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I. Introduction 

The numbers of population growths of orchid in nature are mostly dependant on seedling rather than the 

vegetative propagation. For germination of seed, there must be necessary of a suitable mycorrhizal association, 

due to lack of endosperm in the seeds [1]. After mycorrhizal association these fungi persist in the internal cortex 

region of root and known as endophytes. The specificity of the association between the orchid and the 

mycorrhiza varies from species to species. Some depend on a specific association whereas others can manage 

with wide range of fungal partners. To studied the mycorrihizal association of Caladenia huegelii an endangered 

herbaceous terrestrial orchid species of Australia in order to know the cause of the rarity [2]. The study revealed 

that the orchid C. huegelii is highly specific in its mycorrhizal association required for seed germination. It was 

also revealed that common congeners could swap or share fungal partners including the fungus associated with 

the rare orchid. Fungal specificity at different stages of development has been thoroughly studied [3]. 

Morphological identification of the fungi will be conducted based on the spore and culture characteristic like 

colony shape, length and colour of aerial hyphae, base color, growth rate, margin, surface texture, and depth of 

growth into medium. Using these characters all the fungi will be grouped into genus and species. Some non 

sporulataing fungus was always being confused and need to be molecular identification. However, some other 

group of fungi may not be able to grow on the fungus culture media. Therefore, polymerase chain reaction 

(PCR) methods have been used to directly identify fungi within roots using fungal specific primers [4], [5], [6] 

or through conventional fungal isolation step [7]. Since there was a number of interesting reports on endophytic 

association of orchids in worldwide, still the three species (Acampe praemorsa, Cymbidium aloifolium and 

Vanda testacea) create an attention to know the endophytic relations within different population of the three 

orchid species of Similipal Biosphere Reserve.  

II. Materials and Methods 

A. Collection of plant samples: 

  Samples (roots and leaves) were collected from three orchid species (Acampe praemorsa, Cymbidium 

aloifolium and Vanda testacea). These materials were cut into small pieces and rapped with aluminum foil in 

the field. All these material were put in a thermo cool box and taken into Laboratory for further work. From 

each sites two to three samples were taken for this study. 

B. Isolation of endophytes and identification  

 For isolation of endophytes samples were properly washed with running tap water and then with sterile 

distilled water. The washed samples were sequentially surface sterilized by immersing in 70% ethanol for 3 min. 

and 0.5% sodium hypochlorite (NaOCl) for 1 min and rinsed thoroughly with sterile distilled water [8]. The 
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surface sterilized samples were then dried under Laminar flow chamber. The leaf samples were cut into 

rectangular size of 0.2 cm x 0.5cm with a sterile scalpel. For root samples outer bark were dissected out and 

inner tissue of 0.2 cm
2
 were obtained with a sterile scalpel. All fragments were placed on the MS medium and 

Potato Dextrose Agar (PDA) medium. In each petridishes, 4 fragments of plant samples were inoculated. After 

inoculation, one set of plates were incubated in 14/10 h light and dark at temperature (25±2 ºC) for 2 weeks and 

another set of plates were incubated at dark at room temperature (28±2 ºC) for 2 week. The plates were observed 

once a day for the growth of endophytic fungi. Hyphal tips growing out the plated segments were immediately 

transferred into PDA slant, purified and maintained at 4 
o
C. The fungal isolates were identified based on their 

morphological and reproductive characters using standard identification manuals [9], [10]. The fungal cultures 

that failed to sporulate were categorized as sterile mycelia.  

C. Data analysis 

The relative frequency of colonization (%CF) was calculated as the number of segments colonized by 

specific fungus divided by total number of segments plated X 100 and dominant endophytes were calculated as 

percentage colony frequency divided by sum of percentage of colony frequency of all endophytes X 100. 

D. Isolation of genomic DNA, PCR amplification and sequencing 

 A dominant non sporolating endophytic fungus was selected for molecular characterization. The 

isolation of genomic DNA, PCR amplification and sequencing was carried out in collaboration with Ocimum 

Biosolution, Bangalore, India. The procedure is as follows: The fungus was cultured on potato dextrose agar 

medium and small amount of mycelium was suspended in 40µl MQ (Make: Bio Rad) water. The suspended 

culture was added with 160µl of NaOH (0.05M) and mixed well. The samples were incubated on dry bath for 45 

min at 60 
o
C and vortexed intermittently. Then 12µl of Tris-HCL (0.01M) was added and the mixture was 

diluted up to 100 fold. From the diluted extract 6µl was used for PCR. The PCR was set up using the following 

components: 2.5µl Buffer (10x), 1.5µl MgCl2 (25mM), 2.5µl dNTPs (2mM), 0.2µl promega Taq (5U/µl), 1.0µl 

primer F (5pm/µl) and 6.0µl DNA from diluted extract. The PCR condition was run in such a way, where initial 

denaturation was at 94 
o
C for 3 min. Denaturation, annealing and extension were done at 96 

o
C for 10 sec, 55 

o
C 

for 10 sec and 72 
o
C for 30 sec respectively in 45 cycles. Final extraction was done at 72 

o
C for 10 min and hold 

at 4 
o
C for infinite time. After the PCR cycle, 2µl of the product was used to check on 1% agarose gel. It was 

then purified using quick spin column and buffers (washing buffer and elution buffer) according to the 

manufacturer’s protocol (QIA quick gel extraction kit Cat No.28706). DNA sequencing was performed using an 

Applied Biosystem 3130xl analyzer.  

E. Homology Searching Using Basic Local Alignment Search Tool (BLAST) 

 BLAST computers a pair wise alignment between a query and the data based sequence searched. The 

sequence was given as input in the BLAST web interface. The general parameters were chosen, selecting mega 

blast algorithm which searches most closely related sequences. The number of bases of the input sequence was 

559 base pair. The database against which the homology search was performed was non redundant and covered 

all Gene Bank, EMBL, DDBJ and PDB sequences. The BLAST version chosen for the purpose of homology 

search was BLASTN 2.2.25  

F. Phylogenetic analyses 

 Phylogenetic investigation of the sequence was carried out based on BLAST output. Out of 100 

homologous sequences, several sequences were considered representing one from each species. The tree was 

generated using basic MUSCLE 3.6 software [11] taking into account of partial 18S ribosomal RNA gene 

sequences. 

III. Results and Discussion 

 

A. Isolation, identification and occurrence of endophytes  

 In both the condition the fungal hyphae comes on the media but the number of colonization was higher 

in the dark condition in room temperature. Almost all the fungal hyphae were isolated from the dark incubated 

plates, rather than the light dark resime plate. Isolated species from both the conditioned plates are same (data 

not shown).  Altogether 94 endophytic isolates were obtained from both surface sterilized leaf and root 

fragments. Out of the total endophytes, 50 isolates were isolated from A. praemorsa and the rest were obtained 

from the other two orchid species. The endophytic isolates comprises of  9 different fungal species (Table 1), 

out of which 3 isolates were categories as sterile mycelia because of their sterile nature, 2 isolates were 

identified as Rhizoctonia spp. and 1 each of Colletotrichum, Xylaria, Ceratobasidium and Fusarium species.  

All the Orchids were found to be colonized by endophytic fungi. Among the Orchid species, endophytic fungal 

colonization was found to be highest in Acampe praemorsa (25%) followed by Vanda testacea (12.5%) and 

Cymbidium aloifolium (9.5%). The colonization frequency of sterile mycelia was found to be highest among 

endophytes and that of Xylaria and Fusarium was found to be lowest. Species of Rhizoctonia and sterile mycelia 

was found to be colonized in all the three orchid species studied (Plate 1) while Xylaria and Fusarium was not 

found to be colonized in Cymbidium aloifolium. Almost all mycorrhiza associated with terrestrial orchid is 

Rhizoctonia including anamorphic of Tulasnella, Ceratobasidium, and Thanatephorus [12], [13]. According to 
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Athipunyakom et al., Tulasnella sp. is associated with Cymbidium tracyanum [14]. Fungi known to be 

associated with Spathoglottis sp. is Rhizoctonia [15]. The study of Tan et al. showed that there is important role 

of the fungi on seed germination of Spathoglottis plicata [15]. However, Hayakawa et al. showed different 

results, there was no significant effect of the isolate fungus on in vitro seed germination [16].  In our study, 

highest number of endophytes was colonized in Acampe praemorsa with 28 isolates obtained from leaf tissue 

and 22 isolates from root tissue. Species of Colletotrichum was found to be colonized only in root tissues of 

Acampe praemorsa and Cymbidium aloifolium. Two endophytic species of genus Rhizoctonia were isolated 

from root and leaf tissue of all the three orchid species with variable colonizing frequency. One fungus of 

Xylaria sp. was isolated from only leaf tissue from Acampe praemorsa and Vanda testacea. Furthermore, one 

percentage of colonizing frequency was noted down in Fusarium sp. from Acampe praemorsa and Vanda 

testacea. Moreover, Ceratobasidium sp. was also identified from both leaf and root tissue of all the three orchid 

species except leaf of Vanda testacea. The variation in the number of endophytic fungus species inside Acampe 

primorsa might be the cause of the one dominant and rigid orchid species in this locality. 

 

B. Molecular identification, Homology and Phylogenetic analysis 

A sterile endophytic fungus (sterile mycelia sp.1) was isolated from all the three Orchid species and 

was found to be dominant with highest colonization frequency in Acampe praemorsa (7.5%) followed by Vanda 

testacea (3%) and Cymbidium aloifolium (2%). Since the fungus was sterile it could not be identified 

morphologically and by microscopic observation because it did not produce any spore. Therefore, molecular 

identification was carried out based on partial internal transcribed spacer ribosomal DNA (ITS rDNA) gene 

sequence. The 18S rDNA was amplified by PCR using universal primer and DNA sequence was obtained by an 

Applied Biosystem 3130xl analyzer. The DNA sequence so obtained was annotated and submitted to GenBank. 

The sequence has been deposited in GenBank database with an accession number JQ765411.1. Based on 

BLAST search of the sequence, the fungus was found to be closest homolog to Colletotrichum sp. IP-77 with an 

accession number DQ780451.1 and maximum identity of 96%. The same type of methodology was also 

followed by Kasmir et al. for identifying the fungal endophytes [17]. They also reported the ITS region of NCBI 

data base was compiled and the closest similarities was showed the fungus species. Furthermore, they also 

reported that, molecular identification had been useful in precisely screening fungal endophytes than relying on 

microscopical features alone. 

Evolutionary relationship of the fungus was also studied with other Colletotrichum species selectively 

obtained from world database (NCBI). A phylogenetic tree was generated by Neighbor-Joining method. The 

optimal tree with the sum of branch length = 1.15413183 is shown (Fig. 1). The percentage of replicate trees in 

which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. 

The evolutionary distances were computed using the Maximum Composite Likelihood method and are in the 

units of the number of base substitutions per site. All positions containing gaps and missing data were 

eliminated from the dataset (Complete deletion option). There were a total of 222 positions in the final dataset. 

Phylogenetic analyses were conducted in MEGA4. The tree showed that more or less the same named species of 

Colletotrichum clustered together forming distinct clades. The fungus under study i.e. Colletotrichum 

JQ765411.1 formed a distinct clade with Colletotrichum dracaenophilum and Colletotrichum sp. with well 

supported bootstrap value of 92%. The species under this clade were also the best hit and maximum identity in 

BLAST result. Further the identification of the fungus is authenticated due to fact that the fungus clustered with 

a Colletotrichum species with accession number DQ780451.1 with bootstrap value of 47%. Thus the BLAST 

and phylogeny gave similar result, identifying the sterile fungus to be under the genus Colletotrichum. The 

beneficial association of this fungus on in-vitro seed germination of Acampe praemorsa, Cymbidium aloifolium 

and Vanda testacea are being studied are near future.   

 

C. Partial sequence of orchid endophyte (ITS region) 

 GAACTGGATTCCTAACCTGATCGAGGTCACCTTGTTACGACTTTTACTTCACTTTACGGCA

GGAGAGTCCCTCCGGATCCCAGTGCGAGGTGGTAATGCTACTACGCAAAGGAGGCTCCGGGAGGG

TCCGCCACTGTCTTTGGGGGCCTACGTCCGCCGTAGGGCCCCAACACCAAGCAGTGCTTGAGGGTT

GAAATGACGCTCGAACAGGCATGCCCGCCAGAATGCTGGCGGGCGCAATGTGCGTTCAAAGATTC

GATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAG

AACCAAGAGATCCGTTGTTAAAAGTTTTGATTATTGTTTTGCTTGTGCCACTCAGAAGAAACGTCG

TTAAATCAGAGTTTGGTTATCCCCCGGCGGGCGCGCCGCGAGGGCGCCGGGGAGGCGGCGTCTCC

GCCGCCTGCCCGCCGAGGCAAAAGTTGAGGTATGTTCACAAAGGGTTATAGAGCGGTAACTCAAT

AATGATCCCTCCGCTGGTTCACCAACGGAGACCTTGTTG 
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Table 1 Number and Colonization frequency of endophytic fungi in leaf and root   tissues of Acampe 

praemorsa, Cymbidium aloifolium and Vanda testacea. 
Endophytic fungi Acampe praemorsa Cymbidium aloifolium Vanda testacea 

leaf Root CF(%) Leaf Root CF(%) leaf Root CF(%) 

Colletotrichum sp. -- 3.0 1.5 -- 2.0 1.0 -- -- -- 

Rhizoctonia sp. 1 2.0 4.0 3.0 1.0 2.0 1.5 1.0 2.0 1.5 

Rhizoctonia sp. 2 4.0 3.0 3.5 3.0 2.0 2.5 1.0 3.0 2.0 

Sterile mycelium sp.1 10 5.0 7.5 2.0 2.0 2.0 3.0 3.0 3.0 

Sterile mycelium sp.2 5.0 3.0 4.0 -- -- -- -- 4.0 2.0 

Sterile mycelium sp.3 3.0 2.0 2.5 1.0 1.0 1.0 2.0 1.0 1.5 

Xylaria sp. 1.0 -- 0.5 -- -- -- 2.0 -- 1.0 

Ceratobasidium sp. 1.0 2.0 1.5 2.0 1.0 1.5 -- 1.0 0.5 

Fusarium sp. 2.0 -- 1.0 -- -- -- 1.0 1.0 1.0 

No. of isolates recovered 28 22 25% 09 10 9.5 10 15 12.5% 

CF: - Colonization frequency of endophytes based on 200 fragments plated 

 

Table 2 The most allied Colletotrichum sp. Download from NCBI database for phylogenetic tree 

Sl. No Organism Host Country Accession 

no. 

Reference Length 

(bp) 

1.  Colletotrichum siamense Jasminum sambac Viet Nam 

 

JX010259.1 Weir et al. 

(Unpublished) 

593 

 

2.  Colletotrichum 

nupharicola 

Nuphar polysepala USA 

 

JX010189.1 Weir et al. 

(Unpublished) 

594 

 

3.  Colletotrichum fructicola Fragaria x 

ananassa 

USA JX010179.1 Weir et al. 

(Unpublished) 

594 

 

4.  Colletotrichum siamense Capsicum annuum Thailand 

 

JX010257.1 Weir et al. 

(Unpublished) 

593 

 

5.  Colletotrichum 

nupharicola 

Nuphar polysepala USA 

 

JX010187.1 Weir et al. 

(Unpublished) 

594 

 

6.  Colletotrichum 

nupharicola 

Nymphaea odorata USA JX010188.1 Weir et al. 

(Unpublished) 

594 

 

7.  Colletotrichum siamense Persea americana New Zealand JX010249.1 Weir et al. 

(Unpublished) 

594 

 

8.  Colletotrichum fructicola Ficus habrophylla Germany JX010181.1 Weir et al. 

(Unpublished) 

594 

 

9.  Colletotrichum siamense Dioscorea 

rotundata 

Nigeria 

 

JX010245.1 Weir et al. 

(Unpublished) 

593 

 

10.  Colletotrichum fructicola Dioscorea alata Nigeria 

 

JX010183.1 Weir et al. 

(Unpublished) 

594 

 

11.  Colletotrichum 

dracaenophilum 

Dracaena 

sanderana 

China 

 

DQ286211.1 [18] 573 

 

12.  Colletotrichum 

dracaenophilum 

Dracaena 

sanderiana 

Bulgaria 

 

EU003533.1 Boben et al. 

(Unpublished) 

559 

13.  Colletotrichum sp. 

Porn02 

Piper sp. Thailand 

 

HM357614.1 [19] 572 

14.  Colletotrichum sp. IP-77 -- Thailand DQ780451.1 [20] 564 

15.  Colletotrichum 

hippeastri 

Hippeastrum sp. Netherlands JX010293.1 Weir et al. 

(Unpublished) 

612 

 

16.  Colletotrichum 

boninense 

Crinum asiaticum 

var. sinicum 

Japan JX010292.1 Weir et al. 

(Unpublished) 

612 

 

17.  Colletotrichum tropicale Theobroma cacao Panama JX010264.1 Weir et al. 

(Unpublished) 

593 

 

18.  Colletotrichum 

xanthorrhoeae 

Xanthorrhoea sp. Australia JX010261.1 Weir et al. 

(Unpublished) 

593 
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19.  Colletotrichum 

gloeosporioides 

Carya illinoinensis Australia JX010151.1 Weir et al. 

(Unpublished) 

594 

20.  Colletotrichum 

theobromicola 

Fragaria x 

ananassa 

USA 

 

JX010285.1 Weir et al. 

(Unpublished) 

596 

 

21.  Colletotrichum siamense Malus x domestica USA JX010263.1 Weir et al. 

(Unpublished) 

593 

 

22.  Colletotrichum musae Musa sp. Kenya JX010143.1 Weir et al. 

(Unpublished) 

594 

23.  Colletotrichum musae Musa sp. New Zealand JX010141.1 Weir et al. 

(Unpublished) 

594 

24.  Colletotrichum musae Musa sp. USA JX010146.1 Weir et al. 

(Unpublished) 

594 

25.  Colletotrichum musae Musa sp. Philippines JX010144.1 Weir et al. 

(Unpublished) 

594 

26.  Colletotrichum capsici Capsicum chinense Mexico: 

Yucatan 

EU056738.1 [21] 569 

27.  Colletotrichum capsici Carica papaya Mexico: 

Yucatan 

EU056739.1 [21] 569 

 

28.  Colletotrichum capsici Carica papaya (L.) 

 

Trinidad and 

Tobago 

JF749806.1 [22] 520 

29.  Colletotrichum capsici Carica papaya Mexico: 

Yucatan 

EU056740.1 [21] 581 

30.  Colletotrichum capsici 

 

Capsicum annuum 

(L.) 

Trinidad and 

Tobago 

JF749808.1 [22] 520 

 

31.  Colletotrichum kahawae 

subsp. kahawae 

Coffea sp. Kenya JX010235.1 Weir et al. 

(Unpublished) 

593 

32.  Colletotrichum horii Diospyros kaki Japan JX010213.1 Weir et al. 

(Unpublished) 

593 

 

33.  Colletotrichum kahawae 

subsp. BW-2012 

Dryandra sp. South Africa JX010237.1 Weir et al. 

(Unpublished) 

593 

 

34.  Colletotrichum kahawae 

subsp. BW-2012 

Miconia sp. Brazil JX010239.1 Weir et al. 

(Unpublished) 

593 

 

35.  Colletotrichum horii Diospyros kaki China JX010212.1 Weir et al. 

(Unpublished) 

593 

 

36.  Colletotrichum 

xanthorrhoeae 

Xanthorrhoea sp. Australia JX010260.1 Weir et al. 

(Unpublished) 

593 

 

37.  Colletotrichum 

higginsianum 

-- Korea GU935872.1 Hong et al. 

(Unpublished) 

588 

 

38.  Colletotrichum 

higginsianum 

Boehmeria nivea China 

 

JF830783.1 [23] 590 

 

39.  Colletotrichum 

higginsianum 

-- Korea GU935871.1 Hong et al. 

(Unpublished) 

588 

 

40.  Colletotrichum 

higginsianum 

Wasabia japonica 

 

Japan 

 

AB455253.1 [24] 564 

 

41.  Colletotrichum 

higginsianum 

-- Korea 

 

GU935873.1 Hong et al. 

(Unpublished) 

588 

 

42.  Colletotrichum 

higginsianum 

 Canada EU400147.1 Chen et al. 

(Unpublished) 

585 

 

43.  Colletotrichum fragariae Coffea sp. Brazil FR717701.1 [25] 

 

489 

44.  Colletotrichum fragariae Coffea arabica Angola FR717696.1 [25] 

 

489 

 

45.  Colletotrichum fragariae Coffea sp. Brazil FR717700.1 [25] 

 

489 

46.  Colletotrichum fragariae Coffea arabica Angola FR717698.1 [25] 489 
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Fig. 1 Phylogenetic tree inferred by Neighbor-Joining method showing evolutionary relationship of 

Colletotrichum sp. (JQ 765411.1) with other Colletotrichum species selectively obtained from world 

database 
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Plate 1: A & B: Showing the endophytes comes out from the Leaf and Root tissue; C & D:- Purification of 

endophytic fungus; E:- Endophyte isolation and maintenance;  F: Colletotrichum sp. (100x);   G:- 

Rhizoctonia sp. (100x) H:- Sterile mycellium (100x) 
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