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ABSTRACT

In this research, genetic diversity and pathogenicity of Paecilomyces formosus isolates, causal agent of die-back
disease of pistachio trees in Yazd and Khorasan Razavi provinces were investigated. Genetic diversity of 50 selected
isolates using SSR markers, showed a high degree of polymorphism between isolates. Cluster analysis based on
UPGMA algorithm and Jaccard's similarity coefficient, divided the isolates into 11 groups with 75% similarity level.
Shannon index, Principal coordinates analysis (PCoA) and analysis of molecular variance (AMOVA) revealed that
the highest genetic variation (81%) was disturbed among isolates and genetic variation within isolates was
determined as 19%. Between used primers, PVarl5 was more appropriate than others to study of genetic diversity of
isolates. Study of pathogenicity test and mean comparison mean of data showed that isolates of Mehriz and Abarkoh
regions in Yazd province had the most and lowest aggressive isolates, respectively. Our results indicated that there is
a specific relationship between the isolates of each region whereas no relationship was identified between related
isolates belongs to two provinces and their genetic diversity.
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Table 1. Characters of primers used in the study of genetic diversity of P. formosus isolates by SSR marker

Forward primer

Reveres primer

Expected N°

Locus (5'>3") (53" Motif size Alleles "
PVarll  CACATAGCAAGGCCACATCC _ GATGGTGTTTGACTGCCTCG (T0)13 295 5 52
PVarl2 ATGCACTTGGAGTTGGAGGAC ATGTCTTTGAGGAGGCGAGAG  (TC)Ll 254 6 50
PVarl3 ACTGGGTGATGATGATGACG  GCCACGGTAGAACAGAAGG (CT)14 158 4 53
PVarld GTGGGCAAATGATACGCTCG  CATGTGCTGACGGTGGAAAC  (GA)12 207 3 50
PVarls ACCTGTATTCACCTGGACCG  TGCTGAGAGACTGTGTGAGG  (CAA)LL 226 2 52
PIBIBO7 GGAGATATGTGGAGAGTTGA  CATTATAGCAGCGAACCA (GT)15 ; 3 54
PIBIDO5 GGCAAGTCACCAGATACGTC  GGATATGATGAAAGCCCTC (CA)12 ; 2 49
PIBIBO4 GTTGGTGCGGTGTGAGAG ATGTAAGGCGATTGGCAG (GT)15 ; 5 49
PIBID1lb GAGTGTCGTGTGCCAGTG GCTATGTGCGTGCTAGAT (GT)16 ; 5 50
PrBtD1la F GCGAATCTCGTCTTCAAC CACTGGCACACGACACTC (GAGT)? 2 48
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Table 2. Genetic diversity indexes of five SSR loci identified for 50 isolates of P. formosus

Observed Effective

Gene Shannon

Locus . . . . Gst Nm
heterozygosity alleles No. diversity index
PfrBtB04 0.295 1.487 0.297 0.460 0.773 0.296
PfrBtD11b 0.275 1.439 0.270 0.412 0.837 0.837
PfrBtB0O7 0.444 1.820 0.442 0.632 0.823 0.109
PfrBtD11a 0.359 1.645 0.374 0.556 0.819 0.142
PfrBtD05 0.341 1.523 0.343 0.527 0.872 0.073
PVarll 0.270 1.444 0.276 0.432 0.583 0.701
PVar12 0.391 1.772 0.401 0.562 0.947 0.031
PVarl3 0.407 1.785 0.415 0.596 0.830 0.137
PVarl4 0.261 1.449 0.264 0.415 0.555 0.498
PVarl5 0.467 1.937 0.484 0.677 0.969 0.016
mean 0.341 1614 0.346 0.511 0.839 0.096
St. Dev 0.358 0.162 0.206
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Table 3. Genetic diversity indexes from 11 Iranian population P. formosus

Population No. isolate Private Allele Effective alleles number Gene diversity Shannon index
Feyz abad (kh*) 5 1 1.052 0.031 0.047
Neyshabor (kh) 5 0 1.077 0.044 0.065
Eshgh Abad (kh) 5 0 1.0513 0.027 0.037
Sabzevar (kh) 5 0 1.065 0.04 0.06
Ardakan (Ya) 4 0 1.117 0.063 0.089
Mehriz (Ya) 4 1 1.122 0.07 0.101
Sadoogh (Ya) 5 0 1.142 0.084 0.126
Taft (Ya) 4 0 1.09 0.056 0.082
Tabas (Ya) 5 0 112 0.071 0.107
Abarkooh (Ya) 5 0 1.130 0.08 0.12
Bahadoran (Ya) 3 0 1.06 0.037 0.05
* Kh=Khorasan ; Ya=Yazd

P. formosus slaaslom  JsSge il lg &30 .F Joun
Table 4. Analysis of molecular variance (AMOVA) of P. formosus isolates

Source Degrees of freedom Sum Squares Mean Squares Variance % PhiPT
Among Pops 10 261.91 26.19 55 81% 0.08
Within Pops 49 49.5 1.269 1.269 19%

Total 59 311.14 6.763 100
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Figure 1. Cluster analysis of distance between populations of P. formosus based on pathogenicity data by UPGMA
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Table 5. Analysis of variation (ANOVA) of disease
severity for 50 isolates of P. formosus

Source of Sum Mean F
df
changes square Square Value
Treatment 61 62.14 1.018 13.857
Error 118 8.68 0.073
Total 179 70.82

R N o B B SV LE
** Significantly different at 1% probability level.
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Figure 3. Cluster analysis of genetic distance between populations using Nei genetic distance by UPGMA based on
the analysis of five loci
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Figure 4. Amplified DNA fragments from 12 selected isolates of P. formosus using PVar12 primer.
M= DNA Ladder (100bp); 1-Tabasl; 2- Tabas2; 3- Neyshabourl; 4-Eshghabad; 5- Neyshabour2; 6- Sadough
1; 7- Sadough2; 8- Bahadoran; 9- Mehrizl; 10- Mehriz2; 11- Sabzevar; 12-Feyz abad, respectively.
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