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Abstract
Objective

This research aimed to identify Fusariums belonging to Elegans and Martiella-Ventricosum
sections related to cucurbit plants in Tehran province and to evaluate the ability of ISSR markers

to investigate the Kinship relationships of these groups of Fusariums.

Materials and methods

In this research, five ISSR primers (AG)sC, (AG)sG, (AC)sYA, (ATG)s and BHB(GA); were
selected. Fungal isolates identified based on morphological and microscopic characteristics. For
ISSR markers, the statistics of polymorphism information content (PIC), Marker Index (MI) and
Effective Multiplex Ratio (EMR) were calculated. Relationships and similarity between

Fusarium isolates were analyzed using NTSYS-PC VV2.02.
Results

Out of 96 Fusarium isolates, 48 isolates were identified as Fusarium solani, 25 isolates as

Fusarium oxysporum and 23 isolates as Fusarium redolens. A total of 408 bands were obtained
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from ISSR amplifications. 130 different bands were produced, of which 83 were polymorphic and
47 were monomorphic. The size of PCR fragments produced varied from 273 to 2428 bp. The
polymorphism percentage, ranged from the highest (73%) for (ATG)s to the lowest (56%) for
(AG)sC. Primers (ATG)s and BHB(GA); performed better in differentiation Elegans and
Martiella-Ventricosum sections from each other. Primers (AG)sC with 26 gene loci, and
BHB(GA); with 25 gene loci, produced the most bands in Elegans isolates and Martiella-

Ventricosum isolates, respectively.

Conclusions

The results of this research showed that there was a high genetic diversity among the investigated
Fusarium isolates and that the ISSR markers are efficient markers to reveal the molecular
relationships between Fusarium populations.
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SHel gl (5-3) 551 Jig (3 ot 3) il 5lo>
Primer name Primer sequences Annealing temperature (°C)
UBC-808 AGAGAGAGAGAGAGAGC 51
UBC-809 AGAGAGAGAGAGAGAGG 51
UBC-856 ACACACACACACACACYA 53.7
UBC-864 ATGATGATGATGATGATG 49
UBC-885 BHBGAGAGAGAGAGAGA 53.4
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Figure 1. ISSR-PCR banding pattern. DNA Ladder 1Kb. F654, F178, F51, F743, F611
Fusarium isolates. UBC-864((ATG)s), UBC-885(BHB(GA)7), UBC-856((AC)sYA), primers

25,3 5¥ LUBC-809 55lel g  JSiais o i Martiella-Ventricosum s iso 4 bgspe (slaalis

2 lopl 5o I Jols slae)lges s calid Glie byl (F Jgi2) 392 20 ¥V L UBC-864 S5l Lawgs (S
S g 2o OF fjeeas UBC-864 S5l L) canld iy S0jglod 0 0]y 48 oy (L Jiilo (g0l ol
g UPGMA canaigd 59y (0 Jgis) coily 3oy ¥V lieas UBC-808 jS5lel 5l sl ol o b 1) caalus
oobel R UPGMA (aigs Lo g 20 il alols o)lscs )3 .c8)5 )18 elial 3)90 aslia (e (sigbings Laly) (o5
Ioxe 09,5 aw ;0 |y 4565 dw ,o cladlis Wl &S astie (cdieg,S S5kl mu ggome jl ol SM calis oy
e pis o slaale o g¥slings bils) (55 Car UPGMA (qanaidgs (oo, (¥ JS5) 3,50 g oS spaid

Elegans isu 3 SM calis copo ool p UPGMA (ass o g 4350 5l dlols o9 3 .85 )18 alicwl
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Table 2. Characteristics of amplified bands. PIC, EMR and M1 indices for each of the ISSR

primers for 96 Fusarium isolates

Egooxe (bp) Lol o5l ) el sl
Sl b, BandlenghOp Ko S ey
Primer o iS5 o Number of Polymorphism PIC EMR M|
name Total Min. Max. oNfL;T;(:Z polymorphic (%)
bands alleles
UBC-808 111 273 2420 32 18 56 0.07 10.13 0.69
UBC-809 89 362 2420 27 17 63 0.0710.700.70
UBC-856 46 566 2182 20 13 65 0.05 8.45 0.39
UBC-864 85 495 1729 22 16 73 0.08 11.64 0.87
uUBC-885 77 325 1654 29 19 66 0.05 12.45 0.66

SLRS5ET 5SS 2 gl MI g PIC, EMR s jad i 5 9 oud oSS gL (S509 Y Jos
Fusarium redolens ¢ Fusarium oxysporum saisS a sleie aslas €A 43 ISSR

Table 3. Characteristics of amplified bands. PIC, EMR and M1 indices for each of the ISSR

primers for 48 isolates of Fusarium oxysporum and Fusarium redolens

&5 ool oluss

ST b eIl s Jsdai by 2oy

orimer name ol isS Number of Number of Polymorphism
Total bands alleles polymorphic (%)
alleles PIC EMR M1
UBC-808 59 26 14 54 0.09 7.53 0.66
UBC-809 38 20 8 40 0.07 3.20 0.24
UBC-856 24 14 7 50 0.07 3.50 0.24
UBC-864 44 16 10 63 0.10 6.25 0.66
UBC-885 28 14 9 64 0.08 5.78 0.46
yro
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Table 4. Characteristics of amplified bands. PIC, EMR and M1 indices for each of the ISSR

primers for 48 isolates of Fusarium solani

&5 ol sl

£l b sbsb ggome 5ol slas JSiis JECE- TV

Primer name ol yiSS Number of Number of Polymorphism
Total bands alleles polymorphic (%)
alleles PIC EMR MI

UBC-808 52 20 12 60 010 7.2 0.72
UBC-809 51 22 14 64 0.10 8.9 0.80
UBC-856 22 12 7 58 0.07 41 0.30
UBC-864 41 19 9 47 0.07 43 0.35
UBC-885 47 25 13 52 0.07 6.76 0.50

2 SU59999,90 8,19 3 g ilisee (g S 5ET 1 ool Cuwday (gWro,lgcid 15 y Calwd (a0 .0 Joua

il oy905 ol
Table 5. The similarity between the phylogenetic trees obtained from different primers and
the morphological tree based on Mantel’s test

UBC-808 UBC-809 UBC-856 UBC-864 UBC-885 Morphology

UBC-808 —
UBC-809  0.58136 ——

UBC-856  0.27266  0.30202 —

UBC-864 043978 055413  0.47771 —

UBC-885  0.39571 047619 045821  0.54640 —
Morphology ~ 0.31141  0.38186  0.37948  0.53393  0.47917 —

Martiella- isv 3 SM calis cops whol » UPGMA s Lo ¢ a0 )l dlols o)l
P FL12 Glis S Log,S g (a0l ¥Y) )5 05,5 <5 b panadil 09,5 93 s duoyd A b5 e 4> VENTFiCOSUM
salis oy b plss o F622 5 F189, F633,F791 calin [k g yuito 1oy A8 B AR 1 bl o o « 5y 09,5

58,515 o Sl jome slaog)S )3 yieS

Al
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Figure 2. UPGMA Dendogram of 96 isolates of Fusarium solani, Fusarium oxysporum and
Fusarium redolens using ISSR markers based on SM similarity coefficient
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Figure 3. UPGMA Dendogram of Fusarium oxysporum and Fusarium redolens isolates using
ISSR markers based on SM similarity coefficient
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Figure 4. UPGMA Dendogram of Fusarium isolates belonging to Martiella-Ventricosum

section using ISSR markers based on SM similarity coefficient
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