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ABSTARCT:

Identification of Bacillus species using conventional sequencing methods can divulge their taxonomic
affiliation but there are certain groups of Bacillus where alternate methods like ARDRA and PCR
fingerprinting canexpose their exact lineage of the species rapidly.In this study, a collection of 171 soil
bacterial isolates was analyzed for the occurrence of genus Bacillus using group specific
primersAmplified Ribosomal DNA Restriction Analysis (ARDRA)and rep-PCR fingerprinting were
performed for the Bacillus positive isolates and standard Bacillus strains.Cluster analysis of these two
finger printingpatterns revealed the grouping of isolates with B. thuringiensis, B. megaterium, B. pumilus
and B. subtilis.Sequencing of selective isolatesshowed that the identification ofBacillus upto species
level,isalso possible with DNA fingerprinting techniques rapidly and efficientlyespecially in the case of
Bacillus megaterium. Compared to ARDRA, rep-PCR fingerprinting has the potential to be developed
into a rapid method to identify Bacillus species.
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1. INTRODUCTION

The genusBacillus are ubiquitous in nature, having been isolatednfenvironments as diverse as
freshwater, saline water, soil, plants, animals aindPignatelliet al.(2009)]. TheBacillus group comprises
numerous species of industrial, biotechnological anvironmental significance, besides clinical ealsarious
studies have been made on its genetic diversiwgitgget al.(2008)]. TheBacillus group were one of the first
bacteria that were characterized, however thetioglships to one another remain incomprehensMsifjhan
and Van der Auwera (2011)]. Limitations in phenatypariance while identifying the bacteria, havd te the
development of molecular techniques based on tbeetal genotype [Olive and Bean (1999)].

Comparison of the 16S rRNA gene sequences is otteeahost powerful tools for the classification of
microorganisms [Woeset al.(1990)]. Use of group specific primers for the itfication of pure cultures of
Bacillus species such &. subtilis [Wattiau et al.(2001)] B. cereus andB. thuringiensis [Hansenet al.(2001)]
and Paenibacillus alvei [Djordjevic et al.(2000)] have been explored to the limited extentuding clinically
important species. However, environmental sampleh sas sewage, water, soil, and feces usually iconta
mixtures ofBacillus species. Presence of such clusters can be detsittethe use of a group-specific primer
that discriminates as many member species as posdihin the genus. Although genus-specific prismkave
been successfully developed for many bacteria,ggsmapable of amplifying a specific sequence & BNA

from all Bacillus taxa has not been developed [@wal.(2006)].
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In this study, we have focused on a group of saiitérial isolates that were capable of growing
aerobically on nutrient agar between 25%@5The genusBacillus includes Gram-positive rod-shaped,
endospore-forming aerobic or facultative anaerdlicteria [Ashet al.(1991)] and thus a group-specific primer
pair that was designed to amplify the 16S rRNA gehBacillus taxa were used, which generated an 1114 bp
amplicon but did not amplify 16S rRNA gene ofothen-Bacillus species [Freitaat al.(2008)]. The specificity
of our target PCR primers was also validated aga#giated Gram-positive but ndsacillus speciesBacillus
species identification was carried out by, ARDRA thfe 1114bp PCR product along with rep-PCR
fingerprinting using BOX-A1R primer and comparifgim with the standard strains.

2. MATERIAL AND METHODS
2.1. Sampling and Bacterial isolates

Bacteria subjected for this study were isolatednfsmil samples from Tamil Nadu and Kerala regions
of Western Ghats. The type strainBatillus were obtained from NRRL, USA.

2.2. Genomic DNA isolation and Bacillus group specific PCR amplification

Genomic DNA was extracted from bacterial cultureswg in LB broth (Hi Media, India) using
standard protocol [Sambroekal.(1989)]. The internal regions of 16S rRNA genestistg at position 255 and
position 1350 E. coli 16S rRNA gene numbering) were amplified using arid-forward primer B-K1/F (5
TCA CCA AGG CRA CGA TGC G 3°) and an 18-mer revepsener B-K1/R (5°CGT ATT CAC CGC GGC
ATG -3°) [Wu et al. (2006)]. Universal Eubacterial primers 27F and R9Paneet al.(1985)] were used as a
PCR control to ensure the quality of the templatdAD The oligonucleotide primers were synthesized
commercially (IDT, Bangalore). Amplification was rdad out using a Master thermal cycler (Eppendorf,
Germany) with a reaction volume of 20 pl. A 2 pihgde of DNA template was added to a mixture coragjr
mM dNTP’s, 10 X buffer solution, 15 mM Mgg110 pmol of each primer (B-K1/ F and B-K1/R1) dahdl of
Tag DNA polymerase. Each PCR program was conduttgd) a denaturation step of 3 min af®4followed
by 25 cycles of 9% for 30 s, 63C for 30 s and 72C for 2 min, with a final extension step at @2for 10 min.
Products were separated by electrophoresis in 1ag&ftose in 1 X TAE buffer for 1 h at 65 V, andualized

by staining with Ethidium Bromide (0.5 mg/mL). Tfiegerprints generated were compared manually.

2.3. Amplified Ribosomal DNA Restriction Analysis (ARDRA)
The 16S rRNA gene product of 1114 bp was digesti¢ld 3vU of Mspl restriction enzyme in a total
volume of 10 ul for 4-16 h at 37°C. The restricigdducts were electrophoresed in 2% agarose gelydet

al.(2010)]. The fingerprints generated for isolated gype strains were compared manually.

2.4. rep-PCR using BOX-A1R primer analysis
The BOX element (BOX1A) was amplified using the B®XR primer 5'-
CTACGGCAAGGCGACGCTGACG-3' [Versalovicet al.(1991)]. Amplification was carried out using a
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Master thermal cycler (Eppendorf, Germany) with 104€q buffer, 15 mM MgG| 4 mM dNTPs, Taq
polymerase 1.0 U and primers at 10 pmol concentratemplate DNA 50-100 ng (Initial denaturatior0&tC
for 5 min, denaturation at 83 for 1 min, annealing at 82 for 1 min, Extension at 7€ for 1 min, repeated for
40 cycles and final extension of°@for 10 min). Products were separated by electyogsis in 2% agarose in
1X TAE buffer for 1 h at 65 V, and visualized byaisting with Ethidium Bromide (0.5 mg/mL). The

fingerprints generated were compared manually.

2.5. Cluster analysis

For cluster analysis, the data were convertediimary matrix, where the digits “1” and “0” represe
the presence or absence of DNA band separatelysiffi@rity matrix was generated by Euclidean distss,
which were used to build a tree with the unweighgad group mean averages (UPGMA) algorithm. Analys

of data was performed using NTsys software (Vergidi.

3.RESULTS
3.1. Group specific primer validation

The group specific primers (B-K1/F and B-K1/R) igeed earlier by [Wet al.(2006)] for Bacillus
group amplification was validated against a seBadillus and nonBacillus species (Table 1). The 16S rRNA
gene sequences of reference strains retrieved GemBank were used in the multiple alignments, which
displayed the mismatch in their sequence towardsptimer sequence (Fig. 1a & b). This confirms et

group specific primers amplify onBacillus genus.

Table 1. List ofBacillus and nonBacillus genera providing the 16S rRNA gene sequences fe@mBank for the validation of group
specific primers

Genera Species

B. subtilis, B. acidiceler, B. anthracis, B. cereus, B. flexus, B.megaterium,
: B. pumilus, B. safensis, B.simplex, B. subtilis,
Bacillus o '
B. thuringiensis, B. sphaericus
nonBacilllus Agrobacterium tumefaciens, Brachybacterium rhamnosum, Micrococcus |uteus,
Pseudomonas stutzeri, Saphylococcus sciuri, Senotrophomonas maltipholia
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(fi) Baci |l us aerius
Baci | lus aci dicel er
Bacillus anthracis
Bacil l us cereus
Baci | | us endophyticus
Bacil lus flexus
Baci | | us megaterium
Baci | lus pum | us
Bacil lus safensis
Baci | | us sinpl ex
Bacillus subtilis
Baci | | us thuringiensis
Lysi ni baci | | us sphaeri cus
Lysi ni baci |l us xylanilyticus
Agr obact eri um t umef aci ens
Brachybact eri um r hatmosum
M crococcus | uteus
Pseudononas st ut zeri
St aphyl ococcus sciuri
St enot r ophononas mal tophilia
B-Kl/F

([)) Baci |l us aerius
Baci | I us aci dicel er
Baci | lus anthracis
Baci | l us cereus
Baci | | us endophyti cus
Baci | lus flexus
Baci | | us megaterium
Baci | lus pumilus
Baci | lus safensis
Baci |l us sinplex
Bacillus subtilis
Baci | | us thuringiensis
Lysi ni baci | | us sphaeri cus
Lysi ni baci | lus xylanilyticus
Agrobact eri um tunef aci ens
Brachybact eri um rhaimosum
M crococcus | uteus
Pseudononas st ut zeri
St aphyl ococcus sciuri

St enot r ophononas nal t ophi | i a ATCGCAGATCA

B- K1/ Rlii

R R R EE T e ny ey
ST AACGGCT CACCAAGGCAACGATGCGTAGCCGACC
GTAACGGCT CACCAAGGCGACGATGCGTAGCOGACC
GTAACGGCT CACCAAGGCAACGATGOGT AGCOGACC
GTAACGGCT CACCAAGGCAACGATGOGT AGCOGACC
CGTAACGGCT CACCAAGGCGACGATGCGTAGCOGACC
CGTAACGGCT CACCAAGGCAACGATGCATAGCOGACC
GTAACGGCT CACCAAGGCAACGATGCATAGCCOGACC
CTAATGGCT CACCAAGGOGACGATGOGT AGCOGACC
CTAATGGCT CACCAAGGCGACGATGCGTAGCOGACC
GTAATGGCT CACCAAGGOGACGAT GOGT AGCOGACC
GTAACGGCT CACCAAGGOGACGATGOGT AGCCGACC
CGTAACGGCT CACCAAGGCAACGATGCGTAGCOGACC
GTAACGGCT CACCAAGGOGACGATGOGT AGCOGACC
GTAACGGCT CACCAAGGOGACGAT GOGT AGCOGACC

ICTAAAGGUCTIACCAAGGCGACGATCCATAGCTGGTC
GCTAGT GGJTGACCAAGGCGAT GACGEErAGCCGGECC
ICTAATGGOTJACCAAGGCGACGACGGEIrAGCCGGECC
CTAATGCATAACCAAGGCTGCGATCCHTAACTGGTC
IGTAACGGT TIRCCAAGGCGACGATACETAGCCGACC
CTAAAGE CCAAGGCGACGATCCErAGCTGGTC
CCAAGGCRACGATCC
/T\ /[\
255 273

(IR S IR KR KRy

ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCACGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA- TGCCGCGGTGAATACGT TCCCCE
ATCGCGGATCAGCA._TGCCGCGGTGAATACGT TCCCCE

ATCGCAGAT CA( (GCGGTGAATACGI TCCCC
ATCGCAGAT CA( (GCGGTGAATACGI TCCCC
ATCGCAGAT CA( (GCGGTGAATACGI TCCCC
ATCGTGAATC
ATCGTAGAT CA( CGGTGAATACGT TCCCG
(GCGGTGAATACGI TCCCC
C “JQCCGCTCAATACC
ﬂ\ ﬂ‘\
1350 1367
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Fig. 1. (a) Alignment of primer B-K1/F with homologs target sequences of 16S rDNA ¢oli numbering scheme—nucleotides 255 and
273) fromBacillus, Lysinibacillus and other genera, sourced from GenBank. (b) Aligminof primer B-K1/R1 with homologous target
sequences of 16S rDNAE( coli numbering scheme nucleotides 1350 and 1368). Tixeifset shows the difference in nucleotide
sequencebetwedbacillus and nonBacillus.
3.2. PCR amplification using group specific primer

The results of PCR amplification against 255F aBH0OR primers yielded an 1114bp product. Among
the 171 isolates screened, 76 isolates showedvgofitr Bacillus, identified by the presence of band (Fig. 2),

whereas absence of band indicates that the isolayebe norBacilli.
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M

1

1141 bp

Fig. 2. Representative picture foBacillus genus amplification usinggroup specific primers. Lane M Marker-
LambdaEcoRI/Hindlll digest; Lane 1 BVP2; Lane Zz- BVP3; Lane 3 - BVP4; Lane 4 - BVP5; Lane BV¥P7; Lane €- BVP8; Lane 7 -
BVP9; Lane 8 - BVP11,; Lane BVP12; Lane 1(- BVP14; Lane 11 - BVP16; Lane 12 - BVP18; Lane B3/P19; Lane 1+~ BVP20.

3.3. ARDRA analysis using Mspl enzyme
Bacillus positive Isolatesdentified usinggroup specific primeand standard strairwere subjected to

restriction digestion withMspl enzyme. The ARDRA patterns obtaineconsistsf fewer fragments and
moderate differences were @pged among the samples (Fig. 3 ). The dendrogram obtainthrough NTSys-

PC, showed 11 clusters (coefficient 65), each etusbrsists of about 3 to 13 isolateStheseonly 5 clusters

aligned with standard strains.

M 1 2 3 4 5 & 7 8§ 9 10 11 12 13 14 15 16 17 18

L kb

500 bp

300 bp

100 bp

Fig. 3. Representative picture for ARDRA patterrisoilates usiniMspl enzyme. Lane M - T0bp Marker; Lane - BWG2; Lane 2 - BVS1;
Lane 3 - BKB12; Lane 4 - BKA4; Lane-BMUZ20; Lane 6 - BKB14, Lane 7 - BBKB2; Lane 8VP7; Lane ¢- BVP8; Lane 10 - BVP4; Lane
11 -B. thuringiensis, Lane 12 -B. niacin; Lane 13- B. sphaericus, Lane 14 B. subtilis; Lane 15 -B. megaterium; Lane 16 -B. badius; Lane

17 —B. pumilus; Lane 18 — BKB10.
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Fig. 4. Representative picture for ARDRA patternisafiates usindspl enzyme. Lane 1 - BMU14; Lane 2 - BMU15; Lane BMA7;
Lane 4 - BMU13; Lane 5 - BMU7; Lane 6 - BMAG; Laide- BMA5; Lane 8 - BMAL0O; Lane 9 - BMAS; Lane 1(BMU11; Lane 11 -
BKS13; Lane 12 - BKS8; Lane 13 - BKS6; Lane 14 -§8K Lane 15 - BKS14; Lane 16 - BVP14; Lane 17 - BVRane 18 - BVS7; Lane
19 - BMUL16; Lane 20 - BMUG; Lane 21 - BMUZ2.
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Fig. 5. Similarity Jaccords’s Coefficient — UPGMA&ded dendrogram showing cluster analysis of saitelpal isolates on the basis of
ARDRA usingMspl enzyme
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Table 2. Bacterial Standard strain | solates isolates clustered
againststandard  Bacillus thuringiensis BWGA16, BWGA17, BVS12, BVP7 Bacillus strains after
ARDRAUSING  pacillus pumilus BWAS, BWA9, BKS8 Mspl enzyme

Bacillus megaterium BMU21, BSS1, BSS2, BSS9 & BSS
Bacillus sphaericus BWGAS8

ARDRA analysis usindMspl enzyme was able to group tBacillus positive isolates with standard
strains especiall8. megaterium (n = 5) followed byB. thuringiensis (n = 4),B. pumilus (n = 3) and thei.
sphaericus (n = 1) (Table 2)The succesof ARDRA technique relies on the selection of appiate restrictior
enzyme combination for the analysis of the groupntérest. This clearly validates ARDRA method w
respet to its main taxonomic leveHeyndrickxet al.(1996)]. Therefore, ARDRA ahe outset of a taxonom
study is recommended to obtain indicative phylogiersnd taxonomic information, which can be useddlect

strains for detailed polyphasic taxonomic stut

3.4. rep-PCR analysisusing BOX-A1R primer

DNA Fingerprinting analyis using rep-PCR of BOX1A elemehas been used in many organism
understand its phylogenetic relationships amondaties, and to study their diversity in a variety
environments [Cheriét al. (2003)]} The fingerprinting patterns for the isolatesour study gav large number
of polymorphic bands of variable intensity. The #immanged between 1-1500 bp. The reference stre

fingerprintingprofiles matched witlseveralof théacillus positive isolates.

M 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16

;. . — S N e e S

1 kb

500 bp

300 bp

100 bp

Fig. 6. Representative picture for rB@GR using BO:-A1R primer forBacillus positive isolates. Lane MMarker; Lane 1 - BGL20;
Lane 2 - BSS14; Lane 3 - BSS3; LaneBWGAL; Lane - BWGA2; Lane 6 - BWGA3; Lane 7BWGA4; Lane & BWGAS; Lane 9 -
B. subtilis; Lane 10 -BWGB30; Lane 11B: thuringiensis; Lane 12 -B. niacin; Lane 13 B. sphaericus,; Lane 14— B. megaterium; Lane

15 -B. pumilus; Lane 16 B. badius 284
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I kb

500 bp

Fig. 7. Representative picture for rB@R using BO-A1R primer forBacillus positive isolates. Lane MMarker; Lane 1- BMU9; Lane
2 - BMU10; Lane 3 - BMA2; Lane 4BMAS5; Lane 5- BMAG; Lane 6 - BMA7; Lane 7 BMAL13; Lane 8- BMA14; Lane 9 - BMAL15;
Lane 10 - BMAL6; Lane 11BWAL5; Lane 1z- BWA16; Lane 13 - BGL3
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Fig. 8. Similarity Jaccords’s CoefficientdPGMA based dendrogram showing cluster analyssoibbacterial isolates on the basis of-
PCR using BOX-A1R primer

285



E-ISSN: 2321—-9637
Volume 2, Issue 1, January 2014

| nter national Journal of Research in Advent Technology

Available Online at:http://www.ijrat.or g

Banding patterns of rep-PCR of BOX1A element afigali an adequate number of bands [de Bruijn
(1992)], indicating that they are applicable tocdiminate Bacillus species. The dendrogram based on BOX-
PCR fingerprint analysis (Fig. 8) showed 9 clusfeoefficient 65), each having 2 to 10 isolates.

Among these, 4 clusters included standard straioisg with other isolates that have formed cluster.
Majority of the isolates clustered with megaterium (Cluster 5; n = 10)anB. thuringiensis (Cluster 8; n = 7),
and few clustered witB. pumilus (Cluster 2; n = 3)an8. subtilis (Cluster 7; n = 2). The rest of the isolates did
not match with any of the standard strains, indticathat these isolates may belong to some othecisp of

Bacillus.

Table 3. Bacterial isolates clustered against statbcillus strains after rep-PCR using BOX-A1R primer

Standard strain I solates

Bacillusthuringiensis BWGA3, BWGA4, BVE2, BWG2,
BWG26, BWG27 & BWG30

Bacillus megaterium BWGA9, BWGB25, BWGB29,

BWG9, BWG13, BVP7, BSS1,
BSS10 & BMA16

Bacillus pumilus BWGAS8, BWGA12, BGL20
Bacillus subtilis BVESG6, BSS1

The results revealed thBt thuringiensis, B. megaterium and B. pumilus could be detected from the
two fingerprinting analysis while the detectionather species dBacillusneeds combination of the techniques
used. Previous reports also suggests that rep-P@Bcpls as well as ARDRA techniques have beeniegbjih
the closely relate@acillus genus exhibiting high sensitivity in discriminatiat the strain level for mesophilic
and thermophilic species [Ronimetsal.(1997); Moraet al.(1998); Giuliancet al.(1999)].

By 16S rRNA gene sequence analysis, the isolated fos the study were identified &scillus. The
results of sequencing matched with that of the dipgnting analysis upto species level. 16S rDNAdih
taxonomy is thegold standard method except in #ee ©f closely related species groups sucBaasdlus,
where insufficient divergence in 16S rRNA gene pras the resolution of strain and species relatipss
[Maughan and Van der Auwera,(2011)]. Further, it ledten been proved to show limited variation foe t
discrimination of closely related taxa and strgMsbel et al.(1996)].

It is unlikely that truly relevant data will be w@ined by present culturing methods, thus fingetprg
can be used for initial screeningfollowed by seairem of 16S rRNA gene and identification of closedyated
strains/species, which could then be followed byogeic characterization of isolates of our inter&scently
such work has been doneBnsubtilis using microarray and sequencing technologies asdihcovered a great
deal of genomic diversity within this group of cbbg relatedB. subtilis strains [Earlet al.(2007), (2008)].
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Fingerprinting analysis coupled with advanced saqung technologies should enable the identificatoml
also clear discrimination of species belongingh® genuBacillus.

4. CONCLUSION

Between the two DNA fingerprinting methods, rep-R@Riuced differential fingerprinting patterns
and were able to identify a relatively large numbg&rsolates than ARDRA. In conclusion, it has beséiown
that rep-PCR fingerprinting analysis will be a wdednd a rapid tool to identify isolates upto spsclevel
belonging toBacillus group.
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