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Abstract Forty three S tester lines of Brassica oleracea
were characterized using DNA and protein gel-blotting
analyses. DNA gel-blot analysis of HindIII-digested
genomic DNA with class-I and class-II S¸G probes
revealed that 40 lines could be classi"ed as class-I
S haplotypes while three lines could be classi"ed as
class-II S haplotypes. The band patterns in the S tester
lines were highly polymorphic. Although the S tester
lines typically showed two bands corresponding to
S¸G and SRK in the analysis with the class-I S¸G
probe, only one band was observed in the S24

homozygote. This band was identi"ed as SRK, sugges-
ting that this haplotype has no class-I S¸G band. In the
analysis using the class-II S¸G probe, one plant yielded
a di!erent band pattern from the known class-II haplo-
types, S2, S5 and S15. Unexpectedly, this plant was
reciprocally cross-incompatible with the S2 haplotype.
Therefore, it was designated as S2-b. We found an
S13 haplotype having a restriction fragment length
polymorphism di!erent from that of the S13 homo-
zygotes of the S tester line. These "ndings indicate that
S homozygous lines with the same S speci"city do not
necessarily show the same band pattern in the DNA

gel-blot analysis. Soluble stigma proteins of 32 S
homozygotes were separated by isoelectric focusing
and detected using anti-S22SLG antiserum. S haplo-
type-speci"c bands were detected in 27 S homozygotes
but not in "ve S homozygotes, including the S24 homo-
zygote. This is consistent with the observation that the
S24 haplotype had no SLG band.
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Introduction

Self-incompatibility in the Brassicaceae is regulated by
multiple alleles on a single locus, S (Bateman 1955).
Soluble polymorphic glycoproteins speci"c to the S al-
leles were identi"ed in Brassica oleracea L. (Nasrallah
et al. 1970; Hinata and Nishio 1978). These glycopro-
teins, designated as S-locus glycoproteins (SLGs), were
found to be localized in the papillar cells of stigmas
(Kandasamy et al. 1989) and were di!erentiated by
their isoelectric points (pI) (Nishio and Hinata 1977).
cDNA clones and the genes of SLGs have been isolated
and characterized (Nasrallah et al. 1985, 1987, 1988;
Dwyer et al. 1989, 1991). As a homologue of the SLG
gene, a gene of the transmembrane receptor kinase that
has an extracellular domain highly similar to SLGs was
identi"ed at the S locus (Stein et al. 1991). It was
designated as the S-locus receptor kinase gene (SRK).
DNA gel-blot analysis using pulsed-"eld gel electro-
phoresis has con"rmed that S¸G and SRK are phys-
ically linked at the S locus (Boyes and Nasrallah 1993).
On the other hand, two S¸G-related genes that
are not linked to the S locus have been reported:
SLR1 (Lalonde et al. 1989) and SLR2 (Boyes et al. 1991).
The DNA sequence of SLR2 shares more than 90%
identity with SLG2 and the S domain of SRK2 (Boyes
et al. 1991).



Comparisons of S¸G sequences from di!erent S hap-
lotypes revealed extensive sequence polymorphism
(Nasrallah et al. 1987; Trick and Flavell 1989; Scutt and
Croy 1992), and S¸G alleles were divided into two
classes, class I and class II (Chen and Nasrallah 1990).
The amino-acid sequence divergence among class-I
SLGs ranged from 2.5 to 20%, while that between
class-I and class-II SLGs was about 30% (Kusaba et al.
1997). Based on sequence diversity, it is possible to
discriminate between the class-I and class-II S haplo-
types by DNA gel-blot analysis (Chen and Nasrallah
1990). When a class-I S¸G probe is used, two or more
bands corresponding to S¸G and SRK can be detected
in class-I S haplotypes whereas no band is detectable in
class-II S haplotypes. When a class-II S¸G probe is
used, one band corresponding to SLR2 can be detected
in the class-I S haplotypes and three or more bands
corresponding to SLG, SRK and SLR2 are detectable in
the class-II S haplotypes. An analysis with the poly-
merase chain reaction (PCR) using S¸G class-speci"c
primers can also distinguish between the class-I and the
class-II S haplotypes, but in several S haplotypes, S¸G
alleles were not ampli"ed with these primers (Nishio
et al. 1996).

In molecular genetic studies of self-incompatibility,
designation of the S haplotype is indispensable. DNA
gel-blot analysis is reported to be useful as a method
for the identi"cation of S haplotypes (Nasrallah et al.
1985). Fifty S haplotypes have been identi"ed by con-
ventional test-crossing in B. oleracea (Ockendon 1974).
The S homozygous lines of this collection are called
S tester lines and are used as standard references to
identify the S haplotype. Although the S tester lines are
widely used in the study of self-incompatibility in B.
oleracea, few of them have been well-characterized. It is
not clear whether S homologues having high homology
with S¸G and SRK exist in the genomes of all the
S tester lines, whether all the tester lines have di!erent
hybridization patterns, and whether the same haplo-
types isolated from di!erent accessions have the same
hybridization patterns.

In this study, we analyzed 43 S tester lines of B.
oleracea using DNA gel-blot analysis with the S¸G
probes and 32 lines using protein gel-blot analysis of
soluble stigma protein with anti-S¸G antiserum. In
addition, we conducted DNA gel-blot analysis of com-
mercial cultivars of cabbage and broccoli to compare
their DNA polymorphism with that of the S tester lines.

Materials and methods

Plant material

Forty three S homozygous inbred lines (S tester lines) of B. oleracea
were kindly provided by Dr. Astley (HRI Wellesbourne, UK). F

1
hybrid cultivars of B. oleracea var. capitata and var. italica, which
were heterozygotes for the class-I and class-II S haplotypes, were

also included in the study. In these cultivars, S haplotypes were
identi"ed by reciprocal pollination experiments using the S tester
lines.

DNA-blot analysis

Genomic DNA was extracted from young leaf tissue by the CTAB
method (Murray and Thompson 1980). Aliquots of the DNA
(2}6 lg) were digested to completion with HindIII and electro-
phoresed on an 0.8% agarose gel. The gel was blotted onto a Hy-
bond N membrane (Amersham International). The membrane was
pre-hybridized and then hybridized at 423C in a solution
containing 50% (v/v) formamide, 5]SSC, 2% blocking reagent
(Boehringer Mannheim), 0.02% (w/v) SDS, 0.1% (w/v) N-lauroyl-
sarcosine, 100 lg/ml of denatured sonicated salmon sperm DNA.
Digoxigenin-labelled DNA probes were prepared by PCR as fol-
lows: probes speci"c to class-I and -II S¸Gs were ampli"ed from
plasmid clones of S12 SLG (Kusaba et al. 1997) and S5 SLG (kindly
provided by Prof. J. B. Nasrallah), respectively, using a pair of
primers: 5@-GGTTACGACCTCAAAACAGG-3@ (bp 517}536 of
S6SLG) and 5@-TCCGGTCCAAATCACACAAC-3@ (bp 1211}1230
of S6SLG). About 1 ng of plasmid DNA was mixed with the pair of
primers, 50 pmol together with, 2.5 ll of 10]bu!er (500 mM KCl,
100 mM Tris-HCl pH 8.3, 15 mM MgCl

2
, 0.01% gelatin), 2 ll of

a dig-dNTP mixture (Boehringer Mannheim), 0.1 ll of ¹aq DNA
polymerase (Takara ¹aq 0.5 units), and 17.9 ll of distilled water for
a "nal volume of 25 ll. The PCR was conducted with a thermal
cycler (Perkin Elmer 9600) for 30 cycles at each of the following
conditions: 1 min at 933C, 2 min at 553C, and 3 min at 723C. The
SRK-speci"c probe was prepared by PCR-ampli"cation from a cos-
mid clone harboring the SRK gene of S12 (Nishio et al., unpublished)
by using the primer pair of PK1, 5@-CTGCTGATCATGTTCTGC-
CTCTGG-3@ and PK4, 5@-CAATCCCAAAATCCGAGATCT-3@
(Nishio et al. 1997). Filters were washed twice at room temperature
in 2]SSC, 0.1% SDS for 5 min, and twice in 0.1]SSC, 0.1% SDS
at 683C for 15 min and then incubated with an anti-digoxigenin
alkaline phosphatase conjugate. The detection of DNA was carried
out by chemiluminescence using AMPPD or CSPD (Tropix,
Bedford, Mass. USA) according to the manufacturer's manual.

Protein blotting

Stigmas were collected from buds 1 day before anthesis and stored
at !203C. Protein was extracted from 30 stigmas with 0.15 ml of
0.02 M phosphate bu!er, pH 7.0. After centrifugation, glycerol was
added to the supernatant at a "nal concentration of 5%, and
10}20 ll of the supernatant was subjected to non-equilibrium pH
gradient electrophoresis. The samples were applied to the acidic end
of a gel containing 8.4% (w/v) acrylamide (acrylamide : bis-acrylam-
ide"29 : 1), 7.2% (v/v) Ampholine pH 3}10 (Pharmacia), 2.4% (v/v)
Pharmalyte pH 9}11 (Pharmacia), 0.033% TEMED, 0.023% am-
monium persulphate and 5.3% glycerol. The anode and cathode
solutions were 0.01 M H

3
PO

4
and 0.02 M NaOH, respectively.

Electrophoresis was performed at 43C for 0.5 h at 100 V, then at
200 V for the following 4 h, and "nally at 300 V for 1 h. After
electrophoresis, the separated proteins were electroblotted onto
a PVDF membrane in 0.7% acetic acid. After blocking with 5%
(w/v) non-fat dried milk in Tris-bu!ered saline (TBS) containing
20 mM Tris-HCl, pH 7.5, and 0.5 M NaCl, the PVDF membrane
was incubated for 60 min with anti-S22 SLG antiserum (kindly
provided by Prof. M.E. Nasrallah) diluted to 1 : 2000. Goat anti-
rabbit IgG AP conjugate (Sigma) diluted to 1 : 3000 was used as the
secondary antibody. After washing for 15 min]2 with TBS, the
PVDF membrane was stained by an enzymatic reaction using nitro-
blue tetrazolium and 5-bromo-4-chloro-3-indolyl-phosphate.
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Fig. 1 DNA-blot analysis of HindIII-digested genomic DNA iso-
lated from the S tester lines of B. oleracea. The blot was hybridized
with the class-I S¸G probe. To each lane, 2}6 lg of DNA was
loaded. Molecular-weight markers are indicated on the left

Fig. 2 DNA-blot analysis of
genomic DNA isolated from S22

(control) and S24 homozygotes.
Restriction enzymes used to
digest the DNA are indicated
above each lane. The DNA blot
was hybridized with the class-I
S¸G probe (A) and the
kinase-speci"c probe (B)

Estimation of pI

The pI values of the SLGs were measured by isoelectric focusing and
also estimated from their deduced amino acid sequences (Kusaba
et al. 1997; Nishio et al., in preparation) by using GENETYX soft-
ware, ver. 9.0 (Software Development, Tokyo).

Results

In the DNA gel-blot analysis, using HindIII-digested
genomic DNA of the S tester lines, 0}4 strongly hy-
bridizing bands were detected with the class-I S¸G
probe: one fragment in three S homozygotes, two in
23 S homozygotes, three in 12 S homozygotes and four
in 2 S homozygotes (Fig. 1). The class-I S¸G probe did
not hybridize with the S2, S5, S15, nor with one plant
of the S23, homozygotes. The lines which showed only
one fragment were S6, S24 and S65. The S6 and S65 homo-
zygotes showed two bands in EcoRI digestion (data not
shown), but the S24 homozygote showed only one
strongly hybridizing band in the digestion with
HindIII, EcoRI or XbaI (Fig. 2). In the S12, S39, S46, S51,
S52, S58, S62, S63, S64 and S65 tester lines, one of the bands
detected with the class-I S¸G probe was also detected
with the kinase-speci"c probe of S12SRK (Fig. 3). The
only band detected with the class-I S¸G probe in the
S24 homozygote also hybridized with the kinase-speci"c
probe (Fig. 2), suggesting that this band corresponds to
the SRK of the S24 haplotype.

Re-probing with the class-II S¸G probe revealed
S haplotype-speci"c bands in S2, S5, and S15 homo-
zygotes, and non-S-speci"c bands having a size poly-

morphism in the S tester lines (Fig. 4). The non-S-
speci"c bands were inferred to be of the SLR2 gene,
which exhibits a high degree of sequence similarity to
the class-II S¸G ( Boyes et al. 1991). In class-I S haplo-
types, the class-II S¸G probe yielded one or two bands.
Polymorphism of the DNA fragment length of the
SLR2 gene has been reported (Tantikanjana et al. 1996).
The S tester lines have been maintained by sib-crossing.
Therefore, the plants showing two bands were inferred
to be heterozygotes of SLR2. In the S23 homozygote
line, one plant showed class-II-speci"c bands, which
were di!erent from those of the known class-II
haplotypes, S2, S5, and S15. Unexpectedly, this plant
was reciprocally cross-incompatible with the S2

homozygote (data not shown), indicating that it has an
S2 haplotype. The other plants in the S23 line had class
I-speci"c bands but no class II-speci"c bands, sugges-
ting that the seeds of S23 homozygotes had been
contaminated by S2 homozygotes. Thus, the class-II
haplotype found in S23 was designated as S2-b. This
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Fig. 3 DNA-blot analysis of HindIII-digested genomic DNA iso-
lated from the S tester lines of B. oleracea. The blot was hybridized
with the kinase-speci"c probe

Fig. 4 DNA-blot analysis of HindIII-digested genomic DNA iso-
lated from the S tester lines using the class-II S¸G probe

Fig. 5 DNA-blot analysis of
HindIII-digested genomic
DNA isolated from the S
tester lines (a) and F

1
hybrid

cultivars of broccoli (b) using
the class-I S¸G probe

means that there are at least two types of S2 haplotype
showing di!erent band patterns in the DNA gel-blot
analysis.

To compare band patterns of the lines from di!erent
accessions having the same S speci"city, DNA-blot
analysis with the class-I S¸G probe was conducted
using the S tester lines and commercial F

1
hybrid

cultivars of cabbage (S6) and broccoli (S13, S18, S39).
These cultivars are heterozygotes of class-I and class-II
haplotypes (data not shown). In S6, S18, S39 haplotypes,
the same band patterns were observed between the
S tester lines and the F

1
hybrid cultivars. On the other

hand, the S13 haplotype of broccoli showed a band
pattern di!erent from that of the S tester line (Fig. 5).

Stigma extracts of 32 S homozygotes were analyzed
by protein gel blots with the anti-S22 antiserum. S hap-
lotype-speci"c bands were detected in 27 S homo-
zygotes but not in S4, S18, S24, S60 and S61 (Fig. 6).
Non-S-speci"c bands were found in the neutral zone.
Some S homozygotes showed several bands speci"c to
S haplotypes, sometimes showing S-speci"c broad
bands, probably due to variation in the carbohydrate
moiety. The pI values of SLGs in the 27 S tester lines
ranged from pI 5.0 to 10.0. SLGs of 18 S tester lines had
a pI of 7.0}10.0 and those of nine S tester lines had a pI
of 5.0}6.9. The pI values estimated from electro-
phoretic mobility were highly correlated with those
estimated from the deduced amino-acid sequences of
SLGs. In highly basic SLGs, however, the pI values

estimated from the sequences were lower than those
estimated from the electrophoretic mobility.

Discussion

DNA gel-blot analysis with the class-I S¸G probe
revealed S-speci"c bands in all the S tester lines except
for S2, S5, and S15. The hybridization with the class-II
S¸G probe revealed S-speci"c bands in the known
class-II S2, S5 and S15 homozygotes, and a new band
pattern in the S2-b homozygote. These observations
suggest that the 43 S haplotypes can be divided into
two classes: 40 S tester lines belong to the class-I S hap-
lotype while 3 S tester lines and S2-b belong to class II.
We did not "nd any S haplotype which was neither
class-I nor class II. This report con"rms that B. ole-
racea has fewer class-II S haplotypes, perhaps only
three, compared with B. campestris, which has six class-
II S haplotypes out of the 24 analyzed (Nishio et al.
1996), and Raphanus sativus, which has "ve class-II
S haplotypes out of the 18 analyzed (Sakamoto et al.
1998).

Most commonly, two HindIII fragments were detec-
ted with the class-I SLG probe. However, more than
two bands were detected in some S haplotypes. This
may be due to internal HindIII restriction sites within
the sequences detected by the probe. In fact, S¸G
alleles of S17, S33 and S57, as well as SRK of S33, had an
internal HindIII restriction site within the sequences
identi"ed by the probe (Nishio et al., in preparation). In
S12, S32, S36, S46, S50, and S51, however, no HindIII
restriction site was found within S¸Gs and the S do-
mains of SRKs. In these lines, a sequence highly homo-
logous with a class-I S¸G may exist in the genome
together with S¸G and SRK.

In the S23 homozygous line, we found one plant, S2-b,
to be a contaminant. It has a di!erent band pattern
from that of the S2 tester line, although they were
reciprocally cross-incompatible. This indicates that
di!erent hybridization patterns exist in the same
S homozygotes. In addition, the S13 haplotype of the
S tester lines had a di!erent band pattern from that of
the S13 haplotype of an F

1
hybrid cultivar of broccoli.

These RFLPs in the same S haplotypes would be due to
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Fig. 6 Protein-blot analysis of stigma proteins from the S tester
lines. Stigma proteins were separated by non-equilibrium pH
gradient electrophoresis and detected by immunoblotting with an
anti-S22SLG antiserum. Major SLGs are marked with arrowheads.
Standard pIs are on the left

Fig. 7 Relationships between the pI value measured in IEF and the
one calculated from the deduced amino-acid sequences of S¸Gs

a mutation in either the coding region or the #anking
region of S¸G and/or SRK. These observations in S2

and S13 haplotypes indicate that S homozygous lines
with the same S haplotype do not necessarily show the
same band pattern in DNA gel-blot analysis.

Only one restriction fragment was detected in the
DNA gel-blot analysis of the S24 homozygote with the
class-I S¸G probe in digestion with HindIII, EcoRI, or
XbaI. This DNA fragment was considered to be of
SRK origin since it was also detected with the kinase-
speci"c probe. There is little possibility for the existence
of S¸G and SRK in one restriction fragment because
the EcoRI-fragment was only 3 kb. Consistent with our
observation, a B. napus line into which the S24 haplo-
type of B. oleracea was introduced by crossing showed
only one band in the DNA-blot analysis of a HindIII
digestion using a class-I S¸G probe (Goring et al. 1993).
The S¸G gene might have been deleted in the S24

haplotype, although the self-incompatibility phenotype
of the S24 homozygote was normal (data not shown).

In the protein-blot analysis, we preliminarily con-
ducted both non-equilibrium pH-gradient electrophor-
esis and horizontal thin-layer IEF. In the horizontal
thin-layer IEF, some basic S-speci"c bands reached the
end of the cathode (data not shown). In the non-equi-
librium pH-gradient electrophoresis, S haplotype-spe-
ci"c bands (SLGs) were well separated in the basic
zone. SLGs were also mainly observed in the basic zone
in the IEF analysis (Nishio and Hinata 1977). In the
present experiment, SLGs exhibited extensive polymor-
phism and were observed not only in the basic zone but
also in the acidic one. Although it is not possible to
accurately measure the pI of SLGs in non-equilibrium
pH-gradient electrophoresis, the pI values estimated
from the electrophoretic mobility were highly corre-
lated with those calculated from the deduced amino
acid sequences of SLGs.

The immunoblot analysis of S-locus-related (SLR)
proteins showed that SLR1 and SLR2 have pI values of
7.0 and 7.5, respectively, and a lower content of SLR2
than that of SLR1 (Tantikanjana et al. 1996). In the
present experiment, the anti-SLG antiserum cross-re-
acted with non-S-speci"c proteins as well as with the
class-I and -II SLGs. It is considered that the non-S-
speci"c bands are SLR1 or SLR2, but we were unable
to distinguish them.

S¸Gs were not observed in S4, S18, S24, S60 and S61

homozygotes, and there were large di!erences in the
amount of SLGs between strong bands and weak
bands in our experiment. The immunoreactivity of the
S22SLG antiserum to all SLGs may be questionable.
However, wide cross-reactivity to class-I and -II SLGs,
as well as to the SLR proteins, suggests that the S22

SLG antiserum is appropriate for the detection of
SLGs. An absence or variation in the amount of SLG
has been observed in Brassica (Hinata and Nishio 1978;
Nou et al. 1993) and in R. sativus (Okazaki and Hinata
1984). In addition, Gaude et al. (1995) showed that the
expression level of the S¸G gene was not correlated
with the strength of self-incompatibility in the class-II
S haplotypes of B. oleracea. These results suggest
that some S haplotypes may not need SLG for
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self-incompatibility. Alternatively, it is possible that
a very small amount of SLG in the stigmas is su$cient
for the self-incompatibility reaction. However, we
found that the S24 haplotype harbors no class-I S¸G in
its genome, suggesting that SLG is not essential to
self-incompatibility, at least in this haplotype.

Acknowledgments We thank Dr. D. Astley for providing the S tester
lines. We are also grateful to Prof. M. E. Nasrallah and Prof. J. B.
Nasrallah for providing anti-S22SLG antiserum and an SLG5 cDNA
clone. This work was supported by a grant from the Science and
Technology Agency of Japan.

References

Bateman AJ (1955) Self-incompatibility systems in angiosperms. III.
Cruciferae. Heredity 9 : 53}68

Boyes DC, Nasrallah JB (1993) Physical linkage of the SLG and
SRK genes at the self-incompatibility locus of Brassica oleracea.
Mol Gen Genet 236 : 369}373

Boyes DC, Chen C-H, Tantikanjana T, Esch JJ, Nasrallah JB (1991)
Isolation of a second S-locus-related cDNA from Brassica ole-
racea: genetic relationships between the S locus and two related
loci. Genetics 127 : 221}228

Chen C-H, Nasrallah JB (1990) A new class of S sequences de"ned
by a pollen recessive self-incompatibility allele of Brassica ole-
racea. Mol Gen Genet 222 : 241}248

Dwyer KG, Chao C, Cheng B, Chen C-H, Nasrallah JB (1989) The
Brassica self-incompatibility multigene family. Genome 31 :
969}972

Dwyer KG, Balent MA, Nasrallah JB, Nasrallah ME (1991) DNA
sequences of self-incompatibility genes from Brassica campestris
and B. oleracea: polymorphism predating speciation. Plant Mol
Biol 16 : 481}486

Gaude T, Friry A, Heizmann P, Mariac C, Rougier M, Fobis I,
Dumas C (1995) Expression of a self-incompatibility gene in
a self-compatible line of Brassica. Plant Cell 5 : 75}86

Goring DR, Glavin TL, Schafer U, Rothstein SJ (1993) An S recep-
tor kinase gene in self-compatible Brassica napus has a 1-bp
deletion. Plant Cell 5 : 531}539

Hinata K, Nishio T (1978) S-allele speci"city of stigma proteins in
Brassica oleracea and Brassica campestris. Heredity 41 : 93}100

Kandasamy MK, Paolillo DJ, Faraday CD, Nasrallah JB,
Nasrallah ME (1989) The S-locus-speci"c glycoproteins of Brass-
ica accumulate in the cell wall of developing stigma papillae. Dev
Biol 134 : 462}472

Kusaba M, Nishio T, Satta Y, Hinata K, Ockendon D (1997)
Striking sequence similarity in inter- and intra-speci"c compari-
sons of class-I SLG alleles from Brassica oleracea and Brassica
campestris: implications for the evolution and recognition mech-
anism. Proc Natl Acad Sci USA 94 : 7673}7678

Lalonde BA, Nasrallah ME, Dwyer KG, Chen C-H, Barlow B,
Nasrallah JB (1989) A highly conserved Brassica gene with
homology to the S-locus-speci"c glycoprotein structural gene.
Plant Cell 1 : 249}258

Murray MG, Thompson WF (1980) Rapid isolation of high-molecu-
lar-weight plant DNA. Nucleic Acids Res 8 : 4321}4325

Nasrallah ME, Barber JT, Wallace DH (1970) Self-incompatibility
protein in plants: detection, genetics and possible mode of action.
Heredity 25 : 23}27

Nasrallah JB, Kao TH, Goldberg ML, Nasrallah ME (1985)
A cDNA clone encoding an S-locus-speci"c glycoprotein from
Brassica oleracea. Nature 318 : 263}267

Nasrallah JB, Kao TH, Chen C-H, Goldberg ML, Nasralla
h ME (1987) Amino-acid sequence of glycoproteins encoded by
three alleles of the S locus of Brassica oleracea. Nature
326 : 617}619

Nasrallah JB, Yu SM, Nasrallah ME (1988) The self-incompatibility
genes of Brassica oleracea : expression, isolation and structure.
Proc Natl Acad Sci USA 85 : 5551}5555

Nishio T, Hinata K (1977) Analysis of S-speci"c proteins in stigma of
Brassica oleracea L. by isoelectric focusing. Heredity 38 : 391}396

Nishio T, Kusaba M, Watanaba M, Hinata K (1996) Registration of
S alleles in Brassica campestris L by the restriction fragment sizes
of SLGs. Theor Appl Genet 92 : 388}394

Nishio T, Kusaba M, Sakamoto K, Ockendon DJ (1997) Polymor-
phism of the kinase domain of the S-locus receptor kinase gene
(SRK) in Brassica oleracea L. Theor Appl Genet 95 : 335}342

Nou S, Watanabe M, Isuzugawa K, Isogai A, Hinata K (1993)
Isolation of S-alleles from a wild population of Brassica campes-
tris L. at Balcesme, Turkey, and their characterization by S-
glycoproteins. Sex Plant Reprod 6 : 71}78

Ockendon DJ (1974) Distribution of self-incompatibility alleles and
breeding structure of open-pollinated cultivars of Brussel
sprouts. Heredity 33 : 159}171

Okazaki K, Hinata K (1984) Analysis of S-alleles and S-glycoproteins
in F

1
hybrid varieties of Japanese Radish (Raphanus sativus L.) (in

Japanese with English summary) Japan J Breed 34 : 237}245
Sakamoto K, Kusaba M, Nishio T (1998) Polymorphism of the

S-locus glycoprotein gene (SLG) and S-locus related gene (SLR1)
in Raphanus sativus L. and self-incompatible ornamental plants
in the Brassicaceae. Mol Gen Genet 258 : 397}403

Scutt CP, Croy RRD (1992) An S5 self-incompatibility allele-speci"c
cDNA sequence from Brassica oleracea shows high homology to
the S¸R gene. Mol Gen Genet 232 : 240}246

Stein JC, Howlett B, Boyes DC, Nasrallah ME, Nasrallah JB (1991)
Molecular cloning of a putative receptor protein kinase gene
encoded at the self-incompatibility locus of Brassica oleracea.
Proc Natl Acad Sci USA 88 : 8816}8820

Tantikanjana T, Nasrallah ME, Nasrallah JB (1996) The Brassica
S gene family: molecular characterization of the SLR2 gene. Sex
Plant Reprod 9 : 107}116

Trick M, Flavell R (1989) A homozygous S genotype of Brassica
oleracea expresses two S-like genes. Mol Gen Genet 218 :
112}117

1334


