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Introduction
Endophytes are organisms inhabiting the living plant organs at 

some time during their lives, without causing apparent harm to the 
host [1]. Many studies have studied various geographical and climatic 
zones which are ubiquitous, and occurred within all examined plants, 
including a broad range of host orders, families, genera and species in 
various ecosystems [2].

The diversity of microbial symbionts associated with plants plays 
an important role in the nutrition and the adaptation of hosts to biotic 
and abiotic stress, thus evolving the holobiont. The genetic diversity 
of the microbial consortium can extend the range of the environment 
where hosts will survive [3,4]. Endophytic fungi may influence the 
plant metabolic state through communication and transduction, and 
contribute genes and relevant bioactive products [5]. Tea polyphenols 
(TPs) content in tea plant, which would change tea quality, may be 
influenced by endophytes. Recent literature reported that climate 
anomalies could affect tea production, and endophytes may play 
important roles in enhancing the tolerance of tea plant to the changing 
environments.

Endophytic fungi have a wide range of species, and have close 
ecological relationships with other organisms, which are usually 
considered as a potential source of natural active substance. It’s 
well known that secondary metabolites in tea, e.g. TPs, caffeine and 
theanine, which are important antioxidant and anticancer agent [6]. 
Current methods of extracting these metabolites from tea plant were 
high-cost and low-output. Endophytic fungi isolated from tea plant 
may be another way to obtain these bioactive products by fermentation.

Few studies about endophytic fungi of Camellia sinensis have been 
investigated, compared with other important economic crops. In 1925, 
mycorrhizal in tea plant was firstly discovered [7]. Thereafter, the 
studies about endophytes in tea plant have been concentrated on the 
mycorrhizal for a long time [8-10]. Systematic research of endophytic 

fungi in tea plant did not start, till the beginning of 21 century. Some 
preliminary studies have shown that there is organizational preference of 
endophytic fungi in tea plant [11-13]. The Guignardia sp., Pestalotiopsis 
sp., Colletotrichum sp. and Aspergillus niger were considered as the 
dominant species of endophytic fungi in tea garden of Fujian province, 
China [14,15]. Adding TPs into potato dextrose agar medium (PDA 
medium) can inhibit the growth of some species of endophytic fungi 
from tea plant, thus the chemical composition of tea leaves may be 
an important factor that affects the distribution of endophytes [15]. 
There was no report on seasonal and habitat dependent variations in 
the endophytic fungi of Camellia sinensis. However, the accumulation 
levels of secondary metabolites, such as polyphenol and caffeine, which 
have an impact on microorganism propagation under different seasons 
and environment, were in huge variant. In this study, endophytic fungi 
variation observed in Camellia sinensis, under different environment 
from different tissues, were performed.

Materials and Methods
Study site

The study site was chosen in the Zijin hill of Nanjing City (31° N, 
148°49′ E, 150 m a.s.l.), China. The annual average temperature is 16°C, 
and the annual precipitation is 1106 mm.
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Abstract
Seasonal and habitat dependent variations in the endophytes of Camellia sinensis are investigated in this 

study. Stems and leaves of C. sinensis from naked and under-forestry tea garden have been collected for isolating 
endophytic fungi in January, April and October, respectively, as different seasons. Twenty-one endophytic species 
including a new species, are observed in this study. It is confirmed that species in under-forestry tea garden are 
more related to the naked tea garden. However, both habitats have similar evenness indices and Shannon-Wiener 
indices. Shannon-Wiener indices in spring are highest in all compared seasons. The diversity of species in stem 
is higher than in leaf. In all seasons, the evenness indices are slightly higher in leaf than stem. The number of 
endophytic fungi in autumn is the smallest, while the largest in winter. Furthermore, the frequencies of Neurospora 
crassa, Phomopsis sp4., Trichoderma viride, Phomopsis sp2., Pleosporales sp., Pestalotiopsis microspora, 
Glomerella sp., Colletotrichum gloeosporioides, Botryosphaeria sp., Penicillium sclerotiorum and Rosellinia sp. vary 
significantly in different habitats. The composition and diversity of endophytic fungi are different between leaves and 
stems. Guignardia mangiferae, T. viride, P. sclerotiorum, Pleosporales sp., Phomopsis sp4., C. gloeosporioides, P. 
clavispora, Glomerella sp. and N. crassa show remarkable organizational preference in tea plants.
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Sample collection

Healthy plants of C. sinensis were collected from naked tea-garden 
and under-forestry tea-garden (planted over 10 years), by alternate 
sampling method. The canopy density of forest is 57.3%, surveyed 
by system sampling method. One branch about 4-5 mm in diameter, 
and included leaves was collected while sampling. 100 tea plants were 
collected from each tea garden every time, and time intervals were 
September 2010, December 2010 and April 2011. A stem from each 
branch, with the length of 7 cm and diameter of 3 mm, which was fully 
lignified, was intercepted. A mature material that had 4-5 leaves was 
chosen from the terminal bud. Both stems and leaves were used for 
isolating endophytic fungi after surface sterilization.

Fungal isolation and initially identification

For surface sterilization, samples were immersed in water with 
saturated detergent for 0.5 hr, then washed with tap water and irrigating 
for 2 hr. Then, the samples were soaked with 75% ethanol for 30 sec and 
rinsed three times with sterile distilled water, then disinfect with 1.5% 
sodium hypochlorite (leaves soaked for 3 min, while the stems soaked 
for 8 min). Before use, they were rinsed with sterile distilled water 5 
times.

Cut a leaf square (side length is 0.5 cm, and away from the petiole 
of whole leaf ’s 1/3 length, and one side is cut along the main vein) from 
each leaf with sterile scalpels and surgical blades. Stem sections were 
intercepted from the middle of each stem (about 1 cm in length, and 
spitted in half along the central longitudinal). Samples were plated on 
PDA medium. 200 μL sterile water was used for rinsing plant tissue 
to a blank PDA plates as CK-W, to determine whether the surface 
sterilization completely. The unused plant tissue were placed on blank 
PDA plate and frictional contact for 2 min. Remove the plant tissue 
and marked these plates as CK-L (leaf blot) and CK-S (stem blot), to 
determine whether the materials have contaminated in aseptic.

The plates were incubated at 25°C for 7 days in dark. Purify 
fungal isolates by Single-spore method, and hyphal-tip method for 
those species that are hard to get spore. Use micro-morphological 
observations to make a preliminary division of these fungi.

Fungal DNA extraction, PCR amplification of ITS region, 
electrophoresis and identification

The pure cultures (subcultured for 2-3 times), were used 
for the DNA extraction. Fungal DNA was extracted from 0.2 g 
semidry mycelia, according to the method of Stirling [16]. The 
target rDNA region, including Internal Transcribed Spacer 1, 
Internal Transcribed Spacer 2 regions and 5.8S gene was amplified 
using primers ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4 
(TCCTCCGCTTATTGATATGC) (Figure 1). Amplifications were 
performed in a total reaction volume of 25 μL, containing 1×PCR 
buffer, 2.5 mM MgCl2, 2 mM dNTP, 0.5 unit of ExTaq polymerase, 10 
pM of each primer (Genescript Corp., China), and 50 ng of template 
DNA. PCR amplification was performed in a thermal cycler (Takara 
Corp., Japan), programmed as: 94°C for 8 min; 94°C for 30 s, 55°C 
for 40 s, 72°C for 60 s, 35 cycles; final extension at 72°C for 10 min. 
The amplification products were separated by electrophoresis on 1.2% 
(W/V) agarose gel stained with ethidium bromide (0.5 μg/mL), and 
visualized under 300 nm UV light and photographed. DL2000 marker 
(Takara Co., Japan) was used as reference. Amplification products 
obtained from PCR reaction which extracted from agarose gel by 
AxyPrep DNA Gel Extraction Kit (Axygen Corp. USA), were used for 
sequencing. Sequencing reaction was carried out by ABI 3730 Avant 

Genetic analyzer (Genescript Corp. Nanjing City, Jiangsu Province, 
China).

DNA sequence obtained for each strain from each forward and 
reverse primer (ITS1 and ITS4) were inspected individually for quality. 
Both strands of the DNA were assembled to produce a consensus 
sequence for each strain, using BioXM software v2.6.0 (Nanjing 
Agricultural University, China). The sequences were submitted to 
the NCBI (National Centre for Biotechnology and Information), and 
accession numbers were obtained, then aligned with closely matching 
GenBank and UNITE databases by BLASTn search. Identification of 
these fungi to species or genus was performed, according to the results 
of micro-morphological observations and molecular alignment.

Statistical analysis

The Infection Rate (IR%) of a single species was calculated as the 
percentage of the number of plant tissue containing the species, divided 
by the whole tissue in a same tested [17]. The Relative Abundance 
(RA%) of a single species was calculated as the percentage of the 
number of this species isolated, divided by the number of whole species 
of fungus isolated in a same tested.

Shannon-Wiener index was used to evaluate the diversity of tea-
plant’s endophytic fungi in different habitats at different seasons [18]:  
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Phomopsis sp3. *

Phomopsis sp2. *
Phomopsis liquidambari EU273505

Phomopsis sp1. *
Phomopsis sp4. *
Phomopsis bougainvilleicola JX847139

Gibberella moniliformis *
Fusarium oxysporum AB470850

Fusarium oxysporum *
Trichoderma viride

Trichoderma actroviride JX843446

Pleosporales sp. *
Botryosphaeria sp. *

Guignardia mangiferae

Pseudocercospora kaki *
Penicillium tricolor NR077206

Penicillium sclerotiorum

Penicillium viticola AB606414

Chaetomium globosum *
Neurospora crassa

Rosellinia sp. *
Rosellinia lamprostoma EF026118

Pestalotiopsis clavispora

Pestalotiopsis microspora

Pestalotiopsis disseminata HQ607992

Glomerella sp.

Glomerella cingulata

Colletotrichum gloeosporioides

Melanconia sp. *

Note: *means the fungus is a rare species in tea plant
Figure 1: Neighbour-joining analysis of ITS and 5.8S rDNA sequences of 
endophytic fungi isolated from Camellia sinensis.
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The total number of 151 fungi isolated from leaf was observed a 
highest value in winter (79 from under-forestry tea-garden and 72 from 
naked tea-garden). However, total of 342 fungi was observed from stem 
in spring (214 from under-forestry tea-garden, and 128 from naked tea-
garden). It is the only test in which the fungi isolated from naked tea-
garden is more than in under-forestry tea-garden (192>159) (Table 1).

Variation in non-rare species

10 fungal species were considered as not-accidental endophytic 
fungus (Table 2). The frequencies of Neurospora crassa, Phomopsis 
sp4., Trichoderma viride, Phomopsis sp2., Pleosporales sp., Pestalotiopsis 
microspora, Glomerella sp., Colletotrichum gloeosporioides, 
Botryosphaeria sp., Penicillium sclerotiorum and Rosellinia sp. varied 
significantily with habitat. Frequencies of Gloeosporium (including G. 
cingulata and Glomerella sp.) were higher in under-forestry habitat, 
while the frequencies of N.crassa, T.viride and P. sclerotiorum were 
higher in naked habitat. The varied of the frequencies of P. clavispora 
should be attended; this fungus was frequent in stems from under-
forestry tea-garden, but rare in stems from naked tea-garden and rare 
in leaves.

Differences exist in composition and diversity of endophytic 
fungi between in leaves and stems. Phomopsis sp4., most frequent in 
stems, while infection rates of Glomerella sp., C. gloeosporioides and 
N. crassa are also higher than 40%. The infection rate and relative 
abundance of Glomerella sp. in stems from under-forestry tea-garden 
were significantly more than in stems from naked tea-garden. However, 
N. crassa showed a contrary trend. These result indicated that not only 
organizational preference, but also habitat preference were remaining 
in these two species fungi. C. gloeosporioides was most frequent in 
leaves from under-forestry tea-garden (27.78%). Only infected were 
12.69% leaves from naked tea-garden. Phomopsis sp4. (20.83%) was the 
second most frequent species in leaves from under-forestry tea-garden. 
P. sclerotiorum was most frequent in leaves from naked tea-garden 
(32.09%), and T.viride (17.91%) was the second frequent species. P. 
sclerotiorum was only infected 20.14% leaves from under-forestry tea-
garden.

Various numbers of endophytic fungi were obtained from different 
seasons. Overall, the total number of fungi isolated in autumn was 
significantly less than in winter and spring, of which the largest number 
of fungi isolated in winter. This is different from previous studies 
[13,23]. The most dominant species in different seasons are Phomopsis 

Margalef index was used to evaluate the species richness:

R=(S-1)/lnN, where N is the number of all species of fungus isolated.

Coefficient of community (Cc) was calculated to examine the 
similarity of fungal assemblages:

 Qs=2a/b+c, where a is the number of common species, and b and 
c are the numbers of species to two different tested respectively [18].

The analyses were performed on DPS (Data Processing System) 
v7.05 software (Refine Information Tech. Co., LtD, China) [19].

Phylogenetic relationship analysis

Sequence alignments were performed using Clustal X software 
version 2.0, with default settings [20]. The phylogenetic tree was 
constructed by the Neighbour-joinning method, using MEGA 4.0 
[21]. Test of inferred phylogeny used bootstrap with 1000 replicates, 
and all positions containing gaps and missing data were eliminated by 
complete deletion option. P-distance of nucleotide was chosen as the 
substitution model [22].

Results
Infection rate and species of endophytic fungi

A total of 1,258 endophytic fungi were isolated from 568 tea plant 
tissue, and 21 endophytic species investigated in this study, including 
a new species which has not been reported (GeneBank JQ809664-
JQ809684). More than 25% difference exist in the ITS section between 
this species, and its most similar known fungi. We tentatively considered 
it as a new species of Melanoconiales, but further information was 
required to determine its genus and species. Another species was 
identified as a new species of Gloeosporium, which was firstly isolated 
from tea plant, which only isolated from Rainforest Plants before 
(GeneBank JN418782). This endophyte has 97% identities compared 
with Colletotrichum gloeosporioides or Glomerella septospora, tentatively 
named as Gloeosporium sp.

Infection rate of endophytic fungi of stem, no matter in under-
forestry or naked tea-garden is 100%, but varied significantly with 
season and habitat in leaf. In autumn and spring, under-forestry tea-
garden showed a higher infection rate of endophytic fungi, compared 
with naked tea-garden (97.73% and 72.22% in autumn, 80.77% and 
62.00 in spring), and no significant differences were found in winter 
(97.92% and 95.83%), while the number of species showed the similar 
trend.

Leaf Stem Total
Season Habitat No. of

samples
No. of
samples
yielding
fungi

No. of
isolates

No. of
species

Infection
Rate (%)

No. of
samples

No. of
samples
yielding 
fungi

No. of
isolates

No. of
species

Infection
Rate (%)

No. of
isolates

No. of
species

Infection
Rate (%)

Oct. Under-Forestry 44 43 76 13 97.73 44 44 94 10 100.00 170 15 98.86

Naked 36 26 44 8 72.22 48 48 83 10 100.00 127 13 88.10
Total 80 69 120 13 86.25 82 82 177 12 100.00 297 15 95.83

Jan. Under-Forestry 48 47 79 11 97.92 48 48 159 11 100.00 238 13 98.96
Naked 48 46 72 11 95.83 48 48 192 11 100.00 264 12 97.92
Total 96 93 151 11 96.88 96 96 251 12 100.00 502 13 98.44

Apr. Under-Forestry 52 42 74 14 80.77 52 52 214 16 100.00 288 18 90.38
Naked 50 31 43 10 62.00 50 50 128 14 100.00 171 15 81.00
Total 102 73 117 14 71.57 102 102 342 17 100.00 459 18 85.78

Total Under-Forestry 144 132 229 16 91.67 144 144 467 17 100.00 696 18 95.83
Naked 134 103 159 12 76.87 146 146 403 15 100.00 562 15 88.93
Total 278 235 388 16 84.53 280 280 770 17 100.00 1058 18 93.09

Table 1: Effects of season, habitat, and plant tissue on the infection and isolation rates of endophytic fungi.
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sp4. The order of the other dominant species has difference in different 
seasons. Glomerella sp. was the second dominant species in autumn and 
spring. However, its relative abundance was only 14.74% in winter. On 
the contrary, the relative abundance of N. crassa is increased greatly 
in winter, and become to the second dominant species. Some fungi 
of Melanconiaceae (including P. clavispora, Glomerella sp. and C. 
gloeosporioides) showed the same trend in infection rates. This may be 
related to the Melanconiaceae fungus, prone to produce spores, and the 
spores have a high tolerance of extreme environment. Compared with 
in autumn, T. viride, P. clavispora, P. microspora and G. cingulata have 
a higher infection rates, and relative abundance in winter and spring. It 
indicates that these fungi might be sensitive to high temperature, and 
high temperature is might one of the main factors of their growth and 
infection. In contrast, G. mangiferae have the highest infection rate and 
relative abundance in autumn, and a higher temperature might be more 
suitable for its colonization and proliferation.

Diversity and similarity of endophytic fungi

The Shannon-Weaver diversity indices of endophytic fungi in these 
tests, from high to low, were under-forestry tea-garden (3.6922)>naked 
tea-garden (3.1893) in habitats, and Apr. (2.4562)>Jan. (2.2413)>Oct. 
(2.1657) in seasonal. In addition, there was much higher Shannon-
Weaver diversity indices of endophytic fungi in stems, than in leaves of 
these habitats or seasons (Tables 3 and 4).

Coefficients of endophytic fungi community were 0.5263-1.0000, 
among the tests with different seasons, different habitats and different 
plant organizations. There was the highest similarity (1.0000) of 
endophytic communities, between the leaves from different habitats in 
winter, and the lowest similarity (0.5263) between winter’s stems from 
under-forestry tea-garden and spring’s leaves from naked tea-garden. 
There always have a high similarities (>0.75), when only one condition 
changes. Among the different seasons, the coefficient community are 

Season Under-foresty Naked Total
Leaf Stem Leaf Stem

IR (%) RA (%) IR (%) RA (%) IR (%) RA (%) IR (%) RA (%) IR (%) RA (%)
Phomopsis sp4. Oct. 27.27 18.18 40.91 19.78 5.56 5.13 50.00 30.00 32.56 20.29

Jan. 22.92 14.86 72.92 23.18 6.25 4.29 85.42 22.91 46.88 18.99
Apr. 13.46 13.21 92.31 26.23 4.00 5.41 84.00 35.59 48.53 25.32
Total 20.83 15.54 70.14 23.76 5.22 4.79 73.29 28.38 43.13 21.47

Neurospora crassa Oct. 11.36 7.58 22.73 10.99 16.67 15.38 29.17 17.50 20.35 12.68
Jan. 35.42 22.97 39.58 12.58 20.83 14.29 89.58 24.02 46.35 18.78
Apr. 5.77 5.66 42.31 12.02 4.00 5.41 22.00 9.32 18.63 9.72
Total 17.36 12.95 35.42 12.00 13.43 12.33 46.58 18.04 28.52 14.20

Trichoderma viride Oct. 2.27 1.52 N/A N/A N/A N/A 2.08 1.25 1.16 0.72
Jan. 10.42 6.76 4.17 1.32 31.25 21.43 20.83 5.59 16.67 6.75
Apr. 13.46 13.21 13.46 3.83 18.00 24.32 8.00 3.39 13.24 6.91
Total 9.03 6.74 6.25 2.12 17.91 16.44 10.27 3.98 10.74 5.35

Pestalotiopsis clavispora Oct. 4.55 3.03 6.82 3.30 N/A N/A 4.17 2.50 4.07 2.54
Jan. N/A N/A 56.25 17.88 N/A N/A 8.33 2.23 16.15 6.54
Apr. 3.85 3.77 36.54 10.38 N/A N/A 8.00 3.39 12.25 6.39
Total 2.78 2.07 34.03 11.53 N/A N/A 6.85 2.65 11.09 5.52

Pestalotiopsis microspora Oct. 2.27 1.52 2.27 1.10 N/A N/A 2.08 1.25 1.74 1.09
Jan. 14.58 9.46 16.67 5.30 6.25 4.29 18.75 5.03 14.06 5.70
Apr. 5.77 5.66 17.31 4.92 N/A N/A 10.00 4.24 8.33 4.35
Total 7.64 5.70 12.50 4.24 2.24 2.05 10.27 3.98 8.27 4.12

Glomerella cingulata Oct. 2.27 1.52 N/A N/A 8.33 7.69 N/A N/A 2.33 1.45
Jan. 8.33 5.41 10.42 3.31 6.25 4.29 16.67 4.47 10.42 4.22
Apr. 7.69 7.55 15.38 4.37 8.00 10.81 10.00 4.24 10.29 5.37
Total 6.25 4.66 9.03 3.06 7.46 6.85 8.90 3.45 7.92 3.94

Glomerella sp. Oct. N/A N/A 95.45 46.15 N/A N/A 27.08 16.25 31.98 19.93
Jan. 14.58 9.46 60.42 19.21 8.33 5.71 70.83 18.99 38.54 15.61
Apr. 5.77 5.66 76.92 21.86 2.00 2.70 60.00 25.42 36.27 18.93
Total 6.94 5.18 77.08 26.12 3.73 3.42 52.74 20.42 35.74 17.79

C. gloeosporioides Oct. 54.55 36.36 9.09 4.40 11.11 10.26 29.17 17.50 26.74 16.67
Jan. 25.00 16.22 54.17 17.22 22.92 15.71 60.42 16.20 40.63 16.46
Apr. 7.69 7.55 53.85 15.30 4.00 5.41 32.00 13.56 24.51 12.79
Total 27.78 20.73 40.28 13.65 12.69 11.64 40.41 15.65 30.63 15.25

Penicillium sclerotiorum Oct. 4.55 3.03 29.55 14.27 22.22 20.51 22.92 13.75 19.77 12.32
Jan. 20.83 13.51 N/A N/A 39.58 27.14 N/A N/A 15.10 6.12
Apr. 32.69 32.08 1.92 0.55 32.00 43.24 2 0.85 17.16 8.95
Total 20.14 15.03 9.72 3.29 32.09 29.45 8.22 3.18 17.25 8.59

Guignardia mangiferae Oct. 40.91 27.27 N/A N/A 44.44 41.03 N/A N/A 19.77 12.32
Jan. 2.08 1.35 N/A N/A 4.17 2.86 2.08 0.56 2.08 0.84
Apr. 5.77 5.66 1.92 0.55 2.00 2.70 N/A N/A 2.45 1.28
Total 15.28 11.40 0.69 0.24 14.18 13.01 0.68 0.27 7.57 3.77

Table 2: Infection rates (IR) and relative abundance (RA) of non-rare endophytic fungi species in tea plant.
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0.8387-0.9286, and are 0.9091-0.9600 between different habitats, and 
0.8000-0.8696 between leaves and stems in the same season.

Molecular phylogenetic analysis

Endophytic fungi were rich in molecular diversity in tea-plant. 
The Sphaeropsidaceae and Melanconiaceae were the most abundant 
families. The Phomopsis was the most abundant genus. Two new species 
(Melaconia sp. and Pleosporales sp.), and known species have a large 
genetic distance. Another new species, Glomirella sp., was similar to 
other known Glomirella species. These three species might be the kind 
of specific endophytic fungi that symbiosed and coevolved with tea 
plant.

Discussion
The colonization rates (62.00-100.00%) of endophytic fungi in C. 

sinensis are high in the present study, and similar results were obtained 
in previous reports [14,24]. This can be due to the fact that the C. 
sinensis is a kind of woody perennials plants.

Some endophytes and some pathogenic fungi of tea plant are the 
same species, such as Phomopsis and Gloeosporium. But, it is found that 
ITS sequences of these fungi are not exactly same with a few Single-
nucleotide polymorphism between endophytes and pathogenic fungi. 
The fact is reminiscent of the symbiotic compromise established by 
tea plant and pathogenic fungi. The result is consistent with previous 
report.

It is found that the colonization rates of endophytic fungi are higher 
in stems than in leaves. A possible reason is that the plant organizational 
substrates contain different components, like polyphenols. The 
antimicrobial activity may influence the colonization and distribution 
of endophytic fungi [25-27].

Compared with naked tea-garden, under-forestry tea-garden has 
good diversity and richness of species. However, there are similar 
evenness indices and Shannon-Wiener indices. The high similarity 
between the number of endophytic fungi species isolated from under-
forestry tea-garden and naked tea-garden might be related with the 
long process of evolution and cultivation. Tea plant and its endophytic 
fungi might form a stable relationship during the evolution. These 
factors contribute to the diversity and stability of endophytic fungi in 
C. sinensis.

Shannon-Wiener indices in spring are higher than winter and 
autumn. The difference is more in stem than in leaf. Generally, 
endophytic fungi in leaf have a better diversity then in stem. But, we 
cannot rule out the case that some of dominant species from stem grow 

too fast in medium and inhibited some fungi which grow weak, and 
leading the result of isolated less fungal species. Endophytic fungi in 
leaf and stem, both show higher Evenness indexes in winter, while they 
are lowest in autumn. But in all seasons, the Evenness indexes always 
slightly higher in leaf than in stem.

Seasonal changes of fungal population may reveal the endophytic 
fungi infection, growth condition in different seasons at certain level. 
Spring is the active season of infection; during this period, a large 
number of fungal species colonized in tea-plant, and gradually to be in 
a dynamic equilibrium through continuous interspecific competition 
and the role of environmental factors. In this process, some fungal 
species disappeared, while the dominant position of dominant species 
was strengthened gradually. So, the diversity indices and envenness 
indices were low in autumn. Endophytic fungi, mainly in dormant state 
during winter, the number of fungi isolated were the maximum in this 
study during this period. The possible reason is that the sclerotium and 
spores were in large quantities in winter, and they were difficult to lose 
activities during the surface disinfection. Interspecific competition is 
not active in winter, because of the reduced physiological activites of 
endophytic fungi. This was the foundation for a new round of fungal 
infection and competition in spring. However, this inference requires 
further research to validate. The activity of secondary metabolites 
is different throughout the year, which is also an important factor 
affecting of the endophytes’ seasonal variation.

Many endophytic fungi have shown the organizational preference 
in tea plant. G. mangiferae, T. viride, P. sclerotiorum and Pleosporales sp. 
preferred to colonize in leaves, while Phomopsis sp4., C. gloeosporioides, 
P. clavispora, Glomerella sp. and N. crassa showed a strong preference 
in stems. Habitat preference also expressed in some endophytic fungi. 
Pleosporales sp., P. clavispora, Phomopsis sp2., P. microspora, Glomerella 
sp. and C. gloeosporioides showed a strong preference in under-
forestry tea garden; on the contrary, N. crassa, Botryosphaeria sp., P. 
sclerotiorum and T. viride prefer to colonize in naked, more than under-
forestry tea-garden. These kinds of preferences may be contributed 
by the fungal characteristics of wet and shade preferences, synthesis 
and accumulation of secondary metabolites in tea might be another 
reason, which depends on different light and temperature conditions. 
The different trends may manifest in unequal habitats, because of the 
forestry canopy density is changing in different seasons. Although the 
incidence and diversity of endophytes was consistent among season, 
tissue type and habitat, and the affection of habitat is not as strong as 
season and tissue type, which is same as other publications.

The mechanism of endophyte fungal distribution and composition 

Leaf Stem Total
Oct. Jan. Apr. Total Oct. Jan. Apr. Total Oct. Jan. Apr. Total

Shannon-Wiener index (H’) 1.9586 2.1699 2.4096 2.4390 1.6261 1.9963 2.3102 2.2017 2.1281 2.2010 2.5265 3.6922
Evenness index (J) 0.7636 0.9049 0.9131 0.8797 0.7062 0.8325 0.8332 0.7771 0.7858 0.8581 0.8741 1.2774
Richness index (S) 13 11 14 16 10 11 16 17 15 13 18 18
Total Isolated 76 79 74 229 94 159 214 467 170 238 288 696

Table 3: Shannon-Wiener indices of endophytic fungi from Camellia Sinensis in under-forestry tea-garden.

Leaf Stem Total
Oct. Jan. Apr. Total Oct. Jan. Apr. Total Oct. Jan. Apr. Total

Shannon-Wiener index (H’) 1.8147 2.0157 1.8828 2.1487 1.8567 2.0060 1.9944 2.0730 2.1369 2.1772 2.2563 3.1893
Evenness index (J) 0.8727 0.8406 0.8177 0.8647 0.8063 0.8366 0.7557 0.7655 0.8331 0.8762 0.8332 1.1777
Richness index (S) 8 11 10 12 10 11 14 15 13 12 15 15
Total Isolated 44 72 43 159 83 192 128 403 127 264 171 562

Table 4: Shannon-Wiener indices of endophytic fungi from Camellia Sinensis in naked tea-garden.
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might be related to environmental conditions, organizational structures 
and nutrient substances, interactions between endophytic fungi and 
host plants. So, the further research about the mutual influence between 
Camellia sinensis and the diversity and composition of the endophytic 
fungi is necessary in the future study.

Collectively, we assume that the new species may be the host-
specific endophyte of tea plant, and to be the evidence that endophytes 
represent formerly uncharted fungal lineages and comprise vast 
amounts of fungal diversity on a global scale [28]. Of course, to 
substantiate this assumption, further work about taxonomic and their 
various characteristics are required.

Acknowledgements

This study was supported by the earmarked fund for Modern Agro-
industry Technology Research System of China, the Priority Academic Program 
Development of Jiangsu Higher Education Institutions of China, the Jiangsu Science 
and Technology Program of China (BE2012440, BE2012441, BE2011319), and the 
Suzhou Science and Technology Program of China (SZGD201067, WNZ1002), 
and the Jiangsu PhD Gathering Program of China (2010, 2011).

References

1. Petrini O (1991) Fungal endophytes of tree leaves. In: Andrews JH, Hirano SS 
(eds), Microbial ecology of leaves. Springer-Verlag, New York, USA 179-197.

2. Guo LD (2010) Molecular diversity and identification of endophytic fungi. 
Molecular Identification of Fungi.

3. Rosenberg E, Koren O, Reshef L, Efrony R, Zilber-Rosenberg I (2007) The role 
of microorganisms in coral health, disease and evolution. Nat Rev Microbiol 5: 
355-362.

4. Zilber-Rosenberg I, Rosenberg E (2008) Role of microorganisms in the 
evolution of animals and plants: the hologenome theory of evolution. FEMS 
Microbiol Rev 32: 723-735.

5. Barrow JR, Lucero ME, Reyes-Vera I, Havstad KM (2008) Do symbiotic 
microbes have a role in plant evolution, performance and response to stress? 
Commun Integr Biol 1: 69-73.

6. Cheruiyot EK, Mumera LM, Ng'etich WK, Hassanali A, Wachira F (2007) 
Polyphenols as potential indicators for drought tolerance in tea (Camellia 
sinensis L.). Biosci Biotechnol Biochem 71: 2190-2197.

7. Tunstall AC (1925) Mycorrhiza in the plants. Indian Tea Asso. sci. Dep. Quart, 
159.

8. Li MJ, Shu JL (1984) Research of Tea mycorrhizal. China Tea 4: 19-20.

9. Lin Z (1993) Effect of VA mycorrhiza on the growth and uptake of mineral 
nutrients of tea plant. Journal of Tea Science 13: 15-20.

10.	Liu BY, Lei ZZ (1995) The VA mycorrhiza effects of tea growth and nutrient 
uptake. China Tea 5: 6-7.

11. Chen HQ, Xu YP, Xie LH, Wang GH, Yang MH (2006) Isolation of endophytic 
fungi in tea plant (Camellia sinensis), and their distribution patterns in different 
tissues. Journal of Laiyang Agricultural College (Natural Science) 23: 250-254.

12.	Lu DS, Wang JP, Wu XQ, Ye JR (2007) The species and distribution of 
endophytic fungi in tea trees. Journal of Henan Agricultural Sciences 10: 54-56.

13.	You JM (2009) Isolation of endophytic fungi from tea plant. Hubei Agricultural 
Sciences 48: 1168-1170.

14.	Chen HQ (2007) A preliminary study on endophytic fungi in tea plant (Camellia 
sinensis). Fuzhou: Fujian, Normal University, Beijing, China.

15.	Xie LH (2007) Studies on isolation and interaction of endophytic fungi from tea 

and purification of active components from antagonistic endophyte. Fuzhou: 
Fujian, Normal University, Beijing, China.

16.	Stirling D (2003) DNA extraction from fungi, yeast, and bacteria. Methods Mol 
Biol 226: 53-54.

17.	Lv YL, Zhang FS, Chen J, Cui JL, Xing YM, et al. (2010) Diversity and 
antimicrobial activity of endophytic fungi associated with the alpine plant 
Saussurea involucrate. Biol Pharm Bull 33: 1300-1306.

18.	Sun J, Guo L, Zang W, Ping W, Chi D (2008) Diversity and ecological distribution 
of endophytic fungi associated with medicinal plants. Sci China C Life Sci 51: 
751-759.

19.	Tang QY, Feng MG (2007) DPS Data processing system: Experimental design, 
statistical analysis, and data mining. Science Press, Beijing, China.

20.	Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997) The 
ClustalX windows interface: flexible strategies for multiple sequence alignment 
aided by quality analysis tools. Nucleic Acids Res 25: 4876-4882.

21.	Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4: Molecular Evolutionary 
Genetics Analysis (MEGA) software version 4.0. Mol Biol Evol 24: 1596-1599.

22.	Tejesvi MV, Ruotsalainen AL, Markkola AM, Pirttila AM (2010) Root endophytes 
along a primary succession gradient in northern Finland. Fungal Divers 41: 
125-134.

23.	Walker JF, Miller OK Jr, Horton JL (2008) Seasonal dynamics of ectomycorrhizal 
fungus assemblages on oak seedlings in the southeastern Appalachian 
Mountains. Mycorrhiza 18: 123-132.

24.	Osono T, Hirose D (2009) Effects of prior decomposition of Camellia japonica 
leaf litter by an endophytic fungus on the subsequent decomposition by fungal 
colonizers. Mycoscience 50: 52-55.

25.	Mayer AM (2006) Polyphenol oxidases in plants and fungi: going places? A 
review. Phytochemistry 67: 2318-2331.

26.	Sakanaka S, Juneja LR, Taniguchi M (2000) Antimicrobial effects of green tea 
polyphenols on thermophilic spore-forming bacteria. J Biosci Bioeng 90: 81-85.

27.	Sitheeque MA, Panagoda GJ, Yau J, Amarakoon AM, Udagama UR, et al. 
(2009) Antifungal activity of black tea polyphenols (catechins and theaflavins) 
against Candida species. Chemotherapy 55: 189-196.

28.	Yuan ZL, Su ZZ, Mao LJ, Peng YQ, Yang GM, et al. (2011) Distinctive 
endophytic fungal assemblage in stems of wild rice (Oryza granulata) in China 
with special reference to two species of Muscodor (xylariaceae). J Microbiol 
49: 15-23.

http://link.springer.com/content/pdf/10.1007%2F978-3-642-05042-8_13#page-1
http://www.nature.com/nrmicro/journal/v5/n5/abs/nrmicro1635.html
http://www.ncbi.nlm.nih.gov/pubmed/18549407
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2633805/
http://www.ncbi.nlm.nih.gov/pubmed/17827703
http://agris.fao.org/agris-search/search/display.do?f=1994/CN/CN94037.xml;CN9480027
http://en.cnki.com.cn/Article_en/CJFDTOTAL-HNNY200710020.htm
http://www.ncbi.nlm.nih.gov/pubmed/12958482
http://www.ncbi.nlm.nih.gov/pubmed/20686222
http://www.ncbi.nlm.nih.gov/pubmed/18677603
http://www.ncbi.nlm.nih.gov/pubmed/9396791
http://www.ncbi.nlm.nih.gov/pubmed/17488738
http://link.springer.com/content/pdf/10.1007/s13225-009-0016-6#page-1
http://www.ncbi.nlm.nih.gov/pubmed/18247062
http://link.springer.com/article/10.1007%2Fs10267-008-0442-4?LI=true#page-1
http://www.ncbi.nlm.nih.gov/pubmed/16973188
http://www.ncbi.nlm.nih.gov/pubmed/16232822
http://www.ncbi.nlm.nih.gov/pubmed/19420933
http://www.ncbi.nlm.nih.gov/pubmed/21369974

	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods
	Study site
	Sample collection
	Fungal isolation and initially identification
	Fungal DNA extraction, PCR amplification of ITS region,electrophoresis and identification
	Statistical analysis
	Phylogenetic relationship analysis

	Results
	Infection rate and species of endophytic fungi
	Variation in non-rare species
	Diversity and similarity of endophytic fungi
	Molecular phylogenetic analysis

	Discussion
	Acknowledgements
	Figure 1

	Table 1

	Table 2

	Table 3

	Table 4

	References



