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ABSTRACT

Kodagu is a tiny piece of land located in the heart of Western ghats. Epiphitic orchid,
Cleisostoma tenuifolium from this were used for our study. Similar to all orchids, this is also a
flowering plant with yellow charming flowers. We have identified five endophytic bacterial
strains from the leaves of this plant by molecular identification namely Bacillus subtilis,
Psychrobacillus psychrodurans, Bacillus cereus, Bacillus safensis, Bacillus pumilus. The study
revealed that all of them are bacillus but, are different from each other. Common protocols were
used for isolation and 16S rDNA sequencing following PCR were used for genotypic
characterization of bacteria. Obtained sequences were compared for with known bacterial culture
from NCBI database and submitted to GenBank. Homology of the bacteria were studied using
Phylogenetic tree analysis. Future studies were needed to identify more endophytes from
different parts of this vulnerable plant and thereby a small effort for conservation of biodiversity.
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INTRODUCTION

Western Ghats, is a mountain range site, it is one of the eight “Hottest hot-spots”
(N 8°20'-20°40' and E 73°-77°) that runs of biological diversity in the world. The
parallel to the western coast of the Indian mountain range is also known as “Sahyadri”

peninsula. As per UNESCO World heritage begins from the Songadh town of Gujarat,
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south of Tapti river and covers
approximately 1,600km through the states of
Mabharashtra, Goa, Karnataka, Kerala and
Tamilnadu, ending at Marunthuvazhmalai at
Swamithope, near Kanyakumari, the
southern tip of India. The hottest biodiversity
hotspot has over 7402 species of flowering
plants, 1814 species of non-flowering plants
and other flora and fauna [29].

The family Orchidaceae is a highly
evolved and widely distributed family in
monocotyledons of angiosperm. Orchids
have diverse habits with variously modified
floral parts. The orchids are represented by a
large number of terrestrial, saprophytic and
epiphytic species. They are distributed
worldwide and exhibit incredible diversity in
shape, size and color of the flowers. Orchids
are important aesthetically, medicinally and
are regarded as ecological indicators. They
found economic uses especially in
floriculture and hence many species of
orchids are cultivated for ornamental
purposes. Orchids have been used as food
and in traditional medicine for treating
several ailments by different cultures and
tribes all over the world. Orchids are very
sensitive to habitat degradation. Although
large population of orchids is confined to
their natural habitats, their number is

decreasing because of high demand, habitat

destruction and indiscriminate collection [1,
15, 16, 20, 24, 28].
Endophytes are  microorganisms
inhabiting plant organs that at the same time
in their life, can colonize apparent harm to
the host” [2].

endophytic

In most plant species,
bacteria  are  ubiquitous,
colonizinglocally as well as systemically, and
influencing plant health by suppression of
disease, degradation of contaminants, and
promotion ofplant growth [30]. Endophytic
bacteria provide useful and rich models to
study the genetic expression of bacteria in
their natural niches or habitats (inside plants),
which are more structured and variable
thanculture =~ media  under  controlled
laboratory conditions. Nevertheless, very
little work has been done on this. Genomic
projects are being performed on some
endophytic bacteria, such as Azoarcus
spp-13].

Rhizobium and other beneficial
microbialmicrobial  diversity of three

legumes plants that would help as
biofertilizers for the crop from Fabaceae
family [6]. The population density of
endophytes is highly variable, depending
mainly on the bacterial species and host
genotypes butalso in the host developmental
stage, inoculum density, and environmental

conditions [31]. Endophytic bacteria in a
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single plant host are not restricted to a single
species but comprise several genera and
species. No one knows if communities inside
plants interact, and it has been speculated
that beneficial effects are the combined effect
of their activities. Endophytes seem
promising to increase crop yields, remove
contaminants, inhibit pathogens, and produce
fixed nitrogen or novel substances. The
repertoire of their effects and functions in
plant has not been comprehensively defined
[23]. Cleisostoma tenuifolium is an epiphytic
plant that habitat on tree trunks in broad
leaved evergreen forests and semi-evergreen
forest. It is a flowering plant with yellow
flowers with linear pointed leaves that
belongs to the family Orchidaceae which will
grow upto 20-30 long [12].

The present investigation deals with
the genotypic identification of endophytic
bacterial isolates from a particular epiphytic
orchid plant Cleisostoma tenuifolium.
MATERIALS AND METHODS

All samples were collected in sterile
polythene bags and brought to the laboratory
and used for isolation within 24 h of
collection. To analyze the endophytic
microbiota, plant samples were washed
thoroughly with tap water followed by
steriledouble distilled water [11]. Each plant

sample was cut aseptically into 1 cm long

segments using a sterile blade underthe
laminar flow hood and allowed to dry. The
cut surfaces of plant segments were placed
on Petri plates containing Nutrient Agar
(NA) media (Himedia, India). Each plant
segment was inoculated in triplicate. Plates
were then incubated at 32°C for 48 h.
Colonies with different morphology and
pigmentation were randomly selected from
each plate and streaked on fresh NA plates as
described above. Simultaneously, the pure
isolates were preserved for further studies.
Total genomic DNA was extracted
from all fungal morphotypes using the
phenol-chloroform method. The scrapped
mycelia were transferred to a sterile
microcentrifuge tube containing S00uL DNA
buffer (0.1 MNaCl, 50 mMTris, 10
mMNa2EDTA, 2% SDS, pH 8.0) and were
mixed with a sterile toothpick. The mixture
was again ground by adding 500uLof chilled
phenol. This step was followed by 15
minutes centrifugation at12000rpm at 4°C;
200-300uL of the upper aqueous phase and
equal volume of chloroform: isoamylalcohol
(24:1) were stirred for obtaining a white
suspension in a sterile tube and were again
centrifuged at the same conditions
(12000rpm at4°C for 15 minutes). Then, to
0.6 volume of chilled isopropanol and 1/ 10"

volume of 3M sodium acetate, this aqueous
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phase was transferred and mixed gently. The
microfuge containing mixture were kept at -
80°C for 2hours and were centrifuged at
12000rpm at 4°C for 15minutes.The pellet
obtained after discarding supernatant were
washed with 200 pL of 70% ethanol and
centrifuged at 12,000rpm for 10minutes at
4°C. The supernatant was discarded and the
pellet obtained were air dried and suspended
in 50 pL of sterile distilled water and stored
at 20°C.

The PCR programme employed was
as follows: primary denaturation for 35
minutes at 94°C; 35 cycles of denaturation at
94°C for 30s; annealing 54°C for 30 s, and
extension at 72°C for 1 min; and a final
extension for 10 minutes at 72°C [27]. After

amplification = obtained genome  were
sequenced, the similarity of the sequence was
compared with known culture from NCBI
data base and

accordingly sequence

similarity matrix was generated.
Phylogenetic tree of each culture was also
prepared by using MEGA4 programe.
Phylogenetic tree constructed by comparing
with strains from GenBank with highest
similarities.
RESULTS

Healthy leaves of the epiphytic orchid
were collected from the Somwarpet region of

Kodagu district, Karnataka, India. The plant

was found on the tree trunk (Figure 1)
collected was shown in the Figure 2 and the
leaf parts were shown in the Figure 3.

By using the leaf sample bacterial
pure cultures were isolated. A number of
isolates were obtained but a few were
selected for molecular characterization. For
the temporary convenience, those were
named as BL1, BL2, BL3, BL4 and BLS5.
Genomic DNA of all the bacteria were
isolated by phenol-chloroform method.
Quantified DNA of five bacteria were
amplified using PCR. 16S rDNA were
sequenced and the sequences were compared
with the known bacterial sequences from
NCBI database. The sequences obtained
were submitted to Genbank for Accession
numbers; submission code and the accession
number of each bacteria were given in the
Table 1.

Based on the percentage of similarity
with the closely related bacteria similarity
matrix for each bacteria were prepared. All
the matrices were given one after the other in
the tables; Table 2, Table 3, Table 4, Table
5, and Table 6 for the sequenced cultures
BL1,BL2,BL3, BL4 and BLS5 respectively.
BL1: The culture 16S rDNA sequence has
99.83% similarity with Bacillus sp. with
maximum homology with Bacillus subtilis.

BL2: The culture 16S rDNA sequence has
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98.46% similarity with Psychrobacillus sp.
with maximum homology with
Psychrobacillus psychrodurans. BL3: The
culture 16S rDNA sequence has 98.7%
similarity with Bacillus sp. with maximum
homology with Bacillus cereus. BL4: The
culture 16S rDNA sequence has 99.87%
similarity with Bacillus zhangzhouensis and
99.74% similarity with Bacillus pumilus.
BL5: The culture 16S rDNA sequence has
100% similarity with Bacillus sp. with
maximum homology with Bacillus pumilus.
Construction of Phylogenetic tree is
done by comparing with strains from
GenBank with highest similarities. Tree is
constructed using kimura 2 model with
bootstrap method. The neighbor-joining tree
and subtree were generated using MEGAS.2

software. Numbers show the level of
bootstrap support from 1,000 repetitions. The
tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary
distances used to infer the phylogenetic tree.
All positions containing alignment gaps and
missing data were eliminated only in
pairwise sequence comparisons. Figures
from 4 to 8 represents the trees of each
bacterial cultures.

From the experiments, endophytic
bacterial strains from epiphytic orchid, C
tenuifolium were identified as Bacillus
subtilis MT463729, Psychrobacillus
psychrodurans MT540515, Bacillus cereus
MT540508, Bacillus safensis MT540512,
Bacillus pumilus MT540513.

Fig 1: C tenuifolium on the Fig 2: plant during
tree trunk collection

Fig 3: leaf portion
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Table 1: showing submission code and accession number for corresponding sequences

Sl. No. Fungi Submission code Accession number
1. BL1 SUB7444699 MT463729
2. BL2 SUB7526079 MT540515
3. BL3 SUB7526079 MT540508
4. BL4 SUB526079 MT540512
5. BL5 SUB7526079 MT540513

Table 2: Sequence similarity matrix of BL1 16S rRNA partial sequence with the other closely related species

Sequence 1 2 3 4 5 6 7 8 9 10 11
BL1 -
Bacillus_sp_strain_ HA15-19 99.8
(MH769122.1) ’ ]
B_subtilis_strain_ FJAT-42395 998 | 996 _

(MG651108.1)

B_subtilis_strain_CSBR-EBACI4

(AB726089.1) 99.3 | 994 | 994 -

B_subtilis_strain_ LJFMLL6

(MK086953.1) 99.6 | 99.8 | 99.8 | 99.6 -

B_subtilis_strain_IICE-7

(MK367805.1) 99.6 | 99.8 | 99.8 | 99.6 100 -

B_subtilis_strain_IIIVE-4

(MK367788.1) 99.6 | 99.8 | 99.8 | 99.6 | 100 100 -

B_thuringiensis_strain_ CBS-1P

(MH251257.1) 92.9 93 93 929 | 932 | 932 | 932 -

B_megaterium_strain_PgBE7

(MH144230.1) 91.2 | 914 | 914 | 91.2 | 915 | 915 | 915 | 924 -

B_subtilis_strain_SE3-8

(MIG890420.1) 99.3 | 994 | 994 | 993 | 99.6 | 99.6 | 99.6 93 914 -

B_licheniformis_strain_ ATCC14580

“(NR 074923.1) 978 | 979 | 979 | 97.8 | 98.1 | 98.1 | 981 | 92.6 | 91.1 | 98.1 -

B_amyloliquefaciens_strain NBRC15535

(NR_041455.1) 98.6 | 988 | 98.8 | 98.6 | 989 | 989 | 98.9 93 90.7 | 989 | 97.8

Table 3: Sequence similarity matrix of BL2 16S rRNA partial sequence with the other closely related species

Sequence 1 2 3 4 5 6 7 8 9 10 | 11
P_psychrodurans_strain_AW23_(J -
X281784.1)
Bacillus sp L35 (KT965156.1) 99.00 -
P_psychrodurans_strain_ IHBB 7121 99.20‘ 98.80] -
(KJ767324.1)

P _psychrodurans_strain_ES1 (KP334978.1) 98.60| 99.00| 98.80 -
P_psychrodurans_strain_APBSDSB158 93.80‘ 93.40‘ 93.80| 92.80| -

(MG705704.1)
P_psychrodurans_strain_Uz1007_ 97.80‘ 97.60| 97.60 97.10| 94.60] -
(KC618486.1)
Psychrobacillus_sp_strain_KF-1 (G266333.1)| 95.00] 95.70] 94.80| 95.90| 91.70| 95.90] -
Psychrobacillus_sp_strain_FA2- 37 90.20‘ 90.50| 90.50 91.30| 88.20 90.50| 93.60] -
(KY476186.1)
Chryseomicrobium_sp_strain_KST 180 78.90‘ 79.10| 79.30 79.30| 81.20 79.50| 80.40) 79.70] -
(KX989446.1)
Psychrobacillus_sp_strain_ CMF- 2 74.40| 74.20| 75.00 75.00‘ 77.40 75.30‘ 76.00 76.00‘ 81.50] -
(MG266379.1)
BL2 97.60| 97.30] 98.40| 97.30] 93.40| 96.10] 94.00| 90.20] 79.60| 75.70] -

906
IIBPAS, March, 2021, 10(3)




Darsha S” and Jayashankar M

Research Article

Table 4: Sequence similarity matrix of BL3 16S rRNA partial sequence with the other closely related species

Sequence 1 2 3 4 5 6 7 8 9 10 11
B_licheniformis_strain_ ATCC14580 -
(NR074923.1)
B_subtilis_strain_SE3-8(MG890420.1)  198.00 -
B_amyloliquefaciens_strain_ NBRC15535 (97.70 (99.00 -
(NR041455.1)
B_megaterium_strain_PgBE7(MH144230.1)91.10 [91.60 [90.90 -
B_thuringiensis_strain_ MFB_94f 92.70 [93.30 (93.30 (92.70 -
(MK583935.1)
B_cereus_strain_ LJOSL(MH793360.1) 192.70 [93.30 [93.30 [92.50 |99.80 -
B cereus strain_ck-01(MK592620.1)  192.90 [93.50 193.50 [92.70 |99.80 [99.60 -
B_mycoides_strain_N407(MK629809.1) [92.70 [93.30 [93.30 [92.70 [100.00 [99.80 |99.80 -
B_thuringiensis_strain_CBS-1P_ 92.90 (93.50 [93.50 (92.70 [99.80 (99.60 ({100.00 [99.80 -
(MH251257.1)
BL3 91.60 [92.20 [92.20 [91.10 |98.20 [98.00 |98.30 [98.20 |98.30 -
B_cereus(4Y986507.1) 47.00 [46.60 [46.70 |45.70 |47.00 46.90 |47.20 |47.00 [47.20 46.60
Table 5: Sequence similarity matrix of BL4 16S rRNA partial sequence with the other closely related species
Sequence 1 2 3 4 5 6 7 8 9 10 11 | 12
B zhangzhouensis strain K16 (MK696265.1) -
B_zhangzhouensis_strain_ UQCHO011 100.00 -
(MK214760.1)
B_australimaris_strain_T7F4 9 (MH011957.1)] 95.90| 95.90 -
B _pumilus_srain_CIFTMFB20 _(MK6 16340.1)] 99.70| 99.70| 9590, -
B australimaris strain H2 (MK256796.1) 100.00[ 100.00[ 95.90, 99.70 -
B _zhangzhouensis_strain_APBSDSB26 100.00| 100.00 95.90, 99.70| 100.00 -
(MG705572.1)
B_pumilus_strain_K10 (MK696261.1) 100.00| 100.00| 95.90| 99.70| 100.00| 100.00 -
B_pumilus_strain_w7 (MK696242.1) 100.00] 100.00| 95.90[ 99.70] 100.00] 100.00{ 100.00 -
B pumilus_strain_Jilu_LG135 (KX904728.1) | 99.80] 99.80] 95.80] 99.80] 99.80| 99.80| 99.80| 99.80 -
B _zhangzhouensis_strain_D61 (MK712418.1) | 100.00, 100.00] 95.90| 99.70/ 100.00] 100.00| 100.00[ 100.00, 99.80 -
B_zhangzhouensis_strain_LA379 (KY622449.1) 99.80] 99.80] 95.80| 99.60[ 99.80| 99.80] 99.80] 99.80[ 99.70| 99.80] -
BL4 99.70] 99.70| 95.70] 99.40 99.70| 99.70] 99.70| 99.70| 99.60| 99.70| 99.80 -
Table 6: Sequence similarity matrix of BLS5 16S rRNA partial sequence with the other closely related species
Sequence 1 2 3 4 5 6 7 8 9
B _zhangzhouensis strain_D61 (MK712418.1) -
B _pumilus_strain_ FGMZN _9TR (MK640705.1)] 100.00, -
B _pumilus_strain_K10 (MK696261.1) 100.00] 100.00 -
B _pumilus_strain_TR3.1_ (MK239935.1) 100.00{ 100.00] 100.00 -
B_zhangzhouensis_strain_ APBSIITMB23 100.00‘ 100.00‘ 100.00{ 100.00 -
(MG595384.1)
B_pumilus_strain_wl9 (MK696249.1) 100.00{ 100.00[ 100.00/ 100.00] 100.00 -
Bacillus sp M-237-10 (KF746904.1) 99.80| 99.80| 99.80| 99.80| 99.80| 99.80 -
B _pumilus_strain_ FGMZN _90P_(MK640703.1)] 99.40| 99.40| 99.40| 99.40| 99.40| 99.40| 99.30 -
BL5 100.00] 100.00] 100.00] 100.00] 100.00[ 100.00{ 99.80| 99.40
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DISCUSSION
Pseudomonadaceae,  Enterobacteri-
aceae, Flavobacteriaceae, Burkholderiaceae,
Xanthomonadaceae, and Bacillaceae families
are well known plant-associated bacteria [9,
13, 21, 26, 32, 34]. Endophytic bacteria are
found in roots, stems, leaves, seeds, fruits,
tubers, ovules, and also inside legume
nodules [6, 10]. The study of endophytic
bacteria is important, not only for
understanding their ecological role in their
interaction with plants but also for their
possible biotechnological applications, such

as bioremediation. From this point of view,

an interesting interaction between the

endophytic  bacterial community and
glyphosate herbicidewas observed during
enrichment isolation. Only two bacterial
species were recovered from the culture
medium  supplemented by glyphosate,
Pseudomonas oryzihabitans and Burkho-
lderia  gladioli. The  bacterium  P.
oryzihabitans was also recovered from total
isolation and presented sensibility to
glyphosate. This species has been isolated
from different samples, such as soil, water,
zones of rice cultivation [8], and moreover,

soybean seeds [4, 25]. Suggested that these
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bacterial effects could be potentially useful to
promote plant growth during seedling
acclimatization in orchid species other than
the species of origin [7].

Joshi and Fenella [17] revealed a
definite pattern in the diversity of culturable

bacteria, host-dependent

epiphytic
colonization, microhabitat localization and
biofilm formation which play a significant
role in plant-microbe interaction. A novel
endophytic filamentous bacterium strain was
isolated from wild orchid Grosourdya
appendiculata of Thailand [33]. Recently,
host specificity has begun to be recognized,
using Molecular Plant-Microbe Interactions
molecular analysis based on the sequence of
ribosomal genes [14, 18, 23] extensive
information on the molecular mechanisms of
other bacteria-plant interactions [S, 10], there
is only limited data on the endophyte-host
molecular interactions. It would also be
interesting to address whether some of the
well-studied molecular mechanisms used by
phytopathogenic bacteria [19] are to some
extent shared with endophytes. Endophytic
bacteria provide useful and rich models to
study the genetic expression of bacteria in
their natural niches or habitats (inside plants),
which are more structured and variable than
culture media under controlled laboratory

conditions. Nevertheless, very little work has

been done on this. Genomic projects are
being performed on some endophytic
bacteria, such as Azoarcus spp. [3].

Here, in this study, we isolated and
identified five different endophytic bacteria
from the leaves of epiphytic orchid, C.
tenufolium. Since all the bacteria belongs to
bacillus variety, its identification becomes
difficult by using microscopy and
biochemical methods. In this situation,
genotypic methods will play major role in
identifying bacteria. The particular orchid
variety shows that it is providing favourable
habitat for the bacteria to be alive. Future
studies need to prove the presence and
accurate identification of microbes from
other parts of plants such as root,
inflorescence, etc and also how it’s beneficial
to the plant. Because of human activities,
forests and its products are decreasing,
especially trees; now, epiphytic orchids are
facing the problem of endanger. So, there is

an urgent need of action to conserve the

orchid and other vulnerable plants and its

endophytic ~ diversity = for  upcoming
generation.
CONCLUSION

Endophytic bacteria isolated from C
tenuifolium were diverse but unique in shape
bacilli). genotypic

(all are However,

characterization provides better knowledge
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on species level identification. Epiphytic
orchids mostly found on the trees of forest. In
this study, special interest were shown to
identify, document and conserve diversified
endophytes from vulnerable epiphytic plants
for future generation. Along  with
conservation, the uses of these organisms
were also need to be studied urgently.
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