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KBAFREMEZA T ERE L EIKRER N AFLP 4 FHrICTHIE
F OB, KRS, XViBT, FERUK, ZEE, d ot

QRN KA Z 25 BE, FIbfRE 071001)

HE: [BW] XEEMRBEATNELAL, WRFMTENEELM, AAXUAGXERETTHAZ
‘KFEAB % FaREXZPMB ARG MR, MHREREZEET T RENZIER (ns) HATREEREL Ty F A7
Wk, §ENE T B f e sbat, (7 ik 38 B o e R e Ak AT R AR AL T P 36 3%
A FRCRF AFLP 947 77 k. [ERY KAk KM AB R BHEMTH £ (msms) x KEAKRFMAZAR (Tri-1.
Tri-2. Tri-3. Tri-4. Tri-5. Tri-6. Tri-7. Tri-8. Tri-9) 8 9 NEKHAEF, FHATEHK, AFHE=
HHERAATE R, HERTR (F) R TR (Te) PAERG T EHREDFWAE, RA Tri-4 XAA
15.5: 1(F,) #13.24 : 1(Tc). A ARG ERFRE BRG] (3: 1M1:1), HEZ/RE2.60:1~3.76
:1 (F) #10.81:1~1.48:1 (Tc). HFETERWERLFRESHELG (3:181:1), XXAZEBELT
Py S Tri-4 e RN — B, HHEZAEETEENEEACTABR 4 50kt AFRafRmpas
BB ZARBESATRN, ZHRETTREELT 4 5 R ERMITE L S KB, B 124 A AFLP 5| 4 & 19
W, MERBT —ANGHEEE TG B G %4 AFLP £7i8 E34M49 (398 bp) , AAEBEA L 1.2 oM, [£#H] F
RMBZARBEPTERE RO REERTFTFEREMAES 4 TREKRE,

KR KAk, WACH; HMAHE; EREE(L; AFLP 47

Chromosomal Location and AFLP Marker Screening of
Genic Male Sterile Gene in Chinese Cabbage

YUAN He, ZHANG Cheng-he, LIU Hai-he, XUAN Shu-xin, LI Xiao-feng, SHEN Shu-xing

(College of Horticulture, Agricultural University of Hebei, Baoding 071001, Hebei)

Abstract: [Objective] Chromosome localization of genes is an important work for genetic study and breeding practice. In this
paper Dayang AB line and trisomics of Chinese cabbage were used for assigning the male sterile gene to a particular chromosome
and screening the molecular markers linked to the locus. [Method] Locating_the male sterile gene to a particular chromosome was
conducted by primary trisomic analysis and y” test, and screening the molecular markers linked to the gene locus by AFLP techniques.

[Result] All F, progenies in the nine combinations derived from sterile line x Tri-1 to sterile line x Tri-9 were male ferterile. This
indicated that the male fertility was dominant to the sterility in Chinese cabbage Dayang AB line. Selecting the trisomic(2n+1)
plants from each F, progenies and being selfed or test-crossed to the sterile line, and the results showed that only Tri-4 combination
displayed 15.5 : 1 segregation proportion of male fertile plants to male sterile plants in F, and 3.24 : 1 in Tc (test-cross), which
disobeyed Mendelian segregation ratios for a monogenetic factor, while other combinations varied from 2.60:1 to 3.76 : 1 in F,and
0.81 : 1to 1.48 : 1 in Tc, which fitted Mendelian segregation proportions (3 : 1 and 1 : 1) for a monogenetic factor. These results
indicated that the gene controlling the male sterility of Chinese cabbage Dayang AB line was associated with trisomic 4, i.e. the gene
was located on the chromosome 4. Further trisomic analysis based on the chromosomal segregation (assuming the gene closely
linked to the centromere ) and on the chromatid segregation(assuming the gene apart from the centromere ) showed that the gene was

closer to the centromere . Furthermore, an AFLP marker (E34M49) linked to the sterile gene was preliminarily screened out from 124
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random primers. [Conclusion] Using primary trisomic analysis and molecular screening techniques, the sterile gene of Chinese

cabbage was assigned to chromosome 4 and an AFLP marker (398 bp) linked to the locus was obtained preliminarily.

Key words: Chinese cabbage(Brassica rapa L. syn. B. camperstris L.); primary trisomics; male sterility; gene location; AFLP
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[WF57& X1 K3 (Brassica rapa L. syn. B.
camperstris L) Jsi = [H, JEEZHESAEY, Wi
FeMACIAR I HEH T2 B SAE R SE 2 — . R HTHE
PEANE RIAT R AR A HIR A ARG, 2l s
S, R S AN F T A —
% B E N AMIFITE T EAL . AT K (SR AR
BRI HAT Y e AL RS> TRRICTRE, B A L
PEAN T 1) i PR] o i B HC A i A 4 B v 6 T P B i
fite  CHTABFFCEERE ] T KRR EA B IR IE &
R O 2o geaRE! ™, B 9 TR
J&, AL A O T R AREEA T
WY, R BN KA3E CABT12]
BEATT RAPD 7347, SRUEH T 5 AN B R Do B % e
(1] RAPD Fric; 5Kk PR PCR HAR MK P12
T FHEEA T FEE CMST311 (bR L 4 g
S5 A0 M SRR AN B AHOCI B, IFEAT T e B
Fs BRI REUONRAE orf138 (AR SF FESI ¥ 514, L
KEZEE MFUEE AT 2 RCT 1) mtDNA b5 it
AT PCR ¥4, §H4HIK/NA 588 bp MI4F 45, W]
i 75 NEIERR, TN orf7S; kAR IR
Sl BOHETE AN T ORI A A DGR AT T
cDNA-AFLP 3#fr. {HIS A% K SR HEERZ A & 3L
(Rt E AT TT I AR WARE . URREFTIIA
=0 B PV AU e DN C SN SR e SN
FEFIVEY) & I B SR . DR R S R v T
IU, BRI T KRR =AM, hkE
SEHEVEARZ AN T ik DRI 1 G (0 A A B 4L T QB IBAL 4
i €8PS END R EPNS B Y IE I
T AT AL BT AN o KR K SR M PR AS 7 FE A
peR A i DA IR S CER NN o 1 BV Db ¢ T e N T
NI AT Ay FhR I S R ORISR R R, N
HEDR w54 H A o

1 MB575%E

1.1 RIEwH
PESH R K FSEEEA TR K AB &7,

FATAG AV R 2 [l 20 B it A B M = 4. iRk
HEVEAS T 152 Btk s 5L P o, AN B AR (10 26 DA 2R N
(msms) , AIEHRIEERTLG (Msms) o &5t 10 JL
EMEAE (msms X Msms) EH, AHR (A) 50H
# (B) BrEMEZERS, HetbREs—3%, 8kl
SEAME. AH AR (msms) X HZR (Msms) )
TREWSELLH N 1:1, THER (Msms) AL E
3 1408, AR AR AR B, KEASERY
W1 =AMk} (Tri-1. Tri-2. Tri-3+ Tri-4+ Tri-5+ Tri-6+
Tri-7+ Tri-8+ Tri-9 Tri-10) LAY K 2% il 252%
Beist e R it /3015, EulE AR IR AE
GG T AFLP #23k. 514 EcoR I fil Mse 1
WUIEEI 1 2k T AR TREA ], Ty 3B M . ANTP,
Taq B A AEAED TR (K% ARAR, HE
FULE Ry 1R 7= 3 B 2k
1.2 WREHZE
12,1 ML HREEGREEREML 2006 4 1 Hh
1, RECGEHEMHZATMEL KB AB &7 #dhT
W, 15 d Ja REERVIFIHR AR MARE HE A S
R,  F RIS RGBT B 3 1423 ol i A 21 FHE (]
TFAERT SR MR B B K. BIfE Ak B < KFH AB &’
HHEERT B (B) , REMEMEAEE (A, AR5
IS BTG —AEAAL, 10 DMAASH A (AX Tri-1.
AXTri-2. AXTri-3. AXTri-4. AXTri-5. AXTri-6.
AXTri-7. AXTri-8. AXTri-9. AXTri-10) . F4F,
B2 Fy A DR RO RER], fPIERied &, 705
MRIEUR /NG B 467 T Carnoy W (95% L = UKT
1%=3: 1 e, ¥MHikdl, PIHCH (NR-
BR-K G =R SRR G i 4 4, Olympus BH-2
6 WA ISR, AR H AR A T
FUGHA T AT R 5, NS R E 1 Fy
TEAA I th = ARHEAR, 70l T B RINAE (ANE &
XF =AM 5 ¥ F W BEASRY (Fy) FNASHp-r
(Te) #/NXFHE, frffea gt & 4G F, M Te #f
AR P E BRI TR, RG-S L), gt
AT MM o2 TG, AR 3 BT R0 50 £ SR f o 4
DUREDR BT A7 T 1R G A B ORI 22 i iR KBRS
1.2.2 AFLP 4 F 4710 JE[N4 DNA $25: T-HAed)
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H, %P KT AB &7 1: 1 4B BHASE TH AR,
S NANE RN EREMNAL, T4 48 M. i pR BTN
i, HER CTAB A& HUZAEINZ] DNA. %5 A
ANE ARRE T B HRR DNA SRS, WEAE
Al El, Hee Rk DNA T pr . (55750
PR o F 0.8% 35 G B e FLVK R S8 A1 43 e e FE A
DI DNA JF s AR S o

AFLP 4}#7: AFLP )% £ 8 Thomas 25 75 1013
Bt U)K H EcoR T /Mse T XU, Tiid #8ik H ek F ik
BRSS9, EFEPEY G - & A 3 MNIEREIRIE 1) 514
PCR =4 6% 7% 11 5% P A I Jc e R FEL VKRS, 80 W
THL)Z K 2 h, YL G S,

ZE S I BISCI K 22 S 4k i (e, PCR 9™
Bl AT A T

WAL BT S HRER G S i, Fsg
(msmsxMsms) AR 73FFric 5 H As R %81
WAL AR, Kk 43 ] MAPMAKER/EXP Version 3.0
AT

2 ZERE
2.1 MR EREMNREKER

F1 KAXRFEHKRMENE & 20+ ERARE

2.1.1 FRREFMEERIAK o+l EHEME SR
KW, BABFR (A) XTri-10 BAGH RIS F, T
A6, e 9N =R G F TARE I v EHE,
FKWKAE K AB R HIHETEAR T 2B R
i, HHOHA R —8 AU Fy AL th =44
Qn+1) Kikk, HEHTEAS. AT T = ARRRR R
AR, 43 50E 9 NATHLA T Fy FAERR AT T 4%
EAREH % . KA =R 2nt1=21) 40
Gt RLEIR A 2P T RIS I T 2 20 s AR AR
&, RESATER . mE 1R, 759 ML AE
B Fp AR LA 54k (2n=20) KK AE, =1k
Qn+1) R A7 0%, BP n+1 B 788 n il 7 04555
FARAFZ o H ] 0T R4 38 26 DRUAS [ ) — A4 5,
EMER 9 A=A, bl BET 4% 38 R AR 5 4
1.52%~12.73%, b Tri-6 (4G5 5, Tri-2 %
HREAR, TN 7.19%. XF n+1 HERC T L3R
PAARTIARC BE AT TARDG T . 5 B, Wi
B WA ITE (r=0.57695, t=1.867<t)(s=2.365) .
XU K R — AR e o A 33 3 5 LK 3
B URIINTEER R

2.1.2 FAREWMER WS s = itk i,

Table 1 Fertility and rate of 2n+1 plants in F; generation of Chinese cabbage

P ey LIREEZS 4 ENELS 2n+1 AR ] HERL TR A GO AR
Combinations Fertile plants Sterile plants 2n+1 plants Transmission rates of n+1 male gamete (%) Chromosome relative length (%)
AXTri-1 62 0 2 3.23 13.91
AXTri-2 66 0 1 1.52 12.09
AXTri-3 52 0 3 5.77 10.14
AXTri-4 54 0 5 9.26 9.84
AXTri-5 58 0 4 6.70 9.67
AXTri-6 55 0 7 12.73 9.42
AXTri-7 54 0 6 11.11 8.57
AXTri-8 51 0 5 9.80 7.91
AXTri-9 65 0 3 4.62 7.43

AXTri-10

Fy AT R A 280 et Al H 45 5 O B AR

F, fertile plants listed in Table 1 were chromosome number identified

AR RN LE = e (A b U6 R R IR 7 8
OB LU R A R (0 2 BRI . A5 I SE R =
gt fk b, SRR =R 8, 2B LA R &
TR B . & 2 T, 7E 9 AR AeRcdl
A0 F, BEfAd, AT AXTri-4 Al EHk - REkk=

20.25 : 1, o PBARTF A Tl /R (0 3R 12 B L] (3
c D) s HWEAAM T E AT S BB 2.60
0 1~~3.76 ¢ 1, IFFA iR IR S DR AL 43 B L Al
(3:1) o XERW, JoEKEAERREEAT MRS
Tri-4 A, RIZFERN TR AR 4 5 Ytk b
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*2 RAFEMTBEUMBREESH (F)

Table 2 Genetic analysis of male sterility in F, populations of Chinese cabbage

ey F, F» EL g1 PG : 1)
Combinations W Fertileplants ATk Sterileplants WAk Fertileplants  AE Ak Sterile plants K808 1 value
AXTri1 76 0 67 20 335 1 0.47
AXTri2 78 0 65 24 271 1 0.18
AXTri-3 78 0 62 18 3441 1 027
AXTri4 80 0 62 4 1550:1 1263
AXTri-s 80 0 63 17 371 1 0.60
AXTri-6 79 0 69 19 363 ¢ 1 0.54
AXTriT 77 0 65 25 260 ¢ 1 037
AXTri-8 76 0 70 19 368 1 0.63
AXTri-9 75 0 64 17 376 ¢ 1 0.69

Fy il & RIMR R T A6 G BB 17 005=3.845 %001 =6.64

F, fertile plants listed in Table 2 were Total plants after flowering. X20,05 =3.84; ng_o 1=6.64

2.1.3 MXFREFUEL2BE "Wtk 3 7]
W, AT SE RS AR se a8, MAAT Tri-d4 (Kl
RTARARTFE 1 LB, Welma1: 11
L, B PR S K SRR B I R DR A
T4 5tk b,

*3 KBEFREUTEHERINZIEEDI T (Te)
Table 3  Genetic analysis of male sterility in test-cross

populations of Chinese cabbage

HE WAZF4X Test-cross generations
Combinations ik Atk Wil A )
Fertile plants Sterile plants Ratios ¥’ value

AXTri-1 42 33 127 : 1 1.08
AXTri-2 43 31 1.39: 1 1.95
AXTri-3 45 40 1.13 : 1 0.29
AXTri-4 55 17 324:1 20.06
AXTri-5 30 37 0.81:1 0.13
AXTri-6 40 32 1.25:1 0.89
AXTri-7 43 33 1.48 : 1 1.39
AXTri-8 36 42 0.86:1 0.46
AXTri-9 37 31 1.19: 1 0.53

X005=3.84; % 0.01=6.64

2.1.4 Tri-4 WmfE o BT Y E AR L ik
PRI 85 77 R Tri-4 24548 (MsMsms) #E AT — 445t
FE AT, DA T RSB N ORI 22 R 2 A ()i R 2
FET G AR B (e HE IR RO 22 i dscile, o]
ARAEZH) , ZEk (MsMsms) =421 n Al n+l

WA R LN S 2Ms = 1ms : 1MsMs : 2Msms;
BTt ko By (BT JE R ORI 22 pidscie, 3L
RIFENLARAEAS ), Z4A K (MsMsms) P~ (1) n il
ntl BEFAEE BN 10Ms : Sms : 6MsMs :
8Msms : Imsms; — A A 1A 1 AZ BN AL (116 15 7 125
Lol 5 n+l BT iR ¢, 2llE Tri-d r=A4 01
n+1 BEHERC 1 IRAE 62 73000 9.37%H1 9.26% . i 1t
FG AR BVH L By RS LLl Ol 14.6 < 1, e thrp
PROr BV Fy 2 B LLBI R 11.9 ¢ 1o SERRAI A 4 25
ELflhy 15.5 ¢ 1o o B EWT, W RHER 1843 129 o foi) 15 5t
B4y B LB R G, HETE MRS (=0.013) %
JH (=0.26) fF%. b DUHERT, %3N A5
I 22 3 2 (R R 3E A% B B AT AL/ o
2.2 AFLP FRig ik

WX 124 ANGIAERITHE, 38t S5
1608 4%, JLHA7 13 X519 g th 22 et o A1 13 KT
eI, HA 1 XS (E34/M49) FERIAZ B R
AT MR F ISR N R R R e 2 &
(B D, BrkAas KM AB &7 WE LN Y
E34M49 & . HAS B RN ] & AR T SR 5,
iKW, AF 43 AT E AT E34M49 A5 IR,
1E 43 MAFEMKTE 1| R T E34M49 Ay
(B 2) . I MAPMAKER/EXP Version 3.0 #f4%} %1
PEHEAT T, WIAGEE E34M49 FRic 5 E PERE DA st
FEFEEZI0 1.2 c Mo 0 28 5 v Bedb AT T [BISCRI Iy
SR R ST A E34MA49 Kl 398 bp, B AL T
IR
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5'-TCCATTCAATGGAGTAACCGTCAGGGCCG
AGGCTCTTGTTGAATGGCATGGAGAAAATTGTA
CCCCTTATCTCCGGCTCAAGAACAGATCGAGAT
AGATAAGCTTGTTGAATCTCCGAGCAACGAAAC
GGGAGGAGGTCCTGAAGTTCGTCCATAGGAGCC
ATTGAAATAGGGAGATCAGTAACACCCAAGATA
TTCTGAAAATATTGAGCAGAGTGTGACTTGAGG
TCGTCGGTAGAGGAGATAACCAGATCATTCTCA
TCCTTCAAATAGTGAATATGATTCCTAGTTACGT
GCTGAGTGACCATACTGTGGTAGAAAACAGTAT
TGCGATCCCCTACGTCCGCCCACTGAACACGCG
AACGTTGTCTATAGAACTTTTCTTCTGCTGTTAC
CGGG-3',

F: W HH; S: ANFHH  F: Male fertile plants; S: Male sterile plants

SSSSSSSSS5S5SS8SSSSSSS8SSSSSSSSSSSSFFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFSSSS85S58S88SSS

i e H5 25 77 Arrow showing a special band

B 1 E34/MA9 XA E it (F) FAREt (S) MY AFLP 448
Fig. 1 Amplification pattern between male sterile bulk (S)
and male fertile bulk with AFLP maker E34/M49 (F)

Bl 2 E34/M49 Xf msms X Msms [232 f5 1R A9# 545 R
Fig.2 AFLP amplification pattern with marker E34/M49 to individual plants of msms X Msms

3 it

I =M T 3L R e A T2 T LR}, (HAE
I = A AT S DR 52 7 I — M T E R =R R 4
7 VUV it Al 00 56 DR 7 38 ELAA iy et 4k b
WEA,  AETEATREE AN T 38 R A I E R PEAS & A )
HBBAEREAS, DRI VR SOA W = AR R 0 20 4% i
ARG ek L ol 1ER BES SRR SR (1 BE
1o BRI = ARRERK AN 205 ) — RCEARAR,  B4h g
R R MR AR AR, WA AR
CREWIPIR LS N S TN E B Y I =
A& (Tri-1~Tri-10) , B} Tri-10 RAERICE A fE L
MREIRIZATAN, He 9 Mg =R fe 4 — &
AT ES JI0AER 10 HL o+ 1 AER AT — 2 e RS e,
NN N P NE P8 d % N B E S i SR U NTE VAT S

FI I AR HEAT B DR A AR 2 =2 B ik (Cn
AAa) (1 AT EINAT 43 B L 5 XA Z &4k (ln Aa)
(10 508 2 AN ) o AR PR IR TR A 119 53 25 LU A A AN [ 52 119

BB n Al nk1 PIRC T 7E0kE o 24 1) = A

TESZ R SR v 1) A 368 2 LU R A 55 R R A 22 1 2 T 11
PRSI AR A o HIAD DS W IR EE I — AR Rk A o 3
1T ATIE RGNS, B RN EHIR AR5
W T 1011 (o/ n+1D) (53708, 1011 47
SN MR AR N 72.22% (Tri-5) » ferifh
95.10% (Tri-3) , T4 87.68%"°, XFWH A3
FHIG A re = L KBUH IR n R o+l B, AP
PIFPIEC T R T AT 0T — A [ A8 sl 22 43 5 L9 1) 5%
AN K o HZE NI = 4K n+1 BiE T 4638 R I e
R, HRIG Ak o] LTI I, Wi
TR LA N 10.35%, HER 20 7.19%,

DRT e B R = A [ A8 B A2 1) 43 8 Le g 45 7 AR K 58
W o AHFFEHFFGE Tri-4 1 n+1 BE TS ReAE i, Rl n
oo+l e F AR AR, 245K (MsMsms)
TR B Fy 2 B LUy 35+ 1. #7808 Tri-4
() n+1 WEFEANBEAL IS, T n+] TG0 R %,

MZs AR (MsMsms) JEF G o k5 B 1 Fy 43 25 Le sl
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doOE kW R %

2%

MK 8+ 1o FSEIAE S S > B LU 14.6
s 1o WAR, 3% ntl PSRRI AR BRR 2 B
Lo 5 SR SR B 1 4 25 LL ] (155 1) FEAWIA S
BRI T WL, R HIAE ) 2R 940 2 — AR 34T BE DR o7 s 0k
3L n+1 BEF AL 2R34TI 8 AL A B o H I HR
Rk, il nt+l FoF I el AR 1)sifL 4 2y
EEA R 25 S5 0K I W AN, gt & 3618 nt 1 i1
R AL, AR =A% A A 1 B DR 4 Rl A2 o X
(Aaa) R0 (AAa) , W] LK HE = AARFIXUA (Aa)
SEARANRIR 73 B L], dd e st A 20 BT A S DR v A
EEIY SV AT S EER i

PRI AR AT AN AT DA A i 35 R Gt R 1)
I I FR, I AT LT A 0 35 DR RN 22 i 2 T ) K3
WAEIEE . ABFUEE S AREE T, WP E KA
X KB AB &R’ B MEER (Ms/ms) FIAFZ 02
[ FR) et A% P B A AT /N IR, AR EE DRI T35 22 5T
WIS — i) S SLRNAG 22 pii 2 R) RIEAf P9 PR I A AR 28— 20
JESIHT o

HEAT ZARIEHAL 0T T BRI 40 B A4, TR
K, GBI SEMEE . HB TR =AM R 45
SEPERCE B BARAE RN, FH T 0 A ) B AR D)
JIT LA R AR AL o BEAR O /N v] s R e ik 22, 1A
AT TN . RN, AR AN T 1R
PR 0 137 2 A2 X DA B 1) o

i 16 15 1l P AN B BE DB 2 b ic A B TR
ANEHEMAEERE, A H S OIER 75 B
REERNED I RAPD #ric!'. SCAR #ric!™,
ERPAD #7ic!"”), RFLP #1221 AFLP #xic?Y, IF5
M T HIEHEVEA G PER AR B IR £ . ARBFFAEN K
“KFAB &7 METERZANE HE DR T e o A i o7 (1) 2k
fiti b, St T AN SAEIRIESY AFLP ARid
(E34M49) , i&bric 151 so b LI FH A R
W9,

4 ZEig

KRWFFCR VI = R b 55 T8, KR
“KBH AB &’ MIHEMEZAEHERE (ms) @A T 4
FYOE b, JFYREIRE T AN 5L SUEB
AFLP FRit E34M49 (398 bp) , Ao 1wl KA
B IR EI R B8 T A
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