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Abstract One hundred and twenty one microsatellites
were identified by screening a A phage library of Brassi-
ca napus. The distribution of these microsatellites within
Brassicaceae species was estimated using 81 locus-spe-
cific primer pairs. Most of them (83%) amplified frag-
ments either from Brassica oleracea or Brassica campes-
tris, or from both species, whereas less than 30% detect-
ed loci in Brassica nigra. The same was true (30—35%)
for more-distantly related crucifer species such as Diplo-
taxis ssp., Brassica tournefortii, Snapis alba, Raphanus
sativus and Eruca sativa. Only 16 microsatellite-specific
primer pairs (19.8%) amplified fragments from Arab-
idopsis thaliana. Moreover, 61 of the primer pairs de-
tecting 198 polymorphisms were used to estimate the ex-
tent of genetic diversity among 32 Brassica napus variet-
ies and breeding lines. On average, four alleles per locus
were observed. The spring and winter types of oilseed
rape could be clearly distinguished by using the micro-
satellite markersin a cluster analysis. The results demon-
strated the high efficiency of these markers for monitoring
genetic diversity.
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Introduction

Various molecular markers have been developed for many
crops and applied both to study genetic diversity and to
discriminate between genotypes. In Brassica, RFLPs and
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RAPDs have been extensively used for phylogenetic
studies and genetic mapping (Song et al. 1990, 1991; Hu
and Quiros 1991; Chyi et al. 1992; Uzunova et al. 1995;
Struss et a. 1996; Chévre et a. 1997; Cloutier et a.
1997). However, the utilization of RAPDs and RFLPs
for genome analysis seems to be restricted because of the
dominant character and the low specificity of RAPDs,
and the cumbersome technique of RFLPs.

Microsatellites, defined as simple sequence repeats
(SSRs), are randomly interspersed within eukaryotic
genomes. They are highly variable with regard to repeat
number, show co-dominant inheritance and are highly
efficient in the fingerprinting and pedigree analysis of
different crops (Plaschke et a. 1995; Rongwen et al.
1995; Guilford et al. 1997; Struss and Plieske 1998).
The RFLP technique was one of the first methods used
for genome analysis but it is laborious and less poly-
morphic than microsatellites (Akkaya et al. 1992; Bell
and Ecker 1994). For microsatellite analyses only a
small amount of DNA is needed and, since they are a
PCR-based marker system, they are amenable to auto-
mation.

Microsatellites of Brassica napus have been previous-
ly studied by Lagercrantz et al. (1993), Kresovich et al.
(1995), Szewc-McFadden et al. (1996) and Uzunova and
Ecke (1999). However, the limited number of markers
seems to be insufficient for detailed genetic diversity
studies, particularly in advanced breeding material and
elite cultivars.

In this paper we report on the identification of more
SSR loci in B. napus and their distribution within Brassi-
caceae species. The microsatellites were used to estimate
the genetic distances between rapeseed varieties and
breeding lines.

Materials and methods

Plant material

Thirty two rapeseed varieties and breeding lines from different
European breeders and countries were surveyed in this study (Ta-
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Table 1 Rapeseed varieties and

breeding lines surveyed with Number  Variety Source of material Country Type Canola
SSRs of lines Breeder qualitya
1 Breeding line Serasem France Winter 00
2 Bienvenu Serasem France Winter O+
3 Breeding line SLM Germany Winter 00
4 Breeding line SLM Germany Winter 00
5 Breeding line SLM Germany Winter 00
6 Breeding line SLM Germany Winter 00
7 Breeding line SLM Germany Winter 00
8 DCH 10/87 DSV/Cargill Germany/France Winter 00
9 Vivol DSV/Cargill Germany/France Winter 00
10 Falcon NPz Germany Winter 00
11 Breeding line NPZ Germany Winter 00
12 Breeding line NPz Germany Winter 00
13 Idol DSV/Cargill Germany/France Winter 00
14 Breeding line DSV Germany Winter 00
15 Legend Sval 6f-Weibulll Sweden Spring 00
16 Lenora SLM Germany Winter ++
17 Liberator DSV Germany Winter 00
18 Lirgjet Dsv Germany Winter 00
19 Madora SLM Germany Winter 00
20 Bristol DSV/Cargill Germany/France Winter 00
21 Breeding line NPZ Germany Winter 00
22 Breeding line NPz Germany Winter 00
23 Breeding line NPZ Germany Winter 00
24 Breeding line NPZ Germany Winter 00
25 PF 044 PajbjergFonden Denmark Spring 00
26 Profit AgCd Canada Spring 00
ann — S . 27 Sollux SAS Germany Winter ++
00 = erucic acid free, lowin  og Wotan NPZ Germany Winter 00
glucosinolates . 29 Breeding line DSV Germany Winter 00
0+ = erucic acid free, highin 39 Norde Svaléf-Weibull Sweden Winter ++
glucosinolates 31 Gorczanski ZNRIO Poland Winter ++
++ = contains erucic acid, high 3 Score CPB United Kingdom  Winter 00

in glucosinolates

ble 1). The material consisted of 29 winter and three spring types
including old land races such as “‘Leonora’ as well as new high
yielding varieties of canola quality like “Falcon” and ‘“Idol”.
Moreover, a series of various crucifers including the Brassica spe-
cies forming the U triangle (U 1935) were investigated, i.e. Bras-
sica campestris, Brassica nigra, Brassica oleracea, B. napus,
Brassica juncea, B. carinata, Diplotaxis ssp., Brassica tour-
nefortii, Snapis alba, Raphanus sativus, Eruca sativa and Arab-
idopsis thaliana. These were obtained from the germplasm collec-
tion of the IPK, Gatersleben, or from the Brassica collection of the
Ingtitute of Agronomy and Plant Breeding, University of Gottin-
gen, respectively. To avoid problems resulting from heterogeneity
and heterozygosity of the analyzed plant material, each species
was represented by a single plant and the varieties and breeding
lines, additionally, by their selfed progenies.

Identification of microsatellites

Identification of microsatellites was performed according to Struss
and Plieske (1998). In detail, a phage library was constructed from
genomic DNA of the rapeseed variety *“Vivol” by digestion of the
DNA with the methylation-sensitive restriction enzyme Pstl. The
low-molecular-weight fraction was isolated from an agarose gel,
digested with Mbol and cloned into the BamHI site of the A phage
vector ZAP-Express (Stratagene). The library was screened for the
presence of repeats by hybridization with (GA),, and (GT),, probes,
labeled by random priming with 32P-adCTP (Feinberg and Vogel-
stein 1983). Positive plaques were isolated and used to transfect
Escherichia coli strain XL 1 blue. The colonies were again hybrid-
ized with (GA),, and (GT), probes, and positive clones were se-
quenced on A.L.F. (Pharmacia) or ABI 377 (Applied Biosystems)
automated sequencers.

Primer design and PCR

Primers flanking microsatellite loci were designed using the com-
puter program Primer 0.5 (E. Lander, Cambridge, Mass., USA),
the parameters were chosen as recommended in the program. The
forward primers were labelled with Fluorescein or FAM. For PCR
50-150 ng of template DNA, 250 nmol of each primer, 200 pmol
of dNTPs, 1 U of Tag polymerase, 1.5 mM of MgCl,, were mixed
in atotal volume of 25 . Forty five cycles of amplification (de-
naturing at 94°C for 1 min, annealing at 50°C, 55°C or 60°C, de-
pending on the primer pair, for 1 min, extension at 72°C for 2 min)
were followed by a final extension step at 72°C for 1 h. The am-
plification products were detected on denaturing polyacrylamide
gelsusing A.L.F. or ABI 377 automated sequencers following the
manufacturer’s protocol.

Data analysis

The fragments amplified by microsatellite primers were scored as
present (1) or absent (0). Genetic distances (GD) were estimated
according to Nei and Li (1979) based on the probability that the
amplified fragment from one genotype would be present in anoth-
erone, i.e

GD = 1-{2a/(2a+ b + 0)]

, Where ais the number of shared fragments, b the number of frag-
mentsin line A and c the number of fragmentsin line B. Based on
an average linkage algorithm (UPGMA, unweighted pair-group
method with an arithmetic average), the computer program pack-
age Syntax 5.02 (Podani 1995) was used for cluster analysis. Gene
diversity (heterozygosity) was calculated according to Weir
(1990). Thus,
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Table 2 Characterization of

B. napus microsatellites Motif Number of repeats Composition of repeats ~ Range of
product size (bp)
Average Range Perfect Imperfect
GA 21 8-55 84 24 80-220
GT 18 8-35 6 - 90-161
AT 13 12-14 2 - 158
TTC 8 8 1 - 109
GAGCG 12 12 1 - 132
AGAGGG 7 7 1 - 163

gene diversity = 1 -3 P%,

where P; is the frequency of the jth pattern for SSR marker i and
is summed across n patterns. The gene diversity was considered as
the polymorphism information content (PIC) according to Anderson
eta. (1993).

Results
Detection of microsatellite loci from rapeseed

Approximately 500 positive clones were isolated by
screening the phage library of rapeseed with (GA),, and
(GT),, probes, and were sequenced. About 25% of them
resulted in 121 Brassica SSR-specific primer pairs. The
majority of the microsatellites showed GA motifs (108),
followed by GT (6) and AT (2) as well as two composite
dinucleotides (AT/GA, AT/GT). Moreover, one tri-, one
penta- and one hexa-nucleotide microsatellite were found
by chance. The number of repeats ranged from seven
(the hexanucleotide) to 55 (an average of 21) and the
size of amplification products from 80 to 220 base pairs
(bp). On average, dinuclectide GA repeats were longer
than GT repeats (Table 2). While 29% of the GA se-
guences were imperfect repeats, all the other microsatel-
lite loci showed perfect repeats.

Distribution within species of the Brassicaceae family

Eighty one microsatellite-specific primer pairs were an-
alyzed in order to estimate the distribution of the mi-
crosatellites among the different Brassica species and
the other crucifers. The amplified fragments were clas-
sified as microsatellite-specific amplification products
if the size of the fragments was similar to the expected
size amplified from B. napus variety **Vivol”. For ex-
ample, the size range of specific amplifications of a mi-
crosatellite-specific primer pair, with an SSR motif
length of 30 bp (15 repeats of a dinucleotide) and an
expected fragment size of 130 bp, was between 100 and
210 bp. The upper size limit of a microsatellite motif
was fixed at 55 repeats, which was the observed maxi-
mum number (Table 2).

Most of the microsatellites were amplified either
from B. campestris (6) or B. oleracea (26), or from
both species (35). Fourteen microsatellites could not be

assigned to the parental genomes of B. napus because
specific fragments were only amplified from B. napus
variety “Vivol’. As aresult of amplification from both
parental genomes (B. campestris = AA and B. oleracea
= CC) and of intragenomic duplications, the microsatel-
lite-specific primer pairs detected predominantly two or
more loci in rapeseed (70%). From the B genome of
Brassica, represented by B. nigra, 24, and from the other
two amphidiploid species of the triangle of U (U 1935),
B. juncea and B. carinata, 51 and 62, primer pairs am-
plified specific fragments, respectively. Between 24
and 28 primer pairs amplified specific fragments from
the more-distantly related Brassicaceae species, i.e.
Diplotaxis ssp., B. tournefortii, S. alba, R. sativus and
E. sativa. Only 16 microsatellite primer pairs amplified
a specific fragment from A. thaliana (Fig. 1). As an ex-
ample, the distribution of Brassica microsatellite loci
BMS 344/2 among the tested speciesis shown in Fig. 2.
Except from E. sativa, all amplified fragments were
within the size range of specific amplification. Never-
theless, direct sequencing of specific fragments ob-
tained from the more-distantly related crucifer species
revealed that, even when the expected size was ampli-
fied, a microsatellite motif was not necessarily present.
In B. napus, however, even if three products were am-
plified, all fragments contained the expected microsat-
ellite motif and the length polymorphism of the frag-
ments was indeed due to the number of repeats of the
microsatellite.

Genetic diversity

Sixty one microsatellite-specific primer pairs were test-
ed for their efficiency in detecting polymorphisms
among 32 rapeseed varieties and breeding lines. A total
of 198 polymorphisms were observed among the variet-
ies and lines. The number of alleles per microsatellite
locus varied from 2 to 7. Most of the primer pairs de-
tected two alleles (39%), 21% three, 21% four and 14%
five alleles. Six alleles were detected by 3% and seven
by 2% of them. There was no significant difference in
polymorphism between GA and GT microsatellites, and
no correlation between the number of repeats of a mi-
crosatellite and the number of alleles detected within the
32 rapeseed varieties and breeding lines (r = 0.28). Asan
example, amplification products of BMS 25 are shown
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Fig. 2 Amplification products of microsatellite-specific primer pair
BMS 344/2 obtained from different Brassicaceae species. The ex-
pected fragment size in B. napus was 162 bp, the motif length was
30 bp. The fragments were separated in 4% Metaphor agarose

in Fig. 3. The size of the aleles ranged from 158 bp to
166 bp.

The gene diversity of microsatellite markers varied
from 0.04 to 0.80 with an average of 0.50. Using 198
polymorphisms the estimated genetic distances revealed
by the markers were, on average, 0.41 among the 32
rapeseed varieties. All 32 varieties were discriminated
in a dendrogram (Fig. 4) constructed on the basis of
shared fragments. The 32 genotypes were classified into
two groups, representing winter and spring types. The
winter-type varieties were further divided into seven
sub-groups.

B. juncea

B. carinata
B. tournefortii
S. alba

R sativus

E. sativa

A. thaliana
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bp
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Fig. 3 A.L.F. sequencer fluorogram of amplification products of
the microsatellite-specific primer pair BMS 25 from 32 B. napus
varieties and breeding lines. Character of the microsatellite motif:
dinuclectide repeats. Fragment sizes of alleles: 158, 162, 166 bp.
Fragments of 231 and 71 bp are size standards

Discussion

The higher frequency of GA repeats observed in the
B. napus genome confirmed the data of earlier studies on
rapeseed (Lagercrantz et al. 1993; Szewc-Mcfadden et
a. 1996; Uzunova and Ecke 1999), as well as on rice
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(Wu and Tanksley 1993), apple (Guilford et al. 1997)
and barley (Struss and Plieske 1998). In contrast to the
weak correlation between the number of alleles and the
number of repeats observed in wheat (Plaschke et al.
1995), and the stronger onein barley (Saghai Maroof et a.
1994), no correlation was detected for rapeseed micro-
satellite markers in our investigations, confirming the
results of Szewc-McFadden et al. (1996).

The distribution of the microsatellite loci among differ-
ent species of the Brassicaceae family showed a high vari-
ation potential, especially among the species of the triangle
of U. However, the transferability of microsatellite markers
into distantly related Brassicaceae species seemsto be lim-
ited. The same was observed by Rdder et al. (1995) where,
of few amplifying wheat microsatellite primer pairsin rye
and barley, only one amplification product contained a mi-
crosatellite motif. Since most of the amplifying primer
pairs in our study gave strong bands, and amplification
products were polymorphic between the species, they are
suitable as STS markers in genetic analyses. However, the
variahility of theseloci is expected to be lower.

The rapeseed microsatellite markers distinguished
clearly between the 32 assayed varieties and breeding
lines. They monitored a large amount of genetic variation
in closely related advanced genetically material. The high
values for the gene diversity obtained demonstrates the
high efficiency of these markers for genome analysis in
B. napus. One of the most important concerns of hybrid
breeders is the selection of appropriate donors and the
prediction of hybrid performance. Enhancement of genet-
icaly diverse gene pools is an essential requirement in
hybrid breeding. The importance of the genetic diversity
of the parents for the expected heterosis of their hybrids
is well known. Molecular markers have been previously
used for estimation of the genetic diversity and the pre-
diction of hybrid performance and heterosis (Melchinger
1993; Becker and Engqvist 1995; Xiao et a. 1998).
Whereas Becker and Engqvist (1995) found a correlation
between the genetic distance based on RAPD markers
and heterosis for leaf dry matter in rapeseed, Xiao et a.
(1998) could not find a significant correlation between
microsatellite heterogeneity and the prediction of hetero-
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sis in rice. Nevertheless, they found that the genetic di-
versity among the parental lines is related to heterosis. In
our study, microsatellite markers were able to detect a
high level of polymorphism among rapeseed inbred lines.
Thus the results demonstrate the high efficiency of micro-
satellite markers for monitoring genetic diversity and
suggest that they provide a reliable and effective means
for predicting heterosisin Brassica.
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