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—iRSREFGLEFERINNELERNFZE
REFEMER B CRMBTARR

T ET MEF AR KAE ART

CHTAS A Wit R ARG BoR B i S0 3, P R A Rh 242 B, B 310018)

W OE [88) Msvbnkhekagdi H, JF & L8 KA Nilaparvata lugens {4 P i 25 B Rk A 1 ( Yeast-like
symbiontes, YLS) SHHEARIUAEN, HSZBALMEN, DEREPAHE il —Fafrkm. [F&E] U
ZB S IRIEEE Pichia guilliermondii SHHEARES, M\ 30 A Ho 0 255 31 — AR 0] 28 th 52 e AR IR B HLA B0 4
PO HER R, B A IR AL & W3 A T AL B S AT, I8 5 B B S i SRR LA, AR
Hohe CERIBIASUR [ SR ] %5, KWtk 4 b A B4E% F Sreptomyces albus2013; S albus 2013
KR EEAIEER S A UEE A (Tetramycin A ). #8 KEIE 251 W BE 7 500 mg/L F1 750 mg/L (4
R A BUEREN S, B REUWRN RS IRE R 5 IR 3.1 copies/L Fil 1.2 copies/L, W3
(P<0.05) fRFXIHEZL (4.5 copies/L ). FMb Mk SRR B UER A HETEAMERGE L. S
FH I H b BRAH LG, 10 mg/L 80%tt B bk 5% 3 g 500 mg/L #1750 mg/L B PUEFE A 3% 1« 1 SR FRETL,
W RESET RIS IR R, 008 50.3%F01 59.4%. [ & ] FkmfbbiEbk S albus 2013 (7 A7
EEE A SR RE A REHE m e REAY BTG, T EL AT REAR b bk o 4 FH o 3k — &85 SR A
RIS REVEWIBHTR SR AR AL T L

R B KA AOEER; WERA; FUREREEEE; LRk

Screening an actinomycete antagonist against
yeast-like symbiotics and the effect of its active
ingredient on Nilaparvata lugens

MA Zheng~ LIN Heng-Yi LI Chou-Qiang ZHANG Yong-Yong YU Xiao-Ping "

(Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine, College of Life Sciences,

China Jiliang University, Hangzhou 310018, China)

Abstract [Objectives] To reduce the use of imidacloprid by developing a bactericide that targets yeast-like symbiontes
(YLS) in Nilaparvata lugens and is compatible with imidacloprid. [Methods] An antagonistic actinomycete was isolated
from a soil sample using Pichia guilliermondii as the indicator strain and its active ingredient purified and analyzed. The
effectiveness of the active ingredient for controlling N. lugens, both alone, and in combination with imidacloprid, was
determined. [Results] The actinomycete, named Streptomyces albus 2013, displayed a high level of antagonistic activity
against P. guilliermondii. The major bioactive ingredient of S. albus 2013 was identified as tetramycin A. Treating rice
seedlings with 500 mg/L or 750 mg/L tetramycin A significantly reduced the number of P. guilliermondii in N. lugens feeding
on these plants to 3.1 copies/L and 1.2 copies/L, respectively, compared to the control group which had 4.5 copies/L. The
mortality rates of N. lugens treated with a mixture of 500 mg/L imidacloprid and 750 mg/L tetramycin A (1 : 1, V/v), were

50.3% and 59.4% higher than that of those treated with the same concentration of imidacloprid alone. [Conclusion] A
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combination of imidacloprid and tetramycin A isolated from a strain of S. albus 2013 not only increased mortality of N. lugens

but also reduced imidacloprid usage. These findings provide a novel strategy for controlling N. lugens.

Key words Nilaparvata lugens; Streptomyces albus; tetramycin A; Pichia guilliermondii; imidacloprid

# K&\ Nilaparvata lugens J&— 7 5 17K
EFA, Tz TR ERR X, EALGE
% 308 Ao U R VR A KR 1 L AT DAE R Z2 Rk
FEIR R , XKFEAE P2 a1 B ( Cheng
etal., 2013; Wuetal., 2018; Qinetal., 2021 ),
H Fr F 48 E 8 B IA 32 B it 1k 2 A 24
MR BT KR SR, R 5 & 1T IR TS 4™
W REBTZ Mo | KA R e R A BT iR
ROR SR T 55— Z 5 R ( Liao et al., 2019;
Tang etal., 2022 ), Mk HBRAE R BT iR CEURHT
TN N | I N 3 O (ST B 9 e <L L
NI iU I IO B K i ) S ST S =
( Sanada-Morimura et al., 2019; Fujii et al.,
2020 ) [AIBS X PRSI 8 1 — 2 W sE I AR TR
TE B i i R i 4 s A 0, R R R
BRI “ZIREARE” (Henry etal., 2015), 5—
A R R —AF, 4 CEUAR RS R A
B, SR B oA A R A A B (R AE,
2021 ), WFREERW], FEZHMILAERS5H KA
AR KE . B BRI R % B B A
X (Tang et al., 2010; Xue etal., 2014; Bao and
Zhang, 2019 ), #85 QEUA P LIS A: TR S8
H A ( Yeast-like symbiont, YLS ), RHER
J& Arsenophonus, 7k /5 B 7 A& Wolbachia 5 H
JBIMHEAE, 2021 ), Tang % (2021) FHIUIRE
FRN D B A B ()48 ERRE S, A Bt e
IR A5 A% R UM Sl 2B 3 hn, ELAS U Py A
4 Arsenophonus 1 Acinetobacter 4 D1 %3
W TR, R CE A T 51 RE gy
PEAHSE . Shentu 4% (2016) ¥ FINE R
( Toyocamycin ), VUG 2 ( Tetraenocin ) 254
A R WA B AR R EURE, AR YLS
G el N I B € e o s P2 s e RN
R, #2517 CEIET R, A, Shentu
S5 (2019 ) 30 LA A0 5 0 2R 2% T 70 3 B e
TS A R EUA A RARTE 200, e BN B i

FIRRT YLS i, S REBLT R KIE
Fto D B SRR Dl CEdE A O AR,
3 o 00 ) LA BT A B IR A R B A RUOR
W&o PRI, ik B T E A B A IR
FHRE VARG I B 25500, hBiia e CETRE
B E%AE (Acevedo et al., 2021 ),

TR R — Pl o S B A R M B, TR
HARFUPMREZ | ofi) iz, HEA KRR
ARG, AT A K B A YA R AR
W=, a0, BrEA . ARHGR L B 25 R
PEW TR A, FEBEZy | Al SR 20 iz
(Barkaetal., 2015; Jakubiec-Krzesniak et al.,
2018 ), DAL, TR EAW G M RRIE LG
VIR SRR, R o1 B T ARG AL S Y
XS (Genilloud, 2017 ),

AW LI CEUR AT YLS—— 52 R
FrBERE Pichia guilliermondii M#EFRE , HEATTHE DL
R TR B 18 , I FETS P R ARG ™ W ik AT O
BRI S50 K D R s ARSI 8 e B A
g B A Oy =8, B gE O R EL R B iR
R

1 #MR5HE

11 ikt

N T R R HAT REUE PR R, RS
SR IR/ 8 XL DXl A5 T A B2 T 4 R R
Mo X AT B RER AR AT FE R PR A BN i A
VAR AR XA R ARSI R EE 7t
HekE i o SREMAFEEINER 1 PR,

12 B TEHREMLEREK

1 RECK AT R RS TP, R
FANTABFE P ESE, FFREERE MR,
(26x1) °C, AHXHEBRE . 80%+5%, JEHRFEH .
16L : 8D, Zt SR RIERS AR S0 = B AR 77
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x1 ITEEARREMS
Tablel The collection sites of soil sample

%55 Serial no.

SRAEHE AN, Sampling site

H1 BN T 3% BT 5 X [X. Thousand Islet Lake, Chun’an County, Hangzhou
H2 W TR M AR 546 T 3 Around Hangzhou Dijing Chemical Factory, Hangzhou
H3 BUN T AR EE 245831 Around Huadong Medicine, Hangzhou
H4 BN T & AV Around Fuchun River, Hangzhou
H5 BUMTTICFE4¢24) Huifeng Pesticide Factory, Hangzhou
Gl JUPEHE AR XS AR A £ Sk LR X
White-headed Langur Reserve, Banli Township, Chongzuo, Guangxi Zhuang Autonomous Region
G2 JPEHE T 1 DO P R S A SR DR X

Gibbon Monkey Reserve, Jingxi Bangliang, Guangxi Zhuang Autonomous Region

A (CRbuig, 2020)
13 EFE

EAENCE SEE i YR TR RN
23 (PDB) (g/L) : SR 1K 200.0 g,
%I 20.0 g;

BRI O R SR — S R A

(g/L):KNO5 1.0 g,KH,PO,4 0.5 g,MgS0, 0.5 g,
FeS0,0.01 g, NaCl0.5g, nJiaEMEEN 20.0 g,
il 15.0 g;

FERERE SR YPD 35570 (g/L) - BEREZE
¥ 10.0 g, FEHME 20.0 g, HZEE 20.0 g, Bk
20.0 g;

FhFaigRdk (g/L) « HEHE 5.0 g, BERHE
By 4.0 g, B 3.0 g, NaCl 0.5 g, KH,PO,
1.0 g, K,HPO,3H,0 1.5 g, MgSO,-6H,0 0.5 g,
FeSO, 7H,0 0.01 g;

KA (g/L) « BEH 200 g, HEE
i 20.0 g, K,HPO, 3H,0 0.06 g;

ISP2 15373 (g/L) « EZEHRW) 10.0 g,
BEREERIUY) 4.0 ¢, WI%HE 4.0 g, AR 20.0 g;

ISP3 #EFRIL (g/L) . LK 200 g,
FeSO,7H,0 0.001 g, MnCl,4H,0 0.001 g,
ZnS0,-7H,0 0.001 g, ¥l 18.0 g;

PDA #5373k (g/L) : TR EIR HKY 200.0 g,
HiZikE 20.0 g, BE 20 g;

MS #5555 (g/L): T 20.0 g, HEEEE

20.0 g, BifiE 20.0 g;

A A A B IR I TR ER I G SR 5L | JE M
IR SR | AR R RS SR | A TR F 3 5%
LA LR FRILAC T S ISk ( Williams et al.,
1983 ),

1.4 FEUHE

5-L KPR : B EY A RA A
FIRCRAR TS R GE (2998 PDA JGH AT )
K g ) . 98 E Waters; Bruck Avance AV500 %
WEILIRAL . f# [ Bruker /A ; JFii%{Y: Thermo
Scientific™ LCQ Fleet™ ( Hi W% 5 75 ESI. 1E
TR ) Bl A AR B 6AD
il 25 WA 2,15 4L ; Develosil ODS-HG Column
(10.0 mmx250 mm, 5 pm) ): HAKE ; XAD16 N
KALBAEH: ( A xE=6 cmx 40 cm): [
Amberlite A ] 4 H B LAGTRSE:
Bio-Rad A H] .

15 FERH

CNE. Wi (g ): £E Tedia 2AH];
A SR A P2 U & . R L 4] DNA Pkl
AR & . SanPrep A28 DNA i IR £
SanPrep FExCFURL DNA /NN & . il
HTAY TRRARF ; pMDIS-T &85 &
EX Taq DNA R4 . Solution I &4 . FA4Y
TR (Ki%E) ARAFL,
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1.6 RHEFH

80% itk X Bk 7K 73 HOREL 791 W T 2R B JH AR 8
PHEARA T

17 HHRB&EMmE

1 A E T BT ST KT b B — ]
SRIGAHE T Y R RIS g & TRk
WE, SRIGKHASEA 50 mL PDB JARL; 555
FIEEIEI T, [RIAREs 10 9902 K B B ER Bk B T
Hrp, #25K 180 r/min. 28 °CHEi% 2 h 153 1%
B, R R RS B R, L
200 uL > BIATTE S A TRLEER (1x10™° g/L)
AR R R— S ARG R 3 I, BT 28 CHigt
P RESE 4-5 d, SRIEPRERARTE, ML THMR
RS R SR b alifbs % . AL S i
25% (viv) HIMEIEIE T, - 70 CHAFRH.

DA Al 5¢ 8 AR B R 4 R R EA T RS PR
RO, AR AR R R BT 28 CCAIE R R
F2 7 d, HHTALARTESE SR 0 R R G SR L AT
LA 6.0 mm BYFHL, K HEMERA
150 uL Zth 52 Ee R+ (1x10°CFU/L ) ) YPD
R L, T 28 CIEFR 1d, IR XS 2
.52 BE AR e B I 5 PR

1.8 HEHMEEERE LS ERE

R B 11 3 25 45 552 ) TalsEb ), 1992 )
Xif BT H PR AS DU LR R T S T,
HAM AR T ISP2. ISP3. PDA., MEEK—5
Frgedt  MS BEFEEE R YPD REFREE B, 7E 28 °CHs
F7 7 d MBI SR TR T S AE AR KA

S (BERE T S T ) (P EPBERE A
YR SE BT 2k 1 2r 254, 1975 ) D E RS LA bR
TEM KA . BRSO . A IR S R . AR R
KA R R R T S Al S 5 AR A AR RRAIE . R
FHAE S IR AR 72 5 (SEMIFESE, 2019) M
TR R P TR R O

19 ¥EHHLE 16S rDNA VR RGEZ B
B E

BT R AR L R Z4H HEAT 16S rDNA J731

Mg, RALEFS14 27F A1 1495R (Lu et al.,
2016 ) #E4T PCR ¥ 34, LA 1%AY B B EE 1 Ha Yk
iR UE A i o N N L R D 7/ B o 1 W -3 S RA X7
BHE A BR A EIF o B 005 ris /9 16S tDNA J7
Y7 NCBI | #47 BLAST Hext, SRJE 18 F 4kt
MEGA 6.0 %H{ Neighbor-Joining & ¥E R 55
KEW

110 BEHEISHSERENEEE

1.10.1 Bi#EHHEE K HERSDUE R
T (1x10° CFU/L) LA 2% (viv) BY3ERhE$E
Fh TR 3535380, 28 °C. 180 r/min. $EHiL:
It 48 h, RJEH LG IR WA 4% (viv) R
HRNE 5-L R BERER) K BERG SR A Pk T R, K
1% 96 h,

1102 KREHFAIE X2 ARIEER 10L
IRV TTRAL L, 5 000 r/min B5.00 15 min 2055
PARE I8 WOFN TR 2248 . — 7 THIKS & 8 il R
LR REAT ST B AW B, B e S LKV, 5%
EIKW, FHS5 L 100% 4 EEPERL, 40 °Cik
A AR I SR U=aT T N A S W 73 7
(53 g); H—HHEZENA 3 L 100% 4
FEGER S R 3 UK, 40 °CKVE, ELZS Y [l F
P, SRR (10.2 g). ARSI Fr
T ES AL, WHEATE IR 5 IR R
B (157 g) T 40 CRIBEA WG 27T,
RIGAKIREZ )G, A8 FREFRILBARH:, 5t
FH 3 LAKVEE, AKBFEEZIE, F 0 AN R
B (20%., 40%. 60%. 80%F1 100% ) A9 H iz
%2 LU, % 500 mL A—3if6, W8E Ak
B, SRIRE 20 N . SRJEHRYE HPLC 43
Mrah A I1 45 E R LR 2, 155 8 Mk
£4) (1-VI ),

D2t 52 BE AR B R 6 T R R s TR, R

RO IE M . ZBEBAIVI (0.5 g ) HAHEHUE
£ SRIE R & WA G R . S E-/K
(35:65), i 5 mL/min, F:J& 30 °C) #Ff7
aifk, WE 23 min B HELRY G, HEI—E
PEALAY (15 mg), FHBL 250 B AR 2 G 19
JRAliBEAE 99% e AT, 4 CURAE, M.
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1103 EMEMSMERERE ALErES
PTG P AR AL A ) 32 B DI IR B i ol &
DLSE AN (R 4l 05 PR B A 1) g sk ] DA
HPLC Kl k15 ) i Bt kb & kA v 2
P HE5E o PRI R A58 5 me, JILA 500 L
DMSO-d6 ¥ fift , % ARG /NG, Al i
MestReNova 14 174G 5317 o

111 SEMFENEEE PCR ME CRAEH TR
ESRBEBEENNE

1111 #HERMNHBHE FHERERA
DNA Pt fh$ 5 S e M e th 5 B iR e B S A
24 DNA, JFLAMCHAENR, L 305F F1 305R 2h75]
Y (=, 2013) ¥ HR R B, YR80
PCR 1% 43 pMD19-T £k |, Bokiik 22 m)
%€ 2% Whelan % (2003 ) .

FEPRAETR EAT 10 (R RS, bR
an e 6 ABREE, DA BRI X EI(E A i A
bR, PEHBIME ( Cycle threshold, Ci) AHAALFR,
AATFRUE TR (R FR T 2% o DL 25t 52 BE R 1 3
RZHAE MM, § 3R Z T . SYBR Green mix
12.5 pL, #&Ak 2 pL, 51974 0.5 pL, Ml ddH,O
#MFFE 25 Lo W FRF N : 94 CHASYE 1 min,
94 °C7EME10s, 61 °CiEk 30s, 40 MEH.
1112 ELMKHEE PCR MEBKAERZE
REFREIHNEE KA EEM K
SRS i A E R IR, SR HEOER T
FIHSERT 2t E i PCR AR 25l 52 Be ik i
RELEAR CEUS B P 488 D18, DATTRA S L AER
CEUR AR N R AL, SR TE 18 mmx
180 mm BEIHAE b 47, B IA 3 Hhik
PSR, TN 15 S wEUS R, Y
B, BTN TSR ISR AKX,
3 MEYFESR.,
112 MR EFEERSHEREEAXE R
B % i

V5 L R 55 A ) e 3 10 906 1 i o3 A TG
SR W R 1 A R EUR IR, i REln
BT, DIAHR R E 80%MH bk Ay BT HE, 3

TRF BT R, BARSCE vk 1112, TR
Hamk . TR BB ALY LCso. B F XA
S VANCIE Wy Y S S Y
e FRAEZ)FFILC
ﬁﬁ%ﬁ(“):ﬁﬁz%muz
RAAFN B I HEEL(AT=
FRUEZG 7 HILCS,
TRA ZIFIILCS,
AN HEIEREIFEEC (TT1) =TI (a) xa 7EiR
FUH AT EEBITE (b ) xb ZETRF PR & )5 a.
fRF—F2hH), b, 0 —FhZhH;
HHERE (CTC) =
VRS bR e 1R ELATI y
VRIS R THRETT
1.13 HELE

e REU A P 2 A 52 HE R I R A e TR
Graphpad Prism 8 3, FET-HERE SR
Microsoft Excel 2021 55 DPS v7.05 #f4:, AR
(8] >R FH BRI 28 7 25301 ( One-way ANOVA )
VL LSD VAT Z2 8 LU M 26 5+ W 35 M, P<0.05
FRAREESR, P<0.01 FRrEEWEEER,
JIT A B Y P-4 88 = AR 22 R0

2 GBRE59H

21 MEZEMSBSAUREERN

T TEAE F PR 6 KOS R A2 28 38
e ORAE 7y RHERE S B, SEArET R 120 BRjk
5 P S Sy N S =V IR X B (eI
PRI E G, KI—HRIE T TR AR X
G2013 FERRXT ZAh 52 B A T B AG A0 A 5 DG
P, HAERE KRN A (19.1£1.2) mm (K 1),

22 HWHHME&E G2013 HERE

221 EFFUEME HHZLE G013 1A
BRI R AR A R R [ —5 L YPD,
MS. PDA. ISP2 Fl ISP3 #5553 £k G2013
AR BRI =g )5k, I HAErA Rt
A MER R T AR A (F2),

%100,

%100,

100 ,
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24FIERTE (5 mm <15 B B ££<10 mm )
24 strains of actinomycetes (5 mm <X the
diameter of the inhibition zone < 10 mm)

16BN T (10 mm <#IE R B A< 15 mm )
16 strains of actinomycetes (10 mm < the
diameter of the inhibition zone < 15 mm) G1003: (17.2+0.7) mm

SHRMZE (B AR > 15 mm) G1015: (16.5:0.6) mm
5 strains of actinomycetes (the diameter G2001: (16.2+1.1) mm
of the inhibition zone = 15 mm) G2007: (15.0+0.5) mm

G2013: (19.1+1.2) mm

TSERIRE T (MRPE EAE <5 mm )

75 strains of actinomycetes (the diameter of the inhibition zone < Smm)

Gl: RIRT) PRALIR BIG KR 2R £ F SRR X, 7EARRAE B BB AR 001 0234K K i 44
From the White-headed Langur Reserve, Banli Township, Chongzuo, Guangxi Zhuang Autonomous
Region, the strains collected here were named sequentially from 001 to 023

G2: JTURHR A IA KIE TGS BRI X, TERCALREAE B BkR 001803 54K K A4
From the Gibbon Monkey Reserve, Jingxi Bangliang, Guangxi Zhuang Autonomous Region,
the strains collected here were named sequentially from 001 to 035

1 WNFEHRERBSERNEEERNRE

Fig. 1 Screening of actinomycete antagonisticagainst Pichia guilliermondii

R R R—SHigR YPD#i5 MSH;FRIE

Gause’s No.1 medium Yeast extract peptone dextrose medium MS medium

PDAE S 5E ISP28E %3 ISP3i%§i‘%§

Potato dextrose agar medium ISP medium No.2 ISP medium No.3

2 HEH G013 EAREEFE EEKER
Fig.2 Growth of strain G2013 on different media
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222 A G2013 HERRAYA AL
FRMEANZR 2 Fos, WAk AT DME I AL, ANEE
FEVERD KA , X A= 175 ELA B A 5 P Aol H:
b, AR et A K, B mmihicin
feJ1, ARE-mALE; Wik G2013 Rt D-
W . DS D-KRBEFN D-H#8EE, ARef]
FHEERE . L-BTRiqeoms . SRR RULEE
HRAE b 3R B85 33 R F W5 e A B0 A Ak 52 56
iR, SR (EEEEETMN) , RZEkE
5l A T Y AR HLAE ALRRAE
223 REEABEFETE W G2013 ) 16S
tDNA FE[H Bt PCR 3 554 454 1 486 bp

(3. A), % %% NCBI ( GenBank: No.
OM995888 ). GenBank %4 14 o 5 Hitk G2013
RV 58 oo PR TR R U A 7 LG AT, R R B8
B (3. B), NAGEBEWITLUEL, AWK
e B FE PR G2013 S5 Bk Sreptomyces
albus strain VSA37 0 h—35,

Zead H B A AR IE IR EZ LA K2 16S rDNA J7 571
S HT, VLR B G013 A GHEEE
Sreptomyces albus 9 #¢ fiE, [, Ay & A
Sreptomyces albus 2013, B HAR i T [ HL A £;
FEWRE G, RS R CCTCC NO: M
2013269,

R 2 Btk G2013 AR ELIFME
Table2 Physiological and biochemical properties of strain G2013

I H Items 2E B Results

i H Items 2E B Results

D-7i%j# D-glucose +
D-$H# D-fructose +
TR Sucrose _
L-F[ R {1 L-arabinose _
D-A % D-xylose +
FZEHE L-rhamnose _
D-H # & D-mannitol +
WLEE Inositol _

M4k Gelatin liquefaction +
TER KA Amylolysis -
LY R KR Cellulase
LR 5E 5 Milk coagulation
M AR £hi4 )5 Nitrate reductase
444k Milk peptonization
itk & Hydrogen sulfide

+ o+ o+ o+

R LA BAPE B RERE A 5 2 S B AN REFI T

+ indicates that the reaction is positive or can be used; — indicates that the reaction is negative or cannot be used.

A M | B
bp
97 —— HEE T MG21 Streptomyces sp. MG21
2 000 100 | HfAEEERE VSA3T
Streptomyces albus strain VSA37
50
HRk G2013
1 000
750 M55 Streptomyces rangoonensis
500
250 FEBETE T Streptomyces rufochromo genes
100 TEMERSEE B SCSIO 68060
100 Streptomyces diacarni strain SCSIO 68060
L AR JCM4 342

Streptomyces albofaciens JCM 4342

B3 Mk G2013 9 16SIDNA ¥ ERH AL L EH
Fig. 3 Theidentification of strain G2013 and its phylogenetic tree

A. 16S rDNA 43 ; B. G2013 BkkAE T 16S rDNA JEPFHI M RG KT .
Jkif M: DL2000 marker; Jkifi 1: G2013 4%,
A. The amplification product of 16S rDNA of G2013 strain; B. Phylogenetic tree of G2013 strain based on 16S rDNA
gene sequences. Lane M: DL 2000 markers; Lane 1: Amplicons of 16S rDNA of G2013 strain.
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23 EERSHSEHREE

S albus 2013 1 & Tk o3 B el Ak s PR Ak
HSYREAERKR, ZETHE. Hm, P
WAFIMERE , AT 2k EO5RK. UV Ik
61 R HAE 303.9 nm A1 318.2 nm I KT £84h
Wi R B i, I HONEL 4 ] g2 5] 303.9 nm
P Tz S Y BoR i K E SN, 755 206
FACE W IR EIMRSCRAE (K 4: A); M4
i BN iZAL S mz: 695.78 [M+H]". 1 390.9
[2M+H]". 694.00[M-H] . 1 388.93[2M-H] Ay #i4>
TR0 AT HEINZAGS P o1 T RED 695
Figkh, MGXAZMEEAES, aXKAE 34
HIEAES (K 4: B); ik kigIx 123-
146 mg - kg ' A 10 MRS, 65-74 mg - kg
R 5EMENR ARG S (B 4. C), H#l

26.142
303.9

0.120 |-

WA BE 2437 Absorbance unit

AT RE A — A WE A 3% Uik ; DEPT 5% b 28-47
mgkg ' FHEZNUHIEES, HHXA 18.0,

13.8 fl 12.4 Wik 3 MHERIES (K 4: D),

SR TR G SRE, 5ok (KiSE,
2011) FdExflt, I izftb GV AINER A
( Tetramycin A ) (& 4: E ).

24 FRERRRE

FEHR 17,1 5 AL EE RS o ORI ARORR o
g, MR bR LR [E I R 5 R = 0.999,
PR E FEHIIRE T AE 95%-105%2 1], J&
TFHATEIRE (FS5: A). kg hp—ig (F
5: B), RUHGIWRRMERL, 7T LIERHb
Bl E AR P B L X O S 2 B PCR 52
AT AR PN 2 th 52 B R R A B 2SR
TR

485.7 566 .3

220 240 260 280 300 320 340 360 380 400 420 440 460 480 50

0 520 540 560 580 600

. & TEHTIEE. T EET¥Y . .  B¥ ESRREELE .
70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

2% (mgkg?) Chemical shift (mg-kg™)
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) NS TN
C 2 Q] {KSIEAR N ORIEY T HAS —neaTinmo
< O Wenen——ooen < SNOLOVY — O E—AROOT SN
o Y omened S QERBE B FITTYEIAAAA]=CE
] 1 — = ] SN\ 1 B o
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Fig. 4 Thestructural identification of compound
A. ZHMFIOERE; B 'TH NMR (500 MHz)i% &l ; C. '*C NMR (125 MHz)3 % ;
D. DEPT (125 MHz)i#%%l; E. TU&HE A,

A. UV spectrum; B. "H NMR spectrum (500 MHz); C. *C NMR spectrum (125 MHz);
D. DEPT NMR spectrum (125 MHz); E. Tetramycin A.
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Fig.5 The construction of plasmid standard curve
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A. The standard curve of plasmid; B. Amplification melting curve of fluorescent primer.
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Fig. 6 Effects of different concentrations of
tetramycin A on the number of Pichia
guilliermondii in Nilaparvata lugens
ns FARTCRFE VRS *FoR BA BFEMN2ESR (P<0.05);
RN AAMEFERESR (P<0.01),
ns indicates no significant difference; * indicates
significant differences (P<0.05); ** indicates extremely
significant differences (P<0.01).

(4.5copies/L ), &= ER A & 750 mg/L i,
Tl 52 B AR EREHE DLELR% 22 1.2 copies/L o iX 32 HH
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Tl SR RE AR BRI AR

2.6 MEEA SR EERXTHE R

M Ak S5 R A B XS a5
Wi an2E 3 78 . 500 mg/L A1 750 mg/L PUEE % A
AL FR RS CEBE T 550 23.2%F1 30.3%, 5
SRR BB T R 10.0% A, A5 FHEES
(P<0.05), 4 10 mg/L 80%Ht d1Mk5 500 mg/L
PUFEZR A DUARREL 12 1 Bl (LU H 5 mg/L
80%IIHE HL Btk + 250 mg/L PUEEZE A ) Wit FF 1 &
KEUREE, B REUMIET-F N 503%, Lt
5 mg/L 80%Mt H AL BAYFET 3R (40.1% ) $25
T 10.2%, FHPUEZR A 558 HF e B bk e (4l
FAXF 48 R ER B IR RCR A BT $E . 24 10 mg/L
80%ME Mk 5 750 mg/L PUBEZE A MARI 1 : 1
Bofh (LN 5 mg/L 80%Mk Mk, 375 mg/L
PUFEZ A ), M REIET R K 59.4%, 5 10 mg/L
80%HMt Mk ZE T8 60.1% 0 EME2ZEF (P>
0.05), &M 750 mg/L PUHZZE A 5tk ke (Al
FH ., T LIRS AR 43 bk Bk et FH DA i /0
FHE . R, W58 %30 10 mg/L 80%Ht Ht bk 4351
5500 mg/L Fl 750 mg/L PUEF % A SR
i, BRI T 120 (% 4), HHWHR
G EA MR EESAE, [ 1 i H bk 5
HE A B
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R3 FAFMAMSENER A BAEXE SRR
Table3 Effects of combined utilization of different concentrations of tetramycin A
and imidacloprid on Nilaparvata lugens

R4 FETZZ (%)
Pesticide treatments Mortality rate (%)

5 mg/L 80%M Mk 5 mg/L 80% imidacloprid 40.1£3.7aA
10 mg/L 80%Mt HL Mk 10 mg/L 80% imidacloprid 60.1+£3.7bB
500 mg/L PUEZE A 500 mg/L tetramycin A 23.244.0cC
750 mg/L VU R A 750 mg/L tetramycin A 30.3+£2.3aC
10 mg/L 80%MH H1obk+500 mg/L PUZEZE A (1: 1IRE) 50.3£2.9dB
10 mg/L 80% imidacloprid mixed with 500 mg/L (1 : 1, v/v) tetramycin A
10 mg/L 80%MME H+750 mg/L PUEEER A (1 : 1iRE) 59.4+3.1bB
10 mg/L 80% imidacloprid mixed with 750 mg/L (1 : 1, v/v) tetramycin A
X} BE 2l Control group 10.0+2.6dD

B P bR . B E bR R ING TR 8 225 3% (P<0.05, LSD KM ), BURRbRA RRKE 71k %
REFWEE (P<0.01, LSD K% ),

Data are mean+SE, and followed by the different lowercase letters indicate significant differences (P<0.05, LSD test), while
followed by the different capital letters indicate extremely significant differences (P<0.01, LSD test).

x4 WHMENEER AMNECEANBKEEN
Table4 Combined virulence of imidacloprid and tetramycin A against Nilaparvata lugens

Jre M= 5 % K FREL 95% {5 X [H] 5
Regressione Coefficient Py 95% confidence Rk
Treatments ) . (mg/L) )
quation correlation (r) interval CTC
80%Nt HUMk 80% imidacloprid y=1.65x+3.4 0.927 4 8.71 7.375-9.964 —
ME % A Tetramycin A y=2.50x10"3x+3.64  1.2912 1483  1.420x10°-1.530x10° —
10 mg/L 80% Hk+500 mg/L PUEEER A Y=1.67x+3.64 0.920 3 6.31 5.124-7.648 274
(11 S ARRBURRES )
10 mg/L 80% imidacloprid mixed with
500 mg/L (1 : 1, v/v) tetramycin A
10 mg/L 80%ntt HMk+750 mg/L PUZE 2 A y=1.72x+3.81 0.909 1 4.86 3.756-6.214 356

(1: 1R/
10 mg/L 80% imidacloprid mixed with
700 mg/L (1 : 1, v/v) tetramycin A

B A (Shentuetal., 2016, 2019 ) 1% 24338 i+
RANEFPUE R AR RS AR SRR B )7
M FE X R B TR R o (R U] B 42 DA AR
JE YLS SHHERER, 8 RSN E X Y 7 1E T

3 itig

B RE R R G E RO, ik B o5 s Y
REMH], i CEGEHT)™ A4 T, Biifsk

s o L, AT AR A, LA
M R AR T, SO 38 VI 2R i Rl il T
W REWRA YLS 5 HAR A S E L %)
K, g YLS JyHbese Bl CE A Biih sl
TR [FISE IR AT X — R

YLS AHPEH AL S8, IF 0 T4s Kl
(1 BB AH DCHIFFE H T A UL AIE o AS DR A2 Tiif 1)
T Z R BRSNS, AR TR A SR
A YLS—P. guilliermondii Z=15¢ SE FR RS,
XA LA TR R A B & OB R 8, 4R Y
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HBI6 (He et al., 2019; Wang et al., 2021 ; Zhang
et al., 2022), GIBHIGRBE RN . HHES
FBE S 75 e S B IO FE 2 /K57 (Ma et al., 2017;
Heetal., 2020 ), AMF55 K MAHBHNIUER A J5
FZK AR A Rl ] A SR A ——
W SRR R R, IF T SR RIEC R A
PR AR A B, SR A S BLRT
o BRI AR FR A TR AR
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