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ABSTRACT

The biodiversity of thermophilesin Manikaran hot spring was determined
by using 16S rRNA and RAPD based methods. Thermophilic microbes
were isolated from the soil and water samples collected from Manikaran
hot spring, situated in Kullu district of Himachal Pradesh. The
microorganisms were primarily differentiated based on the morphol ogy,
colour and texture thus purified by successive streaking on nutrient agar
plates. Pure cultureswerefurther differentiated based on Gram’s staining.
Seven different microbial strainswere analysed by RAPD using four sets
of random primers. The RAPD datawas further analysed by phylogenetic
analysis for genetic relatedness. Further, two strains were analyzed by
PCR amplification of gene encoding 16SrRNA by using standard primers
(27 F/1492 R). Amplified DNA products were sequenced on both strands,
using 27 F and 1492 R primers and the quality of DNA sequences were
analysed using chromatogram 3.2 to remove low quality bases
(nucleotides) so asto give trimmed sequences. Trimmed sequences were
assembl ed by using mobyle Portal online merger application to give full
length 16S rDNA sequence. Merged DNA sequences were analysed by
BLAST (BLASTnN) program at NCBI database and identified as
Pseudomonas species (M S1-1) and Bacillus licheniformis (M S1-3) with
97% similarity. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Interest for thisresearch was prompted by thefact
that few studies have been conducted on thermal hot
springsof India. Therearetwo mgor thermal hot spring
in Himachal Pradesh viz. Manikaran hot spring and
Vashisht hot spring. Molecular characterization of mi-

crobial community of Manikaran and Vashisht hot
springsby 16S5rRNA and RAPD anaysishasnot been
investigated. The 16SrRNA geneanaysisand RAPD
techniquewill giveamore accurateview of thediver-
sity of cultured microbes (thermophiles) inthese hot
springs. Exploration of hot spring microfloraaroundthe
worldwould shed light in evol ution of speciesand mi-
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crofloraresiding deepinsidethe earth’s atmosphere.
Thermophiles are organismswith an optimum growth
temperature of 50°C*3, Some extreme thermophiles
(hyperthermophiles) requireavery high temperature
(80°C to 121°C) for growth®4. The most important
aspect of new isolaesistoidentify themicroorganisms
by the use of various modern biochemica and molecu-
lar biology approaches. Thesetechniquesin combina
tion with computationd biology havegiven new direc-
tion to evol utionary conceptsand better classification.
|dentificationistheprocessof characterizing organisms.
In practica terms, identifying the genus and species of
aprokaryote may be moreimportant than understand-
ing itsgenetic relationship to other microbes>d,

The sequenceof rRNA moleculeshasbeenwiddy
used for phyl ogenetic studies. They canbeemployed as
ameanstoidentify an unknown bacteriumto the genus
or specieslevel™. rRNA sequencesare popular in bac-
teriology becauseit isoften easier toidentify bacteriaby
specific nucle c acid sequencesrather than by their bio-
chemical or physiological traits. Earlier methodsrelied
on determining the sequence of therRNA moleculeitsdf
whilenewer techniquesempl oy amplication and sequenc-
ingof IDNA, the DNA that encodesrRNA®, Amongst
thedifferent rRNAS, the 16SrRNA (foundin 30S sub-
unit) moleculeismost useful intaxanomy becauseof its
moderate s ze of gpproximatdy 1,500 nucleotides. The
5Smoleculelacksthecritical amount of information be-
cause of itssmall size (120 nucleotides), whereasthe
larger size of the 23S mol ecul e (approximately 3,000
nucleotides) hasmadeit moredifficult tosequenceinthe
past’®8. The prokaryotic 16S rRNA gene consists of
both conserved and divergent regions®. Changesinthese
highly conserved regions occur very sowly over time
and arethususeful for determining evendistant relation-
shipsof diverseorganisms. Ontheother hand, by com-
paring sequencesin divergent regions, morerecent di-
vergence can be determined. Once the nucleotide se-
guence of that region has been determined, it can be
compared with the 16SrDNA sequencesof known or-
ganismsby searching extensive computerized databases
Thus, depending on the region compared, the sequence
of rDNA can be used to assessdistant aswell asclose
rel ati onshi psbetween organismgS.

Oneof thelargest genome databasesisthe Inter-
nationa NucleicAcid Sequence Daal.ibrary, oftenre-

ferred to as GenBank'%. Some very useful databases
arekept at theNational Center for Biological Informa:
tion (NCBI). The NCBI website containsavast store
of biological information, including genomic and
proteomic datd™. Basic Loca Alignment Search Tool-
nucleotide (BLASTn) isawiddy used computer algo-
rithm in NCBI website in searching a database™?.
BLASTn performed pairwise comparison of DNA se-
quences, seeking regionsof local similarity rather than
optimal globa aignment between whole sequences®®.
It does not emphasi ze on the occurrence of exact se-
quencematches®. Thesetool aimsat identifying core
similarities, which areuseful for later extension™,
16SrRNA and RAPD andysisof thermaophilicbac-
terid population present in M anikaran and Vashisht hot
springssituated in Kullu district of Himachal Pradesh,
diverse groups of bacteria have been identified and
could befurther explored for industrialy important ther-
mostable enzymesand novel secondary metabolites.

Objectivesof study

1) Isolation of bacteria strainsfrom hot spring water.

2) Phylogeneticanalysisby RAPD.

3) Identification of isolated bacterial strainsusing 16S
rRNA.

MATERIALSAND METHODS

I solation and growth of microbesfrom hot spring

Soil and water samples were collected from
Manikaran and Vashist hot water spring. Themicrof-
lorawere seridly enriched threetimesin (2X) M9 me-
dium(Na,HPO, 6g/l, KH,PO, 3g/l, NaCl 0.5¢/l, ImM
MgSO,, 100uM CaCl,, NH,Cl 2g/l, Glucose2g/l). The
soil particleswereremoved by centrifugation at 1000
rpm for five minutesfollowed by re-centrifugation at
12000 rpmfor 10 minutesand cell pellet wasre-sus-
pended in M9 solution and different volumes of 100,
200, 300, 400 and 500u1 were plated on nutrient agar
plates and wereincubated at 50°C. The coloniesthus
appeared were purified by successive streaking on nu-
trient agar plates.

| dentification and char acterization of bacterial iso-
|ates

Gram’s staining
Gram’s staining was done for the identification of
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bacteria. Gram’s staining requires the use of three re-
agents. Crystd violet 0.5%, iodine solution, Decolorizer
(95% alcohol) and counter stain (95% Saffranine). A
drop of normal salinewas put onto amicroscopedide
withinoculaingloop. Thepuresinglecolony waspicked
up and emulsified with normal salineto form asmear
andair driedit. After drying, thethinfilmonthedide
wasfixed by passing the didethreetimesthrough the
flame of abunsen burner. The heat fixed smear was
first stained with crystal violet for 1 min. After rinsing
the dlide, under the tap water for few seconds gently
and indirectly, it was stained with iodine solution and
was kept for 1 min. Then the slide was decol orized
with decolorizer for 6 sec. After washing the dlideun-
der thetap water, it was stained with saffraninefor 1
minute and againwashed under tap water and dried on
paper towels. Themicrobial cellswerethen examined
under the light microscope. Gram positive cells ap-
peared purplewhile Gram negative cells showed pink
or red coloration. Cell morphol ogy wasaso examined
under the microscope.

Bacterial genomic DNA isolation

Purified bacteria colonieswereinoculated over-
night in 5ml sterilized nutrient broth. Next day, 1% in-
oculum was used to inocul ate 50 ml nutrient broth me-
diumandinoculated at 37°C until cell density reaches
4.0 ODs. Thecellswerecollected by centrifugation at
10,000 rpmfor S minutes. Thebacterid cdl pdletswere
re-suspended in 1ml extraction buffer (100 mM Tris
HCI pH 8.0, 50 mM EDTA pH 8.0, 500 mM NaCl,
0.07% B- mercaptoethanol, 20 mg/ml lysozyme). Af-
terwards 50 pl of 10 % SDS was added, mixed thor-
oughly and incubated for 30 minutes at 65°C. The
sampleswere centrifuged for 20 minutesat 10,000 rpm
and the supernatant wasthen transferred toaclean tube.
RNase (1- 2 ul of 1 mg/ml stock) was added to each
sampleand incubated for 1 hour at 37°C. The samples
wereextracted threetimeswith equal volume of Chlo-
roform/ Trissaturated phenol (1:1). DNA wasprecipi-
tated by adding 1/10 samplevolume of 5M NaCl and
2.5volumesabsolute ethanol. Thesamplesweremixed
well, incubated at -20°C for 2 hours and centrifuged
for 20minat 12,000 rpm. The DNA pellet waswashed
with 1Iml of 70% ethanol, air dried and dissolvedin TE
(10mM TrisHCI, 1mM EDTA) buffer and stored at -

BioTechnology — o

20°C until further use.
Agarose gel electrophoresis

The 1% agarose was prepared in TAE buffer. The
solutionwas heated until it boil s, thesol ution wascooled
downto~40°C and 2.5ul ethidium bromide (10 mg/ml
stock) was added. The molten agarose was poured
into gd casting tray and comb was placed. After the gel
was solidified thecomb wasremoved. Thecasting tray
caryingthege wasplaced into thed ectrophoresistank.
TAE buffer was carefully added until thebuffer was 2-
3 mm above the surface of the gel. 10ul of DNA
samples were taken and mixed with 2ul of 6x gel
loading dye. The sampleswereloaded into thewells
of agarosegd. The DNA molecular weight marker was
|oaded to know themolecular sizeof the DNA samples.
Electrophoresiswas performed for approximately 1 h
a 80volts. The DNA bandswerevisualized under the
UV-trans-illuminator.

DNA quantification and quality analysis. Spectro-
photometric method

After isolation of genomic DNA, quantificationand
analysisof quality are necessary to ascertain the ap-
proximate quantity of DNA obtained and thesuitability
of DNA samplefor further analysis. The spectropho-
tometer wascalibrated at 260 nmaswell as 280 nm by
using 3ml TE buffer. TE buffer wasused asreference/
blank in spectrophotometer. The 5 ul of each DNA
sampleswereadded to 2,995 ul TE buffer and mixed
well. Diluted DNA sampleswere placedin quartz cu-
vette and measured the absorbance at 260 and 280
nm. The 260/280 nm was al so measured.

Calculations

The ratio of absorbance at 260 to 280 nm indi-
catesthe purity of DNA samples. Theratio of absor-
bance of DNA samplesshould beintherangeof 1.7 -
1.8. Thepresenceof impuritieslikeproteinsor phenols
tend to decrease this ratio and the presence of RNA
contamination increasesthisratio,

A, /A ., > L.9will have RNA contamination

A, /A, < L.8will have Protein contamination.

The amount of DNA was quantified using the
formula
DNA concentration (ug/ml) = OD,, * Dilution factor x 50
pg/ml
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Standard formulafor quantification of nucleic
acids

1A, of dsDNA =50 pug/ml
1A, of ssoligonucleotides = 33 pg/ml
1A, of ssRNA =40 pug/ml

RAPD (Random amplification of polymorphic
DNA) analysis

DNA amplificationof 7 bacterid stainswasdoneby
usingfour random decamer primersnamely 1K, 2K, 9K
and 10K. For RAPD reaction, 200 ng DNA was used
astemplateinfina volumeof 20 ul. PCR mixture was
prepared asdescribed in TABLE 1. PCR master mix-
ture componentsweremixed gently and centrifuged for
2-3s. After being prepared, 18 pl of the PCR mixture
wasthen diquated into 0.5 ml PCR tubes, followed by
additionof 2 ul genomic DNA of different bacterial stains.
Thetubeswereplacedinthe PCR machine. Withinitid
denaturationfor 2minutesat 94°Cfollowed by 40 cycles
of 30 seconds at 94°'C (denaturation), 30 seconds at
40°C (annedling), 2 minutesat 72°C (elongation) and 1
cydeof fina extensonat 72°C for 10 minutes.

TABLE 1: Master mix components of PCR reaction for
RAPD analysis.

Final
concentration
S’ ' PCR Reagents Reagent ™50 i
0. volume :
Reaction
mixtur e)
1 Autoclaved water 11.6 ul
2 10xPCR buffer 20ul X
3 2mM dNTPs mixture (pH 8.0) 2.0 ul 200 uM
Tag DNA polymerase
4 (E‘;"ﬂni ) S/mf y 0.4 ul 2U
5 Random primer (40 uM) 20ul 4 uM
6 DNA template 20ul 200 ng
Total volume 20 ul

PCR products were either immediately analyzed by
electrophoresis or stored at -20°C until further use.

TABLE 2: Oligoprimer ssequencesused for RAPDand 16 S
rDNA amplification.

Primer %

(200uM) Sequence Text (5'- 3') Length T, GC
1K CAGGCCCTTC 10 436 70
2K TGCCGAGCTG 10 436 70
9K CATCCCCCTG 10 436 70
10K TGCGCCCTTC 10 436 70
27F AGAGTTTGATCCTGGCTCAG 20 52 50
1492R  GGTTACCTTGTTACGACTT 19 47 42

Polymer ase chain reaction (PCR)

PCR was performed for the amplification of 16S
rDNA region by using 27F (forward primer) and
1492R (reverse primers). PCR mixturewas prepared
asdescribed in TABLE 3. PCR master mixture com-
ponents were mixed gently and centrifuged for 2-3
seconds. After being prepared, 18 pl of the PCR mix-
turewasaliquated into 0.5 ml PCR tubes, followed
by addition of different bacterial isolates. Thetubes
were placedin the PCR machine. Theamplification
program cons sted of initia denaturation for 2 minutes
at 94°Cfollowed by 35 cyclesof 30 secondsat 94°C
(denaturation), 30 secondsat 45°C (annedling), 2 min-
utesat 72°C (elongation) and 1 cycle of final exten-
sionat 72°Cfor 10 minutes.

TABLE 3: Composition of PCR reaction for the ampli-
fication of 16Sr DNA.

Final '
Iiro '. PCR Reagents ngh‘cf]rg CorEicr(]enzt(; Tntll >
reaction
mixtur €)
1 Autoclaved water 11.6 ul
2 10xPCR buffer 2.0ul 1X
3 2mM dNTPs mixture (pH 8.0) 20u 200 uM
4 20 uM forward primer 1.0pl 1uM
5 20 uM reverse primer 10pl 1uM
6 '(I'Shﬁ:]rirtlgs:l%ble DNA polymerase 0.4l 2U
7 DNA template 20u 200 ng
8 Total volume 20ul

For each DNA sample, reactions were per-
formed in triplicates. Subsequently, the PCR
amplicons (5ul+1pl loading dye) were analyzed by
gel electrophoresisthrough 1% agarose gel at 70V
for 60 minutes.

Purification of PCR products by Axyprep PCR
clean up kit

Threevolumeof solubilization buffer (150ul of DE-
A) was added to the each PCR sample (50ul). Fol-
lowed by this, 125ul binding buffer (DE-B) containing
S0ul isopropanol was added. The miniprep columns
were placed onto 2 ml microfuge tubes and sample
mixtureswereloaded on to the spin columnsand cen-
trifuged at 12,000 g for 1 minute. Thefiltratewasdis-
carded and the columns were replaced back on the
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microfugetubes. The columnswerewashed with 500l
of wash buffer by centrifuging at 12,000 g for 30 sec-
ondsand thefiltrate was discarded. The columnswere
further washed with 700 ul desalting buffer (W2) by
centrifuging at 12,000 g for 1 minute and the flow
through/ filtratewas discarded. Theminiprep columns
werereplaced back to microfugetubes and centrifuged
at 12,000 gfor 1 minuteto removetheremainingwash
buffersfrom the columns. The columnwasplaced on
to afresh/clean 1.5 ml microfuge tube. To elute the
DNA, 25-30ul of e uent or deionized water was added
to the center of the membraneand allowed it to stand
for one minute at room temperature and centrifuge at
12,000 g for oneminute. The purified DNA samples
werestored at -20°C until mailed for DNA sequencing
with 27F and 1492R primers.

DNA sequencing and analysis

DNA Sequencing wasperformed by usng 27 Fas
forward primer and 1492 R asreverse primers. The
qudity of DNA sequenceswereandysed by usng chro-
matogram explorer version 3.1.1to removelow qual-
ity bases(nucleotides) so asto givetrimmed sequences.
High quality sequenceswith quality value above 45
wereused for further andyss. Sequenceswithlow QV
were discarded and/or removed. Good quality and
trimmed sequences were assembl ed by using mobyle
Portd (http://mobyle.pasteur.fr/cgi-bin/portd . py#wel -
come) onlinemerger gpplicationtogivefull length 16S
rDNA sequence.

Analyses of DNA sequences
BLASTnanalysis

The (16S rDNA sequences) merged sequences
were analyzed by BLAST at NCBI database using
nucleotideBLAST (BLASTn) program. Thehitswith
highest identities and cl osest homol ogy were selected.

Sequencematch

The 16S rDNA sequence of MS1-1 and MS1-3
were submitted as query to Ribosomal Database
Project-11 (RDP) Release 10 (http://rdp.cme.msu.edu/
classfier/classfier, ). SequenceMatch programwas
used toidentify MS1-1 and MS1-3.

Seguence match isacrude but fast way of mea-
suring between query sequence and unaligned se-
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guences in the Ribosomal Database Project-11 Re-
lease 10 (RDP) database (RDP documentation). It
was used to identify query instead of homology and
similarity search becausethereisno direct relation-
ship between sequence match and the sequence sSimi-
larity. Sequence match does not use mismatched for
itscal culation. Hence, neither rRNA nor rDNA simi-
larity values can be used to detect fine differences
between highly rel ated species'.

RESULTSAND DISCUSSION

I solation and purification of bacterial isolates

Twenty onedifferent becteria stranswereisolated
and purified from Manikaran and Vashi sht hot water
springsof Kullu district of Himachd Pradesh. Becterid
stainswereisolated from soil and water samples. Cul-
turing was carried out on nutrient agar plates. Thecolo-
niesthusappeared were purified by successive stresk-
ing on nutrient agar plates(Figure 1).

Gram’s staining and morphology

Isolated bacteria strainswere subjected to Gram
stai ning and observed under light microscope. TABLE
4 showsthe Gram’s staining and their morphology as
observed.

Genomic DNA isolation

Bacterid genomic DNA wasisolated from twenty
onedifferent bacterial strains. 1solated genomic DNA
was analyzed by electrophoresison 1 % agarose gel.
10ul DNA sample and 2 pl (6X) loading dye was
loaded inthewell. Electrophoresiswasperformed for
approximately 50 min at 80 volts. The DNA bands
werevisualized under UV-trans-illuminator and pic-
tures were taken by using gel documentation and
showninFigure2.

DNA quantification and quality analysis: Spec-
trophotometric method
DNA can bequantified by usingtheformula

DNA concentration (ug/ml) = OD, % Dilution factor x 50
pg/ml

Hereweuse2995ul TE (Tris-EDTA bufter)
Sodilutionfactor =600

DNA concentration (ug/ml) = 0D, x 600 x 50 ng/ml
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Figurel: Streaking of purified bacterial isolates. Bacterial strainswerestreaked on L B medium and incubated for 12 h at
37°C. Srainsnumbersareasindicated.

TABLE 4: Gram’s staining and growth temperature of bacterial strains.

Sr Sample M aximum Gram’s staining Sr. Sample M aximum Gram’s staining

No codes growth and mor phology No. codes orowth and mor phology
temperature temperature

1 VW-2 50C +ve bacilli 12 MS1-2 50'C -ve bacilli

2 VW2 50C +ve cocci 13  MSi1-1 50'C -ve bacilli

3 MS1-3 50C +ve bacilli 14 MS1-4 50'C +ve coce

4 MS21 50C -ve cocci 15 MS1-4.1 50'C +ve cocei

5 MS2/2 50'C -ve cocci 16 MS1-4.2 50°C +Ve COoCCi

6 VW1 50'C -ve cocci 17 MS1-4.3 50°C -ve cocci

7  MSU2 50C -ve cocci 18 MS1-5 50'C -ve cocci

8 Pf 50C -ve bacilli 19 MS1-5.1 50'C -ve cocci

9 MSv1 50'C -ve bacilli 20 MS1-6.1 50'C +ve bacilli

10 VWw-1 50'C -ve bacilli 21 MSI-6 50'C +ve bacilli

11 MS2-1 50C -ve bacilli

VW; Vashisht hot spring samples and MS; Manikaran hot spring samples.
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M 1 2 3 4 5 6 T % 18 N1 B2 B

10000 bp

1500 bp

250 bp

14 15 16 17 18 19 20 8 M 21 M

< 10000bp

< 1500 bp

<—— 250 bp

Lanes: (M) 1kb DNA ladder; (1) VW-2; (2) VW/2; (3) MS1-3; (4) M S2/1; (5) M S2/2; (6) VW/1; (7) MSL/2; (9) MSL/1; (10) VW-1;
(11) MS2-1; (12) MS1-2; (13) MS1-1; (14) MS1-4; (15) MS1-4.1; (16) MS1-4.2; (17) M S1-4.3; (18) MS1-5; (19) MS1-5.1; (20)

M S1-6.1; (8) Pf; (21) M S1-6.

Figure2: Genomic DNA of different bacterial isolates.

TABLE 5: Spectrophotometric method for DNA quantification.

DNA concentr ation DNA concentr ation

Sr.No Samplecode(s) A260nm A280nm  A260/280 nm (ng/ml) (ng/nl)
1 VW-2 0.023 0.013 177 690 0.690
2 VW/2 0.025 0.014 1.79 750 0.750
3 MS1-3 0.027 0.015 1.80 810 0.810
4 MS2/1 0.020 0.011 1.82 600 0.600
5 MS2/2 0.009 0.005 1.80 270 0.270
6 VW/1 0.007 0.004 175 210 0.210
7 MS1/2 0.035 0.020 175 1050 1.05
9 MS1/1 0.001 0.001 1.00 30 0.030

10 VW-1 0.051 0.027 1.89 1530 1.53
11 MS2-1 0.078 0.043 181 2340 2.34
12 MS1-2 0.011 0.006 1.83 330 0.33
13 MS1-1 0.120 0.066 1.82 3600 3.6

14 MS1-4 0.022 0.012 1.83 660 0.66
15 MS1-4.1 0.069 0.040 1.72 2070 2.07
16 MS1-4.2 0.142 0.116 1.23 4260 4.26
17 MS1-4.3 0.068 0.040 1.70 2040 2.04
18 MS1-5 0.125 0.070 1.78 3750 3.75
19 MS1-5.1 0.053 0.030 177 1590 1.59
20 MS1-6.1 0.070 0.038 1.84 2100 21

21 MS1-6 0.078 0.042 1.86 2340 2.34

RAPD analysis Similarity matrix and cluster analysis

Amplified PCR productswere andyzed by e ectro-
phoresson1%agrosegd. 10ul DNA sample was mixed
with 2ul of 6 X loading dye and loaded into the wells of
agarosege sartingfromthesecondwel. DNA molecu-
lar weight marker (3ul of 100 ng/ ul) was loaded into the
first well. Electrophoresi swas performed for approxi-
mately 90 minat 60 volts. The DNA bandswerevisua-
izedunder UV trans-illuminator and picturesweretaken
by using gel documentation and showninFigure3.

The RAPD fragments obtained after theamplifi-
cation of genomic DNA were scored for their pres-
ence (1) and absence (0) of amplicons for each
sample. Thedatamatrix was analyzed with MSVP
3.2 software. Thedataof similarity coefficientsgen-
erated were used to construct the dendrogram indi-
cating the genetic relatedness or differentiation using
unwei ghted paired group method of arithmetic aver-
ages(UPGMA) algorithm.

BioTechnologqy — cmmm—
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Lanes: (1) VW/2; (2) MS1-3; (3) MS2/1; (4) VW/1; (5) MS1-2; (6) MSI-1; (7) MS2-1.
RAPD pattern by random primers 1K (CAGGCCCTTC), 2K (TGCCGAGCTG), 9K (CATCCCCCTG), 10K (TGCGCCCTTC).

Figure3: RAPD patternsof bacterial strainswith random primers(1K, 2K, 9K and 10K).
TABLE 6: RAPD datamatrix for RAPD fragmentswith random primers(1K, 2K, 9K and 10K).

RAPD Sr. Sample codes RAPD Sr. Sample codes
Primers No. vw/2 MS1-3 MS21 VW/1 MSI-2 MSI-1 MS2-1 Primers No. yvw/2 MS1-3 MS2/1 VW/1 MS1-2 MSI1-1 MS2-1
1 0 0 0 0 1 0 0 9K 5 0 0 1 0 0 0 0
2 0 1 0 0 0 0 0 6 0 0 0 0 1 0 0
3 0 0 0 0 1 0 0 7 0 0 1 0 0 0 0
4 0 1 0 0 0 0 0 8 0 0 1 0 1 0 0
5 1 1 0 0 0 0 0 9 0 0 0 1 0 0 0
1K 6 0 0 0 1 1 0 0 10 0 1 0 0 0 0 0
7 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0
8 0 0 0 1 0 0 0 12 0 0 1 0 0 0 0
9 0 0 0 0 1 0 0 13 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0
1 0 1 1 0 0 0 0 2 0 1 1 0 0 0 0
1 0 0 1 0 0 0 0 3 0 1 0 0 0 0 0
2 0 1 0 0 0 0 0 4 0 0 0 1 0 0 0
2K 3 0 0 1 0 1 0 0 5 0 0 1 0 0 0 0
4 0 0 1 0 0 0 0 10K 6 0 0 0 0 1 0 0
5 0 0 0 1 0 0 0 7 0 0 0 0 0 1 0
9K 1 0 0 0 0 1 1 0 8 0 0 1 1 1 0 0
2 0 1 1 0 0 0 0 9 0 0 0 0 0 1 0
3 0 0 1 0 0 0 0 10 0 0 0 0 1 0 0
4 0 1 0 0 0 0 1 1 0 0 1 0 0 0 0
TABLE 7: Jaccar d’s similarity analysis. PCR ana]ysi S

Samples VW/2

MS1-3 MS21 VW/1 MS1-2 MS1-1 MS2-1

VW/2

MS1-3
Ms2/1
VW/1

MS1-2
MS1-1
MS2-1

1.000
0.077
0.000
0.000
0.000
0.000
0.000

1.000
0.167
0.000
0.000
0.000
0.077

1.000
0.045
0.130
0.000
0.000

1.000
0.118
0.000
0.000

1.000
0.077
0.000

1.000
0.000

1.000

The 16SrRNA genewas amplified through PCR
reaction using specific 16SrRNA primersand the PCR
reaction productswere separated on 1% agarose gel.
TheDNA bandswerevisuaized under UV trans-illu-
minator and pictures were taken by using gel docu-
mentation and shown in Figure 5. For the purpose of
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sequencing, PCR productswerefurther purified using
Axyprep PCR clean up kit and analyzed by gel elec-
trophoresisasshowninFigure6.

Purification of PCR products by Axyprep PCR
clean up kit

PCR products were subjected to purification by
using Axyprep PCR clean up kit and analyzed by aga-
rosegd eectrophoresis,

Assembly of full length 16Sr DNA sequence

The DNA sequences obtained by DNA sequenc-
ing were analyzed by chromatogram explorer version
3.1.1toremovelow quality bases (nucleotides) so as
to get trimmed sequences and thesetrimmed sequences

M 2 10 11 12 13

10000 bp

1500 bp

250 bp

18 19

10000 bp——>

1500 bp———

250 bp——>

were assembled by using mobyle Porta onlinemerger
application. The 16SrRNA gene sequenceof MS1-1
and MS1-3isshowninAppendix 3.

UPGMA (constrained) VW/2

MS1-3

MSs2/1

VW/1

MS1-2

MS1-1

MS2-1

r T T T T ]
-0.2 0 0.4 0.6 0.8 1

Jaccard's Coefficient

Figure4: UPGM A dendrogram showing genetic r elated-
nessamongst M anikaran and Vashisht hot water springs.

17 20

T
0.2

| 3 4 6 9

21

10000 bp

1500 bp

250 bp

Lanes: (M) 1kb DNA ladder; (1) VW-2; (2) VW/2; (3) MS1-3; (4) M S2/1; (5) M S2/2; (6) VW/1; (7) MSL/2; (8) Pf; (9) MSL/1; (10)
VW-1; (11) MS2-1; (12) MS1-2; (13) MS1-1; (14) M S1-4; (15) MS1-4.1; (16) MS1-4.2; (17) M S1-4.3; (18) MS1-5; (19) MS1-5.1;

(20) M S1-6.1; (21) M S1-6
PCR product less than 250 bpsindicates primer dimer.

Figure5: Amplification of geneencoding 16SrRNA.
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M 1319 20

2000 bp
1500 bp

2000 bp 1000 bp

1500 bp

1000 bp

Lanes: (M) 1kb DNA ladder; (1) VW-2; (3) MS1-3; (11) MS2-1; (M2) 1 kb ladder; (13) M S1-1; (19) M S1-5.1; (20) M S1-6.1.
Figure6: Purification of PCR products.

| dentification of M S1-1and M S1-3 optimal global alignment between whol e sequences.
o Sequenceswerealigned to determine homol ogy of the
Homology and smilarity sear ch of 165rRNA gene query sequence (MS1-1/ MS1-3) against sequences
of bacterium M S1-1and M S1-3 in genomic DNA databases(GenBank, EMBL, DDBJ,

BLASTn performed pairwisecomparisonof DNA  PDB) inNCBI website. Theresultsof loca alignment
sequences, seeking regionsof loca smilarityratherthan  areshowninFigure 7 (M S1-1) and Figure8 (M S1-3).

Caolor key for alignment scores

<40 40-50 - 5080 80-200 »=200
R TR R AT I e e e

| | | | | I
1 250 500 T50 1000 1250
Accession Description Max Lol szen' .E Mar
score score coverage value ident
1 ¥,
GUiogipy | Fscudomoms fuomscems stminLMG 1294 5405 5995 10000 00 97%

165 nbosomal RNA gene, partial sequence
Pseudomonas gessardii stram CIP 105469
165 rnibosomal RNA, partial sequence
NR 024928.1 >gblAF074384.1/AF074384 Pseudonmonas
gessardil 16S ribosomal RNA gene,
complets sequence
=St Uncultured Pseudomonas sp. clons Dni2 &
M361490.2 ; . : 2374 237
e 165 nbosomal RNA gene, partial sequence Lo
Figure7: Blast page of M S1-1 showing thefirst three hitswith 97% DNA sequenceidentity.
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<40 40-50 3-80 80-200 >=200
PP T eSS
| ] I [ I |
1 250 500 750 1000 1250
Accession Description s leal Q_“n' _E L
score score coverage value ident
i . : ;
7961441 3 us 5. L1(2011) 105 tibosomal 57y 3394 100 00 oT%
=—=—=—=—=RNA gene, partn] sequence S
PR Bacillus Echani®rms strain TDE 168
16074 . : 227 227 % I 7°
Mrbusnm!‘ﬂ.\ﬁ gene, partml] sequence 4 S el
Bacillus ichemBHrmis stramm WAS3-3
JF496512.1 165 ribosormal RNA gene, partial 2274 2274 100% 00 97%

sequence

Figure8: Blast page of M S1-3 showingfir st three hitswith 97% DNA sequenceidentity.

Figure7 showsablast pagefor MS1-1 strain. From
the BLAST result, theclosest sequencematchestothis
clone were three; Pseudomonas fluorescens strain
LMG 1244, Pseudomonas gessardii strain CIP
105469 and Uncultured Pseudomonas sp. clone Dn32,
all of which had sequenceidentitiesof 97%to MS1-1.
Therefore M S1-1 strain could be a Pseudomonas spe-

Query Sequence: MS1-1, 15318 unigue olicos

Lineage:

cies. Figure 8 showsablast pagesfor MS1-3 strain.
From theblast result, the closest sequence matchesto
this clone were three; Bacillus sp. L1, Bacillus
licheniformisstrain TD4 and Bacilluslicheniformis
strainWAS3-5, dl of which had sequenceidentities of
97% to MS1-3. Therefore MS1-3 strain could be a
Bacillus species.

Eno mank Foot (0209737 88 (selectedfrmatchtotal ED'P sequences)

Peeudomonas sp. IT-RAR2-532; AT201541

Pseudomonas sp. IT-FEShi2-56, AJ2R15839

Peeudomonas sp. IT-R5RI2-58;, AJ201840

uncultured bacterivm, cknom3258-B 6-64; AF 3762532
uncultured garntma proteobacterium GR-29a6 1-27, GR-29a6 1
Fseudomonas fluorescens, 302, AY092072

Peseudomonas sp. ped-14;, AY 303202

Peseudomonas sp. ped-16;, AY 303203

[+ dormain Bacteria (0520/982279%
[+ phvlhum "Proteobacteria" (02002522187
[+ class Ganmumnaprotecbactera (0/20/1180457
[+ order Pseudomonadales (0720456587
[+ | farmily Pzeudomonadaceae {0/20/20505)
[+ | gemms Peeudomonas (05200204 200

r S000126707 0912 1211

= S000127323  0.9068 1213

= S0001533a53  0.903 1223

r 2000344280 0904 1271

- S000416739  0.91a 1219

= 20004535188 0.905 128a

= 2000552142 0.904 1244

= 2000532143 0.901 1243

= 2000552147 0.911 12438

Peseudomonas sp. ped-22;, AY 303297
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o01
o03

12409
1168
1277
1258
1277
12049
1305
1277
1281
1265
1262

ool
o0a6
a0z

o03

Peeudormonas sp.
Peeudormonas sp.
Pseudomonas sp.
FPzeudomonas sp.
Peeudormonas sp.
Pseudomonas sp.

FPseudomonas sp.

————, FyLL PAPER

Peeudomonas sp. pad-29; AY 3033501
Bacillus sp. MY 27, EF458315

HHI1,FI424509

104, FI013262

350, GO174493
[LEP-E35, ABS47164
LEP-55; ARS47166
alll1-37; HIW4468063
alll-aZ; HL46G8094G

bactenum Ada; HO3321489
bactenwm A119; HO332151

Figure9: Result of sequence match for bacterial stain M S1-1.

Query Sequence: 27F MS1-3, 1266 unigue oligos

Lineage:

Eino rank Foot (0/20/0737 68 (zelected/matchftotal RDOF sequences)
domain Bacteria (0/20/962 278

ooooog

OO0 000000000000 0101000 O

phylum "Firmicutes" (0/20/383115)

class "Bacilli" (0/20/257515)
order Bacillales (0/20/168501%
farnily Bacillaceae (0/20/19213)
gers Bacillus (0720146920

2000345156
=000358750

S000365541
S0003925409
=000467 398

=000538901
=000615411

=00084767a

=000243501
S000ET04828
S000870631

=000870632
=000870634

2000902654
=001093930
2001093934

S001152805
S001155470

=001550910
=002234500

0877 1421
0877 1441
0877 1456
0877 1427
0877 1392
0877 1405
0.377F 1409
0877 1421
0877 1442
0877 13409
0877 1340
0877 1340
0877 1340
0877 1322
0877 1324
0 877 1324
0877 1342
0877 1361
D878 1383
0872 1331

Bacillus ichenmiformis, AR 111114, C14;, AF397042
Bacillus licheniformiz, Cl6; AY 470054

Bacillus sp. TUT1217; AR 188216

Bacillus lichenifortmis; Wio 1, AF3T 2616

Bacillus licheniformmis, CICC 10181, AYE42871
Bacillus licheniformis, CICC 10104, DOOZ2997
Bacillus licheniformus, AC O, DQ223604
Bacillus licheniformus, K19, D0O551932

Bacilluz sp. J24;. EF471917

Bacillus ichemforims, Dstl-4; AR305269
Bacillus lichenifortm s, ¥Y352-1; AR3I05272
Bacillus lichenifortms, ¥Y52-2; AB3I05273
Bacillus lichenifortm s, ¥Y52-4; AB305275
Bacillus lichenifortmis, BE-J-101, ETT01621 5
Bacillug zp. TT32 H3-2008, ANOS0310

Bacillus sp. TT34 H3-2008;, ANOS0314

Bacilluz sp. LY 2, EUIO73111

Bacilluz sp. BgR2, ETTEA4 553

Bacillus licheniforrrdis, CGMCC 2876, GQL48817
Bacillus licheniforss; SATZ-11, HQ 236037

Figure10: Result of sequencematch for bacterial stain M S1-3.
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Sequencematch

There were 1318 unique oligomers in MS1-1
guery sequence and 1266 unique oligomersin M S1-
3 query sequence. M S1-1 posed 91.6 % similarity
with that of Pseudomonas sp. alll-62;
(HM468096), whereas M S1-3 posed 87.9 % simi-
larity with that of Bacilluslicheniformis, SAT2-11,
HQ236037. As proposed by Stackebrandt and
Goebel (1994), aprokaryotic 16S rRNA with less
than 97 % identical to any other sequence should be
considered asanew species?®®. Thusthis Sequence
Match value (91.6 %) and (87.9%) may be new spe-
ciesof Pseudomonas and Bacillusrespectively.
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