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ABSTRACT. Anthracnose caused by Colletotrichum species is a 
common postharvest disease of banana fruit. We investigated and 
identified Colletotrichum species associated with anthracnose in 
several local banana cultivars based on morphological characteristics 
and sequencing of ITS regions and of the β-tubulin gene. Thirty-eight 
Colletotrichum isolates were encountered in anthracnose lesions of 
five local banana cultivars, ‘berangan’, ‘mas’, ‘awak’, ‘rastali’, and 
‘nangka’. Based on morphological characteristics, 32 isolates were 
identified as Colletotrichum gloeosporioides and 6 isolates as C. 
musae. C. gloeosporioides isolates were divided into two morphotypes, 
with differences in colony color, shape of the conidia and growth rate. 
Based on ITS regions and β-tubulin sequences, 35 of the isolates were 
identified as C. gloeosporioides and only 3 isolates as C. musae; the 
percentage of similarity from BLAST ranged from 95-100% for ITS 
regions and 97-100% for β-tubulin. C. gloeosporioides isolates were 
more prevalent compared to C. musae. This is the first record of C. 
gloeosporioides associated with banana anthracnose in Malaysia. In 
a phylogenetic analysis of the combined dataset of ITS regions and 
β-tubulin using a maximum likelihood method, C. gloeosporioides and 
C. musae isolates were clearly separated into two groups. We concluded 
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that C. gloeosporioides and C. musae isolates are associated with 
anthracnose in the local banana cultivars and that C. gloeosporioides is 
more prevalent than C. musae.

Key words: Banana; Anthracnose; Colletotrichum gloeosporioides; 
Colletotrichum musae; ITS regions; β-tubulin 

INTRODUCTION

Banana belongs to the family Musaceae, which is considered one of the most popular 
tropical fruits in Malaysia (Abdullah et al., 1990). The production of bananas is ranked second 
after durian, which is traditionally planted temporarily intercropped with oil palm, rubber and 
other perennial crops. The most popular varieties of banana for dessert cultivars are ‘mas’, 
‘berangan’, ‘rastali’, ‘cavendish’, and ‘embun’.

Anthracnose is one of the most important postharvest diseases of bananas, commonly 
caused by Colletotrichum musae, which infects wounded green fruits and also ripe fruits 
(Meredith, 1960; Stover and Simmonds, 1987). C. musae has also been reported causing 
blossom end rot, crown rot and tip rot of banana (Nazriya et al., 2007). This disease usually 
occurs during long transportation and storage period with relatively low temperature and high 
humidity (Thompson and Burden, 1995). Anthracnose of banana is characterized as brown 
spots, which become sunken lesions with orange or salmon-colored acervuli (Sun, 1988). 
When the fruits ripen, the disease will be induced by the accumulation of phytoaloxins, which 
can facilitate the penetration of the fungus (Jeger et al., 1995; Turner, 1995).

Although C. musae is the most common species associated with anthracnose of ba-
nana, C. gloeosporioides has also been reported to be associated with banana anthracnose 
(Wijesundera, 1994; Duduk et al., 2009). Most studies related to banana anthracnose in Ma-
laysia have used morphological characteristics to identify Colletotrichum species, which may 
not be sufficient to confidently use in species delimitation, especially to differentiate closely 
related species. Moreover, C. musae is a member of the C. gloeosporioides species complex, 
which indicates that C. musae and C. gloeosporiodes are closely related.

Internal transcribed spacer (ITS) regions are useful to define the relationships of 
Colletotrichum spp within a species complex in phylogenetic analysis (Du et al., 2005; Phoulivong 
et al., 2010). The β-tubulin gene can provide a robust tree to support the relationships for species 
clusters (Shen et al., 2002; Phoulivong et al., 2010). Since Colletotrichum species associated 
with anthracnose of banana in Malaysia are not well characterized and since most studies have 
used morphological characteristics for identification, the objective of this study was to isolate and 
identify Colletotrichum species from anthracnose of banana by using morphological and molecular 
characteristics and to determine the phylogenetic relationship of Colletotrichum isolates associated 
with anthracnose of banana by using ITS regions and β-tubulin gene.

MATERIAL AND METHODS

Isolation of Colletotrichum isolates

Thirty-eight Colletotrichum isolates from banana anthracnose were isolated from an-
thracnose lesions of several local banana cultivars, namely ‘mas,’ ‘berangan,’ ‘awak,’ ‘nang-
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ka’, and ‘rastali’ (Table 1). The banana fruits were obtained from several markets and farms in 
the States of Pulau Pinang and Perak, Peninsular Malaysia.

Isolate 	 Location	 Banana cultivar

BB1	 Perak	 Berangan
BB2	 Perak	 Berangan
BB3	 Pulau Pinang	 Berangan
BB4	 Pulau Pinang	 Berangan
BB5	 Pulau Pinang	 Berangan
BB6	 Pulau Pinang	 Berangan
BB7	 Pulau Pinang	 Berangan
BE8	 Pulau Pinang	 Mas
BB9	 Pulau Pinang	 Berangan
BR10	 Pulau Pinang	 Rastali
BR11	 Pulau Pinang	 Rastali
BB12	 Pulau Pinang	 Berangan
BB13	 Pulau Pinang	 Berangan
BA14	 Pulau Pinang	 Awak
BA15	 Pulau Pinang	 Awak
BA16	 Pulau Pinang	 Awak
BA17	 Pulau Pinang	 Awak
BA18	 Pulau Pinang	 Awak
BE19	 Perak	 Mas
BE20	 Perak	 Mas
BE21	 Perak	 Mas
BE22	 Perak	 Mas
BE23	 Perak	 Mas
BB24	 Pulau Pinang 	 Berangan
BB25	 Pulau Pinang	 Berangan
BB26	 Pulau Pinang	 Berangan
BN27	 Pulau Pinang	 Nangka
BB28	 Pulau Pinang	 Berangan
BN29	 Pulau Pinang	 Nangka
BB30	 Pulau Pinang	 Berangan
BB31	 Pulau Pinang	 Berangan
BB32	 Pulau Pinang	 Berangan
BB33	 Pulau Pinang	 Berangan
BB34	 Pulau Pinang	 Berangan
BB35	 Pulau Pinang	 Berangan
BN36	 Pulau Pinang	 Nangka
BN37	 Pulau Pinang	 Nangka
BN38	 Pulau Pinang	 Nangka

Table 1. Colletotrichum isolates used in this study.

Colletotrichum isolates were obtained by using direct isolation and surface steriliza-
tion techniques. For direct isolation, conidia from conidial masses from the anthracnose le-
sions were transferred to potato dextrose agar (PDA) and incubated at 27° ± 1°C until vis-
ible growth of mycelium was observed. For surface sterilization technique, tissues between 
infected and healthy areas were cut approximately 5 x 5 mm by using a sterile scalpel. The 
tissue pieces were surface sterilized by dipping in 1% sodium hypochlorite (10% Clorox) for 
about 3-5 min and rinsed with distilled water. Four pieces of sterilized tissue were plated on 
PDA and incubated at 27 ± 1°C until there was visible growth of mycelium from the tissues. 
For each isolate, single spores were isolated to obtain pure cultures.

Morphological identification of Colletotrichum isolates was performed using the species 
descriptions by Sutton and Waterston (1970), Mordue (1971), Cannon et al. (2008), Prihastuti et 
al. (2009), and Su et al. (2011). The shapes and sizes of conidia were determined by measuring 40 
random conidia under a light microscope (Olympus BX41 with Soft Imaging System). Culture 
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characteristics such as colony color and formation of conidial masses were observed and recorded 
after 7 days of incubation. To induce appresoria formation, a small amount of mycelium was trans-
ferred to a cavity slide, mounted with distilled water and incubated at 27° ± 1°C for 24-48 h.

Phylogenetic analysis

All 38 Colletotrichum isolates were grown on PDA plates with membrane dialysis 
for 5-7 days. DNA was extracted using the DNeasy Plant Mini Kit (Qiagen, Germany) fol-
lowing the manufacturer protocol. The ITS regions were amplified using the ITS 4 and 5 
primers (White et al., 1990), while the β-tubulin gene was amplified using the Bt2a and Bt2b 
primers (Glass and Donaldson, 1995). PCR amplification was performed in a 25-µL reaction 
mixture comprising deionized distilled water, 4 mM MgCl2, 5X PCR buffer, 0.2 mM dNTP 
mix (Promega, USA), 0.5 mM of each primer, 0.625 U Taq polymerase (Promega) and 1.6 
mM DNA template. PCR amplification for both ITS regions and β-tubulin gene was per-
formed in a TM Peltier Thermal Cycler Model PTC-100 (MJ-Research, USA). PCR cycles 
started with an initial denaturation at 95°C, followed by 34 cycles of denaturation at 95°C 
for 1 min, 30 s annealing at 52°C and a 1-min extension at 72°C. A final extension for 10 min 
at 72°C was performed after the cycles ended. Agarose gel electrophoresis (1%) was used 
to detect the PCR product, and the electrophoresis was run for 80 min at 70 V and 400 mA. 
PCR products were purified using the QIAquick PCR Purification kit (Qiagen) according 
to the manufacturer protocol. The purified PCR products were sent to a service provider for 
DNA sequencing.

Multiple sequence alignments were performed using MEGA5 (Tamura et al., 2011), 
and optimized manually. Consensus sequences were compared with sequences in the Gen-
Bank database by using Basic Local Alignment Search Tool (BLAST). For phylogenetic anal-
ysis, ITS regions and β-tubulin were analyzed as a combined dataset, which was performed 
using MEGA5. Gaps were treated as missing data. Maximum likelihood (ML) trees were 
constructed by using substitution model Tamura-Nei (Tamura and Nei, 1993), inferred from 
ML heuristic search option with the nearest neighbor interchange (NNI) algorithm. The trees 
were generated after 1000 bootstraps to estimate the reliability of the tree.

The epitype sequences of ITS regions and β-tubulin for C. gleosporioides and C. musae 
used as comparison are presented in Table 2. Other sequences of ITS regions and β-tubulin from 
GenBank were also included in the analysis (Table 2). Two C. trichellum isolates (GU227817 
and GU228111), which are members of C. acutatum group were used as outgroup.

Species	 Host	                       GenBank accession No.

		  ITS	 β-tubulin

C. gloesporioides (epitype)	 Citrus	 EU371022	 FJ907445
C. gloeosporioides	 Mango	 DQ454004	 DQ454041
C. gloeosporioides	 Mango	 DQ454005	 DQ454044
C. gloeosporioides	 Citrus	 AY376534	 AY376582
C. gloeosporioides	 Citrus	 AY376532	 AY376580
C. musae (epitype)	 Banana	 HQ596292	 HQ596280
C. musae	 Banana	 HQ596293	 HQ596281
C. musae	 Banana	 HQ596294	 HQ596282
C. trichellum (outgroup)	 Hedera helix	 GU227817	 GU228111

Table 2. Sequences from GenBank used in the phylogenetic analysis.
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RESULTS 

Morphological characterization of Colletotrichum species

On the basis of morphological characteristics, 32 isolates were identified as C. gloeo-
sporioides and 6 isolates as C. musae. C. gloeosporioides isolates could be divided into two 
morphotypes according to variation in colony color, conidial morphology and growth rate 
(Figure 1, Table 3). Differentiation between C. gloeosporioides and C. musae isolates was 
based on the shapes and sizes of the conidia and the growth rate. 

Figure 1. Morphological characteristics of Colletotrichum gloesporioides and C. musae isolated from anthracnose of 
banana. C. gloeosporioides morphotype 1 (A-F): (A) upper surface, (B) lower surface, (C-D) conidia, (E) appresoria, 
(F) seta. C. gloeosporioides morphotype 2 (G-I): (G) upper surface, (H) lower surface, (I-J) conidia, (K) appresoria 
(L) seta C. musae (M-Q): (M) upper surface, (N) lower surface, (O-P) conidia, (Q) appresorium (Bars = 10 µm).

Species	 Colony color	                      Conidia (mean)		  Appresoria	 Setae	 Growth rate
							          (cm/day)

		  Length (µm)	 Width (µm)	 Shape

C. gloeosporioides	 Gray to moss dark	      15-16	       5-6	 Cylindrical	 Ovate to obovate	 Present in brown color	       ±6.48
(morphotype 1)	 green				    formed	 and slightly swollen at
						      the base with tapered apex

C. gloeosporiodes	 Grayish white to	      16-19	       5-6	 Fusiform to	 Ovate to obovate	 Present in brown color and	       ±5.69
(morphotype 2)	 grayish green			   slightly	 formed	 slightly swollen at the base
				    rounded ends		  with tapered apex	       ±7.13
C. musae	 White to orangish,	      13-15	       5-7	 Cylindrical	 Irregularly lobed	  Absent
	 white to gray

Table 3. Morphological characteristics of Colletotrichum gloesporioides and C. musae isolates from 
anthracnose of banana.



3632

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (2): 3627-3637 (2014)

M.A. Intan Sakinah et al.

C. gloeosporioides morphotype 1 consisted of 17 isolates in which colony appear-
ance was gray to a moss dark-green color. The conidium shape was cylindrical with obtuse 
ends, and the average size of conidia was 15.0 x 5.39 µm. Appresoria were ovate to ob-
ovate, and setae were present with brown color and slightly swollen at the base with ta-
pered apex but were absent in some isolates (Figure 1). The growth rate was ±6.48 cm/day.

C. gloesporioides morphotype 2 comprised 15 isolates, which had colonies appear-
ing grayish white to grayish green. The shape of conidia varied from fusiform to having 
slightly rounded ends, and the average size of conidia was 16.84 x 5.68 µm. Appresoria 
were ovate to obovate. Setae were present with brown color and slightly swollen at the base 
with tapered apex but were absent in some isolates (Figure 1). The growth rate was ±5.69 
cm/day.

Six isolates were identified as C. musae with white to orangish and white to gray 
colony colors. Conidia were elliptical or cylindrical and the average size was 13.14 x 5.86 µm. 
Appresoria were irregularly lobed and lacked setae (Figure 1). The growth rate of C. musae 
isolates was ±7.13 cm/day, which was faster than for C. gloeosporioides isolates.

Phylogenetic analysis

From BLAST, 35 isolates were identified as C. gloeosporioides and only 3 isolates as 
C. musae. The size of ITS regions was 600 bp and the size of β-tubulin, 500 bp. The percent-
age similarity from BLAST and accession number of the sequences are listed in Table 4. The 
percentage similarity obtained from BLAST ranged from 98 to 100% for ITS regions and from 
97 to 100% for β-tubulin.

Maximum likelihood trees of combined datasets of ITS regions and β-tubulin are 
shown in Figure 2. Both C. gleosporioides and C. musae isolates were grouped in sepa-
rate clades (clades I and II). C. gloeosporioides isolates from anthracnose of banana were 
grouped in seven subclades (1-7), and none of the isolates was grouped with the epitype strains 
(EU371022, FJ907445) or grouped with C. gloeosporioides from mango and citrus. Only C. 
gloeosporioides from citrus was grouped with C. gloeosporioides epitype strains. C. musae 
isolates formed a separate clade (clade II) with 82% bootstrap value and grouped with C. mu-
sae epitype strains (HQ596292, HQ596280).

DISCUSSION

The findings from the present study showed that C. gloeosporioides and C. musae 
were associated with anthracnose of banana, and C. gloeosporioides was more prevalent than 
C. musae. To our knowledge, this is the first documented report of C. gloeosporioides associ-
ated with banana anthracnose in Malaysia. The results showed that identification based solely 
on morphological characteristics can lead to misidentification, since morphological charac-
ters are easily influenced by environmental factors such as humidity, temperature and rainfall 
(Freeman et al., 1998). Therefore, for precise species identification, DNA sequencing data are 
needed to provide information for species delimitation.

On the basis of morphological characteristics, C. gloeosporioides isolates can be di-
vided into two morphotypes and the descriptions of the isolates in both morphotypes fall 
within the range of descriptions of C. gloeosporioides by Mordue (1971), Cannon et al. (2008) 
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and Prihastuti et al. (2009). Generally, the six C. musae isolates fall within the description of 
morphological characteristics by Su et al. (2011), except the colony color of several isolates in 
the present study was white to orangish with floccose aerial mycelium. However, according to 
the sequences of ITS regions and β-tubulin, only three isolates (BB9, BN27 and BN29) were 
identified as C. musae with 99-100% similarity.

Isolates	 Species name	                                             Sequence similarity (%)	                                  GenBank accession No.

		  ITS	 β-tubulin	 ITS	 β-tubulin

BB1	 C. gloeosporioides	 99	   99	 JX163228	 JX431527
BB2	 C. gloeosporioides	 100	   99	 JX163231	 JX431541
BB3	 C. gloeosporioides	 100	   99	 JX163201	 JX431542
BB4	 C. gloeosporioides	 100	 100	 JX163217	 JX431543
BB5	 C. gloeosporioides	 98	   96	 JX163229	 JX431528
BB6	 C. gloeosporioides	 99	   99	 JX163230	 JX431529
BB7	 C. gloeosporioides	 100	   99	 JX163215	 JX431544
BE8	 C. gloeosporioides	 100	   98	 JX163223	 JX431533
BR10	 C. gloeosporioides	 99	   97	 JX163221	 JX431538
BR11	 C. gloeosporioides	 99	   96	 JX163219	 JX431539
BB12	 C. gloeosporioides	 99	   99	 JX163202	 JX431545
BB13	 C. gloeosporioides	 100	   99	 JX163203	 JX431546
BB14	 C. gloeosporioides	 100	   99	 JX163226	 JX431526
BA15	 C. gloeosporioides	 100	   92	 JX163204	 JX566758
BA16	 C. gloeosporioides	 95	   99	 JX163225	 JX431547
BA17	 C. gloeosporioides	 99	   99	 JX163224	 JX431548
BA18	 C. gloeosporioides	 99	 100	 JX163222	 JX431549
BE19	 C. gloeosporioides	 100	   99	 JX163205	 JX431550
BE20	 C. gloeosporioides	 99	   99	 JX163216	 JX431551
BE21	 C. gloeosporioides	 100	   98	 JX163206	 JX431534
BE22	 C. gloeosporioides	 100	 100	 JX163218	 JX431552
BE23	 C. gloeosporioides	 100	   95	 JX163207	 JX431535
BB24	 C. gloeosporioides	 99	   99	 JX163227	 JX431553
BB25	 C. gloeosporioides	 99	   98	 JX163208	 JX431554
BB26	 C. gloeosporioides	 99	   98	 JX163209	 JX431555
BB28	 C. gloeosporioides	 99	   99	 JX163210	 JX431531
BB30	 C. gloeosporioides	 99	   98	 JX163211	 JX431532
BB31	 C. gloeosporioides	 99	   96	 JX431560	 JX566751
BB32	 C. gloeosporioides	 99	   99	 JX163220	 JX431556
BB33	 C. gloeosporioides	 99	   99	 JX163212	 JX431557
BB34	 C. gloeosporioides	 99	 100	 JX163213	 JX431558
BB35	 C. gloeosporioides	 99	   99	 JX163214	 JX431559
BN36	 C. gloeosporioides	 99	   96	 JX431561	 JX566763
BN37	 C. gloeosporioides	 99	   99	 JX431540	 JX566764
BN38	 C. gloeosporioides	 100	   99	 JX431562	 JX566758
BB9	 C. musae	 99	   99	 JX163232	 JX431530
BN27	 C. musae	 99	   99	 JX163233	 JX431536
BN29	 C. musae	 100	   97	 JX163234	 JX431537

Table 4. Identity of Colletotrichum isolates from anthranose of banana based on sequence similarity of ITS 
region and β-tubulin gene.

Although identification using morphological characteristics could lead to misidenti-
fication, it is useful for grouping the isolates to their morphotypes as mentioned by Prihastuti 
et al. (2009). On the basis of phylogenetic analysis of combined datasets as well as an indi-
vidual dataset (data not shown), C. gloeosporioides and C. musae were clearly separated into 
different clades. The analysis also showed that location, banana cultivar and morphotype did 
not contribute to phylogenetic relatedness. The results were similar to those of a study by 
Rampersad (2011) on papaya anthracnose in which geographical distribution, host cultivar 
or morphotype was not an indication of the phylogenetic relatedness of the papaya isolates.
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Figure 2. Maximum likelihood showing phylogenetic relationships among Colletotrichum based on ITS regions 
and β-tubulin gene using Tamura-Nei substitution model and nearest-neighbor-interchange search options with 
1000 bootstrap replicates. Colletotrichum trichellum isolate was the outgroup.

C. gloeosporioides and C. musae are part of the taxa in C. gloeosporioides species 
complex in which the species in this complex has broad genetic and biological diversity 
(Damm et al., 2010). C. gloeosporioides is found on a wide variety of fruit crops such as al-
mond, avocado, apple, coffee, banana, guava, mango, and strawberry (Freeman et al., 2000; 
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Sanders and Korsten, 2003; Xiao et al., 2004; Photita et al., 2005; Prihastuti et al., 2009). On 
the other hand, C. musae appears to be specific to Musa spp (Su et al.., 2011). Although C. 
musae was not prevalent in the present study, several studies have shown that C. musae is the 
most common species associated with anthracnose of banana. In Korea and Saudi Arabia, C. 
musae was associated with anthracnose of imported banana (Lim et al., 2002; Abd-Elsalam et 
al., 2010). Thangamani et al. (2011) reported that according to morphological and physiologi-
cal characterization, C. musae was pathogenic to banana in India.

The grouping of C. gleosporioides isolates into several subclades on the basis of in-
dividual dataset (data not shown) and combined datasets, indicated variability, which further 
confirmed the complexity of the species. Grouping of C. gloeosporioides into several subclades 
suggest that the isolates may represent a sub-population of C. gloeosporioides with distinct ge-
netic characters. Similar results were reported by Prihastuti et al. (2009) and Waller et al. (1993) 
in which C. gloeosporioides on coffee berries showed several distinct genetic and phenotypic 
species. It was also noted that none of the C. gloeosporioides isolates from banana was grouped 
with the ex-epitype of C. gloeosporioides, which could also suggest that the isolates belong to C. 
gloeosporioides-like species, possibly indicating the presence of more than one distinct species. 
The results of the present study were similar to those of a study by Phoulivong et al. (2010) in 
which 22 strains of C. gloeosporioides from tropical fruits did not cluster with an ex-epitype of 
C. gleosporioides, indicating the presence of more than one distinct species.

In the present study, three C. musae isolates were identified using ITS regions and 
β-tubulin sequences and these isolates were grouped with isolates with accession numbers 
HQ596292 and HQ596280, which confirms that the three isolates were C. musae. This species 
is a member of the C. gloesporioides species complex and has been recognized as a separate 
species limited to banana or Musa spp (Du et al., 2005). For sequence-based identification of 
C. musae, ITS sequence is recommended (Weir et al., 2012), which separates the species from 
other Colletotrichum species.

In the present study, important information was obtained. C. musae was not a com-
mon species associated with several types of local banana cultivars, although C. musae has 
been reported to be the most common causal anthracnose of many banana cultivars worldwide 
(Lim et al., 2002; Abd-Elsalam et al., 2010; Thangamani et al., 2011). C. gloeosporioides is 
the most prevalent species associated with anthracnose of banana, suggesting the potential of 
cross-infection to other tropical fruits. Moreover, pathogenic C. gloeosporioides is known to 
show a mutualistic and commensal association with various plant species. These associations 
can change under certain conditions (Redman et al., 2001; Photita et al., 2005). Phylogenetic 
analysis has shown that C. gloeosporioides from banana, mango and citrus form separate 
groups, which supports the hypothesis that C. gloeosporioides from tropical fruits may consist 
of more than one distinct species as reported by Phoulivong et al. (2010).

The findings of this study have an important bearing on the epidemiology of anthrac-
nose disease since different species of Colletotrichum may have different conidial dispersal 
capacities (Ntahimpera et al., 1999; Rampersad, 2011). Accurate identification of the an-
thracnose-causing pathogen is also important, since different species of Colletotrichum may 
vary in their reaction to different types of fungicides (Rampersad, 2011). Sequence analysis 
using other protein-coding genes should be tested to confirm the existence of more than one 
distinct species of C. gloeosporioides, since this species has wide geographic distribution 
and host range.
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