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Genomic analysis and control efficacy of biocontrol strain

LS06 against tobacco Fusarium root rot
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Hunan 410128, China; 4.Huaihua Branch of Hunan Tobacco Corporation, Huaihua, Hunan 418099, China)

Abstract: A biocontrol strain designated LS06 was isolated and purified from the rhizosphere soil of diseased tobacco
plants using the dilution plating method. The biocontrol potential of strain LS06 was evaluated through dual culture
assays, 16S rRNA gene sequencing and alignment, genome sequencing analysis, and pot experiments. Dual culture assays
showed that strain LS06 inhibited seven Fusarium species, with inhibition rates ranging from 36.69% to 49.30%. The
strain LS06 was identified as Brevibacillus brevis, with a genome size of 6 131 499 bp. COG annotation indicated that it
harbors 5 768 genes, of which 34 genes are associated with chemotaxis, motility, and siderophore synthesis. The genome
contains 14 biosynthetic gene clusters(BGCs) for secondary metabolites. Four of these clusters exhibit more than 78%

similarity to known BGCs, whereas the products of the remaining 10 clusters remain unknown, suggesting that strain
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LS06 possesses the potential to synthesize diverse antimicrobial compounds. Pot experiments demonstrated that the

relative control efficacy of strain LS06 against the seven Fusarium species ranged from 64.74% to 76.74%. In

conclusion, strain LS06 is capable of inhibiting seven major Fusarium species, has the potential to produce various

antimicrobial substances, and shows considerable promise for application in the biological control of Fusarium root rot.

Keywords: tobacco root rot; Fusarium, biocontrol bacterium; genome sequence and analysis; secondary metabolites
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Fig. 1 Antagonistic effect of strain LS06 on 7 species of Fusarium genus
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PRI AR R EBAK, 20 51836.69%137.71%.
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Table 1 Inhibitory rate of strain LS06 against 7 tobacco

root rot pathogens

WY FRES/mm RS/ mm WEE%
RIPEIIE  66.78+2.93 6.06£0.34  (49.1843.15)a
R 56.20£1.20 8.57+0.43 (46.70+1.56)ab
SEK: V)| 71.54+0.01 437+123  (49.30+3.99)a
JEIER ] 62.66+6.73 4.66£0.54  (40.33+3.10)bc
R8T 46.78+1.25 747040  (36.69+2.66)c
JLZPRIIE 63.16+1.69 5424078  (47.53+1.94)ab
ZEHSJIE  55.6241.91 6.76£0.72  (37.71£5.41)c

T RPN [R5 R R AL B TR] § 22 53 S T2 8 U(P<0.01)
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KMO087331:1-1528 Brevibacillus brevis strain DZBGO1
EU231618.1:1-1528 Brevibacillus sp. TCCC17020
KMO087328.1:1-1528 Brevibacillus brevis strain DZBY07
KMO087329.1:1-1528 Brevibacillus brevis strain DZBY 11
KMO0873421:1-1528 Brevibacillus brevis strain DZBJ03
MH267230.1 Uncultured Brevibacillus sp. clone DZSJ30
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Fig.2 Phylogenetic tree constructed based on 16S rRNA gene sequences
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Fig.3 Chromosome genome map of strain LS06
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Table 2 Root colonization-associated genes in the genome of strain LS06

Theesrk £ HID FER K Thke
GGKIOF 01705 cheW BEEA
GGKIOF_02210 iy Cache 4t Kyt 1) FH L 2 1A S 4E 1
GGKIOF_07265 cheW A
GGKIOF 07270 ched A
GGKIOF 07320 cheY A
GGKIOF 09785 cheW BiEn
GGKIOF 11555 B Uy =Y Y S|
GGKIOF 11585 BlEA
GGKIOF 11625 PEEZABER
GGKIOF_13180 A
GGKIOF 14145 A

et GGKIOF 14940 PR
GGKIOF 17535 B Uy = R Y S|
GGKIOF 17935 B Uy S R Y S|
GGKIOF_19745 BlEA
GGKIOF 21165 HEE 1) B Z AR R A
GGKIOF 21860 yoaH HEE 1) B Z AR R A
GGKIOF 22150 HEE 1) B Z AR R A
GGKIOF 22820 HIEZ AR A
GGKIOF 24190 motB BEA

GGKIOF_25045 tipA FEZ B ER
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Table 3 Secondary metabolite biosynthetic gene clusters in the genome of strain LS06

A E

EIAAE/ KB E/

SRR VG A T 2 bp bp [R5 BT FRALEE /%
Region 1 MR A RUBBAK I 2 kA 48 981 80695 FAUIFHIEEE NRP 83
Region 2 i A 44 372546 393448

Region 3 i A4 491809 512774

Region 4 3 MR (AL ARG AT 2 J5 1B 1 ik 713393 736 966

Region 5 JEAZHEIARNK 804505 895928 JEAT ML 81
Region 6 28BS ARAZME R IL 926999 1051443 SIFEMK 91
Region 7 & RAATE MBI AL IER 5 RISk 1212185 1288013 HAEEER 78
Region 8 & SATZE MBI AERZ MRS TRE A2 G K 1303255 1363 562

Region 9 FIEREEL &) 1611079 1652143

Region 10 #iltL &4 1754871 1776769

Region 11 & RNATZ WIS AEZ AL REA G 1912094 2023529 #E3EH#=B/C 35
Region 12 B HEAA& BLLRH PR S5 BT IR 2180706 2191 608

Region 13 JEAZHEIANK 3274230 3341750 WHPHIAEEL2 13
Region 14 ' RREZ5 1415, 4773407 4794516
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R (64.74%) A%, ot TEIEE T (73.76%)~ i I Bk
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Table 4 Control efficiency of strain LS06 against tobacco Fusarium root rot
g LIRS LAlGE HIRHBI 0%
LS06 CK LS06 CK
Tt e T B 46.67£10.2 83.33+12.60 11.51£3.10 41.20+4.78 72.06+7.46
KA 43.33+8.34 73.33+9.44 9.70+2.45 30.44+6.67 68.13+6.54
JEAE ) 50.00+11.5 85.07+14.30 13.45+4.18 51.2545.02 73.76+2.35
IZHE YL 36.6746.54 66.67+10.25 8.36+2.24 28.206.40 70.35+4.47
P YL 40.00+7.31 73.33+11.55 10.66+3.35 30.23+5.32 64.74+2.86
Rk 40.00£6.44 73.33+9.64 11.52+4.11 40.70+6.22 71.70+5.39
AR YA 33.33+8.25 60.00+10.00 7.64+1.62 32.84+3.25 76.74+4.51

3 @igSiie

AT 5T IRV 1 50 v T B YR AE 3 B AR
I3 R I08 M PR T AR B - 4 by B Ak TR B bR
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HAK N6 131 499 bp, COGIIRETFFRE 15 768/ 3k
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P0G VS VDR 0 05 SRR Ee g R W, 1S06
XP TR T B A EBTRCR, AT B 80k 64.74%~
76.74%.
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WARE =MLY & L R %, o+ Region 5(3
FFREEIK) . Region 6(FZ AT k) FRegion 7(HH i
F)F AR IR A & R R AR S O ARaE 4t
BRI A R % B A v P R M . X e = ]
0 I A 9 5 R A R 5 ) (T AT B S TR RN R AT
AR~ #0008 (15 A (i 45 R 2 kT EDNAR
1) Lt 65 AT BT T ) 2 2 ) 00 R 285 821230, g i A
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PEE1A83%, HEMILS06 T g [F I K &2k ik 53R
A TR 2470 0 () A BT SRS, It A AT 1 1R AR

JUIESNE 7 LR A T EAR AR

ARG 25 R, LS06X HH R4k T B AR v
(RIHE T B 20 64.74%~76.74%, 5 CLHRGE [ A
% (Trichoderma harzianum) F UL 3¢ 37 ZF 70 ¥ 56 (B.
velezensis)\GDND-2 1] i 5112425, SONGHE20IF
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