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1.1 EHkiEF 5EEE DNA BYIEEL

U 0l S ATCC 13952 (Bacillus subtilis
ATCC 13952) Wi |1 v IR b 3k 24 490 v b i 457 B8 o
> (China Center of Industrial Culture Collection,
CICC) o WM ET M E A5, T LB Hr R Hrh 28 C
Ki9% 24 h, R OMEGA ALK 41 DNA 2 it ) & 4&
HUHE DK 2 DNA, 24 20 B8 42 X ) o U B - 2R AT
L2 ERANF HR5ER

F K40 DNA $&HUA 5K A Hlumina Hiseq 2000 il
¥ 6 58 B A ik DA W, SR D BF 4R BAE velvet
1.2, 10 SE T AU FH - R 510558 L 3K A Mummer
¥4 contig J¥ 41 ( > 1 kb) LbXF 21 f# ve Ky 4 f AT 5 LL3
B S R AL L 5 contig S 4] ) A EL A7
BIRAR, Wik g3k 17 PCR, Xt PCR 7= 4 ¥ 47 0 F¢
S AN, R Glimmer 3021 4 3 17 7F 159
BEHE CORF) T30, K it A7 Fitdl 25 (17 41 5 NR (4E U
REABIEE) SwissProt F IR JFE 08 COG (Clusters
of orthologous groups, B % [@) Y5 %& 8 #% ¥4 FE) -
KEGG (Kyoto encyclopedia of genes and genomes, 5{
#1631 21 1 R 1 17 4 5 00 ) 7 S Interpro 4
¥ BE" Rl Gene ontology (GO) %1 4§ e AT
BLASTp (E—value < le — 10) LX), 58 5 5 A FE 51 U g
TR . X RNAmmer 2" F1 tRNAscan-SE 21l WAL 4y
HIEE4T rRNA FI t(RNA (¥ T
1.3 WREFRAFSHF

H Al B 2F fU AT 1 ATCC 13952 Bk 1 25 DL 41 7 411
b5 A © 28 W0 P 58 1K) ZF AT T 2k DR 2 A1 R AT B
L5 I U I < RN /R SRl 7 S (Gl /i B (O SR
XH7 # ( GenBank: CP002927 ) FI TA208 Ff
(GenBank: CP002627) « A B 8 & 17 ¥ b5 #E B bk
DSM 7 (GenBank: FN597644) Ak E5ZF #0471 168 £k

(GenBank: AL009126) ,4 i [ I 3k [K 21 1y 51 J 1 B¢
H A GenBank B8 15 SEvh S FRiE L N4 1
JEAEF AL, SR A BLASTp X 5 FR i 12 47 St A7 2 A
U S HE TR ) 43 W SR JTT Mauve 2 40 £ 4T 3 DR 41 3%
LMLy At R R BN S 8s AT .
1.4 BERAHBXERSH

R4 T & 7 51 5 KEEG £ B Lt i 1 45
R KEGG PATHWAY 45 i, 52 4 B PR 1 I 0 AR
i 7% (Purine metabolism, PATH : ko00230) &, Jf %}
S8 Jig MR e A % 1) 65 AN HE A & COG Ty fig 7
R AN TR # 12 5 1% (F, Nucleotide transport
and metabolism) 2 Jil ff HL Athy W 8 A 1 AH SC 366 D4 3R 47
Iy BT WE TR A WL 9 23 1 HLA

2 HURAIr

2.1 ERAHRGER

i Velvet 1. 2. 10 A58 57 51 D 82 (A6 7
%1 7655714 4~ paired-end reads, 32 K 90 bp, & A A
B K/ 500 bp, W 7 % 170 x ), PE#E R4S 48 A
contigs ( F£ 7 25 /> kK F 1000 bp), N50 kK /MK
412061 bp. FMI 5¢ B » 2K 45 58 4 (0 Al 50 28 F AT B
ATCC 13952 F K417 %), ¢ 51 4 KK 3876276 bp, H
GC &l 45.8% , 4 fith 4005 A JE N, IE#E | 1932
A, G B 2073 A g fi B 410 o R A SR A B
89.3% , V3K J& Jy 864 bp, Ho 5 7 4> 16S23S-
5S K% B 1A rRNA 907 R 72 A~ tRNA . JE 6 401 /)
WK T,

B 2E A AT B ATCC 13952 JE [H 41 {07 3852 4
CDS, H H g ith ) v £ (17 41 55 COG i dfs & B X 58
8 [ 58 DRV B 4 285 43 B F5 A R A B Ak B
P AR 2 o R A T A 3 R A AR R 0 D g 1 G
MDA (K] 2) o il 2 JiroR, F447 2609 A 1 3k 13
COG Iy g vk B, Horh 2 5 fig & 7 A4 Stk i (C,
Energy production and conversion) - 24 & B /X 5 A %%
iz (E, Amino acid transport and metabolism)  H 2K #%
iz K At # (G, Carbohydrate
metabolism) « # ¥, & B & & W K& & & (],
Translation, ribosomal structure and biogenesis) « ¥4 3%
(K, Transcription) VYl BOBE 4N M /A R A Bk (M,
Cell wall/membrane/envelope biogenesis) [{] 5 [ /&5 9%
B E, 5398 7% 13% 6% 6% 10% Fl 6% .

transport  and
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B.subtilis ATCC 13952
3876276 bp

B RNA processing and modification
Chromatin structure and dynamiscs
Translation, ribomal structure and biogenesis
Transcription
I Replication, recombination and repair
Cell cyele control, cell division, chromesme partitioning
Posttranslational modification, protein turnover, chaperones
% Cell wall/membrane/enevlope biogenesis
W Cell motility
Norganic ion transport and metabolism
[ Signal transduction mechanisms
Intracellular trafficking, secretion and vesicular transport
! Defense mechanisms
1 Extracellular structures
Nuclear structure
Cytoskeleton
Energy production and conversion
¢ Carbohdrate transport and metabolism
% Amino acid transport and metabolism
" Nucleotide transport and metabolism
W Coenzyme transport and metabolism
& Lipid transport and metabolism
B Secondary metabolites biosynthesis, transport and catabolism
General function prediction only
¥ Function unknown
M Not assigned to COGs

1. HEFMTE ATCC 13952 £ HAEE
Figure 1. Circle map of the genome of B. subtilis ATCC 13952. Key for circular diagrams (outside to inside) : 1: scale (in Mb) ; 2: gene in the

positive strand; 3: gene in the negative strand, CDSs are colored according to predicted functions; 4: G + C content; 5: GC skew [(G-C) /(G

+C) ] (green indicates values >0, and purple indicates values <0) .
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2. B. subtilis ATCC 13952 #§ COG e &
Figure 2. Gene distribution based on COG classification of B. subtilis
ATCC 13952.

¥ CDS %i 14 5 A J° 4 55 Interpro % 45 J22 A1
Gene ontology (GO) # 4 [ L X}, $515 GO B (5 &,
{fi | WEGO (http: //wego. genomics. org. cn/cgi-bin/
wego/index. pl) 7E 2k T H 24T GO B fig 5 I 23 #r (

3) . W 3 PR, GO T fig 4k 28 X 4 e 41 4
( Cellular component ) « 4} ¥ If it ( Molecular
function) A4 2% i F& (Biological process) #4742,
Forp A2 4 g (Cell) 41 J 38 47 (Cell part) « 45 &
(Binding) - fi {& (Catalytic) « 40 fe ¥ i #2 ( Cellular
process) X i i F2 (Metabolic process) f %& (X % &
YA FAe s 2 W R RR T 1 22 A R T A i AR AL AR
.

2.2 LWREERBAZESF

2.2.1 SHKFHATREREAMBEREEMLE: 5 K
AT T DY 4L i S 4 iR 0 5 1 BT s s A R A
RLZH K/ GG DL o it 3 152 45 7 i I o AH
8L, %W B. subtilis ATCC 13952 F A7 2F fl k14 11
B A . B BR 7E CDS %t H . CDS SF 35 K B 0
RNA J K5 H Jy 1 A7 78— 28 22 5, 3% W) PR AL A
AN TR)BEAE B B 1AL B op B R BB SR AR T Lt
AN S . R A BLASTp ¥ B. subtilis ATCC
13952 2 h (¥ Jir A7 2k X b5 LA 4 #k B b X A B
2249 ANIL N O 5 R B BT kAT, 223 AN IR D B.
subtilis ATCC 13952 FTH5 o X iX S h5 45 56 K 4 14
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Figure 3. Gene distribution based on Gene Ontology of B. subtilis ATCC 13952.

F 1. 5 BRFRTEERANERFE

Table 1. General featrues of genomes of five Bacillus spp. strains

B. subtilis B. amyloliquefaciens B. amyloliquefaciens B. amyloliquefaciens B. subtilis

ATCC 13952 XH7 TA208 DSM 7 168
Genome size/bp 3876276 3939203 3937511 3980199 4215606
G + C content/% 45.8 45.8 45.8 46.1 43.5
Protein—coding sequences 3852 4190 4089 3922 4255
Average CDS size/bp 877 824 844 885 872
Percent of coding region 89.3 88.6 88.5 88.6 89.7
Ribosomal RNA operons 7 7 6 10 10
Number of tRNA 72 72 70 94 86

2.2.2 EFEBIZEMDH R Mauve BAFXS 5 £k
ZF AT TR A FE DA 20 3R AT LB X 43 AT B R &5 S L ]
4o W4 FroR,S R AR w1 PR 4 TR) R 3L 2 oG
R, 1 38 4 LCBs (Locally collinear blocks) » 5
PR T AE DR A 2 TR A7 A o — e 4 N Rk 2%, DA J /b &
PRI Sy A 25 He DA HE A b, AR e 2
B XHT F1 TA208 Bk AH G T I Ath B R A7 48 1 A
K DNA J B (1. 26 Mb) {5147, Bose %5 % BIL1¥)
ANBI R 98 A IR D W TR AR O 4F A7 T 1% DNA B )
FLU A T 7 R T e TR S R A AT

A 5K R 1 i Y
2.3 EBRRIFHEXEERST

¥l KEGG & {7 &8 T W 4 X 1 i % 1) &
JIT G B 1) B 1 0 43 Sl B R 5 A B BB A (R A v
PR M E K 27 FRFT B DSM 7 (¥ 4H 3. & 1 1847 BLASTp
PO 23 B s LU &5 S W3R 20 3% 2 73 B 45 R W A
FLFARAT B ATCC 13952 Bk bk 2B T — 2ok ] i
AR T WUFR AR B 5278 S U purA B IR R AR 2% 1 %
T 7 A%, A5 1 I B TR % 301 1R A5 R 2K 259 S 3
FIMP AR B AMP (1) 52 2% 3 4% o W, AT A IMP 2=
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JR LT 50 GMP (¥ A B U 539 0 s B2k drm BTN,
10 B T A W A A g 5 0% TR A% W AN 1) 1 TR
BB R AL, B 1T 2 5 B E S 45 IR 42 P B 2K pbuX
e DR K 20 v B 3 oK) VR W G 378 il 2 25 9
IMP “E i GMP 52 38 4% 1) H ) 7 1) XMP AN 4 K
I 3z 2 Ab, SR ™ 4 B, A AT IMP A

fre 12t w1 Ak 2
AR, Ul purF ~ guaA- pgi~ purM « purL~ purC
S MMM EANRET 1 PEHEZANAERRAE,
T RE 2 SO A I ) 6 A R R e R
ZHCR A IF R KA TRAR, LW AR AT 0 1 P
KA 0

BLE o ah, LT — Se v A0 1 ] e
BV 1 58

zul‘nno 400000 600000

sooboo  1oodooo 1200000 1400000 1500000 180BDOO zonouuu mmunn unnoln 2600000 2800000 3000000 .mbnnn 3400000 3600000 3snhunn 40oboon 4208
— —

B4 FRFEERALLESHT

Figure 4. Synteny block of Bacillus spp. Genomes.

The same color modules joined by linear indicate collinear region, and the white color

modules indicate the low-similarity region. The above is forward strand, and the below is reverse strand.

2. X RE

REXBEENSF

Table 2. Analysis of genes relate to purine metabolism

Mutant forms Genes Proteins Functions
No amino acid prs Ribose—-phosphate pyrophosphokinase Converts ribose 5-phosphate into phosphoribosyl pyrophosphate
mutation guaB Inosine-monophosphate dehydrogenase Converts inosine monophosphate to xanthosine monophosphate
c GMP reduct Catalyses the irreversible and NADPH-dependent reductive deamination of
gua reduetase GMP into IMP
yunD Nucleotidase Nucleotidase
. . Metabolizes adenosine into adenine, inosine into hypoxanthine, and
pupG Purine nucleoside phosphorylase . .
guanosine into guanine
purR Purine operon repressor Repress purine operon transcription
deoD Purine nucleoside phosphorylase Metabolizes adenosine into adenine
pbuE Hypoxanthine efflux transporter Inosine specific transporter
One or more purk Glutamine-PRPP amidotransferase Converts PRPP into 5-phospho{3-D-ibosylamine
amino acid guaA GMP synthetase Converts XMP into GMP
mutations
pgi Glucose-6-phosphate isomerase Catalyzes the conversion of glucose-6-phosphate into fructose 6-phosphate
purM Phosphoribosylaminoimidazole synthetase Converts FGAM into AIR
Phosphoribosylfi Iglycinamidi
purL osphonbosyflormylglyciamidne Converts FGAR into FGAM
synthetase 11
Phosphoribosylaminoimidazol
purC Os_p orbosy an}lnmml aole Converts CAIR into SAICAR
succinocarboxamide synthetase
Insertion or purA Adenylosuccinate synthetase Converts IMP into SAMP
deletion mutation Catalyzes the conversion of alpha-D=ribose 1-phosphate into D-ribose 5-
(Loss of function) d4rm Phosphopentomutase hosohat
phosphate

pbuX Xanthine permease

Transport xanthine through membrane
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AT 5 T A B DAL U7 i SR AR A 2
LR ATCC 13952 (¥ & DX 4 3> 41 » ik D] 20 1) B A
R IE b5 At 2 A RT B B AR CIE AR BL bR AR
A 53 Hr 7R JLRR 2 ALAT T TR R L 1 R R R AT
A5 2F AW AT I ATCC 13952 H A7 B 55 1 2 D 41 45
F o BB ZF AT F ATCC 13952 1E 5 L1 Tk 2E
7R A AR A G BRI A b, ROBL T
e R R A, X BE R AR T B TR A i A
(0 A di ) S 1) AR i T R T purd BE R
T IMP— AMP 37 % 38 4% 1 I, 3t 55 PR Y
JIREF R Gk P AR AEAH A 5. S AN, BRI T Lk
WAE A AT B RR BB ULT I SRR, 1K 28 R AR 5T
T E T 2 KMAE M, b T B S S0 SE e AT IR
Uk SR, 22 HIAH G B IR JF R R AR AR, Horp—
LERL PN TALH & et ke ) 7 AR mEE AR
WK A SR BATBOR BE — P SO R v g o X o bk
AT SRR BRI B BUTR JUAS J7 1 2k A7« 88 i w44
Yy J5 5 BHL T S 3 A 5 AR ik S 10t BH 3 B e st A ) 45
ANH ML R B BE AT ks H AT 2
B f A2 AR T 0 AT R 0 ik DA R AT SRR R R
FC Al AE Ui 4% DLIE 21 ok AR B Ak AU e R I H
SR AE— R B b gl Nt 2 1 R A8 # b 23 1l K
b 358 0 R AR B SAH AN R S R, AR
TR Y o SR A A A B R W LA X
LR F) R 2, 38 B FUIH B B 9. Harris H. Wang

%[25] X FH MAGE (multiplex automated genome

engineering) £ A D M [7] I8 % 24 A~ H 10 JE [ 3
1T THE s $¢ v 1 9 il 20 3% A48 Kl AT B P o &
Bt 25 0 b A B AR 7 R AR TS SR T R IR
B 5E, MAGE th f 95 JI T Al 55 2 £ AT 1 242 7 UL
TR B aE TR .
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Abstract: [Objective]l Bacillus subtilis ATCC 13952 is an inosine-producing strain. In order to study the mechanisms of
inosine accumulation and offer help for molecular breeding, it is necessary to uncover the genome sequence of ATCC
13952. [Methods] Whole-genome sequencing of ATCC 13952 is carried out by Solexa and Sanger sequencing. Genome
assembly, gene prediction and functional annotation, GO/COG cluster analysis and synteny analysis are done using
relevant software. [Results] The complete genomic information of Bacillus subtilis ATCC 13952 is contained on a single
circular chromosome of 3876276 bp with an average GC content of 45. 8% . The genome sequence is deposited in the
GenBank under the accession number CP009748. Comparative genomic analysis shows that ATCC 13952 should have
significant genomic synteny with other Bacillus subtilis strains. On the other hand, some point mutation and deletions
occurred in purine metabolism—related genes between ATCC 13952 and the standard strain. [Conclusion] The resulis of
this study will provide a theoretical basis for subsequent further molecular breeding.
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