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Molecular Marker Linked to a Dominant Male Sterile Gene in Chinese
Cabbage [Brassica rapa L.ssp pekinensis(Lour.)Olsson]

ZHANG Shu-jiang, LI Fei, HAN He-ping, ZHANG Shi-fan, NIU Xin-ke, SUN Ri-fei

(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract: [Objective] Dominant genic male sterility has been playing an increasingly inportant role for efficient production
of hybrids in Chinese Cabbage [Brassica rapa L.ssp pekinensis (Lour.) Olsson]. Using marker assisted selection of the dominant
male sterile gene can accelerate breeding programs. [Method] Bulked segregant analysis was used to identify RAPD markers
linked to a dominant male sterile gene in the population of ‘B00160°, a sterile and fertile segregating populatuon in Chinese cabbage.

[Result] One RAPD marker, M2643y was identified in the segregating population tightly linked the gene. The polymorphic
fragments were cloned and sequenced. A sequence characterized amplified region (SCAR) marker was devveloped besed on the
nucleotide sequence information. The SCAR marker showed the same size and pattern of segregation as the original RAPD marker
with a map distance of 2.61 cM and the RAPD maker was converted into SCAR maker. [Conclusion] The marker developed here
will facilitate the breeding for new elite homozygous sterile lines of Chinese cabbage.

Key words: Chinese cabbage; Male sterile gene; RAPD marker; SCAR marker
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I F AR LB B RAT N RAFAIFERED [P 4
WFFE 0 5 A B HRAT SCIE R 1 23 1 hic i
% FEUS TR . Ying 250U A SERa e M
TAH & ¢Aijjiachuang” 5N R HF & ‘Huangbai
qing” [FIAZ A, FIH BSA J55F0 AFLP £2K
X B AL AN & 2 AT B A I B oy, R
T A5 RN EHEEB R TR B IR
STS hricle vk ISR ARG 5% (1K ISR A% L DN 2
PEARTHA “WHIR” AB712 HIAEE (RN
MSMS) FIF[ E#E GERAY MS'MS) Jyilht, fiiik
H A5 K I SAZ S R B RS 1 6 1 S A A
A K RAPD brid o XBIEREAEIR A RAPD BAX A
SEER 12K pol F B HARFR RIL D41 DNA [f3 38 1= i 13t
ITTHE, JAFTAE R B, IR I
b M FaE ) SCAR Frid. Ke 25, Hong 251, xi°F
AU e 0T FIEARSEIS AR E I H
TR N ARL, ik S AN MR AT DG IE A
BRI Thrid. SEUEPREH T —AN S SRR
B REB RIRRIC . TRRRAEPSER A BSA 4471k
PAFT —AE I BHEEEAEER (Ms) EBT)
RAPD Fric, F¥G LA N RR 2 R e 9 ¥ SCAR
i, MeAh, AT RAPD ARic s 00 3 AR
A, R RAPD Anicd AR FaE I ERPAR
Fric o Sharma 0L HY 2 AN 5 IR 4N S e T 7
PR SEDRUEBL ) AFLP Arid, JHEIH —ANELRCh
SCAR Fbric. VEEMGSEPIHRE T — 58 b si
PEAR T IR LN (K] RAPD bic. T4 200k t—
A S LCRB A0 M SR AN B R IR RE R4 1 RAPD A
I IZARC AL R S PCR ARid . [EAHFFT I 55 ]
AR SRR G« AR SR AR B ¥, ek A
S B A S R E SRS, WA
B, oM “HHR” , s, NEKRTEEIRk
WA HEEFFAE G A RE S o [N AR R LA 84
WFE S b igR, % & JE AR T HEEA B FE R b AT
EBYE LA RN, REERTRA S, #
MIANEREERARAES A28 5HA. ik, #%EF
HFEE Y, HAEIK . DNA 2 FFri0 i Bhk 2 in
IHEMEA B B I EZETF B, A K A S A% ek
ANFH BN FhRCHFsT, EpsMRER . [
fil YL B ] ] AR RAPD. SCAR 73 hx
WCHEA, XK AN AL Y EAS 7 P A T R i
DUHAIH > FArici R A E IR ERER . %0, #m
PR, AR E I, I E R

1 MBS

1.1 RIEBF AR

W5 KL R K A SR HEYEANE 43 3 AR B00160
([938AX K NB]-2X3-1X2) . ‘938A° /& 100% A E
PREZRIK B HEEAN G ARE, ek BH A A} 27 B 4
ft, A HZAEMR ‘K NB” 52448, A
GleaE, g2 KRN ERGATHS R, 5
B MR B, 7 BT 10 1o 2 BIFRHGETE
115 NSRRI DNA, HAAE KL 63 4, mHHR

PRS2 4. I A R E 1.
938A (ANTTHR) X KNB (B BZEATEHR)

938A (male sterile gene offerer) Tai NB(self-incompatible line)

F 938A X KNB
F, sterile and fertile segregating population

F; [938A X KNB]-2X3 (3R N T H Bkis A T HRELED)

F; sib-pollination between sterile and fertile plant

F;  ([938A XKNBJ-2X3-1X2) (R W W H B AT BREDR (L BEIK)
F; sib-pollination between sterile and fertile plant (the segregating population
used in the study)

1 KBREMETRE 5B R4 B00160 HIHE
Fig. 1 Process of constructing the sterile and fertile segregating

population of B0O0160

1.2 ZE[F4H DNA BYIREN St

ECHT AR o B CTAB J7 VA2 B
&\ DNA. DNA 3% HIZEE0E vk 7imle, JFpas
B DNA W3 30 ng-pl 764 TAEW, BEHLRATL
13 ANATE BRI B SRS TAR R A BN
HYEAFE) DNA {5 (DNA bulks) .

1.3 RAPD 3|41 54 1%

PCR 1% Ff] Operon 22 7] 1] 10 bp HIZLEAZ IR
FIBENLT % OPA. OPB. OPL. OPM. OPN. OPO.
OPQ. OPR. OPS. OPT. OPU. OPV. OPY. OPZ
3L 290 NFI A TA R 110 M54, S41-S50.
S61-S70. S81-S90. S101-S110. S121-S130. S141-S150-.
S161-S170. S341-S350. S301-S310. S361-S370. 3t
71 400 4~. Taqg DNA R4 §F1 PCR 2201k Promega
AT AP ANTPs I B Bl AEY TRBA RS AR
Al RAPD WA RS TS5 ik, iR
NSAKFR A 10 ul, b Tris-HCI pH 8.0 &K 4 10
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mmol-L", KCI £ JE 4 50 mmol- L', MgClL 2.5
mmol-L', dNTPs X 025 mmol-L', ZI¥ K 02
mmol-L"'; #ik DNA &4 30 ng, Taq 4 1.0 Us
F 20 Wl 4 7 o5 RONAIR AT PCR &1 . e .
FiRF: 94°CHiASYE 5 min, 94°CAEYE 30 s, 38°CiBk
30s, 72°CHEM 60s, fEHN 40 K, fofa—UEMEL
72°CAEHF 7 mino §7H8 )2 N AE PTC-100 PCR X _E#EAT .
K 1.5%E it (5 5 ngml™ JR4L £48) HLPKAD
T, AMNE T ML A . JE T JoinMap 3.0 4R FHET
‘ !E“ﬁ/\*ﬁ

1.4 PCRA¥IRIEUEAL. ik, =, NF

=304

K HZEH & PCR =2l & 7 25 Il 4k
L HF: DNA B, Bl TREH AR RS54 PR A )
1) pUCTM-T # A& PCR F=#1i ) &% B2 i H Ax DNA
FB RABARA R A 7216 Topl0 Bz 2541 fufe 1t
SURERE) . BRAETVERUS BRVE N AR A& . Bk
WIVR S WAERE ARG R AR,  FiAy TR
RIS BRA 7 A e 7 519
1.5 SCAR /1%

HHT SCAR 4 I %534 0. 1 pmol-L™,
IBKIE R 60°C, 183K 30 ¥k, HEy B4 EREY)
R 7 vk H) 3R RAPD 474,

1.6 BIEEPSH
JE T JoinMap 3.0 AT IEB 44T .

5514

2 ERE5N

2.1 KBEXZMEMELREERE RAPD friZHITHIE

400 M5 371 ASGIAS TH ), AR
FIIL R 92.75%; TR 1638 4%, ~FIEEA
S 4.1 45,514 M264(5'-CAGAAGCGGA-3")
7t DNA AF b1 H — 4K 29 300 bp 155, 1M
/£ DNA A H il sPARTEE (B 2) o HEmizs 1A ]
A R E YIS —-Sumgi R (8 3D, B
1) M264 41411 300 bp 1 7PN B A E ) DNA
W AR E I 2250, 44 A M264300.

H T W M2643 5 AN G IE R 2 7] (1AL BE
2, A B00160 iy 115 NMHPEHEAT PCR ¥, 45 %
FW, 63 MATHKEH, 61 KA A, 2 AN Hkk
A9 52 N0THE FRRF 50 AN AR T, 2 AN bk
WL E AR . g5 BRI AT . AN bR i
PEAE . b FHEYE R & . ATrbRic i eErE nf § 3%
TILLBIA 63 : 0 : 2 : 50, RG-S LLE], ZEHEAT
FERIFIFRIC M26430 A2 A 1.7%. i1t JoinMap
3.0 WL, AL S WA E R N s AR B Rk
1.74 cM.
2.2 FF5 SCAR 3|4i% it
2,21 FUREEETIARN T SE HM R BUE R
NT T-8cdk, MR T-8pom 2 s B s st R
FH BRI DI Pst T 6F (=1 IORLEEA TG U AL 2 3

M 169 169 170 170 261 261 262 262 263 263 264 264 265 265 266 266 267 267 268 268 269 269
F 5 F 5 F 5 F 5 F 5 F S

F 5 F S F S F S F

M: DNA b7y TH: 169~269: 5I4% 5 FEh&EESLITH 0 519 M264 fE AR F I b1 i (0ks R %l M2643g0; F: W H: S: AF
M: DNA ladder; 169-269: RAPD primer; Arrow indicates M26450; F: Fertile; S: Sterile

2 FEMBSTEMRAPD ER
Fig. 2 RAPD banding pattern of male fertile and male sterile DNA bulks with the primer M264



2382 |k Mk R 2%

41 %

M 75 82 B8 90 92 93 94 95

96 98 99

101 103 1 2 6 9 17

22 24

25 27

M: DNA FR#Esy T 75~103: W E 8Kk 1~27: RNE#bk
M: DNA ladder; 75-103: Male fertile plants; 1-27: Male sterile plants

3 RAPD B¥{ARARNIZE R
Fig. 3 RAPD banding pattern of individuals from F; population

PELE ITPG/X-gal "R FAEK A EwE, HT2H5hs
THENERREN LB Wk FREE, 37 CH TR .
F bk RV I TR IUTORE, HT Pst T D) F1 PCR
i gk BT A, 10 AR TR CE N H bR
B EFEAE PCR 414 404 i v v B 550 B Bk
FERCBRTN 3 hFESH 4 (1) . 2-300-1. 2-300-2 7ol
HEAT I

2.2.2 WF MKIWWFPEERAE, 3 ke Hbs v BoX
NEAAE, AE IV S 338 ANk 4 (1) F
2-300-2 F£i DNA JrBeAfil); 2-300-1 DNA BRI~
54 (1) F12-300-2 A, AABRIEHEZIGPAE], B
WIARSE [A]— 465 . AR 4 (1) F12-300-2 5 DNA
H bs Fr BER i A1 ek 7 —XE 514 O RAPD 514
D« LSS 1: 5-TAGAGCAGATCTCGG
ATCGA-3'. Fili51¥741 2: 5“-TGGCTCAATCAAAC
AGTTGA-3' (K 4) .

5" NACNGCCGTAATACGACTCACTATAGGGCGACATATGATCGATGATATCCCATGGGCGGC
CGCCTGCAGACCAGGTCTCAGAAGCGGATCTAGAGCAGATCTCGGATCGAATTTGGATCT
CAGATAATAAGTTACAGGCCTAGTTTTGCTTACAAAGTCTAGCTTGCTTGGCTAAAGAAT
CAACATTTTCTAGGAAAGTGCTATTAGCATAGTGGAAACTATAGTTACACGATCTTGATA
GAAAGTGAATGTCTCGCAGCATAGAGGAAACCTCCGTGTGATAAGCACTTGTGATGGTTT
TTCAGTAGACAACTGATATAACCCATTAATAAGCTTTTTGCAGTCAGTGATGAAATCCAC
ATTATGATATTGCAATGATTTCAACTGTTTGATTGAGCCACCGCCTCCGCTTCTGAAGAC
TGGAGATCTGGATCCCTCGAGTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCGTAATC
ATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACG
AGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAAT
TGCGTTGCGCTCACTGCCCGCTTTTCANTCGGGAAACCTGTCNNGCCANCTGNATTAATG
AATNNGCCAANCCCNCCGGGNNNAGGCGGNTTTCNTNTTNGGNNNCCTNTTTNCNCTTNN3'

RN I> i RAPD 51#)7 51

Underline is the sequence of RAPD primer

4 EFRE4 (D BNFER
Fig.4 Sequence from RAPD fragment 4 (1)

2.3 SCAR FRiCH 4

Bt 15 44E R KIELE 60°C, 30 MIEIR I &A1 R
AT RUFH) SCAR F 384558, 14 /=Wy ko —
W, YA BT M26450 584 MR, BIX 5]
Yy HE) SCAR b fiv 44 SM264300 (] 5) o Bl JE X
FTAT $Bk3E4T SCAR ARid PCR F714, 63 MANH Hikk
H60 NEERA AT, 2 MCHAR, 1Ak I9: 524
AIE AR STANRRRGT, 1AM . g5 aibs
WG . Abs i EEEAT . b e
AH AL T ERALBIY 61 :2: 1 ¢
51, PIAE IR FRICL SM26430 [N 2.6%,
AR S HEEAS B D R B AR I B 25 2.61 cM.

FRAE RAPD #510 M264s00 T4 H RIS AL B R 55
H1.74 cM; ZARIC AL SCAR FRid SM26430 15
HEHEIESIEE A 2.61 cM, 1T SCAR #riclt
RAPD Fric e A ERGE M5, iZbsic SHEYEAE
FEPR R s B 25 VAN A A2 2.61 M
2.4 SCAR tRiCHIHRIE

H T BAIE SCAR B0 SM26400 £E i MR M AN B 3
DR e A v Al B S PR AN R R,
RAPD bR i 16 Bt M AR 1) 2 40 & Pk 2 B i
A+ (938AX K NB) X £7-1 F1(938A X K NB) XZY3,
P (938AX K NB) X A1-1 BEARM 17 A HpkAn
(938AX K NB) XZY3 B 23 A bk R 2E4T
SM264300 bric M RIEMEA T HER A . 45980, X
2 U A MRS BRI H bR EA T B R I T HE
PEIEF] 100%, HPiZ SCAR Fric fili Bhik B uerfdE ik
2] 100%. X—45 KM% SCAR Fric /LK Bk
ANE S 1 & o] T S AN & DR A B i
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M 36 37 38 39 40 41 42 43 44 45 46

93 9 95 96 97 98 99 100 101 102 103 M

M: DNA FR#ESy Tk 93~103: AT Hbk: 36~46: ANEHk
M: DNA ladder; 93-103: Male fertile plants; 36-46: Male sterile plants

5 SCAR FRICEHAIGIELE
Fig. 5 Banding pattern of individuals with the SCAR primer

%,
3 itit

TSR T K S R AN “ 25T
LA UL 5 N K ST R A & 2 40 Y
WilE)—A7 05 3 NI S, Ms A BHEATH
Kl ms 4 Ms [REERTBEEnT B 3D, Ms™ ) Ms [19%%
P B HER . =H M BBEELR Y Ms'™>Ms>
ms. BAERA W 6.

HRIPA AR ZRFRIF
(AB line type 1) (AB line type 1)
ENEE S % AT B I EHH
Sterile plant Fertile plant Fertile plant Sterile plant
(MsMs) (Ms'Ms) (Msms) (msms)
X X
ENERS i H ENEES
Sterile plant Sterile plant Fertile plant
(MsMs) (msms) (Msms)
X
100%HEVER 7 5
Male sterile line
(Msms)

6 KREREZFMEERIR
Fig. 6 Multiple allele hypothesis in Chinese cabbage

WA RS ) “ S HE D BB,
LRy [Ms'Ms'] (AR B A8 3R A0 A% 6 75 Ol R
AHFHRMsMs], T2 100% A HREHATA
FR[Msms]VEREA 5 B 48 R [MsMs1 2438, Ja A Pifh
FER B MsMs]FI[Ms'ms], @A H. 4 A&
[Ms™Ms T3 R [MsMsT[F1%E, SR AR RTREA 1 3 [

B MsMs | HI[Ms'Ms], @ H. K T B[ MsMs]
AREEIRIAT, DAZTORT PR L R R HEA T A, AR5 PR IRIAL .
WA 5 B IE N Ms S EB 2 Fhrid %8 58
WE Ms [ERRE, AT EIAS, 789k n] LARAL .
BRI T [HIAg g R, S LA N1

RAPD AR HAHARSGH, % DNA & 2D,
X} DNA i BoRAN E, AT ey, &
SRR T, AR AR — BRI BvEsE, AR
X o BAEAi G R G AL, IR R E B A Y
4, WA, TSR, RAPD FRridff) PCR 552K
B AR ASREG (45 FAIE T, RAPD Frid /&t
HORTHFE SCAR AR —IiA T B .

4 i

AWFSCHH RAPD. SCAR 73 FARCHEAR, ik
H AN 5 K I SN A% S DR P R & S i D B 0
Biff) RAPD #Ric M264500, I I HL AL RS E 1)
SCAR #rit SM264300. FIH1% SCAR A1 %) 55 4h 2 43
B SRR AT R AT R, Ak A F
100%, iZbric o] T K AR R B A R E
R A Bk
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