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Abstract Polymorphism of the S-locus glycoprotein
(SLG) and S-locus receptor kinase (SRK) genes in
Raphanus sativus was analyzed by PCR-RFLP using
SLG- and SRK-specific primers. Twenty four inbred
lines of R. sativus could be grouped into nine S haplo-
types. DNA fragments of SLG alleles specifically ampli-
fied from five S haplotypes by PCR with Class-| SLG-
specific primers showed different profiles upon poly-
acrylamide-gel electrophoresis after digestion with re-
striction endonucleases. The five R. sativus SLG alleles
were determined for their nucleotide sequences of DNA
fragments. Comparison of the amino-acid sequences
with a reported Brassica SLG (S;) showed 77-84% ho-
mology. Deduced amino-acid sequences showed 12-con-
served cystein residues and three hypervariable regions
which are characteristic of Brassicsa SLG. A DNA frag-
ment was also amplified by PCR from two of each S
haplotype with Class-Il SLG-specific primers, and
showed polymorphism when cleaved with restriction en-
donucleases. The nucleotide sequences of amplified
DNA fragments of the Class-11 SLG revea ed about 60%
similarity with those of the Class-| SLG. It is concluded
that there exist both Class | and Class Il S aleles in
R. sativus, as in Brassica campestris and Brassica olera-
cea. PCR using SRK-specific primers amplified a DNA
fragment of about 1.0 kb from seven of each S haplotype
out of 24 tested. These DNA fragments showed high
polymorphism in polyacrylamide-gel electrophoresis af-
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ter digestion with restriction endonucleases. Nucleotide
sequences of the DNA fragments amplified from the
seven S haplotypes showed that the fourth and the fifth
exons of SRK are highly conserved, and that there is
high variation in the fifth intron, the sixth intron and
seventh exon of the SRK which may be responsible for
the polymorphic band patterns in PCR-RFLP analysis.
The PCR-RFLP method has proven useful for the identi-
fication of S alleles in inbred lines and for listing S
haplotypes in R. sativus. Phylogenic analysis of the SLG
and SRK sequences from Raphanus and Brassica re-
vedled that the Raphanus SLGs and SRKs did not form
an independent cluster, but were dispersed in the tree,
clustering together with Brassica SLGs and SRKs. Fur-
thermore, SLGs and SRKs from Raphanus were both
grouped into Class-| or Class-II S haplotypes. Therefore,
these results suggest that the diversification of the SLG
and SRK alleles occurred prior to the differentiation of
the two genera Brassica and Raphanus.

Keywords Raphanus sativus - Self-incompatibility -
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Introduction

Self-incompatibility (Sl) is one of the mechanisms pro-
moting outbreeding that have evolved in higher plants.
In many species, Sl is genetically controlled by a single
Mendelian locus, the S (sterility) locus that exists as
multiple alleles, each of which encodes a distinct mating
specificity (Bateman 1955). Sl response involves cell to
cell interactions between the pollen cells and the papillar
cells of the stigma that result in the recognition and inhi-
bition of pollen of genetically identical S alleles. Molec-
ular analyses have shown the complexity of the Brassica
S locus, which consists of at least two physically linked
genes that are expressed in the stigma. Of these two
genes, the S locus glycoprotein (SLG) gene encodes a
secreted S glycosylated protein localized in the stigmatic
papillar (Nasrallah et al. 1985), and the S locus receptor
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kinase (SRK) gene encodes a receptor-like protein
(Goring and Rothstein 1992; Rundle et a. 1993; Stein
and Nasrallah 1993). SRK consists of an extracellular
‘S domain that shares strong homology to its corre-
sponding SLG (Stein et al. 1991), a membrane-spanning
domain, and a cytoplasmic domain with serine/threonine
kinase activity. Comparison of SLG sequences from dif-
ferent S haplotypes revealed extensive sequence poly-
morphism (Nasrallah et a. 1987; Trick and Flavell 1989;
Scutter and Croy 1992). Thus, SLG alleles can be divid-
ed into two classes, Class | and Class Il (Nasrallah et al.
1991). The amino-acid sequence divergence among
Class-| SLGs ranged from 2.5% to 20%, while that be-
tween Class| and Class-ll SLGs was about 30%
(Kusaba et al. 1997). Class-| haplotypes have a strong
self-incompatible phenotypic effect and are generally
considered dominant and codominant to other S haplo-
types, whereas Class-11 haplotypes display a weak self-
incompatible phenotypic effect and, therefore, are con-
sidered to be recessive (Nasrallah and Nasrallah 1993).

In order to identify the S haplotypes of plant material,
crossing with all S tester lines and observation of pollen-
tube germination or seed set are necessary. Fifty, 30, and
18 S aleles have been identified in Brassica oleracea,
Brassica campestris and Raphanus sativus, respectively
(Ockendon 1974; Nou et a. 1993; Sakamoto et al. 1998).
Therefore, in B. oleracea as many as 50 test crosses may
be needed. Because the S| phenotype is affected both by
environmental factors and the physiological conditions
of plants, the test crossing should be repeated severa
times. This is a highly time-consuming and labor-inten-
sive procedure. Consequently, simple methods for identi-
fying S haplotypes using polymerase chain reaction and
restriction fragment length polymorphism (PCR-RFLP)
analysis of SLG and SRK have been developed (Brace et
al. 1994; Nishio et a. 1994, 1996, 1997; Sakamoto et al.
1998). This method is expected to be useful for identifi-
cation of S haplotypesin Brassica and Raphanus.

In this study, we developed primers to specifically
amplify SLGs and SRKs in R. sativus, and used them in
PCR-RFLP analysis to identify S haplotypes in the
radish inbred lines. To understand evolution of the SLG
and SRK alleles in the Crucifer family, we compared the
deduced amino-acid sequences of SLGs and SRKs
among B. oleracea, B. campestris and R. sativus.

Materials and methods

Plant materials

Twenty four homozygous breeding lines that belong to ten S
haplotypes in R. sativus L. were analyzed in this study (Table 1).
The S haplotypes of these lines were named by pollen-tube germi-
nation analysis. The inbred lines were developed by repeated self-
ing for six to seven generations, and are used as the parental lines
for commercial F, hybrid cultivars. For segregation analysis of the
F,, a S homozygous S; plant (inbred #37) was crossed with a ho-
mozygous S, plant (inbred #50). Thirty eight F, progenies were
generated by bud pollination of F; hybrid plants (S; S,) and used
to identify S haplotype segregation. Incompatibility genotypes of
S haplotypes were determined by self-pollination and by the dial-
lele pollination test, using fluorescence microscopy analysis of
pollen-tube development. The pollen-tube germination analysis
consisted of fixing styles 24 h after pollination, softening in 1M
NaOH for 50 min at 60 °C, staining with aniline blue, and observ-
ing the squashed style with a fluorescence microscope (Kho and
Baer 1968).

PCR-RFLP analysis

Genomic DNA was prepared from young leaves according to
Nahm et al. (1997). DNA fragments were amplified with SLG-
or SRK- specific primer sets (Table 2). The amplification reac-
tion of genomic DNA was carried out in a volume of 25 pl with
25 pmol of each primer, 50 pg of template DNA, 200 uM of each
dNTPR, 1 unit of Pwo DNA polymerase (Boehringer Mannheim,
Germany) and a reaction buffer containing 250 mM KClI,
100 mM Tris-HCI(pH 8.85), 50 mM (NH,), SO, and 20 mM
MgSO,. The PCR condition involved pre-denaturation for 5 min
at 94 °C, 35 cyclesof 1 minat 94 °C, 2 min at 55 °C, and 3 min
at 72 °C, and an extension of 10 min at 72 °C with a thermal
cycler (PTC-100, MJ Research, Inc.). PCR products were digest-
ed with Taqgl, Tru9l, Mspl, Alul, Rsal and Haelll. The digested
DNA was subjected to electrophoresis in a 5% polyacrylamide
gel containing TBE buffer. After electrophoresis at 150 V for
2 h, DNA bands were detected by silver staining (Promega,
Madison, USA).

Determination of nucleotide sequences of the PCR products

The DNA fragments amplified with Pwo DNA polymerase were
cloned with de-phosphorylated Smal-digested pBluescript SK vec-
tor (Stratagene, USA), and the nucleotide sequences of the cloned
DNA were determined with a DNA sequencer (ABI377, Perkin
Elmer, USA). To avoid error, three independent clones were se-
quenced. Restriction fragment sizes were deduced from the nucle-
otide sequences by the Restriction Enzyme Anaysis tool of
GENESEO.

Table1 S haplotype assign-

ment from S tester lines and SLG S Number of Cultivar (breeding lines)
undefined Sinbred linesin class haplotype  lines
R. sativus
Class| S, 5 OH1(#37), OH2(#43), 307(#3), OS (#80), OSJ (#143)
Class| S, 1 OH3 (#50)
NDa S; 1 CH (#267)
Classll S, 1 Ulsanbancheong (#107)
Classl| S5 7 KK1 (#262), KK2 (#5324), JY| (#5334), 23 (#18),
31 (#28), 69 (#32), Seoul Radish (#154)
Class| Se 2 03 (#250), 60 (#39)
Class | S, 1 92 (#204)
ND S; 2 JY 2 (#5335), Samge (#5314)
ND S 2 23 (#12), OS (#85)
Class| Sio 1 Younghyeonbanchenong (#102)

aNot determined by PCR-RFLP




Table 2 Primers used for amplification of SLGs and SRKs by PCR
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Primer set Nucleotide sequence Source Reference

Class-| SLG ATGAAAGGCGTAAGAAAAACCTA Radish clone # 20 (17-39)2 This study
CCGTGTTTTATTTTAAGAGAAAGAGCT Radish clone # 20 (1,372-1,346)2

Class-1l SLG CTCAAGTCCCACTGCTGCGG SLG 2A (1,025-1,006) Chen and Nasrallah (1990)
ATGAAAGGGGTACAGAACAT SLG 2A (1-20)

SRK TGATGAGTTTATGAATGAGGTGA SRK 3(3,773-3,796) Delormeet al. (1995)

GCTTTCATATTACCGGGCATCGATGA

SRK 3 (4,928-4,902)

aNumber of nucleotide sequences

Results
Design of primers

To isolate the SLG gene from R. sativus, the cDNA li-
brary was constructed from the stigma of radish flowers
and screened with the Brassica SLG gene as a probe.
From the screening, we isolated 14 independent clones
of R. sativus SLG genes. To select the primer sequences,
a multiple sequence alignment with the S6 SLG from
B. oleracea (Nasrallah et a. 1985) and the 14 SLG genes
of R. sativus was performed. The Class-| SLG-specific
primer set was selected from the conserved region. The
Class-Il SLG-specific primer set was also designed from
alignment of the B. oleracea S, S, and S;5 SLG genes.
For the specific amplification of SRK, primers were
designed by aligning SRK genes of B. oleracea S;
(Delorme et al. 1995) and S ,9 (Kumar and Trick 1994),
and of B. campestris S;, (Yamakawa et a. 1995), and by
depicting the most variable region between exon 4 and
exon 7. Table 2 shows the nucleotide sequence of the
primer sets used in this study.

PCR-RFLP analysisof SLG or SRK alleles

To identify and classify the S haplotypes from inbred
lines having Sl phenotypes, the PCR reaction was per-
formed with the Class-| SLG-specific primer set. The
size of the PCR product that was obtained from 10 out of
24 radish inbred lines was approximately 1,400 bp. Di-

gestion of the PCR products with restriction endonucle-
ases and subsequent polyacrylamide-gel electrophoresis
revealed polymorphism of the amplified DNA frag-
ments. Five types of electrophoretic profiles were found
in ten inbred lines. Five inbred lines (#37, #43, #3, #30
and #143) had the same profile, two inbred lines (#250
and #39) were of another profile, and the other three
lines al had different profiles (Fig. 1A). All the different
S genotypes showed different electrophoretic profiles,
and lines having the same S genotype showed identical
profiles. Based on PCR-RFLP data and pollen-tube ger-
mination analysis, five S haplotypes were found in ten
inbred lines, and were designated as S;, S,, S;, S; and Sy,

Since there are two types of SLG, the primers specific
to Class-1l SLGs were aso used for PCR. The Class-I|
SLG DNA fragment, having an expected size of about
1,000 bp, was amplified from 8 out of 24 plants tested.

Fig. 1A-C Polyacrylamide-gel electrophoresis of Taql-digested
DNA fragments, which were amplified as PCR products from in-
bred lines in R sativus. A PCR-RFLP with Class-| SLG DNA
fragments.1: #37 (S; Sy), 2: #43 (S, S)), 3: #50 (S, S)), 4: #250
(Sg Sp), 5: #204 (S; S;), 6: #102 (Syg Sy), 72 #3 (S; Sy, 8: #39
(S5 Sg), 9: #80 (S; Sy), and 10: #143 (S; S;). B PCR-RFLP with
Class-Il SLG DNA fragments. 1. #107 (S, S,) 2: #262 (S5 Ss)
3: #5324 (S5 S5), 4: #5334 (S5 Sg), 5: #18 (S5 Sy), 6: #28 (S5 S),
7:#32 (S5 S;), and 8: #154 (S5 S5). C PCR-RFLP with SRK DNA
fragments. 1: #37 (S, S)), 2: #43 (S, Sy), 3: #50 (S, S)), 4: #250

Sp), 5 #204 (S; S;), 6: #5335 (S5 Sg), 7: #3 (S, Sy), 8 #12
(S Sg), 9: #39(S5 Sg), 10: #80 (S, Sy), 11: #85 (Sy Sg), 12: #143
(S, Sy), and 13: #160 (Sg Sg). Brackets represent the S genotype of
inbred lines. M: pUBCM21 digested with Hpall, Dral and
HindlIl. L: 100-bp ladders
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notypes assigned by pollen-tube g5
germination analysiswere as =
follows. Lanes 2, 5,7, 9, 11, 12, . .
14, 15, 17, 18, 19, 20, 23, 24, 25, Sy
27,31,32,33,35,36,37,38: S, ~
S,.Lanes6, 22, 26,29: S, S; 147~ .
Lanes1, 3, 4, 8, 10, 13, 16, 21, 24— ™ g%
28,30,34:S,S,. P, Py, and Fy 1o— -

refer to parent 1 (S; S,), parent 2
(S, S,y), and their hybrid (S; S,),
respectively. M: pUBCM21 di-
gested with Hpalll, Dral, and
HindlIl. L: 100-bp ladders
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Table 3 Sizes of restriction fragments of the PCR products of Class-| SLGs, Class-I1 SLGsand SRK in R. sativus

Salees Expected sizes of restriction fragments (bp)

SLG (Class) Tagl Mspl Ndell

S;SLG(I) 309, 181, 167, 138, 129, 123, 98, 81, 64, 46 809, 234, 154, 88, 32, 19 382, 327, 263, 192, 78, 63, 31

S,SLG(l) 319,303, 221, 129, 111, 91, 76, 32, 25, 14,9 586, 227, 223, 155, 88, 32, 19 475, 358, 270, 93, 71, 63

S,SLG(I) 197,194,177, 121,91, 82, 77, 51, 32 356, 200, 161, 153, 131, 21 398, 184, 165, 140, 84, 40, 11

S;SLG (1) 227,188, 176, 129, 121, 82, 48, 43, 74 508, 435, 82 296, 197, 180, 90, 70, 55, 48,
45,19, 17,14, 11

SsSLG(I) 297,188, 186, 130, 123, 120, 100, 91, 76, 25 534, 388, 273, 90, 51 347, 290, 270, 140, 93, 82, 63, 51

S,SLG(I) 270, 221, 216, 129, 121, 106, 91, 88, 46, 32, 25 844, 233, 161, 107 702, 337, 243, 63

SuSLG (1) 298,189, 188, 130, 123, 121, 98, 88, 82, 25 538, 429, 99, 88, 78, 59, 51 430, 334, 272, 191, 63, 52

SRK (Class) Taql Trudl Alul

S, SRK (1) 463, 221, 154, 129, 94, 50, 22, 22 371, 352, 220, 96, 41, 26, 16, 15, 12, 6 424, 289, 201, 190, 51

S, SRK (1) 741,291, 93, 21 369, 238, 189, 96, 89, 82, 42, 26, 15 434, 268, 190, 152, 51, 34, 17

S; SRK (1) 846, 129, 95, 50, 22, 22 378, 275, 250, 185, 64, 6, 6 463, 258, 197, 169, 43, 34

S; SRK (1) 455, 374, 191, 50, 33, 22, 22 584, 409, 122, 32 423, 281, 190, 169, 50, 34

S;SRK (8 424, 378, 129, 97, 51, 22, 22 371, 244, 218, 126, 122, 42 677, 190, 169, 87

Sy SRK (3) 433,372, 146, 129, 22, 22, 11 522, 375, 184, 47,7 434, 257, 197, 169, 44, 34

S0 SRK (1) 443, 303, 164, 132, 61, 22 367, 230, 226, 224, 47, 31 682, 197, 169, 43, 34

aNot determined

Polyacrylamide-gel electrophoresis of DNA fragments
cleaved with restriction endonucleases showed poly-
morphism of the PCR-amplified DNA fragments. PCR-
RFLP band patterns revealed that eight inbred lines were
grouped int two haplotypes, which were designated as S,
and S5 (Fig. 1B).

PCR using an SRK-specific primer set produced a
single DNA fragment from 15 out of 24 inbred lines test-
ed. By PCR-RFLP analysis using several restriction en-
donucleases, the SRK alleles of the 15 inbred lines were
classified into seven S haplotypes (Fig. 1C). S inbred
lines, #5335, #5314, #12, #85 and # 160, were amplified
only with the SRK-specific primer set. Three lines
(#5335, #5314 and #160) and two lines (#12 and #35)
grouped together, and they were designated as Sg and S,
respectively. The result of grouping the S haplotypes of
the inbred lines with the SRK allele by PCR-RFLP was
consistent with that made by the pollen-tube germination
analysis (data not shown). The sizes of the DNA frag-
ments after digestion with restriction endonuclease were
obtained by the sequence data (Table 3). They corre-
sponded exactly with the sizes estimated from the elec-

trophoretic mobility of DNA fragments in the polyacry-
lamide gel (Fig. 1C).

Analysis of S genotypes in the F, segregating population
by PCR-RFLP

To investigate the S haplotypes of a segregating popula-
tion, 38 F, plants were raised by self-pollinating hetero-
zygous plants, which were derived from the cross
between S, and S, homozygotes. With the Class|
SL G-specific primer set and the SRK-specific primer set,
a single DNA fragment was generated in the parental
lines the heterozygous F; and 38 F, plants (data not
shown). Electrophoretic profiles based on digestion of
the PCR products with Tagl revealed that the Class-|
SLG-specific primer set can assort 38 F, progenies into
three S genotypes: S; S; and S, S, homozyotes, and the
S, S, heterozygote (Fig. 2). In the segregating popula-
tion, the S haplotypes identified by PCR-RFLP analysis
with the Class-| SLG-specific primer set matched with
those identified with the SRK-specific primer set without



Fig. 3 Alignment of predicted
amino-acid sequences of
SLGsfrom S; (SLGS1Rsa),

S, (SLGS2Rsa),

S; (SLGS6Rsa),

S, (SLGS7Rsa)

S0 (SLGS10Rsa),

201 (S201Rsa) in R. sativus,
and S; (SLG6Bol) in B. olera-
cea. The amino-acid sequences
of S201Rsa and SLG6Bol were
from Nikuraand Matsuura
(1997) and Nasrallah et al.
(1987), respectivly. Filled rect-
angles and open triangles indi-
cate the positions of the poten-
tial N-linked glycosylation sites
and conserved cystein residues,
respectively. Boxed regions re-
present the hypervariable re-
gions| (SLGS10Rsa 173-188
aa), I (238-274 aa), and |11
(296-310 aa), respectively. As-
terisks indicate conserved ami-
no-acid residues. Dashes indi-
cate gaps introduced to maxi-
mize aignment. The sequences
reported in this paper have
been submitted to Genebank
(Accession nos. AY 052572-
AY 052576)
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SLGS10Rsa
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—————————————— NRTLVSPGTHFELGFFRTIS--RWYLGIWYKKLSERTYVWVANRAH 44
INTLSSTESLTISSNRTLVSPGDVFELGFFRTNS--RWYLGIWYKKLSERTYVWVANRDN 58
INTLSSTESLRISSNRTLVSPGNNFELGFFRTNSSSRWYLGIWYKKLLDRTYVWVANRDN 60
INTLSATESLTISSNRTLVSPGDVFELGFFRTTSSSRWYLGMWYKKFSERTYVWVANRDN 60
MNTLSATESLTISSNKTLVSPGNVFELGFFRINSSSRWYLGIWYKKLTNRIYVWVANRDN 60
INTLWSTESLTISNSRTLVSPGNVFELGFFRTTSSSRWYLGIWYKKVSERTYVWVANRDS 60
FNTLSSTESLTISSNRTLVSPGNVFELGFFTPESSSRWYLGIWYKKLSERTYVWVSNRDN 60

Coodeckokokoksk doksksoksk sk sokokaok Dkekokok | Dk skkokok Dkk

L]
PLSNSIGTLKISGNKLVNLGQSNKSVWWTN I TRGNESSPVVAESSANGNFVMRDSNNNKS 104
PLSNSIGTLK ISGNKLVILGHSNKSVWWIN I TRGNESSPVVAELLANGNFVMRDSNNNSA 118
PLSNAIGTLKISGNNLVLLGHTNKSVWSINLTRGNERLPVVAELLSNGNFVMRDSSNNDA 120
PLSNSIGTLKISGNNLVLLDHSNKSVWSTNFTRGNERFPVVAELLANGNFVMRDSNNNDA 120
PLSSSTGTLKFSGNNLVLLGDSNKSFWTTNFTRGNGDLRWVAELLANGNFVMRDSNNNDS 120
PLSDSNGTLKITGNNLVILGHSNKSVWSINLTRINERSPVVAELLANGNFVMRYFNKIGA 120
PLSSSIGTLKISNMNLVLLDHSNKSVWSTNLTRGNERSLVVAELLANGNFVVRYFNNNDT 120
***.Z skkokok | Tokk * *** sk kok D dkok ok sdek ok Dok [ ok M
HVI-1
SEYFWQSFDYPTDTLLPEMKLGYDLRKGLNRFLASWRSSDDPSSGDPLYKLETRR
SGFLWQSFDYPTDTLLPEMKLGYDLRKGLNRFLASWRSSDDPSSGDFLYKLE
SEYLWQSFDYPTDTLLPEMKLGYDLKTGLNRFLTSWRSSDDPSSGDFSYKLETR
SGFLWQSFDYPTDTLLPEMKLGYDLKKGRNRLLTSWRNSDDPSSGDYSYKLEPRR
SGFLWQSFDFPTDTLLPEMKLGYDLKKGLNRFL I SWRSSDDPSSGEYSYKLEPR
SGFLWQSFDFPTDTLLPEMKLGYDLKKGLNRFLTSWKNSDDPSSGE I SYKLDTR
SGFLWQSFDYPTDTLLPEMKLGYDHKTGLNRFLTSWRNSDDPSTGEISYFLDTR

Aeskotekor D gokokskoksokokoskkokskoksr T ok skk Dk ok D kokekokok [k ] * kD Lk

HVI-2 HVII-1

G- IFPMHRQALKNGIRFSGIPEDQKLSYVVYNFTENREEVAYTFRMINNNNPYSRLT | 222
RSGLWNGIRFSGIPEDQKLSYVVYNFTENREEVAYTFRMINNN-IYSRLIT | 236
RSGPWNGVRF SGIPEDQKLSYMVYNFTENSEEVAYTFRMTNNS-1Y. 238
HRSGPWNGIEFSGIPEDQKLSYMVYNFTENSEEVAYTFRMINSS-FYSRLT | 238
HRSGPWNGIQFSGIQEDQKSSYVVYNFTENGEEVAYTFQMTNNS-TYSRL]I | 238
HRSGPWNGIRFSGIPEDQKSSYMVYSFTENSEEVAYTFRMINSS-1YSRLK | 239
HRSGPWNGVRFSGIPGDQELSY IVNNFTENSEDVAYTFRMINKS-TY 239

* 1 ok okkok D okckoksk Rk D sk Dk skekoksk sk Dielokokok Dok eskokok

HVII-2 v

(TSSEGF LERLTWIPNSITWN—MFWYLPLENQCDFYMI

d 0 kIIIk % . ek . Lo sk sk sksk ok dkok Dok Dok skokokskokokok

HVIII-2 HVII-3
\% v v

WDLKSWSGQCIRRTRLSCSRDG— FTRMKNMTLPETTMAIVDRSIGVKECEKRCL 340
EQWDLKSWSGHCIRRTPLSCSRDG--FNRMKNVKLPETTMATVDRSIGVKECEKRCL 353
QQWDQRVWAGGC IRRTRLSCSGDG--FTRMKNMKLPETTMA TVDRSIGVKECEKRCL 355
QQWALRISTSGCKRRTRLSCSGDGDGFTRMKNMKLPETTMA IVDRSIGVKECKKRCL 356
EKWNLRSQSSHCIRKTRLSCSGDG-—FTRMKNMKLPETTMATVDRSIGVKECEKRCL 355
QQRDLRDPSG{:CIRRARLSCSGDG-—FTRMRNMKLPETTMA IVDRSIGVKECEKRCL 355

FERWAMQDWSSIC IRRTRLSCSGDG-~FTRMKKMKLPETTMAVVDRSIGVKQCRKRCL 356
* 10 . LoF kDD chekok sk ok ekl D ekolololokok sokclokokokolok [k kokkok

vav \%

SDCNCTAFANAD IN-GGTGCVIVTGELEDIRNYAAHGHDLYVRLA--—-~ 384

SDCNCTAFANADIRNGGTGCVIWTGALEDIRTYFAEGQDLYVRLAAADLV 403

SDCNCTAFANAD IRNGGTGCV IWTGRLDDMRNYVAHGQDLYVRLAVADLV 405

SNCNCTAFANADIRNGGTGCVIWTGQLDDMRNYVADGQDLYVRLAAADLV 406

SDCNCTAFANADIRNGGTGCVIWTGELEDIRTYVADGQDLYVRLAAADLY 405

SDCNCTAFANADIRNGGTGCVIWTGELEDIRTYLADGQDLYVRLAAADLY 405

SDCNCTAFANADIRNGGTGCVIWTGELEDIRTYLADGQDLYVRLAAADIG 406

s Ddokordcokdolokdok | dokskokokokek ks ke Dk Dk sk k| Dokokokokokorok
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Fig. 4 Multiple alignment of
the nucleotide sequences of the
DNA fragments amplified with
the SRK-specific primer set.
Boxes indicate 4th, 5th, 6th and
7th exons of the SRK.
SRKSIRsa (AY 052579),

SRK S2Rsa (AY 052580),
SRKS6Rsa (AY 052581),
SRKS7Rsa (AY052582),

SRK S8Rsa (AY 052583),
SRKS9Rsa (AY 052584), and
SRKS10Rsa (AY052585) are
the PCR productsfrom S, S,,
S5, Sy, Sy, Sy, and Sy homozy-
gotes, respectively. The nucleo-
tide sequence of SRK3Bol was
from Delorme et al. (1995).
Dashes indicate gaps intro-
duced to maximize alignment

SRKS7Rsa
SRKS8Rsa
SRKSZ2Rsa
SRK3Bo'
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKSZ2Rsa
SRK3Bo
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKSZ2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKSO9Rsa
SRKS6Rsa

SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKSZ2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKSO9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKSZRsa
SRK3Bo
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKSZRsa
SRK3Bo
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

Exon 4

TGATGAGTTTATGAATGAGGTGACATTAGTCGCGAGGCTTCAGCATGTAAATCTTGTCCA
TGATGAGTTTATGAATGAGGTGACATTAGTCGCGAGGCTTCAGCATAAAAATCTTGTCCA
TGATGAGTTTATGAATGAGGTCACATTAATCGCGAGGCTTCAGCATATAAACCTTGTTCA
TGATGAGTTTATGAATGAGGTGACATTAATCGCGAGGCTTCAGCATATAAACCTTGTTCA
TGATGAGTTTATGAATGAGGTGACATTAATCGCGAGGCTTCAGCATATAAACCTTGTCCA
TGATGAGTTTATGAATGAGGTGAGATTGATCGCAAGGCTTCAGCATATAAACCTTGTCCG
TGATGAGTTTATGAATGAGGTAAGATTGATCGCGAGGCTTCAGCATATAAACCTTGTCCG
TGATGAGTTTATGAATGAGGTGAGATTGGTCGCAAGGCTTCAGCATATAAACCTTGTCCG

ddolokk ok dolokdokkokokdolok ok sk kkk okckokk Rkokskdokkkkkkk okokk kadokkk ¥k

AATTCTTGGCTGTTGCATTGACGCAGATGAGAAGATGCTGATATATGAGTATTTGGAAAA
AATTCTTGGCTGTTGCATTGACGCAAATGAGAAGATGCTGATATACGAGTATTTGGAAAA
AATTATTGGCTGTTGCATAGAAGCAGATGAGAAGATACTGATTTATGAGTATTTGGAAAA
AATTATTGGCTGTTGCATTGAGGCAGACGAGAAGATGCTGATATATGAGTATTTGGAAAA
AATTCTGGGATGTTGCATTGACGCAGATGAGAAGATTCTGATATATGAGTATTTGGAAAA
AATTCTTGGCTGTTGCATTGACGCGGACGAGAAGATGCTGATATATGAGTATTTGGAAAA
AATTCTTGGCTGTTGCATTGACGCAGACGAGAAGT TGCTGATATATGAGTATTTGGAAAA
AATTCTTGGCTGTTGCATTGACGCAGACGAGAAAATGCTGATATATGAGTATTTGGAAAA

Mk % ik SeRkRoRRER kR ckk R okkekk ko dorkdok ckek sooiokokolokdoekdolorokok

Intron 4

TTTAAGCCTTGATTCTTATCTCTTCGTTAGAGTCTCATTCTTCTAAAAGCTCT-ATACA
TTTAAGCCTCGATTCTTATCTCTTCHGTTAGAGCCTCATTCTTTTAAAAGCTCTTATACA
TITAAGCCTTGATTCTTATCTCTTCHGTTAGAGCTTCATTCTTTTAAAAGCTCT-ATACA
TTTAAGCCTCGATTCTTTTCTCTTCHGTTAGAGCTTCATTCTITTAAAAGTTAT-GTACA
TTTAAGCCTCGATTCTTATCTCTICHGTTAGAGCATCATTATT-TAAATGCTCT-AT-TA
TTCAAGCCTGGATTATTTTCTCTTCHGTTAGACTCTCATICTTTCGAAAGCTCT-ATACA
TTCAAGCCTCGATTCTTATCTCTTCHGTTAGACACTCATTCTTTCAAAAGCTCA-ATACA

TTCAAGCCTCGATTCTTTTCTCTTCHGTTAGAGTCTCATTATI TCAAAAGCTCT- ATACA

*k ckEdckkok kokkk ok dokdkdkockkokkkokkkkk dkokokok k¥ *k ok k *

ACAGTTGAATGTCGATGGAAATAAGCTAATCTGATTTT-CCGTGATCGATTT-GCAGRAG
ACAGTTGAACGTAGATAGAAATAGGCTAATCTGATTTGACTGTGATCGATTTTGTA

ACAGTTGAACGTCGGTAGAAATAAGCTAATCTGATTTGGCTATCATTGATTT-GTAGEAA
ACAGTTAAATGTCGCTAGAAATAAGCTAATCTGATTIGGATGTGATTGATTT-GTAGHAA
ACAGTTGAATGTCGGAAGAAATAAGCTAATCTTATTTGGCTGTGATCGATTT-GTAGAA
ACAGTTGAATGTTGATAGAAATAAGCTAA-CTGATTTGGCTGTGATTAATTC-TTA!

ACAGTTAAATATTAATAGAAATAAGCTAATCTGATTTGTCTGTAATCTTTIT-GTAGHAA
ATAGTTTAATGTTAATGGGAATAAGCTAA-CTGATTTGGCTGTGATCGATTC-GTAG[AA

*

* okokdkk ckk ¥ k okkksk dokkdok ckk Eokook % k% E2d sk k.

Exon 5

AAAACCGAAGGTCTAAGCTAAACTGGAAGGAGAGATTCGACATTACCAATGGTGTTGCTC
AAACCCGAAGGCCTAAGCTAAATTGGAAGGAGAGATTCGACATTACAAATGGTGTTGCTC
AAACCCAAAGACCTAAGCTAAATTGGAAGGAGAGATTCAACATTACCAATGGTGTTGCTC
AAACTCGAAGGTCTAAGCTAAATTGGAAGGAGAGATTCGACATTACCAATGGTGTTGCTC
AAACCCAAAGCCCTAAGCTAAATTGGAAGGAGAGATTCGACATTACCAGTGGTGTTGCTC
AAAAGCGAAGCTCTAATTTAAATTGGAAGGACAGGTTCGCCATTACAAATGGTGTTGCTC
AAAAACGAAGCTGTAAGTTGAACTGGAAGCACAGATTCGACATTACCAATGGTGTTGCTC
AAAAAAGAAGCTCTAACTTAAATTGGAAGGACAGATTCGATATTACCAATGGTGTTGCIC

TEE EXT) Sekok K Fok ACKACRRE K Kk KKK HCRKOKRE K of ok R R AR HOR

GAGGGCTTTTATATCTTCATCAAGACTCACGGTTTAGGATAATCCACAGAGATTTGAAAG
GAGGGCTTTTATATCTTCATCAAGACTCACGGTTTAGGATAATCCACAGAGATTTGAAAG
GTGGGCTTTTATATCTTCATCAAGACTCACGGTTTAGGATAATCCACAGAGATTTGAAAG
GAGGGCTTTTATATCTTCACCAAGACTCACGGTTTAGGATAATCCACAGAGATTTGAAAG
GAGGGCTTTTATATCTTCATCAAGACTCACGGTTTAGGATAATACACAGAGATTTGAAAG
GAGGGCTTGTATATCTTCATCAAGACTCCCGGTTTAGGATAATCCACAGGGATATGAAAG
GAGGGCTTTTATATCTCCATCAAGACTCACGGTTTAGGATAATCCACAGAGATATGAAGG
GAGGACTTTTATATCTTCATCAAGACTCACGGTTTAGGATAATCCACAGAGATATGAAAG

% kK Rk kdoloRoRdk ok dokoRololkskokk dolokskokokokalokokokkkok kkekkk kokk dkkokk ok

TAAGTAACATTTTGCTTGATAAAAATATGACCCCAAAGATCTCGGATTTTGGGATGGCCA
TAAGTAACATTTTACTTGATAAAAATATGATCCCAAAGATCTCGGATTTTGGGATGGCCA
TAAGTAACATTTTGCTTGATAAAAATATGACTCCAAAGATCTOGGATTTTGGGATGGCCA
TAAGTAACATTTTGCTTGATAAAAATATGATCCCAAAGATCTCGGATTTTGGGATGGCCA
TAAGTAACATTTTGCTTGACAAAAATATGATCCCAAAGATTTCGGATTTTGGGATGGCCA
CAGGTAACATTTTGCTAGATAAAAATATGATCCCAAAGATCTOGGATTTTGGGCTGGCCA
TAAGTAATATTTTGCTTGATAAAAATATGATCCCAAAGATCTOGGATTTTGGGATGGCCA
TAAGTAACATTTTGCTTGATAAAAATATGATCCCAAAGATTTCGGATTTTGGGATGGCCA

k ko okkokskok Rk ockk lolofolokokolokd doksoksokaokl skelokokaokokokokiokok seokokokokok

GGATATTTGCAAGGGAGGAGACCGAAGCTAACACAATGAAGGTGGTCGGAACTTAGTAAG
GGATATTTGCAAGGGAGGAGACCGAAGCTAACACAATGAACGTGGTTGGAACTTAGTAAG
GGACATTTACAAGGGACGAGACCGAAGCTAACACAATGAAGGTGGTCGGAACTTAGTAAG
GGATGTTTGCAAGGGAGGAGACCGAAGCTAGCACAATGAAGGTGGTTGGAACTTAITAAG
GGATATTTGCAAGGGATGAGACGGAAGCTAGCACAATGAAGGTTGTCGGAACTTAITAAG
GAATCATTGCAAGGGACCAAACTGAAGCTAGCACAGATAATCCGATCGGAACTTAGTAAG
GAATCTTTGGAAGGGACACGAGTGAAGCTAGCACAAGGAATGTGGTCGGAACTTAGTAAG
GAAK“ITTGCAAGGGAAGAGACTGAAGCTAACAC AAAGAAGGTGGTCGGAACTTARTAAG

FF FHKKFE * KEFREEK FHRKE K H R A F AR kR ok H
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Fig. 4 Legend see page 1258

gm(ntmued)
S7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bo 1l
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKbQRsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bo

SRl\SﬁRsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

SRKS7Rsa
SRKS8Rsa
SRKS2Rsa
SRK3Bol
SRKS1Rsa
SRKS10Rsa
SRKS9Rsa
SRKS6Rsa

Intron §

CAATCAAAATATCACTAACATCA-——GTATCTTTGAAGATACAAA-GCGATATTGTCTTA
CAATCAAAATATTACCAACATCA-—-GTATC
CAAACAAAATATCATCAACATCA-—-GTATCTTTGAAAATACAAAAGTGATATTGITTTA
CAATCAAAATATCACAAACATCA-—GTATCTTTAAAAATACAAA-GAGATAGTGTGGTA
CAATCAAAATATCATCAACATCATCAGTATCTTTCAA-ATACAAA-GATATATTGICTTA

CA A ATCTTTAAA-—————————~ GATATTTTCTTA
CA A GICTTTGAA GATATTTTCTAA
CA A GACTCTGAA: GATAATTTATTA
*¥ * *

ACCCATAACTCTACAAAAT-——————- TCAT-———-AATCTT-——-TTAA-TTCTC-—TA
--CCATATCTCTACAAA-T-——————- TCAT--—-AACCTT-—-TTAA-TTCGC-—-TA
ACCCATAACTCTACAAAAT-——————~ TCAT-—-AATTTT-——-TIG—-TG——-A
ACCCATAACTCTACATAATCATAATCTTTATGT TTAATTI T-——-TTG—--CT-———— A
GCCCATAATTCT-TAAAAT-——————- TCAT-———-AACCTTAAGTTTAA-TTTTTGGTTA
CC-CATAACTCTATAGAAC——————~- TCATG---ACCTCTAAGTTCAA-TTTTTTGCTA
CC-CATAACTCTAAAGAAC——————- TCATG-—-ACCTCTAAGTTCAAATTTTTTATTA
TCTCCTAACCCTAAAAAAC———————- TC ATG———ACC’I'ITAAGI’ITAA’I’I’ITICCG’ITA

* k¥ *%k * ok * k% * *
Exon 6

CTCAGLGGCTACATGTCTCCGGAGTACGCAATGCATGGGATATTCTCGGAAAAATCAGAT)
CTCAGCGGCTACATGTCCCCGGAGTACGCAATGCATGGGATATTCTCGGAAAAATCAGAT)
CTCAGLGGCTACATGTCCCCGGAGTACGCAATGTATGGGAAATTTTCGGAAAAATCAGAT
CTCAGCGGCTACATGTCCCCGGAGTACGCAATGCATGGGATATTCTCGGAAAAATCTGAT)
CTTAGLGGCTACATGTCGCCGGAGTACGCAATGAATGGGATATTCTCGGAAAAATCAGAT
CTCAGLCGGCTACATGTCTCCGGAGTACGCAATGTATGGGATACTCTCCGAAAAAACAGAT
CTCAGCGGCTACATGTCTCCGGAGTACGCAATGTATGGGGTATTCTCGGAAAAATCAGAT
CTCAGCGGCTACATGTCTCCGGAGTACGCAATGAATGGGATATTCTOGGAAAAATCAGAT

ek sokskkokskololorsiokckakok kokockocksiololokokskokskolor® Skekokdksk k sk kb deokokokkk Kk kkk

GTTTTCAGTTTTGGAGTCATAATTCTTGAAATTATTACGGGGAAGAGAAACAGAGGATTC
GITTTCAGTTTTGGAGTCATAGTTCTTGAAATTGTTACTGGAAAGAGGAACAGAGGATTC
GITTTCAGTTTTGGAGTCATAGTTCTTGAAATTGTTAGTGGAAAGAAGAACAGAGGATTC
GTTTTCAGTTTTGGAGTCATAGTTCTTGAAATTGTTACTGGAAAGAGGAACAGCGGATTC
GTTTTCAGTTTTGGAGTCATAGTTCTTGAAATTGTTACTGGAACGAGGAACAGAGGATTC
GTTTTCAGITTTGGAGTCATAGTTCTTGAAATTGTTACTGGAAAAAGGAACAGAGGATTC
GTTTTCAGTTTTGGAGTCATAGITCTTGAAATTGTTAGTGGAAAAAGGAGCAGAGGATTC
GTTHCAGHTTGGAGTCATAGHUHGAAAHGTTAGTGGAAAAAGGAGCAGAGGATTC

*% sokkckkckkdkokckk dkkk ek ok k¥ ckokk kkkokokk

Intron 6

TATAACTTGAACTACGAAAACGATCTTCTAAGCTATTAAGTATAAGAACCAACAGT--T
AACAACTTGAACTACGAACACAACCTTCTAAACTATIGTAAGTATAACAACTAATAGT--T
A CTACGGAAACAATCTTCTAAGCTATGTAAGTATAAGAACCAATTATATT
AATAACTTGAACTACGAAGACCATCTTCTCAACTATTAAGTATGAGA-CCAATTATATT
TACAACTTGAACTACAAAAACAATTTTCTAAGCTATGTAAGTATAGGAACCAATAAT--T
TACCAGTCAACCCCGGAAGACAATCTTGTATGCTATGTAAGTTTAAGAACCAATAATATT
TACCAATTGAACAACGATAACAATCTTCTAAGCTATGTAAGTTTAAGAACGAATAATATT
TACAACTIGAACCAOGAAAATAATCTACI‘ AAGCTATIRTAAGTTTGAGAACTAATAATATT

* ok ok % seodeeckokokokkokk  k %k kk * %

CGATCTTCTTTTIG AGATTGCTCAAACACT--GAA
CGATCTGCTTTCT: AGATTGCTCAAACACTTTAAA
CGATCTGCTTTCA AGAGTGATCAAATACTTTAAG
CGATCTGTTTTCC AGACTGATCAAACAATTTAAA
CGATCTGCTTTAG- AGACTGGTAAAACACTTAAAA
CTATCTACTCT CGAGATTGCCAAAACACTTTAAA
CGATCTGCTTT: CGAGATTGCTAAAACACTTTAAA
CTATCTGCTTTTTTTTTTCTITTTTCTATCTGCTTTTTCGTGATTGCTAAAACATTTTAAA
% ckskokok ¥ %k Nk Kk ¥¥¥ ¥ ¥ *
Exon 7
T-CA-——TAGATT-———-——— CAGGCATGGAGTAATTGGAAGGAAGGAAGAGCGCTAGAA

TGCA--TTTATCTTAT-TACACAGLCATGGAGTAATTGGAAGGAAGGAAGAGCGATAGAA
CGCC—-TTTATCTTAA-TAAACAGI:CATGGAGTCACTGGAAGGAAGGAAGAGCGCTAGGT
CGCT--TTTATCTTTACTAAACAGI:CATGGAGTCACTGGAAGGAAGGAAAAGCGCTAGAA
TGTT--GTTATCTTAA-TAAACAGI:CATGGAGTAATTGGAGGGAAGGAAGAGCACTAGAA
TGCT--TTTATATTTA-TAAACAGHCATGGACTCATTGGGCGCAGGGAAGAGCGCTAGAA
TGAT--TT-ATCTTTA-TAAACAGI:CATGGAGTCATTGGACGGAGGGAAGAGCGCTAGAA
TGCTATTTTATCATTA-TAAACAGICGTGGAGTCATTGGACGGAGGGGACAGOGCTAGAA

ok dokodkokok ckakokk K ok ckokk ok ok ckk k dkkk kakk

ATCGTAGATCCAGTAATCATAGATTCATTTTCACCACTGTCATCAACATATCAACCACAA
ATCGTAGATCCAGATATCGTAGATTCACTGTCACCATTGTCATCAACATTTCAACCACAA
ATCGTAGATCCAGTAATCATAGATTCATTGCCATCACTGCCATTAAAATTTGGACAAGAA

ATCGTAGATCCAGTAACCGTAGATTCATTGCCATC—————=-— AACATTTCAAAAACAA
ATCGTAGATCCAGTTATCTTAGATTCATTGTCACCACTGACATTAACATTTCAGCGACAA
ATCGTAGATCCCGTCATCGTAGATTCATTGTCATCA-———————ACATTTCAACCAAAA

ATCGTAGATCCAGTCATCGTAGATTCATTGTCATCACTGCCATCAACATCTCAACCAAAA
ATCGTAGATCCAATCATCATAGATTCATCATCATCACTGCCATCAACATTTCAAAAAAAA

ok ok ok ok ok ok kokok * ok okokokkkckk *% k % kk X ¥ kk

573

(continued)
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Fig. 4 Legend see page 1258 (continued)
SRKS7Rsa GAAGTCCTAAAATGCATACAAATTGGTCTCTTGTGTGTTCAAGATCTTGCAGAGAACAGA | 952
SRKS8Rsa ——~GTCATTAAATGCATACAAATTGGTCTTTTGTGCGTTCAAGAACGTGCAGAGCACAGA| 931
SRKS2Rsa GAAGTCCTAAAATGCATCCAAATTGGTCTCTTGIGTGTTCAAGAACTTGCAGAGGACAGA | 952
SRK3Bol GAAGTCCTAAAATGCATCCAGATTGGTCTCTTGTGTGTTCAAGAACTTGCAGAGAACAGA | 963
SRKS1Rsa GAAGTCCTAAAATGCATACAAATTGGTCTCTTGTGTGTTCAAGAACTTGCAGAGGACAGA | 969
SRKS10Rsa GAAGTCCTAAAATGCATACAAATTGGTCTCTTGTGTATTCAAGAACGTGCGGTGCACAGA | 930
SRKSY9Rsa GAAGTCCTAAAATGCATACAAATTGGTCTCTTGTGTGTTCAAGAGCGTGCGGAGCACAGA | 940
SRKS6Rsa GAAGCACTAAAATGCATACAAATTGGTCTCTTGTGTGT TCAAGAACGTGCCGAGCACAGA | 969
* & deokokdokkokk Kok kofkokskakskk kkokkdk Aokdokkokok K kdkk kK kkokkXk
SRKS7Rsa CCAACCATGTCATTTGTGGTTTGGATGCTTGGAAATGAAGCAACAGAGATTCCTCAGCCT | 1012
SRKS8Rsa CCAACGATGTCGTCTGTGGTTIGGATGCTTGGAAGTGAAGTAACAGAGATTCCTCAGCCT | 991
SRKS2Rsa CCAACAATGTCGTCTGTGGTTTGGATGCTTGGAAGTGAAGCAACAGAGATTCCTCAGCCC| 1012
SRK3Bol CCAACAATGTCGTCTGTGGTTTGGATGCTTGGAAGTGAAGCAACAGAGATTCCTCAGCCT | 1023
SRKS1Rsa CCAACGATGTCGACTGTGGTTTGGATGCTTGGAAGTGAAGCAACAGAGATTCCTCAGCCT | 1029
SRKS10Rsa CCAACGATGTCGTCGGTGGTTTGGATGCTTGGAAGTGAAGCAACAGCGATTCCTCAGCCT | 990
SRKS9Rsa CCAACGATGTCGTCGGTAGTTTGGATGCTTGGAAGTGAAGCAACAGAGATTCCTCAGCCT | 1000
SRKS6Rsa CCAACGATGTCGTCGGTGGTTTGGATGCTTGGAAGTGAAGCAACAGAGATTCCTAAGCCT | 1029
EEEET S ] Fok  dokodokkokdokckdordokdkokk kkdkoksk  skokddokok kokskadolokk Sokkk
SRKS7Rsa AAATGGCCAGGTTATTGCGTCAGAAGAAGTCCTTACGAACTTGATCCTTCATCAAGTAGG| 1072
SRKS8Rsa AAACCGCCAGGTTATTGCGTCAGA-—-AGTTCTTATGAACTTGATCCTTCATCAAGTAGA | 1048
SRKSZRsa AAACCGCCATGTCATTGCTTCGAAAGAAGTCCATATGAACTTGATCCTTCATTAAGTAGG| 1072
SRK3Bol AAACCGCCGGGTTATTGCATTCGAAGAAGTCCTTATGAACTTGATCCTTCATCAAGTAGG| 1083
SRKS1Rsa AAACCGCCAGATTATTGCGTTGGAAAAAGTCCTTATGAAA -~~~ CAGCAAGTAAG| 1080
SRKS10Rsa AAACCGCCAGTTTATTGCCTCATACCAAGTTTTTATGCAAATAATCCTTCCTCGAGTAGG| 1050
SRKSORsa AAACCGCCAGTTTACCGCCTCGCAAAAAGTTTTTATGCAAATAATCCTTCCTCAAGTAGG| 1060
SRKS6Rsa AATCCGCCAGGTTATTACGTCGGAAGATGTTCTTATGAAAATAATCCTTCATCAAGTAGG] 1089
* % EXT] * * * ok E3 ¥k k¥ k¥ E) ETTE]
SRKS7Rsa CAGTGCGACGACGATGAATCCTGGACGGTGAACCAGTACACCTGCTCTGTAATCGATGCC| 1132
SRKS8Rsa CAGTGTGACGACGATCAATCCTGGACGGTGAACCAGTACACCTGTTCAGTTATCGATGCC| 1108
SRKSZ2Rsa CAGTGTTACGACGATGAATCCTGGACGGTGAACCAGTACACCTGCTCACTCATCGATGCC 1132
SRK3Bol CAGTACGACAACGATGAAT-—-GGACGGTGAACCAGTACACCTGCTCATTCATCGATGCC| 1140
SRKS1Rsa CAGTTGGACGACGATGAATCCTGGACGGTGAACCAGTACACCTGCTCAGTTATCGATGCC| 1140
SRKS10Rsa CCATCCGACAACGATGAATCCTGGACGATGAACGAGTACACCTGCTCAGTCATCGATGCC| 1110
SRKSORsa CATTGCGAAGACAATGAATCCTGGACGGTGAACCAGTACACCTGCTCAGTCATCGATGCC| 1120
SRKS6Rsa CTTTGCGATGACTATGAATCCTGGACGGTGAACCAGTACACCTGCTCAGTCATCGATGCC| 1149
* * * EENEE IR sekdordk dckokiok seoloRokerokgekork kk & ekjeokokskok ok
SRKS7Rsa CGGTAATATGAAAGG 1147
SRKS8Rsa CGGTAATATGAAAGCT 1123
SRKS2Rsa CGGTAATG-GGCTGG, 1146
SRK3Bo CGGTAATATGAAAGO, 1155
SRKS1Rsa CGGTAATATGAAAG] 1155
SRKS10Rsa CGGTAATATGAAAGCY 1125
SRKS9Rsa CGGTAATATGAAAGO 1135
SRKS6Rsa CGGTAATATGAAAGH 1164

Fkdokkkk Kk Kk

exception. The assigned S genotypes based on electro-
phoretic profiles coincided with those identified by pol-
len-tube germination analysis after diallele pollinations
(data not shown).

Comparison of nucleotide sequences and deduced
amino-acid sequences of SLG and SRK alleles

Nucleotide sequences of the DNA fragments amplified
with the Class-| SLG-specific primer set were determined
for the five S haplotypes and compared with those of the
SLG genein SLGg Bol (the SLG of the S; haplotypein B.
oleracea) to show similarities from 77% to 82%. Similar-
ities with those from R. sativus ranged from 84% to 88%.
The deduced amino-acid sequences revealed characteris-
tics unique to the SLG proteins. They had the 12 con-
served cystein residues, the potential N-glycosylation
sites, and three hypervariable regions as shown with the
SLG protein in B. oleracea (Fig. 3). The level of amino-
acid sequence similarity to SLGg Bol ranged from 77% to

84%, not significantly lower than those among R. sativus
SLGs (from 71% to 89%). These results suggest that all
of these DNA fragments are from SLGs.

The partial nucleotide sequences of the PCR products
from the two S haplotypes that were amplified with the
Class-Il SLG-specific primer set were also determined
and compared with that reported for SLG, Bol (the SLG
of the S, haplotype in B. oleracea) to show 90-92% ho-
mology. Similarities between the nucleotide sequences
from the R. sativus lines showed 90% homology. The
amino-acid sequence of the Class-Il SLG in R. sativus
showed 85-87% homology with that of SLG, Bol.
The amino-acid sequence of the Class-I1 SLG revealed
about 60% similarity with those of the Class-| SLG in
R. sativus, as is the case for the Class-| and ClassI
SLGs in Brassica. It is concluded that both Class | and
Class Il exist in the S haplotypes of R. sativus, as in
B. oleracea and B. campestris.

The nucleotide sequences of the PCR products ampli-
fied with the SRK-specific primer set were determined for
seven S haplotypes. The DNA fragments had four regions
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—
L SLR1Bca
S5Bol

SLR2Bol

— =
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Fig. 5 Phylogenic tree of SLG sequences. Deduced amino-acid
sequences of the putative mature protein regions of SLGs were
used for the analysis. The aligned amino-acid sequences are as
follows: SLG1Rsa (AB009677), SLG2Rsa (AB009678), SLG3Rsa
(AB009679), SLG4Rsa (AB009680), SLG5Rsa (AB009681),
SLG6Rsa (AB009682), SLG7Rsa (AB009684), SLG8Rsa
(AB009683) and SLR1Rsa (AB009874) were isolated from
R sativus. SLG6Bca (M36301), SLG29Bca (AB008190),
SLG8Bca (X55274) and SLR1Bca (Z26914) were from B. cam-
pestris. S6Bol (X03170), S5Bol (X51637), S15Bol (Y 18261),
SLG23Bol (AB013719) and SLR2Bol (Y18259), were isolated
from B. oleracea. The phylogenic tree was generated by the algo-
rithm from EMBL (Heidelberg)

sharing homologies in the fourth, fifth, sixth and seventh
exons of SRK; Bol (the SRK of the S; haplotype in B. oler-
acea), and the amino-acid sequences deduced from them
were similar to those that al of the SRK; Bol, suggesting
that al of the SRKs were the fragments of SRK aleles.
Comparison of the nucleotide sequences of SRK fragments
of the seven S haplotypes isolated here with those already
reported revealed high polymorphisms in the fifth introns,
sixth introns and seventh exon (Fig. 4). The variation in
these regions might have contributed to the polymorphism
of DNA fragment sizesin PCR-RFLP anadysis.

A phylogenic tree

A phylogenic tree of SLGs was constructed using the de-
duced amino-acid sequences of R. sativus SLGs and the
amino-acid sequences of SLGs and SLR previously re-
ported from B. oleracea, B. campestris and R. sativus
(Fig. 5). They were clustered into two groups as de-
scribed previously (Kusaba et al. 1997); a Class-| SLG
group and a Class-Il SLG group. The Class-Il SLG
group from R. sativus and from B. oleracea included
SLR2. SLGsfrom R. sativus did not cluster independent-
ly and were dispersed in the tree, but rather clustered
with SLGs from B. oleracea and B. campestris.

The phylogenic tree of the kinase domain from SRK
alleles was constructed using the deduced amino-acid se-
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SRK5Bol

SRK2Bol
L shkissol
SAK46Bca
SRKB8Bca
SRK12Bca
SRK13Bol
SRAKSERsa
SRK45Bca
[SRKSZRsa]
SAKEBol
SRK18Bol
SRKS1Asa
SRK23Bol
SRK9Bca
SRK29Bol
SRK3Bol

Class I

_l—

Class |

Fig. 6 Phylogenic tree of SRK sequences. Nucleotide sequences
from the DNA fragment amplified with SRK-specific primer set
were used for the analysis. The aligned amino-acid sequences are
as follows: SRK29Bol (Z230211), SRK3Bol (X79432), SRK18Bol
(BAA92836), SRK13Bol (AB02440), SRK5Bol (Y18259),
SRK15Bol (Y 18260), SRK2Bol (BAA83746) and SRK23Bol
(BAAB3746) were isolated from B. oleracea. SRK45Bca
(AB012106), SRK46Bca (AB013718), SRK12Bca (D38564),
SRK8Bca (D38563) and SRK9Bca (D30049) were from B. cam-
pestis. The phylogenic tree was generated by the algorithm from
EMBL (Heidelberg)

guences of R. sativus SRK's and those previously report-
ed for B. oleracea and B. campestris. Asin the SLG phy-
logenic tree, SRKs from R. sativus were grouped into
Class | and Class Il (Fig. 6). Class-| SRKs from Class-|
S haplotypes in R. sativus were clustered with Class-|
SRKs in B. oleracea and B. campestris. These results
supported the hypothesis that the divergence of Class |
and Class Il should have occurred before the differentia-
tion of the genera Brassica and Raphanus.

Discussion

By selecting primers from the conserved region of SLG
aleles Raphanus and Brassica, we were able to amplify
SLG and SRK alleles from R. sativus. We assigned 24
inbred lines of R. sativus to ten S haplotypes based on
PCR-RFLP analysis (except for S;) and pollen-tube ger-
mination analysis. However, the S; haplotype identified
by pollen-tube germination analysis in this study was not
amplified with either SLG- or SRK-specific primer sets.
SLG and SRK from the S; haplotype probably contain
different nucleotide sequences in the primer annealing
site. Therefore, based on nucleotide sequences from a
number of SLG and SRK alleles, it seems necessary to
develop another SLG- and SRK-specific primer set for
amplifying the unclassified S haplotypes.

In order to identify the S genotypes in 38 F, plants,
both analysis of PCR-RFLP and pollen-tube germination
analysis were carried out. Brace et a. (1994) showed
that selective amplification of one allele relative to an-
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other in heterozygotes could have occurred. However, in
this study, all the F, plants were amplified with the
Class-| SLG-specific primer set or the SRK-specific
primer set, and then after digestion with restriction endo-
nucleases their PCR products showed a polymorphism
depending on their genotypes. The lack of preferential
amplification with the SLG- or the SRK-specific primer
sets may be due to the high sequence homology at the
sites of the primers. Therefore, SLG- or SRK-specific
primer sets, developed in this study, are expected to be
useful in S genotype identification and seed purity test-
ing. In addition, based on the analysis of the F, popula-
tion, it was shown that the S; SLG plant has the S; SRK
alele; therefore, PCR-RFLP analysis of either the SLG
or SRK allele is adequate for identification of the S
haplotypesin F, segregating plants.

SLG aleles from R. sativus had high homology with
the SLG from B. oleracea and B. campestris. Five SLG
alleles amplified with the Class-| SLG-specific primer set
and two SLG alleles amplified with the Class-I1 SLG-spe-
cific primer set were sequenced and compared with SLG
aleles from Brassica. The deduced amino-acid sequences
of the five Class| SLG aleles in R sativus had the 12
conserved cystein residues and three hypervariable re-
gions characteristic of Brassica SLG proteins (Kusaba et
al. 1997). The structural conservation of these cystein resi-
dues and hypervariable regions in Raphanus and Brassica
may be suggestive that the regions play important rolesin
Sl function. The phylogenic tree was constructed using
deduced amino-acid sequences of the Class-| and Class-|
SLGs of Raphanus and Brassica. They clustered into two
groups, a Class-| group and a Class-11 group. The SLGs of
Raphanus did not form a unique cluster, but dispersed in
the tree, often clustering with the SLGs of Brassica, as
was the case in the phylogenic tree of SRKs from Brassi-
ca and Raphanus. In addition, SLG and SRK of the same
S haplotypes belonged to the same class. This observation
suggested that Class-| and Class-Il group divergence oc-
curred first, and then the SLG and SRK diverged. Further-
more, it showed that Class-| and Class-I| groups exist both
in Raphanus and Brassica. This observation suggested
that divergence of the Class-| and Class-I1 S haplotype oc-
curred prior to the differentiation of the genera Brassica
and Raphanus.
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