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ABSTRACT

Mangrove forests play an important role in subtropical and tropical coastal ecosystems.
Endophytic fungi are widely distributed in various ecosystems and have great contribution to
global biodiversity. In order to better understand the effects of mangrove species and tissue
types on endophytic fungal community, we investigated cultivable endophytic fungi in leaves
and twigs of four mangroves Aegiceras corniculatum, Avicennia marina, Bruguiera gymnorrhiza,
and Kandelia candel in Guangxi, China. The four tree species had similar overall colonisation rates
of endophytic fungi (24-33%). The colonisation rates of endophytic fungi were higher in twigs
(30-58%) than in leaves (6-25%) in the four plant species. A total of 36 endophytic fungal taxa
were identified based on morphological characteristics and molecular data, including 35
Ascomycota and 1 Basidiomycota, dominated by Phomopsis, Phyllosticta, Xylaria,
Leptosphaerulina, and Pestalotiopsis. The diversity of endophytic fungi was higher in twigs than
in leaves in the four plant species. Some endophytic fungi showed host and tissue preference.
The endophytic fungal community composition was different among four mangrove species and
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between leaf and twig tissues.

Introduction

Mangroves, situated at the confluence of land and
sea in the world’s subtropical and tropical coastal
areas, promote the sludge sedimentation and pro-
tect coast resident’s life and property from tsunamis
(Alongi 2002, 2008; Kathiresan and Rajendran 2005).
There are about 9 orders, 20 families, 27 genera, and
roughly 70 species of mangrove plants all over the
world, occupying a total estimated area of
137,760 km? (Alongi 2002; Giri et al. 2011).
Mangrove ecosystem is an important part for near-
shore exchanges of nutrients and detritus in geomor-
phology and hydrodynamics (Ewel et al. 1998; Valiela
et al. 2001), provides nursery biotopes for various
seabirds and tropical fishes (Kathiresan 2000;
Nagelkerken et al. 2000), and harbours high diversity
of microorganisms (Kathiresan 2000; Shearer et al.
2007; Cheng et al. 2009; Debbab et al. 2013). The
mangrove forests also offer different ecological ser-
vices and economic goods, like timber, fish, shellfish,
fuel, and pharmacy material (Ewel et al. 1998; Alongi
2002), and improve our understanding to the resili-
ence of ecosystem impacted by global climate

change (Alongi 2008). However, at least one-third
of the world’s mangrove forests have been lost in
past 60 years with urban development, aquaculture,
mining, and overexploitation (Alongi 2002).
Nowadays, approximately 75% of mangroves in
world are found in merely 15 countries, and only
6.9% are protected under the existing protected
areas network (Giri et al. 2011). Therefore, there is
an urgent need of studies aiming to mangrove-asso-
ciated endophytes.

Endophytic fungi are living within plant organs for
some time or whole in their life, without causing
apparent harm to their host (Petrini 1991; Sun and
Guo 2012). Despite of the extreme living habitats,
such as high salinity, low pH, partly anoxic and per-
iodic, soaked by the tide, these salt-tolerant plant
species are inhabited by highly diverse endophytic
fungi (Suryanarayanan and Kumaresan 2000; Ananda
and Sridhar 2002; Shearer et al. 2007; Costa et al.
2012). For example, Suryanarayanan et al. (1998) iso-
lated 39 endophytic fungi from leaves of mangroves
Rhizophora apiculata and R. mucronata in Southern
India. Ananda and Sridhar (2002) recovered 35 fungal
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taxa from roots of mangroves Acanthus ilicifolius,
Avicennia officinalis, R. mucronata, and Sonneratia
caseolarison in Western India. Costa et al. (2012) iso-
lated 40 taxa from leaves of mangroves Avicennia
schaueriana, Laguncularia racemosa, and Rhizophora
mangle in dry and rainy seasons in Northeast Brazil.
Pang et al. (2008) identified 21 fungi from bark,
woody, and leaves of Kandelia candel in Hong
Kong. Xing and Guo (2011) reported 38 taxa from
roots and stems of Ceriops tagal, Rhizophora stylosa,
R. apiculata, and Bruguiera sexangula var. rhynchope-
tala on the south coast of China. The mangrove-
derived endophytic fungi are a promising source of
diverse and structurally unprecedented bioactive
natural compounds, which attract considerable
attention (Sridhar 2004; Aly et al. 2010; Debbab
et al. 2013).

The community structure of mangrove endo-
phytes was affected by the host species, tissue
types, and environmental factors (Alias et al. 1995;
Suryanarayanan et al. 1998; Kumaresan and
Suryanarayanan 2001, 2002; Ananda and Sridhar
2002). For example, Suryanarayanan et al. (1998)
found that more endophytic fungi were isolated
from leaves of R. apiculata and R. mucronata in
rainy months than in dry period in Southern India.
Ananda and Sridhar (2002) reported that the root of
R. mucronata from the mid-tide level showed great-
est number of species of fungi on the west coast of
India. Liu et al. (2012) found that the assemblages
and dominant species of endophytic Pestalotiopsis of
mangrove plants varied among host species and
geographical locations in South China. Gu et al.
(2012) reported that endophytic fungi of C. tagal
showed certain tissue specificity in Hainan Province,
China. Xing et al. (2011) suggested high biodiversity
and tissue specificity of endophytic fungi in root,
stem, and leaf of Sonneratia on the south coast of
China.

There are 24 true mangrove species in China,
mainly distributed in Hainan, Guangdong, and
Guangxi, accounting for 94% of the total mangrove
area of China (Chen et al. 2009). Nevertheless, endo-
phytic fungal community of mangroves was poorly
understood in China. To better understand the
effects of plant species and tissue types on endophy-
tic fungal community, we selected four mangroves in
Guangxi, Southern China. The endophytic fungi were
isolated from twigs and leaves of mangroves and
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identified according to morphological characteristics
and molecular data. The aim of the present study
was to reveal how the colonisation rate, diversity,
and community composition of endophytic fungi
would differ among plant species and tissue types
of the four mangroves. This study provides prelimin-
ary data of mangrove endophytic fungi for future
studies in bioactive natural products.

Materials and methods
Study site and sampling procedure

The study was carried out in the Beilun Estuary
National Reserve of Guangxi, South China (21.62°N,
108.23°E). This site has a mean annual temperature
of 222°C, mean annual precipitation of
2500-2700 mm and soil salinity of 0.5-1.2%. In late
April 2014, we selected four mangrove species
Aegiceras corniculatum (Myrsinaceae), Avicennia mar-
ina (Verbenaceae), Bruguiera gymnorrhiza, and K. can-
del (Rhizophoraceae) in the site. A total of 10 mature
individuals of each plant species (except for 9 indivi-
duals for A. marina) were randomly chosen and the
individuals of one plant species were 50 m away
from each other. One twig (ca. 0.8 cm in diameter)
with attached leaves was collected from each indivi-
dual tree and immediately placed in plastic bags,
labelled, and transported to laboratory. Samples
were stored at 4°C and processed within 4 days.

Isolation and identification of endophytic fungi

The sampling regime was designed with the inten-
tion of isolating as many endophytic species as pos-
sible from the samples. One twig of each individual
tree was cut into 5--mm long segments (ca. 0.8 cm in
diameter) and five leaves were removed from one
twig and cut into discs (5 mm in diameter). A total of
10 twig segments and 10 leaf discs were randomly
selected from each sample. In total, 780 segments
were used in this study.

Surface sterilisation followed the method of Guo
et al. (2000). Segments were surface sterilised by
consecutive immersion for 1 min in 75% ethanol,
3 min in 3.25% sodium hypochlorite, and 30 s in
75% ethanol. Five segments were then evenly placed
in each 90 mm Petri dish containing malt extract
agar (MEA, 2%). Benzylpenicillin sodium (50 mg/L,
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North China Pharmaceutical Group Corporation,
China) was added to suppress bacterial growth.
Petri dishes were sealed, incubated for 2 months at
25°C, and examined periodically. When fungal colo-
nies developed, they were transferred to new Petri
dishes with potato dextrose agar (PDA, 2%) for pur-
ification. The purified strains were transferred to PDA
slants for further study.

Subcultures on PDA were examined periodically
and sporulated isolates were identified based on
their morphological characteristics, according to
Sutton (1980), Ellis (1971, 1976), Seifert et al. (2011)
and related references. The non-sporulated cultures
were designated as Mycelia sterilia, which were
divided into different “morphotypes” according to
cultural characteristics such as colony colour, texture,
and extension rate on MEA (Guo et al. 2000). One
representative strain of each morphotype or sporu-
lated isolate was selected for further molecular
identification.

DNA extraction, amplification, sequencing, and
identification

Genomic DNA was extracted from fresh cultures fol-
lowing the protocol of Guo et al. (2000). Fresh fungal
mycelia (c. 50 mg) were scraped from the surface of
the agar plate and transferred into a 1.5 mL micro-
centrifuge tube with 700 uL of preheated (65°C)
2 x CTAB extraction buffer (2% CTAB, 100 mM Tris-
HCl, 1.4 M NaCl, 20 mM EDTA, pH 8.0), and c. 0.2 g
sterilised quartz sand. The mycelium was ground
using a glass pestle and then incubated in a 65°C
water bath for 30 min with occasional gentle swir-
ling. About 500 mL of phenol:chloroform (1:1) was
added into each tube and mixed thoroughly to form
an emulsion. The mixture was spun at 12,000 g for
15 min at room temperature in a microcentrifuge
and the aqueous phase was transferred into a fresh
1.5 mL tube. The aqueous phase containing DNA was
re-extracted with chloroform:isoamyl (24:1) until no
interface was visible. About 30 mL of 5 M KOAc was
added into the aqueous phase followed by 200 uL of
isopropanol and inverted gently to mix. The genomic
DNA was precipitated at 9200 g for 2 min in a
microcentrifuge. The DNA pellet was washed twice
with 70% ethanol and dried using SpeedVad (AES
1010, Savant, Holbrook, NY, USA) for 10 min or
until dry.

The internal transcribed spacer (ITS) region of
rDNA was amplified using primer pairs ITS4 and
ITSTF (White et al. 1990). Amplification was per-
formed in a 50 pL reaction volume which contained
polymerase chain reaction (PCR) buffer (20 mM KCl,
10 mM (NH4),SO4, 2 mM MgCl,, 20 mM Tris-HCI, pH
8.4), 200 um of each deoxyribonucleotide tripho-
sphate, 15 pmols of each primer, c. 100 ng template
DNA, and 2.5 units of Tag polymerase (Biocolor
BioScience & Technology Company, Shanghai,
China). The thermal cycling programme was as fol-
lows: 3 min initial denaturation at 94°C, followed by
35 cycles of 30 s denaturation at 94°C, 30 s annealing
at 52°C, and 1 min extension at 72°C; and a final
10 min extension at 72°C. A negative control using
water instead of template DNA was included in the
amplification process. About 4 mL of PCR products
from each PCR reaction were examined by electro-
phoresis at 80 V for 30 min in a 1% (w/v) agarose gel
in 1 x TAE buffer (0.4 M Tris, 50 mM NaOAc, 10 mM
EDTA, pH 7.8) and visualised under ultraviolet light
after staining with ethidium bromide (0.5 mg/mL).
PCR products were directly sequenced with primer
pairs as mentioned above in the ABI 3730-XL DNA
sequencer (Applied Biosystems, Inc., USA).

A value of 97% ITS identity was used as a DNA
barcoding criterion (O'Brien et al. 2005). Sequence-
based identifications were made by searching with
Blastn in the UNITE+INSD database of fungal nucleo-
tide sequences (Abarenkov et al. 2010; Tedersoo
et al. 2014)

Data analysis

The colonisation rate of endophytic fungi was calcu-
lated as the total number of tissue segments infected
by fungi divided by the total number of tissue seg-
ments incubated (Kumar and Hyde 2004). Since the
endophyte colonisation rates did not satisfy homo-
geneity of variance, non-parametric Kruskal-Wallis
test was applied to examine the effects of host iden-
tity and tissue type on colonisation rate, followed by
using pairwise comparisons at P < 0.05. The relative
abundance was calculated as the number of isolates
of a taxon divided by the total number of isolates of
all taxa. Relative frequency was calculated as the
total number of plant tissue segments infected by
fungi divided by the total number of plant segments
incubated (Sun et al. 2011). The importance value (IV)



was calculated from the mean of relative frequency
and relative abundance, indicated as a percentage
(Horton and Bruns 2001; Wang et al. 2010).
Shannon diversity index (H') of endophytic fungi
was calculated according to the formula:

K
H' = =>" pi x Inp;, where k is the total number of

i=1

fungal species, and p; is the proportion of individuals
that species i contributes to the total (Pielou 1975).
To evaluate the degree of community similarity of
endophytic fungi between the plant species,
Sorenson’s coefficient (C;) was employed and calcu-
lated according to the following formula: Cs = 2j/
(@ + b), where j is the number of endophytic fungal
species recovered from both plant species, a is the
total number of endophytic fungal species from one
plant species, and b is the total number of endophy-
tic fungal species from the other plant species
(Magurran 2004). Rarefaction curves for observed
fungal species richness were calculated using
EstimateS Win 9.10 (Colwell and Elsensohn 2014).
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Results
Colonisation rates of endophytic fungi

A total of 301 fungal isolates were recovered from
780 tissue segments of the 4 mangrove species. Of
these, 110 isolates were obtained from A. cornicula-
tum (28 from leaves and 82 from twigs), 45 from A.
marina (5 from leaves and 40 from twigs), 83 from B.
gymnorrhiza (7 from leaves and 76 from twigs), and
63 from K. candel (21 from leaves and 42 from twigs)
(Table 1). The difference among overall colonisation
rates of endophytic fungi in the four hosts was not
significant, that is, 33 + 14% in A. corniculatum,
24 + 12% in A. marina, 32 = 17% in B. gymnorrhiza,
and 24 + 10% in K. candel. The colonisation rate of
endophytic fungi was significantly higher in twigs
than in leaves in A. corniculatum, A. marina, and B.
gymnorrhiza, but not in K. candel (Figure 1). The
fungal colonisation rate from high to low was A.
corniculatum (58%) > B. gymnorrhiza (44%) > A. mar-
ina (40%) > K. candel (30%) in twigs, and A.

Table 1. Shannon diversity index (H') and species richness of endophytic fungi isolated from leaves and twigs of the four mangrove

species.
Aegiceras corniculatum Avicennia marina Bruguiera gymnorrhiza Kandelia candel
Leaf Twig Total Leaf Twig Total Leaf Twig Total Leaf Twig Total

No. of samples 100 100 200 90 90 180 100 100 200 100 100 200
No. of infected samples 25 58 83 7 36 43 6 44 50 20 30 50
No. of isolates recovered 28 82 110 5 40 45 7 76 83 21 42 63
H' 223 238 2.69 0.67 2.46 2.51 1.75 232 245 1.13 2.09 231
Richness 12 17 24 2 16 16 6 16 18 6 12 16
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Figure 1. Colonisation rates of endophytic fungi of leaf and twig in four mangrove species. Data are means + SD. Columns without

shared letters denote significant difference at P < 0.05.
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corniculatum (25%) > K. candel (20%) > B. gymnor-
rhiza (7.78%) > A. marina (6%) in leaves (Figure 1).

Endophytic fungal diversity

In total, 36 fungal taxa were identified based on
morphological characteristics and ITS sequence
data. Of the 36 taxa, one belonged to
Basidiomycota (Coprinopsis atramentaria), and 35
were members of Ascomycota (Table 2). About 24
endophytic taxa were recovered from A. corniculatum
(12 from leaves and 17 from twigs), 16 from A. mar-
ina (2 from leaves and 16 from twigs), 18 from B.
gymnorrhiza (6 from leaves and 16 from twigs), and
16 from K. candel (6 from leaves and 12 from twigs).
The Shannon diversity index (H') of endophytic fungi
from high to low was A. corniculatum (2.69) > A.
marina (2.51) > B. gymnorrhiza (2.45) > K. candel
(2.31) in whole plant, A. marina (2.46) > A. cornicula-
tum (2.38) > B. gymnorrhiza (2.32) > K. candel (2.09) in

twigs, and A. corniculatum (2.23) > B. gymnorrhiza
(1.75) > K. candel (1.13) > A. marina (0.67) in leaves
(Table 1). The Sorenson’s similarity coefficient analy-
sis showed low similarity of endophytic fungal com-
munity (Cs: 0.38-0.59) among the four mangrove
species (Table 3). Species accumulation curves
demonstrated that the observed fungal richness con-
tinuously rose in all four host plants, suggesting that
further sampling would recover more endophytic
taxa (Figure 2).

Endophytic fungal community composition

The four mangrove plants harboured 13 abundant
endophytic fungi (IV = 5) and 23 rare taxa (IV < 5)
(Figure 3). Phomopsis, Phyllosticta, Xylaria,
Leptosphaerulina, and Pestalotiopsis were domi-
nant in current study (Figure 4). More endophytic
taxa and isolates were recovered in twigs than in
leaves in the four mangrove species (Figure 5).

Table 2. Molecular identification of isolated endophytic fungi based on ITS sequences.

Closest blast match (GenBank accession no.) Similarity (%)

Fungal taxa GenBank accession no.
Alternaria alternata KX065252
Cladosporium perangustum KX065253
Coprinopsis atramentaria KX065254
Creosphaeria sassafras KX065255
Dothideomycetes sp. KX065256
Exophiala oligosperma KX065257
Fusarium equiseti KX065258
Fusarium striatum KX065259
Guignardia sp. KX065260
Hortaea werneckii KX065261
Hypoxylon investiens KX065262
Leptosphaerulina chartarum KX065263
Leptosphaerulina sp. KX065264
Lophiostoma sp. KX065265
Mycosphaerella sp. KX065266
Neofusicoccum australe KX065267
Neofusicoccum parvum KX065268
Paraconiothyrium archidendri KX065269
Passalora sp. KX065270
Pestalotiopsis humus KX065271
Phomopsis azadirachtae KX065272
Phomopsis sp.1 KX065273
Phomopsis sp.2 KX065274
Phomopsis sp.3 KX065275
Phomopsis sp.4 KX065276
Phomopsis sp.5 KX065277
Phyllosticta capitalensis KX065278
Phyllosticta sp. KX065279
Pseudoplectania sp. KX065280
Pyronema sp. KX065281
Rhizopycnis sp. KX065282
Sordariomycetes sp. KX065283
Sporormiaceae sp. KX065284
Xylaria feejeensis KX065285
Xylaria sp.1 KX065286
Xylaria sp.2 KX065287

Alternaria alternata (KM580660) 100
Cladosporium perangustum (KM485631) 100
Coprinopsis atramentaria (KJ817302) 99
Creosphaeria sassafras (KJ572192) 100
Dothideomycetes sp. (JQ905828) 100
Exophiala oligosperma (LC018821) 100
Fusarium equiseti (KP068925) 100
Fusarium striatum (KM231798) 100
Guignardia ardisiae (AB454283) 95
Hortaea werneckii (JX177611) 100
Hypoxylon investiens (JN979428) 99
Leptosphaerulina chartarum (GQ254687) 99
Leptosphaerulina chartarum (GQ254687) 96
Lophiostoma sp. (GQ254683) 29
Mycosphaerella sp. (HQ731642) 99
Neofusicoccum australe (FJ441624) 100
Neofusicoccum parvum (KJ193665) 100
Paraconiothyrium archidendri (JX496049) 98
Passalora sp. (GU214642) 929
Pestalotiopsis humus (KM199319) 100
Phomopsis azadirachtae (KJ427813) 100
Phomopsis sp. (GU066708) 929
Phomopsis sp. (FI527874) 99
Phomopsis sp. (FJ037768) 100
Phomopsis sp. (FJ037761) 100
Phomopsis sp. (EU236706) 100
Phyllosticta capitalensis (LM994823) 100
Phyllosticta aristolochiicola (JX486129) 95
Pseudoplectania ericae (KF305721) 90
Pyronema sp. (HQ829058) 100
Rhizopycnis sp. (JN198469) 98
Sordariomycetes sp. (JQ761583) 100
Amorosia littoralis (AM292047) 87
Xylaria feejeensis (KJ767110) 100
Xylaria sp. (AB701348) 99
Xylaria bambusicola (JX256820) 91




Table 3. Sorenson’s similarity coefficients (Cs) of endophytic
fungal community between four mangroves.

Aegiceras Avicennia Bruguiera
Host species corniculatum marina gymnorrhiza
A. marina 0.50
B. gymnorrhiza 0.48 0.41
Kandelia candel 0.55 0.38 0.59

30
—Aegiceras corniculatum = + Avicennia marina

----- Kandelia candel

= =Bruguiera gymnorrhiza

25

20

Fungal taxa

Host individuals

Figure 2. Rarefaction curves for observed endophytic fungi of
four mangrove species.

Among 13 abundant endophytic taxa, Pestalotiopsis
humus, Leptosphaerulina chartarum, Phomopsis sp.4,
Hortaea werneckii, and Cladosporium perangustum
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were abundant in plant A. corniculatum and were
mainly recovered from twigs, while L. chartarum dis-
tributed evenly in twigs and leaves (Figure 5). In plant
A. marina, the abundant fungi L. chartarum, Phomopsis
azadirachtae, Phomopsis sp.1, Phomopsis sp.4, and
Pyronema sp. were recovered exclusively in twigs,
but Phyllosticta capitalensis was mainly distributed in
leaves (Figure 5). In plant B. gymnorrhiza, the abun-
dant fungi Fusarium striatum, Phomopsis sp.1,
Phomopsis sp.5, Xylaria feejeensis, and Xylaria sp.1
were mainly distributed in twigs (Figure 5). In plant
K. candel, the abundant fungi Phomopsis sp.5, P.
humus, Phomopsis sp.1, and Xylaria sp.1 were mainly
distributed in twigs, but P. capitalensis was only iso-
lated from leaves (Figure 5).

Discussion

Effects of plant identity and tissue type on
colonisation rate of endophytic fungi

The overall colonisation rate of endophytic fungi was
similar in the four mangroves (24-33%) in this study.
This result is in consistence with previous studies on
mangrove endophytes (Gilbert et al. 2002; Deng et al.
2010). Furthermore, we found that the colonisation
rate of endophytic fungi was higher in twigs than in
leaves in the four hosts. Similar results were reported
in previous studies of mangrove plants (Pang et al.
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2008; Xing et al. 2011) and non-mangrove plants
(Fisher et al. 1994; Wang and Guo 2007; Sun et al.
2011). For example, Xing et al. (2011) found that the
colonisation rate of endophytic fungi was significantly
higher in stem than in leaf in four mangrove
Sonneratia species at the south coast of China. De
Souza Sebastianes et al. (2013) reported that the colo-
nisation rate of endophytic fungi was significantly
higher in branch than in leaf among three mangrove
species in Brazil. The possible explanation might be
that the structure and substrates are different
between twig and leaf tissues, or that the twigs are
more permanent than leaves, which influence the
colonisation of endophytic fungi (Taylor et al. 1999;
Gilbert et al. 2002; Wang and Guo 2007; Guo et al.
2008).

Effects of plant identity on endophytic fungal
community

We found that Phomopsis, Phyllosticta, Xylaria,
Leptosphaerulina, and Pestalotiopsis were dominant
in the four mangroves, as reported in some previous
studies (Bayman et al. 1998; Suryanarayanan and
Kumaresan 2000; Chaeprasert et al. 2010; Xing and
Guo 2011). For example, Phomopsis fungi were
widely isolated from mangroves (Suryanarayanan
et al. 1998; Suryanarayanan and Kumaresan 2000;
Pang et al. 2008; Xing et al. 2011; Xing and Guo
2011) and non-mangrove plants (Taylor et al. 1999;
Guo et al. 2000, 2008; Cannon and Simmons 2002;
Murali et al. 2006; Sun et al. 2011, 2012). In addition,
Pestalotiopsis as generalist fungi were common man-
grove endophytes and widely occurred on plants
across Palmae, Rhizophoraceae, Planchonellae, and
Podocarpaceae in China (Liu et al. 2010a, 2012;
Xing and Guo 2011; Gong et al. 2014). Xylaria, as
endophytic fungi were dominant in subtropical and
tropical ecosystems (Bayman et al. 1998; Guo et al.
2000). Phyllosticta taxa were the most frequently iso-
lated fungi of 10 mangrove plants in Thailand
(Chaeprasert et al. (2010). In addition, L. chartarum
as the predominant species was first reported in
mangrove species in this study.

The community composition of endophytic fungi
was different in the four mangroves in our study,
which was consistent with previous studies that
endophytic fungal community composition was con-
spicuously  affected by mangrove species
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(Suryanarayanan et al. 1998; Kumaresan and
Suryanarayanan 2001; Ananda and Sridhar 2002;
Arfi et al. 2012; Costa et al. 2012; Liu et al. 2012).
Furthermore, we found that some abundant endo-
phytic fungi were different in the four mangroves.
For example, H. werneckii and C. perangustum were
obtained only from plant A. corniculatum, P. azadir-
achtae, and Pyronema sp. from plant A. marina, and F.
striatum and X. feejeensis from plant B. gymnorrhiza.
In addition, some abundant fungi were found in two
plant species in this study. For example, P. humus
was obtained from A. corniculatum and K. candel.
Phomopsis sp.1 was recovered from A. marina and
B. gymnorrhiza. Similarly, previous studies have
shown that some endophytic fungi were abundant
in certain mangroves (Pang et al. 2008; Chaeprasert
et al. 2010; Liu et al. 2010b; Chen et al. 2012; Gong
et al. 2014). For example, Gong et al. (2014) con-
cluded that Pestalotiopsis was dominant in A. corni-
culatum in Guangxi Province, China. Xing and Guo
(2011) found that Pestalotiopsis along with Phomopsis
were the most frequent endophytes in four
Rhizophoraceae mangrove species on the south
coast of China. Chaeprasert et al. (2010) suggested
Phyllosticta was the most frequently isolated fungus
from Avicennia alba. Pang et al. (2008) reported that
Xylaria sp. was dominant endophytic species in K.
candel. These results suggested that some endophy-
tic fungi show certain host preference.

Effects of tissue type on endophytic fungal
community

We found that the diversity of endophytic fungi was
higher in twigs than in leaves in the four plant species.
Similar results were reported in previous studies (Maria
and Sridhar 2003; Wang and Guo 2007; Deng et al.
2010; Sun et al. 2012). For example, Xing et al. (2011)
reported more fungal endophytes in twigs than in
leaves of four mangroves on the south coast of
China. Pang et al. (2008) found a higher number of
fungal endophytes in bark than in leaves of mangrove
K. candel in Hong Kong. De Souza Sebastianes et al.
(2013) reported more endophytic fungal taxa in twigs
than in leaves of mangroves R. mangle, A. schaueriana,
and L. racemosa in Brazil.

We found that the community composition of
endophytic fungi was different between twigs and
leaves in the four mangroves. Similar results have
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been shown by previous studies (Ananda and
Sridhar 2004; Pang et al. 2008; De Souza
Sebastianes et al. 2013; Gong et al. 2014).
Furthermore, we found that some abundant endo-
phytic fungi were different in leaf and twig tissues.
For example, five Phomopsis fungi were much
more abundant in twigs than in leaves in this
study. Similarly, Xing et al. (2011) found that
Phomopsis species more frequently distributed in
stems than in leaves in Sonneratia apetala, S. hai-
nanensis and S. paracaseolaris on southern coast of
China. Pestalotiopsis was much abundant in twigs
rather than in leaves in this study, which was
consistent with previous studies in mangrove
plants (Pang et al. 2008; Liu et al. 2010b; Xing
et al. 2011; Gong et al. 2014), and was broadly
distributed in Southern China, occurring on a
wide range of host (Liu et al. 2007; Wei et al.
2007). Phyllosticta fungi were abundant in leaves
of the four mangrove trees, as reported in pre-
vious mangrove studies (Suryanarayanan et al.
1998; Suryanarayanan and Kumaresan 2000;
Chaeprasert et al. 2010). L. chartarum and X. fee-
jeensis were isolated only from twigs of A. marina
and B. gymnorrhiza, respectively. These results sug-
gested that some endophytic fungi showed certain
tissue preference (Guo et al. 2008; Xing et al. 2011;
Sun et al. 2012).

Conclusion

Our study investigated the endophytic fungal
community associated with twigs and leaves
among four mangrove species in Southern China.
Although the overall colonisation rate of endo-
phytic fungi was similar among four investigated
mangrove plants, the colonisation rate of endo-
phytic fungi was higher in twigs than in leaves. A
total of 36 endophytic fungal taxa were identified
according to morphological characteristics and ITS
sequences, dominated by Phomopsis, Phyllosticta,
Xylaria, Leptosphaerulina, and Pestalotiopsis. The
diversity of endophytic fungi was higher in twigs
than in leaves among the four mangrove species.
Some endophytic fungi showed certain host and
tissue preference. The community composition of
endophytic fungi was different among host spe-
cies and between tissue types.

Acknowledgements

This work was supported by the National Science and
Technology Foundation Project (no. 2013FY111200-3) and
the National Natural Science Foundation of China (nos.
31100016 and 31470151).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Science and Technology
Foundation Project [Grant Number 2013FY111200-3] and the
National Natural Science Foundation of China [nos. 31100016
and 314701511,

References

Abarenkov K, Nilsson RH, Larsson K-H, Alexander 1J, Eberhardt
U, Erland S, Heiland K, Kjoller R, Larsson E, Pennanen T,
et al. 2010. The UNITE database for molecular identification
of fungi-recent updates and future perspectives. New
Phytol. 186:281-285.

Alias SA, Kuthubutheen AJ, Jones EBG. 1995. Frequency of
occurrence of fungi on wood in Malaysian mangroves.
Hydrobiologia. 295:97-106.

Alongi DM. 2002. Present state and future of the world’s
mangrove forests. Environ Conserv. 29:331-349.

Alongi DM. 2008. Mangrove forests: resilience, protection
from tsunamis, and responses to global climate change.
Estuar Coast Shelf S. 76:1-13.

Aly AH, Debbab A, Kjer J, Proksch P. 2010. Fungal endophytes
from higher plants: a prolific source of phytochemicals and
other bioactive natural products. Fungal Divers. 41:1-16.

Ananda K, Sridhar KR. 2002. Diversity of endophytic fungi in
the roots of mangrove species on the west coast of India.
Can J Microbiol. 48:871-878.

Ananda K, Sridhar KR. 2004. Diversity of filamentous fungi
on decomposing leaf and woody litter of mangrove for-
ests in the southwest coast of India. Curr Sci India.
87:1431-1437.

Arfi Y, Buée M, Marchand C, Levasseur A, Record E. 2012.
Multiple markers pyrosequencing reveals highly diverse
and host-specific fungal communities on the mangrove
trees Avicennia marina and Rhizophora stylosa. FEMS
Microbiol Ecol. 79:433-444.

Bayman P, Angulo-Sandoval P, Baez-ortiz Z, Lodge DJ. 1998.
Distribution and dispersal of Xylaria endophytes in two tree
species in Puerto Rico. Mycol Res. 102:944-948.

Cannon PF, Simmons CM. 2002. Diversity and host preference
of leaf endophytic fungi in the lwokrama Forest Reserve,
Guyana. Mycologia. 94:210-220.



Chaeprasert S, Piapukiew J, Whalley AJS, Sihanonth P. 2010.
Endophytic fungi from mangrove plant species of Thailand:
their antimicrobial and anticancer potentials. Bot Mar.
53:555-564.

Chen J, Xing X-K, Zhang L-C, Xing Y-M, Guo S-X. 2012.
Identification of Hortaea werneckii isolated from mangrove
plant Aegiceras corniculatum based on morphology and
rDNA sequences. Mycopathologia. 174:457-466.

Chen LZ, Wang WQ, Zhang YH, Lin GH. 2009. Recent pro-
gresses in mangrove conservation, restoration and research
in China. J Plant Ecol. 2:45-54.

Cheng Z-S, Pan J-H, Tang W-C, Chen Q-J, Lin Y-C. 2009.
Biodiversity and biotechnological potential of mangrove-
associated fungi. J Forestry Res. 20:63-72.

Colwell RK, Elsensohn JE. 2014. EstimateS turns 20: statistical
estimation of species richness and shared species from
samples, with non-parametric extrapolation. Ecography.
37:609-613.

Costa |, Maia LC, Cavalcanti MA. 2012. Diversity of leaf endo-
phytic fungi in mangrove plants of northeast Brazil. Braz J
Microbiol. 43:1165-1173.

De Souza Sebastianes FL, Rom&o-Dumaresq AS, Lacava PT,
Harakava R, Azevedo JL, De Melo IS, Pizzirani-Kleiner AA.
2013. Species diversity of culturable endophytic fungi from
Brazilian mangrove forests. Curr Genet. 59:153-166.

Debbab A, Aly AH, Proksch P. 2013. Mangrove derived fungal
endophytes-a chemical and biological perception. Fungal
Divers. 61:1-27.

Deng ZJ, Cao LX, Vrijmoed L, Lu YJ, Zhou SN. 2010. Studies on
distribution of fungal endophyte in mangrove plant
Aegiceras corniculatum. J Trop Oceanogr. 29:77-81.

Ellis M. 1971. Dematiaceous hyphomycetes. Kew (UK): CABI.

Ellis M. 1976. More dematiaceous hyphomycetes. Kew (UK): CABI.

Ewel KC, Twilley RR, Ong JE. 1998. Different kinds of mangrove
forests provide different goods and services. Global Ecol
Biogeogr. 7:83-94.

Fisher PJ, Petrini O, Petrini LE, Sutton BC. 1994. Fungal endo-
phytes from the leaves and twigs of Quercus ilex L. from
England, Majorca and Switzerland. New Phytol. 127:133-137.

Gilbert GS, Mejia-Chang M, Rojas E. 2002. Fungal diversity and
plant disease in mangrove forests: salt excretion as a pos-
sible defense mechanism. Oecologia. 132:278-285.

Giri C, Ochieng E, Tieszen LL, Zhu Z, Singh A, Loveland T,
Masek J, Duke N. 2011. Status and distribution of mangrove
forests of the world using earth observation satellite data.
Global Ecol Biogeogr. 20:154-159.

Gong B, Chen YP, Zhang H, Xiong Z, Zhang YQ, Fang HY,
Zhong QP, Zhang CX. 2014. Isolation, characterization and
anti-multiple drug resistant (MDR) bacterial activity of
endophytic fungi isolated from the mangrove plant,
Aegiceras corniculatum. Trop J Pharmaceut Res. 13:593-599.

Gu HG, Bai HJ, Zeng YB, Chang DD, Mei WL. 2012. Isolation &
primary identification of endophytic fungi from mangrove
plant Ceriops tagal. J Microbiol (In China). 32:1-6.

Guo L-D, Huang G-R, Wang Y. 2008. Seasonal and tissue age
influences on endophytic fungi of Pinus tabulaeformis

MYCOLOGY 189

(Pinaceae) in the Dongling Mountains, Beijing. J Integr
Plant Biol. 50:997-1003.

Guo LD, Hyde KD, Liew ECY. 2000. Identification of endophytic
fungi from Livistona chinensis based on morphology and
rDNA sequences. New Phytol. 147:617-630.

Horton TR, Bruns TD. 2001. The molecular revolution in ecto-
mycorrhizal ecology: peeking into the black-box. Mol Ecol.
10:1855-1871.

Kathiresan K. 2000. A review of studies on Pichavaram man-
grove, southeast India. Hydrobiologia. 430:185-205.

Kathiresan K, Rajendran N. 2005. Coastal mangrove forests
mitigated tsunami. Estuar Coast Shelf S. 65:601-606.

Kumar DSS, Hyde KD. 2004. Biodiversity and tissue-recurrence
of endophytic fungi in Tripterygium wilfordii. Fungal Divers.
17:69-90.

Kumaresan V, Suryanarayanan TS. 2001. Occurrence and dis-
tribution of endophytic fungi in a mangrove community.
Mycol Res. 105:1388-1391.

Kumaresan V, Suryanarayanan TS. 2002. Endophyte assem-
blages in young, mature and senescent leaves of
Rhizophora apiculata: evidence for the role of endophytes
in mangrove litter degradation. Fungal Divers. 9:81-91.

Liu AR, Chen SC, Jin WJ, Zhao PY, Jeewon R, Xu T. 2012. Host
specificity of endophytic Pestalotiopsis populations in man-
grove plant species of South China. Afr J Microbiol Res.
6:6262-6269.

Liu AR, Chen SC, Lin XM, Wu SY, Xu T, Cai FM, Jeewon R. 2010a.
Endophytic Pestalotiopsis species associated with plants of
Palmae, Rhizophoraceae, Planchonellae And Podocarpaceae
in Hainan, China. Afr J Microbiol Res. 4:2661-2669.

Liu AR, Xu T, Guo LD. 2007. Molecular and morphological descrip-
tion of Pestalotiopsis hainanensis sp nov., a new endophyte
from a tropical region of China. Fungal Divers. 24:23-36.

Liu AR, Zhang Y, Niu LH, Fan XZ, Lin XM, Xu T. 2010b. Analysis
of diversity of endophytic fungi in two mangrove plants in
Hainan Province (Rhizophora stylosa and Kandelia candel).
Guihaia. 30:657-660.

Magurran AE. 2004. Measuring biological diversity. Oxford
(UK): Wiley-Blackwell.

Maria GL, Sridhar KR. 2003. Endophytic fungal assemblage of
two halophytes from west coast mangrove habitats, India.
Czech Mycol. 55:241-251.

Murali TS, Suryanarayanan TS, Geeta R. 2006. Endophytic
Phomopsis species: host range and implications for diversity
estimates. Can J Microbiol. 52:673-680.

Nagelkerken |, Van Der Velde G, Gorissen MW, Meijer GJ, Van't
Hof T, Den Hartog C. 2000. Importance of mangroves,
seagrass beds and the shallow coral reef as a nursery for
important coral reef fishes, using a visual census technique.
Estuar Coast Shelf S. 51:31-44.

O'Brien HE, Parrent JL, Jackson JA, Moncalvo JM, Vilgalys R.
2005. Fungal community analysis by large-scale sequencing
of environmental samples. Appl Environ Microb. 71:5544-
5550.

Pang K-L, Vrijmoed LLP, Goh TK, Plaingam N, Jones EBG. 2008.
Fungal endophytes associated with Kandelia candel



190 (&) J-LLIETAL

(Rhizophoraceae) in Mai Po Nature Reserve, Hong Kong.
Bot Mar. 51:171-178.

Petrini O. 1991. Fungal endophytes of tree leaves. In: Andrews
JH, Hirano SS, editors. Microbial ecology of leaves. New
York (NY): Springer-Verlag; p. 179-197.

Pielou E. 1975. Ecological diversity. New York (NY): John Wiley,
Sons.

Seifert K, Morgan-Jones G, Gams W, Kendrick B. 2011. The
genera of hyphomycetes. Utrecht (NL): CBS-KNAW Fungal
Biodiversity Centre.

Shearer CA, Descals E, Kohlmeyer B, Kohlmeyer J, Marvanova
L, Padgett D, Porter D, Raja HA, Schmit JP, Thorton HA,
et al. 2007. Fungal biodiversity in aquatic habitats. Biodivers
Conserv. 16:49-67.

Sridhar KR. 2004. Mangrove fungi in India. Curr Sci India.
86:1586—-1587.

Sun X, Ding Q, Hyde KD, Guo LD. 2012. Community structure
and preference of endophytic fungi of three woody plants
in a mixed forest. Fungal Ecol. 5:624-632.

Sun X, Guo LD. 2012. Endophytic fungal diversity: review of
traditional and molecular techniques. Mycology. 3:65-76.
Sun X, Guo L-D, Hyde KD. 2011. Community composition of
endophytic fungi in Acer truncatum and their role in

decomposition. Fungal Divers. 47:85-95.

Suryanarayanan TS, Kumaresan V. 2000. Endophytic fungi of
some halophytes from an estuarine mangrove forest. Mycol
Res. 104:1465-1467.

Suryanarayanan TS, Kumaresan V, Johnson JA. 1998. Foliar
fungal endophytes from two species of the mangrove
Rhizophora. Can J Microbiol. 44:1003-1006.

Sutton B. 1980. The Coelomycetes: fungi imperfecti with acer-
vuli and stromata. Slough (UK): CABI.

Taylor JE, Hyde KD, Jones EBG. 1999. Endophytic fungi asso-
ciated with the temperate palm, Trachycarpus fortunei,
within and outside its natural geographic range. New
Phytol. 142:335-346.

Tedersoo L, Bahram M, Polme S, Koljalg U, Yorou NS,
Wijesundera R, Villarreal-Ruiz L, Vasco-Palacios AM, Pham
Quang T, Suija A, et al. 2014. Global diversity and geogra-
phy of soil fungi. Science. 346:1078-1088.

Valiela I, Bowen JL, York JK. 2001. Mangrove forests: one of
the world's threatened major tropical environments.
Bioscience. 51:807-815.

Wang Q, Gao C, Guo LD. 2010. Ectomycorrhizae associated
with Castanopsis fargesii (Fagaceae) in a subtropical forest,
China. Mycol Prog. 10:323-332.

Wang Y, Guo LD. 2007. A comparative study of endophytic
fungi in needles, bark, and xylem of Pinus tabulaeformis.
Can J Botany. 85:911-917.

Wei JG, Xu T, Guo LD, Liu AR, Zhang Y, Pan XH. 2007.
Endophytic Pestalotiopsis species associated with plants of
Podocarpaceae, Theaceae and Taxaceae in southern China.
Fungal Divers. 24:55-74.

White TJ, Bruns TD, Lee SJ, Taylor JW. 1990. Amplification and
direct sequencing of fungal ribosomal RNA genes for phy-
logenetics. In: Innis MA, Gelfand DH, Sninsky JS, White TJ,
editor. PCR protocols: A guide to methods and applications.
San Diego (CA): Academic; p. 315-322.

Xing XK, Chen J, Xu MJ, Lin WH, Guo SX. 2011. Fungal endophytes
associated with Sonneratia (Sonneratiaceae) mangrove plants
on the south coast of China. Forest Pathol. 41:334-340.

Xing XK, Guo SX. 2011. Fungal endophyte communities in
four Rhizophoraceae mangrove species on the south
coast of China. Ecol Res. 26:403-409.



	Abstract
	Introduction
	Materials and methods
	Study site and sampling procedure
	Isolation and identification of endophytic fungi
	DNA extraction, amplification, sequencing, and identification
	Data analysis

	Results
	Colonisation rates of endophytic fungi
	Endophytic fungal diversity
	Endophytic fungal community composition

	Discussion
	Effects of plant identity and tissue type on colonisation rate of endophytic fungi
	Effects of plant identity on endophytic fungal community
	Effects of tissue type on endophytic fungal community

	Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	References



