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Abstract

Endomicrobiome is the diverse and dynamic microbial flora that resides in plant tissues, without harming and developing detri-
mental effects. Syzygium cumini, the black plum or jamun plant, is used as traditional medicine. This is a medicinal plant used
against metabolic disorders like diabetes, hypertension, and obesity, etc. The present study aimed at isolating bacterial endomi-
crobiome from leaf and stem parts of S. cumini locally grown garden situated at 28°20'32"N 77°19'32"E, Faridabad, India. Bac-
terial endomicrobiome were isolated using nutrient agar plates and identified. The sterilized root and leaf explants were inoculat-
ed on the nutrient agar plate and incubated for 24 hours. Morphological, cultural, and staining features were noted for initial identi-
fication, and 16S rRNA sequencing to verify the strain. A total of 14 bacterial endomicrobiome isolates were recovered from sem
and leaf samples of S. cumini. The leaf sample demonstrated a higher number of bacterial endomicrobiome isolates than the stem
of S. cumini. All the obtained isolates were gram-positive, mostly endospore-forming. Morphologically, small rods, creamish, off-
white, smooth with irregular margins in appearance while NS5 Bacillus sp. developed slow growing, with brownish colonies on
agar medium. Bacillus genera were found as the dominating endomicrobiome of S. cumini. Molecular characterization confirmed
that the endomicrobiome of S. cumini was dominated by the genus Bacillus, and Bacillus subtilis was found to be the dominant
bacterial species in leaf samples. In contrast, Bacillus safensis was identified as the major bacterial endomicrobiome of S. cumini
stems. The obtained sequences were deposited to NCBI under the accession no. Bacillus sp. JL2 PQ475951 and Bacillus sp.
NS5 PQ495957. It is concluded that the bacterial endomicrobiome is attributed to the medicinal properties of S. cumini.

Keywords: Endomicrobiome, Syzygium cumini, 16S rRNA, Bacillus sp. JL2, Bacillus sp. NS5.

INTRODUCTION ing a path to applications in agriculture, pharmaceuti-
cals, and healthcare applications. They are used as
biocontrol agents, biofertilizers, and in mitigation
of toxic effluents from soil and water, thus playing an
important role in environmental management (Singh et
al., 2022; Rizvi et al., 2022; Santoyo et al., 2016).

Syzygium cumini, the black plum or jamun plant, be-
longs to the family Myrtaceae, used as a traditional

medicine for ages. The seeds known as “Maghz-e-

Endomicrobiome is the diverse and dynamic microbial
flora that resides in plant tissues, without harming
and developing detrimental effects. Ideally, nonpatho-
genic to the host plant (Kandel et al.,, 2017; Compant
et al., 2010). Bacterial endomicrobiome harbors a cate-
gory of metabolite. Exploration and understanding
of endomicrobiome and their metabolites are unleash-
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Jamun or Tukhm-e-Jamun” have antihyperlipidemia
properties and are therefore used against hyperglyce-
mia (Rizvi et al., 2022). The medicinal properties of S.
cumini are reported against metabolic disorders like
Diabetes, hypertension, obesity, astringent, hemostatic
and urinary incontinence, ulcer prevention, allergy, etc.
The antidiabetic potentiality of S. cumini is reported in
both in vivo and in vitro models (Rather et al., 2019;
Qamar et al., 2022). Endomicrobiome may contribute to
the medicinal properties of S. cumini. Cultivation and
identification of bacterial endomicrobiome is crucial.
16S rRNA Gene sequencing is one of the most promis-
ing methods for identifying bacterial isolates. The meth-
od is ideally used for bacterial identification. The 16S
rRNA gene coding is a 1500 base pairs long conserved
nucleotide sequence which is present in bacterial spe-
cies and interspersed with variable regions. These vari-
able regions are specific to genera and species. The
sequence provides a platform for bacteria identification
(Dan et al., 2020). Till date cultivation and applications
to S. cumini bacterial endomicrobiome are limited;
therefore, the present study was designed to study the
bacterial endomicrobiome of S. cumini. The study
aimed at its isolation and identification through culture,
staining and 16S rRNA characterization.

MATERIALS AND METHODS

Sample collection

The healthy leaves and stem sample of S. cumini were
collected from a locally grown garden, Goverdhan Ko-
thi, near Government school and Canara Bank, situated
at 28°20'32"N 77°19'32"E, Faridabad, India. Sample
was taken carefully; tissue continuity was ensured and
transferred to the laboratory. Immediately after, bacteri-
al endomicrobiome isolation was conducted.

Surface sterilization

The collected plant samples were thoroughly washed
with running tap water to remove excess soil particles
and debris. The surfaces of these sample leaves were
then sterilized by the method described by Marchut-
Mikotajczyk et al., (2023) with slight modification. For
surface sterilization, these leaves were first dipped into
ethanol (70% C,HsOH) for 1 minute, and then trans-
ferred into sodium hypochlorite (0.5% NaOCI) for 5
minutes and finally into ethanol (70% C,HsOH) again
for 30 seconds, then five times thoroughly rinsed with
sterile double distilled water.

Isolation of bacterial endomicrobiome

To isolate bacterial endomicrobiome surface sterilized
leaves and stem were cut into 1cm size pieces with the
help of sterilized blades. These leaves and stem pieces
were then placed on nutrient agar plates. Then, the
plates were incubated at 37°C for 24 hours. After incu-

bation pure cultures were obtained. All the practicals
were performed in triplicate.

Identification of bacterial endomicrobiome

After isolation, the bacterial endomicrobiome was ex-
amined for identification, and cultural characteristics
and staining patterns were recorded for the preliminary
analysis. The final identification was confirmed by 16S
rRNA sequence analysis.

Cultural characteristics

After incubation, cultural characteristics: size, shape,
color, texture, elevation, and margin of obtained bacte-
rial endomicrobiome were observed and recorded.

Staining

For further identification, Gram staining and endospore
staining were performed by following the methods de-
scribed by Aneja (2003) and Cappuccino and Sherman
(2008). The staining pattern to Gram’s staining, endo-
spore staining, and cell arrangement of obtained bacte-
rial endomicrobiome was observed and recorded.

Molecular characterization

Molecular identification of obtained bacterial strains
was performed at Bioserve Biotechnologies (India) Pvt.
Ltd, Hyderabad, India. The microbial culture was pro-
cessed, and genomic DNA was isolated using a Bacte-
rial DNA isolation kit. Purity and concentration were
confirmed by Denovix DS-11 spectrophotometer. The
16S rDNA region was amplified with Bacterial 16S
rDNA PCR kit Fast (800, TaKaRa Bio; 10F/800R)). The
amplification of 800bp amplicon of the obtained bacteri-
al endomicrobiome strains and the positive control
(Escherichia coli) was obtained using 16S rDNA Primer
Mix and TaKaRa Tag™ HS Fast Detect Premix. No
amplicon was obtained in the non-template control
(NTC). The purification of amplicon was assessed via
column purification and bi-directional cycle sequencing
was carried out with forward primer and reverse pri-
mers using BDT V3.1 Cycle sequencing kit on ABI
3730 Genetic Analyzer as per the sequencing reaction
protocol mentioned. Gene Tool software was used to
generate a consensus sequence. BLAST analysis was
carried out on the NCBI Genbank database. The
first ten sequences in the database that showed the
highest similarity were selected based on the maximum
identity score, and the phylogenetic tree was prepared
(Tamura et al., 2021; Nei & Kumar, 2000; Saitou and
Nei, 1987).

RESULTS AND DISCUSSION
A total 14 different isolates of bacterial endomicrobiome

were isolated from stem and leaf samples of S. cumini.
Comparatively, the number of bacterial endomicrobi-

776



Danu, M. S. et al. / J. Appl. & Nat. Sci. 17(2), 775 - 782 (2025)

ome isolates recovered from the leaf sample was higher
than those isolated from the stem sample (Table 1, 2).

Phenotypic characterization

The cultural and staining characteristics of the obtained
bacterial endomicrobiome were recorded. The obtained
isolates were preliminarily characterized by colony ap-
pearance, opacity, texture, elevation, margin, and their
microscopic appearance after Gram and endospore
staining (Table 1, 2). The recovered bacterial endomi-
crobiome has developed smooth, creamy, off white
colonies with irregular margins, opaque and thin rods.
All were Gram-positive, and most of them were endo-
spore-forming (Fig. 1). The obtained isolates were fast-
growing, developing lawns within 24h of incubation.
Exceptionally, the stem bacterial isolate NS5 was de-
veloping brownish, smooth, milky slow-growing colo-
nies. All the isolates were named after the source of
origin like, NS1, NS2, NS3, NS4 and NS5 for stem and
JL1, JL2, JL3, JL4, JL5, JL6, JL7, JL8 and JL9 for leaf.
Indrawati et al. (2021) reported similar findings with
gram-positive, rod-shaped, milky or yellowish smooth
bacterial isolates with S. cumini. Similarly, many au-
thors have reported similar morphological findings with
different plants (Marchut-Mikotajczyk et al., 2023; Singh
et al., 2022; Chitranshi et al. 2022; Priti et al., 2020).

Molecular characterization and phylogenetic
analysis

Out of 14 pure bacterial isolates, only two showed dis-
tinct morphology. The both bacterial endomicrobiome
isolates, namely, JL2 and NS5. The recovered isolates

were successfully amplified and sequenced using 16S
rRNA primers. Obtained data of 16S rRNA gene se-
quence, BLAST analysis, and similarity indices were
depicted in Table 3. Both the recovered bacterial en-
domicrobiome of the leaf and stem belonged to the
Bacillus genera. The neighbor joining phylogenetic tree
was constructed (Fig. 2).

BLAST and Phylogenetic analysis reflected that the
isolate Bacillus sp. JL2, bacterial endomicrobiome, and
Schizygum cumini leaf showed a 100% match identity
with Bacillus sp. (in firmicutes) strain FRL13108 and
isolated Bacillus sp. NS5, bacterial endomicrobiome, S.
cumini stem, had 100% similarity with Bacillus safensis
strain LBRN-2 (Table 3). Obtained sequences of both
isolates were deposited to the GenBank, NCBI Bankit
under the following accession numbers Bacillus sp. JL2
accession no. PQ475951 and Bacillus sp. NS5
PQ495957. 16S rRNA sequencing, BLAST, and phylo-
genetic analysis are among the best methods for the
identification of bacterial endomicrobiome or endo-
phytes. Many authors have identified bacterial endomi-
crobiome with 16S rRNA sequencing methods (Emitaro
et al., 2024; Bartholomew Saanu, 2024; Raimi et al.,
2023; Ambikapathy et al., 2022; Rekha et al., 2015). It
is evident that the endomicrobiome of S. cumini is
dominated by different strains of Bacillus genera. Mo-
lecular characterization confirmed that the Bacillus sub-
tilis was found to be the dominant bacterial species in
leaf samples whereas the Bacillus safensis was ob-
tained as the major bacterial endomicrobiome of S.
cumini stem. Limited data is identified with bacterial
endomicrobiome (Indrawati et al., 2021) of S. cumini,

Fig. 1: Obtained Bacterial endomicrobiome of Syzygium cumini: (a), (b) growth on agar plate (after 24 h incubation); (c),

(d) microscopic image under 100X magnification.
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OP435759 Bacillus subtilis strain A30
100%
100% OR?392892 Bacillus sp. (in: firmicutes) strain nsu-10

100% L MT184827 Bacillus subtilis strain NWPZ-15

100%

MT645256 Bacillus subtilis strain BRU11-Ji

100%

MW133068 Bacillus sp. (in: Bacteria) strain F1

100%

MF 185646 Bacillus cereus strain CX-5

100%

MT133333 Bacillus subtilis strain LSRBMoFPIKRGCFTRI26

100%

KF853106 Bacillus subtilis strain BAB-2857

100%

KU060168 Bacillus sp. SK19 165

MN588268 Bacillus subtilis strain SF1012

PQA475951 Bacillus sp.JL2

B NR 041794 Bacillus safensis FO-36b
100% 0.0000

100% 0-0000 20018 NR 148787 Bacillus australimaris strain MCCC 1A05787
0.0000 ’

100% L NR 112637 Bacillus pumilus strain NBRC 12092
0.0000 M

100%
0.0000 0.0000

NR 115334 Bacillus pumilus strain CIP 52 67

100%
0.0000 0.0000

PQ495957 Bacillus sp. NS5

100%
0.0000 0.0000

NR 14878 Bacillus zhangzhouensis strain MCCC 1A08372

100%
0.0022 0.0000

NR 043242 Bacillus pumilus strain ATCC 7061

P NR 1139845 Bacillus safensis strain NBRC 100820

NR 118439 Bacillus aerius strain 24K

100%

0.0036 NR 042337 Bacillus altitudinis 41KF2b

100% 0.0000

NR 118441 Bacillus stratosphericus strain 41KF2a

n nnnn

Fig. 2. Evolutionary analysis by neighbor-joining phylogenetic tree of (a) Bacillus sp. JL2 and (b) Bacillus sp. NS5, bacte-
rial endomicrobiome of S. cumini leaf and stem. *Boot strap value = 50%; * Yellow box indicates the query sequence.

Table 1. Cultural characteristics of obtained bacterial endomicrobiome of Syzygium cumini

Isolate Characteristics

Code Elevation Shape Color Texture Margin
JL1 Flat Lawn Off white Smooth Entire
JL2 Flat Lawn Creamish Smooth Irregular
JL3 Flat Lawn Off white Smooth Entire
JL4 Flat Lawn Off white Smooth Entire
JL5 Flat Lawn Creamy white Smooth Irregular
JL6 Flat Lawn Off white Smooth Entire
JL7 Flat Small Off white Smooth Entire
JL8 Flat Lawn Off white Smooth Entire
JL9 Flat Lawn Off white Smooth Entire
NS1 Flat Lawn Off white Smooth Entire
NS2 Flat Lawn Off white Smooth Entire
NS3 Flat Lawn Off white Smooth Entire
NS4 Flat Lawn Off white Smooth Entire
NS5 Slightly raised Lawn Brownish Smooth Entire

*JL = Bacterial Endomicrobiome S. cumini Leaf Sample;*NS = Bacterial Endomicrobiome S. cumini stem sample
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Table 2: Staining Characteristics of obtained bacterial endomicrobiome of Syzygium cumini

Isolate Code Gram’s Staining

Endospore Staining

Shape Cell Arrangement
JL1 Positive Small rods Single +
JL2 Positive Small rods Single +
JL3 Positive Small rods Small Chain +
JL4 Positive Small rods Single +
JL5 Positive Small rods Single +
JL6 Positive Small rods Single +
JL7 Positive Small rods Single +
JL8 Positive Small rods Small Chain +
JL9 Positive Small rods Single +
NS1 Positive Small rods Single +
NS2 Positive Small rods Small Chain +
NS3 Positive Small rods Single rods +
NS4 Positive Small rods Single +
NS5 Positive Small rods Single +

*JL = Bacterial Endomicrobiome S. cumini Leaf Sample;*NS = Bacterial Endomicrobiome S. cumini stem sample.* + = Endospore

present.

however, many authors have reported the fungal en-
domicrobiome of S. cumini (Samapti et al., 2022; Nur-
haida andYenn et al. 2019). Indrawati et al. (2021)
have reported that fruit endomicrobiome of S. cumini
was dominated by Bacillus sp. The obtained data have
supported the present research. Many authors have
reported Bacillus as the dominating endomicrobiome
with different plants (Emitaro et al., 2024; Singh et al.,
2022; and Bolivar-Anillo et al., 2021).

Endomicrobime plays a crucial role, as it produces a
variety of bioactive compounds of industrial interest.
Compounds such as Pseudomycins, Ecomycins,
Munumbicins, and Xiamycins demonstrate antibacteri-
al, antimycotic, and antiplasmodial activities that are
useful in the production of antibiotics (Hnamte et al.,
2024; Digra and Nonzom, 2023; Christina et al., 2013),
agriculture (Burragoni and Jeon, 2021; Ek-Ramos,
2019), plant stress management (Ameen et al., 2024;
Fayha, 2024; Kaur and Karnwal, 2023; Chaudhary et
al., 2022; Liu et al., 2022), The bacterial endophyte
produced compounds with medicinal properties, includ-
ing lobophorins, xiamycins, and sespenins that possess
anti-inflammatory, anticancer, and anti-diarrheal prop-
erties (Zotchev, 2024; Chitranshi et al., 2022; Burragoni
and Jeon, 2021; Luo et al., 2021; Wei et al., 2011;
Ding et al., 2010; Jiang et al., 1999). Toxoflavin, de-
rived from the Burkholderia gladioli a bacterial endo-
phyte is reported as potential anticancer drug candidate
(Zotchev, 2024; Li et al., 2019). The obtained bacterial
endomicrobiome shared a wide spectrum of potential
applications in different domains. Many authors have
reported different applications and potentiality of Bacil-
lus sp. and Bacillus safensis endophytes. Wu et al.
(2019) have suggested diesel hydrocarbon bioremedia-

tion and plant growth-promoting capabilities of Bacillus
safensis. Similarly, Bacillus sp. has been remarked for
its antiviral activity against groundnut bud virus
(Gayathri et al., 2024), protease production (Elaine
Mankge et al., 2024), disease suppression as biocon-
trol (Bolivar-Anillo et al., 2021), and plant growth pro-
motion (Adeleke et al., 2021) in vegetable crops
(Miljakovi¢ et al., 2020), and many more. The present
result depicted the bacterial endomicrobiome of S.
cumini plant, possibly a major contributor to its medici-
nal properties.

Conclusion

In the present study, 14 bacterial endomicrobiome iso-
lates were recovered from the stem and leaf samples of
S. cumini. The leaf sample (9) demonstrated a higher
number of bacterial endomicrobiome isolates than the
stem (5) of S. cumini. All the obtained isolates were
gram-positive  endospore-forming.  Morphologically,
small rods, mostly creamish, off white, smooth colonies
with irregular margins. Exceptionally, the stem bacterial
isolate NS5 was developing brownish, smooth, milky,
slow-growing colonies. Molecular characterization con-
firmed that the endomicrobiome of S. cumini was domi-
nated by Genus Bacillus, and B. subtilis was found as
the dominant bacterial species in leaf samples, where-
as the B. safensis was obtained as the major bacterial
endomicrobiome of S. cumini stem. The obtained se-
quence was deposited to NCBI under accession no.
Bacillus sp. JL2 PQ475951 and Bacillus sp. NS5
PQ495957. Both strains are renowned for their diverse
applications. The medicinal properties of S. cumini may
be sourced or supported with S. cumini plant bacterial
endomicrobiome or their bioactive compounds. Further
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Table 3. BLAST percent similarity index of Bacterial endomicrobiome recovered from (a) Bacillus sp. JL2 leaf and (b)

Bacillus sp. NS5 stem of Syzygium cumini.

A
Description Max Score Total Score 8;'32’ E value Eg:ﬁtn;
B PO w00 woms
?ggi/:%%:gﬂgﬂsgﬂiigmuBC'BSE” 1264 1264 100% 0.0 100.00%
Bacillus ster gg;’g strain V6335 16S ribo- 4554 1264 100% 0.0 100.00%
fﬁrﬁiﬁi’iﬁiﬁiﬁ’i strain V4367 16S ribo- 4564 1264 100% 0.0 100.00%
Bacillus ster gg;’g strain V3823 16S ribo- 4554 1264 100% 0.0 100.00%
Bacillus ster gg;’g strain V3228 16S ribo- 4554 1264 100% 0.0 100.00%
e RN cong e V3088 16S ribo- 4564 1264 100% 0.0 100.00%
e S NA o o) strain CT16S - 1264 1264 100% 0.0 100.00%
Bacillus subul’s ;gﬁg‘ BS-2301 16S 1264 1264 100% 0.0 100.00%
ﬁgggﬁ’;é’%ﬂf‘;ﬂ: strain PBN2 165 456, 1264 100% 0.0 100.00%
B

Description Max Score ;ggarle 8333 E value r:jir:g?;
gicsigﬁ;segumilus strain LBUM494 chro- 1275 10158 100% 0.0 100.00%
Bacills safo ﬁf)igs%“nﬂ’:f’égﬁéensm SIE o 1275 100% 0.0 100.00%
ﬁgg;’f;;age,g;’;g;fgin LBRN-2 16S 1275 1275 100% 0.0 100.00%
fjrﬁ;’gfgﬁ,i\fg";g strain D012 16S ribo- 4575 1275 100% 0.0 100.00%
?gg”{i‘;,i:'g;g;?gmg“g;) strain pumilis 4575 1275 100% 0.0 100.00%
fgﬂg,";ﬁ&\"%"éﬁ’: strain MN1 16S ribo- 1575 1275 100% 0.0 100.00%
f:r%igucsofnagﬁgtseis strain JJ1244 chromo- 4575 10185 100% 0.0 100.00%
f:;"g“;,fn“g;fg strain JJ950 chromo- 4575 10163 100% 0.0 100.00%
ﬁiﬂ‘ﬁ:gfﬁ;is strain B116S riboso- 4,75 1275 100% 0.0 100.00%
SB:;IZUS safensis strain AR505 chromo- 1275 10169 100% 0.0 100.00%
research is needed to identify the bioactive compound REFERENCES

for S. cumini’s medicinal and plant growth-promoting
properties.
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