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Summary

Athelia rolfsii is a globally distributed soil-borne fungal pathogen causing root rot disease in many crops. In order to study the
genetic diversity of this fungus, 90 isolates were collected and isolated from Guilan, Mazandaran and Golestan provinces (North of Iran).
Genetic diversity of these isolates was investigated using Mycelial Compatibility Groups tests (MCG) and ISSR and SCoT markers. In
this study, nine MCG groups were identified. The MCG3 group (with 36 members) was the most frequent in terms of the number of
isolates and the most diverse group in terms of host domain (due to infection of eight host species). This group (MCG3) was aso the
only group that isolated from specimens in all three provinces. The dendrogram derived from cluster analysis of 1SSR primers divided
the isolates into four groups at a similarity level of 57%. The dendrogram obtained from cluster analysis of SCoT primers placed the
isolates in a similarity level of 59% in three groups. Based on the results of both markers, Golestan isolates (except two isolates) were
separated from Guilan and Mazandaran isolates. However, the presence of these two isolates in a separate cluster along with the isolates
of Guilan and Mazandaran provinces was consistent with the results of MCG grouping. The results of this study showed that, these two
types of markers are useful to differentiate isolates based on geographic regions.
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Primer Sequence 5’-3’ bands bands PIC Reference
ISSR1 AGAGAGAGAGAGAGAGT Y. 4 IYY Tang et al. 2010
ISSR2 AGAGAGAGAGAGAGAGC VY A AT Tang et al. 2010
ISSR3 GAGAGAGAGAGAGAGAT \# \Y AR Tang et al. 2010
ISSR4 GAGAGAGAGAGAGAGAC \# VY <IYY Tang et al. 2010
ISSR5 ACACACACACACACACG VO b <IYA Yinetal. 2014
ISSR6 TCTCTCTCTCTCTCTCC AR 14 AR Yinetal. 2014
ISSR7 CTCCTCCTCCTCCTCCTC VY q 170 Yinetal. 2014
ISSR8 GAGAGAGAGAGAGAGAA AR Y- < IYY Tang et al. 2010
ISSR9 TGCACACACACACAC vf Y- Y0 Zhao et al. 2013
ISSR10 GTGACACACACACAC VY 'Y IvF Zhao et al. 2013
ISSR11 GGATGCAAACACACACACAC \Y 1) AR Zhao et al. 2013
SCoT1 ACGACATGGCGACCATCG AR /¥4 Zhao et al. 2013
SCoT2 ACCATGGCTACCACCGTG V¥ VY <Y Zhao et al. 2013
SCoT3 CCATGGCTACCACCGCCA vf Y- AN Zhao et al. 2013
SCoT4 CCATGGCTACCACCGGCG \Y \- -IY Zhao et al. 2013

PIC: Polymorphic information content
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Fig. 1. ISSR amplification profile using ISSR1 primer in the 18 tested isolates of Atheliarolfsii: M. DNA ladder, N. Contral.
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number indicates the number of isolates, second letter indicates host, and last number indicates MCGs.
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Fig. 4. SCoT amplification profile using SCoT3 primer in the 18 tested isolates of Athelia rolfsii: M. DNA ladder,

N. Contral.
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Fig. 5. UPGMA dendrogram of 90 Athelia rolfsii isolates constructed using genetic similarity analysis based on SCoT

markers fingerprinting: First letter indicates the origin of each isolate (G. Guilan, O. Golestan, M. Mazandaran), first
number indicate the number of isolate, second letter indicate host and last number indicate MCGs.



23/vY

VR (OO al> i, /. Atheliarolfsii g, slacesas S35 g5/ oSan 5 5 40

T
0354

SCoT sleeols 5l oolazwl b o )5l aslias s jile (g, 4 ol Slaiue 4y 4y j255] Jol> g g0 O —F JSC&
Fig. 6. Two-dimensional plot derived from the principal coordinate analysis by Jaccard's smilarity matrix method of SCoT data

S 5 o)l dihais ;o i Jie oy )8 Yol oS
Sl 1 g 05 cei g Wisd g8 uaSl, cely oS
MCG3 a5 ol (aseive (ppizad 410 (6505 uild Corex
)BJGULQ.Q .o)lo S99 Lbul.a.w‘ ﬁLo.i B S| 09; ua).»@l.w
S Hga wiles S o lal (Y4VY) Ko 5 Jluws, a5
MCGs ,lesl 5l ool wilgs co calizee bl o ol MCG
il yd b SB el slse e 3k

Slaturer (cwyp sln (Ao sla, Sl 5l (S
u.;‘ )| J.,ob G’L‘J UL“° Jal_u)‘ g ok oo lazi| C)L‘) L)"‘
e i)l slp el (Bgy Ko lee 4 AFLP oS
Sewd & (oogpbine 5l laog S g laala (e (S5
oolaiwl b .058,8 ooliiwl oy (sl 81,0 e plob 5l ool
ogere Bl slaog S sy & plide cnl (hg) cnl
gl ez g (pl b aoges SIS K085 51 1) Al rolfsii
Al oad MCG G ol slaaslos o

olad (Harlton et al. 1995) o, Sen ¢ o9 ,lo b
ITSRFLP slagsl MCG G 4 Glaie slawslas as ols
wilgi oo MCG S oyl ax 51 s oo ol LS
Gl yimen g atily 38 JSolae ITSRFLP (slagSl
bl )l e 5o il S i alise GLMCG (o (ool

ISSR 4 SCOT sleosls oS 5 Judow g a3 -
b5 ales ISSR § SCOT slaools oS 5 ulal
Ghe) ey, S By i ) L e/VR ) alae A
S8 05,5 Lz 0 OV alis mhw o | balas> UPGMA
oy cds /A SLideS  Swsed b (Omizred 0l
O ks las Sl 9o (sln UPGMA (g, 4 1) sameg S
Jol> g0 5 b ol Slaisee 4 4525 5l Jol> sam 99
ISSR 5 SCOT (sloosls oS 5 s 34 alie UPGMA |
LS 355 o1 S5k 5 30 JS 5 55 ISSR gl

ol oaid ool Hlas Lo e 4y 5 090 wlie

oSS puizen 5 (oogdins JE5le slaog S

@iz sloglbne jo AlTolfsi go Sb51 6l (Jsdee
Cowl ool oolazwl Hlaz wlw o Gble 31 gl o
Harlton et al. 1995, Naim et al. 1995, Cilliers et al. )

2000, Punja & Sun 2001, Sarma et al. 2002, Remesal et
al. 2012, Xie et al. 2014, Gawande et al. 2013, Jebargj et

(VYY) e 5 (it omion addlas o (@l 2017
03,5 i (IS il 5l ead (5 yslaenr laglar (B
Sleozr byl adlllas o s Glolid pogelcs JIS5L
ObedS g hasske (DL lewl av 5l 5 s slaaslas slaws
MCG8 3 MCG7 a5 sl Cawd 4 (cogubs ,5 5l 09,5 &
S8 A g oo N aiils sy LS bl o L



WAL DY) al> s, /. Atheliarolfsii )8 slocares (Soais g9/ o)) 9 5 40

24/7%

loog,S | B oss oo ety (1998, PUNja & Sun 2001
sl JbslS Lie (gl Jo ol (sKae cosabunse S5
5 lilin ailaie o o5 o olis ol el
byl g ole vezs LLi)l w850 gl - 0 MCG
5 2 @l peluly W ass osalin LS 5 ljee m
MCG L alax 90 32 a) plls plivl gloalaer Sl
S8 ohassle bl 9 S bl lalas 51 (wglee

=

SiBeal e 5 edw] Cans w4 s b leadl opl g o
oo JUslS wge 5 9l Cilae (ool [E5Le (slaog S
3 stelie @mbs sl plndS Gl )3 )6 (nl Cunex
Jle plgie 4 el sael Cas 4 oyl 65 (i
L (Zhao et al. 2013) |, San 5 ol Lawgs a5 (glaslllae o
Wb plesl SCOT 55kl ot § ISSR 5581 e 5l soliul
Pleurotus eryngii var. z,B S5 g5 o Sy bls)|
2 eOmizen ab samlin o] oLdla> aje g tudliensis
YE s g5 (Tang et al. 2010) ) )\ Kan g S5 Gudos
5 ISSR (sla S5l 5l eolawsl L Auricularia auricula «ylas
e 5 bz ol o 9 85 )3 (omyp 3)90 SRAP
s oanlie LU ] oldlas
£55 b alaly o gz B Sl ols 3
B A ol 4 azg Loyl el A rolfsii g, e
O 25 (&5 Ol W bl s otz Jio o w3lysS s
slbale Sy (s ed 4 g 08705y bbiires
il 4z BB olaiile 5 (S glalaz sl s
P S Ol &5 )6 @l Cumen SISl adlls
S5k anld 4 sgume ol Jlow olime 4 ol Conex
Ol &0, Sl 3 Comal 5l cl J5S po il (ciu)
@ g adhie 2 50 A (coglane SI5lo 09,5 (i b S0
a2y ol Colas 5 Gl aeld (quyp ol Jlis
3 S i |y gamme it ol on diog S ol 5 S
Bg0d 4o g glolid adlaie o

References

Almeida, A.M.R., Abdelnoor, R.\V. Cdvo, E.S,
Tessnman, D. & Yorinori, J.T. 2001. Genotypic
diversity among Brazilian isolates of Sclerotium
Phytopathology — 149(9):

rolfsi. Journal of

493-502.

5 (Nalim et al. 1995) ol Sen 5 (ol bawgs ogolice b
ol 00w] Cuws 4 (Okabe et al. 1998) oL Ken 5 alSyl

3 S5 E95 (2b)l slp 55 RAPD Julowi g a5
Punja& ) olw g bxig .cowl oads solazwl A, rolfsii glaaslos
asls G5l o] Caws 4 laalas sl (Sun 2001
sloog S & Blate e oLl Lide 5 gy (Sbjee
sbals byl Sldlas jo oS e 005 5l ol
Sy E95 97y b (agelas B3l 095 S 4 bgiye
Lo 5 aalds STal 4 KasS b alie wb ol sloass
65§J‘ 6649».1.«“».0 )lf)Lu 6[.%05; L5>)" 6[.«2.6‘ )l GJ sloss
giloguile 5 Al opizmen il SLuS, LIS RAPD
Almeida) ;5o 4 lowell g (Okabe & Matsumoto 2000)
O Pl s (Sem bip s 0l 5l 55 4 (@t al. 2001
2 arlere YL leoy 5 (S s RAPD (glaog 5
53,5 saalive ool Cows 4 slaalos

olis (Jebarg et al. 2017) o Kos 5 21,k ol
RAPD sy cied ISSR [ S3La5 ¢ Sy £535 s, 457 3l
SAD G bl eize 5 90 092g (o KST L (55
AlS odslie baslas S5 g0 5 alis Lo

SCOT 5 ISSR JsSse sl Siles wasllas ol o
oolatwl Al rolfsii sboaslas Sasy lasie sl Sy
ot 9550 oz JE5ke glaog S L lap] b3l 5 wins
SCOT 4 ISSR Sl g5 o 3 Lol> sails slagSl .cé 5 18
P MCG S @ gl sboaslas L5 sk a4y a5 ol lis
Al odslive ax ST wims oo lis 095 5l SLSs il slagXl
Sslie sail 555 MCG 4 & sleie sloaglaz 5 oS
Glize CBMCG o o ols glail 5 Wyl K0
s MCG alal; 3,90 53 i (2l 3929 Se @y 39 5 e
26 ol ,3 RAPD 5 ITSRFLP sl Silis sl (sbasSJl
Harlton et al. 1995, Nalim et al. 1995, Okabe et al. )

Cilliers, A.J., Herselman, L. & Pretorius, Z.A. 2000.
Genetic variability within and among mycelia
compatibility groups of Sclerotiumrolfsii in South
Africa. Phytopathology 90(9): 1026-1031.

Callard, B.C. & Mackill, D.J. 2009. Start codon targeted
(SCoT) polymorphism: a simple, novel DNA



25/Y0
marker technique for generating gene: targeted
markers in plants. Plant Molecular Biology
Reporter 27(1): 86.

Gawande, S.P., Borkar, S.G., Chimote, V.P. & Sharma,
A.K. 2013. Determination of genetic diversity in
Sclerotium rolfsi and Sclerotium delphinii by
using RAPD and ISSR markers. Vegetos. An
International Journal of Plant Research 26(2):
39-44.

George, S., Sharma, J. & Yadon, V.L. 2009. Genetic
diversity of the endangered and narrow endemic
Piperia yadonii (Orchidaceae) assessed with ISSR
polymorphisms. American Journal of Botany
96(11): 2022-2030.

Harlton, C.E., Levesque, C.A. & Punja, Z.K. 1995.
Genetic diversity in Sclerotium (Athelia) rolfsii
and related species. Phytopathology 85(10):
1269-1281.

Hirata, T. & Takamatsu, S. 1996. Nucleotide sequence
diversity of rDNA interna transcribed spacers
extracted from conidia and cleistothecia of several
powdery mildew fungi.
283-288.

Jebargj, M.D., Aiyanathan, K.E.A. & Nakkeeran, S.
2017. Virulence and genetic diversity of

Mycoscience 37(3):

Sclerotiumrolfsii Sacc., infecting groundnut using
nuclear (RAPD & ISSR) markers. Journa of
Environmental Biology 38(1): 147-159.

Juhdsovd, G., Kobza, M. & Adamcikova, K. 2004.
Diversity of Cryphonectria parasitica (Murr.)
Barr vegetative compatibility (vc) types in
Slovakia. 111 International Chestnut Congress 693:
635-640.

Katti, M.V., Ranjekar, PK. & Gupta, V.S. 2001
Differential distribution of simple sequence
repeats in

eukaryotic genome  sequences.

Molecular Biology and Evolution 18(7):
1161-1167.
Kauserud, H. & Schumacher, T. 2003. Genetic structure

of Fennoscandian populations of the threatened

VR (OO al> i, /. Atheliarolfsii g, slacesas S35 g5/ oSan 5 5 40

rosea

wood: decay fungus Fomitopsis
(Basidiomycota). Mycological Research 107(2):
155-163.

Ledie, JF. 1993. Vegetative compatibility in fungi.
Annual Review of Phytopathology 31: 127-151.

Mehri, Z., Khodaparast, SA. & Mousangad, S. 2013.
Genetic diversity in sclerotium rolfsii populations
based on mycelial compatibility groups in Guilan
province, Iran. Iranian Journal of Plant Pathology
49(3): 317-324 (In Persian with English Abstract).

Naim, F.A., Starr, JL., Woodard, K.E., Segner, S. &
Keller, N.P. 1995. Mycelial compatibility groups
in Texas peanut field populations of Sclerotium
rolfsii. Phytopathology 85(12): 1507-1512.

Okabe, 1. & Matsumoto, N. 2000. Population structure of
Sclerotium rolfsii in peanut fields. Mycoscience
41(2): 145-148.

Okabe, 1., Morikawa, C., Matsumoto, N. & Y okoyama,
K. 1998. Variation in Sclerotium rolfsii isolatesin
Japan. Mycoscience 39(4): 399-407.
province, Iran. Iranian Journal of Plant Pathology
49(3): 317-324 (In Persian with English
Abstract).

Punja, Z.K. & Li: Juan, S.U.N. 2001. Genetic diversity
among mycelial compatibility groups of
Sclerotium rolfsii (teleomorph Athelia rolfsii) and
S delphinii. Mycological Research 105(5):
537-546.

Remesal, E., Jordan: Ramirez, R., Jiménez: Diaz, R.M. &
Navas: Cortés, JA. 2012. Mycelia compatibility
groups and pathogenic diversity in Sclerotium
rolfsii populations from sugar beet crops in
Mediterranean: type climate
Pathology 61(4): 739-753.

Rohlf, F.J. 1998. NTSY S: pc, Numerical Taxonomy and
Multivariate Analysis System, Version 2.01.
Setauket, New Y ork.

Roldan-Ruiz, 1., Dendauw, J., Van Bockstaele, E.,
Depicker, A. & De Loose, M.A.F.L.P. 2000.
AFLP markers reveal high polymorphic rates in

regions. Plant



VWAL als e, /o Atheliarolfsii 7,8 slacaeer oS5 55 1 o, Kob 5 550

ryegrasses (Lolium spp.). Molecular Breeding
6(2): 125-134.

Sarma, B.K., Singh, U.P. & Singh, K.P. 2002. Variability
in Indian isolates of Sclerotium rolfsii. Mycologia
94(6): 1051-1058.

Tang, L., Xiao, Y., Li, L., Guo, Q. & Bian, Y. 2010.
Analysis of genetic diversity among Chinese
Auricularia auricula cultivars using combined
ISSR and SRAP markers. Current Microbiology
61(2): 132-140.

Wang, X., Yang, R., Feng, S., Hou, X., Zhang, Y., Li, Y.
& Ren, Y. 2012. Genetic variation in Rheum
palmatum and Rheum tanguti cum (Polygonacese),
two medicinally and endemic species in China
using ISSR markers. PLoS ONE 7(12): 51667.

Weising, K., Nybom, H., Pfenninger, M., Wolff, K. &
Meyer, W. 1994. DNA fingerprinting in plants
and fungi. CRC Press.

Xie, C., Huang, C.H. & Vallad, G.E. 2014. Mycelia
compatibility and pathogenic diversity among
Sclerotium rolfsii isolates in the southern United
States. Plant Disease 98(12): 1685-1694.

Xiong, F., Zhong, R., Han, Z., Jiang, J., He, L., Zhuang,
W. & Tang, R. 2011. Start codon targeted
polymorphism for evaluation of functional genetic
variation and relationships in cultivated peanut

26/Y¢7
(Arachis hypogaea L.) genotypes. Molecular
Biology Reports 38(5): 3487-3494.

Xiong, F.Q., Tang, RH., Chen, ZL., Pan, LH. &
Zhuang, W.J. 2009. SCoT: a novel gene targeted
marker technique based on the translation start
codon. Molecular Plant Breeding 7: 635-638.

Yin, Y., Liu, Y., Li, H., Zhao, S., Wang, S,, Liu, Y., Wu,
D. & Xu, F. 2014. Genetic diversity of Pleurotus
pulmonarius revealed by RAPD, ISSR, and SRAP
fingerprinting. Current Microbiology 68(3):
397-403.

Zervakis, G.1., Venturella, G. & Papadopoulou, K. 2001.
Genetic polymorphism and  taxonomic
infrastructure of the Pleurotus eryngii species:
complex as determined by RAPD analysis,
isozyme ecomorphological
characters. Microbiology 147(11): 3183-3194.

Zhang, R., Huang, C., Zheng, S., Zhang, J., Ng, T.B.,

Jiang, R., Zuo, X. & Wang, H. 2007. Strain:

profiles  and

typing of Lentinula edodes in China with inter
simple sequence repeat markers. Applied
Microbiology and Biotechnology 74(1): 140-145.

Zhao, M., Huang, C., Chen, Q., Wu, X., Qu, J. & Zhang,
J. 2013. Genetic variability and population
structure of the mushroom Pleurotus eryngii var.
tuoliensis. PLoS ONE 8(12): 83253.



