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Abstract Polymorphism of SLG (the S-locus glyco-
protein gene) in Brassica campestris was analyzed by
PCR-RFLP using SLG-specific primers. Nucleotide se-
quences of PCR products from 15 § genotypes were
determined in order to characterise the exact DNA

fragment sizes detected in the PCR-RFLP analysis..

Forty-seven lines homozygous for 27 S-alleles were used
as plant material. One combination of primers,
PS5 + PS15, which had a nucleotide sequence specific to
a class-I SLG, gave amplification of a single DNA
fragment of approximately 1.3kb from the genomic
DNA of 15 S genotypes. All the DNA fragments showed
different electrophroetic profiles from each other after
digestion with Mbol or Mspl. Different lines having the
same S genotype had an identical electrophoretic profile
even between the lines collected in Turkey and in Japan.
Another class-I SLG-specific primer, PS18, gave amplifi-
cation of a 1.3-kb DNA fragment from three other S
genotypes in combination with PS15, and the PCR
product also showed polymorphism after cleavage with
the restriction endonucleases. Genetic analysis, South-
ern-hybridization analysis, and determination of the
nucleotide sequences of the PCR products suggested
that the DNA fragments amplified with these combina-
tions of primers are class-I SLGs. Expected DNA frag-
ment sizes in the present PCR-RFLP condition were
calculated from the determined nucleotide sequence of
SLG PCR products. A single DNA fragment was also
amplified from six S genotypes by PCR with a combina-
tion of primers, PS3 + PS21, having a nucleotide se-
quence specific to a class-II SLG. The amplified DNA
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showed polymorphisnm after cleavage with restriction
endonucleases. The cleaved fragments were detected by
Southern-hybridization analysis using a probe of S°
SLG cDNA, a class-1ISLG. Partial sequencing revealed
a marked similarity of these amplified DNA fragments
to a class-I1 SLG, demonstrating the presence of class-I
and class-II S alleles also in B. campestris. The high SLG
polymorphism detected by the present investigation
suggests the usefulness of the PCR-RFLP method for
the identification of § alleles in breeding lines and for
listing S alleles in B. campestris.
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Introduction

The sell-incompatibility system has been successfully
used for the seed productioin of F, hybrid cultivars in
the cruciferous vegetables, cabbage, Chinese cabbage,
broceoli, cauliflower and radish. The specificity of pol-
len-stigma interaction in self-incompatibility is control-
led by multiple alleles of the S locus. More than 40 S
alleles have been identified in Brassica oleracea (Ocken-
don 1974) as well as 30 S alleles in Brassica campestris
(Nouet al. 1993). Since the stability of the self-incompat-
ibility phenotype of some § alleles, and the dominance
relationship between them, have both been character-
ized, the identification of S alleles in a breeding line is
required for raising the efficiency of the selection of
parental lines having stable self-incompatibility.

The S alleles have been arbitrarily numbered by plant
geneticists. If one inbred line is compatible to all the
other lines having defined S alleles, a new S number is
provided for this line. Since each plant geneticist has a
different series of S tester lines, the information on the
characters of each S allele is of little use for breeders
having different S tester lines.

Recently, the molecular biology of self-incompatibil-
ity has clarified S-glycoprotein, S locus-specific glyco-



protein, which was found as a candidate for a recogni-
tion molecule in the stigma (Nishio and Hinata 1982),
and a gene encoding S-glycoprotein, SLG, was isolated
(Nasrallah et al. 1985). A gene for the S receptor protein
kinase, SRK, having an extracellular domain similar to
SLG was also found at the S locus (Stein et al. 1991).
Nucleotide sequences of SLG and SRK for several S
alletes have been reported (Trick and Flavell 1989; Chen
and Nasrallah 1990; Dwyer et al. 1991; Goring and
Rothstein 1992; Watanabe et al. 1994; Yamakawa et al.
1994). For a better understanding of the self-incompati-
bility system, a worldwide standardization of the names
of the S alleles is essential.

Identification of S alleles is time-consuming. Large
numbers of test crossing are necessary. Because the self-
incompatibility phenotype is influenced both by envi-
ronmental factors and the physiological condition of
plants, pollination tests need to be repeated several
times. One reliable method for the identification of S
alleles in Brassica is the electrophoretic analysis of
S-glycoprotein (Hinata and Nishio 1981). Another
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fragments used as markers for registering S alleles in B.
campestris.

Materials and methods

Materials

The forty-seven § homozygous lines, 27 S genotypes, in B. campestris
L., shown in Table 1, were used as plant material. The S genotypes of
these lines were named by Nou et al. (1993). All combinations of 15 F,
progenies between $** and S?° homozygotes were crossed, and the S
genotypes of these plants were identified by observing pollen-tube
growth in the stigmas 1 day after pollination.

PCR-RFLP analysis
Genomic DNA was prepared from young leaves according to Rogers

and Bendich (1985). DNA fragments were amplified by PCR with

Table 1 B. campestris S-homozygous lines used as plant material

method is Southern-hybridization analysis of plant S allle Lines
genomic DNA using SLG DNA as a probe (Nasrallah §21 S0-9T. 82.0T
etal. 1985). However, these methods require skillful g22 51-61, 53-10T
biochemical techniques. Recently, a simple method for $§2* 27-1T, 1-13, 8-12J
detecting SLG polymorphism has been developed gzz ;81'}1
(Brace et al. 1993, 1994; Nishio and Sakamoto 1993; 2., i
1. . . . . S S-10J
Nishio et al. 1994). This method involves amplification g2s 11-6J, 1217, S-97
of SLG DNA by PCR (polymerase chain reaction) witha  $2° 7-57
pair of specific primers, and electrophoretic analysis of S 22'14T
PCR products after cleavage with restriction endonuc- gaz éng
leases. The use of polyacrylamide-gel electrophoresis ¢33 20-2T
and restriction endonucleases which recognize tetranu-  §34 9-1J
cleotide sequences has made it possible to detect higher S 6-12T, 7-12T, 46-12T, 51-7T, 52-7T, 87-2T, 33-5]
levels of polymorphism (Nishio et al. 1994). 237 Z;ggr 421
We have now improved primers for the specific am- g3s 2277
plification of SLGs, and found S alleles with class-II  §3° 23-37, 51-57
SLGs in B. campestris. By determining the nucleotide 5*° 83-5T
se f : : : : S 7-6
quences of SLGs amplified with specific primers, we 543 S8y
have calculated the expected sizes of DNA fragments ges 12-27, 36-87, 39-97
cleaved with three restriction endonucleases. These sizes ~ $45 11-127, 19-5J
corresponded exactly with those estimated from the S°° 1-6J
mobility of the DNA fragments in the polyacrylamide §49 ggg
gel. In this paper, we provide details of the improved g 58.5]
method of PCR-RFLP of SLGs and of the sizes of DNA
Table 2 Primers used for amplification of SLGs by PCR
Primers Nucleotide sequence Source®
PS3 ATGAAAGGGGTACAGAACAT SLG2A(1-20%
PS4 CTAACCTAGATCAGCAGCAT SLG2A(1326-1307)
PS5 ATGAAAGGCGTAAGAAAAACCTA SLG-8(1-23)
PS15 CCGTGTTTTATTTTAAGAGAAAGAGCT SLG-6(1336-1310)
PS18 ATGAAAGGTGTACGAAACATCTA SLG-9(1-23)
PS21 CTCAAGTCCCACTGCTGCGG SLG-2A(1025-1006)
PSA® AGAACACTTGTATCTCCCGGT
PSBe¢ CAATCTGACATAAAGATCTTG

*SLG2A: Chen and Nasrallah (1990), SLG-8: Dwyer et al. (1991)
SLG-6: Nasrallah et al. (1987), SLG-9: Watanabe et al. (1994)

®Number from translation initiation sites
¢ Primers designed by Brace et al. (1993)
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SLG-specific oligonucleotide primers, as shown in Table 2. Plant
genomic DNA (2.5 ul, approximately 50 ng) was mixed with a pair of
primers, 50 pmoles, 2.5l 10 x buffer (S00mM KCl, 100 mM Tris-
HCl pH 8.3, 15mM MgCl,, 0.01% gelatin), 2 p] INTP mixture (each
5 nmoles), 0.1 Wl Tag DNA polymerase (Takara Tag 0.5 units), 17.9 ul
distilled water to give a final volume of 25 pl. The PCR condition was
30 cycles of 1 min at 93°C, 2 min at 55°C, and 3 min at 72°C with a
thermal cycler (Atto, Tokyo), expect for the combination of primers
PS3 + PS4 and PSA + PSB where the annealing temperatures were
50°C and 58 °C, respectively.

The PCR products were analyzed by agarose-gel electrophoresis
with TBE buffer, and those containing only one DNA fragment of the
expected size were digested with Mbol, Afal or Mspl. For digestion
with Mbol and Afal, 2.5 pl of PCR product was mixed with 0.5 pl of
10 x buffer (750 mM KCl, 150 mM Tris-HC1 pH 7.5, 92.5 pM MgCl,,
10mM dithiothreitol), 1 unit of the restriction endonuclease, and
distilled water to give a final volume of 5pl. In Mspl treatment, the
10 x buffer was replaced with a low-salt buffer (250mM NaCl,
50mM Tris-HCI pH 7.5, 92.5mM MgCl,, 10 mM dithiothreitol). The
mixture was incubated at 37 °C for 2h, and subjected to electropho-
resis on a 5% polyacrylamide gel containing TBE buffer. After
electrophroesis at 100V for 1 h, the DNA fragments were visualized
by silver staining (Daiichi Pure Chemicals, Tokyo).

The experiment was repeated three times using DNA samples
prepared from three different seasons.

Southern-hybridization analysis

Methods for Southern-hybridization and the detection of DNA
fragments were those described previously (Nishio et al. 1994). The
DNA probes used in this analysis were cDNA clones of 5° SLG
(Nasrallah et al. 1985), §° SLG (Nasrallah unpublished), and $?% SLG
in B. campestris (Watanabe etal. 1994). A cloned PCR product
amplified from $2° genomic DNA with primers PS3 + PS21 was also
used as a probe.

Cloning of PCR product and determination
of nucleotide sequence

For the determination of nucleotide sequences, SLGs were amplified
with Pfi DNA polymerase instead of Tag DNA polymerase. DNA
fragments amplified with PS5 + PS15 or PS18 + PS15 were ligated

Mwl 2345

Fig. 1 Polyacrylamide-gel
electrophoresis of PCR products
after cleavage with Mbol. SLG g
DNA was specifically amplified

by PCR from the genomic ' T . B
DNA of § homozygotes in B.

campestris with primers PS5 and -

4

PS15 (lanes 1-16) and with 517
PS18 and PS15 (fanes 17-19). 453 ®0 e -
Lane 1, 8%'; 2, $** 3, §%5; 4, §25, 394 -
35, 8%7;,6,8%, 7,834 8, §%° 298 *
(33-51); 9, 837, 10, $°%; 11, §*Y; “ & »é o
12, 5% 13, 5% 14, 8% 15, 8%, 54, pred - <
16, 528, 17, 4%, 18, S*°;
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with pUC18 using a ‘Sure clone ligation kit'(Pharmacia). Competent
cells of HB101 were transformed with the ligation mixture, and
SLG-positive clones were selected by colony hybridization using
cDNA of S® SLG. The plasmid having the insert of the expected size
was isolated, and the nucleotide sequence of the insert DNA was
determined with a DNA sequencer (Pharmacia). Restriction fragment
sizes were deduced from the nucleotide sequences.

Resuits

A single approximately 1.3-kb DNA fragment was am-
plified from 15 of the 27 S genotypes by PCR with the
class-1 SLG-specific primers, PS5 4+ PS15. The nucleo-
tide sequence of PS5, which is a revised primer of PS1
reported earlier (Nishio et al. 1994), was taken from the
5" terminal region of the open reading frame of the S®
SLG in B. campestris (Dwyer et al. 1991). PS15 is a
revised primer of PS2(Nishio et al. 1994). The nucleotide
sequence of PS15, which was taken from the 3’ untran-
slated region of the S® SLG in B. oleracea, was very
similar to that of the S® SLG in B. campestris in the
corresponding region, showing only one nucleotide dif-
ference at the point near the 5" end. The S® (= $** in
Table 1) SLG DNA fragment amplified with these
primers was expected to be 1333 bp. There was no
detectable variation in the size of the amplified DNA
fragments between the 15 S genotypes.

Digestion of the PCR products with Mbol and subse-
quent polyacrylamide-gel electrophoresis revealed high
polymorphism of the amplified DNA fragments (Fig. 1).
All different S genotypes showed mutually differing
electrophoretic profiles. Independent lines having the
same S genotype showed identical profiles even between
the lines collected in Turkey and in Japan. The apparent
sizes of DNA fragments of the $** homozygote cleaved
with Mbol were 400, 375, 268, 180, and 63 bp, which
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coincided with the DNA fragment sizes expected from a
published nucleotide sequence (Dwyer et al. 1991). Like-
wise, the fragment size of §** corresponded with those
expected from the published nucleotide sequence of the
§12 (=8 SLG (Yamakawa et al. 1994). Digestion with
Afal or Mspl also showed high polymorphism of the
PCR products. While Afal fragments of S** and $*®
showed the same electrophoretic profile, Mspl digestion
gave different electrophoretic profiles for all 15 S geno-
types.

Since there are two types of SLG in B. oleracea, the
primers specific to the class-II SLGs were used for PCR.
Cass-II specific primers, PS3 and PS4, gave amplifica-
tion of two 1.3-kb DNA fragments, one of which was
inferred to be SLR2 (Boyes et al. 1991) from the cleaved
fragment sizes. The other 1.3-kb DNA fragment was
polymorphic and was detected only in the lines
negative to class-I SLG primers, suggesting that this
fragment is a class-1I SLG (Nishio et al. 1994). Most of
the S genotypes amplified the SLR-2 DNA having the
same electrophoretic profile, but $*° did not show the
bands of SLR2. $** and S$** homozygotes also had a
partially different PCR product profile from SLR2. The
presence of SLR2 DNA fragments made it difficult to
identify the polymorphism of class-II SLGs. Therefore,
several class-IT SLG-specific primers having a nucleo-
tide sequence different from SLR2 at the 3’ end were
tested for specific amplification of class-II SLGs. A
combination of PS3 and PS21 resulted in the amplifica-
tion of a single DNA fragment having the expected size,
approximately 1.0 kb, in six S genotypes, §2°, S31, §33,
§3°, §%° and S$**. Polyacrylamide-gel electrophoresis
after digestion with Mbol or Mspl revealed polymor-
phism of the amplified DNA fragments, though $*° and

Fig.2 Mbol fragments of PCR products amplified from S homo-
zygotes in B. campestris with primers PS3 and PS21. Lane 1, §2%; 2,
S 3,835 (6-12T); 4, $33 (51-7T); 5, S3% (52-7T); 6, S3%; 7, §40; 8, 544
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$39 showed identical profiles to S*! and 5*°, respectively
(Fig. 2).

Seven S genotypes did not amplify DNA fragments
with either class-I-specific primers or class-I1 SLG-spe-
cific primers. Since the nucleotide sequence of S (= $2%)
SLG differs from that of PS5 at the 3’ end (Watanabe
et al. 1994), an S° SLG-specific primer (PS18) was syn-
thesized and used for PCR. A combination of PS18 and
PS15 resulted in amplification of a 1.3-kb DNA in three
S genotypes $28, §4° and §*° homozygotes. These three
S genotypes each showed different electrophoretic pro-
files of DNA fragments after cleavage with Mbol or
Mspl (Fig. 1). The apparent sizes of cleaved fragments of
the §?® PCR product coincided with those expected
from the nucleotide sequence of $° (Watanabe et al.
1994).

Beacuse of difficulty in the specific amplification of
SLGs from genomic DNA of §22, §32, §33, and S°°, we
analyzed the PCR products amplified with a primer pair
PSA + PSB, which was designed by Brace et al. (1993)
for the amplification of S-related DNA fragments. These
primers have a sequence similarity with SLG, SRK,
SLR2 and SLRI (Lalonde et al. 1989) and, therefore,
these four DNA fragments are expected to be amplified.
The size of the amplified DNA fragment was 1150 bp, as
might have been anticapted. However, electrophoretic
profiles of Mbol digests showed that some S-related
DNA fragments were amplified and others were not.
SLR2-specific fragments were detected in 14 S geno-
types, but not in the other 13 S genotypes. The restric-
tion fragments of SLGs were not found in some S
genotypes. These unexpected results may be due to
preferential amplification of some DNA fragments
among S-related sequences. %2, $32, §33, and $3°
showed mutually differing electrophoretic profiles. Al-
though there were minor variations of electrophoretic
profiles among different lines having the same S geno-
type, the DNA band patterns can be used as markers for
the identification of S alleles until specific primers for
SLGs or SRKs of these S alleles are found.

$?° homozygotes gave a complicated result. One line,
33-5J, amplified a class I-like DNA fragment with
PS5 + PS15, while 6-12T, 51-7T and 52-7T gave a class
II-like DNA fragment with PS3 + PS21. These three
DNA fragments amplified with PS3 4+ PS21 showed
mutually different electrophoretic profiles after diges-
tion with Mbol. The other three lines, 7-12T, 46-12T and
87-2T, did not amplify DNA with either class I-specific
or class II-specific primers. DNA fragments amplified
with PSA + PSB from these seven lines of S$3°
homozygotes showed different Mbol fragment patterns
from each other. In our preliminary examination, the
line collected in Japan, 33-5J, which has a class-I SLG,
was partially compatible with other lines of the S3°
homozygote collected in Turkey. Cross-compatibility
between these $°° homozygotes should be re-examined.

Southern-hybridization analysis using a probe of S°
SLG cDNA, a class-I SLG, detected the PCR products
obtained with PS5+ PS15 (Fig. 3a). The DNA frag-
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ments amplified with PS18 + PS15 also showed homol-
ogy to S¢ SLG cDNA. §?8 SLG c¢cDNA of B. campestris
used as a probe gave the same result as S® SLG, suggest-
ing that PCR products of $?8, §45, and $*° amplified
with PS18 + PS15 are class-I SLGs like the DNA frag-
ments amplified with PS5 + PS15. Those amplified with
PS3 + PS21 showed a low density of the bands in this
analysis. The S° SLG, a class-11 SLG in B. oleracea, was
used as a probe in Southern-hybridization analysis, and
showed homology to the DNA fragments amplified with
PS3 + PS21 from the genomic DNA of §22, §31, §35, §39,
54% and S** homozygotes. The density of the bands was
low in the DNA fragments amplified with the class
I-specific primers PS5+ PS15 and PS18+ PS15
(Fig. 3b). The cloned $*° PCR product used as a probe
showed the same result as the S* SLG.

Fifteen F, progenies of $** and $*>° homozygotes
were analyzed by PCR-RFLP using the primers PS5

Fig. 3 Southern-hybridization

analysis of PCR products using 1234567
S SLG cDNA (a) and $° SLG i ol

¢DNA (b) as a probe. Lane -

1,5° SLG cDNA; 2, $2%; 3, 824 bp -

4, 5%5, 8296, 54% 7, 844 8, §28 =
9, 84% 10, $*°. Lanes 2—4 were
DNA fragments amplified
with PS5 + PS15, lanes 5-7
with PS3 + PS21, and lanes
8—10 with PS18 + PS15
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and PS15. The assigned S genotypes based on the
electrophoretic profile coincided with those identified
by pollen-tube behavior after diallele pollination
(Fig. 4).

DNA fragments amplified from 15 S homozygotes
with the class-I SLG-specific primers PS5+ PS15 and
PS18 + PS15 were inserted in pUC18 and sequenced.
Similarities of the nucleotide sequences of these
DNA fragments to that of the S¢ SLG in B. oleracea
ranged from 86% to 92%. The deduced amino-acid
sequences showed the usual characteristics of S-glycop-
roteins. The similarity of the amino-acid sequences to
S® SLG was especially high at the conserved regions
of the SLG. They had in common a cysteine-rich region
and the potential N-glycosylation sites of the S-glycop-
roteins. These results suggest that all these DNA
fragments are SLGs. The details of the comparison of the
nucleotide sequences will be published elsewhere

8 910

1234 6 7 8 910

¥ ]
a2 R
W

5
t
-
S—
-
»
-

m -
:: !:
, £ 3
- - -
b
6 78 910 111213141516171819

L
AR R
. =

e~ oep
Hi TN

- - ‘ --—6...ﬁ-
- o a0 agse.-
-I.! TS efeestoe
= = - -3 B B B



Table 3 Expected restriction fragment sizes of PCR products of class-I SLGs in B. campestris
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S alleles Expected restriction fragment sizes

Mspl

Mbol Afal
N 384,336,318, 191, 64, 52 443, 375, 229, 163, 135
§24a 429,270, 148, 140, 98, 92, 64, 52, 43 375, 266, 223, 174, 163, 135
NS 429,279,238, 191, 92, 64, 52 507, 266, 223,177,172
526 432,270, 196, 191, 140, 64, 52 443, 375,229, 163, 135
827 429,261,238, 191, 89, 64, 52, 12 375, 266, 220, 177, 166, 132
§28a 363,330, 318, 176, 63, 52, 12 467, 266, 205, 200, 165, 11
§30 438,284, 270, 191, 92, 64 375, 266, 217,177, 172, 132
§34 432,296, 261, 191, 92, 64,9 375, 266, 229, 177, 135, 82, 81
§35 429,270, 238, 191, 92, 64, 52 429, 375,223,177, 132
§37 429,296, 218, 191, 92, 64, 52 375, 266, 229, 177, 163, 132
§38 405, 270, 238, 191, 89, 64, 52, 24 395, 375, 220, 163, 132, 48
N 270, 261, 238, 194, 159, 92, 64, 52, 12 248, 235,223, 195, 166, 143, 132
§43a 426, 382, 270, 180, 64, 11 375,266,223, 174, 132, 82, 81
§*3 432,284,261, 191,92, 64,12 375, 312, 266, 206, 166, 11
§46 426, 290, 270, 180, 92, 64, 11 375, 266, 223, 174, 132, 82, 81
548 432, 270, 238, 191, 92, 67, 52 569, 510, 208, 40, 15
540 432,376,254,191, 64, 12,7 375, 312, 266, 206, 166, 11
599 432,244,243, 218, 92, 64, 52 375, 312, 266, 229, 163

605, 233, 207, 161, 88, 32, 19

289, 275, 245, 200, 155, 107, 33, 32
809, 233, 155, 148

790, 200, 161, 88, 51, 33,22

564, 245, 233, 152, 110, 32

797, 152, 149, 109, 75, 32

564, 245, 227, 155, 148
537,275, 233, 161, 88, 32, 19

296, 268, 245, 233, 155, 107, 32

564, 245, 233, 161, 88, 32, 19

809, 227, 158, 107, 32

564, 391, 213, 110, 32, 32

561, 233, 207, 155, 88, 38, 32, 19
1194, 110, 32

447,233, 207, 155, 114, 88, 38, 32, 19
275, 245, 234, 233, 155, 91, 58, 32, 19
794, 245, 155, 110, 32

567, 245, 233, 161, 88, 51

*DNA fragment sizes of $?4, $*%, and $*® were estimated from the published nucleotide sequences in Yamakawa et al. (1994), Watanabe et al.

(1994), and Dwyer et al. (1991), respectively

(Kusaba et al, in preparation). From these sequence
data, expected DNA fragment sizes of Mbol, Afal,
and Mspl digests were obtained (Table 3). They
corresponded exactly with the sizes estimated from
the electrophoretic mobility of DNA fragments in the
polyacrylamide gel.

The partial nucleotide sequence of the PCR product
amplified from the S?>° homozygote with PS3 + PS21
was also determined. Five hundered base pairs from the
initiation codon had a high similarity, 93.8%, to the S*
SLG in B. oleracea, a class-I1 SLG (Chen and Nasrallah
1990). The similarity to the S SLG in B. oleracea, a
class-I SLG (Nasrallah et al. 1987), however, was the
only 77.0%.

Discussion

From the following evidence, the DNA fragments am-
plified by PCR with the combination of primers
PS5+ PS15 and PS18 + PS15 are considered to be
class-1 SLGs:

(1) The sizes of DNA fragments cleaved by restriction
endonucleases coincided with those expected from the
nucleotide sequences of SLGs in $24, $?8, and $43.

(2) Southern-hybridization analysis showed homology
of the PCR products to the S SLG cDNA clones from B.
oleracea.

(3) Typing of the electrophoretic profiles of the cleaved
DNA fragments co-segregated with the S alleles in the
genetic analysis of F, progenies.

(4) The nucleotide sequences of the PCR products ob-
tained from 15 S homozygotes had a high similarity to
that of the S® SLG, and the deduced amino-acid se-
quences had the usual characteristics of S-glycoproteins.

(5) The 3’ untranslated region including PS15 is highly
specific to SLGs in the S gene family (Nasrallah et al.
1988) and, therefore, SRK cannot be amplified with PS15.

DNA fragments amplified with PS3 + PS21 showed
homology to S° SLG cDNA, a class-1I SLG, in South-
ern-hybridization analysis, and the nucleotide sequence
of the amplified $>° DNA had a high similarity to the $?
SLGin B. oleracea. These fragments were amplified only
from S genotypes which were negative to class-I SLG-
specific primers except in the case of $*> homozygotes.
They also showed polymorphism after digestion with a
restriction endonuclease. These results suggest that
these DNA fragments are a class-II SLG or SRK. In this
investigation, the presence of class-I and class-II S alleles
was demonstrated also in B. campestris. §2°, S31, $3°,
540 and S** were class-11 S alleles.

Although PSA and PSB, designed by Brace et al.
(1993), gave amplification of S-related DNA fragments
from all the S genotypes, it was difficult to determine
whether or not the amplified DNA fragments were from
the S locus. SLG, SRK, SLR1, and SLR2 can be ampli-
fied simultaneously from Brassica genomic DNA with
this primer pair, but in fact only some of them were
amplified probably owing to preferential amplification.
The primers designed in this work, PS5, PS15 and PS18,
were highly specific and gave amplification of only
SLGs. Therefore, more reliable results can be obtained
with these primers for the identification of S alleles,
though the SLGs of some S genotypes were not ampli-
fied by them. Another advantage of these primers
over PSA + PSB is that S heterozygotes amplify both
SLGs as shown in our previous paper (Nishio et al.
1994). In the present study, three sets of primers
were separately used in PCR. Practically, however,
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mixed primers consisting of PS5, PS18, PS15, PS3
and PS21 can be used. The mixed primers gave almost
identical rcsults in PCR-RFLP analysis as each
primer pair, though traces of non-specific bands were
detected in PCR products amplified with the mixed
primcrs.

The sizes of DNA fragments which can be obtained
by digestion of SL.G PCR products with three restriction
endonucleases, Mbol, Afal and Mspl, were shown to be
markers for the identification of S alleles. These sizes are
based on the nucleotide sequences of SLG PCR prod-
ucts and, therefore, there would be no experimental
errors in their values. These data can be useful in infer-
ring the S alleles of inbred lines in B. campestris. Since
the number of S alleles in B. campestris was estimated to
be about 100 (Nou et al. 1993), the possibility that
different S alleles have SLGs giving the same elec-
trophoretic profiles in PCR-RFLP with these three
restriction endonucleases would be very small. We pro-
pose to list S alleles with the band sizes in PCR-RFLP,
and;or the nucleotide sequences of SLG PCR products,
for the purpose of exchange of data between plant
gencticists regarding the characteristics of each S allele,
and for the efficient usc of S alleles in the breeding of
cruciferous vegetabilcs.
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