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Identification, genomic analysis, and disease-resistant and plant
growth-promoting characterization of a Bacillus velezensis

WANG Chunling, HUANG Yuting, LIU Xing, XU Liangxiong, WANG Yanjun, XIAO Haixia,
ZHU Boshi, MAO Lutian”

College of Life Sciences, Huizhou University, Huizhou, Guangdong, China

Abstract: Crop diseases caused by phytopathogens result in great harm to global agriculture.
Biocontrol has garnered increasing attention in plant disease prevention and control because of its
effectiveness and environmental friendliness. [Objective] To identify, analyze the genome, and
evaluate the disease-resistant and plant growth-promoting effects of the strains with antagonistic
activities that were screened from the culture collection. [Methods] Antagonistic strains were
screened by plate confrontation method. and identified by morphological observation, phylogenetic
analysis based on the 16S rRNA gene and genome, comparative analysis of average nucleotide
identity (ANI) and digital DNA-DNA hybridization (dDDH) values, and physiological and
biochemical tests. The whole genome sequence of the target strain was analyzed for the mining of
functional genes. The plant growth-promoting effect of the target strain was characterized in terms
of the phosphorus-solubilizing, siderophore-producing, and proteinase- and cellulose-producing
properties. The inhibition of volatile gas produced by the target strain on phytopathogenic fungi
was examined in petri dishes with a septum. The effects of the target strain on tomato growth and
diseases were studied by pot experiments. [Results] Strain MB1019 with obvious inhibitory effects
on Ralstonia solanacearum and three phytopathogenic fungal strains was screened out and
identified as Bacillus velezensis. The physiological and biochemical tests showed that strain
MB1019 tolerated the temperature of 15-50 °C, 10.0% NaCl, and pH 5.0-9.0. The genome of
strain MB1019 was 3.8 Mb in length, with the G+C content of 46.4%. The prediction on
antiSMASH suggested that the MB1019 genome had 17 synthetic gene clusters for secondary
metabolites. The prediction on dbCAN2 suggested that MB1019 carried 108 genes belonging to
52 types of the CAZy family, among which glycoside hydrolases (GHs) were the richest and most
abundant. The volatile gas produced by MB1019 significantly inhibited the growth of
phytopathogenic fungi. The results of pot experiments showed that MB1019 promoted the growth
and inhibited the diseases of tomato seedlings. [Conclusion] B. velezensis MB1019 capable of
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antagonizing R. solanacearum and phytopathogenic fungi has tolerance to high temperatures and
saline-alkali and demonstrates plant growth-promoting effects. Its genome contains a large number
of functional genes, and the volatile gas produced by this strain can inhibit the growth of
pathogenic fungi. The fermentation broth of MB1019 has the effects of promoting the growth and
preventing the diseases of tomato seedlings. In summary, B. velezensis MB1019 can be used as an
elite strain in the research and development of microbial fertilizers and pesticides, demonstrating
promising development and application prospects.

Keywords: Bacillus velezensis; phytopathogen; genomic analysis; disease-resistant and plant

growth-promoting properties
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(Citrus trichoderma) TSF19 14 Hh 2 (Aspergillus
fumigatus) TSF44 ¥k 7 5256 % (R Fl . BT
FAFPT R CKEFEFE 15,

EFREUE (nutrient agar, NA)R: F= 5 . EHRA
P (nutrient broth, NB)15 373 | R2A BifigHs 5k |
7 FEYLBIE (MacConkey agar, MCA) ;55 5 . Ji%
B WK S BUIE (trypsin soy agar, TSA) % 37 3t |
1/2MS 35 32 534 {3 B i A W HER A IR
Nl

fit ML R F2 55 (g/L) . Cag(PO4)2 5.0, %
BE 10.0, (NH4),SO, 0.5, NaCl 0.3, KCI 0.3,
MgSO,-7H,0 0.3, MnSO, 0.03, FeSO,-7H;0 0.03,
Tl 0.5, 3l 17.0, pH 7.2,

R B AR IR SR R (/L) R A
42 EN 10.0, BERERY 1.0, BUIR 17.0, pH 7.2,

IREE SRR T 121 °CKE 20 min 5 &

CAS }i g 5L(g/L): #i%iE 2.0, T Z 3.0,
CaCl, 0.1, MgSO, 4.9, Bifg 17.0, 121 °C K
20 min, CAS %4 (g/L): 71K 0.3, FeCl;0.1,
ke = W AL R 1.5, 115 °CKH 20 min,
FFREI 2 60 °CHT S5, 1] CAS $5 3% 3k 2212 Jin
A 0.1 mol/L B2k &z vl FAFR 5380k 5% 1
CAS 4Lifiss 5 mL, Rk CAS kil #5575k

JBERE A Wi sE SR B (o/L): AR WA 20.0 T4k
e Bilg 30.0 T —HEEM T, 43T K,
115 °C2K & 20 min, FFRH1 % 60 °CAATHT, HF
PIHETE TR & 5 R Al
1.2 HBEmBRBRBENERFERERER
EYRERER

J 100 pL 7 A BR B AR VRIS S U A 21 NA S
Me b, FERTIG, TR A28 A 42 0 % 1 TR PR
F5F-He b, 30 °CH5F% 2-3 d Jo LB 154 A
BIERL, 1bAh, FHER S mm iFTFLEs, BuEsR
5d (% i KR TSFOS, A% 1 #1255 TSF19
FUH 2 TSF44 BRDE, AT 6 cm 1Y NA X5
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v3.11.1 #2055 fi contigs F11 scaffolds, Ff-#5 3
P20 41 112 3] NCBI B4 )2, 3575 GenBank
55 A JBHEPWO000000000.,

i FHAE LR M3 RAST () #E4T MB1019 423k
PRIZH VR, 35 DR 2H 7 34 A% 2 AR DL M (average
nucleotide identity, ANI)if i EzBioCloud -5 I
M 7E £k 1. E. ANI calculator (https://www.
ezbiocloud. net/tools/ani) #1715 . 3 A 24 5
DNA Z& 3¢ {H (digital DNA-DNA hybridization,
dDDH) i if DSMZ & " H & W fE 4 T. &
Genome-to-Genome Calculator GGDC (http://ggdc.
dsmz.de/home.php) #4718 . ffi il UBCG %k 1
g MB1019 2 K R K EF R .
antiSMASH v6.1.1 7F £& % 3 #il il MB1019 19 ¥k
FARH Y B, i HI7EZR M 3 dbCAN2 (E
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ANEE, 130 CHiFEMHE R 4d )5, MEHE
AYARABNL, & B A IR T HAL
1.7 HFEmERIARE

¥ Ea 1S FaifhH 2.0% AR
G UE 8 min J&, FIJCHI/KIEUE 5-6 K, R)EH%
Tl B T4l A R K BB AR A 15 5 L A7 4
2o KR FIM TR B A KA+ E
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A5 W ODggo #49 1x10° CFU/ML., 7 Jili i # k%
2-3d JG P IR AL B, CK 4. B A KIE NB
WARREFREL 10 mL /EX AR MB1019 #H: A
MB1019 & B4R (545 10 mL, #&JE Jy 108 CFUML);
RSH #1: il A R. solanacearum RSH % [i% & (4%
%10 mL, ¥k 10° CFU/mL); MB1019+RSH
H: A MB1019 F1 RSH A& B4 5 mL (M)
¥ 10° CFU/mL). [a]f 10 d AbBE—¥k, %4k
AbFE 2 YR, BRALALTE 4 BRE . B ARKE
0d /)5, giitthm . BRI, BfFE, TH., &fH-
THIER,
1.8 #HiEAIE

BT A B Kt At FE SPSS AR 4 1E A7 7 2243
e /N I 25 1 25 57 15 (least significant difference,
LSD) £ & M. % (P<0.05), % F Excel %k {4 it 17
TEK,

Ell EHMBLO19FE I B E KM EYRE AR

2 BER55H

21 EmEWmEEREAKFERERER
FIEYR R B E AR RE ik

ST 56 2 R 174 TR T O B 1 R
HTA RSH EA7 B B A5 HE M kR MB1019 (4]
1A), KR E (& 1B) A7 A MB1019 Xt
3 Pl R LA A TS, SRR, SXTHEAR
Fe(& 1C. 1E. 1G), MB1019 X 7 jili K 25 9% 4
TSFO5 (14l 1D). M1 1 #5539 & TSF19 (&l 1F)
FR G2 TSF44 (K 1H) A W B a9 s
2.2 Btk MB1019 4 E
221 EEFEUE

WK 2A fiin, MB1019 76 NA B30k |5
FLAE, NEW, W KERIN I, H%E%
FF. PR B R BN, MB1019 24 PR, K
/NH9(1.7-2.3) pmx(0.6-0.7) um (&l 2B).

Figure 1  Antagonistic activities of strain MB1019 against Ralstonia solanacearum and three phytopathogenic
fungi. A: Antagonistic activity of MB1019 against Ralstonia solanacearum RSH. B: The schematic of
confrontation dual culture for phytopathogenic fungi with MB1019. Botrytis cinerea TSF05 (C), Citrus
Trichoderma TSF19 (E), Aspergillus fumigatus TSF44 (G) in control dual culture test. Antagonistic activities of
MB1019 against Botrytis cinerea TSF05 (D), Citrus Trichoderma TSF19 (F) and Aspergillus fumigatus TSF44

(H) in dual culture test.
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Baciilus siamensis KCTC 136137 (FN397644)
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Bacillus inaquosorim KCTC 134297 (AMXN01000021)
Bacillus cabrialesii TE3T (MK462260)

100 Bacillus sp. MB1019
Bacillus velezensis CR-502" (GCA_001461825.1)
Bacillus siamensis KCTC 136137 (GCA 000262045.1)
Bacillus amyloliquefaciens DSM 7" (GCA_000196735.1)

Bacillus nakamurai NRRL B 410917 (GCA_001584325.1)

100 Bacillus rugosus SPB7' (JABUX0010000041) 100
FoRiA SR R B2 (CRO02003) Bacillus atrophaeus NRRL NRS 2137 (GCA_001584335.1)
Bacillus stercoris JOM 300517 (MN536904) 100 -
nacfi.:n.e .':q[nlﬂ.}lwx KCTC g 36227 [TAYT()OIODOOtﬁ) o Bacillus stercoris DTXPN1T (GCA_000738015.1)
Bacillus haloiolerans ATCC 25096" (LPVF01000003 -
2 Bacillis orojvsims ROH-IT (THS00280) T00| [ Bacillus inaquosorum KCTC 13429" (GCA_003148415.1)
Bacillus arrophaens JCM 90707 (AB021181) >
il i il 13T o
—| R‘[_'”’,’}f;'(f,ﬁf;f;ﬂ'ﬂ::;,i% i 100| — Baciltus cabrialesii TE3' (GCA_004124315.1)
I C1 i o
Bacillus haynesii NRRL B-413277 (MRBL01000076) — 100 o e T
68 79| R ATCC 145801 (AEDIT333) 0.02 Bacillus tequilensis KCTC 13622 (GCA_000507145.1)
stl[~ Bacillus somorensis NBRC 1012347 (AYTNO1000016)
—t HBacillus swezevi NRRL B-41294T (MRBK01000096)

0.002

E2 MBIOI9KISHHEM ARG L B 571

Figure 2 The morphological characteristics and phylogenetic analysis of MB1019. A: Colony morphology of
MB1019. B: The individual morphology of MB1019. C: Maximum-likelihood phylogenetic tree based on 16S
rRNA gene sequences. GenBank accession numbers are given in parentheses. Bootstrap values (represented
percentages of 1 000 replications)>50% are shown at nodes. Bar, 0.002 0 substitutions per nucleotide position.
D: Phylogenetic tree based on 92 bacterial core genes of strain MB1019 and its reference species. GenBank
accession numbers are given in parentheses. Bar, 0.02 substitutions per nucleotide position.

222 RGRBAH ST 2T
MB1019 5 i % ZF /8 #F W (Bacillus 223 EE4H ANI F1 dDDH ELEI SR
siamensis) KCTC 13613" Al Il 3 i 2 41 #F 74 MB1019 5 B. velezensis CR-502" 1§ ANI 1
_ T f NP = S
CR-502" &4 AR MRIER R, 40 99:9%0 HF (% 98.3%. dDDH HL{f % 84.5%. ¥k T4
16S rRNA JE R A B RUREE R G L B W T
Yy b FLBR{E 95.0%-96.0% 1 70.0%, 1fij 5 HiAth

7~ , MB1019 5 B. siamensis KCTC 136137 & #£
— AN (B 20), B ARNHRSE LT EE ANI FL{EAE 77.0%-94.3% 2 [8], dDDH [t

B i 7% MB1019 5 B. velezensis CR-502" 52 7 —
Ny E(FE 2D), W MB1019 1] g —#k Il

{H7E 20.4%-56.5% Z[H](F% 1), F*W MB1019 /&
— PR DU 20T 1
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#F1 MB10195HMEIAEHKAIANIFIIDDHELE
Table 1 The ANI and dDDH values of MB1019 and
its related species

R2 HEHEMBLO19AIE R4 LAFIE
Table 2  Physiological and biochemical characteristics
of strain MB1019

Strains ANI dDDH Characteristic Results
Bacillus velezensis CR-502" 98.3 84.5 Oxidase -
Bacillus siamensis KCTC 136137 94.3 56.5 Catalase -
Bacillus nakamurai NRRL B-41091" 86.3 30.7 Temperature range (°C) 10-50
Bacillus tequilensis KCTC 136227 71.7 20.7 Maxium NacCl (%, W/V) 10.0
Bacillus cabrialesii TE3" 77.2 20.5 pH value 5.0-9.0
Bacillus inaquosorum KCTC 134297 775 20.9 NA +
Bacillus stercoris D7XPN1" 77.0 20.4 R2A +
Bacillus atrophaeus NRRL NRS 2137 77.3 20.6 MCA +
Bacillus amyloliquefaciens DSM 77 93.1 55.1 TSA +
Methyl red -
2.2.4 HEIBEIFEDR Indole +
PR MB1019 ryAE BRAfLRRIE WL 2, Hi4 Citric acid *
VP +

A it R S TG 1 2 SR B, AR R S L R
15-50 °C, I K itz NaCl ¥ & & 10.0%, it 52
pH {A 75 [l &y 5.0-9.0. T % MB1019 7E NA.
R2A. MCA Fl TSA iX 4 Flit5 373 FHReA K.
IMVIC Ak R4 45 R o, Witk MB1019
() 2T A B, s at R B, A
R ER A I R FE I, VP U3 FH M .
2.3 Eitk MB1019 & & EEHF S

BERE MBL1019 43 R 4 SEACKRAE WL 36 3, 3
4H K/ K 3.8 Mb, G+C 7l 46.4%, #iIK|
JE 4 b & A 31 4 contigs, fu & 3 984 4>
FE

antiSMASH 7r £k £ 4 J 10l 7 #& MB1019
FERA T EAH 17 DRGACH Y B, Ho
A 4 A F RS bacillibactin,  bacilysin
bacillaene F11 macrolactin H 4 100% #H {14 ,
J B 6.2 gih—A~ PKS-like JE[H#E, 58 3EH
# butirosin A/butirosin B A A 7% (35 4),
AN, 4R B 6.1, 7.2, 101 & 11.1 4ty
terpene, T3PKS. terpene #l lanthipetide-class-ii
AN H R AR BLAE PRI 72 (5 4)
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- : Negative; + : Positive.

%3 EHRMB10194 £ F A E AFE
Table 3 The genome features of strain MB1019

Genomic features Results

Accession number JBHEPW000000000
Size (Mb) 3.8

Number of contigs 31

G+C content (%) 46.4

Number of genes 3984

L50 (bp) 3

N50 (bp) 393092

Number of RNAs 52

P Bk MB1019 JE [N 20 rp 5 A7 52 A 4t
108 4~ CAZy % Ji& 4k A, o vh b 1 K i ity
(glycoside hydrolases, GHs) K ik Fi S % E £ ,
Gr5Ik 24 FiRT 42 4~(El 3A). El 3B #E—p IR
T TR MBL019 JE PR ZH v & A7 OB K i R
AR FIR R, Hirh GHA3 FI GH43 &4 kit
w2, Sh 6 ASH 4 A
2.4 Eik MB1019 1@ 4 514

B R MBL019 7E 35 JCHLEE . CAS &l . i
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F4  EAantiSMASHTE L M s FUI E#EMB1019E FE 40 & B HUR R AR =915 R
Table 4 The secondary metabolites gene clusters in genome of strain MB1019 predicted by antiSMASH website

Region Types Most similar known clusters Similarity (%)
1.1 NRP-metallophore, NRPS, RiPP-like Bacillibactin 100
1.2 Other Bacilysin 100
2.1 NRPS, betalactone, transAT-PKS Fengycin 80
2.2 TransAT-PKS, NRPS, T3PKS Bacillaene 100
2.3 TransAT-PKS Macrolactin H 100
3.1 NRPS Surfactin 82
4.1 TransAT-PKS Difficidin 46
6.1 Terpene - -
6.2 PKS-like Butirosin A/butirosin B 7
7.1 TransAT-PKS-like Difficidin 53
7.2 T3PKS - -
10.1 Terpene - -
111 Lanthipetide-class-ii - -
17.1 NRPS Plipastatin 30
18.1 TransAT-PKS-like Difficidin 26
21.1 NRPS Fengycin 20
22.1 NRPS Fengycin 13
- represents absence.
B
N GH18
N GH30
I G5
R GH73
I, G168
mTypes  ®Numbers D G109
& g5 Iy 5 I G111
L, 40 I G126
8 34 I G116
& or I G111
< A 5 L - G177
S st I G179
< ol 17 I G!i3
2 st I G123
= 10} 8 I GH26
z 0[s6 56 ~ 33 I G5
il I GHs

AAs CBMs CEs GHs
CAZy families

GTs

PLs

E3 BEH#RMBIL019EFH A & HHICAZY Rk K HEE 7K RESE ]
Figure 3 The CAZy families and glucoside hydrolase genes in strain MB1019 genome. A: The types and
numbers of CAZy families; B: The types and numbers of glucoside hydrolases.
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BRI B 5 TP L 27 AR 77 3L LY REIE
i 1Y K it Bl (8] 4A-4D), F£ W H ¥k MB1019 H
AETCHUBE . PEREAR L 7R AL 4 2
T

S BRI 3R 3 d 1 B R MB1019 & B TR
T . R EA . IR AR 4R
MG 7o AR WoR, W MB1019 1% il JoHL
Wi BE 71 K (51.440+0.001) mg/L, 7%k 4 R
4 (55.70£0.19)% , ™ 4 [ i 1% J1 2 (22.008%
2.171) U/mL, 7= 2F 4k 2 B 3% 71 4 (0.022 1+
0.001 2) U/mL.
25 E#k MB1019 FA$#E & M S RN
EYREER

MR R 2 BRAE A IR B A EE (B BA
5C), £ _Arb@iizRimh, wkk MB1019 A9
XF 7 i K 2% 0% B TSFOS FHT 4% 11 Hb 25 0
TSF19 B A4 B & M w2 R (& 5B, 5D, 5E),
LR MB1019 7= A= (4% K M SR BE IS A &4
T 2 Pk e I LR
2.6 HEFk MB1019 3 &EA{EE BmIER

B K 30 d Y 4 S AbFEZH B 2 i T BBk
WA, 6fE . TEULEEE-TEEETHEIT,
ZERNE 6 P, 5 KE R NB A 5755 (CK)
FHEL, R R KR MB1019 R BEW S, T BBk
B MK BEE M E SR T 324%,

31.2%. 50.9% #1 37.0% (MB1019). It4h, jtifn
AR RSH (1725 i B AR B AR5, R o ik
RS AR AR (RSH). SR, S5 EMiH RSH 41
I, SRk MB1019 #l RSH J&, &
AR E A, Bk, R, SFEMT
R T 39.0%., 58.6%. 94.1% Fil 74.1%
(MB1019+RSH). 7 #k i 50 45 S R B, 1 Ak
MB1019 Xf F /i AT B e AVE, JF Hik
AR IH T -

3 WhG LR

AR, ZEATHSE PGPR 7E40 4 = I
Y N, LA IR A P AR SEVE B A=
R RN, X T 35k 4 41 T A1 2 2R K R0 N BR
Bw s FHLRA AV Z R Z Ak . A 5T i
S| — R X6 AEL ) 0 D 240 TR RN L TR A B B R A
(I Bk MB1019 (| 1), &R, RELE
I3HT . KEDZH ANL FI dDDH FeA 704 LA e A= 3
A AR S 50, WU AR R DL 2E FFT
(& 2, 1, % 2), JFHARHEHK MB1019
FLA B I R AR A (2 A AR 1R (] 4A. 4B),
#* W] MB1019 & — #k PGPR. It 4, &

MB1019 J& B Z M prtEFRE , A 46 i & iR
(50 °C) . it NaCl ¢ 5 4 10.0% . i i i
JFEl pH 5.0-9.0 %5(% 2).

E4 FEHEMB10191E 4 435

Figure 4 Plant growth-promoting characteristics of strain MB1019. A: Qualitative detection the ability of
MB1019 dissolving inorganic phosphorus; B: Siderophore qualitative detection of MB1019 with the CAS
method; C-D: Qualitative detection the ability of MB1019 producing protease (C) and cellulose (D).
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Figure 5 \olatile gases produced by strain MB1019 inhibiting pathogenic fungi. A: Botrytis cinerea TSF05; B:
TSF05+MB1019; C: Citrus Trichoderma TSF19; D: TSF19+MB1019; E: The colony diameter of pathogenic
fungus in different groups. ***: P<0.001.

L CK =MBI019 =RSH -MBI0I9+RSH
L r' *ns ns
| ns *"‘
R
N |
Ml
= i Sl Lz

0 Plant height (cm) Root length (cm) Fresh weight (g)  Dry weight (g) Fresh-dry weight (g)

El6 BEH#RMB10193 & FbmE KX &R E R

Figure 6 Biocontrol effects on tomato bacteria wilt and plant-growth-promoting effect of strain MB1019 in
greenhouse. A: Phenotype of tomato plantlets in different inoculation treatment groups; B: Plant-growth-
promoting effect of MB1019 on tomato height, root length, fresh weight, dry weight and fresh-dry weight in
different inoculation treatment groups. CK: Inoculation with NB medium as control; MB1019: Inoculation only
with the cultures of MB1019; RSH: Inoculation only with the cultures of Ralstonia solanacearum RSH;
MB1019+RSH: Simultaneous inoculation with the cultures of MB1019 and the bacterial solution of Ralstonia
solanacearum RSH. *: P<0.05; **: P<0.01; ns: P>0.05.
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2 Pk DU SR M 25 FRFF 1R ) 1 4 38 A 45 B I
W I fE, 445 FZB42, GS-1. BA-26, BS1
A8 i i e e A A I o 2 e
o R ELA M . FEARBESE T, PR MB1019
F%) 5 DR ZE BT 5 A 17 SR A iy i [ 7
(% 4), H  difficidin, macrolactin H 0
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fengycin 1 surfactin W 5& 4G 2% 41 il 9% J5t 4 747
bacillibactin FEG& il A= 9 19 5 4 % -0, ok
A, A 2 DNHEIFE A terpenes, 1 4HE R4 4w
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