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ABSTRACT

Citrus dieback and postbloom fruit drop caused by Colletotrichum gloeosporioides are common diseases of citrus
trees in North of Iran. According to increasing of disease damage in recent years, which can be due to the genetical
alteration of pathogen, genetic structure of the fungus population in North of Iran was studied. So, four citrus
orchards in Rahim Abad (Guilan), Ramsar, Sari and Gorgan were surveyed and. symptomatic tissues were sampled.
After identification of fungal Isolates, DNA fingerprinting forl44 Isolates were done by seven ISSR markers and
PCR method. Acording to cluster analyses by UPGMA method and Jacard coeficient, thirteen groups were found.
The mean of gene and genotype diversities across all populations were 0.33 and 0.49 respectively. There were low
genetic differentiation (0.127) among populations and high gene flow (3.437) proved the low genetic differentiation.
Maximum genetic identity observed between Guilan and Gorgan and the minimum observed between Ramsar and
Sari populations. Distance between Rahim Abad and Ramsar is less than between Ramsar and Sari. So, genetic
distance between Guilan and Ramsar and between Ramsar and Sari populations correlated to their geographical
distance, but it was irregular for Guilan and Gorgan isolates. According to this study C. gloeosporioides populations
derived from citrus orchards in North of Iran have genetic diversity and low genetic differentiation and Genetic
distance among populations confirm the high gene flow among them.
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Table 1. Characteristics of ISSR primers for Colletotrichum gloeosporioides s. . isolates

Primers Sequence (5-3") Reference

ISSR2 HVHCACACACACACACAT Fang.and Roose, 1997

ISSR3 HVHTGTGTGTGTGTGTGT Fang.and Roose, 1997

ISSR4 ACACACACACACACACYA Noorolahi and Shahbazi, 2015
ISSR5 GAGAGAGAGAGAGAGAYG Malekzadeh et al., 2011
ISSR7 AGAGAGAGAGAGAGAGYC Wang et al., 2005

ISSR9 AGAGAGAGAGAGAGAGC Bagherabadi et al., 2015
ISSR12 AGAGAGAGAGAGAGAGYA Malekzadeh et al., 2011

* Y= pyrimidine, H= non-G, V= non-T
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Figure 1. Ten-day colonies of Colletotrichum gloeosporioides
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Figure 2. Amplified DNA bands by ISSR primers in some Colletotrichum gloeosporioides s. I. isolates. L= DNA
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Table 2. Characteristics of amplified DNA by seven
ISSR primers for 144 isolates from populations of
Colletotrichum gloeosporioides s. I.

Primer PIC  Band (frequency)  Number of bands

ISSR2  0.327 0.584 9
ISSR3  0.317 0.539 10
ISSR4  0.372 0.435 11
ISSR5  0.338 0.42 17
ISSR7  0.305 0.362 14
ISSR9  0.316 0.427 16
ISSR12  0.347 0.653 9
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1. Analysis of Molecular Variance
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Figure 3. Dendrogram for 144 Colletotrichum gloeosporioides s. I. isolates derived from citrus in North of Iran using
seven ISSR primers data, by UPGMA method and Jaccard’ s coefficient.
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Figure 4. AMOVA Chart of genetic diversity within and among four populations
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Table 3. Number of observed and effective allels, gene diversity, Shannon's Information index and percentage of
polymorphic loci among four populations of Colletotrichum gloeosporioides s. I. in North of Iran

. Number  Observed number  Effective number Gene Shannon's Information percentage of

Population A . g .

of Isolates of alleles of alleles diversity index polymorphic loci
Guilan 30 1.93 1.55 0.32 0.48 93.02
Citrus Institute 40 1.90 141 0.25 0.39 90.70
Sari 30 1.82 1.44 0.26 0.40 82.56
Gorgan 44 1.90 1.57 0.32 0.48 90.70
Mean 36 1.88 1.49 0.28 0.44 89.25
Total 144 1.98 1.56 0.33 0.49 97.67

SLS po L350 5l edwlcwwsay Colletotrichum gloeosporioides s. | cumex oz 10 55 b, 5 855 Sl ¥ o

ISSR 5L g93 b ol nl Jlet o

Table 4. Mean of gene diversity and gene flow among four populations of Colletotrichum gloeosporioides s. I. in

North of Iran by ISSR markers

Primer Total gene Gene diversity within Mean of gene Gene flow

diversity (Ht) subpopulations (Hs) diffrentiation (Gst) (Nm)
ISSR2 0.332 0.254 0.187 4.725
ISSR3 0.318 0.275 0.109 12.075
ISSR4 0.373 0.350 0.057 18.091
ISSR5 0.336 0.295 0.113 10.050
ISSR7 0.306 0.297 0.092 10.952
ISSR9 0.316 0.292 0.063 15.784
ISSR12 0.350 0.299 0.215 6.112
Total 0.331 0.289 0.127 3.437

Colletotrichum cosez )Lz o (Y0 5iw) 55 0Lz 9 (Ol giw ) (S ples ol polie O Jgao

ISSR (sla ,S5lis &b p ol Jleds y0 LS po LS50 5l odsluwsas gloeosporioides s. I.

Table 5. Gene differentiation (column below) and gene flow (column above) among four populations of

Colletotrichum gloeosporioides s. I. in North of Iran by ISSR markers

Population Citrus Institute Guilan Gorgan Sari
Citrus Institute Aokkk 7.81 5.643 2432
Guilan 0.06 il 14.89 412
Gorgan 0.081 0.032 Fokkk 5.73
Sari 0.17 0.108 0.08 Fokkk
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Table 6. Genetic distance and genetic identity among four populations of Colletotrichum gloeosporioides s. I. in
North of Iran

Population Citrus Institute Guilan Gorgan Sari
Citrus Institute - 0.955" 0.934" 0.862"
Guilan 0.045™ - 0.974" 0.907"
Gorgan 0.068"™ 0.025™ - 0.934"
Sari 0.148" 0.096™ 0.068" -

* Genetic identity ** Genetic distance
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