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Abstract
Using primers annealing to S locus sequences the cleaved ampliﬁed
polymorphic sequences (CAPS) method was applied to develop a
marker and to characterize diﬀerent alleles at the self-incompatibility
locus in Brassica napus. A segregating F2 population from a cross of
a self-incompatible (SI) and a self-compatible parent, as well as
seven SI lines representing four diﬀerent S alleles were used. Several
primers speciﬁc to the S locus in B. oleracea and B. campestris,
chosen from the literature, allow polymerase chain reaction (PCR)
ampliﬁcation of genomic DNA. However, only one primer pair
ampliﬁed a single speciﬁc and reproducible PCR fragment of the
expected length in B. napus. Digestion with restriction endonucleases
revealed polymorphisms for two CAPS markers absolutely linked to
the S locus. Using the codominant marker efMboI it was possible to
discriminate all three F2 genotypes. With this marker and an
additional marker using another primer pair it was possible to
distinguish between three of the four diﬀerent S alleles and ﬁve of
the seven SI lines, respectively.

Key words: Brassica napus — cleaved ampliﬁed polymorphic
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Self-incompatibility (SI) is a natural mechanism in plants that
prevents inbreeding and promotes outcrossing. Brassica oleracea and B. campestris possess this self-recognition mechanism, but their amphidiploid descendant B. napus has lost it and
is instead self-compatible (Olsson 1960). Self-incompatibility is
successfully used as a pollination control mechanism in
B. oleracea hybrid breeding. Self-incompatibility can be
reintroduced into B. napus by backcrossing (MacKay 1977,
Goring et al. 1992) or by resynthesis of the ancestors
B. oleracea and B. campestris (Hodgkin 1986, Sundberg et al.
1987, Ozminkowski and Jourdan 1993). However, occasionally
SI also occurs naturally in rapeseed cultivars. Rudloﬀ (1991),
Esch (1994) and Kuçera et al. (1995) were able to select SI
plants from rapeseed breeding material.
The genetic mechanism of SI has been well-studied in
B. oleracea and B. campestris. Self-incompatibility is controlled sporophytically by a single multiallelic locus (S locus)
with multiple interactions between diﬀerent S alleles (Bateman
1955). Self-incompatible alleles can be inherited recessively
(class II S alleles) or dominantly (class I S alleles) to selfcompatible alleles (Chen and Nasrallah 1990, Nasrallah et al.
1991). Nasrallah et al. (1970) found a protein involved in the
SI reaction, the S locus glycoprotein (SLG). A cDNA coding

for the S-speciﬁc glycoprotein of B. oleracea was cloned by
Nasrallah et al. (1985). Stein et al. (1991) showed by molecular
genetic analysis that the S locus consists of at least two genes:
the SLG gene and the S receptor kinase (SRK) gene. SRK is a
membrane-associated protein with extracellular, transmembrane and cytoplasmic kinase domains. The nucleotide
sequence of the extracellular domain is very similar to the
SLG gene sequence. Boyes et al. (1991) showed that these two
genes are expressed in stigma papillae. The male determinant
of SI was identiﬁed by Schopfer et al. (1999). They found a
S locus cysteine-rich (SCR) gene linked to the S locus in
B. oleracea and B. campestris that is highly polymorphic in
sequence and is transcribed only in the anthers. Transformation experiments proved that the S locus speciﬁcity of the
pollen was transferred together with the SCR gene. Independently, Suzuki et al. (1999) and Takayama et al. (2000) found
an equivalent gene in B. campestris, the S locus protein 11
(SP11) gene. SCR/SP11 is localized in the ﬂanking region of
the SRK gene. The interaction of these S locus proteins is
described in many publications, recently in Kachroo et al.
(2002) and Watanabe et al. (2003). In a SI reaction, the
S domain of the membrane-associated SRK forms a complex
with the pollen-borne SCR/SP11 protein. Formation of this
complex leads to activation of the kinase domain of SRK
inducing a signal transduction cascade involving phosphorylation events that ﬁnally lead to the rejection of the pollen. The
SLG is supposed to stabilize the SI recognition reaction.
In addition, several S locus-related (SLR) genes have been
described for the Brassicaceae. Two SLR genes (SLR1, SLR2)
belonging to the secreted glycoprotein type active in reproductive tissues were described by Lalonde et al. (1989) and
Boyes et al. (1991). As the SLR genes are not linked to the
S locus, these workers proposed that the SLRs have a general
function in pollination.
Brace et al. (1993, 1994), Nishio et al. (1996, 1997) and Park
et al. (2001, 2002) successfully used a polymerase chain
reaction restriction fragment length polymorphism (PCR–
RFLP) approach to distinguish diﬀerent alleles in B. oleracea
and B. campestris at the molecular level. All the three groups
ampliﬁed PCR products of genomic DNA using primers
annealing to S locus sequences. The resulting PCR fragments
were digested with diﬀerent restriction enzymes and separated
by agarose gel electrophoresis to detect polymorphisms. This
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type of marker has also been described as cleaved ampliﬁed
polymorphic sequences (CAPS) (Konieczny and Ausubel
1993). In this study, the CAPS method has been applied to
B. napus to characterize diﬀerent S alleles.

Materials and Methods
Plant materials: A segregating F2 population and several SI lines were
analysed to ﬁnd a molecular marker for the S locus in B. napus. The
segregating population (P2) was derived from a cross between the SI
line 3875/3/3 and the self-compatible cultivar ÔLirajetÕ. This population
was raised and characterized phenotypically by Esch (1994) and
consisted of 91 plants. The SI phenotype of six F2 individuals which
showed an unexpected genotype in the marker analysis was further
checked in self-pollination tests of their F3 progeny. Ten ﬂowers of
each F3 plant were self-pollinated by hand with pollen from their own
mature anthers and were protected from further pollination by
bagging. The stigmas were carefully removed after 24 h and the SI
was characterized by observing the pollen tube growth by ﬂuorescence
microscopy (Kho and Baër 1968). The seed set by selﬁng was checked
when seedpods were ripe.
In addition, seven SI lines 8-1, 11-9, 2065, Myb, 391, 224 and 236
were screened for molecular markers to identify S alleles (Table 1). The
SI lines – except line 2065 – were selected from rapeseed breeding
material with low erucic acid and glucosinolate content (00 quality)
(Esch 1994, Möhring 2001). They set very few, if any seed, when selfpollinated. The inheritance of SI was analysed in crosses with a selfcompatible rapeseed cultivar, and was recessive for all lines selected in
B. napus. The rapeseed line 2065 originated from a backcross of
B. napus with B. campestris and had a dominantly inherited S allele.
The line 8-1 is an oﬀspring of the line 3875/3/3 and was used instead in
the experiments for identiﬁcation of diﬀerent S alleles with molecular
markers. The seven SI lines used together contained four diﬀerent
S alleles (a, b, c, d; Table 1), as shown by Möhring (2001) in diallelic
crosses. The self-compatible cultivar ÔLisabethÕ was included in the
analysis as a control.

DNA extraction, PCR conditions and digestion: Genomic DNA was
extracted according to the protocol of Edwards et al. (1991).
The PCR ampliﬁcation was performed with 50 ng of genomic DNA
as template in a volume of 25 ll using S locus-speciﬁc primers known
from the literature (Table 2) under the following conditions: 75 mM
Tris/HCl (pH 9), 20 mM (NH4)2SO4, 200 lM each dNTP, 2 mM
MgCl2, 2 lM primer, 0.5 U Taq DNA polymerase (Eurogentec, Köln,
Germany). PCR samples were covered with mineral oil and ampliﬁed
in a Perkin-Elmer Cetus thermo cycler (Perkin-Elmer, Überlingen,
Germany): 30 cycles of 93C for 1 min, 55–60C for 2 min (Table 3),
72C for 3 min and one cycle of 72C for 5 min.
For restriction analysis of the PCR fragments, 5 ll PCR product
were incubated for 2 h at 37C in a volume of 10 ll using 1 U of a
restriction endonuclease, and subsequently resolved on a 2.5% agarose
gel. Restriction with several enzymes was tried to generate polymorphisms. Finally, MspI, DdeI (Gibco BRL, Karlsruhe, Germany),
MboI, SalI and XhoI (MBI Fermentas, St. Leon-Rot, Germany) were
used.

Results
All nine primer pairs (Table 3) allowed successful PCR
ampliﬁcation of genomic DNA of the parental lines 3875/3/3
and ÔLirajetÕ as well as their F1 progeny. Primer pairs PS3/PS21
and PK5/PK4 ampliﬁed several PCR fragments of diﬀerent
lengths. Primer pairs Ôa/bÕ and Ôa/dÕ usually gave rise to a single
PCR fragment but low amounts of two additional fragments
were sometimes ampliﬁed. The primer combinations PS5/PS15
and NM1/NM2 produced some unspeciﬁc material as well as a
single PCR fragment. PK1/PK4 exclusively led to ampliﬁcation of genomic DNA in the self-compatible male parental
genotype. Modiﬁcation of ampliﬁcation conditions did not
improve the speciﬁcity of the reactions.
The speciﬁc PCR fragments all coincided with the expected
length reported in the literature (Table 3), except for the PCR

Origin

Inheritance of
self-incompatibility

S allele

3875/3/3
8-1
11-9
2065
Myb
391
224
236

Brassica napus (00 quality)
B. napus (00 quality)
B. napus (00 quality)
B. campestris
B. napus (00 quality)
B. napus (00 quality)
B. napus (00 quality)
B. napus (00 quality)

Recessive (Esch 1994)
Recessive (Esch 1994)
Recessive (Esch 1994)
Dominant (Möhring 2001)
Recessive (Möhring 2001)
Recessive (Möhring 2001)
Recessive (Möhring 2001)
Recessive (Möhring 2001)

a
a
b
c
a
a
a
d

Primer

Origin

Sequence (5¢ ﬁ 3¢)

a
b
d
e
f
PS3
PS5
PS15
PS18
PS21
PK1
PK4
PK5
NM1
NM2

Brace et al. (1993), Brassica oleracea
Brace et al. (1993), B. oleracea
Brace et al. (1993), B. oleracea
Brace et al. (1993), B. oleracea
Brace et al. (1993), B. oleracea
Nishio et al. (1996), B. oleracea
Nishio et al. (1996), B. campestris
Nishio et al. (1996), B. oleracea
Nishio et al. (1996), B. campestris
Nishio et al. (1996), B. oleracea
Nishio et al. (1997), B. oleracea
Nishio et al. (1997), B. oleracea
Nishio et al. (1997), B. oleracea
Niikura and Matsuura (1998), B. oleracea
Niikura and Matsuura (1998), B. oleracea

AGAACACTTGTATCTCCCGGT
CAATCTGACATAAAGATCTTG
AAGGTCAGCAG(G/C)AGCCAATC
CAGCATCTACTCGAGATTGAC
AAA(A/C/G)CCATCTCCACTGCAGCT
ATGAAAGGGGTACAGAACAT
ATGAAAGGCGTAAGAAAAACCTA
CCGTGTTTTATTTTAAGAGAAAGAGCT
ATGAAAGGTGTACGAAACATCTA
CTCAAGTCCCACTGCTGCGG
CTGCTGATCATGTTCTGCCTCTGG
CAATCCCAAAATCCGAGATCT
AGACAAAAGCAAGCAAAAGCA
ACAGAACACTTGTATCTCCAGG
AGCCAATCTGACATAAAGATC

Self-incompatible line

Table 1: Self-incompatible
lines
used, their origin (00 quality: low
erucic acid and glucosinolate
content), inheritance of self-incompatibility in crosses with self-compatible cultivars and diﬀerent S
alleles [lines containing the same S
allele according to diallelic crosses
(Möhring 2001) are indicated with
the same letter]

Table 2: Origin and sequences of
the S locus-speciﬁc primers
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Table 3: Annealing temperature
and length of the polymerase chain
reaction (PCR) product using the
primer pairs according to the literature and in the present study

Length of PCR product (bp)
Primer pair

Annealing
temperature (C)

Literature

This study

a/b
a/d
e/f
PS3/PS21
PS5/PS15
PS15/PS18
PK1/PK4
PK5/PK4
NM1/NM2

58
60
60
55
55
55
58
55
58

1150
1150
280
1000
1300
1300
900–1000
900–1000
1160

1150 + two unspeciﬁc
1150 + two unspeciﬁc
280
Several unspeciﬁc
1000 + some unspeciﬁc
370 + some unspeciﬁc
1000, only in self-compatible
Several unspeciﬁc
1160 + some unspeciﬁc

F2 (population P2)

SI SC SC SI SC SC SC SC SC SI

100-bp ladder

‘Lirajet’

3875/3/3

products of PS5/PS15 and PS15/PS18. PS5/PS15 ampliﬁed a
fragment of 1000 bp and PS15/PS18 a fragment of 370 bp
instead of the expected PCR products of 1300 bp.
In conclusion, only the primer combination Ôe/fÕ showed a
speciﬁc and reproducible ampliﬁcation of the expected PCR
fragment of 280 bp and it was therefore chosen for further
characterization.
A polymorphism between the diﬀerent genotypes of the
segregating population was detected after restriction of the Ôe/fÕ
PCR fragments with the enzymes MboI, DdeI, SalI or XhoI.
Restriction analysis with DdeI, SalI and XhoI allowed the
discrimination of SI and self-compatible plants while all the
three diﬀerent genotypes could be distinguished after restriction with MboI. The F2 population P2 was analysed using the
primer combination Ôe/fÕ followed by restriction with MboI
(Fig. 1) and DdeI, respectively.
Surprisingly, six recombinants were found although S locusspeciﬁc primers were used (Table 4). In order to check if these
plants were misclassiﬁed in F2 or true recombinants their F3
progeny (six to 14 individuals) were analysed with regard to
their SI reaction and their efMboI marker genotype (Table 4).
The F3 progeny of four plants (5, 22, 28 and 29) formerly
classiﬁed as self-compatible showed SI phenotypes. In the
molecular analysis the plants showed the restriction fragment
pattern of the SI parent. Consequently, these four plants were

F1
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Fig. 1: MboI restricted polymerase chain reaction (PCR) fragments
obtained from individuals of the F2 population P2, their parents (3875/
3/3 and ÔLirajetÕ) and the F1 genotype using the primer pair Ôe/fÕ. SI and
SC indicate a self-incompatible and self-compatible phenotype,
respectively. Fragments which differentiate between the three different
marker genotypes are marked by arrows

Table 4: Segregation at the self-incompatibility locus (SI: self-incompatible; SC: self-compatible, analysed by ﬂuorescence microscopy) and
the marker locus efMboI (hom SI: banding pattern of the SI parent;
het: banding pattern of the F1; hom SC: banding pattern of the SC
parent, see Fig. 1)
Segregation
SI
Progeny
F2 before
F3/4a
F3/77a
F3/5b
F3/22b
F3/28b
F3/29b
F2 corrected

n
91
4
6
9
6
10
14
91

hom SI
19
1
3
9
6
10
14
23

het
a

2
–
–
–
–
–
–
–

SC
hom SC
–
–
–
–
–
–
–
–

hom SI
b

4
–
–
–
–
–
–
–

het

hom SC

42
1
1
–
–
–
–
44

24
2
2
–
–
–
–
24

Shown are the results of the initial evaluation (F2 before) of the F2
progeny. Six F2 plants (indicated by ÔaÕ and ÔbÕ) seemed to be
recombinants. The analysis of F3 progeny from these plants showed
that they were initially misclassiﬁed (see Result for explanation).
Therefore, the results of the F2 progeny were corrected (F2 corrected).
n, total number of plants.

misclassiﬁed in F2 and their F2 phenotype was corrected to SI.
Segregation was observed in the F3 progeny of the two other
putative recombinants (4 and 77) classiﬁed as SI in F2. The
molecular marker analysis conﬁrmed the occurrence of SI and
self-compatible phenotypes. Due to the results in F3, the
corresponding F2 plants must have been heterozygous at the
S locus and their F2 phenotype was corrected to selfcompatible. In the F2 population with corrected phenotypes
no recombinants occurred between the SI locus and the marker
efMboI (Table 4). Both CAPS markers efMboI and efDdeI are
absolutely linked to the S locus. The codominant marker
efMboI can distinguish between all the three diﬀerent genotype
classes in contrast to the dominant/recessive marker efDdeI.
A 280 bp PCR fragment could also be ampliﬁed in the
seven SI lines 8-1, 11-9, Myb, 391, 224, 236 and 2065 using the
primer pair Ôe/fÕ. The PCR products were digested with the
enzyme MboI resulting in diﬀerent restriction fragment
patterns (Fig. 2). The lines 8-1, Myb, 391, 224 and 236
produced three fragments of the same size but in diﬀerent
amounts in several reproducible analyses. While the patterns
of 8-1, 391 and 224 were very similar, the lines Myb and 236
contained more of the largest fragment. The SI line 11-9
showed a single fragment after digestion. The line 2065
demonstrated the same restriction fragment pattern as
the self-compatible cultivars ÔLisabethÕ and ÔLirajetÕ (Figs 1
and 2).
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8-1 11-9 Myb 391 2065 224 236 Lisa.

100-bp ladder

Fig. 2: MboI restricted polymerase chain reaction (PCR) fragments
obtained from seven self-incompatible lines and the self-compatible
cultivar ÔLisabethÕ (Lisa.) using the primer pair Ôe/fÕ. The cultivar
ÔLisabethÕ has the same banding pattern as ÔLirajetÕ, and 8-1 as 3875/3/
3 in Fig. 1, respectively. Fragments which are discussed in the text are
marked by arrows

391 Myb Lisa. 2065 11-9 8-1

800 bp

Fig. 3: MspI restricted polymerase chain reaction (PCR) fragments
obtained from ﬁve self-incompatible lines and the self-compatible
cultivar ÔLisabethÕ (Lisa.) using the primer pair PS5/PS15

In contrast to the results with the segregating population, a
1350 bp PCR fragment was ampliﬁed in the analysis of the
diﬀerent SI lines using the primer pair PS5/PS15. After
restriction with the enzyme MspI the line 2065 showed a
diﬀerent restriction fragment pattern in comparison with the
self-compatible cultivar. The SI lines 8-1, 11-9, Myb and 391
revealed a single band of 370 bp after restriction (Fig. 3).
The marker genotypes of the lines 8-1, 11-9, Myb, 391 and
2065 shown in Figs 2 and 3 were conﬁrmed by analysis of 10
plants per line. Two or three diﬀerent plants of the lines 224
and 236 (Fig. 2) were analysed conﬁrming the restriction
fragment pattern.

Discussion
These studies show that it is possible to amplify genomic DNA
in B. napus using S locus-speciﬁc primers generated from the
progenitor species of rapeseed, B. oleracea and B. campestris.

Brace et al. (1993) deduced primers from public sequences of
SLG, SLR1 and SLR2 genes. Primers ÔaÕ and ÔbÕ were derived
from highly conserved regions of the SLG, SLR1 and SLR2
genes. Primer ÔdÕ was developed from a conserved SLG region
but showed mismatching with SLR1 sequences. Brace et al.
(1993) were able to amplify a single PCR fragment in
B. oleracea using the primer pairs Ôa/bÕ and Ôa/dÕ. Those results
could be conﬁrmed in the present study with B. napus using the
primer combinations Ôa/bÕ and Ôa/dÕ, but in some reactions two
additional fragments were ampliﬁed. This could be due to the
aﬃnity of the primers ÔaÕ, ÔbÕ and ÔdÕ to SLG as well as to SLR
sequences. The primers ÔeÕ and ÔfÕ showed homology to diﬀerent
regions of SLG and SLR genes (Brace et al. 1993). These
primers showed high speciﬁcity and ampliﬁed only one PCR
fragment in all the diﬀerent SI lines in the present investigation. Further analysis revealed that the restriction fragments of
each sample comprised more than 280 bp. This leads to the
conclusion that the 280 bp PCR fragment derived from
multiple loci showing variation in restriction sites, may result
from the amphidiploid nature of B. napus. Cloning and
sequencing of the PCR fragments could allow the assignment
to the corresponding SLG and/or SLR genes.
Primers PS5 and PS18 were developed from B. campestris
sequences and PS15 from B. oleracea sequences. Nishio et al.
(1996) described them as class I SLG-speciﬁc primers (PS5
derived from SLG8, PS18 from SLG9 and PS15 from SLG6).
These primers lead to the ampliﬁcation of class II-speciﬁc S
locus sequences as well, as was conﬁrmed in the present
studies. The PCR fragments ampliﬁed in the present analyses
diﬀered from the expected lengths. The fragments in the
restriction analysis of the lines ÔLisabethÕ and 2065 comprised
in length more than the PCR product, resulting again in the
conclusion that several loci are involved.
The primer sequences of PS3 and PS21 are homologous to a
class II SLG2a sequence in B. oleracea. These primers gave a
very unspeciﬁc reaction in the study. Nishio et al. (1997) could
amplify class I S-speciﬁc sequences with the SRK-speciﬁc
primers PK1, PK4 (derived from SRK6) and PK5 (derived
from SRK2) but not class II S-speciﬁc sequences. Also in the
present examination the primer combination PK1/PK4 ampliﬁed exclusively class I S-speciﬁc sequences present in the line
2065 and sequences of the self-compatible plants. The primers
NM1 and NM2 were deduced from highly conserved regions
of SLG6, SLG13 and SLG14 in B. oleracea and were successfully used in the diﬀerentiation of S alleles in Raphanus sativus
(Niikura and Matsuura 1998). In the work outlined here, these
primers also ampliﬁed genomic DNA from B. napus.
All these results lead to the conclusion that highly conserved
S locus sequences are widespread among the Brassicaceae.
Almost all primers used in this study were developed from
B. oleracea sequences, and only PS5 and PS18 were deduced
from B. campestris. Ampliﬁcation of S locus sequences in SI
B. napus selected from breeding material and the self-compatible cultivars ÔLirajetÕ and ÔLisabethÕ was successful with all
15 diﬀerent primers described here. It is not known if these
rapeseed plants carry S locus sequences from one or both of
their ancestors. It is not unlikely that primers derived from the
conserved S locus regions of the Brassicaceae amplify genomic
DNA in Brassica species in general. Dwyer et al. (1991) and
Kusaba et al. (1997) found higher sequence identities between
S alleles from the diﬀerent species B. oleracea and B. campestris
than within each species. Charlesworth and Awadalla (1998)
suggested that the S locus polymorphism existed already
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before the Brassica species diverged. Therefore, the SI system
can be considered as a very ancient phylogenetic mechanism.
New S alleles have a strong selection advantage and exist for a
long time in a population (Wright 1939).
The development of two CAPS markers absolutely linked to
the S locus in B. napus was demonstrated for the ﬁrst time in
this investigation. The F2 population P2 was exactly characterized by testing the F3 progeny of F2 plants with doubtful
phenotypes. The phenotypic segregation of one SI to three selfcompatible F2 plants corresponds to the genetic segregation of
one SI to two heterozygous to one self-compatible plant
(Table 4). These segregation results prove that the SI in this
particular plant material is controlled by just one S locus but it
is not known from which ancestor it was derived. Thus, with
the codominant CAPS marker efMboI one has a very useful
genotyping tool for the S locus in rapeseed.
Esch (1994) hybridized a cDNA probe derived from the
SLG gene of the dominantly inherited S29 allele with genomic
DNA. She found two closely linked markers to the B. napus S
locus: an RFLP marker and an random ampliﬁed polymorphic
DNA (RAPD) marker. The SLG29 probe and the clone of a
gene closely linked to the S locus (pW150) were used by
Ekuere et al. (2004) in an RFLP analysis to determine the S
allele genotype in B. oleracea and B. rapa lines, resynthesized
B. napus lines and crosses among the resynthesized lines and
rapeseed cultivars. Camargo et al. (1997) described an RFLP
marker absolutely linked to the S locus in their linkage map of
cabbage using RFLP and RAPD markers. An RAPD marker
linked with 20.2 cM to the S locus in B. campestris was
detected by Nokazaki et al. (1997).
The seven SI lines 8-1, 11-9, Myb, 391, 224, 236 and 2065
carried four diﬀerent S alleles according to diallelic crosses.
Three of these alleles were recessively inherited and occurred
naturally in B. napus, whereas the dominantly inherited S allele
in the line 2065 was introduced from B. campestris. The
analysis of the line 2065 and the self-compatible cultivar
ÔLisabethÕ with the marker efMboI showed the same restriction
fragment pattern. However, an analysis using the marker
PS5PS15MspI succeeded in clearly distinguishing the line 2065
from the rapeseed cultivar ÔLisabethÕ. All the other SI lines
showed a single fragment after examination with the marker
PS5PS15MspI, but diﬀerences were found between the recessively inherited SI lines using the marker efMboI. Line 11-9
showed a single fragment after the restriction analysis and
could be clearly distinguished from the other SI lines,
conﬁrming the fact that it carried a S allele diﬀerent from
the other alleles. Lines 8-1, 391 and 224 carried the same allele
according to diallelic crosses. This was conﬁrmed in the
present marker study by the identical restriction fragment
pattern of these lines. Line Myb carried the same S allele as
8-1, 391 and 224 and showed a similar number of fragments
although diﬀering in relative band intensity. Line 236 had the
same marker genotype as line Myb but possessed a diﬀerent
S allele according to the diallelic crosses. Further studies at the
molecular level may elucidate the S locus in these two lines.
It was possible to discriminate between three of the four
diﬀerent S alleles and ﬁve of the seven SI lines, respectively, in
the present investigation. Brace et al. (1994) were able to
diﬀerentiate 48 SI B. oleracea lines using the primer pair Ôa/bÕ
in combination with ﬁve diﬀerent restriction enzymes with
respect to diﬀerent S alleles. Nishio et al. (1997) distinguished
30 of 42 S haplotypes in B. oleracea using two SRK-speciﬁc
primer pairs combined with four restriction enzymes. It could
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be very useful to characteriae as many S alleles as possible with
SLG- and SRK-speciﬁc primers to provide a S locus typing
tool in Brassica species for scientists and breeders. Such a S
locus typing tool facilitates the veriﬁcation of crossing experiments of SI Brassica lines as well as the determination of
hybridity levels in hybrid breeding.
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