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REGENT INSTRUMENTS INC. 

 

Since 1991, our company has been committed to deliver high performance image analysis 

systems with advanced technology for researchers and specialists who study trees and 

plants.  

 

Each system performs precise measurements and analyses of a specific part of plant (e.g. 

roots, leaves, seeds, tree rings or wood cells) or a specific application (e.g. Arabidopsis 

seedlings or forest canopy). A system includes a dedicated software program and a high 

quality scanner or digital camera that can produce well contrasted images. Analyses are 

done easily by the software due to its specialized built-in knowledge. For instance, root 

overlap at forks and tips are taken into account to provide accurate measurement of root 

length and area by WinRHIZO™. 

 

Software programs come in different versions to meet users’ needs. With clients in over 

93 countries, our software programs are improved and updated regularly to comply with 

different needs and new trends in plant science all over the world. Lower versions can be 

upgraded anytime. Software suites are offered in Regular and Pro versions.  

 

Scanners are calibrated permanently using extremely precise standards. The calibration is 

automatically used by our software to produce accurate measurements and analyses. An 

additional lighting system eliminates shadows around thick samples such as needles, seeds 

and roots. Some systems come with accessories such as root positioning system or core 

holder positioning system that make scanning faster and easier for washed roots and wood 

cores, respectively. 

 

Installation requires a PC computer with operating system Windows Vista, Windows 7, 

Windows 8 or Windows 10. 

 

www.regentinstruments.com for more details on plant morphological measurements, 

and tree-ring and forest canopy analysis. Various applications using color analysis, such as 

insect and disease damage quantification, are also presented. 

sales@regentinstruments.com for questions and orders. 
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Dear Friends! Dear Colleagues! 

 

Welcome to the 4th International Conference “Plant Genetics & Breeding Technologies”! 

 

Welcome to Vienna!  

 

Modern Plant Genetics and Breeding are important factors for ensuring food security by developing new 

varieties that are higher-yielding, resistant to pests and diseases, drought-resistant or regionally 

adapted to different environments and growing conditions. Advances in Genetics and Genomics, 

Genome Editing and Engineering, Molecular biology, DNA sequencing and Information Technologies 

have transformed our ability to track genetic variation and plant performance, making the process of 

plant breeding radically faster and cheaper than ever before. New, innovative and robust technologies 

are emerging faster than ever before making plant breeding a high tech discipline. 

 

The 4th International Conference “Plant Genetics & Breeding Technologies” will bring together 

academy and industry to highlight and evaluate modern Plant Genetics and Breeding Tools and 

Technologies, define perspectives and establish strong bridge between academy and industry and 

multilateral collaborations. 

 

The main aim of the 4th International Conference “Plant Genetics & Breeding Technologies” is to 

provide leading academy and industry scientists a platform to communicate recent advances in “Plant 

Genetics & Breeding Technologies”, and an opportunity to establish multilateral collaboration. 

 

The program of the event combines plenary lectures, poster sessions, a unique Conference Dinner Party 

and sightseeing tours of Vienna. 

 

Vienna is located in the heart of Europe on the banks of the Danube River, and considered as one of the 

most important economic, cultural and touristic large cities of central Europe. Apart from providing top 

science, the Conference will capture the spirit of the city thanks to the central location of the venue 

offering a multitude of cultural events.  

 

Prof. Roberto Tuberosa (University in Bologna, Italy, Conference Co-Chair) 

Prof. Alisher Touraev (VISCEA, Austria, Local Organizer) 
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A-1020 Wien, Rustenschacher Allee 10 

Tel: 0043 (1) 728 00 52   Fax: 0043 (1) 728 69 16   E-Mail: office@rieger-iv.at 

www.rieger-iv.at 

Company profile: 

Since 1980 we represent exclusively in Austria well-known foreign manufacturers of high-

tech laboratory equipment – for use in medicine, in natural science laboratories and in 

industrial production plants. Therefore, we focus on offering you always the highest quality 

and most innovative devices. 

Plant growth cabinets and walk-in plant growth chambers from ARALAB, one of the leading 

manufacturers of climate cabinets. 

Anaerobic, micro-aerophilic and hypoxic workbenches from Baker-RUSKINN for research 

and cell interactions under perfect environmental conditions. 

Powerful and efficient freeze dryers for laboratory and production from MARTIN CHRIST. 

Laboratory shakers, shaking machines and incubator shakers optimized for cell culture, with 

temperature, humidity, CO2, online measurements, oxygen and pH in the sample, from 

KÜHNER. 

Deep-freeze technology for highest demands for the storage of your samples at lowest 

temperatures. Duo-Safe-freezers and freezers with free-piston-stirling cooling machine 

without compressors and liquid nitrogen freezers with patented liquid nitrogen cooling 

jackets. 

Our all-round service includes competent advice, detailed training, joint start up of the 

devices, customer-oriented maintenance contracts, professional test certificates and much 

more. 

Franz Rieger: „We have built up confidence over 30 years! All of our customers know: it 

works!” 

Convince yourself of our long-time competence in the field of laboratory equipment and 

laboratory facilities for research, pharmacy and industry and inform yourself about our 

complete product range. 

Website for more details: www.rieger-iv.at 

 

mailto:office@rieger-iv.at
http://www.rieger-iv.at/
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SCIENTIFIC PROGRAMME 

July 12 (Thursday) 

08.00 - 17.00 Registration and Poster Mounting 

09.00 - 09.20 Opening  
Welcome address by Alisher Touraev (Local Chair, VISCEA, Austria) 
Welcome address by Roberto Tuberosa (Co-Chair, University of Bologna, Italy) 

09.30 - 10.20 (+10)  Chair of Key Note Lecture:   Roberto Tuberosa (Italy) 
Keynote Lecture:   
Wolfram Weckwerth (Austria): Green Systems Biology - Panomics Meets 
Germplasm 

10.30 - 11.00  Coffee break + Poster Mounting 

11.00 - 12.30 Session I: Plant Genetic Resources & Natural Diversity 

Chairs Roberto Papa (Italy) and Ben Vosman (The Netherlands) 

11.00 - 11.20 (+5) Ben Vosman (The Netherlands):   Enrichment of Crop Genepools with Wild 
Relative and Landrace Diversity  

11.25 - 11.45 (+5) Roberto Papa (Italy): Bean Adapt: the Genomics of Adaptation During Crop 
Expansion of Common Bean 

11.50 - 12.05 (+5) Deedi Sogbohossou (The Netherlands):  Genetic Variation in Morphology and 
Nutrient Content in the Orphan Crop Gynandropsis Gynandra 

12.10 - 12.25 (+5) Arifin Noor Sugiharto (Indonesia):  Characterization of Maize Mutant Generated 
from Gamma Irradiated Pollen 

12.30 - 14.00 Lunch + Poster Session (all numbers) 

14.00 - 15.30 Session II: Plant “OMICS” 

Chairs Maria Luisa Chiusano (Italy) and Richard Finkers (The Netherlands) 

14.00 - 14.20 (+5) Richard Finkers (The Netherlands): Using Phenomics and Genomics to Unlock 
Landrace and Wild Relative Diversity for Crop Improvement  

14.25 - 14.45 (+5) Maria Luisa Chiusano (Italy): Bioinformatics Resources for Plant Genomics: 
Opportunities and Bottlenecks in The -omics Era  

14.50 - 15.05 (+5) Agnieszka Skarzynska (Poland):  Is an in Vitro Regeneration Process a Source of 
Genomic Changes? 

15.10 - 15.25 (+5) Vaclav Motyka (Czech Republic): Variation in Phytohormone Profiles During 
Norway Spruce Somatic Embryogenesis  

15.30 – 16.00 Coffee break  

16.00 - 17.30  Session III: Markers, Mapping & Map Based Cloning  

Chairs Uga Yusaku (Japan) and Roberto Tuberosa (Italy) 

16.00 -16.20 (+5) Soren K. Rasmussen (Denmark):  Association Mapping in Scandinavian Winter 
Wheat 

16.25 - 16.45 (+5) Uga Yusaku (Japan): Development of Climate-Resilient Rice Using QTLs for Root 
System Architecture  

16.50 - 17.05 (+5) Katarzyna Tofil (Poland):  Development of a High-Density Genetic Map of Rye for 
Identification of Genome Regions Targeted by Selection 
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17.10 - 17.25 (+5) James Gerard Hehir (Ireland):   Intensive Field Evaluations and Transcriptomic 
Analysis Highlight the Importance of the Pre-Symptomatic Phase in supporting 
Strong Partial Resistance in Triticum Aestivum against Zymoseptoria Tritici 

17.30 - 19.00 Poster Session (all numbers) 

19.00 - 22.00 Conference Dinner Party 

July 13 (Friday) 

08.00 - 17.00 Registration  

09.00 - 10.30 Session IV: Genomic Selection & Molecular Breeding 

Chairs Soren K. Rasmussen (Denmark) and Yong-Bi Fu (Canada) 

09.00 - 09.20 (+5) Yong-Bi Fu (Canada): Searching for an Accurate Marker-Based Prediction of an 
Individual Quantitative Trait in Molecular Plant Breeding 

09.25 - 09.45 (+5) Roberto Tuberosa (Italy): Harnessing the Root Angle QTLome for 
Tailoring Climate-Proof Wheat 

09.50 - 10.05 (+5) Blaise Ratcliffe (Canada):  Single-step Genomic Evaluation of Simple and Complex 
Pedigrees 

10.10 - 10.25 (+5)  Zimny Janusz (Poland): Considerable Progress in the Induction of Efficient Rye 
Androgenesis 

10.30 - 11.00 Coffee break  

11.00 - 12.30 Session V:  Genetics & Breeding of QTL and Useful Traits 

Chairs Ainhoa Calleja-Rodriguez (Sweden) and Silvio Salvi (Italy) 

11.00 - 11.20 (+5) Silvio Salvi (Italy):  From QTLs and Mutants to Genes: Protocols and Approaches 
in Maize and Barley 

11.25 - 11.45 (+5) Ainhoa Calleja-Rodriguez (Sweden):  Functional QTL Analysis for Adaptive Traits 
in a Three-Generation Scots Pine Pedigree 

11.50 - 12.05 (+5) Renata Słomnicka (Poland):  Construction of a Genetic Map for Cucumber and 
Mapping of PSL Gene and QTL for Angular Leaf Spot Resistance 

12.10 - 12.25 (+5) Panthita Ruang-Areerate (UK): Genome-Wide Association Mapping for Grain 
Molybdenum in Rice (Oryza Sativa L.) 

12.30 - 14.00 Lunch + Poster Session (all numbers) 

14.00 - 15.30 Session VI:  Genome Sequencing in Plant Breeding 

Chairs Michele Morgante (Italy) and Gil Ronen (Israel) 

14.00 - 14.20 (+5) Gil Ronen (Israel):  Improving Genetic Research and breeding of the Most 
Complex Genomes with Denovo Assembly and Pan Genome Analysis 

14.25 - 14.45 (+5) Michele Morgante (Italy): Regulatory Elements and Regulatory Variation in Plants 

14.50 - 15.10 (+5) Marco Maccaferri (Italy):  Development of Resources for Mapping, GWAS and 
Allele Mining in Tetraploid Wheat Based on Svevo Durum Reference Sequence 

15.15 - 15.25 (+5) Magdalena Kroc (Poland):  Candidate Genes Involved in Quinolizidine Alkaloid 
Biosynthesis in Narrow-Leafed Lupin (Lupinus Angustifolius L.) 

15.30 - 16.00 Coffee break  

16.00 - 17.30 Session VII:  Genome Editing & Biotechnology in Plant Breeding II 

Chairs Luke Ramsay (UK) and Richard G. F. Visser (The Netherlands) 
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16.00 - 16.20 (+5)  Richard G. F. Visser (The Netherlands): Future-Proof Crops: Challenges and 
Strategies for Climate Resilience Improvement 

16.25 - 16.45 (+5) Luke Ramsay (UK): Recombination in Large Genome Cereals 

16.50 - 17.10 (+5)   Damiano Martignago (Spain): Genome Editing in Cereals: Case Studies on 
Sorghum and Wheat 

17.15 - 17.30 (+5)   Masako Ichikawa (Japan):  Efficient Protocol for Sorghum Transformation 
Mediated by Agrobacterium Tumefaciens 

17.35 – 19.00  Closing Ceremony, Conference Photo 
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New England Biolabs GmbH 
 
New England Biolabs GmbH 
Brüningstr. 50, Building B852 
65926 Frankfurt/Main 
Germany 
 
Tel: +49/ (0)69/305-23140 
Fax:  +49/ (0)69/305-23149 
 
Email: info.de@neb.com 
Web: www.neb.com 
 

New England Biolabs, Inc. (NEB) is the industry leader in the discovery and production of enzymes for 

molecular biology applications and now offers the largest selection of recombinant and native enzymes 

for genomic research. NEB continues to expand its product offerings into areas related to PCR/qPCR, 

sample preparation for Next-Gen-Seq, and RNA analysis. Additionally, NEB is focused on strengthening 

alliances that enable new technologies to reach key market sectors, including molecular diagnostics. 

New England Biolabs is a privately held company, headquartered in Ipswich, MA (USA), and represented 

in Europe by subsidiaries in Germany, France and the UK.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:info.de@neb.com?subject=Anfrage%20an%20Rieger%20Industrievertretungen
http://www.neb.com/
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Green Systems Biology – Panomics meets Germplasm 
 
Wolfram Weckwerth 
 
Vienna University, Vienna, Austria. Correspondence to: wolfram.weckwerth@univie.ac.at 

 
Plants have shaped our human life form from the outset. With the emerging recognition of world 
population feeding, global climate change and limited energy resources with fossil fuels, the relevance 
of plant biology and biotechnology is becoming dramatically important. One key issue is to improve 
plant productivity and abiotic/biotic stress resistance in agriculture due to restricted land area and 
increasing environmental pressures. Another aspect is the development of CO2-neutral plant resources 
for fiber/biomass and biofuels: a transition from first generation plants like sugar cane, maize and other 
important nutritional crops to second and third generation energy crops such as Miscanthus and trees 
for lignocellulose and algae for biomass and feed, hydrogen and lipid production. At the same time we 
have to conserve and protect natural diversity and species richness as a foundation of our life on earth. 
Here, biodiversity banks are discussed as a foundation of current and future plant breeding research. 
Consequently, it can be anticipated that plant biology and ecology will have more indispensable future 
roles in all socio-economic aspects of our life than ever before. We therefore need an in-depth 
understanding of the physiology of single plant species for practical applications as well as the 
translation of this knowledge into complex natural as well as anthropogenic ecosystems. Latest 
developments in biological and bioanalytical research will lead into a paradigm shift towards trying to 
understand organisms at a systems level and in their ecosystemic context: (i) shotgun and next-
generation genome sequencing, gene reconstruction and annotation, (ii) genome-scale molecular 
analysis using OMICS technologies and (iii) computer-assisted analysis, modeling and interpretation of 
biological data. Systems biology combines these molecular data, genetic evolution, environmental cues 
and species interaction with the understanding, modeling and prediction of active biochemical networks 
up to whole species populations. This process relies on the development of new technologies for the 
analysis of molecular data, especially genomics, metabolomics and proteomics data. The ambitious aim 
of these non-targeted ‘omic’ technologies is to extend our understanding beyond the analysis of 
separated parts of the system, in contrast to traditional reductionistic hypothesis-driven approaches. 
The consequent integration of genotyping, pheno/morphotyping and the analysis of the molecular 
phenotype using metabolomics, proteomics and transcriptomics will reveal a novel understanding of 
plant metabolism and its interaction with the environment. The analysis of single model systems – 
plants, fungi, animals and bacteria – will finally emerge in the analysis of populations of plants and other 
organisms and their adaptation to the ecological niche. In parallel, this novel understanding of 
ecophysiology will translate into knowledge-based approaches in crop plant biotechnology and marker- 
or genome-assisted breeding approaches. In this lecture the foundations of green systems biology are 
described and applications in ecosystems research are presented. Knowledge exchange of ecosystems 
research and green biotechnology merging into green systems biology is anticipated based on the 
principles of natural variation, biodiversity and the genotype–phenotype environment relationship as 
the fundamental drivers of ecology and evolution. 
References 
Weckwerth W (2011) Green systems biology—from single genomes, proteomes and metabolomes to 
ecosystems research and biotechnology. Journal of proteomics 75: 284-305 
 
 
 
 
 
 
 
 
 
 

mailto:wolfram.weckwerth@univie.ac.at
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Enrichment of Crop Genepools with Wild Relative and Landrace Diversity 
 
Ben Vosman 
 
Wageningen Plant Research, Wageningen, The Netherlands. Correspondence to: ben.vosman@wur.nl 

 
With the expected growth of the world population and the public demand for sustainable food 
production there is a strong need for more robust varieties. Current cultivation methods rely heavily on 
the use of insecticides for the control of pests insect, which is costly and undesirable from an 
environmental point of view. Alternative control measures are needed, of which the use of resistant 
varieties is the most promising. However, insect resistance is often not present in cultivated materials 
and needs to be introduced from landraces or wild relatives. In our research group germplasm is 
evaluated for novel resistance against aphids, thrips and whiteflies. Resistant material is further 
characterized with respect to the resistance mechanism and its inheritance. Resistance towards insects 
was often found in crop wild relatives, stressing the importance of this type of germplasm. As examples I 
will discuss the identification and characterization of a broad spectrum insect resistance originating from 
the tomato wild relative Solanum galapagense and aphid resistance in Capsicum.  
 
 
 
 
 
 
 
 

Bean Adapt: the Genomics of Adaptation During Crop Expansion of Common Bean 
 
Roberto Papa 
 
Universita' Politecnica Delle Marche, Ancona, Italy. Correspondence to: r.papa@univpm.it 

 
Domesticated species spread outside their native range and faced new environmental challenges. This 
evolutionary scenario makes crops excellent models to deeply understand adaptation to new ecological 
conditions. The BEAN_ADAPT project, funded through the 2ndERA-CAPS call, ERA-NET for Coordinating 
Action in Plant Sciences, aims to dissect out the genetic basis and phenotypic consequences of the 
adaptation to new environments of the common bean (Phaseolus vulgaris L.), through the study of the 
introduction, from the centres of domestication in the Americas, and the expansion through Europe, as 
a recent and historically well-defined event of rapid adaptation. 
We re-sequenced 220 American and European common bean accessions at an average 8X coverage per 
accessions. We identified ~1.5 million of SNPs with less than 5% of missing data and analysed them to 
characterize genome-wide variation. Moreover, this sample represents a subsample of a nested 
collection of 500 common bean accessions which was phenotyped both in controlled conditions and in 
multi-field trials at two different latitudes (Northern Germany and Southern Italy). 
Here we present the results of genomic data based on population genomics approaches and of 
integration of genomic, transcriptomic, metabolomic and phenotypic data to identify genes and/or 
genomic regions associated to important traits related to adaptation of P. vulgaris to the European 
agroecosystems.  
 
 
 
 
 
 
 

mailto:ben.vosman@wur.nl
mailto:r.papa@univpm.it
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Genetic Variation in Morphology and Nutrient Content in the Orphan Crop Gynandropsis 
Gynandra 
 
Deedi E. O. Sogbohossou, M. Eric Schranz 
 
Biosystematics Group, Wageningen University Droevendaalsesteeg 1, 6708PB Wageningen, the Netherlands. 
Correspondence to: deedi.sogbohossou@wur.nl 

 
Tropical areas of the world are endowed with a rich diversity of edible plant species with tremendous 
potential to contribute to food security. However, most of those species are niche or orphan crops often 
overlooked in breeding programs. The present study aimed at analysing the genetic diversity in 
Gynandropsis gynandra (Cleomaceae), an orphan leafy vegetable widespread in Africa and Asia to 
design a breeding program for the species. Towards this end, we investigated the natural variation in 
morphology as well as carotenoids, tocopherols and vitamin C production in a germplasm collection of 
80 accessions from West Africa, East Africa and Asia. Our results revealed the clustering of accessions 
according to their geographical origin. We further discuss the association between the whole genome 
diversity in the collection and the patterns of variation in specific traits including carotenoid biosynthesis 
and flowering time. Candidate genes underlying these traits will be identified using comparative 
genomics with closely related species (including Arabidopsis and Brassica crops) and QTL mapping of an 
F2 population. Such baseline information is critical for the development of nutritious and high-yielding 
commercial cultivars of the species. 
 
 
 
 
 
 
 
 

Characterization of Maize Mutant Generated from Gamma Irradiated Pollen 
 
Arifin Noor Sugiharto1, Agung Nugroho2 
 
1Laboratory of Plant Breeding, Faculty of Agriculture, University of Brawijaya, Indonesia; 2Dept. of Agronomy, 
Faculty of Agriculture, University of Brawijaya, Indonesia. Correspondence to: anugroho@ub.ac.id; 
nur_sugiharto@yahoo.co.id 

 
Mutation breeding have been an alternative method for breeders as it provides the chance of obtaining 
some desired features that do not exist in the nature. Corn was mostly induced to be prosperous 
mutant compared to other crop species. Gamma ray, a physical mutagen, is a widely used method of 
having diversity on many plant species and creating new variations. We applied Gamma irradiation on 
pollen of some inbred lines of field corn to induce new mutants that have prosperous characters. A type 
of mutant found in several generated seeds (M1) after fertilization by irradiated pollen, was su-1 likes 
kernel, i.e., shrunken, glassy, translucent . the research was aimed to characterize M2 and M3 mutant 
type compare to the wild type. By self segregation, the M2 and M3 showed that all kernels produced 
had shrunken type indicating that such mutant was recessive. No significant different was found in the 
character of plant height, leaf type, anthocyanin coloration of stem and coloration of glum, coloration of 
silk, ear height, and downy mildew disease resistance. But, days to tasseling and days to silking of 
mutant were five days earlier than that of wild type. Sucrose content of M3 in green stage kernel (20 
days after pollination) was almost three fold of wild type (17 % vs 5.6 %). It was also found that 
Amylopectin content in mutant was higher than that in wild type (79 % vs 40 %). The new characters 
belonged to the mutant let it to be a prosperous sweet corn lines.  
Key words : Characterization, Corn, Gamma irradiation, Mutant, Shrunken 
 

mailto:deedi.sogbohossou@wur.nl
mailto:anugroho@ub.ac.id
mailto:nur_sugiharto@yahoo.co.id
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Using Phenomics and Genomics to Unlock Landrace and Wild Relative Diversity for Crop 
Improvement 
 
Richard Finkers 
 
Wageningen University, Wageningen, Netherlands. Correspondence to: richard.finkers@wur.nl 
 

Efficient utilisation of Genetic diversity within Plant Breeding is one of the elements in the ambition to 
produce twice as much food with twice less input. Technological advances currently drive initiatives to 
discover genetic and phenotypic diversity in many of the Solanaceae. Coupled with whole genome re-
sequencing approaches, allelic (haplotype) diversity underlying this phenotypic diversity is becoming 
more-and-more accessible, even for tetraploid potato. However, these activities also lead to a data 
management challenge. In the presentation we will explore part of the genotypic and phenotypic 
diversity in large germplasm collections and present some of the strategies to effectively re-use these 
resources. 
 
 
 
 
 
 
 
 
 

Bioinformatics Resources for Plant Genomics: Opportunities and Bottlenecks in The -omics 
Era 
 
Maria Luisa Chiusano 
 
Department of Agriculture, University Federico II of Naples, Portici, Napoli, Italy. Correspondence to: 
chiusano@unina.it 

 
The exponential increase of biological data concerning genome structure and functionalities, also 
fostered by the advent of Next Generation Sequencing (NGS) technologies, while expanding the 
opportunity to highlight still uncovered molecular aspects and offering novel data resources for 
breeding practices and plant biotechnologies, challenges bioinformatics in several relevant aspects. Data 
management, processing, updating, dissemination and integration are the major areas of concern. The 
fast production of data from various omics technologies causes two major issues, which may even 
appear contrasting: the dissemination of amounts of datasets often still in the form of raw collections or 
preliminary draft results, and the fast updating of information that, as a consequence, affects the 
establishment of stable, reliable and user friendly resources. These issues are both due to the lower rate 
of bioinformatics in extracting added value information from the large amount of data, when compared 
to the faster experimental technologies involved in data production.  
An overview of some examples will be provided to illustrate opportunities and bottlenecks that should 
be addressed to favour a fluent progress of bioinformatics for the most appropriate support to the 
multifaceted context of Plant genomics. 
 
 
 
 
 
 
 
 

mailto:richard.finkers@wur.nl
mailto:chiusano@unina.it
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Is an in Vitro Regeneration Process a Source of Genomic Changes? 
 
Agnieszka Skarzynska, Magdalena Pawelkowicz, Wojciech Plader 
 
Department of Plant Genetics, Breeding and Biotechnology, Warsaw University of Life Sciences, Poland. 
Correspondence to: skarzynska.sggw@gmail.com 

 
Somaclonal variation has been considered as a great source of variation in breeding and crop 
improvement. However, this phenomenon induced by in vitro culture remains unexplained. The aim of 
the work is to explore the changes that occur in genomes of in vitro regenerated plants (so called 
somaclones) comparing to the initial line. Three cucumber lines derived from B10 line as a result of in 
vitro cultures and regeneration process, were sequenced with Illumina HiSeq 100PE. Variant calling 
analysis have been performed by comparison to the cucumber B10 reference genome. Identified 
changes apply to single (SNP), several nucleotides (MNP), or insertion or deletion of DNA fragments 
(InDel type). Differences in the number and nature of predicted variants between the analyzed 
somaclonal lines are noticeable. Comparisons of genomic variants that have emerged in the genomes of 
regenerated lines was used to identify hypothetical changes due to in vitro cultures and the effects of 
stressors under these conditions. The results would provide new insight to understanding of somaclonal 
variability and genomic changes caused by in vitro cultures. 
The work is carried out under the National Science Centre (Poland) grant 2013/11/B/NZ9/00814. 
 
 
 
 
 
 
 
 

Variation in Phytohormone Profiles During Norway Spruce Somatic Embryogenesis 
 
Zuzana Vondrakova, Petre I. Dobrev, Bedrich Pesek, Martin Vagner, Lucie Fischerova, Vaclav Motyka 
 
Institute of Experimental Botany of the Czech Academy of Sciences, Prague, Czech Republic. Correspondence to: 
vmotyka@ueb.cas.cz 

 
Somatic embryogenesis (SE) shows a considerable promise for breeding technologies of conifers. It is 
governed by a number of diverse chemical factors. Among them, phytohormones with a complex 
network of metabolic and signalling pathways play a key role. Despite the availability of a successful 
protocol for generating Norway spruce (Picea abies) plants by the SE technique, there is still a lack of 
data regarding endogenous profiles of phytohormones in somatic embryos. Taking advantage of 
advanced HPLC-ESI-MS/MS, we analyzed changes in the patterns and levels of endogenous 
phytohormones including auxins, cytokinins (CKs), abscisic acid, jasmonates and salicylic acid (SA) during 
SE in Norway spruce. The results revealed that concentrations of particular phytohormone classes varied 
substantially between proliferation, maturation, desiccation and germination. They also brought 
evidence for the involvement of some phytohormone derivatives such as e.g. the non-indole auxin 
phenylacetic acid, cis-zeatin- and dihydrozeatin-type CKs and SA in SE for the first time and provided the 
currently most comprehensive overview of phytohormone profiles in somatic P. abies embryos. [Funded 
by Czech Science Foundation (16-14649S)]. 
 
 
 
 
 
 

mailto:skarzynska.sggw@gmail.com
mailto:vmotyka@ueb.cas.cz
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Association Mapping in Scandinavian Winter Wheat 
 
Soren K. Rasmussen 
 
University of Copenhagen, Department of Plant and Environmental Sciences, Frederiksberg C, Denmark. 
Correspondence to: skr@plen.ku.dk 

 
With an estimated annual production in Europe of 74 million tons, wheat straw is the crop residue with 
the greatest potential to be a feedstock for 2nd-generation biofuels. Wheat can be regarded as a dual-
purpose crop, where the grain is used for food, feed and fun and the straw for biofuel. Ligno-cellulosic 
material is, in contrast to starch, sugar and oil regarded as second generation bioenergy. It requires 
pretreatment to make the carbohydrates in ligno-cellulose available for fermentation and the 
composition of the ligno-cellulose will affect the efficiency of conversion into biofuel. It would be 
important if straw production can be increased while maintaining grain yield. The biosynthesis of mono-
lignols is quite well understood across the plant kingdom, however, for secondary cell wall biosynthesis, 
knowledge is more fragmented and crop specific details are scarce or missing, e.g. hexaploid wheat. A 
collection of historical Scandinavian winter wheat varieties released onto the market over a period of 
more than a century provided a wide range of genetic variations to be explored. Traits included in the 
study were grain yield, plant height and monomeric sugars released after straw enzymatic hydrolysis, 
relevant for second-generation bioethanol production. It was possible to detect previously reported 
QTLs and highlight additional genetic regions of interest for the traits investigated. 
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The root system is an essential organ for taking up water and nutrients from the ground. Adequate root 
system architecture (RSA) is especially important for crop production under environmental stresses, 
such as drought, submergence, and high salinity. The root growth angle (RGA), which is one of the 
important components of RSA, determines the direction of root elongation in the soil and affects the 
area within which roots may capture water and nutrients. Previously, our group isolated DRO1, a 
quantitative trait locus (QTL) controlling RGA, on rice chromosome 9. Field tests for DRO1 demonstrated 
that deep rooting improved yield performance in rice under drought conditions. Recently, we cloned 
another QTL for RGA on rice chromosome 7, qSOR1 (quantitative trait locus for SOIL SURFACE ROOTING 
1). A non-functional allele of this QTL leads to soil-surface rooting in paddy and upland fields. Using a 
near-isogenic line having a non-functional allele of qSOR1, we demonstrated that QTL associated with 
soil-surface rooting could enhance salt avoidance. We identified some QTLs for root length because root 
length also determines the area in which roots take up water and nutrients as well as RGA. Molecular 
breeding using these RSA QTLs based on an ideotype of root system architecture that are robust to 
environmental stress may allow us to develop new climate-resilient rice in the future. 
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Rye (Secale cereale L.) was domesticated in Asia over 8000 years ago and currently is one of most 
important cereal crops in Central and Eastern Europe. Domestication and breeding result in narrowing 
of genetic diversity in genome regions targeted by selection. In consequence, these genome regions, 
containing genes which control agronomically important traits, tend to be monomorphic in advanced 
varieties.  
Using a pseudo-testcross strategy we developed two new mapping populations of rye from crosses 
between Polish advanced varieties (Dankowskie Zlote and Tur F1) and primitive landraces from 
Afghanistan and Turkey (168 and 214 individuals, respectively). Genotyping of the progenies with SSR 
and GBS (DArTseq) markers is in progress.  
We expect that the resulting map, combined with the results of an ongoing, in-depth analysis of genetic 
diversity patterns in a large, world-wide collection of rye accessions of different origin and improvement 
status, will help us to identify selection footprints in the rye genome, and, in further perspective, genes 
related to agronomic performance of rye. 
This research was founded by the Polish National Science Centre grant No. DEC-2014/14/E/NZ9/00285 
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Zymoseptoria tritici, the causal agent of septoria tritici blotch (STB), remains a significant threat to 
European wheat production. The over dependency of fungicides has resulted in the continuous 
emergence of fungicide resistance in Z. tritici, eroding the economic sustainability of wheat production 
systems, particular in Ireland. In response, a national programme was established through the Virtual 
Irish Centre for Crop Improvement (VICCI) to investigate the aspects of the wheat-STB biotic interaction 
with a view to supporting commercial wheat breeders in delivering elite lines with higher STB resistance 
scores. One aspect of VICCI has focused on the pre-symptomatic phase (latent period, LP) after which 
the pathogen switches to an aggressive necrotrophic stage, when lesions bearing pycnidia quickly 
manifest on the leaf. As minimal knowledge on the possible role of the LP in supporting the 
resistance/susceptibility of wheat exists, the goal of this study was to investigate the spatial and 
temporal association between the LP and disease progression across three locations (Ireland – 
Waterford, Carlow; UK – Norwich) that represent commercially high, medium and low STB pressure 
environments. Completed over two seasons (2013-2015) with commercial cultivars, the potential of the 
LP in stalling STB epidemics was significant as identified with cv. Stigg, whose high level of partial 
resistance was characterised by a lengthened LP (~36 days) under the high disease pressure 
environment of Waterford. However, once the LP concluded it was followed by a rate of disease 
progression in cv. Stigg that was comparable to that observed in the more susceptible commercial 
varieties. Complementary analysis via logistic modelling of intensive disease assessments further 
highlighted the value of identifying wheat germplasm in breeding programmes that support an 
extension of the LP. Comparative transcriptome analysis of cv. Stigg and cv. Gallant in response to Z. 
tritici throughout the infection cycle was carried out with the aim being to identify specific 
transcriptomic profiles associated with host resistance and susceptibility. In total, 1043 induced and 462 
repressed transcripts were identified across all cultivars/time-points. The most notable aspect of the 
individual cultivar response to colonization by Z. tritici was the number and timing of induction of 
transcripts. The susceptible cultivar Gallant had a strikingly different pathogen responsive expression 
pattern to cv. Stigg, with the majority of differentially regulated genes identified at 1 dpi (98%). In 
contrast, the resistant cultivar cv. Stigg exhibits a much slower yet powerful response, where at 12 dpi a 
large increase in pathogen responsive genes where identified. Indicating that upon attempted 
subcellular colonisation by the pathogen, the resistant cultivar Stigg provides a counteracting defence 
response resulting in intense cell wall fortification and transcriptional reprogramming of host physiology 
to prevent pathogen advancement.  
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Molecular plant breeding with the aid of molecular markers has played an important role in modern 
plant breeding over the last two decades. Many marker-based predictions for quantitative traits have 
been made to enhance parental selection, but the trait prediction accuracy remains generally low, even 
with the aid of dense, genome-wide SNP markers. To search for more accurate trait-specific prediction 
with informative SNP markers, we conducted a literature review on the prediction issues in molecular 
plant breeding and on the applicability of an RNA-Seq technique for developing function-associated 
specific trait (FAST) SNP markers. To understand whether and how FAST SNP markers could enhance 
trait prediction, we also performed a theoretical reasoning on the effectiveness of these markers in a 
trait-specific prediction, and verified the reasoning through computer simulation. To the end, the search 
yielded an alternative to regular genomic selection with FAST SNP markers that could be explored to 
achieve more accurate trait-specific prediction. Continuous search for better alternatives is encouraged 
to enhance marker-based predictions for an individual quantitative trait in molecular plant breeding. 
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Durum wheat is one of the most important crops in Mediterranean countries, where drought conditions 
often occur. Therefore, optimisation of root system architecture (RSA) is an important objective for 
enhancing yield and the sustainability of durum wheat grown under different water regimes. In the 
present study, linkage and association mapping (AM; panel of 183 elite accessions) for RSA evaluated at 
the seedling stage evidenced 20 QTL clusters for root length and number as well as 30 QTLs for root 
growth angle (RGA). The most divergent RGA phenotypes observed by seminal root screening were 
validated by root phenotyping of field-grown adult plants. QTLs mapping was based on the Illumina 90K 
SNPs profiles, thus allowing cross-referencing of RSA QTLs between durum and bread wheat. QTL 
analysis of RSA and grain yield data indicate that root growth angle (RGA) is a valuable target to enhance 
grain yield and yield stability across different soil moisture regimes. Based on their relative additive 
effects, allelic distribution in the AM panel and co-location with QTLs for yield, eight RGA QTLs have 
been prioritised in terms of breeding interest and value (Maccaferri et al. 2016, JXB 67, 1161). These 
QTLs were investigated for gene content based on the chromosomal pseudomolecules of Chinese Spring 
T. aestivum and the TriAnnot v4.3 gene prediction and annotation pipeline as well as the Zavitan T. 
dicoccoides genome assembly. The chromosome regions contained 25 to 242 predicted genes. In six 
RGA QTLs, from one to four gene annotations were involved in auxin pathways. The comparison 
between the T. aestivum and T. dicoccoides gene content indicates the high quality of the T. dicoccoides 
assembly (Avni et al. 2017) and its usefulness to further explore and leverage allelic diversity of the root 
QTLome in wheat. 
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Maximizing genetic gain at minimal cost is a major goal of tree improvement programs. Observed 
genetic gain depends primarily on the accuracy and precision of the estimated genetic parameters 
obtained from progeny trials. Thus, the quality of these parameters are contingent on the accuracy of 
the individual tree field performance records and their genealogical relationships. The use of genomic 
marker information can improve estimates of relatedness over the expected values by quantifying an 
actual proportion of alleles shared by individuals, however, the cost of genotyping every individual is still 
prohibitive in large forest tree improvement programs.  
Here, we investigated the use of a blended relationship matrix (H: HBLUP) (Legarra et al. 2009; Misztal 
et al. 2009; Christensen and Lund 2010) and compared it to traditional ABLUP analysis (Henderson 1984) 
implemented in ASReml-R (Butler et al. 2007). The blended HBLUP method reflects the realized genomic 
relationship information (G) of a subset of genotyped individuals to the full traditional average 
numerator matrix (A) making it possible to combine both genotyped and non-genotyped Individuals in a 
single analysis.  
We investigated this approach using 22-year tree height and X-ray wood density from a single 
generation white spruce (Picea glauca) progeny trial representing 214 unrelated open-pollinated (OP) 
families growing in a single progeny test site in Quebec, Canada (Beaulieu et al. 2014a). We also 
investigated the approach utilizing a third generation Douglas-fir (Pseudotsuga menziesii) breeding 
population with a more complex pedigree structure for age 11 tree height. 
Genomic based evaluations and pedigree based evaluations were assessed on the basis model fit, 
accuracy and precision of genetic parameter estimates, breeding value rank changes, and prediction 
accuracy of breeding values. The results showed that the HBLUP method improved the accuracy and 
precision of breeding value estimates over traditional ABLUP analysis by accounting for Mendelian 
sampling variation. Further, the genomic information helped in reducing the heritability bias commonly 
observed in OP progeny trials as it revealed hidden relatedness, inbreeding, as well as possible pedigree 
errors. 
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In this study, we examine the effect of various stress treatments on microspores used for highly efficient 
androgenesis induction in rye.  
Despite many years of studies, regeneration of doubled haploids is still a challenge. DH development is 
more problematic in open-pollinated than in self-pollinated species. 
In the study we used nine different stress combinations per one set of experiments to induce 
androgenesis. Experiments were carried out on microspores and anthers of winter rye breeding lines. 
The results showed a correlation between the genotype, stress used, and mortality of microspores in 
the earliest phase of culture. Survival of microspores was highest for two genotypes, after pre-treatment 
at 4 degrees C for two weeks, and then pre-cultivation of anthers in mannitol solution at 4 degrees C for 
seven days. Cooling of anthers for three weeks proved to be most efficient. The use of heat shock (32 
degrees C) led to 100% cell death. In the first year of research, 2000 green plants were regenerated. 
Selected androgenic lines, after applying the appropriate stress, resulted in 5,000 green rye plants in the 
second year of testing. Small amount of albino regenerants and high ratio of spontaneously doubled 
chromosome numbers were recorded. 
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In crop species with large genomes, cloning mutations or QTLs can still be demanding. Difficulties arise 
when the target locus explains a small portion of phenotypic variation, or lies in low recombinogenic or 
highly repetitive regions, or if parental lines differ from the genomic reference, etc. In this presentation 
we will report and compare strategies and shortcuts to streamline cloning efforts, with emphasis on 
maize and barley. From previous investigations in our group, a flowering time QTL (Vgt3) was identified 
on chr. 3, by testing a maize introgression library. After fine mapping, a candidate gene was linked to the 
QTL. However, no coding sequence variation was identified between alleles, suggesting differential gene 
expression as QTL molecular basis. In the Triticeae, only a limited number of root mutants have been 
described. We screened a barley mutant population (in the cv. Morex background) for root morphology 
and identified approx 50 mutants. Five out of six root mutants confirmed to be under simple Mendelian 
control. Bulk segregant analysis and exome sequencing are being implemented for gene identification 
and a candidate gene involved in auxin trafficking has already been associated to a short-root mutant. 
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We have performed a multilevel LASSO analysis, using phenotypic data and estimated breeding values 
(EBV) to identify QTL of adaptive value in a three-generations pedigree for the first time in a conifer 
species (Pinus sylvestris L.). We found 62 significant QTLs with estimates of percentages of variance 
explained ranging from 1.7 to 18.9. Two QTLs showed pleiotropic effects and several QTLs had 
significant effects across multiple ages, which could be considered strong candidate loci for early 
selection. The lack of reproducibility of some QTL detected across sites may be due to environmental 
heterogeneity and QTL-by-environment effects. 
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One of the most common cucumber (Cucumis sativus L.) diseases is angular leaf spot (ALS) caused by 
Pseudomonas syringae pv. lachrymans. Increased occurrence of this disease in cucumber open-field 
production has been observed over the last years. ALS symptoms may vary depending on the bacteria 
virulence, cucumber cultivar, and environmental conditions. The aim of this study was to construct 
advanced cucumber genetic map to map psl gene and quantitative trait loci (QTL) controlling ALS 
severity. RILs mapping population was developed from a narrow cross of cucumber line Gy14 carrying 
psl resistance gene and susceptible line B10. Parental lines and RILs were tested under growth chamber 
conditions for ALS symptoms. Genetic map was constructed based on SSR and DArTseq genome-wide 
genotyping. The psl gene was mapped on cucumber chromosome 5. To identify QTL for ALS resistance 
several approaches were tested and multiple-QTL model was used. Two QTL related to ALS severity 
were identified also on chromosome 5. Moreover, psl gene was placed within major QTL psl5.1. 
Constructed map could be useful in cucumber breeding programs and provides new insights into the 
angular leaf spot resistance in cucumber. 
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Molybdenum (Mo) is an essential trace element for plants. Here, we present genome-wide association 
(GWA) mapping for grain Mo accumulation in rice grown under either flooded or unflooded cultivations 
in Texas during 2009 based on 700,000 single nucleotide polymorphisms (SNPs). To identify quantitative 
trait loci (QTL) and candidate genes, GWA mapping was preformed in 350 rice cultivars and specific 
indica and japonica subspecies using PIQUE (Parallel Identification of QTLs using EMMAX). A total of 854 
significant SNPs were detected in all analysis. The large number of significant SNPs was identified on 
chromosome 8 in both two-field experiments across water management treatments. Interestingly, a 
strong QTL on the top of chromosome 8 showed in all cultivars and two subspecies, whereas two QTLs 
on the middle of chromosome 8 was detected only in the indica subspecies. The QTL on the top of 
chromosome 8 contained OsMOT1 (LOC_Os08g01120). In addition, the second QTL on the middle of 
chromosome 8 was close to a sulfate transporter (LOC_Os08g31410). LOC_Os08g31410 may be 
associated with grain Mo accumulation in rice underlying genetic variation in the indica subspecies. This 
result revealed that OsMOT1 is possible to be a major gene controlling grain Mo concentration in 
various rice varieties. 
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The efficient assembly of large and polyploid genomes was, until recently, an unmet challenge, leading 
to limited use of genomic tools in breeding. The availability of a reference genome significantly 
advanced the genetic research of a given species. In addition, for crop plants, a reference is used to 
develop and employ DNA marker sets for breeding applications. Still, the genetic diversity within a given 
species is only partially represented by one reference genome, due to the broad intra-species genomic 
variability, including SNPs, InDels, translocations, and inversions. To capture the genomic diversity of a 
given plant species, one needs to create and compare multiple full genomes de-novo, representing 
genetically distinguished lines, ultimately creating a pan-genomic structure. Here we present the 
successful de novo assembly and all-to-all comparison of several maize and bread wheat genomes, 
revealing significant genomic and intragenic sequence additions to the first available reference genome. 
Gene presence/absence, copy number, and expression profile variations are all revealed by comparing 
genomes with mRNA and expression data. This functional diversity database could be used to correlate 
phenotypic and genomic variation, expanding our genetic understanding towards breeding more 
productive plants. A global effort will be described aiming to create pan-genome databases of additional 
major crop plants during 2018. These databases will enable overcoming the future threat of food 
shortages. 

 
 
 
 

mailto:panthita.rua@abdn.ac.uk
mailto:gil@nrgene.com


25 

Regulatory Elements and Regulatory Variation in Plants 
 
Michele Morgante  
 
Dipartimento di Scienze Agrarie ed Ambientali, Università di Udine, Via delle Scienze 208, 33100 Udine, Italy; 
Istituto di Genomica Applicata, Parco Scientifico di Udine, Via J. Linussio 51, 33100 Udine, Italy. Correspondence to: 
michele.morgante@uniud.it 

 
Understanding the significance of genetic variants in the non-coding portion of the genome is the next 
big challenge not only to gain more information on the complex relationship between molecular 
genotypes and phenotypes but also for the practical purposes of being able to intervene in a targeted 
manner on genes to modify their expression pattern. A large fraction of phenotypic variation appears to 
be determined by regulatory rather than coding variation and understanding how gene expression is 
controlled becomes a prerequisite for the exploitation of the full potential of genome editing 
techniques. Biochemical data collected in the Encyclopedia of DNA Elements (ENCODE) project, coupled 
with genetic and comparative genomics information, has led to considerable progress in the 
understanding of the regulatory elements in the human genome. Relatively little is known about the 
transcriptional regulatory structure of plant genomes in comparison to animals in terms of number, 
location and evolutionary conservation of cis-regulatory elements. The recent hyperactivity of 
transposable elements (TEs) observed in most Angiosperm species analysed so far is a specific 
characteristic of plant genomes. The impact of such movement has been described in terms of effects 
on structural variation at the DNA sequence level but much less is known on the global impact on 
regulatory variation.  
Vitis vinifera is both economically important and scientifically intriguing. In contrast to the small and 
relatively simple genome of Arabidopsis, grapevine contains a complex genome of 487 Mb that exhibits 
extensive colonization by transposon elements, making it a useful model in which to study how gene 
expression is regulated. We have exploited a high quality reference genome sequence, additional 
haplotype-specific sequences obtained through a combination of de novo and resequencing efforts, 
whole genome sequences for more than 120 genotypes (providing a full description of genome-wide 
single nucleotide and structural variation), information on epigenetic features such as DNA methylation, 
histone modifications and chromatin accessibility and an in depth analysis of chromatin conformation 
obtained through high resolution HiC analysis to identify through biochemical, genetic, evolutionary and 
bioinformatic approaches regulatory regions and regulatory variants. We will both address questions 
related to the control of gene expression, the frequency of cis-regulatory variation and the role of 
transposable elements and their variation in affecting gene expression. 
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Triticum turgidum tetraploid wheat species, with wild emmer ssp. dicoccoides, domesticated emmer 
ssp. dicoccum and durum wheat (ssp. durum) is a cornerstone of the wheat polyploidy complex. Durum 
wheat is one of the most important cereals for Mediterranean and other countries with semi-arid 
environments. Tetraploid genetic resources are highly valuable for the genetic improvement of common 
wheat, as highlighted by the wide development and use of synthetic wheats. Until now, durum wheat 
molecular genetics and genomics have largely relied on common wheat molecular tools. In 2016, 
following the assembly of the T. dicoccoides genome, an international consortium has generated a high-
quality reference sequence of the modern durum wheat cultivar Svevo (270x) based on the NR-Gene 
DeNovoMAGICTM assembly pipeline. Additionally 15 high-density linkage maps based on the 90K SNP 
array are used to further anchoring and to explore the QTLome of tetraploid wheat through GWAS and 
meta-QTL analysis. Here, we present preliminary results of the use of the three wheat genome 
assemblies (CS, Zavitan and Svevo) to explore the gene content of chromosome regions harboring loci 
relevant for: (i) cadmium accumulation in grains (Cdu1, in chromosome 5B), grain yield (QYld.idw-3B), 
root growth angle QTL (QRga.ubo-6A), and for resistance to Soil-borne mosaic virus (Sbm2, in 
chromosome 2B).  
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Quinolizidine alkaloids (QA) are secondary metabolites distributed mainly in the genus Lupinus. QA 
accumulated in mature seeds of lupins are considered as antinutritional factors, due to their bitter taste 
and toxic effects on human and animals. The QA biosynthesis pathway is still obscure and its elucidation 
is crucial to best exploit lupins gain for animal feeding. In this study, we performed a comparative 
transcriptomic analysis of contrasting narrow-leafed lupin (NLL) accessions regarding alkaloid level in 
seeds, with the main objective to identify candidate genes involved in QA biosynthesis pathway. We 
detected and characterized a comprehensive landscape of differentially expressed genes serving as a 
source of candidate genes selection. Genetic mapping revealed genes closely linked to iucundus, a major 
locus of unknown identity, that confers reduced QA content in seeds. We also identified, for the first 
time, QTLs underlying the total alkaloid content and major alkaloids in NLL seeds. Our findings provide 
significant progress in the elucidation of QA biosynthesis in NLL. 
This work was supported by the Polish Ministry of Agriculture and Rural Development within the 
Multiannual Program (RM-111-222-15). 
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Climate is changing and more erratic weather conditions will be expected in the near future. Climate 
change does not also have an effect on the crops performance perse (like maturity timing, or occurrence 
of drought spells), but will also influence the pathogens which may cause problems to the specific crops 
(like increased insect pressure with accompanying increased virus infections). So crop losses due to 
these combined abiotic and biotic stresses are important threats in achieving a sustainable and durable 
agriculture able to feed the world population. This has at the same time to go hand in hand with fewer 
inputs on less arable lands.  
We aim to unravel the requirements for resilience of crops against the combination of biotic and abiotic 
stresses, with emphasis on the model crops potato and tomato. This presentation will show some 
results in this field of research and discuss the further implications.  
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Crop improvement is based on promoting the exchange of genetic material by making crosses between 
complementary parent plants then identifying progenies that perform better than the original parents. 
The genetic exchange, or recombination, occurs during the developmental process called meiosis. 
Meiosis produces the egg and sperm cells (the ‘gametes’), that when brought together during 
fertilisation reinstate the normal chromosome number. Recombination ensures that all egg or pollen 
cells have a novel genetic make-up that is a mosaic of parts of the original parental genomes. However, 
in plants with large genomes recombination is highly skewed towards the ends of chromosomes. In 
barley for example, this means that around thirty percent of barley genes that are located in the central 
two-thirds of each chromosome are rarely, if ever, subject to genetic exchange, and are excluded them 
from the breeding process. We are investigating whether it may be possible to modify the pattern of 
genetic exchange in barley by inducing disruptive or subtle alterations (mutations) to the protein 
components of the recombination machinery, and testing their effect.  
Deleterious mutations in genes involved in meiosis and recombination typically exhibit impaired fertility, 
a phenotype that is simply observed as reduced seed set. We are using a combination of approaches to 
identify and study key barley meiotic proteins. We study the plants containing lesions by a combination 
of approaches including immunocytology, genetic recombination in natural populations, and various –
omic technologies. We have identified several genes from semi-sterile meiotic mutants and shown 
through initial genetic analyses that most do appear to modify patterns of recombination. A catalogue 
of sequence mutations in meiotic genes in a large reference mutant population has been compiled and 
populations are being developed to study their impact on patterns and frequency of genetic exchange.  
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Genome Editing in Cereals: Case Studies on Sorghum and Wheat 
 
Damiano Martignago1, David Blasco Escámez1, Andrés Rico Medina1, Juan Fontanet Manzaneque1, 
Montserrat Capellades1, Caroline Sparks2, Alison Huttly2, Megan Rafter2, Andy Phillips2, Steve 
Thomas2, Malcolm Hawkesford2, Ana I. Caño-Delgado1 
 
1Centre for Research in Agricultural Genomics - Edifici CRAG - Campus UAB, 08193 Cerdanyola del Vallès, 
Barcelona, Spain; 2Rothamsted Research, West Common, AL5 2JQ Harpenden, United Kingdom. 

 
The advent of high quality genome sequence data in crops together with the recent advances in genome 
editing technologies, opens great opportunities to transfer knowledge from model species into crops.  
In hexaploid bread wheat, the identification of loss-of-function mutants through conventional forward 
genetics-based approaches is highly impractical due to the gene redundancy afforded by the 
homoeologous copies present in the three sub-genomes, often hiding monoallelic mutations. In our 
project at Rothamsted Research (UK), we obtained a domain-specific simultaneous triple mutant of the 
homoeoalleles of the gibberellin signalling component Rht1 using CRISPR/Cas9. We generated a series 
of mutant plants showing an array of dwarf-to-elongated phenotypes. These mutant lines will be a 
valuable tool to plant breeding and gibberellin research in wheat. 
Sorghum is the world’s fifth most produced cereal crop. It is a highly resilient crop, and an excellent 
model for C4 grasses, a group that comprises maize and sugar cane. 
In our research group at CRAG (ES), we are using sorghum as a model species to study brassinosteroid 
pathways. Brassinosteroids (BR) are a class of plant hormones that control many aspects of plant growth 
and development, including key agronomic traits. Despite being a highly promising breeding target, BR 
pathways are still largely unstudied in C4 grasses. Our investigation could generate critical knowledge in 
BR research that might directly benefit plant breeders and agriculture. 
 
 
 
 

Efficient Protocol for Sorghum Transformation Mediated by Agrobacterium Tumefaciens 
 
Masako Ichikawa, Y. Ishida, Y. Hiei, T. Komari 
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Sorghum is one of the most important crops in the world for food, feed and biomass applications. 
Although a number of reports of genetic transformation in sorghum have been published to date, gene 
transfer in this crop is still not efficient and reproducible. We tested some of the reported protocols in 
cultivar Tx430 without much success. Therefore, we have examined several factors in the methods and 
found modification of the step of infection of immature embryos with A. tumefaciens was quite 
effective. Centrifugation of the embryos before infection and co-cultivation on media with higher 
concentrations of MgSO4 and NH4NO3 significantly elevated the level of transient expression of a GUS 
gene. Because too much of centrifugation and the salts disturbed cell growth from the embryos, these 
parameters must be carefully examined and have been adjusted in repeated trials. So far transgenic 
plants of Tx430 were obtained from 10-20% of the embryos infected with EHA105 stain harboring a 
phosphinothricin resistance gene and the GUS gene. 60% of them were single copy transformants, and 
the transgenes were inherited to the progeny in a Mendelian fashion. 
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PhytoAB Inc. is located in California USA, and specialized in manufacturing 

antibodies for plant science and customized services. We offering primary 

antibodies for different species of plant, mainly including Arabidopsis 

thaliana, rice, maize, beans, tomato and potato etc.We have developed 

antibodies for cas9/cpf1/Rpo family/pTac family, and many others. We are 

committed to providing scientists and researchers with the best customer 

experience and high quality products. 

     

    WB     PsbA / PHY0057 

 

For more products, please contact us or visit our website. 
 

PhytoAB Inc. 
Add: 520 Second Avenue Suite D3, Redwood City, CA 94063. 

Tel: 1-800-380-9586; 650-248-2301    info@phytoab.com      www.phytoab.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cat. No.  Abbreviation Cat. No.  Abbreviation 

PHY0342  PsaA Antibody PHY0303A GAPDH antibody 

PHY0054A  PsaB Antibody PHY5010 His tag antibody 

PHY0057  PsbA Antibody PHY0043S Lhca1 antibody 

PHY0062A  PsbS Antibody PHY0361A  CRISPR/cas9 antibody 

PHY0058A  PsbB Antibody PHY0362S CRISPR/cpf1 antibody 

PHY0066  RbcL Antibody PHY0690S RpoA antibody 

PHY0311  AtpA Antibody PHY0691S RpoB antibody 

PHY0318  CP43 Antibody PHY0692S RpoC1 antibody 

PHY0011A  AtpB Antibody PHY0389S  PTAC12 antibody 
PHY0321 Cytochrome f Antibody PHY0390S  PTAC8 antibody 

PHY0001  Actin antibody PHY5013  GST tag antibody 
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Poster №1: Towards Development of Elaeis Guineensis Chromosome Specific Markers 
 
Noorhariza Mohd Zaki1,2, Maria Madon1, Rajinder Singh1, Smith, Steven W. 1,3, Trude Schwarzacherb, 
JS (Pat) Heslop-Harrison2 
 
1Malaysian Palm Oil Board, 43000 Kajang, Selangor, Malaysia; 2University of Leicester, Leicester LE1 7RH, UK; 
3Orion Genomics, Saint Louis, MO 63108, USA. Correspondence to:  nmz2@le.ac.uk  

 
Consistent identification of individual Elaeis guineensis (2n=32) chromosomes by integrating genetic and 
cytological maps facilitates further understanding of the sequence and chromosomal map as well as 
inheritance of agronomic traits in breeding. Here, we combine an informatics and cytological approach 
to identify five of the E. guineensis chromosome by anchoring the respective chromosomes with 
conserved putative repetitive DNA and pools of unique-single copy oligos. A sequence Eg9CEN, derived 
from bioinformatics, showed 95% homology to repetitive DNA sequences isolated from previously 
selected genomic clones. The 5S rDNA and the Eg9CEN intercalary site enabled identification and 
orientation of pseudo-chromosome 1. Chromosome-specific, single-copy, oligonucleotide pools 
designed from the assembled E. guineensis sequence successfully identified five chromosomes and their 
arms by in situ hybridization. Furthermore, the new markers allowed chromosome identification in E. 
guineensis and E. oleifera species and showed their utility in identifying chromosomes in Elaeis hybrids. 
 
 
 

Poster №2: Plant Genomic Sequences Coding for the Conserved Peptides in the pri-miR156 
Transcripts of Brassicaceae 
 
Erokhina Tatiana N.1, Morozov S.Y.2, Solovyev A.G.2 
 
1Shemyakin-Ovchinnikov Institute, Russian Academy of Sciences; 2A.N. Belozersky Institute, Lomonosov Moscow 
State University, Russia. Correspondence to:  erokhina@yahoo.com 

 
It was recently shown that the plant primary transcripts of miRNAs may encode small peptides called 
miPEPs (Lauressergues et al., 2015, Nature 520, 90–93). Particularly, miPEP encoded by A. thaliana pri-
miR165a is produced naturally by plants and influences gene expression. In addition, miPEPs have been 
revealed in animals (Fang et al., 2017. J. Pharm. Sci. Pharmacol. 23, 23-27). These findings suggest the 
existence of a world of miPEPs having numerous roles. The purpose of our work is to investigate miPEPs 
encoded by conserved ORFs in pri-miR156. We aimed to identify molecular forms of miPEPs156 and 
their distribution in plants. Our bioinformatics analysis has shown that miPEP156 is encoded by more 
than 20 plant species in family Brassicaceae. To obtain mAbs against miPEP156, we synthesized the 33-
amino-acid-long peptide possessing most conserved sequence motifs found in Brassica oleracea 
miPEP156 molecules. Several mouse mAbs were selected on the basis of strong binding to the artificial 
peptide. Data on the in vivo detection and subcellular localization of miPEP156 in plants will be 
presented.  
This work was supported by Russian Science Foundation (grant 17-14-01032).  
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Poster №3: Effect of Pollination Time and Proportion of Female to Male Flowers in 
Hybridization of Melon (Cucumis Melo L.) 
 
Respatijarti Respatijarti1, Afifuddin Latif Adiredjo2, Mochammad Roviq3 
 
1,2Plant Breeding Laboratory, Department of Agronomy, Faculty of Agriculture, Brawijaya University, Veteran 
street, Malang, East Java, Indonesia; 3Plant Physiology Laboratory, Department of Agronomy, Faculty of 
Agriculture, Brawijaya University, Veteran street, Malang, East Java, Indonesia. Correspondence to:  rpj@ub.ac.id 

 
Melon production is influenced by the availability and condition of female and male flowers, especially 
the viability of pollen and receptivity of stigma. One commercial variety of Melon, namely Melindo, was 
grown in the field during dry season in 2017. The study was aimed to determine the effect of pollination 
time, and the proportion of female to male flowers in yield and quality of melon seeds. The experiment 
was designed in a factorial randomized block design. Factor 1 was the pollination time consisting of 3 
levels (pollination at 06.00-07.00 a.m, at 08.00-09.00 a.m, and at 10.00-11.00 a.m, of Indonesian time). 
Factor 2 was the proportion of female to male flowers with 3 proportion levels (1 female: 1 male, 2 
female: 1 male, and 3 female: 1 male). Pollination time and the proportion of female to male flowers 
showed a significant effect on several traits such as fruit weight per plant, fruit length, number of seeds 
per fruit, weight of seed per fruit, percentage of pithy seeds, 100 seeds weight, germination, and seed 
viability. The interaction between 2 factors, the proportion of female to male flowers and pollination 
time, was significant for a trait of seeds per fruit. The highest value of several traits related to yield (e.g 
fruit weight per plant, fruit length) was obtained on the treatment combination of pollination at 06.00-
07.00 a.m. and proportion of 1 female to 1 male flower (1 female: 1 male). This study provides basic 
consideration for agronomist and plant breeder before applying plant breeding scenario through 
hybridization to increase the production of melon.  
Keywords: pollination, time, proportion, flower, melon 
 

Poster №4: The Crossing of Rice Cultivars (Oryza Sativa L.) and Genetic Analysis of F1 Progeny 
from a Cross Between Gogo-Dryland and Paddy-Field Rice Based on SSR Markers 
 
Afifuddin Latif Adiredjo1, Damanhuri2, Respatijarti3 
 
1,2,3Plant Breeding Laboratory, Department of Agronomy, Faculty of Agriculture, Brawijaya University, Veteran 
street, Malang, East Java, Indonesia. Correspondence to: al.adiredjo@ub.ac.id 

   
The crossing to produce F1 seeds had been carried out in the field. The parent lines were 2 cultivars of 
gogo-dryland and 2 cultivars of paddy-field rice, namely “Sitobagendit” and “Towuti” (gogo-dryland), 
and “Ciherang" and “Cibogo” (paddy-field). The gogo-dryland cultivars are drought tolerance with poor 
yielding ability. In contrary the paddy-field cultivars are susceptible to drought with high yielding ability. 
The percentage of crossability were 85%, 68%, 67% and 47% for the crossing between Towuti and 
Ciherang (TWCH), Towuti and Cibogo (TWCB), Situbagendit and Ciherang (SBCH), Situbagendit and 
Cibogo(SBCB), respectively. The second experiment that aimed to analyse genetic similarity and distance 
of all rice cultivars and the F1 progenies (TWCH, TWCB, SBCH, SBCB) had been conducted using simple 
sequence repeats (SSR) markers. The 4 cultivars (1 sample of each cultivar) and 4 types of F1 progenies 
(2 samples of each type) were evaluated for polymorphisms after amplification 4 SSR primer pairs. A 
total of 41 SSR alleles were produced which revealed 63.07% polymorphism. Mean genetic similarity 
coefficient was 0.55. Cluster analysis was effective in grouping cultivars based on their drought 
tolerance ability which divided into two major clusters. The first cluster represents the gogo-dryland 
cultivars, while the second cluster contains the paddy-fields rice along with the whole F1 progenies. The 
results from this study provided some useful implications for drought tolerance and high yielding 
breeding programs. The assessment of genetic profile in rice cultivars together with F1 progenies 
provide some useful guides for assisting plant breeders in selecting suitable genetically diverse lines for 
the crossing program. 
Keywords: crossing, genetic, marker, rice  
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Poster №5: Profiling of Quantitative Late Blight Resistance in Differential R8 Genotypes 
 
Eva Blatnik, Aleš Sedlar, Peter Dolničar, Vladimir Meglič 
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Potato (Solanum tuberosum L.) is one of the most important food crops in the world and its production 
is highly threatened by a pathogen Phytophthora infestans which causes late blight. Conventional 
breeding for pathogen resistance relies on the use of genotypes with different sources of resistance. 
One of the varieties with high quantitative resistance to late blight is Sarpo Mira, which contains five 
resistance (R) genes: R3a, R3b, R4, Rpi-Smira1 and R8 gene. The goal of presented research was to 
obtain differential R8 plants to study the quantitative resistance of Sarpo Mira caused by R8 gene. 1230 
crosses between Sarpo Mira and five late blight susceptible varieties were screened with molecular 
markers for the presence of R3a, R3b, Rpi-Smira1 and R8 genes. Only differential plants containing R8 
gene were selected and used for additional crossing with late blight susceptible varieties to obtain F1 
population. To examine the mechanisms underlying quantitative resistance to P. infestans, the F1 
population will be genotyped using molecular markers and phenotyped using infected detached leaves 
and whole infected plants. Combining these two approaches will enable us to determine linkage 
between R8 gene and quantitative resistance of Sarpo Mira. 
 
 
 
 

Poster №6: Application of Nuclear Techniques in Breeding: Bringing two Amaranth Varieties 
to Market  
 
Andrea Hricová1, Veronika Lancíková1, Alena Gajdošová1, Gabriela Libiaková1, Jozef Fejér2  
 
1Inst. of Plant Genetics and Biotechnology, Plant Science and Biodiversity Center, Slovak Academy of Sciences, 
Akademická 2, 950 07 Nitra, Slovakia; 2Dpt. of Ecology, Prešov University, 17.novembra 15, 0800 01 Prešov, 
Slovakia. Correspondence to: veronika.lancikova@savba.sk 

 
New crop varieties are continuously being developed to improve yield and agronomic performance over 
current varieties. Mutation breeding is supportive tool for crop improvement, based on the global need 
to ensure sustainable food security, and by decreasing the vulnerabilities of food production systems 
under climate change.  
Recently, two grain amaranth varieties has been bred by radiation mutagenesis – Pribina (Amaranthus 
cruentus L) and Zobor (A. hypochondriacus x A. hybridus L.). Both varieties, suitable for middle-
European cultivation, exhibit consistently superior performance of prinicipal seed traits (1000-seed 
weight and seed size) over the commercial varieties. Currently, molecular factors behind the advantage 
phenotype are being identified. We focuse also on protection of varieties in EU countries and in this 
context search their commercial application.  
The research was co-funded by project no.2/0041/16: Molecular methods in breeding of naturally 
gluten free amaranth and European Community project no.26220220180: Building Research Centre 
„Agrobiotech“.  
Key words: amaranth, mutation breeding 
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The purpose of the presented work is to incorporate resistance to fusarium head blight (FHB) 
contributed by gene Fhb1 (chromosome 3B) into two Polish advanced breeding lines of winter wheat 
(recurrent parent, RP) SMH8527 and DL414/10. The donor of the resistance gene Fhb1 was a wheat line 
AIII62 (F5BC2) derived from the cross between Sumai3 and Polish cultivar Muszelka. 
In order to reduce the size of the donor chromosome segment containing the target locus, plant 
selection in the offspring population (F2BC2) was focused on selecting individuals with the target gene 
(Fhb1) and recombination events between the target locus and linked flanking markers (recombinant 
selection). From among polymorphic DNA markers available we used four flanking markers (gwm389, 
barc12, gwm493 and gpw3248) and one central marker UMN10 (confirming the presence of Fhb1 gene). 
In each population 120 plants were evaluated for best combination of alleles at selected marker loci. 
After molecular selection five and ten individuals in the first (RP SMH8527) and second (RP DL414/10) 
population were chosen, respectively. 
 
 
 
 
 
 
 
 

Poster №8: Integrated Genome Sequences Encoding Virus-Related RNA Helicases in Plants 
and Herbivorous Insects 
 
Morozov Sergey1, Erokhina T.N.2, Kozlovsky S.V.1, Solovyev A.G.1 
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Recently, a novel phenomenon of horizontal gene transfer of helicase-encoding sequences from 
positive-stranded RNA viruses to the genomes of plants and insects has been described. In plants, these 
virus-like genome sequences were shown to be transcribed and participate in producing endogenous 
siRNAs potentially involved in anti-virus protection. In insects, helicase-encoding genome sequences are 
integrated into long ORFs of LINE retrotransposons. We proposed hypotheses on the adaptive 
significance of SF1H-coding sequences in insects, particularly, (i) HGT of the SF1H sequences as a tool for 
anti-viral defense; (ii) active expression of virus-like SF1H as a possible prerequisite for herbivory 
(Morozov et al., 2017. PeerJ. 5: e3673). Despite the transcription of SF1H genome sequences was found, 
there are no data on the protein expression. In this work, we obtained mAbs against virus-like SF1H 
encoded by Spodoptera frugiperda. Biochemistry and cellular localization of the mAb-interacting 
polyproteins in Sf9 cells will be presented.  
This work was supported by Russian Foundation for Basic Research (grant No. 16-04-00765A).  
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Carnivorous plants bear the special ability to produce and secrete well-defined digestive fluids consisting 
of pharmacological active secondary metabolites and digestive enzymes. Our aim is to produce 
pharmaceutical relevant substances in carnivorous plants by modifying plant-derived secondary 
metabolites or the expression of heterologous proteins. Furthermore, by interfering in plant secondary 
metabolite or signal transduction pathways we can gather information about biosynthetic and 
regulatory cascades of the carnivorous plant. 
Here we present the transformation of several genera of carnivorous plants with the marker protein 
GFP (green fluorescent protein) using different transformational methods. 
 
 
 
 

Poster №10: Improvement of Parthenogenesis Induction and Doubled Haploid Production in 
Cucumber (Cucumis sativus L.) Using Putrescine, Spermidine, and Cycocel 
 
Hamed Ebrahimzadeh1,2, Mehran E. Shariatpanahi1*, Hassan Soltanloo2, Ali Eskandari3, Seiede Sanaz 
Ramezanpour2  
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Research, Education and Extension Organization (AREEO), 3135933151 Karaj, Iran; 2Department of Plant Breeding 
and Biotechnology, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran; 3Nuclear 
Agriculture Research School- Nuclear Science and Technology Research Institute, Karaj. Iran. Correspondence to:  
mehran.shariatpanahi@abrii.ac.ir 
 
In this study, the effect of spraying mother plants with various levels of putrescine, spermidine, and 
cycocel (each at 0, 50, 500, and 5000 mg/l) were assessed on the frequency of haploid embryos 
produced from unfertilized ovaries and subsequent regeneration of derived embryos. Significantly 
higher haploid embryos were obtained when mother plants were sprayed with putrescine at 500 mg/l 
(5.2 embryos/fruit), spermidine at 50 mg/l (4.8 embryos/fruit), and cycocel at 50 mg/l (5.2 
embryos/fruit) as compared to the control (without spraying, 3.2 embryos/fruit). Only spermidine at 50 
mg/l led to 100% regeneration into fully developed plantlets. Ploidy analysis using flow cytometer and 
chromosome counting indicated that all regenerated plantlets contain gametic chromosome number 
(n=x=7). Regenerated haploid plantlets were micro-propagated. Single nodes and Shoot tips were 
dissected aseptically and transferred to liquid E20 medium supplemented with 80 mg/l Fe-EDDHA, and 
various levels of colchicine, trifluralin, or oryzalin. Seeds of DH lines were collected for combining ability 
(GCA/SCA) evaluation. 
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The breeding progress in pea was based on improving the harvest index. Further posibilities come from 
the improvement of resistance to abiotic and biotic stresses. Our preliminary research revealed the 
existence of a wide genetic variation in the effectiveness of the use of soil resources. We consider that 
an identification of genome regions associated with the nitrogen efficiency could help to establish their 
relationships with yield performance. 
In the field experiment and in the greenhouse conditions, variance and co-variance of relevant traits 
were examined among lines of the Canadian and Polish mapping populations ([Carneval×MP1401] and 
[Wt10245×Wt11238] respectively) under varied nitrogen nutrition.  
Significant correlations between the plant performance and the efficiency of nitrogen utilization in the 
development of seed weight (NUtE) were positive in field experiments (r=0.66 Wiatrowo optimal 
conditions, r=0.79 Wiatrowo reduced nitrogen supply, r=0.69 Przebędowo stress conditions). The more 
stressful environments, the higher share of physiological parameters in the performance of the crop. 
QTL data came from two regimes. Forty one QTLs were detected on the Polish mapping population in 
the field experiment. Seven QTLs were detected in the Canadian mapping population in greenhouse 
conditions. SSR markers allow for QTLs comparison with other authors. Bourion et al. (2010) mapped 32 
quantitative trait loci for root, 24 for nodule traits and 7 for seed N accumulation in similar locations. 
The QTL number on the Polish mapping population was greater than on the Canadian mapping 
population. 
Funding. Analysis was financed by the project of the Polish Ministry of Agriculture and Rural 
Development (HORhn-802.14.2017). 
Bourion V., Rizvi S., Fournier S., Larambergue H., Galmiche F., Marget P., Duc G., Burstin J. (2010). 
Theoretical and Applied Genetics, 121 (1): 71-86. 
 
 

Poster №12: Overexpression of Different Anthocyanin Regulatory Genes in Torenia Enhances 
Transcript Level of Anthocyanin Biosynthesis Genes 
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This study was conducted to confirm whether the regulatory genes such as PAP1, B-peru, PAP1+B-peru, 
which are driven under the control of the CaMV 35S promoter, could regulate genes encoding enzyme 
for anthocyanin biosynthetic pathway in Torenia fournieri ‘Kauai Rose’ explants. After co-cultivation 
with Agrobacterium strains, explants were cultured on the selection medium containing 1.0 mg·L-1 BA + 
0.1 mg·L-1 NAA, 250 mg·L-1 Clavamox and 0.5 mg·L-1 PPT for 4 weeks. Regenerated putative transgenic 
shoots were transferred to MS hormone free medium supplemented with 3% sucrose and 125 mg·L-1 
Clavamox, 1.0 mg·L-1 PPT for root formation. Putative transgenic plants with roots were acclimatized in 
green house for 4 weeks and treated with 0.1% Basta. The survived plants showed PCR positive for 
inserting genes. 
 
 
 
 

mailto:mgaw@igr.poznan.pl
mailto:aunghtaynaing2005@gmail.com


37 

Rijk Zwaan Zaadteelt en Zaadhandel B.V. 
 
Burgemeester Crezéelaan 40 
PO Box 40 
2678 ZG De Lier 
The Netherlands 
 
Tel: +31 174 53 23 00 
Fax:  +31 174 53 21 66 
 
Email: www.rijkzwaan.com/ 
Web: info@rijkzwaan.com 
 
Rijk Zwaan is a plant breeding company. We develop new vegetable varieties and sell the seeds 
produced from them all over the world. We tap into the rich diversity nature offers us, and combine it 
with our extensive market knowledge and state-of-the-art techniques. 
 
Developing new varieties. 
At Rijk Zwaan, we develop varieties with improved benefits, or ‘traits’, for the entire fresh produce 
chain. We do so by continuously developing new crossings and selecting the best offspring from them. 
High-tech research ensures that we work in an increasingly targeted and efficient manner. 
 
High-quality seeds. 
Vegetable seeds are a natural product. They must be produced under the ideal conditions and undergo 
extensive quality checks. We work in accordance with strict standards and careful plans to ensure that 
we can supply the required seeds on time. 
 
Supplying the market together. 
Our involvement does not end when we sell our seeds. We help our customers to get the best out of our 
varieties and we maintain close contact with the entire fresh produce chain, working together to 
provide consumers with tasty and healthy vegetables. 
 
Solutions. 
Our seeds form the basis for healthy and appealing vegetables. The world population continues to grow 
and the demands on food are increasing. That’s why our crop specialists and marketing specialists are in 
close contact with the entire vegetable chain. We discuss market developments, consumer trends and 
demographic shifts to identify the right priorities for our breeding programmes. This enables us to 
launch varieties that offer solutions to various societal challenges. 
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Liriodendron tulipifer seed germination is extremely low, often below 1%, many seeds are empty and 
sterile. To overcome this problem, the effect of impulsive electromagnetic field has been studied. Tulip 
tree seeds have been collected late October, early November, 2017 and maintained in cold and dark 
during the winter, 2018 until treatments. 
We have tested three variants of germination: control without any treatment, permanent treatment 
and impulse treatments with electromagnetic field. Seeds treated at 4C in the dark, have been sterilized 
with 2% Calcium Hypochlorite for 15 min, rinsed three times with water and placed in Petri dishes onto 
wet, sterile Wathman paper. Dishes were sealed with parafilm and subjected to experimental 
treatments. Germination of seeds was evaluated after 1.5-2 months. Results have shown, that the most 
effective treatment appeared to be permanent treatment (14%) compared to impuls treatment (6%) 
and control experiments. 
Based on the results of experimental studies, we can conclude that the IEMF had a positive effect on the 
seed germination of Liriodendron tulipifera. 
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Friedrich-Olbricht-Damm 62 
D-13627 Berlin 
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Tel: +49 (0) 30 367 006 62  
 
Email: info@conviron.com 
Web: www.conviron.com, www.conviron.de 
 
Conviron is the world leader in the design, manufacture and installation of controlled environment 
systems for plant science and agricultural biotechnology research. 
 
Conviron’s reach-in plant growth chambers, walk-in rooms and Argus Control Systems (a Conviron 
company) provide precise, uniform, and repeatable control of temperature, light, humidity, 
dehumidification, CO2, and other environmental conditions. All environmental parameters can be 
remotely programmed, monitored and analyzed with unparalleled accuracy and convenience. 
 
With installations in more than 90 countries, Conviron’s projects range from small single-chamber 
installations to large scale, multi-chamber facilities in some of the most prestigious corporate, university 
and research institutions around the world. Our innovative design and manufacturing expertise has 
established Conviron as the industry leader with products that are proven, reliable and robust. 
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