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Allele analysis of microsatellite loci in Rhizoctonia solani AG-1 I{-\
populations from paddy fields of three locations in north of Iran
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Abstract

Six populations of Rhizoctonia solani AG-1 IA were sampled from three naturally infested rice fields in
Rasht, Tonekabon and Amol counties, in north of Iran. Allele fragment analyses were performed using
fluorescent-labeled primers from nine microsatellite (SSR) loci. The ranges of allele and genotype
frequencies were from 0.002 to 0.962 and from 0.40 t010.32 percent respectively among 252 isolates. The
frequency of 13, 11 and 9 alleles was zero on five, six and three loci across geographical populations of
Rasht, Amol and Tonekabon respectively, so from them two loci weren't in Hardy—Weinberg Equilibrium
(HWE) in each population. While the allele 145 bp at a locus TC12 was fixed in the Amol populations at a
frequency of 1.0. As there was populations didn't show an even distribution of allele and genotype
frequencies. This situation represents the gradual fixation and removal of some alleles in populations of the
pathogen in the paddies of northern Iran.
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Table 1. Number of detected Alleles at each SSR locus of six populations of Rhizoctonia solani AG-1 IA from

paddy fields of northern Iran.

Average  Total Tonekabon 2 Rasht2  Amol 2 Tonekabon 1 Rasht 1 Amol 1 locus
4.67 6 5 4 6 4 4 5 TCO1
3.17 4 4 3 4 3 3 2 TCO02
5.17 7 6 5 4 6 5 5 TCO03
2.50 3 3 2 2 3 3 2 TCO5
6.83 13 6 7 9 5 10 4 TCO06
2.83 3 3 3 2 3 3 3 TCO7
4.67 8 5 2 6 6 4 5 TC10
1.83 3 3 2 1 2 2 1 TC12
2.50 3 3 3 2 2 3 2 TC17

3.8 50 38 31 36 34 37 29 total
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Table 2. Allele frequency of 9 SSR loci in six populations of Rhizoctonia solani AG-1 1A, causal agent of rice
sheath blight in north of Iran.

Locus  No.of Fragment(bp) Amoll Rashtl Tonekabonl Amol2 Rasht2 Tonekabon2 Overall Private

alleles
TCO1 1 110 0.0000 0.0000 0.0000 0.0222  0.0000 0.0000 0.0040 Amol 2
TCO1 2 113 0.4342 0.2083 0.3625 0.3333 0.1979 0.3333 0.3036
TCO1 3 119 0.4474 0.2396 0.4375 0.4444 0.3021 0.3485 0.3651
TCO1 4 122 0.0921 0.3125 0.1125 0.1111 0.3021 0.1970 0.1944
TCO1 5 125 0.0132  0.0000 0.0875 0.0333  0.0000 0.1061 0.0357
TCO1 6 128 0.0132 0.2396 0.0000 0.0556 0.1979 0.0152 0.0972
TC02 1 178 0.0000 0.0208 0.0500 0.0111 0.0312 0.0152 0.0218
TC02 2 181 0.5132 0.6667 0.6000 0.5111 0.6250 0.6212 0.5913
TC02 3 184 0.0000 0.0000 0.0000 0.556  0.0000 0.0152 0.0119
TC02 4 187 0.4868 0.3125 0.3500 0.4222 0.3438 0.3485 0.3750
TCO03 1 268 0.0000 0.0208 0.0513 0.0000 0.0106 0.0323 0.0182
TCO03 2 271 0.0000 0.0729 0.0000 0.0000 0.0426 0.0161 0.0243
TCO03 3 277 0.8514 0.3542 0.6795 0.6667 0.4574 0.5968 0.5870
TCO03 4 280 0.0270 0.1146 0.0769 0.0444 0.1064 0.1452 0.0850
TCO03 5 283 0.0135 0.0000 0.0897 0.0333  0.0000 0.0968 0.0344
TCO03 6 286 0.0811 0.4375 0.0769 0.2556 0.3830 0.1129 0.2429
TCO03 7 301 0.0270 0.0000 0.0256 0.0000 0.0000 0.0000 0.0081
TCO05 1 239 0.8553 0.8854 0.9125 0.8333 0.8646 0.8485 0.8671
TCO05 2 245 0.0000 0.0104 0.0500 0.0000 0.0000 0.0303 0.0139
TCO05 3 251 0.1447 0.1042 0.0375 0.1667 0.1354 0.1212 0.1190
TC06 1 181 0.0526 0.1667 0.0897 0.0889 0.1458 0.0152 0.0996
TC06 2 184 0.0000 0.0000 0.0000 0.0333  0.0000 0.0000 0.0060 Amol 2
TC06 3 187 0.0000 0.0417 0.0000 0.0333 0.0833 0.0000 0.0299
TC06 4 193 0.0000 0.0000 0.0000 0.0222  0.0000 0.0000 0.0040 Amol 2
TC06 5 202 0.0000 0.0104 0.0000 0.0000 0.0000 0.0000 0.0020 Rasht 1
TC06 6 205 0.0000 0.0104 0.0000 0.0000 0.0000 0.0000 0.0020 Rasht 1
TC06 7 220 0.0000 0.0625 0.1026 0.0000 0.0208 0.0606 0.0398
TC06 8 223 0.0000 0.1146 0.0000 0.0000 0.1042 0.0303 0.0458
TC06 9 229 0.8947 0.3125 0.7308 0.7222  0.3646 0.7576 0.6076
TC06 10 232 0.0263 0.0521 0.0000 0.0111 0.0833 0.0758 0.0418
TC06 11 235 0.0000 0.0000 0.0358 0.0222  0.0000 0.0606 0.0179
TC06 12 238 0.0263 0.2188 0.0385 0.0556 0.1979 0.0000 0.0996
TC06 13 241 0.0000 0.0104 0.0000 0.0111 0.0000 0.0000 0.0040
TCO07 1 142 0.7763 0.5417 0.8375 0.7222  0.6562 0.7727 0.7083
TCO07 2 145 0.0263 0.0833 0.0125 0.0000 0.0208 0.0758 0.0357
TCO07 3 148 0.1974 0.3750 0.1500 0.2778 0.3229 0.1515 0.2560
TC10 1 144 0.0000 0.0000 0.0000 0.0222  0.0000 0.0000 0.0040 Amol 2
TC10 2 150 0.2895 0.3958 0.1250 0.3333 0.4479 0.1515 0.3036
TC10 3 156 0.0000 0.0000 0.0000 0.0111 0.0000 0.0000 0.0020 Amol 2
TC10 4 168 0.4868 0.5625 0.5750 0.5000 0.5521 0.5606 0.5397
TC10 5 177 0.0132 0.0000 0.0375 0.0556 0.0000 0.0909 0.0298
TC10 6 183 0.1842 0.0208 0.2375 0.0778 0.0000 0.1212 0.0992
TC10 7 186 0.0000 0.0000 0.0125 0.0000 0.0000 0.0758 0.0119
TC10 8 198 0.0263  0.0208 0.0125 0.0000 0.0000 0.0000 0.0099
TCO012 1 139 0.0000 0.0000 0.0000 0.0000 0.0000 0.0152 0.0020  Tonekaboun2
TCO012 2 145 1.0000 0.9062 0.9875 1.0000 0.9375 0.9545 0.9623
TCO012 3 149 0.0000 0.0938 0.0125 0.0000 0.625 0.0303 0.0357
TCO017 1 168 0.9474 0.6875 0.9875 0.9556 0.7292 0.9091 0.8591
TCO017 2 174 0.0000 0.0208 0.0000 0.0000 0.0104 0.0152 0.0079
TCO017 3 180 0.0526 0.2917 0.0125 0.0444 0.2604 0.0758 0.1329
Samples 38 48 40 45 48 33 252
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Table 3. Allelic richness” comparison between populations of Rhizoctonia solani AG-1 IA from two sampling

stages of each county.

p-value Tonekabon 1 p-value Rasht 1 p-value Amol 1
0.015%* 3.07<3.66 Amol 2
0.130 3.78>3.44 Rasht 2
0.168 3.66<3.95 Tonekabon 2

A oslizal b & ged a3 W1 sl sl 05e50 (ol FSTAT version 2.9.3.2 Jsle s 5l-a

*FSTAT version 2.9.3.2 was used to test whether pairwise samples differed for allelic richness.

ado jo 55 LS 5 oy (Jal oWl Gble ;5 Rhizoctonia solani AG-1 TA lcurs i * N1 sbd bamslio —F J g

($1> 24 ges !

Table 4. Allelic richness® comparison between populations of Rhizoctonia solani AG-1 TA from geographical
counties of Amol, Rasht and Tonekaboon at first sampling stage.

p-value Tonekabon 1 p-value Amol 1 p-value Amol 1
0.006%* 3.06<3.78 Rasht 1
0.024* 3.06<3.66 Tonekabon 1
0.330 3.66<3.78 Rasht 1

A oslial b & ged iz s T gbe sl 05051 (g1 FSTAT version 2.9.3.2 D3l 5l-a

“FSTAT version 2.9.3.2 was used to test whether pairwise samples differed for allelic richness.
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Table 5. Allelic richness® comparison between populations of Rhizoctonia solani AG-1 1A from geographical
counties of Amol, Rasht and Tonekaboon at second sampling stage.

p-value Rasht 2 p-value Amol 2 p-value Rasht 2
0.234 3.44<3.66 Amol 2
0.170 3.66<3.95 Tonekabon 2
0.044* 3.44<3.95 Tonekabon 2

A5 oslial b &y ks WT sbie sl O30 (51 » FSTAT version 2.9.3.2 Jlgle 5 5l-a

*FSTAT version 2.9.3.2 was used to test whether pairwise samples differed for allelic richness.
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Table 6. Genotype frequency of Rhizoctonia solani AG-1 IA populations from rice fields of three counties in
northern Iran.

No.of Frequency Overall Hetrozegote
Populations ~ Genotypes  isolates ~ Al* R1 Tl A2 R2 T2 frequency loci
Al Gl 1 0.40 0.40 4
Al G2 7 0.79 0.79 1.19 2.78 5
Al G3 26 5.16 5.16 10.32 4
Al G4 3 1.19 1.19 2
Al G5 1 0.40 0.40 1
Al Go6 23 0.79 238 040 0.79 437 040 9.12 4
Al G7 1 0.40 0.70 3
Al G8 1 0.40 0.40 4
Al G9 7 1.19 1.59 2.78 3
Al G10 19 0.40 5.56 7.54 3
Al Gl1 1 0.40 0.40 5
Al G12 1 0.40 0.40 3
Al G13 2 0.40 0.40 0.79 3
Al Gl14 2 0.79 0.79 4
Al G15 2 0.40 0.40 0.71 3
Al Gl16 1 0.40 0.40 4
Al G17 2 0.40 0.40 0.79 3
Al G18 2 0.79 0.79 5
A2 G56 1 0.40 0.40 4
A2 G57 1 0.40 0.40 2
A2 G58 1 0.40 0.40 4
A2 G59 1 0.40 0.40 4
A2 G60 1 0.40 0.40 3
A2 Gol 1 0.40 0.40 4
A2 G62 1 0.40 0.40 6
A2 G63 1 0.40 0.40 4
A2 Go64 1 0.40 0.40 4
A2 G65 1 0.40 0.40 3
A2 G66 1 0.40 0.40 6
A2 G67 1 0.40 0.40 6
A2 G68 1 0.40 0.40 5
A2 G69 1 0.40 0.40 3
A2 G70 1 0.40 0.40 4
A2 G71 1 0.40 0.40 5

A4
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Table 6. Continued.
No.of Frequency Overall Hetrozegote
Populations ~ Genotypes  isolates ~ Al* R1 Tl A2 R2 T2 frequency loci
A2 G72 1 0.40 0.40 5
A2 G73 1 0.40 0.40 4
A2 G74 1 0.40 0.40 3
A2 G75 1 0.40 0.40 0
A2 G76 1 0.40 0.40 2
R1 G19 1 0.40 0.40 5
R1 G20 16 3.17 3.17 6.35 5
R1 G21 13 1.98 3.17 5.16 5
R1 G22 1 0.40 0.40 4
R1 G23 3 0.79 0.40 1.19 6
R1 G24 2 0.40 0.40 0.79 5
R1 G25 1 0.40 0.40 5
R1 G26 8 1.19 1.98 3.17 6
R1 G27 4 0.40 0.79 0.40 1.59 4
R1 G28 3 0.40 0.79 1.19 5
R1 G29 4 0.79 0.79 1.59 4
R1 G30 1 0.40 0.40 7
R1 G31 1 0.40 0.40 5
R1 G32 3 1.19 1.19 6
R1 G33 1 0.40 0.40 5
R1 G34 1 0.40 0.40 4
R1 G35 4 1.19 0.40 1.59 4
R1 G36 1 0.40 0.40 6
R1 G37 1 0.40 0.40 5
R1 G38 2 0.40 0.40 0.79 4
R1 G39 1 0.40 0.40 5
R1 G40 1 0.40 0.40 4
R1 G41 1 0.40 0.40 4
R2 G77 1 0.40 0.40 4
R2 G78 1 0.40 0.40 3
R2 G79 3 1.19 1.19 4
R2 G80 1 0.40 0.40 6
T1 G42 1 0.40 0.40 7
T1 G43 9 2.38 1.19 3.57 4
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Table 6. Continued.
No.of Frequency Overall Hetrozegote
Populations Genotypes  isolates  Al* R1 Tl A2 R2 T2 frequency loci
Tl G44 1 0.40 0.40 5
T1 G45 6 1.19 1.19 2.38 2
T1 G46 1 0.40 0.40 4
T1 G47 3 0.79 0.40 1.19 6
Tl G48 2 0.40 0.40 0.79 5
Tl G49 1 0.40 0.40 2
T1 G50 1 0.40 0.40 3
T1 G51 2 0.40 0.40 0.79 3
T1 G52 1 0.40 0.40 3
Tl G53 1 0.40 0.40 3
Tl G54 1 0.40 0.40 5
T1 G55 1 0.40 0.40 3
T2 G81 1 0.40 0.40 4
T2 G82 1 0.40 0.40 6
T2 G83 1 0.40 0.40 3
T2 G84 4 1.59 1.59 1
T2 G85 1 0.40 0.40 7
T2 G86 1 0.40 0.40 4
T2 G87 3 1.19 1.19 5
T2 G88 1 0.40 0.40 2
T2 G89 1 0.40 0.40 4
T2 G90 1 0.40 0.40 3
T2 GI1 1 0.40 0.40 2
T2 G92 1 0.40 0.40 4
T2 G93 1 0.40 0.40 3
Total 93 252 100

Sl o) Yl 5 Yois, ¥ el (613t sad sl o) VS OV ey )l glacwmar o 5o T2 3 R2 A2 T1 RI1 Al =*
£ SRS L) D SOty Ol &0/ 1 (2 -7

A (6,15 14 500

* Al, R1, T1, A2, R2 and T2 are Amoll, Rashtl, Tonekaboon, (from first sampling stage) Amol2, Rasht2 and

Tonekaboon?2 (from second sampling stage) respectively.
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Table 7. Results of HWE test® for each locus in each population of Rhizoctonia solani AG-1 TA from three

counties in northern Iran (P. value).

Tonekabon2 Rashtl Amol2 Tonekabonl Rasht1 Amoll Locus
Fis- Fis+ Fis- Fis+ Fis- Fis+ Fis- Fis+ Fis- Fis+ Fis- Fis+

0.053 0.983 0.019 1.000 0.278 0.875 0.011 0.997 0.003 1.000 0.014 1.000 TCO1
0.736 0.431 0.267 0.908 0.908 0.158 0.400 0.786  0.200 0.908 0.575 0.772 TCO02
0.939 0.158 0.872 0306 0.997 0.006 0942 0.222 0.975 0.061 0.989 0.036 TCO03
0.433 1.000 0.970 1.000 0.319 1.000 0.572 1.000 0.678 1.000 0.542 1.000 TCO5
1.000 0.003 1.000 0.003 1.000 0.003 1.000 0.006 1.000 0.003 1.000 0.003 TCO06
0.981 0.056 0.839 0.339 0.542 0.833 0.469 1.000 0.053 0.992 0.719 1.000 TCO7
0.806 0.408 0.264 0942 0.144 0.942 0.289 0914 0.047 0.986 0.244 0.925 TC10
0.903 1.000 0.639 1.000 - - 1.000 1.000 0.797 1.000 - ¥ TC12
0.875 1.000 0.536 0.611 0.872 1.000 1.000 1.000 0.094 0.950 0917 1.000 TC17

A alil Arlequin version 3.11 sl 3l eslizal b S s 53, 0315 005l =a

* HWE test was implemented in ARLEQUIN v. 3.11.

S Sy gagn ¥ J,Jj\ Jﬁiéu;ﬂwﬁa&& ol -

# This locus was monomorphic in Amoll and Amol2 populations.
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