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Safety Assessment of Endophytic Bacillus velezensis BR-1 in Rice
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Abstract: [Objective] The aim of the study is to evaluate the safety of an endophytic strain Bacillus velezensis
(B. velezensis) BR-1 isolated from rice. [Method] The Comprehensive Antibiotic Resistance Database (CARD)
and the Virulence Factor Database (VFDB) were employed to annotate the antibiotic resistance genes and
virulence genes, respectively, of BR-1 based on the whole genome sequence. The antibiotic sensitivity test and
hemolysis test of BR-1 were performed, and the Kyoto Encyclopedia of Genes and Genomes (KEGG) was used
to annotate the genes related to probiotic properties of B. velezensis BR-1. [Result] The total genome length of
B. velezensis BR-1 was 1 071 550 432 bp, with an average GC ratio of 46.3%, containing 4 027 protein-coding
genes and 14 CRISPR-Cas. It did not contain genes encoding toxins such as hemolysin BL (Hbl), non-hemolytic
enterotoxin (Nhe), enterotoxin (cytotoxin K), and deoxynivalenol (cereulide-Ces). The KEGG annotation
revealed genes with good gastrointestinal tolerance, antioxidant activity, and excellent probiotic properties such
as acid tolerance, high temperature tolerance, and bile salt tolerance. It was predicted that strain BR-1 contained

two antibiotic resistance genes vm/R and c/bA. This strain was highly sensitive to 9 antibiotics and did not contain
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drug-resistant plasmids. [Conclusion] B. velezensis BR-1 does not contain genes encoding toxins or have

broad-spectrum antibiotic resistance and hemolytic activity. It carries genes related to probiotic properties, which

meets the safety requirements specified in the General Criteria for Quality and Safety Evaluation of Microbial
Fertilizer (GB/T 41728—2022), and can be safely applied as microbial fertilizer.

Keywords: endophytic Bacillus velezensis BR-1 in rice; whole genome sequencing; virulence gene; antibiotic

resistance gene; antibiotic susceptibility test; hemolysis test
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Fig. 1

Genome circle map of B. velezensis BR-1
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Table 1 Database distribution of annotated functional genes of

B. velezensis BR-1

Hdhs EISINE S
eggNOG 3072
GO 2908
KEGG 2187
Nr 4004
Pfam 3462
Swiss-Prot 2 870
TrEMBL 2 870
CAZy 163
TCDB 1034
PHI 1267
CARD 2
VFDB 715

eggNOG"™ 1y it 14 7 1 B 3 FT 7R , 78 B X 21 i
30724 F 4, B T & KR R s AR
(281. 8.98%) . Bk /K 1k & ¥ %% iz A AC ¥ (221,
7.06%) \ ¥ 3% (229, 7.32%) . RE W A P70
(180.5.75%) « Bl ¥ 1% W5 1 45 1 A1 4 W) & &
(160 5.11%) « & il . #H 4 1 & & (151.4.83%)
LThEE . KEGG i B 2 7 BR-1 192 187 5 4
DR, DL P 4, 388 3 3% v B 1T L 7 Hb 38 21 5 5 25 1)
AE A OC B R DR o G, O R AR A OC I 2E
12045 ,1550.05%

posaesetesste,
S0RRIRRIALLIN

25

25
25
RIS

%5
X
[255
0RXRK
%5

KEBEFE: FRAE DGR FATEBR-1 IR &M T

212 wAEFHEAREZH

4 TR 8 I R K P B 7 L A1 JE DNA HE 2H Bl
SN A SRS i W N T G 71 Sl I ]
P, SRR BT B ORI T IR AN L 2 4
£, K CARD %5 %+ U1 3¢ it 2F 4 4T 3 BR-1
B R 2H A i AR R 2 R R AT b, 45 R
2. TEBR-1H K8 H 245 P4 F i 24 41 5%
() % B, BD clbA F1 vmIR. F: b clbd 3 & T
Cfr 23S 1% B /&K RNA H 3 5 5% i () AMR 3 K] X
W, R mid = xR G E R AE
OB R AE R KIANERR PR B
Fel KA R AAG M. vmlR 3 R 76 A 5 2F 1
FF B o 9 i3 ABC-F-ATP i 42 B A& R 7 B L %F K
NN aE i S~ N7~ I S N R 71
2% 0T A ST A B B DL U 2F AT B MC2-1
A7 1 24 35 TR T, % e 208 2% AT BE X 30 KA
R P AE F R 25 36 R, X 4 35 R DL OK 3 Y g
8 VU PR ZR S | M T A 2K AR 2R ORH OK I Y 24 &
BloA Y. o, fEBR-IER AT ELEEH T
CRISPR % 4t , CRISPR % 4t Al — &£ Cas £ [ 3 [F]
R T ) ZAFTE M RPE R G, B IR 7 41 1 2 R 41
T2 RN AR . 5 DS i 2F A A B MC2-1 A
el , BR-1 1 6 = 57 f 9F 2 A BR 40 A 3% Ptk 5E A
% (") CRISPR-Cas & 4t Ji {1 , {H BR-1 1 /E &
i 24 3 PR $ & AK T MC2-1, [ itk BR-1 1) %2 4
T MC2-1. X % W] BR-1 [ & 2 R 41 v 77 7 41
A F it 25 A O 1 FE K] elbA A vmIR , o K AR K P 8%
& 1R A ARG, 22 4 P Ay

P2727) Baciitus (1773)

B Bacteria (656)

Bacillus sp. (563)
Bacillus velezensis (457)

1 Bacillus amyloliquefaciens (292)
Bacillales (172)

4 Bacillus subtilis (65)

4 Bacillus siamensis (7)

Bacillus atrophaeus (3)
Mycobacteroides abscessus (3)

| RGP

B R s 18 N U e o EOXS 30 /9 25 T iy 2 B8 900
B2 M 74T E BR-1 Nr & 38 & b 3t 2] 5 3 69 4h 4 o 7 B

Fig.2 Species distribution map of B. velezensis BR-1 sequences annotated in the Nr database
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Table 2 Antibiotic resistance genes of B. velezensis BR-1 and their descriptions
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Table 3  Putative virulence genes of B. velezensis BR-1 and their descriptions
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Table 4 Sensitivity of B. velezensis BR-1 to antibiotics
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TE 40 M 9 R R RE 8 0 N 2 07 A 555 1K TR R 1 AL
W, LA A0 595 3 R F1500 5 5) A L s B
FHOG I & B 0T, B S 2 e H S S A v i L o Ak
S B AL B 8 R (NADPHD % . 1 A AL A
fig Al A AL Y G B B 2 5l A A A TR PR A
(ROS) W fiff 5 , 4% Dt H K38 Ji5 1 2 — 8 2 1 1
AALRG A BEH KR EE AR Y 2
—07 Al 7E BR-1 RS I B T AL 5 1k Bl
B[R, iz 5 R A A7 7E T HoAh 25 2R B, i #s IR 5L
FF B LGZ1029%7 . i% 24 3 [A] fd BR-1 A8 % 76 8 i
B a2 52 B i iE 8% B B, IR WP IE B
T BR-1 (1) 2 2E B R

(a) SO ER B

(b) VISEH 25 AT IHBR-1

B 5 RN AT H BR-1 898 X %
Fig. 5 Hemolysis test of B. velezensis BR-1
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Table 5 Probiotic property-related genes of B. velezensis BR-1
i} 52 3 4 b SEK ID B SR T Re
GE002764 groES #1458 5 1 GroES
GE000716 dnaJ 73 7 {18 Dnal
GE000717 dnak 73 T ##45 Dnak
AL GE000718 GRPE 5> ¥ #E48 GrpE
GE002056 dnaG 4> TAEAA HipG
GE002266 HslO 5 7 £ 18 Hsp33
GE000046 HSP20 HSP20 X Jf A
GE000152 CcSP AWE AR
7 R GE002674 CSP A R
GE003071 csp AWE AR
GE000680 zurR Fur ¢ ¥ e 19 B 7, B SO 5 B T
[ S A ¢ GE002463 znuC B IE RGBT E A
GE002962 cord BRIZE A
GE001776 atpD F % H'/Na #4112 ATP i g I 5
GE001778 atpA F B H'/Na §% 12 ATP [{§ o 7. 5
GE001782 atpB F % H'# 3z ATP i V2 o
GE001777 atpG F B H' %18 ATP fify 03 »
GE001779 atpH F 7 H'#;: 32 ATP fE W 3E 0
GE001780 atpF F B H 12 ATP i 75 b
GE001781 atpE F R H'$: 38 ATPE IV % ¢
GE001775 atpC F 2 H' 3z ATP filf 7 3 ¢
GE001967 bsh JIEL 25 7K A8 Tt R TG 2 1 K A Tl
IR 5 1 38 GE002493 bsh JIEL 6 7K A g LT =R K A7
GE003351 bsh JIEL 2 7K A g I TR K AR
GE001481 opuBD BERPAIEHMARBEERA
GE001483 opuBD BERYTIZEMARBEEA
GE001486 opuBD BIERPAEMARBIEEA
GE001488 opuBD BERPAEHMARBERA
B I R .
GE001482 opuC BIERPANEZERAEMESEA
GE001487 opuC BERIPAEERBIRMES &R
GE001484 opud BBERYPTEIZRAATPE A ED
GE001489 opud BRI FEIE R ATP L G R A
GE001002 tpx i o S AL W L AR L Y 2-Cys 3 S Ak W AL I TR
GE000149 gpx A e Ik S A P e
GE002071 ahpF A0 Bk o S AL )
GE001966 CAT PUR R A
GE001966 CAT puRR i
A GE003041 CAT T A A
GE002625 — A A A
GE002747 — T S A
GE003398 — & L A S
GE003399 — B A S
GE000451 trxB NADPH
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iitf 52 71 48 b5 JEX ID B[R 44 B SR T Re

GE001297 trxB NADPH
GE001582 trxB NADPH
GE002499 trxB NADPH

A GE000915 trxA T Ik B A
GE000200 trxd i 40L&
GE000054 SOD AL B G, Fe-Mn 5 %
GE000673 SOD A ) BAL B, Fe-Mn 5%
GE000062 SOD A BB Cu-Zn FK R

RN R .

3 i

E 2 560 F K 9 AR DL SEE Mo 2F 48 #F 1 BR-1 AT
A PE VAL, 45 R R B, BR-1 B Bk 4 3 R 4 7 4
N1 071 550 432 bp, 1 GC |5 b N 46.3%, H
4 027 A~ H R g 5 2k R, o 2k TR 41 88.70% 5 °F
BIKFE 917 bpe L 7E BR-1 2k P 20 1 Fi ) 2]
oA & 245 3 K] clbA A1 vmlIR , {H 5 ¥k BR-1 4% i
CRISPR-Cas & %4t , H AN & JiRLIX — 0] # 3l i A .
1716 T 0K b (i 245 56 R AR L, R AR KR
o B KRS AR, 22 A PE B o 2k DAL A A R 2
3AMNETEMI R J1FE A clpP - clpC R capP , {H X N Fil
BN AN K R 22 A B 5 1T HUAS 75 4% 15 Hbl. Nhe « 41
5% &= K Ml cereulide-Ces " A R AR . M
WORH 5% 5 DR I DTSR 7 28 f AT B BR-1 B A R 4F
1) 18 W i 52 14 B A T PR AR SR A R AR TR AR
T4, GB/T 417282022 fft 4= ¥ BE R} i & 22 4= 1F
A 38 FH A 0D B 3 AL fi B B 2% 50 1 B R D R
045 DUSEHT ZF AR 1R . R ] R 58 T DL 3 M 2
TR B BR-1 1 28 A2 BRE 1 I HE B 12 B8 PR 15 &
F M2 A VE VP R, AT DUVE 9 A P IRk
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