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RSB 1) GC & B4 65.6% . B 5, 76 2007 4F 5
2009 4F, BCG 251 4 #k (BCG Pasteur) 5 4 5k
(BCG Tokyo) f)4x%E PRI AL 3> AR 4k 58 B - 7E 2011
E N AT Wi kK BCG ¥ B bk 58 75 5F #k (BCG Mexico) 5
L7 £ (BCG Moreau) th5¢ T 4236 HALIF Y

A 9 Bk BCG B A 58 B A FE 2410 )7
H. b BCG Tice /& Rosenthal 1+ F 1933 4 # 1934
TEAE TR 5 B AR B 1 AR S A 2
1% 1 B BRI i TiceRosenthal, §f 5 Tice-Rosenthal
W2 1 AL ACKE FR B BT 6 Bl AR ¥ BCG B #R
(H,K,E,L, LH, BL) . 1952 4, Rosenthal {17 Jf 4k
el gr LIRSS Fh BCG T B b TIUBIT 45 4% 03 28R B 4F
(¥ —Ff (BL BRE) o TMBLA L ) 2 AF 1 R A
& A 56 B T Ak (BCG Tice ATCC 35743) , ' 2
BL T bR 1 /5 AR ™

A1 f# A Tlumina Genome Analyzer U 7% 43 %}
BCG Tice #4710 & W 57, H 5L P20 0 7 K B2
70. 7 CIM P 2 52 9 19 2 I 45 380 1) s 56 2 e 5 56 A
UK/ L E, & 20 WP = REZ —) - R
J5 A H] SOAPdenovo 5 AF xf #3 21 1) H 4i6 1 AT P #2 9F
SE T HE DR 4T AN s 1) B0 46 A, dx 215 2 25 A
scaffolds,28 4> contigs, Bl 45 25 N4 3 Bk O (fi7 & €
FEAM) 53 A pHlE 0 (b BRI E) « KT
2 B &% K AE Journal of Bacteriology R,

AT HE T bk R R 45 R gk S R AT B D AL
A EAE e & 43 3] T BCG Tice [f) 5 X 41 58 # P
4, BCG Tice 4= P ¥ 41 U 28 $2 22 & NCBI [
GenBank ¥¥5 &2, & 55 5 4 CP003494 . A Hift T
fe GC 2 10 ik DAL 4 b 10 RSB S, OF B ik T 3K
ATTAE e R o P 8 380 1) VA A DA R BT SR ) A ok g
Fo RN m GC & KA B i Ab sk 1 L
TRt 25 % . Jhih, JATIEXT BCG Tice 3t N4
FROR6E T 45 4% 0 AR B (Mycobacterium tuberculosis ,
M. tb) 1y 5 R 20 v Bk Ok BEAT T 8 IE, JF K BCG
Tice [A] HAth BCG {55 Jy # 5< 3 NBEAT T LE B0 A o

1 BB 7k

1.1 ##

L1.1 FZEKXFFMLEE LA DNA G0 m fr 2
DNA % & \PMD19-T % & .PSIMPLE-EcoR V/BAP
AW AEEY LREARL A KR

(Escherichia coli) DH5 o JX 2 A4 I B X &£
BORA W2 w5 B RIEOR 7 £ H OMEGA 2 v ;
PCR 7 ) 4 A 0 &~ 5 P B -D i A HEE 1 = 3L B
T XGal W {4 TAY TRE(EE) AFRAA.
SensoQuest Labcycler PCR {X~ Thermo &5 i &5 0 1+
B IS BRARAX 5 o

1.1.2 HHRFNE IR E : BCG Tice (ATCC 35743) 11
1 2 B SCHE IR W) B A7 i (American type culture
collection, ATCC) . Middlebrook 7H9 2 3 (% %
B 0.5 g IR A 1.0 o BEIRE W8 2.5 g KT
R4 0.1 g, BRFREE 0. 05 g, & 4L 45 0. 0005 g, fifi R ¢
0.001 g, B4 0. 001 g, L5212 0.5 g, ¥4 MR Bk
£ 0.04 g, 44 & B6 0.001 g, =4 & 0.0005 g, N
A 100 mL Z&17K.)

1.2 MERESFR S5 EFH DNA AR E

BCG 1 2 £ & 10% ADC [¥) Middlebrook 7H9
B derpo SR 40 DNA 42 HOfE A 9 2 QTAGEN
Genomictip 100/G kit (Qiagen) i,

1.3 ZESEERAEFT

i -F M. bovis, BCG Pasteur, BCG Tokyo, BCG
Mexico, LLJz BCG Moreau [t 3 K 41 3 %1 © & 58
JSC A HE DRV AL P > X3RS AR B EAT 22 P A LX) 43 A
DA 33X S8 R B 7 51 22 D) ) [ O 1P o 3l e W ¢ 43 A
Pex & M BATE B T Lk 5 MR 4R s 8 i 1
BCG Pasteur 1f 4 2 2% JE K 41 )7 51 .

1.4 % scaffolds IR 5L & X &

X BCG Tice 25 4~ scaffolds 5 % 2 3t K 41
BCG Pasteur BEAT 2 J5 41 LL X, 4] 48 #f i€ X 25 A
scaffolds [P R JG A B % &R o
L5 SI¥MRit5&M
L5.1 FAE—:MWYHE R contig 11T J5 A7 E K
2, M) A48 contig =K ¥ 7 51|, f# ] Primer Premier
5.0 AT 51t
1.5.2 FEIZ KON NT 2% 55 LR IX IR
SE G v R, £E R B BT 2 0 i 51 Al
ARG G ) A RS, XL 500 AN .
1.5.3 S3I&EB LN G RIER A A AT .
1.6 PCR ¥

KM 1. 5% HUIRHE BE H UK 70 At PCR =447 4
IR RV
1.6.1 LA DNA BEEHISMINFR 30 pL J 45
WHIK 6.5 wLa Bk DNA 1 uL. E FW 5% %
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1.2 uL (10 mmol/L) « ANTP 4.8 pL. GC Buffer
15 WL LA DNA 34 0.3 pLo PCR XV &N -
94°C 5 min; 94°C 1 min, 55°C (60°C H & 50°C)
1 min,72°C 4 min,30 ¥ ;72°C 5 min.
1.6.2 PrimeSTAR B [z 7 & & :30 pL £ 5 X 2%
K 8.9 wL, Bt DNA 1 ul, ETF#5IW& 1.2 pl
(10 mmol/L) , ANTP 4.8 uL, PrimeSTAR GC Buffer
15 wL,PrimeSTAR DNA %4 0.3 pL. PCR XV
A4t 98°C 1 min;98°C 1 min,68°C 4 — 8 min 4T
30 MEH
1.7 4% LA fi§ PCR 7 =& TA % [£

LA DNA Z45 39 1443 2 1) PCR = #) i 85) T
Bk HIER PCR 339 7™ W 3k 47 B IR B 46 i PR VK
X5 H IR R Py BEAT %8 58 5 3R 5 e 22 5 K/ IE
K 2% 2t DD I IR #2296 4 [T ™= 1 55 T 3804 AR 3 JF
AN K AT B2 5418 455 A TPTG, X-Gal LI
J AT 2 (100 mg/mL) ) LB P B A (5
0T ¥ B R BRI B VR SRR E S H BN H R
AR LB 55 75 Bk vh gEAT 37 K8 9% e Jm X i K8
Fr (MR EAT PCR S 5E , % 1E 4 Jo AT W7 -
1.8 FRimmEMEL

1% 7V 6 1 A il i PrimeStar DNA g3 14 45
2 PCR 779, i Mg 3™ 18 75 2 1) PCR 7™ 4 24 ~F K
s 5 S OB P OKR s od ik, 3R 2
PSILMPLEEcoR V/Bap #& A, [7] £, 44 iy 4 14 43 5
(¥ PCR 7= Wy dEAT D) W [0 I 22 %6 52 1K 7 1 b
PSILMPLEEcoR V/Bap %A HEAT i 5 ¥tk &
g PCR B IE# R AT P PCR 774 5
BB I 7 AR AE 7S & H R BE IR A ) 2847
1.9 ML RE 3t 5 P

FH blast2. 2. 22 B AF x4 W 7 459 210 17 51 5
22 Fp 5 HEAT LE X 5» Hre A phrap-phred—consed
B AT RSB PR . A BioEdit B 2F 3 4
BEAT G HH L B
.10 EFEFBRSHBRERASH

FER2H 1 B A ] glimmer 3.0 %4 % 5 B (4 4
T DX AT U 48 1 t-RNAscan-SE 34T tRNA 9 il
Mo FERM LS RS KEGG ¥ 7, COG $dis g, L
o NCBI (¥ &5 F 5t #4528 47 te xb o ) ] Mauve
2.3. 1 HEAT Z FP 41 EE X 23 #r o

2 iR
2.1 SEFIERMBRIEE
W% 5 Bk BCG 7 £k (A3 BCG Tice, BCG
Pasteur, BCG Tokyo, BCG Mexico 5 BCG Moreau)
BEAT 2 Fe A HE S, AT R I IX S BR T A0 3k PR 2 2 1)
ZEMAK FE A e 41 2 B LE B R sy B 1 o T 5
Pk BCG MR HEAT 2 J3 41 EE XTI 36 73 45 R o L
Xt 4l Rn LUF H M. bovis A X6 FLAth (19 BCG - 14 #k
FERN A AFAEBOR 7 7t i HoAth BCG 1 T Bk 2 TR 1) ik
R4 22 5 AN K Al AN BCG Tice BSR4 #% BCG
o R T L DR AL AR G 55 A R S ) BCG Pasteur fE 4
2% 7 LKA .
2.2 MRTEIRFERENE 25 4 scaffolds B fi 5 i B X%
EX

i X BCG Tice [f] 25 A~ scaffolds F1Z 2% Ht
AT I H1 LT, W28 1 38 scaffolds (1) 1 Ji5 4 & %
& N scaffold 20-64146404521234-1825547-
8§1474322434942242920,
2.3 BCG Tice ERF AR

BCG Tice 423 K 41 K/ Oy 4334064 A il i, 42
FEZHIK GC & &M 65.65% (& 2) , Fiill 45 3 4038
AN RT G i 2 15T A DR, 45 S (RNA JE R BL R 3 A4
rRNA JER (3% 1) o 7570073 21 (1) 4038 A 2 11 i 4w
e 35 PRI v, 70 97 R B 1 R I AR AR i D a2, A
1A 45 3l B A 1k v AR 5 1 T8 ) A DT %
H22A A F AR EEA 8 A M
T YEAEFR Rl AL (R AR OC I L IR 299 AN 4 U BE
SEMLIL DR 37 A5 85 07 8O Tk 5 AR 1k 1 3 ] 42
AN BRES AR Bl B D fig, IBEAZ e, RNA A (1) &
233 ok 15 4S5 129 AN, 24 S, 114 S k4 5 AT
TR AL 78 A Hr 1 AR 40 i 2 2R 5 A i R, R
P25 21 M A5 5, DNA A ) 56 X 43 ) 2 150 4>, 29
AT5 A 130 A 2 5 R TR IR 28 DAL+ s &
YR A DG I FE R A 197 A BARET 3L 21 A I
W s s ) RN BE DR 70 A 91 AN 80 AN s s B R &
BEWR AT A=y AR A OC 2k DR iy 3A 353 ANt AR 2 A
H 1S A WA AR R 47 AN, oK A6 S ) AR ik
Dy 245 A, DB R A FE A 1198 4 (& 3) .
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mexico s : 1620
moreau : 1620
pasteur : : 1620
tokyo s - 1620
bovis : 1620
GCCGCCGGCGCCGCCGGCGCCGCCGGAGCCGTTGAGCAGGCCGGCGTTGCCGCCEGGTGCCTCCTATCCCGCCGGTGGTGCGGCCGARACCCGCCGGCGLCCGCCGGCGCT
= 1640 = 1leec0 * 1680 = 1700 i 1720
mexico AGCCGRAGRACATGCCCGCGTITGCCGCCGTCCCCGCCEGGCCCCECCETCCCCGCCEGCGCTGGCARGGCCTTCCCCGCCGGCACCGCCGGECGCCGL! : 1728
moreau AGCCGRAGRACATGCCCGCGTTGCCGCCGTCCCCGCCGGCCCCGCCETCCCCGCCEGCECTGGCRARAGGCCTTCCCCGCCGGCACCGCCGGCGCCGLC : 1728
pasteur : AGCCGRAGRACATGCCCGCGTTGCCGCCGTCCCCGCCGGCCCCGCCETCCCCGCCEGGCECTGGCRARGGCCTTCCCCGCCGGCACCGCCGGCGCCGLT : 1728
tokyo : CGAGCCGAAGAACATGCCCGCGTTGCCGCCGTCCCCEGCCGGCCCCGCCETCCCCGCCGGCGCTGGCRAAGGCCTTCCCCGCCGEGCACCGCCGGCGCCGCd : 1728
bovis T e e e e e e e e e e e e e e e e e e e e e e e e e e e : 1624
GCCGgagccgaagaacatgecccgegttgecgecgtecccegecggeccecgecgtceccecgecggegetggecaaggecttececcgeecggecaccgecggcgecgee gegge
1740 * 1760 * 1780 * 1800 * 1820 i
mexico CGAGGGAGAGCGTGCCGGCGTTGCCGCCGGCCCCGCCGT s : 1836
moreau : GGGAGAGCGTGCCGGCGTITGCCGCCGGCCCCGCCET! : 1836
JeETaA-Tol Il - CCCAGGCAGAGCETGCCEGECETTGCCGCCEGCCCCECCET : 1836
tokyo HEGCCGAGGGAGRGCGTGCCGGCGTTGCCGCCGGCCCCGCCGET : 1836
bovis : s : 1692
gccgagggagagcgtgeccggcgttgececgecggecccgecgTCCCCGCCEGGTEGTAGCGCCGCCCCCACCACTGCCGCCGGTGCCGCCGGCGCCGARCAGTCCGCCGGT
1840 * 1860 il 1880 S00 * 1920 * 1540
mexico : 1944
moreau s @ 1544
pasteur : : 1944
tokyo : 1544
bovis : (o s : 1800
CCCGCCGGCCCCGCCGGCCCCGCCCATCCCGGCGACACCGGCGCCEATGGTGCCGECCGGCCCCGECCGETGCCGCCGECGCCGAACAGTCCGCCGTITTCCGCCGGCCCC
mexico 2160
moreau 2160
pasteur : 2160
tokyo 2160
bovis 2016
CARTGCGAACCCGCCGGCGCCGCCGACCCCGGCGGCGCCGAAGRGCAGGCCGGCGTTGCCGCCGTCCCCGCCCGCACCaCCGGECCCCGCCGGTGGTGTTCGTTGAGGT
1 BCG mexico, BCG Moerau, BCG Pasteur, BCG Tokyo, M. bovis % F 5| LL 3 &> & R
Fig. 1 Partial results of multi-sequence alignment among BCG Mexico, BCG Moreau, BCG Pasteur, BCG Tokyo and M bovis The sequence that are

consensus among four BCG substains and M. bovis are shown in black, while those that are not consensus are shown in gray.

2.4 BCG Tice 5Hfth BCG E R A LR H
2.4.1 BCG FHE#Z B LE @ik F BCG Tice
[i] BCG Mexico, BCG Moreau, BCG Pasteur UL &
BCG Tokyo )4 41 e xt (B 4) , FATRILEA
2T 556 DR A AR AR AR s JUAF AT > B N B K T
ZE S Rk EAEE AR

242 HNTFEZIIHEERAXRRFERED
B 3E < HRAE AR O K Scik R ", AT M. b, BCG
Tice %& K41 o 47 76 RD1 (2 X 1), RD2 (H 2k [X.
2) »nRD18 (FR X 18) X 4. ixX 46 FL PR 41 (1) 2 7 S
WL DNA G H LK R R i A S A5 20, 3241
¥ BCG Tice [ K& N 4l W &5 & o K #F
(Mycobacterium tuberculosis, M. tb) [f] 55 X 4 Uk 4T 4
BE R4 2 7 41 ookt S IF B T 3 6 e % DX 3R A S AF A
F BCG Tice ", 6t Fr 0 45 J AT T #030E

2.4.3 PE, PPE, PE_PRGS # [ R j& 89 tL i &
#7:PE, PPE, PEPGRS % [N Kk 5 BCG A 15 & %
5 A0 M 1R R A T B B G T L e R TR R
ANE [ BCG ¥ B bk 2 ) A7 75 3 K % 5 1E BCG
Tice 1 PE J& K 5% 1) 4 15 35 [N A 18 4>, PPE 3 [A]
KR gt 5L R A 74 4, i PEPGRS 3 K 5K K& 1)

i FL K 80 4. 7 BCG Pasteur 1, PE J& K 5
%, PPE JE B 5% %, PEPGRS 3L B 5% ik ¥ %k B 43 1
J& 32 AN.60 A~ F1 62 4. 7E BCG Tokyo 1, PE 3 [
F kg ts 5L K O 32 />, PPE 5 [H K & B Rl 60 A,
PE-PGRS KK 68 4. £ BCG Mexico H1, 45 31
AN PE 35 R R 1 4 19 35 (K], 61 A~ PPE 3 [K 5% ik 4
5L 1K, 49 A~ PEPRGS LN K K M gm i 5L H . BCG
Moreau 1, PE, PPE, PE-PGRS [¥] 4 i1 5 ] 23 51l /& 32
AN56 ANF156 Ao KHITE BCG [k s i ad f
X3 AFER KA BCC T 5 bk 2 1] 7= A2 K 1) 2%
F(£2),

3 e

T GC & BRI N AL ANk 0 T AE — L LLOR #B 2 42
B DR R AR e R B A B AT R 51 4 vt b
(V1R 2, 45 & #8510 R A R T
BCG Tice 14 KR4 7 T.1E, BCG Tice 4 3 K 41
Je B3k AG S FeAl] 5 4k BCG B Bk 2 ) 22 S W 5
BCG [ # 1 5 LB AL T 3 2 (K15 2



ER A R 95 R A B R AL T VB R BT B /A % R (2012) 52 (10) 1223

§

4000kb

= 3500kb

» 3000kb

2000kb

1500kb

2 BCG Tice £ EFHF7

Fig.2 complete genome sequence of BCG Tice. Protein-encoding genes, tRNA genes and rRNA genes are shown in the first two outer blue ring,

which indicates genes coded on the forward and complementary strand, respectively. The next inner ring indicated the average GC ratio, out emerge

representing higher GC content than the average and inner emerge representing lower. The fourth ring indicated GC skew. The innermost ring

represented the location of genome, Kbp unit of measurement.

%1 F# BCG (BCG Tice, BCG Pasteur, BCG Tokyo BCG Mexico, BCG Moreau) % [ 40 {5 & L&
Table 1  Genomic comparative information of five BCG substrains (including BCG Tice,
BCG Pasteur, BCG Tokyo BCG Mexico and BCG Moreau)
Strains Genome size (bp) G + C content (%) Coding sequence No. of tRNA No. of rRNA
BCG Tice 4334064 65. 65 4038 45 3
BCG Pasteur 4374522 65. 64 3954 47 3
BCG Tokyo 4371711 65. 64 3950 45 3
BCG Mexico 4350386 65.7 3904 45 3
BCG Moreau 4340116 65. 64 3945 45 3

3.1 BCG Tice £ E B4} H O %R

LEREA SIS FE P GC SRS R4 B B
B8 T S R A b R S, DL O T R GC
SRR By 38 5 W0 1 7 AR B A DGR
M i Moreau 4% 8 4% 3 38 i % [ PCR [

DRLAE P B M o T AT 7 S i PR ) A B K ok
1255 12 Kb, GC 4 & & 1% 80% .

Hg B contig HUEA B X R %, 7E contig

KA Bk PCR 514, Jf 47 PCR 71 55 PCR 7™~
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Subsystem Coverage

Subsystem Category Distribution

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (299)
Cell Wall and Capsule (37)

Virulence, Disease and Defense (42)
Potassium metabolism (15)
Photosynthesis (0)

. Miscellaneous (129)

Phages, Prophages, Transposable elements, Plasmids (0)
Membrane Transport (24)

Iron acquisition and metabolism (1)

RNA Metabolism (114)

Nucleosides and Nudeotides (78)

Protein Metabolism (150)

Cell Division and Cell Cycle (29)

Motility and Chemotaxis (2)

Regulation and Cell signaling (75)
Secondary Metabolism (0)

DNA Metabolism (130)

Fatty Acids, Lipids, and Isoprenoids (197)
Nitrogen Metabolism (21)

Darmancy and Sporulation (2)
Respiration (91)

Stress Response (80)

Metabolism of Aromatic Compounds (8)
Amino Acids and Derivatives (353)

Sulfur Metabolism (15)

Phosphorus Metabolism (47)
Carbohydrates (245)

3 ERRREARE

Fig.3  Cluster of Orthologous Groups of proteins (COG) functional categories.
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Fig.4 Multi-sequence alignment of BCG Mexico, BCG Moreau, BCG Pasteur, BCG Tice and BCG Tokyo. The white spot above indicate differences

among five BCG substains.

Py T LLOKE contig 3% 2 T K B 28 B R 5T B
ML . X Fh 7 T GC & B iE b JF AR TEAE
BN B 2k S A IR 3 TR A1 o IS S (EOR RE oe A iE
TIN5 GC (0 4 22 [P M 40 . Tl
contig [/] 2% J¥ F| @E 47 LL X, AT R LB 01 )7 51 1)

CEam T 65%, A Mk 18K, #id 10 Kb.
BRT b BRATTAAN R K g 2 vF 51 49, PCR 9 39 3 )3 1)
SR TG T A I B 1R 55 o X T i GC By ) Gk
F, KR 5 Kb (8 10 FATT BT SR B 55 s 2 L 25
¥ HIAE R 1R BB Bort e R AR R X
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%2 H# BCG & PE,PPE, PE-PGRS £ A R ik B Lb 1%
Table 2 Comparision of PE, PPE and PE-PGRS gene

family between five BCG substrains

i No. of PE No. of PPE No. of PE-PGRS
Strains . . . . . .
family protein family protein family protein
BCG Tice 18 74 80
BCG Pasteur 32 60 62
BCG Tokyo 32 60 68
BCG Mexico 31 61 49
BCG Moreau 32 56 56

B G . S g Al R W, X R SR s B8 % o il Sk
DAL GC 5 & fmy » B 1 B T 7= A= 10 7 488 5 efe
JF 1) )

7 BCG Tice HE PRI 21 Mk 117 3k 72 o [RIAF: th T
PBEFEY) GC i i 20 I % R
FATTH K PCR 7= 3% 2 2100 77 84k b 9 F) 4%
MBI S I REAT I, KO $ T SO (¥ R )

XF G 58 B 2 25 1 i GC 5 o R AR IR P 42 R
Hm GC E i S SN 4 2 7 K I
Prae, v Z B PCR g LA 1) 4 8 0 e RAE R &
% . I PCR (¥ 77 %, B3 i K DNA B3R 4k LA
JAE DNA Jy B 55 A B4 A2 A48 H i) DNA B
S 1) 5 75 O B0 1 A i e oE 5 L 38, 453 21 O 507
T2 AN R G0 ¥ A1 . % E PCR K7 35, BB 2 %
PCR 5| J8AE—A PCR N AR &R dEAT 47 38 [ B
W PCR F= 4 BEAT 58 6 F UK AT 4% i H B, IO 35 JE 47
HE— 25 1) S50 DUR 78 2% 7 ) A b W8 — 0] 51 4 T T T
PR MEANE A 12 Sk PCR, PRI PE A7 55 PCR, il 3%
PCR %577 3 7 #5820 K038 Ji1 81 2 2% Fr 51 K 401 (1)
FEPR A ARGk 10 T AE R o TR R GC [ DNA Jy BEAHE
DA 38 1) ) A K B 38 PCR AR I LA o 31X
U R AR BE DA AN B 1 T AR R AR B oR T % A IR 3
3.2 BCG Tice £ F AR %& X i3 8936 iE

LA K SCERRE T 06 T AN [ BCG B bR &
DR 4 2 (] 22 S (R WF 50 46 SR 5 S S8 F B SR KA A M.
th K. 1999 4F, Behr 25 " 5@ 1f DNA i 1
77155081 T BCG 1A AR ] M. o 1) 35 41 2 S5, fih
AT FH I DNA B B 19 43 3% 2% 9 A 2Kb (B BCG
FENALI 1/2000) 5 H 4k 2] T 3 K41 K A B s A
Bk 10 22 51, DNA S 45 1 B OR#F BCG Teie H1 47
FEFED 41 8 2k X 1 5 8 X 2 (RD1, RD2, 1 %+
M. th) o« {HS2 1T DNA 40 #8200 B B G

W W R R 41 2 ) 2Kb BLR A 2 e R
X 1 (RD1) &7 47 1) BCG T Ak #5475 (1) i 2 X 3,
Mg X 2 (RD2) W47 4E T BCG Tice S5 4E 1927 4
FI 1931 4= 4% # W B A5 A ST BT 1K) BCG 1 AR P X
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Complete genome sequencing and sequence analysis of

BCG Tice
Zhiming Wang, Yuanlong Pan, Jun Wu, Baoli Zhu’

Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

Abstract: [Objective] The objective of this study is to obtain the complete genome sequence of Bacillus Calmette-Guerin
Tice (BCG Tice) , in order to provide more information about the molecular biology of BCG Tice and design more
reasonable vaccines to prevent tuberculosis. [Methods] We assembled the data from high-throughput sequencing with
SOAPdenovo software, with many contigs and scaffolds obtained. There are many sequence gaps and physical gaps
remained as a result of regional low coverage and low quality. We designed primers at the end of contigs and performed
PCR amplification in order to link these contigs and scaffolds. With various enzymes to perform PCR amplification,
adjustment of PCR reaction conditions, and combined with clone construction to sequence, all the gaps were finished.
[Results] We obtained the complete genome sequence of BCG Tice and submitted it to GenBank of National Center for
Biotechnology Information (NCBI) . The genome of BCG Tice is 4334064 base pairs in length, with GC content 65. 65% .
[Conclusion] The problems and strategies during the finishing step of BCG Tice sequencing are illuminated here, with
the hope of affording some experience to those who are involved in the finishing step of genome sequencing. The microarray
data were verified by our results.
Keywords: BCG, high GC, gap finish, sequence analysis
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