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Effect of ethyl methane sulphonate on agronomic traits and quality of
winter rapeseed in North China
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in Gansu Province, Lanzhou, Gansu 730070, China; 2. Rapeseed Engineering Research Center of Gansu Province ,
College of Agronomy , Gansu Agricultral University , Lanzhou, Gansu 730070, China)

Abstract: In order to explore ethyl methane sulphonate (EMS) mutagenesis on agronomic traits and qualities in
winter rapeseed ( Brassica rapa L. ), and to enrich germplasm of winter rapeseed in north China, Longyou 7 was treated
with ethyl methane sulfonate (EMS) at different concentrations (0, 0.3%, 0.6%, 0.9%, 1.2%). Morphological
characteristics in M and influence of agronomic traits and qualities of M, were measured. The result showed that EMS
mutagenesis on winter rapeseed produced abundant variation, which included leaves appear chimerism bleaching, petals
albino, the female and stamens deformity. The height, length of main inflorescence, pods of main inflorescence, the
pods per plant, pod length, seeds per pod, 1000-seed weight, all of these decreased significantly except the number of
branches. In addition large variation produced in fatty acid content. Screening resulted in three plants with higher oleic
acid content and low erucic acid content in M,, and one mutant with low glucosinolates content (21.97 pmol * g~ .
Proper EMS concentration is suggested as being 0.3% ~0.6% , and the treating time is 6 h.
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Table 1 Seeding rate after treatment with different

concentrations of EMS

AbFE Treatment

RIS IE]/d
Planting time CK Ti ™ T3 T4
14 97+3A 64x2B 52+2C 47+3C 371D

2 B R AR WK 2 K ] A R AR B S R T B E A L A
[R5 B3R TE 0.01 KA BEZEF(P<0.01),

Note: seeding rate refers to the percentage of the number of plants ob-
served in the field to the total number of seeds; different letter indicated sig-
nificant difference at the 0.01 level(P <0.01).

2.2 EMS &3t M, KA
2.2.1 ST EMARG Hom EMS X IA R 5
M B BRTE A AR A A K& b, R R TE SR/

A 1 RIS 2 A, 25 EMS A0 B i S AR K 3k 48
CK 55, &M A CK> Tl > T2 > T3 > T4, [7]— ¥ & F i
PRI A 22 AU, U] EMS XM A K LT
A —E B ER], BARHIVE R Sk R 2 EADE, H
FEF R BE EMS BT, B Ak i B4 (B 1 -
D.E), iX¥ R e A K AT .
2 LSMERMHEAEKETEE .
Table 2 Fresh and dry weight of plants at five-leaf stage

ilE| b Treatment

Ttem CK Tl ™ ™ T4

#f T Fresh weight 17.80  11.88  8.36  4.48  3.64
ACK/% 0 -333 -53.0 -74.8 -79.6
T Dry weight 1.98 1.47 0.80 0.47 0.38
ACK/ % 0 -25.8 -59.6 -76.3 -97.9

2.2.2 Miket R FAG T FHKR  AFWKE EMS
SEPRBIE I 7 S50, AR BETR A5 AL AR B (] SR 0
AR s TR B E ER. CK
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C) MHREHE (K 2 - D) A IR (B 2 - F) .
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D) M G R et (B 2 - K L) %748 48
Mo FEIXECAR STV |, J5 ] — e AR 12 12 PR T 1K
SEE AN RRSCIR B 7 o

1 RERE EMS 432 /5 i 52 Y H 8] = 3L
Fig.1 Rapeseed field performance of different EMS treatments
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Fig.2  Leaf morphological traits of the mutants induced by EMS

3 ZERKEMS BEFRERSRZ LHEZRA
Fig.3  Morphological traits of floral organ of the mutants induced by EMS
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Table 3 Agronomic traits of plants at maturity after treatment with different concentration EMS
e HEE IR s . ‘,
e OERI oo ake gk RO RRE S gy paw
Qb3 Rk Branch . . . ARE Pod Seed:
Treatment Height site Effective Main Main Pods of Jength Seeds per 1000 seed
/cm ; branches inflorescence inflorescence /(Pod+$i~1) weight/g
cm per plant /em
length/cm pod
CK 115.5 17.6 11 39.5 40 295 5.2 21 2.90
T1 108.6" 14.3 12 35.3 36 235 4.6 18 2.56
T2 99.8"" 13.8 12 30.5 31 232 4.5 16 2.32
T3 89.3" " 12.1 13 24.0" 2477 196" 4.1 16 2.16
T4 76.5" " 10.5" 14 17.6" " 14*" 109"~ 3.7 15° 1.50" "

o Fl o x pRIF0RS CKAHELTE 0.05 #10.01 K- F22 R B3, Note: *,

SR AR AL R A AR AR B BIBEE EMS
YR 38 T B K, CK /AR & 1k 288 d £ 47, T2
BT R 295 d, % CK #EK 1 JB A4, T T4 AR
WA CK HEIR 2 A2 AT, iX AT B2 EMS X Ho Al Ak
TES B WK L FHA — & w6l 7 BT
M, MRS R T ORI A bR Y A S
AR, AR S T WA 2 A FE
2.3 ZHMEM HFEEEBRBHREAURSSHE

* % significant difference at P <0.05 and 0.01 levels, respectively.

TR SR R R WRRBRAE P = 0.05 /KF EAISEEAR
2 HE R (B 4 A7 b 3 s i B ARG OC &R
THERER 5 R A S TEAH G (r = 0.374) 50, 5
WERR R SRR  — T B M R T IR [B) 1 S W I 2 1
M, X RE r KK - 0.706. - 0. 744,
-0.962, - 0.615, 7£ B3 o Bk R B P,
PAGBUR (B ARTT IR ) =58 i e A S R &5
R TIR & i IR R AR R R B R A 3R

S EERSTEVER, ¥y HAR, R 5T RR A B ARG , B HS AR A5 FRAH 28
HER 4 Al 01, BRER IR 5 R, i R 5 I PR TR AT RHE R REE , S 11 SR B 35 i ol R B A 4
F4 BEBFEERAMFEEZERHEBAOBXEREINEMEERTFRE
Table 4 The correlation and linear regression equation of the main fatty acids in the seeds of mutagenesis progeny
izt g [l TR AR PR R TR R IR EERliiE
Index Palmitic acid Steaeic acid Oleic acid Linoleic acid Linolenic acid Eicosenoic acid Erucic acid  Oil content
BRI
Palmitic acid 1(y=1x)
B 0.708" ~
Sfizf'fﬁd (Y=0.8262X - 1(Y=X)
1.4854)
, -0.091 ~0.706" *
Wi 0.09 0.706
Oleic acid (Y= 70-927X+ (Y= -6.1669X + 1(Y=X)
33.185) 40.424)
. 0.762" * 0.219" 0.3714" "
]ir?ﬁfcﬂjcid (Y=2.4549X+ (Y=0.6048X+ (Y=0.1183X+ (Y=X)
’ 9.4374) 18.029) 15.601)
TR 0.664" " 0.971° " -0.744" " 0.121
Linolenic acid (Y=3.0841X+ (V=3.8673X+ (V=-0.3391X+ (V=0.1719X + 1(Y=X)
. 1.0533) 6.3614) 23.204) 9.8823)
i B 0.207" 0.774" " -0.962" " -0.34" " 0.813°
FEicosenoic (Y=0.7928X+ (V=2.534X+ (V=-0.3007X+ (¥Y=-0.382X+ (V=0.6695X - 1(Y=X)
acid 5.4025) 4.0442) 19.177) 15.858) 0.3073)
s —0.717" -0.078 ~0.615" " ~0.866" " -0.018 0.501" *
Echicacid (Y=-5.7032X+ (Y=-0.5308X+ (V= -0.4798X+ (Y= -2.1377X+ (Y= -0.0302X + (V=1.0426X + 1(Y=X)
o 48.096) 26.593) 39.827) 66.479) 26.054) 16.77)
Sl -0.776" " 0.374" " -0.301" " -0.875" " -0.269" " 0.216" 0.836" "
oil Coninl (Y=-4.1514X+ (Y= =-1.7153X+ (Y=-0.1581X+ (Y= -1.4525X+ (V=-0.309X+ (Y=0.3014X + (Y=0.5627X+ 1(¥Y=X)
46.383) 33.076) 34.718) 57.787) 34.135) 27.48) 15.613)

T R R AR R 157 OB R T s A %« 235 37RAE 0.05 A 0.01 K FARSE B3

Note: the table date is correlation coefficients, and that within brackets is regression equation; * and * * mean significant correlation at level of 0.05 and

0.01, respectively.



218 T2 X AR AT

o 36

HBERRIS AR , HIMER RO BRI Bl R B0k - 0.4798,
BRTFIR & S5 NI 1%, R S a3 i 0. 48%
IVIR 55 MR | 77 2 () 357 S A 8 2 1 A DG OG22,
KRB r KK A -0.717, - 0.615, - 0.866, 1M —1
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W 2 A IEAH G R &R (r=0.501) 6

B SRR IR W R | VPR IR ) 2
e i A AR JC O R MO R B v IRIKK - 0,776,
-0.301, — 0.875., — 0.269, 5 ifi J§ R . I+ W& [A] 5 W%
WEREMIEKER(r N 0.374,0.836) , M5 %
JIRIA] S R IEAC KR (r=0.216) 6
2.4 ZMZFE M, AR S

AT XA AL HE M, F R R S R A AT R B
TEA W BE AL S TR & it = T CK(33.24% ) 4
P 5 EARAREL) 41.9% , IR & 1 KT 40.0% M HE
PR 5 EARAREL) 13.97% 76 TL FHEET 1 BRI ER

TN 44.02% BIAE IR, 7E T2 Hi 3L T 2 BRIM IR &
AL AR R, TR 5 = A3 N 44.04% 44.18% ,
P CK i 1L AN ES A . TS EILT CK(24.
70% )RR 5 SR AR B 50.7% , ST IR & A
(KT 15.0% ) PRI AR 5 B AR B 11.0% , 7E T,
T2 AR B T 2 #ROTIR & BRI AR IR, TR
BN 7.49% .8.93% .9.51% F1 8.50% , L& CK
W17 AESAES &R T CK(93.10%)
FRIAEAR b7 SRR BRI 63.97 % , B & Bk (IR T
40.0% ) BIAR PR 5 EAEARERY 9.56% , 7E T1. T2 H 3
BT 1 BRER R AE AR, B i A
9 5.44 pmol- g™ A1 15.32 pmol- g~ TEIXELRALFR
ORI T 4 BT FNER S SRR AR bR,
IFER AT 2 =430 R 7.49% 1 26.21 pmol - g™ '
10.94% M1 5. 44 pmol - ¢~ '.8.93% F1 28. 94 pmol -
g_l \9.51%F1 34.22 pmol'g_l(il:z 5o

F£5 EMSAEMELTERMBRSEHIZE %

Table 5 Effects of EMS treatment on major fatty acid contents of mutants

S . RIATIH
Kb B s st R R i Linole?j:ﬂ:cid
Tret BRE/ B Palmitic acid Oleic acid R .
reat Total No. oleic acid

T RRAR

Linolenic acid

— AR JR

Eicosenoic acid

il

Erucic acid Oil content

ment

of planis sl Py b P S P
Range Average

Range Average Range Average

FIEOPH EE P BRSPS ER P

Range Average Range Average Range Average Range Average

o s RS wa Y
Tl 576 3;&; 4.46 445?0; 30.29 lgfzg
T2 468 22;; 4.25 Zﬂ; 34.36 1;'325
T3 423 232;; 2.68 2(;(.)491; 24.98 %ﬁg 14.52
T4 333 2;‘5; 2.70 2;’_2{ 28.21 115(.)22; 14.65

20.26

20.77

20.90

W e Ly e G wm s
T e w0 W we
Wi ns e em W e U o
1 a2 w4 sem 4 s
R

2.5 KM M, REMRRREHREEE KRR
1 My FRINED 4 B RIS, 4050 3 M
W o BH s (L K 15 15 ANT4r M A7) FLAR IR
AR CK A 10 AN 485 A2 A7) (R 278 bk, 1 4k
TRBREE o RS2 A (56 6) , X e 5825 bR 1 Hhy Bk —
BT EMS 5 St 7 11 36T A 37 4 e R 5
A A 5
3 0’
3.1 EMS BEAMEILF ARE L MR ERAT R
VRS AT L o B AR, B )32 I T A
WAL B R RIE 2R AL EMS A — oA A
(I AR S TR A A 2 1 T B, e /e Y R

T kI KR e S T R RCR,
Hh R 27 B A K AR AR 5 I AL EMS b 34
INZZRAG T L A R R BT R 3% ~ 40% 1Y
AR, Horp My AR SRR B 15. 7% LA B, 3kA5 9 4
R R AR R, RS R3S 2. 8% ~
20.5%"" U BE R 0. 1% ~ 0. 5% I Ak 2% 5 75 7
EMS FEASEA S FAET 16 SIS 11 SHIERE,
AT T HRRGS B AR T MR AR LR R
PR A RARAR  [R] B X A6 A= 1 5 B R 2R e e
AT R U018 AR BR R 45 SR B, EMS X
ST M, R RS 223 R 1 S AR AE AR 2
PR ALK R 22 B T v i Ak B il L 4
45 WY AL SRR TR AR, AR LT 2
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AL 3 AEHAE 5 TEMAE FEMALG B I M SRS 1R TRsgs tp19-)
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xo REGHEEmEHERK
Table 6 Quality traits of the resulting mutant
seAs ik M, 4t Yleme  WAERR R R R SRR SR S mEE R
MT ! M, plant Palmitic  Stearic Oleic Linoleic  Linolenic  Eicosenoic Erucic 0il Glucosinolates
e code acid/% acid/% acid/% acid/% acid/%  acid/%  acid/% conten/% /(pmol-g”")
K . 2.83 1.31 33.40 15.29 10.50 8.98 29.28 42.32 91.62
Comparison
MRS A R HITR M, - 646 - 07  3.47 1.43  48.56 16.19  8.42 5.04 17.89  31.69 100.65
A B AT i 2 AR
a%iﬁ(m‘ﬂ}kxﬂ? M, - 646 - 11 3.72 1.13 47.57 20.41 8.89 2.60 19.03 29.03 96.62
High oleic acid content and
low erucic acid mutant M, -710-03 3.17 1.56 45.08 15.84 9.74 5.73 19.37 31.61 92.14
BT A BRI R AL R
Lower glucosinolate M, -812-79 4.25 2.28 27.34 16.18 16.52 11.64 25.29 34.04 21.97

content of the mutant

TRWF=ES EMS & IR RS K E FI AT ) %
e B, EMS 548 Toig 7= A Fl sk F AR
5, 5T A v A A RS [R) A 56, LR [R) A A
PIFHRHA AR AR A R 2 -2 AR Al R B T
BA 15 1S BB 55 A Tl KR AP 1 (1% EMS
AEFR 8 hy /KRS E AT 0.5% EMS 7 B0 AL FH i) /K A8
¥, B2 0.5% M 0.7% EMS ¥R E A0, RE
FASHIINE R 12.4% , B A AR IF B ROR LT —
PR, 72 M, G 2] — A4 EReHE A
IKAEZASH L R AR S R, TS EL ) EMS
W E AR S A SCR Y B, I R BE EMS WP 1Y
BN/, EMS B R 0. 6% st FH 8] Fh - 14 5 i
B 52% A PFEBCHR T 0.3% Kb B AT RS
JoT 7 A 7 S e P A K 253X 2 M b, 1 I
ARG ] 0.3% ~0.6% , I 1 8 5 1 Al 1 Ny
PSRBT SE EMS 52 S B W . AR PSS
PR I, IERT EMS 7E S B0 S A R A
B, A 2 T 2 SRR B, EMS X R & 43 R
P BT AR AR & B — il
FH, HAMSIE 50 B BUOE AR G
3.3 EMSEBFZARALLFARRBX~EMARR

THEHBERRRE
T A S AT NG 8 56 3 9 S 174 i 5, i ek HRLA b

PRI R B e B0 S o B 05 A — P 4L
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