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Isolation and genome-wide analysis of Bacillus subtilis from
Bactrian camels in Xinjiang

WU Beiling', YANG Rong', CUI Weidong', Maierhaba-Aihemaiti', HOU Xinqiang',
HOU Min"', CHEN Gangliang*2

1 Xinjiang Laboratory of Special Environmental Microbiology, Institute of Applied Microbiology, Xinjiang
Academy of Agricultural Sciences, Urumqi 830091, Xinjiang, China
2 Xinjiang Wangyuan Biotechnology Group Limited Company, Aletai 836400, Xinjiang, China

Abstract: [Background] Three strains of Bacillus subtilis were isolated from camel milk and
feces by the conventional culture method, and genome sequencing was performed for strain
F10431 with strong probiotic effects in vitro. [Objective] To explore the probiotic potential,
functional genes, and genetic basis of the isolates, so as to lay a theoretical foundation for the
application and research of B. subtilis. [Methods] The enzyme production, stress tolerance,
antimicrobial effect, and feeding safety of B. subtilisF10431, 2N2N, and 2N 13N were evaluated
in vitro. The second- and third-generation sequencing was performed for the whole genome and
functional gene annotation of the isolates. [Results] The three strains of B. subtilis had tolerance
to acids and bile salt, and strain F10431 had the strongest tolerance to intestinal and gastric fluids.
All of the strains were capable of producing protease, amylase, cellulase, and antioxidant enzymes.
Particularly, strain F10431 showed the protease activity of (3.17+£0.26) nmol/(min-mL), the amylase
activity of (0.48+0.04) nmol/(min-mL), the cellulase activity of (151.02+8.05) pg/(min-mL), and
the superoxide dismutase activity of (1.81£0.31) umol/(min-mL). The strains exerted strong
inhibitory effects on Staphylococcus aureus and Escherichia coli and weak inhibitory effects on
Salmonella. None of the strains produced hemolysis ring, thus being safe for feeding.
[Conclusion] In this study, three camel-derived B. subtilis strains with excellent probiotic
properties were isolated. F10431 with outstanding probiotic effects in vitro was sequenced, and
the sequencing data were submitted to NCBI to obtain the GenBank accession number of
MW721260. This study elucidated the functional mechanism and genomic characterization of
F10431, providing theoretical support for the application of relevant probiotic preparations.
Keywords: isolates derived from Bactrian camel in Xinjiang; Bacillus subtilis; probiotics;
whole genome
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SR 52 71, FFRE A% 2 R 2 FRBH PR FIEA
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T T IE DU FE | TS L TR R A N 5
FrbE R M A P R e T
15 %S AR R RE T, AR BT A R A A
A R IEN S AR R ET A A 5T & P B FLRE NS
HENRTTRRIRNG . FRED Ik, 2 EIR
AR, TR AR A ALE R
X B BE W5 ) T 2 LA K 1oy F B8 5 2 A BRAE A Tl et
WA EEE S

TEMCZ R, Rl B 2 AT T Y i DR 20 23 A
Bk A LI MYSE, IEIEE ERFRE D,
A I OE AL S S . 16S rRNA - JE [
FPEEJT:, B SEFL AN ZE(E o 2 m] B SR A
MR, @ RREE . WARERRE T . T B
REJT . J7BERE ST . TR R AR A I A5 48 A
TR Oh g5 AR Re R PE AN o e Ah, ABFRET
Illumina 5 1 Nanopore ¥ & % 25 4E SUR B R
1% Bacillus subtilis F10431 #F17 7 43K 40
AR AN, A AT I R A 2 R
RGE R MR RS, MER&EE
PV T R Lk — 2B R 2%

1A

1.1 #m

K [ g B 2R b X R T B e
(10:£2) % fit J5 RU0G A 7L 3 B0 B 250 . B 3L,
WG AT, e 63 RO IRANE
HR 228 SCHR[16]H 1AL 64 7[RI E I Lo, 38
it MEGA 7.0 # {4+ i) Neighbor-Joining (NJ)#:
WERRGRER, THdkd 3 P55 2R AT
BA S E RSN WM F10431, 2N2N
N3N i fr e g ikl , B x5 40N
MW721260 (F10431) , OL989244 (2N2N) #il
MW721308 (2N13N)!'7,

EALTE R A (S E AR . KIGFF R
FYD T EQ ) R0 ZF AT T FH T s Al B 27 B L

A= N AR5 BT HR R
1.2 EFEMEERF . LE

MIEREEE SR I, T ARMIEY RO IR
vE]; LB 3G, FRB R RBHE A Al . diTR
JEN 4] DNA 2B &, RARAERE bR
HIRAF; BEAM . B AR,
HEMME AR A R A A . HERE R, L
RIS B AR A s FRIRFE.OHL, i
TR BT AE WA A w5 BbRASCRT PCR 144,
o HBHE A R A

Bl E W . A=FEhK 100 mL, pH 3.0, §
EHE 0.3 g, 0.22 pm JG R I8 B g

B AEFER K 100 mL, pH 8.0, &
i 0.1 g, 4-HEH 0.9 g, 0.22 pm JCHE IS E .
1.3 WHEFBENENSIBELEE
1.3.1 EHHPEER

10 g Hrif26E A 10 mL JeFLorl & F
100 mL #1 90 mL L /KH , IRGHSEIEZE
BIF 1 mL BT 9mL LHE/KRIRE, EE E
B, FRRE 107, 1071 107 J5 20515 100 uL
WA T LB AR B3R, 37 ClEIR R F=4H
HEEFR 24 h, PRICRE U, B 2R AT TR A A T
%, ZWEMT LB Ki3Rdk BRI Eaifh,
FEHEATH I DR
1.3.2 16S rRNA EEFFINHEE

21 B 3 PR 2 1 PR LR B A A L R 41 DNA
PO A S T, RAE MG 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")fll 1492R
(5'-TACGGCTACCTTGTTACGACTT-3") 3§ 1
16S rRNA J:HJF41], PCR WA Z : 1xTaq PCR
Green Mix FIRMK 25 uL, 514 27F F1 1492R
(10 pmol/L)4% 1 pL, ddH,0 23 pL. PCR JZ )i 4
4. 94 °C 5min; 94°C30s, 54°C30s, 72 °C
1 min 30 s, 35 MEH; 72 °C 10 min!"™, S
5 UE H 2.0%B8Be i FL UK AS I PCR 473 747
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Wi Pk 2= A T AR TR (R ) B0y A BN ]
R, P38 = W i 45 R AE EzBioCloud 5
RIGE AN HEAT HOXT, BEHCS 202 TR AR AR AL B e v
FIARERK, I MEGA 7.0 W R G K EF W .
1.4 FEHRBEZHENE
1.4.1  FEEIEMNE

PR 3 BREFAAF R M LB B33Pk B
PREBUT Ok, 43 BHERN 22564 50 mL A9V LB 5
FHEHIEMH, T 37 °C. 180 r/min K537 24 h,
RS TR e IR S% e R e FP 2 LB WA
Begeserp, 37 °C. 180 r/min ;3% 24 h, T
4 000 r/min, 4 °CES.[> 10 min, F 3§ R AHL
W, DUAHEG R IE . VERI G . ZF4EREE .
ALY B A . ) A S . o- 2 R
ity . B2 LU AR-N-J0 FY S TE P A L R b5
Srim, BRI IR S UL B T,
1.4.2 T HENE

1) T FR Pk i 5

PR R ZEAOAT B i 3 8 LB WA IR,
37 °C. 180 r/min ZfF T3 24 h, HIEE
W o B TR ER AR 2% 2R i 3 AP 3 pH 2.0
pH 3.0 i LB ¥ fAE 37 5L, 37 °C. 180 r/min K
F5, PIFE 0. 2. 4 16 h I ODgoo fH

2) TifRHER IS

W TR AR AR 2% Y 422 it J3 ol 4 o 30 I 3
TR 0.5%. 1.0% (A SE0R LB ik
Bgpdkrp, 37°C, 180 r/min ¥55%, 43HI1E 0,
2. 4 F1 6 h il H ODgo fH"

3) NT.HHMmZ

W B 2% MR R AN T T
th, 37 °C. 180 r/min }i%%, 70, 2. 4 F1 6 h
HEAT IS TP AR B VR A

4) N T Rmigt sz

W B AL 2% MR R AN T W
th, 37 °C. 180 r/min }i%%, 70, 2. 416 h

HEAT I R T-HR B 7 TR
1.4.3  KIMPER IS

K FTFLEME F10431, 2N2N Hl 2N13N
BRRR I TGP . RIS AL R B (8 i R A
BREE . KRIGATF AV T EQ B I ZE AT B 1% TRV
J& 4 1x10° CFU/mL, BUE/REF 100 uL AR
BISI0R AT NA AR, FHICHTTILAR AR 4T
FURTEFLHIIA 100 pL Ry 2ERFF IR R, HF
HRET 37 CCIRIRAR S 24 h e A 2 g,
1.5 AR

W5 A0 PR A R 2 AR TR A A I B A 4
FRIEE, 37 CCHFERE SR 16 h, WEJE A V4 I
Rl R, BT LR A ELA I i
1.6 =ERFATH
1.6.1 DNA HJ$2EY

P BRI S 2H DNA $RBGR ] & iy Bl
FIRBREA B IL 40 DNA, F)FH 3 s b 5 IR
HLVKAG I DNA (406 B f e 2, DNA FE S A
G 4% I 326 b o i AR BOIR AR DR A BR A W R
F Illumina NovaSeq 6000 il Jf* £ 4t #E 474 FE A
EZERUIUJS A
1.6.2 EFBEHNFS5HE

i 1] Qubit 2.0 HATHI L E i, MR CER
2 ng/uL, FJ5H ] Agilent 2100 X 3CFE A3 A
FB ARt AR B RS B E, M
q-PCR 5 1508 SC e ) A 45800 B R A 7 1 ff o
JE G 5 A S 8 AN ) S PR AT R0k B B bR
WL P 5 #£ 17 Nanopore PromethION Al Illumina
NovaSeq PE150 Ml F¥. JEiR N HLEHHZ fastpt®
BT BE L g AT, R SPAdes™ 4Kk
AT B A R A SN A T AL B RN DR, 38
i GapFiller® 4% scaffords JEAT#MR . XK JH
QUAST #4535 R 41 1 3 A A B ik AT 46
I ff A CheckM R AA4-PORTAL 3 IR 20 1) 52 4% i
M5 Y FIH GCView BRI 45 B B bk
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Y L R 20 T
1.6.3 EFEANEEERSTN

F Prokka {4 % 4 P ik A 4 6 BT R A
¥, I carbohydrate-active enzymes (CAZy).

Koyto encyclopedia of genes and genomes
(KEGG). clusters of orthologous genes (COG).
gene ontology (GO) . non-redundant protein
database (NR)FII transporter classification database
(TCDB) %4 5 4 e o X k4T 40 T2 6 PR 41 fr e okt
T B . ffi ] BLAST Ring Image Generator
(BRIG)HAF 22 il I AR SE I AL PR E [T o d e (il
FHl PhyloPhlAn X [ b i35t 4% 11k ¢ R E4T 4
Mr, i RGE K E MM T A Interactive
Tree of Life (iTOL)#47 4%

ER50M
FELERGER
LR A A AR 0 DA 3 o 19
1 boA S HURF F10431, BE3Leh i) 2 b

2

2.1

100

Wi B 2EfOFF I 2N2N Fll 2NI3N. THVRTE A5 L IR
. RHEE . AW, ORE . g R
Fro A FUETTI, DG R B Y 2
5 EzBioCloud brufEHRHEAT LEXT, L5 AGRLZE
FOAT T H A W= AR (B 1), F i %
3 PR WAL B ZEAAT R, IR HE Y B R
GenBank, 43331555 MW721260 (F10431),
01989244 (2N2N)Fl MW721308 (2N13N),
22 EHRBNEEESN
221 MWEHREER

S E P pH {E N 2.0-4.0, E¥1EE h
MHEZS B 2-3 he A ETRTE pH 3.0 Y45
PFFAATE 1.5-2.0 h, PR 0 ve HLA i iR v 1 1Y)
AR EREEPY, Y 3 MR R A
FFATE pH 2.0, 3.0 2514 T 403 6 h J5 ) ODsoo
B, MR RV(E 2A. K 2B), 3 Mz
fOFFETE pH 2.0 A1 pH 3.0 YR, Bl5 i) [A]
B3 K ODgoo FrMME A AR FR B R d/)N, Hidp
2h BRI, M TR, LA R

Bacillus subtilis (LC590852.1)
Bacillus subtilis (MN305800.1)
b2 Bacillus subtilis (KF636529.1)
2N13N (MW721308)

2N2N (OL989244)

86

51

F10431 (MW721260)
72
Bacillus velezensis (AY603658.1)

99

Bacillus atrophaeus (AB021181.1)

Bacillus aerius (AJ831843.1)

Bacillus australimaris (JX680098.1)

Bacillus megaterium (D16273.1)

Bacillus haloalkaliphilus (AJ238041.1)

0.020
1 ZHEREHRNARZTLER
Figure 1 Phylogenetic tree of 3 camel-derived strains.

Escherichia coli (MN208165.1)
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A 025 — + F10431
= 2N2N
0.20% e
\‘*'
< 0.15 =
=~ _7_7;
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0.05 ) | J
0 2 ! ’
Time (h)
C
077 v F10431 :
e | —
0.5} N3N =
204t o o
S 03l 7
02} Fd
_’/-‘"'w
O.Ifl%-: ==
0.0 I
0 2 ! ‘

Time (h)

B2 AEZEBETHAREKTWHER A: pH2.0.B: pH3.0.C: HELHKE

RHER e 1.0% (R FL 50

B 025, +~—F10431
2N2N
0204 ~— INI13N
§ 0.15} N
e ,.
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0.10}
005, 2 4 6
Time (h)
D
0.7 ~—F10431
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05| —— 2NN
204} =
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0.0\ : : )
0 2 4 6
Time (h)

0.5% (= AF%0). D

Figure 2 Bacterial growth under different conditions. A: pH 2.0. B: pH 3.0. C: Bile salt concentration 0.5%
(mass volume fraction). D: Bile salt concentration 1.0% (mass volume fraction).

— Mz, W, Ak F10431 AR
Bk

e T EE 1 R R T LA ke s 2 B ) 3R 5
SRR T, NI 3 M 2EFNFE T, H540
#E AR WA AR R A IE ER K (& 2C
2D), 3 PRIRARITHER 22 5K, H ODgoo fE
TE 0.5%F1 1.0% (BTt (AT 73 50 i B R vk 32 v bt
E IR B K, 18 4 h SRR
FRHRAIBEA R, HOEAMXT T 0.5%REhvik B o4
Bi, 1.0%MHER MR BRI RE LR T IR AR K . X
SESRIIIX 3 AR L 2R FELAT R EL A 5 Y TS IE R
RETI .

ik pH M B W2 A Wi AW IE 20
M, W% 5 pH E4 2.0-3.0°%, 3 1 7]
M, 3 PRIETER B 22 bR, AR

b ] B B TR AR . HH TRT PR F10431
WITRIE SN 1.21x10" CFU/mL, HkALH 6 h
JFh 1.19x10" CFU/mL, {FiG% A 98.35%, Wk
2N2N 4b3E 6 h IIFETE Sy 88.06%, T##k 2N13N
ISR IR, BIRAAPE 6 h JF/AE %
R 4.67%. Ik, 7EH W32 658 175 T bk
F1043 1>k 2N2N>TH bk 2N13N, 350 & bk
F10431 FITRAK 2N2N 76 5 B EEIR A 5 REIE 7 B 20
BRAETE IR B R

2 2 ATA, R ZiRR T, ik
F10431., 2N2N Fl 2N13N #F B H AR 47 1 I
it Z e, BB 6 h JFEERE KT
70%, HHBEPEF10431 KBRS, VIR TG E
0 1.35%107 CFU/mL, 3 A T i 6 h 4k ¥f
JG G ECN 1.46x107 CFU/mL, K 8.15%.
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FEIFR 2N2N FIE#R 2N13N 7 P AL 6 h )5
TR 0N 71.33%H1 92.41%, HIt, 7EmR
it 52 e 1 Ak F10431>F Rk 2N13N>FH bk
2N2N, 3 PRI RETESI Y E P e, DR
TR RO AT S i LR TEAE

i 32 iR B0 2 B, RAk F10431, 2N2N Al
2NI3N #RHA — & WL . it A ER At s B
fE Sy, THETE F10431 ML 32 68 ) 58,
BT R R 25 A R 7T o

*1 ERAESRTHEEY

222 FEEMNESER

MR 3 RIEN, 3 MR R 2RI R LA AT
B RERE ST, PR 2NN FRBL R s R
RGP | - A E T W PR AN (B 2R b5 Frat,
43904 3.59 nmol/(min-mL), 1.75 nmol/(min-mL)
A1 1.02 nmol/mL; TR £k 2N13N 7 5 & £ 4k £
VG, oM 151.95 pg/(min-mL); Fikk F10431
PITER B . A AL . o Ak S R 2
FEHOMR-N-J RIS M i . SRR ORE

Table 1 Viable bacterial counts of strains in gastric fluid (CFU/mL)

2N2N

2N13N

Time (h) F10431

0 (1.21£0.02)x 107
2 (1.2240.11)x107
4 (1.20£0.04)x 107
6 (1.19+0.03)x 107

(1.34+0.05)x107
(1.27+0.14)x107
(1.27+0.01)x107
(1.18+0.07)x107

(1.05+0.01)x107
(1.41£0.05)x10’
(3.63+0.08)x10°
(4.90+0.12)x10°

*®2 EREMRTHEEY

Table 2  Viable bacterial counts of the strains in the intestinal fluid (CFU/mL)

2N2N

2N13N

Time (h) F10431

0 (1.35+0.08)x107
2 (1.2940.03)x107
4 (1.17£0.03%107
6 (1.46%0.06)x107

(1.43%0.02)x10’
(1.38+0.05)x10’
(1.160.05)x10’
(1.02+0.04)x10’

(1.45+0.02)x10’
(1.41%0.06)x10’
(1.38+0.10)x10’
(1.3420.08)x10’

®3I ZHRIEREHEENNE

Table 3 Determination of enzyme-producing ability of 3 camelidogenic bacteria strains

Item F10431 2N2N 2NI13N

T [ M#E 1 Protease activity (nmol/(min-mL)) 3.17+0.26 3.59+0.18 2.73+0.31
TEMEEEYE Amylase activity (mg/(min-mL)) 0.48+0.04 0.44+0.05 0.39+0.05

L] 4 WG Cellulase activity (ug/(min-mL)) 151.0248.05 143.8749.89  151.95+10.32
HB A ALY B AL IS P Superoxide dismutase activity (umol/(min-mL))  1.81+0.31 1.09+0.26 0.86+0.11

1t AL S WS T Catalase activity (nmol/(min-mL)) 1.37+0.22 1.104£0.08 0.73+0.06
o~ 2T S P o-glucosidase activity (nmol/(min-mL)) 1.56+0.17 1.75+0.13 1.36+0.09

G 3 LU APR-N- G PP 32 T 9.36+0.29 4.1440.18 5.85+0.10
Aminopyrine-N-demethylase activity (nmol/(min-mL))

{6 E bS % Cytochrome b5 content (nmol/mL) 0.67+0.18 1.02+0.20 0.63+0.11
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Pk F10431 MZEG iR i, HEA R
RS A e 1, A3 B 1R R 25 A2 TR Y
WA
223 FOMIEIRIELER

DL O A 3K IE . KB FF R AT IR
SRR R A TIPS, WK 3A-3C PR,
IRk F10431, 2N2N Fl 2N13N 7 4 B {0 55 24
Bk TR K B AT BTt B BB R AR B 1 3 B
B, AT B R PR, XU T R
LE N iR T
2.2.4 AMMERELER

— BB RRTE IS B b 3% 5% i T VK L2
S BH S 14385 BH A LA, R 22 B30 I 1k R 2 3
R PER o B v PR B 45 R ULE 3D, 3 Bk
WERKAE, NEW, UGBk, ©
VA A B PR, UiR RN, f=

WM, Ao Edlates it
23 2ERATHER
231 MEF5EERTH

K AR =R AR R F10431 #5174
FERAM T, 250 T Wtk F10431 AL R4 3008
KIE, GniEl 4 iR . bk F10431 L ik 4 5L
HIFH 4K K 4 377 942 bp, N50 WK E N
21 827 bp, G+C iR 43.51%. T F) 2 fidh 3
AN 4 642 4, KJE 3895227 bp, FHK
4 839 bp, (HEEAFEHNA A 88.97%, H
rRTIN 2 8 A~FE[H 5 (genomics islands, Gls),
10 /> Hij W & 4K (prophage) #1 1 25 CRISPR £544 .
TP HIESLR A IR E] 270 NMHEERE
JPH1, 130 NMHREBESE TS, B4 RNA
tRNA A 99 />, rRNA A 30 />, sRNA f5 16
BERE, AR F10431 (95550 MW721260,

B3 EHRHIERR A MR

A: &WEOEEEKE. B: KIBIFHE. C: YWITERE. D: A MK

Figure 3 Bacteriostatic effect and hemolytic test of strain. A: Saphylococcus aureus. B: Escherichia coli. C:

Salmonella. D: Hemolytic test.
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4 F10431 EFBIFFEE

Figure 4 Bacillus subtilisF10431 genomic ring map.

2.3.2  EFEEARINEEERE R IUN

1) CAZy JJRETM

5 ] CAZy s XTI Bk F10431 N HA 1Y
B LB o3 i 52 2Rl KA W A Ak oKk Ak
YIRESR: . ABIRAH OGS R ZIEHA T/ BT Xt L. 45
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subtilisF10431 genome. AA: Auxiliary activity; CBM:
Carbohydrate-binding module; CE: Carbohydrate

esterase; GH: Glycoside hydrolase; GT: Glycosyl
transferase; PL: Polysaccharide lyase.

A A W A A0 A AR T I A3 K S 3 TR 7 )
P DIREIEAT LLXT, 5 R Kl 6 pron, SRz
4 464 N2 5 KEGG B gt Hr,
25 B BRI S S R e 2 (1 805 4y),
BETLREEEG74 1), WKL PR
(263 %), AILEACIE (204 AM)Em % ; HRE
Z 5E B BISGE PR LN (321 1Y), FE
B AR E (184 MAE S T (136 At
Hy AN, AT g R 2 AR AE B Ak
PRI PR(192 1) A RERE (166 1Y) . AZE
PERAGHE (94 MRAHLRGISMIKET D)o B
B I8 30 B v 0 5 5 R S RN 22 e SIS 1) £ U %
A RIFE (41 ) FERBEA YA S GG P
A IRHYFEE (34 1), 5 RPN IG5 A LA
S 1T R TR B DDA G .

3) COG TIRETERE

KRN RENEN RIS COG 4

P AT HE R A MT, 0 B A R A S R R R
BINRE. RN 7 Bin, HERE] 3720 4~
COG MiReHH, Z 5 xEK)WA 327 4, &
8.8%; SR i s AR (B) I AR G Th e 3L A A7
326 1>, WAKILGEEE ARG AE 320 1,
O35 G VE RSB 8.8%F1 8.6% . HoAth I BE T B
S ATEBIE . R GS A A R, 6.3%).
2 If B VR AL B E D A LML, 6.0%) . 7 5 55
BLHI(T, 5.3%). 25 AAHEH, 5.3%)F
TCHLE iz S AR (P, 5.2%) % i .

4) GO &£ #r

2 GO B IE RS T, Kk F10431 425
R4 14 243 D EEHIG 23R (E] 8) Horb A
Y BRE RS EH N 7 055 A, b MR
1) 49.5%, FEEMAELTRE . 400 R E AL
A TR dErh B 3 190 42
I, 5RIIFEEBA 22.4%, THE 54000, 4
LR o S AT O s FESr FUIRE A P R E
3998 NI, HBIIREER 28.1%, Siifk
T S AHXNERRZ . MR
R, M B ZERUFT T F10431 EABGRAY)
HETE HE T, A= W BB R A8 R 4P B AR SR AP 3R
B o BRSO I D RS S AN R
BRI TFIR R E TR AR, FEREIURE
JE B X6 i 2 A AR 2%

5) TCDB IIRETH B

FIIH TCDB %4 P2 X Rk F10431 12 8
FIHEAT43 25 . bk F10431 R4S R SR (K 9),
— oy AR R 531 AR, Hop IRk E
W2 EAMEEEEREEZEAN
F, Al ER SR 39.0%F 36.5%. H
DU RN 2 B 1 3z i =2 DA -l T S o
T R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



856 A 2 AR Microbiol. China

Transport and catabolism 12
Cellular community-prokaryotes | 81 Cellular processes
Cell motility | 52 :
Cell growth and death 21 Environmental information processing
Signaling molecules and interaction | |
Signal transduction 136 Genetic information processing
Membrane transport | 184
Translation 83 Human diseases
Transcription [ 5 -
Replication and repair 53 ;
Folding, sorting and degradation | 151 - Metabolism

Substance dependence |y |
Neurodegenerative diseases | g
Infectious diseases: viral jgg 2
Infectious diseases: parasitic |j |
Infectious diseases: bacterial 17
Immune diseases | 1
Endocrine and metabolic diseases [l
Drug resistance: antineoplastic [§ 8

Organismal systems

LANCErs; OVErview 14
Xenobiotics biodegradation and metabolism 36
Nucleotide metabolism 105
Metahnliem of ternennide and nnlvketidec A

Glycan biosynthesis and metabolism

Global and overview maps 674
Energy metabolism
Carbohydrate metabolism
Biosynthesis of other secondary metabolites
Amino acid metabolism
B B I 1 1 1 1 1 1 1 ]
0 100 200 300 400 500 600 700
Number of genes
6 MESFHITE F10431 £FE A KEGG IhaEH 2%
Figure 6 KEGG functional classification of Bacillus subtilisF10431 genome.
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Figure 7 COG functional classification of Bacillus subtilisF10431 genome.
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Number of matched genes

9 FHEZFHIFE F10431 EE 4 TCDB Ihie 4%

250

200

150

100

50

2

3 4 5
Function class

on

Transporter activity
Structural molecule activity
Protein binding transcription factor activity
Nucleic acid binding transcription factor activity
Molecular transducer activity
Enzyme regulator activity
Channel regulator activity
Catalytic activity
Bindin

- Antioxidant activity

~ Virion part

13046 Virion

Synapse part

Synapse

Organelle part

Organelle

Membrane-enclosed lumen

Macromolecular complex

Extracellular region part

Extracellular region

Cell part

Cell junction

Cell

Viral reproduction
Signaling

Molecular funct

ellular component

C

Response to stimulus

Reproductive process

Reproduction

Regulation of biological process
Positive regulation of biological process
Nitrogen utilization

Ne%atwe regulation of biological process
Multicellular organismal process
Multi-organism process

Metabolic process

Locomotion

Localization

Immune system process

Growth

Establishment of localization
Developmental process

Death

Cellular process

Cellular component organization or biogenesis
Cell proliferation

Biological regulation

Biological adhesion

Number of genes

process

Biological

TCDB function classification

6

7

1: Channels/Pores (37)

2: Electrochemical potential-driven transporters (207)
3: Primary active transporters (194)

4: Group translocators (22)

5: Transmembrane electron carriers (3)

6: Accessory factors involvedin transport (8)

7: Incompletely characterized transport systems (60)

Figure 9 TCDB functional classification of Bacillus subtilis F10431 genome.
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