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TCS001 *f 2 APt m /R A B E %, RABHLA KRR FIFURA X, MNET ARKRE
TCSO001 H#h & B4 e AT ¥e A7 S INKR & 7 H Botrytis cinerea W 4 A Kfnfo T H R 0 %5h. 4
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Abstract: To study the taxonomic category and antifungal activity of the marine Bacillus sp. strain
TCSO001, the strain TCS001 as Bacillus velezensis based on the morphological, physiological and
biochemical characteristics as well as analyzation of the sequence of gyr4 was identified. The antifungal
spectrum of strain TCS001 was determined by the dural culture method. The effects of strain TCS001
fermentation filtrate on the mycelial growth and spore germination of the target fungus, Botrytis
cinerea, were also investigated using the mycelial growth rate method and the concave slide method.
The results showed that the strain TCS001 had obvious antifungal activity against six pathogenic fungi,

especially B. cinerea, the inhibition rates of which was 87.66%. Several different dilutions of
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fermentation filtrate exhibted significant inhibition efficacy against B. cinerea mycelial growth and

spore germination. Five times diluted fermentation filtrate generated the highest mycelial growth and

spore germination inhibition rates of 96.24% and 98.05%, respectively. The inhibition efficacy against

mycelial growth and spore germination was still over 90% when the fermentation filtrate was diluted by

20 folds. Strain TCS001 fermentation filtrate could alter B. cinerea spore germination, such as

expansion and deformation, according to the morphological observation. This study provided a solid

evidence that B. velezensis strain TCS001 is a very promising bioagent for controlling plant fungal

diseases.
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RS YEI B BRI JT, SN S ik
I ERYE 2 —, & H AriE o0 iR s s, DIsg
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1.1 RIEMRE
L1l B E
FRINFE PR HEPELN T TCS001 H A Sz
8 AP EEEER, S TR
EALE M, B ROR BT H I AR A B R g B
R @E A L (CGMCC), RS N
CGMCC No. 8921.
B P TR B R AN SRS = ARAE S )

N: PR IKE B Botrytis cinerea~ ¥ JI E k5
Ascochyta citrullina. ¥ )NE %) B Sclerotinia
sclerotiorum N BLIH & Corynespora
cassiicola~ MiAEREZEIR E Fusarium oxysporum X
FEEMPE H Pseudocercospora musae.
112 #Fd NA BFRFEMT TCS001 HtkiI 7>
BiE1E; NB (pH = 8.0) K523 T TCS001 H bk
KRR TR: M RiIRs: (REAR 7 g, BEHh 2 g,
#%&E 2 g, NaCl6g, KC10.06 g, MgCly-6H,0
0.5g, FZEMI/KEZRZ 1000 mL, pH=7.0) HT
TCS001 W #RF T4 97 PDA Hi3R3EH] T4
T3 R L TR B 77
1.2 TCS001 E#kHI%EE
121 EMBEREEEMFELE BEidE=
RGO 2F O Qe AT IR SRR E LR A F A4k
FRAEDE Z I8 CF WA R4 T VT
122 #EthaT%5E  FIH LA T DNA Phigd
B S 3EAT TCS001 kAL K4 DNA [ 3,
DL el (gyrase) A YV HLL7 R (gyrd) 5IH[F:
(5'-CAGTCAGGAAATGCGTACGTCCTT-3") I
R: (5-CAAGGTAATGCTCCA GGCATTGCT-3")] !
X PR R AT 1S . [IRONAR &R B DNA
1 uL, 10 umol/L 51#) F F15I# R % 1 puL, 2 x
Taq Master Mix 12.5 uL. KM ZfF: 95 'C 5 min;
94 C 1 min, 60 C 1 min, 72 °C 2 min, 30 M
W5 72 °C 10 min'™. S4ifl 56 gyrd 7518 17"
Wik g TR TR A A PR A =TI .
MRAEHE R P45 2R, KA BLAST # R
M GenBank 5 #5 Pe H i H [R] 98 18 = RO AH 9% T A )
FEHNFF, A MEGA 7.0 4347 2 &
Xt J5, K H] Neighbor-Joining v4 44 3 R G ik AL,
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PLAA E B Ak TCS001 f 73 S5 .
1.3 TCS001 FEHRHINEE N E Bk & B

R ARG U 5% R kU4 52 TCS001 T 1 5
6 Pl L 5 B A, 76 PDA SPAR H0$z
NEAAN 7 mm. A KHE R0 5 DF, w2
IR, EREE IR S 2 em Ak LUK A 28 07 S
4~ TCS001 B, LAAHER TCS001 B Ak I 1: 77
MAXE. AR 4 MESE, T 25 C R,
Rt HE A5 B B LR K BIRE R L E AR 3/4 B, R
538 SOE N B TR % B, JF% (1) Lt
B2, R SPSS 22.0 HAxf 1] 3k 4T 8 A
RIS

of 2 T 7% A% — Ab R4 B K LA

AR (% = o B4 B VA B — T X 1(01(;

T &M T, FHEMFI—HTE NA #5775
iR FE 3 d (1) TCS001 Bk, Hefh T34 150 mL
FhFE5F200) 250 mL #EZ I, T 27 'C. 140 t/min
A P IRGHE IR 20 h B0 KW, R 1
Wo 1% 4% PIEMER 4 mL _ER MR T
100 mL NB £ 78+, F 27 ‘C. 160 r/min 2&1F
PR 5557 36 h, BIfF TCS001 B & .
1.4 TCS001 & EZiE &R HN R BHFERF N
141 MERKERERTHLOYH K137
T TCS001 R T 4 'C. 12 000 r/min %4+ F
B0 20 min, B EVEWRZ 22 um HIALIE B pE
3K, RIS RBEIEM, M. KA M3 AL
ORI PR B K B B T R I RE e .
7£ PDA 577 B35 97 8 d BB IR R B i) Jl 7t
FREIF, R TCE KR HIRERN 2 x 10° 4A~/mL.
# TCSO001 K EEJEM % 5+ 104 20 40, 80 Fl
160 5 IR R LU, 4 55 7 B i i SR AR R R
5l HALFREL 60 uL WANFEM B, RRAAEE
SAEE, BETHFIA, 25 °C FMERBE. B
B 1Sh Ja, e R TSR Hm T
TEAS UL R R, TR R E R, R
F SPSS 22.0 #AFiE4T LR R T Z 501 -
142 MNENKEBREH2LEKNPH XHAR
2 1 K TR AN T AN [ R R R I O R TR
B W 2 E K IIEIER . B REFIEW S PDA
B IRE, RBEIE MM 5. 10, 20,
40. 80 1 160 %, VAIMASFAFITCEH KK PDA 4
FRENKTIR, S S AEE, T 25 CHRR

I8 72 h JE R SGEN B RE BAR, THEA
W, JFFIH SPSS 22.0 FAFHEAT BN R T 2407

2 RSS9

2.1 EHE TCS001 £ELER

2.1.1 EHRMREFSHAE £ NA BFRE R4
K5, TCS001 HEFERIEAZRILETE, JiEf, A~
FE BEFRVIAR RO, W5 EF, E
KIMARY, AR, diEAaMNE, UH
ERFRY . EFEZRGERI: TCS001 Fk
NEZ KM, FIR (1), BEARK 3.1~6.0 pm,
£ 0.6 um (B 1-A), 2 EMETE, L,
BRI K (K 1-B), £ 1.2~2.0 um, %547 0.7 um
(K 1-0).

A: TCS001 RFZAEFHEN AIILEE: B: TCS001 A2 51
JeA&s: C: TCS001 IR IS A
A: Cell morphology of strain TCS001 without spore; B: Cell morphology
of strain TCS001 with spore; C: Spore morphology of strain TCS001.

1 TCS001 FEXZF BMIE T RIFEES (100 x)
Fig. 1 Morphology of strain TCS001 under an optical
microscope (100 x)

2.1.2 AFEAAHMLE AHEAMMRKEEKN,
TCS001 RPkRE 7 MR FH I AT 0E . FLBE. REME. R
Wi H BB, KM AR, GER
A =R, ARG RN . V-P R R
BRI 5 S N A il e I 2 B, R SRR
A H,S RN EBIE. R4 TCS001 Bk B3 77 1
Ry TEE B AR A RE, V0% w HON i fT
B & (Bacillus) 4",

2,13 ST %E  RRBEK TCS001 1)K H
DNA, HLIKE A HK/NE 10 kb, 37315 2
qyrd B, WP S R R 8 B BN 971 bp,s
5 Rooney VAN i ) 741~939 bp K U il 45
o Bz R 7 54T BLAST 4007, AR 4R
gyrd FER T S R E R G K B W (K 2),
M E H, H Pk TCS001 745 4 # B.
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Bacillus velezensis Kir06711.1(WP 0.3020834.1)

TCS001

83 | Bacillus velezensis(ABX52352.1)

Bacillus velezensis OQV52739.1(WP 082998115.1)

] Bacillus velezensis FEB42(ABS72455.1)

Bacillus amyloliguefaciens(BAT50933.1)
Bacillus velezensis(CBJ15409.1)

Bacillus velezensis(AHN09984.1)
g8 (Bacillus amyloliquefacuens(AFZ93405.1)

|Bacillus amyloliquefacuens(AGO86046.1)

Bacillus amyloliquefacuens(OXL18217.1)

58
83

56

Bacillus siamensis OAZ61635.1(WP 016937309.1)

Bacillus amyloliquefacuens(WP 047478417.1)
Bacillus nakamurai KXZ23432.1(WP 061527349.1)
Bacillus halotolerans KUP31454.1(WP 044160296.1)

99 L pacilius halotolerans KUP34806.1(WP 059292109.1)

—
0.002

e 23 STACHIBUE Bootstrap 15 E K 1000 PR B 245 SUSCREA, FRR0.002 NBELETE .

Note: Numbers at nodes indicating Bootstrap values for each node out of 1 000 bootstrap replications; Scale 0.002 meaning evolutionary distance.
2 ET gyrA EEFIGR ISR TCS001 SHEXAENBEEIRFTLER
Fig. 2 NJ phylogenetic tree based on gyr4 gene sequences of antagonistic bacterium TCS001 and related bacteria

velezensis (17 AL T RG R EWIIFE—733. [
Y5 O HO F R K B WAL B — PR T
Pk TCS001 A VST 2E FAT B4 Bacillus velezensis »
2.2 TCS001 EHk T EYRREEERHNHIER
SRR IR R FRVE M E A5 R (R 1, B 3) R

F 1 DUEHESFHATE TCS001 XX EYmEEFEMN
MEMER (n=4)
Table 1 Inhibition rate of B. velezensis strain TCS001 against
different fungal phytopathogens (n = 4)
9o S i ELihaES

Pathogen Inhibition rate/%
|\ | 87.66+0.87 a
B. cinerea
R B 1 72.53£293b
P. musae
RRAEAE 209 16 71.40+2.32b
F. oxysporum
B A 1 69.48+3.12 ¢
A. citrullina
TN BL 7 14 58.52+0.10d
C. cassiicola
TN A% 57.62+£197d

S. sclerotiorum
e RPEEEFIE + brdEz, FRFVEEREA RN S iR
1E P<0.05 KFEFEZE.

Note: Data in the table are mean + SD. The different lowercase letters

in the same column indicated significant difference at the level of P < 0.05

(by Duncan’s new multiple range test).

TCS001 HHEXT 6 P ALY I H R I B
U 0 1) 2R (P < 0.05), HWHIE R 57.62%~
87.66%, FHp X 15 S K B2 95 BRI 0% 410 i) 25 SR ot
X B TN B R 05 T R o R R A 55
2.3 TCS001 XEFE RN EBENREFHMFHEL
ME 224 KRR
231 XBIFHLHEH ARABHEBREGHET,
TCSO001 J& P SR B JIAK 8599 11 961 PR 40 ]
RGAREZET (P<0.05), [k EEEBRRGE
HK, HIHEISCERIEET T (R 2).

RS R I, XA AR, FER
K, MBI (F 4-A); RIEIER AL B A7 17 &k
HIMAFIFEERE, FERDN 4 s FEH
2K (B 4-B)s & Tm g K (Kl 4-C); HFER
IR (] 4-D): ZFE IR H WIS % 704 (K 4-E).
232 XMELAEKWEE ARWBEMGEHT,
TCSO001 & P B0 B JIAK 25995 T A 22 A0 K R
RWELEREER (P<0.05), BEREEIERFRAS
BRI IR ET N (R 2).

WA RN, 24 TCS001 K EEEMF RS 5 < 20
B, OO B8 T K 593 T B 22 26 K RT98 7 15 i R 41
FIEL KT 90%, W] TCSO001 KB P& A
PERR B, HA B AR BT B T R D
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A: BUNKERIH; B: SHEMBHRE: C: MIEMZINE: D: JRERNE; B JIUBRMR: F: RN .

Hrft AL B. C. D. E. FAXEA: A, B, C. D'\ E. F ARKA.
A: B. cinerea; B: P. musae; C: F. oxysporum; D: A. citrullina; E: C. cassiicola; F: S. sclerotiorum.
A, B, C, D, E and F are the control group; A’, B>, C’, D’, E’and F’ are the treatment group.

B3 DISEETZFATE TCS001 MHHEiXE 5% IR BB A HNHI R
Fig. 3 Antagonistic effect of B.velezensis strain TCS001 against different fungal phytopathogens

A: X B, C. D. B: ABEA (i EmRERAL).

A: Control group; B, C, D, E: Treatment groups (arrows denote expansion).
B4 DUERETEFEME TCS001 XEEERX RNk BRHE AL

Fig. 4 Effects of strain TCS001 fermentation filtrate on spore germination of B. cinerea pathogen

3 NS

AT FE T I L v e ) 43 B A B ) B A
TCS001 AT TIEASRHEM S AR B A 1 07 4 8
K gyrd AV AT, 108 1% R AR O DUSE 0 28 A AT B
B. velezensis. TR, ULSERT 28 R B X
MRAE B8 205 5t o KN AC AL B Verticillium dahliae
Kleb. [ B B0 B0 5 25 2 HE M 1l Alternaria
brassicae &K% BUW B K Hi % fl B. cinerea
Pers. JE%EJE (Pythium spp.)~ #21% 1 J& (Rhizoctonia

spp.)~ FEASHU)E (Alternaria spp.). ¥ @
(Fusarium spp.)~ %% )& (Phytophthora spp.) F1&
JE W& (Thielaviopsis spp.) MY E A —E M
FHE PRS00 A A W D SR O AT R
VBN AP R N T B G . AR ST
) VUSRS 28 AT 7 TCS001 R T R 4T 1
JUREUEEEYE, N B RS B A AR D
S HRACAE 2200 T 55 6 Fh (XA 100 )5 3 1R 250 A (2
FHWANBEROR, R ZILE 57% DL E.

A 2% T DU I 28 f AT & O AE 7 £ AR vh T
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# 2  DURHETSFIATE TCS001 & B ik at B IR Bk E
faFiA& RELZEKHINFIHR (n=75)
Table 2 Inhibitory effect of strain TCS001 fermentation
filtrate on spore germination and mycelial growth of B. cinerea
pathogen (n=5)

i) =
R I TR R A 4L Inhibition rate/%
Dilution ratio of
fermentation filtrate gk RS

Spore germination Mycelial growth

FRE 5 % 98.05+£2.67a  96.24+0.86a
Diluted by 5 times
Tk 10 fi5 9348+125a 93.44+221a
Diluted by 10 times
FiBe 20 1% 92.85+435a  91.63+0.72a
Diluted by 20 times
Fik% 40 i 80.13+7.83b  80.46+2.49b
Diluted by 40 times
FifE 80 fi 65.04+2.80c  60.85+231c¢
Diluted by 80 times
PR 160 % 29.72+0.87d  56.73+497c

Diluted by 160 times
T RPBIE N TIE + b, FSEIE S AR E NG RN
1E P<0.05 KFZEF B,
Note: Data in the table are mean + SD, the different small letters after

the same column figures indicated significant difference at the level of P <

0.05 (by Duncan’s new multiple range test).

S HGE EE W T b, T A R M B AT
8D o AR G0 SR REOK I ) RS AR, 0 SR R
RA B B 550 B I AN A7 22 4, IR 2 B
BRI R AT A DA SE B — . Rk, AR B R
WA IT R T BT B 25 5l R AT EL A,
BRI R 74 i 20 AN 50K TCS001 B Ak & I
OB B0 SO IR AT e, PIRERT
ZR IR AER, 45 35IEH TCS001 & B
WS AR R R, Hod i B0 Kol
PETE T A AUE F G R, MO B e
TR bR TR R B A 1

Zx BERWL, DUSEHT 2 A TCS001 B ARAE
998 S LB (R AR 5 96 7 T LA — 8 T (E T
RANEANE, AHEi@ 5 —5 0w aith R R
W, R ETE PR R A . B G g —
H56F TCSO001 3 4% B ok 1 FH 1) 977 ¥ R0 5 DA S i
TP~ A 1 BAR BT B A NS TR R S HEAT I 7T
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