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Comparison of genetic diversity and pathogenicity among Fusarium culmorum isolates, the

causal agent of wheat root and crown rot disease in Varamin fields

B. POUZESHIMIAB'X, M. RAZA VI H. R. ZAMANIZADEH', R. ZARE” and S. REZAEE'
1- Department of Plant Pathology, Science and Research Branch, Islamic Azad University,
Tehran, Iran; 2- Iranian Research Institute of Plant Protection, Tehran, Iran

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.
Key words: : Molecular variance, Haplotypes, Population genetics.
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Table 1. Primer information of eight microsatellite loci among the 49 isolates of Fusarium culmorum in Varamin

P sl Izl gles L o3l (v-0") S5l Jigs s LSS Al Sled
Number of alleles  Annealing temp.(°C) Size (bp) Primer sequences (5'-3") Repeat motif Primer
3 51 175-200 GAC AAG CAA GCG ATA GGA AA (TG)8 F1
CTT GAT AGC ACG GAC CGA CG
4 53 190-210 CAT ATT CAA CCG ACC CAC AA (cAal11 F3
TTG AAT GAT AAG GGC GAC GG
4 53 110-145 CTT TTT CCC GGC TCC ATT TT (GM11 F4
GCT TTC CCT GCT CGA TCG GG
4 51 105-140 TAT TTC GTG CAA GGA CTT GG (AO)15 F6
CTT GGT CCC TGG ATA TCG AA
2 52 215-245 TGA CAA GCA AGC GAT AGG AA (GT)7 F7
GAG TGG AGT TTC GAT ATC GC
3 50 150-210 CGA GCT AAT GGT GGC AGG AT (AO)13 F9
AAC ACC AAA ACG GCT CAT CG
6 55 110-205 AAG CGC CAA CAG AGA TGA CGA (AAG)28 F10
GAC TGC CGA AAC ACC GAA A
4 52 280-360 CAG TCT TGG TCG CTC ATC AG (GT)9 F11

CAG GTT GGC ACG CTT CTT AA

el JSCs i 805 Ao glas 55 sl 1 Jald el s Ol e 31 Jiser 4w 53 gl 50 Slacmer (K85 655 =Y dgur
LAWjun&J)JSSEjJ&JLAjL&WJ]&)Ale Q&JJSSij&LA
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

Uh h I Ne Na P % MLG N Pop
0.525 0.495 0.868 2222 3.250 Mean 100 17 18 Pishva
0.072 0.068 0.139 0.271 0.491 SE
0.606 0.574 1.009 2.613 3.500 Mean 100 17 19 Javad-abad
0.051 0.048 0.114 0.369 0.327 SE
0.563 0.515 0.893 2.381 3.125 Mean 100 10 12 Varamin
0.074 0.068 0.143 0.345 0.479 SE
0.565 0.528 0.924 2.405 3.292 Mean 100 44 49 Total

.037 .035 .074 0.186 0.244 St. Dev

S J_Sl slues Ne ‘LAJ”:\J_:U Na (Lacl S5 L;L_<_.~ o o)y P% ¢y is LB NECE PPN 555 3lisd MLG ¢La 4l slaws N
3 e Sl T esli Sl s pi &S —1—2 Pi’) Sz g% h {I= 1% 3 (pi * Ln (p)] 05ld sasls (b TNV =1 /(Z Pi%))
(N/(N-1)) *h = ,Ib & Uh (el Cuxas ‘_;Ul sl & @>Z Pi?
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/ Z Pi * ), I: Shannon's information index = -1* ¥ (pi * Ln (pi)), h: Diversity = 1 - Z Pi *  'Where

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

(N/(N-1)) * h.
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Table 4. Analysis of molecular variance (AMOVA)

of Fusarium culmorum isolates of Varamin

Est.
Source Df SS MS %
Var.
Among Pops 2 6.430 3215 0.065 3%
Within Pops 46 104.105 2263  2.263 97%
Total 48 110.535 2328  100%
Stat Value P(rand >= data)
®py 0.021 0.219

AP = Est. Var. :Loal, ®PT = AP/ (WP + AP) = AP / TOT
4S5 (ool yesls Jla-| WP = Est. Var. Within Pops :Among Pops
Dy g Ao ) i S)l3 sme ssb 4
®pr = 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.

1 2 3 4 5 6 7 8

AAY 5 65 ) oyled AY W 1 alS glagslew 5 ST

Fusarium — glaa )iz g0 ods 35 UL o5 - s
Verbp KL M S8 Lolazt! cls 5T 51 eslizal L culmorum

iy 5 3LT 3l

Fig. 1. Identity of putative Fusarium culmorum isolates by PCR

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

Varamin, Javad-abad and Pishva respectively; M, 100-bp Ladder as
the DNA size marker

camer SIS 3 Nei 5 g 55 SJBT =¥ Jgie

Table 3. Nei's analysis of gene diversity in subdivided populations
Sample

Size
12.1922 0.0394 05119  0.5329 49 F1
11.6808 0.0410 0.5353  0.5582 46 F3
2.9298 0.1458 0.4927  0.5768 48 F4
3.1536 0.1369 0.4790  0.5549 47 Fé6
7.6195 0.0616 0.4691  0.4999 49 F7
18.0771 0.0269 0.3198  0.3287 48 F9
15.0616 0.032 0.7541  0.7791 48 F 10
16.6284 0.0292 0.6627  0.6826 49 F11
7.3210 0.0639 0.5281  0.5641 48 Mean

0.0171  0.0173 St. Dev

J=ls 55K ss 0 oSla Hs llsl LB IS 55555 2 Ht

=5 Ok e Nm «(Gy =HT- HS/HT) G-statistics Gst «Counasr

Nm* Gst Hs Ht Locus

.(Nm= 0.5(1 - Gst)/Gst) Jlws Ol 5o & Gst 55,0 5l

HT: Total expected heterozygosity; Hs: Average within

population heterozygosity; Gst: G-statistics= Hr- Hg/Hr; Nm =
estimate of gene flow from Gst. E.g., Nm = 0.5(1 - Gst)/Gst.
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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)

Varamin Javad-abad Pishva Pop.ID

0.8769 0.9361 k% Pishva
0.8481 ok 0.0661  Javad-abad
o 0.1647 0.1314 Varamin
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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
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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

O et @UA Sl el 6ol am s et
es
(C.o.v) Mean Square @dr)
‘6)\-0-_-3 Sl sl Treatment 1,480 1 ssy
disease severity Uz Error .328 106
Y“-i-u Sis O3 ks Treatment 002 4 s
dry root weight Ua= Error .000 106
Talsr slaplhl S5 055 JlesTreatment 020 49 2535
dry shoot weight Ua Error .005 106
'C.V.: 40/68 ‘C.v.i33/22 TC.V.: 29/93

* Significant difference at 1% level *
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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

wld @lpolen pas s ke Isbes 05 5
Isolate® Pathogenecity Index Pathotype group

P3 3.2200 a
P9, J14 2.9700 ab
V2 2.8333 abc
P1,J16 2.7767 abed
V5 2.6667 abcde
P15 2.6100 abvdef
V6, V11, J15 2.5533-2.4967 abcdefg
V1,P17,J17,]19, V8,J19, J10, V3, P10 2.3600-2.0833 abcdefgh
J6, V10, P18, P6, P4, P16, P12, V7,18, V4, V9, P7, J4 2.0533-1.8300 bedefghi
P11,J13,J3 1.7500 cdefghi
P5,18,17 1.6667 defghi
P14,7]1 1.5533 efghi
P13, V12 1.5000-1.4700 fehi
P8, J2,P2 1.3867-1.2200 ghi
J12,J6 1.2200 hi
J11 0.9167 ij
Check 0.0000 j

% P, J, V: Pishva, Javad-abad, Varamin districts, respectively

ceolos 5 3bl sl i bt S 54V ST P

T T T T T
0.78 0.84

T
0.89
Coefficient

0.95
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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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