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M O [HF] AFFRATE N2-10 A —REHERITEA e ) BLab = 4 e F 855 % AP KiFEE4Y
FLRMEA, AXBRAMATEARXGEARA. [8 6] B3 RKF4EEFFFE N2-10 t9 2%
W FE &, B —F AT AARR RS T A A BAZ &, il bR B 20 5 54T B AR N2-10
HEAEXEHRGEZRM, AEYP N2-10 ¥ f Ao A VF R A a, [ %] @3 =& Ilumina
NovaSeq F&4~ =X PacBio Sequel M5 -F &, *FE#k N2-10 #4722 KB40 5, Frl 5 a3 ik
Bnsni. AETN L o a s, AR IERE A F 54 N2-10 5 e i they 255, [ R]1 &
FRN2-10 AFE LK 4036899 bp, GC 4E 4 43.88%; %A 4163 NmAAR, FiA bk
BEKEA 3 594 369 bp, AR ERKEEARLEEKEL 89.04%; 2HF 85/ tRNA. 10/~ 58
rRNA. 10 /> 16S rRNA. 10 4~ 23S rRNA, vAZ 2 A~ CRISPR-Cas. 1 NI H hAe 6 N E B

#£ GO (gene ontolog). COG (clusters of orthologous groups of protein). KEGG (Kyoto encyclopedia of
genes and genome). CAZy (carbohydrate-active enzyme)#k 4% & ¥ 5 5| 2B 5| 3 048. 3 177. 3 894.
145 AN E; sboh, BEARN2-10 2252 10 MRARM F Mo RAREZ, aERELZ A AGE
M & . bacillaene. ¥ RE. LEBRKEAKHFAF. FRFEH X A BAFAELDERAR K F
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Abstract: [Background] With strong bacteriostatic activity, Gram-positive Bacillus subtilis
N2-10 produces diverse hydrolases such as cellulase, thus showing huge potential in feed
fermentation. [Objective] The whole genome of N2-10 was sequenced and the genes related to
the synthesis of the secondary metabolites were analyzed. Based on comparative genomics, the
difference between N2-10 and the model strain was dissected. The findings are expected to lay a
theoretical basis for clarifying the bacteriostatic and probiotic mechanisms of this strain.
[Methods] The genome of N2-10 was sequenced by Illumina NovaSeq and PacBioSequel,
followed by genome assembly, gene prediction, and functional annotation. The differences
between N2-10 and a model strain were analyzed by comparative genomics. [Results] The
genome of N2-10 is 4 036 899 bp, with GC content of 43.88%. It has 4 163 coding genes with
the total length of 3 594 369 bp, and the total length of the coding region accounts for 89.1% of
the total genome length. In detail, it has 85 tRNA genes, 10 5S rRNA genes, 10 16S rRNA genes,
10 23S rRNA genes, 2 CRISPR-Cas sequences, and 6 gene islands. Moreover, this strain was also
found to have a prophage. In addition, 3 048, 3 177, 3 894, and 145 genes were annotated in GO
(gene ontolog), COG (clusters of orthologous groups of proteins), KEGG (Kyoto encyclopedia of
genes and genomes), and CAZy (carbohydrate-active enzymes) databases, respectively. At the
same time, 10 gene clusters for the synthesis of secondary metabolites were predicted, including
biosynthesis gene clusters rhizocticin A, bacillaene, fengycin, bacillibactin, subtilosin A, and
bacilysin and 3 unknown gene clusters. Comparative genomics analysis showed that N2-10 had
high homology with B. subtilis 168. [Conclusion] Through genome sequencing, we unveiled the
genetic information of N2-10, providing a reference for further understanding the secondary
metabolites of this stain and further development and utilization of it.

Keywords: Bacillus subtilis; genome sequencing; genome maps; comparative genomics analysis
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et L AHLBRAE K52 RS 50U
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TEMEEEY, ARRIEEAR . . 2%
AL SR

WM, MEZEMAF AT AR SRS
R RE R, R R EARKE, SN
Byra, UCER . BT, BEIREEREWR RS
ROV A= kU A HOAR A AR 55 2R J T 1R
BS041 W] AR 5 rhas i B s o 45 3K B s 1)
FEREIKAF 5 R34 PR A2 H R R A B2
HFFREGIFE LB, RERER. AMBN R
THEPERS, MERASA. ARSER
FHEE s BRAEAUEEDN FM AT o
ROLEEL, MR BERDRPE AR 10% 5 H R A PR A
iE, ATLAE ERE A KRR, RAEHEES
R e s RO PR R AT B R
Rz, MR BRI 10%IERE H R v AR
HeE, BERESTEYHNE, FRIORER., &
e T U A R 2E TR B T Ak B A MR PR R
B, K BBk e AR B R R A K A PR R T
R¥EERAER.

AR S 25 i 30 07 1 B — PR o 2E A AT B
N2-10, FH A Bm 090 1R 68 1 HAA wT LU= AR i
SYERM . ThE. OSSN,
AR K TR AT I M4 2, nT BB s 4 2
B RBUE Y 2R AL, R R S 4
WECAE L, BERS T ESARKMRE . A
PERE, FEIRIETRSR, AR 2R E R R
Sk T B G AR 5 2 B R A I B AL T R e R A
R B RCR 8 ZAE At
R B ZE AR B N2-10 9547 T A SE R4 7 ohE
FEREARGACH 15307, IR Rtk 5 NCBI
Hotl e b #0459 20 p 88 X T MRORS B 2F AT T
168 47 LB SR AL 430, LA &80t & FIH
Rl B 2R AP I N2-10 $2AE A W15 B 2R A

1 HRE5r%E

1.1 #8
1.1.1 &=tk

M B 2R AT 18 (Bacillus subtilis) N2-10, {#
FE T AL R 2E R U A ) S e 2
1.1.2 1EZHE

NB #i#H(g/L): FRWFH 3.00, HA
10.00,NaCl 5.00 . NA £: 3£ H:(g/L): 4FNE 3.00,
H M 10.00, NaCl 5.00, EfE 20.00.
1.2 7
1.2.1 EFKREEE BN F

He—80 CHORAF BN B 2 JAT I N2-10 K £k
BeFP T NA K73t b, 37 CHig% 24 h, HRECHR
V&SR T 100 mL NB Eig3t, 37 C.
220 r/min }53% 24 h, R 12 000 r/min &0
5 min WA A, 3263050 AR BEFHL B A FR
oS EIT, ERA &G 21T PacBio Sequel Fil
Illumina NovaSeq PE150 {1l /% .
1.2.2 ERFBAERRMAL

S S AL R L uE B S5, A SMRT
Link V5.0.1 #X{4:(https://www.pacb.com/support/
software-downloads/) X} J5 & T AL #1740 2
Y, 2 e B BUHE A AE S A5 31 DR 4 4 B B
P o BB BHR OO I 5 2 2 45 SRk A 7 Hox
M, BEF7 0t SR A S T
1.2.3 ERBAS O

A H Glimmer V3.02 (http://ccb.jhu.edu/
software/glimmer/index.shtml) I GeneMarkS V4.3
A (http://topaz.gatech.edu/GeneMark) T Ml A
ELZERIFTIE N2-10 R4 A i fig 3 R U175 F)
A tRNAscan-SE V2.0 {4 (http://trna.ucsc.edu/
software/) il tRNA!'; >R A rRNAmmer V1.2
B A4 (http://www.cbs.dtu.dk/services/RN Ammer/) X}

rRNA BEAT4pHT5 4 BLAST+V2.3.0 #ifF
(ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast
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+/2.3.0/)%F SnRNA FEATHIE; FH Minced
V3.0 #f4:(https://github.com/ctSkennerton/minced)
Wil CRISPR-Cas #t""., FIf PHAST V2.3
B 4 (https://sourceforge.net/projects/phage-finder/
files/) T30 i s PR3 41~ 5% A IslandViewer
V4.0 # 4 (https://www.pathogenomics.sfu.ca/
islandviewer/resources/) Tl il & SRR,
1.2.4 EREINESR

i#1d Blast2go V2.5 #f4:(https://www.blast2go.
com/)XF GO (gene ontolog) % g 47 1 B2
i3 eggNOG V4.5.1 24 (http://eggnogdb.embl.
de/#/app/home) X} COG (clusters of orthologous
groups of proteins) ¥ & A7 7 B @ ik
KEGG (Kyoto encyclopedia of genes and genomes)
TELEHE 1 (http://www.genome.jp/kegg/)% KEGG

PEAT R, 5@ i CAZy (carbohydrate-active
enzymes) V6.0 #K {4 (http://www.cazy.org/) X}
CAZy B¥ AT R, @it antiSMASH
V4.0.2 A (https://dl.secondarymetabolites.org/
releases/4.0.2/) K R FAH P~ P11 R 120
1.2.5 HEEREFEES

FF 1Q-TREE V1.6.12 #{4(http://www.iqtree.
org/release/v1.6.12)f4 gt [a] I Pa 48 U1 FL R R4 &
B, #EM TN maximum likelihood; 18
Mummer V4.0 43 #7844 (https://mummer4.github.
0/ ) BEF T IEZe oA, BOANERIES 5 F A A 55
FLEMTIR] 1.2.3; SENIhRELL BT 1.2.4,

2 BRS04

2.1 ERFBNFRTH

Rl 2 AT N2-10 JE R 2 v — AR e
Ak, KNk 4036 899 bp, GC 51N 43.88%;
Iegmith 4 163 PNmIGIER, Fra gL B K
13 594 369 bp, HlihIER A R 863 bp,
A XK B A B Y 89.04%; AT
85 /> tRNA, 10 /> 5SrRNA. 10 /> 16S rRNA |

10 4~ 23S tRNA; 2 /> CRISPR-Cas, CRISPR1 JIifE
Xk 494 724-494 986, A 5 NEETY, HE
FPAPFSAHC R 23 bp, [RIFRFAIFAHCE 37 bp,
CRISPR2 i 7EIX 3y 3 545 037-3 545 307, %
A 4NEEFY, EEFHFIKEN 28 bp,
(1] B 7 81 F- ¥ K B 53 bp; 1 AN E WS AR T
1313 578-1 348 279 b, J¥41 84K 34 702 bp,
5% 46 DL EA R E 6 1>, B EK
JE4 192 610 bp, FIJKEH 19 261 bp. Kk
N2-10 AL R ZH P8 1 DL IR 1, LD 4H 7 51 2 4
L ZE GenBank Hii 4, £ 55 CP098417,
2.2 ERFBINEES
22.1 GO EREHR

bR N2-10 1) GO TR AL 2, dbfy
3 048 PEKERES] GO Hhne, HAEEREAM
73.22% . HoH 5 21 g 40 A (cellular component)
AR B FE RN 42.69%, 5 53 F DI HE (molecular
function)FH X SE R ECR 57.03%, SAYdFE
(biological process)FH [ L R R 56.40%. 1
YRR T, 5 &AL 5 (oxidation reduction
process) . %5k 1#¥%E (regulation of transcription)
7 A DG B L o e 18.23%; FE4r T IhfiE )y
il , 55 DNA 454 (DNA binding) . ATP %54 (ATP
binding) . 7Kf# i P (hydrolase activity)=§ /5 THl
S FER & H 20.20%; FEANIRAL AL T, 5
A W BR 2H A (integral component of membrane)5
T3 HAHSR A FE N 5 L 45.65%.
222 COG ERZR

R N2-10 i) COG FERZRILA 3, b
3177 ANEERE RS 4 28 COG Thfg, 20 Fh AL,
LA 1Y 76.32%. 18 19.96% 1 35 PR R 1 R 3|
HARTRE, WPk N2-10 yfig 3= 24 h 7R 2 0
MR B %% iz 5 X i (amino acid transport and
metabolism) (7.30%). %% (transcription) (6.27%) .
i KAk & ¥ #% iz 5 AR} (carbohydrate transport
and metabolism) (6.22%). JCHLE Fi%iz 5100
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Circle 1:
A: RNA processing and modification M: Cell wall/membrane/envelope biogenesis
B: Chromatin structure and dynamics N: Cell motility
C: Energy production and conversion m O: Posttranslational modification, protein turnover, chaperones
m D: Cell cycle control, cell division, chromosome partitioning ™ P: Inorganic ion transport and metabolism
m E: Amino acid transport and metabolism m Q: Secondary metabolites biosynthesis, transport and catabolism
m F: Nucleotide transport and metabolism R: General function prediction only
m G: Carbohydrate transport and metabolism S: Function unknown
m H: Coenzyme transport and metabolism T: Signal transduction mechanisms
m I: Lipid transport and metabolism m U: Intracellular trafficking, secretion, and vesicular transport
J: Translation, ribosomal structure and biogenesis m V: Defense mechanisms
K: Transcription m W: Extracellular structures
L: Replication, recombination and repair ® Y: Nuclear structure
m Z: Cytoskeleton
Circle 2:
m 16S rRNA
= 23S rRNA
® 5S rRNA
m tRNA

1 WEFEMNFE N2-10 ZEAEE
Figure 1 The circos of Bacillus subtilis N2-10.
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Figure 2 Gene ontology annotation functional classification chart of Bacillus subtilis N2-10.
AY AY/A A
systems) 2 A AHME B IE R BCH 0.89%, SR
& B Ab P (environmental information processing)
N SIEL oy
HA MR IR BN 7.76%. £ KEGG JihE

(inorganic ion transport and metabolism) (4.78%)

T . MAN, A 1.37%M R BR R 5k
P A 7= W 5 iz F AR 1T (secondary  metabolites

biosynthesis, transport and catabolism)#H ¢ .

ERE R, SR B B A A O i 2 R R 2

2.2.3 KEGG FIB4Z4R HoA g K AL & #9140 (carbohydrate metabolism)
N2-10 I HkAY KEGG IERARILIE 4, 36 by 67804 oy 12 40 5 6 FL 38 (amino acid
A3 894 MEEDIERERIIREE R LRINAN  etabolism) 5 e 4.83%. B4k, KBA 44
93.54%. S540MIid 2 (cellular process)HA FH& $L A 5 1 25 RN B2 A Ak A 9 19 4% 18T (metabolism
PERIEEN KON 3.89%, 540 (metabolism) A of terpenoids and polyketides)Hi3&, Hi, 4
%m0 R YA L (surfactin family
lipopeptide synthetase A, B, C) & F K4V

AN B FERECN 31.40%, 5 A 2KP0H (human
diseases) H A M A IR ECH 2.02%, Siits

{5 BAb # (genetic information processing) =4 #H 4 Hi(fengycin family lipopeptide synthetase A,

B,C, D, E),

KPR FE R EC R 4.42%, 554 ¥) 2 45 (organismal
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COG function classification: N2-10
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831
800 |-
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O
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103 95 1138 104
80 57 58
33 40 32
0 Olll 1 1 L L L 1 1 1 1 1 L L |Ol 1 1 lllolololol
ABCDETFGHTIIJKLMNOTPG QRTSTUVWY 7z X

COG type

A: RNA processing and modification

B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division,
chromosome partitioning

E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

J: Translation, ribosomal structure and biogenesis

K: Transcription

L: Replication, recombination and repair

M: Cell wall/membrane/envelope biogenesis

3 WMEZFHEMTFE N2-10 89 COG e H £ E

N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis,
transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms
W: Extracellular structures
Y: Nuclear structure
Z: Cytoskeleton
X: Mobilome: prophages, transposons

Figure 3 COG annotation functional classification chart of Bacillus subtilis N2-10.

224 CAZy iB#&R

PR N2-10 (1) CAZy WERASRILE 5, Jf
145 PIEIERER] 6 JSE R, b, 37.24%01
FL R W B M Bl K i (gly coside hydrolases),
30.34% 1) PR B 3 R Oy Wl R 5L R il (gly cosyl
transferases), 20.69% [ 3& K 4% 1 B ik K&
Y Tig i (carbohydrate esterases), 4.83% 3 Kl #f
R Z b2 A B (polysaccharide lyases), 4.83%
A S DRI T B Al B 1 2 (auxiliary  activity), if
A 2.07%0 5 KR R ok Ak & P 4s

Ht(carbohydrate-binding modules). FERE T 7K i
ftfrb, SR A ) EE S B A B R (EC
3.2.1.21). B-L4-KEWENVIBFEC 3.2.1.8). W
I 4 % BE B (EC 3.2.1.4) . JL T i B (EC
3.2.1.14) FFUBHFFEF(EC 3.2.1.103)%% , ML
% Wb, UDP- 4 %5 W % W % B I (EC
24.1.11), FHEEAHHEC 2.4.1.12), FEHEA TG
(EC2.4.1.13)FHAB S MERE ., 1o, Cmt
ABBEEGEE(EC 3.1.1.72)7E R K Ak 4 4 s it v
HAR & EER
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== Cellular processes

== Metabolism

== Human diseases

== Genetic information processing
Organismal systems

== Environmental information processing

Histogram of KEGG

Cell motility

Cell growth and death

Cellular community-prokaryotes
Transport and catabolism

Biosynthesis of other secondary metabolites
Global and overview maps

Xenobiotics biodegradation and metabolism
Metabolism of terpenoids and polyketides
Lipid metabolism

Carbohydrate metabolism

Metabolism of cofactors and vitamins
Energy metabolism

Metabolism of other amino acids

Amino acid metabolism

Nucleotide metabolism

Glycan biosynthesis and metabolism
Cancers: overview

Infectious diseases: bacterial

Endocrine and metabolic diseases
Cardiovascular diseases

Drug resistance: antineoplastic
Neurodegenerative diseases

Cancers: specific types |

Infectious diseases: viral |

Drug resistance: antimicrobial

Immune diseases | 1

Infectious diseases: parasitic | 1

Translation 81
Replication and repair g
Folding, sorting and degradation 49

Transcription i 5
Immune system | 4
Endocrine system |= 13

Aging [2 9
Excretory system | 2
Digestive system | 2
Nervous system | 3
Environmental adaptation | 4

Signal transduction 141
Membrane transport 181
Signaling molecules and interaction | 1 | | | | |

264

KEGG pathways

0 50 100 150 200 250
Number of gene

4 E#¥k N2-10 ) KEGG ThaE o K [E
Figure 4 KEGG annotation functional classification chart of the Bacillus subtilis N2-10.
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Polysaccharide lyases: 4.83%

Glycosyl transferases: 30.34%

Auxiliary activities: 4.83%
Carbohydrate-binding modules: 2.07%

Carbohydrate esterases: 20.69%

Glycoside hydrolases: 37.24%

5 EHE N2-10 B9 CAZy Th&E D EKE

Figure 5 CAZy annotation functional classification chart of Bacillus subtilis N2-10.

225 RERFEIBRER

N2-10 BRI GACH IR As R W3k 1,
LR 10 MRIACE YA B, 5390
H 3 A AR Z IRG  (nrps) . 2 AT
(terpene) .2 1~ 2E 75 Bk 2 (sactipeptide-headtotail) |
1 4~ nrps-transatpks-otherks . 1 4~55 = 2K &
M (t3pks)Fl 1 AN AS BARR A= 9 . (ETE RS
RURER R R, M2 K (thizocticin A), FIAITE P
F (surfactin) , bacillaene, FJ71 2 (fengycin), JL
R R R HT T 1T (bacillibactin) . ZF A 1 %
(subtilosin A). VA FT 1 & (bacilysin) 4= ¥ & il 3k
PRI R . oAb, I 3 DEEEER
TR R B A (A ) <

2.3 LEREFEB S
2.3.1 [ELRB##EDIEREH# LR
B N2-10 FE[FI2H #4145 5 NCBI H GenBank

Xt e, S ZEMFTF A 168 (Bacillus subtilis
AL009126.3) . MARZFHIFFIE SL6 (Cyiobacillus
ciccensis CP041305.1) . MK ZFH#IAFH ATCC
14580 (Bacillus licheniformis CP034569.1) , f# i€
3 AT DSM 7 (Bacillus amyloliquefaciens
FN597644.1) . %t 4% % /8 #F # DSM 11031
(Bacillus vallismortis CP026362.1) H. 4 % 5
PRI . anl&l 6 TR . N2-10 5 168 Fkk
BAE—i, VLW N2-10 55 168 B bkikfk i 5
i,

£1 BHEFHEFE N2-10 X FREZMERER RS LE

Table 1 antiSMASH annotation functional classification chart of Bacillus subtilis N2-10

Cluster ID  Type Start End Similar cluster Similarity (%)  Gene No.
Clusterl Sactipeptide-head to_tail 204 809 226 299 Rhizocticin biosynthetic 32 21
Cluster2 Nrps 357 110 422 501 Surfactin biosynthetic 82 49
Cluster3 Terpene 1149006 1169812  Other 0 24
Cluster4 Nrps-transatpks-otherks 1768961 1878 789  Bacillaene biosynthetic 100 56
Cluster5 Nrps 1939075 2022487 Fengycin biosynthetic 100 45
Cluster6 Terpene 2088267 2110165  Other 0 23
Cluster7 t3pks 2158621 2199716  Other 0 47
Cluster8 Nrps 3090909 3140702 Bacillibactin biosynthetic 100 47
Cluster9 Sactipeptide-head to _tail 3659514 3681125  Subtilosin A biosynthetic 100 21
Cluster10  Other 3684 111 3725527  Bacilysin biosynthetic 100 43
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---- Bacillus subtilis N2-10 (CP098417)

Cytobacillus ciccensis 516 (CP041305.1)

------ Bacillus licheniformis ATCC 14580 (CP034569.1)

------ Bacillus amyloliquefaciens DSM 7 (FN597644.1)

Bacillus vallismortis DSM 11031 (CP026362.1)

rrrrrr Bacillus subtilis 168 (AL009126.3)

PRRACER IS 2 R R B 70 SO s 7030 ERRC U A R ME
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Figure 6 Phylogenetic tree of homologous single copy genes.

The bar shows the branch length

represented by sequence differences; Numbers at the node represent the bootstrap values.
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e F—#0 M, N2-10 5 168 kA
HARMIPE R, B 2 PRI 24T 5317
XFAr AT, el e v A A ik — 2 TR T R
W —BPE s 5Pk . kR N2-10 pydEgedt: o
Mregs A ULIE 7, N2-10 55 168 FkRSE R4 P A7 7E
KEREPEIER, R N2-10 5 168 Wik HAT
RF A2tk 5 1 =IE RV 2 AR SR T B bR
N2-10 HA A BFe .
233 EHERASEERS

F it — LTSRN 2 5, SR
HAEFEIEAT T He B (R 2). R 2 nI5, Hkk
N2-10 B AEE VN T 168 Ttk, GC T &K
T 168 Ttk N2-10 TR PRI PR 2 % 2 s S DR 5
FER BB, BUMETR A 168 TRHRAAAE2E 5 o
2.3.4 EFEINREFRLLESH

PPk N2-10 55 168 7€ GO DJREEE E H (1)
B S R A B AR, SRR =
KAEYETIRE, (HERE N2-10 FEREE] A R IE
0T 168 Wk, LR 3 046 PEEH . N2-10 2
PRI2H b 5 A 2E . 40T 2hRe . A Wi B G Y
FEEY /DT 168 Wbk Wtk N2-10 55 168 [tk
£ COG JIReE i BB 4h R B A m A
I, BERE N2-10 F BRI HE DT 168
PRIE R 20 7 R 2 0 S R 4k, (HAE COG 2878 |

Synteny

7 FHEIFATE N2-10 F1 168 HL M ST R
Figure 7 Alignment results of Bacillus subtilis
N2-10 and 168.

2 FHEZFFMATE N2-10 A0 168 EFEHEE ARG
fEEE 3R

Table 2 The general genomic characteristics of
Bacillus subtilis N2-10 and 168

Items Bacillus Bacillus
subtilis 168 subtilis N2-10

Genome size (bp) 4215 606 4036 899

Scaffold 1 1

GC content (%) 43.51 43.88

Coding sequences 4417 4153

tRNA 85 85

rRNA 30 30

Gene islands 5 6

Prophage

CRISPR 2 2
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255, MG KEGG HRER, EmKLEwR
WhE M, MLET 168 Hkk, N2-10 FEikERK
T 1A UTP- 1 -2 4 4 W DR R 2 % T 2 L) 2 [
(EC 2.7.7.9). UDP-ij % ¥ -4- 55 1) Tl 2 fih 5 [H]
(EC 5.1.3.2). N-Zbaa JE 8 %M & FH AL g i
FER(EC 2.7.1.193); T 1 A~ SFAH b gn i
FE(EC 2.7.1.4) . B-HL 0 Wk Mo 5 11 il 2 i 2 1A
(EC 3.2.1.26), fERAZEMmACHHEE T, MEF
168 FIkE, BFE N2-10 AT 4t 4R 1R CoA-#%
Bl o WA A ELN(EC 2.8.3.9)., Bk T Bafk
EALEE SIS L (EC 1.4.3.4), TERRKILE IR
FRBEE R OT I, TEAR N2-10 1B A WS /K A it
i IL BT 168 Wbk, WL . ok
G YIBREG RIS L 2 F 168 Witk. TEMITK
ML IE R, BRE N2-10 BT 1 AR
U R N VI 4 A L R (EC 3.2.1.15)5 7EBE
SR A L N, AT 168 TRk, BEbE
N2-10 HAG 4-20-4- i - 1B rops 5L 5 A il
(EC 2.4.2.43) . & Fi-A- W& i 4 % 2L R (EC
2.4.1.182); TEmR KA G Y T 1 G i 25 ] o
N2-10 @HRAHEL 168 HARIEI T 3 AR
WG i i 3L R (EC 3.1.1.72),

W 3 Prn, 168 WHRILERE 11 MK
GACHE A R, HhadE 7 Ae A
GBI 4 AR EN G U R R . P AR
PRI 7 A BAC ™ ) G KR R A RL
e, BRI 0 g RS 3k DR R RN L A
JRAE S HA 22 5. 78 N2-10 B AR E 4
o, MR & (rhizocticin A)JE K #E 1A K A7 B N
204 809-226 299, FTHIH 2 (surfactin) L F£ 1Y
TR 357 100-422 501 | bacillaene K1Y
BAARAIE 1768 961—1 878 789 . 5 K (fengycin)
FEIFERITE AR AT E A 1 939 075-2 022 487, JL&
TR 42k AR AR HF B 1T (bacillibactin) 3 X 5% 18 1R oK for
B 3090 909-3 140 702, ZEFIFF 2 (subtilosin

=3 MEFHEIFE N2-10 F1 168 SR KIS =4

EER A gt &k
Table 3 Comparative analysis of secondary

metabolites for Bacillus subtilis N2-10 and 168

Name Bacillus subtilis Bacillus subtilis
168 N2-10

Rhizocticin A 23 21
Surfactin 47 49
Other 24 24
Bacillaene 55 56
Fengycin 46 45
Other 23 23
Other 47 47
Bacillibactin 46 47
Other 41 0
SubtilosinA 21 21
Bacilysin 43 43

A)FE R FE B IR R LB 3659 514-3 681 125,
75 AT 7 & (bacilysin) £ N M G K L & A
3684 111-3 725 527; TifE 168 Wik, MER
A FERFRIAAANL BN 205 404-226 894 . Frhi ik P
RILF B IR KO E N 356 968-422 359 .
bacillaene FEFFERIIAANI B A 1768 725-1 878 521,
FIFFILHFBEM AN E A 1934 526-2 017 956,
JLZE R 8 3 AR T 1 5 TR 1 I oK o
3260 520-3 310 259, ZEHIFT B HELHFE R IR AR
BN 3 826 0583 847 669. AT H =L
M A AR AL E M 3 850 669—3 892 085,

3 Wik

FE R 2 e B AR T3z o R B R e Ak, R
AR, AR 4 3 R L I B AR
X N A= £ 25 B (Streptomyces sp.) SAT1 #4717
E, W HUAE R NG R R T SATI
HAPUREEER R . AR A lumina
PacBio Ml F7> - & % B bk N2-10 S4T30 772347
B, PR N2-10 R KN GC & 5EAE
PR EA & EE AR
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1 GO MIReE R4 R, BZ0EHE 500
FINREAHC A A P FRAH G, N2-10 BBR AT 4
WHERNZYS TARZAEYFi R £ COG e
HRAE R, N2-10 RPRR SR Dyfg 3 24 h
TER IR 15538 S AU . KA & YR e is I
U AL F iz LR, X5 GO Thig
TERELE A — B0, 85 1 AR S Ae Bl 20 Pt A i 1Y)
SREFYIRZ—, SR 88 B
K, 2 5Z2mMEEMNABES, Hik, [
b rbZa B A1 68 1% 28 1 BT A RE AL S W LR
AR, TCie R E s e I Ay, XTE
P15 1 T A W AR 0 0 e L i R 2 R
A REMAHAR TR AP, 78 KEGG HhRETE R4,
R, 5K AbG P AR DG iy 2 R B £
HYGR @A, X5 BiRTERE RN 20
AN, AL 44 ADHEEE SRR B S Y
FRIHARDE, PIRES SHURIETEY BT AE Y G .
B1an, srfAA4 (Gene0413) . srfAB (Gene0414) . srfAC
(Gene0415) ¥ o 2% 10 I 1k & 19 2B ) & AR 2
35 ppsd (Gene2052) . ppsB (Gene2051) , ppsC
(Gene2050). ppsD (Gene2049)%: 1y F B K 1k
Wy LR Y

WK A PIE S A AR 77 7 T B A H#E
YER o oK AE W] 53 0 8 SR 2 Fn &5 4 1
ZHED ., BiRrE R M AR | KRE
0O KA A YRR RRAE R R, Bk
N2-10 SERAH P &A RS  B-7 45 0 1 il |
B-1A-KERWENVING . NV RERG . CBEARR
WEEGSFAOC R L . B- MM T I . NI SR
Wil R T AR MR, TEA4ER oGl
P E R B-1L,4- R BN VIR T AR
W 5 i Wl 20, 2 R OB K i B G, &
Tk A SR A il ] R ) A SR OWH I A A7 R RO 19 K
fERBT SRR A A R A A £ 4 R A4
FTkEZ0E, MELARE S LA AR R, (ERT DA

FERA: P 10 43 A R e LA W e B, T vk
N2-10 BEEH AR 2 S50 P 2 BE IRl , Rr gl
a1k 22 00 5 Ak by mTHE S BT FLAAR T A6 A Y 7 5%
Wt R R

WL A antiSMASH  $Hs 2 iE 47 36 (4 L
X, KRBT A CEARE PR Y A i
PRE, o nl Wi R | REETER | bacillaene
FIHRR . LR E . R ERM
WHRER, WRER A BAIEEEEN, 75
O 1A 1 B A T B B R A i i B
bacillaene J& H1 25 AT I J& 7= A 9 — R 2 R M
KWHEYIT . AR, bacillaene 7] IS J
i 55 ZE F00 KT T 52 ) 25 1 25 i 0 (Campylobacter
Jejuni) =PI A, DA T 0 1 1 2 38005 T 01
F IR LI 25 A B E AR A i — R AR
NRBT RGBT, HAT SR R BT RS M, TR
PEFNER I S5 25 0 T 34 e J B 1 500 PR B L TR
AR R LR Bk AT B X A
Y I W B A e TR M, n] DUZER N B4
AN T AR B 5 (Pseudomonas  syringae)i)
AR BAEUREN, ILRRGEEET T E
RE % i ok b R E B DR A S AR P TR R SR
Gl CERIFF R R A XIS 2 PR PR B HA
BORPUAETEYE, DI5ERY, BEE B R E R,
PRI A I 2R FUAT R 28 A AHBE IR ISR, T
FRIFFIE AL, JFRBLH SR I0 BAE 1,
PR —RBURBTE BT, A A T HAl 4t
W) BT, 2R 5T AT LT BR b AR ZF A A TR
(Bacillus licheniformis)5h 24> AP = A, X2
22 PR T B AT B M s R, H AT ST IR B
VA FE T 2R AR A A R e R R 3 AR
FHUH, e T 1 282 i 2R AT P 7 A ) — b
IOIRNG IR R BITE A , 2 fe A R R 3 1
MZ—, BT HEA RO RE b s G vk,
TE I T B S5 T B R AR, SR
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(e, BIFST & B AR TH 16 1 2 SO IR T IR e
A B EE f o ik g YA Bk — 2 T
Bk N2-10 FER R & 19 7 AN B s M o 3
DR RE A% Ry 8 7 P A OGS 22 T 800 v 5L A 400 1 1
FERBERE AR

UEY R 28 H ZFER), RS 2 241
TF 5 RE 6% 5 W AT B3 W0 L 1 i G2 0 el [
() 25 5, E— 25 3R 9% TR ik ik R 2 Ok PR 7E Ak ik
T e A B AR Ak, DT 39 iR HL G B 58 11938 7 B
F111, Kwon ZWhE i) LR FE N4~ & T H
TE ARSI A B 2R R AT TR 5 I AR, T
BRI 05 | Dy A HL A A vy 1) 2 O e
P, Abdelhamid 25U fF 53 2B, WUE T H R
S22 i L A R R R R T R
—, SARERAAEEKR, @il RN
o, 24 T W FF # (Bifidobacterium
dentium) 3 K 41 W A7 TE 1 B K AL & 0 % ik it R
Gt MR T AN S g 00 RUBE T TR A T fie
AETT, SRVA T B3k R LA 8 7 U AT B b
fift B 1 FUBE I B8 0 it A\ 28 Mg ok fb &9
HALFIR MR . RAESE L R, RIEREE
WP, S R R B | FRA AR S
i 2 b A I DR A A 0 R B TR 2 R AT B Ay
Br, AT B F IRt g ak A BE T 4R R o

ARSI IS B ZERIAT R 168 B Rk 2
Z, RFHT N2-10 5 168 B Rk A0 3L K 41 25 #4) &
SR TIRE . 45 AP, N2-10 5 168 HKRM
FE DR A G ) e i LA TR B0 e R A
AT, AR N2-10 FE R g L R 4, g
R 5, mImE R RS 168 WHRAFTEZE ST,
N2-10 FEHE AT REHA Bk IR BTSN RE ST o 7
WRAKALE VI T T, N2-10 FFEE 168 HikkZ%
T 3 ANCTRARRNEBEEG . £ kA 5B g i AE
20 et 80 AR B A BEY, 2 WA RS 43
HARRRGE, BARFEMIEDRER, HAE

FADL 5 0 AT FE R O-Z W FEP?, AR BB AL
B EFYER 1) BRSO B AR
i 1Y) W itk s Z2 P G O0 LR A, b ISR BH
AR R AR BRI R 22—, f#BR B3
BT, AT Bl A SR A sk R A Y . BT,
TR AS SR G il (0 (i AL ML R B S o B 1 . ik
A, T A RN TR T 1) it D13 )4 P a4 Ak 2 A
FH R, LA TN TR -5 BTz A1 ke g o 7
ity ZHEEMRIE L, RESE A AU AR N . LTk
R W TR By 55 27 4 K B U W) 4E F BE a8 2 i
B-1.4 WEF S K MR, HEIM KIREE S 4E R
BRSO fal 0L, BERk N2-10 JER 4
B2 22 1) Tk HHE A SR T Tl 0 i S5 DR 44 oo 1 e
fie KA A W AR D7 T A AR . B4,
PR N2-10 [ 168 BERRIE AN T B- Kb ok mei b
Tt i ) 5 DR SRR Tl i A S TR B- SRR ok I
BT B ST AR Ry REWR G AL I, AR5 fHTL IR
bR AR AR T AR B3, p-SpEnk
MR A LT i — FlOK R, 7RISR LR MR A
AP ECEE, [KRILRE—MIhaer: =
B, AR SRR, T A RO i 2 L
FF B B A4 B0, 103 i T s A 8 R el
B hRESEDY, TEARM S H, 5 168 HEAMI L,
N2-10 ARl D-H 4 #k 5% fb D-SRME R &R B
o AR RN U — A e o i R b
BTG, AR E— 2D B Ak S S -6- T
WFoE 2B, S REG S — R T RE R, AN LH
AHALTEYE, S EA R IR BRrc &I
SRS e AN PUN I R P AR
B R AL S AR DL E— 2 AT Ak,
A B A 2 5 0 R AU 5 5 e ad R L0,

TEFUR Y A RO T, N2-10 RS 10 4
HREHE . 168 WHEEA 11 H R %,
LG 7 AC IR R 4 AN RFIERFE, Pikk
IR, R R AL RIHIETEER (bacillaene .
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FIRE | LR BIAFTE T . ZFAFER A,
VAT R A BRI A 3 AR R % B 5%
EARME . RAE N2-10 5 168 HHRA T H )
JoT B R B AR, {H N2-10 AHXT 168 B
R 40 B BE ) 5% 55 38 5 i — ST .

4 Zik

A 3 i 34 Illumina NovaSeq PEI150 il
PacBio Sequel Ml J7 57 A il B ZE AT B N2-10
AT T &L E AT, N2-10 FEFRH KN N
4 036 899 bp, GC F it N 43.88%; F:4mfis
4163 NS EEN s #id TR, K N2-10
HEHA S HWER A, RWTEMEZR | bacillaene
FIHER | LERRRBMFTE T . FHRFTFEE AL
AT R S5 2 R A R, DL
K B- AW . B-1,4- K BENVIEE . NI
RWERG . LT BB . RIS . CBEARRNE
it 5 Z FloK SRS L N, X — A i R
Pk N2-10 A SR ERE ) fReaE 7 Lk ZFhK
FRBEPE AL T 92 B AIRIE . IEAk, LB TR 4 2
ST, PR N2-10 55488 R A 5 2R F AT
B 168 HA B m A RIME, BLBTIZ E 7 K I 1Y
AP ATE SR DR e B K BRI 7% o ARBIESE
PE—2 B B Bk N2-10 (948 F LG A e — 25 T
KA N2-10 BRRER AL T 1R S04 7 KR
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