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Classification and identification of Bacillus sp. SK007 with
biocontrol activity
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Abstract: [Background] Discovery and utilization of microorganisms with biocontrol activity is important
to keep crop health and yield in agricultural production. [Objective] Our study aimed to clarify the
taxonomic status of Bacillus sp. SK007 isolated from soil, and to validate its antagonistic effect on
multiple plant pathogens and, therefore uncover its potential biocontrol functions. [Methods] We first used
16S rRNA gene and whole-genome sequencing analysis to determine the taxonomic status of strain
SKO007. Plate isolate-antagonistic experiments were applied to explore the antagonistic effect of strain
SKO007 on Botrytis cinerea, Alternaria brassicicola, Alternaria alternata, Fusarium graminearum and
Fusarium solani. AntiSMASH was used to predict antibiotic genes of strain SK007. [Results] Based on
the analysis of 16S rRNA gene and whole-genome sequencing, average nucleotide identity and digital
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DNA-DNA hybridization, the results demonstrated that strain SK007 belonged to Bacillus velezensis, and
possessed the genes in producing the lipopeptide antibiotics and polyketone antibiotics. In addition,
SKO007, with a large number and high abundance of antibiotic gene clusters in genome, exhibited strong
resistance to a variety of plant pathogenic fungi. [Conclusion] Bacillus velezensis SK007 has excellent
traits in plant disease resistance, and thus has potential roles in facilitating plant resistance to disease and

promoting crop yield.

Keywords: Bacillus sp., 16S rRNA gene, Genome, AntiSMASH
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Figure 1 The plate isolate-antagonistic experiments of strain SK007 with Botrytis cinerea (A), Alternaria brassicae (B) and

Alternaria alternata (C)
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Note: The filter paper sheets of 1, 2 and 3 were LB medium, culture filtrate and bacterial suspension, respectively.
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2 £TF 16S rRNA EFE FFIHE E#k SK007 B RZ A EH
Figure 2 Phylogenetic tree of the strain SK007 based on 16S rRNA gene sequence

T 555 AHDEE R GenBank IR S55 J3 30 FIECT R Bootstrap SHF3; 4Bt 0.002 FIR)F 5 22 57194 ST B
Note: The numbers in parentheses represent the sequence accession numbers in GenBank; The numbers in each branch points denote the

percentages supported by bootstrap; Bar=0.2% nucleotide divergence.

Bacillus amvioliquefaciens DSM 7' (FN597644)
Bacillus velezensis NRRL B-41580" (AY603658)

Bacitius sp. SK0O7 (QXJIQ00000000)

Racillis velezensis FZB427 (CPOO0S560)

Bacitius nakarmrai NRRL B-4 10917 (LSAZ01000028)

Baciltus mojavensis RO-H-1" (JH600280)

[
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3 ET 232 ML EEMEEK SKO07 M RF L B R
Figure 3 Phylogenetic tree of strain SK007 based on 2 312 core-genome sequences
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Note: The numbers in parentheses represent the sequence accession numbers in GenBank; Bar=1% nucleotide divergence.

Bacillus vallismortis DV 1-F-3" (JH600273)

Baciftus requifensis KCTC 13622' (AYTOO0L000043)
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Figure 4 Heatmap analysis of ANI (A) and DDH (B) value
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Table 1 The comparison table of antibiotic genes
Number The locus tag of SK007 Functional genes Hit with Identity (%)
1 D2718_18190 fenA RBAM_018460 98
2 D2718 18185 fenB RBAM_018450 98
3 D2718 18180, D2718_18595 fenC RBAM_018440  97-98
4 D2718_03715, D2718 18590 fenD RBAM_018430 98
5 D2718_03720 fenE RBAM_018420 98
6 D2718_07010 srfAA RBAM_003650 99
7 D2718_17330, D2718_18600 srfAB RBAM_003660 98-99
8 D2718_17335, D2718 18605 srfAC RBAM_003680  98-99
9 D2718_17340 srfAD AJ575642 99
10 D2718 04285 bacA RBAM_034930 99
11  D2718_04280 bacB RBAM_034920 100
12 D2718 04275 bacC RBAM_034910 99
13  D2718 04270 bacD RBAM_034900 99
14  D2718_04265 bacE RBAM_034890 100
15  D2718_00005, D2718_00015, D2718_00020 PKS (Bacillaene) AJ634060 97-98
16  D2718_00010 Hybrid NRPS/PKS (Bacillaene) RBAM_016980 98
17  D2718_09560, D2718_09565, D2718 09570, D2718_09575, PKS I (Macrolactin)
D2718_09580, D2718 09585, D2718_09590, D2718 09595 AJ634061 97-98
18  D2718 05740, D2718_05745, D2718 05750, D2718_05755, PKS I (Difficidin)
D2718_16150, D2718_16155, D2718_16160, D2718_16165, AJ634062 98
D2718_16170
18
I Fengycin
[ Surfactin
£ 16 - [ Bacilysin
iz [ Bacillaene
514 I Difficidin
% [ Macrolactin
= [ Lantipeptide
212r [ Bacillibactin
_é I Terpene
510 | I Tcichuronic acid
o
< sf
g
7
3 6
3
E 4t
2
= oL
0 q ) 7 A N\ N 7
‘{-90 b‘\ﬁ’% ,L%w q()cﬁ\ A\Qq q % © ‘\A‘,\ . \,B@,,
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Figure 5 The comparison of secondary metabolite gene clusters

T BB EACER AR P R .

Note: Each color in the cluster represents a different class of secondary metabolite.
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[ORCR IR vINCIFP e W - K 7 e 7 s s ik
Sk (Induced systemic resistance), X R AT A
MY EI R FE AL, hR AR

W ok TR U A 2R RN T TG 3R AR R 2 AT P 4
PSR MEA, BEREIR T S MFA A
TR B R AP AT B PR AT R
(Bacilysin)y& i K bacABCDEF, FFHEZEE—Fh
WG B AR, b bacA SRt FiUR R T K 1 ,
bacB it A RS S H AL 40, bacC Jnfiha b
W R EGEGA R, bacD W 4whS—FhiZE R, bacE
SR KR P TG 2 P mGA RGP A R R B
Pk B. velezensis FZB42 GEMEHIFH A &7 A IR
RARO IO SR T BE, BERIA 98.78%, Kt
T LK AR g A B 004 ot 5 e A PO o

SKO007 Hid A RERAL S W& FEIN , XS Jo—
WM . BTN RAREY), ZEAEY
AR AR N BR R G iR, HA K OREESS ), 45
Bacillaene. Macrolactin fiI Difficidin =2, X4l
AR HIVE ., Bacillaene JEZ L5
W KIANBREAE Y, F LA AL A E R
A RP7, Macrolactin £—32& 24 SRR HERIALA
Y1, Macrolactin KRR ARZS , AT ZHHE 22 [T
PR 0, Difficidin R 2 M2hi %, HARE
WR BE A v FE AN R R IR IN R o, AT Iz
BB TEYE, TR E B A, T E AT REEA
SRR A T RERS), P98 R I%PiAE K AEA A0
TR K RSN A ZE 0 A A B 0
JiAk, Wtk SK007 5 Z M 2k bk A L
25 Rk 3 44 (Bacillibactin) . ifi 25 (Terpene) FDB
PR B BE 2 (Teichuronic acid) B RIF%E , BATIN 2 AT
W JE R AR BN % . © A K B.
velezensis FZB42 7EAHPIAE A= J5 IRIIT 5T, AR A=A
5 HAR 2R 2 A i S IR B, B T bk
SKOO7 WL AT 7EMR FR e FE, S smAE X0 s I G 2 0 110
HAURE ST - ABFT R IR SKOO7 7EA:= 4 Bi7it & A H
VEHOR ARG ™ 5 T 0 PR A T AL A
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