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ABSTRACT 

 We have isolated fifty-two endophytic fungi (AA-CRL-1 to AA-CRL- 52) from the leaves of Catharanthus 

roseus plants collected from different parts of Pune (Maharashtra, India). These endophytic fungi represented different 

genera and were screened for vinca alkaloids production using TLC and ESI-MS analysis. Out of the 52 endophytic fungal 

cultures screened, the endophytic culture AA-CRL-20 was found to produce vinca alkaloids (Vinblastine and Vincristine) 

extracellularly. The endophytic fungal strain AA-CRL-20 which produced vinca alkaloids was identified as Fusarium 

solani based on its cultural and morphological characters and internal transcribed spacer (ITS) sequence analysis. 
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INTRODUCTION 

 The term endophyte (Greek: endo=within, phyte= plant) has been defined as an organism contained or growing 

within the substrate plant which causes no apparent symptoms of disease and some of these are known to synthesize 

natural plant products. These natural plant products are structurally identical or very closely related to those of the host 

plant. This is very well exemplified with the case of Taxol, a promising anti-cancer drug initially obtained from the Pacific 

Yew tree Taxus brevifolia and then also from the endophytic fungus Taxomyces andreanae isolated from the bark of Taxus 

brevifolia (1,2). A number of endophytic fungi later isolated from other Taxus plants such as Taxus bacatta, Taxus 

wallichiana (3) Taxus chinensis (4) and Taxus hickii also produce Taxol and related compounds(5). The discovery that 

endophytic fungi associated with medicinal and aromatic plants can produce the same plant-based drugs and other natural 

products by fermentation and thus spare the trees from further human exploitation as no other part of the tree is required for 

their production has opened up a new area of research and development. 

 We have successfully isolated endophytic fungi from Indian yew tree Taxus baccata and then screened for taxol 

production. (6). Another important anticancer compound is the alkaloid Camptothecin, a potent antineoplastic agent which 

was firstly isolated from the wood of Camptotheca acuminate (7,8) and later from the endophytic fungus isolated from the 

same plant (9). Similarly, Podophyllotoxins were reported from the fungus Phialocephala fortinii isolated from the plant 

Podophyllum peltatum (10). 

 The productivity of anticancer drugs vinblastine and vincristine (vinca alkaloids) is very low in plants (0.001-

0.0003%) resulting in their extraordinary high price (11). The low yield of these drugs in cell cultures is one of the major 

limitations and many strategies have been tried to improve indole alkaloid production in C. roseus cell cultures. Low 

vinblastine and vincristine contents in the plants have also encouraged intense research for alternative production methods 

involving cell culture (12,13), metabolic engineering (14), semisynthesis (15) or even total chemical synthesis (16,17). 

Total synthesis has proved difficult due to the structural complexity of the molecules and complicated reaction steps 
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involving stereo chemical constraints. Various semi-synthetic procedures have been developed for the production of these 

alkaloids on the basis of chemical (15) or enzymatic (18) coupling of commercially available catharanthine and vindoline. 

As a means of simpler and economically feasible semi-synthesis of vinblastine and vincristine, a photochemical one pot 

synthesis has been proposed. The present synthetic procedures and reaction mechanisms are partly based on the approach 

that has been described in details in the above mentioned photochemical method. 

 Vinblastine and vincristine have been produced from leaves of field grown plants by cell and tissue culture, callus 

culture, cell suspension culture, shoot culture, hairy roots cultures of Catharanthus roseus, semi synthesis as well as total 

synthesis. Production of vinca alkaloids in plant cell cultures did not lead to a significant improvement and today it is 

accepted that biotechnological approaches in plant cell culturing may not provide an instant solution to this problem. 

Kharwar et al (19) isolated several endophytic fungi from Catharanthus roseus found in India (19) but to the best of our 

knowledge there is so far no report of isolation of these drugs from the above endophytes. Zahng et al (20) and Tung et al 

(21)
 
discovered that vincristine is produced by Fusarium oxysporum, an endophyte of Catharanthus roseus ; while Guo 

and Kunming (22) isolated vinblastine from Alternaria sp. isolated from Catharnthus roseus. However, they have showed 

the production of vinblastine and vincristine by TLC and HPLC only. Since the quantity of both these drugs from all the 

sources are extremely low, the supply of vinblastine and vincristine, the wonder drugs to cure cancer, are still limited. 

Therefore, considering the importance of vinblastine and vincristine (low volume and high valued drugs) and their supply 

at low cost to the patients and no cost to the environment, a screening program aimed at isolating endophytic fungal strains 

associated with leaves of Catharanthus roseus was initiated at Biochemical Sciences Division, National Chemical 

Laboratory, Pune (Maharashtra, India). Focus has been laid particularly to identify non-sporulating, slow growing 

uncommon strains of fungi. So far, fifty-two endophytic fungal cultures have been brought into pure cultures and screened 

for vinblastine and vincristine production extracellularly and positive strains were identified. The correct identification of 

fungus is of great practical importance not only in the industry but also in clinical pathology, biotechnology and 

environmental studies. The earliest system for fungal classification and identification up to species level relied on 

morphological characters, mainly those of reproductive structures, spore morphology and the manner in which the spores 

are produced, host range and secondary metabolites profile. However, this method of classification presents critical 

limitations such as sterility of fungal cultures that have not developed reproductive structures or morphological similarity 

among the members of different species (23). Now-a-days, DNA sequence analysis or internal transcribed spacers (ITS) 

analysis of ribosomal DNA along with phylogenetic studies are being carried out for the correct identification of the fungal 

strains up to species level. The positive strain which is producing vinca alkaloids (vinblastine and vincristine) has been 

identified on the cultural, morphological and molecular basis. 

MATERIALS AND METHODS 

Isolation of Endophytic Fungi from Catharanthus roseus 

 Catharanthus roseus plants were collected from different areas of Pune (Maharashtra, India) to determine the 

number of genera and species of endophytes present in leaf tissues. After plant selection, leaves were cut with the help of 

sterile scalpel and placed in sterile plastic bags to store the material at 4
ο
C until isolation procedure was started. 

Endophytic fungi were isolated from the leaves of Catharanthus roseus obtained from different areas of Pune. The leaves 

were cut into small pieces approximately (0.2 cm x 0.2 cm) and surface sterilized with 0.01% mercuric chloride (HgCl2) 

solution for 90 seconds and washed thoroughly with sterilized distilled water. Residual water on their surface was removed 

by soaking on sterile blotting paper. Small pieces of leaves were placed on the surface of potato dextrose agar (PDA) 

poured into Petri dishes. From the fungal population, only the slow growing and unusual fungi were considered for further 
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study. After 10-15 days, fungi were observed growing from the leaves in the plates. Individual hyphal tips of the various 

fungi were removed from the PDA plates and placed again on PDA and incubated at room temperature for at least 10-15 

days. Each fungal culture was checked for purity and transferred to agar slant by hyphal tips as well as single spore 

isolation method (5, 24). A total of 52 endophytic fungi were isolated from the leaves of Catharanthus roseus plant 

collected from the above location. Stock cultures were maintained by sub culturing at monthly intervals. After growth at 

pH 7 and 25
ο
C for 7 days, the slants were maintained at 15

ο
C. From actively growing stock cultures, subcultures were 

made on fresh slants and after 7 days incubation at pH 7 and 25
ο
C, were used as the starting material for fermentation 

experiments for low volume and high valued vinca alkaloids (vinblastine and vincristine). 

Screening of Endophytic Fungi for Vinca Alkaloid Production 

 Preliminary studies on the production of vinca alkaloids by 52 endophytic fungi were carried out in 5 liquid 

culture media. Among the media tested, vinca alkaloids production in significant quantities was observed in one medium. 

Hence, further studies were carried out on the production and isolation of the alkaloids using this medium. The 

composition of the medium (per liter water) here after referred as production medium is as follows: Vinca media (VM)-1: - 

Glucose: 3%, Succinic acid: 1%, Sodium benzoate: 100 mg, Peptone: 1%, Magnesium sulphate: 3.6 mg, Biotin: 1 mg, 

Thiamine: 1 mg, Pyridoxal: 1 mg, Calcium pentothenate: 1 mg, Phosphate buffer: 1 mL (pH 6.8), L-Tryptophan: 0.1%, 

Geranium oil: 0.05%. 

 Production of vinca alkaloids by 52 endophytic fungi isolated from the leaves of Catharanthus roseus plant were 

studied by a two stage fermentation procedure. These fungi were grown in 500 mL Erlenmeyer flasks containing 100 mL 

MGYP medium composed of malt extract (0.3 %), glucose (1.0 %), yeast extract (0.3 %) and peptone (0.5 %). The flasks 

were inoculated with agar plugs containing mycelium from 7 days old PDA slants. The inoculated flasks were incubated at 

25-27
o
C on a rotary shaker (240 rpm) for 4 days. These cultures were used as seed cultures (First stage). For vinca 

alkaloids production, 10 ml seed cultures were transferred to 500 mL flask containing 100 mL vinca alkaloids-1 (VM-1) 

medium. The flasks were incubated at 25-27
o
C on a rotary shaker (240 rpm) for 20 days (Second stage). After 20 days of 

incubation, the culture was harvested and passed through four layers of muslin cloth to separate the mycelia from the 

culture broth. The culture filtrates were lyophilized and extracted with equal volumes of ethyl acetate each time. The 

extracts were pooled and dried with anhydrous sodium sulphate and concentrated at 40
o
C in vacuo to yield crude extract. A 

small amount of crude extract was dissolved in ethyl acetate and subjected to thin layer chromatography (TLC) on silica 

gel (0.5 mm thickness) using chloroform: methanol (8:2) as a solvent system. The TLC plates were sprayed with ceric 

ammonium sulphate reagent (25). Vinca alkaloids spots produced brilliant violet color as well as purple color with above 

spraying reagent. Alkaloids spectrum of crude extract was identified using reference samples as standards. Standard 

vinblastine and vincristine were employed as reference for comparison of Rf values. 

ESI-MS and MS-MS Analysis 

 Molecular mass of the crude extract was determined by M/S applied Biosystems APIQSTAR pulsar (ESI-MS) 

mass spectrophotometer. Sample for the analysis was dissolved in HPLC grade methanol, water, acetic acid in the ratio of 

50:50:0.1. Samples were then analyzed by infusion method (injected into MS) at flow rate of 5 μl/min and at an IS voltage 

of 3800V in TOF mode. Spectrum from a range of m/z 100-1000 Dalton was obtained (26).  

Cultural and Morphological Characters of the Fungus AA-CRL-20 

 For studying the cultural and morphological characters, the fungus was grown on PDA medium. Cultural 

characters such as color and nature of the growth of the colony were determined by visual observation. Morphological 
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characteristics of the fungus like mycelia, conidiophores and conidia were microscopically studied (Carl Zeiss Axiovert 25 

inverted microscope). Mycelia, conidiophores and conidia produced by the fungus were examined under a microscope 

(27). 

Nutritional Studies and Factors Affecting the Growth and Sporulation of the Endophytic Fungus AA-CRL-20 

 The fungus was grown on natural, semi synthetic and synthetic media. PDA, MGYP, Catharanthus roseus leaf 

decoction agar (CRLDA), Catharanthus roseus leaf decoction agar boiled (CRLDAB) and Richard’s medium were 

prepared as reported in the literature. Corn meal agar (CMA) and V8 juice agar were prepared as described by the 

manufacturer (Hi Media India). For studying the growth of the fungus on solid media, Petri plate (10 cm dia.) poured with 

25 mL of each medium were used. Each Petri plate was inoculated in the centre with a mycelial disk (8 mm) cut from a 

sporulating 10 days old culture growing on PDA. The Petri plates were incubated at 25°C-27°C in B.O.D incubator. 

Observations on growth pattern and sporulaton were made after 10 days. Sporulaton of the fungus on solid media (PDA, 

MGYP Agar, Richard’s, CRLDAB, CRLDA, CMA and V8 juices) was determined on the basis of number of spores 

present per field under uniform magnification. Data set comprising of the morphological characters such as colony shape, 

optimum temperature, conidiophores, colony colour and average diameters of the colony are also listed in Table 1. 

Isolation of Genomic DNA 

 The genomic DNA of the endophytic fungal strain was extracted according to the method described by Lodhi et al 

(28) with slight modifications (29). For the isolation of DNA, the fungus was grown in 500 mL Erlenmeyer flask 

containing 100 mL MGYP medium. The growth was initiated by inoculating spores from 7 days old PDA slants. The 

flasks were incubated on a rotary shaker (200 rpm) for 48 h at 28°C. The contents were centrifuged at 8000 rpm for 15 

min. and washed repeatedly to remove the media constituents. 5 g of wet fungal mycelia was freeze-dried and also ground 

to powder form in liquid nitrogen, followed by addition of 8-10 mL of Cetyl Trimethyl Ammonium Bromide (CTAB) 

extraction buffer, pH 8 containing 0.2% β-mercaptoethanol. The 2X CTAB extraction buffer comprises of Tris-Base (100 

mM; pH 8.0); CTAB (2% w/v); NaCl (1.4 M); EDTA (20 mM); PVP-40 (1-2%) and β-mercaptoethanol (0.2-2%). After 

that, 20 μL of proteinase K (20 mg/mL) was added and incubated at 65°C for 1 h. This was followed by addition of 20 μL 

RNase A (10 mg/mL) and further incubation at 65°C for 15 min. To the supernatant collected after centrifugation (8000 

rpm, 10 min), 10 mL chloroform: isoamylalcohol (24:1) was added. The mixture was shaken for 5 min and centrifuged at 

10,000 rpm, 4°C for 15 min. Two volumes of CTAB precipitation buffer (1% CTAB; 50 mM Tris (pH 8.0); 10 mM 

EDTA) were added to the supernatant and kept at room temperature for 1 h. 

 The pellet collected after centrifugation was dissolved in 5 ml of chloroform: isoamylalcohol (24:1). Two 

volumes of absolute alcohol were added to the aqueous phase to precipitate the DNA. DNA was pelleted and washed with 

70% ethanol, air dried and dissolved in 0.5 mL of 0.1 M Tris EDTA buffer pH 8 and stored at 4°C temp. The quality of the 

isolated DNA was checked on 0.8 % agarose gel stained with Gel-red. 

PCR Amplification of ITS Regions 

 ITS regions from the fungal strains were amplified using PCR with a final reaction mixture volume of 15 μL 

containing 0.4 μL fungal DNA solution (40 ng), 10.5 μL 10X buffer, 4 μL (0.2 mM) dNTPs, 1 μL (1μM) each of the 

universal eukaryotic primers (forward primer) ITS1- TCCGTAGGTGAACCTGCGG, (reverse primer) ITS4- 

TCCTCCGCTTATTGATATGC and 0.5 U/μL Taq polymerase. Thermo cycling parameters were: for ITS region, initial 

denaturation at 95°C
 
for 3 min, 36 cycles: 95°C for 30 s, 52°C for 30 s, 72°C

 
for 1 min; final extension was at 72°C

 
for 3 

min. The resulting PCR products were analyzed on 1% agarose gel containing Gel-red (30). 



Cultural, Morphological and Molecular Characterization of Vinca Alkaloids Producing                                                                                             5 

Endophytic Fungus Fusarium solani Isolated from Catharanthus roseus  

DNA Sequencing and Sequence Analysis 

 PCR amplicons obtained using ITS1 and ITS4 primers were sequenced using Sanger’s dideoxynucleotide chain 

termination method (31) and was carried out at Chromous Biotech Pvt. Ltd. Bangalore, India. The most identical sequences 

of strain AA-CRL-20 were identified from data base of GenBank using nucleotide BLAST algorithm programme. Multiple 

sequence alignment was performed for the sequences obtained from BLAST search using Clustal-W algorithm (32). 

Phylogenetic analysis was carried out using DAMBE and MEGA4 (33, 34). The above methods were used to analyse the 

sequence of the fungus AA-CRL-20. The data generated was converted into trees using neighbour joining method (35). 

RESULTS 

Endophytic Fungi from Catharanthus Roseus 

 A total of 52 endophytic fungi were isolated from the leaves of Catharanthus roseus plant collected from the 

above locations (Fig. 1 and Fig. 2). We did not observe other microbes such as bacteria and actinomycetes during isolation. 

Most of the fungi isolated were unusual and slow growing. All the endophytic fungi isolated were brought to pure culture 

form. Stock cultures were maintained by sub culturing at monthly intervals. After growth at pH 7 and temperature 25
ο
C for 

7 days, the slants were maintained at 15
ο
C. From actively growing stock cultures, subcultures were made on fresh slants 

and after 7 days incubation at pH 7 and temperature 25
ο
C, were used as the starting material for fermentation experiments 

for isolation of vinca (vinblastine and vincristine) alkaloids. 

Vinca Alkaloids from Culture Filtrate 

 Out of 52 endophytic fungi screened for vinca alkaloids, the culture filtrates of AA-CRL-20 extracted with ethyl 

acetate yielded a brown residue after the removal of the solvent. The substance was named as crude extract. The crude 

extract of AA-CRL-20 on TLC on silica gel-G using chloroform: methanol (9:1) solvent system produced six spots, when 

the plates were sprayed with the above reagent (Fig. 3). The Rf value of the spots (vinca alkaloids) on TLC of the crude 

extracts using chloroform: methanol (9:1) solvent system when compared with the standard vinblastine and vincristine 

showed identical Rf values of two spots (Rf value 0.69 and 0.60) with vinblastine and vincristine. The spots of vinblastine 

and vincristine produced by crude extract of AA-CRL-20 showed nearly identical color with the standards when sprayed 

with ceric ammonium sulphate reagent (25). Electrospray ionization mass spectrometry of crude extract of AA-CRL-20 

yielded at major ion at m/z 811 of vinblastine and 825 of vincristine (Fig. 4) (26). 

Cultural and Morphological Characters of Endophytic Fungus AA-CRL-20 

 The positive fungal strain AA-CRL-20 isolated and grown on PDA medium produced slow growing colonies. 

Colonies on PDA showed the following characters: white, circular, flucculose, compact and raised, reverse light brown, 

hyphae profusely branched, septate, smooth, hyaline, phialide arising laterally on hyphae (36), produced three types of 

spores called macroconidia, microconidia and chlamydospores. Macroconidia are produced from lateral phialide, 3-septate, 

wedge shape, hyaline, large in number. Microconidia are produced from lateral long slender phialide accumulated on 

terminal end of phialides, variable in shape and size, unicellular, oval or kidney shaped, hyaline. Chlamydospores are 

formed singly or in pairs or chains, subglobose with a smooth or wrinkled wall (Fig. 5) (37). Most of the morphological 

characters of the strain (AA-CRL-20) agree with the known features of Fusarium solani. 

Effect of Various Nutrient Media on the Growth and Sporulation of AA-CRL-20 

 The fungus AA-CRL-20 could not show significant variation in growth rate when grown on various natural, semi-

synthetic and synthetic media. The results are presented in Table 1 and Fig. 6 Results showed that the fungus can be grown 
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on a variety of media. Among the seven different media tested, it was found that the Richard’s medium was the best for the 

growth of the fungus followed by PDA and MGYP. V8 juice also gave good growth. However, poor growth was recorded 

in CMA, CRLDAB and CRLDA media. The diameter of the fungus on CMA, CRLDAB and CRLDA was very close to 

PDA and MGYP medium. But the mycelial growth was sparse in CMA, CRLDAB and CRLDA. The strain produced 

macroconidia, microconidia and chlamydospores in PDA, MGYP, V8 juice and CMA. But on Richards’s medium, 

CRLDAB and CRLDA the strain produce only microconidia and chlamydospres but no macroconidia. 

Genomic DNA, PCR Amplification and Sequence Analysis 

 The method of Lodhi et al., used for the genomic DNA isolation resulted in obtaining high quality DNA. 

Universal eukaryotic primers (ITS1 and ITS4) used for the amplification of ITS regions successfully amplified fungal 

genomic DNA producing fragments of 0.52 kbps of AA-CRL-20 (Fig. 7). Sequence analysis was done using ChromasV 

2.0 programme and the sequence profile was obtained in FASTA format (Seq. 1 AA-CRL-20) and submitted to GenBank 

nucleotide database (Accession number: JQ068810). BLAST analysis of the sequence determined the identical sequences 

from the data base. Majority of the hits from BLAST search were from Fusarium solani for endophytic strain of AA-CRL-

20. The ITS sequence showed 100% similarity of AA-CRL-20 with Fusarium solani. The sequence analysis of AA-CRL-

20 determined that the 523 bps fragment consist of a partial ITS1 region at 5’ end (1 to 135 bps), 5.8 S ribosomal RNA 

(136 to 293 bps), ITS2 (294 to 465 bps) and partial 28S ribosomal RNA (466 to 523 bps) at 3’ end. All the sequences were 

aligned using CLUSTAL-W programme and the homology between the sequences was determined. 

Phylogenetic Analysis of the Sequences 

 The phylogenetic trees were constructed using MEGA 4 software employing neighbour joining method. The 

analyses were carried out using ITS sequence of fungal isolate AA-CRL-20. Fig. 8 shows phylogenetic analysis of AA-

CRL-20 fungal isolate. The analysis was done separately for each isolate. Sequence homology alignment showed 100% 

sequence similarity of AA-CRL-20 strain with Fusarium solani. The phylogenetic analyses confirmed that the fungal strain 

isolate AA-CRL-20 is closely related with Fusarium solani. 

DISCUSSIONS 

 The aim of the present work was to isolate, purify and identify slow growing and unusual endophytic fungi 

associated with leaves of Catharanthus roseus plant for the isolation of vinca alkaloids such as vinblastine and vincristine. 

Because of the slow growth of these fungi, major difficulties are encountered in purifying these fungi and in maintaining 

pure cultures for extended periods required in most of the investigation. Isolation of endophytic fungi from the surface of 

sterilized tissues of excised leaves indicate the endophytic nature of the fungi.  

 Studies on the isolation of vinca alkaloids produced by endophytic fungus (AA-CRL-20) of Catharanthus roseus 

show that AA-CRL-20 produces vinblastine and vincristine in vitro. TLC analyses of the extracts from culture filtrate of 

AA-CRL-20 confirm this conclusion. In addition to these alkaloids, the fungus AA-CRL- 20 also produces four 

unidentified alkaloids in traces. To the best of our knowledge, this is the first report of isolation of vinblastine and 

vincristine from endophytic fungi isolated from India. However, these alkaloids are commonly found in Catharanthus 

roseus plant in traces. These observations support the present findings. Thus suggests that the ability to synthesize 

vinblastine and vincristine resides not only in the fungal strain isolated from Catharanthus roseus of other countries, but 

also from the endophytic fungus of Catharanthus roseus growing in India. 

 All of the identified characters are identical to those described for the fungus Fusarium solani of fungal strain 
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AA-CRL- 20. Hence, the fungus AA-CRL-20 can be referred as Fusarium solani. Studies on different media for the 

optimal growth and sporulation of Fusarium solani have been conducted and indicate that the fungus can be grown on a 

variety of media such as natural, synthetic and semi-synthetic. 

 Sequence analysis and homology alignment of isolate AA-CRL- 20 using BLAST and Clustal-W programme 

respectively showed highest similarity with the fungus Fusarium solani. The phylogenetic studies also conclude that the 

closest relative of fungus AA-CRL-20 is Fusarium solani. Considering the cultural and morphological characters, we 

concluded the fungus to be Fusarium solani. The sequence analysis and phylogenetic studies also support this 

identification. The isolation of vinblastine and vincristine from the culture filtrate of Fusarium solani is the first 

demonstration of its type, occurring in fungus isolated from Indian Catharanthus roseus plant.  

CONCLUSIONS 

 In conclusion, we have isolated, purified and identified an endophytic fungus Fusarium solani from the Indian 

Catharanthus roseus plant which produces high valued drugs vinblastine and vincristine. Further characterization of 

vinblastine and vincristine is in progress.  
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APPENDICES 

 

Figure 1: Leaf Pieces of Catharanthus Roseus Showing the Emergence of Endophytic Fungi after 10-12 Days 
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Figure 2: Colonies of Different Endophytic Fungi Isolated from Leaves of Catharanthus roseus Growing on Potato 

Dextrose Agar Medium. Colony Shape: Front (A) and Back (B) Side of a PDA Plate 

 

Figure 3: TLC Showing Vinca Alkaloids Spectrum of Crude Extract of Culture Filtrate of AA-CRL-20 on Silica 

Gel G Using Chloroform: Methanol (9:1) Solvent System 

 Standard vincristine, 

 Crude extract, 

 Standard vinblastine 

 Detection: Ceric ammonium sulphate reagent 
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Figure 4: ESI-MS Spectrum of M/Z 811(M+H) and 825(M+H) Ion of Fungal Vinblastine and  

Vincristine Respectively 

 

Figure 5: Morphological Features of AA-CRL-20. The Fungal Strain was Grown on PDA for Microscopic 

Observation. Colony Shape: Front (A) and Back (B) Side of a PDA Plate. Mycelium and Chlamydospores (C) 

Formed on PDA, Microconidiophores and Macro Conidiophores along with Micro Conidia (D), Macroconidia and 

Microconidia (E) Formed on PDA, Mycelium Formed on V8 Juice Medium (F) 

 

Figure 6: Effect of Various Nutrient Media (1: PDA, 2: MGYP, 3: V8 Juice, 4: CMA, 5: Richard’s Medium, 6: 

CRLDAB, 7: CRLDA) on the Growth and Sporulation of the Fungus AA-CRL-20 after 10 Days 
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Figure 7: ITS Region Sequence of AA-CRL-20 Fungal Genomic DNA Amplified with ITS 1 and ITS 4 Primers 

Sequence1. Corresponding Regions in ITS1 Amplified PCR Amplicon of AA-CRL-20 

 Internal transcribed spacer 1: 1....135 bps 

 5.8S ribosomal RNA: 136....293 bps 

 Internal transcribed spacer 2: 294....465 bps 

 28S ribosomal RNA: 466....523 bps 

 

Figure 8: Phylogenetic Relationship of the Selected Members with the Fungus AA-CRL-20 

Table 1: Growth and Morphological Characters of the Colony of Fungus AA-CRL-20 

Characters PDA MGYP V8 Juice CMA 
Richard’s 

Media 
CRLDBA CRLDA 

Average diameter 

(mm) of the colonies 

after 10 day. 

68 66 65 70 71 63 61 

Morphological 

characters of the 

colony 

White, slightly 

wavy, compact 

and raised. 

White, wavy, 

compact. 

White, 

circular and 

compact. 

White, circular, 

less compact. 

Snow white, 

circular and 

compact. 

Ash coloured, 

circular and not 

so compact. 

Ash coloured, 

circular and not 

so compact. 

Colony color 

White in front 

and light brown 

on reverse. 

White in front 

and pale white 

on reverse. 

White in 

front and on 

reverse. 

White in front 

and pale white 

on reverse. 

White in 

front and 

light brown 

on reverse. 

Ash coloured in 

front and dark on 

reverse. 

Ash coloured 

in front and 

dark on 

reverse. 

Macroconidia few few few many absent absent absent 

Microconidia abundant abundant abundant abundant abundant abundant abundant 

Chlamydospore abundant abundant abundant abundant abundant abundant abundant 

Optimum temperature 

for growth 
25-27οC 25-27οC 25-27οC 25-27οC 25-27οC 25-27οC 25-27οC 
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