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Table 2.Primers used

Primer ’—3’Sequence 5 Reference
ACCF1 CACAGACCATGATGCAGCTC Yu et al., 2007
ACCR1 CTCCCTGGAGTTGTGCTTTC _
Nsill781f CTGTCTGAAGAAGACTATGGCCG Kaundun & Windass, 2006
Nsill781r AGAATACGCACTGGCAATAGCAGCACTTCCATGCA _
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Table 2. Restriction enzymes used

Enzyme Commerecial Isoschizomers Reference
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Yu et al. 2007

Yu et al. 2007
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Table 3. Results of screening test of wild oat biotypes with clodinafop-propargyl

wild oat Weed
biotypes EWRC score population Weed fresh Weed dry weight
(30 day after spraying) reduction weight reduction reduction
(% of control) (% of control) (% of control)
71 18 100 29 66
73 15 88 34 68
Z4 25 90 51 44
75 13 100 21 74
Z6 25 86 58 35
77 20 73 36 58
z8 15 100 15 79
79 10 100 2 93
710 10 100 26 76
712 13 78 38 50
713 15 100 2 95
714 15 100 4 98
715 13 100 33 74
716 13 67 19 86
217 10 100 40 66
719 13 100 27 81
Z20 13 100 3 9
Z (s*) 73 60 25 10

* S: Susceptible biotype
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Figure 1- A: Susceptible biotype, Zs (right and left pots are untreated and treated with clodinafop-propargyl

herbicide, respectively) and resistant biotype, Z15 (right and left pots are untreated and treated with
herbicide, respectively).
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Table 4- Parameters estimates obtained for fresh weight of susceptible and resistant biotypes as a percentage of untreated controls, 30 day

after spraying with clodinafop- propargil.

Biotypse C D b GRs R? R/S
71 _ 101.8278 0.8304 638.7529 0.92 59.68
73 5.4917 100.7875 1.8245 131.4182 0.99 12.28
74 7.9262 100.0163 1.5456 30.1014 0.99 2.81
75 20.9477 102.1705 2.5502 307.1573 0.97 28.70
76 16.6547 102.0681 2.6707 252.5219 0.98 23.59
77 0 100.2176 0.7285 27.7133 0.83 2.58
78 7.5030 100.4464 1.9587 864.6976 0.99 80.80
79 12.3453 99.5102 18.918465 1268.4894 0.99 118.53
710 31.6936 96.7666 2.3978 534.7105 0.97 49.96
712 21.8336 100.0002 19.6864 499.6824 0.99 46.69
713 _ 101.0296 1.5017 1408.9362 0.97 131.65
714 6.650 86.3394 0.7922 36.4898 0.95 3.40
715 _ 101.5568 0.5495 10984.3235 0.73 1026.41
716 0 95.1623 0.8059 222.3126 0.79 20.77
717 27.7013 97.8222 3.5271 682.3375 0.98 63.76
719 11.0220 97.4871 6.6420 742.2955 0.99 69.36
720 6.2462 102.6104 3.0349 263.1229 0.98 24.58
Z(s) - 99.9415 0.8114 10.7016 0.95 -
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Response of of susceptible (zs) and resistant (z15) biotype fresh weight to different concentrations of clodinafop-propargil

herbicide , as a percentage of untreated controls. Symbols and lines represent actual and estimated response of resistant and susceptible

biotypes, respectively.



(D 5aslacile [l dows /OFAQ) 0L an 5 455 £y

-
e
-

(mie (
alg

GO A STy islesl 45 (Z15 0357 > Cuow) pglio g (Zs 2397 o]y Cuouw) (ol o gt dunng Bo .0 JSUS

Figure 5.Comparison of susceptible ( Zs ) and resistant ( Z15) biotypes in dose response experiment
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Table 5- Parameters estimates obtained for shoot dry weight of susceptible and resistant biotypes as a percentage of untreated controls, 30
day after spraying clodinafop- propargil.

biotype C D b GRsy R? R/S
71 - 100.0981 0.7697 684.5985 0.93 19.35
73 23.7636 100.3555 1.0773 125.9879 0.97 3.56
74 16.7570 99.9606 2.3694 49.9251 0.98 1.41
75 40.1638 100.7451 4.7906 249.5443 0.95 7.05
76 15.1570 99.7397 1.5040 239.1925 0.99 6.76
7z - 98.6351 0.6531 93.8931 0.84 2.65
78 5.4294 102.2700 1.1375 1119.5599 0.98 31.65
79 - 98.0515 0.4245 2124.7457 0.79 60.06
710 35.8429 95.3179 1.7947 567.7757 0.96 16.05
712 31.6308 100.0090 11.9995 481.6372 1.00 13.61
713 45.0397 98.3445 17.7837 474.1016 0.98 13.40
714 - 99.9325 0.4967 40.2735 0.94 1.13
715 - 100.4263 0.3677 269432.98 0.85 7617.1
716 - 96.3805 0.8023 189.5476 0.88 5.35
717 48.8029 95.2320 7.7444 525.3739 0.96 14.85
719 28.7625 100.0004 43.9262 619.9580 0.99 17.52
720 15.0395 98.7513 3.5985 304.2692 0.99 8.60

Z(s) - 99.8801 1.3130 35.3719 0.98
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Figure 6— Response of of susceptible (zs) and resistant (z15) biotype dry weight to different concentrations of

clodinafop-propargil herbicide, as a percentage of untreated controls. Symbols and lines represent actual and
estimated response of resistant and

Yoo ekile 3L i s 8V s il glaes g sl Aoy
S Joiobsny os8lessls Sisile b ol 51 ey 55
035 (Jy 2L Jals Aoy 4 spis b 51 LS &
33 R YY s s op bl ey oereses &S ZI5
Lo JNL;VM Ohom b s Slass doys Ve ol 4o

% J{,ﬁz) 3 gal

Cod (Sl g 39570 2 0l S L 5 Y 5 sl

Sl sladbslas ledal Cods ol il 1S &
e glaes g sldes doys 4 by e glaenls 4 ol esls
U;S;LLPL)LQ.;J\WJJJY' )béJuLﬂtﬁjbw:Q-)LJYﬁ
(st ) i 31 5 4 e sz 2 b5
Z9 Z12 Z1T Gl o35 Cunslin 435 &S ol Of 51 Sl

S £ jQ' QY Ve ‘\\-\f"f V’.‘.'.’.ﬁ MZIS jZl3



()" jﬁdug_é.l.o uijl: s /O0YAQ) 0K 5 55

£t

S ow 39 Ve 50 onilo Bl i gdY gy Blisko (0555 Sluai o yd bgspe (g 2315 a4y bl (4351 Adlro 3 Bl Cuwiy Culpd — T Jgun

ol 1 i 4 Comd 255l ppgfludgls’ s le b Lo

Table 6- Parameters estimates obtained for survivel of susceptible and resistant biotypes 30 day after spraying with clodinafop- propargil

than before spraying.

biotype C D b GR;, R’ R/S
71 - 97.4996 2.4393 1147.8656 0.97 21.22
73 35.7143 96.9623 13.0954 531.1758 0.97 9.82
74 10.7143 99.2963 1.8626 100.8678 0.97 1.86
75 69.1071 98.4697 2.2798 569.2332 0.88 10.52
76 - 99.7944 0.7487 682.6313 0.93 12.62
z7 3.4418 100.3027 1.7516 61.0132 0.97 1.12
78 46.8750 86.8555 29.0738 1762.7670 0.78 32.59
79 - 99.6361 1.5839 4990.2859 0.98 92.27
710 71.5447 100.2893 2.0966 1120.9576 0.99 20.72
712 - 101.9209 0.7803 5507.2609 0.80 101.83
713 31.7629 100.0445 0.8578 4902.0345 0.71 90.64
714 - 102.5176 1.8766 223.4203 0.99 4.13
715 - 101.2037 0.9076 2184.3391 0.90 40.39
716 - 99.9555 0.5256 6.8797 0.98 0.12
717 - 10.0009 0.7838 6306.6866 0.80 116.62
719 - 98.5846 1.1235 790.2716 0.89 14.61
720 - 88.8142 3.9307 1159.7681 0.92 21.44
Z (s) - 99.9775 2.4410 54.0789 0.99
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Herbicide dosage ( mg ai/ha)
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Figure 7- Effect of different concentrations of clodinafop- propargil herbicide on survival of susceptible and resistant biotypes, as a
percentage of untreated controls. Symbols and lines represent actual and estimated response of resistant and susceptible biotypes,
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Parameter estimates of the coleoptile’s length of susceptible and resistant populations coleoptile’s length as a percentage of —Table 7

untreated controls, after clodinafop-methyl application.

biotype C D b GRs, R’ R/S
71 - 100.08976 0.8689 1.731 0.74 117.62
73 8.9009 100.0994 0.9140 0.048 0.98 3.28
74 2.3625 100.0039 0.6129 0.09 0.98 0.67
z5 -k 99.3717 0.8525 1.463 0.92 99.43
/3 4.3331 99.1284 1.6685 0.185 0.95 12.60
7z 7.1704 99.9921 0.5256 0.010 0.99 0.69
78 29.3967 100.3365 3.8001 0.959 0.99 65.17
79 - 99.8121 0.6493 0.143 0.99 9.76
710 - 99.7172 1.1263 0.582 0.95 39.59

712 - 94.8008 1.5048 0.811 0.95 55.12
713 - 100.3265 0.3334 2.198 0.88 149.36
714 7.1374 100.2480 1.3950 0.069 0.94 4.69
715 4.0856 99.6874 1.0403 0.107 0.99 11.61
716 - 99.5207 0.3640 0.084 0.93 5.73
717 - 99.0934 1.0464 0.891 0.90 60.58
719 36.8696 103.4557 2.4486 0.168 0.96 11.42
720 - 94.2469 0.9753 2.199 0.92 149.43
Z (s) 3.6064 99.9430 0.4878 0.014 0.98

* 3 parameter model used
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Figure 8- Effect of different clodinafop-methyl concentrations on coleoptile elongation of susceptible (zs) and resistant (z20) populations
compared with the untreated controls. Symbols and lines represent actual and estimated response, respectively.
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Figure 9- Results of PCR (up) and enzyme digestion with NsiI (down). SS show the susceptible homozygote biotype and RS shows the
resistance heterozygote biotype.
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Figure 10-Results of PCR (up) and enzyme digestion with EcoRI (down). SS show the susceptible homozygote biotype.
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Results of enzyme digestion in comparison with another methods. Table 8-
Molecular Screen Bioassay
trail trail trail
A A Density Dry RIS
biotype mutation mutation (% of weight ( (fresh R/S' (dry R/S (Weed RIS (length of
at codon  at codon before % of . weight) population) coleoptiles)
1781 2041 spraying) control) weight)

71 RS SS 100 66 59.68 19.35 21.22 117.62
7z3 NN NN 88 68 12.28 3.56 9.82 3.28

74 SS SS 90 44 2.81 1.41 1.86 0.67

75 SS SS 100 74 28.70 7.05 10.52 99.43
Z6 SS SS 86 35 23.59 6.76 12.62 12.60
7 SS SS 73 58 2.58 2.65 1.12 0.69

78 SS SS 100 79 80.80 31.65 32.59 65.17
79 SS SS 100 93 118.53 60.06 92.27 9.76
710 RS SS 100 76 49.96 16.05 20.72 39.59
712 SS NN 78 50 46.69 13.61 101.83 55.12
713 SS SS 100 95 131.65 13.40 90.64 149.36
714 RS SS 100 98 3.40 1.13 4.13 4.69
715 RS SS 100 74 1026.41 7617.14 40.39 11.61
716 RS SS 67 86 20.77 5.35 0.12 5.73
717 SS SS 100 66 63.76 14.85 116.62 60.58
719 RS SS 100 81 69.36 17.52 14.61 11.42
720 RS SS 100 96 24.58 8.60 21.44 149.43
Zs SS SS 60 10 -
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Using the dCAPS Method to Detect the Resistance of Wild Oat (Avena
ludoviciana Durieu.) to Clodinafop-propargyl in Comparison with Current
Methods

Eskanar Zand', Arash Razmi', Fatemeh, Benakashani', ,Fahimeh Nazaril,. and Javid Gharakhloo®.

1. Weed Research Department of Iranian Research Institute of Plant Protection, 2. Gorgan University

Abstract

In order to evaluate the resistance of 17 biotypes of wild oat to clodinafop-propargyl herbicides, four methods
including: whole plant screening, whole plant bioassay, seedling bioassay and molecular method were used. There was
similarity between the results of whole plant screening, whole plant bioassay, seedling bioassay, but resistance ratio
(R/S) of seedling bioassay was lower than whole plant bioassay and it seems that seedling bioassay is a reliable method
for identifying populations of grass species resistant to ACCase inhibiting herbicides. According to the molecular
methods, an isoleucine-1781-leucine [Leu] mutation in plastidic ACCase enzyme of 8 biotypes (44% of biotypes) has
been identified as the known mutation endowing clodinafop-propargyl resistance and isoleucine-2041-asparagine
mutation has not been identified as a mutation endowing resistance in none of biotype. The resistance mechanism of the
rest of biotypes that were resistance according to the non-molecular method, but did not identify resistant by molecular
method, can be explained by mutation in another location or metabolism-based mechanism.

Key words: Grass weeds, ACCase inhibitors, resistance, whole plant assay, seed bioassay.



