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HTHEHOL< OREE. BHEICLDIERBFEEZH<EEE LT, gRAIEME
EHLTWS, Y77 7R#EYE. BTFEEERATNGHEEZRE L. § #H1ER
FIZED, BRANMEGHEOZESISEEEEZREL TW5, Brassica rapa (7. N\
741, Brassica oleracea (FF¥ X\, 7Oy IdYU—) ZHWEHENS, §E
BFEICEE ORBREREZRET S5 2 /NI ETH S SP11(S locus protein 11)
EFEOFBEREEZRET 55 2 /N E SRK(S receptor kinase). &7z SRK D I/
LTI —RAAL (S RAA NEHFEEDE VY SLG(S locus glycoprotein) DB T
DERLTVS, NSRRI DOBETFORBBEZRI LD, S NTOF1T
EIRENTWS, §/\N\T ¥ A1 74 B. rapa, B. oleracea THJ 50~100 BEEFET S
EHEEEINTWVS,

SINT1E A TILSLG, SRK DFFMEIZK D, Class I & Class 11273175 Z &N
TE, Class I D SN\NTOF A Td Class 1D §NTOF 1 T L, FEHHITS
HZERTIEMASNT WS, SP1I, SRK, SLG DEEELFIIL B. rapa, B. oleracea
TEZHREESN. TOD56, HAENEEICEL, BEHTRUCEBREEZD
D EHRY NEETAIENHALN DT,

H<METT I FREY T ‘'UD=AR &L T, B rapa(AA T / 1), Brassica
nigra(7. 9753, BB Y J L), B. oleracea(CC 7/ LYDERYT ) LFEE, T15
IMORRIL L BREERAE (EEE) BTHD. Brassica napus(L-1 AT F 5 %,
AACC % J I\), Brassica juncea(}15 3. AABB % J 1\), Brassica carinata(7 ¥ >
Z7H 5 BBCC 7 J L)DBEBEAH SN/ S T B(Figure 1), EARYT /) L&
ERANEGEOEEZHR DN, RERRKERBERMGEZRT. LALASR
BCEREERBEEERT DL, BRAMEGEZRT. REEBXRNEGHZRT
MIEIEH BRI ST % B o ABIFE T Raphanus sativus (51 712) T SPI, SRK
DOIEEEFEZREL. BE TSP, SRK DMRAENREW S NT Oy 7% R
UZze £72B napus D S)NTOH A TEREETHEEDIC. IRBEBOERMGHE
BERZHSMNILUEZ. T5IT. B. juncea, B. carinata D S/)\NT D51 TOEEEB
KNG HEOBEFZITN, TORERMNS, BENGEEEEEFERAEENEDLDIZ
FRIL LTz ER LT,
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%1EF  Raphanus sativus 12 BV 5 SP11, SRK O fEHT _

R. sativus D Class 1 S N\NT O A THREESE 9 RFE. Class IS /N7 0¥ A TR
THAE 1 RHOFE. 305 RNA 3B L. RT-PCR KX 2BiEMFZ2 7 00—
Z>Z7U. SP1l & SRK DEERFIZFRELE, RELLEERSINST I /B
EFla#E L. B D B. rapa, B. oleracea D SP11, SRK DHEET X / BEEF| & H
B L7. B. rapa, B. oleracea DFBNTDT I/ BELFIOMERMENEE 30%TH D
7. RsSP11-21 & BrSP11-9 1d 89.5% & EEITEmWMRIIEZEZR L, /. RsSRK-
21 & BrSRK-9 DFIT®H 91.0% & FEFEITE WAEEDN & 5 N7z (Figure 2)o R. sativus
S-21(RsS-2I)¥4 B. rapa S-9(BrS-NERUMERBD SNT O A TN LI EE
Z 5 317> (Figure 3)o RsS-21 & BrS-9 MEIUFBREMZED I &1, BIT Sato,
Okamoto ©(2004)IC L DR E 7z,

%28  Brassica napus \ICBWIB s NTO0¥4 TOBFEHENEERRD
EH

(WS NTO¥1 TDREE

B. napus 45 B Z Ay, SLG, SRK @ PCR-RFLP 7347 K UX SP11 DR EEFI 7
ZFTV), ClassISNT 0¥ A 7 5@ (BnS-1,-2, -3, -4, -5). ClassISNTOF AT
2 FEER(BnS-6, -7) 2 RE Lz, TRTDEIEIT BnS-6 23H 537z (Table 1). SLG, SRK,
SP11 DIEREFZE . B D B. rapa, B. oleracea @ SLG, SRK, SP1] DEEEF| & L
L7z ET A, FEEITHFEMEDE N SLG, SRK, SP11 INFETE L /=(Table 2).

(2)Westar IZ51T 5 HEFEHERE @ﬁﬁﬁ

B. napus O Westar fuf&Id, Class I @ BrS-47 & Class I1 @D B. oleracea S-15(BoS-15)
ICHRTDEEZERA5ND. BnS-1; BnS-6 &Hio> Tz, Westar & BRAFGHE
2R NBBNZIERR UTe BB B. napus & D F, Z W= EEHETORKR, BEMEG
PRV Westar D BnS-1 \ZHEH L TUV/z, Westar & BrS-47, BoS-15 & DA IZEL D
Ry Westar O BFRMEMHEIZEHANRENH 5 Z E03F X S54172(Table 3) / —
Y70y bW ETIRD & BnSPII-1, BaSP11-6 MIEICEFEL TWiah o7
(Figure 4)o BaSPII-]1 {Zid 7 0E—4% —fE-108 75 ERIT, 3606bp D ADH
‘53’L7L:(Figure 5)o Westar LAZY @D BnS-1; BnS-6 ZF DREEICHBNTH, ¥ T O

S, =370y M T, BARS O EELHEE T E (Figure 6).
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BnSPII-1 V3B L TR - = (Figure 7). -7 O—E—% — 0 TIE, ¥ X— il
FTORBITHEE SN DEBNAND 3.6kbp DFEAMNHA S /= (Figure 8). Z DFF
AEFNZ LD, BaSPII-1 REEETERS B> EZEA LN,

BnSP11-6 V& BoSP11-15 & 100%DFEFEIED B 0. WEEFITE WA 5NN
577, BnSPII-6 V& Class I1 D SP11 T& 5 Z &5, Class I, Class 1 IZ L BES M
o THEEMIF SN TNE I ENEZ 5N, £ I T Class I, Class I OflE
W TEBL B. napus Z1ERR L. SP1I D¥rE % RT-PCR IZ K D AJz & T A, Class I SPII
DEREIL T RTHIH SN T = (Figure 9). £ T, SPII DELHEI, LB ET
TR WEHEEEABE THRIL L. BaSPII-6 1% BnSPII-1 W LEMHERL, &
ENHIHEIES N/ 2 ENE X 537z, BnSPI1I-1, BnSPII-6 DM MERE L TWH7ghy
ZEM, Westar DEHFRMEEDORRETH S EEZ SN,

(3)Bronowski IZ BT 5 BRI AME

BrS-21 & BoS-15 R EFE Z 5315 BnS-2; BnS-6 Z%FD Bronowski Tld. BrS-21,
BoS-15 L DMERZE D#E, BnSRK-2 & BnSP11-6 DHEEEL TWaWI EMNE X
537z (Table 3) /—HF 70y MO OFER. BaSPII-6 & Bronowski IZHWNT
b ERE O] X 1TV /= (Figure 10-A)e  E 7= BnSRK-2 Id BrSRK-21 LIEEREIS % L
BT AHE, S RAALEED 1-0p DEAIKD T L—AT 7 S ED . stop codon
ME U7 7=DIC#ie 2% o 7z &F A 537z (Figure 10-B),

(4)N344(Early Giant Rape 271-8)ICB1J 5 BRMEE

BrS-8 & BoS-15 R &E 2 5315 BuS-3; BnS-6 7D N344 T BrS-8, BoS-15
EDHEREERDHEER, BnSRK-3 & BnSPII-6 MHMEREL TWiaWEHEE =7z
(Table 3). /—T > T 0Oy M ORER, BnSPII-6 I$ERE L TWRWI ER0H
- 7= (Figure 11-A)e BnSRK-3 DIEEEIF| D BrSRK-8 & D LN S BaSRK-3 1214 7op
DRENB SN, T —ALT 7 MHED., stop codon MAEL TWzizdh H5HEEE.
TRk To &E X 5T (Figure 11-B),

LI EDWERMNS B napus 13, BLERICHZ SNT O TE2HIEEET,
BHESNTOY A TOSPI] 5 WESRKICHEET 2RAELEITIDHEERELE,
LD SPI] NEEMHEI I Nz E T, BRMAEHICREBZBA 0N, BES
NTO&ZATELE SNTOF1 TOREETHE., EIERIO SPII, SRK £5 57n
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1 DITHERE A R A EREENE CTUTHEMEMHITRS, BLEED SNT
O& 1 7OMETOHEN, BEMEHIZ/AZDPTNHO EHEREINL,

¥3%  Brassica juncea, Brassica carinata BB SNT7 0¥ 1 7ORE ELH
XS EOREF

(DB. juncea {2 RV 5 BHRMEE

B: junceaS ZIRD SINT DY A T%& . SLG & SP11 DEEEFND 5kE L /z(Table
4)o5 BT N THY. Class T & Class I AT TH O . Class I D B. juncea S-3(BjS-3)
%4 L TW/z, BjSPII-3 \& BrSP11-29 & 100%DFRIENH S M5, BjS-3 1
BrS-29 HRTH V. BjS-1, BjS-2 i& B. nigre R THBHEEZA LN, LML,
BiSLG-1 &1 BjSLG-2 DHR E-7= SNT Q¥ A 7% B. nigra DFTRHETZ
EIITERM D7, Bj103, Bj106 & BrS-29 REHGHREOMEREETIR>7z L
Z A, Bj103, Bj106 DT Brs-29 O ZHEM L 7243, Bj103, Bjl106 DL
BrS-29 OFEBITHL T, MEMEZRL/Z(Teble 5). /—F 70w b3z B
juncea 5 RIRDF TITo7e & T A, BjiSP11-3 DEREDHEFR T Z 720 o Iz (Figure 12).
RT-PCR IZ K D Class I D SPI1, SRK DEFEZGAT-D, BEENEHED T ENT
o 7, |

B. juncea Tid. BLERIIHB SNTO51 TOHBETHLH L. F28HE
ZIRY SPII(BiSPII-3)DIRENHIHEI TN TWEZ &M 5, B napus EREDRE
THRMGH I/ R L=,

(2)B. carinata \ZHBVT 5 BRMEE

B. carinata TIX SLG & SP11 DEEELF|, PCR-RFLP D/ R/S¥ — 255, Class
ISNTOZA T 1588 BcS-1 & Class 1 SN\NT D5 A 7 4 FE5E(BcS-2, -3, -4, -5)%
[m % U 7= (Table 6)o BcSLG-1 & BoSLG-7 & 99% DFRIEVE % . BcSP11-2 V3 BoSP11-2b
& 97.2%. BcSPII-5 & BoSPII-15 & 99%DfHEMEEZ R U7, BcSPI1I-3 V3 B. nigra
SP11-1(BniSP11-1)& 98.8%. BcSP11-4 V4 BriSP11-2 & 99% DR 1% Z 7~ L 7z (Table 7).
B. carinata Cld Bc103 BISA D RFRIC, 3BEO SNTO¥ A THREEL K. Bel0l,
Bc102 T. BcSRK-1, BcSP11-1 O PCR IZ X AR ZF A=, BEMANE SN
IR D 7Ze BoSPI11-7, BoSLG-7 70— L., ¥ 7oy hpzEfrol &
Z A Bcl01, Bcl02 TV, BcSPII-1, BeSRK-1 EEZ 53015 2 7 FI)VIdHmHTER
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7D 7z (Figure 13)e Bc101 & Bcl03 & BoS-2b, BoS-15 & DA B DS, Bcl0l,
Bc103 DHEEEIC BoS-2b, BoS-15 ZXE LG EEATEMERL=A. Belol,
Bc103 DHEERIC BoS-2b, BoS-15 % 3K L 7= BE IR &1 % 7R U /= (Table 8). Bcl01,
Bcl02, Bcl03 OF T/ —H 7oy hpthxa{ro7/ &I A, BeSPII-2, BeSPI1I-3,
BcSPI1-4, BcSP11-5 OFEWMN T R TTH 5 N/2M o 7z (Figure 14),

Bc101, Bc102, Bc103 Tl B. oleracea, B. nigra H3REE 2 5315 Class 11 D SPII
NEARBRL TN I EICLDERMEHICR 2 ZEZEA 5N, B
carinata TI. Bcl03 FHELASLT Class 1 D BeSLG-1 DS TE 7248, BeSLG-1,
H DN T OEDDOEEMNT /) LARNICEET AT LT, Class 1 O SP11 OFEHEMN
A S N R RRENRE 2 SNk,

B

77T BHEY T, B. rapa, B. oleracea T, F—QHESNTOF AL THN5
DL EZEZ NS "BEIARTY NEETDIIENHALSN LR > TNBEA, R
sativus & B. rapa T H., F—DHEKLEZEZSND SNT QYA TINGFEELE,

BEMGHEZRT 7 VI TREESREETD S NTOd1 7228 REL.
BEEEASNDIERYT ) LABOSNT O A TE2LHRH LT,

B. napus3 mMEOERMSERRZHSMNIULEN, TOKE,. BEEEEKRET
HERMSEITRZE0IE, BEERZDLD S NTOVA TOMGENEELE
A 5N, B. juncea THEBELEFRZESLD SNT QYA T ThHoiz/dD. B napus
FFRCERTHEMAE A 57 E#EZ BN £7% B. carinata TILB. oleracea, B.
nigra BISRD SP1I MEARBRL TWRWI ENERMSHEDRERTH 2 Z LN
LEnEiaolz,

BERBEEREIL EAT / LABEOREANTOSEETRALLZEZZ 50 TN
5, UNLEMATSGHECHBIRES EEENEEE, LafOBFLOBEMRETR
E. REFBEANEL BR[EHEILELS . EHENTOREAEIIDNEEAZASND,
BEER DI NEE (REMFELFARTSE) . BEMEGHEOERENSNE
EZLNTVWD, BLEAKEb L SNTOYA TOREETHE. BESNTD
G A TITHEER R D RAEENEET BT T, MBCERINGEZEETE S,
BLEFROHSD S NTOY1 TOEEEIE. BRERREENRIITSE0ICEE
BTH->7=d D EHEE S5 (Figure 15),
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B88.5%

/ S7a

a

| 1l it v v vl

AsSP11-21 THCRKIEVHRLNTGC A4 GH SCOHEE AT Y TNK TKRGAFHCAC T SPFRTRICDCAVKCK TG

EEtkEiE3EaE RFRRRERTIERERY RRkdy, | EERIRERREIFRITEEE b4
[;rSPl T-  HLRKTCVHRLNSGGSCGK SGQHDCEAFYTHKTHOGKAFYCNCTSFFRTRYCDCATKCKVR
Brassica juncea Brassica napus
AABB:n=17 AACC:n=19 91.0% ~ 398an
sC RsSRK-  1' FNTLSSTESLTISSHRTLVSPGDVFELGFFRTNSRHYLGHHYKKLSGRTYVHYANRDNPL
21 CLERFEIEREFRERREREEASSS . RRERERRERRIIERRISERETIIRR RTINS
BrSRK- 1" LSTLSSTESLT!SSNRTLVSPGNIFELGFFRTNSRYYLGHHYKKLSGRTYVHVANRDHPL
g
61" SSSIGTLK1SGNNLYLLGESNI SVHSTHLTRGNERSPYVAELLANGNFY | RDSSGFLWES
9, H . XSS aFR, REERF L EF IREEEIFEE 3 SIRLEEIIIRIIIIT RF FE354
Drassica nigra . 61" SNSIGTLK | SNMNLVLLDHSNKSVHSTNLTRENVRSPYVAELLARGRFVVRDPSGFLWQS
BB:n=8 rassica olerace Hypeweishie mgdm
CC:n=10 121" FDYPTDTLLPEMKLGYDLKTGLNRFLYSWRSSDDPSSGOFSYKL T RRGLPEFYTFODNT
Sf B . . £ ERFEEESSEREEE ARSI RRESFERRRIIASFEISTRRERFIRAG . a kAT F43
: rassica carinaia Si 121" FDYPTDTLLPEMKLGYDLKTGLNRFLVSHRSSDDPSSGDF SYKLD QRGLPEF YT FKDNT
BBCCin=18 181" TUHRTGPUNG ) RFSG | PEEQQLSYMVYNF | ENSEEVAYTFRVTNNS | YSHLTTNF SGFFE
FopdRdRrRai ki AR R EIFAEFIIFE ASEIRRRES EETESI3E P 3R
SC 181" LVHRTGPHNG|RFSG | PEEQQLSYMVYNFTENSEEVAYTFLYTNRS | YSRLT | NFSGFFE
vperved chie regdon § Hypwlnﬁunqim
#S[;:Self-incompatible, SC:Self-compatible 241 T ccpcsvcuvanchmm QEFARR
FEEEEAETEEF SR I AL RS RS EE IR TERTRIEIEILRY +33. %%
241" RLTWTPSLVIHNP [¥SSPASFOCDPYM] CGPGSYCOVATLPLCNC I Of WOEKDHR
Figure I U's trinngle indicating the relationships between Brassica n Fid 52“2*31§§§§§§ES§£§'£§E§§§§EEEQ",’”iii‘;‘;ﬁf“iRi;iif’iﬁlﬁiif‘
genomes. 301" DHTRGC!RRTRLSCRGDGETRMKNMKLPETTHATVORS I GVKECEKKCLSOCNCTAFANA
361" DIRNGGTGCVIWAGEMED | RNYAVSGQDLYVRLAAADY
By FxEEdd Rk R FRTERIIFIAIIEERTREL
361" DIRDGGTGCVANTGRLDDMRNYAVSGADLYVRLAAADY
Figure 2

Brassica oleracea

Similarity of SP11 and the S domain of SRK between
§-21 in R. sarivus and $-9 in B. rapa. Asterisk, ideatical amino
acid residues, dots. amino acid residues of smilar characteristics

a\nceslml sfecics

Raphans sativis

Brassica rapu

Figure 3 A model of S haplotyoes evolution in Raphanus and Brassica.
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Table 1. S haplotypes assigned to Brassica napus lines

Accession Cultivar names Class1  Class T Accession Cultivar names ClassI ClassIT
number  and description haplotype haplotype number  and description haplotype haplotype
N101  Yokkaichi-Kurodane-1 - BuS-6, 7N134  Lembkes BnS-1  BnS-6
N102  Chosen-wase - BnS-6, 7N135  Mihonatane BnS-1  BnS-6
N106 Biennis - BuS§-6, 7N136  Tohoku-18 - BnS-6, 7
N108 anonymous Bn§-1  BnS-6 N137  Isuzunatane - BuS-6, 7
N113  Norin-16 BnS-1  BnS§-6 N263  Willhelm-Burger a BuS-4  BuS-6
N116  Yokkaichi-Kurodane-2 - BnS-6, 7N264  Sensation Swedea - BuS-6,7
N117  Wese-Chosen - BnS-6, 7N343  Early Giant Rapea BnS-1  BuS-6
N118  Karafuto BuS-2  BnS-6 N344  Early Giant Rapea BnS-3  BnS-6
N119  Sapporo BnS-1  BnS-6 N346  Bronowski BuS-2  BuS-6
N120  Iwanarishu - BnS-6, 7N348  Vauaps CDA Oro BnS-1  BnS§-6
N121  Hokkaidoshu - BnS-6, 7N349  Midas BnS-1  BnS-6
Ni22  Daichosen-33 - BnS-6, 7N350  Zaphyr BnS-1  BunS-6
N123  Daichosen BnS-1  BnS-6 N351  Tower BnS-1  BuS-6
N124  Aomori-1 BuS-I  BnS-6 N352 Oro BnS-1  BnS-6
N125 Tozanshu BnS-1  BunS-6 N353 Terget BnS-1 BnS-6
N126 ~Miyagi-Bansei BnS-1 BnS-6 N354  Turret BnS-1  BuS-6
N127 Banseina BnS-1 BnS-6 N474  wild in Ayancik BnS§-5 BuS-6
N128  Kaniv BnS-1 BnS-6 N476  Tribute BnS-1  BnS-6
N129  Hamburg-1 BnS-1  BnS-6 N501 MS-1-2-1-6-14-1-2-1-6a - BnS-6, 7
N130 Ro-6 ) BnS-2  BnS-6 N502  Chisayanatane BnS-1  BnS-6
Ni31 Murasakinatane - BnS-6, 7N503  Hokuriku-23 BnS-1 BnS-6
N132  Futsu-5 Bn§-1  BnS-6 N601  Westar BuS-1  Bn§-6
Ni133 Azuma - BnS-6, 7
a; rutabaga
Table 2. Sequence similarities of S-locus genes with reported scquences
§ haplotypes Homologous Nucleotide Amino-acid
Sequences identity (%) identity (%)
BnS-1 BrSLG-47 97.8 97.7
BoSLG-12 96.0 93.9
BnS-2 BrSLG-21 99.6 99.5
BrSLG-34 882 80.3
BnS-3 BrSLG-8 98.8 97.9
BrSLG-46 96.5 94.8
BnS-4 BoSLG-13 97.1 96.3
BoSLG-12 93.4 89.0
Bu§-5 BrSPI1-32 100 100
BnS-6 BoSRK-15 160 100
BrSRK-60 97.4 95.6
BnS-7 BrSPI1-29 100 100
Table 3. Reciprocal pollination tests between B. napus and B. rapa or B. olracea
Pollen donor
B, napus B. rapa B nlerarea
Stigma Westar Bronowski N344 BrS§-47 Br§-21 Br§-46 Br§-8 Br§-9 BeS-15 BoS-2b
Westar + - + + - +
Bronowski + + - + - +
N344 + + + - +
Br§-47 + + - + +
Br§-21 + - + - +
BrS-46 + + + + -
Br§-8 - - +
Br§-9 + + -
BoS-15 + + + +
BoS-2b + + +

* +; compatible, -; incompatible
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(A) g% g 9
) 2 9
7 oa R
BrSPI11-47 & BoSP]1-15
probe probe SPil A fragment amplificd by PCR
s A-01121 A -4d-1-1.1
- ATG
-5406 3714 .05 71 2i-bp deletion +5427
Bu§P11-1 5k E £ E -
(B) S repelitive ssquences :
~ . tel ! !
BrSPII-7 BN —f £ :
<1800
BrSRK-47 BoSRK-15 " —TR
S domain S domain
probe probe
Figure 5
Comparison of gene structures of BnSP11-1 and BrSP11-47. Black boxcs
indicate exons, and the gray box in BuSPI1-1 indicates the insertion DNA in
the promoter region. The position of the translation initiation site is
Fi 4 numbered +1. The vertical stripes in the gray box represent repetitive
igure

Northern blot analysis of SPI1 and SRK in ‘Westar’ and
homozygotes of BrS-47 in B. rapa and BoS-15 in B.-oleracea.

(A) Total RNAs isolated from the anthers of ‘Westar’ and the
homozygotes of BrS-47 and BoS-15 were electrophoresed and
probed with the BrSP11-47 and BoSP11-15 cDNA clones. The
anthers of BrS-47 and BoS-15 were used as positive contrals.
Signals of both BuSP11-1 and BnSP11-6 were not detected in
‘Westar’. An equal loading of each sample was confirmed by

staining rRNA with methylene blue.

(B) Total RNAs isolated from the stigmas of ‘Westar’ and the
homozygotes of BrS-47 and BoS-15 were electrophoresed and
probed with the § domain of BrSRK-47 and BoSRK-15. Upper
signals show SRK and lower signals show SLG.

123 456 7 89

123456789 1011 12

sequences of BamHI and Mbol sites. Arrows show primer pairs for LA-PCR.

L

10 11 12 13 Kkbp

5.4

@wwwww@mﬁwww ’ Figure 7
: Northern blot analysis of SP17 and SRX in 11 lines having BnS-7 and

L BnS-6.

Figure 6

Southern blot analysis of BaSP11-1 in other B. napus lines having BnS-1
and BnS-6. Genomic DNAs were digested with £coRI and detected using
the BnSP11-1 probe. A 9.6-kb signal was detected in the B. napus lines
and a 6.0-kb signal was detected in a BrS-47 homozygote. B. napus line:
Lane 1, NI108 ; Lane 2, N113; Lane 3, N123; Laned, N124; Lane5, N125;

(A) The BrSP11-47 and BoSPI11-15 cDNA clones were used as probes.
Anthers of Br§-47 and BoS-15 homozygotes were used as positive

controls. No signals of BnSP11-1 and BnSP11-6 were detected in the 8.

Lanc6, N127; Lane 7, Ni32; Lane 8, N135; Lane 9, N349, Lanc 10, N351, SP11-15 probe.
Lane 11, N503, Lane 12, Westar Lane 13, BrS-47.

BnSP11-1
BrSP11-47

BnSP11~1
BrSP11-47

BnSP11-1
BrSP11-47

BnSP11-1
BrSP11-47

BnSP11~1
BrSP11-47

Figure 8

-287
~299

=227
~240

~176
~180

-i18
-120

~60
~80

AACAAAAACATAAAAAATAAATAATAAATAATCAGAAAACAGGTTAAA-TAGATATGTAA
TGCATAATAAGTTGTAACCAACATTTAA-AATCTGAAAATGGTATAAATTTAACATGTTA
CEROEE L L., s, odd g skk ek, kdkskek, LR, L ddekd Rk kR %

ACATTTACAAAATTTAATA-AAATATTAAAATAAAACAATT-AACATATTAA-—————— G
CCAAAAAAAAACTTTTCTAGGGATTCTAAAGTTAAATATTTGGACCCGTTAATCTCGTTE
...... SookgR, kg, L kRl g, L ek, o, Rk, o hd L kL RERER L. LR

TCAAAAAATCAAA-ATCAAAATTTTAAAGAAAAATA—~TATAATCCGCGCGTAGCGCGGA
ACTGGCACCCAAATTTTATAGTCTTTACCTAATTTAGTTAAAAAATCTGTTTTACGCAAC

AACGGACCTA-GTGTATTTATAATGATTGTTAACAAGGAAACAACAAAATGTATTGCAAA
TTCTGTTGGATATGTATTTATAATGATTGTTAACAAGGAAACAACARAATGTATTGCAAA
N A a1l Tl eI R e e PP L L e ST P S e T

AGTAAGATAAACAAGAATTTTCTGCAGGGAAAAGAGAATCTTTTATCACTTTTCTGAATC
AGTAAGATAAACAAGAATTTTCTGCAGGGAAAAGAGAATCTTTTATCACTTTTCTGAATC
ki a et R LT E LI ST RS 2 E P EEE LRI TI LI ST T LY 1

napus lincs, An cqual Joading of each sample was confirmed by
staining rRNA with methylene blue. Lane 1, B. napus line N108 ; Lane
2, N113, Lane 3, N123; Lane4, N124; Lane5, N125; LaneG, N127;
Lane 7, N132; Lane 8, N135; Lane 9, N349, Lane 10, N35!, Lane 11,
N503, Lane 12, BrS-47 for the SP11-47 probe, and BoS-15 for the

~228
-241

~175
-181

-120
-121

-61
-61

+1
+1

Alignment of the DNA sequences of the promoter region of BuSPI11-1 and BrSP11-47. An open box shows the
putative “TATA’ box. An allow indicates the region needed for pollen expression (Shiba et al. 2001). Asterisks
indicate identical nucleotides between BnSP11-1 and BrSP11-47.The position of the translation start site is assigned

+1.
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Syn.Bn(BrS-52;BoS-2b)

Syn.Bn(BrS-52:BnS-15)

Syn.Bn(BrS-60;BoS-18)

BrSPI11-52 (1)
BoSP11-2b (1)

—~
=
=
=
%)
=
N
T,
%)
]
m

BrSP11-52 (1)

BrSP11-60 (II)
BoSPI11-18 (1)

Figure 9

Analysis of gene expression of SP1] in the anthers of artificially synthezed B. napus lines by
RT-PCR. Class If SP11s were not amplified. The actin gene was used as a positive control.

Gene expression analyses of SPIJ and SRK in ‘Bronowski’ and
homozygotes of BrS-2] in B. rapa and BoS-15 in B. oleracea (A)and
comparisan of cDNA structure of SRK.

(A) Total RNAs isolated from the anthers and the stigmas were probed
with cDNA clones of BrSPI11-21, BoSP11-15, and the § domain of
BrSRK-21 and BoSRK-15. Anther and stigma RNAs of BrS-271 and BoS-
15 homozygotes were used as positive controls.

(B) Comparison of cDNA sequences of BnSRK-2 and BrSRK-21. Filled
triangles indicate insertion or deletion. The gray box in BnSRK-2
indicates insertion of DNA. A 1-bp insertion in the § domain of BuSRK-
2 brought about a frame shift. A 5-bp deletion and a 308-bp insertion
were detected in the kinase domain of BnSRK-2.

(A)
E ¥
5 & g S
BrSPII-21 igm g | BoSPI1-15
probe - & probe SPI1
rRNA
BrSRK-21 BoSRK-15 SRK
S domain S domain
probe probe SLG
rRNA
(B)
1-bp 5-bp
. . : 308-b
o gemgn deletion insertipon +2881
BuSRK-2 S | L1
stop ¢ adon N
. 1 4
il
{
BrSRK-21 5| 13
i
5
P TMdomain Kinase 2571
domai n domain
Figure 10
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BrSP11-8 %ﬁ BoSP11-15
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S domain BoSR&-15 SRK
S domain
prabe
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RNA
(B)
+1 7-bpdeletion +2570
I A
BnSRK-35'| | ¥
stop codon
+1 +2577
1
BrSRK-8 5| 3
§ domain Thdomain Kinase
domain
Figure 11

Gene expression analysis of SP/J und SRK in N344 and
homozygotes of BrS-8 in B. rapa and Bo3-15 in B. oleracea (A)
and the structure of BnSRK-3 cDNA.

(A) Total RNA isolated from the anthers and the stigmas were
probed with cDNA clones of BrSP1]-8 and BoSP11-15 and the
S domains of BrSRK-8 and BoSRK-15. Anther and stigma
RNAs of the BrS-8 and BoS-15 homozygoles were used as
positive controls,

(B) Filled triangles indicate deletion of sequences. A 7-bp
deletion in the second exon of BuSRK-3 brought about
premature stop codon.



Table 4. S haplotypes assigned to Brassica juncea lines

Table 5. Reciprocal pollination tests between B. juncea and B. rapa

Lines Class [ Class I Pollen donor B. juncea B. rapa
S haplotype S haplotype Stigma Bj103 Bj106 Brs§-29 BrS-46
B{103 BjS-1 Bj§-3 Bj103 * : *
Bj106 Bjs-2 Bj§-3 )
. . Bj106 + +
Bj109 BjS-2 BjS-3
Bj111 BjS-2 Bjs-3 Brs-29 ¥ ¥ ] ¥
Bj129 BjS-2 BjS-3 BrS-46 . + + -
[=a}
3 & & = 2 3
= = =, = m 2
m [as] jas] m 0
Class I sP11
SP11 probe
Figure 12

Northern blot analysis of SP11 in five B. juncea lines.

BrSP11-29 were used asa probe. Anthers of BrS-29 homozygotes
were used as a positive contros. No signals of SP17s were detected in

the B. juncea lines. An equal loading of each sample was confirmed by
staining rRNA with methylene blue.

Table 6. § haplotypes assigned to Brassica carinata lines.

Table 7. Similarities of S-Jocus genes in B. carinata to the genes in
B.. oleracea and B. nigra.

Lines " Class 1 Class I1 S-locus genes Homologous Nucleotide
S haplotype S haplotype in B. carinatg seguences identity (%)
Bcl01 BcS-1 BcS-2, 3 BeSLG-1 BoSLG-7 99
Bcl02 BcS-1 BcS-2. 4 BeSFIi-2 BoSP11-2b 97.8
Bc103 - BcS-4, 5 BeSP1I-3 BniSP11-1 98.8
Bcl0s BcS-1 BcS-2, 3 BeSPII1-4 BniSP11-2 99
Bcl06 BcS-1 BcS-2, 3 BcSP11-5 BoSP11-15 99
Bcl108 BcS-1 BcS+4, 5
EcoRl  BamHl
Bcllo BcS-1 BcS-4, 5 (A) Soon oSos kbp
e Ly i AL
Bclll BeS-1 BcS-4, 5 BRAS AR A
231
Bell2 BeS-1 BcS-2, 3 B
Bcl13 BeS-1 BeS-2,3 = 9.6
o
Bcll4 BcS-1 BcS§-2, 3 6.6
| 44
(B)
EcoR} BamH! Hindiil
Figure 13 R EEE R ELE RS
Southern blot analysis of class I SP11 and SRK alleles in B. carinata g g g :?: E g g g :§ :0‘) g E ‘g § :g) kbp
lines having BeS-1. - 73.1
(A) Genomic DNAs were digested with EcoRI and BamHI, and detected coe - - =
using a BoSP11-7 probe. Signals of BeSP11-1 was not detected in the e = - 94
three B. carinara lines. mp o P : =
(B) Genomic DNAs were digested with EcoRl, BamHI and HindIll, and
defected using the BoSLG-7 probe. Signals of BcSRK-I was not deteced 6
in the three B. carinata lines. b ~6.
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3 8 8 8 12
2 2 4 3 3
Table 8. Reciprocal pollination tests between B. carinata and B. oleracea ol
Class II SPI1
SPil1
Pollen donor b
. B. carinata B. oleracen probe
Stigma Bcl01 Bc103 BoS:2b BoS-15
Bcl101 + - +
Bc103 + + R rRNA
BoS-2b + + - +
BoS-15 + + + -
Figure 14

Northern blot analysis of SP11 in three B. carinaia lines.

The BcSPI11-2, BcSP11-3, BcSP11-4, BcSP11-5 sequences were
used as probes. Anthers of BoS-2b and BoS-15 homozygotes
were used as positive controls. No signals of SP11s were
detected in the B. carinata lines. An equal loading of each
sample was confirmed by staining rRNA with methylene blue.

Anmcestral species

Diploid species A Diploid species B

Migration
Coexistance

Hybridization

Chromosome doubling

Self-compatible
amphidiploid

Self-incompatible
amphidipleid

Increase of
population size

A new amphdiploid species

Figure 15 A model of evolution of amphidiploid species
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B BEMREE

Tfifﬁw&mmmwa@Af/A1h@m@BE/A,3mmmamcf/A%%B,E%

RINGMEZ TN, FRAEDHF ) L% D B. napus (AC 7/ 1»), B. juncea (AB %7/ 1), B. carinata
(BC %/ 1) HWEhb BRI E 7T, ABMICER LEE-HEENIERFMEEERT
T LB, B napus 7t ¥ OEASEBEO BFMAEORREIL, H< »oBRARKIINTE 2, AR,
B. napus 72 ¥ OB T{EABO B RMAEOREEEHAT I L &b, T ITRIGERDS A 2D
HEAFAMEBET O SP1] & SRK DR 2T b DTH S,

HRERMAMEGFOERBIIL, 775 T B TIIEATHWDR, ¥4 a2 (Raphanus sativus) T
gL AL IR TV, BEAOESRES T O SRK O 9 BEOEX IBET LTERNOE
HHDFThH5 SPIL O 10 BREOE B EFOELERINZREL, B rapa D S9INTnFA T LR
DTELIL, FURSSEEEEETD ST FA T2 FA L TRRELL, ZOZEhD, SNT
u B A TOMULIT T FEFA T DBMLLUENCE > TRY, &ESNTuZATBENLTNDRE
CaB SN LT HEDOET VERE LK.

T4 3T FFF (B napus) ODEXEZETH D Westar’ O HEMEMIL, SRKERTO 1EERR
WEB 7L =AY 7 MLV EEMOBHBELSRDON I LICE D EREFLONTERD, SRK
BEFIEIEFICEELTRY, HEBEBBESREFLTVWA I 2R L. ZUIx L, “Westar’
D SP11 HEAETF, 7 v T —% —fEEIC 3.6kb DFARDH Y, EEL TRV L 2B LM LT, 3.6kb
BALEOSPIIODSATa B FEREBLI—FHDSNT v i 73, BEPREFPERICER
ThHHLOD,SPI BHEETH Y, 3.6kb FEAZED SPIIZ X D EHABIHI SN TS Z E2RLI,

‘Westar’ R L S NTuf A 7&FEOEA I VT HXFEEPIRDLEZVE, HOREDHRMEER
# L #2EA L7-, "Bronowski’ D SPIIIEFE THE L DD, 1bp DFAILLY SRK A7 v—LV 7 b &
BL, HEMAMKR>TWBI EE2HLIC LI, N344 TY, SPIIIZEETHY, Top DREKIT
LV SRK PAHEREfER L TWA Z L ZEH LT,

B. juncea TIX3BEDO ST v Z A 7R BH L, B napus ERBICEELSEDS AT v FALTD
ﬁﬁﬁm&ofﬁof%ﬁﬂwsmjﬁ%ﬁéhfm&w:&%%ammbtoBammmﬁmsﬁﬁ
DSNTudATERBL, SPII BPEEINTWRNWZ 2R LT

BLED X 5 AT, 777 FROBE- RO ESRAEORERRAL, BRRMNEHOR
B IS DBORIEEICOVWTOFLRETVERBTS L EbIZ, BRIBRTOS TR
FATOREEEALPICL, HEAMAEORBHIICKESER L, Lo TEEE-FIIA
WITEL (B OFMERGTHCETIARTLD EHELL.
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