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Abstract
In this study, genetic diversity of 70 isolates of Colletotrichum fructicola obtained from the leaf spot symptoms on a
variety of cultivated and wild plants in different regions of three northern provinces of Iran, including Guilan, Mazandaran
and Golestan, was investigated using the ISSR molecular marker. Cluster analysis of the results of DNA fingerprinting
using five ISSR primers for 70 isolates of C. fructicola cleraly reverlaed genetic diversity among the isolates. Based on
this, 70 isolates were differentiated into eight colonal lineages. These results showed that there is a high level of genetic
diversity among isolates of this fungal species. No direct correlation between DNA fingerprinting groups and
geographical origin and host of the isolates was observed. In order to evaluate the efficiency of ISSR molecular marker
in differentiating C. fructicola isolates from isolates of some close and dominant species of the genus Colletotrichum,
DNA fingerprinting using this molecular marker for 89 isolates including 85 C. fructicola isolates, two C. gloeosporioides
isolates, one isolate for each of C. aenigma and C. karstii was performed. Based on the comparison of the DNA
fingerprinting pattern and the drawn phenogram, 89 isolates were placed in four main groups (A-D) at the genetic
similarity level of 70%. So that the isolates of colonal lineages A-D belonged to C. karstii, C. fructicola, C.
gloeosporioides and C. aenigma species, respectively. To ensure the accuracy of the identification, 28 isolates from
different clonal lineages were selected as representatives for molecular identification based on the sequencing of the beta-
tubulin (TUB2) gene region and the APN2/MAT1 (ApMAT) intergenic space. Phylogenetic analysis showed the accuracy
of identification and the efficiency of ISSR molecular marker as a useful tool in grouping and separating the dominant
species of the genus Colletotrichum.
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Table 1. Information of Colletotrichum isolates used in this study.
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Table 2. The primers used to assess the genetic diversity of C. fructicola isolates using the ISSR molecular marker.

Annealing Number of
Primer temperature  Sequence (5'— 3') amplified Source
() bands
(AG)5YC 40 AGAGAGAGAGYC 14 Nabi et al. 2018
(GA)5YC 40 GAGAGAGAGAYC 26 Nabi et al. 2018
(AAC)8 51 AACAACAACAACAACAACAACAAC 26 Ma & Michailides 2005
(AG)8C 49 AGAGAGAGAGAGAGAGC 15 Ma & Michailides 2005
(GACA)4 42 GACAGACAGACAGACA 11 Ma & Michailides 2005
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Table 3. PCR program for DNA amplification using ISSR primers.

Number of

cycles Stage (AG)5YC (GA)SYC (AAC)8 (AG)8C (GACA)4
1 Denaturation 95 °C 95 °C 95 °C 95 °C 95 °C
5 min. 5 min. 5 min. 5 min. 45 sec.
Denaturation 95 °C 95 °C 95 °C 95 °C 95 °C
45 sec. 30 sec. 45 sec. 45 sec. 45 sec.
35 40 °C 40 °C 51°C 49 °C 42 °C
Annealing 45 sec. 45 sec. 45 sec. 45 sec. 45 sec.
Extension 72 °C 72 °C 72 °C 72 °C 72 °C
80 sec. 45 sec. 80 sec. 80 sec. 80 sec.
1 Final Extension 72°C r2°C 72°C 72°C 72°C
5 min. 10 min. 5 min. 10 min. 5 min.
Swjals axlllao Sl LDNA (o, eSSl 1 fols sloosls fdzs g 45 32

L gs Colletotrichum ayla> AR (gaiseg,5 slosl 51 s
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e bl sy JsSge oluled sl olboaules 09,5 1
&5 om kel g (TUB2) (esily gy (Aly JIy
YA olass ggeme 4o .aiad ol (ApMAT) APN2/MAT1
05 5 remd 5SS Cgz oailed slawlis (lgie 4 alas
o= Wl Gl g g ol ADMAT  egi5 x>l  TUB2
s Jloyl JI55 s sl 2S5
(AACATGCGTGAGATTGTAAGT) T1 e ,55lel ;!
Bt-2b 5 (O’Donnell & Cigelnik 1997)
Glass &) (ACCCTCAGTGTAGTGACCCTTGGC)
AM-F sla S5lel 9 (Donaldson 1995
5 (Silva et al. 2012) (TCATTCTACGTATGTGCCCG)
Silva et) (CCAGAAATACACCGAACTTGC) AM-R
A oolaiwl 398 o8 e ST (6l w4 (@l 2012
PCR bl jo a8) IS4y olge caz> polie g clalé

Taq ydy Soo VY eyl o5ines OF s S 1Y Juls
DNA Polymerase 2X Master Mix RED (Ampligon co.,
Voo ocdale b Skl e 5l pids S S South Korea)

O dg0> clale b o955 DNA ;g Ko a9 V5095
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i shls sla Jlgs (Altschul et al. 1990) s ,4,
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Table 4. Colletotrichum species and the GenBank accession numbers of reference sequences used in phylogenetic

analysis.
Species Strain Locality GenBank accessions
TUB2 ApMAT

C. aenigma ICMP 18608 Israel JX010389  KM360143
AZFC 81-421C Iran 0OP032233 -

C. aeschynomenes ICMP 17673, ATCC 201874 USA JX010392 KM360145

C. alatae CBS 304.67, ICMP 17919 India JX010383  K(CB888932

C. alienum ICMP 12071 New Zealand JX010411 KM360144

C. aotearoa ICMP 18537 New Zealand  JX010420 KC888930

C. asianum ICMP 18580, CBS 130418 Thailand JX010406  FR718814

C. artocarpicola MFLUCC 18-1167 - MN435567 -

C. boninense CBS 123755, MAFF 305972 Japan JQ005588 -

C. camellia CGMCC 3.14925, LC1364 China KJ955230  KJ954497

C. clidemiae ICMP 18658 USA JX010438  KCB888929

C. cordylinicola LC0886, ICMP 18579 Thailand JX010440  JQ899274

C. conoides CAUG17 China KP890174 -

C. chrysophilum CMM 4268, URM 7362 Brazil KX094285 -
RR12-3 Saluda/SC MN741066 MN741073

C. cymbidiicola IMI 347923 Australia JQ005600 -

C. dianesei CMM4083, MFLU 1300058 Brazil KC517254 -

C. endophyticum CAUG28 China KP145469 -

C. fructicola ICMP 18581, CBS 130416* Thailand JX010405 JQ807838
CBS 125395, ICMP 18645 Panama JX010408 -
CBS 238.49, ICMP 17921 Germany JX010400 -
AZFC 1-10C Iran OP032210 ON972654
AZFC 46-230C Iran 0OP032219 -
AZFC 47-243C Iran 0OP032220 -
AZFC 54-270C Iran 0OP032221 -
AZFC 64-288C Iran 0OP032222 -
AZFC 68-295C Iran 0OP032224  ON972659
AZFC 72-316C Iran 0P032225 -
AZFC 79-417C Iran OP032226  ON972660
AZFC 82-431C Iran 0OP032227 -
AZFC 90-458C Iran 0OP032228 ON972661
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Species Strain Locality
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C. fructicola AZFC 6-32C Iran OP032211 -
AZFC 98-509C Iran OP032229  ON972662
AZFC 100-534C Iran 0OP032230 -
AZFC 30-153C Iran 0OP032231 -
AZFC 41-204C Iran 0OP032232 -
AZFC 11-55C Iran 0OP032213 -
AZFC 13-58C Iran 0OP032214 -
AZFC 14-62C Iran 0OP032215 -
AZFC 15-78C Iran OP032216  ON972656
AZFC 16-83C Iran 0OP032217 -
AZFC 43-210C Iran OP032218 ON972657

C. gloeosporioides IMI 356878, ICMP 17821, CBS 112999* Italy JX010445  JQ807843
AZFC 8-39C Iran 0OP032212 ON972655
AZFC 66-293C Iran OP032223  ON972658

C. hebeiense MFLUCC13 0726, JZB330028 China KF288975 -

C. helleniense CBS 142418, CPC 26844 Greece KY856528 -

C. henanense LC3030, CGMCC 3.17354, LF238 China KJ955257 KJ954524

C. horii NBRC 7478, ICMP 10492, MTCC 10841 Japan JX010450  JQ807840

C. hystricis CBS 142411, CPC 28153 Italy KY856532 -

C. jiangxiense LC3463, CGMCC 3.17363, LF687 China KJ955348 KJ954607

C. kahawae subsp. kahawae  IMI 319418, ICMP 17816 Kenya JX010444  JQ894579

C. karstii CBS 128500, ICMP 18585 New Zealand  JQ005636 -
AZFC 82.4-77C Iran 0OP032234a -
CORCG6 (CGMCC3.14194) * China HM585428 -

C. makassarense CBS 143664, CPC 28612 Indonesia MH846563 MH728831

C. melanocaulon Coll131, BP1 884113, CBS 133251 USA JX145195 JX145313

C. musae CBS 116870, ICMP 19119, MTCC 11349 USA HQ596280 KC888926

C. noveboracense AFKH109 Columbia/NY  MN640569 MNG640564

C. nupharicola CBS 470.96, ICMP 18187 USA JX010398  JX145319

C. oncidii CBS 129828 Germany JQ005603 -

C. pandanicola MFLUCC 17-0571 - MG646926 -

C. perseae GA100 Israel KX620341 KX620177

C. petchii CBS 378.94 Italy JQ005657 -

C. phyllanthi CBS 175.67, MACS 271 India JQ005655 -

C. proteae CBS 132882, CPC 14859 South Africa KC297101 -

C. pseudotheobromicola JZB330119 - MG812559 -

C. psidii CBS 145.29, ICMP 19120 Italy JX010443 KC888931

C. queenslandicum ICMP 1778 Australia JX010414 KC888928

C. rhexiae Coll1026, BP1 884112, CBS 133134 USA JX145179 JX145290

C. salsolae ICMP 19051 Hungary JX010403 KC888925

C. siamense ICMP 18578, CBS 130417 Thailand JX010404 JQ899289

C. tainanense CBS 143666, CPC 30245, UOM 1120, Coll Taiwan MHB846558 MH728836

C. temperatum Coll883, BPI 884100, USA JX145211  JX145298

C. theobromicola MTCC 11350, CBS 124945, ICMP 18649 Panama JX010447 KC790726

C.ti ICMP 4832 New Zealand  JX010442 KM360146

C. torulosum CBS 128544, ICMP 18586 New Zealand  JQ005598 -

C. tropicale CBS 124949, ICMP 18653, MTCC 11371 Panama JX010407 KC790728

C. viniferum GZAAS 5.08601, ygl China JN412813 -

C. wuxiense CGMCC 3.17894 China KU252200 KU251722

C. xanthorrhoeae BRIP 45094, ICMP 17903, CBS 127831 Australia JX010448 KC790689
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Table 5. Number of amplified bands and number of polymorphic bands generated by ISSR primers.

No Primer Number of amplified Number of Percentage of
' bands polymorphic bands polymorphic bands

1 (AG)5YC 14 11 78.57
2 (GA)5YC 16 10 62.5
3 (AAC)8 26 25 96.15
4 (GACA)8 11 5 45.45
5 (AG)8C 15 11 73.33

Total 82 62 75.6

B (AG)5YC -A :ISSR la 55k 5l ssliwl L Colletotrichum fructicola slaalos 5l solass ;o DNA (6, cuasSl o1 Y S5

(AG)8C -E (GACA) 8 -D (AAC) 8 -C (GA) 5YC -

Figure 1. DNA fingerprinting patterns of some Colletotrichum fructicola isolates using ISSR primers: A- (AG) 5YC, B-

(GA) 5YC, C- (AAC) 8, D- (GACA) 8, E- (AG)8C.

e B s seye A (S alls maw o bbaglas oS

sls lis C.fructicola wlas Ve gladies o g 4y jo0
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Figure 2. Phenogram of genetic diversity for 70 Colletotrichum fructicola isolates based on UPGMA method and using
Jaccard similarity coefficient after integration of fingerprint data generated by five ISSR primers ((AG)5YC- (GA)5YC-
(AAC)8- (GACA)8 and (AG)8C). The blue vertical line shows the number of colonal lineages at the level of genetic

similarity of 80%. Colonal lineages are marked with the English letters A-H. The pink vertical line shows the number of
haplotypes identified within each of the clonal lineages at the 99% genetic similarity level.
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Figure 3. Phenogram from ISSR test using (GA)5Y C primer, UPGMA algorithm and Dice coefficient for 89 isolates of
Colletotrichum. The letters A-D represent four colony lineages at the level of 70% genetic similarity, respectively.
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Figure 4. Phylogram of Colletotrichum species based on the TUB2 gene and Maximum Likelihood method. The numbers
above the branches represent the bootstrap values with 1000 replications. Monilochaetes infuscans CBS 869.96 was used
as out group in the phylogram. The isolates used in this study are shown with strain code (AZFC...) in the progeny tree.
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Figure 5. Phylogenetic tree based on ApMAT region sequences in Colletotrichum species using Maximum Likelihood
method. The numbers above the branches represent the bootstrap values with 1000 replications. The isolates used in this
study are shown with strain code (AZFC...) in the progeny tree.
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