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Abstract 

Fusarium culmorum, is one of the most important causal agents of crown rot of wheat in Iran. Simple sequence repeats or 

microsatellite (SSR) and virulence assays were used to investigate genetic variability among 49 isolates of F. culmorum collected from wheat 

fields in three districts of Varamin. Eight pairs of single-locus microsatellite markers were used to analyze the genomic DNA of isolates. The 

result of analysis showed that all loci were polymorphic and the numbers of alleles ranged between two to six with an average of 3.75 per 

locus. Cluster analysis of SSR data revealed that 49 isolates clustered into five distinct groups. The index of multilocus association was 

calculated using SSR data and 44 multilocus haplotypes were detected among 49 isolates. The results of this study indicated that a there was 

a high level of genetic diversity (0.528) among the isolates examined, and genetic similarity among Varamin  isolates was less than those 

obtained from Pishva and Javad-abad regions. In addition, pathogenicity of the isolates was tested on a bread wheat cv. Bolani under 

greenhouse conditions. A significant difference for pathogenicity was found among the isolates. Comparison of the means showed that the 

isolates of Varamin districts were more pathogenic than Javad-abad and Pishva districts. The significant difference in the genetic diversity 

and pathogenicity of the Varamin’s isolates in comparison to the other districts suggests that there is a potential for the occurrence of new 

genotypes with greater virulence in this district. The statistically no correlation was observed between molecular variation and pathogenicity. 
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Table 1. Primer information of eight microsatellite loci among the 49 isolates of Fusarium culmorum in Varamin 

��%�R�  
Primer 

��"�� �#�5. �)#�  
Repeat motif 

`#�.  ��%�R�)′RS′T(  
Primer sequences (5′−3′) 

�"�� �%#�"#  
Size (bp) 

�&$� o�t.#  
Annealing temp.(°C) 

F`� $#�l.  
Number of alleles 

F1 (TG)8 GAC AAG CAA GCG ATA GGA AA 175-200 51 3 

  CTT GAT AGC ACG GAC CGA CG    

F3 (CA)11 CAT ATT CAA CCG ACC CAC AA 190-210 53 4 

  TTG AAT GAT AAG GGC GAC GG    

F4 (GT)11 CTT TTT CCC GGC TCC ATT TT 110-145 53 4 

  GCT TTC CCT GCT CGA TCG GG    

F6 (AC)15 TAT TTC GTG CAA GGA CTT GG 105-140 51 4 

  CTT GGT CCC TGG ATA TCG AA    

F7 (GT)7 TGA CAA GCA AGC GAT AGG AA 215-245 52 2 

  GAG TGG AGT TTC GAT ATC GC    

F9 (AC)13 CGA GCT AAT GGT GGC AGG AT 150-210 50 3 

  AAC ACC AAA ACG GCT CAT CG    

F10 (AAG)28 AAG CGC CAA CAG AGA TGA CGA 110-205 55 6 

  GAC TGC CGA AAC ACC GAA A    

F11 (GT)9 CAG TCT TGG TCG CTC ATC AG 280-360 52 4 

  CAG GTT GGC ACG CTT CTT AA    
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Table 2. Genetic diversity of field populations of Fusarium culmorum in three parts of Varamin including: MLG, polymorphic loci,  
Mean and SE over loci for each population and Grand Mean and SE over Loci and populations 

Pop N MLG P %  Na Ne I h Uh 

Pishva 18 17 100 Mean 3.250 2.222 0.868 0.495 0.525 

    SE 0.491 0.271 0.139 0.068 0.072 

Javad-abad 19 17 100 Mean 3.500 2.613 1.009 0.574 0.606 

    SE 0.327 0.369 0.114 0.048 0.051 

Varamin 12 10 100 Mean 3.125 2.381 0.893 0.515 0.563 

    SE 0.479 0.345 0.143 0.068 0.074 

Total 49 44 100 Mean 3.292 2.405 0.924 0.528 0.565 

St. Dev     0.244 0.186 .074 .035 .037 

N :  1�H� 3�#�� $#�l.MLG :        1X
VH!. FH��D ��H "M �H0W ��H� fH
.�"M $#�Hl.P%:     ��H "M �5H� �H0W �HE�$  1�H�Na : F`�$#�Hl.  1�H�Ne :    ���H& FH`� $#�Hl.  

)                    (1I :/�"�� XL�� w���[I= -1* ∑ (pi * Ln (pi))]  1h :5
K"M N�0. (                         )� 38pi   H"#�#��i     � :H
l	� �#�H� FH`� P
H&#  

             �:(# :
l	� �`� "#�#�� T��& T	�Uh :w��#�" N�0. = (N / (N-1)) * h.  
N: Number of isolates, Number of distinct multilocus genotypes (MLG) detected, P%: Percentage of polymorphic loci Na: Number. of different 

alleles, Ne: Number of effective alleles = 1/            ), I: Shannon's information index = -1* ∑(pi * Ln (pi)), h: Diversity = 1 -                    , Where 

pi is the frequency of the allele for the population and              is the sum of the squared population allele frequencies. Uh: Unbiased Diversity = 

(N / (N-1)) * h.  
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Fig. 1. Identity of putative Fusarium culmorum isolates by PCR 

amplification with the F. culmorum specific primer pairs. V, J and p: 

Varamin, Javad-abad and Pishva respectively; M, 100-bp Ladder as 

the DNA size marker 
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Table 3. Nei's analysis of gene diversity in subdivided populations  

Locus 
Sample 

Size 
Ht Hs Gst Nm* 

F1 49 0.5329 0.5119 0.0394 12.1922 

F 3 46 0.5582 0.5353 0.0410 11.6808 

F 4 48 0.5768 0.4927 0.1458 2.9298 

F 6 47 0.5549 0.4790 0.1369 3.1536 

F7 49 0.4999 0.4691 0.0616 7.6195 

F 9 48 0.3287 0.3198 0.0269 18.0771 

F 10 48 0.7791 0.7541 0.032 15.0616 

F 11 49 0.6826 0.6627 0.0292 16.6284 

Mean 48 0.5641 0.5281 0.0639 7.3210 

St. Dev  0.0173 0.0171   

Ht :  1��HyK"# F��D F8 .� �%��K�Hs :    FHL#$ .�H �%��K� P
 "�H
&

 1:
l	�Gst :G-statistics )=HT- HS/HT Gst( �Nm :  H"M /���� P
	V.

 O��G %#Gst 3� � o�|& /#�0+)Nm= 0.5(1 - Gst)/Gst(.  
HT: Total expected heterozygosity; Hs: Average within 

population heterozygosity; Gst: G-statistics= HT- HS/HT,; Nm = 

estimate of gene flow from Gst. E.g., Nm = 0.5(1 - Gst)/Gst. 
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Table 4. Analysis of molecular variance (AMOVA)  
of Fusarium culmorum isolates of Varamin 

 
 
 
 
  

  

 
 

ФPT = AP / (WP + AP) = AP / TOT  �H	0�#�:AP = Est. Var. 

Among Pops �WP = Est. Var. Within Pops XL�� o�	K)# �  3H8 �:���

0l& ��G 3�& �SE %# �K!
� ��#$$��.  
ФPT = AP / (WP + AP) = AP / TOT, Key: AP = Est. Var. 

Among Pops, WP = Est. Var. Within Pops probability of the fixative 

index, being significantly greater than 0. 
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Fig. 2. Representative DNA polymorphism among 17 isolates of Fusarium culmorum detected by microsatellite primer pair F10.  
Lanes: isolates 1-6 of Pishva; 7-12 of Javad-abad; 13-17 of Varamin; M, 100-bp Ladder as the DNA size marker 
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Table 5. Nei's original measures of genetic identity (above 

diagonal) and genetic distance Fusarium culmorum isolates in three 

district of Varamin (below diagonal) 

Pop.ID Pishva Javad-abad Varamin 

Pishva **** 0.9361 0.8769 

Javad-abad 0.0661 **** 0.8481 

Varamin 0.1314 0.1647 **** 
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0.44 0.58 0.72 0.86 1.00
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Fig. 3. UPGMA analysis of isolates of 49 F. culmorum isolates based on combined SSR data by UPGMA and using Nei and Li′s similarity coefficient 

  

  

  

 
 3���XS  q"���#� 6
`�"�)ANOVA (��� *#�"# Z!L /%� � 3!�� Z!L /%� ����	
� 3� n���& "\�� ^D� �#�� ���Q>  3�#��Fusarium culmorum 

Table 6. Analysis of variation (ANOVA) of disease severity, root dry weight and foliage dry weight of Bolani  
cultivar inoculated for 49 isolates of Fusarium culmorum 

F test 
�%�*? ���%  

)df( 

=�4�A� '�Y���� 

Mean Square 

=�A��Z� [��
�  

)C.O.V( 
 

4.513
*
 49 

106 
1.480 
.328 

.
��	  Treatment 

�iL Error 

� =�)�����\ 

disease severity 

4.744
*
 49 

106 
.002 
.000 

.
��	  Treatment 

�iL Error 

� ]#^ :*���#_
 

dry root weight 

3.838
*
 49 

106 
020 
.005 

.
 ��	 Treatment 

�iL Error 

$���� ]#^ :*����	� ���T  
dry shoot weight 

            �C.V.: 40/68               
2
C.V.: 33/22               

=
C.V.: 29/93                         

 hi( �$ �#$ 0l& J'KL#�%                                                                                                             * * Significant difference at 1% level 
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 +��� �)*	 :����� � :����� ���������� � ����� �	
� ������ ���Fusarium culmorum �% $�
� �#�� � �!	" �����	  ������ ���� '����� ��&
� ��

 3���`S ��� P
 "�
& 34��,& ���	
� 3�#�� �� ��� "% 3��& "\�� ^D� g�KV& ���Fusarium culmorum ��� ���� T	�  

 %# P
&#�� UV� 3(  hi( �$ P5"#$ /�&%� ]�(# ��d%  
Table 7. Comparison of means of disease severity of Bolani cultivar inoculated with Fusarium culmorum isolates  

of three districts of Varamin based on Duncan’s test at 5% probability level 

 2�A��������� 

Pathotype group 
a^�) '�Y���� ����������  

Pathogenecity Index 
�����  

Isolatea 

a 3.2200 P3 
ab 2.9700 P9, J14 
abc 2.8333 V2 

abcd 2.7767 P1, J16 
abcde 2.6667 V5 
abvdef 2.6100 P15 
abcdefg 2.5533-2.4967 V6, V11, J15 
abcdefgh 2.3600-2.0833 V1, P17, J17, J9, V8, J19, J10, V3, P10 
bcdefghi 2.0533-1.8300 J6, V10, P18, P6, P4, P16, P12, V7, J18, V4, V9, P7, J4 

cdefghi 1.7500 P11, J13, J3 
defghi 1.6667 P5, J8, J7 
efghi 1.5533 P14, J1 
fghi 1.5000-1.4700 P13, V12 
ghi 1.3867-1.2200 P8, J2, P2 
hi 1.2200 J12, J6 

ij 0.9167 J11 
j 0.0000 Check 

a P �J  �V UV� w
.�. 3�P
&#�� � $��� $#�� �#�!
A ���                                         a; P, J, V: Pishva, Javad-abad, Varamin districts, respectively 

  

Coefficient

0.78 0.84 0.89 0.95 1.00
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Fig. 4. UPGMA analysis of isolates of 49 F. culmorum isolates based on pathogenicity data by UPGMA and using Nei and Li′s similarity coefficient 
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 /�"��)���/� =I (  fH
.�"M FL#$ #� \�� "M N�0. $��� �6
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 $#$ /�!" ��) o���2.(  

C��DF. culmorum   40� 3�)�& �
� � :(# Z
`�.�&��

& /�!" K
l	� ���6
`�"� � :(# ��!" 3KL�0� /� �#�� ��$

   C��HD ��H"% 3L�W %# 	�& UV� Z� [
8�.�" v\�	K)# 38

 :(#)Toth et al. 2004 .( 5
K"M N�0. $�Y�# �#�� P5	& T��0&

:
l	� �$ \�� ���F. culmorum  
8�.�H" �/�
H(�.�& �  �H
R [

& "M /���� �� K��D� �#��# �%�&�K(�"� _(�. 40�  �H���

(Miedaner et al. 2008) .0l& N�0.   :H
l	� P
H� fH
.�"M �#$

:[4" �� � N�#6& ���& \�� !�� ���   3��H!& ��Hi� ��"#�.

        �����H!� �H�# v�HE�tV& ��H�$ 3HY
K" #� \�H� H5
K"M N�0.

   �0H��� 3KH�#�" $��� ��VK"#(Scott and Chakraborty, 2010) .

    P��KH(# P
H� \�H� H"M N�0. P�#���0�  H& �H�    �H� �#�H	� �H"#�.  

 FHH-& �$ UHH��   $�HHY& wHH
.�. ���%�HHR� /�
[HH4W ��HH�  

(re-arrangements) UHHV�  ����HH0���� �HH� &�%�HH&��8 ��HH�

 C��HD *�"M �$ [
8�.�"   �H��� �H�(Mishra et al. 2003) .  3H50�#

 C��D P�# 5
K"M N�0. �$ \�� ��� �8x $�#�& %# Z
&#�8 U,"

 J��&��. g!8 �� �:(# �.%���F. culmorum    H& "�H(� 3H�

   $�H� �$#$ h
H��. 40� [
8�.�" �� �"#�.)Miedaner et al. 

2001.(  

 5
K"M 3�E�� P��K!
�)�bQc/k (3�#�� P
�   UHV� ��H�

 $�HH� P
HH&#�� � $�HH�� $#�HH�) o��HH�d .( 3�HHE�� 3HH5
��Y"� %#

UV� P�# P
� "#�0W ��
�#�z�  �$�#�H" $��� ��   a��HK" PH�#

f
.�"M N�D�    H& $��0H!
A 3H,i0& PH�# �$ #� ���� ��� �H08 .

$#68�L    v̀�HE# 3H50�# � #6���H	
� F&�+ C��D /$�� C��HD �  ��H�

�� ��� *#�8 �� $#68�L  H& o�zH�# #� E�L 5�M�`�8# ���

3Y
K" P�# F
`$ ��008
0u	� � :(# ��
� Pf
.�"M N�D� ���
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�#����M��
� ����H0���� FH
`$ 3� �"#�.(Carbone, 

2001) � *�0� :!8 U�#6�# ��(Hambleton, 2002)  3HY
K" �� � �

 :8�)F. culmorum  o�t-& P�# FL#$ 3� /��6
& ��
� �0W %#

���� .�K��
� ��S.# KD� "M /����& � �5� �0W �"#�.  �%�H.

 $�H� �+�� :
l	� �$ #� �%�. "M ��[
8�. � .  {�HtL �$

:
l	� ���F. culmorum   /�H��� P
&#�� /�K(��� UV� 3(

 �\�� "M)=2�/c o��� �= (      PH�# 3H50�# �H&# ��H� ����H!&

 �� �7
.�"M /���� �� :(# 5
K"M [
8�.�" 3Y
K" "M /����

& �� f
.�"M F8 o$�[. ��0. :4
" XV!& �����(Scott and 

Chakraborty, 2010).   

  C��HDF. culmorum    :H(# $#%�@H�Polley and Turner, 

1995) (& C��D P�# /��6
& ^� � �$ /���
� �  PH�# 3� � �0���

UV� �$ ���E    H& UHVA P
H&#�� /�KH(��� g�KV& ���

& P�# � �$��     UHV� P
H� �\�H� H5
K"M 3��H!. ��"#�.  ��H�

 #� #�!
A � $���$#�� �08 3
��.) o���d.( 

  3H�#�� �#6���H	
� P
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& 34��,&  ��H�F. culmorum �$ 

3(    $#$ /�H!" P
H&#�� /�K(��� UV� 3H8   ���H&� m�H-` %# �

0l& ���S.3�#�� P
� ��#$UV� � �$ %# P
&#�� UV� ���

$�#$ $��� �� .     $#�Hl. �6H
" `�H5`�& ��H0� ���� �$ P
0u	�

3�#�� %# ��K!
� P
&#�� ���)��   ��H� 3H�#V1 �V2 �V5 �V6 

�V8 ( 3"��#�� ���� �$)A(   �0KH�#$ �#�D )  F5H�= (  3H50�# �

3�#�� *�	. �"$�� �\�� �#6���	
� �#�#$ ���8@& ���) o���

c .(3�#�� ��#6���	
� � 7
.�"M (��� �$ 3p ��Y"� %#  ��H�

 �"�� #�� � �$ UV� �$ %# P
&#��)  o��H�c(   3HY
K" PH�# �

 N�D� o�	K)#f
.�"M     UHV� �$ #� �KH!
� �#6���H	
� �H� ���

& :��,. �P
&#���08.  

 3l`�i& a��K"   _H(�. 3H8 �#et al. (2008)  Miedaner ���

���	
�3�#�� �#% ���F. graminearum    $#$ /�H!" �H� *�Y"#
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D$ ��H�%�# � ���Hy" �P�#���0�

    fHH
.�"M ?�KHH4� /$�HH8 $��HH-& :HH��  �HH��� ��HH�  

F. culmorum  $�H� *�HY"# K4��� ����� OG�0& �$ � .  ��KL�H(

 �6
&�F. culmorum   H5
K"M N�0. N�D� �$ [
8�.�" U," �

�#$ �K!
� ��,
,-. 3� %�
" 38 :(# �� �$ N���& �^�$.  

  

����Y��Q�  

   ��HH,
,-. 3HH4(�& *�HHK-& P
`��HH4& %# 3�
HH(� P��HH�

  � *�H�+ �H)#� &'(# $#%� �� !"#$ � 5�67��
�  ��H,
,-. 

    ^�#�H� #� U���HA PH�# �#��# :�� *%\ ��"�5&# 38 /#��.

& �5!. ��"$�	"$�� .     ]�H0�& /�H��D� ��H	)% %# P
H0u	�

 �$ 38 5"'8 ]��
( � 0&�& P4) �K8$ �	(�D ^(�,`#��#

& "#$��D ��"$�8 ���� #�& O
,-. P�# *�Y"#$$��.  
 

 

 

References 

 

AKINSANMI, O. A., D. BACKHOUSE, S. 

SIMPFENDORFER and S. CHAKRABORTY, 2006. 

Pathogenic variation of Fusarium isolates associated 

with head blight of wheat in Australia. Journal of 

Phytopathology 154: 513–521. 

AKINSANMI, O. A., V. MITTER, S. SIMPFENDORFER, 

D. BACKHOUSE and S. CHAKRABORTY, 2004. 

Identity and pathogenicity of Fusarium spp. isolated 

from wheat fields in Queensland and northern New 

South Wales. Australian Journal Agricultural Research 

55: 99-107. 

AN, Z. W., L. L. XIEM, H. CHENG, Y. ZHOU, Q. ZHANG, 

X. G. M. HE, H. S. HUANG, 2009. A silver staining 

procedure for nucleic acids in polyacrylamide gels 

without fixation and pretreatment. Analytical 

Biochemistry 391: 77–79.  
ARNAUD-HAOND, S. and K. BELKHIR, 2007. Upgrade 

2012. GENCLONE: A computer program to analyze 

genotypic data, test for clonality and describe spatial 

clonal organization. Molecular Ecology Notes 7: 15–

17. 

CARBONE, I. and L. M. KOHN, 2001. A microbial 

population species interface nested cladistic and 

coalescent inference with multilocus data. Molecular 

Ecology 10: 947-967. 

DESJARDINS, A. E. 2006. Fusarium mycotoxins: 

chemistry, genetics and biology. APS Press, St. Paul, 

Minnesota, USA. 

DYER, A. T., R. JOHNSTON, H. C. HOGG and J. A. 

JONSTON, 2009. Comparison of pathogenicity of the 

Fusarium crown rot (FCR) complex (F. culmorum, F. 

pseudograminearum and F. graminearum) on hard red 

spring and durum wheat. European Journal Plant 

Pathology 125: 387–395. 

GARGOURI-KAMMOUN, L., S. GARGOURI, S. REZGUI, 

M. TRIFI, N. BAHRI and M. R. HAJLAOUI, 2009. 

Pathogenicity and aggressiveness of Fusarium and 

Microdochium on wheat seedlings under controlled 

conditions. Tunisian Journal of Plant Protection 4: 135-

144.



������ � =�>?����� ��� : �8�@0 2���) -, �	�A() -,BCB  ��

GIRAUD, T., E. FOYRNIER, D. VAUTRIN, M. 

SOLIGNAC, E. VERCKEN, B. BAKAN and Y. 

BRYGOO, 2002. Isolation of eight polymorphic 

microsatellite loci using an enrichment protocol in the 

phytopathogenic fungus Fusarium culmorum. 

Molecular Ecology Notes 2: 121-123. 

GÜREL, F., G. ALBAYRAK, O. DIKEN, E. ÇEPNI and B. 

TUANALI, 2010. Use of Rep-PCR for genetic 

diversity analyses in Fusarium culmorum. Journal of 

Phytopathology 92: 781-787. 
HAMBLETON, S., C. WALKER and L. M. KOHN, 2002. 

Clonal lineages of Sclerotinia sclerotiorum previously 

known from other crops predominate in 1999-2000 

samples from Ontario and Quebec soybean. Canadian 

Journal of Plant Pathology 24: 309-315. 

LESLIE, J. F. and B. A. SUMMERELL, 2006. The Fusarium 

Laboratory Manual. Blackwell Publish Ltd., UK, p 

388. 

MIEDANER, T., C. J. R. CUMAGUN and S. 

CHAKRABORTY, 2008. Population genetics of three 

important head blight pathogens Fusarium 

graminearum, F. pseudograminearum and F. 

culmorum. Journal of Phytopathology 156: 129-139. 

MIEDANER, T., A. G. SCHILLING and H. H. GEIGER, 

2001. Molecular genetic diversity and variation for 

aggressiveness in populations of Fusarium 

graminearum and Fusarium culmorum sampled from 

wheat fields in different countries. Journal of 

Phytopathology 149: 641–648. 

MISHRA, P. K., R. T. V. FOX and A. CULHAM, 2003. 

Inter-simple sequence repeat and aggressiveness 

analyses revealed high genetic diversity, recombination 

and long-range dispersal in Fusarium culmorum. 

Annals of Applied Biology 143: 291-301. 

MÖLLER, E. M., G. BAHNWEG, H. SANDERMANN and 

H. H. GEIGER, 1992. A simple and efficient protocol 

for isolation of high molecular weight DNA from 

filamentous fungi, fruit bodies and infected plant 

tissues. Nucleic Acids Research 20: 6115-6116. 

NEI, M. 1972. Genetic distance between populations. 

American Naturalist 106: 283-292. 

NEI, M. 1973. Analysis of gene diversity in subdivided 

populations. Proceedings of the National Academy of 

Sciences, USA 70: 3321–3323. 

NEI, M. 1987. Molecular Evolutionary Genetics. New York: 

Columbia University Press. 

NEI, M. and W. H. LI, 1979. Mathematical model for 

studying genetic variation in terms of restriction 

endonucleases. Proceedings of the National Academy 

of Sciences, USA 76: 5267–5273. 

NICHOLSON, P., D. R. SIMPSON, G. WINSTON, H. N. 

REZANOOR, A. K. LEES, D. W. PARRY and D. 

JOYCE, 1998. Detection and quantification of 

Fusarium culmorum and Fusarium graminearum 

cereals using PCR assays. Physiological and Molecular 

Plant Pathology 53: 17–37. 

NIJS, M., J. S. LARSE, W. GAM, F. M. RAMBOUS, K. 

WERMARS, U. THRANE and S. H. W. 

NOTERMANS, 1997.Variations in RAPD patterns and 

secondary metabolite profiles within Fusarium species 

from cereals from various parts of Netherlands. Food 

Microbiology 14: 449-457. 

OWEN, P. G., M. PEI, A. KARP, D. J. ROYLE and K. J. 

EDWARDS, 1998. Isolation and characterization of 

microsatellite loci in the wheat pathogen 

Mycosphaerella graminicola. Molecular Ecology 7: 

1611–1612. 

PEAKALL, R. and P. E. SMOUSE, 2012. GenAlEx 6.5: 

genetic analysis in Excel. Population genetic software 

for teaching and research – an update. Bioinformatics 

28: 2537-2539. 

POLLEY, R. W. and J. A. TURNER, 1995. Surveys of stem 

base diseases and Fusarium ear diseases in winter 

wheat in England, Wales and Scotland, 1989-90. 

Annals of Applied Biology 126:45-49. 

POUZESHIMIAB, B., M. RAZAVI, R. ZAREH, H. R. 

ZAMANIZADEH, S. REZAEE, D. SAFAEE and J. 

NICOL, 2012. Taxonomy and distribution of Fusarium 

spp. associated with root and crown rot of wheat in 

Iran. 1st International Crown Rot Workshop for Wheat 

Improvement 85: 31. 

PUHALLA, J. E. 1981. Genetic considerations of the genus 

Fusarium. In Fusarium: Diseases, Biology and 

Taxonomy 291-305. Eds Nelson, P.E. Toussoun, T.A. 



 +��� �)*	 :����� � :����� ���������� � ����� �	
� ������ ���Fusarium culmorum �% $�
� �#�� � �!	" �����	  ������ ���� '����� ��&
� ��

Cook R. J. Pennsylvania, USA: The Pennsylvania State 

University Press. 

RAVANLOU, A. and Z. BANIHASHEMI, 1999. Taxonomy 

and pathogenicity of Fusarium spp. associated with 

root and crown rot of wheat in Fars Province. Iranian 

Journal of Plant Pathology 35: 37-45. 

RAZAVI, M. and G. R. HUGHES, 2004. Microsatellite 

markers provide evidence for sexual reproduction of 

Mycosphaerella graminicola in Saskatchewan. 

Genome 47: 789–794. 

RÖDER, M. S., V. KORZUM, K. WENDEHAKE, J. 

PLASCHKE, M. H. TIXIER, P. LEROY and M. W. 

GANAL, 1998. A microsatellite map of wheat. 

Genetics 149: 2007–2023. 

ROHLF, F. J. 2000. NTSYS-pc Numerical Taxonomy and 

Multivariate Analysis System, version 2.1. Exeter 

Publishing Ltd., Setauket, New York, USA. 

SAFAEE, D., H. YOUNESI and M. SHEIKHOLESLAMI, 

2012. Fusarium species that root and crown root and 

crown rot of wheat in Kermanshah province. Iranian 

Journal of Plant Pathology 2: 89 -91. 

SAREMI, H., A. AMMARELLOU and H. JAFARY, 2007. 

Incidence of crown rot disease of wheat caused by F. 

pseudograminearum as a new soilborn fungal species 

in North West Iran. Pakistan Journal of Biological 

Science 10: 3606-3612. 

SCHERM, B., V. BALMAS, F. SPANU, G. PANI and G. 

DELOGU, 2013. Fusarium culmorum: the causal agent 

of foot and root rot and head blight on wheat. 

Molecular Plant Pathology 14: 323-341. 

SCOTT, J. B. and S. CHAKRABORTY, 2010. Genotypic 

diversity in Fusarium pseudograminearum populations 

in Australian wheat fields. Plant Pathology 59: 338–

347. 

SMILEY, R. W., J. A. GOURLIE, S. A. EASLEY and L. M. 

PATTERSON, 2005a. Pathogenicity of fungi 

associated with the wheat crown rot complex in 

Oregon and Washington. Plant Disease 89: 949-957. 

SMILEY, R. W., J. A. GOURLIE, S. A. EASLEY, L. M. 

PATTERSON and R. G. WHITTAKER, 2005b. Crop 

damage estimates for crown rot of wheat and barley in 

the Pacific Northwest. Plant Disease 89: 595–604. 

THOMPSON, J. R. 1989. The program GEL ver. 2/17/89. 

7105 Hana Rd., Edison, N.J. 

TOTH, B., A. MESTERHAZY, P. NICHOLSON, J. TEREN 

and J. VARGA, 2004. Mycotoxin production and 

molecular variability of European and American 

isolates of Fusarium culmorum. European Journal of 

Plant Pathology 110: 587-599.  

YEH, F. C., R. YANG, T. J. BOYLE, Z. YE and J. M. 

XIYAN, 2000. POPGENE 32, Microsoft Window-

based Freeware for Population Genetic Analysis, 

Version 1.32. Molecular Biology and Biotechnology 

Centre, University of Alberta: Edmonton, Canada. 

 


