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Abstract

Aim: To study the soil bacterial population inhabiting the High Background Radiation Area (HBRA) of Chavara-Neendakara placer deposits, Kerala,
India.

Methodology: The study was performed by culture-dependant methods involving isolation and characterization of microbes through plate culturing and
sequencing the 16S rDNA primed PCR amplicons.

Results: Histochemical observations and molecular taxonomic studies through BLAST search, multiple sequence alignment of the sequences and
SeaView phylogenetic analyses, resulted in identification of 35 bacterial species belonging to 22 genera. Shannon-Simpson diversity-predominance
indices, revealed an over-riding presence of Firmicutes (~60%) in the HBRA sail.

Interpretation: The results reveal for the first time, the composition, structure and dynamics of the bacterial population inhabiting an HBRA.
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This first time study on bacterial population of HBRA, results in the isolation of 22 genera belonging to four phyla with rich diversity
but with predominance of Firmicutes (Shannon and Gini-Simpson Indices).
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Introduction

Areas with abnormally high background radiation,
caused essentially due to the occurrence of primordial
radionuclides (Uranium [**U], Thorium [**Th] and Potassium
[“K]), have been reported from several countries. Among these,
the coastal regions of Espirito Santo and the Morro Do Forro in
Brazil (Paschoa, 2000), Yangjiang in China (Wei et al., 2000),
Chavara-Neendakara along the Southwest coast of India (Sunta
et al, 1982), Ramsar and Mahallat in Iran (Ghiassi-Nejad et al.,
2002), and Rosetta Beach in Egypt (Mubarak et al., 2017), have
been identified as High Background Radiation Areas (HBRAS)
due to their unusually high levels of radioactivity. While Monazite
sands were found to be the source of such high background
radiation levels in Brazil, China, Egypt and India, Ramsar has
high amounts of “’Ra and its decay products were brought to the
surface by hot springs (Aliyu and Ramli, 2015; Chandran and
Shreedharan, 2016; Mubarak et al., 2017). Spectrometric studies
from our laboratory using HPGe scintillometer revealed that this
placer depositis ranked second in the entire globe, next to Brazil,
due to its richness in “*U (~6000 Bq kg), **Th (~41000 Bq kg
and “K (~2500Bqkg”) and in terms of its high radiation absorbed
dose, with annual effective dose of ~9 mSv yr", much higher than
the world average of 0.07 mSv yr" (Derin et al., 2012; Vaiserman et
al, 2018); the tolerance limit for the general public has been
streamlined as 1 mSvy" (Vaiserman etal., 2018).

To our knowledge, most of the microbial surveys
conducted thus far, have been from aquatic (marine/ freshwater/
estuarine) (Tamaki et al., 2005; Sheng et al., 2016; Salazar and
Sunagawa, 2017; Wang et al., 2020) and other habitats, including
soils from forests (Axelrood et al., 2002; Llado et al., 2018),
grasslands (Nan et al., 2020), farmland (Bevivino et al., 2014),
deserts (Lester etal., 2007; Yu et al., 2015; Majid et al., 2016) and
marshy areas (including the mangroves) (Michelato Ghizelini et
al., 2012; Nathan et al., 2020). Further, microflora from extreme
environmental conditions such as high altitude areas (Kumar et
al., 2019), hot and cold springs (Selim et al., 2017; Najar et al.,
2018; Gudmundsdottir et al., 2019), abyssal and benthic habitats
(Zhang et al., 2015; Li et al., 2019), polar regions (Steven et al.,
2007) and even at 20,000 m high inthe atmosphere were studied
from the stand points of adaptive values (Griffin et al., 2008), but
nothing from HBRAs. These studies reveal that the microbiota
differs in its structure entrained with different soil horizons. Not
only that the soil quality would have an impact on the microbial
community structure, but it is as well being increasingly evident
that understanding of soil microbiota will have a predictive value
on the soil physico-chemical variables and possible applications
(Hermans et al., 2020; Camacho et al., 2022).

This in turn obviously warrants more studies on soil
microbes inhabiting various habitats. It is at this juncture, we
report the results of a culture-dependant study on the bacterial
population of monazite sand from the top-ranking HBRA,
Chavara-Neendakara placer deposits, performed through plate
culturing, microscopic observations of the staining reactions and

16S rDNA gene sequencing. As a prelude to have a clearer
understanding on the dynamics of microbial communities of this
unique habitat, the diversity and prevalence indices were also
estimated and compared with those of other ecosystems.

Materials and Methods

Sample collection: Atotal of 19 sites were identified for sample
collection in the 22 km stretch of the HBRA (Chavara-Neendakara
placer deposits) by previous investigators from our laboratory
(Derin et al., 2012). Before sample collection, these sites were
visited by us during 15-20 December 2018, and the sand
samples were tested for radioactivity, using a portable
Scintillometer (Polimaster PM1405). Among allthe (19) sites, the
site at Puthenthura of Quilon District, Kerala (Latitude 8°
57'46.46'N; Longitude 76° 31’ 47.93"E) (referred to as CH-16, in
Derin et al., 2012) was selected for sample collection for the
present study, as this area showed the maximum reading of
21000 nGy hr'. Sand samples were collected from 3 spots (Spots
1-3) chosen at random, situated ~5 m apartin CH-16. The sample
from each spot was collected in triplicate from a depth of ~15 cm
using a soil borer, and kept in sterile 50 ml polystyrene tubes, in
cooler box maintained at4°C, and transported to our laboratory at
the Vellore Institute of Technology, Vellore, Tamil Nadu. Upon
reaching the laboratory, the samples were stored at 4°C in a
dedicated refrigerator until further processing.

Before processing for bacterial isolation, the sand
samples collected in triplicate from each spot were mixed so as to
make it three independent samples (Spots 1, 2 and 3), i.e., the
samples in triplicate drawn from Spot 1 were mixed together, and
named as HB1. Similarly, the triplicates from Spots 2 and 3 were
also mixed together and named as HB2 and HB3, respectively.

Isolation and characterization: Bacterial isolates were
prepared by serially diluting the sand sample (5 g each), properly
mixed with physiological saline (up to 10°), and spread — plated
on Zobell Marine Agar 2216 (HiMedia) (Godson et al., 2014;
Pimpliskar and Jadhav, 2015). Colonies were pure-cultured on
separate agar plates and incubated at 35°C for 24-48 hr before
subjecting to identification.Each pure culture was characterized
microscopically with Gram'’s staining and 3% KOH String test.
Malachite Green staining was performed to check for endospore
formers on >72 hour grown cultures. Lactophenol cotton blue
stain was used for identifying actinomycete-like colonies.

Molecular characterization: Pure cultures, inoculated in 50 ml
Zobell Marine 2216 broth, were incubated for 24 hr (35°C) in an
orbital shaker (120 rpm). Aliquot of each sample was used to
perform DNA extraction by modified version of Phenol Chloroform
method (Moore et al., 2008). The concentration and purity of the
DNAwas assessed using Nanodrop spectrophotometer (Thermo
Fisher Scientific), and through Agarose gel electrophoresis.
Universal primers, specific for bacterial 16S rRNA (Table 1), were
used to PCR (Veriti Thermal cycler, ABI) - amplify the gene in
question in a 30 pl reaction for 40 cycles (Table 2). The PCR
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products were gel electrophoresed to monitor the integrity of
amplicons, and were subsequently column-purified and
sequenced ina DNAsequencer (ABI 3130 GeneticAnalyser).

Phylogenetic tree: Sequences of PCR amplicons were BLAST-
aligned [EzTaxon database] (Kim et al., 2012) for species
identification, and were deposited in NCBI GenBank and
accession numbers were obtained. SeaView (Version 5.0)
software (Galtier et al, 1996) was used to construct the
phylogenetic tree with maximum parsimony (1000 bootstrap
replicates). Multiple sequence alignment (MSA) was performed
using MUSCLE, integrated within SeaView. Sequences of HBRA
samples were aligned with their respective type strains retrieved
fromthe EzTaxon database.

Statistical analysis: The extent of diversity of the bacterial
community of HBRA was assessed through Shannon index (H’)
(Shannon, 1948). Dominance of the community was estimated
using the Gini-Simpson’s (1-D) (Jost, 2006).

HBRA data obtained were superimposed with those of
other ecological sites with a view to gauge the extent of identity of
the HBRA bacterial population with those of other habitats. Chi
squared test was employed to compare the proportionate
frequency distribution of the species within the taxa and between
the taxa.

Results and Discussion

Repeated examination of samples selected at random
revealed similar morphotypes, suggesting autochthonous nature
of the population.

Culture-dependent isolation and characterization of
samples led to identification of fairly rich microbial population
(4.8-6.7x10° cfu ml") (Table 3). Several isolates were coloured

yellow, orange or red, apparently due to pigmentation including
carotenoids, which, bacteria are known to synthesize (Venil et al.,
2020). Carotenoid-producing bacteria have been found to be
associated with radioactive sites and are known to afford
protection against oxidative damage induced by ionizing radiation
(Asker et al., 2007; Ruiz-Gonzalez et al., 2016). Out of 56
isolates, 37 were Gram positive, and 11 were Gram negative,
while the remaining colonies were “Gram variable”; the precise
identity of “Gram variable” colonies was confirmed with 3% KOH
String test (Table 4; Fig. 1). The isolates were mostly rod-shaped,
seen in continuous, chain-like formations, clusters and/or pairs,
while a few were cocci. With Malachite green staining, endospores
were observed either on the terminal end or located centrally,
indicating their Bacillales characteristics. Three of the isolates had
circular leathery colony with powdery surface resembling
actinomycetes colony; upon staining with Lactophenol cotton blue,
itdisplayed characteristic hyphal structure of actinomycetes.

Through sequencing of 16S rDNA, and subsequent
BLAST and EzTaxon (a type-strain database revealing similarity
to the tune of 98-100%) analysis, 35 different bacterial species
belonging to 22 genera were identified, out of which, 10 belonged
to Firmicutes, 5 to Proteobacteria, 6 to Actinobacteria and 1 to
Bacteroidetes (Table 5; Fig. 2). All the identified species from the
HBRA (Fig. 3) showed 99 - 100% branch bootstrap value,
signifying their high levels of proximity to the reference sample.
Radiation-resistant organisms, used as reference, were, in
general, seen to be phylogenetically distant from the HBRA
microbes. However, two strains (VITHBRA0O2 and
VITHBRA022) showed strong cladistic similarity to Bacillus
pumilus (SAFR-032), that survived successfully at the
international space station (ISS) (Stepanov et al., 2016). Further,
the HBRA sample VITHBRAQ49 (Kocuria sp.) was seen to have
common ancestry with Keinococcus radiotolerance (84%
bootstrap value), a known radio-resistant species. The present
study reveals the predominance (~60%) of Firmicutes in HBRA
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Fig. 1: Graph representing the staining results of isolates as observed under light microscope.
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Fig. 2: A hierarchical chart demonstrating the distribution of microbes cultured from HBRA. The inner circle represents the Phylum and the outer ring

projects the Genus of the identified HBRA population.

soil, followed by Proteobacteria (~19%), Actinobacteria (~6.5%)
and Bacteroidetes (~3.2%) (X2 =0.034, p>0.998) (Table 7). At the
genus level, the bacterial population was seen to be fairly diverse,
evidenced by Shannon Index (2.62); the diversity index, however,
showed signs of decline at the Phylum level, evidently due to
Firmicutes’ prevalence (Table 6). Further, Gini-Simpson index
declined from its value at the genus level (0.86) to that at phylum
level (0.67, Table 6), suggesting increased dominance (of
Firmicutes) and reduced evenness. While addressing the
question of feature(s) that could help Firmicutes to survive better,
we are tempted to hypothesize that it could be related to their

adaptive capability, such as endospore formation, chemotactic
detection of food scarcity and other metabolic adaptations
(Fillipidou et al., 2016), which in turn could afford them a selective
advantage, an apparent major contributory factor in moulding the
bacterial community of HBRA. This hypothesis has further been
substantiated through comparative studies of the bacterial
populations from various habitats, including those inhabiting the
radiation-polluted areas (please also see the section below).

In its proportionate phylogenetic distribution, the HBRA
bacterial population showed similarity to those of other habitats
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Fig. 3: Phylogenetic tree built using 16S rDNA sequences. 35 different bacterial species of HBRA along with their type strain and reference radiation

resistant microbes are used to construct a maximum parsimony tree. Bootstrap value below 40% is not shown in the figure.
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Table 1: Forward and reverse primers used to PCR amplify the microbial 16S rRNAgene

Primers

Sequence

Reference

Forward
Reverse

5 AGAGTTTGATCCTGGCTCAG 3’
5’ ACGGCTACCTTGTTACGACTT 3’

Weisburg et al., 1991
Weisburg et al., 1991

Table 2: 16S rDNAPCR amplification: temperature cycles

Steps Temperature Time
Stage 1 Initial denaturation 95°C 5min
Denaturation 95°C 1 min
Stage 2 Annealing 58 °C 45 sec
Extension 72°C 45 sec
Stage 3 Final extension 72°C 10 min
Termination and storage 4°C w

Table 3: Colony characteristics of isolates

Isolates Colony characteristics
Size Shape Colour Margin Elevation Consistency Opacity
VITHBRAOO1 2mm Circular Pale brown Even Flat Glossy Opaque
VITHBRAO02 1 mm Circular White Uneven Flat Glossy Opaque
VITHBRAO003 1.5mm Circular Off white Even Low convex Glossy, inconsistent  Translucent
VITHBRAQO4 3mm Circular White Uneven Flat Mate Opaque
VITHBRAO05 3.5mm Irregular Periphery-off white, Uneven Flat Mate Opaque
center reddish brown
VITHBRAOO6 1.5mm Circular White Even Flat Glossy Opaque
VITHBRAOO7 1 mm Circular Creamish white Uneven Low convex Glossy Opaque
VITHBRAOOS 25mm Irregular White periphery, Uneven Flat Dry, wrinkled Translucent
center pinkish surface
VITHBRAO09 3.5mm Circular White Even Flat Mate Opaque
VITHBRAO10 2mm Circular Cherry red Even Convex Mate Opaque
VITHBRAO11 1 mm Circular Creamish white Uneven Low convex Glossy Opaque
VITHBRA012 3mm Circular Pale orangish Uneven Low convex Glossy Translucent
VITHBRAO13 3.5mm Circular White Even Flat Mate Opaque
VITHBRAO14 2mm Circular Creamish White Even Low convex Wrinkled surface Opaque
VITHBRAO15 Pinpoint Circular Pale Orange Even Low Convex Butyrous Translucent
VITHBRAO16 ~2 mm Circular Orange Even Flat Butyrous Opaque
VITHBRAO17 1 mm Circular Brownish Even Low Convex Dew-Drop Like Transparent
VITHBRAO18 Pinpoint Circular Pale orange Even Flat Butyrous Translucent
VITHBRAO19 1 mm Circular Pale yellow Even Low convex Butyrous Translucent
VITHBRA020 1 mm Circular Pale yellow Even Low Convex Butyrous Translucent
VITHBRAO021 ~2 mm Circular Creamish Even Low Convex Butyrous Translucent
VITHBRA022 ~1 mm Circular White Even Low Convex Dry Opaque
VITHBRA023 1 mm Circular Creamish Even Flat Butyrous Opaque
VITHBRA024 ~2 mm Circular Creamish periphery, Irregular Uneven Slimy, butyrous Opaque
center brick red
VITHBRAO025 1mm Circular Brownish Even Low Convex Slimy Translucent
VITHBRA026 ~1 mm Circular Creamish Diffused Flat Butyrous Opaque
VITHBRAO27 3mm Irregular White Uneven Low convex Glossy Opaque
VITHBRAO028 4 mm Circular Brown centre, Uneven Low convex Dry, Butyrous Opaque
white periphery
VITHBRA029 2mm Circular Yellow centre, Even Convex Dry Opaque
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Isolates Colony characteristics
Size Shape Colour Margin Elevation Consistency Opacity

white periphery

VITHBRAO031 2mm Irregular Orange centre, Uneven Flat Dry Opaque
white periphery

VITHBRA032 2mm Circular Creamish Uneven Flat Glossy, Butyrous Opaque

VITHBRAO033 1 mm Circular Yellowish-white Uneven Low convex Glossy Translucent

VITHBRAO34 3mm Circular Creamish Uneven Low convex Glossy, Butyrous Opaque

VITHBRAO35 <1 mm Circular Bright yellow Even Flat Glossy Translucent

VITHBRAO036 1.5 mm Circular Light yellow Even Flat Glossy Opaque

VITHBRAO37 2.5mm Circular Creamish Uneven Low convex Glossy, Butyrous Opaque

VITHBRAO38 1 mm Circular Yellow Even Convex Glossy Translucent

VITHBRA039 2mm Circular Whitish-yellow Even Convex Glossy Opaque

VITHBRA040 1 mm Circular Yellowish-white Uneven Flat Glossy, Dew-drop Transparent

VITHBRA041 4 mm Circular Yellow centre, Uneven Flat Glossy, Butyrous Translucent
white periphery

VITHBRA042 2mm Circular Creamish Uneven Low convex Glossy Translucent

VITHBRAO44 3mm Circular White Uneven Convex Glossy, Butyrous Opaque

VITHBRAO45 Pinpoint Circular White Even Low convex Glossy Opaque

VITHBRAO46 6 mm Circular Light orange centre, Uneven Low convex Glossy, Butyrous Opaque
white periphery

VITHBRAO47 1 mm Circular Bright orange Even Low convex Glossy Opaque

VITHBRA048 3mm Circular Creamish Uneven Flat Dry, Butyrous Translucent

VITHBRA049 1 mm Circular Bright orange Even Low convex Glossy Opaque

VITHBRAO50 2mm Circular Yellow Even Convex Glossy Translucent

VITHBRAO051 45mm Circular Orange centre, Uneven Low convex Glossy, Butyrous Opaque
white periphery

VITHBRAO52 3.5mm Irregular Orange centre, Uneven Flat Glossy, Butyrous Translucent
white periphery

VITHBRAO053 4 mm Irregular Yellow centre, Uneven Flat Dry, Butyrous Translucent
white periphery

VITHBRAO54 <imm Circular Orange Even Low convex Glossy Opaque

VITHBRAO55 3.5mm Circular Brown centre, Uneven Flat Dry, Butyrous Opaque
white periphery

VITHBRAO056 2mm Circular Whitish-yellow Even Convex Glossy Opaque

VITHBRAO57 45mm Circular Creamish Uneven Flat Glossy, Butyrous Transparent

VITHBRAO58 3.5mm Circular Creamish Uneven Flat Glossy, Butyrous Transparent

like heavy metal contaminated soil (sandy site in Scotland) (Ellis
et al., 2003), T22 Trench of Chernobyl with (anthropogenic)
background radiation (Chapon et al., 2012; Ruiz-Gonzalez et al.,
2016) and the Uranium ore deposit of Domiasiat, North-east India
(Kumar et al., 2013). Further, metagenomic studies on airborne
microbes of Beijing revealed a temporal fluctuation in the bacterial
strains; Firmicutes were shown to be significantly prominent
(p<0.05) during unfavourable situation of smog in January (Qin et
al., 2020). These evidences strengthen our hypothesis that the
predominance of a taxon (Firmicutes in the present study) could
be related to “extreme” nature of the habitats (heavy metal
contamination, exposure to radiation etc.).

The recent understanding on the expression of
biosynthesis gene cluster (BGC) among microbes including
Firmicutes (Bacillus subtilis, showing resistance to ionizing
radiations) (Li et al., 2015; Sayed et al., 2020), would help us to

explain their adaptive strategies in extreme environments.
Contrarily, Firmicutes’ predominance was not noticeable in British
Columbia forest soil and that of agricultural land of Sardinia (ltaly)
(Table 7). The high fertility with dense foliage, consisting of rich
sources of organic components, decomposers, nitrogen fixers
and carbon cyclers in the forest and farm lands, could support a
rich diversity of bacterial species, with hardly any influence of a
limiting factor to promote the predominance of a particular taxon
(Lladé and Baldrian, 2017). We tried to correlate the association
(if any) between environmental conditions of these study areas
and the population structure of the inhabitant bacterial
communities, but were unable to find any significant correlation
due to paucity of data. Admittedly, however, the inherent
limitations of the present culture-dependent study, would not
allow us to contend affirmatively that Firmicutes predominance
related to “extreme” environment would be ubiquitous. More
research is required to make any generalization in this regard.
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Table 4: Cellular morphology under microscope
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Isolates KOH string Gram staining Cellular morphology Endospore
Test’

VITHBRAOO1 - + Long rods + (central and swollen)

VITHBRA002 - + Rods with round ends, occasionally 2 in pairs +

VITHBRAOO3 - + Short rods + (central and swollen)

VITHBRAQO4 - + Long rods + (terminal)

VITHBRAQOS - + Short rods in long chains + (central)

VITHBRAOO6 - + Long rods with tapering end-forming short chains +

VITHBRAOQO7 - + Long rods with tapering end, forming short chains +

VITHBRAOO8 - + Long Rods in cluster +

VITHBRAO09 - + Long thick rods with long chains and flat ends +

VITHBRAO10 - + Long slender rods -

VITHBRAO11 - + Long rods with tapering end,forming short chains +

VITHBRAO12 - + Very short rods in cluster -

VITHBRAO13 - + Long thick rods with long chains and flat ends +

VITHBRAO14 - + Short rods +

VITHBRAO15 - + Cocci in cluster -

VITHBRAO16 - + Long rods +

VITHBRAO17 + + - Rods

VITHBRAO18 - + Cocci in cluster

VITHBRA019 + Short rods

VITHBRA020 + Short rods

VITHBRA021 + +- Rods

VITHBRA022 - + Short rods paired

VITHBRA023 - + Rods

VITHBRAO024 - + Long rods + (Terminal Swollen)

VITHBRA025 + - Rods -

VITHBRAO026 - + Long rods +

VITHBRAO27 - + Long slender rods +

VITHBRA028 - + Long Rods, forming long chain +

VITHBRAO31 - + Short Rods, short chains +

VITHBRAO032 - + Short Rods in cluster +

VITHBRAO033 + - Very Short Rods, short chains

VITHBRAO34 - + Coccoid rods in cluster

VITHBRAO35 - + Very Short Rods in cluster

VITHBRAO36 - + Very Short Rods in cluster -

VITHBRAO37 - + Long Rods in cluster + (Terminal)

VITHBRAO38 + Short Rods with round ends in cluster +

VITHBRAO40 + - Long Rods in cluster of two mostly -

VITHBRAO041 + Long Rods with long chains +

VITHBRA042 - Very Short Rods in cluster -

VITHBRAO44 - +- Short Rods with round ends forming chains +

VITHBRA045 - + Coccoid in cluster -

VITHBRA046 - +- Short Rods with short chains +

VITHBRAO47 - + Cocci in cluster -

VITHBRA048 - + Long Rods with short chains +

VITHBRA049 - + Cocci in cluster

VITHBRAO50 - +- Short Rods with short chains

VITHBRAO051 - + Long Rods with short chains

VITHBRA052 + Very Short Rods in cluster

VITHBRA053 + Very Short Rods in cluster

VITHBRAO54 - Cocci in cluster -

VITHBRAO55 - Short Rods in cluster +

VITHBRAQ57 Very Short Rods in cluster

VITHBRAO058 + Very Short Rods in cluster

*indicated as ‘+ for string formation and *-* with no string indicated; *Cotton blue staining data of three Actinomycetes isolated not provided.
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Table 5: HBRAmicrobes obtained from culturing by spread plate method
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Isolated HBRA strain Accession no. of Closest type strain with accession no. Similarity
isolates on GenBank percentage
submission

Firmicutes

VITHBRAOO1 KY386292 Metabacillus halosaccharovorans E33 (HQ433447) 99.5

VITHBRAO02 MK850856 Bacillus safensis sub sp. safensis FO-36b (MK424279.1) 99.79

VITHBRA032 MZ057734 100

VITHBRAO37 Mz057737 99.79

VITHBRAO03 MK850857 Mesobacillus subterraneus DSM 13966 (RSFW01000004) 99.48

VITHBRA004 MK850860 Bacillus infantis NRRL B-14911 (CP006643) 99.72

VITHBRAO46 MZ057745 99.71

VITHBRAO0S KY386291 Bacillus filamentosus SGD-14 (NR_134701.1) 99.84

VITHBRA028 Mz057730 99.86

VITHBRAO051 MZ057750 100

VITHBRAOO7 MK966435 Bacillus xiamenensis HYC-10 (AMSH01000114) 99.78

VITHBRAO11 MK966436 99.93

VITHBRAOO8 MK966437 Bacillus subtilis JCM 1465 (MH145363.1) 99.79

VITHBRAO09 MK966438 Bacillus aryabhattai BSW22 (EF114313.2) 100

VITHBRAO13 MK966439 100

VITHBRAO14 MK966442 Bacillus altitudinis 41KF2B (NR_042337.1) 100

VITHBRA023 MK966441 99.78

VITHBRA016 MK966444 Bacillus vietnamensis NBRC 101237(NR_113995.1) 98.43

VITHBRA022 MK966451 Bacillus australimaris NH7I_1 (JX680098) 99.93

VITHBRA024 MK966449 Bacillus paralicheniformis KJ-16 ( KY694465.1) 99.71

VITHBRAO31 MZ057733 99.36

VITHBRA026 MK966452 Cytobacillus kochii WCC 4582 (NR_117050.1) 99.79

VITHBRA044 MZ057743 Bacillus paramycoides NH24A2 (MAOI01000012) 99.86

VITHBRAO55 MZ057754 Bacillus licheniformis ATCC 14580 (AE017333) 99.93

VITHBRA041 MZ057741 Alkalihalobacillus clausii DSM8716 (CP019985.1) 99.56

VITHBRAOO6 KY317934 Paenibacillus lautus NBRC 15380 (BIMF01000051) 99.37

VITHBRAO027 KY386288 Paenibacillus dendritiformis CIP 105967 (AY359885) 99.77

VITHBRA015 MK966445 Planococcus plakorditis DSM 23997 (CP016539) 99.61

VITHBRAO18 MK966446 99.61

VITHBRA054 MZ057753 99.37

VITHBRA034 MzZ057735 Bhargavaea beijjingensis ge10 (EF371374) 99.64

VITHBRA048 MZz057747 Virgibacillus dokdonensis DSW-10 (AY822043) 99.93

VITHBRAO38 Mz057738 Halobacillus marinus KGW1 (KJ563233.1) 99.93

VITHBRAO050 MZ057749 100

Proteobacteria

VITHBRA017 MK966447 Rheinheimera pleomorphica PKS7 (KJ563231) 100

VITHBRA025 MK966448 100

VITHBRAO021 MK966450 Halomonas piezotolerans NBTO6ES (MN435603) 99.86

VITHBRAO12 MK966440 Marinobacter litoralis SW-45 (NR_028841.1) 99.71

VITHBRAO33 MT435126 Pseudoxanthomonas indica P15 (NR_116019.1) 99.42

VITHBRA040 MZz057740 99.44

VITHBRA052 MzZ057752 Pseudomonas stutzeri ATCC 17588 (MT027239.1) 99.93

VITHBRA053 MT435128 99.78

VITHBRAO42 Mz057742 Pseudomonas benzenivorans DSM 8628 (NR_116904.1) 98.68

VITHBRAO57 MZ057756 98.29

VITHBRA058 MT435129 98.3

Actinobacteria

VITHBRAO10 MK850858 Rhodococcus pyridinivorans DSM44555 (LRRI01000001) 100

VITHBRAO036 MT435127 Cellulosimicrobium cellulans LMG 16121 (CAOI01000359) 99.92

VITHBRA029 MzZ057731 Streptomyces rochei NRRL B-2410 (MUMD01000370) 100

VITHBRAO039 MZ057739 100

VITHBRAO56 MZ057755 100
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Isolated HBRA strain Accession no. of Closest type strain with accession no. Similarity
isolates on GenBank percentage
submission

VITHBRAO035 MZ057736 Microbacterium paraoxydans NBRC 103076 (BCRH01000180) 99.78

VITHBRA045 MZ057744 Brachybacterium paraconglomeratum LMG 19861 (NR_025502.1)  99.78

VITHBRAO047 MZ057746 Kocuria oceani FXJ8.095 (NR_156033.1) 99.78

VITHBRA049 MZ057748 99.28

Bacteroidetes

VITHBRAO19 MK966453 Arenibacter latericius KMM 426 (AF052742) 99.2

VITHBRA020 MK966454 99.13

Table 6: Diversity indices compared at the Phylum and Genus level for HBRA microbial community

Diversity Index Phylum level Genus level

Richness 4 22

Shannon index 119 2.62

Gini-Simpson index 0.67 0.86

Table 7: Proportionate distribution of various taxa across different habitat

Phylum Locations

HBRA sample  Heavy metal T22 Trench of British Columbia Agricultural
contaminated soil  Chernobyl Forest Soil Land
(Ellis et al., 2003) (Chapon et al., 2012) (Axelrood et al., 2002)  (Bevivino et al., 2014)

Firmicutes 34 (60) 275 (57) 197 (65) 296 (22) 30 (15)

Proteobacteria 11 (20) 130 (27) 62 (20) 602 (45) 100 (50)

Actinobacteria 9 (16) 50 (10) 39 (13) 420 (31) 41(21)

Bacteroidetes 2(4) 30 (6) 5(2) 21(2) 27 (14)

Total 56 485 303 1339 198

Chi-Square value 0.034° 3.2379 1.4083 47.1069 47.8304

p-value 0.9983 0.3564 0.703583 0.00001 0.00001

Each column represents number of isolates identified under each phylum and in parentheses represents the expected proportionate values. The Chi-squared
value of each habitatis obtained by comparing with HBRA.’Agoodness offit is calculated to show the predominance of Firmicutes in the HBRAsample

To conclude, the present study not only brings out first
time information on the bacterial communities inhabiting HBRA,
butit could also be considered as a prelude to decipher the impact
(if any) of natural background radiation on the diversity and
distribution of microbes in the ecosystem. In spite of appearing
harmless by itself, long-term exposure to low-dose radiation is
also shown to have negative impacts (Hwang et al., 2008). That
the long-term exposure to (low-dose) radiation has made any
impact on the HBRA microbial community, is speculative, but an
investigatively challenging problem, inviting further study.
Previous investigations have revealed that long-term exposure of
microbes to radiation has produced diverse results, sometimes
“biphasic’, with beneficial effects at low doses (hormetic for
instance), but detrimental at high doses (Calabrese, 2016),
making the issue more complex. The results of experimentation
by Ruiz-Gonzalez et al. (2016), conducted on the barn swallow
feather-associated bacterial population of Chernobyl areas, post-

nuclear holocaust, deserves mention at this juncture. Here the
investigators have identified three areas around Chernobyl,
based on background radiation levels: of “high” (2.9 uGy hr’),
“intermediate” (0.45 uGy hr') and “low” (0.1 uGy hr'), and the
control (0.03 — 0.05 uGy hr") area. Pertinently, the bacteria
inhabiting “high” and ‘“intermediate” areas have shown
perceptibly better survival rate and resistance against induced
radiation, than those of the control and “low-dose” areas. That the
radiation dose of Chavara-Neendakara HBRA falls within the
span of “high” and “intermediate” areas of Chernobyl, makes the
present study more relevant and interesting. Although
radioactivity of this HBRA is known for several decades, its
ecological relevance has notbeen explored so far.

The present study implicates that the background
radiation prevalentin the HBRAIs notignorable, as it could exerta
selection pressure, a matter of ecological and evolutionary
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significance. Future longitudinal studies assessing the microbial
community structure of HBRA over time should be able to address
this question effectively. Being inherently and perpetually
radioactive, HBRA could be an ideal “natural platform” for
experimentation on long-term exposure to radiation, and the
inhabiting microbes, the “natural model” for future investigations.
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