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ERBOEXKEHTE TSR ERENMIE

g, FTiEE, ® OF
(1. Ll B AR R4S Ht, L 201103; 2. FEIERMEGWHERAT, ILE F i 266071)

T E: RAERAEYNEHENT LRI REAKASE T 2T Leptochloa chinensis (L.)
Nees & H AL BE A9 KT F TR T T Eul L A0 0T, £ R R\ 5HEE
(LC-S) A8k, & 4 R 30045 KoRAG W #h 25 A T2 F A Bt AR B 9 Al — 2 a9k,
H P LC-17-276. LC-17-281. LC-17-282. LC-17-283. LC-17-289 F= LC-17-290 FF &£ 44 4k K
FIRF, WHIEHESF A 16, 21, 27, 30, 124= 15, @id o FFEAEN, ERALNETET
AT RE LC-17-276 ¥, TBLAHBE A R 1LBE (acetyl CoA carboxylase, ACCase) #9 CT £ M3k ¥+
89 & 2B (Trp)-1999 A £ A B (Ser) BAX, b 9 ANAS M 69 T2 F kA B 20 5F R K I
ACCase #) CT £ MIBALE L AT F. HAREAYW, RIS BRABGE T2 T RAER 42T
JUzEFE, EF LC-17-276 % ACCase B 49 W1999S & T AR # £ - 5iZ S A BExT £UAL
EEEFARMNEEZREAZ—,

XEA: AW, T4, RAEE; BB A ZRLEE i

FEDHS: S481.4; Q945.7 XHAFRERD: A YEHS: 1008-7303(2019)03-0285-06

Resistance of Leptochloa chinensis populations to cyhalofop-butyl in

rice fields of eastern China

WU Xiangwen™', WANG Faguo’, CAO Qing’
(1. Shanghai Agricultural Technology Extension Service Center, Shanghai 201103, China;
2. Qingdao Kingagroot Chemical Compound Co., Ltd., Qingdao 266071, Shandong Province, China)

Abstract: Whole-plant bioassay experimernts were conducted to investigate the resistance level of
Leptochloa chinensis (L.)Nees populations to cyhalofop-butyl in rice fields of eastern China. Results
showed that population LC-17-276, LC-17-281, LC-17-282, LC-17-283, LC-17-289 and LC-17-290
had evolved high resistance to cyhalofop-butyl, with resistance index of 16, 21, 27, 30, 12 and 15,
respectively. Molecular analyses revealed that the L. chinensis population LC-17-276 has a tryptophan
(Trp)-1999-to-serine (Ser) substitution in the CT domain of the ACCase gene, whereas no mutation was
detected for the other 9 resistant populations. To the best of our knowledge, this is the first report of
Trp-1999-Ser mutation in L. chinensis. These results showed that L. chinensis was extensively resistant

to cyhalofop-butyl in some paddy fields in eastern China.
Keywords: rice fields; Leptochloa chinensis; cyhalofop-butyl; acetyl CoA carboxylase (ACCase);

resistance
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T4 T Leptochloa chinensis (L.) Nees 1E N/KFE
H AR T#EL Echinochloa crus-galli (L.) Beauv.
ES ZORBR IR AR R BE, i Af T o R K R A
X, HAREERER. 758 5m s R AA
FRUBREE R i, R KR 2B A= B ) ™ B

ZIREEEE A BRILEE (ACCase) 11| 71 2 B
A, FEAFE G AREENEREER . ¥ O
R IRFLAE MRS . UG 8 T 07 AR R
IEER R A7), PRI T & AR08z
N F KRG . B ACCase i 71 2k B 5] 4
AGHAMAH, RARHEREXNZ BRI O~
ANFEFEEE PR BT A, AR
ELXT ACCase #1171 K B 50 751 (1) FU 1 AL 1) 73 g
PRPUHEFAERERR P . AR AR DU B S R AR}
T AR N AH GG S AU A OC . SC iR AR @it
PUE PR 5 BB R T4 A ORI T ) LR
B, PUPERREE A DRI SR . R A
WA EE A A P Bl R A S 1,
T HE BT T 421X+ ACCase il 7] 1 Pt 1 5 40 o< il
TEIEA K. BEARPUIEYE )y ACCase #1171 B 5
FIR) EZHENLE], BFRE N RER T ACCase
My CT S5k SRR B o, BRI
PREH S5 A Re 0T AP ES. BT, CiE
) ACCase [ CT &M I RAA . (ER
(Trp)-2027 -t (Cys) BUR: FwamR (lle)-
1781 #4HA R (Val). 2B (Leu). 222 (Thr)
B 5% (Trp)-1999 # K& IR (Cys). =&
M (Leu). #% (Ser) UR; RRER (lle)-
2041 R ATENE (Asn). 4R (Val) BUR: K1
AR (Asp)-2078 i H 2R (Gly) B “FHtaiR
(Cys)-2088 kG &R (Arg) WU HER (Gly)-
2096-# AR (Ala). 225 % (Ser) UL 19,

H A 6 6 T H R 8 X T & 70 SUR BEER BT
PEIKF B RE o ASHIE 7T A0 K [ A 2R 0% XA HH
TG TP RER A B bR AR s vE A, DABR A T
& TR E B BT, IR T T B
MIEEFREE ACCase JEH ZILRRAL A7 51, BAEAK
] 22 R 71 57w 5L 1 40 e i PO 0 DA
T H T4 1 BB it G PR AL R AR

1 #MR57EE

1.1 R IE#R
1.1.1 fAF 201749 H, HEERTHHEX

IKAE H A RERBA T & FFF (R 1), HER
W, BT, T4 °CFFERA. T8 78RR
LC-S K [ i 5280 56 BH AR 37 B 3 o 4 FH 3k ok 551
SOEIS5i5:

112 KB GXZ HHGIERME (T
TLEGAES ) 3WP-2000 BY4T 78 T H 8 (R A&
5 rE A MR AL TR ) s 22 A% o 2H 4L S
(R Esl K ERAEIRAR); VORTEX-5
WIER AT (AL AR A S = /AR A
#]); Eppendorf 5418 /N & i & 0HL (7 5L L
HH TS A RAT); Bio-Rad T100 PCR 1Y (3%
BRRHRIXER B IR A F]); DYY-7C HkA (b
ANEYREERAT]); XZ21K-T =i A 50
Bl (KPR & O AR A F]); DK-8D =i
=K (BRSO A TR A F]).

1.1.3 AR FAERA 10% FHEBES (cyhalofop-
butyl) FLithh (EEP KRS L A F); 85% FFER
A3 25k (B o R R T P AR TR A A s
TN kE - = AR (CTAB). = (BBH ) &
FHBE, &y, SEEN. 2% 4 (EDTA).
BEJIEHEAN 4S Red Plus B B0 7) [ 4 TAEY TH2
(L) AR AT 1 Hp A E 254 B 265 A R
AF Al

1.2 REHE

1.2.1 #HREWIFR BRHTIESE R LR
EFEE 1 1B, BEANERA 8em. 5 8 ecm HIH
BRE IR MR RKE, B E R
T4 T T, BEERE 20 Kk A (F R ATR T
400 mg/L 1) 85% 75 3 Az W IRIE 24 h), TR
TR R . %A N 14 h (B)/10 h
(%), 38 C(B)25 C(HK). 3dJaiuit, BTRE
Bi9%, REFRIEE 35 C(B)20 C()-

122 TATHRAEBRTEATLN KA
PRADI 2307 F & FAEKE 2~3 I,
W, AR 10 ¥k T 4 rEIEE T 1R, R
BE 8 Bk BEATWEZGALER. 10% %58 5 S 2L i 71
BWNA RS 0(CK). 9.38. 18.75. 37.5.
75. 150 A1 600 g/hm?; ARFE AT HIAIE L5 5, BUK
FiEE (LC-S) 1 10% 3R 5 S 7L 17 = 8N
RKsy: 0 (CK). 2.34. 4.69. 9.38. 18.75. 37.5
75 g/hm?. FRACFE 3 REE, 28 d J5 BT F
Ay, MEEEYIRRE (m), HEEERED(E).
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Location

N31°32'33.57" E121°09'46.73"
N31°38'53.55" E121°36'52.65"
N31°21'42.95" E121°10'31.84"
N31°31'4.83" E121°54'43.60"
N31°21'41.07" E121°09'46.02"
N30°53'1.83" E121°03'52.11"
N30°52'50.62" E121°0321.21"
N30°03'31.16" E120°43'38.10"
N30°03'26.48" E120°43'47.06"
N30°04'13.95" E120°48'33.96"
N30°52'27.23" E121°14'59.75"
N30°03"28.76" E120°43'47.55"
N30°02'2.28" E120°44'20.58"
N30°04'13.95" E120°48'33.96"
N29°59'30.66" E120°51'21.47"
N30°06'45.23" E120°24'34.29"
N30°03'56.65" E120°49'38.21"
N30°06'5.55" E120°33'3.66"
N31°40'44.76" E121°32'18.42"
N30°44'37.56" E121°20'32.71"
N30°53'5.04" E121°0'53.94"
N30°54'35.18" E121°53'54.20"
N30°44'44.07" E121°20'0.09"
N31°34'35.42" E121°09'38.12"
N30°52"30.48" E121°14'59.75"

EIRECDNA. B FPEE A 6 S bk, AR

No. 3 PIA) SCEE: HE AR A DX KRG T4 T X U R B It ik
Fk1 FeFREMS
Table 1  Collection sites of L. chinensis
ETRE) RAEH R
Code Collection sites
LC-17-272 VLFE N BT VPE4E Shaxi Town, Taicang City, Jiangsu Province
LC-17-274 T 52 9 B 7R F4H Dongping Town, Chongming county, Shanghai City
LC-17-275 T 5 2 X 41 i< 5 Waigang Town, Jiading District, Shanghai City
LC-17-276 T 52 B 7R F4H Dongping Town, Chongming county, Shanghai City
LC-17-278 T 5 2 X 41 i< 5 Waigang Town, Jiading District, Shanghai City
LC-17-279 17 41l X A2 45 Fengjing Town, Jinshan District, Shanghai City
LC-17-280 T4 X I EH Fengjing Town, Jinshan District, Shanghai City
LC-17-281 WL AT X Yuecheng District, Shaoxing City, Zhejiang Province
LC-17-282 WIVTA8 28 2% 117 3 [X 2% A Fanpu Rural, Yuecheng District, Shaoxing City, Zhejiang Province
LC-17-283 WL AT L E XA E A Songxia Rural, Shangyu District, Shaoxing City, Zhejiang Province
LC-17-284 T 4211 X 5 AR 4H Tinglin town, Jinshan District, Zhejiang Province
LC-17-285 WL 44X 17 Fhuii 48 Sunduan town, Shaoxing City, Zhejiang Province
LC-17-286 WI{T44 28 2% 117 P {245 Taoyan Town, Shaoxing City, Zhejiang Province
LC-17-287 WL A AT L E XA E A Songxia Rural, Shangyu District, Shaoxing City, Zhejiang Province
LC-17-288 WA 4421 L& X Shangyu District, Shaoxing City, Zhejiang Province
LC-17-289 Wi 432 117 8% A 48 Qianging Town, Shaoxing City, Zhejiang Province
LC-17-290 W A8 A2 T & X FA T #8 Songxia Town, Shangyu District, shaoxing City Zhejiang Province
LC-17-291 WL 4277 R 248 Lingzhi Town, Shaoxing City, Zhejiang Province
LC-17-292 LT 52 & Chongming County, Shanghai City
LC-17-293 g4 X 111 BH%E Shanyang Town, Jinshan District, Shanghai City
LC-17-294 T 4L X MIEEH Fengjing Town, Jinshan District, Shanghai City
LC-17-295 I A #H X Pudong New District, Shanghai City
LC-17-296 g 411 X (L BA%E Shanyang town, Jinshan District, Shanghai City
LC-17-297 VLFRAE 5N T A& T 7078 4 Shaxi Town, Taicang county, Suzhou City, Jiangsu praince
LC-17-298 T 411 [X 52 AR 4E Tinglin town, Jinshan District, Shanghai City
1.2.3 T4 THMEMAE ACCase & FH 4 THLE
il
1.2.3.1  51#iit MR NCBI [f] GenBank

FALH T4+ ACCase #7741 (AY803783.1,
AY662693.1) JJ7 5 R LR TE 51 0% (F: 5'-
ATTCTCGTATTGGCTCATCT-3"; R: 5'-
CGACTCTTCCCAATCAACAA-3"), 5I¥a&E
HRIE ) 7 A AT AR B ) R R AR A
&lo H TaKaRaLA Taq B4 342 1 300 bp 1 H 1)
i, PN 94 °C 3min; 94 °C 1 min, 55°C
30s, 72 °C 1 min, 30 ME¥; 72 °C 10 min. Ff
75 PCR F=#) & WLk 73 B DI 44 RIS 5 FH 93
19347 DNA T

1232 T&TERIY DNA Mg 2% T M
] CTAB(hexadecyl trimethyl ammonium bromide)

PRIEHL 100 mg 40, BIEE T 2 mL &0+,
WRGAE )G, HAZWH BN 60s: A 65 C
THFAT 2 x CTAB R# (i & 457 3 2% ) CTAB,
40 mmol/L f-3i 3k 2%, 0.1 mol/L f Tris-HCI,
1.4 mol/L NaCl, 10 mmol/L EDTA, pH 8.0) 500 pL,
PR ENR A G E 65 °C KB E 1~2 h, Ha k-
NIRRT I ON SRR DR Wy - S AT - R
(25:24: 1), J&%1, T 12000 r/min &.0> 10 min; HY
EIERL IANEERE, BEES, 12 000 r/min
20 10 min; HCEZWAH, A 1710 4657 3 mol/L
FIBSEREN (pH 5.2) AT pH 1H, /UL DNA;
TINEARRL. =20 C WA RNEE, EiERE,
12 000 r/min B5:.0» 10 min, 3 _FiHW; H 20 C il
A 70% LB DNA, 12 000 r/min &0
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Smin; 7 FIEW, B, S0 30 pL TE . 2 GR554
1.2.3.3 DNAWKEMAERE RHAWCE

I RE FE AR ) ODagy/OD,g, EUAHE, 7 FTHREL DNA
M2 CEiZtE > 1.9, KHE RNA G A
fH<1.6, RPFEAM. METE).
1.3 Ziitoth

RIGEE 3K, i DPS Giit @ik JLRE 2
V2553 99l 3R HS T 4~ OB Foh A AR T 1 P B 1 25
FIA 7R GRso~ AHR RECFIPTMEFE £ (Uit i
T GRo/HURFIEE GRsg)o DNA 745 5 iy b ¢
BEFOW AV AR A BR 2 7 8 s sk,
DNA M5 #1844 Chromas v2.6.5 734 7 Mo
P8 7% S R

21 FTE&FMHENERERERNMEKT

28 Beckie 55" W S HRGE, HUR B EARE
IFEIX 25 AT 1 PR SR B IR ) PUIE KT
1T 7 v . 4558 (3R 2) R 5= BUsFh
B LC-S AHEL, 25 NFEX T4 P X S ol 2 B
B te T — @ AKCP . HR, LC-17-276. LC-
17-281. LC-17-282. LC-17-283. LC-17-289 #
LC-17-290 FEE It AKFE&im, GRso 735 N H
ROR Sy 132 229, 184, 277. 175 F1 240 g/hm?,
PR BN 164 210 27, 304 12 Al 15; 4
FREEEA PP

x2 TETFEFMENERERERIIEKT
Table 2 Resistance levels of different L. chinensis populations to cyhalofop-butyl

PR o 1 i NP ]
coefficient, r interval/(g/hm?) (RI)

LC-S y=3.222 6+ 1.848 3x 0.922 1 9.2 7.84~10.7 1 S
LC-17-272 y=-0.998 0 +4.109 7x 09118 28.8 14.5~57.3 3 LR
LC-17-274 y=-0.628 1 +3.944 2x 0.900 5 26.7 12.6~56.6 3 LR
LC-17-275 y=-0.5214+4.028 9x 0.939 5 23.4 13.1~42.3 3 LR
LC-17-276 y=3.2997+0.783 2x 0.976 2 148 103~211 16 HR
LC-17-278 y=1.9834+1.632 0x 09828 70.5 54.7~90.9 8 LR
LC-17-279 y=1.7383+1.720 Ox 0.9937 78.8 67.5~91.9 9 LR
LC-17-280 y=1.2287+2.028 9x 0.967 1 72.2 50.6~103 8 LR
LC-17-281 y=2.073 9+ 1.276 2x 0.9558 196 113~339 21 HR
LC-17-282 y=23389+1.112 Ix 0.976 1 247 160~380 27 HR
LC-17-283 y=2.2329+1.133 2x 0.989 1 276 202~274 30 HR
LC-17-284 y=2.0711+1.618 2x 0.9793 64.6 48.9~85.2 7 LR
LC-17-285 y=-0.850 2+ 3.684 9x 09713 38.7 27.4~54.6 4 LR
LC-17-286 y=-0.2117+3.383 3x 0.962 8 34.7 23.1~52.0 4 LR
LC-17-287 y=-0.322 8 +3.454 4x 0.970 4 34.7 24.3~49.7 4 LR
LC-17-288 y=2.700 8 + 1.395 8x 0.964 3 44.4 30.4~64.6 5 LR
LC-17-289 y=3.407 0+ 0.967 8x 0.970 4 119 80.6~176 12 HR
LC-17-290 y=2.6222+1.109 8x 0.979 8 138 101~192 15 HR
LC-17-291 y=2.501 9+ 1.296 6x 0.994 5 84.5 72.9~97.7 9 LR
LC-17-292 y=0.149 2 +3.049 7x 0.896 9 39.0 18.0~76.1 LR
LC-17-293 y=2.9541+1.091 8x 0.979 7 74.8 56.7~98.7 8 LR
LC-17-294 y=2.701 3+ 1.202 5x 0.987 1 81.6 65.2~102 9 LR
LC-17-295 y=—0.5397+3.517 Ox 0.947 8 37.6 20.9~60.5 4 LR
LC-17-296 y=2.488 4+ 1.566 2x 0.969 9 42.5 30.1~60.2 5 LR
LC-17-297 y=0.388 0 +3.048 6x 0916 6 325 17.2~61.6 4 LR
LC-17-298 y=2.341 8+ 1.644 4x 0.976 5 41.4 30.4~56.2 5 LR

: S=8UK (RI<2), LR=1&Fi (2<RI<10), HR = &EHi (RI> 10).

Note: S = Sensitive (RI< 2), LR = Low resistance (2<RI=10), HR = Highly resistance (RI> 10).
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1) ST A5 R 0 DX IR FE T < 10 U R (K 289

2.2 F&F ACCase EFEF Mo

XF 10 MUEREER) CT S5 4T I 1, 3%
3 1359bp FB (B 1), ZXIES T 1744~2 196 fif
AT H] . VKB F IR Alopecurus myosuroides
YENBEARER, FRBBIBE E. crus-galli 5T &1
EFALL, F T HeEe, i & IR A R i
RIL, LC-17-276 P 6 MR CT 453k (1)
B R (Trp)-1999 #H: 22 Z 2 (Ser) FTHUIR (35 3),
Bl LC-17-276 R[] ACCase i 1999 o & F: R 4w
TR 7 51 i TGG A2 7 8 TCG(3R 4); HeAl 9 4
P AR I ACCase B CT S5 M3 1 A8 52

1 2 3 4 5 6 7 8 9

10 11

2000 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

1: Marker, 2: LC-17-276, 3: LC-17-281, 4: LC-17-282, 5: LC-17-283,
6: LC-17-284, 7: LC-17-289, 8: LC-17-290, 9: LC-17-294,
10: LC-17-297, 11: LC-17-298.

1 10 M F&TF™E CT X PCR ¥ 18

Fig. 1 PCR amplification of CT region in 10 species

£R3 TETFE&FMHE ACCase £F CT il G HELE FEE Xt

Table 3 Amino acid substitution in the CT domain of ACCase gene from different L. chinensis

Tl

Populations 11781 W 1999 W 2027 12041 D 2078 C 2088 G 2096
LC-S I 4 4 1 D C G
LC-17-276 I S w 1 D C G
4  ACCase CT X & EBLFFILL 3T
Table 4 Amino acid sequence alignment of ACCase CT region
pmﬂ 1991 1993 1995 1997 1999 2001 2003
osition
KB CGGTCTGTTCCTCGTGCTGGGCAAGTTTGGTTTCCAGATTCTGCT
A. myosuroides R S \Y P R A G Q \Y% w F P D S A
PR CGATCTGTTCCTCGTGCTGGACAAGTGTGGTTCCCAGATTCTGCA
E. crus-galli R S \Y% P R A G Q \Y W F P D S A
LC-S AGATCTGTTCCTCGGGCTGGACAAGTGTGGTTCCCAGATTCAGCA
R S \Y% P R A G Q \Y% W F P D S A
LC-17-276 AGATCTGTTCCTCGGGCTGGACAAGTGTCGTTCCCAGATTCAGCA
R S \% P R A G 0) \Y% S F P D S A
3 g DX KA BT 47 0 S e B A T T BT

TGRS o FE X T4 T AT R A )
2, RIVZREIX T &7 5 R s O 38 7= A i
2y, HdLC-17-276. LC-17-281. LC-17-282.
LC-17-283. LC-17-289 Al LC-17-290 Fiff B A =
KPP, RSN 24%, Al 19 MRPEER
AR, & 76%.

VAR, BE A R R R ke T TS
RAFHRERIBG, A RT & FUREEE =4
PUME AR TE A BT 38 0 o S0 T 5 S5 R T T R R T
SRR PUEFEECN 1.2~117; Riahman
ST T SRV A KT 40 OB L O ks
FAAERIERY, 2016 4F Yu ZEIRIE R H #L AP
T4 F RN ORGSR A S AU, JEER
T HPUHENLSIRY, AR REKH, RS

P, X 5 AR 7 S R T 10 9 63 R K
IR AR — 2L

AW T RARIE T P4 T A ACCase CT
S5 R 3 t Z R (Trp)-1999 #% 22 & R (Ser) HX
R, 5212 LEFER ACCase CT
S5 R i U8R (Trp)-1999 #% 22 & R (Ser) HX
AR P AEGUPE PR IE A — B, PR AR AR T R
& T BT 4 70 U R 7 AR B v ) B R A
z 0,

H AT, AR RE X KA T4 75t s 5
FE P PE e A TR aa 8RR B B, AW 78 K BT
PET4F ACCase CT &5 #38H F EZ R (Trp)-1 999
B 22 518 (Ser) BRI AL 5 8484, 5 Yo By A4z ]
Prik I R R, T R AELZ Btk PR s R 1) 5K
W&, DLROKAE T4 RRFE G Pk ia F Y
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