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Abstract—The endophytic bacterial diversity of drunken horse grass (DHG) (Achnatherum inebrians) grow-
ing in native habitat station in Xinjiang Province, China was analyzed by 16S rDNA cloning, amplified ribo-
somal DNA restriction analysis (ARDRA), and sequence homology comparison. To effectively exclude the
interference of chloroplast DNA and mitochondrial DNA of DHG, a pair of bacterial PCR primers was
selected to specifically amplify bacterial 16S rDNA sequences directly from DHG root tissues. Among
249 positive clones in the 16S rDNA library of endophytes, 57 OTUs were identified based on the similarity
of the ARDRA banding profiles. Sequence analysis revealed diverse phyla of bacteria in the 16S rDNA library,
which consisted of alpha, beta, gamma, delta, and epsilon subclasses of the Proteobacteria, Flavobacteria,
Actinobacteria, Sphingobacteria, and uncultured bacteria. The dominant group was Proteobacteria, whie the
most numerous genus was Bacillus. More than 8.00% of the total clones showed a high similarity to uncul-
tured bacteria, suggesting that nonculturable bacteria make a significant part of DHG endophytic bacterial
community. To our knowledge, this is the first report that endophytic bacteria associated with DHG are
revealed by the culture-independent approach. The results suggest that the diversity of endophytic bacteria is

abundant in DHG.
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Endophytic bacteria are defined as those bacteria
that can be isolated from surface-disinfected plant tis-
sues or extracted from within the plants and that are
not observed to harm the host plants [1]. The asymp-
tomatic internal colonization of healthy plant tissue by
endophytic bacteria is a widespread and well-docu-
mented phenomenon. Most information on endo-
phytic bacterial diversity has been obtained by using
culture-dependent approaches. However, due to the
unknown conditions for growth requirements of many
bacteria and the presence of cells which are in a viable
but noncultivable state, the portion of microbial diver-
sity which has been obtained by conventional cultiva-
tion techniques is less than 1% of the bacterial species
present. Culture-dependent biodiversity studies of the
endophytic community are somewhat limited. The use
of fingerprinting techniques and clone analysis can
provide additional information for analysing the
community composition of endophytic bacteria, such
as PCR amplification of 16S rDNAs, amplified ribo-
somal DNA restriction analysis (ARDRA), denatur-
ing gradient gel electrophoresis (DGGE) and termi-
nal restriction fragment length polymorphism (T-
RFLP). It have been successfully used for bacterial
community analysis in a great variety of environments,
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including soil ecosystems [2], marine [3], rhizosphere
[4], food [5], and human intestine [6] to overcome the
limitations of culture-dependent approaches.

Drunken horse grass (Achnatherum inebrians) is an
important perennial Chinese bunchgrass which usu-
ally grows on roadsides, in gullies, on shady slopes,
and in the harsh conditions of the alpine or subalpine
grasslands of the Qinghai-Tibetan, Tianshan and Qil-
ian mountains in Gansu, Xinjiang, Qinghai, Tibet and
Inner Mongolia. It could, therefore, have potential
use as a sustainable soil-water conservation plant.
Neotyphodium gansuense obtained using culture-
dependent approaches is a fungal endophyte symbi-
otic with the Among planctomycetes that is native to
Gansu, China. N. gansuense provide A. inebrians with
a strong competitive ability due to an increased host
tolerance to drought [7], salt [8], cold [9], pathogenic
fungi [10], and pests [11, 12]. Although endophyte
infections have been detected and the Neotyphod-
ium—A. inebrians association investigated widely (Li
etal., 2004a), very little is known about the endophytic
bacterial diversity in A. inebrians.

The goal of this paper was to explore the feasibility
of identifying A. nebrians endophytic bacteria and,
thus, to obtain a better understanding of bacterial
community structure and diversity using culture-inde-
pendent methods, such as amplified ribosomal DNA
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restriction analysis (ARDRA) and sequencing of
16S rDNA clones.

MATERIALS AND METHODS

Sampling of plants. Plant samples (Achnatherum
inebriansc) were obtained from their native habitat
from a mountain near Urumugi City in Xinjiang Prov-
ince, China (46°30'24.1" N, 106°27'43.3" E) in May
and July 2008 and immediately transported to the lab-
oratory. The physical and chemical characteristics of
the Achnatherum inebrians field soil were as follows:
pH 7.68, 36% clay, 1.86% organic matter, and
0.144% total nitrogen.

Surface sterilization of Achnatherum inebrians.
The plant samples (root, stem, leaf, seed) were first
washed three times with tap water to remove attached
soil. Subsequently, the roots were immersed in
70% ethanol for 3 min, washed with fresh sodium
hypochlorite solution for 5 min, rinsed three times
with 70% ethanol for 30 s, and finally washed five
times with sterile distilled water. To confirm that the
disinfection process was successful, aliquots of the
sterile distilled water used in the final rinse were
detected by cultivation and molecular method to
determine the results of surface disinfection. The cul-
tivation was performed by setting 100 mL of the final
rinse on Luria-Bertani (LB) medium plates, and the
plates were examined for bacterial growth after incu-
bation at 30°C for 3 days.

DNA extraction and PCR amplification. About
1.2 g of the surface-sterilized DHG plants was frozen
with liquid nitrogen and ground to a fine powder. The
hot CTAB procedure [13] was used with some modifi-
cations. The powder was suspended in preheated
11 mL CTAB extraction buffer and mixed by inverting
the tube several times, followed by incubation in a
60°C water bath for 60 min. DNA was then extracted
twice with chloroform-isoamyl alcohol (24 : 1 v/v),
followed by precipitation with 0.6 volumes of isopro-
panol for 2h at —20°C. DNA was centrifuged at
12000 g for 10 min at 4°C, washed with 70% ethanol,
and then air-dried. Finally, the DNA was resuspended
in 30 pL of sterile water.

The pair of primers 799f and 1492r [14] was
selected to amplify the DNA of Achnatherum inebrians
endophytic bacteria. The 50 pL PCR reaction mixture
contained 100 ng of DNA extract, 1x 7Tag reaction
buffer, 20 pmol of each primer, 200 puM each dNTP,
and 1.5 U of 7ag DNA polymerase (Sangong). After
initial denaturation at 95°C for 4 min, each thermal
cycling was as follows: denaturation at 94°C for 1 min,
annealing at 55°C for 60 s, and elongation at 72°C for
1.5 min. At the end of 30 cycles, the final extension
step was at 72°C for 8 min.

Clone library construction and ARDRA screening.
The purified PCR products were ligated into the
pMDI19-T vector (Takara Co., China). Escherichia
coli DH5a competent cells (Tiangen Co., China) were
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transformed with the ligation products and spread onto
Luria-Bertani agar plates with ampicillin (100 ug mL~")
for standard blue and white screening. Colonies ran-
domly picked were screened directly for inserts by per-
forming colony PCR with primers for the vector (prim-
ers M13F and M13R).

Randomly selected colonies were screened directly
for inserts by performing colony PCR with primers
Primer M13F (—47) 5'-CgCCAgggTTTTCCCAgT-
CACgAC-3'" and Primer MI13R (—48) 5'-AgCg-
gATAACAATTTCACACAggA-3") for the vector
(Takara Co., China). Further screening of PCR frag-
ments was done via ARDRA to determine unique pat-
tern profles, representatives clones of which were
selected for subsequent sequence analysis. Digestion
of the PCR product was done using the restriction
enzymes Haelll. The fragments were separated on a
2.5% agarose gel running in 1x TAE buffer at 100 V for
approximately 1 h. According to ARDRA patterns,
clones were grouped into OTUs. Diversity of the clone
library was investigated by rarefaction analysis.

Sequencing and phylogenetic analysis. Partial
sequences of cloned 16S rRNA genes were sequenced
using an ABI PRISM 3730 automatic sequencer
(Shanghai Sangon Co., Ltd). The presence of possible
chimeric sequences was investigated by using the
CHIMERA CHECK program of the Ribosomal
Database Project II (RDP II) [15]. All sequences
obtained were compared with sequences in the Gen-
Bank database by using the BLASTN. Phylogenetic
trees were deposited in the GenBank under accession
numbers GU942752—GU942808 [16].

Diversity estimations. Diversity indexes including
the coverage rate (Coverage value, C), the Shannon
diversity index, Simpson’s index, Mclntosh’s index,
and the Berger-Parker index were all calculated using
the BIO-DAP software package (http://nhs-
big.inhs.uiuc.edu) [17], a biodiversity analysis package.
Diversity indices were calculated on the basis of the
number of uniquely classified clones in clone library.
C value of the theory that the microbial species includ-
ing 16S rRNA gene clone library (OTU) in the total
microbial species in the sample proportion. C = 1—
nl/N, N represents 16S rRNA clone library storage
capacity, the number of nl represent only a OTU in a
16S rRNA clone library [18]. Calculation of Shannon’s
diversity index and Simpson index by Biodap (Biodiver-
sity Data Analysis Package) analysis software [17].

RESULTS

DNA extraction and PCR amplification. Total
DNA was extracted from DHG plants using the CTAB
approach. After electrophoresis, two bands of PCR
products were displayed on the agarose gel. One band
between 700 and 800 bp could be the bacterial
16S rDNA fragments, and the other band between
800 and 900 bp could be the A. inebrians mitochon-
drial 18S rDNA fragments. The purified PCR prod-
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Fig. 1. Rarefaction curve of endophytic bacterial 16S
rDNA clone library of Achnatherum inebrians.

ucts between 700 and 800 bp were used for construct-
ing a 16S rDNA clone library of DHG endophytic
bacteria.

Endophytic bacterial communities analysesln
order to identify the diversity of endophytic bacteria
from DHG plants, the 16S rDNA clone library was
constructed. Two hundred and forty-nine clones con-
taining the inserts of correct size were verified by col-
ony PCR. All of the positive clones were screened by
ARDRA. An OTU was defined as a group of clones
that had identical banding patterns obtained from the
independent digestions. According to ARDRA pat-
terns, 249 colones were grouped into 57 OTUs. The
result of statistical analysis showed that coverage,
Shannon diversity index, Evenness index, Simpson
index of the clone library were 93.17%, 2.96, 0.91,
0.11, respectively, and the calculated rarefaction curve
is shown in Fig. 1.

According to ARDRA results, representative
clones of all OTUs were selected for 16S rDNA
sequence analysis. In order to confirm the ARDRA
validity in this study, 2—3 clones of five randomly
selected OTUs were sequenced, which showed that
sequences of different clones from the same OTU were
uniform. Then one clone selected randomly from each
OTU of the rest was sequenced. Using the
CHIMERA_ CHECK program, two sequences repre-
senting two OTUs were identified as chimeric
sequences and discarded, so this clone library included
57 OTUs comprising 249 clones.

The phylogenetic analysis of the 249 clones
revealed that the majority of clones were affiliated with
Proteobacteria (57.00%). Other clones belonged to
Flavobacteria (12.00%), Actinobacteridae (7.00%),
Sphingobacteria (5.00%). 8.00% of the sequences
showed high similarity with uncultured bacterial
sequences. Details of all OTUs in the clone library are
listed in table.
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Six predominant OTUs including more than ten
clones were found in the clone library (table). Three
out of the six predominant OTUs belonged to the
Betaproteobacteria. Among the three other one repre-
sented the phylum Firmicutes showing the highest sim-
ilarity with Bacillus subtilis (29 clones), while the other
two belonged to Alphaproteobacteria.

Phylogenetic analysis of clones. The phylogenetic
relationship of clones in comparison to the type
strains of related species is demonstrated for three
selected bacterial groups (Fig. 2). The sequences
related to Proteobacteria made up the largest fraction
of the clone library, which included alpha, beta,
gamma, and delta subgroups. The Betaproteobacteria
comprising 18 OTUs were the most dominant sub-
groups of Proteobacteria (Fig. 2a). Among them,
four predominant groups were related to Methylophi-
lus sp., Janthinobacterium sp., Acidovorax sp. and
Massilia sp. The sequences related to Alphaproteobac-
teria, the second most abundant fraction, comprised
50TUs (Fig. 2a). In the Alphaproteobacteria,
OTUCI including 19 clones was identified as Ochro-
bactrum spp., which was the second dominant genus in
the clone library. The other dominant OTUs in this
subclass was clustered with Devosia sp. The Gam-
maproteobacteria were the third abundant subclass
(Fig. 2a). Most dominant OTU in the subclass had the
highest similarity to Acinetobacter sp. The phyloge-
netic diversity of Delta- and Epsilonproteobacteria was
much less, only 4 OTUs belonged to Deltaproteobacte-
ria (Fig. 2a). Except for Proteobacteria, the remaining
OTUs belonged to Low GC gram positive bacteria
division (Fig. 2b), High GC gram positive bacteria
division (Fig. 2b), and Bacteroidetes (Fig. 2b).

DISCUSSION

Endophytic bacteria ubiquitously inhabit most
plant species, however there have been few reports of
endophytic bacteria in DHG. To our knowledge, this
is the first report that endophytic bacteria associated
with DHG are revealed by the culture-independent
approach. The results from this study suggest that the
diversity of endophytic bacteria is abundant within
Achnatherum inebrians. The coverage result of the
clone library suggested that the unique sequence types
sampled from this library approached the total number
of unique sequences within the library. In addition, the
rarefaction curve also tended to plateau, indicating
that this library was large enough to reflect the endo-
phytic bacterial diversity of DHG roots.

The most dominant group in our clone library was
related to Proteobacteria, which was consistent with
other studies [14]. A total of eight genera of Bacillus,
Pseudomonas, Actinomyces, Corynebacterium, Acineto-
bacter, Sphingomonas, Paenibacillus, Phyllobacterium
were isolated from roots, stems, leaves and seeds of
health A. inebrians by grinding separation method,
and the frequency of Bacillus species was highest in

MICROBIOLOGY Vol. 83

No. 6 2014



ANALYSIS OF ENDOPHYTIC BACTERIAL COMMUNITY COMPOSITION

Distribution of 16S rRNA detected from endophytes in Achnatherum inebrians

891

Group ofl(\I)%Us of Sgﬁes 721;1"3221 Closest NCBI match % lIdentity
Alphaproteobacteria 5 40 0.16
Cl1 19 0.08 | Ochrobactrum anthropi (AY917134) 90
C5 2 0.01 Phenylobacterium lituiforme (NR029117) 96
C19 5 0.02 | Brevundimonas sp. ( FJ197848) 99
C122 12 0.05 | Devosia insulae (EF012357) 97
Cl152 2 0.01 Rhizobium galegae (2.79620) 100
Betaproteobacteria 18 70 0.29
C12 11 0.04 | Janthinobacterium agaricidamnosum (AY167838) 99
Cl13 9 0.04 | Acidovorax delafieldii (AB269774) 100
Cs8 2 0.01 | Massilia sp. (FM955855) 99
C59 3 0.01 Massilia brevitalea (EF546777) 93
C61 3 0.01 Massilia aurea (AM231588) 99
C62 1 0.01 | Oxalicibacterium faecigallinarum (AB469788) 90
C123 1 0.01 Beta proteobacterium (GU213399) 97
C139 2 0.01 Pelomonas saccharophila (AM501432) 98
C149 3 0.01 Polaromonas rhizosphaerae (EF127651) 99
Cl156 3 0.01 | Massilia niabensis (EU808006) 99
C157 1 0.01 Janthinobacterium sp. (D84590.2) 98
Cl166 4 0.02 | Oxalobacteraceae bacterium (DQ337591) 90
C170 1 0.01 Herbaspirillum rubrisubalbicans (FJ605419) 94
Cl174 12 0.05 | Methylophilus freyburgensis (AJ517772) 99
C191 1 0.01 | Janthinobacterium lividum (EU275366) 90
C207 2 0.01 Variovorax paradoxus (GQ920616) 100
C254 1 0.01 | Methylibium fulvum (AB245357) 98
C309 10 0.04 | Massilia timonae (AJ871463.1) 98
Gammaproteobacteria | 5 20 0.08
C6 8 0.03 | Acinetobacter johnsonii (GQ169068) 100
C25 4 0.02 | Lysobacter brunescens (GQ859167) 97
C57 2 0.01 | Xanthomonas albilineans (FP565176) 97
C77 4 0.02 | Perlucidibaca piscinae (DQ664237) 98
C226 2 0.01 Pseudomonas thivervalensis (EU721607) 100
Deltaproteobacteria 4 5 0.02
C7 1 0.01 | Geobacter bremensis (NR_026076.1) 97
Cl146 2 0.01 Sorangium cellulosum (GU299045.1) 95
C160 1 0.01 | Myxobacterium (AB246770) 95
C271 1 0.01 Geobacter bemidjiensis (CP001124) 98
Epsilonproteobacteria |2 8 0.03
Cl6 5 0.02 | Epsilonproteobacterium (GQ354902) 94
C17 3 0.01 | Epsilonproteobacterium (AB174846) 100
Flavobacteria 5 17 0.12
C3 8 0.09 | Algoriphagus (AB197852) 93
C108 1 0.03 | Phycicoccus jejuensis (DQ345443) 93
Cl138 1 0.01 | Flavobacterium segetis (AY581115) 99
CI155 5 0.02 | Flavisolibacter ginsengiterrae (AB267476) 93
C159 2 0.01 | Algoriphagus locisalis (AY835923) 93
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Group ofl(\)]"(l)"Us ofclz\llooﬁes %l;l"gg;l Closest NCBI match % Identity
Sphingobacteria 5 12 0.05
C34 6 0.02 Cyclobacteriaceae bacterium (FJ798610) 92
C55 2 0.01 Niastella koreensis (DQ244077) 97
C69 1 0.01 Terrimonas ferrugineum (AM230484) 97
C132 2 0.01 Algoriphagus hitonicola (EF488486) 99
C133 1 0.01 Sphingobacteriales bacterium (AB540003) 97
Bacilli 3 31 0.12
Cl1 29 0.11 Bacillus subtilis (GQ980239) 98
C204 1 0.01 Bacillus niacini (EU221338) 99
C315 1 0.01 Bacillus licheniformis (GU323372) 99
Actinobacteridae 4 17 0.07
Cl44 1 0.01 Actinoplanes nipponensis (AB047498) 94
Clel 4 0.02 Arthrobacter sulfonivorans (FM955888) 100
C268 5 0.02 Rhodococcus sp. (DQ337546) 99
C286 5 0.02 | Actinobacterium (GU167988) 99
Uncultured bacteria| 5 19 0.08
C30 3 0.01 Uncultured marine bacterium clone (FJ826007) 99
C88 2 0.01 Uncultured actinobacterium clone (EF220368) 99
C182 7 0.03 Uncultured prokaryote clone (GU208351) 97
C224 1 0.01 Uncultured bacterium clone (AF422685) 93
C225 6 0.02 Uncultured Haliangiaceae bacterium clone 96
(EU665118)

eight genera, accounting for 58.4% of the total number
of endophytic bacteria [19], which was inconsistent
with our studies using the 16S rDNA library tech-
nique. However, the proportion of subgroups of Pro-
teobacteria was different in endophyte clone libraries
of various plants. In some studies on the endophytes by
culture-independent approaches, Deltaproteobacteria
were rarely reported. It is indicated that the diversity of
endophytic bacteria was abundant in DHG roots, and
there might be some extent of specificity between the
endophytes and their host plants.

The most dominant group in our clone library was
related to Bacillus subtilis including 29 clones, which
was consistent with our previous study [19]. By the cul-
ture-dependent method, B. subtilis was isolated as
endophytes from cotton roots and stems [20]. B. subfilis
plays important roles in agricultural production as a
plant growth-promoting bacterium, which could sup-
press disease development by secretion of antibiotics,

production of extracellular enzymes such as protease
and chitinase [21], and potential root colonization [22].

In this clone library, some sequences had high
identity with Rhizobium galegae, Acidovorax delafiel-
dii, Variovorax paradoxus, Acinetobacter johnsonii,
Pseudomonas thivervalensis, and Arthrobacter sul-
Jfonivorans. To our knowledge, these strains have not
been observed previously as an endophytic bacterium.
In addition, sequences of some clones showed low
identity with the cultured bacterial genera but high
identity with the uncultured bacteria, revealing the
presence of some uncultured bacteria in the DHG
endophytic bacterial community. The OTUC122 was
related to Devosia insulae with 97% identity of
16S rDNA partial sequence. The result indicates that
this bacterium is likely to be a potential novel species.

Nevertheless, studies on endophytic bacterial
diversity by 16S rDNA cloning and sequencing have
some limitations. The biases in genomic DNA extrac-
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Fig. 2. 16S rRNA based dendrogram showing the phylogenetic relationship of clones from Achnatherum inebrians. Phylogenies
were inferred using neighbor-joining analysis and trees were generated using MEGA 5 software. Numbers in parentheses repre-
sent the sequence accession numbers in GenBank. Numbers in square brackets indicate the clone number out of the total clones.
Numbers at branch points indicate bootstrap values. The scale bar represents a 1 and 2% estimated difference in nucleotide
sequence. (a) o.-Proteobacteria, 3-proteobacteria, y-proteobacteria, 3-proteobacteria bacteria; (b) High G+C Gram positive

bacteria, Bacteroidetes and Low G+C Gram positive bacteria.
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tion, PCR amplification, and cellular rDNA copy
number were well known limitations for all molecular
approaches relying on PCR amplification of
rRNA genes from genomic DNA [23—25]. In addi-
tion, the cloning sequences usually could not provide
any information on the function of the individual
community members. Therefore, combining the
above approach with quantitative techniques, such as
FISH or RT-PCR of functional genes, may explore
the dominant populations more effectively. Although
the approach of library construction may distort the
structure of a bacterial community to some extent, it is
a practicable method to provide better knowledge
about the endophytic bacterial diversity and a preview
for obtaining the endophytic cultures. It was also
found that the DHG endophytic community was very

complex and a lot of uncultured DHG endophytes
could be interesting subjects for further exploration.
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