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FZE: [ H ] BE A SRR S AR 25 1 R, KR\ Laodelphax striatellus {5025V A WG58, B G RCR T
K, PR SR B BTG T V5 U 2 . AR SEAR AR M P 228 T R0 R /0 R LA P A T 0 i, AR AT R LY
W6 97, 0 S B B SR AR o [k D0 R EUAR N 1Y S g B L A= T (yeast-like symbiotes, YLS) #E47 2§k k;
FEIF S, I8 BRI YLS XS [) e B AN [R] Ao 208 7% T 700 1 SR , K oxe JECA0 5 4 P MO0 S 1 2% T R B e T 22 14, 7
KA GG K CEBE T IR E, Tl POt i PCR ORI 7R Y S AR g i Bl 28 Ak, [ 4558 ] Bk 3775 31
1 Bk YLS, 55 [F) 1L S50 F0 18S rDNA 73T 485 KAZ TR R I3y o i B2 o B R Pichia anomala , L7 VRS 2 BE e
Tk (denatured gradient gel electrophoresis, DGGE ) HIARKGE 1% HMRAE K CEWK A BIAELE . R 2% T ) B ) i <
SER IR, 70% NARFER 50% [ MERE +25% 5 TR X P, anomala $00 44 2% 5 B 2., T 9L ML 748 1% + R 25 B R IR 36
(687.5 g a.i. / L) 40% WEFEAS P. anomala fINTIRCREFE . HIX P anomala 30 ACR W 8 A P Aol 4% 147 79
(70% PN RRFEFN 50% JMERE +25% 5 TR ) LA 800 me/L ¥ BEMSTHE A2 17, JK K UL Wit 22 1 )5 1) L T4 43 3] ik 2]
46.7% 55 63.3% , i 3 fm TRT B MR TR Lo X BRZH 10 IR, 90 BRI 45 SRR T, IR EUA A 3 FhdL AR 1 (Noda
TR TR 5% B AR TR B R S HE AR B ) B AR T A RO BN S AR [ 4598 ) 4 R B, PRSPt A% 1
SRR IR E A P e A B SR A 2 T X P U A A 36 77 A S ), 3 Ry A% TR 7R) -5 2% R A B R A6 T B 3 K
TCE B E S

KR K REG SRR B AR RER AEWIBG s AR R K
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Isolation and sensitivity to fungicides of the yeast-like symbiont Pichia
anomala ( Hemiascomycetes: Saccharomycetaceae ) from Laodelphax

striatellus ( Hemiptera . Delphacidae)

CAO Wei, MA Zheng, YU Xiao-Ping” ( Zhejiang Provincial Key Laboratory of Biometrology and
Inspection and Quarantine, College of Life Sciences, China Jiliang University, Hangzhou 310018,
China)

Abstract: [ Aim] With the extensive application of chemical pesticides, the small brown planthopper,
Laodelphax striatellus has increased its resistance to pesticides so that the control effect of pesticides on L.
striatellus is weakened. Therefore it is crucial to explore a new method for controlling this pest. In this
study, we attempt to inhibit the abundance of symbiotes inside L. striatellus by fungicides to weaken the
vitality of this pest, so as to provide a theoretical foundation for controlling L. siriatellus through inhibiting
yeast-like symbiont (YLS). [ Methods] The yeast-like symbiont was isolated from L. striatellus via in
vitro culture and the susceptibility of the isolated YLS to different concentrations of fungicides was
examined. The fungicides with apparently higher ability to inhibit the growth of YLS were applied on
wheat seedlings used for feeding L. striatellus. The mortality and body weight of L. striatellus adults were
measured and the variation of the amount of YLS inside L. striatellus was examined through real-time
florescent quantitative PCR. [ Results] A strain of YLS was successfully isolated and identified as Pichia
anomala based on the corresponding carbon assimilation experiment and 18S rDNA phylogenic analysis.

Denaturing gradient gel electrophoresis ( DGGE) result further confirmed the existence of this strain in L.
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striatellus. The test results of sensitivity to fungicides indicated that 70% propineb and 50% tebuconazole
+25% trifloxystrobin had obvious inhibitory effects on the growth of P. anomala while fluopicolide +
propamocarb hydrochloride (687.5 g a.i. /L) and 40% pyrimethanil had relatively less inhibitory effects
When two fungicides (70% propineb and 50% tebuconazole +25%
trifloxystrobin with obvious inhibitory effect were applied on wheat seedlings at the concentration of 800
mg/L, the mortality of L. striatellus adults feeding the treated wheat seedlings reached 46. 7% and

on the growth of P. anomala.

63.3% , respectively, which was apparently higher than that of the control group, and the body weight of
L. striatellus adults in the treatment group was also less than that of the control group. Real-time
florescent quantitative PCR results indicated that the amount of YLS of three strains ( Hypomyces
chrysospermus, Pichia guilliermondit, and P. anomala) inside L. striatellus dropped sharply after
different fungicides were applied. [ Conclusion] The results suggest that the fungicides applied in vitro on
L. striatellus have inhibitory effects on their YLS, thus impacting the survival of L. striatellus, and this
validates the feasibility of “reduction in use of pesticides through use of fungicides” strategy in controlling
L. striatellus.

Key words: Laodelphax striatellus; Pichia anomala; in vitro culture; fungicide; biological control;

denatured gradient gel electrophoresis ( DGGE)

K K B\ Laodelphax striatellus @& T 2 ¥ H
( Hemiptera ) K FEF} ( Delphacidae ) , & —Fp 55 2 fl ¢
b H BR DURI A 35 KA R NSRRI A 18
TRRE /KRR SO At 7K e 28 25 T o R R K R 4
S B , 28 R E R R (T AR IR,
2001) ., HAGX K CE W B G 32 2k A 22 % 1l
o ABH T R A5 B A 2R AU, 3
JRCE R 22 8 5 7 A ORI BE Btk (£ 2
H4E, 2010) , T AT Ay 4 i A% HUSCR AN BN R 2%
HORN A T i, AR BB PR, A EE L
1R BIBG , [ BB AR SEAR AR W= A 1 T E Y
fa o NSO B IR @A, A R0 Ay AR B
FN A R KR EBT A R G
WF5E & 025 e B 4L A= 7 ( yeast-like symbiotes,
YLS) fEAE T CEURARAR D i b, A B B 54 K
A EE R U (Koyama, 1985) K3 FR AL ELE
FA (Lee and Hou, 1987) ,xf#g KEAAEK L H |
S BUE AR AE TR B E AR (B AP A
2001a, 2001b) . H1 PR EAE (2006) £ 1“4
RS L BT SR B BV S R A P A R A T
RPN g Bt 2450 , I L 550 M T A7 M i
Trihie. AR AR, Zid &R RS KK
B, FL A A 1 AR TR B R D, e R BUK AL
ARy 24P (TR IEBE S, 2008) o AT & A 1A 5]
Xof R VAR P S AR R AT A R A o A (R A B
45, 2009) , HoAH#E €EL 2.3 W RV T
(WREEDISE, 1998 ) , I HAS TR I AH beAS HR) B oA 5
PEAR NS T PR AR 2 S5 R 5, BRI, AR R 5 AR 1R

R P ) PR O By R B — R A, fEA
SRR HUSOREE 2 3 8 2 AR O T 4 KK
Wl 2 ORI o (LS TR 7 e e/ 3
TRHCHE , [l ik 228 A 0T K R L S AR Py e A T 4
LM AR DT 8 o R DG

B A IR B P A T ) AR, D A T
() S ARG 77 R A URE M A A9 2 SE K R TR
Bij B ) OCHE BRI 4545 (2006 ) 3 5 v VR U0 i
WOREAIIAA , KREAR NAFAEZ R YLS ; ABESE
R 330 3ok 3 A I A ) 2 H R TE BT KR E AR N A
1E YLS, Ul Noda # Hypomyces chrysospermus Fl1Z= 3,
SRYE SRR Pichia guilliermondii WIAEAE ( FJIBEE,
2010) o | T AATAR MEASE UL L He 4k Dy i) SRR 85
I YLS By iR 7R AR % IR ME . Kusumi 55 (1979)
BIARREFRAG B LR K R E YIS (B R WX gk 17 U
) 5 FRFPEIT 5T o

AL KR EAR N RN 73 B B R 3 1 — K
YLS 5k 18S rDNA 3% 5 B HLIH O 53t 1 HE o I8
B} Pichia anomala, It iz Fi 722 V£ #6 B BE B¢ A Uk
(denatured gradient gel electrophoresis, DGGE ) 4 K
XK CEVANAETER) YLS RS 70020 %5 , [R] i
SR T S R AR R K EUA N AR TE I B
EBARTENT T L VIRE T I8 A5 Z R AP 22 57
77 T EA W] 2 A DU (Muyzer et al., 1993) , 1E%
B REUA Y AR TR 2 AR v 2 A5 B0 AT Y g
(Hou et al., 2013) , ASSZYG X Z B 1) 4R BRAE AL Ry
P LA BN AS ] B2 T AN [l 2238 T 70 14 SR R A 7
THIRSE SR B A A R 2 L TR
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ALHCRL i 0 3% B R X P AL R A R I, R AR
LA R R Y AE AL

1 #R5EIZE

1.1 RYEBEHIE

JREEABTIN & BATT (119, 27°E, 29.49°N) £
R 5 1 57 T N T GIRUEE 26 = 1°C AR
MREE 80% +5% ,SGJEI 16L: 8D) , DAK Z 1 4k A1)
i 50 QLA |
1.2 EFEMKR

ANSLEG Y Yeast Nitrogen Base 3535 3L W) H i
T A YA B Al GRACE B U 35 36 g T
Invitrogen 23 W], HAR 55 37 50 T-Ab st B M HOR A R
TAEAE] ALHE YPD 555 5L YM 5585 PDA 8553
FEF0 Candia Elective Agar 35373, 2R S8 Lk 5
BN A T A YA RS\, B35 BTz AE B | D-
Rl D-2 7 L D-2 ZUE SR 8 L D-RLAE
B D-AZ0E D-AME R TE R A H
1.3 R

A SR A 2 B0 TR EATNAE YR R
N, B 70% Wk 31k (imidacloprid ) 7K 43 Bk 57,
50% % M E% ( tebuconazole ) + 25% Ji5 F TS
(trifloxystrobin ) 7K /UKL , 70% TN #% 5F ( propineb )
AIREPERD R, FUME R (fluopicolide ) + 5% Bl R IR
£ (propamocarb ) 2 VE ] (687.5 ¢ a. i. /L) ,40% W&
#51% (pyrimethanil ) %5 o
1.4 HAFHSEER

Z:% Hou 4§ (2013 ) Wy J7 B 3F A Frdke 3l Bk
ISP I EUME R 10 Sk, T 75% R8s 2 1
THEE 3 I, R 3 min, JTEREZKEEGE 3 UK, BHK 3 min,
TER R LAE & BB AR AT IR o Kl By
(IRE Wi A 43 53 42 F0 T GRACE, YPD, PDA, YM,
Candia Elective Agar 35723 I 4], iE T
28CIHIR B FRFA TP 195 48 h [ LB il 45 5.
TEA B ARG AL b R AR R A
FIFHR )R AR #5236 7, 28°C F 180 r/min F& IR 5
7224 h,HE 3K,
1.5 HAERABENFENE

By e 2| W LA 7E 4 ~38°C MG IR, ke
4C YL — R BB B, I 12 TR R e A TR
FKAKFE GBI 1 mol/L HCl 5 1 mol/L NaOH 75
e dkny pH, T O IE AR TR B 37 i el pH DU
SR R LA A RS OO 7 d N LR S 2

Ro SHREAPAE(2005) By A KL, MR R
i (R AL BB i#E AT i , 28 “C 15 57 48 h Jo LA AT 7%
258 NI pU
1.6 HEFHNTTFEE
1.6.1 JEPRZFEHL: Pealifb )5 LB T, S bk
HEPRIZH DNA $2 Han) & (At RAR AL B A R
28] B U AT R
1.6.2 JEATR A PCR P34 DL R $2E A DNA 1
SRR, 3G T 51900 BB 18S «DNA i@ 1] 514
NSI/NS8 (K 1), ¥ IHKRFR N 50 L, Hr 4 4f LA
Taq DNA R & (5 U/ul)0.5 pl,10 x LA buffer
(% Mg** )5 pL,dNTPs (2.5 mmol/L) 4 uL, 5%
(10 wmol/L) % 1 wL,DNA #ifg 2 pL, i ddH,0 %b
F5 %250 pL, PCR [ W FEJF 4 :94C HiZE M 5 min;
94°C A5 30 5,55°C 1B & 30 s,72°C ZEA#i 1 min,35 4>
PEER;72°CAIEA 10 min 4 CLRAF, PSR, LS
uL PCR =9 LA 1% S B o6 s r Pk Rzl o
&1 ZAW5H AT PCR,DGGE f qPCR K314
Table 1 Primers used in PCR, DGGE and qPCR

o A5 3) S
Primer Primer sequence Primer use
NS1 GTAGTCATATGCTTGTCTC e !
NS8 TCCGCAGGTTCACCTACGGA Fungal universal
IT$4 TCCTCCGCTTATTGATATGC primers'
NFGC? GCGGTAATTCCAGCTCCAA #5 PCR 5|9
NR CCCCGACTGTCCCTATTAATC Primers for
ITS3GC? CATCGATGAAGAACGCAGC nested PCR
HF TCCCTCTGTGGAACCCCAT
HR GGCGGTCCTAGAAACCAACA  “BXIIOE
MF TAGTCGGACTAGGCGTTTG FERE PCR 519
Primers for real-time
MR GTTTGGTTGTTGTAAGGCCGG
florescent
PF GTCAAGGGTTAACTTGAAATATTGAC R .
quantitative PCR
PR TTAGTTTATTGTTGTTAAGCCGA

'YLS 185 rDNA 45 5 i & 77 51 51 ¥ 19 % i1 2 % Noda % (1995 )
Position refers to the specific locations of the primers in the 18S rDNA
sequences of YLS reported by Noda et al. (1995); 2GC-3&F % 5K
GC-clamp: CGCCCGCCGCGCCCGCGCCAGCCGCCGCGCCCGCLGEG.

1.6.3 ol 5 AR ik 5 %52 PCR =9
(1 Il 2 B G (it T0) BB K By PCR
FRY % #2 8) pMDI8-T i f& I+ (TaKaRa) , # L A K
W AF# Escherichia coli IM109 B2 7S A0S 146 T
FRNERER (Amp, 100 pg/mL) K LB P4 L, 4
ERFER o FHK B A 2 PRI 1 52 % %5 10 mL 1)
LB 15573 (% 100 pg/mL Amp) H1,37°C T 180 1/
min FEF}EFE 10 ho B 1.5 mL B39 B ok DNA
PN & (B A: ) R Bk, 28 PCR BIEFH
ol KA B BB ik E LR
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PIHAA B R P , I ¥ 45 R AE GenBank H i1y
Blast [F]J§ 75K % .
1.6.4  JF3) 05 RGO EE >R ] Clustal
X (1.83) ¥ Fr 3R45% 19 18S rDNA J7 41 5 Ho At A T
T 18S xDNA J3 51 #4722 H X [, Z J5 1] MEGA
(4. 1) B4R 4B 12 ¥ 25 ( Neighbor-Joining ) 5525 4
A b, UL Noda B H. chrysospermus " ANEYIFl,
F A J&% (Bootstrap ) 4£ i 1 000 4~ 1 S
1.7 X %E KK YLS # DGGE 4347
1.7.1  JCREVAR N B YLS 5 R 4 i 45 5 42 0y
S MR = (2013 ) 34 BT ke 3 - B2 Ak iy s i e
100 3k ,75% WIAE RT3 3 U, BHK 3 min, JCH
KBRS 3 U, BRI 3 ming F IR FRAR W44, 75 % 8
RS 25 JC R K B0k, R e A& W E O 30% 1Y
percoll ,7 000 r/min B5.0> 10 min, £ | JZ 2445 [ FlL
W5, FIRUTIE &M E N 75% percoll, 10 000 1/min
T 2 min, 75% J23 0 2R ) R A S B 3L A4
JHEERERE P 2H DNA 255 S 4R O 4
1.7.2 Hi30PCR: #—% PCR: DL BIR4RICE R 20
SRHL 5 18S rDNA-5. 83 rDNA-ITS J5 41 4 K- |
IG5 1) 511 NS1/1TS4, 47 34 K 5 K 2% A% [F)
1.6.2 15, S PCR % PCR =4 1: 100 £ B I
DR, 3G 51 W D 51 ) NFGC/NR,, 1TS3GC/
ITS4 , 43338 18S rDNA,ITS [FHh i —B, BT
& DGGE RN, 76 L5 9y S s fin 40 4>
WAL GC Je 7, JF N Lk 1, Yk REE 5
PCR, ¥ 3 254K 94°C 728 5 min ;94°C A4 30 s,
55°CiR 4k 30 s,72°C 4L 30 5,30 A~HFFR;72°C 4L A
10 min 4°CLRAF, ¥ 5ERMUE S pL PCR LA
1. 5% SR HHEE RS TR A
1.7.3  ZBVERLREBERE UK (DGGE) « il % ¥
8% 11 3R TN s Tk e (P 04 T Mg = XL TN O T B =
37.5:1, v/v) A PEVER: 20% ~50% , 0 10 pL &
2 PCR F=#)i 2 L 6 x loading buffer J& A, H
UKZ&AF R 60°C ,80 V,12.5 h, HLIKJGHITHRIS %
ZELARAE (2008 ) o KE&ERE b AT ILRHIE 457 U0 %)
TIME 1.5 mL Eppendorf 4 HFR1C, TG 7K 52
VEILWE , #8505, in 50 pL oK, 4°C i, e B
O, WO BB BRRY 1S, B 0519 IR &R R A
H30 PCR, I 1™ W H 1. 5% B R AR BE I HL Yk 43T o
H 2% le) 1.6.3 35,
1.8 AREFREFXHEFRNEER

e 4 P pECoR R B AR RS IR YLS il 7k
o Bl YPD F5£5(20 mL/150 mL HEFEH) , KR

JEREHR HI 2 45°C  TE R R #RAE & T B A A
5Pt v AR AR A TR TR S R B TC R 5 5%
L, 5 B SR BEEE I J5 X 100 pL AR R YLS BHIAR
MR b B hER A 1 R BT 5 T 28C
TR IEFRAA A TR IR, 00 T80 1,2 M1 3 K5 WA TA
A RAGOUIFE S, BB RIS 3 N E
1.9 FAEREFIFKCEIFRTEREENZM

A% HURI Rk H bk fe /INE R R BE 40 mg/L L]
Z B 400 Al 800 mg/L WAV, 7 18 mm
x 180 mm IS AT, MR A 2 R
Wi A 252218, FF A 10 3k i3RI Ak 0 e Al e,
MUZLbAR B O s F N AR iR, DR 7K
HA PRI B3 ANEE, R ~5 d N, BRXT
AP REMSE TR G BB S R K EE
TR ARG AR E ST, BCFE . 25, A 3R
10 Sk 36 R R N YLS R4, fif S e 5 FL g 5 14
J5 BRI REHE R 2H DNA 4@ BGaln) & kAT 5d i,
T YLS (4% 5% e i PCR 585,
1.10 x5t EE PCR XK K EAME K YLS #2
B E
1.10. 1 J5kr bR o 5 09 A8 . 38 5 Primers 5 FlI
Oligo7 A4 %F 3 Ak REFLAE B, 4% Noda
H. chrysospermus , Z=tl 52 EE Rl BF P, guilliermondii
S H IR EERE P. anomala BE1T T 55198 65]
Wy 4381 HE/HR, ME/MR, PE/PR (35 1), 3 LRI
P Ak M B A T R R DR 2 O B AR, AT 5l
PCR, i B 9565 190 A K i 5€ qPCR Y e AR IR JOR
JEo KRB PCR W) % #: 5] pMDI8-T # {4
EAAEKCEEA B R B BR S A E. coli
JM109 Jgsz 25, B 41 BORL W i 1k 5 %5 [A] 1. 6.3
5, BURLHR BE 1 i€ 7% Whelan 25 (2003)
1.10.2 3 FptE R qPCR JUE bR e BORLIE T
10 F5ERBERR RS, BRI SO R BE 6 BB EE, LIRS BE
FERN BAE AR AR AR, Co B AR AR, 23 34 3
AR bR AESS PR E 2. DL 17 R HU AR B
S 20 S AR, 7 39 1A & 40 R SYBR Green Mix
12.5 pL, Btk 2 pL, 51414 0.5 pL, fin ddH, 0 %h5¥
F25 uL, W FERF M :94°C HAZPE 1 min;94°C AR
P10 5,57°C (Noda [ ) 5 56°C (=W 52 R EEEE)
5 55°C (SR HE R IERE) IR K 30 5,40 MEH
111 BiEath

JRCEALEA R A2 T e T3 S iR o B g it
% Microsoft Excel 2010 5 DPS v7. 05 #4, A [d)
ZH[R] 17 5K R J5 22 73 B (One-way ANOVA) | )
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LSD Hikitfr Z LB 2 R B &M, A B &%
(P <0.05) B FZER(P<0.01), I
PIFP50 £ bR 22 7R XK REBE T R E
e A A A BRSO A DA 1 43 BT SR R4 SPSS
Statistics v19. 0, DA Pearson 21, W AR & T 6 46 73
#ro F Microsoft Excel 2010 i /EA ] 4¢ 25 %} K K L
FET- % AREE KA YIS B s L

2 #R

2.1 R$E YLS WEAEAFSEEEN Y

TERSARRE TR0 i Y 5 Rl Stk b, A TE
YPD £ 5k by B4 3] T — BRI BRI AR (K
1), W EFL A 6, RIEOGHE IFEA 5 F R,
A FRAEARRRPE 0 B A B, R TE 4 ~36°C T 4 a] A4
K, TR 24 ~32°C A K R 47, 28°C il A= K il
JEo fEpH 2 ~ 12 JEE AN AT A K, diid pH ol 7,
12 Bl I8 1 [ Ak 1 45 R 03¢ 2, 55 8 B 40 25 T 0t
( Kurtzman et al., 1998 ) Hr 55 Be R BB (1 F R FE A
—3,

Bl 1 78 YPD Higrdk b YLS ()7) g alifl
Isolation and purification of YLS on the YPD medium

Fig. 1

2.2 EBEkiEFE YLS 49 FEE K DGGE it
% 18S tDNA 3@ 5[4 NS1/NS8 115 5| —
FK 21 766 bp 1 7 5 ( GenBank % 5% 5.
KJ659884 ) (18] 2) , i ik [W] 5 14 43 B %o L e B P
anomala 18S rDNA J¥%1] ( GenBank & 55 . X58054)
B —8E (9% ) , N R G (& 3)
ATUE AT B B itk YIS 5 P, anomala
2 —26. DGGE [&3% 45 5 K W, LI ITS3GC-ITS4
FINFGC -NR g P 5| 9 4 38 2L 45 2 10 2% 5 53 2

:2 REEFABEREREMEFE FHNBRIERLER
Table 2 Carbon assimilation pattern of Pichia anomala

on yeast nitrogen base

TRIR ARKAF L 3 HEARAF L
Carbon source Growth Carbon source Growth
BT 4 . D-FAHE .
L-Arabinose D-Rhamnose
D-LHl .. D-Bhl i
D-Fructose D-Ribose
D-#j 25 4% s D-AcH B
D-Glucose D-Xylose
D-F7LH - .
D-Galactose D-Sucrose
7L . Veh i
Lactose Starch
R i
. +++ i 4+
Mannitol Glycerin

+++ REAK Vast; ++ . BEZAK Major; + . DA K Litle;
- AAEREFEARS AR Negative.

bp
2000 —

1000 —
750 —
500 —

250 —
100—

B2 BRREIR YLS 18S tDNA [R5 4fF
Fig. 2 Amplification product of 18S rDNA from
in vitro cultured YLS
M: DI2000 DNA marker; 1. DA NS1-NS8 g5 |#)Ag 4 1 24 Amplicon
with primer NS1-NS8.

(K 4), F BER/I) 298 ~377 bp, Hh BE4 5 T4
Y Noda [\ ZEHL5¢ 58 o5 e 1) IR 22 B 1, i 5
— L RNRBRE RN B, L A S G B R R 2215 2 1Y
SRR REEEE (R 3) o MNITIGHIE T 5% 58 ok e B
PR R EUA Y I AEAE
2.3 FREREFIREEREZHINFER

F 4 FIH IR AR A A T, K ER N
S EAR B P. anomala 5 B R KGR B A KK
o 70 % TN AR I I I 80CR Jo ok B B, VR R #
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571 Pichia ciferrii (FJ153108.1)
80
100

Candida silvicultrix (AB054561.1)
Pichia lynferdii (EF550480.1)
Pichia sydowiorum (AJ508275.1)

100

79

[ *
100 L Pichia anomala (X580.54.1)

Pichia myanmaensis (AB126683.1)

— Candida odintsovae (AB054570.1)

Y1) E— Pichia hampshirensis (FJ381688.1)

99

Saccharomyces dairenesis (AY251641.1)
Candida palmioleophila (AB013520.1)
Pichia guilliermondii (AB054282.1)
Candida fermenticarens (AB013525.1)
Debaryomyces (AB013567.1)

99
74

—
0.01

B3 JET 18S xDNA Ry I R EUA A 73

Hypomyces chrysospermus (M89993.1)

FHEN YLS 538 Rhia) 19 R Gt

Fig. 3 Phylogenetic tree of the isolated YLS from Laodelphax striatellus and other close related strains based on 18S rDNA sequence
w; ARSI RS A YIS (YLS isolated in this study) .

*3 DGGE HREHHEE
Table 3 Identification of specific DGGE bands

SRAT B Wy e 44 iR e R
K A RS L
Sequence 514 Name of the closest relative .
. . . Sequence
size Primers species and the GenBank X .
. identity
(bp) accession no. of the
(%)
homologous sequences
Pichia anomala
298 NFGC-NR
(EF427893) 9
Candida
305 NFGC-NR 99
(HQ916867)
Hypomyces chrysospermus
308 NFGC-NR
(AF267232) 9
Pichia anomala
373 ITS3GC-ITS4 99
(AF218991)
377 T3 GC-ITSA Pichia guilliermondii 99
) (KF468192)
Uncultured fungus
335 ITS3GC- 1TS4 99
(KF800290)

400 mg/L Bt P. anomala A~8EH: K, 50% I M4 I +
25% Il TR A4 SCR W, 24k 75 5] 800 mg/ 1L
I} P. anomala ANGEAEAS T SN BRI + 6 5 SRl AR IR
#h 40% WEEL RS P, anomala WAL o
2.4 FAERHGIRCAREENLERNZ M
Al P, anomala Xof A~ [F] 4 24 1) UM, 16 R
P. anomala HUFW) A EH70% PN AREE S50 % [ M i

—
—
——
3 o
- P
-
-
-
o —

K4 YLS Yy DGGE &%
Fig. 4 Identification of YLS by using DGGE
1. UL NFGC-NR Jly N 5| 4 9 18 18S tDNA [X I F Bt The 18S rDNA
fragments amplified with primers NFGC-NR; 2. LA ITS3GC-IT4 Jy N 514
P18 ITS XA 5 BE The ITS fragments amplified with primers ITS3GC-IT$4.
T3k A M4 o The arrows indicate the excised specific bands.

+25% Jl5 TG , A SRR 22 1Y 40 % W5 i R AT

R, LA 7K g BRI X IR, S5 U5 bt e ok S BH PR
Mo SR AR BN (E S, 5)  mEimfab B R K &
BUFET- A3k 98. 3% , T Pl 4% 75 70% 9 #R B
50% JRPRIE +25 % fig A AR EAY 82 0 B S, 78
800 mg/L ¥~ FHUK KEBET-Rik 46% LA I, H.
AE IR KRB A B A T A AL P
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x4 ARFREFIXZEEFBEFHMNHIER

Table 4 Inhibitory effect of different fungicides on Pichia anomala

_%ﬁ%‘]?’&f‘i _ 70% Pkt 50% JRMEEE +25% 15 iR ﬁﬂttﬂﬁﬂ’i_ + AR AR R AR 4070 ﬂ%i’éﬂ?
Fungicide concentration 70% Propineb 50% Tel.)uconazole: + Fluopicolide + pr(.)pamocarb Pyrlmelh.anll
(mg/L) 25% trifloxystrobin (687.5 g a.i./L) (400 g a.i./L)
50 +++ ++
100 ++ +
200 + +
400 - + +++ +++
800 - +++ +++
1 600 +++ ++
6 400 +++ ++
12 000 ++ +

+++ KEAK Vast; ++: BEZ4K Major; +; DEAK Livde; - A4ERKEFEEA A K Negative.
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Pesticide type and concentration
KIS ARRZRKREUSHSE T A (A) MR (B) KA YLS ikt (C) i
Fig. 5 Influence of different pesticides on the mortality (A) and body weight (B) of Laodelphax striatellus
adults and the amount of YLS (C) in their bodies
YLS %2y 3 Fh YLS( Noda T8 . Z5 1, 52 B ol B2 £ F1 55 8 B R B2 B8 ) i B %%, The amount of YLS is the total of YLS of three strains ( Hypomyces

chrysospermus, Pichia guilliermondii, and P. anomala) .
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GHACT R R E AR, SIRE R R E IR
WP AN [ A 24 ) JK RSB T30 AR E S HAR Py 32
BB VR R WAL S B, Bl K REBE TR
LT, T A T R A P A T R AT T
B TR AT LA 2 0 AR LA A B YLLS i X
RGBS

WG 2% B 7R Je K K EUVA A B 3 Bl YLS (Noda
BRI L 58 BE IR B 5 SR R IR R ) 14 40 0 5
SEH PCR ESTREW (R 5) , AR AL B IK K
AR YLS $oi 45 351 T 0 IR AL 2 AR Stk
IR (R 6) , K RERISE TR R 5 AR A
YLS 8 AR SR 2 2%, o KR EUA Y YLS i

RS FAERGINRCEABHETERMEERMERN YLS HEH I
Table 5 Influence of different pesticides on the mortality and body weight of Laodelphax striatellus adults
and the amount of YLS in their bodies

PR YLS %t
e i Amount of YLS in L. striatellus
2 TR (% N
oy Concentration o ) WO T 00 BwsRRE W
Pesticides Mortality Body weight
(mg/L) Hypomyces (x10%) ( x10%)
chrysospermus Pichia guilliermondii Pichia anomala
70% TN #REF
Pcﬂjﬂff 400 15.0+12.2de D 1.145+0.063 a 8.047 £0.189 bAB  1.849 +0. 108 bB 1.557 £0.074 bB
rOpl"e
70% N 7R PF
ol ,JM‘\I[# 800 46.7£14.1 cC  1.034+£0.024 b 7.833 +0.463 bAB  1.398 £0.043 ¢cC  0.373 £0.034 dD
Propineb
50% J% M Tebuc !
0 IRMERE Tebuconaole + 5y 15 015 0 deD  1.15420.069 8 7.900 £0.219 bAB 1.684 £0.037 bBC 1.319 £0.041 heBC
25% 5 i Trifloxystrobin
50% J¥, M Tebuconazol
(m}imh ehuconazoie T 8o 63.3+11.2bB  1.007%0.057 b  5.640 £0.394 ¢cC  0.587 £0.179 dD  0.324 £0.061 dD
25% 5 il Trifloxystrobin
40% W
anﬁﬂ}'t 800 21.7+7.5 dD 1.131 £0.080 a 8.033 £0.163 bAB 1.717 £0.100 bBC  1.154 £0.079 cC
Pyrimethanil
HH:EE'W: . 40 98.3 £4.1 aA ND ND ND ND
Imidacloprid
7K Water 6.7 +8.2 eD 1.170 £0.090 a  8.697 £0.398 aA  2.476 +0.233 aA 2.142 £0.319 aA

ND: RAERIE] Not detected. S5 VI + b2, 3 MEL, FW—FIARR/NEG FREFORTFAE #2257 (P <0.05, LSD £345) , [l —F1A[H
KEFREFIRIFEN B FH 227 (P <0.01, LSD 5% ) . The results are means = SD of three replicates. Means within a column followed by different
lowercase and capital letters are significantly different (P <0.05) and extremely significant different (P <0.01) (LSD test) , respectively.

x6 REEABHRTRMFEREERN YLS HEMHEXE
Table 6 Correlation of the mortality and body weight of Laodelphax striatellus adults and the amount of YLS in them
eI KT YLS ¥
Mortality Body weight Amount of YLS
. Pearson correlation 1 -0.865" -0.913*"
. Sig. (2-tailed) 0.012 0.004
Mortality
N 7 7 7
Pearson correlation -0.865* 1 0.976 **
KT . .
. Sig. (2-tailed) 0.012 0
Body weight
N 7 7 7
VLS ekt Pearson correlation -0.913** 0.976 ** 1
= Sig. (2-tailed) 0. 004 0
Amount of YLS
N 7 7 7

“AE0.05 JKE (M) | 2 A Significant correlation at the 0. 05 level (2-tailed) ; ** 7£ 0. 01 7K ( 3UM)) | 2 # A#H ¢ Significant correlation at
the 0.01 level (2-tailed).

BRG] — bk YIS, 250+ %38 o 5 i HE ol 1
B P anomala, [R]I i BRR (14 B IR [R] 10 RE 77 5 1 £F
73T (Kurtzman,, 1998 ) Hh 55 B IR 57 B 1) i 3t
HA — . A MIEIZ R AT AE T 80K (Anopheles

3 e

A2 LA R Y B IR RS IR AT K K
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gambiae, Aedes aegypti T Ae.
albopictus ) 1A P, X5 4 i e HUB (19 1% 4 HAT B 2L
AIPEHI(Ricei et al., 2011) fHAE K REH Y 2 BE 14
JBEW. BT AEE BRI SRR EE 2 )
T YL S5 [P, AN S B2 5 22 YO A T A [) 1 B 5 5
SEPATSLBARAE  S7E YPD B3R Ik AR XK,
HAZTE R AT LARSE AR % o A IF 5 20 i 30 UE 52
DGGE £ I T 70 Hr#ly KEUA N YIS By A
N T BRI BRI AR SR 4R AR s Qe Pr e, A S
JKRECHATFEXS L, i@k DGGE KA A R AE
KRBT 1) Noda T FIZE 52 BR AR RS ik A I 1 {22
WEbE N HAA RERE SR Y HLIE . A LUEW] DGGE 4
ARG M REE AR TR FPRE A 5o, B A 2 R B
TSR ERR R B UE T B R AR KR Y A
TE ) L SEVEFIAR S FR A S B IR e B T 1) T
e, AR, YIS fE R REUA N 5 R ETE#E
b PRI AR B A W AR AT ERAE R VBT R
WA VR . ARSI ZH AT S TR EUA
N B R 22 [ B (Pang et al., 2012) , B BN BFSE
RTINS AR B AR AL Y A bR . P,
AU B AR IR AR P, anomala 45 9 A RESE
IR EREE AR R WUE Y, i H AR Y e T RE AR
WHRAEETAT B T R AR S A R E Y AR R
FR VALK € L]

WK — B A O L H R AR
it o3 MU T A A R 25 T, AR BCT BN
JEE R ERE ) R [ I, 2 30T KR A T Y
ULy, DG MERE AT T, SHBE dUukieia 7e
JEBE, AP A T P. anomala XA [A] 7% 7 1Y
UM, I P. anomala %F 70% TR ZR4EFF1 50% X,
WK + 25 %% I3 TR G A o 2% TR RV B SRR . ARS8
WG 70% PIAREE S0% MRS +25 % Ji5 1 ik 1 il 2%
TR ) 22 PRI R, 25 SR R B 0 R I
S K REVARN Y 3 Al YLS $ii B s 2b, AT
SEOK CE IR EREAL SET R R BT, HREE R
TR I B A B i, 3 R YLS i B i b 5k
B, K REFE T A 5K YIS A 2 5AH ¢
R ARSGERAESE, UL P, anomala ¥ERRGAE D)
7 1 ) A B R AT AR T K R EUAR N Y YLS DA T e
RO B TE g, SR 25 3R 0 T B R SR A TR
AT BIB A , W04 S5 b 2% RV A A, O oAk
FNFA AR A B AE YA 25 B a KR AR T8
5y

stephensi, An.
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