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o OB [H7] HEFRFE YNILS AR ST L RASR T 2B @d, PR
TEAMNGRRABREREE, EEMG ST OARKGERARA. LB OYRANFRIZARG L
B U] SRR B AR TR, (55 £ 4 MBR BB EGE T, LFLIINLE PR A7 4
FERAE L EE SRR REGAR YNI4S, KA LT N4 F A E £ K K 400 nm 4w 2 fe st
Fod AR R EZTROBOUEM, RABLAERWTH FHiEF o L RT HLITH RN ZIWE F i,
& PacBio % =X A F= lllumina HiSeq % =K 5 AR & 693 R A HR YN145 #4740 3K F 287
By FR3E M 2B SATAR R, AT R b, ST RBRH T e ERK. [£4XR] Ak
YN145 490 A DR BB IT T HI B R R A R EZ oK. o ARTHL A LERK, Bk YNI45
2K ELBL KA 4167 871 bp, GC 4= 4 43.86%, % /77 (coding sequence, CDS)# = 4 4 294 A~;
24K 2] 85 /4~ t(RNA. 30 4> rRNA F= 92 4~ sRNA. [ B FUm ] 5 A~ &4m b K BB = M- I B 3%
2% % #4- A%, bacillaene. bacillibactin. fengycin. subtilosin-A #= bacilysin, F EH#&%2F| 7 5474 2 &
FARNERIAGEAE. [46) ALARAEG LS B YNI45 BB RIF47HE R4 R ER
FIRAEK T RAMBIE, HRANPAE L F AT AR BRMRES S, HER YN14S B840 LR B
HEREL.
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Bacillus subtilis YN145: effect on melanin synthesis of
Magnaporthe oryzae and genome-wide analysis

ZHENG Xinwei'?, REN Zuohua'?, ZHU Huajun"*, ZHOU Hu"*?, LIU Erming '*

1 College of Plant Protection, Hunan Agricultural University, Changsha 410128, Hunan, China
2 Hunan Provincial Key Laboratory for Biology and Control of Plant Diseases and Insect Pests, Changsha 410128,
Hunan, China
3 Yueyang Inspection and Testing Center, Yueyang 414000, Hunan, China
Abstract: [Background] Bacillus subtilis YN145 is a bacterial strain isolated from healthy rice
plants in Taojiang County of Hunan Province. Studies have demonstrated that YN145 has
significant antagonistic effect against Magnaporthe oryzae and great potential in biocontrol.
[Objective] To further study the biocontrol mechanism and screen out the gene clusters for
secondary metabolite synthesis of this strain. [Methods] The strain YN145, whose extracellular
substances had the best inhibitory effect on the melanin synthesis of M. oryzae, was selected from
four biocontrol bacterial strains. The absorbance values of the extracellular and intramycelial
melanin liquids of M. oryzae were measured by a UV-visible spectrophotometer at a wavelength
of 400 nm. The antifungal activity of YN145 was determined by mycelial growth inhibition assay
and conidial germination inhibition assay. PacBio Sequel Ile and Illumina HiSeq platforms were
employed to sequence the whole genome of YN145, and the sequencing data were assembled and
annotated for prediction of gene functions and analysis of the gene clusters for secondary
metabolite synthesis. [Results] The extracellular antimicrobial substances of YN1145 effectively
inhibited the melanin synthesis, conidial germination, and mycelial growth of M. oryzae. The
full-length genome of YN1145 was 4 167 871 bp, with the GC content of 43.86% and coding
sequence (CDS) number of 4 294. A total of 85 tRNAs, 30 rRNAs, and 92 sRNAs were identified
in the genome. Meanwhile, five known gene clusters for secondary metabolite synthesis were
predicted, which mainly encoded bacillaene, bacillibactin, fengycin, subtilosin-A, and baclysin.
[Conclusion] This study analyzed the intrinsic reasons for the good antimicrobial effect of
YN145 at the genome level and obtained rich basic data. It provides a reference for further
in-depth research on the secondary metabolite synthetic pathway of B. subtilis and has great
significance for the subsequent research of YN145.
Keywords: Bacillus subtilis; Magnaporthe oryzae; whole genome sequencing; melanin;
biocontrol

Fili B ZFAUAT I (Bacillus subtilis)E—MHEA HEICEE . NIL, His 20 ey s
WEIRLNE SO A L R EAPIR AR, N HAEPIEG . BE2Y . B RO S SR T2 5
A BT R PrEAMRAE R, L A i, TR H R 0 4 B A A R Y
R ESRD | RES PV BE | ARSI, SFAFRASIRA 26 Fl, JEARS B ZE AT L
i FAZ AR R A SR th KA, X AFIAEDS 22 Fh®Ys B H DA B 2R A0 0 A 47 T 0 I o
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29t Y i IR A5 1 e 8 A A% 40 1) T WA T T
NS SUN LA S i P B &8 )
i B ZF AR T A IR BB KA TR B Y
IRIRCR, IEath RS 56 2 mE s
PIFIE RS0,

e, 4 B DR I AR b A R IR A A
BB R o 22 b ;] A B R Y, A
A W )2 TR 5% LA B AL ) R0 T T e A 2
K. Zeng SFTEMI %M Frvp 20 8 HY— A0 4 % 7
595 i (Plasmopara viticola) 4 AR {0 81 350 A /Y
Fikk GLB197, %3t 16S rRNA KKl gyrB 41
BT, % OE X W RO RN A (B
pumilus), R GLB197 FER A& —HER
WA R UG Y SE R, PR R AR ™
T DR T BB AT A58 ) 4 280 R e 1 S PR Y
JFE T M 3 ek % ARG s Y e B AR Y S 2
FEFETE PA-2 SENA, RITEHAESES RNA
HORNA 2, BB W TE RS 5 TR R 40 i
INFIREE, 7EH 4 /> TIPKS JEH%H, AlRERY
WA A BREARM 1,3,6,8-TUFEZE | it
DAL N

AR (melanin) & —F 22 450 2 2% By
BT R orF By R B S RS, 2 ARA
KPEENORZ—, TZAAETY . MY
WEEYI . R R BRI = A WX PR A T 1k
Mseae 7. R R E i, B
FR B THEE CHMEN, RN A
FTEAARE R J B 25T LB 6 A, B AR
T LA R PR R A RS, R A
RGN K iER K . RORTEZFNIR
FLR KB L P R B0 1 FE b 2 kAR
L RE R BT i6 98 F R R R

AT 2 T O DA DR i e A ) e R A
Hh 8 Y — AR B 2R LT I T R YN145, R
H B B A R TR AR RE T, WA ST R

BRIk YN145 BAT RAFRRENE, H™= A s
Wy e v it 0 PR B T 55, T LA A I AT o
W Lsr R NR IR A Rl A R A 4 bk
R A BT R, AR5 e P L A E T ) S
000 R R A R R S OB B Y TR PR
YN145, A6 I 12 T A L M e v 0 Jo 410 7 A
o A TR 22 R 0 A AL R TR A, LA R TR 22 P TR
MG FR A PacBio RS 1T B4 52T
(single molecule real-time sequencing, SMRT)AHI
lumina P55 &AL G A7 100 Al o 25 4
FFB YN145 HEAT BRI, X053 i) oK &
AR BAE AT R BT, R ERA A 51
PR FEN TP R A, R)e B TR
HREHRE, TR B A & UL N %, DA
HRR TR YN145 1000 R it g 12 AL ) 29 5 Bk
fith, D RS ) A2 B 16 S AR IR A A 7 T PR
RIS R BT

P

1.1 #8
1.1.1 Etk

M ZEAIFFIR YN145 (ZL 201610643690.1)°1
Hi 2L ZEFIAT T IN00S (ZL 201510426569.9) ! OF14:
FER AT IN-369 (ZL 201610641415.6)™, L)
TR S 2 FURF I K268 2145 718 B AR RL 1 147
TR A K2 A o SR AR AE ) SO R 7 S &
GYESRAS
1.1.2 EFE

PD }iFifk(g/L): S5 200.0, % b
20.0, PDA BigEHk(g/L): THEE 200.0, %54 b
20.0, Bt 15.0-20.0, K5 FH. LB 5
H(g/L): BEEE IR 10.0, BEEEREU 5.0, NaCl
10.0. DL B FRILITE 1x10° Pa K 30 min,
1.1.3  FZERA TN

WA . BUE . BREOR . B .
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K[EALE . . KR, CROTE, EHZ
S EA A R A F] 5 Wizard“ZE[H 4] DNA
itk F) &, Promega ~H], HHUELINME
HJEit, NanoDrop AH]; h TAES, Mg
L&A RAT; GI £4 DS RS & KK
By, BOIGERABRA A SCIRERFRA, LR
YT AR s A BR A ] 5 PacBio SMRT RS 11
M 34, Pacific Biosciences 2y H]; TBS-380
PHEAY, Turner BioSystems 23 Al o

1.2 7%k

1.2.1 FHRFERMIEY RN EERE B
(= :0pA )

S RAE TRV AR BURAR YN145
JN005. K-268 & IN-369 Bl AN M 545 FH
1% 200 mL PD FEFR B0 — MR P A 3
FEVIREIR T A R D (¢ =6 mm), 28 °C., 180 r/min ##
REESE 2 d JE4r A 200 uL B#Ek YN145,
IN005 ., K-268 F1 IN-369 f il /M 7 4 o R 12
W, FJCTEZK A PBS WA X IR, dkak s 5%
6 d JF MBI AL, RIFWEZHNZY
Mk ugle, A ERAN-1] WA e T i K
400 nm A0 7 A A1 B8 A R W A O EEE, LAJG
HKIREE
1.2.2 EFk YN145 BESMAE YIRS TSR R E 2
EaRTRHNEN

TE%SA 200 mL PD 533 H b 42 A 3 MR
95 B B T (0 =6 mm), 7E 28 °C. 180 r/min ¥
PRI FE 3 dJE A 200 pL Rk YN145 o &
YRR . 7E A YN145 BUE ¥ AL HE 3
5.7.9. 11 dJ5, sl weits%
R H I vk IR B Ak R 2 P R R
2, HIEH ODsoo WG, PATCHAKER
X HE

R s TR R L R AR M R R A - T v
JE 0. 10, 20, 40, 60, 80 pug/mL FIRSIE

BRI, WESIRIEN ODygy WIELIH
DSBS RO B N AR . ODago B A AL AR
bR 2, MRPEARE LT B BURE Y R
[Fi) A U s (1) P 2 ) PR 36 i
1.2.3 Bk YN145 fsMa B RIR E SRR
EErtaweRL: oAl

W s AN ) A5 B B0 R P 3 (1.0 L 2.0
4.0, 8.0, 32.0. 64.0 ) AIMMA PDA }iFidk
TR IEERST, DAASIBTE YT PDA A fE
Xt BE L8R S AR AR P R b RS R T
(¢=6 mm), FRNAbHE3REL, 28 °CHIEH
0] B A A Tl RIS T TR 22, ORI S T
HE, D SO . R R=C B TR B
A PREEVE EAR)/ W RE BV BLAR) > 100%
1.2.4 BE¥k YN145 fSMABEYI R E SRR
HNEBTFIHAZENEN

W B S BB (1. 5. 10,
50, 100 ff5) S5WE R 1x10° A~/mL AYHL T 4%
50 uL IR AR IFME KA #kat b, DLJCEZK
VEXTRE, SR 5 W 23 7 Tl il 1 i) 30 44K 1 355
FRM A, FZE 28 °CHFF 12 h )5, FBIE B
PV S AR Y A R G =8 N W b (U RIS =40
o2 IR ). AR ERR 3 A EA,
FERPAAE T BIEL 200 AT I8 A7
RAMGZ A B R ] =0 B AT R
R R PR H R 2)/ BR8] & % 100%
1.2.5 BEHKIEF S5 4E DNA AIIEEN

WAL B ZEUAT B YN145 #:F0 T LB a5t
H, 28°C. 180 /min¥k7%#53% 8 ho SRGH 1.5 mL
BT 8 000 r/min B0 10 min, K LW,
ek 500 mg VA B EAIR . IR RIRY YN145 1A
fdi ] CTAB 7:#2H DNA, firi% DNA ] 0.8%35
EWHBE R HLIK A1 NanoDrop 2000 46 H:5g
GIEI
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1.2.6 £ERNF5HEE

PR ZH I {6 PacBio RS 11 R3S IR
J¥(SMRT)FI Tllumina il 7-F 5 4L & 09 51k,
Mlumina I 545 48 45 SR PG JE 2 i 24 5
HERE, PAGEERA RN, DL R B A Bk
K5 gy, NS B R M 1k, T AR
W7 ELA 5 I P Al o, BT DA AR
B xr = AUBHR AT ICE, (RIEA G R AR
R IMERE . BERE YN145 (43 E ANy 1T
VEZHE b33 AR W B 25 BT FRAS W) 58 A

FI 5 P 51 4 % K SOAPdenovo2!'
(http://soap.genomics.org.cn/) X — AL ¥ J5 11
WP 1T 24> Kmer 200 PF%, 15315 ILH
contigs A4, SR 5 T4 (reads) H X 3]
H & ¥ (contig) |, M P& reads AY BC X ¥
(paired-end) Il HE & (overlap) & &, Xf 4 2 45 1
b7 I 2 N I 7 D R RS |
(scaffolds). FEA|FHZH%E 8 44: unicycler V0.4.8!")
HAT ZAUF AN AR, AR 5B pilon
V1.23 BT IE, R A A3 75
PsHAFTE 500 bp DA 1) overlap, WKLy 41 35
R 2 Horp— i overlap 751, fZX Al 153 524
Mgk R P81 . SRJE, R AR T
FERIF, A5 2L HAE LT EE
1.2.7 EEIhEemn 51

FIA Glimmer (http://ccb.jhu.edu/software/
glimmer/index.shtml), GeneMarkS"/fil Prodigal
B X L DR 4 9 g A5 5 1] (coding sequence,
CDS)JEATTI . FH tRNAscan-SE V2.0 145 {4
(http://trna.ucsc.edu/software/) % 3& [ 24 Hh A1 % 19
tRNA HEAT U, AT RLSRAG A S FEAS B DA 21 v
tRNA WP OGS OB 715 B & 2%
5415 B o A Barrnap 24 (https:/github.com/
tseemann/barrnap )% J& K 20 H A0 5 ) rRNA #E17
T, AT A PTG rRNA AFD

K. ME. FINEE
#H] Diamond V0.8.35 T I 5L K] (4 25 11 )%
515 NR. Swiss-Prot 4/, EggNOG %
JEP KEGGPHE T H X, FIFH BLAST2go V2.5
BATXT GO Bl A T HEXT
1.2.8 REKH~MEREXERZRS
) antiSMASH™ % % (http://antismash.
secondarymetabolites.org/#!/start) Xt KX 2 X 7= )
G SRR TGRS | TR, S
A P DR ZH AR 7 P DR 52 P A v R TN

2 ERE4MN
21 FRHENEEREEREARM

=AU

W2 AT IS DA TR OF A PD B R SE A — A
e, ETRIKER2dE, SRl AJCEK
(1 1A), Ftk IN005 (K 1B). Hitk YN145 (K
1C). HFk K-268 (& 1D)HIEFE IN-369 (4 1E)
MOAMTC R YRR, DL PBS (&l 1F),
SEIRZERANE 1 FrR . e 2RA0-1T WAt
JETHI M AR A RS, 7E 400 nm b TCIE K
F1 PBS X B A W G BEAE 43 0 S 0.704 FiI
0.706, Ttk IN-369. Pk JNOOS. Btk K-268
MR YN145 PP GEE(E 53002 0.372.
0.239. 0.170 F10.147, HrpEdk YN145 B9
FEAE A, 28 P B R X R TR 2B R Ak
PR B
22 MEYMRMNEEREEZLECREMK
A

TC T A [ A ) s s T R 0 3R VR DU
FEH ODyoo WOGAH, IR IE S 7 R (L R bR
M LE 2, B3 TREREBEOARIKES
ODyoo ERIERIESCHR, TrFEN y=455.06x—0.494 8,
A ZREL R ] 0.997 3.
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1 ZHRFETERIPGHEEFRESZCEZNEM A LE/KLAFE. B: FPE IN00S LbHIZ. C:
Kk YN145 ZbFRZH. D: Bk K-268 2T, E: Ak IN-369 AbFEZH. F: PBS iAW AL

Figure 1

Effects of crude extracts from multiple strains on melanin production of Magnaporthe oryzae. A:

Treated with sterile water. B: Strain JNOOS5 treatment group. C: Strain YN145 treatment group. D: Strain K-268
treatment group. E: Strain JN-369 treatment group. F: PBS treated group.

B YN145 HUIE YN S5 A R i
HPHREE R, B5g% 3. 5. 7. 9. 11 d
SE FRIRS TR 5 50 A 22 SRR VY ODaoo 1, 45
RWE 3 Fron. ARG SR ] R v 8 22 v 2 Aa
RO mAFE, YN145 HUr Y5 a6 5 i il A5
SRR 2P BE RS R, PR R R
55 9 REFMIHIRCER feds, JCR/KALBE T (14 7o bl
2 h ARG RORT] 1 778.7 pglg, MITEHEYIBR
ER T R E2mBaR S m{Uh 4343 ng/g,
I RIE 75.6%; FE55 9 KIn, PRI
T R TR 22 P R B R IR R R 5
11 REF, U P 5 B 22 vh A6 285 L
PR 63.6%-

2.3 MEYIRXTEEREE 2 KA

AR BB B MR YN145 BT84 5 % A5
o A PUIS R A 4 PR, SRR

AEREE, BELZARIMGI RSB, RV
FARMIAMTA Y BTG RE 2. 4. 8 fEMIPLAY) T
PR 22 KRB R 55.4%H1 54.3% ., 43.5%.
20.0%; URSBAEECH 32 1580 64 f5mF, HAME R
Y20 15.3%;

90 -
y=455.06x-0.494 8

R=09973 .*®

D I
S o O
T T T
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S o
()

Melanin content (pug/mL)
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-
oo ©
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2 RBRINERZL

Figure 2 Standard curve of melanin.
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1 600 | —m— Strain YN145 -
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1 &

1

Melanin content (ng/g)

Time (d)

3 EHk YN145 R EVIX IS EREE L~ F
e 0pAl

Figure 3 Effects of extracts from strain YN145 on
melanin content in mycelium of Magnaporthe oryzae.
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S
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<
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Dilution ratio

4 TRIKEREK YN145 R FEERE
B 224 K2 M

Figure 4 Effects of extracts from strain YN145
with different concentrations on mycelia growth of
Magnaporthe oryzae.

24 HMEVRNEERESERFHELH
AU

AN T 88 A 5 A B BT 9 T AR T 0 A
AFHAREZIME 1 PR, BERREEN
SN, DU A o A AT A A ROR 2 A
R, DU P o D RO AR B 0 AR T K
MR, 5 54.2%, 25 AbFRHRE 2 (A A7
TER 5 25

1 Bk YN145 HIRBIEERE S £ BT
[zpsa: oAl
Table 1 Effects of extracts from strain YN145 on

conidium germination of Magnaporthe oryzae
Dilution Total Number of spores Spore germination

ratio spores  germinated inhibition rate (%)
1 203 80 54.2a
5 215 96 47.0b
10 200 107 34.9¢
50 211 106 28.9d
100 208 122 22.9¢

ARG FREFR IR 22 5 3
Different lowercase letters indicated significant difference.
2.5 E[EH DNA #9430
SLEAR B AT YN145 (1) DNA
% NanoDrop2000 48 7b43 566 FE 146 4l
JEHE] OD16o/OD25=1.87, OD1so/OD»=2.20, 4
picogreen Rl R 197.00 ng/ul, Eig
4 63.04 ng. W EHH>23 kb (K 5), oI 24
R, & RNA, &#HH . BEAmEGYS, e
TIREES
2.6 B YN145 £ EFHAER
F AL Tlumina HiSeq MIJF & =4t
PacBio MM FF-F B 45510773, X @tk YN145 it
FIASERAIY . Fbk YN145 4650 —5%

4 DNA
25 ng 2

J DNA/
Hind Il bp

23130
9416
6 557

4361

2027
2322

554

5 ESFHATE YN145 DNA Bk EE
Figure 5 Agarose gel electrophoresis of Bacillus
subtilis YN145 genomic DNA.
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gutafk, FEEAR/NA 4167 871 bp, GC i
g 43.86%, IFFTREE Ky 453.08, K&K FU 45 51
R, CDS ¥ 4 294 4, FwhtJE R K
ik 3 681 669 bp, KN 857.40 bp, FH
RIKE R 75 43 4, BK N 46 775 bp. FEFHEH
FE5) EHARF] 85 4~ tRNA., 30 4~ rRNA #l 92 4
sRNA . FEFE YNI145 5B 41 7 5o 1 5¢ &

GenBank, 3¢5 A PRINAS18422, YNI145 3
FRENE NSNS
2.7 HEBHIINEEERE

SN E A R YN145 DR 2H v i) 2 i 5k
Al 55 75 KECHE 7 (NR . Swiss-Prot, EggNOG .
KEGG. Pfam 1 GO)MFFTIhBEH B, mZER
GEit L3k 2,

2.10

- A: RNA processing and modification
- 2 ) B: Chromatin structure and dynamics
/ R @ s C: Energy production and conversion
5 =4 : 1 ; Y ,qQ D: Cell cycle control, cell division, chromosome partitioning
7 o ) \ I o M E: Amino acid transport and metabolism
. \ \ (i ‘OQ M F: Nucleotide transport and metabolism
Q \ ‘I ' iy a° M G:Carbohydrate transport and metabolism
\\ : / Q H:Coenzyme transport and metabolism
50 ) "\:\ W I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
%Q K: Transcription
- L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
M P: Inorganic ion transport and metabolism
3 00 M Q: Secondary metabolites biosynthesis, transport and catabolis
. R: General function prediction only
S: Function unknown
- 10 T: Signal transduction mechanisms
— 3. U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms
BW: Extracellular structures
— = 3.20MWX: Mobilome: prophages, transposons
e =— BY: Nuclear structure
= B 7: Cytoskeleton
E S 1 3.30
&

)
N
N

00T
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o
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k
%
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\

‘\ﬁ\*\;mﬁ\ W ')w’u"f/ﬂ; ’
#
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N

\

/ 'ls,, ‘\Qx\!‘&‘:a A : 350

S
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S ~

o

6 FHEZFEATE YN145 EFEEE  REIRMGSEIN, 5§ 1 BERERNAR RN, HAN Mb (million
bp); 5 2 BIAIEE 3 IR IERE . fudE LN CDS, ANFMEE RS ARFE COG MIIRER2E; 4 4
FR IRNA I tRNA; 5 5 IR GC &, AMRMMLL O RoniZ K GC & it m T a5k 41y
GC #rht. I EIANRZIKEL GC A RIET2IERALEEY GC fit, IR o7 Y
GC FZHBR

Figure 6 Genomic map of Bacillus subtilis YN145. From the outer to inner circle, the first is the size of the
genome in Mb (million bp); the second and third circles indicate the predicted CDSs on the positive and
negative strands. The different colors represent the functional classification of different COGs; the fourth circle
represents rRNA and tRNA; the fifth circle is the GC content. The highlighted red part indicates that the GC
content in the region is higher than the average GC content of the whole genome. The blue part highlighted in

the inner part indicates that the GC content in the region is lower than the average GC content of the whole
genome. The higher the peak value, the greater the difference between the GC content and average GC content.
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&2 EHK YN145 ERTEEIRBUREES BN
Table 2 Distribution of gene function annotation
database of strain YN145

Type Gene number
NR 4294
Swiss-Prot 3875
Pfam 3586
EggNOG 3249
GO 3105
KEGG 2312

271 GOFBLER

PIRE YN145 25411 GO B i B
BN 7 s, YN145 366 3 105 N3RS
e, Hh GO 1R 41 N 4 F 2 E (molecular
function) . il 44 43 (cellular component) 144

I #2(biological process) 3 ™il4r. TE4TUIEE
o, A 2 428 RS ITRE, Hirb ATP
454 (ATP binding) (364, 8.48%)F1 DNA %4
(DNA binding) (298, 6.94%)K I HEZ HI3K15
TRMERNSHEZ,; ARy, f
2 397 AIENIRAF R, Hoh A AL i 7
(oxidation-reduction process) (324, 7.55%)-5 %% 5%
W I BE & DNA A5 #ie b (regulation of
transcription, DNA-templated) (274, 6.38%), iX
3 AMRBINFERINERGE Rk Z ; TEAIEAH
i, HA 1788 MR R, bRy
ZH B3 47 (integral component of membrane) (896,
20.87%) 5 4f il Jit i (plasma membrane) (598,
13.93%)TERFI A SL N B H iR % .
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Figure 7 GO functional classification map of the strain YN145 genome.
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272 COG ERLHR
PR YN145 B3 H P51 RS] EggNOG

Bs R AT RS, W] AR R AR gk T B K
R IHZE, I 25 H i 508 AR I 1 ) e T R AR

- YN145 45 3 249 NSRS 20 4
COG 4r2sr, HHp RAThEEIEA & e £ (868,
26.72%), HURE IR, iz 5 (amino acid
transport and metabolism) (304, 9.36%). #%%H%
(transcription) (260, 8.00%) . S H% iz K AR i
(carbohydrate transport and metabolism)., [# ¥k
YN145 J£[H 4] COG 1 RR45 R ILIE 8.
2.7.3 KEGG IR

iR AT I YN145 435 H 4178 KEGG X

PR TR R UL 9, Tkk YN145 420k
DA 2 312 D4 Ik P 7E KEGG B8 P TR
FIFLREH] . AL L 2 (cellular processes). Hr
M AL i (metabolism) . A 2§ ¥ %5 (human
1%t A% {5 B Ak PH (genetic  information
processing) . 3 #l & 4t (organismal systems), 5

PR g R H b, 42 5%

R

KEGG —ZINeedsH, HAZIEmR M8 (amino

diseases) .

acid metabolism) (267, 11.55%). 4= )= FIHE Y
#%(global and overview maps) (261, 11.23%). ik
7K AL & W) A% 1 (carbohydrate metabolism) (250,
10.81%) /245 =2 3 R
2.8 RERWFIERERRR D

15 antiSMASH Pl 7ELR M bk YN145 42
S AEAGR) 10 NEINFE, HEdefhk B3R 3),
Hrr, 3 12 5||57F77fﬁﬁiﬂiiA‘ﬁE@@(mPS)AJﬂZﬁ.
8, 2 Iz (terpeney 5 UAEATE, 112 (3 5K
A&@@(Bpks)A&ﬁ/ﬁ;’%, 2 & nrps- transatpks—
otherks BRI, 1 MEFEOIRIS- 3] (sactipeptide-
head-to—taﬂ)ﬁ.ﬁ% L A 2 MR

BHE YN145 E’J@fﬁﬁ. HE MR K
R & LR %354 T BLAST ot s & 3K,
cluster 3. cluster 4, cluster 7. cluster 9 #l
cluster 10 43515 E. H1f¥ bacillaene. fengycin,
A
WAL IR 100%o Cluster 1 5 LAY surfactin
AEZ%. AL 3K 82%. Cluster 2. cluster

. cluster 6 Fll cluster 8 LIREARA, X FHEHE

YN 145 A] BEAAAE#T B0 & P G AL R %

bacillibactin, subtilosin-A HI bacilysin

COG function classification: MG004175
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Figure 8 Diagram of COG functional classification of the strain YN145 genome.
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Figure 9 Classification diagram of KEGG metabolic pathway of the strain YN145 genome.

Fz3 Bk YN4S R BB A REFEE

Table 3 Gene clusters of secondary metabolites of strain YN145

Cluster ID Type Start End Similar cluster Similarity (%) Gene No.
Cluster 1  nrps 347 887 413278 Surfactin biosynthetic gene cluster 82 48
Cluster 2 Terpene 1141340 1162 146 25
Cluster 3  nrps-transatpks-otherks 1833 535 1943 354 Bacillaene biosynthetic gene cluster 100 55
Cluster 4 nrps 2028723 2112604 Fengycin biosynthetic gene cluster 100 46
Cluster 5 Terpene 2181001 2202899 25
Cluster 6  t3pks 2250626 2291721 46
Cluster 7 nrps 3207209 3256948 Bacillibactin biosynthetic gene cluster 100 47
Cluster 8  Other 3529328 3570072 43
Cluster 9 Sactipeptide-head-to-tail 3 790 619 3 812230 Subtilosin-A biosynthetic gene cluster 100 22
Cluster 10 Other 3819248 3860664 Bacilysin biosynthetic gene cluster 100 44
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29 MFIEEREEERRSNEXERD
BES AR

ARSI R IR R YN145 X e i 2B fo %
AR A T A3CR, lE RGA
N#H7)5, 1E cluster 6 (t3pks) F4E3] bpsd &
, HFEWE B YNI14s HE AR a5 H
gene2359, KK 4K 1098 bp, AMEATSAH
365 M2 SR . I NR 0 e A i) &R iz i
S22 /K (chalcone) fb & W& UM GBI . A8 /K
Wi & — A e G ¥, 2 nr AW ST AR i
5 T A TR T B 2P IS ) 45 - A AT o) T TR T 4
WP R R R R YA B —A
P71 T S PN (T S e e i B B RS TR
1 7 2 PR TR A HE A D T LA T P YN145
R AR A R TR PR 3R S L BE R B Dy
bpsA .
3 ik

i1 antiSMASH W34 7EL FTIN A PR YN 145
AR R A P W B R, RWIBEPR YN145 7] B
FETEHT AR BAH = Wy ZE R %, I HZ sl B
7> 4 bacillacne . bacillibactin .
subtilosin-A F bacilysin X 5 FiHLE PR, XK
B bk YN145 BT iz m Mo A .
bacillaene & — ' fh I 17 11 23R & i i Y 2R
Wit A9, 24 5 AT SR L I AR A Y,
P 5 =X i A 0 R Y AR A . 2 HCF
FELAF T BB 20 I VB R R S LA ) A S R T
., MERE YR, Fengycin J&—
FPIE IR PT P oT, HR KR AR 1 B e
3 220 2 375 9 I TR 14 20 0 PR & 4B BV O
R PR S5 R AL B2 FUFF R R Ak HMB19198 A1
R SR A T S 4 M RN A SR AL B T, IE
HI A #k HMB19198 BB ™™ 4 fengycin KB iR T
WK R, Subtilosin-A & — R AR S 1K

fengycin .

B % J5 18 i £ JIK (ribosomally synthesized and
posttranslationally modified peptides, RiPPs), H:
ISR T, ReVEHIIE T340 2 Fhan i i) s A
W T2 Bacilysin & H Fi A & BLAY 4544
R A RZ —, (UH 2 DMEERN
B, ETE 1946 R p Uk &P, HAE FAMLE 3=
LR M I Dt TR 200 BB 1 e A P I HLRE 1 4
BEZEM Z 45012

WAL, FERR YN145 FAAE—A A /R A i
bpsA, HHETEFXHZIEEHF D, Nakano
X Bacillus subtilis 168 F 1Y bpsA #t471d Fik
S 2 B2 L DR RE A% 5 8 bk MR P, bt g 2 iy 12
FH— S i 28 Ak & 4 BB AL AP, AR
AL A P —Fh B S AL S, AR A 4 )
BT AME A S 2 H 5 5 HA A A A TRl 2544 1Y
BRI AN 25380 A 25658 45 Fh A IR BT 2B 400
HiGAYmMEEAEET, BA5iE . iafk.
PUw B IR Y Liv S L P AN g A
JK il (isobavachalcone) % A5 i g T B9 L T B gL
AEEAMHIER, IFEA BT L8R $HT
eI 2 00 B2 S DA A7 B2 B 11 Al iz
A Hfil (naringin DC) H4t E AL G PEF13E
YRR AP, [, SRS Y RE S S
P Z BRI S M, A AHEI B R YN145 i A
IR TR SR B R B U SR bpsd, (BRI
TERAR N R IR R TR — PR R

4 Hip

AMEFEIN 4 BRFEIE I A= 7 B o 0 2 1 41 )
R B R 8 3R 5 RO, Je A Y T A il
ZEAFT YN145, I H BT Y B R i
W22 K MEZ BEAREG . BRI LD
ELIR S 5 SO B U R~ PN EE R DS 2 o T/
R YN145 251 bacillaene, bacillibactin
fengycin, subtilosin-A Fll bacilysin %5 5 FhR A
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WA RN R 5 B K RN e M, [6] FEFTE. HZEEEEE PA-2 4K DR 21 J [ 23

surfactin & A 3E R AR &L 82%, Uik
FtR YN145 HA W Z Rt @ YR 71, 1t

4,

TEFRE YN145 @FER 4 LB T — 2R

5 SAH O HE DY bpsa, AN 55 40 ) R s

AN

ORGWA K., & LRk, Ha 2 s

YN145 75T ORI & 1= 4 K Rs 07 T B A B
s a0, TRk AT AL e i 245 51 R iz
PRI AR 14 A R 4 LR B A TR AR A
B, WiE—$IF KR YN145 SO0 D657
PEAET —E M
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