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Effects of EMS Mutagenesis on Seed and Seedling Vigor and
Phenotypic Variation of M, Population in Chinese Cabbage

LU Yin,LIU Meng-yang, WANG Chao-shuo, WANG Shan,ZHAO Jian-jun,
WANG Yan-hua,LUO Shuang-xia, CHEN Xue-ping, SHEN Shu-xing

(Key Laboratory for Vegetable Germplasm Innovation and Utilization of Hebei/ College of
Horticulture , Hebei Agricultural University , Baoding 071001 )

Abstract; Creating mutants is an effective way for germplasm innovation and provides material for functional
genomics research in chinese cabbage. In this study,the inbred line’A03” of Chinese cabbage was selected as wild
genotype for constructing mutant library because of its self-compatibility and easy microspore culture. The influences
of EMS treatments on vigor and some physiological property of M, and M, seeds and seedlings were investigated in
order to determine the appropriate mutagenesis method. Then the mutant library of Chinese cabbage was construc-
ted. The variation in phenotypic traits of M, population at heading, harvest, and reproductive growth stages was fur-
ther investigated and analyzed. The results showed that the most suitable scheme of creating mutants was considered
to soak seeds with EMS 0.4% for 16 h. The way of continuous treatments with EMS on seeds of two generations
could be used in constructing mutant library of Chinese cabbage. Within the obtained mutant population, there was
wide variation in phenotypic traits of M, individuals at heading, harvest, and reproductive growth stage ,with mutation
frequencies of 21. 65% ,22. 40% and 25. 65% ,respectively.
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Vi x0.01 xt);

CAT 3&M: (U/g /min -
(WxVix0.01 xt);
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S I R BER B (mL) s WA RE B E (g) 5t SR
PEAFTE] (min) s AA 7w R B[R] Y IROEBE AR Ak, 38
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Table 1 Traits investigated at heading and harvest stage of

M, individuals in Chinese cabbage mutant library

(EXN fiiik kil
Character Description Investigation period
L7 Nt JERAE S A O SERRAIIY]
Plant type

PALTE EN SEBRIE ]
No. of outer leaves

i p 2l MR TIRETTEN SEBRIE I
Leaf shape KA OB IR

AR B EERJE
Petiole shape

AR [EIR-JEIREE N SRR I
Petiole colour

SERRIH L BEER RSB SERIE ]
Heading condition

BRI A 77 K FPO I A A Wy

Clathration status

of top head

®1(4)
(EIN g RSy
Character Description Investigation period
ERIUEIEAR - B R LNErRl
Top head shape
Bt BE SBEE R Wy
Head shape ISENIAR L 51
IR € (S IRE T IRE R S WY
Head colour
SN SIZN 1 EINEIN N2 LNl
Central axis shape
EES KA IR KT LhEsRl
Root
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HRZFAREBONIE 48800 5 14.8 F118.2,JF H.
M, & 2N 79. 0% 5 M EEIEF 0. 8% I, M, Fl M,
Fh 3% 11352 B 5200, M, & 2 R4 K 72. 8% , H WL
SR R IE IR NG ; 11 EMS ¥ EE 4 0. 4% Ik, M, Fh
TAARIR B M, P 1 A 23 R ZF R RS BB T
AR M, FRFIE e EGA R 47. 4, 5 EF A R 22 A
K, RZHZ IS 93. 3% , RS TR UE M, BEARAYERTS

BRI, LR BE 0. 4% 1% EMS % 22175578 WA Fh
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Table 2  Effects of different EMS treatments on seeds and seedlings vigor and some biochemical indexes of M, and M, individuals

ANIF EMS AR REFH(%) KRR WHHEE RER(%) SOD POD CAT MDA
Different EMS treatments Gr Gi(7 d) Vi(7 d) Gr (U/g-FW) (U/g-FW) (U/g/min-FW) (pmol/g)
0 100.0 a 28.6 a 51.0 a 100.0 a 28.3 e 69.7 gh 0.4 de 0.4 f
0.2% M, 84.2 cd 24.0 cd 45.3 ab 85.3 ¢ 35.1 de 106. 3 cde 0.7 cd 0.7 e
0.4% M, 57.7 ef 16.5 ef 22.6¢ 62.0 f 60. 6 ab 137.4 ab 1.6 a 1.1d
0.6% M, 51.7 1 14.8 f 18.2 ed 56.2 g 55.9 b 123 be 1.8 a 2.9b
0.8% M, 29.3 ¢ 8.4¢g 3.8 31.5h 26.6 e 53.0h 0.2e 3.9a
0. 4% Wift M, 50.8 f 14.5 f 19.0 cd 58.7 fg 67.5 a 154.6 a 1.9 a 2.7b
0.2% M, 95.2 ab 27.2 ab 52.5a 95.5 b 30.5 e 72.7 gh 0.5 de 0.7 ef
0.4% M, 89. 0 be 25.4 be 47.4 ab 93.3 b 42.0 cd 87.0 efg 0.7 cd 1.1d
0. 6% M, 77.2d 22.04d 39.9b 79.04d 43.6 ¢ 84.6 fg 0.7 cd 1.3d
0.8% M, 61.8 ¢ 17.7 e 12.54d 72.8 ¢ 46.8 ¢ 93.5 def 1.0 be 2.0 ¢
0. 4% Wift M, 79.2 d 22.6d 40.0 b 91.0 b 47.9 ¢ 108.1 cd I.1b 1.3d

RRIFRE R 22518 BFKF (P<5% )

The differences of the values followed by different letters in the column are significant at P<5%

2.1.2 AEEMS BLTAEBXNHELXE EEHFH
I KN EMS ARELAG M, A M, R TR R
14 d J&  BFEIBCHLERR 23 0 64T SOD  POD | CAT il
Je MDA F5 = RIE Xl e 6 725 7 o v oA
(£2),

SEIRR] XETIEAS AN B 1 A M, b T BEE
EMS ¥R T, SOD  POD | CAT [ i /1 P44 5 9
FHETEE S AR, T MDA & & B Wi, EMS &
FEH 0. 4% I5F, SOD 1 POD Jiff i J1 3k 3 5 &, 43 31
H60.6 U/g - FW F1137.4U/g - FW,MDA &K
1.1 pmol/g; EMS ¥ &£ 4 0. 6% I, CAT [ /1 %
%, 4 1.8 U/g/min - FW MDA JFIA KRR ZE & &
35 2.9 wmol/g, J& 0. 4% kb H MDA £ & 119 2. 64
 EMS Wk R Ak s T L3 P AL B G 1 2 R
FAaH  EMS e IRF 0. 8% BT, 3 Folv it 1) i 3% 1 15
TR B ARG B 25 S OKF, R B MDA R
FZ2iK3.9 pmol/g,

0. 4% EMS 2L S +175 48 4 35 iy 3045 19
M, Fl M, AR 3 At S A PR 5 — I Ak B G
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0.6% MALFEZ [H], BAR MDA LB L  (HEGE M
TR, HO K HE ML FTE0.6% EMS —
AR (R AT

ZEE SIS [ EMS 37572 4b 386 Fh 15 1 F1 4
HRBE MW, LLO0. 4% WEER) EMS 28 F+ 16 h
R B A A BT B EMS 0. 4% Wk B T S AR
AR FTARIS A M, K M, BEAR 45 T0 38 bR 2 45 6
IR EK
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i EMS AR AR AR 45 A /M T RE
FRITBERAG T 4253 > M, K R RARRHAR  tkE
48 [ 385 WOAR Bl 744 Sl Bl P, X RS KR Y
FhFHEATHE D B A A S, LR AR T 4004 4>
KM T756 A 0T B9 M, BBk | A4 1l M, F5 46 0 7
., Ho i 0 4158 S M, K Z TP R15 K
3909 4~ M, FEFE , LG 7667 # ; 4£75 548 45 A /)N
PR LRI 95 MR AT, IAH 89 MK AR
) 89 AR AL .
2.3 KEXRTEHE M, RETRHSH
2.3.1 M, EBEEREERM S DL A=
“A03” X IR X M, BEIAR Y 1677 BRIEAT 45 BRI 3R
RIS ST, TR T 363 BRI AR SR 41
LR AR ARG 21.65% (£ 3,K1)

HYAEAYC A3 ZEBKIVI  BRAS: BT, B KAt
FRAGIIE AR 0 ik BRI R | it ek
AT A& O (K 1-1.1-7) 0 M, 725 R0 55
RIS 5 166 B, A8 SAEN 9. 90% 5 M IEAR 5 38 #E,
AR SN 2. 27% 5 AR (0 AR S bk 56 R, 22 S50
R 3.34% 5 M ER B AF 5 38 Bk, AR R R
2.27% ,dE ek @k (B 1-2) (H (B 1-3) (&
R(FE 1-4) s BB A F 2R AN L BRE (B 1-5) KJf
Y (& 1-6) , 315 #k, 28 S8 0. 89% ; BRIGH
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K3 XEXRRTEE MBS BEERBERERSIT

Table 3 Trait variation of some individuals of M, population at heading stage in Chinese cabbage mutant library

PR ik 73 SAREL B (% )

Character Description No. of plants Total number of plants Frequency
L7 - 16 1677 0.95
Plant type B 132 1677 7.87
x 2 1677 0.12
N 16 1677 0.95
K i 4 1677 0.24
Leaf shape K 34 1677 2.03
o, & 15 1677 0. 89
Petiole colour Hear 41 1677 0.24
ek, S| 2 1677 0.12
Head colour R 30 1677 1.79
e 323 6 1677 0.36
®IE S5/ 10 1677 0. 60
Head shape JE BRI 5 1677 0.30
Bk A 5 el 1 1677 0.06
Clathration status of top head s 0} 34 1677 2.03
B 5 1677 0.30

i WL

1 BB BRI 0, B FTE ;2. I BRI ;3 I ER (B 54 . BRI 2R (0
5 HRIE S IRIE ;6 . RIBHLSIE 7 . BF A RO MBS AR BRTRARA 5 AT 0
8 M EREL A2 5259 ~ 10 BRTFRAL A A4 5 11 BRDEA A B3 ;12 BRI A4 4790
1:Wild type head,head colour was yellow, head shape was cylinder,2;Head colour was pale yellow,
3:Head colour was white 4 ; Head colour was green,5 ;:Head shape was head bulb-shaped,
6:Head shape was projectile-shaped,7 : The clathration of the wild type head was loose and the clathration status of head top was unfold,
8:The clathration of the head was compact,9-10;The clathration status of head top was hug,
11 :The top of clathration status was reclinate,12: The top of clathration status was twist
1 KBERERETEE M, BEESSBRERAERKESR

Fig.1 Traits variation of parts of individuals of M, population at heading stage in Chinese cabbage mutant library
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2.3.2 M, EBHESTREAVIEMERMSHT X EMS
VEARAbIE 1 YR M, BEAA rh B ALK 1Y) 544 A4S BRLBR
HEFT Bk BRI U) A, R R 121 #RAS SR
AN 22.4% (% 4, 2), BFAALC A03° 1
BRI AR HEIE (B 2-1) AR R HAR
(K 2-6), uOHAE TR R 99 B, & A bRk
1 18.20% , Hrhdue i R RE A 26 #R (K 2-2)
BIIE 18 tk (& 2-3) KK IFDE 55 ¥R (& 2-4) , Lk
AL AE 5 (B 2-5) xR RURGE 1548 32
AU Hofh AR S 2 R bR 22 Bk, o R A Rk B
4.04% ,Fr AR DI AS SRR 11 BR AR RS RE 9
M, 46 AR /N Z0AR Kk A8 5 (T 2-7) , AR
RIRAE SRR (K 2-8.2-9) K E AR AR AR (K
2-10)

R4 KEXRRTEE M, BESSRREKBVIEER

TR
Table 4 Variation in head section of some individuals of
M, population at heading stage in Chinese cab-

bage mutant library

; PAAE SR (BR)
(E2N g B B (% )
Total number
Character Description  No. of plant Frequency
of plants

HLLAETER it 154 18 544 3.31
Central axis shape [ 26 544 4.78

K 55 544 10.11
HHARTEAR rf 11 544 2.02
Petiole shape 753 2 544 0.37
LEES A5 9 544 1.65

Root

1B T AT S 52 DA T TR B 53 - o DR DT T A I 1854 < P OO 118
5O AEA DI T A B HEIE ;6 P AR RUAR AR | iy EARAIATRAG I 57« EARAE/N ;8 ~ 9 MR K3k 510 . FARMIE

1:The longitudinal section of central axis of wild type was taper,2:The longitudinal section of central axis was round,

3. The longitudinal section of central axis was oblate,4 : The longitudinal section of central axis was oval,

5:The longitudinal section of central axis was inverse taper,6: The root system of wild type consisted of taproot and fibrous root,

7 : Taproot was short,8-9 : Lateral root was luxuriant, 10 ; Taproot was malformed
2 KBXERTEHE M, BHETSBREKATEERER

Fig.2 Section traits variation of some M, individuals at heading stage in Chinese cabbage mutant library

2.3.3 HAEAEKMERBTZAER X M HHAE
19960 ™Rk AT T A 5l A 4K [y BEAE S IR 14 1A
A RIAR SRR R AR R AR SR A
(AN e A= e e B B A ), 331 230 A, A8 S 40
% 23.96% .

FEIFAERTSITAERIN , i A8 S A €0 48 5358 3
(F3), BpAERI (o R4 (8] 3-1) , 28 SR HG . bk
AR ERTOGRE (18] 3-2) Bkt R (18] 3-3) etk
MLk (18] 3-4) BRI A4k (E] 3-5) BEpknt
H (1 3-6) bkt (K 3-7) - F A (1]
3-8) O E AR E] (8] 3-9) (0B T Ak a) (1A 3-
10 3-11) JEAN s nt i o (18 3-12) |
T O B AR B o g (] 3-8.3-10) I

Ab B HEUHABI AR S 288 A S AR S
R A S A AR A (1K1 3-13 3-16)

FEACIIG , M, R v o B 22 AR A0 7 A S vk (I
4), WPAERUETE MR Mo R A Sk B4 (K 4-
1), AR SRR FEIE TS B0 IR SR (18] 4-2) JEE I
ARLE(E 4-3) AT Bs i HUORMRH (K 4-4)
FEAEE (B 4-5) O (K 4-6) HiAEEEL
W (K 4-7) AL TSR K H ARk (E
4-8) ALTERAKIT (B 4-9) AETEFBSIRHE (1A 4-
10) AEFESSE(E 4-11) LT R (K 4-12) L7
FiE R (F 4-13) TR T4 (B 4-14) BTG K TITF
S5 HAEE HUEAE T (B 4-15) AETE B AR S0 (1K
4-16) %,



2 # FAOERAE . EMS AbERN R SR AN TG S B & M, R B AR R HT 355

1B 2 (R AR HLOJOGHE ;3 (U BRAR 4 I (LB AR5 . (A 4% ;6. I (U4 57 (T8 ~ 11 (U2
12 FEAE M AR BT A g B €013 ISR il 5 14 . R U AR S5 15 M TRTRB A4S 57 516 . TR AR S
1:Wild type with green leaf ,2:Light green and lackluster,3 :Dark green,4:Yellow green,5: White green,

6: All leaves was albino,7: Al leaves was yellowish,8-11: Variegated colour, 12 : Green basal leaves with yellow new ones,

13 Curly leaf, 14 ; Leaf margin variant,15:The drape degree variant,16:Leaf shape variant
3 KBERREMRE M, BEMS BREEERMBEHERER

Fig.3 Variation in leaf traits of some M, individuals at reproductive stage in Chinese cabbage mutant library

10 FHRIAETEINTE 11 AGTFTCA R TE 3 FL# Sk s 12 AETR 2R R JAIRAE - 13 AETTIDIRAS 575 14 . AT TR 15 ARF IAETR AR 16 AT AP AR
1:Alabastrum of wild type,2:The colour of alabastrum was dark ,3:The colour of alabastrum was viridity ,4:The colour of alabastrum was jasper,
5:The colour of alabastrum was albino,6:The colour of alabastrum was yellowish,7:The colour of new alabastrum was yellowish,
8:All of the alabastrum was yellow green and outcropping,9:All of the alabastrum came to bloom,10:Parts of the alabastrum was necrosis,
11:All of the necrosis was necrosis but pistil normal and outcropping,12:All of the necrosis was black and necrosis,13:The shape of alabastrum was variant,

14:Two alabastrum was intercrescence, 15 Inflorescence grew from the alabastrum,16;Alabastrum grew from the flower
4 KEFETEE MBS BREEEKMBERESR
Fig.4 Variation in buds of some M, individuals at reproductive stage in Chinese cabbage mutant library
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S E BRI T 2R (KS), U
BP A RUAE R T (I 5-1) , IR AE e 2 i 28 55 (&
5-2) MESBEZR(ES-3) ST AR (K

5-4) AE{O A S (18] 5-5.5-8) & Bk AL R 5K T

13 g

(Kl5-9) AETy A Lo fii i (B 5-10 ,5-11)  HEE
KB RALF (B 5-12) (294 (| 5-13) Bk
BWIE (K 5-14) (WAL 7 374 (B 5-15 .5-16; &
6-11) JLFhZHS

U BPARUARST ;2 AL AR 57 3 - MESE R R S 14 . PUIERRTFAE 55 ~ 6. BT 557 ~ 8 B BV 4R (8
9 AP A TFRL 10 ~ 11 AEFF AL A 1512 MESS R B AR T <13 . 2 AETFAE 14 AE VB R BT 515 ~ 16 PIAEFIf 4

1 ; Inflorescence and flowers of wild type,2 :The number of petal was variant,3 :The number of stamen was variant,

4 :Two stamen was intercrescence,5-6: The colour of petal was variant,7-8 ; Whole flower organs was green,

9 . Petal was closed,10-11 ;Inflorescence grew from the flower,12;Pistil developed into inflorescence,

13 ; Multi-flowers was intercrescence, 14 ; Whole flower organs grew malformed,15-16:Two inflorescences was intercrescence
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Fig.5 Variation in flower of some individuals of M, population at reproductive stage in Chinese cabbage mutant library
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1:Pods of wild type,2:The colour of pod was variant,3 : Growth position of pod was anomaly,4-7 : The shape of pod was variant,

8 : Multi-pods was intercrescence ,9 ; The basal leaves was yellow and the new ones was green, 10 All of petals was closed,

11 : Bolting late, 12 ; Growth position of leaf was anomaly,13; All of inflorescences was grown as two-intercrescence,

14 : Flowers grew from some inflorescence was yellow and from others was white,15: Whole plant grew malformed, 16 ; Less leaves variant
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Fig.6 Other variations of M, population at reproductive stage in Chinese cabbage mutant library
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