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A preliminary study on the resistance level and resistance mechanism to cyhalofop-butyl
in Echinochloa crus-galli populations in rice field
ZHANG Sisi, LIU Min, FANG Yuhang, QI Jiale, PAN Lang”
(College of Plant Protection, Hunan Agricultural University, Changsha 410128, China)

Abstract: In order to clarify the resistance level and resistance mechanism to cyhalofop-butyl in Echinochloa crus-galli
populations from Hunan and Jiangxi paddy fields, the experimental studies were carried out by whole-plant bioassay, gene
sequencing, and metabolic enzyme inhibitor coupled with cyhalofop-butyl. The results showed that R1, R2 and R3
populations displayed medium level resistance to cyhalofop-butyl, with the resistance indexs of 3.08, 2.19 and 3.83,
respectively. R4 population displayed low level resistance to cyhalofop-butyl, with the resistance index of 1.45. The
Ile-2041-Val mutation was present in R1, and the Ile-2041-Val and Asp-2078-Gly mutations were present in R2, and
malathion, NBD-Cl increased the sensibilities of R1 and R2 to cyhalofop-butyl. The Trp-2027-Arg mutation was present in
R3 and NBD-Cl could increase the sensitivity to cyhalofop-butyl. The Cys-2088-Tyr mutation was present in R4, malathion
and NBD-Cl couldn't reverse the resistance to cyhalofop-butyl. This study indicated that the medium level resistance of R1,
R2, and R3 to cyhalofop-butyl was caused by a combination of target-site and non-target-site resistance, the low level
resistance of R4 to cyhalofop-butyl was mainly mediated by target-site resistance.
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ML (Echinochloa crus-galld Jj— 4 R A FL
AR, S /KRG I3 AT Tz HAG T P ) 32 20 M o
o B ARREAHOCAIE, 7 5 W KRS 1 o
R, A N A] 3 BUK R 180%!1,

Wb bR 2 BB R A BT BR T Bz —. H
BT 5 Bl B e EE A P B ) 32 0 D R — 2R
J& OWEFLR 4 R (acetolactate synthase, ALS) 1
TSR BT, 0 TR B OO A% o — R 2 4
POt M AR AL I (acetyl-CoA carboxylase, ACCase) ]I
T2 I e 1), 2 R P A I Y A TR
T & ACCase il 71 2 B B 771 , L 32 S0 1400 1) s iy
T FR) 5 M 3 SSCRE AR F) ZE T80 DR RS 7R 22 4
HL A 5 Wt ) 2 N P T KR FH 7 B R 2 T 4
TEERARE R, H R T bR B A A i —,
HA R A, APt H 25 H, B
s C 08 R B [ 2 B e S g e 2R T
PUAPERA,

PRRERT 3 5500 16 Ho v LB 32 240 D M AR o ik
FEHEREARHUIELL, BEARBUIE 32 22 T 2 A A 1)
W e 0 A P S AR A A2 AR S 5 Rk AT SR AR B P9
8, 5 B0 AR VA AT N ] I L AR R, T AL
% BN RE A BR A AR BT, 124 O ik AR IE 2
H 744 R ACCase i [A 5% 48 () A 11 (Tle-1781
Trp-2027 . Trp-1999 . Ile-2041 . Asp-2078 . Cys-2088 FI
Gly-2096) 1%, 20114F, Huan“§!" &% I 1le-1781-Leuss
AR By PRELX KSR R HTEAT 5% 20174, AP
% I Tle-1781-LeuflI Trp-2027-Cys 5 A% nf S £ H & %6}
IR A I 4 1 7 R B PE L 20204, Fang 5 09 IR
Asp-2078-GluZRAL 55 T F 1 A 15 o e AT e
RERFUEA O ARREAR P T B i QY
fift 75 e 7 1R 19 9 55 AR AT R0 o A D SR
1 LGS g B 0] P AR e R 2 T A O S R AR
AP BE ) 1Y 9 AT S I JE DR 50 T A7 4 - A £
ZP450 HL %M (cytochrome P450 monooxygenases,
CYP4509 75 Bk H ik S- %% #% 14 (glutathione S-trans-
ferases, GSTs) \UDP- ¥ Jt 4 ¥ Wi (UDP-glucosyl-
transferases, UDP-GTs) I ABC#% iz £ [1 (ATP-bind-
ing cassette transporters, ABC transporters) 555171,
20194, Iwakami5F "™ i L CYPSIA 121 CYP81A21 IR
T T 7K HPU ACCase i il 7128 BR S A B 2021
5 Pan 55 VR ILABCCSIR T 1 6 Sk B B H R
Ptk . 20224F, PanZ VR ILCYPSIAGSIR T T %
ACCase N ALS ! il 71 25 5 5 51 1 U1k

AHIFFT LR [T 5 44 R G 48 (4 b

VTR IE AL SR AR A= 00 2 125 WA 0 S 2
BRI BUIE KT, W ACCase #EARTLE K 7471 43 bt K
AT Tl 490 761 750 5 P S0 2R AL m] e R e 2 PE L,
UYL POk PR sy v S 1 1 5 1 B IR AR

1 #REFE

1.1 ##

PERA KL PR R (R1.RD KR AW
AEP K EKFEH, priE B R R (R3.RD K
LATLVEEFE BT B B KFRE 44017 1) 5O
BT 245 SR 3 KT SAF  BUBR SRR (S SR ALK
AAEIL TR 8, JE i BR B 2 5, B R %
BRI E T YA AR, T4 CRFAE il A7 4 H o

PR 2457 SR A : 100 o/L S G Ll Rl i
He AN BHEE A PR ST A & s CYP4S0 0 il 571 5 F7 i
% (95%) , b U HR 2 A R ARV BRI KA IR A
GSTHHIF4-5-7- 52K %M (NBD-CL, 97%) , 7t
1% B L4 L2 0 W) 5 R AIDNA $RBGR A &, KRR ZE
WREHE AT B /A 7 ; OMEGA Gel Extraction Kit D2500,
oM R EY TR A R 2 7] ; TrellefTM 5o Chemi-
cally Competent Cells.pClone007 Vector Kit, Jb 5 %
BHEW R A R A 7] ; Go Taq Green Master Mix, 1
WA AL EVHEARFRAF .,

T AL A : SWP-2000 71 A= 155 55 25, A b AR A
0 FE AN AU A B ST BT s VKA, 55 [ Bio-Rad 24
H] s B RGN, g R ek AR BRA F] s B0
B, 78 ] SEABIE 3y A\ 5 T35y 22— T RF, X
RAVA A B 51T PR A ) 5 THEL RS IR A0, BT i e
I7 AR I AT PR 2 ) 5 AR FRAE (PCRAY, FRER &
R B A 7 5 5 RHIMS-2051 KL, 7 #4075 Rl
AR AA,

1.2 K7 &%
12,1 PREDG] S 2 8 1 B D g

Y B Rbh 7 B T Al L e AN R R iR,
NG B 2T K R R IR A, B L 25 Cil &
HEATHEZE, S5 BI G TK 23 em 2247 AT RS 3R KK
FERE ot M 7 AR B L3 - 20R-B35), B NI
fL, B8 em P HPEL/INGE P, B RS AR G B T il
FEEFE AT A3~ 4, {8 3WP-20007 A4
DN 257 B R P AT S R A T 25 i 55 A B, JL
PUVE R AT RO o3 Tt 24 53 ) 0.105.210.420
840.1 680.3 360 g/hm?, BB T I AT R0 % 77 it 24
43 9 49 0.6.56.13.13.26.25.52.5.105.0,157.5 g/hm?,
TIRELREAL BE21 dJ, BYHOBLE b 35 5 B B o,
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122 HtEF SR EACCasedt K 7 41 40 #

REASPUIERL S B BT IS PR 105 o/hm? 5 5 5 g
Qb B S5 A5 TR BT 0 B R R, AR ) 5 TR 2 DNA
A S P DR AR DNAJE T -20 C R A7 . 4 P 2
ACCase i Bt 51%) 5 ACC-F (5'-AGGCAGATTATT
GTTGTAGC-3) MIACC-R (5-GATTATCAACTCTG
GTC-3) .25 pLy #{A R: 1 pL gDNA . IE 51 %
1 wL (10 mmoD ,12.5 pL Green Master Mix#19.5 pL
ddH,0 ., PCRJ W 45 1F: 95°C Fil A2 142 min; 95°C A5 14
30's,56°CiEk30s, 72 CHEMI90 s, FL35AMFIH; 72°C
PHEEAHS min, PCRY 3G M) 28 1% B IR K HL vk A I,
DTS H 3 R 407 (e e, FH e Jie $ Bk 7 e
ko F H B2 5 pClone007 VS #4434 4% Jim #5 1k, 5]
KAt BIDHS o 52 2540 b, B AN A 42 /b Bk 8
AN B 5 B ZRHC A6 U R A P R R 2 =1
J» T3 F BioE it Ao 1 PR AL B e P ol 4 AR A Uk
Pl ACCaselfi ik S 2 HE IR 7 41 45 34T 17 91 43 bt
HIEEXT .

123 i {0 2 PASOFI GS T 7] 15 S JB0 4 IR 1 F 1)
RI

SR AR A= 4 I 5 32 A6 DN 40 . £ 35 P4S O 1
T 5 R ol A GS T 11 ) 771 NBD-C15 550 38, 5% 95 15¢ 1)
EROE R iR AP A IR R E S GO W R S E S
I, L it FH SR R 2w R R 4y AT T b
B (1 000 g/hm? Al NBD-C1 (270 g/hm? FhAbFR 4K
Je ¥ HRL2.1 T SRR R R A 28R o o B R
HEAT ZE 5 25 AL BE, A P A A9 SRR IS L S A
i+ TS ONBD-Cl+ U U G AP 521 dBYER
Mt E A SUUFRRE, tF SN AF AT
FIGRso RFAKEFEE 3K, IRK ERE 2K,

2 EREHH

2.1 AR AR AT SR By 09 S KR
W21 dfiT, B SHIRELE R & FAEK
20 BAH] . R1TR2 ZRIFIEENS SR GG =2 T
IR P, SEHTE R E00 S R 3.08.2.19 K&
3.83; MU RAFIHEN SRR A TR HidE,
PR BN .45, W1 &1,

x1 HMEMHEMEARERMTAEKTE

2 FIAb R T (GRy * SB) /(g/hm?)  HIXFHLIEFEERI
S 62.40 +16.00 1.00
RI 192.30 +33.50 3.08
TR R2 136.53 +67.30 2.19
R3 239.03 £27.20 3.83
R4 90.30 % 65.00 1.45
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22 WA EABEE ACCase ik B 57 5 47
o} A B AR T M P RE AC Case 3 DA 37 14 T
JP i FLER2 .
122 1) %1 : RUFREE th A7 7R Tle-2041-Val 5 AL, ik
FEFP A HATTR S GTT; R2FHBE 47 £ 1e-2041-

Val Asp-2078-Gly % 4% , il 3L /7 51| FH ATT FI GAT 43
W57 ) GTT HIGGT; R3F B A7 7F Trp-2027-Arg
AR, gL 7 81 H TGG 98 7% ) AGGHICGG 5 R4Ff
T A7 75 Cys-2088-Tyr 542 , g 3 /77 41) th TGT 58 242
MNTAT,

*®2 MBERMMEE ACCase FF 5l Bk 3t
BB HER (0 TN AT B8 JE R 7 31

LTS
1781 1999 2027 2041 2078 2088 2096
SR ATA TGG TGG ATT GAT TGC GGC
Salvia japonica Thunb Ile Trp Trp Ile Asp Cys Gly
ATA TGG TGG ATT GAT TGT GGC
S Ile Trp Trp Ile Asp Cys Gly
ATA TGG TGG GTT GAT TGT GGC
kI Ile Trp Trp Val Asp Cys Gly
R ATA TGG TGG GTT GGT TGT GGC
Ile Trp Trp Val Gly Cys Gly
- ATA TGG CGG/AGG ATT GAT TGT GGC
Ile Trp Arg Ile Asp Cys Gly
ATA TGG TGG ATT GAT TAT GGC
Ra Ile Trp Trp Ile Asp Tyr Gly

23 @& ZPASOARGST 47 4 A a4 AR W 5 R1.R2.R3 1) GRs 73 73 M 192.3.136.53,
FEAE 0 YR 239.03 g/hm>[% %5 146.04.61.40.133.50 g/hm?, Hi bk

El A U REORP R T SRt SR RO R R B R OR1193.08.2.19.3.83 T [£312.34.0.98
L PASOH I3 R AR BT R EE S GSTH ] 2.14, Ui W) GSTHI I 77 NBD-C1R] 4 e o I A e X
FINBD-CUIE ] F IRIGR s, 45 R W33 SR AR IX3AN R TR ] REAEEGS T S 1

3 AR S g A R X I AU PP s bz i ol 5 U B R K 5, R1LR211)
GRs 77 73l M 192.3.136.53 g/hm? [% 55 151.44.56.92

Fivk A (G?ﬁ? : *iiifﬁf g/hm?, HLPEFRHM3.08.2.19 F 4 52.43.0.91, 1 B
R B 62.40 + 16.00 1.00 CYPASOFIH 71 L o7 A B 1 $ w5 P L3 %o 30 3
S NBD-CI+HUr 58.09 +8.16 0.93 TS B RBURR A, IX 2N P 1] TR AECYP4A50 ) 5 1R AR
T 7+ R 62.79%56.10 1.01 WHHTE S A, 5R1OR2 R3S [ [ 42 , RAFIIE 76 105
o nn ayIn IENBDCLICRERR AR R
R+ AR 15144 £37.00 2.43 GRaBEAT A 4t, UE WLIK 2 AU X RAFHEE 19
TR 136.53 +67.30 2.19 PUEIF BT R
R2  NBD-CI- 8 o 61.40+2.60 0.98 3 g
Ty i+ R 56.92 +22.80 0.91
R 23639£2720 383 SR B P A R L T R IR 2 o ) e st K
R3 NBDCI-RURSMNI 1335022630 214 FEFUAT 6 1 2 AP 0 — R 50D A T4 7 B
DRI | 2280056500 366 BT R A R AR R R R T
R A 568770 o SR 94 0S5 B S5 A 7 2 T A

SRR IO o BEARFED R AL S 2% O ACCase il
RS B0 AR P HRE e  (BUPEN LI, de
A NIk, FEA B CUAITACCase CTIX R 74N S FETR AV 251

2R WA S5 1 X R SRR A 4 G S
Wi s b5 R i FH R 5 R AT B, NBD-CLS 3098 5 B
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T2 A G 4N Bk A BB b A E AR AN T
TR I HERRZRAZ, 23 B ER IR E () Tle-2041-Val 58
Ag, R2FPEE T ) Tle-2041-Val £ Asp-2078-Gly 58 4%,
R3 Bl B 1) Trp-2027-Arg 58 4% ,R4 F BE 71 1Y
Cys-2088-TyrZ4% . 20214F, WangZ52% Hil Tle-2041-
Val AR, T 1 1 H% 3Fh ACCase 41 il 71 2 5 5 5]
FIPTIE s 20154F, Vila-Aiub%5:21 % I Asp-2078-Gly &
ASNAT T BB A2 B0 ACCase i 712 B3 571 1
Pk o AT RUMR2FP B (247 i R AT
EWF LS R — 3, A, A R, H#r2027
F12088 17 s O A I8 27, 2 A2 IR AR B X
5 ACCase 4 il 71 & B B0 Bt 1 AH G, (HR3 FIR4
T 1) 5 A8 T8 2 AR B4R 18 L IX AT g FIACCase i [l
SAR ELAT AN o M R R SN A 5K

20154F, Pan %529 L 1 06 ACCase 411 il 71 2
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PEILRI A P72 DR, AREF TRt it — B R T L
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CYPAS0H il 55 A1 GSTHI 1 7138 v] $2 = b dE AP HERL
TR 2 6] 57 360 5 1 11 S0 , ST 7 v LA (8 3% 42
e R3O X 0T A 5 1R P o Ut X 3AN o ol
XoF TR IR R (PO A H AR P AR S AR HU 2
[F 5, HARSEAR b 3 22 & P4SOFI GST AU i
A SR . CYP45040 ) 771 A1 GSTHI 461 701 %
RAFIHEPUIETC 2 2 5200, 38 B ZOPPE (1) Pk 2 22 il
FEFR T B o A H AT IR SE I b TR 21 rh 55
HTVE K AR B TR 1 S8 A R EREAR BT AL
HITRIAFAE , B BT A AR AR s R AN T 428,
FCPUHE A DL T 3 VIO, FFE AN [ PR
1AL 5 22 A T o3 SRS, S IO T P R
BEEG B, IEZ P B2 PR R

4 e

AL R TR, R B F LV g4 Ptk
PR RO 20 SRR A T I T L
RGP AR AR PR T (M RAFPE A i #0bR B T A
2 16 R R R P S HTTE IR TUR2\R3
PREC R tH R bR UE A AR AR DL S R A, H
FE X AR FEAR FUIE A K CYPA50FI GSTAX i g 1k
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