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Table 1

x1 Hik#o#

The list of experimental materials

30 13 JF 32 40 R HEYE R B &R Chauw CMS JRIG B R
(FanY-9A) K HARHF & (FanY-9B)

LR R

Material code

FH

Type

A A

Lines

PLT 4

Latin literature name

17Wo1

17Wo02

17W03

17Wo04

17W05

17Wo06

17Wo07

17Wo08

17W09

17W10

17W69

17W101
17W102
17W103
17W104
17W105
17W106
17W151
17W152
17W153
17W154
17W155
17W156
17W157
17W158
17W159
17W160
17W161
17W162
17W163
17W164
17W165
17W166
17W167
17W168
17W169
17W170
17W171
17W172
17W173
17W174
17W175
17W176
17W177
17W178
17W179
17W180
17W181
17W182

253k I+ Heading mustard
ZEBR I+ Heading mustard
253Kk IT Heading mustard
253k I+ Heading mustard
258k I+ Heading mustard
ZEBRI+ Heading mustard
253K IT Heading mustard
253k I+ Heading mustard
ZEBRIF Heading mustard
ZEBR I+ Heading mustard
ZEJ2JF Tuber mustard
K33 Root mustard
K3k 3 Root mustard
K3k3 Root mustard
K3k 3E Root mustard
K33 Root mustard
K3k 3 Root mustard
K3+ Root mustard
K3+ Leaf mustard
K M-I+ Leaf mustard

KIHIF Leaf mustard
KMIF Leaf mustard
KMHIF Leaf mustard

FEHIF Petiole mustard
FEWIF Petiole mustard
FEMRIT Petiole mustard
FEHIF Petiole mustard
KJF Leaf mustard
K+ Leaf mustard
K3+ Leaf mustard
KM-FF Leaf mustard
KJF Leaf mustard
KM IF Leafl mustard
K3+ Leaf mustard
KMJF Leaf mustard
K+ Leaf mustard
KFF Leaf mustard
KM-3F Leaf mustard
KJF Leaf mustard
K+ Leaf mustard
KMFF Leaf mustard
KM-FF Leaf mustard
KJF Leaf mustard
K FF Leaf mustard
K3+ Leaf mustard
KMJF Leaf mustard
KiJF Leaf mustard
KM+ Leaf mustard
KM-3F Leaf mustard

REF CMS
-¥F &R Maintainer line
AEF CMS
{#£3F & Maintainer line
TEH CMS
P-¥F R Maintainer line
RHFH CMS
f#£3F & Maintainer line
REF CMS
fR¥F &R Maintainer line
AT H CMS
AT A& CMS
f-#F & Maintainer Line
AEF CMS
{35 & Maintainer line
A% CMS
f£¥F &R Maintainer line
REHHR CMS
{3 & Maintainer line
AEF CMS
-¥F &R Maintainer line
AH AR CMS
{3 & Maintainer line
REH CMS
f-¥F &R Maintainer line
AT H CMS
{3 & Maintainer line
AH R CMS
245 & Maintainer line
AHHR CMS
-3 & Maintainer line
AHF CMS
{#3F & Maintainer line
AT FH CMS
f£¥F & Maintainer line
AEHR CMS
{#3F & Maintainer line
AT A& CMS
fRF5 R Maintainer line
AHAR CMS
{35 & Maintainer line
AE R CMS
f£¥F & Maintainer line
AHEHR CMS
f#£3F & Maintainer line
AEH CMS
f-¥F AR Maintainer line
AH AR CMS
{13 & Maintainer line

Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea

Brassica juncea

var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort
var. capitata Hort

var. capitata Hort

Brassica juncea var. tumida Tesn et Lee

Brassica juncea Coss.

Brassica juncea Coss. var.
Brassica juncea Coss. var.
Brassica juncea Coss. var.
Brassica juncea Coss. var.

Brassica juncea Coss. var.

Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea

Brassica juncea

var. megarrhiza Tesn et Lee

megarrhiza Tesn et lee
megarrhiza Tesn et Lee
megarrhiza Tesn et Lee
megarrhiza Tesn et Lee
megarrhiza Tesn et Lee
var. rugosa Bailey

var. rugosa Bailey

var. rugosa Bailey

var.

var.

var.

rugosa Bailey
rugosa Bailey

rugosa Bailey

Brassica juncea var. latipa Li

Brassica juncea var. latipa Li

Brassica juncea var. latipal.i

Brassica juncea var. latipa Li

Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea
Brassica juncea

Brassica juncea

var. rugosa Bailey
var. rugosaBailey
var. rugosaBailey
var. rugosaBailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey
var. rugosa Bailey

var. rugosa Bailey
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££3R 1 Continued Table 1

B i 5 By EEEA
Material code Type Lines

T4

Latin literature name

17W501 % FIF Tuber mustard
17W502 % FIF Tuber mustard
17W503 %It Tuber mustard
17W504 % FIF Tuber mustard
17W505 % FJt Tuber mustard
17W506 %I+ Tuber mustard
17W507 4} BEFF Branch mustard
17W508 4y BESF Branch mustard
17W509 4y BEJF Branch mustard
17W510 /Y BEJF Branch mustard
FanY-9A /Y BEJF Branch mustard
FanY-9B ¥ BEJT Branch mustard

AH R CMS
%5 & Maintainer line
AHFR CMS
%5 & Maintainer line
AH R CMS
%5 & Maintainer line
REH CMS
45 & Maintainer line
AEF CMS
f#£3F & Maintainer line
AHFR CMS
{3 & Maintainer line

Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. crassicaulis Chen et Yang
Brassica juncea var. multiceps Tesn et Lee
Brassica juncea var. multiceps Tesn et Lee
Brassica juncea var. multiceps Tesn et Lee
Brassica juncea var. multiceps Tesn et Lee
Brassica juncea var. multiceps Tesn et Lee

Brassica juncea var. multiceps Tesn et Lee

12 FEMEREUEREREMBAETRELTE
FIH CTAB B4R HL 30 43 JF 2% 40 M B i e A B
KL 20 B DNA L IR L K or £288 F or £ 138 HIRST
JEA R NCBI 76 2k W 50351 4. or £138 1E
514 : GAAACGGGAAGTGACAATAC, J2 I 5]
Y : GCATTATTTTCTCGGTCCAT ; or £288 1F I
314 CAATGGCTATTACCCCTGCT; [z Il 51 ¥ -
ATGCCGGGCATTTACCTGATGG,
1.3 FEMBNEXEBRAE

59 M BT 2017 £ 9 ARIHEFME M. 2
J5 Gt — K A B, 2 38 #2058 UG 5 ol S B0 A B
B £ AT IR SR

bp M o1
1000

750

500

M 501503505 507509 569
1000
750
500

orf288
orf138

B 1
Fig.1

22 FEAHBMREELAETRNEERS
XF 59 4397 3 M ORESE 68 25 1 8 A 45 2R (| 2)
WIR T IV ogu MEYEART RICA WL IE 0L &4,
JERATE B A B — 8 (B 2A) 5 973K hau
HEPE AN T &R OMOBHE B J7 R R K 22 R
(K 2B), Hp,17W165,17W171,17W505,17W509
FI17W69 R B4 25 R M SR 98 B 7 i
T 5 JFC Al B L DU 3R B MO ()RR RE A ORI A 1Y
PIE A ST I S K R DR AN E YAt UR /N7

14 EEOEHOH A
FERE A 26 0 3 B KR BF 9 48 JF 5 I S

BRC17 JHIRE T 50 B T W
2 HR54%

REAEEMBAERRELBLE

FIH CTAB 428 30 M IF R A M R it A &
R R 2 X5 8Pk T PCR ¥ 3 | 3505
W BE e R PKORE DU, 45 2R (I 1) B BL17TWO05,
17W155.17W179 AR M 23 34 BHE T hau A
BHFZEAL, DL 17W501 F1 17W173 MAUERM 7
HMEE T ogu RE MR,

N

21

03 05 07 09 101103 105 151 153 155 157 159161 163 165 167 169 171 173 175 177 179 181

orf288
orf138

FREETHERMBATLBLERE

Identification of CMS types of Brassica juncea

(B 20,
23 FHRAMRABEREAMBEREBRELEW
4 B S 5T

DT ogu CMS MEHEZ W E AL E LT
WEK, XIF3E ogu MMHHEEAT R 1TW173 K
X AR R R AL 17W 174 3EAT 11 - 4 20 i 2
ML 3D TR, AL E I RIA KRB RE .
ANE RYH R IR DTS5 U RE 4 1
PR R IEH . $— 2 A 2 1 B 15
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17W69 17W165

17W505

17W151

17W153

17W155

17W507

Acogu MISEHEMARF KB, hau MR FEHEEARET R CHRFF R,
A.ogu CMS;B.hau CMS; C.Maintainer lines.
B2 BMAFNEMBNEERS

Fig.2 Pod morphology of some Brassica juncea materials

Aogu WBTTHEHAE & BARIFHR. Aogu CMS; B.Maintainer
line.
B3 IFE ogu HRHEMERET R
RERFREREREILL (100X)
Fig.3

development of Brassica juncea (100 X)

ogu CMS and maintainer line’s flower

ADUS R B COR SR s DAV E =B F.BEMAER . A.Tetrad; B.Mononuclear; C.Mononuclear marginal;

D.Dikaryotic; E.Trinuclear; F.Pollen release.

B 4

Fig.4

2)IT 3K hau AHIEYEAR T ZAMEESRE X

B RAEWCE WG . B 2R IE1E H FR SEm I 1Y T 3¢

FF3 ogu WRARIEETE RINEH M EME (400X)

ogu CMS’ abortion of Brassica juncea (400X)

hau 4005 HEVE AN T R AR R B9 AE 88 B dE 47 %) He
C(E 5) L aT LUK B, 2 ZE 80 Rk ) I 358 W JE A # H 24



%3 M XUREHT S IT M BT MM R AR 45 S R B O S0 R A i 137

WIZISEH AT ISR A e PR W BRI 7. 4 245 3¢ w2 bR i W & o 72 i — 22 W 5
BT MERS-ME SRS AR AR N A RE Z TIER AL (8 DL T LUE 2 S S SR TE B2 R B W
YRR . 0F 45 3 IE B AAORLAE S HE AT WA WA (TR SO AR R . IR 7 A 0 B 2H S A D R R e SR
6) . AT LUA B, f I 4 i I 300 7 A BC B B BE R 205 L O R BUR I A KR T RS A = B A
200 B N UYL IR 2 00 T S R R s AR DU R I, 0 i R L LA BRI AR E .

AEFHERATZR: BRMEERAT R CAEFFR . A.Normal pods with hau CMS; B.Abnormal pods with hau CMS; C.Maintainer line.
B 5 3t hau HRREEARBERRERBFREREXLEXLL(100X)

Fig.5 hau CMS and maintainer line’s flower development of Brassica juncea (100 X)

AJEJF A0 M S35 B.AE A B AR B R s CoUar R D-FOBEC F 1R & B ). A.Sporogenous cell stage; B.Pollen mother cell stage;
C.Tetrad stage; D-F.Gametophyte development stage.

Bl 6 3¥3% hau CMS HMET LB (RFELEE)(400X)

Fig.6  hau CMS anther morphology development of Brassica juncea (normal pods) (400 X')

AKERY; BEETH; CEEHEEM ., APredevelopment; B.Mid development; C.Late development.
7 FF3 hau CMS HEE-HERMETMNE S (RERE) (100X)

Fig.7 hau CMS pistil-stamen chimera development of Brassica juncea (abnormal pods) (400 X)
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B — IR ML T A O I 0 T S W B E AN R 26
HE (1 0 I X PR T A3 T A i LA v
I IS QUL R N T D AP O S X o]
Y1 Cor f138 Fl or £288) X JF 38 CMS #1 KL A & M
JRE A AT P S L & B or £138 R AT % E IF
3 ogu CMS, M or £ 288 Fric W v K IF 3% hau CMS
Y ok, AT SR AE 28 B i Oy 2 AT A L
M 59 153 b4 A 25 SFEVE IR 1 FE ) 8 1185 S rpomT L R B
A AR5 2 ogu CMS 45 36 32 9 1 4k % 1h 5,
TR & A 3 5 40 3 B 1A 58 45 R AL
¥ 3% hau CMS AL K2 1999 4F ir & SRS K
SRITRANH SR A T R, AAARBEMAE %
100 %6 [ Re s B LUK , 7 1 7 A6 B 9 2% T 4 34
FUH A3 2] T K S it R AR X TF 3R
hau CMS #E17 T 25 & 8 1& 2 5 )5, F 9% % hau
CMS MAE 4% & B R A b Al T KA
hau CMS Fft Ji % I 6w-9605A, 3Kk #2020 D) H %
ISR hau CMS N BEAS, 380 A, i 47 il (]
2& A 2 38, A T8 LK 0 haw CMS AN E M
Bl BEE X IFSE hauw CMS N5 %6 A FBF9E Y
ARWRA L H G4 & R 2 Z Ak 6 57 32
hau CMS ANE I ATT )G - 3 50 M BHE AE R ey
T A B, S BRh A8 7 v SRS T 23 )™ 55 i
F b B EL 2 R i B8 T 3 hauw CMS M OBL 2
JEmF Y A BE 2 5 m H S 2 T E AR RHEY A
FIH R X IF 3 hau CMS KN 75 Ml R 2E 17 3845 o
KAy E,

AW T Bk — 2 X FF 3 hau CMS Fil ogu CMS
ARLFEAT AL 245 TR 1 48 L 27 W 5%, W] LR B, I R
ogu CMS FURIEEH M hau CMS 1 RE, i 55 1Y %
BB )E W S E R F R LM AT IR R
M ZEE, REMEBEF KT, X505/
SR GT 25 SR 2 0L SR T Y 19 T 3K hau CMS
MEE AR ERE SR BRBERERE R,
W PF B - i S R R A A R BUR
T, AT UL, M A - A A A B R 2 R S W TR
T L 3 5 SCHR 23 TR BIF 58 25 3R — B0, M A Al g
FEAZ T BRSO 51 B AR B T I A 2 K

S BB ST AE S 45 S R T H e - R e G AR A A
1 L (R TR JE UK AL 0 R 4R 5 AR AR R B R
Bt B P 2l R b AR R LT R R O B AR IE
B A AR SC T e, SR 2T LA B BE 41
F XIS hau CMS S#EATIRABIGY R 58 HIWH 19
Gy FHLH
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Screening and cytological identification of pod-setting traits in

cytoplasmic male sterile lines of mustard (Brassica juncea)

LLIU Zhixin, XU Yuying, YAO Peijie, XU Kejing, HAN Yiming,FU Qiang, WAN Zhengjie

College of Horticulture and Forestry/Ministry of Education Key Laboratory Plant Biology ,
Huazhong Agricultural University sWuhan 430070,China

Abstract The pod-setting traits of 59 mustard (Brassica juncea) varieties including 30 cytoplasmic
male sterile lines and 29 maintenance lines were studied with field investigation, molecular markers and
cytological observation. The results of molecular markers analysis showed that 23 lines were hau cyto-
plasmic male sterile lines and 7 lines were ogu cytoplasmic male sterile lines. The results of cytological
observation showed that siliques of the 29 maintainers,7 ogu cytoplasmic male sterile lines and 5 hau cy-
toplasmic male sterile lines were plump and vertical, while siliques of the 18 hau cytoplasmic male sterile
lines were abnormal to different degree. Using the maintainer material with normal pod setting as the
control (CK), the anther abortion and floral organ development of the mustard ogu cytoplasmic male
sterile lines and the mustard hau cytoplasmic male sterile lines were cytologically observed. The results
showed that the flower abortion of ogu cytoplasmic male sterile lines and hau cytoplasmic male sterile
lines (normal pods) was the tapetum degraded in advance, while that of hau cytoplasmic male sterile
lines (abnormal pods) was the formation of stamen-pistil chimera. It is indicated that the cytological for-
mation mechanism of the pod-setting traits in cytoplasmic male sterile lines of mustard is preliminarily
explored.

Keywords mustard (Brassica juncea ); cytoplasmic male sterile line; cytological observation;

abortion; pod-setting traits
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