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Abstract  In most self-incompatible plant species, recogni-
tion of self-pollen is controlled by a single locus, termed the
S-locus. The self-incompatibility (SI) system in Brassica is
controlled sporophytically by multiple alleles at a single
locus, designated as S, and involves cell-cell communication
between male and female. Two highly polymorphic S locus
genes, SLG (S locus glycoprotein) and SRK (S receptor
kinase), have been identified, both of which are expressed
predominantly in the stigmatic papillar cell. Gain-of-function
experiments have demonstrated that SRK solely determines
S haplotype-specificity of the stigma, while SLG enhances
the recognition reaction of SI. The sequence analysis of the
S'locus genomic region of B. campestris (syn. rapa) has led
to the identification of an anther-specific gene, designated as
SP11/SCR, which is the male S determinant. Molecular
analysis has demonstrated that the dominance relationships
between S alleles in the stigma were determined by SRK
itself, but not by the relative expression level. In contrast, the
expression of SPII/SCR from the recessive S allele was
specifically suppressed in the S heterozygote, suggesting
that the dominance relationships in pollen were determined
by the expression level of SP11/SCR. Furthermore, recent
studies on recessive allele-specific DNA methylation of
Brassica self-incompatibility alleles demonstrate that DNA
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methylation patterns in plants can vary temporally and
spatially in each generation. In this review, we firstly present
overview of self incompatibility system in Brassica and then
describe dominance relationships in Brassica self- incom-
patibility regulated by allele-specific DNA methylation.
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3 2H2ro] Darwino] 23 Hshod Tt (Darwin 1876, 1877).
Aipe] 223 e 1EA B oiAl 4719k B]R
7o) Qlajukgo] ZaEo} Qi ol

Wz B ArlRGR S EANHOE /5
+ oY FAAR S EdY GARA sl AJufE A,
Ba 250 s puAe TAGo] AHHAL 1) Bt
Fol Hek. A27HA9) ATH Aol 3 Brasica
campestris (syn, rapa)o| A= 307 ©]AF (Nou et al. 1993b)
(Fig. 1), Brassica oleracea®l| A+ 5071 o|Are] § tj 54
A} S RAEo] & E o] Qlt} (Brace et al. 1994; Park et al.
2001, 200). %3} AHEBTFA S EYS R} FE
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A5t e FFEO] el S Gk (S locus

Fig. 1 Polymerase chain reaction-cleaved amplified polymorphic
sequence (PCR-CAPS) analysis of SRK DNA fragments using
SRK specific primers (Park et al. 2002). Electrophoresis profile
of PCR products after cleavage with EcoRIl+Hinfl (a), Alul (b),
Rsal+Hinfl (c), and EcoRI+Hinfl (d); B, broccoli; C, cabbage;
Cc, chinese cabbage; R, radish
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W3 4B § gy AAT A B9 A o] oAut
R U C
7b @y e, AU E =50 HES oA
A|5HA] o= HIAE (non-linear)°1 AUth= Aol &
Qlt} (Hatakeyama et al. 1998b, ¢; Thompson and Taylor
1996). o3t £AF O] ¢ A= v A= 2
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glycoprotein; SLG)O] SAA A7 5 Ao 9 WA E o
(Nishio and Hinata 1997), o] A o] wj S} ZH&Eof Qloj A 2}
7HE S o B A 9] Bl A A7) 7E = Sl 1985
Holl= SLGS] ¢cDNA Z29] B. oleraceaZF-¥ T2 & 3
1! (Nasrallah et al. 1985), 3, B. campestris©l] o] 4] SLG
7t FEEEE YA E o0, SLG #AH9] M A o] st
Ak (Takayama et al. 1987). X|F71A] 307 ©]AF9] SLG
S AR7) T2 5 ¢l 3L (Watanabe and Hinata 1999; Nasrallah
et al. 1987; Yamakawa et al. 1994, Watanabe et al. 1994;
Matsushita et al. 1996; Kusaba et al. 1997; Hatakeyama et al.
1998a, b), @& H SLGY Ao 2 HE SLGE EH|E
“/P‘ﬂ.”éolui AW ol 7h G Aol EAskAL, A CY
Z9] 127]19] cysteine A7|7} FEORZ HEL|0] Qlom,
—Fv_'—ZPv—J FH AA o= SLGZEol| Aol 7k §lrk= A o] B
3] Z T} (Nasrallah et al. 1987; Isogai et al. 1987; Takayama
et al. 1989). T3t 2| 2714 ZRYE SLGEL] AEA | 7]
zsto] |5l H, class [T} class 215l 2709 1F 2
22593, Y classtf ol A 9] AEAlL 2k 80~90%
2 =X class7t A AL 9F 60% = Wrhe= Aot
SLG7} 9] AlZH o] = Astal e A S ZHE (Kishi-
Nishizawa et al. 1990), B A] 2] Ztfo] oJFEH L o] &2 9|
ShE ko] Q149 i s
A FFES A /\ﬂi‘-HTi A A= A7tk Ao
AUt
o AL 19900l oA SLGo 4Ed= 7t
Zl receptor kinase A} (ZmPKI1)7} ©2] & HA] (Walker
and Zhang 1990) S| & 7] A& E Q1AL o] ZmPKI F-AAE
7122 3} B. oleracea®| Y AXE ZmPKIT} SAFSE &
A7 del =it delE f-2 = FRA TEst
glon], s $ARE A4t oleke Aol wal A
(Stein et al. 1991). 0] LA SLGO} 2o AFEA 0] QL
A4 (S domain)o] } o, TFE J A1} serine/threonine
o] thulz] o] ALSl A 4 (protein kinase) S 7} thed
AL I35k Q17] wj&of SRK (S receptor kinase)2til
HE Sk o] SRKO WA 07 Ity 2R ] AT1dE A
EUYHo| AIst= 7| EEZ 7} receptor kinaseo] 1l S}E
ol12ke}o] AT S-domaino] $3Y 3l A ZUE ] A
19 AL gserine/threonine kinase & Gojl A 4~ A o]
27 o 4bE 9k
SLG 9 SRKol| 3t A7HE3ket/d HolA 9] sfA o=
HE SLGOF SRK W5 A7HE3HgH g of dolstal gle 7t
SA o] AJALE A HE (Nasrallah et al. 1992, 1994; Goring et
al. 1993; Watanabe et al. 1997; Shiba et al. 1995, 2000), o] =
A 7ok AgolA = SLG AR S5O Kol 2}
7Hegt Aol SLG7F B asHA| ge 7 AlALE
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¢} (Cabrillac et al. 1999). Y& FE 3} Watanabe 15
o| A& BESHA 8l7] 918t class 1o =K ¥ Tt
o] SLGS} SRKE class 119] § SAAAE| & AAS
717} 2913k SLGS} SRK G- AAE AAFo & dE A
FHAASA S At (Takasaki et al. 2000). Hoj A
2HA| s Al o 2 5E], SRKE Wastal e ZiA o

ofl r2 o rlr 2 J}L
rzi

TS0 =R AR o § A 2@ Y0
A FolE ol AL WS o] A=, 275
S 2R AAoA = SRR FESiTH= A
Z 3l Z o]t} (Takasaki et al. 2000). T SLGES = ¢)3t
ARASA = A7 9] QA 5ol WEhAI 714
L5k A uk, SRKS} 7Ho] ZA|5HH SRK Q] A 7HE5kgh

ox [ ot flo 10 2 x oft N o N flo 32

o

iH-g-o] 78 H= A elselt o] A=
SLGE ATFESRRA e QAg el ARH o Bofel
A AR 2 xAY S F A7) fIste] TRl EA
St Qlthal A2 E Qi) (Takasaki et al. 2000). o] HgF &
Ao AY ABRERYE FEZ S A4 A 1A
7 SRK §AAEE Aol ZWH Alolth,

=

Al

S REUAE 58, #Z H 7Sl

tol:

R

D)
N
)
i
o
o
X
o
N
=)
M
=2
3]
=
z 2
1 ﬂ:‘_,
i' -
Sha
iliA
o
12
Doz fr
Sboop @} b orlr o

foh L ot of

%l
Aﬂ:‘“& T oFY FHA oA WH st SRS
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o] A=A S S AAE
A A3 A7 Ee o5t SLG ‘%HEJ ol
|E2 SEES SR FA 7L SaEol, LGS} 2
50| Q= AR oF 7 kDa®] @74 peptider} tHe]
At o] ©714d peptider= SHE- &5 Tl (Pollen Coat
Protein) 25 6 4RI 5]517] W 2ol 3] So i PCPTE %1
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E A TE ol PCP-A1S. 2 thA] HHE AT (Doughty et
al. 1933, 1998). o] PCP-A12 o] § AE29| SLGY = A%
Aot 4AE UEo] § FAAE Solde] gl
T3 o] AR HH2 WA (FHE Sold)olql

AR YRS QLA k7] wwell A ket
T4l B3 s At oh ke o) Wekal 9
t} (Doughty et al. 1998). 1 %, Watanabe 15 Tz
HBAEE el 7178 ol gato] S zny &
2 chuldo] e 8|42 astel SLOSH 4B g}
gl o] th 2R A 215t} (Takayama et
AL 20002). o] FHASS TS GAGES 4T 2
3}, o] SAREL Aol EFAAEE B4 9
11 8719 cysteine 2715 7}A PCP-Al1©]1} defencing family
a2y} o 0 4% }— 0] %1t} (Doughty et al. 1998; Stanchev
et al. 1996). o] & FAAEL HE S hy ARt T
FAo] fllen EZP—E— 12k o} §ltt (Takayama et al.
20000). 224 o5 TFL HRE S FUAE Bela]
981od B. campestris §” AL o]&3to] § A B4
s~8851 9Tt B. campestris 8 A5 SLG} SRK S A A}
L3 o] L Ax dHoz AZEHE L 3
3 (Suzuki et al. 1997, 2000), A|EHIE A Miu [o]] ]3]
AAsEE SLGS SRKE Z 33t 9F 80 kb AlsHHS
Pl G2 elZFMA (PAC)o| S 23} (Suzuki et al.
1997). o] Al cloning®] A H7|viE& AA st o] A=
THHE probe 2 3}o] 9F (anther) cDNA libraryE screening
3lo] eFol A Wdst Q= 12719 S AAE AT &
Q1 At} (Watanabe et al. 1999; Suzuki et al. 1999). ©]& Z,Lﬂ
O] FAA; WA RS s A Ay}, SPII/SCR 722} SAE]
LA A7) oF Eo|Z o 2 drE 519 Tt (Watanabe et al. 1999;
Suzuki et al. 1999). ©]& & SP11/SCRS 871 2] cysteine 2t
715 712 AEZO] A7) peptideE ZE5FAT) SP1I/SCR
9] cysteine 7| W €@ FHEE S peptide PCP-A1Z} H]
223} t}. 3 SPI1/SCRO] PCP th&-H 42t Z 9] dfito]
7 SLG} AEET AP5A0] otk o] AIATE At
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Fig. 2 Genomic organization of the SLG/SRK region of the S locus of B. campestris. The arrows indicate the direction of transcription
of each gene. Exons are indicated by solid boxes and introns are indicated by dips (Takayama et al. 2000b)
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(Suzuki et al. 1999).

o]/}t o] Aoj Xl SPII/SCRY} § - &F&tol| A 9] SLG,
SRK9}9] B2 A W/AE |43 A, 8 8, 579 4
L SPII/SCR S-AA= SLGE} SRK S-HA RS Alolof &
Astar ek Aol B E et (Fig 2). E, $79] B9
SRK st el f1A1ekaL Q= A& #HlskSiTt (Takayama
et al. 2000b). 3, o] 5 470 9] A= AT 7tol| dE
AA #A o dtal 22U FH =28 AL S d
G A2} BA o HA = SLG, SRK, SP11/SCR -] A A}
WS S AR el 22 Itk detd o g 2ot
S U= e = § AR QLo A,
S HHFAAZ o A o] 2l =) wfj - Aotz o] &
HA Qo v A E AFESRHE YEtY = HF ot
of QoAM= § FAAF= FYA A w5 7HEA A5
I dal aAe] 28-S JASt= 2919 shteta Azt
o] A3 Ut (Entani et al. 1999). B33t A& 9] 799
= § RS A Y] dER 7Eke 2o YA sk
Q7] wj&of (Iwano et al. 1998; Kamisugi et al. 1998), z}7}
E3gAd el Bt 9= 30 AR YA EA T =
gt Ao Fasithe AS 4 4= Aot (Takayama et
al. 2000b).

Northern blot &4, in situ hybridization®f 2|3t sj4 o =2
FE SPII/SCR +AA HE A2 197] 57 ddo] A
Zhe|o], 23 7] o WA Fo] HrfjolaL, 3370 A = Ud st
2L Q1A T} (Suzuki et al. 1999; Takayama et al. 2000b). X| =
7HA] Bl e o] 2] PCP-Al 59| PCP & AdAE2 A%
B O 7 o] BHEof A ut WFal 8} ¢ 2|9t (Takasaki et al. 1999),
SP11/SCR-E Bha-ut ofuj et oFo] gtz A oA = U
3} t} (Takayama et al. 2000b). ©] Ai}= vl F3} 2HE 9]
A3 S AR WHo] A AR A
ofxtt= AS AW 4= S17] "ol SPII/SCRo] 3h&
% § AR AEolets Aol AstA FHE U

2|FA 0 & SPII/SCR +RAA7F A7HE3HgHY A ARHS
of Tolet= S § A= A sty Y5t
S 4 SAE w3 SPII/SCR HAAE S A% (FF
g: “Osome”)ol] =9It FAHSAE TEo] 2ol § £
o] WMat2 zAEIGITh o] AFol: 8 gee sPi/
SCR cDNA®} §° Al G-#9] SPII/SCR Al S22 o] &
SHRaL, o] B9 Ae BF =% FAMSA o 2
Ae ZYd § FAXE Y Fao] Fojxo 2§ A
o] o FHEAIZA AL § EojHo g EIFAHS Y
Efi it of F8AR 4 A= SPISCR AR}
ARl gtz A HEsHA S8 5ksith (Shiba
et al. 2001).

o]5 A& Ao ol SPII/SCRO] THE S AXZH
Bt 7ls2 ke Aol HE A &, sy A=
A 7SR o) skt =79 AERIAlS AlofstaL 9l

5lH =
=

L g AR 2Astel ZA8kT 9l SPIISCRI SRK &
At A, 2 QARG Fhofshis § §AAo] EA7}
o] 2749] §rAeke Aol Tl gt

AhEskerd # /A9 22X et

W33 2o QlolA ATFEEES S AR
1007 o]Atolg}ar A3} Q1t}t (Nou et al. 1993a, b; Brace
et al. 1994). ZLef A o) 27bEIHEHY W RAAE
wejstal o] =9 i FAAE d7] vlaLe] oJsf Z}7He]
FAAZE of® 23t RAHS AFREA oldete ATt
Al &= B Sl e}

A Z7}A] cloning®l SLGL} SRKS] S domain & kinase
domain®]] s A o H-F-AALY] 54, v]5H 7]
A 2hg AlAbeEgleh SLGLE SRKO] S domain Z}2to] 2|2
e e Amolgion, w5 el ATo] Folx gl 5%
Ao th g 290], SRKO| A= kinase domain} S domain
o] & A eFE A ZUARE, kinase domain @] H|-5-9]
2 2| gheF2 S domain®] A o] Awko| it} o] A2 kinase
domain®f A= kinase &AJ-& FA|317] fl8to] M5 H
2 gheFol A= k= AS AlAFSERL Qo 1A o W
&}o] § domain> H]5 24 X|gko] o5} domain®] FXE
HItA A dnAor Hohfol] Mzg S dFdAE
Tso] Wrke Aol A=Y A2 dEFdAA=
A 84 S 717122 1 ke §lofA
FeEetAl FA o A= 1 fAAE dAE G B ES

A2 £=7F GEA FAR et A T2
AT T 2Rl AT ESR S Y AL
OF 5HTHE Aojgta A= Tt (Hinata et al. 1995).

B. campestris®} B. oleraceaZH-¥ @2 ¥ SLG, SRK &
Aol Belol 27t BAp ABFE A 27)9] Fo]
SAE FeE YeER AT (Kusaba et al. 1997; Kusaba and
Nisho 1999). o] A2 SLG, SRK &-HA7} & E3} o] Ao
3 E STk P o k. "5, 307) o] 49| SLG,
SRK §AAE WIT B4 ABFE 44T A3, o5
FAAS Tk ol A AWl ERE ofy g, FAA:
W 52 F-A A2 ztol A (cross over)U - AL Bk
(gene conversion)o] =LA Tolata Qlrki S Leh 8]
T} (Kusaba et al. 1997; Kusaba and Nisho 1999). &3] SLG%}
SRK®] § domain®] AF&/d0] && A o] 50| A ¥
gof ofa) o] fAARRE e Bl AL
B I 5 AT} (Watanabe et al. 1994; Hatakeyama et al. 1998b,
¢; Suzuki et al. 1997).

SHES S FAAL SPII/SCROY| Tl A= Ho] £2; A
FFE AANS A9, S0 53 BAT AL b
SPII/SCRS] B3} o 4] Z13} o Holeh 22 A AFsHY
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C} (Watanabe et al. 2000). ©]20], SP11/SCRQ] 2} A&
T9} SLGU SRK O] &2} AFF5 Hlsl HH Fig. 30|
e A o] Ao FYskGitt o] AZRE of 374
9] S HA = FA s Tt o] =5 ¢l (Watanabe et al.
2000).

o

k=25 § Heid0M 20l 2EY

rgt

tol

SP1I/SCR @A o] s Ao] AAHof ufe} w33} 2
2o A Y AHEERA 7179 Aol sHsaF
2|} S haplotype®] Z3to] whebA 31RO S Y
o $-d0) BAZE A7 A7 ATk o) A e @
20l JAS A ey A ¢k, thE &0 s §H%
23 Qe A 2ol HEshE Aol AAA AUtk o

S'S” el 2 AA Y st A (ST 57 B
%‘94 A9 §'s' 9§57 2o tfsto] £}t HZI

Tt §'0] S0 tiate] ©AJel Aol S50 Ao =
ﬂ@oi =20k §°5°0] 2ol e 3ol HDP
E3 §'S SR NAS ATt AL T 5
SR A e (R ArRBEel7] we] &

7h4Eo) ofef Trjo] EAE AL 4 AN 37
ok 2HSH] Ae] SRS Wt wstolLt ek}
A3 ol o5t AAIA Sl A7HEBEHA Elato] o) S

A

SP11-8

SP11-45

SP1i-12

SPI1-9 SCRg

o 0.1 0.2
| I I
Number of substitutions per site

Fig. 3 Neighbor-joining phylogenetic tree of SP/1/SCR (A), SLG
(B) and SRK (C). Bootstrap probabilities for clusters are shown
as percentages. The bar under the tree shown in (A) represents
the number of amino acid substitutions per site (Watanabe et al.
2000)

Ag 7} 9lek) S5 Aol A Begtow =
S, A B2 § BEY 242§ dHFAARL
QUA7} e dollat e, 1 @Ak spelEol
of. 22y €4 S haplotype7to] QlojA= AZ Ao R
S AB/AE YeEFHT Y RO E QAT (Kakizaki
et al. 2003), o} A| o] ¢} &2 —?%47—1]7} TAyshE A
7ol Hiet 27179 A2 1 Al E ot B AR o
k.

X ¥@ o rr

2
2
o

d
¢
il
[..

skl 944 7178 sidst] flste] 94 5 24
SP1I/SCR S-Azo] =4 W drgokrlo]l yzre slh=
oA dolut= -diA A d4)7t Hoha Azt
th oA AFE SPIISCR SAARE 948 Yehy=

S haplotypeol| A1 45 91ck. o] 94 SPIISCR 4 AAE
o] d7] WjldE 7|22 3lo] A4S YEE S haplotype
ol A A4 SPII/SCR +HAE 5317 ot Aglo] 5=
HEIA AR SPIISCR 7)ol o) A3 oh
X]—O] 7} 810y Southern blotting % PCR 4 0401]/\1 215 oA
o olth. 12]3ke] Shiba 5 (2002)2 3HE AL U
E}LHt S"”EEﬁHEJ #45 DNA library & 01%3}0:1 S &
ik gers e ololsich 2 A S
AR 6.5 kb-J $] %o SP11/SCR2] EA 2] 87 9] cysteine
W18 Asekn gt SAAIAS FHeHAT ol §
A= in situ hybridizationo] 23] 2F9] §HR A A E
o|oz wHsn YL, o] AH $HK WAL ol
gt primer 290 o] 3} E}E S BAAE] oF mRNAZR
EHx= EA SPII/SCR GAAE FA3I4 )t (Shiba et al.
2002). FAE 94 SP]]/SCR7P0ﬂ 7 olum| 1AL v g 9]
A=A B REE 94 A7) AFEA o] HlwA =
Ko (= Aol 63-73%), -4 SP11/SCRI}O] A5
He A gloith B8 S gAY HHomRy a4y
SP11/SCR SAAL S A E1; Zro] SRK SA X} LHfo
o) A5kT glglon] § G HARY Aeta ek

SHEo 9 Sd A SPII/SCR {7 A4] Ha ¢
A AL s A5t7] fistol B4 SPII/SCR A9 1
AFAE AESH. /84 dEl=A 2 €4 =
2 RS oF AHE o] &3t in situ hybridization 3} S 2
HE G4 SPIISCR f-34A = 24 S HINA S 822
oA SRR A/ EA slEH = A Y g4 9
A= wrgata] okorr LEjuy, 94 SPIISCR SRR
S = WA A = A oA ZetA s ®
3}, Kakizaki 5 (2003) 24129l $-IALAE YeER =
& A S haplotype 2]

—

-

o

i

2ol QlojA= ﬁoio AR o
d& Uetli= A9l SP11I/SCR %jx}g HHE o] o A 5
I 9tk AL eelsldt o8 5 AL s S
of tstel= dA ol ut 5 2 3297415011 e A=
Ao A olg of o U7 sE| = Ao A= sUG
o] SP11/SCR®] & o] oA = x gt §7s%, §s" ag = A
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Fig. 6 Pollen tube development 24 hours after self-pollination
in B. oleracea

A; self-incompatibility line. B; self-compatibility line (Park et
al. 2009)

SP11/SCR S-AA= HAF
215} 93 3 (Park et al. 2009)
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