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Table 1. B. anthracis, B. cereus, B. thuringiensis strains used in study

B. anthracis str. Ames

B. anthracis strain Ba Vollum

B. anthracis strain Ba Ames

B. anthracis strain Ba delta Ames
B. anthracis strain Ba delta UM23-1-1
B. anthracis strain Ba Sterne

B. anthracis strain Ba Texas0077
B. anthracis strain Ba001

B. anthracis strain Ba002

B. anthracis strain Ba044

B. anthracis strain BaAS8

B. anthracis strain BaA74

B. anthracis strain BaA7

B. anthracis strain BaAC1

B. anthracis strain Ba7193

B. anthracis strain Ba8403

B. anthracis strain BaRA3

B. cereus ATCC 14579

B. cereus ATCC 10987

B. cereus E33L

B. cereus strain Bc776

B. cereus strain Bc27877

B. cereus strain Bc229

B. cereus strain Bc23261

B. cereus strain Bc14579

B. cereus strain Bc49069

B. thuringiensis str. AlHakam

B. thuringiensis strain BtT07-005
B. thuringiensis strain BtT07-146
B. thuringiensis strain BtT07-202
B. thuringiensis strain Bt10

B. thuringiensis strain Bt35646
B. thuringiensis strain Bt8

Mz 3y

rpoB sequence X} &

SRS (h
noSession; EMBL database)?| 1, Bacillus anthracis strain® rpoB
partial sequence 207N, B. thuringiensis sequence 6715 A]om.
NCBI GenBank®ll X1 B. anthracis rpoB sequence 17W, B. cereus
sequence 9, B. thuringiensis sequence 1715 LT} Sequences
2 FASTA format, txt file2 #A3lo] BAo)) ALL-81 4}

rs.ebi.ac,uk/srsbin/cgi-bin
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MEGA version 3.1 software package (http:/www.megasoftware.net)
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Fig. 1. Phylogenetic tree based on partial rpoB sequences of the
strains. Neighbor-joining method with K2P distance correction model
was chosen. Bar represents 0.001% nucleotide sequence difference.
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treeS ZHAJ3F92 ™ neighbor-joining method®} K2P distance
correction model& AFESIAIL bootstrap valueE 31#i5}a] ZHA]
3l th(Fig. 1). B. anthracis strainSS 99%$] bootstrap value®
E-2E e B, cereus®} B. thuringiensis strainsS 437 -+
5A et

In silico M| EtE A0 2|5t FEt

AEHA sequenced A gap& AAT F Web site program(hitp:/
{biotools.umassmed.edu/tacg/WWWtacg php)S AHE-31 A|THE A4
AIE AAEH o™ B anthracisIA= 1970, B. cereusl| M
227), B. thuringiensiso| A< 2079 AFFE A7} AAEJ AR
HAA. ZAE A$FEA2] 1214 E-L2 NEB A hompage (http:/
{www.neb.com/mebecomm/defaultasp)oll 1 FAFElY  MEGA
software®] ‘search motif’ function®.® A&t Y& A8l
&3 BAE AFsEty. 2AF AR B thuringiensis®t B.
cereus sequencet= X7 BamHI digestion (5’-GGATCC-3")2.2
473 bp, 304 bp2] F fragmentZ HFTE 22} B. anthracis
sequence™ BamHI A Fo] HAEZ ¥UThFg. 2). B.
thuringiensisS} B. cereus sequenced] 1= A 722 A|gka iz}
27} A E ], AgaLY Ao ZE TEE T

Table 2. List of detected strains after BLAST search

Bacillus rpoB A2 ¥4 4 335

BLAST ZiY

AAoA 2 DNAE =28 A5 FH &3 &3] A}
= Aol ok HAY o] Y& & 3ok olo) gt false
signal®] LA ThsAE Q37 A 7 FEE A9
sequenceS A%, NCBI hompage®] BLASTE AM&-3l #A}
sequenceE A A4 A3t A1 F Wi e-valuest 9 5-E
straing°] EFR O™ B. subtilis 5 28 7Fs 55 AA
HA] BskeKTable 2). =3 B. cereus®} B. thuringiensis’} -5
%o} PCR ©}F sequencings 53 RFLP method® 57852 &
T B. cereus} B. thuringiensisE 53E 4 o< Bo Fol.

B. anthracis, B. cereust YNHLE F 23 FEoln FAlT
91 B. thuringiensis}e] FAML R Q8] o|& A 742 BA
dhs EAlc o AFE A7iHY ghen o o] A
Revt Hed HeEle AR AR, §A 5] s F
o EAAS UERQIT ojd] B ddMe 7o Eld
2 71E o E A 4 e A4F HNEX 2 oF 2 Ut
544 H317] 93] chromosomal markerZ rpoBE ©]&-3F Ex}
FASARA MR OE M dFS A&3tn FEs] FAskTA} 8
ArhFig. 3). PCRYY| 7123k o] vhHL Bajuoo] Wa glo] Al
e 95T F UL HE 7Y spore E ATE HE0] HY
specific regions FAFTCEA] false signal®] WA 7FsAdo] &

Accession Description Max Total Query E value Max
score score coverge ident
B. anthracis A
AF205335.1 Bagllus anthracis strain Ba RA3 RNA polymerase beta sub- 1435 1435 100% 00 100%
unit (rpoB) gene, partial cds
AF205334.1 Bagllus anthracis stra'm Ba 8403 RNA polymerase beta sub- 1435 1435 100% 00 100%
unit (rpoB) gene, partial cds
AF205350.1 Bacillus sp. Ba§ 1.3-9594/3 RNA polymerase beta subunit 1430 1430 100% 0.0 99%
(rpoB) gene, partial cds
AF205329.1 Bacillus anthramg strain Ba A74 RNA polymerase beta subunit 1430 1430 100% 0.0 09%
(rpoB) gene, partial cds
B. cereus
AF205341.1 Bacillus cereus styam Bc 776 RNA polymerase beta subunit 1435 1435 100% 0.0 100%
(rpoB) gene, partial cds
AF205338.1 Bacillus cereus st.ram Bc 27877 RNA polymerase beta subunit 1435 1435 100% 00 100%
(rpoB) gene, partial cds
AF205352.1 Bacillus sp. Ba813-IB/A RNA polymerase beta subunit (rpoB) 1430 1430 100% 0.0 99%
gene, partial cds
AR205342.1 Bacillus cereus strain Bc 23261 RNA polymerase beta subunit 1430 1430 100% 0.0 99%
(rpoB) gene, partial cds
B. thuringiensis
AF205346.1 Bacﬂlps thuringiensis strain Bt T07-202 RNA polymerase beta 1428 1428 100% 0.0 99%
subunit (rpoB) gene, partial cds
AF205345.1 Bacillus thuringiensis strain Bt T07-146 RNA polymerase beta 1428 1428 100% 00 99%

subunit (rpoB) gene, partial cds
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#B._anthracis_str._Ames
#B._anthracis_strain_Ba_Vollum
#B._anthracis_strain_Ba_Ames
#B._anthracrs_strain_Ba_delta_Ames
#B_anthracis_strain_Ba_delta_UM23-1-1
#B,_anthracis_strain_Ba_Sterne
#B_anthracis_strain_Ba_Texas_0077
#B._anthracis_strain_Ba_001
#B._anthracis_strain_Ba_002
#B._anthracis_strain_Ba_044
#B._anthracis_strain_Ba_A58
#B._anthracis_strain_Ba_A74
#B._anthracis_strain_Ba_A7
#B._anthracis_strain_Ba_ACl
#B._anthracis_strain_Ba_7193
#B._anthracis_strain_Ba_8403
#B._anthracis_strain_Ba_RA3
#B._cereus_ATCC_14579
#B._cereus_ATCC_10987

TAG TAG ATC CAG AAA CTG GTG AAA TTT TAG CGG CAG AAG GAA CAA TCT TAG ATC GTC GTA

#B._cereus_E33L e G i e e e e e e e e e e e e e e e

#B._cereus_strain_Bc_776 e Gl s e e e e e e e e e e e e e e

#B._cereus_strain_Bc_27877 v G i e e e e e e e e e e e e

#B._cereus_strain_Bc_229 e G i v e e e e e e e e e e e o e e e e

#B._cereus_strain_Bc_23261 e G i e e e e e e e e e e e

#B._cereus_strain_Bc_14579 e G i i e e e e e e e e e e e e e e e

#B._cereus_strain_Bc_49069 e B i e e e e e e e e e e e e e e

#B._thuringiensis_str._Al_Hakam v G e v e e e e i e e e e e

#B._thuringiensis_strain_Bt_T07-005 e G e e e e e e e e e e e e

#B._thuringiensis_strain_Bt_T07-146 e G e e e e e e e e e e e e e e e
#B._thuringiensis_strain_Bt_T07-202 e Go el s e e e e e e e e e e e e e e e

#B._thuringiensis_strain_Bt_10 OO

#B._thuringiensis_strain_Bt_35646 e G i i i e e e s e e e e e e e e e e

#B._thuringiensis_strain_Bt_8 v G i e e e e e e e e e e s e e e e e

BamH]I digestion

Fig. 2. Partial sequences of rpoB showing the restriction sites in B. cereus and B. thuringiensis. BamH]1 site is underlined.

g At 7hssh ofe &2 5719
MY A] 2 AMES Hole B. anthracis®] $70) ti3 A
Hhdolcth. md ¥l A vt Al A8 2 7ol
R S8E Y SAL hehiA) ow] wss gssEe
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o £EE 7T 4 Ut
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Fig. 3. Flow chart of developed identification method.
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ABSTRACT : Identification Based on Computational Analysis of rpoB Sequence of Bacillus anthracis
and Closely Related Species
Kyu Kwang Kim? and Han Bok Kim'* ('Department of Biotechnology, The Research Insti-
tute for Basic Sciences, Hoseo University, Asan 336-795, Republic of Korea, “Daeil Foreign
High School, Seoul 136-100, Republic of Korea)

Computational analysis of partial rpoB gene sequence (777 bp) was done in this study to identify B. anthracis
and its closely related species B. cereus and B. thuringiensis. Sequence data including 17 B. anthracis strains, 9
B. cereus strains, and 7 B. thuringiensis strains were obtained by searching databases. Those sequences were
aligned and used for other computational analysis. B. anthracis strains were identificated by in silico restriction
enzyme digestion. B. cereus and B. thuringiensis were not segregated by this method. Those sequencing and
BLAST search were required to distinguish the two. In actual identification tests, B. anthracis strains could be
identified by PCR-RFLP, and B. cereus and B. thuringiensis strains were distinguished by BLAST search with
reliable e-value. In this study fast and accurate method for identifying three Bacillus species, and flow chart of
identification were developed.



