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ABSTRACT: Bacillus is an important genus as it is a source for antibiotics, enzymes, and probiotics. Therefore, several studies are targeted on
this genus in order to understand its diversity abundance in different soil environments. In present study, we investigated the diversity of Bacillus
at species level using culturable approach in soils collected at different climatic zones of India and identified 20 prominent members of genus
Bacillus species that are able to grow in different media types under same culture conditions. Results also showed that the species diversity of
Bacillus changes according to the soil microenvironment under the influence of different climatic conditions. As a pilot study using culturable
approach, we made an attempt to investigate the shift in Bacillus species diversity present in the Indian soils experiencing a climatic gradient

over a large geographic area.

KEYWORDS: Soil, climate, Bacillus, EzTaxon, phylogenetic, analysis

RECEIVED: September 29, 2018. ACCEPTED: October 5, 2018.
TYPE: Original Research

FUNDING: The author(s) disclosed receipt of the following financial support for the
research, authorship and/or publication of this article: This work was supported by Council
of Scientific and Industrial Research, India (to Girish R Nair), CSIR-SRF direct fellowship.
The funder had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this
article.

CORRESPONDING AUTHOR: Suresh SS Raja, Department of Microbiology,
Bharathidasan University Constituent College, Kurumbalur, Perambalur 621107, Tamil
Nadu, India. Emails: sudalaimuthuraja@yahoo.co.in

Introduction

The genus Bacillus is a widely distributed genus having 347 spe-
cies and 7 subspecies known till date.:> Members of this genus
belong to phylum Firmicutes and are rod-shaped, which stain
gram positive. They have ability to form spores that are resistant
to extreme heat, bactericidal agents, and chemical disinfectants.3
Majority of the species belonging to this genus have no patho-
genic potential expect a few like Bacillus anthracis which causes
anthrax, Bacillus cereus responsible for food poisoning, and Bacillus
thuringiensis which produces insecticidal toxin, while others have
only few reports on pathogenicity against human and animals.*8
Many species of Bacillus have wide angle applications in the field
of medicine and agriculture, which involve production of biocon-
trol agents such as antibiotics from species like Bacillus licheni-
formis or Bacillus subtilis that produce bacitracin, Bacillus polymyxa,
which produces polymyxin, and Bacillus brevis which produces
gramicidin.”~* Several Bacillus spp. are also used as probiotic sup-
plements in animal feed because of their ability to withstand high
temperature and low pH.1>16 They are also good source for pro-
duction of enzymes like amylase, protease, cellulase, lipase, and so
on, which find variety of industrial applications.’”2 Therefore, it
is imperative to understand the structure and dynamics of soil
Bacillus communities.

Several studies have reported the role of climate as a major
abiotic factor in shaping the bacterial communities present in the
soil by controlling the rate of soil formation and its chemical
composition.?*27 India possesses a large variety of climates rang-
ing from extremely hot desert regions to high altitude locations
with severely cold conditions similar to northern Europe. Climate
in India can be divided into six zones according to Képpen clas-
sification system as tropical wet climatic zone (TWCZ), tropical
wet and dry climatic zone, arid climatic zone (ACZ), semi-arid
climatic zone ACZ, humid subtropical climatic zone (HSCZ),

and mountainous climatic zone (IMCZ).282 This climatic diver-
sity experienced by Indian soils makes it an interesting investiga-
tion site for understanding the community profile of genus
Bacillus present in different climatic zones.

Most of the recent work in soil microbial ecology which
focuses on cataloging the diversity of soil bacteria and docu-
menting how soil bacterial communities are affected by specific
environmental changes or disturbances is gaining more impor-
tance3%3! and similar trend of studies could very well be tar-
geted on soil Bacillus community of India facing a climatic
contrast across the subcontinent. Therefore, as a preliminary
study, we investigated the diversity of Baci/lus species in soil
types present at four different climatic zones of India namely,
TWCZ, ACZ, HSCZ, and MCZ using culturable approach.
These climatic zones were selected on the basis of climatic
contrast between them. From this study, we intend to know the
prominent members of soil Baci/lus community in different cli-
matic locations and how species diversity of Bacillus varies
across the geographical and climatic scale when grown in dif-
ferent media types under same culture conditions.

Materials and Methods
Study sites and sample collection

The sampling was performed at different locations from India
falling under four climatic zones according to Képpen classifica-
tion system (Supplementary Figure 1). Soil was collected in the
pre-monsoon season from February 2017 to March 2017 from
three different spots at each climatic zone starting from the
southern part of India and moving along the northern part of
India, the study sites cover four states of India each representing
a different climatic zone namely, Kerala (TWCZ), Rajasthan
(ACZ), Chandigarh (HSCZ), and Himachal Pradesh (MCZ)
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Figure 1. Location of selected soil sampling sites from different climatic zones of India. A. Map of western Rajasthan (arid climatic zone) showing
sampling sites marked with 6-point star (x); A1, A2, A3 photographic images of sampling area in western Rajasthan. B. Map of southern Kerala (tropical
wet climatic zone) showing sampling sites marked with 6-point star (%); B1, B2, B3 photographic images of sampling area in southern Kerala. C Map of
Chandigarh city (humid subtropical climatic zone) showing sampling sites marked with 6-point star (x); C1, C2, C3 photographic images of sampling area
in Chandigarh. D Map of Himachal Pradesh (mountainous climatic zone) showing sampling sites marked with 6-point star (x); D1, D2, D3 photographic
images of sampling area in Himachal Pradesh. Source: Adapted and modified from Google maps.

(Figure 1). All samples were collected from areas having no
anthropogenic activity or animal influence and low density of
vegetation. At each sampling spot, quadrates of 3.5 X 3.5 m were
selected and the surface soil was removed at a depth of 15-20cm.
Thereafter, soil was collected using a sterile shovel and transferred
into sterile sampling bags (Nasco: Hi-Media, India) and trans-
ported to laboratory in ice. Later, the samples from each climatic
location were sieved through sterile 2mm mesh, pooled together
to make a composite sample and processed immediately.

Geochemical parameters of soil

A total of 10 geochemical parameters of soil were assessed,
including pH, moisture content, organic carbon, nitrogen, potas-
sium, calcium, magnesium, phosphorous, iron, and boron. The
pH was measured using pH electrode (Shimadzu, Japan) in a
saturated colloidal solution of deionized water and moisture
content was calculated using oven dry method. Total phosphorus
was measured colorimetrically and total nitrogen was analyzed
by the micro Kjeldahl method.3? Determination of iron, boron,
calcium, potassium, and magnesium was carried out using
Spectrometer (Zeenit 700; Analytik, Jena, Germany).®® Total
organic carbon was determined using partial oxidation method.3*

Plating and isolation of bacterial strains

The samples were immediately processed by serial dilution and
plating technique using normal saline (0.45%) by plating on to

general purpose media like TSA (Tryptic Soy Agar; Hi-Media),
NA (Nutrient Agar; Hi-Media), minimal media involving
TSA 1:10 and 1:100 dilutions (T'SA; Hi-Media) and selective
media involving AIA (Actinomycetes Isolation Agar;
Hi-Media), SMA (Streptomyces Agar; Hi-Media) followed
by incubation at 30°C for a week subsequently monitoring bac-
terial growth at 24h, 48 h, 72 h, and so on. Quantitative analysis
for bacterial growth in all the samples was examined using
colony counting and determination of colony forming units
(CFU) per milliliter. Qualitative analysis of colonies involved
identification of bacterial species and their enumeration from
all the samples. The colony morphotypes were selected using
four parameters: colony size, form, color, and texture. A pheno-
typic variant was considered when it differed in at least one of
the referred morphological parameters and further selected for
identification.3®

Strain identification and phylogenetic analysis

All the strains were identified using through genomic DNA
isolation and 16S rRNA gene sequencing. Genomic DNA
was extracted using Nucleospin nucleic acid kit followed by
PCR amplification using eubacterial universal primers 27F
(5'-AGAGTTTGATCMTGG CTC AG-3")and 1492 R
(5'-CGG TTA CCT TGT TAC GAC TT-3").3¢
Furthermore, the purified PCR product was amplified using

1100R (5'-GGG TTG CGC TCG TTG-3') primer sub-
jected to Sanger sequencing.’”3% The 16S rRNA gene
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Table 1. Physiochemical properties of soil samples collected at different climatic zones.

SOIL PARAMETERS TWCZ HSCZz MCz
Moisture content 13.06% 0.07% 0.3% 7.7%

pH 3.94 8.05 8.13 5.44
Organic carbon 103.07 mg/kg 93.10mg/kg 94.60mg/kg 112.27mg/kg
Nitrogen 14.11% 17.00% 11.03% 10.90%
Potassium 2.9% 1.86% 2.9% 1.88%
Calcium 4.30% 6.07% 1.8% 8.01%
Magnesium 1.22% 2.43% 0.4% 1.22%
Phosphorous 0.05% 0.08% 0.07% 0.12%
Iron 1.09% 1.26% 1.04% 1.13%
Boron 10.04ppm 15.12ppm 12.80ppm 11.20ppm

Abbreviations: ACZ, arid climatic zone; HSCZ, humid subtropical climatic zone; MCZ, mountainous climatic zone; TWCZ, tropical wet climatic zone.

sequences obtained after sequencing were searched for simi-
lar sequences from 16S rRNA gene database of EzTaxon
server?? (Supplementary Table 1). To determine the phyloge-
netic relationship of the identified isolates, their 16S rRNA
gene sequences were aligned using Mega version 7.0% and
phylogenetic trees were constructed using the neighbor join-
ing as well as maximum likelihood and maximum parsimony
algorithms.#! Bootstrap analysis of 1000 bootstrap replica-
tions was performed to assess the confidence limits of the
branching.4?

Nucleotide sequence accession numbers

The 16S rRNA gene sequences of the Bacillus isolates were
deposited in GenBank database under the accession numbers
MF680623, MF680624, MF680626 to MF680629,MF680632
to MF680635, MF680637, MF680638, MF680640 to
MF680646, MF680649 to MF680652, MF680654 to
MF680665, MF680667, ME680670 to MF680671.

Results
Chemical analysis of soil samples

The soil samples collected at each climatic zone were pooled
together to make a composite sample and the highest values
of moisture were recorded in soils collected from TWCZ fol-
lowed by MCZ, HSCZ, and lowest in ACZ. The pH (3.94)
was lowest in TWCZ soil which reflects its acidic nature
whereas the pH in soils collected from ACZ (8.05) and
HSCZ (8.13) was alkaline. The soil from MCZ was mildly
acidic having a pH value of 5.44. There was a much less dif-
terence in the values of organic carbon, phosphorous and iron
in all soil samples. The highest values of organic carbon and
phosphorous were recorded in soils collected at MCZ,
whereas highest values of iron were recorded in ACZ.
Greater differences were observed in values of calcium and

magnesium, the value of calcium was highest in MCZ and
lowest in HSCZ. The value of magnesium showed higher
levels in ACZ and lower levels in HSCZ. The value of boron
was highest in ACZ and lowest in TWCZ. The percentage of
potassium had similar range in ACZ (1.86%) and MCZ
(1.88%) together. Similarly, it was observed as 2.9% for both
TWCZ and HSCZ (Table 1).

Culturable diversity of Bacillus species

The viable bacterial population was measured using plating
and CFU determination on five different media namely, TSA,
NA, SMA, and AIA. Of all these media, the highest CFU
(2.58 X 10*CFU/mL) was recorded in TSA in sample TWCZ.
The phylum Firmicutes dominated among other identified
phyla Actinobacteria and Proteobacteria which could be cor-
related with the depth of soil collected and presence of rhizos-
pheric soils in the sampling sites. In the phylum Firmicutes, 20
different Bacillus species were identified from all four climatic
zones, in which maximum diversity and number were obtained
in ACZ followed by TWCZ. The other two climatic zones
HSCZ and MCZ had similar abundance and diversity.
Although all the soils had the presence different species of
Bacillus, one species was found to be shared among HSCZ,
MCZ, and ACZ. No species was found to be common among
four soils (Figure 2) There were a lot of species that were found
to be unique and confined to only a particular climatic zone
like in TWCZ, which showed the presence of Bacillus aryab-
hattai, Bacillus mesonae, Bacillus wiedmannii, that were absent in
all other climatic zones. Similarly, ACZ showed the presence
of B. anthracis, Bacillus filamentosus, Bacillus altitudinis, and
Bacillus firmus followed by HSCZ which showed presence of
Bacillus pseudomycoides, Bacillus funiculus, Bacillus luciferensis,
and Bacillus marisflavi. The climatic zone MCZ had presence
of Bacillus tequilensis and Bacillus muralis (Figure 3). These
results indicate that although genus Baci/lus is ubiquitously
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ACZ

HSCZ

Figure 2. Venn diagram showing the different Bacillus species shared among tropical wet climatic zone (TWCZ), humid-sub tropical climatic zone
(HSC2), arid climatic zone (ACZ), and mountainous climatic zone (MCZ) of India. ACZ indicates arid climatic zone; HSCZ, humid subtropical climatic

zone; MCZ, mountainous climatic zone; TWCZ, tropical wet climatic zone.
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Figure 3. Distribution of Bacillus species in different climatic zones of India as inferred from culturing and 16S rRNA gene sequencing. ACZ indicates arid
climatic zone; HSCZ, humid subtropical climatic zone; MCZ, mountainous climatic zone; TWCZ, tropical wet climatic zone.

found in different soil habitats, there is a difference in species
level distribution due to influence of climate as one of the fac-
tors affecting soil microenvironment. The phylogenetic rela-
tionship between the isolated 165 rDNA from the four climatic
zones was compared with the representative species. All of the
isolates were affiliated with 20 different species of Bacillus
(Figure 4A to D).

Discussion

There are number factors that mold the microbiota surviving
in the soil, one of which is the climate and considered as a
major abiotic factor controlling the other sub-factors that
shape the Baci/lus community native to the bottom soil present
at the different climatic conditions, unaffected by the anthro-
pogenic activities. The climate change and global warming are
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Figure 4. (Continued)
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Figure 4. A. Phylogenetic tree based on 16S rDNA sequences showing relationship between different members of phylum Firmicutes isolated from
TWCZ. Boot-Strap values (1000 replicates) of >70% are given at the nodes. Lentibacillus halophilus strain PSII-2T was used as outgroup. The strains
isolated from the study are shown in bold and the accession numbers in brackets. Scale bar represents the number of substitutions per nucleotide
position. Bar, 0.0050 substitutions per nucleotide position. B. Phylogenetic tree based on 16S rDNA sequences showing relationship between different
members of phylum Firmicutes isolated from ACZ. Boot-Strap values (1000 replicates) of >70% are given at the nodes. L. halophilus strain PSII-2T was
used as outgroup. The strains isolated from the study are shown in bold and the accession numbers in brackets. Scale bar represents the number of
substitutions per nucleotide position. Bar, 0.0050 substitutions per nucleotide position. C. Phylogenetic tree based on 16S rDNA sequences showing
relationship between different members of phylum Firmicutes isolated from HSCZ. Boot-Strap values (1000 replicates) of >70% are given at the nodes. L.
halophilus strain PSII-2T was used as outgroup. The strains isolated from the study are shown in bold and the accession numbers in brackets. Scale bar
represents the number of substitutions per nucleotide position. Bar, 0.0100 substitutions per nucleotide position. D. Phylogenetic tree based on 16S rDNA
sequences showing relationship between different members of phylum Firmicutes isolated from MCZ. Boot-Strap values (1000 replicates) of >70% are
given at the nodes. L. halophilus strain PSII-2T was used as outgroup. The strains isolated from the study are shown in bold and the accession numbers in
brackets. Scale bar represents the number of substitutions per nucleotide position. Bar, 0.0100 substitutions per nucleotide position.

causing paradigm shift in the population of soil microbial
communities; therefore, microbial surveys of different terres-
trial habitats are increasingly becoming significant among
microbial society. The culturable dependant approach is gain-
ing equal importance compared with culture independent
approach in investigating the composition of soil microbiota
on a climatic and geographical scale as evident from a study,
where seasonal variation in the bacterial community profile of
alpine forest soils was studied. Similarly, another study assessed
the response of yeast diversity to microclimatic environmental
factors in soil biotypes using culturable approach. Prior to this,
researches have compared the microbial community structure
of four black soils along a climatic gradient in northeast china
and also showed the effect of pedoclimate, geomorphology,
and land-use in changing the turnover of soil bacterial com-
munities of France.

The Indian subcontinent has a varied climatic exposure
having a tremendous effect on the terrestrial environments that
could modulate the soil physiochemical properties in-turn
affecting the bacterial community profile of a particular habi-
tat. This makes lot avenues for exploring the microbial com-
munity diversity in Indian soils on a climatic and geographical
scale which are given much less attention. Several studies have

evaluated the culturable microbial diversity of Trans-Himalayas
of Himachal Pradesh Similarly, the diversity of culturable
Bacilli was investigated in six wheat cultivating agro-ecological
zones of India namely, northern hills, north western plains,
north eastern plains, central, peninsular, and southern. Likewise
another study explored the diversity of niche specific Bacilli
from extreme environments. Although these studies investi-
gated the diversity of Bacillus community, they slightly differ
from the present study as this study examines the diversity
native soil Bacillus over a large climatic and geographical scale
in unexplored and non-anthropogenic sites using different
growth media and culture setting.

The change in the pattern of diversity in the soil Baci/lus
community is much less studied on a geographical scale in
India and this study has made an attempt to investigate that
part of Baci/lus community native to the soil, which has devel-
oped over the years under the influence climate and geography
of that area. The findings proved that although the genus
Bacillus is ubiquitously found in all major soil types present at
different climatic zones, their species level diversity varies to a
great extent, which suggest that climate has a strong influence
in shaping the Bacillus species structure thriving in different
soils. Moreover, it was found that Baci/lus is able to grow in
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general-purpose media, minimal media (nutritionally poor),
and selective media that are used to traditionally culture bacte-
ria from soil. In the soil parameters pH, moisture content,
magnesium and calcium showed observable difference consid-
ering others parameters among the climatic zones. pH had a
slighter influence on the survival of members of genus Baci//us.
Moisture content was less in ACZ; yet, it was more diverse
than other climatic zones, which shows little influence of mois-
ture content in survival of different Bacillus species. HSCZ soil
showed low levels of magnesium and calcium which could be
correlated to the survival and presence of some unique species
like Bacillus pseudomycoides, Bacillus licheniformis, Bacillus lucife-
rensis, and Bacillus marisflavi, which were not found in other
climatic zones. Remarkably, this study shows the difference in
the diversity of Bacillus species inspite of similar culture condi-
tions from each climatic location of India, which was never
reported in the literature and all these species were industrially
important members that have potential enzyme production as
well as probiotic capabilities.

Author Contributions
Conceptualization and Study design: Suresh S S Raja (SSR),
Manuscript preparation, data analysis, review and editing:

Girish R Nair (RGN).

REFERENCES
1. Cohn F. Bacillus 1872. http://www.bacterio.net/bacillus.html. Accessed January
12, 2017.

. Cohn F. Untersuchungen tiber Bakterien. Beit Biol Pflanz. 1872;1:127-224.

3. Baron S. Epidemiology—DMedical Microbiology. Galveston, TX: The University of
Texas Medical Branch at Galveston; 1996.

4. Barrie D, Hoffman PN, Wilson JA, Kramer JM. Contamination of hospital
linen by Bacillus cereus. Epidemiol Infect. 1994;2:297-306.

5. Bryce EA, Smith JA, Tweeddale M, Andruschak BJ, Maxwell MR. Dissemina-
tion of Bacillus cereus in an intensive care unit. Infect Control Hosp Epidemiol.
1993;8:459-462.

6. Curtis JR, Wing AJ, Coleman JC. Bacillus cereus bacteraemia. A complication
of intermittent haemodialysis. Lancez. 1967;1:136-138.

7. Hsueh PR, Teng L], Yang PC, Pan HL, Ho SW, Luh KT. Nosocomial pseudo-
epidemic caused by Bacillus cereus traced to contaminated ethyl alcohol from a
liquor factory. J Clin Microbiol. 1999;37:2280-2284.

8. Ryan K], Ray CG, eds. Sherris Medical Microbiology. New York: McGraw-Hill
Education/McGraw-Hill Medical; 2014.

9. Samrot A, Prasad R, Rio A, Sneha S. Bioprospecting of Brevibacillus brevis Iso-
lated from Soil. Recent Pat Biotechnol. 2015;9:42—49.

10. Ngugia HK, Dedejb S, Delaplaneb KS, Savellea AT, Scherm H. Effect of
flower-applied serenade biofungicide (Bacillus subtilis) on pollination-related
variables in rabbit eye blueberry. Bio/ Control. 2005;1:32-38.

11.  Shaheen M, Li J, Ross AC, Vederas JC, Jensen SE. Paenibacillus polymyxa PKB1
produces variants of polymyxin b-type antibiotics. Chem Biol. 2011;12:1640-1648.

12.  Stephen A, Vederas JC. Lipopeptides from Bacillus and Paenibacillus spp.: a gold
mine of antibiotic candidates. Med Res Rev. 2014;36:4-31.

13.  van Dijl JM, Hecker M. Bacillus subtilis: from soil bacterium to super-secreting
cell factory. Microb Cell Fact. 2013;12:3.

14. Zhao P, Xue Y, Gao W, et al. Bacillaceae-derived peptide antibiotics since 2000.
Peptides. 2017;101:10-16.

15.  Huynh A, Hong Duc L, Simon M. Cutting the use of bacterial spore formers as
probiotics. FEMS Microbiol Rev. 2005;29:813-835.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mingmongkolchai S, Panbangred W. Bacillus probiotics: an alternative to antibi-
otics for livestock production. J Appl Microbiol. 2018;124:1334-1346.

Abdul M, Mondol M, Shin JH, Islam MT. Diversity of secondary metabolites
from marine Bacillus species: chemistry and biological activity. Mar Drugs.
2013;11:2846-2872.

Gomaa EZ. Optimization and characterization of alkaline protease and car-
boxymethyl-cellulase produced by Bacillus pumillus grown on ficus nitida wastes.
Braz J Microbiol. 2013;2:529-537.

Hassan MA, Haroun BM, Amara AA, Serour EA. Production and character-
ization of keratinolytic protease from new wool-degrading Bacillus species iso-
lated from Egyptian ecosystem. Biomed Res Int. 2013;2013:175012.

Mead D, Drinkwater C, Brumm PJ, Horsburgh M]J. Genomic and enzymatic
results show Bacillus cellulosilyticus uses a novel set of LPXTA carbohydrases to
hydrolyze polysaccharides. PLoS ONE. 2013;4:¢61131.

Muslim SN, Al-Kadmy IMS, Hussein NH, etal. Chitosanase purified from
bacterial isolate Bacillus licheniformis of ruined vegetables displays broad spec-
trum biofilm inhibition. Microb Pathog. 2016;100:257-262.

Niyonzima FN, More SS. Concomitant production of detergent compatible
enzymes by Bacillus flexus XJU-1. Braz ] Microbiol. 2014;3:903-910.

Oyeleke SB, Oyewole OA, Egwim EC. A review production of protease and
amylase from Bacillus subtilis and Aspergillus niger using Parkia biglobosa (Africa
locust beans) as substrate in solid state fermentation. Adv Lif Sci.
2011;2:49-53.

Classen AT, Sundqvist MK, Henning JA, et al. Direct and indirect effects of cli-
mate change on soil microbial and soil microbial-plant interactions: what lies
ahead? Ecosphere. 2015;6:130.

Drenovsky RE, Steenwerth KL, Jackson LE, Scow KM. Land use and climatic
factors structure regional patterns in soil microbial communities. Glob Ecol Bio-
geogr. 2010;1:27-39.

Karmakar R, Das I, Dutta D, Rakshit A. Potential effects of climate change on
soil properties: a review. Sci Int. 2016;2:51-73.

Kheyrodin H, Ghazvinian K. Effect of climate change on soil global microor-
ganisms. J Bio/ Chem Res. 2014;2:310-319.

Koppen W. Waldimir Koppen: German climatologist. Encyclopedia Britannica.
www.britannica.com/biography/ Wladimir-Peter-Koppen. ~ Updated ~ 2017.
Accessed May 12, 2017.

Rubel F, Kottek M. Comments on: “the thermal zones of the Earth” by Wladi-
mir Képpen (1884). Meteorol Z. 2011;3:361-365.

Fierer N, Jackson RB. The diversity and biogeography of soil bacterial communi-
ties. Proc Natl Acad Sci U S A. 2006;3:626—631.

Razanamalala K, Razafimbelo T, Maron PA, et al. Soil microbial diversity drives
the priming effect along climate gradients: a case study in Madagascar. ISME J.
2018;2:451-462.

Bremner JM, Mulvaney CS. Nitrogen-total 1. Methods of soil analysis. Part 2.
Chemical and microbiological properties. Meth Soil Anal. 1982;2:595-624.
Hagen B, Howard K. The determination of boron, iron, magnesium and zinc in
fertilizers using ICP-AES. Concord Coll ] Anal Chem. 2011;2:51-57.

Yasir M, Azhar EI, Khan I, et al. Composition of soil microbiome along eleva-
tion gradients in southwestern highlands of Saudi Arabia. BMC Microbiol.
2015;15:65.

Khan N, Vidyarthi A, Nadeem S, Negi S, Nair G, Agrewala JN. Alteration in
the gut microbiota provokes susceptibility to tuberculosis. Front Immunol.
2016;7:529.

Saha P, Chakrabarti T. Emticicia oligotrophica gen. nov., sp. nov., a new member
of the family ‘flexibacteraceae’ phylum bacteroidetes. Inz J Syst Evol Microbiol.
2006;56:991-995.

Nair RG, Kaur G, Khatri I, et al. Genome mining and comparative genomic
analysis of five coagulase-negative staphylococci (CNS) isolated from human
colon and gall bladder. J Data Mining Genomics Proteomics. 2016;7:192.

Pandey KK, Mayilraj S, Chakrabarti T. Pseudomonas indica sp. nov., a novel
butane-utilizing species. Int ] Syst Evol Microbiol. 2002;52:1559-1567.

Yoon SH, Ha SM, Kwon S, etal. Introducing EzBioCloud: a taxonomically
united database of 16S rRNA gene sequences and whole-genome assemblies. In#
J Syst Evol Microbiol. 2017;67:1613-1617.

Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics anal-
ysis version 7.0 for bigger datasets. Mo/ Bio/ Evol. 2016;33:1870~1874.

Chander AM, Nair RG, Kaur G, et al. Genome insight and comparative patho-
genomic analysis of nesterenkonia jeotgali strain CD08_7 isolated from duode-
nal mucosa of celiac disease patient. Front Microbiol. 2017;8:129.

Felsenstein J. Confidence limits on phylogenies: an approach using the bootstrap.
Evolution. 1985;39:783-791.


http://www.bacterio.net/bacillus.html
www.britannica.com/biography/Wladimir-Peter-Koppen



