
differentially methylated regions (DMRs) at 
methylation sites; and (2) to determine how 
often DMRs, both hypo- and hypermethylated, 
are not in association (linkage disequilibrium) 
with SNPs. DNA methylation was profiled 
genome-wide for 16 genotypes carefully selected 
to represent the diversity of the sorghum races 
to uncover DMRs among individuals. Thousands 
of DMRs were identified, ranging from 4,525 to 
495,799, with an average of 128,041 between 
sorghum individuals. Individuals of the same race 
had similar methylation profiles while individuals 
of different races showed greater variation. Our 
results provide a foundation to better 
understand the epigenetic control in sorghum 
characters and provide information that may be 
helpful in sorghum improvement. 
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The cultivated apple Malus × domestica Borkh. is 
the most important fruit crop in the temperate 
climate zone. It is well adapted to the annual cycles 
of cold winters and warm summers by alternating 
phases of high physiological activity and growth 
from spring until autumn with no growth during 
winter. This phase in which almost no growth 
processes take place is known as dormancy. Winter 
dormancy can be further divided into the phases of 
para-, endo and ecodormancy, with endodormancy 
being the phase of deep physiological rest. The tree 
needs to experience a genotype-specific amount of 
chill hours (chilling requirement) in order to 
transition from endo- to ecodormancy. In contrast, 
the bud needs to accumulate a certain amount of 
heat during ecodormancy (heat requirement) for 
bud break and flowering to occur. Climate change 
challenges the tight control of winter dormancy. If 
winters are too warm, not enough chill hours 
accumulate and the transition to ecodormancy 
occurs uncontrolled in irregular. Yield losses are the 
consequence. If spring temperatures are warm too 
early, bud break and flower development occurs 
too quickly. As a result, spring frost events 
frequently coincide with sensitive flowering stages, 
also resulting in economically significant yield 
losses. 

For a better understanding of the genetic control of 
winter dormancy and bud break, we performed a 
QTL-mapping experiment in the F1 apple cross M. 
× domestica ‘Rote Sternrenette’ (very late bud 
break) × M. orientalis MAL0940 (very early bud 
break). Several QTL could be mapped for bud 
break, different floral stages and dormancy state. 
Phenotyping was performed at the experimental 
field site at Dresden-Pillnitz during spring of 2020, 
2021 and 2022. The QTL with the highest LOD score 
lies on top of chromosome 9, a region with 
MdFLClike and MdICE1 as major candidate genes. 
Both genes show specific dormancy-related 
expression patterns that were found in a study in 
which we examined the expression profiles of 40 
selected candidate genes involved in dormancy 
control during the winter in the buds of two 
economically important apple varieties. The 
expression patterns during dormancy of both 
genes differ between parental cultivars strains of 
both genes throughout winter dormancy genes 
differ between both parental cultivars.  

Based on our results, we will develop molecular 
markers that can be applied in the process of 
marker-assisted selection in breeding programs 
that aim at generating climate resilient apple crops 
that are at low risk of spring frost damage.  
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Quinoa (Chenopodium quinoa Willd.) is a 
traditional Andean crop that was domesticated 
around 5000-7000 years ago. Quinoa consumption 
has rapidly expanded in recent years due to its high 
nutritional value. However, breeding is still at its 
infancy. For cultivation in Northern Europe, quinoa 
must be adapted to the long days through 
modification of flowering time. Therefore, we 
aimed to identify the genetic basis of flowering 
time regulation and agronomically important traits 
in quinoa. To fulfil this aim, we considered three 
different strategies. First, we phenotyped a 
diversity panel of 310 quinoa accessions from 
different geographical locations for two years in 
Kiel, Germany. All accessions of the diversity panel 
were sequenced by a whole-genome re-
sequencing approach. We obtained 2.9 million 
polymorphic high confidence SNP loci, which we 
used to identify significant associations between 
SNPs and important traits using genome-wide 
association study (GWAS). We identified 600 SNPs 
stably associated with 17 traits. Among the 
candidate regions, we identified pleiotropically 
acting loci for four agronomic traits important for 
adaptation of quinoa. Second, we identified 
quantitative trait loci (QTL) for days to flowering, 
days to maturity, plant height, panicle length, TKW, 
saponin content and mildew susceptibility in F2 and 

F3 progenies of a biparental population of quinoa, 
using Skim-seq, and phenotyping data from both 
generations. We constructed a high-density genetic 
map with 133 923 SNP and identified 15 QTL for ten 
traits. Two loci depicted pleiotropy for days to 
flowering, plant height and TKW in both F2 and F3 
generations. The pleiotropic QTL harbored several 
putative candidate genes involved in flowering 
regulation. As a third strategy, we analyzed the leaf 
and shoot apical meristem transcriptomes of two 
accessions with contrasting life cycles grown under 
two photoperiod regimes, to identify candidate 
genes for flowering time regulation and 
photoperiod response in quinoa. We identified four 
groups of differentially expressed genes, 
responding to photoperiod (i), flowering time 
under long-day conditions (ii), flowering time under 
short-day conditions (iii), and floral transition 
within the shoot apical meristem (iv). Our results 
show that flowering time is regulated differently 
under short- and long-day conditions, and that two 
quinoa FT orthologues play key roles. Our study 
provides resources for fast track genetic 
improvement of the underutilized pseudocereal 
quinoa. Moreover, the detected QTL and candidate 
genes could be used to develop molecular markers 
to accelerate quinoa breeding programs. 
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Rice is one of the most important crops in the 
world, serving as a staple for many areas, 
including many developing countries. Vietnam is 
a major rice growing nation, producing over 35 
million tonnes per year. Rice production is 
centred in the Mekong delta in the South and the 
Red River delta in the North. These two regions 
experience quite different climatic conditions to 
one another, and consequently grow distinct rice 
varieties. Global warming and climate change are 
already having negative impacts on rice growth 
in both regions. An increase in extreme weather 
events is affecting the early stages of the growing 
seasons. Associated rice losses cost Vietnam in 
the order of $100 million per year. 

One of the most effective solutions to deal with 
these issues will be the development of 
productive rice varieties with a shorter growth 
cycle. The typical current growth cycle in the 
Northern Provinces is 120-125days for Spring and 
85-90 days for the Summer. Developing shorter 
life-cycle rice varieties would allow later planting 
in the Spring, avoiding potential periods of cold, 
without intruding on the planting dates for the 
Summer growing season. In addition, more rapid 
cycling Summer varieties will reduce the risk 

from flooding from typhoons that typically 
appear toward the end of the growing season. 

We are working with rice breeders at the FCRI in 
Vietnam. They have set themselves the target of 
developing more rapid-cycling varieties of rice 
that retain the necessary growth, yield and 
quality characteristics to strengthen farming in 
Northern Vietnam. These must suit local and 
export markets. This is best achieved by making 
the most of the natural variation found in current 
commercial and historical rice accessions and 
land races that are adapted for this region. 

I will report our progress to develop the Vietnam 
rice GWAS platform for use in identifying QTL 
impacting life-cycle duration. We also are helping 
our FCRI partners develop genomics-guided 
molecular markers defined from the hundreds of 
rice genomes we have generated with them in 
partnership. These markers are to be used in 
breeding programs to produce more rapid 
cycling rice varieties for Northern Vietnam. In 
that I will also describe our large F2/F3/F4-QTL 
populations growing in Vietnam, where 
numerous traits are being examined for 
suitability in generating high yielding, rapid-
cycling varieties that mitigate the detrimental 
effects of climate change. 
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Common bean (Phaseolus vulgaris L.) is the most 
important grain legume for direct human 
consumption worldwide and the most consumed 
grain legume in Europe with the demand 
increasing over the last years as they represent a 
crucial source of protein. They are consumed 
either as a grain crop (dry beans) or as a fresh 
vegetable (green beans). Since the introduction, 
they are strongly linked to the European food 
tradition. The overall aim of the INCREASE 
project (EU) is to improve the sustainable use of 
legume plant genetic resources (PGR) in food and 
agriculture. With common bean, a large-scale 
citizen science experiment (CSE) is conducted 
with participants from all over Europe. The CSE 
has three major aims: to i) increase citizen 
awareness on the topic PGR, ii) to test whether 
such a decentralised conservation approach is a 
suitable approach for germplasm conservation 
and multiplication and iii) generate phenotypic 
data for >1000 bean lines (mostly from IPK 
genebank) across different environments in 
Europe with a potential use for GWAS. Each 
participant grows a subset of 5 PGR lines and one 
commercial check in their garden, field or on the 

terrace or balcony. The CSE’s backbone is the 
dedicated App “INCREASE CSA” where interested 
citizens can register for the experiment and with 
its help, plan and conduct the whole experiment. 
Moreover, together with the Food and 
Agriculture Organization of the United Nations, 
we implemented the acceptance of the required 
easy SMTA (Standard Material Transfer 
Agreement) for the first time into an App, which 
now paves the way for future citizen science 
projects with PGR. The data generated with the 
App are organized by the block chain and 
phenotypic data comprise scoring values and 
images of traits observed throughout the whole 
growing period. In 2021, the pilot experiment 
was successfully conducted and attracted > 3000 
citizens. Based on this test, improvements in 
organization and App were done and for the CSE 
in 2022 > 4000 citizen scientists registered. 
Moreover, a part of round 1 citizens continued 
the CSE with the harvest of their own seeds or 
they exchanged seeds via the App. The 
phenotypic data exploitation is ongoing and first 
results are promising. 
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Global crop production is challenged by rapid 

population growth, declining natural resources and 

dramatic climatic turnovers. These challenges urge 

plant breeders to explore new ways to enhance 

adaptation and sustainability in crops. Crop wild 

relatives have been long prized by breeders for their 

enhanced tolerance to biotic and abiotic stress, yet 

their implementation in breeding programs is still 

limited. To extend the use of crop wild relatives in 

breeding, high quality information on the genetics, 

physiology, and environmental context of the wild 

species is required.  

In this talk, I will present a new comprehensive wild 

barley germplasm collection comprised of 300 

accessions that represents a wide ecological 

spectrum including extreme environments. This 

collection was characterized phenotypically in a 

common garden experiment and whole genome 

sequence data was generated for all accessions. The 

unique sampling design of this collection allowed to 

identify genomic regions that contribute to 

adaptation at high resolution despite the strong 

population structure that underlies ecotypic 

divergence. This collection is a promising 

infrastructure to explore the genomic basis of traits 

of interest at fine resolution and as a resource for 

beneficial genetic variation in breeding. 
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Federico Casale 
 

Genomic prediction of the recombination rate variation 
in barley – A route to highly recombinogenic genotypes 
 
Federico Casale1, Delphine Van Inghelandt1, Marius Weisweiler1, Jinquan Li2,4 and Benjamin Stich1,2,3 
 
1 Institute of Quantitative Genetics and Genomics of Plants, Heinrich Heine University, Düsseldorf, Germany 
2  Max Planck Institute for Plant Breeding Research, Köln, Germany 
3 Cluster of Excellence on Plant Sciences, From Complex Traits Towards Synthetic Modules, Düsseldorf, Germany 
4 Strube D&S GmbH, Söllingen, Germany 
E-mail of corresponding author: benjamin.stich@hhu.de 
 

Meiotic recombination is not only fundamental 
to the adaptation of sexually reproducing 
eukaryotes in nature but increased 
recombination rates facilitate the combination of 
favorable alleles into a single haplotype in 
breeding programs. The main objectives of this 
study were to (i) assess the extent and 
distribution of the recombination rate variation 
in cultivated barley (Hordeum vulgare L.), (ii) 
quantify the importance of the general and 
specific recombination effects, and (iii) evaluate 
a genomic selection approach’s ability to predict 
the recombination rate variation. Genetic maps 
were created for the 45 segregating populations 
that were derived from crosses among 23 spring 
barley inbreds with origins across the world. The 
genome-wide recombination rate among 
populations ranged from 0.31 to 0.73 cM/Mbp. 

The crossing design used in this study allowed to 
separate the general recombination effects 
(GRE) of individual parental inbreds from the 
specific recombination effects (SRE) caused by 
the combinations of parental inbreds. The 
variance of the genome-wide GRE was found to 
be about eight times the variance of the SRE. This 
finding indicated that parental inbreds differ in 
the efficiency of their recombination machinery. 
The ability to predict the chromosome or 
genome-wide recombination rate of an inbred 
ranged from 0.80 to 0.85. These results suggest 
that a reliable screening of large genetic 
materials for their potential to cause a high 
extent of genetic recombination in their progeny 
is possible, allowing to systematically manipulate 
the recombination rate using natural variation. 
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Magdalena Ehn 
 

Development of bunt resistant and adapted winter 
wheat lines by combining marker-assisted and genomic 
selection 
 
Magdalena Ehn1, Sebastian Michel1, Franziska Löschenberger2, Heinrich Grausgruber3, Maria Bürstmayr1 and Hermann 
Bürstmayr1    
1 BOKU Vienna, Institute of Biotechnology in Plant Production, IFA Tulln 
2 Saatzucht Donau GesmbH & CoKG, Probstdorf 
3 BOKU Vienna, Institute of Plant Breeding, UFT Tulln 

E-mail of corresponding author: magdalena.ehn@boku.ac.at 
 

Common bunt is a seed-borne disease of wheat 
which can lead to major losses in grain yield and 
quality by replacing kernels with so-called “bunt 
balls” consisting of fungal teliospores. Under 
organic farming conditions, resistant cultivars are 
the most efficient way to manage the disease. Host 
plant resistance is considered to be mainly based 
on gene-for-gene interactions, but also 
quantitative differences in disease response are 
common. These can be important to achieve more 
durable types of bunt resistance. We combined 
marker-assisted foreground and genomics-assisted 
background selection to develop lines with 
pyramidized bunt resistance QTL in a high-
performing genetic background from back-cross 
populations with introgressed exotic resistance 
alleles. 

A variety of elite cultivars was crossed to one out of 
three resistance donors harboring four different 
bunt resistance QTL or the resistance gene Bt12, 
respectively. F1’s were back-crossed two times to 
other elite cultivars or breeding lines, leading to 
high variation in the elite genetic background. 
Marker-assisted selection (MAS) for the known 
bunt resistance loci and genomics-assisted 
background selection (GAS) for agronomically 
relevant traits were performed on both F1 and F2 

lines. This resulted in a panel of 218 lines that were 
tested for common bunt resistance in artificially 
inoculated field trials in two years. Results from 
2021 show that out of 158 lines positively and 60 
lines negatively selected for bunt resistance QTL, 
70 genotypes were completely resistant. In line 
with previous studies on the introgressed 
resistance sources, high variation in incidence 
levels was observed between individual QTL(-
combinations). Especially the inheritance of 
resistance gene Bt12 or a combination of two loci 
on chromosomes 1A and 1B lead to highly resistant 
lines. Partly caused by the complex pedigrees, 
polymorphic markers flanking the resistance loci 
were scarce in some lines, reducing selection 
accuracy. Results from 2022 will be available by 
mid-July and include data on dwarf bunt resistance 
for a subset of 94 genotypes. Agronomic 
performance of all 218 lines is currently assessed in 
two locations in Austria. Results will be available by 
the end of July and allow conclusions about the 
accuracy of genomic predictions concerning yield 
and quality traits.  

Based on these comprehensive data on the back-
cross lines, we will evaluate the two selection 
methods MAS and GAS and present a strategy to 
combine them into an efficient selection scheme. 
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Manfred Mayer 
 

Theoretical and experimental assessment of genome-
based prediction in landraces 
 
Armin C. Hölker1,2*, Manfred Mayer1*, Thomas Presterl2, Eva Bauer3, Milena Ouzunova2, Albrecht E. Melchinger4 and Chris-
Carolin Schön1 
1 Plant Breeding, TUM School of Life Sciences, Technical University of Munich, Freising 
2 KWS SAAT SE & Co. KGaA, Einbeck 
3 Campus Office, TUM School of Life Sciences, Technical University of Munich, Freising 
4 Institute of Plant Breeding, Seed Science & Population Genetics, University of Hohenheim, Stuttgart 
*equal contributions 

chris.schoen@tum.de, melchinger@uni-hohenheim.de 
 

Genetic variation is the basis of selection and 
germplasm improvement. Most of the genetic 
variation in crop species rests in landraces that 
were formed by farmers prior to the beginning of 
systematic breeding. Given future challenges of 
agriculture such as climate change, dwindling 
resources, and food security, the targeted 
utilization of this rich reservoir of genetic 
variation is considered essential for securing 
sustainable crop production. However, 
knowledge-based strategies for introducing 
landrace material into elite populations are 
lacking. 

Genome-based selection can accelerate the 
enrichment of favorable alleles in landraces, but 
its implementation still needs to be developed 
due to strongly reduced levels of relatedness 
compared to elite germplasm and the 
heterozygous and heterogeneous nature of 
landraces. We present two fundamentally 
different approaches for model training in 
genome-based prediction: i) the “pure” 
approach, deriving doubled-haploid (DH) lines 
directly from landraces; and ii) the “admixed” 
approach capturing gametes of the landraces in 
a cross with an inbred (capture) line of different 
genetic background. We developed a theoretical 

framework to translate molecular information on 
landraces and the capture line into expected 
genetic variances and to comparatively predict 
the success of genome-based selection in the 
two types of populations. 

We validated theoretical considerations with 
extensive experimental data, comprising 873 DH 
lines and 544 gamete capture (GC) lines as well 
as ancestral samples from two different maize 
landraces. Per se and testcross performance for 
various traits, including yield, was evaluated in 
multiple environments. Our results demonstrate 
clear advantages of the DH over the GC 
approach, with generally higher prediction 
accuracies and without masking the effects of 
valuable landrace alleles. With prediction 
accuracies of 0.58 for dry matter yield, genome-
based selection in landrace-derived DH 
populations is promising. For the GC approach 
we show that the success of genome-based 
selection strongly depends on the choice of 
capture line.  

Our findings allow an informed choice of 
landraces and their crossing partners and 
contribute towards the optimization of genome-
enabled pre-breeding schemes in plant genetic 
resources. 
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Steven Dreissig 
 

Genetic architecture of recombination 
rate variation in barley and rye 
 
Mona Schreiber1,3, Yixuan Gao2, Natalie Koch2, Joerg Fuchs3, Stefan Heckmann3, Axel Himmelbach3, Andreas Börner3, Hakan 
Özkan4, Andreas Maurer2, Rajiv Sharma6, Linda Milne7, Andrew Flavell6, Thomas Schmutzer, Nils Stein3, Martin Mascher3,5, Klaus 
Pillen2, Steven Dreissig2 
 
1 University of Marburg, Department of Biology, Marburg, Germany 
2 Institute of Agricultural and Nutritional Sciences, Martin-Luther-University Halle-Wittenberg, Halle (Saale), Germany 
3 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Seeland, OT Gatersleben, Germany 
4 University of Cukurova, Faculty of Agriculture, Department of Field Crops, 01330 Adana, Turkey 
5 German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig, Germany 
6 Division of Plant Sciences, University of Dundee at JHI, Invergowrie, DD2 5DA, Dundee, Scotland, UK 
7 The James Hutton Institute (JHI), Invergowrie DD2 5DA, Dundee, Scotland, UK 
E-mail of corresponding author: steven.dreissig@landw.uni-halle.de 
 

The genomic landscape of recombination plays 
an essential role in evolution and plant breeding. 
Meiotic recombination events have the potential 
to bring together new advantageous 
combinations of alleles, or to break them apart, 
which makes recombination fundamental to the 
evolution of sexually reproducing eukaryotes. 
This process is utilized by plant breeders to 
combine desirable alleles for crop improvement.  
A major limitation to using recombination 
efficiently is the lack of recombination 
surrounding the centromeric regions of many 
crops. Interestingly, patterns of recombination 
vary along chromosomes, between sexes, 
individuals, populations, and species. The 
processes of recombination are influenced by 
genetic factors, such as different alleles of genes 
involved in meiosis and chromatin structure, as 
well as external environmental stimuli like 
temperature and overall stress. 

In our work, we aimed to characterise the extend 
to which recombination landscapes differ 
between wild and domesticated barley and rye. 
To address this question, we used a large nested 
association mapping population derived from a 
cross between a domesticated barley variety and 
25 wild barley accessions (HEB-25), as well as a 
collection of 266 rye accessions. In both 
populations, we quantified recombination rate 
variation, performed genome-wide association 
scans to identify candidate genes, and used 
cytogenetics methods to further our 
understanding of the putative underlying 
mechanisms. 

During my talk, I will present our findings and 
discuss future work aiming to utilize these 
insights in plant breeding programmes. 
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Murukarthick Jayakodi 
 

Genome assembly of the largest diploid field crop faba 

bean (Vicia faba) 
 

Murukarthick Jayakodi, The International Faba Bean Genome Consortium 
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben 

E-mail : jayakodi@ipk-gatersleben.de 

 

Faba bean (Vicia faba L.) is an important grain legume 

highly recognized for its seed protein content and 

high yield potential in temperate climates, becoming 

a promising source of plant protein for food and feed 

worldwide. The giant genome size of faba bean (~13 

Gb) had posed a major challenge to its progress in 

research and breeding.  

The International Faba Bean Genome Sequencing 

Consortium (www.fabagenome.dk) has assembled 

the first high quality chromosome-level genome using 

PacBio long reads (HiFi) and Hi-C. The assembly 

yielded a length of 11.2 Gb corresponding to six 

chromosomes with a contig N50 of ~3 Mb. The 

assembly was validated with a genetic map and 

cytogenetic markers. Annotation of the genome using 

de novo and transcriptome evidence identified more 

than 30,000 gene models. Analysis of the genome 

showed extensive accumulation of repetitive 

sequences with a significant proportion of multi-

megabase of satellite arrays, accounting for its giant 

genome size.  

Genome-wide DNA methylation profiling indicated 

the highest level of methylation compared to other 

crop genomes. Relatively, higher CG methylation 

levels in genes than in promoters were found. Islands 

of non-CG methylation are primarily associated with 

specific satellite DNA repeats. The new faba bean 

reference genome will greatly accelerate research 

and breeding aimed at improving yield stability and 

eliminating anti-nutritional compounds. 
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Kai Voss-Fels 
 

Artificial intelligence guided allele stacking to develop 
high yielding, highly resistant varieties 
 
Kai Voss-Fels1,2, Eric Dinglasan2, Kira Villiers2, Bertus Jacobs3, Lee Hickey2, Ben Hayes2 
 

1 Hochschule Geisenheim University, Department of Grapevine Breeding, Geisenheim, Germany   

2 Queensland Alliance for Agriculture and Food Innovation (QAAFI), The University of Queensland, St. Lucia, QLD, Australia 
3 LongReach Plant Breeders, Londsdale, SA, Australia 
E-mail of corresponding author: kai.voss-fels@hs-gm.de 
 

Conventionally, lines with the highest per se 
performance or best breeding values are 
selected as parents for crossing. This approach 
overlooks lines that only perform average to low 
but carry favourable alleles that are absent in 
germplasm with high overall performance.  

The challenge becomes identifying the best cross 
combinations that maximise stacks of desirable 
alleles. This is particularly challenging when a 
combination of traits (e.g. yield, disease 
resistance, quality) are considered 
simultaneously. This problem is well suited to 
evolutionary computation approaches, where 
algorithms inspired by biological evolution are 
employed to find solutions to complex problems.  

In this ongoing study, we propose a new 
approach that uses evolutionary computing, 
genomic prediction, digital twin simulation and 

“speed breeding” to rapidly develop “ultimate 
stacks”, i.e. new breeding lines with maximal 
numbers of favourable alleles.  
As case studies, we use a large commercial data 
set of wheat and a public data set of barley, 
overall comprising tens of thousands of 
genotyped breeding lines with extensive 
phenotype data. The algorithms and in silico 
simulations predict optimal crosses that most 
efficiently stack complementary alleles for yield 
or disease resistance.  
Digital twins of rapid recurrent selection 
programs suggest that new lines generated from 
these crosses have considerably better yield or 
broad resistance to a number of diseases. 
Generated offspring from those crosses is 
advanced through “speed breeding” which 
allows a rapid turnaround of several generations 
and breeding cycles per year. 
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Willem van Rengs 
 

Exploring the effect of sequence divergence and sex on 
meiotic recombination patterning in tomato hybrids. 
 
van Rengs1 W. M. J., Effgen1 S., Zangishei3 Z., Usadel23 B.  and Underwood1 C. J.    
 

1 Max Planck Institute for Plant Breeding Research, Department of Chromosome Biology – Meiosis in Crops, Carl-von-Linné-Weg 
10, 50829, Cologne, Germany. 
2 Forschungszentrum Jülich, Institute of Bio- and Geosciences, IBG-4 Bioinformatics, Jülich, Germany 
3 Heinrich Heine University Düsseldorf, Institute of Biological Data Science, CEPLAS, Universitätsstraße 1, 40225 Düsseldorf, 
Germany 
E-mail of corresponding author: cunderwood@mpipz.mpg.de 
 

Meiosis is a specialized cell division and an essential feature of sexual reproduction. During meiosis, 
crossovers (CO) recombine between homologous chromosomes, and randomly segregate, leading to unique 
genetic combinations in gametes. Meiotic COs are not uniformly distributed across the genome and what 
exactly determines where a CO occurs is still not fully understood. In Arabidopsis, COs mostly occur in gene-
rich euchromatin and are associated with AT-rich DNA motifs and lower nucleosome occupancy, while 
heterochromatin rich centromeres and telomeres are depleted of COs. Improving our understanding of CO 
formation and distribution is crucial for understanding the evolution of sexually reproducing species and is 
also relevant to plant breeding as crossovers are an important substrate for developing new varieties. 

We explore how sex and sequence divergence affects meiotic recombination patterning in intra- and inter-
specific tomato hybrids. First, we generated a high-quality reference genome for the cultivated tomato (S. 
lycopersicum) variety Moneyberg-TMV - a recurrent parental line in our study. Next, we selected three 
further accessions (S. lycopersicum cv. Microtom, S. cheesmaniae LA1039 and S. pennellii LA0716) with 
increased evolutionary distance and assembled them into chromosome scale genomes using a combination 
of PacBio HiFi and Omni-C sequencing data. We identified and characterized large and small genomic 
polymorphisms by comparing these assemblies to our Moneyberg-TMV genome. We generated F1 hybrids 
between Moneyberg-TMV and the three selected accessions and used these hybrids to generate large male 
and female backcross populations. Hundreds of offspring from the six backcross populations have been 
sequenced with the aim of generating sex-specific recombination landscapes for each hybrid. Our findings 
will provide insight into how sex and sequence divergence affect crossover landscapes and might have direct 
implications for tomato breeding programs. 
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1. Nayyer Abdollahi 
 

Building recombination map of oilseed rape from 
pedigree and genotyping data 
 
Nayyer Abdollahi, Agnieszka Golicz and Rod Snowdon 
Justus-Liebig University, Department of Plant Breeding, IFZ Reseach Centre for Biosystems Land Use and Nutrition, Heinrich-Buff-
Ring 26-32, 35392 Gießen, Germany 
E-mail of corresponding author: Nayyer.Abdollahi-Sisi@agrar.uni-giessen.de 
 

Meiotic recombination generates genetic diversity by breaking existing haplotypes and reshuffling of genetic 
information. Recombination characteristics including overall recombination rate and cross over (CO) 
positioning along chromosomes are considerably variable among species, populations and individuals. 
Pattern of recombination and genetic diversity within population can be influenced by different breeding 
systems. 

In this work, we used pedigree-based approach to examine recombination landscape in oilseed rape (Brassica 
napus). Two diverse multiparental populations were generated by chain crossing design, each descending 
from 50 elite winter type founder lines. Screening crossing partners based on maximum inter-cross diversity, 
made the populations particularly suitable to study genome-wide recombination patterns. Five generations 
composed of 3000 individuals descending from the two diverse founder pools were genotyped with 15K SNP 
array. We detected recombination events using SHAPEIT2 and duoHMM, then examined the recombination 
landscape across chromosomes. The distribution of COs along chromosomes did not show same pattern and 
some genomic regions had higher CO number. 

Genome wide association scan for recombination phenotype was performed. The number of COs produced 
at each meiosis were counted and used as phenotype. We found significant quantitative trait loci (QTLs) 
associated with recombination. The results we obtained will be further used to explore the genetic 
architecture controlling recombination rate and CO positioning in oilseed rape. 
 

  

SNP analysis platforms 

Axiom technology 

SGS IF TG offers routine 

genotyping with the Axiom 

platform that is especially 

suited for very large marker 

numbers. We perform analyses 

with all publicly available 

Axiom arrays and private custom 

arrays. 
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2. Charles Addo Nyarko 
 

Wide chromosome number variation in Brassica napus × 
B. juncea (AABC) interspecific hybrids. 
 
Charles Addo Nyarko1,2, and Annaliese Mason1,2    
1 Plant Breeding Department, Justus Liebig University, Giessen, Germany.  
2 Plant Breeding Department, University of Bonn, Germany. 

E-mail of corresponding author: annaliese.mason@uni-bonn.de 

 
Rapeseed (Brassica napus; 2n = AACC) and leaf mustard (B. juncea; 2n = AABB) are closely related crop 
allotetraploids which share one of their two genomes in common. We investigated chromosome inheritance 
and behaviour and fertility in third generation interspecific hybrids produced from a cross between B. napus 
(2n = AACC = 38) × B. juncea (2n = AABB = 36) followed by two generations of self-pollination. Mitotic 
chromosome counts for each experimental plant and the parental controls were obtained. In addition, 
unreduced gamete production was assessed through sporad observation. 

As a proxy for fertility, we also estimated the total self-pollinated seed set and pollen viability for each plant. 
In the AABC experimental hybrids, extreme variation from the predicted chromosome number (2n = AABC = 
37) of the first-generation hybrid was observed between later-generation progeny: observed chromosome 
numbers ranged from 2n = 34 – 74, with an average of 2n = 58 chromosomes. Also, we observed the 
production of unreduced gametes at a higher rate in the experimental hybrids compared to the parental 
controls. Although controls were more fertile than the hybrids, as expected, no significant correlations were 
observed between the chromosome numbers and fertility estimates in the plants we examined. Our results 
indicate that unreduced gamete production in early generation interspecific hybrids may overcome infertility 
barriers but induce extreme variation in ploidy level and chromosome composition.  
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3. Leke V. Aiyesa 
 

Maize breeding & genetics using individual plants from 
segregating populations 
 
Leke V. Aiyesa and Timothy M. Beissinger 
Division of Plant Breeding Methodology, Department of Crop Sciences, Center for Integrated Breeding Research, University of 
Göttingen, Göttingen, Germany.  
E-mail of the corresponding author: lekevictor.aiyesa@uni-goettingen.de 
 

Rapid advances in phenotyping and genotyping make evaluating huge numbers of individual plants growing in a field 

increasingly feasible. Therefore, costs associated with genotyping and phenotyping will not present a bottleneck 

limiting plant breeding research, but logistical complications such as developing and maintaining germplasm families 

will. This development provokes a new, unrestricted direction of query towards utilizing individual-plant phenotypes 

and genotypes for selection and breeding. 

In this study, data are being collected from 40 European maize landraces that are maintained as segregating individuals 

via random sib-mating. The phenotyping and genotyping components will be undertaken for two field seasons. 

Important agronomical traits such as plant height will be used to test the potential of individual-plant for established 

breeding methods - genome-wide association studies (GWAS) and genomic prediction (GP). The expected research 

outcome would be to explain how best GWAS and GP can be implemented while accounting for other co-factors and 

the choice of the statistical model to be used. 

Analysis with published genotype and phenotype data that mimics the intended population for plant height, using 

different prediction models, revealed that prediction accuracy of up to 0.50 can be achieved with an individual-plant 

population. Furthermore, 22 significant marker traits association were identified, some of which had been reported to 

explain the genetic control of the trait.  

Hence, individual-plant-based population studies have the advantage of drastically reducing breeding costs while 

increasing gain in time with optimized bioinformatics methods and statistical models for GWAS and GP. 
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4. Andries Temme 
 

Modeling N uptake behavior for closed cultivation 
systems using cucumber (Cucumis sativus) as a case 
study.  
Andries Temme1, Yi-Chen Pao1, Tsu-Wei Chen1  
1 Division of Intensive Plant Food Systems, Humboldt-Universität zu Berlin, 10117 Berlin, Germany 
E-mail of corresponding author: Andries.temme@hu-berlin.de 
 

In order to monitor, manage, and optimize nutrient flows in closed loop cultivation systems understanding 
plant nutrient uptake is a core component. This project aims to refine a novel mechanistic model to describe 
the physiological processes of plant growth, nitrogen uptake, nitrogen concentration and distribution in the 
plant canopy to predict the nitrogen use of plants under different amounts of N-fertilizer in a hydroponic 
system. 

Plants have evolved different transport systems to cope with qualitatively heterogeneous nitrogen 
conditions, a high-affinity, at low nitrate levels, transport system (HATS) and a low-affinity, at high nitrate 
levels, transport system (LATS). Morover, there is a constitutive HATS (cHATS), which mediates the basal 
uptake activity in plants, and inducible HATS (iHATS), which exhibits higher uptake capacity and km than 
cHATS. The exact interplay of these transporters and how they affect N uptake and growth in a dynamic 
system is poorly understood. 

We sought to (1) examine the dynamics of nitrogen and water uptake of cucumber plants grown 
hydroponically and use this information to parameterize a model for nitrogen uptake and evapotranspiration 
and (2) to analyse dry matter and nitrogen partitioning between plant organs under various nitrogen 
availabilities. 

After parameterizing our model, we found that it was able to capture N dynamics quite well and accurately 
predict N concentration across a range of N levels. Moreover, specific characteristics of high and low affinity 
transporters lie at the heart of non-linear N uptake rates with increasing N concentration. 

These results show the complexity and non-linear behavior of N uptake rates in relation to N concentration. 
Additionally, they provide tools to select and optimize crop characteristics for growth in closed cultivation 
systems. 

 

 

Nur online verfügbar unter:  

https://gpz-main-conference-2022.virtualpostersession.org/ 
Password: GPZ2022virtualpostersession 
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5. Michael Anokye 
 

The Hordeum genus: A Rich Resource for Adaptive 
Genetic Variation  
 
Michael1, Philipp2, Stanislav3 and Maria1  
1 Heinrich-Heine-Universität, Institute of Plant Genetic, Düsseldorf 
2 Heinrich-Heine-Universität, CEPLAS Metabolomics Laboratory, Düsseldorf 
3 University of Cologne, Institute for Plant Sciences, Cologne 
Corresponding author: michael.anokye@hhu.de 
 

Beside barley, annual crops including wheat, rice and maize represent majority of world's food supply. However, 

"annual agriculture" is not sustainable, since fields have to be tilled every year, field lie fallow and are exposed to 

erosion, and weed killers and fertilisers have to be applied so that the seeds can sprout and grow.  

Perennial plants, on the other hand, live for many years, develop deep roots that protect the soil from erosion and 

access low-lying water and nutrient resources. The wild relatives of our cereal plants are often perennial and thus 

represent a valuable resource for analysing differences in performance and stress adaptation between annual and 

perennial plants. Using diverse grass genus Hordeum originating from arid, stress prone, temperate environments of 

South America, and Eurasia, we want to test if the different life history strategies are linked to differences in resource 

use efficiency, metabolism, growth and reproduction.  In approaching this, we trialled 28 annual and perennial 

Hordeum species including barley under outdoor conditions in the Botanic Garden at the University of Düsseldorf, 

Germany.   

Result from shoot growth measurements show that annuals are fast growing building higher dry shoot biomass after 

45 d of plant establishment and reaching flowering earlier compared to perennials with reduced growth yet having 

increased spike length and floret number. Although we could not establish correlation between elemental composition 

(leaf and grain) and yield parameters in both life-forms, annuals exhibited higher tendency of transporting acquired 

nutrient elements to grains to support growth. However, perennials appeared to compromise grain productivity for 

vegetative growth by withholding and transporting less nutrients to the grain. Connected with limited shoot growth 

and nutrient transport to the grains, correlations observed between shoot traits (fresh and dry shoot biomass, leaf 

area) and yield parameters including thousand grain weight (TGW), seed area and width were either modest or absent 

among perennials. Taken together, we conclude that differences in growth and development coupled with elemental 

accumulation of the annuals and perennials could be connected to adaptation to different ecological backgrounds. 

Future work will thus focus more on detailed characterization of what differences the annual and perennial species 

show in growth, grain yield and adaptation to dry and nutrient-poor conditions. Overall, we target trait and trait 

complexes for targeted breeding of perennial barley or for improving stress adaptation in barley.  
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6. Muhammad Awais 
 

Genetic control of awn roughness in barley  
 
Muhammad Awais1, Muhammad Khan1, Matthias Jost2, Hélène Pidon1,3 Twan Rutten1, Michael Melzer1 and Nils Stein1,4 
1 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben 
2 Commonwealth Scientific and Industrial Research Organization, Canberra, Australia 
3 Julius Kühn-Institut (JKI), Quedlinburg 
4 CiBreed, DNPW, Georg-August University Göttingen, Germany 
E-mail of corresponding author: awais@ipk-gatersleben.de 
 

Awns in cereals are considered to play a significant role in seed protection and dispersal as well as 
assimilation. Most barley awns are covered with upward-oriented trichomes (barbs) giving them a “rough” 
surface. On the contrary, barley awns that are lacking such barbs, feel smooth and thus are called smooth 
awns. The barbs are single-celled trichomes with a silicified cell wall. A major gene (Raw1) on chromosome 
5H has been isolated, however, one additional locus has been detected by genome-wide association study 
that contributes to barb formation of barley awns. To characterize further this putative second locus, F2 
mapping populations between “semi-smooth” spring barley cultivar ‘Morex’ and two very smooth composite 
mutant stocks ‘MHOR597’ and ‘MHOR598’ from IPK genebank, both carrying the recessive semi-smooth 
allele at the raw1 locus, were used for genetic mapping using genotyping-by-sequencing. A single locus 
(named Raw7HS) could be assigned to a 10 Mbp interval of short arm of chromosome 7H. With the help of 
improved phenotyping and high-throughput genotyping of 2000 F2 plants, using KASP (Kompetitive allele-
specific PCR) markers, we identified a candidate gene that is currently under validation using CRISPR 
(clustered regularly interspaced short palindromic repeats) based site-directed mutagenesis and gene 
expression analysis using RT-qPCR. Furthermore, the interaction of both genes (Raw1, Raw7HS) has been 
studied in the F2 progenies of wild and mutant parents at both loci. The preliminary results demonstrate that 
the both genes control different characteristics (size, frequency of occurrence) of barb formation. This study 
will help to determine the molecular mechanism underlying barb formation and to further dissect the 
correlation of smooth awns and stigma hairiness for the benefit of breeders, farmers and consumers. 
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7. Mariana Baez 
 

Gamma radiation as a method to induce chromosome 
introgressions in Brassica species and interspecific 
hybrids 

Mariana Baez; Andrew Marcil; Annaliese S. Mason; Paula Vasquez Teuber 
Plant breeding Department, University of Bonn, Bonn, Germany 
Corresponding author: mbaez@uni-bonn.de 
 

Introgression breeding is a key tool to expand genetic diversity and improve crops by transferring useful 
agronomic traits between species. Brassica is an agriculturally important genus, as well as a model to study 
introgressive hybridization and polyploidy. This genus includes a complex of diploid and allopolyploid species 
containing the A, B, and C genomes. However, the A/C genomes are more closely related to each other than 
to the B genome, such that the introgression of B genome segments into either A or C genomes is difficult to 
achieve through interspecific hybridization. Gamma radiation treatment is an old method which may be 
useful to induce chromosome breakage and facilitate introgression breeding in Brassica. 

Here, we aimed to determine the effects on chromosome constitution, viability and fertility following 
treatment of seeds with different gamma ray doses (1400, 1750 or 2000 Gy). The treated seed material 
comprised 11 genotypes from two diploid species, B. rapa (AA) and B. nigra (BB), two allotetraploid species, 
B. juncea (AABB) and B. carinata (BBCC), and four pentaploid hybrids (AABCC) produced from the cross (B. 
napus × B. nigra) × B. napus. The germination rate of the irradiated seeds ranged from 20 - 89%, and the 
survival rate at day 14 ranged between 5 - 90%.  For both variables, no clear difference was observed 
between the three different gamma ray doses. Most of the irradiated diploids did not survive after day 14, 
or did not develop beyond the cotyledon stage.  

In order to determine the effect of the radiation treatment at the chromosomal level, mitotic metaphases 
were analyzed. Lower chromosome numbers than expected were observed, as well as cases of chromosome 
fragmentation. Interestingly, increased chromosome fragmentation was observed in individuals that did not 
survive after day 14. Altogether, these partial results suggest that diploid genotypes do not tolerate 
chromosome fragmentation as well as higher ploidy genotypes. Possibly, polyploids are able to better 
tolerate chromosome breakages and loss of DNA as they possess two or three genomes, ensuring some level 
of gene redundancy. Future work will confirm if genome introgressions between the B and A/C genomes are 
occurring within the Brassica polyploid types using genomic in situ hybridization, assessing the utility of this 
method and optimal genome constitution to facilitate introgression breeding. 
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8. Baris Alaca 
 

Identification of marker by environment and epistasis by 
environment interaction in maize 

Alaca, Barış 1 2; Scholten, Stefan2 ; Beissinger, Timothy1 
1 Division of Plant Breeding Methodology, Von-Siebold-Str. 8 Carl-Sprengel-Weg 1 D - 37075 Göttingen, University of Göttingen, 

Germany. 
2 Division of Crop Plant Genetics, Von-Siebold-Str. 8 37075 Göttingen, University of Göttingen, Germany. 

E-mail of corresponding author: baris.alaca@agr.uni-goettingen.de 

 

Genotype-by-environment interactions can substantially influence QTL effects. Epistatic interactions can also 
influence QTL effects. Because both of these forces are challenging to investigate on their own, studies 
investigating epistasis by environment interactions are rare. The Genomes to Field (G2F) initiative has 
provided a wealth of data that we used to search for epistasis by environment interactions in maize. The 
data include trials conducted in over 29 locations and measurements of several phenotypes, including plant 
height (PH), ear height (EH), and yield. The population comprises a “mini-Nested Association Mapping” panel, 
with three biparental families sharing one common parent. Three hundred and twelve individuals were 
included in our study. We clustered the 29 locations into five mega-environments (ME) using k-means 
clustering implemented through the learnMET/R package. We compared five MEs with a t-test using several 
environmental factors such as precipitation and temperature from corresponding MEs. Genotyping was done 
with skim sequencing and imputed with Practical Haplotype Graph (PHG). After filtering, QTL mapping was 
conducted based on Simple Interval Mapping (SIM). Significant epistatic interactions were identified with the 
scan-two function in R/QTL. For further statistical analysis, significant main-effect and epistatic markers 
within each ME were identified. We used mixed linear models to calculate marker by ME interactions (MxE) 
and epistasis by ME interactions (MxMxE). In this study, we aim to illustrate how environmental factors 
influence QTLs and epistatic QTLs on phenotypic characteristics of maize. We found from five to 18 significant 
main-effect QTLs and epistatic QTLs for PH, EH, and yield. For all traits, we also found at least one and up to 
twelve significant MxE interaction terms and MxMxE interaction terms. 
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9. Ali Baturaygil 
 

Studies on flowering time in grain amaranth species  
 
Ali Baturaygil and Karl Schmid  
Institute of Plant Breeding, Seed Science and Population Genetics, University of Hohenheim, Stuttgart 
E-mail of corresponding author: karl.schmid@uni-hohenheim.de 

 

Grain amaranths (Amaranthus spp.) are ancient crops from the Americas that are consumed as pseudo-
cereals and vegetables. The two grain amaranths A. cruentus and A. hypochondriacus originated in Central 
America and A. caudatus in South America. 

Flowering time variation plays a central role in their uses as seed, vegetable and biomass crops. We 
characterized phenotypic variation for plant height, flowering time and seed setting among 253 genebank 
accessions including three grain and two wild ancestor species (A. hybridus and A. quitensis) in the temperate 
climatic and long-day conditions of Germany. Among grain amaranths, A. cruentus flowered early and 88 % 
accessions set seed. A. hypochondriacus accessions were mildly or highly photoperiod-sensitive with a lower 
proportion of seed setting (31 %). A. caudatus accessions were mildly photoperiod-sensitive and failed seed 
production.  

Photoperiod-insensitive accessions set seed regardless of their origin, and mildly photoperiod-sensitive 
accessions set seed if they originated from regions with higher temperatures. Central American accessions 
of both wild and domesticated amaranths showed large variation in flowering time and photoperiod 
sensitivity, whereas variation among South American wild and domesticated amaranths was limited to mild 
photoperiod-sensitivity. This observation is consistent with a model of independent domestication in Central 
and South America and suggests a potential Central American origin of A. hybridus  followed by migration to 
and selection against high photoperiod-sensitivity in South America.   

In addition, we performed QTL mapping and genome-wide association studies using diverse populations to 
unravel the genomic regions responsible for flowering time. According to our preliminary results, genomic 
regions that controls a substantial amount of phenotypic variation in flowering time are identified 
consistently in our different populations and contain homologs of flowering time and photoperiodic 
response known from the model plant Arabidopsis thaliana. Our research contributes to utilizing genetic 
resources and developing molecular markers for adaptation of grain amaranths for breeding and cultivation 
in Central Europe. 
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10. Subhadra Chakrabarty 
 

Genetic diversity analysis and characterization of 
Ugandan sorghum  
 
Subhadra Chakrabarty1, Raphael Mufumbo1, Steffen Windpassinger1, Adrian Hathorn2, David Jordan2, Emma Mace2, Rod J. 
Snowdon1 
1Department of Plant Breeding, Justus Liebig University, Giessen, Germany 
2Queensland Alliance for Agriculture and Food Innovation, University of Queensland, Warwick, QLD, 4370, Australia 
E-mail of corresponding author: rod.snowdon@agrar.uni-giessen.de 
 

The National Genebank of Uganda houses diverse and rich Sorghum bicolor germplasm collection. This 
genetic diversity resource is untapped, under-utilized and has not been systematically incorporated into 
sorghum breeding programs. In this study, we characterized the germplasm collection using whole genome 
SNP markers. Discriminant analysis of principal components (DAPC) was implemented to study racial 
ancestry of the accessions in comparison to a global sorghum diversity set and characterize sub-groups and 
admixture in the Ugandan germplasm. Genetic structure and phylogenetic analysis was conducted to identify 
distinct genotypes in the Ugandan collection and relationships among groups. Furthermore, in a case study 
for identification of potentially useful adaptive trait variation for breeding, we performed genome-wide 
association studies for juvenile cold tolerance. Genomic regions potentially involved in adaptation of 
Ugandan sorghum varieties to cooler climatic conditions were identified that could be of interest for 
expansion of sorghum production into temperate latitudes. The study demonstrates how genebank 
genomics can potentially facilitate effective and efficient usage of valuable, untapped germplasm collections 
for agronomic trait evaluation and subsequent allele mining. 
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11. Che-Wei Chang 
 

Characterization of variance components and correlation 
of metabolites and malting quality in barley populations 
with diverse genetic backgrounds 
 
Che-Wei Chang1, Susanna Boxberger2, and Claus Einfeldt2, Johannes Wittman3, Roland Geyer3, Antonio Aguinaga4, Nikki Else55, 
Gary Hanning5, Karl Schmid1  
1 University of Hohenheim, Stuttgart, Germany; 2 Ackermann Saatzucht GmbH, Irlbach, Germany; 
3 lifespin GmbH,  Regensburg, Germany; 4 Quilmes, Argentina; 5 Anheuser-Busch InBev, USA 
E-mail of corresponding author: chewei.chang@uni-hohenheim.de 
 

Malting quality (MQ) is important for malting barley, but its measurements are expensive and labor-
intensive. Metabolite profiles are both potential biomarkers for MQ and an option for efficient phenotyping 
because metabolites are expected to contribute to or relate to quality traits. Metabolite profiling has recently 
become high-throughput and cost-efficient with the advance in nuclear magnetic resonance (NMR) 
technology, making NMR a possible alternative for measuring MQ.  

To assess the utility of metabolite profiling with NMR in breeding, i.e. as potential biomarkers, for MQ, we 
estimated kernel metabolites (KM), malt metabolites, and MQ of 800 doubled haploid (DH) lines including 
elite crosses and crosses between elite lines and exotic materials. The DH lines include 400 lines derived from 
F1 elite crosses and 400 lines from BC1 or BC2 backcross lines of elite malting barley with landraces and wild 
barleys. A total of three field trials were carried out at two locations in Argentina in 2018 and 2019. 

After filtration on missing values, we retained 8 MQ traits, 33 kernel metabolites, and 39 malt metabolites 
for our analysis. The variance component analysis showed that only one malt metabolite has >20% of 
variance attributing to genotype, while all kernel metabolite has less than 20% of variance related to 
genotype. This observation indicates the strong effects of environments on metabolites. In MQ, four out of 
eight quality traits have >20% variance attributing to genotype, but the highest proportion is only 29%, 
suggesting that MQ is also highly influenced by environments. We further performed correlation analyses 
between MQ and metabolites to understand the extent of genetic correlation. We observed that kernel 
metabolites more positively correlate with MQ in the populations with elite parents than in the populations 
with landrace or wild barley introgression. This suggests that kernel metabolites and MQ possibly 
experienced artificial selection in the same direction.  

Overall, our results indicated that  environment is an influential factor and the correlation between MQ traits 
and metabolites could depend on genetic backgrounds. However, MQ as phenotypic information of a distinct 
sample can be accurately inferred with kernel and malt metabolites  (Geyer et al.; unpublished results of 
lifespin GmbH). Further analyses combining genotypic data, e.g. GWAS, will be needed to dissect the 
underlying genetic mechanisms controlling MQ and metabolism.  
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12. Tsu-Wei Chen 
 

Designing optimal ploidy level in ornamental plants: An 
example in Pelargonium × hortorum  
 
Felix Wiedemann1, Ina Pinker1, Sylvia Plaschil2 and Tsu-Wei Chen1 
1Humboldt Universität zu Berlin, Faculty of Life Sciences, Thaer-Institute of Agricultural and Horticultural Sciences 
2Julius Kühn-Institut, Institute for Breeding Research on Horticultural Crops 
E-mail of corresponding author: tsu-wei.chen@hu-berlin.de 
 

Size of leaves and flowers are important traits for breeding in ornamental crops. It is well-known that 
polyploidization enlarges organ size and increases plant vigorousness but the mechanistic links between 
organs size, physiological functions and whole plant vigorousness are still unclear. Therefore, we have very 
limited physiological understanding in designing ploidy optimum of plant species for which polyploidization 
are frequently used in breeding new cultivars. To address this point, six Pelargonium x hortorum genotypes 
from the German Gene bank for Ornamental Plants were selected concerning their ploidy levels (three 
haploid, one diploid, one tetraploid, and one periclinal chimera postulated as octoploid/tetraploid) and 
grown in a greenhouse experiment, where 10 morphological traits (e.g. guard cell length, stomatal density, 
leaf area, specific leaf area, palisade cell size, and number) and 3 physiological traits (e.g. light-saturating 
photosynthesis rate, stomatal conductance, intrinsic water use efficiency) were measured. With increasing 
ploidy levels, leaves became larger and thicker. Our data clearly showed that polyploidization-induced 
changes in leaf area were mainly contributed by the increase in palisade cell size with polyploid level while 
cell number per leaf remained unchanged. To our surprise, although polyploidization increased the size of 
guard cells and leaf thickness, no differences in light-saturating photosynthesis rate and stomatal 
conductance were observed. Further studies are required to obtain a comprehensive view of 
polyploidization-induced morpho-physiological changes and their interaction on whole plant performance. 
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13. Kumsal Ecem Colpan 
 

Effect of High Ambient Temperature on Plant Growth and 
Reproductive Development in Barley Cultivars 
 
Kumsal Ecem Çolpan1,2 and Maria von Korff Schmising1,2  
1 Institute for Plant Genetics, Heinrich Heine University, Düsseldorf 40225, Germany. 
2 Cluster of Excellence on Plant Sciences "SMART Plants for Tomorrow's Needs", Heinrich Heine University, Düsseldorf 40225, 
Germany. 
E-mail of corresponding author: kumsal.colpan@hhu.de 
 

The increase in the average ambient temperature threatens crop production worldwide. As one of the most 
important cereal crops, barley (Hordeum vulgare) is an important target to generate cultivars that are 
tolerant to high ambient temperatures. Recently, a natural mutation in PHOTOPERIOD RESPONSE 1 (HvPPD-
H1) prevalent in spring barley (ppd-H1) has been reported to cause delayed flowering and impaired 
reproductive growth under high ambient temperature, while the introgression lines carrying the wild type 
Ppd-H1 prevalent in winter barley show accelerated flowering and reproductive growth. Furthermore, the 
spring barley genotypes (ppd-H1) mutants showed reduced numbers of grains and florets, while the fertility 
and spike development were not significantly affected by high ambient temperature in introgression lines. 
These findings suggest that PPD-H1 is a promising target for the generation of barley cultivars with improved 
grain set under high ambient temperature. However, genetic control of flowering time as well as 
reproductive development in response to differences in ambient temperatures remain unclear. Ppd-H1 is 
controlled by phytochromes. A natural variation on HvPYHTOCHROME C (HvPHYC) has been shown to 
interact with Ppd-H1 to accelerate flowering under different photoperiods. However, little is known about 
their interaction with high ambient temperatures. Therefore, I study the molecular and genetic components 
involved in the regulation of reproductive development in barley. I analyze the genetic, hormone and 
metabolite networks in shoot apical meristem (SAM) which control the flowering time, spike development 
and floret fertility downstream of PPD-H1 and PHYC in response to high ambient temperatures. 
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14. Mathieu Deblieck 
 

BreedFides - Development of a sustainable data 
ecosystem for plant breeding 
 
Mathieu Deblieck1, Albrecht Serfling1, Andreas Stahl 1, Matthias Lange2, Suganya Govindaraj2, Uwe Scholz2, Jochen Reif2, Florian 
Hübner3, Steffen Kawelke4 , Tanja Gerjets4, Stefan Lütke Entrup4,  
1 Julius-Kuehn-Institute, Institute for resistance research and Stress Tolerance, Erwin-Baur Strasse 27, 06484 Quedlinburg 
2 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Corrensstraße 3, D-06466 Seeland 
3 Florian Hoedt, Thünen-Institut: Zentrum für Informationsmanagement, Bundesallee 44, 38116 Braunschweig 
4 Gemeinschaft zur Förderung von Pflanzeninnovation e. V., Kaufmannstraße 71, D-53115 Bonn 
E-mail of corresponding author: Mathieu.deblieck@julius-kuehn.de 
 

Data on breeding material currently exists in databases that are managed by various institutions and are not 

networked. Such resources can be potentially used more effectively for plant breeding and scientific activities in 

Germany. Different actors, such as plant breeding companies, the Federal Plant Variety Office, scientific research 

institutions or farmers generate and store detailed information in various types of formats, e.g., geo-; weather-; 

field- and soil conditions, fertilization, crop protection, scoring on agronomic and breeding-relevant characteristics, 

as well as molecular genetic and genomic data. 

The integration of the available data into a shared data room is an important issue, that urgently needs to be 

addressed for science and industrial purposes. Therefore, the aim of this project is to develop a federated data 

infrastructure that allows a fair exchange of data between registered participants. This infrastructure shall be 

coordinated by a neutral data trustee. At this time, in order to develop such a system, a model for handling sensitive 

data, which should enable the protection, auditing and unequivocal identification of the actors involved in the 

ecosystem is currently being developed. Basic principles for the provision of high-quality, curated and reusable data 

are now being prepared and subsequently be tested using existing data exemplary to concrete use cases from the 

plant breeding practice. This work comprises the definition of standards and formats for a comparable data 

acquisition, inclusion of already existing information, e.g., site-specific data, which could be climate, soil, exact 

position, uniformity of trials or slope gradient. 

Exemplarily, a pilot operation of the data trust model will be set up on the basis of wheat crop data, e.g., yield, 

resistance and tolerance data from participating institutions.  
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15. Isabelle Deppe-Badasu 
 

Prediction of protein yield in winter oilseed rape (Brassica 
napus L.) 
 
Isabelle Deppe Badasu, Lennard Ehrig, Sven Weber, Rod Snowdon and Benjamin Wittkop 
Department of Plant Breeding, Justus Liebig University, Giessen 
E-mail of corresponding author: Isabelle.F.Deppe@agrar.uni-giessen.de 
 

It is well known that seed storage protein of oilseed rape (Brassica napus L.) is of excellent quality and 
theoretically very suitable for human nutrition. It comprises two main protein fractions, the albumin napin 
and the globulin cruciferin, which account for about 80% of the total seed protein. Besides the protein 
quality, the quantity of protein is of even greater importance in terms of protein isolation for production of 
meat-like products. Unfortunately, it usually takes about a decade to breed for a new and improved winter 
oilseed rape variety. In this study we employ genomic prediction to investigate the possibilities of a recurrent 
genomic selection in order to reduce the breeding time of a new variety. Our training set consisted of 410 
F1-hybrids derived from multiple crosses. Phenotypic evaluation of agronomical performance and seed 
quality traits including protein yield was carried out in multi-year, multi-location field trials throughout 
Germany. Broad-sense heritability for seed protein yield was 19 %. For genomic prediction we implemented 
three different statistical models, namely GBLUP (Genomic Best Linear Unbiased Prediction), RKHS 
(reproducing kernel Hilbert spaces) and Bayesian LASSO. Our results show that the combination of 
phenotypic and genotypic results in a model-based prediction can replace field trial data, with certain 
limitations. In general, prediction accuracy of protein yield was good, with mean accuracies of 0.42 – 0.44 
depending on the method. Hence, prediction in breeding populations based on data from our training set 
can reduce selection cost and potentially increase breeding efficiency.  
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16. Magdalena Ehn 
 

Genome-wide association mapping identifies common bunt resistance loci in a wheat 
diversity panel 
 
Magdalena Ehn1, Sebastian Michel1, Laura Morales1, Tyler Gordon2, Hermann Gregor Dallinger1,3 and Hermann Buerstmayr1  
1 BOKU Vienna, Institute of Biotechnology in Plant Production, IFA Tulln 
2 Small Grains and Potato Germplasm Research Unit, USDA-ARS, Aberdeen, Idaho 
3 Saatzucht Donau GesmbH & CoKG, Probstdorf 
E-mail of corresponding author: magdalena.ehn@boku.ac.at 
 

Common bunt caused by Tilletia caries and T. laevis was successfully controlled by seed dressings with 
systemic fungicides for decades, but has become a renewed threat to wheat yield and quality in organic 
agriculture where such treatments are forbidden. As the most efficient way to address this problem is the 
use of resistant cultivars, this study aims to broaden the spectrum of resistance sources available for 
breeders by identifying resistance loci against common bunt in bread wheat accessions of the USDA National 
Small Grains Collection.  

We conducted three years of artificially inoculated field trials to assess common bunt infection levels in a 
diversity panel comprising 238 wheat accessions for which data on resistance against the closely related 
pathogen Tilletia controversa causing dwarf bunt was already available.  

Resistance levels against common bunt were higher compared to dwarf bunt with 99 accessions showing ≤ 
1% incidence. Genome-wide association mapping identified six markers significantly associated with 
common bunt incidence in regions already known to confer resistance on chromosomes 1A and 1B and novel 
loci on 2B and 7A.  

Our results show that resistance against common and dwarf bunt is not 

necessarily controlled by the same loci but we identified twenty accessions with high resistance against both 
diseases. These represent valuable new resources for research and breeding programs since several bunt 
races have already been reported to overcome known resistance genes. 
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17. Lennard Ehrig 
 

Phenomic Selection in a structured hybrid rapeseed 
population using near-infrared reflectance spectroscopy 
 
Lennard Ehrig1, Sven Weber1, Stefan Abel2, Reinhard Hemker2, Dirk Stulgies3, Milka Malenica3, Amine Abbadi3, Benjamin 
Wittkop1, Rod Snowdon1 and Andreas Stahl4 
1 Department of Plant Breeding, Justus Liebig University Giessen, Germany 
2 Limagrain GmbH, Peine-Rosenthal, Germany 
3 NPZ Innovation GmbH, Holtsee, Germany 
4 Institute for Resistance Research and Stress Tolerance, Federal Research Centre for Cultivated Plants, Julius Kühn-Institut (JKI), 
Quedlinburg, Germany 
E-mail of corresponding author: Lennard.ehrig@ag.uni-giessen.de 
 

Phenomic Selection (PS) is a recent and promising approach in plant breeding that can compete with 
Genomic Selection (GS), as it achieves prediction accuracies at a similar or even higher level. Additionally, PS 
appears more attractive due to the reduced costs by using non-destructive, high-throughput phenotyping 
methods like near-infrared reflectance spectroscopy (NIRS) to obtain predictors for various traits. Potentially 
PS, like GS, can be used as a universally applicable tool in a wide range of different crops. However, since this 
is a very young field of breeding research, most publications are limited to cereals. To our knowledge, PS was 
not used in rapeseed yet. Here, we applied this concept to rapeseed test-hybrids generated by crossings of 
a microNAM-population with two different testers. The objective was to evaluate the performance of 
predicting the seed yield collected at five different locations over two years. Genomic and Phenomic 
Predictions were conducted with linear and machine learning models, namely: ridge regression BLUP, 
Bayesian LASSO, RKHS regression, random forest, extreme gradient boosting and support vector machine.  

Generally, predictive ability of NIR spectra obtained from F2-seeds was on a comparable level than the 
genomic counterpart and in some cases even exceeding it. In a family-wise cross validation, the impact of 
population structure on prediction accuracy was assessed. Interestingly, even though no population 
structure could be observed based on a NIRS principal component analysis, prediction accuracy was on the 
same level than the genomic equivalent. Hence, genomic population structure seems to have a strong effect 
on prediction, even if it is not observed in the whole plant phenome. Furthermore, NIR spectra obtained 
from parental lines were used to predict hybrid yield. This resulted in accuracies of up to 0.4, where the 
machine learning models clearly exceed the linear models. These accuracies were lower than SNP-based 
predictions; however, parental NIR spectra were obtained from only one location which might have a strong 
effect on the prediction. 

We conclude that these results should have a high value for plant breeders to screen a whole population 
with potential hybrid parents with low cost and high throughput. 
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18. Sonja Eibel 
 

Novel markers for Rrs1Rh4 candidate genes and resistance 
breeding in barley 
 
Sonja Eibel, Bianca Büttner and Günther Schweizer  
Bavarian State Research Centre for Agriculture LfL, Institute for Crop Science and Plant Breeding IPZ1b, 85354 Freising 
E-mail of corresponding author: sonja.eibel@lfl.bayern.de, bianca.buettner@lfl.bayern.de 
 

The identification of disease resistance genes in crops can accelerate the introgression of resistances from 
exotic germplasm to high yielding varieties by providing molecular markers, enable allele mining or the 
targeted mutagenesis of resistance loci. 

Barley scald, caused by the fungus Rhynchosporium commune, is a globally distributed foliar disease that 
causes yield losses up to 30% especially under cool and humid conditions. Spanish barley landrace SBCC145 
has an outstanding scald resistance in field and greenhouse which is conferred by the major resistance locus 
Rrs1Rh4 on the long arm of chromosome 3H. Diagnostic markers for Rrs1Rh4 have been identified recently, 
however, the underlying resistance gene remains unknown. 

To identify the Rrs1Rh4 resistance gene, we have selected a set of 15 candidate genes annotated in the target 
region in the genomic sequence of SBCC145 and susceptible reference cultivar Morex. Candidate genes were 
re-sequenced in two resistant (SBCC145, DH32783-507) and two susceptible genotypes (Morex, Beatrix). We 
obtained ~200 informative polymorphisms between susceptible and resistant genotypes and established a 
set of 96 molecular markers on the Fluidigm-genotyping platform. Thus, we present an updated genetic fine 
map of the Rrs1Rh4 resistance locus.  

We further screened a set of ~240 spring and winter barley varieties and ~90 gene bank accessions with 120 
markers for Rrs1, one diagnostic markers for Rrs2 and three flanking markers for Rrs15 and Rrs18 each to 
generate graphical genotypes and identified ~100 Rrs1Rh4 donors among these genotypes.  

These results are a crucial step towards identification of the Rrs1 resistance gene and allele mining. Identified 
Rrs1Rh4 donors are a valuable resource for breeders for fast introgression of the scald resistance to high 
yielding varieties.  
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19. Karin Ernst 
 

Transcriptome analyses of DH-lines grown under 

controlled chilling conditions reveal a correlation 

between chilling induced phenotypes and gene 

expression 
 

Karin Ernst1, Sebastian Urzinger2, Manfred Mayer2, Thomas Presterl3, Daniela Scheuermann3, Claude Urbany3, Milena 
Ouzunova3, Chris-Carolin Schön2 and Peter Westhoff1 
1 Heinrich-Heine-Universität, Entwicklungs- und Molekularbiologie der Pflanzen, Düsseldorf 
2 Technical University of Munich, Plant Breeding, TUM School of Life Science, Weihenstephan 
3 KWS, Einbeck 
E-mail of corresponding author: Karin.ernst@hhu.de 

 

The gene pool of maize is distinguished by an extraordinary high variability, nevertheless present elite cultivars rely on 

a restricted germplasm base only. To identify new beneficial alleles, two European landraces had been used to 

generate doubled haploid (DH) libraries. Several hundred genotypes of DH-libraries generated from European flint 

landraces Kemater and Petkuser Ferdinand Rot were phenotypically analysed under controlled growth conditions, to 

identify chilling depedent traits. Plants were grown under two different types of stress, long mild cold stress, and 

severe cold stress, and were compared to plants grown under optimal conditions. A huge variability of cold dependent 

phenotypes was detected. Six lines of Kemater and six of the Petkuser DH-library each, representing cold tolerant and 

sensitive genotypes, were selected for transcriptome analysis. The transcriptomes were analysed at five timepoints: 

before stress (control experiment), after mild and severe stress, and after recovery, and were compared to the 

European flint line F7 and to A188. The set-up enabled us to identify different types of cold-regulated genes: fast 

responding genes, and genes that were differentially expressed in long term stress experiments. For some transcripts 

a correlation between chilling dependent expression and phenotype could be shown. The respective candidate genes 

are subjects of detailed analyses. 
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20. Leila Fazlikhani 
 

Evaluation of Hydrangea macrophylla for  
tolerance/resistance to Botrytis cinerea  
 
Leila Fazlikhani1, Julia Schumacher2,4, Frauke Engel3 and Conny Tränkner1 
1 Erfurt Research Centre for Horticultural Crops (FGK), Kühnhäuser Straße 101, 99090 Erfurt, Germany 
2 IBBP, WWU Münster, Schlossplatz 8, 48143 Münster, Germany 
3 Kötterheinrich Hortensienkulturen, Hohner Mark 20, 49525 Lengerich, Germany 
4present address: Bundesanstalt für Materialforschung und -prüfung (BAM), Unter den Eichen 87, 12205 Berlin, Germany 
Email: leila.fazlikhani@fh-erfurt.de 
 

Hydrangea macrophylla is a popular ornamental crop, which is used for indoor and outdoor cultivation. Plants of 
H. macrophylla can be devastated by Botrytis blight, also known as gray mold. This disease is caused by the 
necrotrophic fungus Botrytis cinerea. Early symptoms are water-soaked spots on leaves, stems, flowers and buds, 
which quickly enlarge into reddish brown splotches covered with sporulating B. cinerea. Fungicide applications 
are increasingly impractical due to the development of fungal resistances and public health safety concerns. 
Therefore, breeding and usage of disease-resistant cultivars is the most cost-effective and environmentally sound 
approach to manage Botrytis blight.  

To address this demand, 125 Botrytis spp. samples were isolated from 68 H. macrophylla varieties. Mycelial and 
sclerocial growth under in vitro conditions displayed different patterns of sclerotia distribution: The sclerotia were 
distributed either randomly in 50%, arranged only at the edge of the petri dish in 11%, placed centrally in 10% or 
in centric rings in 6% of the isolates. 

Based on a test panel of 11 cultivars and isolate BcHyd21, we established a high-throughput detached leaf assay 
to determine the speed of infection and fungal development. We found that the incubation of inoculated leaves 
showed an increased infection under dark conditions, whereas high light intensities repressed the infection. Light  
conditions of 32-47 µmol m-2 s-1 were optimal for successful and reproducible infection. With the optimized test, 
we identified reliably the most tolerant and susceptible cultivars of the test panel. An in vivo infection test showed 
comparable results, which indicates the robustness of the detached leaf assay and the transferability of test 
results from in vitro to in vivo.  

Using this detached leaf assay, we phenotyped a collection of H. macrophylla cultivars and identified highly and 
medium susceptible and resistant cultivars. Next, we phenotyped three independent F1 populations derived from 
crosses between medium susceptible cultivars and between highly and medium susceptible cultivars. Each of 
these populations segregated for tolerance/resistance to B. cinerea. F1 individuals derived from a cross between 
medium susceptible parents showed a lower variation, because these individuals were more resistant than 
individuals derived from crosses involving a highly susceptible parent. These first results suggest that 
resistance/tolerance against B. cinerea is inherited in H. macrophylla and breeding of resistant plants is possible.  

 
Nur online verfügbar unter: 
https://gpz-main-conference-2022.virtualpostersession.org/ 
Password: GPZ2022virtualpostersession 
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21. Roman Gaebelein 
 

Going wild: Breeding for Colorado potato beetle (CPB) 
resistance 
 
Roman Gaebelein1, Daniel von Maydell 2, Janine König2, Karin Gorzolka3, Torsten Meiners 3, Dagmar Voigt4, Thomas Thieme 5, 
Ramona Thieme 1 
1 Julius Kühn-Institute for Breeding Research in Agricultural Crops  
2 Julius Kühn-Institutê for Breeding Research in Horticultural Crops 
3 Julius Kühn-Institute for Ecological Chemistry, Plant Analysis and Stored Product Protection 
4  Technische Universität Dresden, Institute of Botany 
5 Bio-Test Labor GmbH Sargerheide 
Roman.gaebelein@julius-kuehn.de 
 

The resistance of some wild potato species to the Colorado potato beetle (Leptinotarsa decemlineata) has 
been known for years but has hardly been used for resistance breeding in potato cultivars. Only a few studies 
investigated the cause of resistance in the past. Most of them quickly pointed to glycoalkaloids such as 
solanine and chaconine, which are especially abundant in wild Solanum species. Undoubtedly, glycoalkaloids 
can play a role in the defence against herbivorous insects, but are they the only cause for resistance? Other 
studies even suggest that glycoalkaloids are unrelated to CPB resistance. To elucidate the mechanisms of 
CPB resistance a project has been launched, which addresses several aspects of resistance.  

1. A set of nine wild potato species is screened: First instar beetle larvae with and without homozygous KDR 
mutations from different geographic origins are fed exclusively and separately with the wild species leaves. 
Their growth rate, speed of development, mortality and fecundity are measured.  

2. Extracts from potato leaf and peel are analysed by gas chromatography mass spectrometry for in-depth 
untargeted metabolome profiling.  

3. Biomechanical analysis is performed to identify possible plant-beetle interactions at the contact surface.  

Preliminary results show strong resistance in the species S. berthaultii, S. bulbocastanum, S. commersonii, S. 
etuberosum and S. tarnii.   
Metabolic profiling reveals an outstanding diversity of compounds, many of which are unique to the 
respective species. Even different accessions of the same species show profound differences in the profiles. 
The results for two S. tarnii accessions are of particular interest, since one of them has virtually no 
glycoalkaloids, although both show strong resistance with 90-100% mortality in the feeding assay. It seems 
likely, that at least in this species, a different mechanism contributes to resistance, which offers potential for 
breeding of new beetle resistant potato cultivars in the future. Similar analyses are now being carried out on 
somatic hybrids and derived F1 backcross populations of wild species and commercial cultivars. Linking test 
results and genotypic data will enable the identification of resistance QTLs and the development of molecular 
markers for CPB resistance breeding.   
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22. Iulian Gabur 

 

Random Forest feature selection in plant breeding 
populations 
 
Gabur I1, Snowdon R1 and Cristea D2   
1 Department of Plant Breeding, Justus Liebig University, Giessen, Germany 
2 Institute of Computer Sciences, Romanian Science Academy (ARFI), Iasi, Romania 
E-mail of corresponding author: iulian.gabur@agrar.uni-giessen.de 
 

Artificial intelligence (AI) uses a wide range of statistical approaches that can potentially identify rare allelic 
diversity and explore interactions between the genetic makeup of crops and their environmental conditions. 
Complex algorithms such as Random Forests (RF) can learn from input data sets developed from training 
populations and predict outcomes in related genotypes. We tested a variety of RF configurations in order to 
improve our understanding of nonlinear interactions from plant breeding data sets. Results showed that 
feature selection using RF has the capacity to differentiate between positive alleles and the genetic 
background. Testing was performed using a breeding population of oilseed rape (B. napus) hybrids that 
contains 950 F1 hybrids obtained by crossing between two male sterile testers and a diverse population of 
475 spring-type “00” B. napus cultivars and a diversity panel of 191 wheat cultivars (T. aestivum). Results 
show that RF feature selection methods have the ability to outperform current approaches, increase 
prediction accuracies, drastically decrease computing time and improve the detection of important alleles 
involved in qualitative or quantitative traits. 
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23. José Gonçalves-Dias 

 

Gene-flow shaped modern grain amaranth 
 
José Gonçalves-Dias1, Akanksha Singh, Corbinian Graf and Markus G. Stetter1 2   
1 Institute for Plant Sciences, University of Cologne, Cologne 
2 CEPLAS, Cluster of Excellence on Plant Sciences 
E-mail of corresponding author: m.stetter@uni-koeln.de 
 

Crop domestication and the subsequent expansion of crops have long been thought of as a linear process 
from a wild ancestor to a domesticate. However, this view has been challenged in recent years, as genomic 
evidence of gene-flow from locally adapted wild relatives that provided adaptive alleles into crops has been 
identified. Although early generations of crop-wild hybrids are unfit crops due to the lack of domestication 
traits, gene-flow can be rather high. In addition, for crops with multiple origins gene-flow between crop 
populations might play an important role in their domestication and expansion. However, little is known 
about the evolutionary consequences of domestication and the extension of gene-flow in minor crops. 
We study the pseudo-cereal grain amaranth that has been domesticated three times in different geographic 
regions of the Americas. While two species have been domesticated in close proximity in Central America, 
another species has been domesticated independently in South America, where a local wild relative might 
have contributed alleles to the crop. We investigated the amount and distribution of gene-flow along the 
genome of the three grain amaranth species and their two wild relatives. To reveal the adaptive potential 
for the crops we estimated genetic load for introgressed regions and experimentally perform crosses 
between species to estimate fitness parameters of hybrids. We used whole-genome sequencing data from 
108 resequenced accessions from three grain amaranth species, their wild ancestor, and the South American 
wild relative. 
Our results show ample gene-flow between crop species and between crops and their wild relatives. We find 
that different amaranth populations display heterogeneous gene-flow rates along the genome. We show 
particularly high gene-flow between South American grain amaranth and its local wild relative. Our estimates 
suggest an increase in genetic load from wild to domesticated species. The combination of genetic load 
signals and gene-flow along the genome suggests adaptive gene-flow from the wild relatives to the crop by 
decreasing the genetic load in the crop. We also show that gene-flow between crops coincides with few 
regions of selective sweeps in recipient population. Together, these results suggest that gene-flow played an 
important role in the domestication and expansion of grain amaranth. Yet, our crossing experiment revealed 
genetic incompatibilities between one Central American grain amaranth and the other two crop species. This 
might represent a recent reproductive barrier and maintain species integrity.  
Our analysis of gene-flow and genetic load shows the complex history of amaranth and further challenges 
the linear view of domestication. It rather suggests a mosaic of multiple contributors to today’s crops. Our 
finding on genetic load and species incompatibilities can help to develop effective hybrid breeding systems 
for grain amaranth. 
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24. Corbinian Graf 

 

A multi species reference panel for grain amaranth 
 
Corbinian Graf 1 & Markus G Stetter 1,2  
1 Institute of Plant Sciences, University of cologne, Cologne, Germany 
2 CEPLAS, Cluster of Excellence on Plant Sciences, Cologne 
Cgraf2@uni-koeln.de 
 

Crop production today is mostly focused on only a handful full of species. As such these species have received 
the major scientific attention in the last decades. This led to the generation of a vast network of resources 
and methods for their improvement. As a result, minor crops have been vastly neglected and only few 
resources have been developed. These so-called orphan crops have been of low economic interest in the last 
century, but are often well adapted to harsh environmental conditions, have high nutritional value and may 
diversify current cropping systems. In the future these crops could play an important role in mitigating the 
consequences of global climate change for food security. However, their low economic value often translated 
into low scientific investment, stifling interdisciplinary research and little improvement of the crop. 
Nonetheless, the striking technological advances from model-systems, could allow to reduce the resource-
gap and avoid structural disadvantages that arose in model systems for historical reasons.  

One such orphan crop with high potential is grain amaranth. Amaranth is a C4 pseudo-cereal from the 
Americas valued for its drought tolerance and high nutritional value. Another interesting feature is that the 
crop has been domesticated three times. This provides the potential for defined hybrid pools for future 
breeding and provides high diversity for the crop. 

In this study, we present a reference panel of 20 genetically divers inbred lines for grain amaranth research 
and breeding. The panel consists of four lines for each of the three domesticated species as well as for each 
of the two wild relatives. Each line was chosen from a diverse set of genebank accessions to represent the 
species based on the genetic and phenotypic identity. Each of the lines has been selfed for at least 5 
generations through single seed descent, ensuring homozygosity. We collected different observations for all 
20 lines in the field and under speed-breeding conditions in a climate chamber. The lines represent a large 
diversity in traits such as seed morphs, color variation in leaves and flowers, seed dormancy, flowering time 
and plant height. Additionally, a set of structural variant-based genotyping assays to identify each of the 20 
lines was developed, to allow verification of crosses and aid in breeding efforts. We are creating genetic 
maps for each species, using F2–mapping populations derived from these individuals. In addition to genome 
re-sequencing data, we are currently creating whole genome assemblies for these lines and assess their 
chromatin landscape.  

We would like to suggest this reference panel for molecular, physiological and breeding studies. With this 
reference panel we hope to ease access across disciplines and accelerate the research and breeding of grain 
amaranth. 
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25. Einar B. Haraldsson 

 

A new genomic resource for crop improvement: 

Hordeum erectifolium, a reference genome of a 

perennial species. 
 

Einar B. Haraldsson1, Hana Šimková2, Zuzana Tulpová2, Helena Toegelová2, Jan P. Buchmann5,6,7, Martin Mascher3,4, Björn 

Usadel5,6,7, and Maria von Korff Schmising1,7 

1 Institute of Plant Genetics, Heinrich Heine University Düsseldorf, Germany 
2 Institute of Experimental Botany of the Czech Academy of Sciences, Centre of the Region Haná for Biotechnological and 

Agricultural Research, Olomouc, Czech Republic 
3 Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Germany 
4 German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig, Germany 
5 Institute of Bio-and Geosciences, IBG-4: Bioinformatics, Forschungszentrum Jülich, Jülich, Germany 
6 Heinrich Heine University Düsseldorf, Institute of Biological Data Science, Düsseldorf, Germany 
7 Cluster of Excellence on Plant Sciences “SMART Plants for Tomorrow’s Needs”, Heinrich Heine University, Düsseldorf, Germany 

E-mail of corresponding author: einar.haraldsson@hhu.de 

 

To be or not to be, annual-perennial. 

Crop genetic diversity is a cornerstone of a productive, robust, and adaptive agriculture. Now that we are facing 

increasing environmental disruptions through climate change, genetic diversity has become more crucial for resilient 

and agriculturally sustainable crops. However, only a few annual crops represent over 85% of our caloric intake. A 

major drive in rethinking the current agricultural system is the creation of a low-input, robust, and adaptive perennial 

crops. With modern technological advances in genetic transformation we can now employ a more direct approach by 

genome editing or direct gene transfer between species, but first new genomic resources to discover unique and novel 

loci are needed. 

We have now generated a complete reference genome of Hordeum erectifolium, a perennial grass species in the 

Hordeum genus and a wild relative of the common annual crop barley (H. vulgare). Hordeum erectifolium has a 4.4 

Gbp genome and is an endemic species to a single location in Argentina. We constructed the genomic base with long-

read Oxford Nanopore Technologies and for structural gene annotation of the transcriptome we employed Pacbio 

Isoseq.  

This genome is the first reference of a perennial species within the Hordeum genus and the second reference 

genome after barley. It will serve as a platform to discover new genetic adaptations and give us a first glance into the 

genomics of a perennial Hordeum species.  
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26. Jessica Hintzsche 

 

Opportunities to use epigenomic technologies in crop 
research  
 
Jessica Hintzsche, Judy Eglitis-Sexton, Ulduz Vafadarshamasbi and Peter Crisp 
1 School of Agriculture and Food Sciences, The University of Queensland, Brisbane, Australia 
E-mail of corresponding author: p.crisp@uq.edu.au 
 

The genomic sequences of crops continue to be produced at a frenetic pace, with the potential to 
significantly contribute to breeding activities and crop improvement. However, beyond the A, T, C and G in 
DNA, the epigenome also has the potential to offer new avenues for breeding and improvement. Here we 
present opportunities to use epigenomic technologies in crop research. DNA methylation is a DNA 
modification, and variation in DNA methylation can be associated with phenotypic variation. These variants, 
or ‘epialleles’, could provide markers for selection and can provide information not captured by conventional 
genetic markers such as SNPs. In addition, despite the advances in genome sequencing and assembly, 
detailed annotation of plant genomes is now a bottleneck in genomic analysis and an impediment to realizing 
the full potential of association studies or genome editing for crop improvement. Here, we describe our 
recently developed approach that uses DNA methylation profiling of a single tissue (e.g., a leaf) to distill a 
genome down to the relatively small fraction of regions that are functionally valuable for trait variation 
throughout development. We are using this approach in sorghum, wheat, barley, maize and grapevine to 
better understand these genomes and identify new opportunities for crop research and improvement.  
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27. Elizabeth Ihien Katche 

 

Can resynthesized rapeseed be genomically stable? 

 
Elizabeth Ihien Katche 1,2, Antje Schierholt 3, Heiko C. Becker 3, Jacqueline Batley 4, Annaliese S. Mason 1,2 * 
1 Plant Breeding Department, The University of Bonn, Katzenburgweg 5, 53115 Bonn, Germany  
2 Department of Plant Breeding, Justus Liebig University, Heinrich-Buff-Ring 26-32, Giessen 35392, Germany 
3 Department of Crop Sciences, Division of Plant Breeding Methodology, Georg-August University Göttingen, Carl-Sprengel-Weg 
1, Göttingen 37073, Germany  
4 School of Biological Sciences, The University of Western Australia (M084), 35 Stirling Highway, 6009 Perth Australia 
 

Rapeseed (Brassica napus, AACC) is a young allotetraploid species formed by the hybridization of Brassica 
rapa (AA) and Brassica oleracea (CC). However, resynthesized B. napus lines are often unstable and infertile, 
unlike natural B. napus.  

This hinders both maintenance and use of this germplasm in breeding programs. We characterized a large 
set of 140 resynthesized lines produced by crosses between B. rapa and B. oleracea, as well as between B. 
rapa and wild C genome species (B. incana, B. hilarionis, B. montana, B. Bourgeaui, B. villosa and B. cretica) 
for purity (homozygosity), fertility, and genome stability.  

Self-pollinated seed set, seeds per ten pods as well as percentage pollen viability were used to estimate 
fertility. SNP genotyping was performed using the Illumina Infinium Brassica 60K array for 116 genotypes, 
with at least three individuals per line. Most of the material which had been advanced through multiple 
generations was no longer pure, with heterozygosity detected corresponding to unknown parental 
contributions via outcrossing.  

Fertility and genome stability were both genotype-dependent. Most lines had high numbers of copy number 
variants (CNVs), indicative of meiotic instability, and high numbers of CNVs were significantly associated with 
reduced fertility.  

Eight putatively stable resynthesized B. napus lines were observed. Further investigation of these lines may 
reveal the mechanisms underlying this effect. Our results suggest that selection of stable resynthesized lines 
for breeding purposes is possible. 
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28. René Kaiser 

 

Development of molecular markers for high rubber 
content in Taraxacum kok-saghyz using a F2 mapping 
population  
 
Kaiser1, van Deenen2 and Flüß1  
1 Julius Kühn-Institut, Institute for Breeding Research on Agricultural Crops, Groß Lüsewitz 
2,Institute of Plant Biology and Biotechnology, University of Münster, Schlossplatz 8, Münster 

E-mail of corresponding author: rene.kaiser@julius-kuehn.de 

 

Within 60 years, the production of natural rubber (NR) increased steadily from 2.1 million tons in 1961 to a peak of 

14.6 million tons in 2019 and is expected to rise further. Currently, the rubber tree Hevea brasiliensis, with its primary 

cultivation in Asia, is the main source for latex and NR. However, the limitation of plantations to tropical regions has 

to be assessed negatively from an economic and ecological point of view. Additionally, political factors, social aspects 

on the plantations as well as different diseases like the South American Leaf Blight (SALB) could put the yield and supply 

of NR at higher risk in the near future. While synthetic rubbers cannot mimic the unique properties of NR it is necessary 

to develop alternative crops and to secure the accessibility of NR.  

Just a few species are able to produce economically practicable amounts of NR with high molecular weight including 

the perennial shrub guayule (Parthenium argentatum) and Russian dandelion (Taraxacum kok-saghyz, TKS). With 

advantages such as a short life cycle and the possibility of farming on a broad range of soil in temperate climates, 

Russian dandelion moved into the focus of research worldwide.  

In this sub-project of the BMEL (Federal Ministry of Food and Agriculture) funded consortium project TAKOWIND III, it 

is our goal to develop molecular markers, which indicate a high NR content in TKS plants, and to facilitate speeding up 

breeding programs. Therefor we crossed lines developed by our project partner at the University of Münster with a 

high (>10%) and low (<5%) rubber content followed by selfing of single F1 plants, using techniques to overcome the 

self-incompatibility of TKS. The generated F2 mapping population with >170 individuals was genotyped by genotyping-

by-sequencing (GBS), producing a marker set which made it possible to create a high-resolution linkage map for TKS. 

Furthermore, 120 plants of this population were propagated by in vitro culture and clones were planted in a field trial 

as well as under greenhouse conditions. Combined with the genotyping data, a quantification of the NR content of all 

individuals will make it possible to develop molecular markers that correspond with a high NR content and for their 

application in marker assisted breeding. 
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29. Julian Kirchgesser 

 

Phenotypic variation of potato root system architecture in 
contrasting P environments 
 
Julian Kirchgesser1, Mareike Kavka2, Mousumi Hazarika2, Silvia Bachmann-Pfabe3, Klaus J. Dehmer2, Ralf Uptmoor1 

1University of Rostock, Department of Agronomy, Justus-von-Liebig-Weg 6, D-18055 Rostock, Germany 
2Leibniz Institute of Plant Genetics and Crop Plant Research, Groß Lüsewitzer Potato Collection, Parkweg 3, D-18190 Sanitz, 
Germany 
3Neubrandenburg University of Applied Science, Brodaer Str. 2, D-17033 Neubrandenburg, Germany 
E-Mail: julian.kirchgesser@uni-rostock.de 

Phosphorus (P) is a component of many important biomolecules and therefore an essential macronutrient 
required for plant metabolism and growth. It is taken up from the soil as inorganic phosphate. Since P is 
relatively immobile in the soil, plant roots have to grow towards the P sources. 
The potato crop has a comparatively shallow and sparsely branched root system, which leads to a relatively poor 

phosphorus-acquisition efficiency. We hypothesise that a considerable genetic variation exists in both root 

architecture and adaptation to P deficiency. 

To characterise the phenotypic variability of root-system size and architecture, a set of 200 different, in vitro pre-grown 

potato genotypes, comprising clones from the Gross Luesewitz Potato Collections (IPK-GLKS) and modern cultivars, 

were cultivated in sand-filled mini-rhizotrons. A 0.5 mM P (high phosphorus) and 0.1 mM P (low phosphorus) Hoagland 

solution was applied as fertilizer. At harvest after 10 days, roots were scanned and root dry weight determined. Root 

scans were evaluated using the root analysis software GiA Roots. In total, 22 traits were analysed. The experiment was 

repeated once. 

From our results, we were able to classify accessions into three groups with regard to their root-system size. On 

average, root systems under low P conditions were smaller compared to those growing with optimal P fertilisation. 

Genotypes with both small and large root systems reacted to low-P conditions by in- or decreasing their relative root-

system size to medium, whereas accessions with an intermediate root system size showed little to no changes. 

Differences among accessions were statistically significant for 21 traits, which revealed a high variability in potato root 

system architecture. 
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30. Natalja Kravcov 

 

SorgEnloS: Sorghum for grain use in Hesse: 
Establishment of new, locally adapted varieties 
 
Natalja Kravcov1, Dr. Benjamin Wittkop1, Prof. Rod Snowdon1, Dr. Antje Herrmann2 , Dr. Steffen Windpassinger1 
1 Department of Plant Breeding, Justus-Liebig-University Giessen, Germany 
2 Landesbetrieb Landwirtschaft Hessen (LLH), Technical Information Crop Production Kassel, Germany  

Natalja.Kravcov@agrar.uni-giessen.de 
 

To adapt to climate change and increase biodiversity, it is necessary to establish new, robust crops in local agriculture. 

Grain sorghum is a drought-tolerant, multi-use crop with numerous agro-ecological advantages, which can also 

represent a risk protection for farmers during drought conditions and enable the establishment of new regional value 

chains. At present, however, no locally adapted varieties to Hesse and comparable agroecological regions in Germany 

are available. Further, there is a lack of information regarding the optimal agronomical practices (sowing densities, 

fertilization etc.) under local conditions.  

Therefore, the aim of the project is to develop stress-tolerant and locally adapted grain sorghum varieties in view of 

climate change. These varieties will help to increase biodiversity in agriculture and represent an important innovation, 

both as a new (in Germany) high quality animal feed and as a gluten-free 'superfood'. Since grain sorghum is a novel 

crop in Hesse, progress in breeding needs to be accompanied by knowledge extension of plant production 

measurements to farmers, and building of value chains. With this joint effort, the establishment of grain sorghum as a 

new robust crop seems feasible. 

The project partners are institutions covering the aspects of breeding and agronomy on the one hand, and farmers 

conducting on-farm variety trials on the other hand. 

 Breeding of grain sorghum for animal feed and as a gluten-free food (development and testing of new, locally 
adapted grain sorghum breeding material with enhanced cold tolerance)  

 Optimization of agronomical practices in local grain sorghum production, including sowing density, row 
spacing and N-fertilization trials  

 On-farm variety trials, including both commercial grain sorghum hybrids from other European countries and 
experimental hybrids of the University Giessen breeding program. Evaluation regarding their suitability 
under practical farming, and involvement of farmers in selection process. 
 

This project is funded by the European Union in the framework of 'EIP-Agri' and by the federal state of Hesse. 
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31. Jasper Krößmann 

 

Effect of elevated CO2 concentrations on leaf rust 
resistance in a broad panel of European winter wheat 
varieties  
 
Krößmann, Jasper, Serfling, Albrecht and Stahl, Andreas  
Julius Kühn Institute (JKI) – Federal Research Centre for Cultivated Plants, Institute for Resistance Research and Stress Tolerance, 
Quedlinburg 
jasper.kroessmann@julius-kuehn.de 
 

Common wheat (Triticum aestivum L.) is one of the most important crops for human nutrition worldwide. To 
ensure food security, wheat production needs to be increased by more than 50% by 20501. However, leaf 
rust infections caused by Puccinia triticina can lead to yield losses up to 60%. Breeding and cultivation of 
resistant varieties is the most effective and environmental friendly solution to secure yield. 

The atmospheric CO2 concentration has almost doubled since the pre-industrial time and it can be firmly 
assumed, that the CO2 concentration will continue to increase in the years to come.  

Although a large number of studies analyzed the effects of an elevated atmospheric CO2 concentration, to 
the best of our knowledge no study considered the effects of elevated atmospheric CO2 concertation (eCO2) 
on infection and resistance behavior of a larger number of varieties yet. 

In the WheatFACE project, we strive to obtain a better understanding of eCO2 on the leaf rust resistance 
behavior of winter wheat. 

We address the question whether eCO2 result in an increased susceptibility, since the CO2 fertilization 
increases biomass growth, or whether the penetration of the fungus is reduced due to the possibly closed 
stomata or an improved vitality of the plants. To analyze this, about 200 winter wheat cultivars are exposed 
to divergent CO2 concentrations (410 vs. 800 ppm) and are inoculated with a particularly aggressive leaf rust 
isolate.   

Evaluation of leaf rust infestation is done both by manual scoring and by digital quantification of infected 
leaf area using high-throughput technique. The results give hint about the influence of eCO2 on the extent 
and intensity of leaf rust infection in wheat.  

Based on these results, ten varieties were selected that showed the most contrasting resistance behavior at 

divergent CO2 concentrations. These will be grown over the next two years in a free air carbon dioxide enrichment 

(FACE) facility under field conditions. Moreover, a core set will be investigated on a gravimetric phenotyping 

platform to investigate potential links of drought stress response and leaf rust infection. 

 

                                                           
1 https://iwyp.org/global-challenge/ (last accessed on 30 June 2022) 
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32. Tianyu Lan 
 

The molecular mechanism of temperature-responsive 

inflorescence development in barley (Hordeum Vulgare) 
 
Tianyu Lan1 and Maria von Korff Schmising1, 2  
1 Heinrich Heine Universität, Düsseldorf, Germany 
2 CEPLAS-Cluster of Excellence on Plant Sciences, Düsseldorf, Germany 
E-mail of corresponding author: tianyu.lan@hhu.de 
 

High ambient temperature is one of the leading abiotic stresses that limits productivity of temperate cereals, 
in particular wheat and barley. Understanding how ambient temperature controls inflorescence 
development and thus grain yield is vital for breeding cultivars adapted to future climate conditions. We 
have identified a major photoperiod responsive gene, PHOTOPERIOD1 (Ppd-H1), known to interact with high 
ambient temperature to control flowering time and reproductive development in barley. However, the 
mechanisms that underpin the temperature-responsive inflorescence development are not fully understood. 
In this study, we have established that Ppd-H1 interacts with high ambient temperature to control the 
activities of the inflorescence and floral meristems and thus the rate and duration of spikelet primordium 
initiation and floral primordium differentiation. In parallel, transcriptional profiling on developing 
inflorescences and leaves of genotypes differing at Ppd-H1 under different ambient temperatures was 
carried out using RNA-sequencing. We have identified the developmental related genes in inflorescence that 
were mis-regulated by high ambient temperature in a Ppd-H1 dependent manner, including floral homeotic 
and hormone responsive genes. Further analysis on reporter lines and RNA in situ hybridization have shown 
that hormone homeostasis and meristem identity genes were affected by the interaction between Ppd-H1 
and high ambient temperature. These datasets and findings provide a valuable resource for future 
investigations into the complex regulation of inflorescence development in barley under high ambient 
temperatures. 
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33. Anna Langstroff 
 

Genotypic variation for developmental stage- specific 
transpiration efficiency and diurnal transpiration patterns 
in wheat 
 
Anna Langstroff1, Rod Snowdon1 and Andreas Stahl2 
1 Department of Plant Breeding, Justus Liebig University Giessen, Germany 
2 Julius Kühn Institute (JKI) – Federal Research Centre for Cultivated Plants, Institute for Resistance Research and Stress 
Tolerance, Quedlinburg, Germany 
E-mail of corresponding author: anna.l.langstroff@agrar.uni-giessen.de 
 

Drought stress leads to severe losses in wheat production every year but breeding for drought tolerance 
remains challenging. Different traits confer drought tolerance to crops depending on timing, length, and 
intensity of the drought period, and the crop’s drought stress response may differ among developmental 
stages. Therefore, breeding for drought tolerance requires detailed assessment of traits associated with 
water use and transpiration efficiency across the entire development of the crop. In addition, monitoring 
diurnal transpiration patterns, for example the maximum rate of transpiration or interruption of 
transpiration at elevated vapour pressure deficits, are valuable for understanding the specific trait 
characteristics that lead to improved drought tolerance.  

In our study, 79 elite winter wheat lines were evaluated for their transpiration efficiency and within-day 
specific transpiration patterns under drought stress conditions. For this purpose, a custom-built 
“DroughtSpotter XXL” facility comprising 240 large containers (90cm depth and 175 kg soil volume) was used 
to gravimetrically quantify water use and plant transpiration in real-time under semi-controlled, yet field-
like conditions. In addition to transpiration, plant growth was phenotyped repeatedly throughout the 
vegetation period using a 3D laser scanner. This enabled us to continuously monitor transpiration efficiency, 
transpiration rate, and transpiration responses to changes in VPD, along with the impact of these traits on 
yield performance.   

The resulting high-resolution data enabled us to identify hidden genotypic variation for potentially beneficial 
transpiration patterns and responses, including developmental stage-specific variation for genotype rankings 
in transpiration efficiency. This in-depth knowledge of developmental stage-specific and diurnal 
transpiration characteristics and how they affect yield under drought stress provides valuable new 
information towards the development of cultivars with improved tolerance to drought stress.  
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34. Yan-Cheng Lin 

 

Improving genomic prediction accuracies in landrace 
derived maize populations by the use of haplotypes  
 
Yan-Cheng Lin1, Manfred Mayer1, Daniel Valle1, Torsten Pook 3, Armin C. Hölker1, Thomas Presterl2, Milena Ouzunova2 and Chris-Carolin 
Schön1 
1 Plant Breeding, TUM School of Life Sciences, Technical University of Munich, Freising 
2 KWS SAAT SE & Co. KGaA, Einbeck  
3 Department of Animal Sciences, Animal Breeding and Genetics Group, University of Goettingen, Goettingen 
E-mail of corresponding author: yancheng.lin@tum.de 

 

In genomic prediction, the use of haplotypes might improve the prediction accuracy (PA) by capturing ancestral 
information better than single nucleotide polymorphisms (SNPs). Haplotypes potentially show higher linkage 
disequilibrium with QTL-alleles and capture local epistasis. We investigated the usefulness of haplotypes for 
genomic prediction (GP) in two different types of landrace derived populations. For one population doubled 
haploid lines (DH) were directly generated from landraces, for the other gametes of the landraces were captured 
in a cross with an inbred line (gamete capture; GC).  

Line per se performance and 600k SNP array genotypic data were obtained from each population derived from 

two different European maize landraces. Three different methods for haplotype construction, IBD-based 
haplotype library (HaploBlocker), fixed-window blocks and LD-based blocks (HaploView), were implemented with 
different parameter settings. The predictions were conducted using GBLUP for three scenarios, within population, 
across DH and GC populations from the same landrace, and across populations from different landraces. 

When predicting within the population, fixed-window and LD-based methods performed either the same or 
better than SNPs in most cases. HaploBlocker improved PA for some traits under specific parameter settings, but 
results were not consistent across traits. In prediction between DH and GC populations, the fixed-window method 
increased the PA slightly for most traits. For some traits, PA was improved by focusing on haplotypes present in 
both populations. When predicting ac  oss the two landrace DH populations, PAs of the SNP-based method were 
low for all traits, (0.02 to 0.15). Using HaploBlocker to identify shared haplotypes, increased accuracies 
considerably in some traits, such as root lodging, from 0.06 to 0.23. SNP-based PAs across GC were higher than 
across DH due to the use of same capture line, but no improvement was obtained with haplotype-based methods. 

In conclusion, haplotype-based GP can increase prediction accuracies for the landrace derived populations in 
some scenarios. When predicting within the same population, fixed-window and LD-based methods are 
recommended, since they were as good or better than the SNP method. For across population scenarios, the 
improvement of prediction accuracies from haplotype-based methods was highly trait and population dependent. 
PA of some traits were notably increased, when haplotypes shared across populations were used. 

 
Nur online verfügbar unter:  
https://gpz-main-conference-2022.virtualpostersession.org/ 
Password: GPZ2022virtualpostersession 
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35. Zhenling Lyu 
 

Partial Diploidization of Meiosis in Autotet-raploid 
Brassica rapa 
 
Zhenling Lv and Annaliese S. Mason 
Plant Breeding Department, University of Bonn, Katzenburgweg 5, 53115 Bonn, Germany 
E-mail of corresponding author: annaliese.mason@uni-bonn.de 
 

Autopolyploid turnip (Brassica rapa var. rapa) cultivars produced by artificially induced chromosome 
doubling are widely grown as fodder crops, where they are competitive with their (natural) diploid 
counterparts. However, duplicated genomes face special challenge for meiosis, which relies on high fidelity 
pairing of homologous chromosomes to ensure correct segregation of chromosomes into daughter gametes. 
How these autopolyploid turnip lines may have overcome meiotic barriers to establish vigorous, genomically 
stable autotetraploid cultivars is unknown. 

Chromosome behavior was investigated in 20 autopolyploid turnip lines sourced from germplasm banks. 
Meiotic configurations (number of univalents, bivalents, trivalents, tetravalents and higher multivalents per 
cell) were quantitatively assessed at the diakinesis stage. We found an average of 3.1 - 4.9 tetravalents and 
7.2 - 9.6 bivalents per meiosis. Although high, this represents a considerable decrease in tetra-valent 
frequency relative to a theoretical random end-pairing model. Fluorescent in situ hybridization with 
centromere and 45S rDNA probes was used to confirm that A01, A03, A06 and other specific chromosomes 
were forming tetravalents and that no strong preferences for specific chromosomes to form multivalents 
was present. We also checked chromosome segregation at anaphase I and II, and found a high frequency of 
normal chromosome segregation. This suggests that multivalent synapsis at diakinesis is not likely to persist 
to anaphase I or anaphase II or to result in high frequencies of aneuploid gametes. High pollen viability was 
observed in all lines.  

We conclude that the autotetraploid turnip lines show a partial diploidization of meiosis. Possible 
mechanisms for this effect are under investigation. Our results might provide useful informations for the 
future production of stable, highly vigorous autopolyploid crop types. 

 

 

 

 

 

Nur online verfügbar unter:  
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36. Manar Makhoul 
 

Long-amplicon single-molecule sequencing reveals novel, 
trait-associated variants of VERNALIZATION1 
homoeologues in hexaploid wheat 
 
Manar Makhoul1, Harmeet S. Chawla1,2, Benjamin Wittkop1, Andreas Stahl3, Kai Peter Voss-Fels4, Holger Zetzsche3, Rod J. 
Snowdon1, Christian Obermeier1 

1Department of Plant Breeding, Justus Liebig University, Heinrich-Buff-Ring 26-32, 35392 Giessen, Germany. 
2Crop Development Centre and Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK S7N 5A8, Canada 
3Institute for Resistance Research and Stress Tolerance, Julius Kühn Institute, Erwin-Baur-Straße 27, 06484 Quedlinburg, 
Germany 
4Institute for Grapevine Breeding, Hochschule Geisenheim University, Von-Lade-Str. 1, 65366 Geisenheim, Germany 
E-mail of corresponding author: manar.makhoul@agrar.uni-giessen.de 
 

The gene VERNALIZATION1 (VRN1) is a key controller of vernalization requirement in wheat. Structural 
sequence variants including small and large deletions and insertions and SNPs in the three homoeologous 
VRN1 genes not only play an important role in the control of vernalization requirement, but also have been 
reported to be associated with other yield related traits of wheat. Here we used single-molecule sequencing 
of barcoded long-amplicons to assay the full-length sequences (~13 kbp plus 700 bp from the promoter 
sequence) of the three homoeologous VRN1 genes in a panel of 192 predominantly European winter wheat 
cultivars. Long read sequences revealed previously undetected duplications, insertions and SNPs in the 
homoeologous VRN1 genes. All the polymorphisms were confirmed by Sanger sequencing. Sequence analysis 
showed the predominance of the winter alleles vrn-A1, vrn-B1 and vrn-D1 across the investigated cultivars. 
Associations of SNPs and SVs within the three VRN1 genes with 20 economically relevant traits including 
yield, nodal root-angle index and quality related traits were evaluated at the levels of alleles, haplotypes, 
and copy number variants. Cultivars carrying structural variants within VRN1 genes showed lower grain yield, 
protein yield compared to those with intact genes. Cultivars carrying a single vrn-A1 copy and a unique 
haplotype with a high number of SNPs were found to have elevated grain yield, kernels per spike and kernels 
per m2 along with lower grain sedimentation value. In addition, we detected a novel SNP polymorphism 
within the G-quadruplex region of the promoter of vrn-A1 that was associated with deeper roots in winter 
wheat.  Our findings show that multiplex, single-molecule long-amplicon sequencing is a useful tool for 
detecting variants in target genes within large plant populations, and can be used to simultaneously assay 
sequence variants among target multiple gene homoeologues in polyploid crops. Numerous novel VRN1 
haplotypes and alleles were identified that showed significantly associations to economically important 
traits. These polymorphisms were converted into PCR or KASP assays for use in marker-assisted breeding. 
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37. Julio C. Martinez Eckel 
 

Molecular dissection of seed color diversification during 
amaranth domestication 
 
Julio C. Martinez Eckel1, Markus G. Stetter1,2; 
1Institute for Plant Sciences, University of Cologne, Cologne, Germany 
2Cluster of Excellence on Plant Sciences, University of Cologne, Cologne, Germany 

E-mail of corresponding author: m.stetter@uni-koeln.de 
 

Throughout evolution, color variation has served adaptation to different lifestyles, i.e., reproduction 
strategies through vibrant flower and fruit colors, and blending into the surroundings through inconspicuous 
fur colors. During the domestication of various crops, seed color has also often changed. Potentially as a 
result of adaptation to agricultural environments and human preferences.  
One of the many cases of seed color change during domestication can be observed in the pseudo-cereal 
amaranth. During each of the three independent domestications in the Americas, amaranth seed color 
changed from a dark brown to a pale white seed color. In previous work, a major quantitative trait locus, 
including a MYB transcription factor gene was found on chromosome 9 through GWAS. The gene represents 
the major candidate responsible for the seed color change (MYBL1). In plants, MYB proteins serve various 
regulatory functions in developmental processes. In numerous plants they form ternary complexes with WDR 
and bHLH proteins, so-called “MBW complexes”.  We identified the MYB protein TT2 (Transparent Testa 2) 
as the closest homologue to the amaranth MYBL1 in Arabidopsis. TT2 has been shown to control pro-
anthocyanidin synthesis in the seeds’ testa, by forming a MBW complex with TTG1 (Transparent Testa Glabra 
1) and TT8 (Transparent Testa 8) and controlling the transcription of an anthocyanidin reductase gene. As a 
result, dark pigments are not being formed. Hence, the protein complex controls seed color in Arabidopsis.  
In this work we study the molecular role of amaranth MYBL1 in seed color diversification and the 
conservation of the regulatory mechanism. We use a yeast two-hybrid assay to determine the interaction of 
MYBL1 with the two closest homologues of AtTTG1 and one of AtTT8 in amaranth. Furthermore, we test the 
function of MYBL1 through complementation experiments, by creating transgenic Arabidopsis lines, 
previously deficient in the TT2 gene. If the function of MYBL1 is conserved, we expect to rescue the seed 
phenotype of TT2 knock-out plants by MYBL1 overexpression. Cloning the MYBL1 from dark and pale 
amaranth seeds revealed multiple splice variations between the 3rd and 4th exon in pale seeds but not in dark 
seeds.  We hypothesize that this ‘incorrect’ splicing leads to a loss of function in the domesticated 
Amaranthus hypochondriacus.  
Our work reveals the molecular mechanism for a major domestication trait in grain amaranth. Further 
development of Molecular techniques, including transformation, would allow direct testing of MBW genes 
and disentangle their role during domestication. This could help to understand the process of plant 
domestication and further improve amaranth. 
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38. Erick Mikwa 
 

Paper-based phenotyping detects early changes in 
Sorghum bicolor [(Moench (L.)] root system under low 
phosphorus condition 
 
Mikwa Erick, Wittkop Benjamin and Snowdon Rod 
Department of Plant Breeding Heinrich-Buff-Ring 26 D-35392 Gießen 
E-mail of corresponding author: erick.owuor.mikwa@ag.uni-giessen.de 
 

Sorghum is a climate smart crop with high adaptability to different climatic regions of the world. It is widely 
produced across the globe, where it is exploited for feed, fodder and biofuel products. In Europe, sorghum 
production has doubled in the past decade, but the region is still the lowest sorghum producer with a steep 
negative supply/demand ratio. Increasing nutrient efficiency is an important breeding aim to increase 
sorghum production potential. One of the limiting nutrients in terms of availability and plant acquisition 
ability is phosphorus (P). This study aims to establish an efficient, non-destructive phenotyping platform to 
analyze of sorghum root system architecture (RSA) under P starvation at early growth stages and select 
genotypes with interesting root phenotypes under low P.  

Ten diverse sorghum lines were used in a pilot experiment as a proof of concept. Nodal root numbers, root 
angles and 25 other root traits were used to describe sorghum RSA under variable P availability. The 
experiment is currently being upscaled to phenotype a diversity set of 324 lines for the same traits. 

Preliminary results showed distinct variations in terms of the nodal root emergence between P-deficient and 
P-fertilized treatments. Significant differences for total root angle were observed as early as two weeks after 
emergence. The mean angles of the first and second nodal roots with P fertilization were 18.8o and 7.1o, 
respectively, compared to 30.4o and 14. 5o under P-deficient conditions. Also, higher numbers of nodal roots 
were observed under P deficiency. Strong correlations were observed between number of root tips and total 
root length (for both seminal and nodal roots) (r=0.91), and between total root length and root depth 
(r=0.66). There were two distinct clusters between P-deficient and P-fertilized genotypes for the number of 
nodal roots and total root angle traits. The results suggest that root phenotyping can be useful to identify P-
efficient accessions among the 324 genotypes for further genetic analysis and breeding.  

Our method enables phenotyping of large data sets of individuals with minimal inputs and improved 
efficiency of root analysis. The specific response of seminal roots versus nodal roots towards P starvation can 
easily be distinguished. The results can also be used as fundamental data basis for quantitative genetic 
studies to identify the genetic architecture of these agronomical relevant traits and enable selection at earlier 
stages, hence reducing phenotyping costs and time. Elite lines selected with this method will be incorporated 
into current sorghum breeding programs. 
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39. Jose Antonio Montero-Tena 
 

A pipeline to produce genome-wide recombination maps 
using SNP genotyping and pedigree data from complex 
multiparental populations 
 
Jose Antonio Montero-Tena, Agnieszka Golicz and Nayyer Abdollahi-Sisi 
Justus-Liebig University, Department of Plant Breeding, IFZ Reseach Centre for Biosystems Land Use and Nutrition, Heinrich-Buff-
Ring 26-32, 35392 Gießen, Germany 
E-mail of corresponding author: Agnieszka.Golicz@agrar.uni-giessen.de 
 

Understanding and harnessing meiotic recombination is key to generate new genetic diversity in Brassica 
napus. Many popular computational methods for phasing do not consider pedigree relationships or lack 
options for post-processing and in-depth quality control of the resulting haplotypes. In this project, we 
developed a computational pipeline that uses SNP genotyping and pedigree data from complex 
multiparental populations to produce genome-wide recombination maps. 

Our dataset includes two large multi-parental rapeseed populations, spanning five generations. They consist 
of 1,300-1,400 SNP-genotyped individuals with full pedigree information and are derived from 50 founder 
lines each. Availability of genotyping and pedigree data allows identification of crossovers (COs) at every 
meiosis. The pipeline utilizes PLINK (v1.9) for initial data quality control including removal of SNPs with high 
Mendelian error rate and SHAPEIT (v2) for phasing. The haplotypes are further refined by duoHMM, which 
incorporates pedigree information in a post-hoc manner. The haplotypes are then post-processed by our 
newly developed scripts, which allow tracing of haplotype blocks to the founder lines and removal of low-
confidence recombination events using different criteria. The effect of filtering criteria including (1) marker 
genotype confidence, (2) removal of outlier individuals with a very high number of crossovers (3) removal of 
crossovers detected in few meiosis on the final recombination maps can also be tested. The pipeline does 
not require a genetic map, uses only the evidence from the large-scale SNP genotyping and pedigree data 
and can be applied to any genotyped multi-parental population of interest. 
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40. Amira M. I. Mourad 
 

In depth understanding of the genetic control of stripe 
rust resistance (Puccinia striiformis f. sp. tritici) induced 
in wheat (Triticun aestivum L.) by Trichoderma 
asperellum T34 

 
Mourad A.M.I.1,2, Omar G.E.3 , Esmail S.M.3 , and Andreas Boerner1  
1 Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben 
2 Department of Agronomy, Faculty of Agriculture, Assiut University, Assiut, Egypt 
3  Wheat Disease Research Department, Plant Pathology Research Institute, Agricultural Research Center, Egypt 
E-mail of corresponding author: amira_mourad@aun.edu.eg 
 

Wheat stripe rust (Pst) causes severe yield losses worldwide. Due to the continuous appearance of new stripe 
rust races, resistance has been broken in most of the highly resistance genotypes in Egypt and worldwide. 
Therefore, looking for new ways to resist such a severe disease is urgently needed. Trichoderma asperellum 
T34 has been known as an effective bioagent against many crop diseases. It exists naturally in the Egyptian 
fields. Therefore, in the recent study, the effectiveness of T34 was tested for the first time as a bioagent 
against wheat stripe rust. For this purpose, 198-spring wheat genotypes were tested for their resistance 
against two different Pst populations collected from the Egyptian fields. The highest aggressive Pst 
population was used to test the effectiveness of T34. Highly significant differences were found between T34 
and stripe rust suggesting the effectiveness of T34 in stripe rust resistance. Genome-wide association study 
(GWAS) identified 48 gene models controlling the resistance under normal conditions and 46 gene models 
controlling T34-induced resistance. Out of these gene models, only one common gene model was found 
suggesting the presence of two different genetic systems controlling the resistance under each condition. 
The pathways of the biological processes were investigated under both conditions. This study provided depth 
understanding on the genetic control, hence will accelerate the future of wheat breeding programs for stripe 
rust resistance.   

 

Nur online verfügbar unter: 
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41. Luisa Neitzert 
 

SoBinEn: Insect friendly energy cropping systems: 
combination of sorghum with flowering undersown 
crops  
 
Luisa Neitzert1,Katrin Rehak2, Dr. Maendy Fritz2, Dr. Reinhold Siede3, Dr. Ralph Büchler3, Nic Boerboom4, Dr. Martin Frauen5, Dr. 
Benjamin Wittkop1, Prof. Rod Snowdon1, Dr. Steffen Windpassinger1  
1 Department of Plant Breeding, Justus-Liebig-University Giessen, Germany  
2 Technology and Support Centre (TFZ), Straubing, Germany  
3 Landesbetrieb Landwirtschaft Hessen (LLH), Bee research institute Kirchhain, Germany  
4 Deutsche Saatveredelung AG (DSV), Lippstadt, Germany  
5 Norddeutsche Pflanzenzucht Hans-Georg Lembke KG, Hohenlieth, Germany 
Luisa.neitzert@agrar.uni-giessen.de 
 

Many reasons are discussed for the current depletion of insects. The intensification of agricultural 
production, leading to a lack of flowering plants in agricultural landscapes, is one of them. Therefore, our 
interdisciplinary research project SoBinEn aims at developing suitable combinations of Sorghum bicolor dual-
purpose type hybrids with insect-friendly seed mixtures and undersown crops. With this intercropping 
approach it is possible to extend the flowering period markedly, so that valuable nectar from the undersown 
species can be provided for bees and other pollinators, while the sorghum pollen itself serves as a valuable 
protein source sustaining bee brood raising (Siede et al. 2021). Further, these crop mixtures will improve the 
ecological significance of bioenergy crop rotations in terms of diversity, erosion protection, reduction of 
nitrate leakage during winter (in case of continuation of the undersown crops) and humus balance.  

Five different institutions are involved in this joint research project, covering all aspects of agronomy, insect 
research and both academic and private (commercial) plant breeding. Principal work packages include:  

 testing of a high number of different undersown species in mixed-cropping with sorghum for both insect 
attractivity and agronomical performance in multi-location field trials;  

 agronomical optimization (e. g. sowing density and –techniques) of selected combinations;  

 detailed evaluations of insect attractivity for the selected combinations, using both tent trials and free 
flying bee colonies;  

 selection of undersown varieties with superior shade tolerance;  

 development of novel erectophile (i. e. vertical roots and erect leaves) sorghum ideotypes, aiming at the 
reduction of light- and water use competition.  

Altogether, this project will contribute to an enhanced sustainability of bioenergy cropping systems, and, in 
consequence, improve the acceptance of bioenergy crop cultivation for both farmers and the whole society. 

This project is funded by the German Federal Ministry of Food andAgriculture with coordination by the 
Federal Agency for RenewableResources (FNR). 
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42. Mariem Nsibi 
 

Exploring intravarietal variation in grapevine 

 
Nsibi, Mariem1, Frotscher, Johanna1; Manty, Frank1; Lindner, Bettina1; Schmidt, Maximilian1; Konrad, Hubert1; Rühl, Ernst1; 
Schmid, Joachim1; Voss-Fels, Kai P1 
1 Hochschule Geisenheim University, Department of Grapevine Breeding, Germany 
E-mail of corresponding author: Mariem.Nsibi@hs-gm.de 
 

The concept of single vine selection, or “clonal selection” within major varieties of grapevine (Vitis vinifera) 
has a long history and was initially started as a means to improve reduced yields due to virus infections. Its 
huge success laid the foundation for clonal selection activities in many public and commercial programs. It 
has been shown clonal propagation of major varieties for hundreds or thousands of years has resulted in 
substantial intravarietal trait variation. For example, there is a broad range of different shoot growth types, 
cluster architectures, Botrytis tolerances, titratable acidity, anthocyanins, tannins and flavour between 
registered clones of major varieties. The variability between commercially available clones of most varieties 
gives growers an opportunity to individually select most optimal planting material. 

Increasingly variable environmental conditions as a consequence of climate change make it difficult to 
determine which trait configuration to prioritise in breeding. In fact, climate change and changing markets 
necessitate the systematic conservation and characterisation of clonal variation within traditional varieties 
as a basis sustainable and competitive viticulture in the future. Therefore, the Department of Grapevine 
Breeding at Geisenheim University has established large collections of major grapevine varieties. This 
includes almost 1,200 clones of the variety Riesling and almost 400 clones of Pinot noir, P. gris and P. blanc. 
Clones were selected from single vines grown in old vineyards in Germany and neighbouring countries and 
planted at the Department trial site in an unreplicated design with three vines per clone. Over more than ten 
years, key traits including yield, soluble solids, acid composition and concentration have been measured to 
assess the level of clonal variation within and across varieties and to identify clones with potentially useful 
characteristics. 

The objective of this study is to quantify and assign sources of intravarietal variation in grapevine using 
extensive data from Riesling and Pinot. A mixed model-based approach to decompose the phenotypic 
variance revealed substantial between-clone variation for important traits. For example, around 50% of the 
variation observed for yield within Riesling can be attributed to clonal differences based on our large 
empirical data set. While it is established that mutations and epigenetics are the most likely underlying 
drivers the relative importance of genetic vs. epigenetic variation in major traditional varieties of grapevine 
remains unclear. To shed light on this and uncover (epi-)genomic factors underlying clonal variation we are 
applying new genomics and epigenetics approaches. This will help to improve our understanding of the 
genetic architecture of important traits. 
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43. Dejana Pankovic 
 

Fine dissection of wheat Soil-Borne Cereal Mosaic Virus 
(SBCMV) resistance locus Sbm1 
 
Pankovic Dejana1, Keilwagen Jens2, Cai Yu1, Neidung Katy1, Stahl Andreas 1, Schondelmaier Jörg 3, Ordon Frank1, Perovic Dragan1 

1Julius Kühn Institute, Institute for Resistance and Stress Tolerance, Quedlinburg  
2Julius Kühn Institute, Institute for Biosafety in Plant Biotechnology, Quedlinburg  
3SAATEN-UNION BIOTEC GmbH, Leopoldshoehe 
dragan.perovic@julius-kuehn.de 
 

Diseases caused by two related Furoviruses, Soil-Borne Cereal Mosaic Virus (SBCMV) and Soil-Borne Wheat 
Mosaic Virus (SBWMV), which are transmitted by the soil-borne plasmodiophorid Polymyxa graminis, 
endanger global production of small grains. P. graminis resting spores, containing virus particles, can spread 
and rest dormant in infested fields up to 30 years. Infection of root cells occurs in humid conditions and 
temperatures lower than 200C, and is followed by movement of virus to the upper plant parts causing plant 
discoloration, stunting and delayed maturation, followed by yield losses from 30 to 80%. Generally, the 
control of diseases caused by soil-borne viruses is difficult and the best approach is breeding for resistant 
varieties. According to published data, Sbm1 gene for resistance to SBCMV that was mapped on 5DL 
chromosome in Cadenza, Tremie and Claire varieties, colocalise with Sbwm1 QTL controlling resistance to 
SBWMV. The aim of this study is to finely dissect Sbm1 locus, narrow down the target region and predict the 
potential candidate genes for resistance to Furoviruses in wheat. 

Allellism test between potential novel source of resistance to Furoviruses, and Sbm1 resistant cultivar Claire 
revealed 2% susceptible F2 plants. This indicates that resistance originating from genotype Claire and 
resistance from the novel source are controlled by two closely linked genes. Therefore, Cadenza, Claire and 
the novel resistance donor lines were used to produce five F2 populations to further dissect the resistance 
locus by constructing F3-F4 segregating populations. Recombination rate in F2 populations varied from 0.3 – 
0.75 [cM/Mb]. In addition, marker saturation of Sbm1 gene was done on population Avalon (S) x Cadenza (R) 
consisting of 204 DH lines. Screening with flanking markers, covering region of 16.7 Mb revealed 24 
recombinants, indicating genetic distance of 11.8 cM. Recombination rate in this population was 0.71 
cM/Mb. Genotyping by Sequencing (GBS) based screening of Avalon and Cadenza parental lines, yield 116 
polymorphisms in the region of interest. After filtering for relevant polymorphisms that might explain the 
phenotype, only 27 polymorphisms were kept, out of which twelve were converted to new KASP assays and 
used for mapping. Marker saturation of the Sbm1 target region allowed downsizing an initial physical region 
of 16.7 Mb to 1.12 Mb, according to Chinese spring v2.1. The target region contains 15 high confident (HC) 
and 8 low confident (LC) genes. Furthermore, the pangenome wheat lines were tested for resistance to 
SBCMV. As an alternative approach, we analyzed the genome assemblies from pangenome for transcript 
variability to identify candidate genes on 5D that might be associated with resistance.  
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44. Nazanin Pesaran Afsharyan 
 

Rapeseed Structural Variant Atlas: Exploring the deletion 
landscape in the highly dynamic genome of a recent 
allopolyploid crop species  
 
Nazanin Pesaran Afsharyan, Agnieszka Golicz and Rod Snowdon 
Department of Plant Breeding, Justus Liebig University, Giessen 35392, Germany 
E-mail of corresponding author: Nazanin.Afsharyan@agrar.uni-giessen.de 
 

Structural genome variation is an extensive source of genetic diversity in many crop species. The recent 
allopolyploid species rapeseed (Brassica napus L., genome AACC, 2n=38) has an unusually dynamic genome 
which leads to a wide spectrum of phenotypic variance. Rapeseed originated from inter-specific hybridization 
between important vegetable species B. rapa (genome AA, 2n=20) and B. oleracea (genome CC, 2n=18) 
followed by extensive genomic restructuring and homoeologous chromosome exchanges which generated 
widespread segmental deletions and duplications. It was recently discovered that up to 10% of all genes 
might be affected by functionally relevant structural variants (SV), with high relevance for polyploid crop 
evolution in general and rapeseed breeding in particular. Plant breeding programs are growing increasingly 
reliant on genome sequencing and reference genomes. Combining multiple genomes as a pangenome 
provides better representation of the SV repertoire within a species compared to single reference genomes, 
providing valuable information for breeding. In this study we aim to assemble a “Pangenome SV Atlas” for B. 
napus by using long-read DNA sequencing to create a detailed survey of the SV landscape in a pangenome 
of 100 genetically diverse, homozygous accessions from a well-characterized global B. napus diversity 
collection (ERANET-ASSYST diversity panel) representing the four major B. napus ecotypes. These results 
could reveal valuable insights on the mechanisms involved in regulation of small-scale SVs in polyploid 
genomes and can serve as a resource for development of robust molecular markers to improve marker-
assisted selection and accelerate the breeding process. As a case study, we plan to use the SV Atlas to 
associate SVs in flowering pathway genes to ecogeographical adaptation traits. This will give novel insight 
into the role of SV in polyploid evolution and adaptation. Furthermore, we plan to investigate the association 
between sequence motifs and SV breakpoints as well as links between SV and 3D genome structure and 
chromatin interactions to better understand the mechanisms underlying small-scale homoeologous 
exchanges.  
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45. Ilyse Putz 
 

Genetic dissection of life history traits in annual and 
perennial wild relatives of barley 
 
Ilyse Putz and Maria von Korff-Schmising 
Heinrich-Heine-University, Institute of Plant Genetics, Dusseldorf 
CEPLAS, Cluster of Excellence in Plant Sciences 
E-mail of corresponding author: ilyse.putz@hhu.de 
 

Perennial crops that grow over many seasons and require low agricultural input represent a paradigm shift in modern 

agriculture and hold great potential for sustainable production systems. However, developing perennial crops is time-

consuming and challenging because of hybridization barriers and the difficulty to combine longevity with high grain 

yield in perennial plants. To increase the speed of breeding perennial crops, new genome editing techniques, like 

CRISPR-Cas, could be utilized. However, this requires a better understanding of the genetic underpinnings of annual 

versus perennial growth. In this study, I use annual and perennial wild relatives of barley as the genetic resource to 

investigate annual perennial life history traits and to identify genetic variants. First, I identify which traits are associated 

to perennial life history versus annual life history. I found that traits like juvenility and vernalization requirement are 

not intrinsic to perennialism for some Hordeum species.  

Secondly, I aim to identify how life history traits are controlled genetically. To achieve this, I started by producing 

annual-perennial interspecific hybrid crossings. I have generated many F1s successfully. Additionally, I phenotype the 

F1s for traits like flowering capacity and duration and senescence. There are fertility issues in the F1 hybrids, such as 

unsynchronized floral organ development, which has impacted seed set. Thus far, no F2 seeds have been obtained. To 

supplement the phenotypic investigations of perennial and annual life histories, I have performed RNA-sequencing on 

the F1 hybrids and parental species. Analysis has potential to shed light on contributing components on the genetic 

underlying differences between perennial and annual flowering differences. Such research can help to drive perennial 

crop advancement in barley. The generation of interspecific hybrids can be used outside of life history, but also for 

example, stress tolerance or biotic stress. 
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46. Daniela Quezada-Martinez 
 

Molecular karyotyping in Brassica hexaploid genotypes 
shows high variation in genetic rearrangements 
 
Daniela Quezada-Martinez, Annaliese S. Mason  
Plant Breeding Department, University of Bonn, 53115 Bonn, Germany.  
E-mail of corresponding author: Annaliese.mason@uni-bonn.de 
 

In the Brassica genus we find both diploid (one genome) and allotetraploid species (two genomes) but no 
naturally occurring allohexaploid species (three different genomes, AABBCC 2n = 54). Synthetic allohexaploid 
Brassica is thought to generally show meiotic instability, at least in initial generations, but with differences 
between genotypes and species combinations. In this study, we aim to compare genome stability of naturally 
occurring Brassica allotetraploids to different genotypes of synthetic Brassica hexaploids using the Illumina 
Infinium Brassica 90K SNP array.  

We selected two genotypes from each of the parental allotetraploid B. napus, B. juncea, and B. carinata and 
one genotype from the diploid species B. oleracea as controls. From the Brassica hexaploids, we selected 
nine genotypes from three major groups depending on the species origin used in the crossing: “NCJ” (B. 
napus × B. carinata × B. juncea), “carirapa” (B. carinata × B. rapa), and “junleracea” (B. juncea × B. oleracea). 
From each genotype, we grew five plants under greenhouse conditions. For each plant, we analyzed genome-
wide allelic variation and copy number using genotyping and Log2R ratio values from the Illumina Infinium 
90K SNP array.  

Initially, we investigated the genomes of the parental control genotypes. Here, we identified fixed (present 
in both homologous chromosomes) and segregating (present in one homologous chromosome) 
rearrangement events. In the parental genotype B. napus “Surpass400_024DH” we found fixed deletion 
events occurring in chromosomes A01, A04, C01, and C09. In the parental genotype B. carinata 
“195923.3.2_01DH” we observed fixed deletion events in chromosomes B01 and B05. Segregating deletions 
(present in one plant per genotype) were located in B. napus “Boomer” chromosome A08, B. napus 
“Surpass400_024DH” chromosomes C01 and C02, and B. carinata “195923.3.2_01DH” chromosomes B03 
and B05. We did not observe duplication events in any of the controls analyzed.  

In the case of the Brassica hexaploids, we observed 1 - 15 fixed deletion events per plant. Segregating events 
were distributed along the three subgenomes, with the B genome the least affected. We also discovered one 
relatively stable Brassica allohexaploid line, where three out of five plants showed the expected 54 
chromosomes and no segregating events.  

Our results show that variation for and tolerance of structural rearrangements are common features of both 
established allotetraploid and novel allohexaploid lines. Based on our allohexaploid results, euploidy and 
high levels of genome stability may be achievable under selection, facilitating the development of 
allohexaploid Brassica as a crop type.  
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47. Philipp Rüter  
 

Development of novel breeding technology for improved 
root system, drought tolerance and sustainable plant 
production 
 
Philipp Rüter1, Thomas Debener2

, Jarosław Tyburski3, Adriana Carolina Aurori4, Ellen De Keyser5
, Emmy Dhooghe5, Traud Winkelmann1

 

1Leibniz University Hannover, Institute of Horticultural Production Systems, Hannover 
2Leibniz University Hannover, Institute of Plant Genetics, Hannover 
3Nicolaus Copernicus University, Biological and Veterinary Sciences, Torun 
4University of Agricultural Science and Veterinary Medicine Cluj-Napoca, Advanced Horticultural Research Institute of Transylvania, 
Cluj-Napoca 
5Eigen Vermogen of Institute for Agricultural and Fisheries Research, Merelbeke 
E-mail of corresponding author: rueter@baum.uni-hannover.de 

 

The ‘RootsPlus’ project is a European collaboration between research institutions in Belgium, Germany, Poland 
and Romania and two companies. Using natural transformation with Rhizobium rhizogenes wildtype strains, a 
new breeding technology shall be developed in order to address three aims: (1) generation of drought tolerant 
plants, (2) generation of rootstocks with tolerance against replant disease and (3) reduction of chemical plant 
growth regulators by generation of compact plants. The plant species under investigation are apple, 
chrysanthemum, sunflower and rose. 
Natural strains of Rhizobium rhizogenes contain a unique Ri plasmid (which includes the rol genes) that allows 
them to transfer and integrate the T-DNA into the plant genome. The result is an enhanced root formation (so-
called hairy roots). Subsequently, Ri plants can be regenerated in vitro from the hairy roots. The presence of the 
Ri genes in these plants results in a typical phenotype with a more pronounced root system and more compact 
growth, as well as changes in flowering and leaf morphology. In many countries, these natural transformants do 
not fall under the regulations of GMOs (genetically modified organisms). 

These Ri plants are 'pre-breeding' material and can result in commercial cultivars with a stronger root system 
combined with all the specific quality characteristics. 

One major objective is to investigate the genetic basis of the transformability in rose. Using a GWAS (genome 
wide association study), genes will be identified that are important for transformability by R. rhizogenes. A panel 
of around 100 cut and garden roses for which the genetic data is already present in form of the 68k Axiom 
WagRhSNP chip will be transformed with a bacterial strain carrying the reporter gene GFP (green fluorescent 
protein) and thus deliver the phenotyping data by detection of fluorescent hairy roots. In preparation of this high-
throughput transformation approach, the transformation protocol was optimized by testing different explant 
types and wounding methods for rose genotypes. Sonication assisted transformation of leaf blades was 
established and the currently running rose phenotyping shows clear genotypic differences in the transformation 
efficiency. Explants from some genotypes developed no roots at all, whereas in other genotypes approximately 
70 % of the explants were able to regenerate fluorescent roots. 

Nur online verfügbar unter: 

https://gpz-main-conference-2022.virtualpostersession.org/ 
Password: GPZ2022virtualpostersession 
 

mailto:rueter@baum.uni-hannover.de
https://gpz-main-conference-2022.virtualpostersession.org/


GPZ main conference 2022, 12. – 14. September 
 

 
94 

 

 

48. Ahmed Sallam 
 

A novel protocol reveals the genetic relationship between tolerance and 
recovery traits associated with drought tolerance in spring and winter wheat 
at seedling stage 
 
Shamseldeen Eltaher1, Asmaa A. Ahmed2 , Ahmad M Alqudah3,  P Stephen Baenziger4, Andreas Boerner5 and Ahmed Sallam2,5  -  
1 Department of Plant Biotechnology, Genetic Engineering and Biotechnology Research Institute (GEBRI), University of Sadat City 
(USC), Egypt 
2 Department of Genetics, Faculty of Agriculture, Assiut University, Assiut, Egypt 
3 Department of Agroecology, Aarhus University at Flakkebjerg, Forsøgsvej 1, 4200 Slagelse, Denmark 
4 Department of Agronomy and Horticulture, University of Nebraska–Lincoln, Lincoln, NE 68583, USA 
5 Resources Genetics and Reproduction, Department Genebank, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), 
Corrensstr. 3, OT Gatersleben, D-06466 Stadt Seeland, Germany 
E-mail of corresponding author: amsallam@aun.edu.eg  
 

To date, very little research on drought tolerance has been conducted at the seedling stage in winter and 
spring wheat. In this study, two types of traits, namely tolerance and recovery traits, associated with drought 
tolerance were scored in two diverse wheat spring (198 genotypes) and winter (160 genotypes) populations. 
The results of this study revealed high genetic variation among genotypes in both population for all traits. 
The broad-sense heritability (H2) ranged from 0.70-0.89 for winter population, while it ranged from 0.84 to 
0.91 in spring population. No or weak significant correlation between the two types of traits in winter wheat, 
while high significant correlations between these two types in spring wheat. Both populations were 
sequenced using genotyping-by-sequencing method (GBS).  The genome-wide association study revealed a 
set of 342 significant SNPs associated with tolerance and recovery traits in the winter populations. In winter 
population, all QTLs associated with recovery traits were completely different from those associated with 
tolerance traits except one QTL. The analysis of SNP and gene networks in the winter population confirmed 
recovery and tolerance traits are controlled by different genetic mechanism. On the hand, a set of 288 
significant SNPs were found to be significant associated with recovery and tolerance traits with seven shared 
SNP markers associated with recovery and tolerance traits. The results of this study provided new 
information on understanding and improving drought tolerance in winter and spring wheat. 
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49. Theresa Sandmann 

 

Detecting early drought stress at different growth stages 
using SIF in rapeseed 
 
Theresa Sandmann1,2, Onno Muller2, Uwe Rascher2 and Annaliese Mason1    
1 INRES - Plant Breeding, Rheinische Friedrich-Wilhelms-Universität Bonn, Germany 
2 Institute of Bio- and Geosciences (IBG-2), Forschungszentrum Jülich, Germany 
E-mail of corresponding author: sandmann@uni-bonn.de 
 

Drought decreases crop yield worldwide, and with ongoing climatic changes the negative impact of drought 
on yield is likely to increase in future. Brassica is one of the most economically important crop families grown 
globally, producing not only rapeseed oil, but also many leaf and root vegetables. Therefore, breeding for 
drought tolerance in Brassica is essential to secure yield. In order to effectively breed for improved drought 
tolerance, accurate phenotyping for drought response is necessary. However, measuring drought response 
in early plant development stages is challenging, particularly using non-invasive techniques.  

Solar induced fluorescence (SIF) may offer a promising future technique for assessing drought response. SIF 
serves as a proxy for photosynthetic activity, which is highly correlated to drought response. In contrast to 
previously used reflectance and fluorescence methods, SIF could be used as a stress indicator measuring 
from leaf level up to satellite images from unmanned aerial vehicles, aircraft and satellites), providing 
additional information to captured reflectance.  

Here, we aimed to assess the correlation of SIF with other drought response measurements under controlled 
water stress conditions in the glasshouse. Ten contrasting Brassica genotypes, including B. rapa, B. juncea 
and B. carinata, as well as two novel allohexaploid hybrids and Sinapus alba, were subjected to drought 
conditions at the four-leaf stage (BBCH 14), rosette stage (BBCH 30) and at flowering (BBCH 50) and kept 
under drought conditions until the wilting point. The genotypes were then watered again until harvest. Soil 
moisture and temperature as well as radiation was monitored continuously. Plants were taken outside to 
measure solar-induced fluorescence using point measurements through a fluorescence box (FLOX) and 
image-based measurements through HyScreen. Additional measurements with light induced fluorescence 
(LIFT, MiniPam) measuring active light induced fluorescence, and PolyPen to capture the reflectance, were 
done. Differences in drought response between the genotypes as well as between time points of drought 
induction were observed. The SIF signal, measured on leaf level, was shown to be elevated under drought 
conditions compared to the control group, also before visible drought symptoms could be recorded. Yield 
and seed quality trait measurements will be analysed at the end of the vegetation period.  

SIF shows promise as an early detection method for drought response in Brassica. This experiment is 
therefore a step towards high-throughput phenotyping for drought in the future. However, further 
experiments to validate these results at the field level and with different drought events still need to be 
done.   
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50. Lennart Scheer 
 

Identifying diversity for drought stress tolerance in faba 
bean (Vicia faba L.) by 3D imaging and physiological 
phenotyping 
 
Lennart Scheer1 , Benjamin Wittkop1 , Olaf Sass2 , Gregor Welna2 and Rod Snowdon1 

1Department of Plant Breeding, Justus Liebig University Giessen, Germany 
2 NPZ Hans-Georg Lembke KG, Holtsee, Germany  
E-mail of corresponding author: Lennart.scheer@ag.uni-giessen.de 
 

Drought stress is one of the most crucial abiotic stress factors threatening the worldwide cultivation of faba 
beans. Breeding for drought stress tolerant genotypes is therefore growing in importance under increasing 
temperatures and longer drought periods due to climate change. The aim of this study is to identify drought 
stress tolerant genotypes within a diverse Vicia faba set consisting of 56 diverse genotypes as a knowledge 
base for selection of crossing parents and for subsequent selection based on morphological and physiological 
traits associated with relevant drought stress tolerance traits. 

The genotypes are sown in 240 large containers with a 90 cm deep soil profile (approx. 170 kg loam-soil sand 
mixture) in the DroughtSpotter XXL facility at JLU’s Rauischholzhausen experimental station, in which a fully 
automated, individual irrigation of each individual container allows the simulation of different drought stress 
conditions. In this experiment the effects of drought stress are being investigated under two contrasting 
irrigation regimes (normal irrigation at 60% field capacity, drought stress at 40% field capacity) with 9 plants 
per container in 3 replicates per genotype, respectively. Weight data of each container is automatically 
measured every five minutes 24/7, enabling precise gravimetrical recording of water use and stress 
responses. Non-destructive measurement of above-ground biomass is assessed twice a week using a 
PlantEye 3D scanner (Phenospex), which captures normalized difference vegetation index (NDVI), normalized 
pigment chlorophyll ratio index (NPCI), plant senescence reflectance index (PSRI), plant height, leaf area 
index (LAI) and light penetration depth 

The characteristics of drought stress on faba bean can be divided into effects on morphological traits (e.g. 
wilting and leaf area, leaf temperature/vapor pressure deficit, chlorophyll content and water use efficiency) 
as well as on the accumulation of osmotically active metabolites including amino acids (proline), soluble 
carbohydrates, polyamines and glycine betaine.  

Connecting precise phenotypic and plant performance data obtained under relevant drought stress 
conditions with genetic, metabolic, morphological, physiological and environmental data is an important 
step to identify future target traits for efficiency field selection to breed cultivars able to maintain yield under 
limited water availability. 
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51. Laura Schmidt 
 

MAGIC-EFFICIENCY: Genetic analysis of nitrogen 
efficiency regulation and selection of efficient winter 
wheat varieties from the MAGIC-WHEAT population 
WM-800 
 
Laura Schmidt1, Johnny Jacobs2, Kerstin A. Nagel3, Andreas Maurer1, Klaus Pillen1  
1 Chair of Plant Breeding, University Halle, Germany 
2 BASF BBCC Innovation Center Gent, 9052 Gent, Belgium 
3 IBG-2: Plant Sciences, Forschungszentrum Jülich GmbH, 52425 Jülich, Germany 
E-mail of corresponding author: laura.schmidt@landw.uni-halle.de 
 

The management of nitrogen (N) fertilization has strong environmental and economic impacts in modern agriculture. 

Therefore, the genetic dissection of nitrogen efficiency regulation offers the opportunity to contribute to climate 

protection. The MAGIC-EFFICIENCY project aims to investigate the genetic architecture of nitrogen efficiency in winter 

wheat using the multi-parental MAGIC population WM-800. The population was investigated in two high-throughput 

phenotyping platforms for root and shoot traits under two N treatments. Therefore, 1) main-QTL effects, detectable 

across both N treatments, 2) N-treatment-specific QTL effects, detectable only in one N-treatment could be defined. 

In an initial study, plants were phenotyped weekly in a pot experiment at BASF for 6 weeks after vernalization. Biomass-

, root- and sensor-related traits were scored. The second study, conducted at FZ Jülich, focused on the dependence of 

root system development of 2 weeks old seedlings on N availability. 

To break the limitations of bi-allelic SNP information in a multi-parental population and assign allelic effects to a 

particular founder we used a haplotype-based GWAS extended by singular SNPs that could not be assigned to a 

haploblock. 

The studies conducted at the locations of the project partners BASF and FZ Jülich revealed 42 and 74 QTL, respectively, 

of which numerous QTL acted N treatment specific. This finding suggests, that direct selection for N efficiency under 

N deficiency might be advantageous over passive selection under standard N availability. Besides the Rht genes Rht-

B1 and Rht-D1, candidate genes, playing a role in gibberellic acid-regulated growth, and nitrate transporter genes from 

the NPF gene family, like NRT 1.1, were linked to the detected QTL. 

Selected QTL with strong effect on traits under N deficiency are currently being investigated by long read RNA 

sequencing. This allows us to validate the QTL on the one hand and to characterize the causal root expression network 

on the other hand. It contributes significantly to the elucidation of which genes primarily or in a downstream signal 

chain regulate root system architecture under N deficiency and thus the efficient use of nitrogen in wheat. 

In future, these results will be complemented with drone-based phenotyping in a field trial and hyperspectral-imaging-

based grain nutrient analysis under contrasting nitrogen levels. 
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52. Sven Schrinner 
 

Genetic Polyploid Phasing from Low-Depth Progeny 
Samples: A Use Case in Potato 
 
Sven Schrinner1, Rebecca Serra Mari2, Richard Finkers3, Paul Arens4, Björn Usadel5,6,7,8, Tobias Marschall2, Gunnar W. Klau1,5 
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3 Gennovation B.V., Agro Business Park 10, 6708 PW, Wageningen, The Netherlands 
4 Plant Breeding, Wageningen University & Research, The Netherlands 
5 Cluster of Excellence on Plant Sciences (CEPLAS), Heinrich Heine University Düsseldorf, Germany 
6 Forschungszentrum Jülich, Institute of Bio and Geosciences, Bioinformatics (IBG-4), Germany 
7 Bioeconomy Science Center, c/o Forschungszentrum Jülich, Germany 
8 Biological Data Science, Heinrich Heine University Düsseldorf, Germany 
E-mail of corresponding author: sven.schrinner@hhu.de 
 

An important challenge in genome assembly is haplotype phasing, that is, to reconstruct the different 
haplotype sequences of an individual genome. Identifying which alleles co-occur on each of the haplotypes 
becomes considerably more difficult with increasing ploidy, which makes polyploid phasing a notoriously 
hard computational problem. We present a novel genetic phasing method for plant breeding with the aim 
to phase two high-depth parental samples with the help of a large number of low-depth progeny samples. 
The key ideas underlying our approach are to  

1. integrate the individually weak Mendelian progeny signals with a Bayesian log likelihood model 

2. cluster alleles according to their likelihood of co-occurrence 

3. assign them to haplotypes via an interval scheduling approach.  

We show on two deep-sequenced parental and 193 low-depth progeny potato samples that our approach 
computes high-quality sparse phasings for three regions on three different chromosomes. The sparse 
phasings contained between 20 and 40% of all heterozyguous variants of a sample. As validation for the error 
rates we used an additional PacBio Hifi dataset for one of the parent samples and searched for regions which 
could be resolved on a haplotype-level using the assembly tool HifiASM. The phasing quality remained stable 
when reducing the population size down to 60. 

To show its scalability to whole chromosomes, we additionally ran our algorithm WhatsHap Polyphase 
Genetic on the entire potato genome using at most 42 hours on a single core and 50GB of RAM per 
chromosome. Our algorithm is freely available as part of the widely-used, open-source WhatsHap phasing 
suite. 

In contrast to pure read-based phasing, genetic phasing does not depend on read lengths and overlaps, which 
are a typcial bottleneck for long-range stability of computed read-based phasings. We are currently working 
on combining a sparse genetic phasing with read-based methods. This will enable to preserve the long-range 
stability while completing many of the remaining gaps. 
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The evolutionary history of maize in Europe  
 
Kerstin Schulz and Markus G Stetter - Institute for Plant Sciences and Cluster of Excellence on Plant Sciences (CEPLAS), University 
of Cologne, Cologne, Germany 
E-mail of corresponding author: m.stetter@uni-koeln.de, kschul38@uni-koeln.de 

 
Maize is one of the most important crops in Europe today. However, the history of maize in Europe dates back only 
around 500 years. Despite this short history, local landraces evolved and modern maize is now being cultivated all over 
Europe. While the domestication of maize and the use of genetic resources have been the subject of intensive studies 
for decades, the evolution of individual European landraces and their relationship remain vastly unclear. The diversity 
of European maize landraces was shaped by the history of maize in the Americas, the consecutive introduction to 
Europe, and local adaptation to regional environments. It has been suggested that maize was introduced through two 
different routes to Europe, one Southern from the Caribbean to Southern Europe and one Northern route from North 
America to Central Europe. These introduced pools were the basis for landraces across Europe. Out of these the “flint” 
hybrid breeding pool has been developed, representing an essential component of modern hybrid breeding in Europe. 
The expansion of maize to Europe and the evolution of local landraces provides an excellent model to understand the 
genomic basis of rapid plant adaptation to new environments.  
Here, we study the population genetic signals of European maize using public genome-wide genetic markers from 

more than 900 individuals, representing 35 different landraces from across Europe, more than 100 elite lines from 

different modern breeding pools, and more than 900 double haploid (DH) lines de- rived from three of the European 

maize landraces.  

The reconstruction of population structure largely creates two major groups of European maize, representing the 

geographic distribution of the landraces. In addition, we identify multiple landraces that appear to be closest related 

to “dent” breeding material, suggesting a distinct introduction history of these landraces. A cluster analysis on pairwise 

genetic differentiation between landrace populations showed additional local clusters of shared ancestry, even over 

longer distances. The analysis of genetic diversity and common selection signals revealed locally distinct diversity at 

high levels and little shared selection signals between distant landrace populations. Our results confirm the unique 

histories and identities of local European landraces, even after an introduction as recent as 500 years.  

Given the short time and expected small population size during the introduction we expect adaptation from standing 

genetic variation. Therefore, we intent to identify the age of adaptive alleles that have been previously identified within 

European landraces and breeding pools. Our goal is to reconstruct the whole recombination history of maize using a 

novel algorithm based on ancestral recombination graphs. Understanding the evolutionary history of European maize 

can help identify beneficial alleles for modern breeding material and help future adaptation of maize to changing 

environments. 
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54. Christiane Seiler 
 

Root growth promoted by AHL of soil bacteria in a 
hydroponic system 
 
Christiane Seiler, Anna Marie Marthe, Andrea Matros and Gwendolin Wehner 

Julius Kühn Institute (JKI), Institute for Resistance Research and Stress Tolerance, Erwin-Baur-Str. 27, 06484 Quedlinburg, 
Germany 
E-mail of corresponding author: Christiane.seiler@julius-kuehn.de 
 

Interaction between plants and microbes is well known pointing to the host genome and its associated microbiome, 

while the detailed mechanisms of the interaction remain to be elucidated. Beneficial plant-associated microbes include 

predominantly rhizobacteria and fungi as well as viruses, actinomycetes, cyanobacteria, protozoa and archaea. 

Mechanistically, by quorum sensing of bacterial communities N-acyl homoserine lactone (AHL) is produced, which is 

known for inducing systemic resistance as well as promoting root growth in barley. Thus, microbiome-facilitated crop 

management strategies could help to enable sustainable and economical barley production under changing climate 

conditions.  

Knowledge about root system architecture traits could be useful to better understand possible relationships between 

root and microbes. Phenotyping technologies such as hydroponic systems combined to digital imaging approaches are 

available to screen the root system without destroying the plant and provide information of root length, density and 

branching. We aim to investigate the impact of microbial priming scenarios on root traits of barley to identify different 

responses of root growth under control and priming treatments that might be helpful to understand species- and 

genotype-specific priming mechanisms. 

In an established hydroponic growth system genotype-specific priming effects on root development were 

investigated. A subset of eight barley accessions was examined for root morphological traits after treatment 

with the chemical priming inducer oxo-C14-homoserine lactone (HSL). After four weeks, fresh and dry mass 

of leaves and roots were assessed. Images of the roots were evaluated by WinRHIZO™ software. Evaluated 

root morphology parameters include total root length, root volume, root diameter, number of root tips, 

number of root crossings, number of root forks and the root surface area. First results indicate a positive and 

significant (p<0.01) effect of AHL-priming on root mass and root volume, depending on the genotype. This 

was mainly related to longer and higher branched roots of primed plants with slight variation among the 

tested genotypes. Correlation analysis of the root morphology parameters with the response of the 

genotypes to pathogen and drought stress parameters under priming conditions will identify parameters 

with high effect on the resistance/tolerance. This information will help to better understand priming 

mechanisms enhancing plant resistance to biotic and abiotic stress. 
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55. Anne-Marie Stache 
 

Anise (Pimpinella anisum) – Introducing a new crop to 
Germany 
 
Anne-Marie Stache, Urs Hähnel and Frank Marthe 
Julius Kühn-Institut, Institute for Breeding Research on Horticultural Crops, Quedlinburg 
E-mail of corresponding author: anne-marie.stache@julius-kuehn.de 

 

Cereals like wheat, maize and barley are grown on more than 50% of the arable land in Germany. An increase 
of pathogens and resistance against pesticides are results of the narrow crop rotation. Additionally, 
restrictions regarding the use of fertilizers and pesticides, as well as the symptoms of the climate change like 
long heat and drought periods are driving forces to re-think cropping methods and strategies. Widening of 
the crop rotation by growing crops of different plant families, which are also adapted to the new climate 
conditions can be one important step to cope with these challenges. 

A rarely grown crop in Germany is anise (Pimpinella anisum), which belongs to the family of Apiaceae, like 
fennel (F. vulgare) and caraway (C. carvi). These crops are traditionally used as medicinal plants in Europe. 
Anise originates from the Mediterranean region and is adapted to drought, heat and marginal soils. The 
demand of anise exceeds the German anise production. Thus, most of the processed anise in Germany is 
imported from the Mediterranean region and East-Europe. But the climate change opens now the possibility 
to grow anise also in Germany.  

Since the German climate is quite different to the traditional growing regions of anise, suitable varieties have 
to be selected and an optimization of the cropping method is necessary to generate stable yields and high 
quality products.  

In 2021 and 2022, field trials were conducted to characterize anise accessions and populations and to 
investigate the influence of different seeding time points on the development of the plant and yield traits.  

Several anise accessions from the gene bank (IPK Gatersleben) as wells as populations from companies and 
farmers there characterized in a field trial at two locations (JKI Quedlinburg; University of Bonn, Campus 
Klein Altendorf). Additionally to the developmental traits like emergence, shooting, flowering and ripening, 
morphological traits like plant height and numbers of umbels were recorded. Since anise is a medicinal plant, 
the essential oil content is an important quality trait and was also determined by hydro-distillation.  

Due to the marginal experience with anise cropping in Germany, cropping methods have to be adapted to 
Germany and optimized. Another trial was conducted to determine how the time point of seeding influences 
the development, morphology and quality traits. Anise was sown from beginning of March until beginning 
of June. It could be seen that low temperatures in early spring but also drought in early summer slowed down 
the development. The seeding time had also a significant effect on the essential oil content. The results 
already gave a first hint that the seeding time point and the environmental conditions during the different 
developmental phases of anise have an influence on the yield and the quality. 
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56. Mila Tost 
 

Identification of genes under selection in the maize 
diversity panel 
 
Mila Tost1,2, Timothy Beissinger1,2  
1Department of Crop Science, University of Goettingen, Von-Siebold-Straße 8, 37075 Goettingen 
2Center for Integrated Breeding Research, University of Goettingen, Albrecht-Thaer-Weg 3, 37075 Goettingen 

E-mail of corresponding author: mila.tost@uni-goettingen.de 

 

Several different methods have been developed to detect signals of polygenic selection. Estimates of allelic effects 

derived from GWAS can be affected by population confounding effects, and when they are combined in polygenic 

scores, they are highly prone to cumulative bias due to their systematic nature. Furthermore, it has been observed 

that methods like principal component analysis do not properly account for population confounding effects. 𝐺 (Ghat), 

is a method to  identify selection on polygenic traits using raw sequence data. In Ghat, the allele frequency change 

between two generations of selection is calculated at each locus and multiplied with its observed marker effect. These 

values are then combined over all loci simultaneously to evaluate whether there is a trend for loci contributing 

collectively to a phenotype. Ghat estimates all marker-effects simultaneously which may be advantageous. To evaluate 

if the observed pattern of polygenic selection differs from that expected due to drift during evolution and population 

stratification, a linkage disequilibrium-aware permutation is implemented. 

In this study, we are applying Ghat in a maize diversity panel, which contains lines from different subpopulations and 

breeding programs located in different countries all over the world. The marker effects on gene expression were 

estimated. Ghat has been applied to evaluate whether expression level is a polygenic trait that has been under 

selection. Simultaneously, we are evaluating the impact of marker number and population stratification on the power 

of Ghat. 
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57. Conny Tränkner 
 

Two different mechanisms of remontant flowering in 
Hydrangea macrophylla 
 
Matthias Gundermann, Conny Tränkner 
Erfurt Research Centre for Horticultural Crops, Erfurt University of Applied Sciences, Kühnhäuser Straße 101, 99090 Erfurt, 
Germany  
E-mail of corresponding author: conny.traenkner@fh-erfurt.de 
 

The ornamental crop Hydrangea macrophylla is a perennial shrub, which undergoes floral induction in autumn and is 

blooming on apical tips of two-year-old shoots during spring and summer of the following year. Some cultivars are 

remontant. They are able to form flowers also on newly emerging, one-year-old shoots. This ability results in a 

permanent flowering phenotype, which makes remontant cultivars highly attractive for consumers. However, the 

physiological and molecular mechanisms of remontant flowering in H. macrophylla are largely unknown.  

To gain deeper understanding of the remontant flowering phenotype, floral induction experiments were performed 

under controlled light and temperature conditions. We found that the remontant cultivars ‘Mak20’ and ‘Diva fiore’ 

produced new flowers on apical tips of newly emerging shoots 12 weeks after flowering plants had completely been 

cut down to the rootstock. Due to the complete removal of all terminal and lateral meristems, which might have 

experienced floral induction before, we assume a “de novo” flower initiation during the forcing period resulting in 

remontant flowering. 

On the other hand, we observed in pruning experiments that lateral meristems of generative shoots of ‘Diva fiore’ also 

produced flowers. After removal of the apical flowers, new flowers were visible on tips of newly emerging lateral 

shoots 4 weeks after pruning with a decreasing gradient from top to down. The short 4-week forcing period after 

cutting makes a “de novo” floral initiation very unlikely. Furthermore, this type of remontant flowering was found only 

on generative shoots of ‘Diva fiore’, whereas vegetative shoots produced only vegetative lateral buds. In contrast to 

‘Diva fiore’, the remontant cultivar ‘Mak20’ did not show a significant number of flowers on newly emerging lateral 

shoots. Based on these observations, we assume a “total” flower initiation affecting apical and lateral meristems of 

‘Diva fiore’ and resulting in a remontant flowering phenotype after the apical dormancy is broken by removal of apical 

flowers. 

Neither “de novo” nor “total” flower initiation were found in the non-remontant cultivars ‘Libelle’ and ‘Early Blue’. 

Based on these results, we conclude that at least 2 mechanisms of remontant flowering exist in H. macrophylla. 
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58. Paula Vasquez-Teuber 
 

A new blackleg/phoma stem canker resistance gene in 
Black Mustard and progress towards introgression into 
rapeseed 
 
Vasquez-Teuber, P.1,2,3, Soyer, J.L.4, Balesdent, MH4, Rouxel, T. 4, Gaebelein, R2., and Mason, AS1. 
1 Department of Plant Breeding, University of Bonn, Katzenburgweg 5, D-53115 Bonn, Germany 
2 Department of Plant Breeding, Justus Liebig University, Heinrich-Buff-Ring 26-32, Giessen 35392, Germany 
3 Department of Plant Production, Faculty of Agronomy, University of Concepción, Av. Vicente Méndez 595, Chillán, Chile  
4 Université Paris-Saclay, INRAE, UR BIOGER, 78850 Thiverval-Grignon, France 
E-mail of corresponding author: paula.vasquez@uni-bonn.de 
 

Blackleg (Phoma, Leptosphaeria maculans) is one of the most important diseases affecting rapeseed 
(Brassica napus, 2n = AACC) production worldwide. Although a number of major blackleg resistance genes 
have been identified in B. napus, finding novel sources of resistance is critical in dealing with this rapidly 
evolving fungal pathogen. Black mustard (Brassica nigra, 2n = BB) is a highly resistant wild relative species 
for which at least one blackleg resistance gene has been described (Rlm10 on chromosome B4). However, 
this species has not been widely studied, and a public reference genome has only recently become available. 
We produced allohexaploid hybrids (2n = AABBCC) between B. napus and B. nigra followed by two 
generations of backcrossing to develop a BC2F1 population segregating for inheritance of specific B genome 
chromosomes. This population was phenotyped for blackleg resistance using a cotyledon test with blackleg 
isolate “JN2” (Avrlm5-6-7-8-10) and genotyped with B-genome chromosome-specific SSRs and design 
primers using B. nigra genome assembly. Resistance segregated with presence of chromosome B2 (p < 0.05), 
indicating a novel source of blackleg resistance in these lines. Future work will target identification or 
production of introgression lines and recovery of this genetic locus from the B genome in a rapeseed (2n = 
AACC) genomic background. Our work highlights the potential of B. nigra and the Brassica wild relatives as 
sources of novel biotic stress resistances. 
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59. Venkatasubbu Thirulogachandar 
 

Inflorescence and Spikelet Meristem  
Establishment and Maintenance in Barley 
 
Venkatasubbu Thirulogachandar and Maria von Korff Schmising   
Institute of Plant Genetics, Heinrich Heine University, Düsseldorf 
E-mail of corresponding author: Maria.Korff.Schmising@uni-duesseldorf.de 
 

Plant meristems are major determinants of plant architecture, diversification, acclimation to environmental 
stresses, and, more importantly, crop productivity. Barley yield (i.e., grain number) is determined by its 
inflorescence architecture, controlled by the establishment and maintenance of inflorescence and spikelet 
meristem (IM and SM). The barley inflorescence (also known as a spike) is indeterminate because it remains 
undifferentiated and reiteratively forms SM on its flanks. The duration of IM activity influences the number 
of SM on a spike, which governs the final grain number. Contrastingly, the barley SM is determinate and 
develops one floral meristem (FM) before it gets suppressed as a residual spikelet meristem (RSM). Though 
IM and SM are the yield determinants, the molecular control of (in)determinacy decisions and the 
development of different meristems coordinated is still elusive in barley.  

To address the knowledge gap, we use mutants affected in the IM and SM (in) determinacy and the duration 
of IM activity and unravel the molecular networks underpinning these processes. Intermedium-m (int-m) is 
a mutant in which the IM lost is indeterminacy and transforms into a spikelet (terminal spikelet). At the same 
time, its RSM gets reactivated and forms an FM apart from the canonical floret. In the mutants centroradialis 
(cen) and flowering locus T1 (ft1), the inflorescence develops a significantly low or high number of SM due 
to the reduced or prolonged IM activity, respectively. The phenotypic effects of all three mutants emphasize 
the transparent interconnection of molecular activity in IM and SM. We will elucidate the IM and SM/FM-
specific transcriptional reprogramming induced in these mutants by studying the tissue and cell-specific 
transcriptomes. Additionally, we plan to investigate how IM and SM-specific candidate genes control 
meristem development by developing knock-out and expression mutants of selected downstream genes of 
our candidates. We will complement the above study with our target genes' analyses of spatial expression 
(transcript/protein). Finally, we will validate the role of hormones in coordinating the IM and SM determinacy 
by quantifying hormone levels in specific tissues and analyzing the mutants crossed with hormone reporter 
lines.  

Ultimately, this study would generate profound knowledge on barley IM and SM/FM-specific stem cell 
systems that can be applied for crop improvements to meet future needs.  
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60. Susanne K. Vollmer 
 

Establishing genetic transformation and regeneration in 
the non-model crop grain amaranths   
 
Susanne K Vollmer1,2, Roswitha Lentz 2, Markus G Stetter2 and Götz Hensel 1  
1 Plant Biochemistry, Center for Plant Genome Engineering and CEPLAS, Heinrich-Heine-University Duesseldorf, Duesseldorf, 
Germany  

2 Institute for Plant Sciences and CEPLAS, University of Cologne, Cologne, Germany 
E-mail of corresponding author: suvol101@hhu.de 
 

Orphan crops have the potential to contribute to future food security, but key technologies need to be adapted to 

improve these crops. One promising yet minor and under-studied crop is grain amaranth. Amaranth is high in protein 

and with its gluten-free nature, well-suited for human nutrition. However, a lack of an efficient transformation system, 

genome editing, and in-vitro regeneration protocols restrict amaranth research and hinder its improvement. We 

evaluated three different genetic transformation and regeneration methods to establish a protocol for grain 

amaranths (Amaranthus hypochondriacus, A. cruentus, A. caudatus) and their wild ancestor A. hybridus. We compared 

traditional tissue culture, in planta transformation using injection ("de novo induction of meristems") and a liquid-

culture-based approach (Fast-TrACC). Tissue culture allowed successful genetic transformation of calli but required 

long regeneration times and was limited by low numbers of obtained shoots. The efficiency of embryo formation on 

calli strongly depended on explant and genotype. The wild species A. hybridus had the lowest embryo formation 

efficiency of 5.2 % from hypocotyl explants, while the highest efficiency was obtained for A. hypochondriacus (64.8 %) 

and A. cruentus (56.3 %). In cotyledon explants the embryo formation efficiency was significantly higher than in 

hypocotyl explants (up to 70 %) and less genotype dependent. Using the de novo induction of meristems approach, 

relying on WUSCHEL and Isopentyl transferase expression, transformation was successful in Nicotiana benthamiana 

but not yet in amaranth. No formation of transgenic shoots in grain amaranth despite testing of various parameter 

including Agrobacterium strain and optical density as well as plant age and accession, could indicate that this method 

using soil-grown plants might have limited applicability to grain amaranth species. Fast-TrACC is faster and less 

laborious than traditional tissue culture and might therefore combine the advantages of de novo induction of 

meristems and classical tissue culture. Preliminary experiments yielded transgenic de novo-induced N. benthamiana 

shoots using Fast-TraACC in less than six weeks after transformation. This was achieved without the application of plan 

hormones nor selection using herbicides. To optimize the protocol for grain amaranths germination time was reduced 

by one day compared to N. benthamiana, and volume of co-cultures medium nearly doubled. 

Our results show promising first steps to enable successful transformation and regeneration of grain amaranth to 

implement genome editing in this non-model crop. Our efforts showcase the challenges to transfer state-of-the-art 

molecular techniques that used to be reserved for model organisms in the past.  
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61. Stjepan Vukasovic 
 

Use of 15N-Tracers to dissect the effect of enhanced root 
systems on Nitrogen Use Efficiency of Wheat in different 
Drought Scenarios 
 
Stjepan Vukasovic1, Andreas Eckert1, Anna Langstroff1, Christian Borsch2, Anika Wagner2, Rod   
Snowdon1, Andreas Stahl1,3  

1 Department of Plant Breeding, Justus Liebig University, Giessen, Germany  
2 Institute of Nutritional Sciences, Justus-Liebig University, Giessen, Germany 
3 Institute for Resistance Research and Stress Tolerance, Julius Kühn Institute, Quedlinburg, Germany 
E-mail of corresponding author: stjepan.vukasovic@agrar.uni-giessen.de 
 

Nitrogen (N) is the most nutrient to achieve high grain yields and quality in wheat. However, a significant 
amount of N can escape from the cropping system either by leaching or volatile atmospheric emissions. At 
the same time, water and nutrient uptake are strongly influenced by increasing drought events. 
Consequently, breeding is called upon to develop more efficient varieties that achieve acceptable yields at 
limited nitrogen and water supply. In this regard, the root system as the primary organ for water and nutrient 
uptake is of particular importance.  A set of four winter wheat (Triticum aestivum ssp. aestivum L.) varieties 
comprising of one Chinese variety associated with an increased root dry mass as well as three German elite 
varieties were used to investigate the effect of an enhanced root system on nitrogen use efficiency (NUE) 
and water-use efficiency (WUE) of wheat in three irrigation regimes, using the DroughtSpotterXXL 
phenotyping platform. K15NO3

- was applied at anthesis in order to track N partitioning in subsequent growth 
stages. In each regime the amount of N derived from fertilizer (Ndff) reveals a significant (p < 0.05) higher 
uptake of KNO3

- in the root of the Chinese variety at 14 days after application. Further, the conducted 
investigation revealed that under well-watered conditions the Chinese variety has a significant (p < 0.05) 
higher NUE of the grain yield (NUEGW). Similar results can be found for NUE of the shoot weight (NUESW). 
Here, the Chinese variety as well as one German elite variety show significant higher NUESW. In addition to 
the analysis of NUE and Ndff this study investigates several growth parameters, such as NDVI, as well as 
water-use parameters. The mean daily transpiration revealed that, due to the earlier heading date, the 
Chinese variety reaches significantly (p < 0.05) higher transpiration rates under well-watered and drought 
conditions. The NDVI revealed that the Chinese variety induced the senescence significantly (p < 0.05) earlier 
and, thus, it had no significant higher cumulative transpiration rates than the German elite varieties until the 
harvest. In conclusion this study provided a detailed investigation of the complex interaction of N-uptake 
and N-translocation, water-uptake and the above ground growing behavior. Further, this study concludes 
that, the Chinese variety is able to mobilize fertilized N in higher rates and thus, improve NUE.  
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62. Christina Wäsch 
 

Influence of nutrient deficiency and genetic diversity on 

meiotic recombination and pollen size variation in rye 

(Secale cereale). 
 
Christina Waesch1*, Klaus Pillen1, Philipp Goetze1, Joerg Fuchs2, Susanne Dunker3,4, Steven Dreissig1 

1Martin-Luther-University Halle-Wittenberg, Institute of Agricultural and Nutritional Sciences, Halle (Saale), Germany; 
2Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Corrensstrasse 3, 06466 Gatersleben, Germany; 
3Helmholtz-Centre for Environmental Research–UFZ, Permoserstraße 15, Leipzig 04318, Germany; 
4German Centre for Integrative Biodiversity Research–iDiv, Deutscher Platz 5a, Leipzig04103, Germany 
*christina.waesch@landw.uni-halle.de 
 

Ensuring food security by meeting the challenges of climate change and the growing world population comes down to 

increasing global agricultural production. Therefore, plant breeding needs to become more efficient which is often 

aggravated by low recombination rates resulting in inaccessible parts of the genome for plant breeders. 

Increasing meiotic recombination could be a possibility to accelerate plant breeding and meet food security challenges. 

Meiotic recombination increases allelic diversity via crossover or gene conversion which is valuable for plant breeding 

for creating new varieties. Another important mechanism generating novel allelic combinations enabling adaptation 

to changing environments is cross-pollination. Past studies have shown that meiotic recombination and pollen size are 

depending on genetic and environmental factors, but the underlying genetic architecture remains elusive.  

The goal of our study is to investigate meiotic recombination and pollen size variation in a heterogeneous population 

under nutrient deficiency caused by long-term monoculture to understand the genetic architecture underlying these 

stress response interactions.  

For this purpose, we will use an outbreeding, wind-pollinating grass species (Secale cereale) which has been growing 

in monoculture, with and without fertilizers for 140-years in a historic field trial. We will investigate meiotic 

recombination rate variation by genotyping single pollen nuclei of individual plants. This method allows us to directly 

determine crossover events in haploid DNA samples derived from diploid heterozygous plants. In order to unravel the 

genetic architecture of recombination rate variation based on genetic divergence and in response to environmental 

factors, we will use GWAS to identify genes involved in that process. Further on, we will study the genetic architecture 

of pollen size variation by flow cytometry which will enable high-throughput measurements of thousands of pollen 

grains per plant.  

Our study will help to extend our knowledge of the molecular and evolutionary mechanisms of allelic diversity 

generated by recombination in plants. 
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63. Sven Weber 
 

Haplotype blocks for genomic selection in plant 

breeding: Is there a benefit? 

 
Sven Weber and Rod Snowdon 
Justus Liebig University Giessen, Department of Plant Breeding 
E-mail of corresponding author: Sven.E.Weber@agrar.uni-giessen.de 
 
In plant breeding, genomic selection is a key tool to select superior genotypes in large populations which are only 

partially phenotyped. The basis for genomic prediction models is a set of phenotyped plants along with their genotypic 

profile, commonly assessed using genetic markers like SNPs. With high marker density and linkage disequilibrium (LD) 

between markers, breeding populations tend to have a high redundancy in the genotypic data. For this reason, interest 

has arisen in the use of haplotype blocks to overcome redundancy by summarizing features that are co-inherited due 

to linkage disequilibrium (LD). Moreover, haplotype blocks may even be able to capture local epistatic patterns.  

A special issue in plant genetics and breeding is polyploidy. Subgenomes within allopolyploid crop species can be 

heavily influenced by homoeologous exchanges and smaller-scale genome structural variants. Hence, a marker with 

physical position on a reference genome might have a different position in breeding material. This can reduce the 

measureable LD of this marker with neighbouring QTL. Use of haplotype blocks that consider adjacent features can 

potentially reduce this source of error. 

Here, we tested haplotype blocks based on LD, physical distance, the number of adjacent markers and the three 

algorithms implemented in the software “Haploview” along a wide parameter space with regard to their predictive 

ability for agronomically important traits in four published datasets, namely: Rapeseed, maize, wheat and soybean. 

Prediction accuracy was assessed with three commonly used parametric genomic prediction models (Genomic Best 

Linear Unbiased Prediction [GBLUP], Extended GBLUP [EGBLUP] and Bayesian LASSO) and the semiparametric 

Reproducing Kernel Hilbert Space Regression (RKHS). We found that haplotype blocks improved the prediction 

accuracy in some traits compared to the SNP-based predictions, however the magnitude of the improvement varies 

from trait to trait and was often only marginal. In some cases, excessive parameter values yield a strong decrease in 

prediction accuracy. Furthermore, improvements in accuracy were strongly trait dependent. Hence, criteria used to 

define haplotype blocks should not be viewed as fixed biological parameters, but rather as hyperparameters that need 

to be adjusted for every scenario and dataset. 
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64. Philipp Wichmann 
 

Barley Response and Adaptation to Changing 
Environments – Identifying valuable wild barley alleles 
involved in drought stress response mechanisms 

 
Philip Wichmann1, Kerstin Neumann2, Klaus Pillen1, Andreas Maurer1 

1 Martin Luther University Halle Wittenberg, Institute of Agricultural and Nutritional Sciences, Halle (Saale) 
2 Leibniz-Institute of Plant Genetics and Crop Plant Research, Gatersleben 
philip.wichmann@landw.uni-halle.de 
 

Crop production is exposed to environmental stresses like water availability, extreme temperatures or 
nutrient shortage. Exacerbated by climate change, especially drought stress is of increasing concern for a 
sustainable crop production and more resilient plants are a possibility to face this problem. After maize, rice 
and wheat, barley is the fourth major cereal produced worldwide and belongs to the oldest domesticated 
crops. Through domestication and subsequent selection, the genetic diversity in most domesticated crop 
species was reduced and utilizing the high biodiversity in wild progenitors is a promising strategy to improve 
modern cultivars for future plant breeding. The wild x cultivated barley nested association mapping (NAM) 
population Halle Exotic Barley (HEB)-25 is highly divergent and contains genes and alleles which could 
improve plant fitness in respect to drought. The BRACE consortium (Barley Response and Adaptation to 
Changing Environments) aims to investigate genes and alleles mediating abiotic stress response mechanisms, 
resulting in more resilient barley plants. In BRACE, a set of 400 wild barley HEB lines (termed HEB-400) was 
selected which have been deeply characterized under field conditions in multiple environments and in 
additional studies under controlled atmosphere phenotyping platforms with the aim to identify wild barley 
alleles which improve resilience to drought. 
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65. Tom Sönke Winkler 
 

Improved Amaranthus hypochondriacus genome 
annotation enables color pathway gene identification 
 
Tom Sönke Winkler1 and Markus G. Stetter12 
1 Dept. of Plant Sciences, University of Cologne, Cologne, Germany 
2 Cluster of Excellence on Plant Sciences, University of Cologne, Cologne, Germany 
E-mail of corresponding author: m.stetter@uni-koeln.de 
 

The ancient pseudo-cereal amaranth represents an orphan crop that gained increased attention in recent 
years due to the high nutritional value of its seeds. In comparison to major crops like maize, wheat and rice, 
amaranth shows an incomplete domestication phenotype, with undesirable traits like seed shattering and 
asynchronous flowering still present in domesticated amaranth. To understand the lack of domestication 
traits and for the employment of molecular and quantitative genetic breeding techniques, a high-quality 
reference genome and annotation are essential.  

In this work, we improved the current reference genome sequence of grain amaranth and generate a highly 
complete genome annotation including splicing variation through long-read isoform sequencing. We employ 
our annotation for the identification of color pathway genes and map novel candidate genes for betalain 
regulation.  

We improved the current reference genome by polishing the assembly using 100x coverage Illumina whole-
genome sequencing reads. Further analysis identified about 57 % of the genome as repetitive sequence. In 
order to generate a complete genome annotation, we performed gene prediction using short-read RNAseq 
data from eight tissue samples and a protein database comprised of 3.5 million sequences from 118 
Viridiplantae species. We additionally employed PacBio isoform sequencing on seven different tissues to 
generate 5.3 million long-read full-length transcript sequences. We combined the computational prediction 
with the full-length transcript sequences for the final annotation comprised of 23,817 genes and 28,074 
isoforms. Our annotation strongly improved the completeness compared to the current genome annotation; 
from 80.9% to 98.0% in complete BUSCO genes.  Additionally, we provide alternative splicing information for 
3,484 genes. We show the power of our new genome annotation to identify candidate genes for functional 
traits. We first identified the genes of the betalain and flavonoid biosynthetic pathways, two major color 
pathways in plants. Then we performed a bulked segregant analysis for flower color in a bi-parental 
population. We identified enzymes of the betalain pathway and a previously unannotated transcription 
factor gene as candidates for color variation.  

Our novel, improved genome annotation will be a valuable resource for future research and breeding efforts. 
We showed how the reference genome can be used to understand the genetic basis of flower color, 
exemplifying how it could be used to study domestication and agronomic traits to accelerate the 
improvement of the crop.   
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66. Gözde Yildiz 
 

Benchmarking Oxford Nanopore-based structural variant 
detection in crop plants 

 
Gözde Yildiz, and Agnieszka A. Golicz    
Justus Liebig University Gießen, IFZ Research Centre for Biosystems, Land Use and Nutrition, Department of Plant Breeding, 
Heinrich-Buff-Ring 26-32, 35392 Gießen, Germany 
E-mail of corresponding author: Agnieszka.Golicz@agrar.uni-giessen.de 
 

Structural variations (SVs) are larger polymorphisms (>50 bp) compared with single nucleotide polymorphisms (SNPs) 

and small insertions and deletions (INDELs). SVs can have a significant impact on crop traits.  For example, they were 

shown to have a strong effect on transcriptional regulation and gene expression.  

Over the last few years, many SV discovery tools have been used to detect novel variants in crop genomes and assess 

the impact of these genetic variations on agronomical traits and critical biological processes. However, many plant 

genomes are highly complex due to polyploidy and/or large genome size posing additional challenges for high-quality 

SV detection. Studies focusing on crop plant SVs will therefore benefit from comprehensive benchmarking of existing 

SV-discovery tools focusing specifically on crops.  

This project’s goal is to compare multiple read aligners and SV callers to identify the best combination(s) of currently 

available tools for the analysis of Oxford Nanopore (ONT) sequencing data. Simulated datasets were generated from 

Brassica napus (oilseed rape) and Solanum lycopersicum (tomato), and two publicly available datasets, from Brassica 

napus and Solanum lycopersicum were used. To test the effect of sequencing depth on SV discovery, the datasets were 

sub-sampled to 5x, 10x, and 20x coverage. SVs discovered from simulated ONT reads and their truth sets were 

compared for each combination of coverage depth, aligner, and SV caller to detect the accuracy of SVs (precision, 

recall, and F1-scores). This comprehensive benchmark included 5 SV callers (Sniffles v1, v2, NanoVar, SVIM, cuteSV, 

and dysgu) with 4 different alignment programs (minimap2, lra, NGMLR, and Vulcan). In total, 72 different 

combinations were obtained for each dataset.  

Our benchmarks provide a useful guide for researchers designing Oxford Nanopore re-sequencing projects and those 

designing SV discovery pipelines. 

  

mailto:Agnieszka.Golicz@agrar.uni-giessen.de


GPZ main conference 2022, 12. – 14. September 
 

 
113 

 

 

 

67. Silvia F. Zanini 
 

Mapping of the cis-regulatory architecture of Brassica 
napus genome 

 
Silvia F. Zanini and Agnieszka A. Golicz   
Department of Plant Breeding, IFZ Research Centre for Biosystems, Land Use and Nutrition, Justus Liebig University Giessen, 
35392, Giessen, Germany  
E-mail of corresponding author: Agnieszka.Golicz@agrar.uni-giessen.de 
 

From the landmark publication of the Arabidosis thaliana genome at the beginning of the 21st Century, over 
700 plant genome assemblies have now been generated. Following this surge in data availability, protein-
coding sequences have been the subjects of extensive research and have been shown to affect several crop 
traits including yield and biotic and abiotic stresses resistance. Interestingly, a substantial portion of the 
genome is composed of non-coding regions, which remain largely unexplored due to the increased 
difficulties in identifying and annotating cis-regulatory elements (CREs) compared to protein-coding genes. 
To date, several studies in both model and agronomically relevant plants confirmed that intra-species genetic 
variations occurring in known promoter, enhancer or silencer regions can result in subtle phenotypic effects 
and are often tissue specific. 

The highly dynamic genome of the allotetraploid rapeseed (Brassica napus, AACC, 2n = 38) is an ideal model 
to identify and elucidate the role of these regulatory regions and their variations on crops’ traits. A key step 
towards this goal is a comprehensive identification of CREs and their roles in controlling gene expression. For 
this purpose, five different tissues / developmental stages of German winter oilseed rape accession ‘Express 
617’ were selected for this study: leaves, roots, seedlings, floral buds and siliques. Chromatin accessibility, 
closely correlated with CREs presence, was assessed using the ATAC-seq method which utilizes a hyperactive 
transposase to fragment and tag open chromatin regions for subsequent sequencing. Concomitant mRNA 
sequencing allowed for a direct validation of gene expression modulation, supporting the predicted 
regulatory function of the identified sequences. 

Preliminary results confirm the significant overlap of open chromatin regions and known cis-regulatory 
elements, while also identifying several novel tissue/stage-specific enhancers and silencers.  

These data, combined with chromatin structure and chromatin interaction assessments, will result in a 
comprehensive annotation of cis-regulatory elements and affected genes, furthering our understanding of 
their contribution to crop evolution and performances. 
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68. Ta-Fang Lin 
 

Inheritance of heat stress induced phenotypes in 
generative reproduction 
 
Ta-Fang Lin1 and Stefan Ehrentraut1 
1 Erfurt Research Centre for Horticultural Crops, Erfurt University of Applied Sciences, Kühnhäuser Str. 101, 99090 Erfurt 
E-mail of corresponding author: stefan.ehrentraut@fh-erfurt.de 
 

The propagation of horticultural crops demonstrated that not only genetically determined characteristics, 
for example by classical mutations, can be fixed to the genome and then transferred from one generation to 
the next, but also changes of epigenetic characteristics can be inherited. This project aims to identify (1) 
differentially inherited phenotypic changes which resulted from abiotic stress, and (2) the corresponding 
epigenetic modifications related to the observed phenotypes. 

The abiotic stress (Heat) was chosen for the experiment and was subjected to four genotypes of Petunia by: 
heat-stressing two rounds, each for one week at 40°C, and with an intermediated recovery period of two 
month. Initially, we observed delayed development of inflorescence on vegetatively propagated Petunia 
exserta after heat-stressing. This raises our interests on how those heat-stress phenotypes are inherited via 
generative reproduction. To test this, we performed reciprocal crosses, where pollen from heat-stressed (HS) 
plants were crossed to carpel from control (C) plants, and vice versa. Markedly, phenotypes identified from 
F1 of HS-pollen × HS-carpel were also significantly observable in F1 of HS-pollen × C-carpel, whilst F1 of C-
pollen × HS-carpel displayed the phenotype frequencies similar to F1 of C-pollen × C-carpel. This indicates a 
pollen-associated inheritance of heat-stress induced phenotypes in reproductive propagation. It further 
raises the speculation, whether the transgenerational inheritance of epigenetic profile changes, at least by 
heat-stress, can be sufficiently induced by stress-treating the pollen donor plants only. 

Keywords: Abiotic stress, Generative reproduction, Epigenetic reprogramming 
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69. David Wamhoff 
 

Genome-wide association study and marker development 
for adventitious root formation in rose. 
 
David Wamhoff1, Dietmar Schulz2, Thomas Debener2 and Traud Winkelmann1 
1 Institute of Horticultural Production Systems, Section Woody Plant and Propagation Physiology, Leibniz Universität Hannover, 
Herrenhäuser Str. 2, D-30419, Hannover, Germany 
2 Institute of Plant Genetics, Section Molecular Plant Breeding, Leibniz Universität Hannover, Herrenhäuser Str. 2, D-30419, 
Hannover, Germany 
E-mail of corresponding author: wamhoff@baum.uni-hannover.de 
 

Most garden and cut roses are propagated true to type via elaborate grafting. Due to rising labor costs and 
shortage of skilled personnel, it will become more and more difficult for breeders and producers to 
propagate roses by grafting in the future. Therefore, the propagation of roses on own roots via cuttings or 
micropropagation is of increasing interest. However, distinct genotypic differences in wound-induced 
adventitious root (AR) formation of the highly heterozygous, mostly tetraploid modern roses are challenging. 

Cuttings of 96 garden and 96 cut roses were rooted in vivo in a hydroponic system for six weeks. Different 
AR formation related traits were phenotyped. Genotypic data were generated for all 192 genotypes via the 

rose Axiom® SNP array. Genome wide association studies (GWAS) revealed several interesting genomic 
regions with association to AR formation traits. In these regions, SNPs were identified, some of which were 
even located in or close to genes that had already been described to be involved in the complex process of 
AR formation – namely e.g., YUCCA gene family, CYCA1 (CYCLIN A1), AUX (AUXIN1), or GH3 (GRETCHEN 
HAGEN3). Several SNPs were located in a gene encoding a phosphoinositide phosphatase showed a 
significant relationship between allele dosages and phenotypic trait values. Therefore, we developed a 
“Kompetitive Allele Specific PCR” (KASP) marker for a SNP in this gene. For the tested genotypes the KASP 
marker showed a clear discrimination for all possible homozygous and heterozygous groups. In two 
additional independent sets of more than 500 genotypes the new KASP marker discriminated clearly 
between the five possible allele dosage groups.  

In further studies, selected genotypes that are homozygous (nulliplex or quadruplex) for the SNP will be 
phenotyped for AR formation related traits. If also for these genotypes an association between AR formation 
traits and KASP´s allele dosage can be verified, the marker might be used to improve AR formation in rose 
within breeding programs. This might be possible due to pre-selection of parental genotypes for crossing 
and/or selection of progenies without laborious phenotypic characterization.  
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70. Tanja Zahn 
 

Exotic alleles of EARLY FLOWERING 3 determine plant 
development and grain yield in barley  
 
Tanja Zahn1, Zihao Zhu2, Niklas Ritoff1, Jonathan Krapf1, Astrid Junker3, Thomas Altmann3, Thomas Schmutzer1, Christian Tüting4, 
Panagiotis L. Kastritis4,5,6, Steve Babben2, Marcel Quint2,7, Klaus Pillen1, Andreas Maurer1 

1 Institute of Agricultural and Nutritional Sciences, Chair of Plant Breeding, Martin Luther University Halle-Wittenberg, Betty-
Heimann-Str. 3, 06120, Halle (Saale), Germany  
2 Institute of Agricultural and Nutritional Sciences, Martin Luther University Halle-Wittenberg, Betty-Heimann-Str. 5, 06120, Halle 
(Saale), Germany 
3 Department of Molecular Genetics, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK) Gatersleben, Stadt 
Seeland, Germany 
4 Interdisciplinary Research Center HALOmem, Charles Tanford Protein Center, Martin Luther University Halle-Wittenberg, Kurt-
Mothes-Str. 3a, 06120, Halle (Saale), Germany 
5 Institute of Biochemistry and Biotechnology, Martin Luther University Halle-Wittenberg, Kurt-Mothes-Str. 3, 06120, Halle 
(Saale), Germany 
6 Biozentrum, Martin Luther University Halle-Wittenberg, Weinbergweg 22, 06120, Halle (Saale), Germany 
7 German Centre for Integrative Biodiversity Research (iDiv), Halle-Jena-Leipzig, Germany 
E-mail of corresponding author: andreas.maurer@landw.uni-halle.de 
 

EARLY FLOWERING 3 (ELF3) is an important regulator of various physiological and developmental processes 
and hence may serve to improve plant adaptation which will be substantial for future plant breeding. To 
expand the limited knowledge on barley ELF3 in determining yield formation, we conducted field studies 
with heterogeneous inbred families (HIFs) derived from selected lines of the wild barley nested association 
mapping population HEB-25. During two growing seasons, phenotypes of nearly isogenic HIF sister lines, 
segregating for exotic and cultivated alleles at the ELF3 locus, were compared for ten developmental and 
yield-related traits. We show that HIF lines, carrying the exotic ELF3 allele, accelerated plant development 
and were able to increase yield-related traits compared to the cultivated ELF3 allele, depending on the 
genetic background. Remarkably, the most extreme phenotypic effects could be attributed to one exotic 
ELF3 allele, differing in only one SNP from the cultivated Barke ELF3 allele. This SNP causes an amino acid 
change, which predictively has an impact on the protein structure of ELF3, thereby possibly affecting phase 
separation behaviour and nano-compartment formation of ELF3 and, potentially, also affecting its local 
cellular interactions causing significant trait differences between HIF sister lines. 
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71. Helen Behn 
 

Bigger, better Brassica: does induced polyploidy increase 
yield?  
 
Helen Behn1, Fiona Corke2, Kevin Williams2, John Doonan2 and Annaliese S. Mason1   
1 Plant Breeding Department, University of Bonn, Katzenburgweg 5, 53115 Bonn, Germany 
2 National Plant Phenomics Centre, IBERS, Plas Gogerddan, Aberystwyth University, Aberystwyth, Ceredigion, SY23 3EB, United 

Kingdom 

E-mail of corresponding author: hbehn@uni-bonn.de 
 

Hybridization is a major process driving plant evolution and crop production, which involves changes in the 
degree of heterozygosity and occasionally ploidy level. However, how hybridization-induced genomic 
changes affect phenotypic traits has rarely been studied under controlled conditions, mainly due to the 
limited availability of parent genotypes that can be compared directly to their resulting interspecific hybrid 
progeny. 

Our research group has a large collection of experimental polyploids and hybrids in the agriculturally 
significant Brassica genus, where we aim to produce new crop types. We have produced synthetic 
allotetraploid and allohexaploid plants from known, homozygous cultivars of the parent species, which offer 
the opportunity to experimentally dissect whether phenotypic changes are due to changes in ploidy level or 
heterozygosity.  

In the present project allotetraploid (resynthesized B. napus) and allohexaploid hybrids (B. napus × B. 
carinata × B. juncea, NCJ) and their parental lines were grown in a plant phenomics facility to assess growth, 
development and fertility traits of the polyploid hybrids in comparison with their parents.  

The increase in ploidy level in resynthesized B. napus and the NCJ allohexaploids led to consistent changes 
in some growth and fertility traits compared to the parental averages. Maximum height was increased in 
resynthesized B. napus (+82%) as well as in 8/17 NCJ allohexaploid progeny sets (+28%) compared to the 
mid-parent mean. Fertility in terms of total plant pod weight was consistently reduced in synthetic B. napus 
(-14%) and 9/17 NCJ allohexaploid progeny sets (-50%). The appearance of first flowers, in contrast, was 
delayed in the allohexaploid progeny sets (13/17), whereas it remained unchanged in resynthesized B. napus. 

Hybridisation between inbred NCJ allohexaploid lineages led to less consistent and less pronounced changes, 
e.g. only 3/9 F1 allohexaploid progeny sets showed a growth enhancement (+19%). Interestingly, these 
changes seem to be dependent on genotype combination and effects of previous crossings.    

Our results contribute to the understanding of heterosis by attributing phenotypic differences between 
polyploid hybrids and their parents to changes in ploidy level or heterozygosity. The presented findings 
demonstrate improved growth heterosis in allohexaploid Brassica, and support the feasibility of establishing 
hybrid breeding approaches that act via inducing polyploidy.   
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72. Edgar Demesa-Arevalo 
 

Identifying meristem-type specific regulatory circuits in 
complex inflorescences of barley using transcriptomics at 
single cell resolution 
 
Demesa-Arevalo, E.1,3,4 Ní Chuaig, R.1 Vardanega, I.1 Lautwein, T.2 Köhrer, K.2 von Korff Schmising, M.3,4 Simon, R.1,4 

1. Institute for Developmental Genetics, Heinrich-Heine Universität, 40225 Düsseldorf, Germany.  
2. Biological and Medical Research Center (BMFZ), Genomics and Transcriptomics Laboratory (GTL), Medical Faculty, Heinrich-
Heine Universität, Düsseldorf 40225, Germany  
3. Institute for Plant Genetics, Heinrich-Heine Universität, 40225 Düsseldorf, Germany.  
4. Cluster of Excellence on Plant Sciences, Heinrich-Heine Universität, 40225 Düsseldorf, Germany 
E-mail of corresponding author: Edgar.Demesa-Arevalo@hhu.de; ruediger.simon@hhu.de  
 

Novel transcriptomics technologies with single-cell resolution, allow the study of lesser established model 
organisms. Such studies are particularly useful in monocot models such as barley and other temperate 
cereals. In these monocots, the inflorescences are, compared with those of Arabidopsis, considerably more 
complex and generated by several distinct meristems. These meristem types are the inflorescence meristem 
(IM), which is the shoot apical meristem (SAM) after floral induction, the triple spikelet meristem (TSM) 
generated at the flanks of the IM which further develops into the central spikelet meristem (CSM), and two 
lateral spikelet meristems (LSM). The spikelet meristems give rise to the floral meristem (FM), that generate 
all floral organs. However, our knowledge of the gene regulatory networks governing the developmental 
diversity between these meristem types and their developmental trajectories is very limited and mostly 
focused on a small set of genes that were analysed due to available mutant phenotypes.  

The growing spikes of monocots offer a gradient of developmental stages, with the potential to capture all 
meristem types and their intermediate developmental states (from IM to floret organs). Aiming to better 
understand these processes, we standardized protocols to isolate protoplasts from barley spikes compatible 
with two single-cell sequencing platforms based on microfluidics or micro-well plates. These experiments 
allowed us to sequence 6241 cells arrayed in 17 clusters containing genes known to regulating spike 
development. Due to the limited availability of marker genes to characterize specific tissues or cell identities 
in barley meristems, we used Molecular Cartography™ to visualize the gene expression patterns of our 
candidate genes and clusters at cellular resolution. This novel technology allowed us to simultaneously 
capture the expression profiles of 100 genes selected from our single cell transcriptomics datasets. Obtaining 
such detailed spatiotemporal dimension for our gene expression data provided us with important insights 
into the gene regulatory networks governing spike formation and helped us select potent candidate genes 
for further functional characterization. 
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73. Svenja Diehl 
 

Data, data and more data - data integration made easy 
 
Svenja Diehl1, Maximillian Mayer1, Matti Waack1, Rico Basekow 1 
1 Wintersteiger AG, Dimmelstraße 9 A 4910 Ried / Innkreis 
E-mail of corresponding author: Svenja.diehl@wintersteiger.de 
 

Success in plant breeding means eventually making the right choice. However, until then, there are many steps, with 

different people, machines, software and services involved, that must interact in a coordinated manner. 

A digital solution taking care of the integration of the different process steps and the resulting data is meanwhile a 

need to stay competitive. There are a few commercial breeding software solutions available. However, several 

breeding companies and research facilities have developed in-house solutions to make sure that their individual needs 

are fulfilled. The costs for maintenance are high and with the steadily growing lack of skilled workers, especially in the 

IT sector, it becomes a challenge to always keep proprietary systems up to date. Wintersteiger, known as a reliable 

partner for modern field trial technology, now also offers a software solution for breeding and field testing. As a 

manufacturer of seed drills and combine harvesters as well as provider of drone technologies and drone services we 

have placed particular emphasis on automatic integration of machine-based data into the Easy Breed software. Easy 

data exchange with e.g. GIS based planning tools, like MiniGIS or scoring apps, like the speech recognition software 

smatrix or the open source software Field Book makes sure that the entire cycle in breeding and field testing is 

supported. 

Breeding and testing material including seed inventory is managed by the software. Randomized, unrandomized or 

magazine seed trials can be directly generated in the software. Availability and quality of seeds is considered. Field 

designs can be placed on GIS based field plans, weighing and sowing lists are automatically compiled and transferred 

to the seed drill interfaces. The whole panel of traits with the definition of valid ranges and descriptions can be handled. 

Field books can be individually configured, directly transferred to scoring apps or handheld devices or printed out. 

Scoring data can then be automatically integrated without any manual copy paste steps. The same is true for data 

generated by harvesters, drones or any other machines. Eventually data is consolidated over trials, locations, years, 

traits and even genomic information. Data can be either directly visualized and analysed within the software or be 

easily transferred to external analysis procedures.  

Special about this software is that individual requirements, e.g., special designs, visualizations or analysis can be 

integrated by your in-house specialist. 

Therefore, Easy Breed is an optimal solution to minimize internal expenses for maintenance and further development, 

without losing the possibility to customize the software. 
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74. Ofere Francis Emeriewen 
 

The potential of wild species accessions in fire blight 
resistance breeding in Malus  
 
Ofere Francis Emeriewen, Thomas Wöhner, Henryk Flachowsky and Andreas Peil 
Julius Kühn Institute (JKI) – Federal Research Centre for Cultivated Plants, Institute for Breeding Research on Fruit Crops, 

Pillnitzer Platz 3a, 01326, Dresden, Germany 

E-mail of corresponding author: ofere.emeriewen@julius-kuehn.de 

 

The bacterium, Erwinia amylovora, causes fire blight, which is the most destructive bacterial disease affecting apples 

(Malus domestica Borkh). The pathogen overwinters in cankers and in spring with favourable temperatures and 

conditions, distributed by pollinating insects, hail and rainfall, it gains entry into the host primarily through the flowers. 

An entire orchard can be completely destroyed in a favourable season for the pathogen. Most of the popular apple 

cultivars available in the market are highly susceptible to fire blight and at least in Europe, the use of antibiotics, which 

could help mitigate the disease, is banned.  

Breeding to develop resistant cultivars is the silver bullet. However, the strongest resistance is found in wild Malus 

genotypes with mainly tiny and astringent fruits. For example, fire blight resistance loci/genes have been identified in 

Malus ×robusta 5 (Mr5), M. fusca MAL0045, M. ×arnoldiana MAL0004, M. floribunda 821 (Mf821) and the ornamental 

cultivar ‘Evereste’. Nevertheless, QTLs with less effects have been described in apple cultivars notably in the cultivar 

‘Fiesta’. For informed breeding decisions, the strain specificity of resistance/susceptibility in Malus must be taken into 

account especially as some of the strongest candidates have been overcome by highly aggressive strains of E. 

amylovora. The potential of the resistance gene loci FB_Mfu10 and FB_Mar12 of M. fusca MAL0045 and M. 

×arnoldiana MAL0004, respectively, in comparison to selected Malus resistances e.g. FB_MR5 of Mr5 and FBF7 of 

‘Fiesta’, will be presented.  
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75. Fei He 
 

Patterns of copy number variation vary between 
autopolyploid and allopolyploid Brassica 
 

Fei He, Elizabeth Ihien Katche, Zhenling Lv, Yuanyuan Zhang, Antje Schierholt, Shengyi Liu, Heiko C. Becker and Annaliese S. 
Mason 
 

Polyploidy often results in increased vigour and the ability to exploit different environmental niches. These advantages 

are thought to have played a major role in the prevalence of polyploids in nature, and also in the selection and 

evolution of polyploid crop plants. However, polyploid species also have to overcome major challenges of meiotic 

instability and infertility in order to establish successfully. Incorrect pairing between chromosomes belonging to 

different subgenomes in allopolyploids and multivalent associations between more than two chromosomes in 

autopolyploids are common in newly established or synthetic lines, resulting in chromosome rearrangements and 

aneuploidy.  

The Brassica genus, which includes many important crops such as oilseed rape, broccoli, cabbage, cauliflower, turnip 

and mustards, provides an excellent model with which to explore the process of polyploid formation. Rapeseed 

(Brassica napus, AACC) is an allotetraploid produced by interspecific hybridization between Brassica rapa (AA) and 

Brassica oleracea (CC); this event can also be recreated to produce resynthesized rapeseed lines (AACC). Artificial 

autopolyploidy (induced chromosome doubling) has also been used as a tool in turnip (B. rapa) breeding, resulting in 

autotetraploid lines (AAAA).  

In this study, we investigated patterns of copy number variation by sequencing 41 resynthesized B. napus lines and 20 

lines of autotetraploid B. rapa. Numbers and types of copy number variation (deleted, one missing copy, one additional 

copy etc.) were scored and compared between lines. Genome stability as assessed by number of copy number variants 

was highly genotype-dependent in both autopolyploids and synthetic allotetraploids. Overall, genome stability in the 

autotetraploid B. rapa was higher than in the resynthesized allotetraploid B. napus. Autotetraploid lines were more 

likely to show copy number variation affecting whole chromosomes, i.e. aneuploidy, whereas copy number variation 

in the resynthesized B. napus allotetraploids most commonly involved parts of chromosomes, i.e. non-homologous 

rearrangement events between the A and C subgenomes. Further investigation of these lines may reveal the 

mechanisms underlying differences between genotypes in genome stability.  
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76. Tobias Lanzl 
 

Contributions of gametic phase disequilibrium to the 
additive genetic variance in plant breeding populations 
 
Lanzl Tobias1, Melchinger Albrecht E12 and Schön Chris-Carolin1    
1 TUM School of Life Sciences, Technical University of Munich, Chair of Plant Breeding, 85354 Freising, Germany 
2 University of Hohenheim, Institute of Plant Breeding, Seed Science, and Population Genetics, 70593 Stuttgart, Germany 
E-mail of corresponding author: chris.schoen@tum.de 
 

The additive genetic variance is one of the main determinants for the response to selection. It can be decomposed into 

the sum of additive variances of the individual loci, which is commonly referred to as the genic variance, and twice the 

sum of the additive covariances between locus pairs. Gametic phase disequilibrium (GPD) has to be present for an 

additive covariance between locus pairs to be different from zero. GPD refers to a non-random association between 

alleles at two loci, independent of the location of the loci on the same or on different chromosomes.  

The contribution of GPD to the additive genetic variance can impact the genetic gain under recurrent selection. If it is 

negative, the selection response is lower than under gametic phase equilibrium (GPE). If it is positive, the gain in the 

first cycle of selection is higher than under GPE, but the decline in the additive genetic variance may be more rapid. 

This can be caused by recombination breaking up positive covariances between loci and directional selection inducing 

new negative covariances, which is commonly referred to as the “Bulmer effect”. Hence, it would be important for a 

breeder to know how GPD impacts the additive genetic variance before the start of selection. However, without 

knowledge about the genetic architecture of the trait it is difficult to make a statement about the contribution of GPD 

to the additive genetic variance. 

In the absence of dominance and epistasis and under the assumption that the additive effects of the alleles are 

centered around zero and independent of the allele frequencies the expectation for the contribution of GPD to the 

additive genetic variance is zero. Its variance, however, depends on the GPD in the population. This variance informs 

about the dispersion of the additive genetic variance around the genic variance.  

We used simulations based on genotypic data from published maize breeding experiments to determine the variance 

of the contribution of GPD to the additive genetic variance for different scenarios occurring in plant breeding. We show 

how the mating design determines the variance of the contribution of GPD and how much of this variance is 

contributed by locus pairs on the same and on different chromosomes. The composition of this variance determines 

its decrease with additional intermating steps. Our results can serve as guidelines for breeders while creating new 

breeding populations or introducing new material into an existing breeding program. 
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77. Nick Vangheluwe 
 

Breeding plants for tomorrow’s world: how to facilitate 
research uptake by the private plant breeding sector? 
 
Vangheluwe Nick 
Euroseeds, Avenue des Arts 52, 1000 Brussels 
E-mail of corresponding author: NickVangheluwe@euroseeds.eu  
 

Better, high-quality plant varieties are the starting point of all food production, but also the starting point for 
non-food renewable raw materials and energy. They play a pivotal role in supporting the sustainability of 
Europe’s farms and the entire agri-food value chain as the center for a bio-based economy. 

R&D activities should take place along the value and process chains from the field to the shop counter and, 
in addition to food, include also other bio-based products and forms of energy. To get from basic scientific 
research to a marketable product, the transition from public research institutes to the private sector is of 
fundamental importance. 

A central element in any pre-competitive publicly funded R&D project that aims to contribute to industrial 
competitiveness is research cooperation between companies and public research institutions. Strengthening 
the cooperation will be vital to achieve the objectives of future-proofing European agricultural productivity 
and safeguarding the environment. 

In my presentation, I will introduce you to Europe’s plant breeding sector and I will highlight the different 
possibilities to facilitate research uptake by the private plant breeding sector. This includes stakeholder 
engagement, public-private partnerships, and agri-food value chain involvement. 

Furthermore, I will present to you the main recommendations on how to improve communication between 
different actors related to plant breeding research, which are based on the results of the Horizon 2020 
CropBooster-P project in which Euroseeds was consortium partner of. 

Euroseeds is the voice of the European seed sector and represents the interests of those active in research, 
breeding, production, and marketing of seeds of agricultural, horticultural and ornamental plant species. 

Today, we represent several thousand seed businesses, as well as 67 direct company members, including 
from seed related industries. Euroseeds and its members have participated in several Horizon 2020 projects 
working together with different actors to co-develop solutions. 
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78. Michael Schneider 
 

Evolutionary Plant Breeding - footprints of conventional 
and organic farming adaptation in barley populations 

 
Michael Schneider1,2, Agim Ballvora1, Jens Léon1 

1 Affiliation of Author 1-3: INRES Plant Breeding University of Bonn 
2 Affiliation of Author 1: Quantitative genetics and genomics of plants, Heinrich-Heine-Universität Düsseldorf; 
Nutzpflanzenwissenschaften FiBL Schweiz, Abteilung Pflanzenzüchtung 
E-mail of the corresponding author: j.leon@uni-bonn.de / schnei05@hhu.de  
 

European agriculture is facing drastic transformations in the coming decades. Political regulations towards 
promoting biodiversity, ecosystem services, water pollution, or pesticide residuals in food make it more and 
more challenging for farmers to compete on a global market for conventionally produced food.  

Besides, climate change has an unforeseeable impact on the annual yield.  In combination with regulations, 
this can result in existential problems for farmers.  

To withdraw from this mainly price-driven competition, more and more farmers change to organic farming 
practices. The policymakers support this transition – until 2030, 25% of the crop area in the EU should be 
farmed following organic practice.  

To promote this transition, farmers need seed material that can reach high yields, even without applying 
mineral fertilizer or plant protection. These days, very few organically adapted varieties are available on the 
market. In fact, it is not clear if varieties specifically adapted for organic farming are required at all. To test 
this hypothesis, we evaluated the genetic constitution of a bulk population after 20 years of natural 
adaptation toward conventional and organic farming. This study utilizes progenies of the identical initial 
spring barley population. These were cropped in organic and conventional environments for 20 years. Local 
allele frequency patterns were estimated across several generations to determine the natural adaption of a 
barley population to these two divergent farming systems. Contrasting to the hypothesis, genotyping 
indicated substantial variations in the allele frequency patterns. Accompanied by reduced genetic diversity, 
the conventional population showed an early equilibrium after ten generations. Meta-analyses showed 
associations of allele frequency differences to root morphology, developmental processes, and abiotic stress 
responses induced by farming systems and weather effects. These findings indicate relevant variations in the 
genetic composition of conventionally and organically adapted germplasm. Concluding, this study highlights 
the benefits of breeding varieties, especially for organic farming. In a growing market, plant breeders who 
do not obey the demands and changes of the market could be faced with a substantial loss in market shares 
in the near future. 
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79. Sven Weber 
 

Haplotype blocks for genomic selection in plant 
breeding: Is there a benefit? 

 
Sven Weber and Rod Snowdon 
Justus Liebig University Giessen, Department of Plant Breeding 
E-mail of corresponding author: Sven.E.Weber@agrar.uni-giessen.de 
 
In plant breeding, genomic selection is a key tool to select superior genotypes in large populations which are only 

partially phenotyped. The basis for genomic prediction models is a set of phenotyped plants along with their genotypic 

profile, commonly assessed using genetic markers like SNPs. With high marker density and linkage disequilibrium (LD) 

between markers, breeding populations tend to have a high redundancy in the genotypic data. For this reason, interest 

has arisen in the use of haplotype blocks to overcome redundancy by summarizing features that are co-inherited due 

to linkage disequilibrium (LD). Moreover, haplotype blocks may even be able to capture local epistatic patterns.  

A special issue in plant genetics and breeding is polyploidy. Subgenomes within allopolyploid crop species can be 

heavily influenced by homoeologous exchanges and smaller-scale genome structural variants. Hence, a marker with 

physical position on a reference genome might have a different position in breeding material. This can reduce the 

measureable LD of this marker with neighbouring QTL. Use of haplotype blocks that consider adjacent features can 

potentially reduce this source of error. 

Here, we tested haplotype blocks based on LD, physical distance, the number of adjacent markers and the three 

algorithms implemented in the software “Haploview” along a wide parameter space with regard to their predictive 

ability for agronomically important traits in four published datasets, namely: Rapeseed, maize, wheat and soybean. 

Prediction accuracy was assessed with three commonly used parametric genomic prediction models (Genomic Best 

Linear Unbiased Prediction [GBLUP], Extended GBLUP [EGBLUP] and Bayesian LASSO) and the semiparametric 

Reproducing Kernel Hilbert Space Regression (RKHS). We found that haplotype blocks improved the prediction 

accuracy in some traits compared to the SNP-based predictions, however the magnitude of the improvement varies 

from trait to trait and was often only marginal. In some cases, excessive parameter values yield a strong decrease in 

prediction accuracy. Furthermore, improvements in accuracy were strongly trait dependent. Hence, criteria used to 

define haplotype blocks should not be viewed as fixed biological parameters, but rather as hyperparameters that need 

to be adjusted for every scenario and dataset. 
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80. Marius Weisweiler 
 

Structural variants in the barley gene pool: precision and 
sensitivity to detect them using short-read sequencing 
and their association with gene expression and 
phenotypic variation  
 
Marius Weisweiler1, Christopher Arlt1, Po-Ya Wu1, Delphine Van Inghelandt1, Thomas Hartwig2 , and Benjamin Stich1,3 
1 Institute for Quantitative Genetics and Genomics of Plants, Universitätsstraße 1, 40225 Düsseldorf, 
2 Institute for Molecular Physiology, Universitätsstraße 1, 40225 Düsseldorf, Germany 
3 Cluster of Excellence on Plant Sciences, From Complex Traits towards Synthetic Modules, Universitätsstraße 1, 40225 
Düsseldorf, Germany 
E-mail of corresponding author: benjamin.stich@hhu.de 
 

In human genetics, several studies have shown that phenotypic variation is more likely to be caused by structural 

variants (SV) than by single nucleotide variants (SNV). However, accurate while cost-efficient discovery of SV in 

complex genomes remains challenging. The objectives of our study were to (i) improve SV discovery by benchmarking 

SV callers and their combinations with respect to their sensitivity and precision to detect SV in the barley genome, (ii) 

characterize the occurrence and distribution of SV clusters in the genomes of 23 barley inbreds that are the parents of 

a resource for mapping quantitative traits, the double round robin population, (iii) quantify the association of SV 

clusters with transcript abundance, and (iv) evaluate the use of SV clusters for the prediction of phenotypic traits. In 

our computer simulations based on a sequencing coverage of 25x, a sensitivity > 70% and precision > 95% was observed 

for all combinations of SV types and SV length categories if the best combination of SV callers was used. We observed 

a significant (P < 0.05) association of gene-associated SV clusters with global gene-specific gene expression. 

Furthermore, about 9% of all SV clusters that were within 5kb of a gene were significantly (P < 0.05) associated with 

the gene expression of the corresponding gene. The prediction ability of SV clusters was higher compared to using data 

from single nucleotide polymorphism array across the seven studied phenotypic traits. These findings suggest the 

usefulness of exploiting SV information when fine mapping and cloning the causal genes underlying quantitative traits 

as well as the high potential of using SV clusters for the prediction of phenotypes in diverse germplasm sets. 

  

mailto:benjamin.stich@hhu.de


GPZ main conference 2022, 12. – 14. September 
 

 
127 

 

 

 

81. Tom Winkler 
 

Improved Amaranthus hypochondriacus genome 
annotation enables color pathway gene identification 
 
Tom Sönke Winkler1 and Markus G. Stetter12 
1 Dept. of Plant Sciences, University of Cologne, Cologne, Germany 
2 Cluster of Excellence on Plant Sciences, University of Cologne, Cologne, Germany 
E-mail of corresponding author: m.stetter@uni-koeln.de 
 

The ancient pseudo-cereal amaranth represents an orphan crop that gained increased attention in recent 
years due to the high nutritional value of its seeds. In comparison to major crops like maize, wheat and rice, 
amaranth shows an incomplete domestication phenotype, with undesirable traits like seed shattering and 
asynchronous flowering still present in domesticated amaranth. To understand the lack of domestication 
traits and for the employment of molecular and quantitative genetic breeding techniques, a high-quality 
reference genome and annotation are essential.  

In this work, we improved the current reference genome sequence of grain amaranth and generate a highly 
complete genome annotation including splicing variation through long-read isoform sequencing. We employ 
our annotation for the identification of color pathway genes and map novel candidate genes for betalain 
regulation.  

We improved the current reference genome by polishing the assembly using 100x coverage Illumina whole-
genome sequencing reads. Further analysis identified about 57 % of the genome as repetitive sequence. In 
order to generate a complete genome annotation, we performed gene prediction using short-read RNAseq 
data from eight tissue samples and a protein database comprised of 3.5 million sequences from 118 
Viridiplantae species. We additionally employed PacBio isoform sequencing on seven different tissues to 
generate 5.3 million long-read full-length transcript sequences. We combined the computational prediction 
with the full-length transcript sequences for the final annotation comprised of 23,817 genes and 28,074 
isoforms. Our annotation strongly improved the completeness compared to the current genome annotation; 
from 80.9% to 98.0% in complete BUSCO genes.  Additionally, we provide alternative splicing information for 
3,484 genes. We show the power of our new genome annotation to identify candidate genes for functional 
traits. We first identified the genes of the betalain and flavonoid biosynthetic pathways, two major color 
pathways in plants. Then we performed a bulked segregant analysis for flower color in a bi-parental 
population. We identified enzymes of the betalain pathway and a previously unannotated transcription 
factor gene as candidates for color variation.  

Our novel, improved genome annotation will be a valuable resource for future research and breeding efforts. 
We showed how the reference genome can be used to understand the genetic basis of flower color, 
exemplifying how it could be used to study domestication and agronomic traits to accelerate the 
improvement of the crop.  
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82. Alex Windhorst 
 

A GWAS based comparison of frost tolerance and late-
frost tolerance in winter faba bean (Vici faba L.) 
 
Alex Windhorst, Wolfgang Link 
Division of Plant Breeding Methodology, Department of Crop Sciences, University of Göttingen 
alex.windhorst@uni-goettingen.de 
 

For autumn sown winter faba beans, limited winter hardiness is a major constrain that currently prevents 
their large-scale cultivation in central and northern Europe. Especially, the tolerance against frost and late-
frost, the latter occurring in spring, gain more importance as aspects of winter hardiness facing the 
unpredictable temperature fluctuations of climate change. These traits are thus important breeding goals in 
winter faba bean breeding. 

Therefore, our study aims to identify candidate markers for frost tolerance and late-frost tolerance QTL with 
a genome-wide association study-based approach. We used the phenotypic data of a 188 winter faba bean 
inbred line panel (Association-Set) that shows broad variation for these traits. The Association-Set was 
extensively phenotyped in a series of controlled climate chamber experiments for frost tolerance and late-
frost tolerance, respectively. For both traits three sub-traits were assessed representing the direct damage 
and the subsequent effects of frost stress. For the Association-Set a total of 21,624 high-quality SNP markers 
were used in the analysis. At the current stage of the study, we have performed the genome-wide association 
study for frost tolerance (late-frost tolerance is pending). We identified in total 17 significant marker-trait-
associations in three sub-traits explaining about 16.17, 35.87, and 39.34 % of the total phenotypic variance, 
respectively. 

As next step we will perform the genome-wide association study for late-frost tolerance. The significant 
associated markers of both frost tolerance and late-frost tolerance will be compared to explore the genetic 
architecture of these two aspects of winter survival. A combination of LD-based and physical position-based 
analysis will be conducted to investigate whether the significant marker address the same putative QTL in 
the respective sub-traits. Inclusion of physical positions is as of late possible since we have access to newly 
available V. faba reference genome data. The main application of our findings will be marker-assisted 
breeding for improved winter hardiness of winter faba beans. 
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83. Nurealam Siddiqui 
 

A syntenic loci underpin nitrate transport and root 
system architecture in wheat and barley 
 
Md Nurealam Siddiqui*, Jens Léon and Agim Ballvora  
Institute of Crop Science and Resource Conservation (INRES)-Plant Breeding, University of Bonn, Katzenburgweg 5, D-53115 Bonn, 

Germany 

Corresponding author: s7mdsidd@uni-bonn.de 
 

Breeding crop plants with higher nitrogen (N) use efficiency (NUE) is critically important for minimizing the nutrient 
losses as well as reducing the costs related to excessive fertilizer inputs. For this, a beneficial root system architecture 
is crucial for the efficient N-uptake and transport, but the genetic and molecular mechanisms of these processes are 
poorly explored in wheat and barley, so far. Here, we phenotyped 15 root morphological and 16 anatomical traits in 
diverse winter wheat and spring barley association panels under contrasting N input levels in field and controlled 
conditions. Our efforts aimed to dissect root system attributes for unravelling natural genotypic diversity and to 
identify adaptive loci. We found that all morphological and nodal root anatomical traits provided substantial genotypic 
variation. GWAS implicated significant maker-trait associations for both root morphological and anatomical attributes 
in response to N availability. This lead to the identification of a syntenic gene NPF2.12 in wheat and barley genome 
associated with nitrate transport and root length and volume. Sequence based analysis identified natural allelic 
variation of NPF2.12 that established a haplotypes differences. The natural variants of NPF2.12 in wheat and barley 
showed an increasing trend of root growth under low nitrate conditions. Interestingly, the npf2.12 wheat mutant 
carrying premature termination codon also resulted higher root growth, nitrate content in root and shoot under low 
nitrate concentration compare to its wild-type. The wheat cultivars carrying allele NPF2.12TT had significantly increased 
N-uptake, higher N contents in shoot and grains and higher NUE. Taken together, our study provides evidence for a 
conserved regulator of nitrate transport in wheat and barley that could be exploited to improve root growth and NUE 
under low N availability.  
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