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Abstract 
 
Novel basic materials of rapeseed (Brassica napus L.) generated via interspecific hybridisa-
tions between suitable genotypes of B. rapa L. (2n=20) and B. oleracea L. (2n=18) represent 
a valuable source for broadening genetic diversity in oilseed rape (B. napus, 2n=38). “Resyn-
thetic” (RS) rapeseed lines originating from crosses between an Indian Yellow Sarson (B. 
rapa ssp. trilocularis) and different cauliflower (B. oleracea convar. botrytis) cultivars were 
studied using amplified fragment length polymorphism (AFLP) markers. The generated ge-
netic diversity was compared in relationship to a collection of selected diverse spring oilseed 
and fodder rape varieties of different origin. Cluster analysis based on AFLP data allowed the 
differentiation of RS lines, which, as expected, were genetically highly divergent from the 
cultivars studied. The generated genetic diversity of RS material is discussed in relation to its 
morphological variability with a view to the implementation of RS lines in oilseed rape breed-
ing. 
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Introduction 
 
Oilseed rape is one of the most important oilseed crops worldwide. B. napus (2n=38, genome 
AACC) originated from spontaneous hybridisation between turnip rape (B. rapa L., syn. B. 
campestris; 2n=20, AA) and cabbage (B. oleracea L.; 2n=18, CC); for references cf. Seyis et 
al. (2003b). However, the limited geographic range of rapeseed and intensive breeding has led 
to a comparatively narrow genetic basis of current breeding materials. Resynthetic (RS) rape-
seed genotypes developed through interspecific crosses between diverse B. rapa and B. ol-
eracea accessions have the potential to significantly increase the available gene pool and pro-
vide important basic germplasm for further improvements of agronomic traits (e.g. disease 
and pest resistances, seed yield) and quality features (i.e. oil and meal composition). Further-
more, RS rapeseed is potentially of great interest for hybrid breeding, since heterosis effects 
have been reported to be higher in crosses of genetically distant materials. On the other hand, 
RS genotypes are generally not suitable to be used directly for oilseed rape hybrids, because 
they usually display inferior seed quality traits such as low seed oil content, high erucic acid 
(C22:1) in the oil and high seed glucosinolate contents (++ quality), as well as other undesir-
able quality traits derived from one or both of the progenitor parents.  
As crop plant gene pools narrow through continued selection for yield, it becomes more and 
more important for breeders to have tools for an effective discrimination of breeding lines. 
Over the last decades an array of genetic marker systems based on DNA polymorphisms have 
been developed that potentially improve efficiency of breeding programs by enabling a more 
accurate definition and exploitation of genetic variation. Many studies have also demonstrated 
the use of molecular marker techniques for analysis of genetic variation in crop plant species. 

Friedt et al. 1



In oilseed rape, Becker et al. (1995) compared cultivars and resynthesized lines by allozyme 
and restriction fragment length polymorphism (RFLP) markers and concluded that RS forms 
are a suitable resource for broadening the genetic base of the species. Song et al. (1995) de-
scribed the rapid genome changes in synthetic Brassica polyploids and discussed the evolu-
tionary implications arising from the ability of polyploid species to generate extensive genetic 
diversity in a short period of time. Thormann et al. (1994) used RFLP and RAPD markers to 
determine genetic distances in and between cruciferous species. Halldén et al. (1994) charac-
terized B. napus breeding lines by RFLP and RAPD techniques, while Diers and Osborn 
(1994) compared RFLP patterns in 61 winter and spring rapeseed genotypes and concluded 
that the two forms constitute two genetically distinct groups. The relationship between genetic 
distance and heterosis in oilseed rape was investigated by Diers et al. (1996) using RFLP 
markers and by Riaz et al. (2001) with sequence-related amplified polymorphisms (SRAP). 
Plieske and Struss (2001) were able to clearly differentiate winter and spring rapeseed in a 
cluster analysis using simple sequence repeat (SSR) markers. Furthermore, RAPDs were used 
by Mailer et al. (1994) and Voss et al. (1998) for discrimination among rapeseed cultivars. 
Lombard et al. (2000) used AFLPs to genotype winter rapeseed cultivars and estimate genetic 
similarities. This study demonstrated the effectiveness of AFLP markers for genetic distinc-
tion among rapeseed cultivars. In comparison to other marker techniques, AFLP analysis pro-
vides a large number of highly reproducible polymorphic markers in a single analysis without 
sequence information (cf. Powell et al. 1996). Because they deliver a large amount of infor-
mation in a short time and at comparatively low cost, AFLP markers represent an extremely 
useful tool for genetic diversity studies (cf. Snowdon and Friedt 2004). Therefore, they are 
now often used for analysis of germplasm, genetic diversity and phylogeny, gene tagging and 
molecular map construction.  
In a detailed study we have compared RS rapeseed lines originating from crosses between an 
Indian Yellow Sarson and different cauliflower varieties using AFLP markers. Genetic diver-
sity was compared to a collection of diverse spring oilseed and fodder rape types from differ-
ent countries (Australia, Canada, Denmark, France, Germany, Sweden, New Zealand) by un-
weighted pair-group method algorithm (UPGMA) clustering and principal coordinate (PCO) 
analysis. Since only one B. rapa parent was used for the development of RS lines, this novel 
rapeseed material was expected to be closely related. However, phenological data from a field 
evaluation of morphologic and agronomic traits including plant height, leaf morphology, days 
to flowering, flowering period, time of maturity, vegetation period and seed yield components 
(pods per plant, seeds per pod, 1,000-seed weight) showed a clear differentiation between the 
RS families, which in turn could be clearly differentiated from natural spring rapeseed culti-
vars, fodder types and Canadian oil types. The main intention of this study was to characterise 
and quantify the molecular genetic variability present within the RS progeny in order to de-
scribe its variation from existing spring rapeseed breeding material. 
 

Materials and Methods 
 
Plant Material: A total of 165 RS lines were tested in field trials on the experimental farm of 
Rauischholzhausen (Germany) during summer 1999 together with 40 spring oilseed and fod-
der rape cultivars from European gene banks (Table 1). Resynthetic rapeseed lines were gen-
erated by embryo rescue using ovule culture from crosses between five varieties of high eru-
cic acid cauliflower (B. oleracea L. convar. botrytis) and an Indian Yellow Sarson (B. rapa 
ssp. trilocularis) cultivar with both high erucic acid and high glucosinolate contents (++ qual-
ity). All RS lines are self-fertile, possess traditional ++-seed quality, have moderate or no ver-
nalisation requirement and week winter hardiness (cf. Seyis et al. 2003b). 
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Table 1: Plant materials used for genetic diversity analysis; RS rapeseed lines, spring oilseed 
(O) and fodder (F) varieties. Designation of type indicates high (+) or zero (0) erucic acid and 
high (+) or low (0) glucosinolate contents. RS lines derive from crosses between Indian ‘Yel-
low Sarson’ (YS) and five cauliflowers (BK) (IPK Gatersleben, Germany)  
 
 Pedigree / Cultivar Breeder / Country of origin Type 

RS1-44 (BK 2256 x YS) Univ. of Giessen, Germany (++) 
RS45-RS88 (YS x BK 2256) Univ. of Giessen, Germany (++) 
RS89-RS119 (YS x BK 3094) Univ. of Giessen, Germany (++) 
RS120-RS129 (YS x BK 3096) Univ. of Giessen, Germany (++) 
RS130-157 (BK 2287 x YS) Univ. of Giessen, Germany (++) 

RS lines 

RS158-165 (YS x Venus) Univ. of Giessen, Germany (++) 
Cultivars  Stellar Univ. of Manitoba, Canada O (00) 
 Reston Univ. of Manitoba, Canada O (+0) 
 Tower Univ. of Manitoba, Canada O (00) 
 Oro Agriculture Canada O (00) 
 Midas Agriculture Canada O (0+) 
 Nugget Agriculture Canada O (++) 
 Golden Agriculture Canada O (+0) 
 Regent Univ. of Manitoba, Canada O (00) 
 Profit Agriculture Canada O (00) 
 Excel Agriculture Canada O (00) 
 Tristar Agriculture Canada O (00) 
 Profitol DSV1, Germany O (00) 
 Liaison DSV1, Germany O (00) 
 Licosmos DSV1, Germany O (00) 
 Lisonne DSV1, Germany O (00) 
 Star DLF2, Denmark O (00) 
 RG5 SLG3, Sweden O (00) 
 RG6 SLG3, Sweden O (00) 
 RG7 SLG3, Sweden O (00) 
 RG8 SLG3, Sweden O (00) 
 Karat Svalöf Weibull4, Sweden O (00) 
 Topas Svalöf Weibull4, Sweden O (00) 
 Sv. Gulliver Svalöf Weibull4, Sweden O (0+) 
 Svalöfs Gulle Svalöf Weibull4, Sweden O (++) 
 Golda Semundo5, Germany O (00) 
 Moneta Semundo5, Germany O (00) 
 Evita Semundo5, Germany O (00) 
 Lambada WvB6, Germany O (00) 
 Duplo WvB6, Germany O (00) 
 Callypso LP7, Germany O (00) 
 Drakkar Serasem8, France O (00) 
 Marnoo DAV9, Australia O (00) 
 Wesbrook WADA10, Australia O (00) 
 Industry Danisco11, Denmark O (+0) 
 Bronowski IHAR12, Poland O (+0) 
 Janetzki German landrace O (++) 
 Moana New Zealand F (++) 
 Tiger WvB6, Germany F 
 Jumbo WvB6, Germany F 
 Petranova LP7, Germany F 
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Table 1 cont.: 1 Deutsche Saatveredelung GmbH, Lippstadt, Germany; 2 DLF-Trifolium A/S, Roskil-
de, Denmark; 3 Saatzucht Lundsgaard, Sweden; 4 Svalöf Weibull AB, Svalöv, Sweden; 5 Semundo 
Saatzucht GmbH, Teendorf, Germany; 6 W. von Borries-Eckendorf GmbH & Co, Leopoldshöhe, Ger-
many; 7 Lochow-Petkus GmbH, Bergen, Germany; 8  Serasem GIE, la Chapelle d'Armentières, 
France ; 9  DAV, Victorian Department of Agriculture, Crops Research Division, Australia; 10  WADA, 
Western Australian Department of Agriculture, Australia; 11 Danisco Seed, Holeby, Denmark; 12 Insti-
tute of Plant Breeding and Acclimatization, Poznan, Poland. 
 
AFLP method: DNA was isolated from young leaves of field-grown plants using a standard 
CTAB extraction protocol. AFLP amplification products were generated with the AFLP kit of 
GIBCO-BRL (AFLP Analysis System I, GIBCO-BRL Life Technologies Inc., Rockville, 
MD, USA) according to the manufacturer’s instructions. A representative selection of sam-
ples were pre-screened with six primer combinations (see Table 2). Core sequences for selec-
tive amplification were 5´GACTGCGTACCAATTC-3´ (EcoR1 primer: E) and 

5´GATGAGTCCTGAGTAA-5 
(Mse1 primer: M). The primer 
combinations marked with aster-
isks showed the highest number 
of polymorphic bands in a pre-
screening of selected genotypes 
and were used to analyse the 
complete set of rapeseed materi-
als. 
Amplification products were 
separated and visualised using a 
LI-COR 4200 DNA Analyzer (LI-
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Table 2: AFLP primer combinations used for genetic 
diversity analysis in a set of resynthesised B. napus 
genotypes and spring rapeseed varieties.  
 
Primer Combination Selective nucleotides 
E32 / M47* E-AAC + M-CAA 
E32 / M62* E-AAC + M-CTT 
E33 / M62* E-AAG + M-CTT 
E32 / M60 E-AAC + M-CTC 
E33 / M59 E-AAG + M-CTA 
E33 / M60 E-AAG + M-CTC 
COR Biosciences, Lincoln, NE, 
USA). Genotypes were scored 

sing the software RFLP-Scan (version 2.01, Scananalytics Inc., Fairfax, VA, USA) and the 
ata was exported as a 1-0 matrix for statistical evaluation. Only polymorphic bands were 
ecorded (cf. Seyis et al. 2003b). 

enetic diversity analysis: Genetic similarity among all samples based on AFLP markers was 
alculated using the similarity index of Dice. A dendrogram was generated with the un-
eighted pair-group method algorithm (UPGMA) using the software package NTSYS-pc 

version 2.01, Exeter Software, Setauket, NY, USA). Furthermore, because UPGMA cluster-
ng sometimes results in discrepancies depending on the choice of similarity index, a principal 
oordinate (PCO) analysis was performed, using the software SPSS (version 10.0.7, SPSS 
nc., Chicago, USA). Genotypes with unexpected or outlying positions in the UPGMA den-
rogram were identified in the PCO diagram (Fig. 1), to determine their relative positions 
ith regard to all other individuals independent of the similarity index. 

esults and Discussion 

ith the three selected primer combinations E32M47, E32M60 and E33M62 a total of 467 
olymorphic AFLP bands were scored in the complete set of B. napus RS lines and spring 
apeseed varieties. Genetic diversity based on polymorphic markers generated with the three 
elected primer combinations has been presented by a UPGMA similarity cluster (not shown, 
f. Seyis et al. 2003b). As expected the RS lines proved to be closely related due to their 
ommon B. rapa parent, where the lines with cv. ‘Venus’ as cauliflower parent clustered apart 
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from the other RS families in the dendrogram. The RS combinations BK2256 x YS, YS x 
BK3094 and YS x BK2256 clustered very closely on the x–y plane in the PCO analysis (Fig. 
1), indicating that their genetic differentiation arises from only a relatively small number of 
loci.  
 

Fig. 1: Three-dimensional PCO analysis showing genetic relatedness of spring rape-
seed (B. napus) cultivars and different RS families (for details see text).  

Cultivars

RS Lines

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In a UPGMA dendrogram (not shown) the genetic distances separating these three RS fami-
lies were comparable with the smallest distances between different rapeseed varieties. Fur-
thermore, the genetic distances separating these three RS families were comparable with the 
smallest distances between different rapeseed varieties, hence this group can probably be re-
garded collectively in terms of genetic diversity for breeding purposes. On the other hand, the 
lines RS79 and RS83 from the families ‘YS x BK3094’ and ‘YS x BK2256‘, respectively, 
appeared in quite unexpected cluster positions in the dendrogram, with a high genetic distance 
from their RS sibling lines. The deviation of RS83 is confirmed by its distinct three-
dimensional location in the PCO diagram. The sibling lines from the RS group ‘YS x 
BK3096’ were also separated into different sub-clusters in the dendrogram and were also dis-
persed in the PCO diagram, indicating unexpected genetic differences in lines originating 
from this cross. Furthermore, some lines originating from clones of the same individual were 
unexpectedly found to be not genetically identical, whereas other pairs of clones gave ex-
pected identical AFLP fingerprints. The most extreme example of this phenomenon was 
RS152b, which clustered separately from all other RS lines including RS152a. For all unusual 
genotypes the correct amplification of the AFLP products was confirmed, and in all cases the 
unexpected genetic differences were reflected by notable morphological differences among 
the clones or in the aberrant individuals (data not shown) that suggest significant disruptions 
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in the genomes of the respective lines. Line RS125 clustered alone equally genetically distant 
from both the RS lines and from the spring rape cultivars in the UPGMA dendrogram, and 
had a distinct three-dimensional position in the PCO analysis. The possibility that the unex-
pected genotype of this line derived from an aberrant outcrossing event was discarded, be-
cause fatty acid analysis of seed from this line did not show reduced erucic acid content.  
The 40 cultivars studied formed a distinct cluster in both the UPGMA and PCO analyses, 
whereby the dendrogram contained smaller sub-clusters that also segregated with relatively 
high genetic distances. The old German landrace ‘Janetzki’s’ (++), the Canadian 00-varieties 
‘Regent’, ‘Tristar’ and ‘Excel’, and the two German 00-cultivars ‘Callypso’ and ‘Evita’ 
proved to be most genetically distant from the bulk of the material. Also, the Canadian oilseed 
variety ‘Nugget’ and the fodder type ‘Moana’ from New Zealand (both ++), along with the 
Australian cultivars ‘Wesbrook’ and ‘Marnoo’ (both 00) were shown to be genetically dis-
tinct. These nine varieties also segregated distinctly in the PCO analysis, whereas all other 
cultivars were relatively closely grouped. In the dendrogram, however, the French 00 cv. 
‘Drakkar’ was also genetically distinct from the other cultivars, as were the Danish and Polish 
+0 oilseed types ‘Industry’ and ‘Bronowski’, respectively. The German hybrid variety ‘Profi-
tol’ clustered separately together with the Danish variety ‘Star’, whereas the Canadian canola-
cultivar ‘Tower’ (00) was also genetically distinct. The remainder of the varieties, comprising 
numerous oilseed types from Sweden, Germany and Canada along with the German fodder 
rapes ‘Petranova’, ‘Jumbo’ and ‘Tiger’, formed a large cluster in the dendrogram with no ob-
vious differentiation with regard to origin or type. 
B. napus is a relatively young species that derived in a limited geographic region only some 
500 years ago, from spontaneous hybridisation(s) between B. rapa and B. oleracea. The gene 
pool of elite rapeseed breeding material has been further narrowed by an emphasis on specific 
quality traits. As a consequence, genetic variability in this important oilseed crop is restricted 
with regard to many characters of value for breeding purposes. Resynthesis of novel geno-
types through artificial crosses between the diploid parents, assisted by embryo rescue tech-
niques, has repeatedly been shown to be a useful strategy for broadening the genetic basis of 
rapeseed material. Both progenitor species exhibit an extremely broad genetic and phenotypic 
diversity that gives the potential for a huge variety of different RS rapeseed forms (Chen and 
Heneen 1989, Song et al. 1993, Becker et al. 1995, Lühs et al. 2002). The relatively high ex-
tent of intergenomic recombination between A and C genome chromosomes in early genera-
tions of RS rape (see Song et al. 1995, Lydiate et al. 1995) further increases the potential for 
creation of novel genotypes through resynthesis. The observation of RS lines in the present 
study with quite distinct AFLP genotypes to sibling lines from the same cross, or to clones of 
the same line, may be a consequence of intergenomic recombination of this kind. In some 
cases the genetic differences were reflected in a distinct or unusual morphology of the line in 
question, demonstrating the potential of such genetic variation to manifest itself in novel phe-
notypic variation. 
The extremely high number of polymorphic AFLP bands recorded in the present study under-
lines the high capacity for the AFLP technique to detect polymorphism and reflects the dis-
tinct genetic origin of the RS lines from novel combinations of B. oleracea and B. rapa geno-
types. In a study of 83 rapeseed cultivars Lombard et al. (2000) found a maximum of 30 po-
lymorphic bands per primer combination in 17 primer combinations tested. As expected, the 
high degree of polymorphism we observed was reflected in a clear differentiation between the 
RS material and the spring rapeseed cultivars, both in a UPGMA dendrogram and in a PCO 
analysis. The large genetic distance between the RS lines and existing rapeseed cultivars is of 
particular interest in terms of increasing potential heterosis through hybrid development. In 
order to investigate the heterotic potential for yield components, selected RS lines from the 
material described in this paper were used to develop experimental hybrids with male-sterile 
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breeding lines. In field trials at three locations several hybrids based on RS lines gave a higher 
yield potential compared to check cultivars (Fig. 2, cf. Seyis et al. 2003a, Spiller et al. 2004). 
No clear differentiation was evident between oilseed and fodder varieties, however in some 
cases genetic clusters were observed that corresponded to the origin or quality type, especially 
with more exotic or old material. Based on polymorphisms at RFLP and allozyme loci, 
Becker et al. (1995) were able to distinguish rapeseed varieties into summer and winter forms 
and in terms of their respective geographic origin, particularly in the case of exotic Asian ma-
terial. Diers and Osborn (1994) also distinguished 61 rapeseed genotypes into winter and 
spring groups using RFLP markers, whereas Plieske and Struss (2001) were able to clearly 
differentiate winter and spring rapeseed using SSR markers. Of course, many of the polymor-
phic loci identified in the present study can be attributed to the high genetic distance of the RS 
lines from the variety material, however the number of loci polymorphic within the varieties 
alone was far greater than the number of polymorphic loci in the previous studies. It should be 
remembered, however, that most fodder rapes originated from the same narrow genetic pool 
that also gave rise to low glucosinolate (00) oilseed rape forms, and their development and 
morphology is not necessarily different from that of oilseed forms. 

The inability of our 
AFLP data to 
clearly distinguish 
genotypes from 
different geo-
graphic origins is 
not surprising, 
bearing in mind 
that plant breeders 
often implement 
material from in-
ternational sources 
in their breeding 
programs in order 
to maximise ge-
netic diversity. In 
some cases genetic 
distances separating 
cultivars deriving 
from the same ori-
gin (breeder, insti-
tute or company) 
was as high or even 
higher than the ge-

netic distance among cultivars of different origin, an observation that based on simple F-
statistics would be consistent with a hypothesis of genetic exchange among different breeders 
in different countries. Nonetheless, material from more exotic sources tended to be more ge-
netically distinct in comparison to the majority of cultivars from Canada, Germany and Swe-
den. Without detailed pedigree information it is difficult to interpret all sub-clusters among 
the cultivars, however it appears, as expected, that relatedness among pedigrees plays a more 
important role than the country of origin of a given variety. For some of the Canadian culti-
vars, however, the molecular data proved to be inconsistent with the pedigree (cf. Sernyk 
1999). For example, ‘Tower’ and ‘Regent’ have the same pedigree, ‘Stellar’ is derived from 
‘Regent’ and the pedigree of ‘Reston’ is similar to that of ‘Tower’, yet significant genetic 
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Fig. 2: General combining ability (GCA) of selected RS lines in 
comparison to three traditional varieties (right) estimated from 
results of field experiments at three locations in 2001; six of 10 
RS lines tested exhibit positive GCA effects. 
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differences were observed among these varieties. A possible explanation for such unexpected 
results is that the Canadian seed material for this study was derived from gene banks, where 
cross-pollination during seed regeneration may cause contamination in B. napus stocks (Lühs 
et al. 2002). Therefore, AFLP analysis can also be implemented for purity testing of gene 
bank material due to its high discriminatory power.  
The enormous potential of resynthesis in rapeseed breeding will make efforts dealing with 
germplasm conservation and well-directed use of the diploid parents more important in the 
future. On the other hand, the initial yield potential of RS rapeseed is low. So the use of such 
forms and the new genetic variability thus created must be directed, particularly with regard 
to seed quality and yield, to facilitate its integration into high-yielding breeding material. 
Specifically this can be achieved by producing semi-synthetic rapeseed forms or by develop-
ing high-yielding hybrids. Obviously, the establishment of new gene pools based on novel B. 
napus is limited by its inferior agronomic performance and seed quality (++), hence this ap-
proach must be considered under more long-term perspectives. However, the discovery of 
low-erucic acid mutants among B. oleracea accessions (Lühs et al. 2000) and the develop-
ment of RS rapeseed forms via interspecific crosses with interesting 0- or 00-quality B. rapa 
genotypes will open the possibility to use such new rapeseed material as a genetic resource 
for quality and yield improvement in oilseed rape (Lühs et al. 2002, Seyis et al. 2003a). As 
demonstrated in this work, the use of AFLP markers will assist in the evaluation of RS lines 
in terms of describing their genetic distance in relation to existing breeding material, in order 
to enrich the available gene pool for breeding of this important oil crop species. 
 
Acknowledgements: This work was partially funded by the Bundesministerium für Bildung 
und Forschung (BMBF) and the Gemeinschaft zur Förderung der privaten deutschen Pflan-
zenzüchtung (GFP), Bonn. 
 
 
References 
 
Becker HC, Engqvist GM, Karlsson B (1995) Comparison of rapeseed cultivars and resynthe-

sized lines based on allozyme and RFLP markers. Theor Appl Genet 91:62-67. 
Chen BY, Heneen WK (1989) Resynthesized Brassica napus L.: a review of its potential in 

breeding and genetic analysis. Hereditas 111:255-263. 
Diers BW, Osborn TC (1994) Genetic diversity of oilseed Brassica napus germplasm based 

on restriction fragment length polymorphisms. Theor Appl Genet 88:662-668. 
Diers BW, McVetty PBE, Osborn TC (1996) Relationship between heterosis and genetic distance 

based on restriction fragment length polymorphism markers in oilseed rape (Brassica napus 
L.). Crop Sci 36:79-83. 

Halldén C, Nilsson NO, Rading I, Säll T (1994) Evaluation of RFLP and RAPD markers in a 
comparison of Brassica napus breeding lines. Theor. Appl. Genet. 88:123-128. 

Lombard V, Baril CP, Dubreuil P, Blouet F, Zhang D (2000) Genetic relationships and fin-
gerprinting of rapeseed cultivars by AFLP: Consequences for varietal registration. Crop 
Sci 40:1417-1425. 

Lühs W, Seyis F, Voss A, Friedt W (2000) Genetics of erucic acid content in Brassica ol-
eracea seed oil. Czech J. Genet. Plant Breed. 36:116-120. 

Lühs W, Seyis F, Snowdon R, Baetzel R, Friedt W (2002a) Genetic improvement of Brassica 
napus by wide hybridisation. GCIRC Bull. 18 (http://www.cetiom.fr/gcirc). 

Lydiate D, Sharpe AG, Parkin I (1995) Collinearity and homoeologous recombination be-
tween the A and C genomes of Brassica napus. Proc. 9th Intern. Rapeseed Congress 
(GCIRC), Cambridge, United Kingdom, Vol. 4, 1122-1124. 

Friedt et al. 8

http://www.cetiom.fr/gcirc


Mailer RJ, Scarth R, Fristensky B (1994) Discrimination among cultivars of rapeseed (Bras-
sica napus L.) DNA polymorphisms amplified from arbitrary primers. Theor Appl Genet 
87:697-704. 

Plieske J, Struss D (2001) Microsatellite markers for genome analysis in Brassica. I. Devel-
opment in Brassica napus and abundance in Brassicaceae species. Theor Appl Genet 
102:689-694. 

Powell W, Morgante M, Andre C, Hanafey M, Vogel J, Tingey S, Rafalski A (1996) The 
comparison of RFLP, RAPD, AFLP, and SSR (microsatellite) markers for germplasm 
analysis. Mol Breed 2:225-238. 

Riaz A, Li G, Quresh Z, Swati MS, Quiros CF (2001) Genetic diversity of oilseed Brassica 
napus inbred lines based on sequence-related amplified polymorphism and its relation to 
hybrid performance. Plant Breeding 120:411-415. 

Sernyk L (1999) Catalogue of Oilseed Rape Cultivars. Mycogen Seeds, Eagan, MN, USA. 
Seyis F, Friedt W, Lühs W (2003a) Resynthesised Brassica napus as a genetic resource in 

rapeseed improvement for quality and agronomic performance. In: Knüpfer H, Ochsmann 
J (eds), Rudolf Mansfeld and Plant Genetic Resources. Schriften zu Genetischen Ressour-
cen 19, 334-338. ZADI, Bonn. 

Seyis F, Snowdon RS, Lühs W, Friedt W (2003b) Molecular characterization of novel resyn-
thesized rapeseed (Brassica napus) lines and analysis of their genetic diversity in com-
parison with spring rapeseed cultivars. Plant Breeding 122:473-478. 

Snowdon, R.J., and W. Friedt (2004) Molecular markers in Brassica oilseed breeding: current 
status and future possibilities. Plant Breeding 123:1-8. 

Song K, Tang K, Osborn TC (1993) Development of synthetic Brassica amphidiploids by 
reciprocal hybridization and comparison to natural amphidiploids. Theor. Appl. Genet. 86, 
811-821. 

Song GK, Lu P, Tang K, Osborn TC (1995) Rapid genome change in synthetic polyploids of 
Brassica and its implication for polyploid evolution. Proc Natl Acad Sci USA 92:7719-
7723. 

Spiller T, Lühs W, Baetzel R, Snowdon R, Friedt W (2004) Development of improved winter 
rapeseed populations for quality breeding and QTL mapping of agronomic characters. In: 
Vollmann J, Grausgruber H, Ruckenbauer P (eds), Genetic Variation for Plant Breeding, 
BOKU, Vienna, Austria, p. 328. 

Thormann CE, Ferreira ME, Camargo LEA, Tivang JG, Osborn TC (1994) Comparison of 
RFLP and RAPD markers to estimating genetic relationships within and among crucifer-
ous species. Theor Appl Genet 88:973-980. 

Voss A, Friedt W, Marjanovic-Jeromela A, Lühs W (1998) Molecular genotyping of rapeseed 
including resynthesized Brassica napus lines. Cruciferae Newsl 20:27-28. 

 

Friedt et al. 9


	Resynthetic Rapeseed Germplasm as a Source of Novel Genetic Variation for Breeding of Brassica napus
	Materials and Methods
	Plant Material: A total of 165 RS lines were tested in field trials on the experimental farm of Rauischholzhausen (Germany) during summer 1999 together with 40 spring oilseed and fodder rape cultivars from European gene banks (Table 1). Resynthetic r

	Pedigree / Cultivar
	Breeder / Country of origin
	
	Type


	RS lines
	RS1-44 (BK 2256 x YS)
	Univ. of Giessen, Germany
	RS45-RS88 (YS x BK 2256)
	RS89-RS119 (YS x BK 3094)
	RS120-RS129 (YS x BK 3096)
	RS130-157 (BK 2287 x YS)
	RS158-165 (YS x Venus)
	Cultivars
	Stellar
	O (00)
	Reston
	Tower
	O (00)
	Oro
	O (00)
	Midas
	O (0+)
	Nugget
	Golden
	Regent
	O (00)
	Profit
	Agriculture Canada
	Excel
	Agriculture Canada
	Tristar
	Agriculture Canada
	Profitol
	DSV1, Germany
	O (00)
	Liaison
	Licosmos
	Lisonne
	DSV1, Germany
	Star
	DLF2, Denmark
	O (00)
	RG5
	SLG3, Sweden
	RG6
	RG7
	RG8
	Karat
	O (00)
	Topas
	Svalöf Weibull4, Sweden
	O (00)
	Sv. Gulliver
	Svalöf Weibull4, Sweden
	O (0+)
	Svalöfs Gulle
	Svalöf Weibull4, Sweden
	Golda
	Semundo5, Germany
	Moneta
	Evita
	Lambada
	WvB6, Germany
	Duplo
	WvB6, Germany
	O (00)
	Callypso
	LP7, Germany
	O (00)
	Drakkar
	Serasem8, France
	O (00)
	Marnoo
	DAV9, Australia
	O (00)
	Wesbrook
	O (00)
	Industry
	Danisco11, Denmark
	Bronowski
	IHAR12, Poland
	Janetzki
	O (++)
	Moana
	New Zealand
	F (++)
	Tiger
	F
	Jumbo
	WvB6, Germany
	F
	Petranova
	LP7, Germany
	F
	AFLP method: DNA was isolated from young leaves of field-grown plants using a standard CTAB extraction protocol. AFLP amplification products were generated with the AFLP kit of GIBCO-BRL (AFLP Analysis System I, GIBCO-BRL Life Technologies Inc., Rockvil
	Amplification products were separated and visualised using a LI-COR 4200 DNA Analyzer (LI-COR Biosciences, Lincoln, NE, USA). Genotypes were scored using the software RFLP-Scan (version 2.01, Scananalytics Inc., Fairfax, VA, USA) and the data was exp
	Genetic diversity analysis: Genetic similarity among all samples based on AFLP markers was calculated using the similarity index of Dice. A dendrogram was generated with the unweighted pair-group method algorithm (UPGMA) using the software package NTSY
	Results and Discussion
	Acknowledgements: This work was partially funded 
	References


