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1 E: (% %) & RWR% 7 B [Fusarium equiseti (Corda) Sacc.]5| #2269 X 5 RARJE 9%, &4
AFERAXGNZFEARETHRNIZIHREZ —. AWGHER AN ARFE2LBRANETLEFHK
o, RAB AWM REG S — AT, [B 6] 3248 X5 RARTR L8 P A KWk H B A
RFHAMERAGEG AR, [ RAHE TR ES BRRLEME; RNIEKR Efd EHE
stAE L0 ) AT Tk Fe 3P B AN, ARA ZFLEARERSA I N T L THAGEH; BLE
BRI R AT K RARE Aoy ra; B3 B EF. A AMAFIER 16S rRNA KR 57 #
sk FwA, [ER] AERXG RARF L3R F 0 B AT 157 mamd, s RAF 2T X B RAR S
A AR LEWEHER G RmE SC-119, RHIEROIFE FTL 68.53%, M HKL #HITH
B Ao RIFORIAAE ), AR ERARY, B SC-119 3t % 55 RARJE 7 69 55 76 #OR A F] 67.39%,
FL AR St B AR 3 A A K iuwl REEFRAARANFARAREFSANRST 29.03%. 32.26%F
16.13%; *THE#k SC-119 #4750 £ F KT, &j—ﬁ % % 3 WA & (Bacillus atrophaeus). [4£]
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Screening and identification of the antagonistic bacteria
against root rot of Saposhnikovia divaricata

CHEN Fengling, SUN Zhuo', LIN Hongmei , YANG Limin

Breeding Base of State Key Laboratory of JLP-MOST for Ecological Restoration and Ecosystem Management, College
of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, Jilin, China

Abstract: [Background] Fusarium equiseti (Corda) Sacc. caused root rot is one of the principal soil-borne
diseases that have resulted in a decline in the production and quality of Saposhnikovia divaricata in recent
years. Because of environmental safety and no harm to humans and animals, biocontrol becomes an efficient
approach for the prevention and control of plant diseases. [Objective] In order to mine the biocontrol strains
with good antagonistic activity against F. equiseti in the rhizosphere soil of S. divaricata. [Methods] The
dilution plate method was used to isolate bacteria from the rhizosphere soil. The antagonistic bacteria were
identified via the filter paper method and the Oxford cup method. Antibiotic labeling was employed to mark
antagonistic bacteria and assess their colonization capacity. Pot experiments were carried out to investigate
their ability of mitigating root rot. The morphological, physiological and biochemical parameters, as well as
the 16S rRNA gene sequence, were used to assess the taxonomic position. [Results] A total of 157 strains of
bacteria were isolated from the healthy rhizosphere soil of S. divaricata, among which the antagonistic
bacterial strain SC-119 with strong activity against F. equiseti was screened out. This strain showed an
inhibition rate of 68.53% and exhibited strong colonization capacity and a broad antagonistic spectrum. In
the pot experiments, SC-119 showed the control effect of 67.39%, which was 29.03%, 32.26%, and 16.13%
higher than that of Trichoderma harzianum, Bacillus subtilis, and mancozeb, respectively. Finally, strain
SC-119 was identified as Bacillus atrophaeus. [Conclusion] B. atrophaeus SC-119 has good antagonistic
effect and biocontrol potential against F. equiseti, serving as an effective source for the biocontrol of root rot

in S. divaricata. The findings of this study facilitate the development and utilization of strain SC-119.
Keywords: Saposhnikovia divaricata; antagonistic bacteria; identification; colonization; control effect
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9 56 B AR T8 95 fi 3 8o T, — R
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Schischk | AL Rl 24 A A Z MY, VT
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FETRRIETTEGR | ZR BRI AR 2 AL T R B
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AR W, EIE AR fy T OGN TR B 4
RIERANGEE, FEOCP MRIER . LA
FOREERAF 10 RFRERA A, HhhA
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FERHEEY, HREESRL e ZN
FAP R 2 TR s 3 B 4 U i W g A 2
—o WKW, LK% R E R (Trichoderma sp.)
12 AT B8 (Bacillus sp.) Bt Wil 68 A= 90 1 571
X HRJE IR o R ST A o S 2 R R R
A RIFHBERCR ,, (BT O R
Xof L P R i T T B0 4 A A B X AN SR Y )
R T THD b A 7 A I A g R R R 2 AT
TR A 7 X [ 5% 0 220 B BT 8 33.75%
17.65%". PRI, D SR A5 v i e sl O s
TR T A 1 5 A= Py B 4 TAE G 2

W5 2 WA P AR s 2 v AR S35 470 4 A 5 AT
BT A= B 0 1 U0 DG T 6 Bl XU T T
PR EE AT H 18, I HLAER R X 5B XU A=
TR BT, OGO By IRUAR s - 2 2 T 1Y
DT AR I AE , i, ABESE LA Bl KR Br
T WFTERS G, IR 23 B G 1 Xk AR B )
PR AT AR LA T S R I A R
UrEFARE T RIS PN, @A AR
FRAEAE K 16S rRNA FE K 7 51 iy 8 Hior 224t
fr, FFEEILEIMERBIEHCR , LA KBy
JRUARE JE8 s 25 T T P T 4 AR 00 B a0 o SR A
X P e () R T TR U, TR Sk B ) 2 A s
b7 125 AH S E S B4 5 PHE HE Al

1 #H57%

1.1 #8
1.1.1 #5&

oK B AU JEE s i D L TR A A Bk T TR (F
equiseti) 1] T 1504 & 1Y 975 1€ o

JURNH WAEY R I LA = G B KUMK B 05 9
J5 LB K 4 % £ 5 (Botrytis cinerea Pers. ex
Fr.) . 5 B7 KU ST A 9 9 5 L TR S A 22 4% T
(Rhizoctonia solani Kiihn) , 2 [ XUZE I 9 S5 L TR
N E RS [ Phytophthora cactorum (Leb et Cohn)

Schort.] . 5 B XUA 2 995 i Jit L 1 2 7 9k T 1
(Fusarium oxysporum Schlecht.) . TLHKF BRREH
9 Dot L TR Y B AR A A R [Alternaria liriodendra
T. Y. Zhang et J. Z. Zhang]. FLWR 2538 W50k
J5 LT 8 B S TR [ Fusarium solani (mart.) App.
et Wollenw] . 2=y At o Jirt L P o o 0 00 77
[Mycocentrospora acerina (Hartig) Deighton.].
S 0 BRI 0 i I R A AR AR 16 PR [A lternaria
tenuissima (Fr) Wiltshire] 4% B AZ Jii I R EL
I8 #% 3% % (Sclerotinia asari Wu et C. R. Wang.),
AT DA PRI E . DL B I B
i AR R A s B S B & SR L

K IR BORE I, 1 3 AR M R 2 24 el
(E125°24'59", N43°48724", 4k 251 m), HAk
A T 2R /K EH(E122°5210.43", N45°11'39.01",
MR 152 m) . MK Bk T K K AR
(E122°12'38.32", N45°31'58.59", iffdk 224 m)
R 5 O B XU R b R A 7 B SR R AR . AR
TR R AR R, BB -,
B B EARFAURA IR 0-5 mm Z N FFE )
TR R A EAET, 4°CIRAFE.
1.1.2 EFHE

- P E R TR (NA) S 37 55 2 BESCHR[19] 7L
il ThES A A (PDA) R 75 3 2 B SCHR[20] 7L
il s PUSERAT IR ER R SR 0k . IR ER W B 57
BE L BIBOK R IR | TER KRG SR LA VAP
B 7 A M B AR S BROCHR 211 1
113 EEZIXGT RIS

99%FI| & ¥ (rifampicin, Rif), JbHi &K
FHEARA R 70%CREE 800 i, MU
T RBHECABR AR MR ARE R, Hby ey
HPRHCA IR R Mis 2R A m o, IR
EPUEWR A RTAL A A 5 205k R A 3]
fr, TaKaRa 2y #]; DNA Marker M40 514,
A AW AR (R )R A FR 2w o 40 e A B AR
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YR, FREEAEYREARAR; AT
SMEAE, WRIEARBKE FRHCA R A\ ; PCR
%, Rockwell Allen-Bradley 2\ ) 5 7K F-HL KL ,
AR —EYRHARA T BERBER RS,
I REERHCABRA
1.2 TEAEMSTE

SR FRG BT M 0 4 i - 1A i Y, FR R
B 20 HEM 4L 10 g, BT 250 mL =44
o, A 90 mL G K Al B B ER
30 °C. 180 r/min FE 734k %% 20 min, JR5)J5##E
5 min, il HHERR. % 107, 10*, 10788
JE T LR R, A IR 200 pL & R TE
NA A5 i A, B RE 3 R E K, -t fE]
B TEIR S IRA N 32 °C W15 9% 24—48 h, ALY
HYETEA . B . R m g 0 2 G A e Bk
BRI 7%, 51T NA SPARRIZ 4t
', 4°C IRAF .
1.3 FIHEEIFiE
1.3.1 EREEMFD

20 T PR AR ) 25 < R R PR A T NA
WARRE IR 2, 32 °C . 180 r/min $R 3% 1595 36 h
il 75 40 R R BT, N R TR K R A TR
10° CFU/mL, & F=iR&H.

W A IR T TR R AR 8 mm T BE, 4%
Fl 2 PDA Al E g, [T 4 R KRR i 4R [
F(EAA 8 mm)XFRE FHEFEARF .04 25 mm
Ab, B R 20 pL AHTE R SRR, X BT
20 pL Y NA WA IR, AP 3 kEX, &
T30 °C FifeMims g, fxf B m i K-
M, THEMEER, Gk A BB RS PUE R g
R DA R A T A2 0
132 FEEERF

TC T UE W A A5 F A TR R BT
4 °C, 7 000 r/min #.0> 20 min, Y& FiERL
0.22 pum HALIERET IERE RS, HIFS TIC IR

W, 4°CIRAr% M.

W5 A IR T TR R ELAE 8 mm AUTRDF, 42
Fi % PDA A IEH R, BEFAMFTH 4 HE
KA MR (NI 6 mm, /MME 8 mm, & 10 mm)
X AR T BE S 02 25 mm Ab, FEARIEA
200 pL JCREUEM, XTERZHHEA 200 pL ) NA
WAR FREL, BRALPE 3 RER, BT 30 °C K
FERIMGRE IR, FRX AL VA A, I
104 PR B TR VE AR K B (TR ), T
SR A A TR DB VR ) B
IR 2 =[(4-B)/(4-8)]x100%
K, A XA REENARKER; B: &b
PR R B P AR K EAR BT e D T A F
HiZ
1.4 IFI4E T (Rif) 2L B Pk AU F I

KB RPRICED, BUS AN KB
10 mL R0 7E & 10 pg/mL Rif # 50 mL NA 1535
Wirk, 32°C. 180 r/min YRG5 35, B4 ik
BETE 300 ug/mL Rif B NA B EE K H
FEPUEE . EVE B SN KA 2848 B bR A T
I 2
1.4.1 RELEKEETRE QN

W A MR TE NA ARG R B (A& RiD)h
e 10 U5, AT T3 300 pg/mL Rif 1
NA B FR3E A, MR EBREIER K.
142 RELEKERIEE RN

KR s, DURIR R X B, g
MR RIS
1.5 MAETRTERELIEFNEHE

KR EFEP, K 300 g HIEMAT
Hizhrh, FFm A 30 mL AR AR & BER
(WL 10° CFU/g) 53+, 3 IRE AL,
FIRFHCE, B 7 d EWEREE, R R
NG TR BRI AT AE S 300 pg/mL Rif (1)
NA BR300 -, TR = .
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1.6 FEIMAEMEIENE

KRR 7L, DMK o A ILAVEY B
PRI T B0 B O BEAR T, X R B AR BT I A
PR TP IE I, RRALEE 3 REA,
BT 30 °C HiFRFamE IR, Frn) BRZH TR 7Rl
R, TR
1.7 HIAEZRGEAR

PN AN R A =S AU R P AR (o0
FIA e 7 S T LR T I B A% 8 mm M TR DF,
PRE 5—6 B D A2 PDA WRAK R 5 5L 10
A, 25 °C. 180 r/min #RFHIEIE 7 d, W
4 JR KW At g, E BT A BRI E0R
P AT E A 10° CFU/mL.

FEHUYH TR K R A 2%« T AR R
FIFE LA B RN T NA WA R 53, 32°C,
180 r/min Y% 15 5% 4 d, HIASFEPUAN B & B,
FAK B K #5810 CFU/MmL, B &R
T

FAIRI I E 6 ML, AbFR 1. BAER
B ] A2 15 mL; 03 2. ByAAKREH
FI AR EE R 108 CFU/mL)5 A W 8k 1 T 76+
B 15 mLIRGHEFR; AP 3. AhRIZEMIE
R F RS 10° CFU/mL)-S5 AW T T 17
WA 15 mL G HM; A3 4. 70% AR5 FF
800 iV 5 AR MR T T il 2045 15 mL IRG
A AP 5. FEPIANTE SC-16 KR 5 AR
YRR T2 15 mL IRG M, kb3 6.
VU SC-119 & B -5 AR Wk ) B 11 &
W& 15 mL IR G4, M 8 MEK .,

ey B A — B H R — A
B KRR, SRR LR, DT R e i
KB REEEE 1-2 em AbJil5, A AR HE A iR
UCPRA TR . WS, RS 35 d TR E
RS i o Rl N RF s W KR 1= it] i)
TR

I3 T8 18 F=3 (55 B MR ESORE 1 2880/ (s e
<A BAEHEED) <1005
BI7 6 RO (Yo)=(XF BR 2H 95 15 48 £ —4b B 4H 0 1 45
B0/ T B4 9 1 46 <100,
1.8 HEHAENEE

W FLAR B0 i B RE 1 AN BT RLRE D s BT A
A TR E .
1.8.1 HEESZFLEE

WS PUANTE LAEFD T NA BARE SR 5 |-
30 °C WEHEF% , MBS ETRIEAS, FLa Gk s
o B IERHESE, IR TR SR A
FEFRIGL A,
1.8.2 H£BEUEE

S CH LA RS %2 T P (A
NANEE % F M) B, R 40T 2 B A A e
EXT DU A . LD . V-P K
5o . WIRCWAL . TR A A A g | W g 45 A AR
AR TR AT E -
1.83 SFEE

SR FH 44 T 56 DR 2 35 6 4 B 4 v i [
21 DNA. RF40E 16S rRNA KK 514
16S1F fl 16S1R #E1T PCR ¥ 1 16S rRNA FE[H
Fe5IP, PCR PR difbait 248 TAY TR(E
TR A A PR WY, AR I 45 SR AE NCBI
BEAT AR LU B, B SR Ok & . T MEGA
5.0 AR AR B I F 16S RNA JEH 7
SIMRGERER, ARKRECKE N 1000, e
FEHUR PRI R G0k T = AL

2 ZREA

2.1 TEMAE S BB AR FIES R

KRR, B KA B A 3 v 3t
STESH 157 RN, 45k SC-1-SC-157. W)
i g 40 BRXTAH S ) B E A B B S PIROR
FIANTR B RE, 7 BB 25.48%, & T4 SR T
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AN, FEBUAN B Y TG TR VRO AR R D T LA
PUM I A 20 B, B0 3R 0 = 0]k F
70.24%, FWIFEHULH TR 53 W5 14 B S0 Joi [ A o
AR T LA PUER . BN R R & T
65%M 5 KRIEILAN I UEAT N — 2 e BT .
2.2 MFEFERTERIFESESR

Hikk SC-16 F1 SC-119 HHELE 300 pg/mL
Rif () NA AR BRGEA K, IFHAEANE
Rif ) NA FEAE FREE B gesigs 10 )5, 15
AEFE T 300 pg/mL Rif A NA [EIARE 55 FIEH
A, R RO A I S 0 TR B AR A
ISR 5 R AR R SEAS A R, LA B L R
PEFIFE PR E Tk -
23 MABEERTEKELEPHNEE
S

PRk SC-16 F1 SC-119 7£ 3 () E T sh 75
(1) 2 B Sl 3 F TR r . Wbk
SC-16 %Fh 7 d J5, TIEhoERREEIE T
B, (H7d 5 M-S W EZEIGm, 75 14 X
IKEEME, M 5.13x107 CFU/g, N 7 d BfAY
1.52 fi%; Wtk SC-119 #:/h 14 d J5, T

1000 ——SC-16 —e—SC-119

800
600 | .
400 +

200 r

Colonization quantity (x10° CFU/g)

-200 : ' ' ' '
0 7 14 21 28 35

1(d)
E1 BE#kSC-16 F1SC-119 T HIEHP W EBEINT

Figure 1 The colonization dynamic of SC-16 and
SC-119 in soil.

FARECE W R I, 15 14 d J5 1358005 i
WM, FEE 21 KiKFIE(E, 4 6.87x10" CFU/g,
M 14 d B 1.54 6% 2 BRESAZ YN 7 B ik F
WA S5 TFIRE WL, T 28 d J5 LS
#TRaE ; 35 d BF, Tkk SC-16 Al SC-119 7E -
P A B R RE IS B 4.83x10° CFU/g-+ A
3.45x10" CFU/g-+, BiHARFE SC-16 Fll SC-119
REAE 3 5 o) ) 2 B
24 FEIHAERREIENELSR

Hikk SC-16 F1 SC-119 % 9 Fh izt 5 B 1
B I A0 B0 TR RE 0 (R 1), R X o
M RO R, M RIBE T 96.27%H
96.26%, 25 i T A IR B R (P<0.05).
FRIAR SC-16 F1 SC-119 X HoAth 8 Fftiatyps I BB
] IEF] 80.52%—86.40%F1 72.48%—84.85%,
FWI MR SC-16 FIl SC-119 HA B 1540
FRCE, M HFEM SC-16 % SC-119 J &M
A 15 o

x1 ERAEENHIEIENESER
Table 1 Antifungal spectrum of antagonistic bacteria

Phytopathogenic SC-16 SC-119
fungus Inhibition rate (%) Inhibition rate (%)
Rhizoctonia solani 81.66+1.30cde 72.48+2.52¢
Botrytis cinerea 84.37+2.12bcd 73.28+1.50e
Fusarium oxysporum 81.32+1.88de 82.46+2.69bc
Phytophthora 86.40+0.66b 74.74+0.85¢
cactorum

Alternaria liriodendra 82.22+2.12cde 79.25+3.56¢d
Fusarium solani 84.64+0.46bc 84.85+1.81b
Alternaria tenuissima 83.45+0.65bcde  79.6340.17cd
Mycocentrospora 96.271.31a 96.26+0.78a
acerina

Sclerotinia asari 80.52+0.17¢ 76.04+0.57de

F e BRI AR R . ARV FRERR S
Duncan FBT i W 25 74 K 36 22 57 18 38 (P<0.05)
Note: Date in the table are mean£SD. Different letters in the

same row indicate significant difference at P<0.05 level by
Duncan’s new multiple range test.
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25 HMAEZARGAARER

PRk SC-16 1 SC-119 X 5 57 KUK JEE 95 A8 71
RPN 2 B, BB AR T B g I 1
A 56.79, Hofth Ak F3 4 9 17 5 5038 4 R4 K I,
R T S TR AR (P<0.05) . Hodr, KR ] 1
SC-16 ARG, HAHXF B B FlG K AR
B T 0 R 2 LA B TR 20 i T 8.31%
A1 12.50%, {H5 A RREE AL AR HL B RLFEAR T
7.80%; AW IS5 SC-119 IRA MG, H
AR 7 35RO SR B R ) Ll o 2 AT T
A AR AR B 3 B2 5 T 29.03% ., 32.26%FH
16.13%; £ AbBRAL 2[RRI XS B 30 22 S AN B 3%,
E—2 R T H5 P40 TR SC-16 F1 SC-119 Xt 5By
XU I o3 1) B A A7 B IR ROR , B SC-119 ¢
SC-16 MIBHIRRCR LT -
26 HEIMAENELEELER
261 EEFLTEER

PR SC-119 7E NA [E{RK: LR 5 48 h

R2 HEREESXERREREASR
Table 2 Control effect of antagonistic bacteria on
F. equiseti

Treatment  Disease index Control effect (%)
1 56.79+7.41a

2 29.63+4.28b 47.83+£6.79a

3 30.86+7.41b 45.65+11.76a

4 24.69+7.71b 56.52+12.25a

5 27.16+4.28b 52.17+6.79a

6 18.52+7.41b 67.39+11.76a

VE: 1: RIHRIITE: 20 AW ] B A KA EH; 3:
AN R I TR RIRG B 2F MU R TR R 5 40 R T AURR
HEEE; 5. ARSI M SC-16; 6: AWM TI AN SC-119.
Bl N VY Bbrii 22 . AR/NE P RERR 2 Duncan [G
B S 22 AL 56 22 S W (P<0.05)

Note: 1:
harzianum; 3: F. equiseti and Bacillus subtilis; 4: F. equiseti
and mancozeb; 5: F. equiseti and SC-16; 6: F. equiseti and
SC-119. Date in the table are mean+SD. Different letters in

the same row indicate significant difference at P<0.05 level
by Duncan’s new multiple range test.

F. equiseti; 2: F. equiseti and Trichoderma

G, WIERFL A6, A, FEk, POk,
FRENRN, NBEH, NEARES, 3R 9%6h )5
W5 RGO RHE hRE A AR
AL RRFFAR, A ICPHM:, 52
262 HBEEHNEEHER

AR SC-119 i A= B A= fb 45 &5 51 ¢ 1
(# 3), WK SC-119 REBE /KM vE by FIBA S, il
iR R i S N AR L A B, el . IR
th CWEH B I (V-P) . AR AR AL
BB, e A AT E R SR A 2 AR s, H
LR M| RN AR A B R BAE, AR

3 EHR SC-119 BE IR (AFE
Table 3 Physiological and biochemical characteristics
of SC-119

Characteristics SC-119 1 2
V-P test + + +
Methyl red test - - -
Nitrate reduction + + +
Citrate utilization + + +
Catalase test + + +
Gelaune liquefaction + + +
Amylolysis + + +
L-arabinose + + +
D-xylose + + +
D-mannitol utilization + + +
Hydrogen sulfide production — - -
Mannose + + -
Mannitol - - +
7% NaCl growth + + +
10% NaCl growth + + +
Propionate + + +
Indole test - - -
Hydrolyzed casein + +

Oxidase + +

Phenylalanine ammonia lyase — - -

TE: 1 ZAF AT AR 2 AR 2RI AT A
Mo+ FEPE; — BN

Note: 1: Bacillus atrophaeus™; 2: Bacillus subtilis'. +:
Positive; —: Negative.
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R A AL A (LS UAR, REFES 10% NaCl
B NA Jig2 3k FAE R TRk SC-119 52545 2
FER X BRI e A 880 . ASBERI A H 2%
W, T B 2 AT PR B R I i =z, T it Ay
RUIX G 2240 25 MOFT B B 3l 2 Fp 2222

263 DTFEEHER
K PCR ¥ B £k SC-119 19 16S rRNA

4, 155 1 454 bp By PCR 724, 25
GenBank 73 (& 5% 5 A OK605033)Jf:##1 7 NCBI
BLAST Luxt, S50 ERRKR SC-119 5245 28 i
¥ B (Bacillus  atrophaeus) ¥\ P &% &, ik 3]
99.86%, T 16S rRNA N FHI R RS
REWERE 2), Wk SC-119 5245 2 T
W (Bacillus atrophaeus)% N—37 .

GBI B FRE . R AR L 16S

rRNA ZEHFHI 04T, Rtk SC-119 M %
95 2F BUFF 1 (Bacillus atrophaeus)

3 winEE#

T YRR A 5 S IR EE AT ) B 52 46
LT, MRS FIERETHREZH
B e R A W REE B, L AR bR 41 1 A
EEUAR T R B PO RS sy e e e ]
A SR, DA 3 B0 i Jert oA A A ) AR s
ARER AR, HA R EEeER T,
A 3 AT URF 7 A At B S Bl XUAR s - 3
Hh G B 7 8 S — R T A Bl T TR R R A
RORBIFEHUAM B SC-119, ToB BRI KAl 35
68.53%, HA RIFMABIETI.

r Bacillus amyloliquefaciens NBRC 155357 (AB325583.1)
Bacillus halotolerans DSM 88027 (MN483266.1)

59| Bacillus subtilis DSMZ 10" (MK256302.1)

Bacillus siamensis KCTC 136137 (KY643639.1)

841 Bacillus velezensis NRRL B-41580" (EU138484.1)

36

48
54

—
0.02

2 ET 16S rRNA EFEFFIMENE SC-119 ARG L EW

Bacillus tequilensis 10b" (HQ223107.1)
Bacillus mojavensis NRRL B-14698" (EU138460.1)
SC-119 (OK605033)
96' Bacillus atrophaeus NBRC 155397 (NR112723.1)
Bacillus halmapalus DSM 87237 (X76447.1)
Bacillus luciferensis LMG 184227 (AJ419629.1)
Bacillus ginsengihumi Gsoil 114" (AB245378.1)
Bacillus azotoformans NBRC 157127 (AB363732.1)
Z Paenibacillus polymyxa 1AM 134197 (D16276.1)
67 Brevibacillus laterosporus IAM 12465 (NR037005.1)

Escherichia coli JCM 1649" (AB242910.1)

PRRACR AL AL 5 R 7r s B

Bordom BRI 55 0P 58K RIZHEE GenBank Bdla 7 o 19 8 5% 5

Figure 2 phylogenetic tree of SC-119 strain based on 16S rRNA gene sequence. The scale represents the
coefficient of genetic variation; The number at the branch represents the confidence interval; The serial
number in parentheses indicates GenBank accession number.
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WFoE M, FYRPRA T HA T R I
P, AT Rl B 2 R R L B A S BUE A . A
PSS AR PR A 58 2 8 A 45 B Al
SZ-35, WA B IR I . KB T
14 R RO A AE K 2R EPNE R
HRBR A= v 3 25 th A5 PU A TR ZFS57, X A AR J o
PR 1SR 25 SR DA RN 3 o R T A 7 AR
Wy D Bt LA B AFRE BUSCR o AS S UE ST
Pk SC-119 XFA0=¢ Ak T . R T R B 1 |
U PR R A5 9 R ED IR B S R B A
[vi) R JEE P T BT A 7, HL b ol 0 6 B 0 7
R, MAERXBT 96.26%, WK
SC-119 ANE XA F v 3505 I i 2 A 5 PR,
T ELT A ZE | i 99 i o (R A LA R Bt
ROR, RIS

WFE R, i S DU R E = N S R
i AR st B 3 TR M 5 A T o Ak R, HLTESE
PR F e, BTN RS AR g, AR B
eS8 E AR RS S R R S K e s A
fEIE PR pL S, MR K R T e AT 52 R
B ORI, G S R TR AR P AR B
KRS S B 1) 5 BT 20 TR 2 O B RUAR T 9 A )
BiiiA BB, AR KRB, SR bR
LIRS H R SC-119 78 HIEF A ER SIS R
PLSEUUG B F TR e R, I, Rk
SC-119 1E H3EH @M 21 d N, SR 2 Nk
1M e bR B RME, 3 AT BB 58 48 TR #k it A
RT3 37 3] 4 3 4 3 R 4 09 o G s A 2R B TR
TR, SRR SC-119 A= K Z 2],
Z e AR - rh iy AT R S e S U
AP FFEEN AL, WL EEE BT A
21 d G HHES R TR, 2007 5 B T RS2
1 5 0 3 b B IR s s, AR T
Bz ARKEFEERZE. Ff, ATEN
T ARAR A R AR, B 28 A8 B AR G K

B FAEPIAR 2R, X Al gt R Pk SC-119 i ik
TR RN 2 — . BME G, A IO B Y
ZRASHE AR SC-119 7 iR EE hE sl 35 d J
SRS 3.45%10" CFU/g- 1+, WA
A B ) E B AR

FEARB I F B, A5 Ab AL AH [k
JEHW , Hkk SC-119 AE 25 AR S B XAR 8
o 9 1 P 5, LI A0 v T TR R AR 2 A 3 A
FEAFRWIEE SC-119 X 585 KA E i HA B
TP BRSS9 A B A H
W REET X 1 57 I DG Bl KAR S, R, A
7 XA o - 398 43 B85 07 2 13 A 55 B 400 7R R T 5%
7 DRHEHE BT 1R %) 4 A P R T S

RIS AR B AR EHE T 16S TRNA
SIS0, S8 WPk SC-119 N2 40 2E MUAT
W (Bacillus atrophaeus). 2545 %F MOFF & —28
Al ZE M R AR BOR R, NS s TR B
RENS 7=k Z R R AR =9, HA B g R
Pom ™, MR E S BUOEAESIER, $
I FH RS 3 1 A B TR B IY o AR S BT IR
K R R 40 2F AT B S B KR JEg s LA R 4
(A AR SRR, A 2 7 DRUAR 33 114 B Ja 443 T 4
R, A CHE M SC-119 1R FIRE . K%
FAF AN AL HMT 7 EE ik — 5%
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