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Thirty-four isolates of Colletotrichum spp. including 2 species, C. gloeosporioides and C. capsici, from 
anthracnose on Bell pepper, Long cayenne pepper and Bird’s eye chilli were isolated and their 
pathogenicity was proven via fruit inoculation. Pathogenicity tests divided pathogenic potential into low, 
medium and high virulence groups. It is clearly revealed that C. capsici from the three tested hosts 
expressed the highest virulent isolates. Cross-inoculation of three high virulent isolates of C. capsici in 
accordance with three chilli varieties showed that all isolates could produce anthracnose symptom in 
the same lesions. All tested isolates developed lesions after co-inoculation of all hosts. Inter simple 
sequence repeat (ISSR) analysis indicated that there are two distinct groups of C. gloeosporioides and 
C. capsici. Furthermore, genetic diversity was correlated with geographic distribution, while there was 
no clear relationship between genetic diversity and pathogenic variability. But it is clearly demonstrated 
that whereas C. gloeosporioides appears in the same geographic area as C. capsici, it causes lower 
disease incidence. 
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INTRODUCTION 
 
Anthracnose of chilli pepper (Capsicum annuum) is an 
economically important disease which affects chilli 
pepper planting in Thailand. It is caused by several 
species of the fungal genus Colletotrichum, of which C. 
capsici and C. gloeosporioides crop up widely. C. capsici 
and C. gloeosporioides have been reported to cause 
anthracnose disease in India, Indonesia, Korea and 
Thailand (Kim et al., 1999; Oh et al., 1999; Ahn et al., 
2003; Oanh et al., 2004; Voorrips et al., 2004; 
Pakdeevaraporn et al., 2005; Gopinath et al., 2006). 
Moreover, C. acutatum has also been reported in 
Australia and Indonesia (Nirenberg et al., 2002; 
Whitelaw-Weackert et al., 2007) and C. coccodes in 
Korea and New Zealand (Johnston and Jones, 1997; Ahn 
et al., 2003). These fungi are capable of causing  disease  
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on all parts of the chilli pepper plant throughout at any 
stage of plant growth. However, fruit rot disease is the 
most economically devastating disease.  

Single species of Colletotrichum may infect multiple 
hosts e.g. C. gloeosporioides infects wide variety of fruits, 
including almond, avocado, apple and strawberry 
(Freeman et al., 1998). Moreover, the cross-inoculation 
potential of Colletotrichum spp. has been reported e.g. C. 
gloeosporioides isolates from avocadoes and mangoes 
were reported to produce lesions on strawberries, 
peppers, guavas and papayas which often cultivated in 
adjacent orchards (Sanders and Korsten, 2003). C. 
acutatum isolates from pepper which often cultivate with 
persimmon trees produced symptoms of anthracnose on 
the fruits of pepper and twigs of persimmon (Kim et al., 
2009). Because morphology and pathology are not 
enough to distinguish between Colletotrichum species, 
molecular markers have been applied to Colletotrichum 
sp. diversity studies include internal transcribed spacer 
(ITS) regions  (Freeman  et  al.,  2001b;  Moriwaki  et  al.,  



 
 
 
 
2002; Martinez-Culebras et al., 2003; Sanders and 
Korsten, 2003; Lee et al., 2007), as well as restriction 
fragment length polymorphism (RFLP) (Balardin et al., 
1999; Martín and García-Figueres, 1999; Saha et al., 
2002) and random amplified polymorphic DNA (RAPD) 
markers (Sicard et al., 1997; Denoyes-Rothan et al., 
2003; Weeds et al., 2003; Agosteo et al., 2005; 
Camargo-Junior et al., 2007). Of these, RAPD analysis 
has been widely applied to study Colletotrichum sp. 
diversity. Molecular markers such as inter simple 
sequence repeat (ISSR) markers have also been 
successfully used as tools for understanding the 
phylogenetic relationships of fungi (Chadha and 
Gopalakrishna, 2007; Schwarzenbach et al., 2007). ISSR 
is a simple technique, requires no sequence information 
and is carried out using a single primer based on a 
simple repeat. Only small amounts of DNA template are 
required and the results are clearly scorable and 
reproducible (Nagaoka and Ogihara, 1997). In this study, 
the potential for cross-inoculation of isolates of C. capsici 
obtained from three varieties of chilli (Bell pepper, Long 
cayenne pepper and Bird’s eye chilli) was examined by 
inoculating each alternative host. In addition, the different 
isolates were analysed by ISSR-PCR to determine 
genetic variability. 
 
 
MATERIALS AND METHODS 
 
Isolation and identification of pathogens from infected chilli 
 
Colletotrichum isolates were collected from fields in Bangkok and 
Ratchaburi provinces, Thailand. Isolation of causal agent was done 
using the tissue transplanting technique described by 
Ratanacherdchai et al. (2007). The diseased plant parts were cut at 
the advanced margin of lesions into small pieces (5 × 5 mm) and 
then surface disinfected with 10% Clorox for 1 min, followed by 
rinsing with sterile distilled water two times and transferred onto 
isolating water agar (WA) medium. The mycelia growing out of the 
plant tissue were sub-cultured to potato dextrose agar (PDA) 
medium and incubated at room temperature (approximately 28 - 
30°C) for 7 - 10 days. Single spore isolation was performed to 
obtain pure cultures. The isolate was first identified to species by 
morphological observation under a compound microscope. 
 
 
Pathogenicity tests 
 
Pathogenicity tests were done separately for each isolate from each 
host plant using plug inoculation methods following a modified 
protocol by Sanders and Korsten (2003). Prior to inoculation, all 
fruits were swabbed with 70% (v/v) ethanol to reduce surface 
contamination and left for air-dry in laboratory by 3 - 4 min. Fruits 
were then wounded by gentle pricking with a sterilized needle. 

Inocula were prepared by culturing each isolate on PDA at room 
temperature (approximately 28 - 30°C) for 10 days. Plugs (5 mm 
diameter) were cut from actively-sporulating areas near to colony 
periphery by using a sterilized cork borer and placed over the 
wounded part of chilli fruits. Wounded chilli fruits inoculated by 
placing only a PDA plug over the wound were used as a control. 
The inoculated fruits were kept in moist chamber at room 
temperature (28 - 30°C) for 10 days. The experiments were done 
using a Completely Randomized Design with four replications. Data  
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was collected as lesion diameter of tested fruits (mm) and the 
coefficient of variation was computed. Treatment means were 
statistically compared using Duncan’s New Multiple Range Test. 
Colletotrichum isolates were grouped into three categories based 
on lesion size as follows: 0 - 5.0 mm = low virulent isolates, 5.1 - 
20.0 mm = moderately virulent isolates, and > 20 mm = high 
virulent isolates. 
 
 
Cross-inoculation tests 
 
Three isolates of C. capsici pathogenic to Bell pepper, Long 
cayenne pepper and Bird’s eye chilli were selected for the cross-
inoculation test. Conidial suspensions were generated from the 
pure culture of C. capsici and numbers of conidia were adjusted to 
1 × 106 conidia ml-1 with sterile distilled water using 
haemacytometer according to method described by Hong and 
Hwang (1998). All pepper fruits were thoroughly washed under 
running water, swabbed with 70% (v/v) ethanol and air-dried in the 
laboratory. Inoculum droplets (10 ml) containing ca. 106 conidia ml-1 
were separately placed onto 2 mm deep prick wounds on the fruit 
surfaces. Each of the three isolates was placed onto a separate 
wound along the longitudinal axis of the fruit with four replications. 
Wounded fruits receiving only a sterile distilled water droplet served 
as a control. Inoculated fruits were placed in moist chamber at room 
temperature. The experiments were arranged using a Completely 
Randomized Design with four replications. Data was collected as 
lesion size (mm) of each fruit tested and the coefficient of variation 
was calculated. Treatment means were statistically compared by 
Duncan’s Multiple Range Test. 
 
 
Inter simple sequence repeat (ISSR) analysis 
 
Genomic DNA extraction 
 
Total genomic DNA was isolated from fungal mycelia. Isolates were 
agitated at 180 r/min, 28°C for 4 days in tubes containing 20 ml of 
potato dextrose broth (PDB). Mycelia were harvested by filtration 
through filter paper, dried between two layers of filter paper and 
stored at � 80°C for future use. Dried mycelia were ground to a fine 
powder with mortar and pestle using liquid nitrogen and transferred 
to 1.5 ml Eppendorf tubes. DNA extraction was performed using 
CTAB (hexadecyltrimethylammonium bromide) method described 
by Wang et al. (2005). The obtained DNA pellet was dissolved in 50 
µl of sterile double distilled water and quality of extracted DNA 
checked by using 1% agarose gel electrophoresis. 
 
 
PCR amplification of DNA 
 
Inter simple sequence repeat polymerase chain reaction (ISSR-
PCR) was performed using a 50 ml reaction mixture consisting of 5 
ml of 10 × PCR buffer, 4 ml of 25 mM MgCl2, 1.5 ml of dNTP mix (10 
mM each of dATP, dCTP, dGTP, dTTP), 0.3 ml Taq DNA 
polymerase, 2 ml of primer, 1 ml of genomic DNA and 36.2 ml of 
sterile double-distilled water. The amplification was carried out in a 
MyGeneTM Series Peltier Thermal Cycle using three temperature 
profiles, programmed for initial DNA denaturation at 94°C for 2 min, 
followed by 35 cycles of DNA denaturation for 1 min at 94°C, 1 min 
at annealing temperature specific for each primer (Table 3) and 
extension for 1.5 min at 72°C, with a 6 min final extension at 72°C. 
Amplification products were separated by electrophoresis on 1.5% 
agarose gels in 1× TAE buffer at 90 V for 1.5 h and stained with 
ethidium bromide, then visualized with UV light and photographed. 
The 1 kb DNA ladder (Fermentas) (0.5 µg/µl) was run for weight 
size comparison.  
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Cluster analysis 
 
ISSR bands generated by using six set of primers in 34 isolates of 
Colletotrichum spp. were scored for their presence (1) or absence 
(0). Data was analysed using the Numerical Taxonomy System, 
NTSYS-pc version 2.10e program (Rohlf, 2000). A similarity matrix 
was generated from the binary data using similarity coefficient for 
qualitative (nominal) data (SIMQUAL). Cluster analysis (SAHN) was 
performed for the data matrix using the unweighed pair group 
method with the arithmetic averaging (UPGMA) algorithm and 25 
iterations and dendrogram was constructed. The validity of the 
clustering was determined by comparing the similarity and 
cophenetic (ultrametric) value matrices using the matrix comparison 
unit of NTSYS-pc. 
 
 
RESULTS 
 
Isolation and identification of pathogens from 
infected chilli 
 
Thirty-four isolates of Colletotrichum spp. were obtained 
from peppers showing anthracnose symptoms in 
Bangkok and Ratchaburi provinces. Of these, 7 were 
isolated from Bell pepper (Capsicum annuum), 17 from 
Long cayenne pepper (C. annuum var acuminatum) and 
10 from Bird’s eye chilli (C. frutescens) (Table 1).  
 
 
Pathogenicity tests 
 
Pathogenicity test of the isolates from Bell pepper fruits 
showed that the lesion size produced by C. capsici 
isolate C108 was 29.25 mm, giving it the highest 
virulence for disease incidence. This lesion size was 
significantly larger than those produced by the other six 
isolates (P = 0.01). The sizes of lesions caused by C. 
gloeosporioides isolates C104, C102, C105, and C101 
were 11.25, 9.25, 6.00 and 5.50 mm, respectively. Two 
Bell pepper isolates (C103 and C107) did not produce 
any symptoms when inoculated onto Bell pepper fruits 
(Table 1). Pathogenicity tests of the isolates from Long 
cayenne pepper fruits showed that all isolates produced 
lesions when inoculated onto Long cayenne. The lesion 
size produced by C. capsici isolate C208 was 23.90 mm, 
which gave it the highest virulence for disease incidence, 
and this lesion size was significantly larger than those 
caused by the other 16 isolates (P = 0.01).  

Similar to the Long cayenne pepper isolates, all Bird’s 
eye chilli isolates caused lesions when inoculated onto 
Bird’s eye chilli fruits. The lesion size produced by C. 
capsici isolate C308 was 11.00 mm, giving it the highest 
virulence for disease incidence and differing significantly 
from the other nine isolates (P = 0.01). 

Pathogenic variability of Colletotrichum isolates was 
grouped into three categories based on their reactions as 
shown in Table 1. Two isolates from Bell pepper were 
grouped in low virulent group, four in moderately virulent 
group and one in high virulent group. For Colletotrichum 
spp.  isolated  from  Long  cayenne  pepper,  13   isolates  

 
 
 
 
were placed in the moderately virulent group and 4 in the 
high virulent group. Whereas, four isolates from Bird’s 
eye chilli showed low virulence while six isolates were 
moderately virulent. 
 
 
Cross-inoculation test 
 
Cross-inoculation test of C. capsici isolates from Bell 
pepper (C108), Long cayenne pepper (C208), and Bird’s 
eye chilli (C308) onto Bell pepper fruits showed that all 
tested isolates produced lesions after co-inoculation onto 
Bell pepper fruits, which differed significantly  from the 
control (P = 0.05). The mean lesion size developed by 
isolates C108, C208 and C308 were 19, 17 and 13.75 
mm, respectively. However, the mean lesion size 
developed by all tested isolates did not differ significantly 
(P = 0.05).  

Similar to the Bell pepper, all tested isolates produced 
lesions after co-inoculation onto Long cayenne pepper 
fruits. The mean lesion size produced by isolates C108, 
C208 and C308 were 11.75, 11.75 and 10.75 mm, 
respectively, which was not significantly differ (P = 0.05). 
All tested isolates produced lesions after co-inoculated 
onto Bird’s eye chilli fruits. The mean lesion size 
produced by isolate C308 was 5.75 mm. Whereas, the 
mean lesion sizes developed by isolates C108 and C208 
were 4.75 and 525 mm, respectively which differed 
significantly from the control (P = 0.05). Overall, mean 
lesion sizes produced by all tested isolates differed 
significantly on the different hosts but did not differ signi-
ficantly among the three isolates (Table 2 and Figure 1). 
 
 
Cluster analysis 
 
Six ISSR primers showed multi band patterns for each of 
the isolates (Table 3). The primers amplified a total of 
103 bands from 34 isolates tested. The average number 
of bands per primer was 17.17 which ranged in size from 
250 to 3500 bp. Among 34 isolates, 70 of the total 103 
ISSR bands were polymorphic. The percentage of 
polymorphic fragments per primer was 67.96%. UPGMA 
analysis based on total ISSR character difference was 
carried out to group the 34 isolates of Colletotrichum spp. 
According to the dendrogram, Colletotrichum spp. can be 
divided into three main groups (Figure 2). Group 1 
contained C. gloeosporioides isolates obtained from 
Ratchaburi province. Whereas, groups 2 and 3 consisted 
of C. capsici isolates. Group 2 consisted of C. capsici 
isolates obtained from Ratchaburi province while group 3 
consisted of C. capsici isolates obtained from Bangkok.  
The clustering of the Colletotrichum isolates based on 
ISSR data showed a relationship with geographical 
distribution of isolates. Moreover, group 1, (C. 
gloeosporioides isolates) can be divided into different 
subgroups based on host. It was shown that original host 
was important  for  phylogenetic  grouping.   The   within-
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Table 1.  Characteristics of Colletotrichum spp. isolates studied. 
 

Host Provinces Isolate ID Lesion 
diameter (mm) Virulence1 ISSR group 

Bell pepper Ratchaburi  C. gloeosporioides 
C. gloeosporioides 
C. gloeosporioides 
C. gloeosporioides 
C. gloeosporioides 
C. gloeosporioides 
C. capsici 

C101 
C102 
C103 
C104 
C105 
C107 
C108 

5.50bc2 

9.25b 
0.00c 

11.25b 
6.00bc 
0.00c 

23.25a 

M 
M 
L 
M 
M 
L 
H 

I 
I 
I 
I 
I 
I 
II 

C.V. (%)    41.41   
       
Long cayenne  Ratchaburi  C. capsici C201 6.00ef M II 
pepper C. capsici 

C. gloeosporioides 
C. capsici 
C. capsici 
C. capsici 
C. capsici 
C. capsici 
C. capsici 
C. capsici 

C202 
C203 
C204 
C205 
C206 
C207 
C208 
C209 
C210 

20.80abc 
6.20ef 
7.50def 

11.20cde 
13.00bcde 
16.80abcd 

23.90a 
22.10ab 

15.50abcde 

H 
M 
M 
M 
M 
M 
H 
H 
M 

II 
I 
II 
II 
II 
II 
II 
II 
II 

 Bangkok C. capsici C211 12.10cde M III 
  C. capsici 

C. capsici 
C. capsici 

C212 
C213 
C214 

12.50bcde 
8.50def 
8.40def 

M 
M 
M 

III 
III 
III 

Long cayenne  Bangkok C. capsici C215 10.90cde M III 
pepper  C. capsici 

C. capsici 
C216 
C217 

20.80abc 
12.20cde 

H 
M 

III 
III 

C.V. (%)    36.30   
       
Bird’s eye chilli Ratchaburi  C. gloeosporioides C301 3.40de L I 
  C. gloeosporioides 

C. gloeosporioides 
C. gloeosporioides 

C302 
C304 
C306 

2.20de 
2.80de 
1.20e 

L 
L 
L 

I 
I 
I 

 Bangkok C. capsici C307 9.50ab M III 
  C. capsici 

C. capsici 
C. capsici 
C. capsici 
C. capsici 

C308 
C310 
C311 
C312 
C314 

11.00a 
5.20cd 
7.50bc 
5.80cd 
5.80cd 

M 
M 
M 
M 
M 

III 
III 
III 
III 
III 

C.V. (%)    33.81   
 

1Lesion size was divided into three categories as follows: L, low virulent = 0 - 5.0 mm; M, moderately virulent = 5.1 - 20.0 mm; H, high 
virulent = > 20 mm. 
2Average of four replications. Means followed by the common letters in each column within each host were not significantly different at P = 
0.01. 

 
 
 
group similarity of C. gloeosporioides isolates and the 
within-group similarity of C. capsici isolates were 0.57 - 
1.00 and 0.63 - 1.00, respectively. There was less 
similarity (0.54 - 0.72) between the C. gloeosporioides 
isolates and C. capsici isolates. 
 
 
DISCUSSION 
 
The Colletotrichum spp. causing chilli anthracnoses in 
this study were identified as two species: C. gloeo-
sporioides (Penz.) Penz. and Sacc. and C. capsici  (Syd.) 

E.J. Butler and Bisby (Oanh et al., 2004; 
Ratanacherdchai et al., 2007). In addition, there was a 
clear distinction between the C. gloeosporioides and C. 
capsici isolates based on the ISSR data. These groups 
correlated with morphological characters as described by 
Moriwaki et al. (2002):C. gloeosporioides isolates pro-
duce conidia with obtuse ends while C. capsici isolates 
produce falcate conidia. However, chilli anthracnose in 
Thailand has been reported not only by causal agents C. 
gloeosporioides and C. capsici but also by C. acutatum 
(Than et al., 2008a). The pathogenicity test by plug ino-
culation on chilli  fruits  showed  variation  in  virulence  in 
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Table 2.  Comparison of lesion size produced on different test hosts by three 
Colletotrichum capsici isolates from Bell pepper, Long cayenne pepper, and 
Bird�s eye chilli. 
 

Lesion size (mm) 
Test hosts 

C108 C208 C308 
C.V. (%) 

Bell pepper 17.00a1 13.75a 19.00a 28.68 
Long cayenne pepper 11.75a 11.75a 10.75a 20.30 
Bird’s eye chilli 4.75b 5.25ab 5.75a 15.11 

 

1Average of four replications. Means followed by the common letters in each row 
were not significantly different at P = 0.05. 

 
 
 

Table 3.  Sequences of ISSR primers that revealed polymorphism in Colletotrichum spp. 
 

Primer identifier Sequence* Annealing 
temperature (°C) 

Fraction polymorphic 
fragments** 

AF80820 AGAGAGAGAGAGAGAGT 52 13/18 
AF80821 AGAGAGAGAGAGAGAGC 57 10/15 
AF80822 GAGAGAGAGAGAGAGAT 55 12/17 
AF80823 TGTGTGTGTGTGTGTGA 55 9/17 
AF80824 GAGAGAGAGAGAGAGAYG 57 13/19 
AF80825 GTGTGTGTGTGTGTGTYC 57 12/17 

 

*Single letter abbreviation for mixed-base position: Y = C, T 
**Number of polymorphic fragments/number of fragments amplified. 

 
 
  

  
 
Figure 1. Cross-inoculation test of three highly virulent isolates of Colletotrichum capsici 
from Bell pepper, Long cayenne pepper and Bird�s eye chilli on fruits of Bell pepper 
(Capsicum annuum), Long cayenne pepper (C. annuum var acuminatum) and Bird’s eye 
chilli fruits (C. frutescens). 

 
 
 
virulence in Colletotrichum spp. isolates. The aggressive-
ness of these isolates generally took place  in  the  mode- 

rately virulent group (23 isolates). Six isolates showed 
low virulence while five  isolates  showed  high  virulence. 
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Figure 2.  Generated dendrogram from ISSR data for all six selected primers used showing the clustering of strains of Colletotrichum spp. 

 
 
 
Moreover, C. capsici isolates appeared to be 
more virulent than C. gloeosporioides isolates. 
This difference could be supported by Than et al. 
(2008b)   reported   that   different   Colletotrichum  

species cause diseases of different organs of the 
chilli fruits and different maturity stages of chilli 
fruit as well. C. gloeosporioides infects chilli fruit at 
the developmental stage, while C.  capsici  infects  

mature red chilli fruit. In addition, Amusa et al. 
(2004) reported that C. capsiciwas found associa-
ted with the fruit anthracnose of hot pepper fruit 
production areas in the  humid  rainforest  zone  of  
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South-western Nigeria and reported to affect both green 
and ripe pepper fruits. The clustering of Colletotrichum 
isolates based on ISSR data failed to reveal a relation-
ship between clustering in dendrogram and pathogenic 
variability. For instance, the low and moderately virulent 
isolates of C. gloeosporioides were clustered into the 
same ISSR group. Moreover, ISSR groups 2 and 3 
contained both moderately and highly virulent isolates of 
C. capsici. This result is in agreement with the results 
obtained by Denoyes-Rothan et al. (2003), Sharma et al. 
(2005) and Bayraktar et al. (2008). 

Virulence of cross-inoculation of C. capsici isolates 
onto Bell pepper, Long cayenne pepper and Bird’s eye 
chilli was determined by comparing mean lesion size on 
each host. All tested isolates produced lesions after co-
inoculation onto all hosts. The virulence, based on lesion 
size, among all tested isolates did not differ significantly 
(P = 0.05) among hosts. However, these three isolates 
did not cluster into the same ISSR group. Thus, no clear 
relationship between ISSR grouping and pathogenic 
variability was demonstrated. However, all isolates 
developed larger lesions on Bell pepper than on other 
chilli fruits after co-inoculation onto each chilli fruit. This 
may be due to the different fruit types rather than a 
difference in host preference by the fungal isolates. 
Several previous reports have also discussed cross-
infection potential of Colletotrichum isolates. For 
instance, C. gloeosporioides isolates from almond, apple, 
avocado, mango, pecan, and yam produced lesions on 
almond, apple, avocado, guavas, mango, nectarine, 
papaya, pepper, strawberry fruits (Freeman and Shabi, 
1996; Sanders and Korsten, 2003; Abang et al., 2006). 
Similar to C. gloeosporioides, it has also been reported 
that C. acutatum from strawberry is able to cause lesions 
on various fruits such as anemone, apple and peach 
(Freeman et al., 2001a); moreover, Kim et al. (2009) 
found that C. acutatum isolates from pepper which 
cultivated with persimmon were able to infect both hosts. 

Furthermore, the genetic diversity of Colletotrichum 
spp. based on ISSR markers showed correlation between 
genetic and geographical distribution which is supported 
by the previous report. Than et al. (2008a) reported that 
C. acutatum isolates collected in Australia from 
strawberry and papaya formed a subcluster distinct from 
the isolates from Thailand. In contrast, the RAPD 
analysis of Sharma et al. (2005) suggested that the 
classification of C. capsici isolates causing fruit rot of chilli 
is not correlated with virulence or geographic origin.  
 
 
Conclusion 
 
Colletotrichum spp. causing anthracnose of Bell pepper, 
Long cayenne pepper and Bird’s eye chilli were identified 
as C. gloeosporioides and C. capsici. Cross-inoculation 
tests indicated that all isolates tested produced lesions 
after co-inoculation onto each host. However, this cross-
inoculation test was carried out under the optimum condi- 

 
 
 
 
tions for artificial inoculation in the laboratory such as 
high inoculum concentration, detached and wounded 
fruits and optimized humidity, thus it remains to be deter-
mined whether isolates from different hosts cause serious 
disease in the field. The phylogenetic grouping based on 
ISSR showed a relationship between clustering in 
dendrogram and geographical distribution of isolates. 
However, the pathological and ISSR grouping of isolates 
was suggested on correlation among the tested isolates.  
Therefore, ISSR markers are a useful method of studying 
genetic diversity in Colletotrichum spp. PCR-based tech-
nique like ISSR used in this study are rapid, reproducible 
and produce a large number of polymorphic bands. Such 
techniques aid in the understanding of pathogen 
population dynamics, which can facilitate the 
development of effective control strategies. 
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