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B B IFRIRGLEFOAEFTOMENER, HP RV HRAMEARILAERE G

AR PR L L RERE. (B8] BT —REARAERAGEG @R, AARAF L
AVEEFRHBERRAEGHGIAIA. [ E] RA-FAREBRA &G BB EHINRIE R
YRt . @it 16S IRNA A B fe L B 205 7 exd ks 2 A B mE a9 A M K. vA 500 124
B AR (Sx10°CFU/mML) A AT, M fLxt & 36AFF. 48 6948 A SR . i i Ptk sen) 2 4
Brém® 6y P E . )R =4X(PacBio. Nanopore)4: & KM A K MEAT ARG K E 843 8. &
e EBE. (LR ABFEERIFEIES B —MAGME YN-2A, 44 16S rRNA LR 54
BR /3 7| 4 3% J& (nucleotide sequence database, NT)bbst45 R, %2t B Ak YN-2A A M E A7 F 045
(Bacillus velezensis). itk YN-2A 2 —HF ARG FE LK HE, A SEAYRNEH. BH
YN-2A ) 500 12487 (5x10° CFU/ML) 8 A AR 8t BAeAr F R F R A oA Kk, RIERET A 8
PR RS, £ 720 96 47 120 h 89K F E oAk CK 28423 14545, 1421847 1.094%; EHWY
A4 L, HERIA 5.90 cm. HAkF 4 R 45 44 (photochemical quenching, qP). 3¢ & A 4L ¥ 3 A4 &
hRE, LEEEH R qP 454 F CK AR EH 1.27 4. FHRATHRIE T A4k YN-2A 46494
WEMAFG AR, 2EARMAMNFLERER, Atk YN2A LB KEH 4046 066 bp, G+C 4%
A 46%, @4 4 090 NpALAE. HARRANFEHIERLE NCBI 3573 GenBank A F 54
CP139086. A A ftizBt KI5 AR EZBE AR EHKMEGYKRMERZ. B, ERREE
* 7 4k (pathogen host interactions, PHI)4k 4 & ¥ & /) F&{&(reduced virulence)s K #F Z K H 4 & & ik
905 A, JFH 69 MNAREEHF| AR EA K HE M ) (loss of pathogenicity)n . #F IR A B aE
YN-2A B XKERAK. BREHNGERRLEWTAERD. (L8] 5B 52 B —s N EHF
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A biocontrol bacterium YN-2A with growth-promoting effect:
isolation, identification, and genome sequencing

WANG Qi, CHEN Xiuling , WANG Aoxue’

College of Horticulture and Landscape Architecture, Northeast Agricultural University, Harbin 150030, Heilongjiang, China

Abstract: [Background] There are numerous microorganisms in the rhizosphere soil, many of
which can antagonize pathogens and thus protect plants from diseases. [Objective] To isolate and
identify a biocontrol bacterial strain capable of promoting plant growth and explore the antifungal
mechanism from genomics and bioinformatics. [Methods] The dilution-plate coating method was
employed to isolate a bacterial strain with antagonistic effects against Colletotrichum orbiculare.
The strain was identified based on 16S rRNA gene sequencing and genome sequence alignment.
The effects of the strain suspension (5x10° CFU/mL) on tomato seeds and seedlings were
determined. The antifungal spectrum of the strain was determined by the plate confrontation test.
Furthermore, the third-generation (PacBio, Nanopore) sequencing was combined with the
second-generation sequencing to analyze the genomic information and gene function annotation
of the strain. [Results] A strain of biocontrol bacteria isolated from the rhizosphere soil of
Schefflera heptaphylla was named YN-2A. Based on the alignment results of 16S rRNA gene and
nucleotide sequence database (NT), the strain YN-2A was identified as Bacillus velezensis. Strain
YN-2A was an aerobic Gram-positive bacterial strain with the ability to produce biofilms. Strain
YN-2A suspension (5x10° CFU/mL) promoted tomato seed germination and seedling growth and
increased the leaf chlorophyll fluorescence parameters. Specifically, the suspension increased the
germination rate at the time points of 72, 96 and 120 h by 1.45 times, 1.42 times and 1.09 times,
respectively, and it increased the plant height of tomato seedlings by 5.90 cm. Among the
fluorescence parameters, photochemical quenching (qP) exhibited the most significant increase of
1.27 times in the strain treatment group compared with the control group. The results of the plate
confrontation test showed that strain YN-2A can antagonize a variety of fungal pathogens. The
results of whole genome sequencing showed that the whole genome length of strain YN-2A was
4 046 066 bp, with the G+C content of 46% and 4 090 coding genes. The whole genome
sequencing data was submitted to NCBI to obtain the GenBank accession number CP139086.
Most genes were annotated to the amino acid and carbohydrate metabolic pathways. Particularly,
905 genes were annotated to reduced virulence in the pathogen host interactions (PHI) database,
and 69 genes were annotated to the loss of pathogenicity database. It is thus hypothesized that the
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antifungal effect of YN-2A is attributed to the disease-resistant and virulence-reducing genes.
[Conclusion] A biocontrol strain B. velezensis YN-2A was isolated and identified. The strain
promoted tomato seed germination and seedling growth and demonstrated a broad antifungal

spectrum. The whole genome information of strain YN-2A was obtained by sequencing, which

provided reference information for deciphering the antifungal mechanism of strain YN-2A.

Keywords: biocontrol bacteria; antagonistic effect; whole genome sequencing; gene function
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COG .KEGG Fll GO il i #4735 [ HL A T RETE
B, A S P AH BB 772 (carbohydrate-active
enzymes database, CAZy)Fl )i 5 15 3= B AEE
J% (pathogen host interactions database, PHI-base)
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PR JE RIS Bk i+, R 5-10 em BRAL H4F
KA 2 s BURE TR AR 358 B3R E T A
Hoigd, JFEtTR S

T« KA % R TR (Botrytis cinerea). T
JX 44 ZE 8 & (Fusarium oxysporum f.  sp.
Cucumerinum) . 5 JI\ 7% JH %% [# (Colletotrichum
orbiculare) . 5 K #j JJ i (Fusarium verticillioide) .
AW 7] T (Fusarium equiseti ) FlI2E 28 1 4% 9%
[Sclerotinia sclerotiorum (Lib.) de Bary P47 T 4<
el K27 b 20 R PR
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By, RIGHLCEITEM; BT R, Em
AV ERARA R BRI RBR RS, il
TR R A BR AR5 FluorCam M4 Z 585t
BUR RS, GFHRAESHAR AT BG4,
PacBio /~F]; Qubit 3.0 2¢)%1T, ThermoFisher;
Agilent 2100 A=W 53 #TAY, “LHElE,
1.3 1EFHE

MR IR AL LB ¥R A(eg/L) 2% SCHk[14]
fie il o

FLIA KI5 PDA 5370 (g/L) 2% SCHR[15]
Bl il .
14 HEHENTE. iHik

TR 119 73 5 SR PRl s B TR AT 1%, 7 5B
2 g RHEM L IRFEN,, BIA TS, A
18 mL TTH/K, ¥k 30 min [t B E20)2; R
JE W EIEW 1 mL, A 9 mL JGR/K, R
BN 107, KRB ERBZR 107 BUlE
ik BE S 107 (9 0.1 mL 76 F- 4R 57 1A
HE 35K, W LRI AR 28 °CfF E B
7% 48 ho Ft i VA 5 BEAILRE BOR [RE A 1 e 74
alifb i

PR B I 26 = 00 28 i a2 A I A JHL 9 T ( C.
orbiculare) A B, R FH - ARG IRE 6 7 i 1 5
AHEEPUEFMANE , AP B HUsCR i b i A=
BEEANER , ¢ 1%0 R m 21 0k i LB K
FEFE, 28 °C. 200 r/min £57% 48 h, Bin] 52|
B (1x10° CFU/mL)., 78 K B 32k i B-F- B 22 il i
ATCHE A B, FFEMHIMA 80-100 pL A
W A DA TR BT [ A R DF (LA 6 mm),
5 d JEIEI R TR, D FP i R P PR O SR
PIBRR YN-2A 72205, IS 3 K.
1.5 4AHENERE

Wtk YN-2A 7E LB [E{AE IR FRI &7
FALIEETE A o MRIZR B 55 3 rp BRI v, 2R
F LB WA 35574, 28 °C 200 r/min }555 48 h,

DAL R, B A S IR 1 A 00

Fe Al . G AR R L R AR A K T
(O/F)FHHI LT 7 1) Ty k2 B (i WA R 52
Y FME ) ML A BRI DRk AR
YN-2A #| LB AR F 5, 28 °C. 200 r/min
K% 1 de WL 4 mL BRI A TCH IR IEHT,
28 °CHitE 2 do BB B S, HICHKZK
THUERE NBE, A 1% Y% 5 mL,
FE 15 min, RZ5EE, TRKIEE 3 K, &
PEET R B W SR OB, R DL AR
AR

PRIRE DNA $ B B 4 e 35 DR 2] $ B ) £
ITVERRE, DATERE YN-2A JEK2H DNA By,
i FH % R AN A 38 FH B 1) 27F (5'-AGAGTTTGA
TCCTGGCTCAG-3")Fl 1492R (5-TACGGCTAC
CTTGTTACGACTT-3")#17 16S rRNA FEHP"
4, PCR JZ WA Z: Super Mix 15 pL, Primer F
(10 pmol/L) 1 pL, Primer R (10 umol/L) 1 uL,
FEHL 1 uL, ddH,0 12 pL., PCR [ £51F: 96 °C
5min; 96 °C 6 min, 62°C20s, 72°C30s, 354>
HEFR; 72 °C 10 min; 16 °CRAT -

B R YN-2A 9 16S rRNA JLPH F51 4258
|| NCBI 1Y GenBank %4 /% H1 Jf-i#17 BLAST Lt
X, 95 O WE T A ST RIE M X R
YN-2A AR S RV I F A S A B A
HEAT A FE AW )F . R pb_assembly_hifi
microbial (from SMART Link v11.0.0)# {717
NP %E, i Pilon v1.24 FRASITF
pair reads #F1T AR A1 R IEAS B e 4Ly 41
Begh R AT BLAST+HIR R
BLASTn FEFHXT#] NT ¥, Hx&H02
“-task megablast-outfmt 5-e¢ value le-5-max
target_seqs 37, HRNEINSE. 454G NT Hdl
JE HE X 25 SR AT 16S rRNA JE PR e 435 SR ol 2 2 T
PREHHE B

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



2990

(DGX7ES ik

Microbiol. China

1.6 i TAA BEFIEOHE

£ LB BRSSPI 1% -2/,
B HRPE YN-2A $#2F0F LB Wik #7358, 28 °C.
200 r/min ¥53% 48 h, 4 °C. 12 000 r/min &.[>
10 min, X2 mL EW N 4 mL Salkowski £
DN RN PR TE R, IR G T 28 °C KA 2 h,
IR W R A 21 0, B 210 W) 3R BH A= By 40 7 Rl
PAAr s TAAR?, IR & AT 3 IR
1.7 FEMMFEFEANE

e A A B R R, HAR T i R L
1x10” CFU/mL MY TE#& 1 mL A TCHAEIEIE
th, FEIA 499 mL JCEK, IRAHS, B 500 £
i B (5%10° CFU/mL).,

B AP FRKIRI . HEEA, CK 4
JIA 10 mL JERR7K 5 Bk YN-2A ZHHIA 500 %
B 10 mL, #I=9 30 kifp+, 3 h 5 TG
KR, PR FRAR TR, alidsk
48, 72, 96, 120 il 144 h FAiifp 1Kk 2F %K.
1.8 EimsAREERAINE

WA T, (] 55 °C iRk
BUFP 3 h 5 R AR, FRA K 2 —
B 15 DIFREAE IR 75 30 d I, SREGE
AT B B E TR TP 10 mL YN-2A
B, CK AHMASFRICRIK . 20d )5, IN&AE
WIESTEIR, TEAHERRAIEO T IHEHRR,
il AR R A48 RGN E AR RGP

HEML IS 20 d RSN #E1T 30 min R4
P, H FluorCam 28K % R il - iyt
RVOCSE WESEALHE . BB K
(nonphotochemical quenching, NPQ)J8 % . ik
¥ K (photochemical quenching, qP)f8#(. #IIHH¢
Yt (fluorescence origin, Fo)Z 44 .

1.9 S RFEAT A E N E

W5 K 5 % 760 1 (B. cinerea) . 8 JTURS 2595 14 (F.

oxysporum f. sp. Cucumerinum) . =% JI\ i JELR 1 (C.

orbiculare), ##:4k J] I (F. verticillioide), AN
BT (F. equiseti), ZEAEHIZIA T[S sclerotiorum
(Lib.) de Bary]#I/ERL 6 mm #4f, TG RN
B HEPHE T KB T 0 PDA 5535 50 A
BRI E T O R AR, TR
W& 80—100 pL 7 AL-HAR T, X HRZH D7 4 HEAR
AR LR K . BEIEFRIE, 28 °ClEE
FaRESRE 7d, MSEIMEEER .
1.10 EFENF

SHAREI S A HER Y, T SRR R A T
A, A AS RAR B R G U T, MR
FEIRAE N . gTube $IEH L1 DNA 4TIHI % 10 kb;
RN VILTE L, 2Bk 3" SsE R i ;
KRR GIEE DNA B b sakkrad
U | SRS RuRIE K DNA B 41
Kifi; &N barcode ) SMRT Wi HIHESK; i
TIIMIIBREAL, PR Mis AR [ SMRT BE
AR B BT 0.45% 1) PB REFR#H T IR
fiigEalif, ARAFMT SO, A Qubit 3.0 I
HATHERE B . Agilent 2100 A=453HH S0 SRR
ALy 2l B L A N B v ol w3 RULL T A S
1.1 EFEIheE R

KT HATN R, B w2 () J N P
5143 H X3 COG . KEGG #1 GO %4 2 . COG :
8 diamond v2.0.9.147 5] BLASTp fin % 4%
T3 K] B4 2K 1R A1 EE X B COG2020 7, EfH
le-5, PRy hit ME N HRARTEBE R,
KEGG: {#i i} diamond v2.0.9.147 %) BLASTp
i A TR0 3 PR ) & 1174 X 8] KOBAS-v3.0
B4R, T8 ] KOBAS-v3.0 B b L X 45
R, KN ID XFE] KO, f/EFH KEGG
BRITE JEH I ZH KR EMZH TR, GO: GO
term [ 1E RS2 1T ID Mapping (20210616)F1
Swiss-Prot ¥ & 45 S W 5F 1 ok, 2R 5 A H
go-basic.obo (v2021-09-01) #1472 iE R,
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K TFHRINBE R, CAZy BUs JE T e ff
dbCAN2 #J dbCAN-HMMdb-V10, 7E B 4k 14
HMMER-v3.3.2, 2% E{fi<le—15,coverage>0.35
(3% dbCAN2); PHI &) R diamond
v2.0.9.147 #4419 BLASTp fitr 2K Fi) 5L A ) 2
FIRES EEAFE] PHI ., EfE le—5, PRk
R hit PR 2R R

2 EREM

2.1 HEIEMKATFIE
NI B SR s A rh R 7 R
oIS WA F5BUAE A A B 40 R, L bk
YN-2A S }(0.55£0.07) cm, FERCRLF
THAMER R 1),
2.2 EHRYN2AREE
22,1 BEMRIIRSERHEREIRE LHEHE
YN-2A WETERFLAM, RIEAMEB. T8
ANEWE 1A), F2RPEEFREEEEMA, K
AL FFIR , S 22 FCRH MR (K] 1B). fEAE
PAEARRREME R, W3k 2 P, R YN-2A
P AT ANTAT, Bz Al A R R 5 ZE R A B A
AR BARK |, FkR YN-2A =B R 40T
2 R B, B 7 R AR W A e

Fx1 VILHEANNETEE

Table 1 Preliminary screening of the width of
bacteriostatic zone

WAk BB B B iy 9 B

Strain No. Inhibition zone of Colletotrichum orbiculare (cm)

YN-2A 0.55+0.07a
YN-2B 0.28+0.02bc
YN-3 0.11+0.01d
YN-4 0.19+0.03cd
YN-5 0.29+0.04bc
YN-6 0.49+0.10a
YN-8 0.35+0.06b

ANEVNE FR: R 24 (8] 25 53 .2 (P<0.05). T[]
Different lowercase letters indicate that significant differences
(P<0.05). The same below.

1 B YN2A BERSAQESEZREEN
£(B)

Figure 1 Observation of colony morphology (A)
and Gram staining (B) of strain YN-2A.

*2 HEHEEUETE

Table 2 Physiological and biochemical identification

i H Item 218 Result
WYL +

Gram staining

2 fi it e +

Catalase test

IS R AR o=
Aerobic or anaerobic Aerobic

I A K1 v

Glucose oxidative fermentation (O/F) Acidogenic type
FHBLLr -

Methyl red

A=W +

Biofilm

o FBHME - BE

+: Positive; —: Negative.

222 HDFEMFEE
DA R YN-2A JE[K 20 DNA Itk , il

WS PP 852 1 400 bp AY PCR 724,
W AR YN-2A 1) 16S rRNA JE [H )7 41l 4 5 5]
NCBI 1) GenBank %5 4f % F1 € #l¢ 18 19 )5 51 #E 47
R FEXT . SRR YN-2A FHRLH: 5% 5 B9 A
3 %4> %) & Bacillus subtilis strain Y17B
(MT571500.1) . B. velezensis strain ROA048
(MT525304.1) #1 B. velezensis strain B268
(CP053764.1) (3¢ 3).
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itk ME R YN-2A IR 2505 5
B 2H 25 J5 BE R 2H 4545 7 51 8 3 nebi-blast-2.11.0+
B BLASTn P2 FRE 3] NT 58l 12, 45 53

#F 3 YN-2A B9 16S rRNA EFEFFILL 325 R

BAAS45 5 i B & CP046918.1. 2% 16S rRNA It
Fexrgh R, 2B Rk YN-2A B E R DL SEdT
ZEAIFT R (B. velezensis) (5 4).

Table 3 Results of 16S rRNA gene sequence alignment of YN-2A

Bacillus subtilis strain Y17B 16S
rRNA gene, partial sequence

Purification steps

16S rRNA gene, partial sequence

Bacillus velezensis strain ROA048 Bacillus velezensis strain B268

chromosome, complete genome

Max score 2519 2519 2519

Total score 2519 2519 22 635

Query cover (%) 100 100 100

E-value 0 0 0

Percent identity (%) 100 100 100

Accession number MT571500.1 MT525304.1 CP053764.1

R4 B YN-2A EEHES NT HIRELE SR

Table 4 Comparison between strain YN-2A genome and NT database

Item CP046918.1 CP071970.1 CP065137.1

Length 4035062 4160 003 4096 172

Identity 803 225/805 182 (99.76) 734 402/734 815 (99.94) 667 380/668 367 (99.85)
Score 1 475 850 1 354 650 1228 750

E-value 0 0 0

Description  Bacillus velezensis strain BA-26 Bacillus amyloliquefaciens strain XJ5 Bacillus sp. A1 (2020)

chromosome, complete genome chromosome, complete genome

chromosome, complete genome

2.3 Btk IAA HYEE

JA Salkowski Kl f5 , Tk YN-2A K5
RS AL, BB 40T YN-2A HA
/b TAA IRE (K 2).
24 BEHRMEMMFLZFENM

Iy HIAE 48, 72, 96, 120 il 144 h illEFK
RN K2R (K] 3). 45 RWIAE 48 h LIS, A
Pk YN-2A 6 BRI 25 AR 1 & ZF R A R
[F) # B f4 =s (18] 3B-3E), HP7E 72-120 h, [
R YN-2A AbBEAL 55 X B A (CK)AH HE 22 5 i 3
(181 3B-3D). BEMFELEN, 75 144 h, XFHR4L(CK)
AL FZH (YN-2A) K ZF R BT A, iR 22 AN
2% (& 3E).

2 BEFK YN-2A B9 TAA 5y ihae 246
Figure 2 Detection of IAA secretion ability of
strain YN-2A.
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A

Germi
Germil

0 [l 1

PRV

Germir

CK Strain YN-2A

’—\

100” _

rs (%)

0 ’7 1 Il

CK
E

Germing

CK Strain YN-2A

O 1 1
Strain YN-2A CK Strain YN-2A

100} —-

5 (%)

ZU’“
0 1 1

CK Strain YN-2A

Germinat

3 EHK YN-2A RRIR EMAFLZFRFM A £ 48 hEMFMFIF LR B: 7£72h
I E A TR ZFA. C: 78 96 h IE R/ TR 252, D: 18 120 h ME R FMiM TR E: 1E
144 h I 5E A FALFDF & ZE5. **: P<0.01. ns: PHAINT HLIC R EPE2 R

Figure 3  Effect of strain YN-2A diluent on the germination percentage of tomato seeds. A: The germination
percentage of tomato seeds was measured after 48 hours. B: The germination percentage of tomato seeds was
measured after 72 hours. C: The germination percentage of tomato seeds was measured after 96 hours. D: The

germination percentage of tomato seeds was measured after 120 hours. E: The germination percentage of
tomato seeds was measured after 144 hours. **: P<0.01. ns: There was no significant difference between the

two groups.

2.5 EHXEMMNALSIERNEZI
PRIRE YN-2A 5 B A P25 3t 40 v R v
2O ER AT EAROL TN B (CK) . T R
YN-2A Hi B AL B A AR 55 (29.57+2.09) cm),
25H1(0.46+0.01) mm, #FH(5.90£0.20) g, T &
(1.30+0.19) g 38 LI E5Hs ot & B 3 HEAR A 7
bt R YN-2A BB T ati ol i B R
IR AEAE (R 5)-
2.6 EHAXTEMIRRIBIRAIEZN
PR YN-2A i B AL B0 Fe A AR AR R K
FE . RRFRMEA . MBI R S0y i

x5 BWMHEESER
Table 5 Morphological indexes of tomato seedlings

Index CK Strain YN-2A
7= 23.67+1.62 29.57+2.09%
Plant height (cm)

ZEH 0.39+0.01 0.46+0.01%*
Stem diameter (mm)

fief 7 3.5240.92 5.90+0.20*
Fresh weight (g)

T 0.48+0.11 1.30+£0.19%*

Dry weight (g)
*: P<0.05; **: P<0.01.
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T CK (K 4A-4D). A= B4 H AR L2
MR AR | SRR R R+ 3 R R 4 e
=R E AR E . MRARKE . MAEKME
LR R S ACRAR IS BUR S AR AR
CHE Y s
2.7 EHEEMIT A RRRASHRF
NPQ F&$5 52 AR Bk T 38 23 8115 1 i LA ARG
B SR ARG A TS M FRR R I , S g 1 I A
PRPLISE PR . PR YN-2A T B AL 385 3 il
I F i NPQ $8%h 0.56, B3 mE T CK 4., H
PRI, BRE YN-2A TR RES 4 m 2t
BGORY 1 (Bl 5A),

0\_l—|_

CK Strain YN-2A

o Nl T

The st

CK Strain YN-2A

M4 qP 45 R R, mbk YN-2A i Bk ab 3
JE A A qP TR 80U 0.80, 5 CK dAHLLZ
SR, U EBHREY], R YN-2A
B AL FEAE AR IS , GRS HES B A Al i 1%
TEPER R (E 5B).

Fo #8402 PSIL i Hre A F 58 2 FF RS
BIZE , HER R MR BRI OCHK TR A G i
N, BOR/N—2ry i - FluorCam R 4K
W Fo 840 M R BLAE#R YN-2A # B A 385
5 B B B I 2 B B 2 . AR YN-2A
BB BRI B S CK #HH, Fo 1R /MR
JE 2R (K 50).

oL N T

CK Strain YN-2A

B

CK Strain YN-2A

4 EHK YN-2A RBRRIRARERAEE A (K. B: MAKRMmA C: L% D: WA HE
Figure 4 Effect of strain YN-2A diluent on root index. A: Root length. B: The surface area of the root. C: Root

tip number. D: Number of nodes. *: P<(.05.

A B C
0.8 - v 1.0 - ok A 500
08 — b — .s,’
0.6 T L A, 400
ol == e & o 300
e €« i ~ 200
02} R :
0.2+ o Sy 1
Strain YN-2ZA : 0o
0.0 1 0.0

CK Strain YN-2A CK  Strain YN-2A

5 EFR YN-2A BRBRRMHH EZOLSHRIEME A NPQ 154 B: qP #54L C: Fo 15 %7EMH
Ry

Figure 5 Effect of strain YN-2A diluent on fluorescence parameters on leaves. A: Index of NPQ. B: Index of
gP. C: The change of Fo index on leaves.
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2.8 BB EHIEEE

Wtk YN-2A 5K # %178 (B. cinerea).
5 JIVR Z595 T (F. oxysporum f. sp. cucumerinum) .
PURBIHM I (C. orbiculare), AL Z A I [S
sclerotiorum (Lib.) de Bary]. % 4% %k 71 1% (F.
verticillioide) FIA i 7 1 (F. equiseti)#E7 P-4
XPURE, DUREAD PR B . BARE YN-2A B3R
JE SRy O 1 7 7 TR > R R T TR > S e ) TR >
JIHRAELA B> JICA 2500 T 25 A6 A% 1 (141 6,
% 6)o FFRRIRIZEAYG R B B YN-2A 14
LR 0.49-0.77 em. DL R, Btk YN-2A
XiF 6 Tl Ji DA A A AN [ R A 0 TR 8, R L
) ISR e
29 EMEEREANFER

SILAIM PS5 R, TR YN-2A &0t
RIZH K5 4 046 066 bp, G+C il 46%, Hrh
A.T.G Ml CBYE 43702 1083 174 bp (26.77%) .
1 085 754 bp (26.83%). 939 033 bp (23.21%) Al

938 105 bp (23.19%). H£¥6 I 4 090 MR,
KBEH 3 613 401 bp. tRNA 5 rRNA ZrHrédh it
FH, YN-2A 547 87 1~ tRNA, 27 4~ rRNA
(B 7)o K YN-2 A 4 5L PR 210 )7 5504 #1258 2 NCBI
M3, 355 GenBank & 3¢5k CP139086.

5 CRISPR AHHEH (CRISPR-associated genes,
Cas gene)}J i, CRISPR-Ca 2 %%, YN-2A SLH2H
HFE] 8 4~ CRISPR (£ 7). Rij ek AR A7 7E
AT ME RS CAEDUE, A PhiSpy
v.4.2.19 SR I ATWE F AR AATE, HPR YN-2A
e R 21w Al 21 2 /i TR A (prophage) . Hif I
A 1 (prophage D)AEIR 1 B T 12 247 977 bp,
KA E 1 274 629 bp, ZE M E ST 5
GTGACGGAAACGG , £ Bt & 17 s ¥ %1
GTGACGGAAACG; HiWERF{AK 2 (prophage 2)itt
RO EANLT 2 042 422 bp, 21 2 082 463 bp,
LM ¥4 GGCTTTGCCGTT, A7 it 13 A5,
¥4 AACGGCAAAGCC (I 8).

B 6 EHk YN2A RIS iEHIEM A KEAHE. B: EAZERIE. C: BIRAIUKME. D: SR Z

T, B FeROHRITI. o RT3

Figure 6 Broad-spectrum bacterial inhibition of strain YN-2A. A: Botrytis cinerea. B: Fusarium oxysporum f.
sp. cucumerinum. C: Colletotrichum orbiculare. D: Sclerotinia sclerotiorum (Lib.) de Bary. E: Fusarium

verticillium. F: Fusarium equiseti.
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£ 6 Bk YN-2A it Ess s 2.10 EHEREAINGEERE
Table 6 Broad-spectrum bacteriostatic band e 5 4
distance of strain YN-2A HlE— 2T YN-2A HORRINALE R, i
B 44 7 S B YN-2A 19745 B X E NR, COG. GO,
The name of the pathogen Inhibition zone (cm) . % " R B
Botrytiscinerea 0.77+0.06a Swiss-Prot fil KEGG Xufia e, 5 A EITERE
Fusarium oxysporum f. sp. 0.49+0.04c FFLRBCE N 2 142 4>, Hirp NR 3088 JE 8 A 3L
cucumerinum w -
Colletotrichum orbiculare 0.59+0.07bc 4019 4~. COG % 3 146 4~ GO Kbl J*
Sclerotinia sclerotiorum (Lib.) de Bary 0.49+0.03c 3 073 4. Swiss-Prot ZHEE 3 524 P F1 KEGG
Fusarium verticillium 0.70+0.12ab
Fusarium equiseti 0.71£0.09ab ﬁiﬁfﬁ 2 233 /\(l’é—l 9A)

e

a. Bases modlf'catlon (+) & Bases modlf'catlon (-)
m [A] RNA processing and modification

= 5 Qﬁ‘ = |E] Amino acid transport and metabolism
W [F] Nucleotide transport and metabolism

ARy " oy m [G] Carbohydrate transport and metabolism
2 \\\\\\l\ il ™ .;n'. Y W, ‘% [H] Coenzyme transport and metabolism
@”Q\@@ g /N [1] Lipid transport and metabolism
32 3 g\%‘ o ey, /%?, [J] Translation, ribosomal structure and biogenesisi
My /) 4 £S T S CA [K] Transcription
: § a5 ’,’ 3 L2 [L] Replication, recombination and repair
ES 1 = [M] Cell wall/Membrane/Envelope biogenesis
-5 i i [N] Cell motility
== | 1 4 [O] Posttranslational modification, protein turnover, chaperones
-_i; T%i X - F [P] Inorganic ion transport and metabolism
Wb 23X N P A [Q] Secondary metabolites biosynthesis, transport and catabolism
13 %'/% . R e [R] General function prediction only
-%’ e &’Q\x [S] Function unknown
"ﬁﬂ@ f:.rf,‘ i "&@ [T] Signal transduction mechanisms
43‘!,« gy i g o m [U] Intracellular trafficking, secretion, and vesicular transport
o i1 g A m [V] Defense mechanisms
> e
o > m [W] Extracellular structures
r\v L 4’6’( m X1 Maohilame: nronhaces traneannenne
YN za_enr e i 7 S

G+C skew (+) & Gt+C skew (-)
& G+C content (+) & G+C content (-)

7 Bk YN-2A EEEEE

Figure 7 The genome circle of strain YN-2A.
#* 7 CRISPR FUNZER

Table 7 CRISPR prediction results

CRISPR ID Chromosome Copies Repeat length (bp) Spacer length (bp) Position

CRISPR1 YN_2A chr 5 35 25 502 045-502 319
CRISPR2 YN 2A chr 9 42 48 769 843-770 604
CRISPR3 YN 2A chr 20 27 48 774 644-776 110
CRISPR4 YN_2A chr 12 38 43 12623661263 294
CRISPRS YN_2A_chr 2 41 67 1307 591-1 307 739
CRISPR6 YN_2A _chr 5 28 56 2738 375-2 738 741
CRISPR7 YN_2A _chr 3 24 54 2907 178-2 907 357
CRISPRS YN 2A chr 4 24 51 3578 347-3 578 595
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Figure 8 Distribution location of prophage.

COG BRI B, FHAL & E IR
iz A iff (amino acid transport and metabolism)
1 3% (transcription) . I % Ijj §8 ¥l I (general

A

Swiss-Prot
(3 524)

CoG
(3 146)

function prediction only)Flfk /Kb & W% iz A5
(carbohydrate transport and metabolism)iX 4 >4}
%, Hhakm s AU & 313 AN |
B S BB R 297 A4, FEEIRE N A
IR AL & W i e A SE R B 430 o 287 AN Al
285 ~(1& 9B).

KEGG /g B, FE—Jsr2eh, R
i (metabolism) AR 2, HyEREI 1 105 4
FH, Hrhiok bGP (carbohydrate metabolism)
W) 237 N, RITR R RTh R Z R,
FHR G FE R (amino acid metabolism)HL ¥ &2
MEZMHEN, A 204 4, [FIEF 165 A4 B R
F) 4 A 7 A4 A R AL 8 (metabolism  of
cofactors and vitamins)H, FJHHERX 3 S
WARTEER YN-2A DL REH A 45 8 24k
& 90).

GO Fdls FEMEE T i g B N = 5 1 A1)
BRI RE B Gt Bk R i 7R 9 A i R 5
GO R & = K2 AW, sk
AR 53 o FE— oy R a5 R al JE B2 A )

NR

(4019)

. GO
(3073)

KEGG
(2233)
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B COG classification statistics B (A) RNA processing and modification
[ (C) Energy production and conversion
I (D) Cell cycle control, cell division, chromosome partitioning
313 297 B (E) Amino acid transport and metabolism
300 - 285 287 I (F) Nucleotide transport and metabolism
M (G) Carbohydrate transport and metabolism
M (H) Coenzyme transport and metabolism
M (1) Lipid transport and metabolism
213 2168 215 210 B (J) Translation, ribosomal structure and biogenesis
@ 200 L 20129 M (K) Transcription
% 181 M (L) Replication, recombination and repair
2o 168 B (M) Cell wall/Membrane/Envelope biogenesis
s 139 4 B (N) Cell motility
2 2 M (O) Posttranslational modification, protein turnover, chaperones
E 0 | 109 M (P) Inorganic ion transport and metabolism
Z 100 F M (Q) Secondary metabolites biosynthesis, transport and catabolism
M (R) General function prediction only
51 ¥ (S) Function unknown
370 33 | ™ (T) Signal transduction mechanisms
[ (U) Intracellular trafficking, secretion, and vesicular transport
| 4 I 2 ¥ (V) Defense mechanisms
Of.. PPt .T. | B (W) Extracellular structures
ACDEFGHI JKLMNOPQRS TUVWXZ M (X) Mobilome: prophages, transposons
. M (Z) Cytoskeleton
Functional class
C KEGG classification statistics
Cell growth and death [ 21
_ Cell motility |- mmm—m" 52
Cellular community-prokaryotes |- s 70 Cellular
Transport and catabolism w13 SRR
Membrane transport [ EEEE———— 306 P
Signal transduction - P 136
Signaling molecules and interaction | |1
Folding, sorting and degradation |- | 50
Replication and repair |- |— 49
Tr%nscr'iption - S = B ]
ranslation - * nvironmental
Cancer: overview |- i | information
Cancer: specific types - I3 .
Cardiovascular disease - w13 processing
Drug resistance: antimicrobial - 30
Drug resistance: antineoplastic - W6
Endocrine and metabolic disease - W9
Immune disease | |1
Infectious disease: bacterial - 18
Infectious disease: parasitic |- |1 Genetic
Infectious disease: viral |- |2 information
Neurodegenerative disease - @10 .
Amino acid metabolism | 204 Processitg
Biosynthesis of other secondary metabolites |- pm—m>51
Carbohydrate metabolism [ 237
nergy metabolism |- ———" 112
Glycan biosynthesis and metabolism | —" 54
Lipid metabolism | s 75 Human
Metabolism of cofactors and vitamins - T 165 diseasey
Metabolism of other amino acids - ——"47
Metabolism of terpenoids and polyketides |- pmm——"49
L Nucleotide metabolism - F————“" 75 .
Xenobiotics biodegradation and metabolism |- 36 Metabolism
. Aging - m9
Digestive system - W6
. Endocrine system | 14 .
Environmental adaptation |- 10 Organismal
Excretory system [ |2 systems
Immune system [ 3
Nervous system - 3 i :
0 100 200

Number of genes
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D GO classification statistics
6

Reproduction |-
Immune system process -

Behavior|-

Metabolic process -

Carbohydrate utilization |-

Cellular process -

_ Viral process -

Nitrogen utilization -

Reproductive process -

Biological adhesion -

Signaling -

Multicellular organismal process -

Developmental process -

Locomotion -

Pigmentation -

Biological process involved in interspecies interaction between organisms -

S Yoy

I, | 445
I | 792

(8]

EETS D
S
o <

Y
3

il
1 Biological
|
Positive regulation of biological process|- | process

Negative regulation of biological process
Regulation of biological process
Response to stimulus
Localization
Biological process involved in intraspecies interaction between organisms
Multi-organism process
Biological regulation
Detoxification
Protein-containing complex
Virion component
Cellular anatomical entity
Cytoskeletal motor activity
Catalytic activity

Structural molecule activity - §47

Transporter activity - [ 358

Binding |- I | 466

Antioxidant activity - |25

Translation regulator activity |- |9
Molecular transducer activity - 129

|6 Cellular
B55 component

5 Molecular
function

Molecular adaptor activity - 2
Toxin activity - 1
Molecular function regulator{- |11
Molecular carrier activity |- |10
Transcription regulator activity - 1 165
Small molecule sensor activity |- 35
ATP-dependent activity |- jmm 153 ; : :
0 500 1 000 1500 2000

Number of genes
9 MEERFEEARTNEREBEEIRERE A EEPEIREELAFRA TR TSTHE. B: COG
Ba ETERREE R, C: KEGG Ul FETERLER. D: GO Xdla i TE e 2k
Figure 9 Annotation result map of the basic function database of the bacterial genome. A: Statistical charts of

common and unique annotation analysis in the basic database. B: COG database comment results. C: KEGG
database comment results. D: GO database comment results.

RS R 2, HIRESFII6E. TE4EY 17 SL(E 9D).

R, AR B (metabolic process). UM 2.11  FRIK 4L & YIHE < BE IR B (CAZy) #
Fi(cellular process)IF BN KRHE LT RESBEEEEREEPHD)IRE

HoAth 732 o 40 M 21 2 v B 40 B A 751 58 & 1 TE CAZy Fdli e h e B3] 89 AL, bl
(cellular anatomical entity) 1 {F B 1 907 ~FE[H , 7K fi# ¥ (glycoside hydrolases)yF B¢ 2] /) 3k K 41
R KPR RS R Z N, ST R B, 404, BES TS Yo

Hr, A 1677 N 1466 ANFER 4 BITE B2 AL
1% VE (catalytic activity) &% 454 (binding) . GO ¥
FER) 3 BT 45 ) I 2 5L R A D Re 2 8 A 5 dE

B 1 F% 1 (glycosyl transferases) FlE 2 i 7 it
(carbohydrate esterases), 7l 18 1~F1 17 4~
B (E 10), 2B MR B HAR YN-2A B
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CAZy classification statistics

)
(=]
T

I Auxiliary activities

I Carbohydrate esterases

B Carbohydrate-binding modules
M Glycoside hydrolases

I Glycosyl transferases
I I I Polysaccharide lyases
JH

AAS CBMs CEs GHs GTs P S
CAZy class

Number of genes
(3]
=]

S
T

10 CAZy FBHE%iTHE
Figure 10 CAZy annotated classification statistical chart.

Y05 BV I 4N RE B A W 2% (GH4 . GHL Al BREERAT, A 905 LIRS 8 ) FAK
GHS53)., WIAHEI AR YN-2A 38 o B3R 40 (reduced virulence), J& T A /R R RN E R L
LR i S, DT 0 o Do 1) 0 (R 11) o [ B X D T SO0 P A 52 il 1)

PHI %4 e HETEEST . RO A MR % (unaffected pathogenicity) /32 rh T R3] 430 >k
PERE [ 67 s Y B B AR WEUR . @t PHI $d8d: , [ JEUER 2K 22 B0 1 (loss of pathogenicity)

PHI mutant phenotype statistical chart

Chemistry target: resistance to chemical | [3
Chemistry target: sensitivity to chemical - |3
Effector (plant avirulence determinant) - |18
Lethal - l42
Loss of pathogenicity - 69

Increased virulence (hypervirulence) - [ 127

Unaffected pathogenicity |- _430
Reduced viruence - [ 50

0 250 500 750 1 000
Number of genes

11 PHI RERBGITE
Figure 11  Phenotypic statistics of PHI mutation.
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HI 5 FETERRE] 69 D EER (] 11), PR YN-2A if
HA BN 18 4~ fETERTIEE JIREAR
(reduced virulence)J& K 7] BERE E K YN-2A FERE
PR R AR ) F R .

3 it

YT iR B AR C B A B R E AR 1
BARFE . BRI BHA MY B -
AT LT L AR L TR S, b DA B A e
A B BRI S 22 o ORI 2 1 A B R 0 S S
R REP B I I MRTE A SR AT I S-13,
M T AR , BERRTE - eI il— e
BUAHTRREVR | (AR R X 2 ks 220 00 L ™ 2B
PUVEM . B PR 2L 45 S-56 il Bk 17 T
JEFEAAER, BHIARCRIE 87.9%. AHH5E &l
FhF255: 500 f5(5x10% CFU/mL)AE B T B Ak
PG, 7E 72, 96 F1 120 h MEMAE 4R, 5 CK
AR IR 1.45, 1.42 F11.09 1%, 1 HERE
YN-2A Wi B AL BEFE AR F IS, REFREMNT
FC21 B 1 000 R AR FR G Ff 7 & 2852 Sl d
YERRAEYDCE #5 5 EC R R 3 B KR — 4R
TRk A BB AR AL S I FEY) . RRE YN-2A Hi
TR WA L B8 v B A O RB AR AL R T A AR
HA1EMRE), Wit T NPQ. qP 1 Fo 484K,
TR 4 B T R e R M A R T e L
HEEE L,

T 1 5 DR 200 2 00 2 AR R A AE X TN
BRI A Y R O S R T AT R A B0k
P5 o RIE— L ARHT YN-2A AR, AR
F = AX.(PacBio+Nanopore) 45 & A 557 Akl
SETEMR YN-2A BIEERALE B S A5 B 2=
TRER, BAR YN-2A 2L KR 4 046 066 bp,
G+C iR 46%, JL¥5 1 4 090 MG LN, A
87 /> tRNA #1127 4~ rRNA. 7£ COG H1 KEGG
B e v R SR DR R 3 S R AN K AE A

Yoy, X 524/ F Bk Ba-0321 ST
G OA KRR SR A 5
FRAEAREE A ZOR A R T RE A E E . —
f; Illumina NovaSeq 5 =1{. PacBio Sequel #H%%
EXTERR JTYY BEAT SRR ZH I R 1YY 7
FIHK-FE R 3 929 792 bp, 47 3 895 M 4fid I H 7,

CAZy HCHs P i B2 i KAk & 10 A DG i 1
BRI, wiERe oKL G . g &
Wi S AR AR R R RS 78 CAZy HK
PaE P R BLBARE YN-2A K30 56 PR 33 1 2 b
7K fi# Bf# (glycoside hydrolases)d . B A M5 %E
BT, R 7K A T 17 R A 3R (PR 280 B 2B 1 B 1 A=
Y, AR Pel ISP ZHE D ITE L,
FIE A% o T A 2o A1 5P B 781 7 55 T B AT ke A R 2R i
ity 2,

PHI i A7 i 225 LIl B X Sef5 B e
TIE W 23 5% w5 DA 5 1g 32 A B4R T B SR A 4
o TEARMIEH, A 905 MIEKIHE BT
R 2erh, TEE ) AR AL B I g 2 ok 55 9 Jit
PR BOW ) IS ARA . K, W25 HE R
PR OYN-2A BB 7E T X IRy Hh B2 il 22 B Dt i
() A K 5 A TE K a8 ) B AT AH O 56 TR 25 AN T
7o FUICRIES, AR 69 AN X I 2k & B0
J1(loss of pathogenicity) ) FE K, M PHI 3 #r4h
RAEMERR YN-2A RIEEABEHZER LS A
KEPURIER, X 05 S 56 K i 12 8 4 4t
T E B

AR, Kt Ak 2 i ) 48 T EL T e
B A A RARGE R R, A YRR T B
W Ak, R ERYER R YIXELIERE, ™ 5
T B B REERY Bl T RS & R AO A T
e, 3 OO A 2 5% B ) A T s 44 . TR
PR R, VT 2 XCER K BB P 24514 7
KA, FEOREPNABCR S, I IT Y B
IRHR I N %GA .
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— PR VUSRI 2F AT 14 (B. velezensis), Kt 45
YN-2A, % AR a4 R Ml i HAT R4 60
fEAEROR, [FIRHZ R ) A Rk . IR
=0 M v e BRI PR 5 A KRR T R AR
KIEN, NIRRT E R YN-2A BT
il fEft TR R
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