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a b s t r a c t

Bacterial endophytes do have several potential applications in pharmacy, medicine and agricultural
biotech industry. The main objective of this study was to understand types of bacterial endophytes
associated with dicotyledonous (dicot) and monocotyledonous (monocot) plant species. Isolation of the
endophytic bacteria was performed using surface-sterilized various tissue samples, and identification of
the endophytic bacterial isolates (EBIs) was completed using 16S rRNA encoding gene sequence simi-
larity based method. In total, 996 EBIs were isolated and identified from 1055 samples of 31 monocot and
65 dicot plant species from Peninsular Malaysia. The 996 EBIs represented 71 different types of bacterial
species. Twelve (12) out of 71 species are reported as endophytes for the first time. We conclude that
diverse types of bacterial endophytes are associated with dicot and monocot plants, and could be useful
in pharmacy, medicine and agricultural biotechnology for various potential applications.
Copyright � 2013, InPharm Association, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

Symbiotic association with microbes allows plants (including
medicinal plants) to survive in adverse living conditions. The suc-
cess of plant-microbe interactions at the molecular level1 de-
termines the ability of soil bacteria to reside inside plants as benign
endophytes.2 Bacterial endophytes have several potential applica-
tions in pharmacy, drug discovery3,4 as well as in agriculture that
include alteration of plant growth and development,5 increasing
shelf-life of agricultural commodities,6,7 enhancing productivity of
crop plants8 and phytoremediation.9,10

This study was conducted to have a collection of bacterial en-
dophytes from tropical plant species. The long-term aim of this
study is to explore endophytic bacteria for various economically
important bioactive compounds such as novel antibiotics,
molluscicidal agents, and plant growth regulators. The main
objective of this first phase of the study was to understand types
of endophytic bacteria associated with dicot and monocot plant
species. The diversity of the bacterial endophytes in monocot and

dicot plants species from Peninsular Malaysia is reported in this
paper.

2. Materials and methods

Healthy tissue samples (such as leaves, stems, petioles, fruits
etc.) from 1055 plants belonging to 31 monocot and 65 dicot plant
species were collected from road sides, gardens and plantations
from all over Peninsular Malaysia. The culturable endophytic bac-
terial strains were isolated from the surface-sterilized tissues as
discussed somewhere else.6,11 In brief, the collected leaves, stems,
petioles, fruits etc. samples were washed under plenty of running
tap water, and surface-sterilization of tissue samples was carried
out carefully to avoid the contamination.6

To isolate endophytic bacteria, plant tissue samples were inoc-
ulated aseptically in the Petri plates containing LuriaeBertani (LB)
agar medium. Petri plates were incubated (in the dark) up to 18e
20 h at 37 �C (�3 �C) in an incubator.

The cultivation of isolated EBIs, amplification of their 16S rRNA
encoding gene fragments, 16S rRNA gene fragments sequencing
and identification of isolates were carried out using routinely used
techniques with minor modifications.6
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3. Results and discussion

As a part of a broad study to explore potential applications of
bacterial endophytes, 996 culturable endophytic strains were iso-
lated from the surface-sterilized tissues of 1055 plant samples. Out
of the 996 strains, 977 were identified to species level where their
16S rRNA encoding gene sequences showed at least 96% similarity
with closest hits from the GenBank/DDBJ/EMBL database. Anno-
tated, 16S rRNA encoding gene fragment’s nucleotide sequences of
all 996 EBIs have been deposited in the GenBank/DDBJ/EMBL DNA
database under accession numbers: HQ844622�HQ844643,
HQ694233�HQ694466, HQ694155�HQ694231, HQ693995�HQ69
4150, HQ683764�HQ684020, HQ670424�HQ670630, HQ6507
71�HQ650786, HQ638090�HQ638091, HQ638086�HQ638088,
HQ637458, HQ634273�HQ634288, and HQ418463�HQ418467.

The isolates represented 71 bacterial species (Table 1), corre-
sponding to 27 genera belonging to 6 classes, namely Actino-
bacteria, Bacilli, Betaproteobacteria, Cocci, Flavobacteria and
Gammaproteobacteria (see Supplementary data). The host plants of
EBIs, host plant’s location on Peninsular Malaysia, identity of the
isolates, and all other details are depicted in the Supplementary
data.

By far, the most abundant isolates belong to the Bacillus genus,
with 24 species and 824 isolates (83% of all isolates). Five (5) Ba-
cillus species account for 82% of all isolates of this genus or 68% of
all isolates: Bacillus cereus, Bacillus megaterium, Bacillus subtilis,
Bacillus pumilus, and Bacillus anthracis. On the other hand, 11
genera are represented by single isolates. As far as geographic
distribution is concerned, it can be noted that the prevalence of
Bacillus isolates is lower in the southernmost state, Johor, (48%)
than in the other states (75e99%). No clear pattern was observed
for the botanical distribution of these isolates. Yet, a few plant
species yielded Bacillus isolates only; these include notably Ananas
comosus L. (pineapple), Artocarpus heterophyllus Lam. (jackfruit),
Calamus rotang L. (rotan), Nelumbo nucifera Gaertn. (lotus),
Nephelium lappaceum L. (rambutan) and Tamarindus indica L.
(tamarind).

Out of the 71 identified species, twelve (12) are reported as
endophytes for the first time. These species include Acinetobacter
soli, Aeromonas jandaei, Bacillus cecembensis, Bacillus koreensis,
Bacillus marisflavi, Brevibacterium linens, Cloacibacterium norma-
nense, Enterobacter pulveris, Erwinia soli, Jeotgalicoccus psychrophi-
lus, Pantoea eucrina, and Vibrio parahaemolyticus. To explore
potential applications of these bacterial endophytes, we intend to
make all these isolates available to the interested scientists for the
further research.

4. Conclusion

In a nutshell, 996 strains of bacterial endophytes were isolated,
which depicts their wide range of diversity in monocot and dicot
plant species. We are aware that the diversity of endophytic bac-
teria reported here is somewhat restricted to the limited areas in
which collections were done, and even greater microbial diversity
is expected from plants in undisturbed areas (primary forests).
However limited, we also strongly believe in the uniqueness of this
collection of EBIs and its usefulness in pharmacy, medicine and
agricultural biotechnology. Further research is required to explore
the potential applications of these isolates.
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Table 1
Types (varieties) of endophytic bacteria associated with monocot and dicot plant
species in Peninsular Malaysia.

No. Bacterial endophyte Ma Da

1 Acinetobacter baumannii 0 þ
2 Acinetobacter baylyi þ þ
3 Acinetobacter calcoaceticus 0 þ
4 Acinetobacter radioresistens þ 0
5 Acinetobacter soli 0 þ
6 Acinetobacter sp. 0 þ
7 Aeromonas jandaei 0 þ
8 Bacillus acidiceler 0 þ
9 Bacillus altitudinis þ þ
10 Bacillus amyloliquefaciens þ þ
11 Bacillus anthracis þ þ
12 Bacillus aquimaris þ 0
13 Bacillus badius 0 þ
14 Bacillus cecembensis þ 0
15 Bacillus cereus þ þ
16 Bacillus drentensis þ 0
17 Bacillus endophyticus 0 þ
18 Bacillus flexus þ þ
19 Bacillus fusiformis þ 0
20 Bacillus koreensis þ þ
21 Bacillus licheniformis þ þ
22 Bacillus marisflavi þ þ
23 Bacillus megaterium þ þ
24 Bacillus mycoides þ þ
25 Bacillus pumilus þ þ
26 Bacillus sp. þ 0
27 Bacillus subtilis þ þ
28 Bacillus tequilensis þ 0
29 Bacillus thuringiensis þ þ
30 Bacillus vallismortis þ 0
31 Bacillus vireti 0 þ
32 Brevibacterium linens þ 0
33 Burkholderia cepacia þ 0
34 Cloacibacterium normanense 0 þ
35 Cronobacter sakazakii þ þ
36 Enterobacter cancerogenus 0 þ
37 Enterobacter cloacae þ þ
38 Enterobacter cowanii þ þ
39 Enterobacter hormaechei þ þ
40 Enterobacter ludwigii þ þ
41 Enterobacter oryzae þ 0
42 Enterobacter pulveris þ 0
43 Enterobacter sp. þ 0
44 Enterococcus casseliflavus 0 þ
45 Erwinia soli þ 0
46 Erwinia sp. þ 0
47 Escherichia coli þ þ
48 Escherichia hermannii 0 þ
49 Exiguobacterium acetylicum 0 þ
50 Jeotgalicoccus psychrophilus þ 0
51 Klebsiella oxytoca þ þ
52 Klebsiella pneumoniae þ 0
53 Lysinibacillus fusiformis þ 0
54 Lysinibacillus sphaericus þ þ
55 Micrococcus yunnanensis þ 0
56 Paenibacillus illinoisensis þ þ
57 Paenibacillus xylanilyticus þ 0
58 Pantoea agglomerans þ þ
59 Pantoea ananatis þ þ
60 Pantoea dispersa þ þ
61 Pantoea eucrina þ 0
62 Pantoea stewartii þ þ
63 Pasteurella pneumotropica þ 0
64 Pectobacterium cypripedii þ 0
65 Pseudomonas oleovorans 0 þ
66 Pseudomonas putida þ 0
67 Sporosarcina aquimarina 0 þ
68 Staphylococcus pasteuri þ 0
69 Stenotrophomonas maltophilia 0 þ
70 Terribacillus saccharophilus 0 þ
71 Vibrio parahaemolyticus þ 0

a Note:M, monocotyledonous plants; D, dicotyledonous plants; þ, present; 0, not
found among isolates.
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