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Abstract R epeated and unreasonable fel applicaton of herbicdes have resulted n the evoluton of
resistantw eed species AHAS is the target site of AHA S-inhibithg herbicides By 2009 103 weed
biotypes have show ed resistance to AHA S-inh biting heib icides accountng for nearly 1/3 of totalweed
biotypes resistant to 19 chem ical groups The relatbnsh p betw een AHA'S gene mutation sites/ types and
the level of herbicile resistance, AHAS gene mutatons and AHA'S activity AHAS gene num ber and
herbicide resistance and the 3D structure of AHAS before and after binding w ih AHAS-nhbiting
herbicides were review ed ECOTILLING and dCAPS wo nev techniques for rapidly diagnosing
herbicide resistance by detecting SNP w ere brought fow ard and potential management sirategy for
preventing and delaying the heibicide resistance evolution n w eeds was also discussed

Key words AHA S-nhbiting herbicdes weed resistance m echanisn; rapid diagnosis and detecting

: 2009-02-27 : 2009-06-13
(198EF), s N , Email biaofengsuf@ tan. com; (Author for

co wesponden ce): (1955-), : 016-62815937 E-mail cxzhang@ wssc o1g cn

(2006BA D 08A 09)



400

Vol 11

( acetohydroxyacid synthase
AHAS EC2 2 1 6) (aceto he-

tate synthase ALS EC 4 1 3. 18)

[

? B

ALS ,
AHAS 5
( sulfony ireas SU )[2]
( m tdazolnones M I)m

( pyrin idiny lth bbenzoates PI'B)
)[5]

AHAS

[4]

( triazolopy rin idines TP
( sulfonylan mocarbony liriazo linones SCT)lGJ

’

5 W eed Science
(W eed Research® (W eed Technology® (W eed
B b bgy and M anagem en t)

, 200 ,
AHAS 52 :
AHAS
AHAS
i AHAS
i AHAS
L7 AHAS

Sisymbrium orientale

[ 11-12]
5

[ 13-14]
[ 15] ’
AHAS
AHAS AHAS AHA S
AHAS
, AHAS
AHAS
1 AHAS
AHAS ,
AHAS

Lactuca serriola,

5 1987
20 80

2000 13
70 ,
103

1/3
, 19
3.

korsakowii
[19-20]

[721]

AHAS

pastoris

100
90

g
B 80
|85 70
TE
o :’:- 60
{1(.3 50
Ho 40
-1
= 30
RE 2
Z 10
UL
1950 1960 1970 1980 1990 2000 2010
Source:Dr. Tan Heap
{’ﬁ} Years hitp \\\’nl\:c'.u"u-m
- LEHBARERE o BCRAIBERA
ACCase inhibitors Ureas, Amides
—a LEEFLRR A R K —— TR
ALS inhibitors Bypyridiliums
P D WHEH
Dinitro anilines Synthetic auxins
o SHEER — HEm
Triazines Glycines
1 [ 18]
Fig 1 Resistantw eed biotypes to
. .. 18
various herb icides "
2 AHAS
2 2
17 AHAS
BRI
AHAS
AHAS 6

L7 AHA'S

( 1 1987

2009 10 , 34
AHAS

39 , 20
9 [18]

M onochoria

Sagittaria m ontevidensis

D escurann sophia

2008

e |
Avena sterilis

Capsella bursa—

18]



401

No. 4 AHAS
124 199 206 351
<206 6D
'J &V( l/w
121 196
2 AHAS te =
Fig 2 Codng sequence of the AHAS gene
based on that of A rabidopsis[g‘ =
17
( Arabidopsis thaliana AHA' S

);
Note Upper numbers indicate the an no acid position of 17 codons
known to mflience heibicde resisance among eukaryotic and
prok aryotic organisn ( coding sequence of the AHA'S gene based on

that of Arabiopsis); bhck shading mndicales the region for

phy bgenetic analysis

Alal22 Pro197, A 1a205,
A 376, T 1p574 Ser653'

122 , 197

, 205
. 376 , 574

, 653

AHAS ,
AHAS !
T1pS74Leu AHAS
, A lal22Thr MI
, Ala205Val Tip574Leu

[27]

[28]

, Sales Oryza

sativa

G ly654G lu 'V alo6M et

AHAS

AHAS
A 1a205V al Solanum ptychanthum R
, A shigh'"’

R1 S2  AHAS

, , Rl AHAS S2
4 ; Eberlen 29301
Lactuca sativa (Pro197H is)

25
Yu [25]

Raphanu s raphan istrum

AHAS 3
~5 Norhem
AHAS mRNA ,
AHAS
3 AHAS
, AHAS
AHAS )
AHAS ,
AHAS , 1
1 AHAS AHAS
) Nicotiana
tabacum AHAS
' : AHAS
75% ,
8F% , N
AHAS
, AHAS 1
, 7 [32]
AHAS , Rutkdge
L Southe m s
Brassica napus 5 AHAS
(AHAS15) ,
AHAS )
DNA )
AHAS1 AHAS3 ,
AHAS ; AHAS2
AHAS1 AHAS3 DNA ,
N
AHAS2 ; AHAS4
AHASS5 , AHAS
Ohsako ' s M onochoria
vagnalis 6 AHAS ,
AHAS1 AHAS2 AHAS3 AHAS4
, AHAS1  AHAS3
AHAS AHAS ,
Yu ! N orthern
AHAS



402 Vol 11
AHAS mRNA Pro197 8
2 SU 2
AHAS AHA S mRNA Pr0o197 Leu , M1
25 AHAS 2, 5 Pro197 AHAS
AHAS AHAS mRNA a ’ U
51 AHAS M
[11-12] ’
( mazaquin, 1)) . D
, AHAS AHAS
Southern Pro197
PCR M1 . Pol97 g
’ SuU AHA S
AHAS AHAS Ll
AHAS ,
Ser653 A sn Alal22 Thr
M , SU
4 AHAS A1
AHAS A lal22
E. coli AHAS , AHAS :
’ A la122 (chlorin uron—ethy ] CE)
AHAS U
136] , AHAS ’
[22 37]
, Sei653 AHAS
) SU , Ser653
D ugg kby e X- MI AHAS
AHAS 3D
AHAS (AtAHAS) 3D [41]
4 ; 3 AHAS 3D
ca (86~ 280 ) B (281
~ 451 )y Y (463~ 639
) C (646~ 668 AHAS
Yy 3) , (23 46]
AHAS C 28]
AHAS , AHAS (SAHAS) Y 3
C [ 38 41]
, AHAS Y « AHAS
> [39,421( 4, 5)
AtAHA S 3D AHAS AHAS
6
Trp574 SU
M1 , ,
T1p574 AHAS (ECOTILLING ) ,
, Tmp574 U M 1
Pro197 (TILLING)

[9 22]



No 4 AHAS

403

3 AHAS L4n
Fig 3 The overall fod of AMHA gt
2 (A) ( ) (B)
@ (86~ 280),B (281~ 451), Y (463~ 639)
c (646~ 668)
(THDP) M g2* (FAD)

R - ,
Note (A) The tetrameric stucture with each m onan er colb red
sparakly (B) A singl subunit The ndividual domamns a ( 86-
280), B (281-451), and Y (463-639) are cobred in gold red and
blue respectively. The C—tem hal @il ( 646-668) is colored green
ThDP, M g2+ , FAD, and ) are show n as baltand-stick models and are
colored red, datk blue cyan, and yellw, respectively.

DNA
DNA 1 1 , 96

4 AHA SCE B (a)

AHAS CE (b) '™
Fg 4 Stucture ofmonomer B n the SAAHA S-CE
com plex (a) andm apr differences in the
sttucture of yeastAHA'S n the presence

and absence of CE (b) 1l
: (a) (

) (c ) ThDP  FAD -
CE - (b)CE ,
FAD ThDP ; CE ,
C CE

Note ( a) The am ino acid residues that are not obseved n the
structure of the free enzyme are colored green (themobile bop) and
brown ( the C—tem nal &il). ThDP and FAD are diphyed as tan—
cobred balkand-stick modek CE is depicied as a multico bred balk
and-stick model ( b) The m obik bop region, FAD, and ThD P are
shown i green (with CE) and blie ( wihout CE). The C—tem mal

tail and CE are shown in brown

5 (A) (B) AHAS re
Fr 5 Canparison of the structure of the catalytic subunit of SCAHA S
before (A) and after (B) bindng w ith he b icide
: (A) . THDP (A ) : (B) . (580~ 595)
. THDP ( Q499 H597 K648) B CE

(650~ 687)

Note (A) Prior b hebicide binding ThDP ( show n as a stick model) is exposed o the solvent (B) A fter hethicide binding the orange region

(580-595) and the grey region (650-687) become ordered burying ThDP and residues such asQ 499, H597 and K648 T he 0 lid spheres rep resent
the sulfony urea (CE) protruding from the top of the unnel created by the ordering of the residues cobured n orange and grey.



404

Vol 11

DNA )
; W ang
ECOT ILL ING
SU AHAS
Doman A Pro197

Ser s

[27]

His

( denaturig gradient gel electophoresis DGGE)
( singk strand confom aton
DNA

( shngle nuckotide polymorphism,
SN P) ; PCR ( alkle-
specific PCR, A SPCR))
ECOTILLING

polym orph ism, SSCP)

AHAS
AHAS
[47] ( the
derived cleaved am plified po lym orphic sequence
dCAPS)

AHAS dCAPS

. PCR )
SNP ,
dCA PS SN P

, ( restricton

fragm ent length po m orphisn, RFLP) A SPCR

[48]

[ 49]

AHAS

[1]

[3]

[4]

[8]

[9]

[10]

[ 50]

ASHIGH | TARDIF F J An Ah205Val Substiution n
A cebhydmoxyacid Synthase of Eastem Black N ightshade
(Solanum ptychanthum ) Reduces Sensitivity o Herbic ides and
Feedback Inhbiton [ J].Weed Sci, 2007, 55 558- 565.

RAY T B. Sie of Acton of Chbrsulfuron [ J]. Plant Physiol
1984 75: 827- 831

SHANER D L, ANDERSON P C,
In dazolnones Inhbitors
Synthase [ J]. Plant Physbl 1984 76 545- 546
TAKAHASHIS SHIGEM ATSU S MORITA A. KH-2031, a
Nev Herbicide for Coton [ C]. Proceedings of the Brighion

STDHAM M A

Potentil of A ceohydwoxyacid

Crop Proecton Conference Famhan, U K: B righton Crop
Protection Counci] 1991: 57— 62

GERW ICK B C, SUBRANM AN AN M V, LONEY-GALLANT
V L. Mechanim of Action of the 1, 2 4Triazolo [ 1, 5-a ]

pyrin dines [ J]. Pestic Sci 199Q 29: 357 - 364

VENCILL W K. Hetbicide Handbook [ K]. Lawrence KS

W eed Science Society of Am erica 2002 369.

CUIH L, ZHANG C X, ZHANG H ] et al. Confimation of
Flixw eed (Descurainia sophia) Resisance © Trbenuron n
China [ J].W eed Sci, 2008 56: 775- 779.

TRANEL P ] WRIGHT T R Resisiance of W eeds © A LS-
mhibitng HerbicdesW hatHaveW e Leamed [ J].Weed Sci

2002 50: 700- 712

TRANEL P JWRIGHT T R,HEAP IM. ALSM utations from
Hebicide-resistant Weeds [ DB/OL ]. ( 2008-01). URL
http //www. weedscience o1g

BOUTSALIS P, KAROTAM ] PFOW LES SB.M okcular Basis

of R esistance 0 A ceto hctate Synthase-mnhbitng Herbicides m




No 4

AHAS

405

[ 1]

[12]

[ 14]

[ 15]

[ 16]

[ 17]

[ 18]

[ 19]

[21]

[22]

[ 23]

[ 24]

[ 23]

Sisym brim O rientale and B rassica Toumefo rtii [ J]. P estic Sci
1999, 55 507- 516.

FORLANIG, NIELSEREN FE LANDI P, et al Chbrsulfuron
Tolrance and A cetolactate Synthase Actviy in Com (Zea
mays L. ) Inbred L mes[ J].W eed Sci 1991 39 553- 557
BOUTSALIS P, KAROTAM ] POWLES S B. M o lecular Basis
of Resistance to A cebo hctale Synthase-inhibiting Hebicides in
Sismbrium oriental and Brassica oumefortii [ J]. Pestic Sci

1999, 55: 507- 516.

SU IB mo—feng ( ), WANG Jin—xm ( ), PENG
X ue-gang ( ), etal
[ J]. Acta Phytophyhcica Siica (
), 2007, 34( 2): 204- 208.
CHRISTOPHER J T, POWLES S B, HOLTUM J A M.

Resstance to Acebhctale Synthase-mhibiting Hebicides
rigidum )
M echanisn s [ J]. Phnt Physiol 1992, 100 1909- 1913

DEV NEM D. M echanisn s of Resstance o A cetybFcoenzyme
A Carboxyhse Inhbitors a Reviev [ J]. Pestic Sei 1997, 51
259- 264.

MALLORY-SM IT'H C A, THILL D C, DIALM ] Identification
ofHericide Resstant Prickly Lettuce (Lactuca serrola) [ J].
W eed Technol 1990, 4 163- 168.

PARK K W, MALLORY-SM TH C A. Physiobgical and
Molkculr Basis for ALS Inhbitor Resisance i Brom us
Tecorun B btypes [ J].W eed Res 2004, 44 71- 77.

HEAP I Inematonal Survey of Herbicide R esisiance W eed s
[EB/OL]. [ 2009-06]. URL http //www. weedscience o1g

A mual Ryegrass (Lo lum Involves at Least Two

WU M ing-gen ( ), CAO Feng-qiu ( ), LU
Ling ( ).
[ J]I. Acta Phytophyhcica Sinica (

), 2007 34 (5): 545- 548
WU M ing-gen ( ), WU Song-quan ( ), PAO
R en-zhe ( ), etal
ALS [ J]. Agrochan icals ( ), 2007, 46
(10): 701- 703
XU X in ( ), WANG Guiqi ( ), ZHANG Hong-
jun ( ), etal

[ J]. Acta Agriculturae BorealtO ccidentalis Simica (
), 2008 17 ( 2): 270- 273.

DUGGLEBY R G, PANG S S A cebhydwxyacd Synthase
[J]. Bochen MolB 0l 200Q 33 1- 36.
ZHOU QY, LUW P, ZHANG Y S et al ActionM echanisn s
of A cetolactate Synthase- nhbiting Hebicides [ J]. Pesticide
Biochen istry and Physio bgy, 2007, 8% 89— 96.
WHALEY CM, WLSONH P WESIWOOD J H A New
Mutaton in Plant ALS Confers Resistance to Five C hsses of
ALS-mnhbitng Hebicides [ J].W eed Sci, 2007, 55 83— 90.
YU Q, HASHEM A, POWLES S B, etal ALS Gene Pwoline
(197) M utatons Confer ALS Herbicde Resisance n Eight
Separated W ikl Radish (Raphanus raphanistum ) Popuhtions
[ J1.W eed Sci 2003 S5t 831- 838

[26

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

YU Q, HAN H, POW LES S B. Mumatons of the ALS Gene
Endow ing Resistance to ALS-mhbitng Hebicides n Lo lum
rigidum Populations [ J]. Pest M anagenent Science 2008 64
1229- 1236.

WANG G X, TAN M K, RAKSHIT § et al Discovery of
Singl-nuckotide M utations in A ceb lactate Synthase G enes by
Ecotilling [ J]. Pesticide Biochem istty and Physobgy, 2007
88 143- 148

SALESM A, SHVRAN V K, BURGOS N R, etal Am no
Aci Substitutions n the A cetohctate Synthase G ene of Red
Rice (Oryza sativa ) Confer Resstance © Imazethapyr [ J].
Weed Sci, 2008 56: 485- 489.

EBERLEN C V, GUTTIERIM ] BERGER P H, et al
Physbbgical Consequences of Mutaton for ALS-mhbior
Resistance [ J]. Weed Sci 1999, 47: 383- 392

EBERLEN C V, GUTTERIM J] MALLORY-SM I'H C A,
et al Altered A ceohctate Synthase A ctivity n ALS-mnhbior
Resistant Prickly Lettuce (Lactica seroh ) [ J]. Weed Sci
1997 45 212- 217

FALCO S C, DUMAS K D. Genetic Analyss of M utants of
Resisant to the Hemicide
Sulbm eturon-m ethy I [ J]. G enetics 1985, 109 21 - 35.
MAZUR B J CHUI ¢ E SMIH J K.

Saccharom yces  Cerevisie
Iso htion and
Characterzaton of Plant Genes Coding for A cetolactate
Synthase the Target Enzyme for Two C hsses of Hetbicides
[ J]. Plant Physiol 1987, 83 1110- 1117

RUTLEDGE R G, QUELLET T, HATTORI J etal M olkculr
Charnacterzaton and Genetic Origin of the Brassica napus
Acebhydroxyaci Synthase M ultigene Fanily [ J]. Mol Gen
Genet 1991 229 31- 40

OHSAKO T, TOM NAGA T Nuckotide Substitutions in the
Aceblactale Synthase Genes of Sulfony uirearesstant B o types
of Monochoria vagnalis ( Pontederiaceae) [ J]. Genes and
G enetic Sysem s 2007 82 207- 215

ODELL JT, CAMIPG, YADAV N S etal Comparison of
Increased Expression of W ild-type and Heibi de-resisant
Aceblactaie SynthaseG enes in Transgenic P hnts and hdication
of Po sttran scrip tional L im itaton on Enzyme Activily [ J]. P lnt
Physiol, 1990, 94 1647 - 1654

LEE K Y, TOWNSEND ] TEPPERMAN ] et al The
M olecular Basis of Sulfonylurea Herbicide R esisance in
Tobacco [ J]. The EMBO Joumal 1988 7 1241- 1248
CHIPMAN D, BARAK Z, SCHLOSS JV. B b synthesis of 2-
Aceb-2-hydroxy  Acids  Aceblactate Synthases  and
Acewhydroxyacid Synthases [ J]. Biochinica et Biophysica
Acta, 1998, 1385( 3): 401- 419

PANG S S DUGGLEBY R G, GUDDAT L W. Crysial
Stucture of Y east Acebhydroxyacid Synthase a Target for
Heicidal Inhbios [ J.MolBibl 2002 317: 249- 262
PANG S S DUGGLEBY R G, GUDDAT LW. M oleculrBasis
of Sulfonylurea Herbicde hhibiton of A ceohydrmoxyacid
Synthase [, J]. Biol Chan, 2003, 278 7639 - 7644



406

[ 40]

[ 41]

[ 42]

[ 43]

[ 44]

[ 45]

PANG S S GUDDAT L W, DUGGLEBY R G. Crystallzaton
ofArabidopsis thaliana A cetohydrwoxyacid Synthase in Com plex
w ith the Sulfony irea Herbicide Chb rinuron—ethyl [ J]. Acta
Cryst 2004, D60: 153— 155.

MCCOURT JA, PANG S S KING-SCOTT ] et al Hebicde-
binding Revealed the of Phnt
A cetohydroxyacid Synthase [ J]. Proc Natl Acad Sci 2006,
103: 569 - 573

DUGGLEBY R G, MCCOURT JA, GUDDAT L W. Stucture
and M echanisn Inhbiton of Phnt A cetohydroxyacid
Synthase [ J]. Plant Physio1Biochen, 2008, 46(3): 309- 324.
SBONY M, MICHEL A, HAAS H U, et al Sulfom emiron-

Sites n S tructure

of

resisan t Am aranthus reto flexus C ross-resistance and M o keculr

Bass for Resisance W A cetohctate Synthase nhbiting
Heicdes[ J].Weed Res 2001 41: 509- 522

BERNA SCONIP, WOODWORTH A R, ROSEN B A, etal A
Nawurmally Occurring Point Mutaton Confers Broad R ange
Tolrance o Herbicides that Target Acebo lactate Synthase [ J].

BiolChean, 1995 270 17381- 17385.

HATTORI ] RUTLEDGE R LABBE H, et al Mulipk
R esstance to Sulfony lnreas and Im idazo linones C onferred by an
A cetohydroxyacid Synthase G ene w ith Separate M utatons for
Sekctive Resistance [ J]. Mol Gen Gente, 1992, 232 167 -

173.

[46]

[47]

[48]

[49]

[50]

Vol 11
X [Zhen ( ), NU Congwei ( ), LI Q ng—=xia (
), etal — AHAS
() E. coli AHAS I
[ J]. Chin J Pestic Sei ( ), 2005 7

(3): 215- 220.

CORBETT C A L, TARDIF F ] Detection of Resisance to
Aceblactale Synthase Inhbiors in W eeds wih Emphasis on
DN A-based Techniques
Science, 2006, 62: 584- 597.

DELYE C, BOUCANSAUD K. A Molecular A say for the

a Reviw [ J]. Pest Management

Proactive Detection of Tarmget Site-based Resisance to
Hebicides Inhbiting A ceblactate Synthase i A bpecums
myosuoides [ J|.W eed Res 2008, 48 97— 101

GRESSEL J Evolution of Resistance to Herbicides [M ] //
GRESSEL J M olecular Biobgy of Weed Contio] Taybr &

Francis London and Nev Y o1k, 2002 78— 121.

ZHANG Chao—xian ( ), NITHamsw en ( ), WEI
Shouhui ( ), etal [ J]. Scientia
Agricultura Sinica ( ), 2009, 42 (4): 1274-

1289

(Ed TANG J)

K AP IT F] 2010

( »

WA R 5 2949 A4F A HEH
( » - o
v« (2008 )~ “ 7
4 >
« » « » 4 » (Thom son Scientific)
10 , { »
« » A4 , ( 2-949), 25/, 4 100
, (1999~ 2009 . , )
2 { »
: 100193 : ( ): 010-62733003 E-m ail nyxuebao@ 263, net

: http //www. nyxxh com. cn

W S AT Fe DA IR BLIT [



