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Abstract

Background and aims Tetrastigma hemsleyanum is a
rare medicinal plant in China. Because it requires
very strict environmental conditions to grow, it usu-
ally takes 3—5 years to form calabash-shaped roots
and is difficult to meet the demand of Chinese
medical market. Although it is known that endo-
phytes can enhance the growth of the host plants,
the molecular mechanism of the interplay between
endophytes and their host plants growth is not
completely understood yet. The aim of this study
was to determine if endophytes can reduce the
growth cycle and promote the medicinal ingredients
in Tetrastigma hemsleyanum, and elucidate its un-
derlying molecular mechanism.

Methods Endophytic fungi were isolated and identified
from the calabash-shaped root of Tetrastigma
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hemsleyanum. The fermentation broth of 6 endophyte
strains (named as TH09, TH12, TH14, TH15, TH17 and
TH26) were added to the MS medium to culture axenic
plantlets. After 30 days of culture, the net growth,
expansin gene expression and the flavonoid content
were measured.

Results From the calabash-shaped roots, we isolated
31 endophytic fungi belonging to 10 genera: Fusar-
ium, Rhizopycnis, Colletotrichum, Cylindrocarpon,
Emericellopsi, Penicillium, Plectosphaerella, Asper-
gillus tubingensis, Alternaria and Sarocladium, of
which Fusarium is the dominant genus. Addition of
the fermentation broth from strains TH12, TH15 and
TH26 significantly increased the plant growth.
Strains TH15 and TH26’s fermentation broth in-
creased the expression of Th-exp (an expansin gene),
while addition of the fermentation broth from TH14
increased Th-exp expression in leaves and stems, but
decreased Th-exp expression in the root. Flavonoid
content was increased in the presence of fermenta-
tion broth from strains THO09, TH14, TH17 and
TH26. Particularly, the fermentation broth from
TH26 can promote plant growth, enhance Th-exp
expression and increase the flavonoid content in
Tetrastigma hemsleyanum.

Conclusions The results demonstrated that endophytic
fungi from the calabash-shaped root of Tetrastigma
hemsleyanum can regulate plant growth, expression of
expansin gene and flavonoid content.

Keywords Tetrastigma hemsleyanum - Endophytic
fungi - Root - Expansin - Flavonoid
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Introduction

Tetrastigma hemsleyanum Diels & Gilg ex Diels
(Tetrastigma hemsleyanum) is a rare medicinal plant
in China. The whole plant can be used as Chinese
herbal medicine with the calabash-shaped root hav-
ing the highest medicinal value. Its calabash-shaped
root contains a variety of medicinal ingredients in-
cluding flavonoids, flaconoids, vitamins and amino
acids (Sun et al. 2013; Fan et al. 2014; Lin et al.
2016), and has detoxification, anti-inflammatory,
pain relieving and anti-tumor effect (Xu et al.
2008; Peng et al. 2015; Xiong et al. 2015; Peng
et al. 2016). Tetrastigma hemsleyanum is mainly
distributed in the south of the Yangtze River includ-
ing Zhejiang, Jiangxi, Fujian, Yunnan and Guangxi
provinces in China (Qian et al. 2015). It requires
very strict environmental conditions, i.e. it needs to
grow in the mountainous forests in the shaded side
at about 700 m above the sea level. The average
annual atmosphere temperature that is favorable for
its growth is approximately 18 °C. It usually takes
3-5 years to form calabash-shaped roots under nat-
ural conditions. Due to its strict growth conditions
and overcollection, Tetrastigma hemsleyanum has
become an endangered species in China and is dif-
ficult to meet the demand of Chinese medical market
(Zhu and Yan 2014; Du et al. 2015).

Endophytic fungi or endophytes exist widely
inside the healthy tissues of living plants, and are
important components of plant micro-ecosystems.
In the long process of evolution, some endophytes
and the host plants are mutually beneficial. Many
studies indicate that there are three types of bene-
ficial interactions between endophytes and their
host plants: (1) endophytes absorb nutrients from
the host plants for their own growth, and at the
same time produce metabolites to promote the
growth of the host plants. (2) endophytes enhance
resistance of the host plants to pests, drought, high
temperature and other biotic and abiotic stresses,
(3) endophytes accumulate secondary metabolites,
including bioactive compounds (Hardoim et al.
2015; Saikkonen et al. 2016; Jia et al. 2016;
Compant et al. 2016). The potential of some endo-
phytes can be served as fertilizers to promote plant
growth, including improving roots development
(Hardoim et al. 2015; Compant et al. 2016; Khan
et al. 2016). Although endophytes have been
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previously extensively studied, there have been no
prior reports on endophytes from Tetrastigma
hemsleyanum. Thus, it is important to identify en-
dophytes in Tetrastigma hemsleyanum and explore
the possibility which endophytes can be used in the
artificial cultivation to reduce the growth cycle of
Tetrastigma hemsleyanum and increase its Chinese
herbal medicine resources.

On the other hand, expansins were discovered as
cell wall proteins that mediate plant growth by loos-
ening the cell walls without lysis of wall polymers.
These proteins consist of four sub families: «-
expansin, -expansin, expansin-like A and
expansin-like B. It is known that expansins are re-
quired in almost all plant physiological development
aspects from germination to fruiting (Cosgrove et al.
2002; Cosgrove 2015; Marowa et al. 2016).

Although it is well-known that endophyte can en-
hance the host plant growth, the molecular mechanism
of the interplay between endophyte and their host plant
growth is not completely understood yet. It is unknown
if the host gowth-promotion activated by endophyte is
correlated with expansin gene expression. Besides, dur-
ing the long process of co-evolution, endophyte can be
directly or indirectly involved in the synthesis process of
the host plant secondary metabolites, and even can
produce metabolites that are the same or similar to those
produced by the host (Hardoim et al. 2015; Jia et al.
2016). Thus, it is possible that endophyte can affect the
contents of secondary metabolites (e.g. flavonoids) in
Tetrastigma hemsleyanum.

To test these hypotheses, we isolated and character-
ized endophytes from the calabash-shaped root of
Tetrastigma hemsleyanum. The effects of some endo-
phytes on the plant growth, expansin gene expression
and the content of flavonoids were investigated.

Materials and methods
Materials

Tetrastigma hemsleyanum was collected from the
mountainous area in Jingnin County, Zhejiang Province
in China and provided by Lishui Academy of Agricul-
tural Sciences (Zhejiang Province, China), and planted
in a glass conservatory in Hangzhou Normal University.
The plantlet via tissue culture was derived from the
previous study (Du et al. 2015).
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Isolation and purification of endophytic fungi
from the calabash-shaped root

The calabash-shaped roots (with diameter of 1.5 cm or
so) derived from the plants that have been grown under
natural conditions for more than three years were flushed
with the tap water to remove the surface sediment, and
soaked in detergent for 10 min. After rinse, the calabash-
shaped root was soaked in sodium hypochlorite (1:2
dilution of the saturated solution) for 30 min, and finally
the calabash-shaped root was rinsed 3 times with sterile
water. The calabash-shaped root was cut into small pieces
of 3-5 mm of length and width, and placed in PDA
medium (containing 50 mg/L streptomycin, 200 mg/L
peeled, diced, and filtered slag of potato, 20 g/L dextrose
and 14 g/L agar) with the cutting surface toward the
medium. Each petri dish of medium had 4-6 root seg-
ments of calabash-shaped root. The root segments were
cultured at 28 °C and dark condition for 5 days. The
mycelium grown from the cutting surface was picked and
transferred to PDA medium containing 50 mg/L strepto-
mycin. This process was repeated for 3—5 times to obtain
purified colonies. As a control, the sterile water from last
rinse was plated on the medium. Besides, the sterile-
treated uncut calabash-shaped root was first spread on
the medium and then removed from the medium. Last the
petri dishes with medium were also placed at 28 °C to
ensure that surfaces of roots were sterile.

Morphological and molecular identification
of endophytic fungi

Morphological identification of endophytic fungi was
performed based on colony’s surface morphology, edge
shape, color and growth rate (Dai 1987). Fungal genomic
DNA was extracted using fungal genomic DNA extrac-
tion kit (Sangon Biotechnology Co., Ltd., Shanghai, Chi-
na). Based on the rDNA internal transcribed spacer re-
gion (Valente et al. 1996), primers of ITS1 (5'-TCCG
TAGGTGAACCTGCGG-3') and ITS4 (5'-TCCT
CCGCTTATTGATATGC-3") were designed and synthe-
sized by Sangon Biotechnology. The PCR was performed
in a 50 pL reaction system containing 2 pL of DNA
template (about 100 ng/pL), 2 pL of each primers
(10 pmol/L), 1 puL of ANTP mix (10 mmol/L, Promega,
Madison, WI, USA), 0.2 uL High fidelity Platinum® Tag
DNA polymerase (5 U/uL, Invitrogen, Carlsbad, CA,
USA), 5 uL 10 x High Fidelity PCR buffer, 2 uL
50 mmol/L MgSO04, 35.8 uL nuclease-free distilled

water. Amplification was conducted by one cycle of
95 °C for 2 min, followed by 30 cycles of 95 °C for
45 s, 55 °C for 45 s and 72 °C for 45 s, and a final
extension of 72 °C for 10 min. PCR product was purified
and ligated to the vector pMD19-T (TaKaRa Biotechnol-
ogy Co., Ltd., Shiga, Japan). The ligation products were
transformed into competent E. coli DH5« cells. Positive
clones were selected and insertions in plasmid were se-
quenced. The sequences were analyzed by NCBI BLAST
online software (http://www.ncbi.nlm.nih.gov/blast) to
determine the species of isolated endophytic fungi.
MEGAG6 software (http://www.megasoftware.net) was
used to generate phylogenetic tree.

Preparation of endophyte’s fermentation broth

Six strains (named as TH09, TH12, TH14, TH15, TH17
and TH26) that were isolated in more than 3 experi-
ments in plant replicates were cultured on solid PDA
medium for 5 days. A hole punch was used to obtain
three pieces of fungal plug with mycelium (with a
diameter of 0.5 cm) from the edge of the colony. Sub-
sequently, the fungal plug with mycelium was inoculat-
ed into 100 mL PDA liquid medium and grown at 28 °C
with shaking (100 r/min) for 5 days. The culture broth
was filtered through a Whatman filter paper with 15 cm
diameter (Hangzhou Xinhua Paper Industry Co., Ltd.,
China). The filtrate (i.e. fermentation broth) was mixed
with MS liquid medium (Murashige and Skoog 1962) at
the ratio of 1:9 and sterilized after agar was added. This
solid medium was used for the cultivation of
Tetrastigma hemsleyanum plants. As a control, an equal
volume of sterile water (instead of the fermentation
broth) was mixed with MS medium.

Analysis of the plant growth

Axenic branches with stems and leaves (about 0.3 g)
were cut from the plantlets with consistent morphology
and growth. Then the branches were inserted into the
medium with or without endophyte’s fermentation broth.
After 30 days of cultivation (25 °C at day, 18 °C at night,
2000 1x, 12 h/d), the plantlets were washed agar from the
root and fresh weight was measured.

Analysis of expansin gene expression

RNA was extracted from leaves, stems and roots of the
plants cultured for 30 days in the presence or absence of
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fungal fermentation broth. First strand cDNA was syn-
thesized using a SuperMix kit (TransGen Biotech, Bei-
jing, China). Actin was amplified as an internal control
using the primers actin-F (5'-GCCCTTGACTATGA
GCAGGA-3') and actin-R (5-GAAAAGGACTTCAG
GGCAGC-3') (Huang et al. 2015). Based on our previ-
ous study, the expansin gene Th-exp. (GenBank acces-
sion number KP693606) was amplified by the primers
Thexp-F (5'-CCCTGGTAGATGGCGAACTT-3") and
Thexp-R (5'-AACCGCCACTAATTTCTGCC-3")
(Song et al. 2016). Bestar SybrGreen qPCR Mastermix
Kit (DBI Bioscience Company, Shanghai, China) was
used for analysis of gene expression. Step One Plus™
Real-Time PCR System (Applied Biosystems, Wal-
tham, MA, USA) was used for PCR with the following
parameter: one cycle of 95 °C for 2 min followed by
40 cycles of 95 °C for 10's, 55 °C for 30 s and 72 °C for
30 s, and a final extension of 72 °C for 10 min. Relative
expression of Th-exp. was calculated as reported by
Schmittgen and Livak (2008).

Measurement of flavonoid content

Total content of flavonoid was measured as described
previously (Du et al. 2015). Briefly, the leaves, stems
and roots were dried and homogenized into powder by a
homogenizer. The powder (0.1 g) was placed into a
5 mL-centrifuge tube containing 1.5 mL 50% ethanol.
After extraction using ultrasonic extraction instrument
for 0.5 h and centrifugation at 11000 r/min, 50% ethanol
was added to the volume of 2.5 mL. Flavonoid solution
(1.0 mL) was absorbed and transferred into a 25 mL-
volumetric flask, followed by addition of 50% ethanol
to 9 mL and added 1 mL of 5% NaNO, solution.
Following 6 min of standing, 10% of AI(NO3); solution
(1 mL) was added and mixed. After another 6 min of
standing a 10% NaOH solution (10 mL) was added,
50% ethanol was used to reach the final volume of
25 mL. Following mixing and standing for 15 min, the
samples’ absorbance was measured at 500 nm using a
UV spectrophotometer and the total flavonoid content in
each sample was calculated based on the standard curve.
Rutin (Sangon Biotechnology) was used as the standard
for total flavonoid.

Statistical analysis

The experiments for the determination of fresh
weight, Th-exp. expression and flavonoid content
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were carried out in triplicate. The results were
expressed as means + standard deviation. Statistical
analysis of data was performed by SPSS 19.0 using
t-test to compare differences between the mean
values of control and treatment.

Results

Isolation of endophytic fungi from the calabash-shaped
root

After 3 days of growth on PDA medium, mycelium
started to grow from the cutting site of the calabash-
shaped root (Suppl. Fig. 1a). In contrast, there was not
mycelium growth in the control petri dishes, suggesting
that the calabash-shaped root surface was thoroughly
sterilized and growing mycelia were endophytes. After
subculturing the mycelium on PDA plates 3—5 times,
single pure colony can be obtained (Suppl. Fig. 1b).
Based on the morphology, color and growth character-
istics of hyphaes, colonies and spores, a total of 31
strains were isolated from 8 separate experiments. Six
strains (named as TH09, TH12, TH14, TH15, TH17 and
TH26) were isolated from more than 3 independent
experiments in plant replicates, and thus could represent
the dominant endophytes.

Classification of the endophytic fungi

PCR amplification of specific sequences for identifi-
cation of organisms has become common. The rDNA
internal transcribed spacer (ITS) region is indispens-
able for species recognition in fungi (Schoch et al.
2012). PCR was performed using the genomic DNA
of the 31 strains as template, and ITS1 and ITS4 as
primers. PCR products with a size ranging from 500
to 750 bp were obtained from all the 31 strains (Suppl.
Fig. 2). PCR products were cloned and sequenced,
resulting in ITS rDNA signature sequences. The 31
ITS sequences have been deposited into GenBank
database and their accession numbers are
KY607733-KY 607763, repectively. BLAST analysis
showed that 31 strains were highly homologous to the
known fungi in the GenBank and belonged to 10
genera (one strain is “uncultured fungus”): Fusarium
(10 strains), Rhizopycnis (8 strains), Cylindrocarpon
(3 strains), Colletotrichum (2 strains),
Plectosphaerella (2 strains), Emericellopsis (1 strain),
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Penicillium (1 strain), Aspergillus (1 strain),
Alternaria (1 strain) and Sarocladium (1 strain)
(Suppl. Table 1). The most frequently isolated strains
belonged to the genus Fusarium, followed by
Rhizopycnis. Among the 8 strains in Fusarium, the
sequencing lengths of ITS in strain TH17, TH22 and
TH23 were 588 bp, and they shared high similarity
(99% identities). All ITS sequencing lengths of strain
TH15, TH21, TH26, TH27 and TH28 were 544 bp,
and they had high ITS sequence similarity (99% iden-
tities). Among the 6 strains in Rhizopycnis, ITS se-
quences of TH14 were highly similar to TH16 and
TH19 (99% identities), while those of TH24 were
highly similar to THO6 and THO8 (99% identities).
In addition, although TH15 and TH21’s ITS sequence
(Fusarium, 544 bp), TH16 and TH19’s ITS sequence
(Rhizopycnis, 540 bp), THO6 and THO8’s ITS se-
quence (Rhizopycnis, 541 bp), TH12 and THI13’s
ITS sequences (Plectosphaerella, 558 bp) were iden-
tical, the mycelium and colony morphology were
different. MEGAG6 software (algorithms Neighbour-
Joining) was used for phylogenetic analysis. Phylo-
genetic trees based on ITS rDNA sequences from 31
endophytic fungi formed distinct clades and showed
their evolutionary relationships (Fig. 1).

Effect of endophytic fungi on plant growth

To test the effect of endophytes on Tetrastigma
hemsleyanum growth, the fermentation broth of 6 strains
were added to the MS medium to culture axenic plant-
lets. After 30 days of culture, the net growth was mea-
sured. The plantlets grown on the medium containing
fermentation broth of TH12, TH15 and TH26 had
slightly larger leaves, longer roots and the plant grew
faster compared to the control (absence of fungi’ fer-
mentation broth) (Fig. 2). The net fresh weight was
significantly different after treatment with THO9,
THI12, TH14, TH15 and TH26’s fermentation broth
compared to the untreated control (p < 0.05). The net
fresh weight increase of the plants cultured in the pres-
ence of strains TH12, TH15 and TH26’s fermentation
broth was significantly higher than the control. Howev-
er, the fermentation broth from TH17 did not affect the
plant growth, while the fermentation broth from TH09
and TH14 inhibited plant growth (Table 1). Especially,
addition of TH14’s fermentation broth even resulted in
the yellow and wilt leaves.

Effect of endophytic fungi on the expansin gene
expression

Quantitative RT-PCR was employed to evaluate the 7%-
exp. (an expansin gene) expression. Relative expression
of Th-exp. normalized to actin was calculated as 2°°““T
(Schmittgen and Livak 2008). There were significant
differences between the control group and all treatments
except the leaves from the group treated with TH17’s
fermentation broth (p < 0.05). Strains TH15 and TH26’s
fermentation broth increased the expression of Th-exp.,
and expression of Th-exp. was down-regulated in the
presence of fermentation broth from strains TH09 and
TH12 in the leaves, stems and roots. Strain TH17’s
fermentation broth reduced the expression of Th-exp.
in stem and root, while did not significantly affect
expression of Th-exp. in leaves. Addition of the fermen-
tation broth from TH14 increased Th-exp. expression in
leaves and stems, but decreased Th-exp. expression in
the root (Fig. 3).

Effect of endophytic fungi on flavonoid content

Flavonoid is the secondary metabolites that are wide-
spread in many medicinal plants, and includes different
components (e.g., quercetin, naringenin and
kaempferol). It has been reported that flavonoid has
medicinal value in Tetrastigma hemsleyanum (Sun
et al. 2013). The determination of total flavonoid con-
tents in plant was conducted by spectrophotometric
method. There were significant differences between
the control group and the groups treated with fermenta-
tion broth from THO09, TH14, TH17 and TH26
(p <0.05). Flavonoid contents in leaves, stems and roots
were increased in the presence of fermentation broth
from THO9, TH14, TH17 and TH26. In contrast, fer-
mentation broth from THI12 and TH15 did not have
significant effect on the flavonoid contents (Fig. 4).

In summary, the effect of fermentation broth from 6
strains on plant growth, Th-exp. gene expression and
flavonoid content were summarized in Table 2. Treat-
ments with the fermentation broth from TH15 and TH26
lead to the up-regulation of 7%-exp. expression in leaves,
stems and roots, while treatment with TH09 decreased
Th-exp. expression in leaves, stems and roots. The ef-
fects of these three strains on plant growth coincide with
the effects on Th-exp. expression. Besides, the effect of
TH26 on flavonoid coincides with its effect on plant
growth, while the effects of other five strains on

@ Springer



398

Plant Soil (2017) 417:393-402

Fig. 1 Phylogenetic tree of 31
endophytic fungi based on ITS
rDNA sequences showing their
evolutionary relationships. Values
above the branches mean branch
lengths
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Fig. 2 The plantlets on MS medium with or without fungi’s
fermentation broth showing effect of endophytic fungi on their
growth. T: plantlet having larger leaves and longer roots on MS
medium with fungi’s fermentation broth of strain TH15; NT:
plantlet on MS medium without fungi’s fermentation broth
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flavonoid are not consistent with plant growth. Remark-
ably, strain TH26 has promoting activity on plant
growth, Th-exp. expression and flavonoid synthesis.

Discussion

Firstly, endophyte is a huge microbial system widely
present in different tissues of plants. Frohlich and Hyde
(1999) reported that a total of 189 species of fungi were
isolated from the six palms. Their results indicate that
33:1 would be a more accurate estimate of the ratio of
host specific fungal to palm species in the tropics. Chen
et al. (2013) confirmed that endophytic xylariaceous
fungi are the dominant fungi in several Dendrobium
species of tropical regions in China. The diversity, tax-
onomy and distribution of culturable endophytic
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Table 1 Net fresh weight increase of the plantlet cultured on MS medium with or without fungi’s fermentation broth

Control THO09 THI2

TH14 TH15 TH17 TH26

Inoculation fresh
weight of
explants (g)

0.303+0.00la 0.301£0.005a 0.305+0.007a 0.300+0.009a 0.305+0.004a 0.307+0.002a 0.303+0.002a

Fresh weight after 0.541+0.011a 0.430+0.041b 0.794+0.036¢c 0.396+0.032d 0.811+0.014e 0.549+0.028a 0.727+0.023 f

30d (@)

Net fresh weight
increase after
30d(g)

0.238+0.009a 0.129+0.014b 0.489+0.019¢ 0.096+0.011d 0.506+0.012¢ 0.242+0.009a 0.424+0.013 f

Means in each row for different properties followed by the different letters are significantly different between control and treats with fungi’s

fermentation broth (p < 0.05)

xylariaceous fungi associated with seven medicinal spe-
cies of Dendrobium (Orchidaceae) were investigated.
Among the 961 endophytes isolated, 217 xylariaceous
fungi (morphotaxa) were identified using morphological
and molecular methods. Mousa et al. (2015) reported that
215 bacterial endophytes were isolated from diverse
maize genotypes. To evaluate the diversity of endophytic
fungi from the leaves of the common bean, twenty-seven
different taxa were identified and the results showed that
Colletotrichum was the most commonly isolated genera
from the common bean (Gonzaga et al. 2015). Eighty
nine endophytic nitrogen fixing bacteria were isolated
from the leaves, stems and roots of industrial variety,
wild and chewing sugarcane plants grown for 6 weeks
in nitrogen (N)-free sand (Muangthong et al. 2015).
Characterization and evaluation of fungal community
changes showed that the sugarcane fungal community
is composed of at least 35 different genera, mostly in the
phylum Ascomycota (Romao-Dumaresq et al. 2016). In
this study, we isolated 31 strains of endophytes from the
calabash-shaped root of Tetrastigma hemsleyanum. Mor-
phological and ITS rDNA sequence analysis showed that

Fig. 3 Quantitative RT-PCR 45 1
analysis of Th-exp. gene in six Al
endophytic fungi * and ** desig-
nate significant differences be- g 35+
tween control and treats with 2
fungi’s fermentation broth at g 3
P <0.05and P < 0.01 levels, 5 55
respectively 2
E 2
I
15
I
0.5

these 31 strains belonged to 10 genera, suggesting a great
diversity of endophytes in calabash-shaped root of
Tetrastigma hemsleyanum.

Secondly, it is clear that endophyte can affect the
host plant seed germination, seedling survival,
growth and tillering, inflorescence development, and
biomass (Guo and Wang 2001; Hardoim et al. 2015).
The seed biology and seedling growth of endophyte-
infected and uninfected perennial ryegrass (Lolium
perenne) and tall fescue (Festuca arundinacea) were
evaluated. Seeds from infected plants of both species
exhibited a higher rate of germination than seeds from
uninfected plants. Infected perennial ryegrass and tall
fescue plants produced significantly more biomass
and tillers than uninfected plants (Clay 1987; Clay
and Holah 1999). Malinowaki and Beleaky (2000)
showed that cool-season grasses infected with endo-
phytic fungi had longer leaf growing season, more
developed root system, more ideal plant shape and
stronger ability to survive. The endophytes associated
with Orchidacea can promote the growth of the host
plants, the germination of seeds and the development

O control & THO9

*%

®THI2 ®THI4 **

mTHIS 8 THI7

0 TH26

leaf stem root
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of the young heterotrophic plantlets (Guo and Wang
2001). A dark-septate endophytic fungus EF-37 iso-
lated from the roots of Saussurea involucrate showed
a positive effect on plant root development and plant
growth (Wu et al. 2010). On the other hand, expansins
have versatile developmental roles including the con-
trol of organ size, morphology and abscission
(Cosgrove et al. 2002; Marowa et al. 2016). In
Arabidopsis thaliana, expansin can modulate leaf
growth and pedicel abscission (Cho and Cosgrove
2000). Further, inducible repression of multiple
expansin genes leads to growth suppression during
leaf development (Goh et al. 2012). We showed that
endophytes TH15 and TH26 can promote the plant
growth, TH17 had no effect on the plant growth,
while THO9 can inhibit the growth of Tetrastigma
hemsleyanum. Meanwhile, treatment with the fermen-
tation broth from TH15 and TH26 led to the up-
regulation of Th-exp. expression in leaves, stems
and roots. In contrast, treatment with TH09 decreased
Th-exp. expression (Table 2). The effects of these
three strains on plant growth coincide with the effects
on Th-exp. expression, suggesting that promotion or
inhibition of the plant growth by these endophytes
may be due to the promotion or inhibition of Th-exp.

leaf

expression. However, TH12 promotes plant growth
although Th-exp. expression is inhibited. Expansin is
encoded by a gene family (Sampedro and Cosgrove
2005). In Tetrastigma hemsleyanum, there could be
other expansin genes in addition to 7%-exp. We spec-
ulate that TH12 inhibited the expression of Th-exp.
gene, but maybe not affect or even increased the
expression of other expansin genes, thereby promot-
ing the plant growth. In addition, TH14 enhanced Th-
exp. expression in leaves and stems. However, TH14
reduced Th-exp. expression in the roots, which could
affect the root absorption function and be one of the
reasons why TH14 inhibits the plant growth. In par-
ticularly, there were reports that endophytes can have
a positive, negative or neutral effect on the plant
(Hardoim et al. 2015). Different strains of fungi ex-
hibited different effects (promoting or inhibiting) on
the growth of Tetrastigma hemsleyanum. The under-
lying mechanism remains to be further explored.
Some results indicated that endophytes could in-
crease growth of host plants by secreting or increas-
ing hormones (Guo and Wang 2001) or by obtaining
nutritional elements such as nitrogen and phosphorus
that are useful for plants (Zhang et al. 2006; Hartley
and Gange 2009). A few other studies also reported

Table 2 The effect of endophytic fungi on plant growth, 7/-exp. expression and the flavonoid content

THO09 THI12 TH14 TH15 TH17 TH26
Growth - + - + 0 +
Th-Exp expression in leaf - - + 0 +
Th-Exp expression in stem - - + - +
Th-Exp expression in root - - + - +
Flavonoid in leaf, stem and root + 0 + 0 + +

+ up-regulation, — down-regulation, 0 no significant change
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that some endophytes could promote the growth and
fitness of the host plants by activating the expression
of a certain enzymes and genes. For example,
Piriformospora indica increased the growth of tobac-
co roots by stimulating the expression of nitrate re-
ductase and the starch-degrading enzyme (Sherameti
et al. 2005). Our results indicated that endophytes
could also promote the host plant growth by up-
regulating the expression of expansin genes.

Thirdly, some reports show that endophyte isolat-
ed from Taxus can produce Taxol under in vitro
axenic culture conditions (Stierle et al. 1993;
Gangadevi and Muthumary 2009; Garyali et al.
2013). In addition, it has been reported that produc-
tion of antioxidant compounds (e.g., flavonoids and
other phenolic antioxidants) were increased in
endophyte-infected plants (Stierle AA and Stierle
DB 2015; Negreiros de Carvalho et al. 2016). Anal-
ysis of the chemical composition of Saussurea
involucrata seedlings showed that the level of rutin
was higher in plants cultivated with endophyte com-
pared to the controls (Wu et al. 2010). Our results
showed that the total flavonoid content in
Tetrastigma hemsleyanum were higher (the highest
reached about two folds) when the plant was cul-
tured in the presence of fermentation broth from
fungi THO09, TH14, TH17 and TH26, which is con-
sistent with previous reports that endophyte can
increase the synthesis of secondary metabolites in
host plants. Although fungi TH12 and TH15 have
no effect on the flavonoid content, these two strains
can promote the host plant growth. It is worth noting
that strain TH26 has promoting activity on plant
growth, Th-exp. expression and flavonoid synthesis.
Thus, this strain has supernal application value in
the regulation of plant growth and flavonoid content.

In summary, to the best of our knowledge, this is the
first report showing that endophytic fungi can promote
host plant growth, up-regulate expansin gene expression
and increase the synthesis of medicinal ingredient fla-
vonoid in Tetrastigma hemsleyanum.
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