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R R EME R B 33 2R ndh]-trnF
XM F5AET S

# oW gRa
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HZE  LIKRA Polima T H W AL SR MEMEARN GV GBI T HE Bpol97-054°7 FILPIAEEARREF R ‘Bajh97-01B’
JIRPRE, R cDNA 938 F B B2 2 25 PE(cDNA-AFLP) A SR A — 4 K £ 330 bp 14557 B P1708, RT-PCR BRI %)%
TIHAE FEM RN, 2007 R BLAST Fotf, RIUIZ R BER 54 bp MG AT A4, FARH5> 5 K A S H 86 v ik
ndhJ-trnF FEPR 2 [0] 18— BET 51 584 — 250 RS 5 b5 DX 38l s 1) R S7 35007 % o1 5 14, LA Polima AN 122 DNA FI ] & H 85 24
St DNA IR, 3 3RAS T K45 1900 bp 1741, HLEJTHIRIL: ANEFESWE A%, H 21 DNA [T 8¢

T,

‘Bpol97-05A" HBRZ AL SR EAR AN, 55 108 bp 4EN T H, ZdEAH 2 N 54 bp I E K 75141

i, ERJFHIPER 5% 3 MEE CTT 4b, HAREI L irF LD 335 51 bp 584 AH .

EHEIE 2%, cDNA ¥ 3y BUKE 2 A PE(cDNA-AFLP), ndhl- unF X3, JPH07ER:, AIHMRHEVEARTE, HoatstRH

FROES Q78

FE ) B0 )5 PE AN B (cytoplasmic male sterility,
CMS) & = S5 M) I —Fh HARBILS, R A 41
JU5 A AR R AR AL, AN ERRITER S BA
FEAEARR R, AMESSIER, BedZ ARk I IEH
g55¢, NI AT AL ARSI 2 A 5 AR, CMS i
AR R, OFE 150 2R RO T X
FIHEYEA TGN, 45 22 (Brassica napus)-
% N(Raphanus sativus)~ 5% (Sorghum bicolor) V¥

A (Allium cepa)~ IF 3% (B. juncea). In] H %%
(Helianthus annus)~ 7K ¥ (Oryza sativa) 7N %2

(Triticum aestivum)5RAEY). T CMS A H R
TREFLCESA Ty, O] N T2 HER R, 7EAEY)
AR L AR« B R s A o R A5 D7 TG 3 BRI Y,
FOME, FIEG CMS BIWT9T— H A @, &
TEANM: . AEBAE LRI BB L 455 TH R TE T K
EERTISAW SVCC E (( DN i i

WA, B 7 1A% B R BRI PRod &
J&, E WA R CMS 4y FALEREAT T IR NI
FOIEHUAE T FH SR SR BRI A B 2 A
(RFLP). i /L85 & /37 41 (SSR). BA LY 48 2 &1k
DNA (RAPD). ¥ 3 j Bt K & £ & 1% (AFLP).
cDNA #34 J Bt K i 2 35 PE(cDNA-AFLP) S5 £ R 3k

37 4L CMS HHR I 73 Fhmid ez = B O
513 cDNA ZE5 B . Qe AR BAT . B s - F [
UFE R e R S5 TV A AR B T e S RETEAN B OG
(1) S PRI 251, 20 b A R 3 R CMS WIF 53 (1) 5 1 i
16, FHRRAATERAR 5y 1k G BN 56 4 G 46 i K]
FECMS CEHARIRKINILR, FE, 75 CMS
VEII g A v s R IR T R 2 AP B ) 22 e sl AR
KAz e, (HiE, BAEL5 CMS HEMKREE
HLREUF .

FATLEF ] cDNA-AFLP 45 A 6 5% BL ok [
Polima il Jii H i 4 o S e VE AN & VR i B3R5 G
SKHETEAN T R SILOREE R K B LR R 2 7 1)
R, R —2 5% Bt P1708, RT-PCR &5 4k
S, A BANEAEME T RIL. HTAE AR
‘Bpol97-05A" 140 5k B Polima H i 4L HE I A
BEE, b PHOZE R AT A BRI
. B BCIARE (3210 DNA FIA] & H % A2 il

VT 48 5 ARSI H (2005C12019-02)F01 [ 5 [ 4R L2 3k 4 77 B 10
F(30370975).
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I DNA Ak, wolE 2| T 41 ndhd F trnF J
WAEKKEERY, 2, RUATE R
ndhJ-trnF XIS B 22 H— B 108 bp 1 HE K P41
Ah, A 2RI R AR AR

1 #MR57%

1.1 SRIEHR

FISEMREEYEAR T ‘Bpol97-05A7 FURFE A 41
AT ‘Bajh97-01B’ ZLLK H Polima i i H
W SR HEEA B U, H3E ‘Bajh97-01B> h %
e, 26 RIS EHAT, MWLk 5T
P oy TR 7 S W ARAT . Bk, THEETT
FEIAEU Fr o /NEE (B 4£< 0.5 mm, —2%). 1t
H(A.0~1.5mm, =ZMKAEEHE 2.0 mm, F.2),
TR ARG, RAEAE-T0 CARIR VKA % . W& H
WIS (R ORRR R I T4 v R A WL OR 275K
¥y, A7 T =70 CARIRVKAR & .
1.2 5 RNA {2HY. cDNA &K% E F4H DNA 25

2 RNA $2H0CR H TRIzol ¥, TRIzol® 711t
H LIFE TECHNOLOGIES /A 7] ; cDNA & ik 5
% SMART™ PCR cDNA Synthesis Kit IlJ | TaKaRa
AT, cDNA B5—BE RS — BEN & e H i it
WI4533E47; JEIR 4] DNA $25CK ] CTAB 3407
1.3 PCR #8X5141891%it

cDNA-AFLP Jt H 1 # 3k « M G 519 BL K&
RT-PCR T F 151903 b bilg A T A H ARG RA
FlAL MO AIA R Taq I #23k, 5'GACGAT-
GAGTCCTGAC 3', 5’ CGGTCACGGACTCAT 3';
Taq I 7y #4514, 5’ GACGATGAGTCCTGACC-
GA; Taq [ iEHMEY 1 519), 5'GATGAGTCCTG-
ACCGANN (N 0% A, T. C. GAE—®lILn—
B, T4~T19 4L 16 5514); Ase | 3k, 5’ CTC-
GTAGACTGCGTACC 3'; 5' TAGGTACGCAGTC
3 Ase I Ty #4514, 5 CTCGTAGACTGCG-
TACCTAAT 3'; Ase | S HE My W54, 5
GACTGCGTACCTAATNN (A4 ~ A19 Jt 16 % 5l
). RT-PCR 5k 22 7 v B B 5140 (P1/P2) Al
14 ndhJ-trnF JE R X387 5 0519 (P3/P4)an = P1,
5" AATAAATTCCCGGTCCA 3', P2, 5’ CTGG-
TGGCACGAGGATT 3', P3, 5' ATTGGATTGAG-
CCTTGGTATG 3', P4, 5" CAGGGCACTTTGT-
CCGTT 3.
1.4 cDNA-AFLP #1 RT-PCR

cDNA-AFLP #1F 2 f{ Bachem %5 ® ) /7 ¥ ik

7. cDNA FiBe B [ B 5 AT Rig ) . 34 fnd
BAEEAE, SR 6% MR NGB IGEEKS, T 1x TBE
e, 1700 VFE RN AT HLIK.

RT-PCR 7} il AN RFIRKF R I = AL
cDNA 4B EEAT PCR [N, FHEPRR N 25 pl,
T 1xPCR 2% PP, 0.2 wmol/L ffj dNTPs, %%
0.2 wmol/L 5|4, 50 ng cDNA Fiti, 1 U [f] Taq
fili. PCR 4 SR e 4. 94 CHlAZPE 5 min; 95°C A%
PE30s, 52°CIB-k 45s, 72°CIEfH 45, 33 AN
Ry 72°CHREEGE M 7 min, HxJi 4 CERAF. PCR ¥ 1
iR, A HIHL 10 wl PCR N =) fAE T 1.0%
DI AT FUk . L D5k

KIFANY1G 53 0 A B S 0] F S
DNA NHib, § kR E RT-PCR M, § #FE
JFh: 94°CTAEYE 5 ming; 95°CAZYE 30s, 55CIE
K 45, T2°CIEMF 2 min, 33 MEH; 72°CAkLLGE
fH1 7 min, )5 4°CLRAT.

1.5 PCR P44 FAN

SIZIG B B PR Y D) A p-GEM T-easy ¢
5 R F W Promega /A ], PCR =4[]
WAL ARF B [ V-gene 24 ), [TSCERAE 140 W]
FHEAT. PCR F=lal s, SilE R T-easy #0f4,
T 4 Cw, JE¥E N DH-5a K #Ed, HeECs
NAETETE T LB WA IR, 37°CHRG 9% 8 h,
WL TR BURE, ] EcoR 1 4T SR 1) % 58,
S AN BHPE rO Bk T AR R A R A
W7,

2 HER5HR

2.1 B1708 ZFFELHIEIYL . IFF1 RT-PCR E
2,11 ZER B M. £S5 A A A17TO08
L, ORI KL 330 bp I BUAEARE A K
‘Bpol97-05A° K& g, NET A LKL,
MAEMRFF R ‘Bagjh97-01B" 1 =465 h ¥R %
%, Kz B a4 o4 P1708. &R, R 8
Lext, RILER 54 bp HIAENTHI4L, HAMS 5K
IS AT W 44K 10 ndhJ-rnF JE R X 48k — BE 58 42
— 3 (Kl 1).

2.1.2 }5E i RT-PCR KiF. #R¥E P1708 /741, &
gl Xk P1/P2, 43 il L Bpol97-05A° Al
‘Bajh97-01B’ ) = 2% {t. & c¢DNA 4 #5 #ie 2k 1T
RT-PCR, ZRAFHUNRN—3 B fIk 5catr, HLVK 46
5 ¢cDNA-AFLP 45 51— 8((/& 2).
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GATGAGTCCAGACCGAAGATCCAATAAATTCCCGGTCCAAAACTTTTTTCATTTACTACTTTTGCGTTTCTTTTAATTGACATA

GACCTAAGTCATCTCATAAAATGAGAATGATACTTCGGTAATGGCCGGGATAGCTCAGTTGGTAGAGCAGAGGACTGAAAAT

CCTCGTGTCACCAGTTCAAATCTGGTTCTTGGCATAGGGCAGAGGACTGAAAATCCTCGTGISANSOXEH Y O V.V.NY I K E(CH YIS

LNNE(C O NVNE C[C{0NNET.NC[CT NP CV. V.V VNN CINECCACCAGTTCAAATCTGGTTCTTGGCATAGGATTGATTAGGTACGCAGT

Fig. 1 The cDNA-AFLP fragment sequence of P1708
The blackened area indicates the 54 bp insertion.

Fig. 2 The results of cDNA-AFLP and RT-PCR
1~3 and 4~6 indicate stage |, stage Il and stage V flower buds of
male fertile cabbage ‘Bajh97-01B’ and Polima male fertile Chinese
cabbage-pak-choi  ‘ Bpol97-05A°
cDNA-AFLP, B: The result of RT-PCR, C: The internal control of actin.

respectively. A: The results of

22 2KFFIRYsekE . M AEFF0 LT

Z M GenBank H &K £ K ndh] 5 trnF LR 2 [1]
Fenl, Wit4a Kol P3/P4, 23 HILh ‘Bpol97-05A°
) DNA Fln] & H % 24 i 32 (1) DNA 8 B 3k 47
PCR, HZFR1KAZ) 1900 bp 5 A/ —2 i 4
(8 3), 4t o3 il 4 4 MS 1 MF.

1 2 3

1900 bp—

Fig. 3 RT-PCR amplification results of trnl.-ndh]J region
Lane / indicates 100 bp ladder DNA marker. Lane 2 and lane 3 indicate
amplified products of Polima male sterile Chinese cabbage-pak-choi

‘Bpol97-05A° and male fertile oilseed rape.

W ah FF2 W], MS KR 1980 bp, i MF
K E 1874 bp, P AHZE 106 bp, Jr wi B 17
S ELE trnFy ndh] 14K AT trnl B K156 93 17
%1, Blast fHZ LA &I, MF )75 5 B. oleracea
(AB213010.1) &% Raphanus sativus(AB213012.1)[1][7]
P 99%, 1 MS 5 e AT B K= . H
CLUSTAL W AR P LExT, 45 SRR (K 4),
MS A LA R A e . Fl N BB R, MS
ff) 543 bp &b T Bk C, 789 bp Abdfi A —Hi 3t G,
901 bp £ 903 bp AbH K 3 4~ T figide, tk4h, MS )
1123 bp %2 1230 bp A4 —AKSEH 108 bp [4d A
J¥ % ATGCCAAGAACCAGATTTGAACTGGTG-
ACACGAGGATTTTCAGTCCTCTGCCCTATGCC-
AAGAACCAGATTTGAACTGGTGACACGAGGA-
TTTTCAGTCCTCTGCCCT, LbxtJa &I, %741
H 2 AMAHIE 54 bp AP A R, T HiZHE 7
b a3 ML CCT 4, HAKH Y rnF 5
33 54 bp AH IR, H P A AR 4 % T
ATG, 77T ernF KEDMHG IS ARG &4, JF B &
B I 152 HE (open reading frame, ORF).

39 #

XF CMS 73 FHLEL IS, BN AMG T K ST
TRRARIEER LI RE S CMS 1 HEECRY, 2
WA AR B I R ) o 3 Bl CMS [ JE Rfiom, 57
Ab, SRR ARSE DR G AN 5E A B B8 T 304N B AN
B, WA A g iR 1 ATP9 2 K5 N JH 55 41
o, Bl R ErEAE Y, T N SR B
T RTE G ATPY FE K () R3E, M ifn {1
PEASE BB S8 e,

WATEF NN CMS H ISR RAT G, {H 4
W%, TR RS SR AR T AR 5, MGk
REARTERIISFERS By e A2 A8 e LA 3 SO R 254
BETIREMI AR, (HE, IR A2 6 A A 1 23
Pr, BN SR R ) $ L T B S B RORE R LAt )
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MS : 112
ME : 112
MS @ 224
MF : 224
* 240 * 260 * 280 * * 320 *

MS : 336
MF * 336
MS : 448
MF : 448
MS : 560
MF : 560

* 580 * * 620 * 640 * 660 *
MS : 672
MF : 672
MS @ 784
MF : 784
MS: 896
MF : 895
MS 1005
MF : 1007
MS : 1117
MF @ 1119

GAGAGGGEEATARAGEAT TAT TGCACTTT T T TT ACT AAAGAT ACGT TT AATTT GAAGACT AT ARACTTAT CARAATT AAT CART COT AT GCCAAGARCCAGAT TTGAACTGE

* 1140 * 1160 * 1180 * 1200 * 1220 *
MS: [ GCACGAGGATTTTCAGTCCTCTGCCCTATGCCAAGAACCAGATTTGAACTGGTGACACGAGGATTTTCAGTCCTCTGCCCTATGCCAAGAACCAGATTTGAACTGGTGE t 1229
MF : R e e e e i e t 1123
MS : 1341
MF : 1235
MS : 1453
MF : 1347
MS 1565
MF : 1459
MS : 1677
MF * 1571

* 1700 * 1720 * 1740 * 1760 * 1780 *
MS & STTG 3 ATC A 1789
MF : 1683
MS : 1901
MF : 1795

* 1960 * 1980
MS
MF :

TGCCCATTGTTAATTCCAGGGTTTCTCTGAATTTGAAAGTTATCACTTAGTAGGTTTCCATACCAAGGCTCAATCCAAT

Fig. 4 The DNA sequence alignment of trnF-ndhJ region of MS and MF
MS stands for male sterile oilseed rape and MF for male fertile Chinese cabbage-pak-choi. The darkened area indicates the same sequence,

the shaded area shows the variation sites.

B EH BT AR S, O RERS IR IX —1E  ZE5R. Pring SEUUME ) RFLP HORWE I m B Ok FF R A
Fe, IFAATREREMI R H L DHRIISERY], A AHRMS{A DNA I, KA fFAEZESE; Chen
AL REERNT AL A RN AL M SR H SRR AT RN, AF R
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BRI AR B B 3EIHER IR ndhJ-trnF KBFHAE TR

- 501 -

BRI ZRAR ) tpoC2 JE M I Hk 2 165 bp B 55
R TR i AT R 4¢ 4K ndhD X741
RN, (HERYS CMS HEMK, IfuFse.
He 25U ] AFLP AR TEF A2 WCH 40 i ot e
AER Bl 97A” SERRRER “Bl 97B” I}
K, ANE R LK ornL FER XK E R FF R 2
tHebp B, INAIX B RES R EEAF
AR

AW ST B cDNA-AFLP $ A &% 8L ndhJ-trnF
SERIX 2 AR 57, HAR SRR, 24k
B A A AL, IR BEAR e s AT B DR AR A X
(non-coding regions), &% X JEH Ry, WAL
JSORH N RIS R =4, R ] B A 40 A i 3% 30 v 4
—EMERH. 1T 108 bp BIEERFIN N, HEAJFHE
trnF JERITEEC T — AN BT (1) ORF, Al ernF L KT Ty
REFF AN B R4, B 28 5% M - A B 1 50 ) 6 1. U
Ah, B AR ORF W] Red il i 2 0. 244K, X
LA R R CMS A — KR, BHEHE—T
[P E.

5 % Xk
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cDNA-AFLP Reveals Variation of Sequence Region trnF-ndh]J
in Cytoplasmic Male Sterile Chinese Cabbage-pak-choi’

JIANG Ming, CAO Jia-Shu™
(Laboratory of Cell & Molecular Biology, Institute of Vegetable Science, Zhejiang University, Hangzhou 310029, China)

Abstract By means of cDNA amplified fragment length polymorphism (cDNA-AFLP) technique, a fragment
P1708 was amplified from Polima cytoplasmic male sterile Chinese cabbage-pak-choi (Brassica campesiris L. ssp.
chinenesis Makino, syn, B. rapa L. ssp. chinenesis) ‘Bpol97-05A" . RT-PCR showed that this fragment was
specifically expressed in male sterile material. Sequencing and BLAST search in GenBank database indicated that
P1708 had 100% homolog with chloroplast ndhJ-irnF gene region except a 54 bp insertion. Gene specific primer
pairs were synthesized according to ndhJ-trnF gene region and two fragments about 1 900 bp were amplified
respectively using genomic DNA templates of Polima cabbage and male fertile oilseed rape. The sequencing
results showed that the gene region ndhJ-trnF of Polima cabbage contained two 54 bp repeats and some variation
sites. The repeat part shared the same sequence as trnF gene except three bases at 5’ ends. For the insertion of 108

bp sequence, a new open reading frame was created.

Key words Chinese cabbage-pak-choi, cDNA amplified fragment length polymorphism (cDNA-AFLP),

ndhJ-trnF gene region, sequence variation, cytoplasmic male sterility, chloroplast gene
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