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Restoring and maintaining relationship and molecular identification of
cytoplasmic male sterility in Chinese cabbage

WANG Guo-fang,ZHANG Lu-gang, LI Dong-xia

(Key Laboratory of Horticultural Plant Biology and Germplasm Innovation in Northwest China ,

Ministry o f Agriculture ,College o f Horticulture , Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective)] The aim of this study was to clarify the sterile type,restoring and maintaining
relationship,and diversity of cytoplasmic male sterility in Chinese cabbage. [Method] Genetic and molecu-
lar methods with special primers of the reported 5 sterile cytoplasms, orf138, orf222, orf224, orf263 and
orf288, were used to identify the cytoplasmic male sterility of eight Chinese cabbages (CMS3411-7,
CMS7311,00854-m-1, 00S54-m-2, 12XC4, 00S11-1, 00S11-3, and 00S11-8). [ Result] Both restorer and
maintainer of Pol CMS acted as maintainer for Ogu CMS (12XC4) and comprehensive Ogu-Nap CMS
(00S54-m-1, 00S54-m-2, 00S11-1, 00S11-3, and 00S11-8). Molecular identification showed that two CMS
materials belonged to Pol CMS type,one CMS material belonged to the Ogu CMS type and five CMS mate-
rials belonged to Ogu-Nap CMS type. There was no Brassica juncea CMS type. Analysis on cytoplasmic di-
versity showed that one out of the five Ogu-Nap CMS (00S54-m-1) had variation at BnTR4 site. [Conclu-
sion] The sterile type, restoring and maintaining relationship and cytoplasmic diversity of eight CMS in

Chinese cabbages were determined.
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21 ff S R R

ENEW R TN T B 1 e 2 A 1 B i
HEVEAS T B RE 52 5140 B AR P I Al 240 i o s R g
17 PCR ¥ G FIRe S5 7 38 7= W) 7 90 be Xt . 455 2 0
CMS3411-7 By 4 RE K H LR 5 3 85 A F 4ok
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1.1 #

ARG I % E 8 Bl MEME RN F MR B oA
CMS3411-7, CMS7311, 00S54-m-1, 00S54-m-2,
12XC4, 00S11-1, 00S11-3 H1 00S11-8, H s
CMS3411-7 ,CMS7311 27 U151 2H 15 55 10 40 i Jo Afe
PERE #EE, 00S54-m-1 F1 00S54-m-2 J& 2012 4FE7F
00S54-m 3 ZH b & B AR F #k, 12XC4,00811-1,
00S11-3,00811-8 S il 2 AE 51 #E A B R MW AF
. F CMS3411-7,CMST7311 4% & % 885148,
928105, 00S109"* K {f #¢ & 11J22, 00S54-m,
08S841 43 il 5 381 B A 14 1 % A & A4 R BC ) 28 —
RGRE D A HEPEARF AORHE BT A4S 52 — 48,
PEAT 40 43 1 % 5E . [) I AE A8 0 UL B A2 — AR Y
HMESE A ME 3 WK . IR AR R AE 7E 75 Jb AR AR 2 K2

vz i S B
1.2 F &
1.2.1 Mo A4 2% DNA #28  F W RTE#HAT

RS A FEANE S . Y9 KEC~T
B0 A R A R B R H b, S )5 . CMS3411-7,
CMST7311 Fe & HetE AN E MR 1 AT 58— 4% (4351
J& 12CF33, 12CF36, 12CF42, 12CF74, 12CF78,
12CF83) -1 3~5 A~ Bk UK

SRFERT ek 2 mL (980 8 KB BT R B
0.2 g ZEA B F A O P BB DA LA — 80
CUKAERA ., RA MR A CTAB 357 2 HURE 5
DNA,H] ddH, O ¥ DNA # B = 50 ng/pL % H.
1.2.2 3l4pe® BEFHC A0 5 X 40 5 i AS
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Table 1 The code of hybrids crossed by cytoplasmic male sterility in Chinese cabbage

Pol CMS & & #1 %}

Pol CMS {541 %t

Z:Eﬁ:jﬂf Restoring materials of Pol CMS Maintaining materials of Pol CMS
Sterile materials -
885148 925105 008109 11J22 00S54-m 085841
00S54-m-1 12CF32 12CF33 12CF34 12CF35 12CF51
00S54-m-2 12CF37 12CF38 12CF39 12CF36 12CF50
12XC4 12CF41 12CF42 12CF40,12CF43
00S11-1 12CF75 12CF74 12CF76 12CF77
00S11-3 12CF79 12CF80 12CF81 12CF78
00S11-8 12CF84 12CF85 12CF83
x2 EFEROXKABMREEFENERSY
Table 2 Special primers for identifying the cytoplasmic male sterility in Chinese cabbage
519 E 514G —>3" KI5 —>3D EN-E 3 SCHR
Primer name Forword primer(5'—>3") Reverse primer(5'—>3") Sterile type References
orf138 CCATATTTGGCTAAGCTGGTTTTCT TATCATCTCGGTCCATTGTCCAC Ogu CMS [3,25]
orf222 ATGCCTCAACTGGATAAATTCACTT TCATCGAAATAGATCRAGKATYTC Nap CMS [25]
orf224 AAATCGATGCCTCAACTGGATAAATTC CCCAAGCTTCAGCGAAAGAGATCAAGGAT Pol CMS [3]
orf263 ATGAAAAATAGACTCCAA TCAGTCTAGATAATGCCG Tour CMS [3]
orf288 CAATGGCTATTACCCCTGCT AGCGAGCTGTTCCGAAGTTT Hau CMS [3]
x3 EFERBRABMRZTENSY
Table 3 Primers for identifying the cytoplasmic diversity of Chinese cabbage
5149 Em5H6 >3 1514 (5'—>3") ik
Primer name Forward primer(5'—3") Reverse primer(5'—>3") References
MF2 GGTTCCGTCGTTCCCATCGC CATAATAATTAGATAAATCTGTTCC [26-27]
MF4 CGGATCTATTATGACATATCC GAAATATGAATACACTAGATTAGG [26-27]
MF7 CGGCAGGAGTCATTGGTTCAAA GATTTTGTAACTAGCTGACG [26-27]
MF8 CTTATATTCATAAGCGAAGAAC AATAACAATAGATGAATAGTCA [26-27]
Chloro35 TGGAAAAGGGGAGTTGTCCG GAATATTACTCTCGAACAGAC [28-29]
Chloro39 CATGAATTAGTAACTGCATCC TCCTATTCATGGGGATTCCG [28-29]
Chloro H GCTTCTTCCCCTGTGCCTCC AGTGCAGCCTTAGATGCTTC [27]
cemp2 GATCCCGGACGTAATCCTG ATCGTACCGAGGGTTCGAAT [27,29]
ccmp3 CAGACCAAAAGCTGACATAG GTTTCATTCGGCTCCTTTAT [27.29]
BnTR1 CCGTTAGGGGTATTTAGTAACTCG ACATAATGGCAATGTATCGGACTG [29]
BnTR4 GAAGTCCGAGGACCTTTAGTACC AGTAAGTTGTAGGTAGGGGCTTCAT [29]
1.2.3 PCR 35 = sl FIJ premix 647  1.2.5 KO E@MMBAEARERTMNE —K & @5
PCR Y 1. Btk & K 10 pL. HP 44 premix 5 #9% W 78 KA RRAKIT )G @il 3 IEﬂ
pLoddH,O 3 uL IE RIS (10 pmol /1046 0.5 T PESEFFARE ™ S0 MR 5 3% « W1 A S 75
WL B DNA 1 4L, PCR EREER .90 CHIZA %,
P 3 min; 94 ‘CAEME 30 5,55 Ci k 30 5,72 °C§£1EF 1.2.6 RaX@mlRpeErRd N —KRIESEW

1 min, 3t 38 MEH ;S5 72 CHEAP 10 min™ , B 6
pL B9 88 7= 078 10 g/ L BB HR M e i b 0 A7 L ik
K CH, 130 VL HLIR 130 mA, 3K ZE bl 1X
TAE) . L, Marker 2000 1E by 4 F 5 b , 76 58 S 4%
S S I R

1.2.4 PCR Z#Heyepic s m 5 K HKR AR
FoA R A A 7= B9 & X PCR 7= 9 k47 Bk
o w1 R DU B A B 45 R AE NCBI L # 17
XS K5 80 43

SRR SIS TIE < QP I S A = WS S | A ]
PRV R EALFE ALK AT R S K A
IR IR SR/ RO MRS 10 Bk 2
RICF I 1E

2 G5

2.1 KEXEMREERETUZ -—KHREXER
24453 TR 3 40 M o I S 7 0 A8 — AT AE

S F RS A 45 B (58 4) E B, Pol CMS &
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SLHRHAN Pol CMS 195 B K5 6 3 78 % b 4
00S54-m-1, 00S54-m-2, 12XC4, 00S11-1, 00S11-3.
00S11-8 Ay 52 — {29 % B Oy 7K 77 . T LR 77 4%

PR 1 2 U X 6 DA F M EHS Pol CMS (14K £
KR AR, AJETF Pol CMS 2671, {HX 6 4~ A F #
B 20 L B2 5 AH R AR 9E— D 5T .

xR1 KREBXBBRREEFTEHNHRARXREE
Table 4 Identification of restoring and maintaining relationship of cytoplasmic male sterility in Chinese cabbage
AE BB Pol CMS i & #1 B Pol CMS 1444 k1
Sterile Restoring materials of Pol CMS Maintaining materials of Pol CMS
materials 885148 925105 00S109 11J22 00S54-m 08S841
< S. b2k S LK S, Ak 22 5 S, LK
00S54-m-1 X . . .
Long filament Long filament Short filament Long filament
oS s S b S, W S AT I S kK S ALK
Small flower Heavy aborted bud aborted bud Long filament Long filament
12XC4 S, Ak 225 S, Ak 22 5 S, W7 E
Short filament Short filament Heavy aborted bud
S, 2K S, 258 S. b2k S,z K
00S11-1 X . X .
Long filament Short filament Long filament Long filament
00511-3 S, K S. b2z /5 S. k225 S. fhezk
b Long filament Long/short filament Short filament Long filament
00S11-8 S, K S, bz Sz K S, bz K

Long filament Long filament Long filament Long filament

S AT .

Note:S.
2.2 KRBXAEHREREERT
BES
CMS3411-7 #1 CMS7311 J& F Pol #YH ¥ i
SEAE A AL R SR MR M R
R5 AEBXRABRREERIEUXZ—RKNEREES
Table 5 Floral morphology of hybrids crossed by cytoplasmic male sterility in Chinese cabbage

Male sterility.

BRI ﬁﬂfhulélﬁ FeAE B/ U R R 4 A4, BB K/
o REZE M S M AT 28— AL 2 B

,u'ﬂi%S

v

WuE  AWE &9 klk  mEM amk msk  CPAK EEER LSRR R
Restoring Sterile Number Bud Bud Petal Pistil Long Short AR L Kb
lines source length diameter length length stamens stamens Anther Nectary th_‘tary
length length shape number size
00S54-m-1 12CF32 0.52 0.24 0. 84 0. 64 0.55 0. 34 JAN 4 /)N Small
00S54-m-2 12CF37 0.43 0.22 0.79 0.60 0.35 0.23 A 4 /Iy Small
885148 12XC4 12CF41 0.55 0.25 0. 86 0.62 0. 36 0.24 A 4 /Iy Small
00S11-1 12CF75 0.44 0.20 0.75 0.52 0.51 0. 34 A 4 /I Small
00S11-3 12CF79 0.48 0.24 0.86 0.65 0. 54 0.40 A 4 /I Small
00S11-8 12CF84 0.50 0.20 0.83 0.67 0.50 0.37 A | /I Small
00S54-m-1 12CF33 0.56 0.24 0.98 0.68 0.52 0.38 AN 4 /I Small
00S54-m-2 12CF38 0.46 0.23 0.85 0.70 0.58 0.38 A 4 /Iy Small
92105 12XC4 12CF42 0.46 0.24 0.78 0.65 0.36 0.26 JAN 4 /I Small
00S11-1 12CF74 0.48 0.23 0. 84 0.63 0.49 0.28 JAN 4 /)N Small
00S11-3 12CF80 0.42 0.21 0.99 0.84 0.55 0.41 A 4 /Iy Small
00S11-8 12CF85 0.46 0.21 0.82 0.59 0.53 0.33 A 4 /I Small
00S54-m-1 12CF34 0.47 0.22 0.76 0.56 0. 34 0.28 A 4 /I Small
00S54-m-2 12CF39 0.44 0.23 0.78 0.58 0.48 0.24 A 4 /I Small
00S109 12XC4 12CF40 0.50 0.22 0.89 0.62 0.40 0.27 A | /I Small
00S11-1 12CF76 0.53 0.24 0.90 0.65 0.51 0. 41 A 4 1E% Normal
00S11-3 12CF81 0.49 0.22 0.90 0.71 0.52 0.44 A 1 /I Small
W ARRIEHR N =M.
Note:/\ represents the shape of anther is triangle.
Hi 8 5 A1, K SN [A) 4 B BT M PE R Bl 22 A2 SR A A [m] 0 52 2 A I 52 S5 AR AR T KL AT

JERRMAEREIES Z 5 MM B E, 00S54-m-1,

00S54-m-2,12XC4,00S11-1,00S11-3,00S11-8 | 52
Ja AR St F R SR /N R ER 5 ATAT, 3 A Pol
CMS ik 5 #1 B 88S148.925105 1 00S109 1 Jy 3t [7]

FAETRA MBS RS R R K AR AR AR K 22
S R S A e B K B T L 12XCA Y 3 NI 2 JE AR
4 A K B W B 4, 925105 XF 00S11-1 Ay il 22 J
f£.00S109 X 00S54-m-1 #) 52 J A% ffe 3%+ 45 4
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F 41 ,92S105 A1 00S109 Xf 00S54-m-2 4 I 38 &5 4%
MO WA B 4. R nT UL, 12XC4 1l BE R R T
00854-m-1,00854-m-2,00811-1,00811-3,00811-8,
00854-m-1,00854-m-2,00S11-1 % 00S11-3,00S11-
8 A7 — JE i i[5 A 5
2.3 MAAREEABTHRSIUMEIN KO FEN
AE##EH PCR ¥ g

FIH 5 X B0 A 40 i 55 B P AN R S 51,
8 AR VR 1 K 1 3 e AN B M RHiE AT PCR 37
K H A5 orf263 Fl orf288 A 8 ASAFRLH AP
W rE M5 Y orfl38. orf222 FI orf224 ¥ 1
MRS MR (B 1, £ 6)), Ho orf224 W
CMS3411-7 Fl CMS7311 rh# 34 1K 24 700 bp (1)
FBLGF SRS orf224 JP 8] —FHEAE 99 %0 DL I

orf138

orf224

orf138 Fl orf222 ¥ A M CMS3411-7,CMS7311
s S e L E B CMS3411-7 F CMS7311
BN B 4 M 5T 5L R L AS Pol CMS 40 Jifd 55 1 4% 1F .
orf138 G AL 12XC4 g™ 14 1 K%y 300 bp Y 5%
LMY 45 RS orf138 JF 4 — Btk R 99% . # /R
12XC4 Nz J& T Ogu 40 M Jii 5 orf138 F orf222 M
00S854-m-1, 00S54-m-2, 00S11-1, 00S11-3, 00S11-8
e [ IF 738 11 24 300 Fi1 700 bp (9 4545 L I E 45 5 4y
5 orf138 Hl orf222 9 77 51 — Bk A 99 % . Uk A
XL B RS BB — ) Ogu CMS % Nap CMS 2%
7 2 A B LA Ogu CMS Il Nap CMS 4 fid J5 4%
fE L B Ogu-Nap CMS, 33X — &5 5 5 1 85 K J8 K 2%
PR /NS S — 3,

orf222

1000 bp

500 bp
200 bp

B 13 x40 SRR 3 51 W00 8 iR SR T BB 38 ) A T L ok 4 2R
1~8 434l CMS3411-7,CMS7311,12CF33,12CF36,12CF42,12CF74 . 12CF78 . 12CF83

Fig.1 Agarose gel electrophoresis of products amplified by three pairs of CMS primers for

male sterility in eight Chinese cabbage types
1—8 are CMS3411-7,CMS7311,12CF33,12CF36,12CF42,12CF74,12CF78,and 12CF83, respectively
6 BXAMREEREMHABTERT E~WHLLER
Table 6 Comparison of products amplified by CMS gene in CMS materials

ok P51 P 1=K/ bp Ll X 45 5/ %

Materials Amplifying primer Size of amplifying products Comparison results
CMS3411-7 orf224 669 99
CMS7311 orf224 659 100
0S5 1 orf138 276 99
orf222 647 99
00S54-m-2 orfl138 281 99
orf222 644 99
12XC4 orfl38 280 99
00811-1 orfl38 279 99
orf222 644 99
008113 orf138 280 99
orf222 650 99
00511-8 orfl138 279 99
orf222 653 99

2.4 REXEELAEMAERFEMERNERE
N B2 T R SRS [ MEPE AN R R4 i

TR AL St o S £F T AERE 2 LRI IR EE PR 9 it
LRURFEIN G0 (3R 3 )X kAT 70 7 2 L &5 R R W



188

P AL AR AMRB 3 2222 4R (A SRR 2 B

12 %

R RN BnTRA 519448 4y 3 Fhay %0, CMS3411-7
I CMS7311 38 K FE 2y 220 bp Y B 5 KA
St B [F] 5 00S54-m-1 ¢ 3% i 400 bp 1 Fr Bt
00S54-m-2,12XC4,00S11-1,00S11-3,00S11-8 " 4
AR E] S B2 (350 bp) 19 25741 . 5 K H S Bhar AL
R (E 2), ccmp3 P CMS3411-7 F1 CMS7311 iy
B R EEZ S 70 bp R B, 5 K SR RUM [A] L A
FOA R PEAS 7 R R 38 A LAY A YL 5 K SR
OB A B OR J6], MF4, MF7 M CMS3411-7 Hi
CMST7311 sy 38 i 55 K 3N 7] 4 4 0 5 DA LAt Afe
PERE MR 3G AR BLAY 47 A (125 bp) . 5 KA
MBLH RIAH R, BnTR1 M Fr & HEE A F BB

500 bp

400 bp
350bp

—

-

200 bp | W8

300 bp

100 bp |

50 bp .

P HG HAHRL YA B (B 5 R SR bl B [ L AT R
BT R S 40 i o 5 S U 4 B Y 25 5+ 5 Chiloro
H.MF8,ccmp2, Chloro35, Chloro39 4 M\ FIF A M 4
ANE BB 3G HAR LA B L S K S B AR
G, i B, CMS3411-7 1 CMS7311 B9 41 ity &
By — 38, B R R H SR 40 5 00S54-m-2,
12XC4.00S11-1,00S11-3 ., 00S11-85 1 41 1 & 72 Ko
Wy 2 A o5 B 25 5%, Ui B Ogu CMS 5 Ogu-
Nap CMS 2 B /N; 00S54-m-1 £ BnTR4 3£ K |
15 0S54-m-2.00S11-1,00S11-3.00S11-8 #1 K[ .
P8 Ogu-Nap CMS N & AFTE

< B
A5

22 24 26 28 30 32 34 36 38 40 42

23 2SN 29 31 33 37 39 41 43

Kl 2 51% BnTRA X 8 B K SR HETEAS T A4 RH 8 7= W 1 56 Jic i Tk &5
M. DNA Marker;1~5. CMS3411-7 4f g J§i ;6 ~10. CMS7311 40 JFi 511 ~15. 00S54-m-1 2 it J&i 516~ 20. 00S54-m-2 4 Jifd Jii 5
21~25.12XC4 41 J57 ;26 ~30. 00S11-1 ZH g 5 ; 31 ~35. 00S11-3 4fi il Ji7 ; 36 ~40. 00S11-8 2 JIfd 5 5 41 ~43. 38 K 14 3% 40 g Jit

Fig. 2 Eelectrophoresis pattern of products amplified by primer BnTR4 for 8 male sterility in heading Chinese cabbage
M. DNA Marker;1—5. The cytoplasm of CMS3411-7;6—10. The cytoplasm of CMS7311;11—15. The cytoplasm of 00S54-m-1;

16—20. The cytoplasm of 00S54-m-2;21—25. The cytoplasm of 12XC4 ;26— 30. The cytoplasm of 00S11-1;31—35. The cytoplasm of
00S11-3;36—40. The cytoplasm of 00S11-8;41—43. The cytoplasm of common Chinese cabbage

3 it
TR 24 55 P R 2 3R A AR S R T T
TR B 8 A N e M AR A G L e
AR T IR B S B Y, 5 A R 7 A

i®

IS4
2

LR — RS A AR E RO I 20 4ROk,
[ AN EE AR+ T AERMEY) EC A B T ZMOREA
[F] %) 200 S5 e A A 2 L I R A Y R N
BRI T S PR T AN 5L R A0 OK PO B
b8 G 55 M ) T AR . DA T PR A0
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