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(Leptochloa chinensis L. Nees) fiiUN1Ua1sWuans1nsan
Investigation of Multiple-Resistance and Molecular Characterization of

Fenoxaprop-Resistance in Chinese Sprangletop (Leptochloa chinensis L. Nees)

Anden AsadER” Moy Tl umﬁm‘[mﬂ v NANK WINIna"
Supatida Sirisawat" Pharnuwat Mahatamnuchoke" Tosapon Pornprom"
ABSTRACT

According to paddy field observations in 2002, fenoxaprop-ethyl resistance in have
been found Chinese sprangletop (Leptochloa chinensis) at the Saphan-Sung district of
Bangkok during 2540-2545. Whole-plant response in greenhouse tests, the resistance
index of resistant-Chinese sprangletop was 10-25 fold higher than that of the susceptible
one. The farmers were suggestel to change the herbicides used to control the Chinese
sprangletop with a different mode of action from fenoxaprop-ethyl. In 2004, a second
investigation by interviewing the farmers sites was carried at the same, out to ascertain
the current situation of resistant-Chinese sprangletop. It was found that the farmers were
satisfied with the action of changing the type of herbicide, because the resistant-Chinese
sprangletop had apparently decreased. In addition, the resistant-Chinese sprangletop did
not exhibit the multiple resistant to oxadiazon, propanil and quinclorac. To investigate the
molecular basis of fenoxaprop-resistance in Chinese sprangletop, acetyl-CoA carboxylase
(ACCase) gene encoding 657 bp of carboxyl transferase (CT) domain of Chinese
sprangletop was isolated. The ACCase sequence of the resistant (R)- and the susceptible
(S)-Chinese sprangletop were deposited in the genbank database with accession
numbers AY803783 and AY662693, respectively. Based on the sequence data, four point
mutations of nucleotides were detected in the R-Chinese sprangletop that lead to the

substitutions of four amino acids (Phe''® changed to Ser, Glu'"® changed to Asp, Gly'"*

Y mednfials aszinEns  MUNeLEY I ANgAINERIEERS IMBITAUILEY B.ALNILEY 9.uATUgH 73140

' Depertment of Agrinomy Facuity of Agriculture at Kamphaeng Saen, Kasetsart University,Kamphaeng Saen campus,
Kamphaeng Saen district, Nakhon Pathom privimce 73140
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changed to Ala, and Ala changed to

Thr). It is possible that the point
mutations may contribute to the
molecular modification of the target site
(ACCase gene) and caused the resistance
to fenoxaprop-ethyl in the R-Chinese
sprangletop. In addition, the accumulation
of ACCase mRNA was detected in the
same levels in both of the R- and the S-
Chinese sprangletop. The results
suggested that the molecular basis of
resistance to fenoxaprop-ethyl in Chinese
sprangletop may have occurred after the
transcription of ACCase gene. Although,
the expression slightly deceased in both
of the R- and the S-biotypes, when
treated with the recommended amount of
fenoxaprop-ethyl (at 6.75 g a.i/ rai).

Key words: base pair substitution,
Chinese sprangletop, fenoxaprop, multiple

resistance, acetyl-CoA carboxylase

(ACCase) gene, point mutation
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Table 1. History of herbicide application application to the paddy field in Saphan-Sung

district of Bangkok during 1997-2002

Year of
Herbicide* No. of Season
Application

1997 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2

FURE 7.5% EW (fenoxaprop-P-ethyl)

RICESTAR 6.9% EC (fenoxaprop-P-ethyl)
1998 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2
1999 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2
2000 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2
2001 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2
2002 WHIP 7.5% EW (fenoxaprop-P-ethyl) 2

* Two applications of herbicide
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Figure 1. Effect of fenoxaprop-P-ethyl (a), oxadiazon (b), propanil (c) and quinclorac (d)

on phytotoxicity of susceptible-Chinese sprangletop (O) and resistant-Chinese

sprangletop (@) at 14 days after application; the vertical bars indicate the errors from an

average of four values
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—O— S - Chinese sprangletop

(a)

—8— R - Chinese sprangletop
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—O— S - Chinese sprangletop

—8— R - Chinese sprangletop
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—O— S - Chinese sprangletop

(d)

—8— R - Chinese sprangletop
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Figure 2. Effect of fenoxaprop-P-ethyl (a), oxadiazon (b), propanil (c) and quinclorac (d)
on plant height of susceptible-Chinese sprangletop (O), and resistant-Chinese sprangletop

(@) at 14 days after application; the vertical bars indicate the standard errors from an

average of four values
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(a) O— S - Chinese sprangletop -O— S - Chinese sprangletop

—e— R - Chinese sprangletop -8— R - Chinese sprangletop
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Figure 3. Effect of fenoxaprop-P-ethyl (a), oxadiazon (b), propanil (c) and quinclorac (d)
on dry weight of susceptible-Chinese sprangletop (O), and resistant-Chinese sprangletop

(@) at 14 days after application; the vertical bars indicate the standard errors from an

average of four values
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Fuluivmsidatoiveidedu q fAeglungu
ACCase-inhibiting herbicides wha2iuld
frem3ald Tasawzarsmiaioisioglu
m\ju aryloxyphenoxypropionate (AOPP)
uaz cyclohexanedione (CHD) &uiiansrinda
i’ﬁﬁﬁwaﬂwﬁﬂﬁ\lﬁﬁmsﬁmﬂ%mmﬂuﬁ’ﬁﬁm

Tunsvirundnuuuuividnudiiey weaunns

A A

Yaeiunazriuul nlun1svanisofad
Frumusnsluaiuf 9 Ao dadetulu
vawiufl 19U 2. gwsTn3 uasUgauas
aviBanT Wiy Feenaaziinanudiumy
FlugasidaeRzsiadu g Al
w1 Asuiindiaenzifidumuaisiiuen

FIWTDNILANTUNTIZUNANIN ST UGB L1

N1LARUBULALANSHIRIA VLRI IUT DY
giu ACCase

nalnIDIANNFILMUE ARSI
naeans13lulalndiduniuansiiuensn
wsani e19ifevniannisisuulas

a

Tasea$vpavmunisiansdnluvijisen

=

melufiy (target site-based) Fatfusunie
fisnsfuanswsowdinluvihufAseneludis
Apaulsd ACCase maduaTIzvitaulzlign
muanlasnalaneiiluanaandauslusedy
2998 ACCase sutiuisléinisndlaauiu
WRZNSMENUIUEL9EIUDBIEU ACCase
e luganudnlanalnassanusuniu
sstuszduluanazeyovdinenzilule

TnlAgunusisiuanswsansialy

1 ACCase Usznaudie 3 sufl
§1A® AP biotin-carboxylase, biotin-
carbkyl carrier War carboxyl transferase
msfnsluadeiildRensannisfianisnaie
Wugzasilnflalndlusu coding region Tu
§7UPaY carboxyl transferase (CT domain)
Forfudrufinauausssaarsmintuialu
Ngu ACCase-inhibiting herbicides mnﬁqm
(Nikolskaya et al, 1999) lasvhnaauuas
MWIRAULILAU1EIUDDEU ACCase TUNA
657 glwa zawmdnnsnamlulalnfiguniy
ssuazlulalniiiseuns ledunzidoulu
GenBank l#5ununsLas AY803783 uA:

[y

AY662693 MNEGU (Figure 4) WiawSeu
WBUAIAUILAYIEYU ACCase FeViINwaN
aanzlulalndigrunusrsuaslulalnii
gauwe WuiANNwANFNTaiief e lng
31U 28 Funuy Bl 4wy dawaia
Tinsapcilufinswdsundasuansnglyann
BN 4 wila lud Phe® 1y Ser,
Glu'™ fu Asp, Gly'™ U Ala uaz Ala™"®
{u Thr (Table 2) F9iflun1sifinuuunis
nmﬂﬁuﬁjl,awwzﬁgm (point mutation) N&1AD
Wianisiasuulavailinuagraiuanily
iy fanaliiansdonsnzinsnasdily
fuanseeanianniin deldaanadesiunis
el SRy green foxtail (Setaria viridis
L. Beauv) #idumusnslunguiidedonts
foasneinsalesiu Tapdisunde 1780 Tu

&7 CT domain 2898U ACCase #n19
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S-rigid ryegrass
S-wheat

S-wild oat

S-oat

S-maize

S-annual ryegrass

SGARIGIADEVKSIFRVKWIDDSNPERGFDYVYLSEEDYGRISSSVIAHKTQLDSGE IRW
SGARIGIADEVKSCFRVGWSDDGSPERGFQY 1 YLTEEDHAR I SASV I AHKMQLDNGE IRW
SGARIGIADEVKSCFRVEWVDPANPERGFKY I YLNEEDYGRISSSVIAHKTQLDSGE IRW
SGARIGIADEVKSCFRVEWVDPANPERGFKY I YLNEEDYGRISSSVIAHKTQLDSGE IRW
SGARIGIADEVKSCFRVGWSDERSPERGFQY I YLTEEDYARISSSV IAHKLQLDNGE IRW
SGARIGIADEVKSIFRVKWIDDSNPERGFDYVYLSEEDYGRISSSVIAHKTQLDSGE IRW

S-Chinese sprangletop
R-Chinese sprangletop

SGARIGIADEVKSCFRVGWSDEDSPERGFQY I YLTEEDYSRIGSSV IAHKLQLDSGEVIW
SGARIGIADEVKSCSRVGWSDESSPERGFQY 1YLTDEDYSRIASSV IAHKLQLDSGEVRW

R-rigid ryegrass
R-maize

R-green foxtail
R-wild oat
R-annual ryegrass
R-C.cryptica

1780

S-rigid ryegrass
S-wheat

S-wild oat

S-oat

S-maize

S-annual ryegrass

SGARIGIADEVKSIFRVKWIDDSNPERGFDYVYLSEEDYGRISSSVIAHKTQLDSGE IRW
SGARIGIADEVKSCFRVGWSDEGSPERGFQY I YLTEEDYARISSSV IAHKLELDSGE IRW

SGARIGIADEVKSCFRVGWSDEGSPERGFQY 1 YLTDEDYARISLSV IAHKLQLDNGE IRW
SGARIGIADEVKSCFRVEWVDPANPERGFKY I YLNEEDYGRISSSV IAHKTQLDSGE IRW
SGARIGIADEVKS IFRVKWIDDSNPERGFDYVYLSEEDYGRISSSVIAHKTELDSGE IRW
SGARIGLVDDLKPKFQIKFIDEASPSKGFEYLYLDDATYKSLPEGSVNVRKVPEG————W

****** * - * 'k* 'k **x -

VIDSVVGKEDGLGVENITHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENITHGSAATIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENITHGSAAIASAYSRAYEETFTLTFVSGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENITHGSAATASAYSRAYEETFTLTFVSGRTVGIGAYLARLGIRCIQ
1 1DSVVGKEDGLGVENIHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENITHGSAAIASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ

S-Chinese sprangletop
R-Chinese sprangletop

1 1DSVVGKEDGLGVENIHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
1 1DSVVGKEDGLGVEN IHGSAAIASAYSRAYEETFTLTFVTGRTVGIGAYLTRLGIRCIQ

R-rigid ryegrass
R-maize

R-green foxtail
R-wild oat
R-annual ryegrass
R-C.cryptica

VIDSVVGKEDGLGVENLHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
1 1DSVVGKEDGLGVENLHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
1 1DSVVGKEDGLGVENLHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENLHGSAATASAYSRAYEETFTLTFVSGRTVGIGAYLARLGIRCIQ
VIDSVVGKEDGLGVENLHGSAATASAYSRAYEETFTLTFVTGRTVGIGAYLARLGIRCIQ
AITDIIGTNEGIGVENLQGSGKIAGETSRAYDEIFTLSYVTGRSVGIGAYLVRLGQRIIQ

* - - 'k **** 'k* 'k* **** * 'k'k* 'k 'k* ******* **k*k K Kk

Figure 4. Alignment of the deduced amino acid sequences for partial acetyl-CoA
carboxylase (ACCase) gene of resistant (R) and susceptible (S) biotypes of Chinese
sprangletop and several R- and S-plants resistant to ACCase inhibiting herbicides as

compared to the changed amino acids (marked with *) in resistant Chinese sprangletop.

Table 2. Summary of nucleotide and amino acid substitutions in susceptible biotypes of

Chinese sprangletop resulting to resistant biotypes of Chinese sprangletop.

Nucleotide position* Nucleotide substitution Amino acid substitution

(1) 5153 TIC > TCC Phe'™ >  Ser
2) 5217 GAA > GAC Gu™ > Asp
(3) 5237 GGC > GCC Gly"™ > Al
(4) 5443 GCT > ACT Ala®® >  Thr

* The numbers refer to partial GS coding sequence of Setaria sp. for ACCase (genbank
Accession No. AF294805)

Wasuwasawsain C u T dwaliiia luSpRzfisnunusoans (Dlye et al, 2002a)

mM3swasuwlasrednsnazdluain isoleucine BN Brown WAzAME (2002) L§vinnsAnen

Tuipiizfigeunsdoss wWisuludu leucine ANNAIUNIUANTNEN cyclohexanedione
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TN wIn AN 3 wila A W
Setaria viridis mjﬂ\l‘sﬁ (Lolium rigidis) wag
#1781 (Avena fatua) Wunalnzesnw
funiusslunga  ACCase-inhibiting
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natwWuglan1ryarediiu ACCase &9WA
lAanswasunsaasfluain isoleucine
nanediu leucine WawSpuiisuiusgidune
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faa1T wm"1Lﬁmmiminmﬂﬁuﬁ:mwwzﬁ;mﬁ
ALAUILINDDINITUURIAR 9 1NLAN ATA
(isoleucine) naneifiu CTA vi3a TTA dwit
2 codon azilasiaiiu leucine WulRpiy
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Tuanazavieulsd ACCase Tu black-grass
Wug Nott A1 AF1UNIUTIT sethoxydim
wazWug Oxford S1 figouuasiasns wui
ianswasuudaszeensnesily isoleucine
Afegluiugsounenanodu leucine Tuiiug
AFun1uaIsidwndafea iy lasfing
WasuwUasususundesenanifonyly
#1718min (Christoffer and Messersmith,
1999), ltalian ryegrass (Lolium rigidum)
(Zagnitko et al, 2001) Rz black grass
(Alopecurus myosuroides Huds) (Moss et al,
2003) Felundirnansilulalndiduniu
g5 linudnfinnswisuutasaennas ily

27N isoleucine Lfu leucine w19l

uanNil Dlye LLazAMe (2002a) 918871791
nswasuulasees neezfiluain isoleucine
i leucine tu vilwAanssnostaulsd
ACCase Wanuwlas lifipeidintaawiniy
Lﬁa\‘lmnn’mazﬁu isoleucine LAY leucine
ﬁgm‘[moa%wmamﬁﬁﬂé’wﬁumn oty
nIAsuLladenInasiiluann isoleucine
Iy leucine 8133z liinadaviuay
frunuasiuansinsanluvainenaid
Tansy

N1TUNUATBIEIFUILN (base-pair
substitution) fAsdumsTufiu ACCase 789
waeanz1alulelndfigruniuaisite 4
funly (Table 2) Tuany DNA aanayinly
nsaasAlululysfudsuntasly Fafu
FrunteiiiaauTmizdanisiinnisnans

v € o

WuSaw1zan YManswasuLlasnalnnie

) )
%ﬂuLaqammﬁnmﬂmﬂmma (ACCase
gene) NarsidnirRsuaasufisonluns
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wpnzIIaNld wenaninisiianisnans
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Ygnfiz 1ae33 SNPs (single nucleotide
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Total RNA

ACCase gene
transcripts

Figure 5. Northern hybridizations of
ACCase mRNA in resistant (R) and
susceptible (S) biotypes of Chinese

sprangletop.
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sprangletop control

Lane 2 R-Chinese

sprangletop control

S-Chinese
sprangletop treated with fenoxaprop-P-
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Lane 3
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ethyl 6.75 g a.i/ rai
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a

anudnduiige Seaswudrfinisuansesn
gavtaulnl ACCase Tufwiizlulolnid
fumuansey edalsfinaiinnsseauie
funalnzeeanufiuniuans quizalofop-p

uae sethoxydim Tuiniovignaasiusuwuin

dunuunmsuaaeanuinninUnizesioulssd
(Bradley et al, 2001) #aNINTIENIUIN 1T
inanudiunuasngs ALS Tudszanns
P09¥RT wild radish 15U RaduluT VA
INNTEUIUNTT transcription %38 translation
2098u ALS lasfinnsuanavaanvasiuluy
s¢6u mRNA 2aslulalndfigruniuansla
svfululalniliigeuus (Yu et al, 2003) %9
NAlNTEIANFIUNIUEITFINETT FAN
sanndasiuwanInasasinulundinanzi
fdumusinansiiuenswsan wiinansngs

¥
v o

figusanisvieuzasieulsd ALS azifluang
idnfriaioglunguiidneiuivansfiuensn
WIBNAMW
‘[umiﬁnuﬂuﬂ%’oﬁmmin‘ljﬁaqﬁlfﬂ,ﬂ
Uszgnd i dunuanilunsdansfofie
Tuwduuuwiniey Sevdnnisdans
’J"ﬁﬁﬂuuﬁia:qgmaLwnﬂgnﬁv'u A233N13
nyudsuuaziasunstiasidn joialnd
nalnlunsianefiasfivanraiswanseiuly

Waldun1sdreaniynizesnisiia o ie

v
v o A a o o &

frumuansnIndsny dnnvdaiuniszie
AuAnuasidafaigliodadussuvuasd
Uszandninuandeiu Felunisfiansan
Fnpauriugiuneiuadsine Suafiuas
Fluanavesndinansafiduniuansil
uanzwsaw drelunisaduneiisatunaln
YNANNAUMNUTINMAATBNY (mechanisms
of herbicide resistance) Fafunszuiunisi

WNeduaegfaloduasHANTUEaUNIN

Thai Agricultural Research Journal Vol. 30 No. 1 January - Apil 2012 69



muluiy delifiAnUsclomisainsnsnsid
tlyvrisnsvainanadiuniua1siuensd
wiaw Tun1shurdisuuuuindiudias
usnndmaiaumadansindiluana
fana1dl armrsnun Ty s lomilunig

PYIBNUNATIINOU TBNBNAIY MIUNITANNA

¥ fl
A =

Joigldsinsideiu lasamzTuiul 9 aa

v v A

119199 N VBNBNAUNUNITITA TN LA

Juanld wazedlussasifaRisduniuans

o0 o o A L% A =

aaTrRTANs WIS Ua NN 1iaTay

1 A

Tannuani1gluntatleefuldldSon e

D.

@ [ '

ANUNIVFITAITATENTAINA1IUANITUNS

AT A e R LTt Gl

o

#3UNaN1INARDY
N33R uTiwe9InEAINIAvIU
FIUDUUIMIUTI AN TuagewIugy
N3INN Lﬁ'aﬁﬂmiﬁnmﬁagaL'f”imﬁ’u"iﬁﬁ
naeenIEIUNIUEITHUBNTINTON LilD
Ra1sananuiiuniuasmangullioes

v v A

minfrRszidadu q Ainnsiluundng liny
ANNAUMURITITRTTRTnaNENaNTDY
naeana13lulalndiduniuansiiuansd
wianlUfeanseanslawaasou wsniila
wazAIuAaawInd  WaRiansuImIeFIuga
Tatanazendginansiduniuaisituen
250N Lasyn1slaauduLasiafuue
Tugu carboxyl transferase (CT domain)
1898 ACCase UM 657 giua lHdu

nzifoulu genbank wazfisWa AY803783

70

(ulolniiighuniuans) wae AYe62693 (lu
Tolnifigauns) anardy wuifinisiia
msnmﬂﬂ’uﬁ:mwnqﬂ (point mutation) w84
frdlalndauiu 4 fuvislundinnenand
Tulelndfigumiuans dewaiudaswadun
sancfiluiniswasuutaslanifs 4
funde Iiwn mswdsuudaszesninasiily
270 Phe'" fu Ser, Glu'™ Ju Asp,
Gly"™ flu Ala uaz Ala™"® {u Thr vil¥id
nswisuudasdnsuznisdilaanaves
Funddivang (ACCase gene) fimn3rindn
Tisuaasufiseunssudslundinenan
lulalndfigunuans Fahluganngoes

MIARAMNEIUNURITHUBNTINTDWLE

ﬁwauqm
mu"i%’ﬂmﬁ%’unuaﬁuwumnquﬁ

[ a

WusdAINTsnwasmaluladdiniwuvienn i

9

o @ [ a

finuiRInemaEnsasmaluladuvie
718 wazgudmaluladfinininens
WAINENRBINBATAIEAS ARDAIUVETOLAN
v3Em lueaslne 91ia (luwees asauznend)
Vﬂﬁnﬁsaﬂfuauumsﬁﬁmﬁ’ﬁﬁmﬂuaﬂmwmw
WREYILBIUIBANMNFEAINIUNNTETI VY

ANUMUFITITA TTNDY

ONA1SD19DY
Andrews, T.S., J.N. Morrison and G.A.
1998.

Penner. Monitoring the

spread of ACCase inhibitors

1581533MSnsaT D91 30 auil 1 Nn91AN - WeY 2555



resistance among wild oat (Avena
fatua) patches using AFLP analysis.

Weed Sci. 46: 196-199.

Bradley, KW., J. Wu, K.K. Hatzios and

E.S. Jr. Hagood, 2001. The

mechanism of resistance to
aryloxyphenoxypropionate and
cyclohexanedione herbicides in
Johnson grass biotype. Weed Sci.

49: 477-484.

Brown, A.C., S.R. Moss, Z.A. Wilson and

L.M. Field. 2002. An isoleucine to
leucine substitution in the ACCase
of black-grass (Alopecurus myosuroides)
is associate with resistance to the
herbicide sethoxydim. Pestic.

Biochem. Physiol. 72: 160-168.

Christoffers, M.J. and C.G. Messersmith.

Dlye,

1999. Molecular analysis of acetyl-
CoA carboxylase genes from
herbicide-resistant and -susceptible
wild oats. Page 54. In: Proceedings
of the North Central Weed Science

Society. NCWSS Publications,

lllinois, USA.
C., T. Wang and H. Darmecy.
2002a. An isoleucine-leucine

substitution in chloroplastic acetyl-
CoA carboxylase from green foxtail

(Setaris viridis L. Beauv.) is

Dlye,

Heap,

Heap,

responsible for resistance to
cyclohexanedione herbicide
sethoxydim. Planta. 214: 421-427.
C., A. Matjicek and J. Gasquez.
2002b. SNP markers for black-
grass (Alopecurus myosuroides
Huds.) genotypes resistant to
acetyl CoA-carboxylase inhibiting
herbicides. Theor. Appl. Genet.
104:1114-1120.

ILM. 2004. International Survey of
Herbicide-Resistant Weeds. Committee
and Weed Science Society of
America, http://www.weedscience.com
15/6/2004.

.M. 2008. International Survey of
Herbicide Resistance Weeds, http://

www.weedscience.com. 30/5/2008.

Maneechote, C., S. Samanwong, X.Q.

Moss,

Thai Agricultural Research Journal Vol. 30 No. 1 January - Apil 2012

Zhang and S.B. Powles. 2005.
Resistance to ACCase-inhibiting
herbicides in sprangletop (Leptochloa
chinensis). Weed Sci. 53: 290-295.

S.R., KM. Cocker, A.C. Brown, H.
Linda and L.M. Field. 2003.
Characterization of target-site
resistance to ACCase-inhibiting
herbicide in the weed (black-grass)
Alopecurus myosuroides. Pest

Manage. Sci. 59:190-201.

71



Nikolskaya, T., O. Zagnitko, G. Tevzadze,

R. Haselkorn and P. Gornicki. 1999.
Herbicide sensitivity determinant of
wheat plastid acetyl-coA carboxylase
is located in a 400-amino acid
fragment of the carboxyltransferase
domain. Proc. Natl. Acad. Sci. USA.
96: 14647-14651.

Pornprom, T., P. Mahatamnuchoke and K.

Usui. 2006. Altered acetyl-CoA
carboxylase confers resistance to
fenoxaprop in Chinese sprangletop
(Leptochloa chinensis L. Nees).

Pest Manage. Sci. 62: 1109-1115.

Valverde, E.B., C.R. Riches and J.C.

72

Caseley. 2000. Prevention and
Management of Herbicide Resistant
Weeds in Rice: Experiences from
Central America with Echinochloa
colona. CATIC, Turrialba, Costa

Rica. 123 p.

Yu, Q., X.Q. Zhang, A. Hashem, M.J.

Walsh and S.B. Powles. 2003. ALS
gene proline (197) mutations confer
ALS herbicide resistance in eight
separated wild radish (Raphanus
raphanistrum) populations. Weed

Sci. 51: 831-838.

Zagnitko, O., J. Jelenska, G. Tevzadze, R.

Haselkorn and P. Gornicki. 2001.
An isoleucine/ leucine residue in
the carboxyltransferase domain of
acetyl-CoA carboxylase is critical
for interaction with aryloxyphenoxy
propionate and cyclohexanedione
inhibitors. Proc. Natl. Acad. Sci.
USA. 98: 6617-6622.

1581533MSnsaT D91 30 auil 1 Nn91AN - WeY 2555





