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Table 1. A history of Graminicides usage during 2000-2006 at wheat farms where winter wild oat populations were collected.

Population Location Herbicide applied

W/F-M1/85 Marv Dasht Clodinafop (6 years)

W/F-M2/85 Marv Dasht Clodinafop (4 years), fenoxaprop (2 years)

W/F-M3/85 Marv Dasht Clodinafop (4 years), fenoxaprop (2 years)

W/F-M4/85 Marv Dasht Clodinafop (5 years), fenoxaprop (1 year)

WI/F-F3/85 Fasa Clodinafop (4 years), clodinafop + diclofop (1 year), fenoxaprop (1 year)
W/F-S1/85 Sepidan Clodinafop (5 years)

W/F-S2/85 Sepidan Clodinafop (3 years), fenoxaprop (2 years), fenoxaprop + difenzoquat (1 year)
WI/F-S3/85 Sepidan Clodinafop (2 years), diclofop (1 year)

W/F-S4/85 Sepidan Clodinafop (3 years), fenoxaprop (2 years), fenoxaprop + difenzoquat (1 year)
WI/F-ES1/85 Estahban Clodinafop (2 years)

W/Kh-ANG6/84 Andimeshk Clodinafop (5 years), clodinafop + fenoxaprop (1 year), diclofop (1 year)
W/Kh-AN9/84 Andimeshk Clodinafop (2 years), fenoxaprop (4 year), benzoylprop (1 year)
W/Kh-AN13/84 Andimeshk Clodinafop (5 years), clodinafop + fenoxaprop (1 year)

W/Kh-R5/84 Ramhormoz Clodinafop (6 years)

W/Kh-SHT1/84 Shushtar Clodinafop (6 years)

WI/F-S(s)/85* Sepidan —

*The susceptible population has never been treated with any herbicide.
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Table 2. Primers used in CAPS and dCAPS methods.

Primer Sequence 5'-3" Method Reference
pocrt pAsaSavve etz CAPS for 2041and 2088 Yu etal., 2007
EZ: : ggifr AGMTAEE%L%E%&%&@%LAGEGA%%?FSCATGCA dCAPS for 1781 Kaundun and Windass, 2006
écccgi/lzomr GCACTCCAAETAC?('ZA\ggﬁgTGéA(;FEEﬁ&CTECTTGATA dCAPS for 2078 Yuetal., 2007
{ACAPS ,CAPS _yig, , sdliu! 3,90 o0yt (ses 35T Y Joua

Table 3. Restriction enzymes used in CAPS and dCAPS methods.
Enzyme Commercial Isoschizomers Restriction Site Method Reference
Nsil Avalll, Ecoz:;,l Mph11031, st dCAPS (1781) Kaundun and Windass 2006
EcoRV Eco32! pscalitalbes dCAPS (2078) Yuetal, 2007
EcoRI Funll el CAPS (2041) Yu etal., 2007
Eco47111 Afel, Aor51HI, Fun! S-AGCGCT-3 CAPS (2088) Yu etal., 2007

3'-TCG"CGA-5
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Table 4. Parameters of the log-logistic equation used to calculate the herbicide dose required for 50% reduction in the dry
weight (AEDso) of 15 resistant (R) and one susceptible (S) biotypes of winter wild oat to clodinafop-propatgyl.

a
Population Upper limit (d) Lower limit (c) Slope (b) (:;?1:],1) RI®
M1 0.17 (0.003)° 0.07 (0.002) 1.73 (0.190) 42.18 (5.622) 5.87 (0.872)
M2 0.22 (0.006) 0.14 (0.005) 0.97 (0.227) > 20489 >21.93
M3 0.17 (0.004) 0.09 (0.002) 3.55 (0.82) > 2048 >21.93
M4 0.21 (0.004) 0.08 (0.002) 3.23(0.387) 21.85(1.392) 3.04 (0.277)
S1 0.23 (0.004) 0.11 (0.002) 3.44 (0.635) 51.99 (8.989) 7.24 (1.338)
S2 0.26 (0.006) 0.11 (0.002) 2.62 (0.350) 22.22 (2.407) 3.10 (0.391)
S3 0.27 (0.007) 0.11 (0.003) 3.77 (1.570) 10.74 (1.340) 1.50 (0.211)
S4 0.25 (0.007) 0.13 (0.003) 3.21(0.675) > 2048 >21.93
F3 0.21 (0.006) 0.09 (0.003) 1.88 (0.308) 66.13 (8.598) 9.21 (1.340)
ES1 0.15 (0.003) 0.03 (0.001) 2.42(0.241) 11.89 (0.570) 1.66 (0.134)
ANG6 0.18 (0.007) 0.05 (0.003) 2.02 (0.453) 18.55 (2.264) 2.58 (0.357)
AN9 0.17 (0.005) 0.06 (0.002) 2.22 (0.425) 25.44 (3.279) 3.54 (0.512)
AN13 0.21 (0.006) 0.08 (0.005) 0.89 (0.156) 157.42 (44.674) 21.93 (6.385)
R5 0.12 (0.006) 0.08 (0.003) 1.38 (0.601) > 2048 >21.93
SHT1 0.15 (0.005) 0.06 (0.004) 1.09 (0.198) 139.60 (31.065) 19.45 (4.509)
S® 0.50 (0.007) 0.05 (0.004) 1.04 (0.088) 7.18 (0.468) -
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2 AEDsyo is the dose of herbicide causing absolute 50% reduction in dry weight.
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b Resisance index, values shown in bold indicate herbicide resistant populations as determined by a significantly RI > 1.

¢ Values in parentheses indicate standard error.

4 Shoot dry weight reductions were less than 50% over the range of clodinafop-propargyl application rates, thus the AEDso was not estimable.

¢ Susceptible biotype
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Figure 1. Effect of clodinafop-propargyl on dry weight of 15 resistant (R) and susceptible (S) biotypes of wild oat collected

from the fields of Marvdasht (M1-M4), Fasa (F3), Sepidan (S1-S4) Estahban (ES1), Shushtar (SHT1), Andimeshk (AN6,
AN9, AN13) and Ramhormoz (R5) in dose-response bioassay.

Each symbol represents the mean of six replicates.
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Figure 2. Results of PCR product (A) and enzyme digestion with EcoR1 (B) to identify lle-2041-Asn mutaion in wild oat

SS shows the susceptible homozygote biotype and RS shows the resistance heterozygote biotype.
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Figure 3. Results of PCR product (A) and enzyme digestion with EcoR1 (B) to identify Cys-2088-Arg mutaion in wild oat
biotypes.

SS shows the susceptible homozygote biotype.
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Figure 4. Results of PCR product (A) and enzyme digestion with EcoR1 (B) to identify Ile-1781-Leu mutation in wild oat

SS shows the susceptible homozygote biotype and RS shows the resistance heterozygote biotype.
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Figure 5. Results of PCR product (A) and enzyme digestion with EcoR1 (B) to identify Asp-2078-Gly mutaion in wild oat

SS shows the susceptible homozygote biotype.

VeVE 8 L S ok 4o Y b L50Ls
ol iscde I S s s el 0 S
Lo 35 51 (& 0 03 Sleedsy 5 St 055 a8« bk 2
o b 3 (Uludag et al. (2007) 55 Ao )3 00 51 S
(Avena sterilis L.) o>y OV 5 slaesy o8 Cuslis
(o35 Yo 5D o588 VoS WS 5158 edeie SNLI s
TRl 5 e alS s v b Cuslis
AL sk o plSss sl cwslas gl bl
ol s ladlas o3 (YerA) olen 5 Sladsl s
G o ey BV g 0 5 Cugles jexli &S Wl
Wil o lS 5 Cp wlsl gl sl
ARt BT (Josiimom e S 5 o oo 8 1800
4 Y cslie mlaws (Uludag et al., 2008) 55 oo o35

Ceiie bau g iy Y5 laes g s g sla iSale

- .

o slie o S LT s @ a5 L IS5k«
Yy glaesg s bl amosloels ASile o
Sy ele o 51 VL (ol pme sk polds i
J,{Laﬂ ol s e glaes g s el slwl Cwslis c]a.ﬂ
LS o lal a5l e SIS ple ol en 4
o ACCase ot ls3b sla iScie 3,8 Slsl Hlas &5
Coaslie i Rl 5 LSS 4 e 0 S 03 e s ok
o s SV glees g s b iscile 5oy S nl &
el ol Ol 5 el glaokal 1 oedd (gl
A YT e b bes S S osbae
Ll IS s iSdile eld aos Sl
L e oS 5 Sasanfar et al. (2009)

—oslsds pScde 4 iy OV e 9 o



(MONY s,aclacale 2ls doms /(¥480) O Ken 5 0Ll

Ve

ok 18 S,k 4 .(Jang et al., 2013) .S
i ol en 4 1le-2041-AsnVal igs &S oo
Gly-2096-Ala/Ser 5 Trp-2027-Cys (Trp-1999-Ser/Cys
C o Sdle L L S w ceslie sl o LS
dle-1781-Leu/VallThr ;s s oo iils oS Jl= 55 555
4 Cuslae 39, Eol Cys-2088-Arg 5 Asp-2078-Gly,
9 Laﬁ; o Jels ACCase o blasl sla S ile aan

.(Jang et al., 2013; Powles & Yu, 2010) s 35 . 0>

B0 5l gsline Caglie Lasls &S opl 4 axg L
LJ:'"«;- 6‘)‘5 Lf:}j uYﬁ calises LgLAobj; L >Y\ /4y
51aS 58 o lal aS pl 4 Ll s salia [le-1781-Leu
(&:.i.ﬂ;) R J.il.ma )j.b L] LY J)‘) M}fb Lﬁ"j eK.itg-
o Je= 4 ;36 ACCase Sisen 05 ,» Llodd
Coglie (o3l @) e gl Sl ol Eas 4 by e
3wl e Llg e ACCase 55 sl ool s
s g S Jl s S sl 1 iScile 4 caglia
SYL G slas o sl gl - Loshos L S 5o e jig
laes g 53 Y=l 50l 51 .(Yu et al, 2013) s dal
ol 3 YU Cuwglas s U Hle-1781-Leu g slyls
Sl 03l C) adads Lﬁal L J)— oli.;te- p<:s_ )l J».:J L J:'P
)'lu}ﬁ);ﬁqlpg‘}ﬂ.fcbduju»gﬁgﬁd
95 aRb x5 s @L'j ol eamen (ol 0l Laes 5
ol aS A edalis lle-1781-Leu ;5 1le-2041-Asn g
035 G 53 g 93 o Olojen sy L3S 3500 )l

.L;':Lab;d L:ijd)‘ﬁl)b L;:'*"ﬁ s_é‘yj.»
o VUM 5 YVA da g s ui,iLaﬂ Slaes sy Lo a
fj&)lfjﬁdu;ﬂ.c);uuiﬁ-d\tﬁjlﬁlm@ML&a
«(Delye et al., 2005) Alopecurus myosuroides Huds. sl
Lolium rigidum Gaudin., Avena sterilis L.
sk 5,55 «(Benakashani et al., 2014 <Liu et al., 2007)

M4 M3 ML lass g oS ol a5 b eomens Lol

Mansooji et al. 1992;) cl sid 2,8 55 s

.(Seefeldt et al. 1994

SIS 5 IS5 5 el hlesl s alis b
T RN Y E e IR PP
2 e slea cos g iy Sl s sl 1le-1781-Leu
.(Delye et al, 2005) s, polis brers
0 Sl sla i ales L35 Zand et al. (2010)
sy ACAPS 5 CAPS iy, a Yei\ 5 \VA) i
S &S Ly D ol 4 iy Yy beess
Sosb o LI VAY ahai 53 g lyls SRl slaes s
lle-1781-Leu jigr Aoy £8 asllas 5,550 035 VY 5l &S
3l ¢l.xs e [le-2041-Asn g a5 Jl>= 55 acsls |
Benakashani et (2014) w5 mld Al odalie baos 5
ol Sl eslinad U iy Yy Ciliie slaes 5 53,
Loy3 OV )3 WAY abits js g 3 5l S 55 A,
axdlas L 55 Rastgoo et al. (2006) .35 iolesl glaos s
ook sla fsile w eyl ims Y5 0254 )
e Shls e g Vo laes g ol 5l s sl Olis ACCase
L4 lle-1781-Leu

ol Gl 35 Sialesl el 2 S RE 5 M2 o545 5o
Lals 0L b5k m Bl dS ascile 4 VL Sl
lle-2041-Asn g slyls JsSUsm asllas il ol
Yei) bt s OLS o SV TP I - TR K U LS
—olus S Sl 4 VU aglie s w3 53
L Olge S Gl o n bl b3k e
o5 11e-2041-Asn g gy S 25 oLl Sl
o Vb mae Caglie 4 e iy Y Gbers
Sl s ilisee b i el 0l o gh sla iSils
lols ACCase sijlsil sl iScile o pslis saS
55, 4 (Liuet al.,, 2007, Yuan et al., 2015) ..l o
Coglie o Sl oaclacile 5 b i ool 51 K a
sbwl ACCase sl sl pSiidle & |y ol L5 e


http://www.ipni.org/ipni/idAuthorSearch.do?id=3051-1&back_page=

\FAY

gl bl 53 LY 8 — s Js il i i

e 5 g S sk 6 (J S 5e sla i) ) eslind
Sn oS bl gl il e R e s Caslie 0 lS
saseii 4 6 ACAPS 5 CAPS aile La_is, ol
Wil o 56 S 5 s gbaS
@ Caslie p5ilSe aie) 3 g ax e Sl 4 LS
Lb s s S Sl pmglacide 5o b isiile

&‘)\@Muﬂi& LS)Q‘J:':*")@J"‘U";”'JJ

Adamczewski, K., Kierzek, R. and Matysiak, K. 2013.
Wild oat (Avena fatua L.) biotypes resistant to
acetolactate synthase and acetyl-CoA carboxylase
inhibitors in Poland. Plant Soil & Envir. 59: 432—
437.

Baghestani. M. A., Zand, E., Soufizadeh, S., Mirvakili,
M. and Jafarzadeh, N. 2009. Antagonistic effect of
2, 4-D plus MCPA and clodinafop propargyl on
wheat (Triticum aestivum) field weeds in Iran.

Appl. Entomol. Phytopathol. Pesticides Special
Issue: 1-18.

Barth, S., Melchinger, A. E. and Libberstedt, T. H.
2002. Genetic diversity in Arabidopsis thaliana L.
Heynh. investigated by cleaved amplified
polymorphic sequence (CAPS) and inter-simple
sequence repeat (ISSR) markers. Molecular Ecol.,
11: 495-505.

Beckie, H. J., Heap, I. M., Smeda, R. J. and Hall, L. M.
2000. Screening for herbicide resistance in weeds.
Weed Technol. 14: 428-445.

Benakashani, F., Zand, E. and Alizadeh, H. 2006.
Resistance of wild oat (Avena ludoviciana)
biotypes to clodinafop-propargyl herbicide. Appl
Entomol Phytopathol 74:127-149

Benakashani, F., Zand, E., Naghavi, M. R. and
Sasanfar. H. 2014. Mutations in acetyl-CoA
carboxylase enzyme, mechanism of cross
resistance in wild oat (Avena ludoviciana Deuri.)
biotypes to ACCase Inhibitor herbicides. Iran J
Weed Sci. 10: 179-190. (In Persian with English
summary).

Billingsley, P. 1986. Probability and measure, 2" edn.
John Wiley & Sons, New York, USA. 593 p.

Cruz-Hipolito, H., Fernandez, P., Alcantara, R.,
Gherekhloo J., Osuna, M. D. and De Prado, R.

&l bl 53 SHTL 5 AN9 AN6 F3
e andlas bl 5 Lol sls Ol caglis iSile
Az sdalie Lol 3 ) 5550 Sl i plUS e
LBl o oz s ol 53 Canslin e oS 3 S e OIS 0
S AL YA YTV 0484 sl Bl s e ¢
Coaglie 53 Bla s o phe Caaglie SlandlSG L
(Powles & Yu, 2010) ol | [iScile 4 baosss o

&l

2015. lle-1781-Leu and Asp-2078-Gly Mutations
in ACCase Gene, Endow Cross-resistance to APP,
CHD, and PPZ in Phalaris minor from Mexico.
Int. J. Mol. Sci. 16: 21363-21377.

Dellaporta, S. L., Wood, J. and Hicks, J. B. 1983. A
plant DNA mini preparation: Version Il. Plant
Molecular Biology Reporter 1: 19-21.

Delye, C. 2005. Weed resistance to acetyl coenzyme A
carboxylase inhibitors: An update, Weed Sci. 53:
728-746.

Delye, C., Zhang, X. Q., Michel, S., Matejicek, A. and
Powles. S. B. 2005. Molecular bases for sensivity
to acetyl-coenzyme A carboxylase inhibitors in
black-grass. Plant Physiol. 137: 794-806.

Elahifard, E. 2005. The Investigation of the resistance
against aryloxyphenoxy propionate herbicides in
littleseed Canarygrass (Phalaris minor). MSc
thesis. Mashhad, Iran: Ferdwosi University of
Mashhad. (In Persian with English summary).

Gherekhloo, J. 2008. Tracing resistant Phalaris minor
populations and studying their resistance
mechanisms to aryloxyphenoxy propionate
herbicides in Fars and Golestan wheat fields. Ph.D
dissertation. Mashhad, Iran: Ferdwosi University
of Mashhad. (In Persian with English summary).

Gherekhloo, J. Osuna, M. D. and De Prado, R. 2012,
Biochemical and molecular basis of resistance to
ACCase-inhibiting herbicides in Iranian Phalaris
minor populations. Weed Res. 52: 367-372.

Heap, 1. 2017. International survey of herbicide
resistant weeds. Web page:
http://www.weedscience.org. Accessed: February
1, 2017.

Hochberg, O., Sibony, M. and Rubin, B. 2009. The
response of ACCase-resistant Phalaris paradoxa



(MONY s,aclacale 2ls doms /(¥480) O Ken 5 0Ll

VEA

populations involves two different target site
mutations. Weed Res. 49: 37-46.

Jang, S., Marjanovic, J. and Gornicki, P. 2013.
Resistance to herbicides caused by single amino
acid mutations in acetyl-CoA carboxylase in
resistant populations of grassy weeds, New
Phytol. 197: 1110-1116.

Kaundun, S. S. and Windass, J. D. 2006. Derived
cleaved amplified polymorphic sequence, a simple
method to detect a key point mutation conferring
acetyl CoA carboxylase inhibitor herbicide
resistance in grass weeds. Weed Res. 46: 34-39.

Liu, W. J., Harrison, D. K., Chalupska, D., Gornicki,
P., O’Donnell, C. C., Adkins, S. W., Haselkorn,
R. and Williams, R. R. 2007. Single-site
mutations in the carboxyl transferase domain of
plastid acetyl CoA carboxylase confer resistance
to grass-specific herbicides. Proc. Natl. Acad. Sci.
USA, 104: 3627-3632.

Mansooji, A. M., Holtum, J.A.M., Boutsalis, P.,
Matthews, J. M. and Powles, S. B. 1992
Resistance to aryloxyphenoxypropionate
herbicides in two wild oat species (Avena fatua
and Avena sterilis). Weed Sci. 40: 599-605.

Owen M. J and Powles S. B. 2009. Distribution and
frequency of herbicide-resistant wild oat (Avena
spp.) across the Western Australian grain belt.
Crop and Pasture Sci. 60: 25-31.

Powles, S. B. and Yu, Q. 2010. Evolution in action:
Plants resistant to herbicides, Annu. Rev. Plant
Biol. 61: 317-347.

Rastgoo, M. 2007. Detecting of Avena ludoviciana
resistant to aryloxyphenoxy propionate herbicides
in wheat fields of Khuzestan province. Ph.D
dissertation. Mashhad, Iran: Ferdwosi University
of Mashhad. (In Persian with English summary).

Rastgoo, M., Rashed Mohassel, M. H., Zand, E. and
Nassiri Mahallati, M. 2006. Resistance of winter
wild oat (Avena ludoviciana Durieu.) to
aryloxyphenoxy propionate herbicides in wheat
fields of Khuzestan province: first screening test.
Iran J Weed Sci. 2: 96-104.

Sasanfar, H., Zand, E., Baghestani, M. A. and Mirhadi,
M. J. 2009a. Resistance of wild oat (Avena
ludoviciana) populations to clodinafop propargyl
herbicide in Fars province. Environ. Sci. 7: 109—
118. (In Persian with English summary).

Sasanfar, H., Zand, E., Baghestani, M. A. and Mirhadi,
M. J. 2009b. Resistance of winter wild oat (Avena
ludoviciana) biotypes to pinoxaden in Fars
province. Iran J Weed Sci. 5: 1-11. (In Persian
with English summary).

Sasanfar H., Zand, E., Baghestani, M. A., Mirhadi, M.
J. and Mesgaran, B. M. 2017. Cross-resistance
patterns of winter Wild Oat (Avena ludoviciana)
populations to ACCase-inhibitor herbicides.
Phyto. 45: 419-428.

Seefeldt, S. S., Geally, D. R., Brewster, B. D. and
Fuerst, E. P. 1994. Cross-resistance of several
diclofop resistant wild oat (Avena fatua) biotypes
from the Willamette Valley of Oregon. Weed Sci.
42: 324 430-437.

Seefeldt, S. S., Jensen, J. E. and Fuerst, E. P. 1995.
Log-logistic analysis of herbicide dose—response
relationships. Weed Technol. 9: 218-227.

Seefeldt, S. S., Fuerst, E. P., Gealy, D. R., Shukla, A.
Irzyk, G. P. and Devine, M. D. 1996. Mechanisms
of resistance to diclofop of two wild-oat (Avena
fatua) biotypes from the Williamette Valley of
Oregon. Weed Sci. 44: 776-781.

Shukla, A., Dupont, S. and Devine, M. D. 1997.
Resistance to ACCase inhibitor herbicides in wild
oat: Evidence for target site-based resistance in
two biotypes from Canada. Pestic. Biochem.
Physiol. 57: 147-155.

Streibig, J.C., Rudemo, M. and Jensen, J. E. 1993.
Dose-response curves and statistical models. In:
Streibig, J. C., Kudsk, P. (Eds.), Herbicide
Bioassays. pp. 29-55. CRC Press, Boca Raton.

Uludag, A., Nemli, Y. Tal, A. and Rubin, B. 2007.
Fenoxaprop resistance in sterile wild oat (Avena
sterilis) in wheat fields in Turkey. Crop
Protection. 26: 930-935.

Uludag, A., Park, K. W., Cannon, J. and Mallory-
Smith, C. A. 2008. Cross resistance of acetyl-CoA
carboxylase (ACCase) inhibitor-resistant wild oat
(Avena fatua) biotypes in the Pacific Northwest.
Weed Technol. 22: 142-145.

Yu, Q., Collavo, A., Zheng, M. Q., Owen, M., Sattin,
M. and Powles, S. B. 2007. Diversity of acetyl-
coenzyme A carboxylase mutations in resistant
Lolium populations: evaluation using clethodim.
Plant Physiol. 145: 547-558.

Yu, Q., Ahmad-Hamdani, M. S., Han, H., Christoffers,
M. J. and Powles, S. B. 2013. Herbicide
resistance-endowing ACCase gene mutations in
hexaploid wild oat (Avena fatua): insights into
resistance evolution in a hexaploid species.
Heredity. 110: 220-231

Yuan, G., Weitang, L., Yaling, B., Long, D., Wenlei,
G. and Jinxin W. 2015. Molecular basis for
resistance to ACCase-inhibiting herbicides in
Pseudosclerochloa kengiana populations. Pesti.
Biochem. & Physiol. 119: 9-15.



gl bl 53 LY 8 — s Js il i i

Zand, E., Bazoobandi, M., Maknali, A., Hatami, S. and

Feridounpoor, M. 2004. Investigation of
resistance to some herbicides of pyridazinone,
phenyl-carbamate and thiocarbamates in weeds of
sugar beet fields and efficacy of the local and
original formulations. http://agris.fao.org/agris-
search/search.do? recordID¥41R2012067024.
Accessed February 1, 2017.

Zand, E., Razmi, A., Banakashani, F., Nazari, F. and

Gharakhloo, J. 2010. Using the dCAPS method to
detect the resistance of wild oat (Avena
ludoviciana Durieu.) to clodinafop-propargyl in
comparison with current methods. Iran J Weed
Sci. 6: 33-52. (In Persian with English summary).


http://agris.fao.org/agris-search/search.do
http://agris.fao.org/agris-search/search.do

(ONY s,eclacade ils s /(VY40) O 5 B0l Vo

Role of lle-2041-Asp in Conferring High-Level Resistance to Clodinafop-
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Abstract

Winter wild oat is an important and troublesome weed in wheat fields. Herbicides that inhibit the enzyme acetyl-
coenzyme A carboxylase (ACCase inhibitors) have been widely used to control grass weeds such as wild oat in Iran,
which has resulted in evolution of resistance to theses herbicides in wild oat. Whole-plant dose-response assay with 10
doses (from 0 to 32 times of the recommended rate, 64 g ai ha') was conducted to determine resistance level (RI) to
clodinafop-propargyl (EC 8%) in 15 resistants and one susceptible wild oat populations from Fars and Khuzestan in
southwest Iran. To evaluate the mechanism of resistance in resistant populations, cleaved amplified polymorphic
sequence (CAPS) and derived cleaved amplified polymorphic sequence (dCAPS markers were used). The results of
dose-response experiment clearly revealed that four (M2, M3, S4 from Fars and R5 from Khuzestan) out of fifteen
populations were highly resistant to clodinafop-propargyl, where these populations were not even controlled over the
range of 32 times of clodinafop-propargyl recommended rate. Therefore, resistance level in above population was
greater than 21/93, the highest estimated RI for AN13. Three populations (M1, S1 and F3 from Fars) showed moderate
resistance to clodinafop-propargyl with RI, 5-10. Based on molecular approaches, two known mutations (lle-1781-Leu
and lle-2041-Asp) were identified in resistant populations. Results of a robust molecular assay demonstrated that the
Ile-2041-Asp substitution occurred in M2 and R5 populations and the lle-1781-Leu substitution occurred in the R5
population and 6 other populations; S1 S2, S3, S4, ES1 from Fars and AN13 from Khuzestan. This is the first report of
a winter wild oat population carrying the both mutations in the world. Interestingly, this study revealed that Ile-2041-
Asp substitution is associated with conferral of high-level resistance to clodinafop-propargyl and possibly other
herbicides from FOPs family in winter wild oat.
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