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ABSTRACT 

Fungal transformation has been an effective tool to study gene function, gene 

expression and gene exchange. Some pathogenic fungi causing great economic losses 

have to be studied extensively. In order to study these economically important fungi, 

various molecular tools are used among which transformation is a significant one. 

Here we develop an efficient transformation system to study one of the most 

important group of plant pathogens Colletotrichum.  

 

KEYWORDS: Colletotrichum, Transformation, Protoplasts, Pathogenicity, Anthracnose 

 

INTRODUCTION 

Colletotrichum is  a large genus of Ascomycete fungi prominent in temperate 

and tropical environments. One of the most important groups of plant pathogens 

belongs to this genus. Colletotrichum species also exist as human pathogens, 

endophytes and saprobes on dead plant material. These play a greater role as plant 

pathogens as they cause anthracnose on stems, leaves and fruits of a range of 

economically important plants, including fruits, vegetables, cereals, crops, grasses, 

legumes and a variety of perennials. They are also known to cause branch die- back, 

root rot, leaf spot, defoliation and blossom blight and rot as well as seedling blight. 

Greater economic losses are due to post harvest anthracnose disease of fruits and 

vegetables. Many Colletotrichum species have the tendency to produce asymptomatic 

latent (quiescent) infections on various plant tissues, including unripe fruits, placing 

them among the most important postharvest pathogens. Colletotrichum species 

therefore provide excellent models for studying the molecular and cellular bases of 
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fungal pathogenicty.  Transformation is an essential part of modern fungal research 

and it is of great importance in application to the many fungal species used in 

biotechnology as well as plant and animal pathogens. The aim of this study was to 

develop a genetic transformation system for the plant pathogenic fungus 

Colletotrichum. The availability of transformation system allows us to study gene 

exchange, epidemiology, and to use techniques such as gene disruption or gene 

silencing. A number of methods have been used for the transformation of fungi like 

transformation of protoplasts by CaCl2/PEG, electroporation, Agrobacterium 

mediated transformation, biolistic transformation etc. Here we use a modified 

protocol of protoplast transformation for the introduction of a transformation vector 

into fungal spores. 

 

MATERIALS AND METHODS 

Collection of Colletotrichum spp: 

Identified and characterized cultures of  C. gloeosporioides from papaya 

(RKSP2) and mango (4618), C. acutatum (2214) from strawberry, C. lindemuthianum 

(2109) from beans and C. musae (2018) from banana were obtained from MTCC.  

Microscopic and macroscopic study of Colletotrichum spp: 

Identified and characterized cultures of C. gloeosporioides  (RKSP2 and 

4618), C.acutatum (2214), C. lindemuthianum (2109) and C. musae (2018) were 

revived in oat meal broth and Potato carrot broth. Afterwards the cultures were 

revived on PDA plates containing chloramphenicol. The plates were incubated for 3-5 

days at 28°C. After the incubation period, the colonies were analysed macroscopically 

and slides of the cultures were prepared using lactophenol cotton blue for microscopic 

examination.  

Pathogenicity test and revival of pathogenicity: 

In order to revive the pathogenicity of Colletotrichum gloeosporiodes reduced due 

to frequent sub-culturing, a pathogenicity test was conducted. Following procedure 

was followed: 

 Different fruits and vegetables such as mango, banana, beans, papaya, 

tomatoes and green chillies were collected and surface sterilized. 

 With the help of a sterlized needle, wounds were made on the skin of the fruits 

and vegetables. 
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 Dense conidial and mycelial suspension of Colletotrichum gloeosporioides 

was inoculated on the wounded skin of fruits and vegetables aseptically. 

 The inoculated fruits and vegetables were left undisturbed for 3-5 days in a 

sterile chamber provided with moisture at 28°C. 

 After the incubation period, the samples were observed for the characteristic 

growth and lesions. 

 The small piece of the skin containing the lesion was cut and inoculated on 

PDA plates containing chloramphenicol followed by incubating the plates for 

2-3 days at 28°C. 

 The growth was observed and the cultures were analysed both 

macroscopically and microscopically. 

Protoplast mediated transformation of Colletotrichum species: 

Selection of Colletotrichum species based on sensitivity test: 

Identified and characterized cultures of C.gloeosporioides  (RKSP2) from papaya, C. 

acutatum (2214)from strawberry and C. musae (2018) from banana were obtained 

from MTCC. All the above Colletotrichum species were tested for sensitivity to three 

different antibiotics- Ampilcillin, Kanamycin and Hygromycin B (0.02g in 1ml 

autoclaved distilled water). Three petriplates each containing 20ml of PDA with 

100µl of ampicillin were streaked with each of the three species mentioned above. 

Plates were incubated for 2-3 days at 28°C and observed for growth. Similar 

procedure was employed for sensitivity to kanamycin and hygromycin B. 

Isolation of protoplast: 

The Colletotrichum specie sensitive to  hygromycin B (C.musae) was grown 

on Mathur’s Agar (Dextrose 0.8g, MgSO4  0.25g, K2PO4  0.27g,  Neopeptone 0.24g, 

Yeast extract 0.2g, Agar 1.6g for 100ml). Dense suspension of mycelia was obtained 

by inoculating mycelia plugs into 100ml of Mathur’s broth ( Dextrose 0.8g, MgSO4 

0.25g, K2PO4 0.27g, Neopeptone 0.24g, Yeast extract 0.2g, for 100ml) containing 

50µl of chloramphenicol. Cultures were grown with rotary agitation (250 rpm) at 

22°C and blended after 48h of growth, resulting in an optimal mycelial density. Three 

grams of mycelia harvested by filtering through two layers of cheese cloth was placed 

into 250 ml flask containing 20 ml OM buffer (1.2M MgSO4, 10mM NaPO4, pH 5.8) 

with 2mg/ml novozyme 234 and 50 units/ml of β-glucuronidase. Mycelia were 

digested on rotary shaker at 80rpm for 1.5- 3h at room temperature. The suspension 
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was transferred to a 30 ml screw capped centrifuge bottle, gently overlayed with 10ml 

of trapping buffer [0.6M sorbitol, 100mM Tris-HCl, pH-7.0 (Yelton et al., 1984)], 

and centrifuged in a swinging bucket rotor at 4000g for 20 min at 4°C. Protoplasts 

banded at the gradient interface and were withdrawn with a 10-ml widebore pipette. 

Protoplasts were pelleted and washed three times by re-suspending in 10mM CaCl2 )  

followed by centrifugation for 45s at 7000g at 4°C. The protoplast were suspended to 

a final concentration of 108 protoplasts per 100 µl. 

Isolation of plasmid DNA from E.coli : 

The provided E.coli strain containing hygromycin B resistance gene was re-

cultured on LB agar containing 40 µl of hygromycin B and incubated for 24h at 37°C 

at 180 rpm. Plasmid DNA was isolated from this broth by using plasmid DNA 

isolation kit and the gel electrophoresis of isolated plasmid DNA sample was done 

using 0.8% agarose gel.  

Transformation: 

Protoplasts (100 µl) were mixed with vector DNA and 0.1mM EDTA 

(ethylenediaminetetraacetic acid) and incubated on ice for 20 min in 15 ml 

pollyallomer tubes. The protoplasts were mixed with 1ml of PEG solution (60% 

polyethylene glycol Mr 3800, 10mM Tris-HCl, pH 7.5, and 100mM CaCl2 ) and 

incubated at room temperature for 10 min. 

Regeneration: 

The protoplast suspension was diluted to a final volume of 5 ml with 

regeneration medium (0.6M mannitol, 0.1% casamino acids and 0.1% yeast extract, 

pH5.3) and tubes were placed horizontally for 12-24h under cool white fluorescent 

lights at 22°C. 

After regeneration, 100 µl of regeneration suspension was plated onto Casein media 

plates(13.85% mannitol, 0.1% casamino acid, 0.1% yeast extract, 0.4% sucrose and 

2.0 % agar) in the presence and absence of 100 µg/ml hygromycin B. Plates were 

incubated at 22°C under cool white fluorescent lights and transformants were assessed 

after 5-14 days. 

Molecular identification: 

The fungal DNA of the transformed isolate was isolated and primers designed 

for cre region of the plasmid creF- CGTGCAAAACAGGCTCTAGCGTTC   and 

creR-GCGAACATCTTCAGGTTCTGCGGGA were used for the amplification of cre 

region of the vector. 
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RESULTS 

Microscopic and macroscopic study of Colletotrichum species: 

The cultures of C.gloeosporioides from papaya (RKSP2) and mango (4618), 

C.acutatum (2214), C. lindemuthianum (2109) and C.musae (2018) grown on PDA 

plates showed distinct morphological characteristics. 

Colony characteristics: 

The colony colour of different Colletotrichum species ranged from off-white to 

whitish –grey. A distinct sequence of colour changes especially at the central region 

was evident in some cultures. The lower surface of the cultures did not undergo a 

significant variation in colour with time. 

C.gloeosporioides (RKSP2) showed off-white, cottony, isolated colonies where as 

C.gloeosporioides (4618) exhibited bright peach colonies from centre with off-white 

cottony growth from periphery. C.lindemuthianum showed light-orange coloured 

slimy colonies from centre and off-white cottony growth from periphery. C.acutatum  

showed light-peach coloured colonies from centre surrounded by dense cottony 

growth in contrast to C.musae which showed orangish-yellow colonies from centre 

surrounded by off-white floral mat like growth . Except for C.musae, the colonies of 

all other Colletotrichum  species were easy to pick up . 

Several different types of mycelia were found within the C.spp. as dense aerial even 

mat and compact aerial mycelium in tufts. Microscopic studies revealed that the 

mycelia of all the C.species were branched and septate bearing conidia (singly or in 

clusters) either at the tips or along the hyphal length. The elevation of the colonies 

also differed among the species. The highest elevation was observed in 

C.gloeosporioides (RKSP2) whereas C.gloeosporioides (4618) colonies showed the 

least elevation. 

 

 
a)                      b)    c) 
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 d)    e) 
 
Fig 1) Macroscopic observation showing colony characteristics of different C.spp. : 

a) C.lindemuthianum (2109); 

b) C acutatum (2214) 

c) C.gloeosporioides (4618) from mango 

d) C.gloeosporioides (RKSP2) from papaya; 

e) C. musae (2018). 

 

Conidial morphology: 

The conidial shape was basically elongated, cylindrical with blunt ends. In 

case of C. gloeosporioides, few of the conidia were cylindrical with obtuse ends and 

narrow centre. The conidia of C. lindemuthianum and C.acutatum resemble each other 

except that those of C.acutatum were slightly slender than C.lindemuthianum. 

However, the conidia of C.musae were short and oval. 

  
a)                                                     b) 

          
c)                                      d) 

Fig. 2) Microscopic examination of C. spp. showing different types of conidia 
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a) Cylindrical conidia of C.gloeosporioides (RKSPY2)  with obtuse ends and 

narrowed centre 

b) Short oval to round conidia of C. musae (2018) 

c) Slender conidia of C. acutatum (2214) 

d) Elongated and cylindrical conidia of C. gloeosporioides (4618) 

Pathogenicity test and revival of pathogenicity 

The inoculated fruits and vegetables after the incubation period showed the 

characteristic anthracnose lesions on and around the wounded skin. The lesions were 

sunken and charcoal- like in colour. The wounded skin of tomato was colonized by 

white cottony growth whereas black coloured lesions appeared on the skin of mango, 

banana, chilly and beans. The small piece of the skin containing the lesion which was 

cut and inoculated on PDA plates containing chloramphenicol showed growth after 

the incubation period. The plates inoculated with a piece of skin from infected mango 

showed white cottony growth with cylindrical and blunt end conidia similar to 

C.gloeosporioides whereas the one inoculated with the piece of skin from infected 

chilly showed cottony greyish brown colony from centre with light-peach periphery   

(Fig. 3 ).Its conidia were comparatively short and slender with blunt ends. The white 

cottony growth on the wounded skin of tomato showed light –peach coloured slimy 

colony when inoculated on PDA. However, when observed microscopically, small 

oval to round conidia were observed. 

 

 

Before                                 After 
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Fig 3) Showing fruits and vegetables before and after wound inoculation with 

suspension of C.gloeosporioides (RKSP2): (from top to bottom : tomatoes, mango, 

chillies, beans, papaya and banana) . 

 

 
a)                                            b) 

Fig.4) PDA plates inoculated with the pieces of the infected skin showing colony 

characteristics :C.gloeosporioides from a) mango b) chilly 

Protoplast mediated transformation of Colletotrichum species 

Selection of Colletotrichum species based on sensitivity test 
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C. acutatum showed resistance to all the three antibiotics whereas C.gloeosporioides 

and C. musae showed resistance to Ampicillin and Kanamycin and they were 

sensitive to Hygromycin B. 

 

Table1) Showing sensitivity of antibiotics to three different antibiotics 

 

 
C.gloeosporioides and C. musae sensitive to hygromycin B (100 µl in 20ml PDA),  

were further tested for sensitivity  to the same antibiotic at low concentrations (40 µl 

in 20ml 

PDA). Following an incubation period of 2-3 days at 28°C, it was observed that 

C.musae failed to grow at even this lower concentration of hygromycin B in contrast 

to C. gloeosporioides which managed to grow.  

Isolation of protoplasts: 

The protoplasts were successfully isolated by using the protocol mentioned 

previously. Slides prepared from freshly isolated protoplasts when examined under 

microscope showed transparent, oval to round protoplasts (Fig. 5) 

The protoplasts were stored in STC solution at -80°C. 

 
 

Fig. 5) Protoplasts of Colletotrichum musae observed under 40X 

 

 

 

 

S.No.  Colletotrichum 
species 

Sensitivity to 
Ampicillin Kanamycin Hygromycin B 

1. C.gloeosporioides _ _ + 

   2. C.acutatum _ 
 

_ 
 

_ 
 

3. C. musae _ _ + 
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Isolation of plasmid DNA vector from E.coli : 

The E.coli strain which contained hygromycin B resistance gene was recultured on 

LB agar containing 40µl of hygromycin B and incubated at 37°C for 24 hrs. Plasmid 

DNA was successfully isolated and confirmed by gel electrophoresis. A single band 

plasmid DNA was observed under UV transilluminator . 

 

 
Fig 6) Hygromycin B resistant colonies of E.coli DH5α on LB agar containing 40µl of hygromycin B 

 
 
Fig 7) A band of plasmid DNA 

 

 
Fig 8) Fig.8) Map of the vector construct used for transformation –a binary vector 

p6d35S-Cre5-2xTEL37 (2xTEL) containing two blocks (890 bp together) of 
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telomeric tandem  repeats of tghe A. Thaliana telomere-containing plasmid pAtT4 

9richards and Ausubel, 1988) at its right border (RB) side.  

Transformation: 

Transformation of C. musae was achieved with protoplast-mediated 

transformation. The parameters important in increasing Colletotrichum transformation 

included the transformation method employed, the transformation vector used and the 

bacterial strain utilized for amplification of the vector. Transformation efficiencies 

defined as the number of transform ants (Tx)/µg DNA were enhanced after various 

parameters were optimized and protoplasts viability was increased (Rodriguez and 

Redman, 1992). Increasing concentrations of plasmid DNA resulted in an increase in 

the transformation efficiency. 

Regeneration:  

Result of these experiments clearly showed that 0.6M mannitol, 0.1% 

casamino acids, and 0.1% yeast extract, pH 5.3, were all suitable for regeneration and 

reversion of protoplasts to hyphae. 

After the incubation period of 48 h at 22ºC, regeneration broth showed the mycelial 

growth (Fig. 9). 200 µl of this regeneration broth when spread on the casein media 

plates with and without hygromycin B (40 µl) showed a number of resistant colonies 

on both the plates. 

 

 

 

 

 

a)                                                   b)                                            c) 

 

Fig.9) Hygromycin B resistant colonies on Casein Media plates: a) containing 40 µl 

Hygromycin B; b) without Hygromycin B; c) Control (untransformed C. musae on 

CM plate with 40 µl Hygromycin B) . 
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DISCUSSION 

The aim of this research was to develop a transformation system for the 

phytopathogenic fungus Colletotrichum. The availability of a genetic transformation 

system for this pathogen would allow us to study gene exchange, epidemiology and to 

use techniques such as gene disruption or gene silencing to investigate the role of 

fungal enzymes in pathogenesis. During this study we came across many 

Colletotrichum species that grow in high concentration of hygromycin unlike other 

fungi that fail to grow in a medium containing 100µl/ml hygromycin. We carried out 

transformation of C.musae that fails to grow in presence of hygromycin. For 

transformation, we used a vector derived from E.coli containing hygromycin resistant 

gene in it. Since the mycelium contains many nuclei per cell, there is a very high 

capacity of generating phenotypic variation by heterokaryon formation and the 

available evidence suggest that genetic changes might be induced by shifts in the 

balance of nuclei of the cells of the vegetative hyphae perhaps in response to selective 

pressure. 

The transformation system will also allow us to probe mechanisms of pathogenicity 

and virulence. Using anti-sense technology   or gene disruption technology, we can 

switch off expression of classes of genes or individual genes .In conclusion, the 

results of this project have demonstrated that stable transformation of Colletotrichum 

is feasible, and that it depends critically on the isolate used as a recipient and its 

antibiotic sensitivity. The frequency of transformation is relatively low due to poor 

integration of the transforming DNA. Future efforts should be directed at developing 

vectors with homology to the endogenome or extrachromosomal replicating vectors. 
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