
Wir lassen Qualität wachsen

Genomics Approaches in Rapeseed Breeding

Dr. Leckband, Dr. Abbadi

Norddeutsche Pflanzenzucht
Hans-Georg Lembke KG

Applying Genomics to Canola Improvement Workshop, Saskatoon, 2009



Wir lassen Qualität wachsen

Norddeutsche Pflanzenzucht Hans-Georg Lembke KG

A medium-sized, family-owned company 
with over 110 years of tradition in plant breeding

1897  Hans Lembke initiates oilseed rape breeding programs in Malchow on the Isle of Poel 

1905-1945  Breeding, seed production, trading and nominating of various varieties in DLG list 

After WW II during Soviet occupation, expropriation and continuation as state-owned VEG

1946  Foundation of Norddeutsche Pflanzenzucht (NPZ-Lembke), since 1952 located in Hohenlieth

1960  Dietrich Brauer joins NPZ-Lembke, General Managing Partner in 1973 

1991/92  Foundation of SLM Malchow; Re-Purchase of the breeding station of Prof. Hans Lembke

1997  Dietmar Brauer becomes General Managing Partner of NPZ-Lembke 

NPZ TODAY180 employees at both locations, Hohenlieth and Malchow
{ƘŀǊŜƘƻƭŘŜǊ ƻŦ α{ŀŀǘŜƴ ¦ƴƛƻƴ DƳōIά ŀƴŘ αwŀǇƻƻƭ-wƛƴƎ DƳōIά

Research, Breeding ςProduction, Conditioning ςExtension, Distribution

OILSEED RAPEςWinter- and Spring type

GRAIN LEGUMESςFaba beans and Field peas 

FORAGE CROPSςPerennial and Italian ryegrass, Red clover
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NPZ-Lembke Semences SARL
Paris, France

W. v. Borries-Eckendorf GmbH & Co. KG
Hovedissen, Germany

Lembke Serasem Production SARL
La Chapelle Armentieres, France

Lembke Serasem Plant Breeding Ltd.
Cambridge, UK

Rapool-Ring GmbH
Isernhagen, Germany

Saaten-Union GmbH / GbR
Isernhagen, Germany

Canola Breeders Pty Ltd.
Perth, Australia

Saaten-Union Biotec GmbH
Hovedissen, Germany

NPZ-Lembke Ukraine
Kiew, Ukraine

Norddeutsche Pflanzenzucht Hans-Georg Lembke KG

DL Seeds Inc.
Morden, Manitoba, Canada

Branch company

AgroBras Sp. z o.o.
Wagrowiec, Poland     
____________________

OleoBras s.r.o.
Brno, Czech Republic 
____________________

Superosev s.r.o.
Borovce, Slovakia
____________________

Rapool BG Repr.

Pleven, Bulgaria
____________________

Rapool RUS OOO 
Moskow, Russian Fed.
____________________ 

Rapool KAZ OOO

Kostanay, Kazakhstan

Norddeutsche Pflanzenzucht 
Hans-Georg Lembke KG

180 employees

NPZ-Lembke Shareholders

General Managing Partner:  Dietmar Brauer  

Partners: Hans Joachim Lembke
Barbara Brauer
Dr. Martin Frauen
Dr. Gunhild Leckband

NPZ-Lembke Germany

NPZ Hohenlieth

NPZ Malchow + Vorwerk / Isle of Poel



Distribution & Service

SU France SU Hungaria

SU CZSU UK SU Romania

SU Polska

Subsidiaries

SU RUS

Trial station Biotechnology unit

DSV

DSV AG  

RAPOOL RING GmbH
Qualitätsraps deutscher Züchter

Distribution & Service

Subsidiaries

OleoBras CZAgroBras PL Superosev SK Rapool BG

Rapool RUS Rapool KAZ Rapool BY 
in foundation

Breeding cooperations

SAATEN-UNION GmbH Shareholders

WvBSWS PetersenAckermann NPZStrube Nordsaat* * * *

* Member of SAKA*
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NPZ COMPANIES NETWORK

DL SEEDS INC.  

Crops: SOSR Canola
North America breeding program 

Morden (Manitoba), Canada

INTERNATIONAL

CANOLA BREEDERS PTY LTD.  

Crops: SOSR Canola
Australia breeding programme

Perth, Australia 

SEMILLAS BAER 

Crops: SOSR Canola
Winter nursery, Counter season production

Temuco, Chile 
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6

NPZ  Canola Breeding Programmes
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Europe programme
Breeding operations DE / FR /UK / PL / UA

Á Elite line development as parent material 
for hybrids and open pollinated varieties

Á Genepool differentiation for hybrid breeding

Á Hybrid technology systems MSL / ogu-INRA

Á Selection for pathogen resistances
Phoma, Verticillium, Cylindrosporium (LLS), 
Plasmodiophora (Clubroot),TuYV

Specialties: High Oleic Low Linolenic (HOLL)
High Erucic Acid Rapeseed (HEAR)

NPZ Winter Oilseed Rape (WOSR)
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Europe programme
Breeding operations DE/ DK / PL / LV / EE / FIN

North America, Australia programmes
Breeding operations CAN / USA / AUS 

Á Elite line development as parent material
for hybrids in Europe and America

Á RR, IMI Herbicide tolerance North America, Australia

Á IMI Herbicide tolerance Europe

Á Genepool differentiation for hybrid breeding

Á Hybrid technology systems MSL / ogu-INRA

Á Selection for pathogen resistance Phoma, Sclerotinia

Specialties: High Oleic Low Linolenic (HOLL)

High Erucic Acid Rapeseed (HEAR)

NPZ Spring Oilseed Rape (SOSR)

EUROPEAN PROGRAMME IN COOPERATION
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New Variety

Actorswithin BreedingResearch

Academia

Universities and
Institutes

Breeding

Plant Breeders

Industry

Processing, Application

Proportionate public Funding

Industry oriented
e.g. GFP, 

AiF, FEI, UFOP

National:

BMBF, BMVEL

International:

EU, Canada, Australia

Aims of common Breeding research: Definition of promising traits and development 
of respective genetic variance and molecular tools. Cooperation with competitors
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Clubroot Resistance in Winter Rapeseed: 
A Successful Public-Private Partnership

1987 ς1990 Basic research in clubroot resistence in Brassica species
(Inst. f. Ang. Genetik, FU Berlin, Prof. Sacristan, Dr. 
Diederichsen)

1989 ς1990 Rapool-Ring/AiF-Project: Embryo rescue of 
resynthesised  amphidiploid Brassica-species with 
clubroot resistence

1990 - 1995 Production and field trials of DH-Lines ( NPZ/ SU-BIO)

1992 - 1994 NPZ / AiF-Project: Identification of biochemical and 
molecular markers for the selection of clubroot 
resistence in Brassica:
Introgression of resistent lines and hybrid components

2000/2001 Registration and commercialization of the hybrid 
variety MENDEL
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Basic - and applied Research

NPZ researchthemes

Yield

× Yield components

× Oil yield

Yield stability

× Abiotic Stress tolerance

× Pathogen resistence

×Water - and Mineral 
use -effiziency

Systematic Introgression

Quality

× Oil - and Meal quality

× Animal food quality

Enabling Technologies

× Marker assisted selection

× Biotechnology (In -vitro culture, é)

× Simple analytical methods for 
direct application in breeding

× Transgenics
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GABI Future

GABI OIL:
Omics -Based Strategies for 

Increasing Seed Oil Content of 
Rapeseed

01.09.2007 -31.08.2010
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Consortium of GABI -OIL

Subcontractors:

Coordinator: Dr. Leckband
Dr.  Abbadi

Dr. Stelling

Dr. Ouzunova

Dr. Breuer

Dr. Horn

Dr. Stiewe,

Dr. Coque

Prof. Dr. Becker

Dr. Ecke

Dr. Schmidt

Prof. Dörmann

http://www.rapsgbr.com/
http://www.dsv-saaten.de/
http://www.kws.de/
http://www.swseed.de/
http://www.npz.de/
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Work Packages of GABI -OIL

1. Phenotyping and genotyping of different genetic material groups

2. Mapping of QTL and eQTL responsible for oil content and
identification of candidate genes involved in oil metabolism and 

compartmental deposition with a special emphasis on the role of 
endosperm and metabolic network.

3 Identification of chromosomal segments and genetic localisation of 

QTL and eQTL

4 Trait-marker association studies and a meta-analysis for the 
verification of candidate genes and development of molecular 
markers

http://www.swseed.de/
http://www.dsv-saaten.de/
http://www.kws.de/
http://www.npz.de/
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1. 30 F 2-populations (400 individuals each) emerging from crosses 
between genotypes harbouring exotic alleles and Sollux or Express

2. DH population: DSV -DH1 (high oil x medium oil ): 211 individuals

3. 90 modern genotypes (DFG -Set): Association studies

4. 30 exotic genotypes (Landrace, asiatic, resynthesized and 
spring rapeseed) Isolation and sequencing of rare alleles

Plant material in GABI -OIL

http://www.swseed.de/
http://www.dsv-saaten.de/
http://www.kws.de/
http://www.npz.de/
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First results for 2008-09 

Á Field trials of 19 F 2-populations at 3 locations  (2 years)

ïNIRS-analysis of open pollinated seeds from single F2-plants from each 

population performed (double readout)

ï Analysis of SNP candidate gene assays in 20 F2-populations 

Á Field trials of the DFG -set at 9 locations including phenotypic 

scoring (two years)

ïGenotyping of the DFG-set finished for 530 public SSR markers

Á Phenotypic evaluation of the DSV -DH1 population at 8 locations 

ï First set of polymorphic SSR markers is available (~150)

ï Polymorphism evaluation of SSR markers is ongoing
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Å Screening of a B. napus BAC library

Å B. napus BAC clones are assigned to different loci via fingerprinting

Å Sub-cloning and sequencing of B. napus genes orthologous to the candidate genes

Å Development of gene-specific primer pairs to analyse polymorphisms and 

haplotypes in a broad set of B. napus accessions

These data provide the basis for association studies

Candidate genes in B. napus

Arabidopsisgenes selected for the traits seed oil, seed development or seed size

WT

WT
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Core set

11 genotypes

haplotype A
haplotype B
haplotype C
haplotype D
haplotype E

no amplification

mixed sequences

--

E C I JH

Candidate genes: Allelic diversity studies
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Focks, Benning (1998) Plant Physiol

Carbon

Oil Protein

Starch

Carbon re-distribution during seed filling
Oil

Protein

Starch

Arabidopsis seeds

Screening for novel genes
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4752 independet 
M3 seed batches

Protein,

SDS PAGE

EMS 
mutagenesis: 
M2 seeds

Starch (KI/I2)

30 putative mutants 21 putative mutants

Screening for novel Arabidopsis genes
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WT Starch mutants

Total fatty acid methyl esters (µg per 5 seeds)

Starch and protein mutants show altered lipid content in seeds

WP2: Protein and seed starch mutants

Protein mutantsTotal FAME

(µg/5 seeds)
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ARABRAS

Identifying candidate genes for improving plant growth under 

abiotic stress conditions in Brassica crops

(using Arabidopsis natural variation)

Alonso-Blanco ¶O. Loudet 

¶F. Vedele

¶C. Granier ¶D.Weigel ¶G. Leckband

¶A. Abbadi
¶M. Koornneef 

¶M. Reymond
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ÁDetectQTLinvolvedin the growth responsesof abioticstressusing Arabidopsis
naturalvariation(temperature,water deficit, light intensity); Smartphenotyping

ÁIdentify the underlying genes using map based cloning and genomic tools in
different RILsandNILs

ÁComparemap positions of identified genesin Arabidopsiswith detectedQTLfor
growthunderstressconditionsin Brassicanapus

ÁDesignmarkersbasedon candidategenesfrom Arabidopsisfor rapeseedbreeding
programs.

ARABRAS: Goals
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General Objective
ωTo identify and characterize loci and genes affecting drought tolerance, 
flowering time  and/or other growth related traits, in relation to light intensity, 
nutrient and water  use efficiency 

Traits to be analysed

ωVegetative growth/flowering time

ωPlastochron

ωBranch and side shoot patterning

Genomic tools to be used 

ωNew mapping populations derived from different accessions

ωSNP genotyping (SNPlex system) 

ωExpression analysis by Affimetrix microarrays

Arabidopsiswork
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Array-based Resequencing and SNP Mining in A. thaliana

Å SNP discovery through array -based resequencing

(Clark et al., Science 2007)

Å Development of SNP mining tools

(http://msqt.weigelworld.org, http://polymorph.weigelworld.org)

Å Resequencing of accessions using Illumina 1G
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QTL mapping in B. napus for drought and cold tolerance

1. Field trials of double haploid populations, in different environments and 

phenotypic evaluation

Field trials in 3 environments characterized by different climatic and photoperiod 
conditions

2. Genotypic evaluation of germplasm using SSR markers and QTL analysis 

within the DH-populations for cold and drought tolerance

Detection and localization of QTL affecting growth and genotype x environment 

interactions and comparative mapping (Arabidopsis/Brassica)

3. Association studies of candidate genes from Arabidopsisin B. napusmaps 

and development of molecular markers for fine mapping of B. napus

orthologs

Use ofArabidopsis thalianacandidate genes involved in cold and drought 

tolerance to identify orthologous genes in  B. napusand association studies
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Phenotyping for abiotic stress in field trials?

ÁField trials in locations, where drought was expected: 
no drought for two years

ÁField trials in locations, where cold was expected: no 
cold or severe frost, so that everything has been lost

ÁLocation with normally no drought: drought during 
flowering for 3 years

ÁHow to phenotype for drought? 

ïIrrigation, rain out schelter, pot facilities?
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Simulation of drought in rain out pot facilities 

A B-I B-II C-I C-II

Control
80% WC

60% WC
BBCH 30

60% WC
BBCH 60

30% WC
BBCH 30

30% WC
BBCH 60
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A B-I B-II C-I C-II

Simulation of drought in rain out pot facilities 



Wir lassen Qualität wachsen

Prof. Thomas Schmülling

Freie Universität Berlin

Institute of Biology/Applied Genetics

N

N N

N

NH
OH

H

GABI-Growth: Yield enhancement in oilseed rape 

through targeted modulation 

of the cytokinin status

A. Abbadi
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Cytokinins are a class of plant hormones. 

Chemically they areN -substituted adenin derivatives.6

Can we alter the cytokinin status of oilseed rape 

in a targeted fashion to improve

ωtiming of leaf senescence

ωthe root system

ωseed yield?

N

N N

N

NH
OH

H trans-zeatin

Cytokinins regulate growth and developmental processes 

relevant for yield, e.g. root and shoot growth, seed size and 

leaf senescence.

Cytokinin- Introduction
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Research topics

É Root enhancement by localized cytokinin deficiency

É Yield enhancement by controlling meristem size
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The cytokinin-deficiency syndrome (CDS)

WT 35S:CKX1 WT 35S:CKX1-4

Cytokinin is: 

- a positive regulator of shoot growth

- a negative regulator of root growth

Systemic CKXoverexpression causes a 
reduced shoot growth and enhanced root growth
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Root enhancement by localized cytokinin-deficiency

É Root density is a factor that may limit nutrient uptake, in particular in case 
of limited diffusion (e.g. P), as well as the access to water. 

É Root architecture is commonly thought to be governed by many gene loci 
(QTLs) and thus to be a complex trait.

The relevance of the root system

É Can we generate plants (near isogenic lines) with an enhanced root 
system, i.e. can we limit the consequences of CDS to a particular organ? 

É If so, which are the consequences of an enhanced root system for mineral 
uptake and the use of water?

Root enhancement by localized cytokinin -deficiency
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WT RSP::CKX3
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WT RSP:CKX3

É No gross changes of shoot morphology.

É Up to 100% increase in root biomass.

É Root meristems are enlarged. 

É A single dominant gene can be used to regulate 

a complex trait (root growth).

Root-specific expression of CKXin Arabidopsis

Root enhancement by localized cytokinin-deficiency

WT CKX
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WT

ckx-ko6

A specific ckxdouble mutant of Arabidopsishas enlarged inflorescence meristems because 
additional cytokinin retards cellular differentiation.

These meristems initiate more floral meristems and forms more siliques.

The siliques are larger and contain more seeds.

*

*

*

*
*

*

Yield enhancement by controlling meristemsize
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Increased number of flower primordia and flowers

Inceased seed yield in ckxmutants of Arabidopsis

Increased number of seeds per silique 
and increased seed yield.
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Nitrogen Use Efficiency in rapessed 

Research group FOR 948

9 academic partners

1 breeder (NPZ)
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Nitrogen Use Efficiency- Group

Uptake Efficiency

N- Efficiency

Use Efficiency

Genotype

Environment
Senscence

Morphological 
Adaptation

Physiological 
Adaptation

N- Retranslocation

Cellular N-Use 


