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Abstract A natural thermal habitat, Tulasi Shyam, was

studied for the culture-dependent and culture-independent

diversity of the thermophilic bacteria. Soil and water

samples of winter, summer and monsoon seasons were

analyzed to assess the impact of the seasonal variation on

the microbial diversity. The soil was fertile and contained

high humic substances. The temperature of the water was

50 �C, which did not significantly vary with seasons.

Various methods were assessed for the extraction of the

metagenomic DNA to obtain quality DNA in good quan-

tity. The 16S rRNA genes were amplified using the

metagenomic DNA as template and the products were

analyzed further by the denaturing gradient gel elec-

trophoresis (DGGE) for evaluating the bacterial diversity.

The metagenomic diversity of the hot spring reservoir-1 as

compared to reservoir-2 was less influenced by the seasonal

variations. The DGGE patterns of the soil samples sug-

gested significant effect of the seasonal changes. The

metagenomic diversity was distinct when compared with

the culture-dependent microbial diversity. The diversity

was further analyzed by the principal component analysis

(PCA) and diversity indices. The apparent shift in the

diversity appears to be governed by the prevailing envi-

ronmental conditions.

Keywords Metagenomics � Diversity indices � Hot spring
reservoirs � DGGE � Principal component analysis

Introduction

The studies on the microbial ecology have provided

understanding of the microbial community structures and

their evolution under various climatic, biotic and xenobi-

otic conditions. For a long period of time, however, the

studies on the microbial diversity depended on the culture-

dependent approaches. The cultivation based analyses are

not sufficient to explore the microbial diversity as it does

not reveal a clear picture of the community diversity.

Moreover, approximately 99% of the microorganisms

present in nature cannot be cultured under the laboratory

conditions. Thereby, the genetic information and biotech-

nological potentials of majority of the organisms dwelling

in a given habitat would remain unexplored, if only con-

ventional approaches are employed (Streit and Schmitz

2004). As a result, the assessment of the culture-indepen-

dent diversity is inevitable for the comprehensive under-

standing of the microbial diversity and phylogeny.

The concept of metagenomics includes the sequence and

the function-based approaches. Albeit both the concepts are

interconnected, the sequence-based metagenomics deals

especially with the diversity and phylogeny of the

microorganisms in a particular habitat, highlighting the

population heterogeneity and phylogenetic status in totality

(Galperin 2008; Purohit and Singh 2009). Furthermore, the

advancement in the field of bioinformatics has significantly

added to the success of the metagenomic approaches

(Thomas et al. 2012).

In the present study, the properties of the soil and water

were analyzed, followed by the sequence-based metage-

nomics to explore the culture-independent diversity of the

natural hot spring reservoirs, Tulasi Shyam, which is

located in the Gir Forest of the Gujarat State, India.

Extracted of the intact and pure environmental DNA from a
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given habitat is the first and significant step in the

metagenomics (Voget et al. 2003; Kennedy et al. 2007;

Sharma et al. 2007; Purohit and Singh 2009; Siddhapura

et al. 2010; Akbari et al. 2014). Various protocols have

been developed and optimized to extract metagenomic

DNA, based on the combinations of the enzymatic and

mechanical methods to disrupt the rigid cell structure. The

16S rRNA gene was amplified with a pair of the universal

eubacterial primers using the extracted megenomic DNA

as the template. The polymorphism was assessed by the

denaturing gradient gel electrophoresis (DGGE), using

urea and formamide as the chemical denaturants. The

impact of the seasonal variations and incubation tempera-

tures on the microbial diversity was assessed using both,

culture-dependent and metagenomic approaches. In addi-

tion, various statistical indices and the similarity matrix

would significantly add to the understanding of the

microbial diversity of the natural thermal habitat under

seasonal alterations.

Materials and Methods

Materials

Agarose and lysozyme were purchased from Hi-Media

Limited (Mumbai, India), whereas DNA markers were

from Merck Limited, India and Thermo Scientific, India.

Primers were procured from the Imperial Life Sciences,

India. Microbiological filters (0.2 micron) were from Mil-

lipore, India. Other chemicals were of analytical grade and

obtained from Rankem Laboratories, India.

Preparation of Reagents and Buffers

The extraction buffer contained 100 mM Tris-Cl, 100 mM

EDTA and 1.5 M NaCl (pH 8). The TE buffer contained

1 mM EDTA in 10 mM tris-Cl buffer, pH 8. In addition,

the chemical lysis buffer contained 20% (w/v) SDS,

20 mg/ml Lysozyme, 10 mg/ml Protinase-K, 10 mg/ml N-

lauryl sarcosine and 1% (w/v) CTAB (cetyl trimethyl

ammonium bromide) in the sterile MiliQ grade water.

Tulasi Shyam Hot Spring Reservoirs

Tulasi Shyam is a natural thermal habitat, located in the

middle of the Gir Forest in Gujarat, India (Longitude 71.02

and Latitude 21.05). It is the only thermal habitat in the

Saurashtra region and not explored for the microbial

diversity and phylogeny. The thermal habitat has religious

significance as well due to the ancient temple of Lord

Krishna in its vicinity.

To explore culture-dependent and culture-independent

bacterial diversity, different soil and water samples were

collected from the site in different seasons; winter, summer

and monsoon. The physicochemical properties of the soil

and water samples were measured immediately after

sampling (Marx et al. 1996; McSweeney and Grunwald

1999).

Conventional Microbiological Approaches

Isolation of Thermophilic Bacteria

The soil and water samples were serially diluted in the

sterile distilled water and 5% (v/v) of the diluted samples

was inoculated into the modified thermophilic medium

containing 0.7% (w/v) peptone, 0.5% (w/v) yeast extract,

0.3% (w/v) malt extract and 0.5% (w/v) NaCl, along with

1% (w/v) glucose, at different pH of 7–9. The flasks were

incubated at 50 �C for 24–48 h. Thereafter, 0.1 ml of the

enriched culture was inoculated on the modified ther-

mophilic agar plates containing the same ingredients as

mentioned above, supplemented with 5% (w/v) agar pow-

der at pH 7–9. The inoculated plates were incubated at

temperatures between 37 and 70 �C for 24–48 h. The iso-

lated colonies were subsequently streaked repeatedly to

obtain pure culture (Kikani et al. 2015).

Effect of Incubation Temperatures on the Bacterial

Growth

The thermophilic bacterial isolates were individually

inoculated in the medium and incubated at various tem-

peratures for 24–48 h.

Sequence Based Metagenomic Approach

Extraction of the Metagenomic DNA: Establishment

of the Protocols

For the standardization of the extraction protocols, 10% (w/

v) of each soil sample was added into a 10 ml of the

extraction buffer. On the other hand, 500 ml of the water

sample was filtered aseptically, using the bacteriological

filters (0.2 l). The filter pads were added to 50 ml of the

extraction buffer, pH 8. The sample was incubated with the

extraction buffer at 50 �C with continuous shaking for

18 h. The samples were re-extracted in 1 ml of the same

extraction buffer. The supernatants were collected by

centrifugation at 8385 g for 10 min at 4 �C.
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Soft Method

DNA Extraction using the Soft Lysis Method

To the supernatant, 4 ml of the Lysis buffer was added,

followed by the incubation at 65 �C for 2 h with vigorous

shaking at every 15 min. The samples were then cen-

trifuged at 8385 g for 10 min at 4 �C. The upper aqueous

phase was extracted with the equal volume of phenol,

chloroform and iso-amyl alcohol (P:C:I) in the ratio of

25:24:1. The treated samples were centrifuged at 8385 g

for 20 min at 4 �C. Consequently, the upper aqueous phase
was re-extracted with the equal volume of choloroform and

iso-amyl alcohol in the ratio of 24:1. As previously

described, the tubes were centrifuged at 8385 g for 15 min

at 4 �C. The DNA was treated with 7.5 M potassium

acetate subsequently. The DNA was precipitated by chilled

absolute ethanol. The tubes were kept at 4 �C for 1 h.

Further, the precipitated DNA was recovered by centrifu-

gation at 8385 g for 10 min at 4 �C. The DNA was air

dried and suspended in the minimal volume of the sterile

TE buffer, pH 8.

Harsh Methods

DNA Extraction Using Bead Beating Method

To the supernatant, 10% (w/v) glass beads with 5 mm

diameter were added, followed by continuous blending for

15 min. The tubes were incubated at 65 �C for 2 h with

vigorous shaking at every 15 min. The remaining protocol

for the DNA extraction was as described for the soft lysis

method.

DNA Extraction Using Sonication Method

The supernatant was further sonicated using a High

Intensity Ultrasonic processor (Sartorious Make, India)

with a standard 13 mm horn solid probe for 3 pulses of

30 s each in a chilled ice bath. The sample was cooled in

the ice and repeatedly sonicated for 6 consecutive cycles.

Later, the tubes were incubated at 65 �C for 2 h with

vigorous shaking at every 15 min. The rest of the steps

were as described above in the soft lysis method.

DNA Extraction by a Combination of Bead Beating

and Sonication Treatment

The supernatant was treated with the beads followed by the

sonication as described earlier. Later, the samples were

incubated at 65 �C for 2 h with vigorous shaking at every

15 min. The rest of the extraction protocol was the same as

described in the soft lysis method.

Soft and Harsh Methods in the Combination

DNA Extraction Using Bead Beating, Together

with the Soft Lysis Method

The supernatants were further treated with the beads as

described earlier. It was then subjected to the chemical

lysis buffer. Later, the tubes were incubated at 65 �C for

2 h with vigorous shaking at every 15 min and the

remaining protocol was followed as described for the soft

lysis method.

DNA Extraction by Sonication in Combination

with the Soft Lysis Method

The supernatants were subjected to sonication for 6 cycles

as described earlier. Subsequently, it was treated with the

chemical lysis buffer. The samples were then incubated at

65 �C for 2 h with vigorous shaking at every 15 min and

the DNA was extracted as described for the soft lysis

method.

Determination of Purity and Yield of the Extracted DNA

The humic acids and proteins are the major contaminants

that generally co-extract with the environmental DNA from

the soil and water samples. Evidently, the humic acids

absorb at 230 nm, while DNA and protein at 260 and

280 nm, respectively. To evaluate the purity of the

extracted DNA, the absorbance ratios at 260/230 nm

(DNA/humic acid) and 260/280 nm (DNA/protein) were

determined.Moreover, the DNA concentration can be cal-

culated as:

DNA concentration lg/mlð Þ¼ 50� A260

� Dilution Factor ð1Þ

Further, the metagenomic DNA extracted by different

methods were analyzed on the agarose gel electrophoresis,

with 0.8% (w/v) agarose.

PCR Amplification of 16S rRNA Gene

The 16S rRNA gene was amplified using the universal

eubacterial primers and the metagenomic DNA as tem-

plate. To 100 ng of DNA template, 25 pmol of each, for-

ward (AGA GTT TGA TCC TGG CTC AG) and reverse

(ACG GCT ACC TTG TTA CGA CTT) oligonucleotide

primers (Imperial Life sciences, India) and 25 ll of 2X Red

Mix (Master Mix) Plus (Merck, India) were added. The

amplification protocol consisted of four steps: step-1, the

initial denaturation at 94 �C for 1 min; step-2, the denat-

uration at 94 �C for 30 s; step-3, the annealing at 54 �C for
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30 s and step-4, the extension at 72 �C for 2 min. Conse-

quently, Steps 2 and 4 were repeated for 29 cycles; with the

final elongation step at 72 �C for 2 min (Purohit and Singh

2009). Two negative controls, one without template DNA

and another without any primer were also included. The

amplified products and the 500 bp DNA marker (Merck,

India) were loaded on the agarose gel electrophoresis,

having 1.2% (w/v) agarose concentration. The amplified

products were stored at -20 �C till further use.

Denaturing Gradient Gel Electrophoresis

The 16S rRNA amplicon, 50 ll were subjected to the

increasingly higher concentrations of urea and formamide,

which act as the chemical denaturants (20–50%). The

amplicons migrated through the polyacrylamide gel con-

taining denaturants (Muyzer and Smalla 1998; Purohit and

Singh 2009). The gels were stained with ethidium bromide

(5 lg/ml).

Statistical Analysis of the Diversity

and Construction of the Dendrogram

The diversity index (Di) is used to explore the microbial

complexity of each sample, which can be calculated using

the formula, Di = n/nM, where i is the index number for

each band present in a DGGE profile; n is the number of

DGGE bands in a given DGGE profile; nM is the number

of bands in the DGGE profile with the highest number of

bands (Pongsilp et al. 2012). Various diversity indices were

also calculated (Hammer et al. 2001). The patterns and

DGGE bands were compared and scored. A matrix based

on the presence and absence of the characters was con-

structed. The data was further analyzed using cluster

analysis by the PAST program (Hammer et al. 2001).

DGGE patterns were further analyzed for the relative

similarity in the microbial diversity, using principal com-

ponent analysis (PCA) and Pearson correlation analysis,

using the Microsoft Xlstat software 2013.3 (Addinsoft,

France). Later, the matrix was compared in BioEdit pro-

gramme (v7.09). The similarity matrix was then trans-

formed into a phenogram, using neighbour-joining

methods (Hall 1999).

Results

Determination of the Properties of the Soil

and Water Samples

The physicochemical properties of the soil and water

samples were analyzed after each sampling and docu-

mented in Tables 1 and 2, respectively. The soil structure

of the soil-C was considered as blocky, as the surface dried

during the summer season and cracks appeared. In com-

parison, the soil-A was granular structured, as the soil

particles remained aggregated and glued together by the

organic matter. The granular structure of the soil indicated

that the soil was rich in the organic matters, with good

porosity and easy water–air exchange; whereas, the blocky

soil indicated high clay content. It was further confirmed

based on the analysis of the soil texture. The soil-A, the

loamy textured soil is considered as the fertile soil with

40–45% sand, 30–40% silt and 20–25% clay. In compar-

ison, the soil-C was clay type, indicated by the high clay

content. With reference to the soil consistency, the soil-A

remained firm during the winter and summer seasons,

while due to heavy rainfall it apparently turned loose

during the monsoon season. In contrast, due to the con-

tinuous contact of the effluent flow from the thermal

habitat, the soil-C remained loose, irrespective of the sea-

sonal variations. The organic carbon content indicated that

the soil samples were quite fertile.

In addition, the water samples were semitransparent in

nature. The pH values of the water samples were slightly

acidic to neutral. Interestingly, the temperature of the water

samples did not significantly fluctuate in response to the

seasonal variations. This might be due to the natural vol-

canic and geothermal processes, continuously occurring at

the particular thermal habitat. The temperature of the water

samples was around 50 �C. Therefore, the inoculated

extraction buffer was incubated at the same temperature,

during the isolation of the environmental DNA. The water

samples were slightly saline to non-saline in nature.

Microbial Diversity Using Conventional

and Metagenomic Approaches

Extraction of the Metagenomic DNA

The protocols for the isolation of the metagenomic DNA

were standardized. Cellular lysis of the microbial popula-

tion was employed to extract metagenomic DNA from the

soil and water samples. The extraction of the intact

metagenomic DNA with minimum shearing and removal

of the inhibitors are the major objectives behind stan-

dardization of the protocol. Various physicochemical

methods were examined for the DNA extraction. Two

approaches have been developed for extracting the envi-

ronmental DNA with the desired purity and quantity. One

is the direct extraction of the nucleic acids from the sam-

ples, after in situ cell lysis, followed by the DNA purifi-

cation. While the second approach separate the cellular

fractions from the sample, prior to the lysis of the cells,

followed by the extraction of the nucleic acids. In the

present study, we employed direct approaches to extract the
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metagenomic DNA from the soil and water samples. On

the same note, the direct DNA extraction protocol involved

soft and harsh lysis methods. The soft lysis method was

based on the disruption of the microorganism solely by the

enzymatic and the chemical means. The harsh lysis

involved cell disruption by bead beating, sonication,

freeze-thawing and grinding. The overall trends on the

extraction of the metegenomic DNA revealed that the

physical methods alone were not suitable for the extraction

of the metagenomic DNA from the soil samples. This

might be due to the fact that the soil samples were highly

humified and the humic acids could not be removed, using

the physical techniques alone. Additionally, sonication

treatment together with the soft lysis was most suit-

able among the other explored methods for the water

samples. This might be due to the fact that the microbial

populations were comparatively lesser and more diluted in

the water samples than the soil samples. Therefore, soni-

cation achieved maximum cellular lysis, in combination

with the soft lysis. Further, other contaminants were also

removed, due to the chemical and enzymatic treatments.

The findings also exemplified that the optimum method for

a particular soil may vary as the season changes.

Illustratively, the chemical lysis method was the best

approach to isolate the metagenomic DNA from the soil

type-A, collected during the winter and summer seasons.

While, for the same soil, collected in the monsoon, the

optimized method was chemical lysis in combination with

the bead beating (Table 3).

Further, the retrieved DNA was assessed for the purity

and yield, on the basis of the ratio of the absorbance at 260

and 230 nm (DNA versus Humic acids concentrations),

and the absorbance ratio at 260 and 280 nm (DNA versus

protein concentrations). The higher ratio (C1.8) indicates

extremely good purity of the extracted environmental

DNA, whereas a lower ratio indicates the presence of either

the proteins at 280 nm or the humic acids at 230 nm

(Table 3). The isolated metagenomic DNA was further

analyzed on the agarose gel electrophoresis, with 0.8% (w/

v) agarose concentration (Fig. 1).

Sequence Based Metagenomic Approach

The sequence-based metagenomic approaches deal with

the diversity, population dynamics and various inter- and

intra-microbial relations in a particular habitat. Towards

Table 1 Evaluation of the

seasonal impact on the

properties of the soil samples

Parameters Soil type-A Soil type-C

Winter Summer Monsoon Winter Summer Monsoon

pH 7.2 7.5 7 6.8 6.5 7.2

Structure Granular Granular Granular Blocky Blocky Blocky

Color Brown Brown Brown Black Black Black

Texture Loamy sand Loamy sand Loamy sand Clay Clay Clay

Clay 20% 10% 27% 54% 47% 59%

Silt 35% 27% 35% 32% 31% 22%

Sand 40% 55% 38% 12% 17% 10%

Consistence Firm Firm Loose Loose Loose Loose

Organic carbon (g/Kg) 1.34 1.03 1.55 0.93 0.69 1.28

Table 2 Evaluation of the seasonal impact on the properties of the water samples

Parameters Water sample from the Reservoir-1 Water sample from the Reservoir–2

Winter Summer Monsoon Winter Summer Monsoon

Transparency Semitransparent Semitransparent Semitransparent Semitransparent Semitransparent Semitransparent

Color Greenish Greenish Greenish Greenish Greenish Greenish

Temperature 48 �C 51 �C 47 �C 50 �C 50 �C 48 �C
pH 6.8 6.6 7.2 6.8 6.6 7.2

TDS 700 835 950 750 800 885

EC (lS/cm) 1166.67 1391.67 1583.33 1250 1333.33 1475

Chloride (g/L) 2.60 2.54 2.77 2.69 2.52 2.8

Sulphate (mg/L) 0.38 0.74 0.61 0.40 0.64 0.52

Int J Environ Res (2017) 11:25–38 29

123



Table 3 Analysis of the purity and yield of the environmental DNA

Method A260/280 A260/230 DNA (lg/ml) A260/280 A260/230 DNA (lg/ml) A260/280 A260/230 DNA (lg/ml)

Soil-A (Winter) Soil-A (Summer) Soil-A (Monsoon)

Soft 1.78 1.88 96.04 1.73 1.81 95.11 1.68 1.71 88.74

BB 1.55 1.32 78.31 1.41 1.47 69.12 1.45 1.51 75.54

Son 1.43 1.46 64.53 1.33 1.56 56.19 1.56 1.35 60.57

BB ? Son 1.25 1.38 43.74 1.26 1.40 50.06 1.61 1.40 51.32

BB ? Soft 1.61 1.74 81.09 1.62 1.59 80.21 1.79 1.69 98.27

Son ? Soft 1.54 1.65 80.00 1.47 1.60 74.25 1.65 1.71 90.36

Soil-C (Winter) Soil-C (Summer) Soil-C (Monsoon)

Soft 1.64 1.59 100.52 1.61 1.55 98.01 1.68 1.52 104.31

BB 1.45 1.29 78.43 1.34 1.27 81.99 1.30 1.24 77.62

Son 1.15 1.41 69.81 1.21 1.34 72.11 1.28 1.19 69.25

BB ? Son 0.98 1.39 70.13 1.11 1.28 69.24 1.08 1.21 62.02

BB ? Soft 1.58 1.44 95.22 1.49 1.54 91.75 1.53 1.43 92.71

Son ? Soft 1.41 1.50 91.08 1.55 1.40 88.59 1.46 1.39 80.31

Water-1 (Winter) Water-1 (Summer) Water-1 (Monsoon)

Soft 1.49 1.70 85.31 1.38 1.65 85.04 1.57 1.68 82.66

BB 1.35 1.55 74.38 1.42 1.49 76.52 1.37 1.38 69.14

Son 1.29 1.40 63.27 1.31 1.34 60.51 1.22 1.44 52.37

BB ? Son 0.92 1.36 54.11 1.18 1.25 47.31 1.10 1.31 40.61

BB ? Soft 1.54 1.64 84.07 1.52 1.58 87.74 1.59 1.51 80.19

Son ? Soft 1.68 1.73 95.08 1.70 1.69 98.00 1.62 1.77 92.54

Water-2 (Winter) Water-2 (Summer) Water-2 (Monsoon)

Soft 1.45 1.64 88.37 1.35 1.61 80.00 1.47 1.67 87.50

BB 1.38 1.54 72.84 1.44 1.40 75.41 1.31 1.51 61.49

Son 1.32 1.36 69.12 1.35 1.28 67.38 1.19 1.44 58.75

BB ? Son 1.05 1.41 55.62 1.22 1.30 65.22 1.11 1.40 38.61

BB ? Soft 1.52 1.59 86.31 1.49 1.53 84.39 1.55 1.61 90.18

Son ? Soft 1.70 1.68 97.22 1.58 1.64 91.27 1.68 1.72 94.38

Fig. 1 Analysis of the metagenomic DNA, isolated from the soil and

water samples on 0.8% (w/v) agarose gel electrophoresis: Lane 1, 8

and 12 represent molecular marker (Broad-range DNA ruler; Thermo

Scientific, India); Lane 2–4 represent metagenomic DNA of soil type

A during monsoon, summer and winter, respectively; Lane 5–7

represent metagenomic DNA of water (hot spring reservoir-2) during

monsoon, summer and winter, respectively; Lane 9–10 represent

metagenomic DNA of soil type C monsoon, summer and winter,

respectively; Lane 13–15 represent metagenomic DNA of water (hot

spring reservoir-1) during monsoon, summer and winter, respectively
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this end, the 16S rRNA gene was amplified, using a set of

the universal eubacterial primers (Fig. 2). The bacterial

heterogeneity and population dynamics was investigated

using the fingerprinting technique, the denaturing gradient

gel electrophoresis (DGGE). In DGGE, different sequences

of the DNA denature at different denaturant concentrations,

resulting in the generation of the varying band patterns.

Theoretically, each band represents a distinct bacterial

population present in the community. Evidently, varieties

of the band patterns from the same sample, irrespective of

the soil and water, collected during different seasons

indicated the seasonal impact on the bacterial diversity and

population dynamics as a whole (Fig. 3). The DGGE

profile revealed a significant impact of temperature fluc-

tuations over the culture-dependent diversity of the natural

thermal habitat. The DGGE patterns revealed that the

seasonal changes did not significantly affect the bacterial

diversity of the hot spring reservoir-1 and the hot spring

reservoir-2. As already described, the temperature of the

water did not significantly change in different seasons.

Therefore, a nearly constant temperature in various seasons

may be responsible for no change in the metagenomic

diversity of the water samples.

As described in Table 1, the consistency of the soil-A

varies significantly due to seasonal alterations. Due to

heavy rainfall in the monsoon season, the soil-A got totally

wet, which has contributed to change in its consistency.

Besides, it is very much evident that the temperature of the

soil would never remain constant upon seasonal variations.

The temperature of the soil decreased in monsoon season

as compared to that in the summer due to heavy rain fall. In

addition, the temperature of the surrounding environment

also decreased in the monsoon and winter seasons. This

variation may contribute to the alterations in the microbial

diversity. The fact may be correlated by the DGGE profiles

of the soil samples, as revealed by the variations in the

band patterns indicated distinct effect of the seasonal

changes on the bacterial diversity.

Fig. 2 Amplification of the 16S rRNA gene as analyzed on the

agarose gel electrophoresis, with 1.2% (w/v) agarose: Lane 1 and 9,

DNA molecular marker (500 bp DNA ladder, Merck, India); Lane

2–4 and Lane 6–8 represent amplified products of soil type A and soil

type C, respectively during monsoon, summer and winter seasons;

Lane 10–13 and Lane 14–16 represent amplified products of water

samples of hot spring reservoir-1 and water samples of hot spring

reservoir-2, respectively during summer, monsoon and winter

seasons, respectively

Fig. 3 Analysis for the polymorphism of the amplified products on

the denaturing gradient gel electrophoresis: Lane 1 represents DNA

molecular marker (100 bp DNA ladder, Merck, India); Lane 2–4

represent hot spring reservoir-1; Lane 5–7 represent hot spring

reservoir-2; Lane 8–10 represent soil type C and Lane 11–13

represent soil type A during summer, monsoon and winter seasons,

respectively
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Conventional Methods

We assessed the effect of incubation temperatures on the

growth of thermophilic bacteria, as a part of the culture

dependent approach (Fig. 4a, b). The absence of growth at

37 �C confirmed that all the bacterial isolates were true

thermophilic in nature. The results also highlighted sig-

nificant impact of the temperature and seasonal changes

over the culture-dependent microbial diversity. However,

the trends of the metagenomic diversity are not entirely

reflected by the culture-dependent approaches (Kikani et al.

2015). This is likely due to the fact that some bacterial

species might be competed out during enrichment under

the laboratory conditions. Therefore, the sequence based

metagenomics and culture based approaches, in combina-

tion would reveal the microbial diversity of the explored

thermal habitat in a significant manner.

Statistical Analysis of the Diversity

The species diversity can be mathematically measured by

calculating the diversity index of a particular habitat or

community. The diversity index furnishes some invaluable

information about the community structure, its composition

and species richness (Tables 4, 5). The diversity index (Di)

corroborated the obtained trend (Table 4). The Di values

generally lie between 0 and 1, reflecting lowest and max-

imum diversity, respectively. A Di value of 0.16 indicated

the least metagenomic diversity of the soil sample-C during

the monsoon season, as compared to the metagenomic

diversity of the hot spring reservoir-1 during the winter

season. In this context, the Simpson’s Index describes the

probability of the similarity between the two randomly

selected species. It ranges between 0, infinite diversity and

1, no diversity. In contrast, the Dominance Index signifies

the inverse relationship with the Simpson’s Index. Higher

Dominance Index indicates towards greater diversity. The

values of the Simpson’s Index and the Dominance Index

indicated high metagenomic diversity. However, the sea-

sonal impact on the overall diversity of the site was evi-

dently quite low (Table 5). On the similar note, the

Shannon Index is commonly used to characterize the spe-

cies diversity in a community with respect to the species

richness and the evenness. A low value of the Shannon

Index indicates uneven species distribution in a particular

habitat. Similarly, the Menhinick Index describes the spe-

cies richness, while the Equitability Index highlights the

evenness in the distribution. Another parameter, the Ber-

ger-Parker Dominance Index indicates the proportional

abundance of the most abundant species in comparison to

other bacterial species in a particular community. The

Ginni Coefficient is the area between the line of perfect

equality and the absolute Lorenz curve.

The principal component analysis (PCA) was used to

examine variation in the DGGE band patterns. The rela-

tionships between the ordination axes and measured
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Fig. 4 a Analysis of the growth temperature profile of bacteria

isolated from the soil samples during summer (Dark bar), winter

(Grey bar) and Monsoon (White bar) seasons. b Analysis of the

growth temperature profile of bacteria isolated from the water

samples during summer (Dark bar), winter (Grey bar) and Monsoon

(White bar) seasons

Table 4 Calculation of the Di value based on DGGE band profile

Environmental sample Di value

Summer season

Water of reservoir-1 0.67

Water of reservoir-2 0.67

Soil type A 0.67

Soil type C 0.33

Monsoon season

Water of reservoir-1 0.67

Water of reservoir-2 0.5

Soil type A 0.67

Soil type C 0.16

Winter season

Water of reservoir-1 0.83

Water of reservoir-2 0.5

Soil type A 0.67

Soil type C 0.67

32 Int J Environ Res (2017) 11:25–38

123



environmental variables (both abiotic and biotic) were

analyzed using correlation analysis (Table 6). The PCA

analysis based on the DGGE band patterns easily distin-

guished the diversity of the water samples (winter season)

of both hot spring reservoirs and the soil type C (summer

and monsoon seasons) from other samples. However, it

could not further distinguish the remaining two clusters,

due to the identical band patterns (Fig. 5).

Computation of the Similarity Matrix

and Construction of the Dendrogram

The DGGE band patterns were converted into a binary

matrix. Using presence/absence of a particular band on the

DGGE, a pair wise similarity of the band patterns of the

different samples was calculated using the Jaccard coeffi-

cient. A value of zero indicated that the samples were

completely different, whereas a value of 1 indicated com-

plete similarity between the samples. Further, an UPGMA

cluster analysis was conducted. One of the advantages of

this presentation is the rapid assessment of the coherence of

the fingerprinting patterns (Fig. 6). The dendrogram also

supported the diversity profile, which was judged by the

DGGE band profiles. As per the dendrogram, the diversity

of the soil type-C during the winter season was quite dis-

tinct than other seasons. On the other hand, the effect of the

seasonal changes was less visible on the diversity of the

water samples.

Table 5 Calculation of various Diversity Indices, with respect to

species richness and evenness

Diversity Indices Seasonal variations

Summer Winter Monsoon

Simpson’s Index 0.33 0.31 0.35

Dominance Index 0.67 0.68 0.64

Shannon Index 2.18 2.37 2.18

Berger-Parker Dominance Index 0.33 0.25 0.28

Margalef richness Index 1.61 1.80 1.51

Menhinick Index 1.44 1.5 1.33

Ginni coefficient 2 2.51 2.04

Equitability Index 0.94 0.92 0.93

Table 6 Calculation of the pearson correlation matrix, where: SK1,

MK1 and WK1 indicated water sample of hot spring reservoir-1,

collected during summer, monsoon and winter, respectively; SK2,

MK2 and WK2 indicated water sample of hot spring reservoir-2,

collected during summer, monsoon and winter, respectively; SC, MC

and WC indicated soil type C, collected during summer, monsoon and

winter, respectively; SA, MA, WA indicated soil type A, collected

during summer, monsoon and winter, respectively

Variables SK1 MK1 WK1 SK2 MK2 WK2 SC MC WC SA MA WA

SK1 1 1.000 0.632 1.000 1.000 0.707 0.500 0.316 0.250 0.250 0.250 0.250

MK1 1.000 1 0.632 1.000 1.000 0.707 0.500 0.316 0.250 0.250 0.250 0.250

WK1 0.632 0.632 1 0.632 0.632 0.447 0.316 0.200 -0.316 -0.316 -0.316 -0.316

SK2 1.000 1.000 0.632 1 1.000 0.707 0.500 0.316 0.250 0.250 0.250 0.250

MK2 1.000 1.000 0.632 1.000 1 0.707 0.500 0.316 0.250 0.250 0.250 0.250

WK2 0.707 0.707 0.447 0.707 0.707 1 0.707 0.447 0.707 0.707 0.707 0.707

SC 0.500 0.500 0.316 0.500 0.500 0.707 1 0.632 0.500 0.500 0.500 0.500

MC 0.316 0.316 0.200 0.316 0.316 0.447 0.632 1 0.316 0.316 0.316 0.316

WC 0.250 0.250 -0.316 0.250 0.250 0.707 0.500 0.316 1 1.000 1.000 1.000

SA 0.250 0.250 -0.316 0.250 0.250 0.707 0.500 0.316 1.000 1 1.000 1.000

MA 0.250 0.250 -0.316 0.250 0.250 0.707 0.500 0.316 1.000 1.000 1 1.000

WA 0.250 0.250 -0.316 0.250 0.250 0.707 0.500 0.316 1.000 1.000 1.000 1

SK1MK1
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WCSAMAWA
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Fig. 5 Principal component analysis (PCA) score plot for DGGE

profiles
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Discussion

Culture-dependent approaches are not sufficient to judge

the microbial diversity of any given habitat. This is pri-

marily due to the fact that majority of the bacteria com-

munities are unable to grow under laboratory conditions

(Muyzer et al. 1993; Stewart 2012). Besides, the enrich-

ment process selectively favors only a few strains of the

bacteria of a specific phenotype. Some of the microor-

ganisms are late growers, and, therefore, can be eliminated

from the competition by the fast-growing species in a

particular habitat (Dunbar et al. 1997). Moreover, the

microorganisms are heterogeneously distributed inside

microaggregates and in macroporosities outside microag-

gregates (Ranjard et al. 1998). The microorganisms are

strongly bound with the soil particles through the various

binding mechanisms, and thus denying access to the whole

bacterial population (Bakken and Lindahl 1995; Blume and

Reichert 2015; Bressan et al. 2015). Therefore, adaptations

of the culture-independent approaches are essential for the

comprehensive understanding of the microbial diversity

and phylogeny of a given habitat.

The thermal habitats are scarcely attended with entirety

as far as the microbial diversity is concerned. Nevertheless,

there are some reports related to the metagenomic studies

on some thermal habitats (Inskeep et al. 2010; Lewin et al.

Soil type C Winter

Soil type A Summer

Soil type A Monsoon

Soil type A Winter

Water sample hot reservoir 2 Winter

Water sample hot reservoir 1 Summer

Water sample hot reservoir 1 Monsoon

Water sample hot reservoir 2 Summer

Water sample hot reservoir 2 Monsoon

Water sample hot reservoir 1 Winter

Soil type C Summer

Soil type C Monsoon

0.1

Fig. 6 UPGMA clustering

according to the DGGE profiles
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2012). However, the reports correlating culture-indepen-

dent and culture-dependent diversity are very rare. In

addition, the present study has also included seasonal

impact on the bacterial diversity. The proposed site, Tulasi

Shyam (Gujarat, India) was never explored for the micro-

bial diversity and biocatalytic profiling, except our recent

reports on the characteristics of the thermostable a-amy-

lases (Kikani and Singh 2011, 2012; Kikani et al. 2013;

Kikani and Singh 2015). Our findings indicated that the

studied habitat might serve as a marker niche for the

amylase producing bacteria.

The analysis of the physicochemical properties of the

water and soil samples of the study thermal habitat

appeared significant in developing the methods for the

extraction of the environmental DNA (McSweeney and

Grunwald 1999). Inskeep et al. (2010) reported the geo-

chemical controls on the microbial community structure

and function from the high-temperature chemotrophic

systems, using various metagenomic techniques. The pH of

the soil samples was slightly acidic to neutral. The findings

suggested that the water samples were non-saline in nature.

Along the similar lines, Marx et al. (1996) described the

water samples as slightly saline or non-saline, if the TDS

values ranged within 640–1280 ppm, with the corre-

sponding EC values in the range of 1000–2000 lS/cm.

This was correlated by the lower concentrations of chloride

and sulphates present in the sample.

As described earlier, the metagenomic DNA was

extracted by either the direct (More et al. 1994) or indirect

methods (Courtois et al. 2003). In comparison to the direct

extraction methods, the indirect protocols involve blend-

ing, cation-exchange method (Desai and Madamwar 2007)

or other new approaches, such as the use of super param-

agnetic silica-magnetite nanoparticles for the extraction

and purification of the DNA from soil samples (Sebas-

tianelli and Bruce 2008). Both approaches have their own

merits and demerits, with respect to the DNA yields, DNA

purity, the amenability to the molecular applications and

the unbiased representation of the entire microbial diversity

(Courtois et al. 2003; Roose-Amsaleg et al. 2001). The

main disadvantage of the indirect methods was little rep-

resentation, only 20–25% of the total endogenous bacterial

community in the recovered fraction (Bakken and Lindahl

1995; Purohit and Singh 2009). The direct extraction lysis

method, supposedly recovered more than 60% of the total

theoretical bacterial DNA (More et al. 1994). Moreover,

the indirect extraction methods usually lead to the lower

humic acid contamination, as compared to the direct

extraction methods. Yet, both the approaches rely on the

subsequent purification steps to obtain nucleic acids useful

in molecular applications (Robe et al. 2003). However, the

indirect methods are time consuming as compared to the

direct methods.

In the direct extraction methods, various physical

treatments tend to have greater access to the entire bacterial

community, including bacteria associated with the soil

microaggregates. The most commonly used physical dis-

ruption methods are freezing–thawing or freezing–boiling

and bead-mill homogenization (Siddhapura et al. 2010;

Delmont et al. 2011; Yuan et al. 2012). The physical

methods alone could not remove the contaminants and

sometimes, it may even cause DNA shearing. Therefore, it

should be used in combination with the soft lysis method

(Purohit and Singh 2009). The lysis buffer contains deter-

gents and surfactants, such as sodium dodecyl sulfate

(SDS), N-lauryl sarcosine, CTAB, lysozyme and Protei-

nase-K. Usually, the surfactants dissolve the hydrophobic

components of the cell membranes. Besides, cetyl tri-

methyl-ammonium bromide (CTAB) or poly vinyl poly

pyrrolidone (PVPP) partially removes humic compounds.

Albeit, use of PVPP results in more DNA loss as compared

to CTAB (Zhou et al. 1996). CTAB forms insoluble

complexes with the denatured proteins, polysaccharides

and cell debris, while the PVPP appears ineffective during

the cell lysis (Saano et al. 1995). Among enzymatic lysis

methods, various protocols have been developed yet lyso-

zyme treatment is among the most commonly used meth-

ods (Niemi et al. 2001; Purohit and Singh 2009;

Siddhapura et al. 2010). Moreover, proteinase K has also

been used to digest the contaminating proteins (Niemi et al.

2001; Purohit and Singh 2009).

Importantly, a major soil component, humic acids

inhibits restriction enzyme digestion of DNA and the

polymerase chain reaction (Purohit and Singh 2009). Fur-

ther, it may interfere with the quantitative membrane

hybridizations by lowering the expected hybridization

signal (Alm et al. 2000). The phenolic groups present in the

humic acids denature the biological molecules by bonding

to amides. Sometimes, it gets oxidized to form the quinine,

which establishes the covalent bond with the DNA (Robe

et al. 2003). In most studies, the first DNA purification step

following cell lysis includes extraction using organic sol-

vents, mainly phenol and/or chloroform. It is generally

followed by ethanol, isopropanol or polyethylene glycol

(PEG) assisted precipitation. An unbiased description of

the microbial diversity depends on the optimization of the

nucleic acid extraction protocol. Standardization of the

metagenomic DNA extraction methods from the saline soil

of the Coastal region of Gujarat (India) (Purohit and Singh

2009; Siddhapura et al. 2010) and from polluted habitats

(Akbari et al. 2014), have been recently reported where the

soft lysis method appeared as the most appropriate method

for majority of the salt enriched soil samples.

Subsequent to isolation of pure and intact environmental

DNA, the sequence based metagenomic approach generally

employs various DNA fingerprinting techniques to explore
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microbial diversity and phylogeny. One of the finger-

printing techniques, denaturing gradient gel electrophoresis

(DGGE) was used to explore the metagenomic diversity.

DGGE separates PCR-generated DNA products, having

different DNA sequences. As the PCR products from a

given reaction are of similar size (bp), conventional sepa-

ration by agarose gel electrophoresis results in a single

DNA band, which is largely non-descriptive. In compar-

ison, DGGE can overcome the limitation by separating the

PCR products, based on the differences in their respective

sequences, used to judge the microbial diversity and pop-

ulation dynamics (Singh et al. 2013). Thus, the present

study demonstrated the advantages of the culture-inde-

pendent techniques to explore the diversity. Similar studies

on the exploration of the metagenomic diversity, using

PCR-DGGE were earlier conducted (Purohit and Singh

2009), where the metagenomic diversity of the saline soil

was judged on the basis of the polymorphism in the band

patterns in DGGE. Similarly, Wang et al. (2007) analyzed

the metagenomic diversity of the soil samples using

DGGE. DGGE has also been used to explore the culture-

dependent diversity (Pongsilp et al. 2012) and some other

applications (Carmona et al. 2012). Besides DGGE, certain

other molecular fingerprinting techniques can also be used

such as TGGE, RFLP, ARDRA and ARISA for the

assessment of the diversity (Kikani et al. 2015; Delmont

et al. 2011; Singh et al. 2013). In addition to various DNA

fingerprinting techniques, metagenomic libraries may also

be constructed, using the suitable vector-host systems

(Lewin et al. 2012). The nucleic acid hybridization may

also yield valuable information on the microbial diversity

in a given habitat (Alm et al. 2000; Rossello-Mora and

Amann 2015; Jang et al. 2015; Zhou et al. 2015).

The metagenomic diversity of the studied natural ther-

mal habitat was further analyzed statistically by calculating

various diversity indices. The diversity indices indicated

species richness and evenness in the microbial distribution.

The Shannon Index was used to explain the microbial

diversity of the Arabian Sea (Kapley et al. 2007). Witte-

bolle et al. (2009) has established a relationship between

microbial distribution and Ginni Coefficient, as higher

Ginni Coefficient indicate more unequal distribution. In

another study, Islam and Sar (2011) analyzed the culture-

dependent and culture-independent bacterial diversity of a

uranium mine, using various statistical indices. The prin-

cipal component analysis (PCA) allows ordering of the

samples and taxa (i.e. bands) along axes (principal com-

ponents) on the basis of the banding patterns (Van Der

Gucht et al. 2001). In the present study, PCA could not

distinguish the clusters which contained similar microbial

diversity (Müller et al. 2001). The diversity patterns were

also analyzed by calculating the similarity coefficient and

UPGMA cluster analysis to determine whether the samples

revealed a non-random pattern (Fromin et al. 2002).

Conclusion

Tulasi Shyam is a natural and only thermal habitat in the

Saurashtra region of the Gujarat State, India. This study

accounts as the first attempt on the microbial diversity and

phylogeny of the proposed habitat. Different methods using

the combinations of physicochemical parameters were

assessed for the extraction of the quality environmental

DNA. The sequence-based metagenomic approach was

based on the 16S rRNA gene amplification, which followed

the analysis of the bacterial diversity using DGGE and

diversity indices. The variations in the DGGE band pat-

terns indicated apparent polymorphism, which was also

reflected in PCA. Various diversity indices suggested

species richness and evenness in distribution. The study

also highlighted the significant impact of temperature and

seasonal variations on the cultivable bacterial diversity.

The amalgamation of both, culture dependent and culture

independent approaches in the light of the physicochemical

changes of the habitat yielded a comprehensive view of the

bacterial diversity of the hot spring.

Highlights of the study

• Studied thermal habitat not explored earlier for micro-

bial diversity and phylogeny

• Extraction of the metagenomic DNA established &

optimized from soil and water

• Metagenomic diversity assessed by the sequence-based

approach and PCR-DGGE

• DGGE profile analyzed by PCA, Pearson’s correlation

and dendrogram

• Diversity indices computed for the species richness and

evenness

• Shifts in the metagenomic diversity of soil and water

analyzed as a function of seasonal alterations

• Comparative analysis of culture dependent and culture

independent diversity
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