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Table 1 Collection locations of A. theophrasti populations

idics KA H AT iR

Population Collection locations Herbicide using history
HB-1 LA TR K DT E AL X I 7 14
THLER
HB-2 TR T £ TR E ARG 34F
HB-3 LA PRE M PR ISER R R
HB-4 bAs 7 Bl B R B RHEL 24F
I~ e FEA
HB-5 LA AR ST R ESE 22 S 14
W
HB-6 AR T £ T e SR SO S U SAE
112 BARGRA] 389% 35 K HURIR A (I AR EEAR B

FARRF]D) R 4L DNA R BGLH & (Jb KR
A ARA R A, DNA BERE M) & G RNA 42
BaR) & 11 R6934 [ e (AL 50 AL RHE A IR A v ],
Hieff qPCR SYBR® Green Master Mix (High Rox) %¢ 6 E
it PCR i | & Hifair® I 1st strand ¢cDNA Synthesis
Supermix for qPCR(_F T2 AEWRHEA R A E]D , Kis
FFA TG SZ S A (At TR A A M AR BRA WD,
95% 5 L Bt Wi J 2 (4 BChR SR AR IR TREAT BRA A,
98%NBD~CI( |- 13 A se kAR AL BHE AT FR A WD) | Al 4
JZE W B 22 15 (Enzyme—Linked Immuno Sorbent Assay,
ELISA) iR & AP A3 D H IR -S-HE RS il ey 40 el (2
2R PA50 S AL (A T AR R R A DD .

113 KBAE  3WP-2000 1L U5 34 (ROl
AT B 1 AL LA AR BIF 5T B ) L B PCRAY | ABI

7500 #1552 B 9% 6 % i PCR A (3E E W H A=W R G0
A ), DYY-6C Y HLyk A HL I . DUT-48 P B AX (BT K
WA ESAT FRAFD o
1.2 T RRFREELh BT

BEFR L A 1 B BRI 5T  HEAT emx
7 emx10 em LA K IR IE B SRHT S
KA B K 28 o PR AR i A 1, 16 70% 5 RS
010 min XPFPF2E T SR J5 FH TG K bk 31K
W Bl F A 60 °COK I 5 30 min, BUH S A
300. 00 mg-kg™" 5% B F 2 M, A B SR A CIRLEE « 25~
28 °C,{R % : 60%~70% , Y M/ SARE - 14 h/10 h) . FFFhT-
AR MERE A B S WM, 1 em,24 h
Ji R 3WP-2000 147 2 XM 55 55 1A 7 v i - 9w 25
LS
1.3 KA *E
1.3.1  BURAPEERT R ey el e SRR
DR 5, 45 1. 2 Bk 7 YA R 6 A TR7 BRI, 38% 75
LR P 5 e 24 77 A 997.50. 1 995. 00,3 990. 00,
7 980. 00,31 920. 00 £ 63 840. 00 g-hm™, £~ 4b i &
53R, [FIBFUEIR KON R i 245 i R T JRROXT 35 25 TR Y
FNEAER L 21 d S5 B HUUT A A 3L T JRRAT P 1553
PR o ff o, AR A o BE AR ER 0 b, 2 R -
MR T A K P GR MPTHEART L (resistance
index,RI) . T1EAXUTF .

Y = Y,/Y, x 100% (1)

Y=C+(D-C)/[1+(XIGR,,)"] (2)
_ BUHEREEGR,,

R = odripicR,, (3)

%, X Ry 35 Ll R i Y it PR R R XS
TH] JBR I FS A 5 Y, S AN 24756 R A T DR I S i o
Y Ay 35 25 AL FH R B o0 X RS T RR M e R 0k BT
LR C 35 2l R RO B D 35 it
it 00 e B R b BR 5 GRy, A Tl R A= K il it s b o
1.3.2 B4 7 NBD-Cl Fo I 42 55 #F 35 & 2 09 38
AER LU RREEUR R BE HB-3 AT AP RE HB-6
WFFEXT G, 7 GSTs 1 il 7] 4- 57— FE AR I -2
Z&~1,3- "W (NBD-C1) 1 P450s 411 ] 751 T 1 875 8l o 1
JRXT 55 22T R . 32 1. 2 BT 5 i A T
JBE o 43 51K NBD-C1(270. 00 g-hm™) [} 50 L & 15 7F
FH , DRIFRRE (1 000. 00 g-hm™) A 50 WL P ERZEAT
WA, 2 )5 15 0. 1% 75 —80 7K % i E 45 22 20 mL.
FEPI IR BT 30 min J5 FEEA T35 AR B . 55 25
HEAY AL I B K 997. 50 .1 995. 00,3 990. 00,7 980. 00
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131 920.00 g-hm™, FEAALEE3 AR 520, 1% 0t
TR -80 KA M X IR . AbFRJS 21 d ¥R 1. 3. 1 A 73k
THAEINH A K A & GR,, M 22 5454 (fold change, FC)
GR,, (55 i) (4).
GRy, (3521 + BEMHI7)
1.3.3 B BRSBhH Ak -S— 445 B (GSTs) Ao tm i & %
P450 2 A B (P4S0s) 7 bl 2 396 BBCTRT R A% o
HB-3 F1Ht P Fh Bf HB-6 4T GSTs . P450s 7if PEWF 5%,
Fie 1.2 JT AR T 1 PR TR RR , WSt 55 2 T T ) A A 7
#(1995.00 g-hm™) o 43l T B2y AT A2 5 1.3.5.
7.9, 14 d AR I AR PR S R VR, BT
—80 CUKARAT A FH o 2R FH ELISA 357 & 0 =2 it 71
B GSTs 1 P450s 57k .
1.3.4 T BRpsbA L B LR e xt e BUR R
JEFRRE HB=3 AU IEFhE HB—6, 742 1. 2 itk J5 B Fh ke
FRAE R 2 4 it 0TI, B O R R GV VR L T
A =80 CUKFATRAE A S , R HI DNA $2 B 5] & 42 B
Bk DNA. 2% GenBank £ J72 € % 18 A4 1 JiK psbA
FEH ¥ 51 (NC_053702. 1) , 9 14 79 5141 7% £ i3 1 bt
PEGRARN 1 (3R 2) WY QM-F1/QM-R1 5| ¥)3i%
22 b U PR DR R R R wl A, SR 5 R R 2
PCR i 1 5 1B ER AR . PCRY KR HF 25 pL:
10 pmol - L' IE 514145 0. 5 L .2xTap PCR MasterMix
12.5 pL #i#z 3.5 wL.ddH,0 8.0 pL., ¥ 7% % .
94 “CHIAE 1 5 min; 94 ‘CAEME 305,56 ‘CiR k30,72 °C
FEAH190 s, H 35 MEFR ;72 ‘CLILAH 10 min, PCRY1
SRS A 1% SRR WEEE R FL UK EA TR, DIEC A
H Y 2505 B BRI , 81 ] DNA B Rt ) &% PCR 7~
YT IR B BDAC =4 5 pMD18=T vector 1% 4% , 5%
LB KB TG EAZ S . Zad WA 37 “Cat
WA FE, PRIV R TR 3 5 5% 4 h B BE%
FIAE T AW TAR L) B A BRA R AT . Fm
P45 RAENCBI 34T BLAST X}, 5 I DNAMAN V9. 0
B R BB AN BT 157 BRI 1Y) psbA FE BRI 43 17 91 3304 7
XS 2347

FC =

=2 psbABERFI G5
Table 2 Amplification primers of psbA gene

R P B
GILTPA FFHI(5'—3") e e
. . , Annealing ~ Amplicon
Primer name Sequence (5'—3") o .
temperature/'C  size/bp
QM-F1 TCGGCGGCTCCCTATT
56 320
QM-R1 CACGACCTTGACTATCAACTACA

T FNIERSIY), R 51 T,
Note: F is the forward primer, R is the reverse primer. The same as

following.

1.3.5  ¥eArA B psbA £k Z W e BEHUH PR AEURFP
T HB-3 AT PEFP I HB-6, 4% 1. 2 rid 5 i A, it
5 2T M (Al HEFE )4 (1 995. 00 g-hm™) . AHFFE 4T
5 4 AL AL B« K 2255 3 HEAD B0 URRPP B 5 35 2 AL B
72 h 2 J5 BRI s R 435 ZSH AL BRI BT R R 5 55
FHAE I 72 h Z 5 TR EE, A3 IRE S
T4 b PR R A, FH G B K P i T I R
T-80 CUKFERAF# . RNA$EHUZ 2 £ RNA $21L
10 & 1L R6934 Ui I 433747 . ] Hifair IT 1st Strand
cDNA Synthesis SuperMix for (PCR (gDNA digester plus)
W5 RNA S 5 i cDNA, T-20 CUKAA-AF o 85 177 Bk
cDNA ¢ 5 F5 16 BERR B S5 M WA, 64T T — 21450 .
AGRE S % GenBank Fds 122 T 4138 14 18] R psbA FiE
JF 41 (NC_053702. 1) B9 06E w 514, LA Histone
VE R P9 2 3L A R 17 52 9% % 22 £ PCR (quantitative
real-time PCR, qRT-PCR) I ¥ (£ 3) , A& 5 QM-F2/
QM-R2 . Histone—F/Histone—R 5| ¥ th At 5% 18 173 7 5L
HFARBE WA A A . % 8 Hieff® gPCR SYBR Green
Master Mix (High Rox) %¢ 5 f 12050 &0 10 I 5 10 1) 24
JeE R UNAAZR , RS qRT-PCRAGHAT I o psbA HaH
PCRY AR Z M 10 wL: 10 wmol - L™ I 514450 5 L.
Hieff® gPCR SYBR Green Master Mix (High Rox) 5.0 pL.
cDNAREHZ 1. 0 pL . ddH,0 3. 0 L., §H4FEF 95 “CHidE
£ 5 min;95 “CAEM: 10 5,60 ‘CE 130 s, 40 MEFR

R3 psbA EF qRT-PCR H 1E5| 4
Table 3 ¢RT-PCR amplification primers of psbA gene

EIE R JPH(5'—3")
Primer name Sequence (5'—3")
QM-F2 GGTGCCATTATTCCTAC
QM-R2 CTAAGTTCCCACTCACG
Histone-F GAGCAACAGTTCCAGGACGGTATC
Histone-R GGAAGGCTCCAAGGAAGCAACT

1.4 HIELE

f8 FH SPSS 19. 0 B4k AT 8 g it 22 5 W
0T, R Sigmaplot 14. 0 #4221l 577 /- 2 b i £k , =K
GR,, Ff1FC.

PUPE K53 bn SRR RE < I<RI<2; IR $T AP
B 2<RI<S ; HHLRIEE . S<RI<10; SR EE  RI=107

SR FH 2742 BT R psbA FE R ik i

2 HBRE5H

AN [E) 1 X Ty AR Ao B X 55 5 i B 1 Ok
6 A [ M DX TR SRR R 245 ) 21 d XoF 55 2 LR

2.1
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ARF AL 1o A LA HY | AS TR) M XA g SRR A
BEXT 35 L RN AFAE 2 5o 38% 75 2 TR IF AL
4R 997. 50 g-hm i, BRI AT BA G 50 i FlE HB-3 B9
A M LG TR oA SRR IE AR Sl
451995, 00 g-hm 2B, Bl HB-6 AR ICHH A2 ek

PLA, FoAtl 5 A FRE 2 0 it ih & A TAG . it
FHE R 3 990. 00 g-hm™ B, FHE HB-6 3 bk 5 Fif A [
%, i Je B 32 IR oA 5 S RRRERR AR I RS
Jeag Al IFIFIRAET . MRS 31 920. 00 g+hm™
I, FiRE HB—-6 MR Al 2201 T IR FE T

H: CK: /KX B3 A 2997, 50 g-hm™2;B: 1 995. 00 g-hm™;C:3 990. 00 g-hm™2; D:7 980. 00 g-hm™>;E:31 920. 00 g+hm™;F:63 840. 00 ghm™>,
Note: CK: Control check with water. A: 997.50 g-hm™. B: 1995. 00 g-hm™. C: 3990.00 g-hm™. D: 7980. 00 g*hm™. E: 31 920. 00 g-hm™
F: 63 840. 00 g*hm™.

Bl WAMBERAFERR2 dEMNERKRIR

Fig.1 Injury symptoms of A. theophrasti populations 21 days after treatment of atrazine

i ) oy 2T N TR B EGR EVE ELN  BEE
F5 A B S A RN, AN TR R 7 R 1 £ ) it AR A
(FE2) . H13R 4 AT, AS 8] TH]RR AR X 55 25 B iy Btk
IKEASTA], H v o M Fh iE HB-6 19 GRy fE i K, K
84 721.13 g-hm™; HUR AP HB-3 1 GR, (H /N, A

100
80 “ &
o0 AY
40 -

20

R HREE A 43 L
Percentage of control fresh weight/%

0 1 1 1 1 1 1

0 10000 20000 30000 40000 50000 60000

75 2
Concentration of atrazine/(g-hm?)
T P Bl P g (b afi 22
Note: Data in the figure are mean+SD.
E2 AEMEBHRMENFSEENE-RAE ML

Fig.2 Dose-response curves to atrazine in different

geographical populations of A. theophrasti

1 662.75 g-hm™, HU P A 5 SRR BE I BT PR A5 B0CH
50.95.
2.2 FEEHPE 5 NBD-C1H0 5 hi Gkl 3 55 5 2 018 %%
R

fifi FH GSTs #1751 NBD—CI A1 P450s 51l 75 S H a7
ARFR IS , FTR7 SRR A A TG B S8R e o 1 ) A B AU
T HB-3 % 55 2 A BRUsR MR JC W] 1o A8k (H 3 2 1 e
PEFPRE HB-6 X 35 25 i i 508t . F NBD-CLA0 il 551
LB  fTPEFRE HB-6 1Y GR, fE FH 84 721. 13 g+hm™
R 27 295.13 g-hm™2, GR (HZ R 55 -11. 61, H
Iy e B 400 ) R AL B B FRRE HB-6 1 GR,, A
1 84 721. 13 g-hm>F# % 3 051. 29 g-hm™, GR, fH 2 5+
8 R -27.77 (F£5) . B LR 45 S nT A, Bibk A e
HB—-6 X} 75 5 Ht = A Hi k5 GSTs Fl P450s A fif 24
FEP
2.3 HEEVNEREMER-S-BEHBNMAREE
P450 S L ERE MR

g T WEFE TR BRI Y GSTs | P450s Xif 55 2= HE 4 i 75
FRIFRE 77, SR H ELISA WL %2 T 35 2% e Ab BT S T FR
TEURFP I HB-3 AT LA I HB-6 1Y GSTs I P450s 1
PEAEAE
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Table 4 Dose response to atrazine in different populations of A. theophrasti
FhRE T S0 7 GR. /(s -hm™) KRB ERER A
Populations Dose-response equation /18 Correlation coefficient RI
HB-3 Y=95. 28/[ 1+(X/1662. 75)% ©]+4. 86 1662.75 0.99 1.00
HB-5 Y=75. 14/[ 1+(X/2188. 71)"*83]+25. 13 2188.71 0.99 1.32
HB-1 Y=89. 54/[ 1+(X/2807. 97)% "' ]+10. 43 2807.97 0.99 1.69
HB-4 ¥=80. 18/[ 1+(X/3287. 50)% 78]+20. 09 3287.50 0.99 1.98
HB-2 Y=81. 72/[ 1+(X/4540. 98)"%7]+18. 76 4 540. 98 0.99 2.73
HB-6 Y=140. 21/[ 1+(X/84721. 13)* % ]-40. 02 84721.13 0.99 50. 95
£S5 FINEFNHIF NBD—CI 1 3R f i i ey BRFh BE X 55 25 2 030 - Ba
BB IK _ . —— HB-6
Table 5 The resistance to atrazine in A. theophrasti with the 5o
=)
addition of enzyme inhibitors NBD—CI and malathion ﬁ :;
g
ot 2E x| Y=Y ==
ﬂlﬁ EAHAJ GR,/(g-hm™) tﬁ{?i& R
Populations Herbicides ’ FC &
[72]
HB-3 5Kt 1662.75 - ©
35 - H+NBD-CI 2 198. 58 0.76
O‘ 10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 K+ P 2630.71 0. 63 01234567 89101112131415
_ gy s i} 2R ]
HB-6 FRH 8472112 Days after treatment (DAT)/d
25 £ H+NBD-Cl 7295.13 -11.61
— VP PR A T B Rl 22 5 0% A ) b B e 2L RO
S g R 3051, 29 o7 77 T BRI R T BB bR 25 5 0 3 A ] A 3T i) sk 2 A 1k 41

w3 AT, 35 F AL B , P FREEAY GSTs 1%
PEERAE XS T A 25 B AT I T AR R B B THE T
Ftadi, prbEREE HB-6 1Y GSTs i M 1~7 d N2 18
T 5T REF GSTs 1h Mk 8 e KMH, M 0.26 U-g™',
Bifi 5 55 25 AL B ] A JE K, GSTs W& PEIS A R % . X
JEFNHE HB-3 (1) GSTs WG PETE 1~5 d INZEME LT, 55 K
I GSTs 1 ik B KB, 7 0. 24 U~ B 75 2= kb
PRAS [H] A E 4, GSTs TG PEZ Wil . DA L&5 SRR,
GSTs TE 1] X 35 K i dp i fe b R 7 — &
B9AVE R, AhE HB-6 1) GSTs X 35 L Ht i e fe s T
FRRE HB-3, B HE HB-6 XI55 KUt AE btk 5 GSTs i 1
Bl RA G

P & 4 ] 21, Wit 55 2V, P4S0s T MR BN, Hitk:
FhHE HB-6 2845 BTG T 1%, SUFPiE HB-3 (AR5t
FEJG ETF. PUbE R EE HB-6 1Y P450s W PEAE S 5 K
A S KR, 4 0.24 U-g', i 5 55 25 He b B ] 1)
HEK:, P450s 16 PEME A R, 14 dJ5 P450s 16 4 LT+ H
i TRURAIEE HB-3. HUSFP R HB-3 1Y P450s 1 14 2%
1 E I, 5 5 RN R A, BifiE A R [A] 1 284 | 275 9 K}
P450s 15 PEIA B e KME, M 0.20 U-g' M 2 3 5 T
HB-6, 14 d J5 P450s 75 PE 2 87 T B . 16 BT Ho 1k A i
HB-6 3 2 45 =5 P450s 1 P fin-Bexet 55 25 e 10 fige 7 AR
B W R RN 35 L P IE S P450s i F AR

TE P<0. 01 K P25 3 . Tl
Note: Data in the figure are mean+SD. ** indicate extremely significant
differences between the sensitive group and the resistant group at same

treatment time at 0. 01 level. The same as following

F R B R AP H K-S- B EE R

Effect of atrazine on glutathione—S—transferase

3
Fig.3
activity in A. theophrasti

P450si Pk
P450s activity/(U-g™")

2y JE A
Days after treatment (DAT)/d

B4 FXEIE AR P450s iE MR S0
Fig.4 Effect of atrazine on P450s activity of A. theophrasti

FHISRA
2.4 TRk pshbA BEF 5 F Btk 3t

FIFH 514 QM=F 1/QM—R 1 4" 4 ] R psbA 3 K343
TRST X8R, K 7 38 P 81 46 NCBI £ 47 BLAST HxF, 5
1 6K psbA £ [H ¥ 51 (NC_053702. 1) () [7] Y514 > 99% ,
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P18 R B KN A 489 bp, UEIA Y38 7= ) 4 B B RE
(9 B 1 2 A8 57 s 7E PN B4 THT JRR psbA #5843 ) 4 o AdE
DNAMAN A4 Hext 1 U HB-3 FdivEFi i HB-6
(1) psbA FERFR 73 751 (61 5) , Gt iS4 D1 8 11 264 37

Phe255
—

Ser264 Asn266
—

QLR Iy 22 R (Ser) , I T I AR A58 74% A K
HAth B FER S , 4 Phe25511e . Asn266Thr 5% Phe274Val,
& B 5 FORP B HB-6 X 35 25 = AR P 5 0 A 3
psbA FEAETC N .

Phe274

5 T RRE/BLTNEE psbA B EER S 5 L XS

Fig.5 Sequence comparison of mutation loci in A. theophrasti sensitive/resistant populations

2.5 FHEREXTHREIREE pshbA RiIZEW M
R T WESE 75 2 T T R 2 (] psbA FRA 52
M), 1 FH qRT-PCR B ARMIAE T 1 995. 00 g-hm 55 L
A AD )RR S B BR L IR psbA 1 FEURSRRRE HB-3 At
PEFPEE HB-6 th iy ik i (E 6) . 25BN, KRBTGS
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Study on the Resistance Level and Mechanism of Different
Abutilon theophrasti Populations to Atrazine in Hebei Province

GUO Qianying" > LI Zhe' MA Shujie® WANG Mingsi® YANG Juan"~ ZHANG Lihui*"
('Hebei Key Laboratory of Crop Stress Biology , Hebei Normal University of Science and Technology , Qinhuangdao, Hebei 066004 ;
*College of Plant Protection, Hebei Agricultural University , Baoding , Hebei  071000)

Abstract: In order to clarify the resistance level and mechanism of Abutilon theophrasti to atrazine in corn
field, whole-plant assay was used to evaluate the resistant level of six A. theophrasti populations collected from
different areas of Hebei Province to atrazine in this study. Non-target-site resistance (NTSR) mechanism was
studied through determining the activities of the detoxification metabolizing enzymes glutathione-S-transferases
(GSTs) and cytochrome P450 oxidases (P450s) in A. theophrasti with Enzyme-linked immunosorbent assay
(ELISA) method. In addition, sequence alignment and expression assay were conducted on the target gene
psbA. The results showed that HB-3 population was susceptible to atrazine with GR,, value of 1 662. 75 g+hm™,
while HB-6 population showed a high level of resistance with GR,, value of 84 721. 13 g-hm™ and resistance
index (RI) of 50.95. GSTs inhibitor NBD-Cl and P450s inhibitor malathion could increase the toxicity of
atrazine to the resistant population (R) HB-6, the GR,, values was decreased by 11.61 times (GSTs) and
27.77 times (P450s) , respectively. Besides, GSTs and P450s activities of R population were higher than
those of S population. No mutation was detected on the Ser-264 amino acid site of psbA gene in R population.
Furthermore, the expression of psbA gene in the R population was lower than that of in the S population after
treatment with atrazine. To the best of our knowledge, it was the first report that the resistance of A.
theophrasti to atrazine was caused by the enhanced detoxification metabolism mediated by GSTs and P450s,
which laid a theoretical foundation for the scientific control of A. theophrasti and the reduced application of
atrazine.

Keywords: Abutilon theophrasti, atrazine, GSTs, P450s, resistance
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