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Abstract: [ Aim] The small brown planthopper Laodelphax striatellus (Fallén) , an important rice pest
insect, feeds on rice and causes the decrease of yield and quality. Especially the rice stripe virus
transmitted by L. striatellus induces more serious loss of rice. The small brown plant hopper is widely
distributed and adapts to various environments. This study aims to clarify the molecular adaption
mechanisms of L. striatellus under temperature stress preliminarily. [ Methods] A full-length ¢cDNA
encoding Hsp90 from L. striatellus was cloned using RT-PCR and RACE technique. Different
bioinformatics methods were used to analyze the characteristics of Hsp90. The expression levels of the
Hsp90 gene among different developmental stages and under different temperatures were detected by the
real-time PCR. [ Results] The complete ¢cDNA of LsHsp90 deposited in GenBank accession no.
KF660250 is 2 740 bp in length, which encodes a protein of 729 amino acids, with the theoretical
isoelectric point of 5. 0 and molecular weight of 83. 7 kDa. The amino acid sequence contains five
signature sequences of Hsp90 family and a C-terminal cytoplasmic character sequence ( EEVD). The

LsHsp90 carries a classic Hsp90 family structural signature. The phylogenic tree demonstrated that
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LsHsp90 has high homology with Hsp90 proteins from some other insect species. The real-time PCR

analyses exhibited that the expression levels of LsHsp90 varied remarkably in different developmental

stages. The mRNA level observed was the highest in the 4th instar nymphs of L. striatellus, the lowest in

female adults, and showed significant differences between male and female adults (P =0.008). The
LsHsp90 mRNA level of L. striatellus could be induced by heat and cold temperature stress. The highest
LsHsp90 mRNA level was observed at 40°C and - 9°C, respectively. At 40°C, LsHsp90 mRNA level
reached a peak at 0.5 h after treatment, and then decreased with treatment time. However, at —4°C ,

the peak of LsHsp90 mRNA level was observed at 1 h after treatment. [ Conclusion] The LsHsp90 gene in

L. striatellus responds to temperature stress, and it may play an important role in the adaption process of

the pest to temperature stress.
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real-time quantitative PCR

PG EE I (heat shock proteins, HSPs) J&—25)
ZorAi , R EEAY Y B ER R, BN E
BIREE T B, S S E A BN A TS K
k1844 4516 3l ( Feder and Hofmann, 1999) , R
RS8R/ RBES RN
HSP100, HSP90 , HSP70 , HSP60 , HSP40 Fl1/N3 T &
P T 1 (sHSP) 22 (Sgrensen et al., 2003) , X T
HAb PR B A 5 HSPOO [ BIFFE I AR X 4D o T
HSP90 & — AL 1E H 4l i i A AT A 2 i, 2
515 5L 4E 5 5 17 A7 55 (Rutherford et al.,
2007 ; Taipale et al., 2010), 4, B WF 75 & ¥
HSP90 if 7 % i A= 97 44 1 3F 4k ( Queitsch et al.,
2002) . ELHUARAG)TIZ 6 A A R BT B AR R A
P o R R R B U K AR T N 3 A i B
MK % Z—(Bale et al., 2002 ; Philip et al., 2008)
TER IR R rp, B OB T 22 T B %o iR
JHp3EL, 9] e 3ok 9 PR A RO 1 AR R R OR IR T A
R /& (Sgrensen et al., 2003 ; £ W %< %, 2010a,
2010b; Cui et al., 2010; Lu et al., 2014) ,

K K&\ Laodelphax striatellus (Fallén) J& -3 H
TCEVRE, KA RN I E S L B R
W fe 5 A1, i RE A% 1 7K A5 45 80 A9 BE (rice stripe
virus, RSV) S5 iR [A] 45 fa 3 , 8 i BRI 7 B4 2R
(T AE, 1963 ;B CHLSE, 1981 FEIEFRSE, 2002) ,
C A MR BT, KRR — & T & i PR
SEPLINRE 77, BRTE TR E VL o R K RS 327 X DA
3 - Sty UM BT (2325, 19985 A% 4256,
2000 ; ; X/ [a] 425, 2006, 2007 ), K K@l 4 -5 7
B EIEIITE — 10°C LAF , 72 90 Ao i i 9€
JI (XA AR 55,2007 ) o ey AN BE0 K6 LB 1Y
HLTE 18 ~30°C T U R F di R HA i (k%
45,2008 ) o fHJZ, KK EUN AN RO 38 I 1Y 4 F

BLHIIAATEHE . AT ARG B A0 A, 1R
R TR CE L BE 8 35 S PR 5 WL G A5
AT T K GE Hsp90 K [H 19 42 < cDNA, 3% H
qRT-PCR HRFLEHE T T K Kl Hsp90 & A 15 A
6% 75 B B Rl e R SRR HL . A0S
BERAE T RABTFE IR IR I 52 PE AL ] B 5
iy, itk — 2L Bl A B ) RE i B 25 B TR RN
SRR o

1 HREH %

1.1 KRR

Py MR 7 bl 25 5 R AP 7 Be SR A AN 5 2%
St Al 1 0 K K EFNEE, TEFR AU AT RE 7
SR 10 AL WFREA N 26 £1°C, AR
1B 70% , )65 16L: 8D,
1.2 7x"¢E Hsp90 EERIsEE
1.2.1 JKCEUE RNA $250C: A i #8 deas i S
KR E AT 20 Sk A2 & 1S mL B ELE N,
TG TR UE R R U S AR ST AR R
SV Total RNA (Promega ) /3 £ 2 A 1 77 & 2 7 4 H
JRRELE RNA {7 HIBrRAE M B8 e i Uk A i 230601
JETHRIN RNA (58888 Al SR
1.2.2 Hsp90 &P rpr i) i Be v b B 2201 55 o4
TR W) 2508 T UK b, 22 cDNA S sl R) &
(Thermo Fisher) £ BRAK KM A :2 L #i RNA, 1
pL 59 oligo(dT) g, il DEPC /K% 12 L, AJS1E
FIRELETIKMA S wl M-MLV 5 x Buffer,
1.25 L dNTPs Mixture ( £ 10 mmol/L), 1 pL M-
MLV Jz % 55 0§#1 2. 75 L. RNase-free ddH,0, #4iR
SRR B0 BT 42°C R E 60 min,70°C .5 min £
BRGSO ) Sr BT PCR 47 1 5 - 20C
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AR A3 B B dt Hsp90 B F 81, it —
Xf ] I 514 LsHsp90F, A1 LsHsp9OR, (£ 1) . 7ETC
PCR & HRIKNA 2.5 L 10 x Taq Buffer,2 uL
ANTPs, 1 L eDNA 802, | FUESI 94 1 L,
0.25 wL Taq i, Jfl ddH,0 #5525 wL. RS
PCR AR (touch down PCR) 4" 3 v ] J B, f iz A
£:94°C A ME 5 min;94°C 284 30 s,65°C 30 s,
PEFRREAR 1°C, 72°C ZEAH 1 min, 2k 19 DEER; R 5
94°C A5k 30 5,45°C 30 5,70°C #Efi 1 min, #£ 25 4
EER ;72°C ZEA 10 min, 4°C -7, WHLS wL PCR ;=
VS A EE I L DRI, S0 38 Y 2607 J5 K R AR
PCR 77y 4x & s R, R AT 3at R AR 58 g v Uk , 2k o]
W PCR 4, 7EwEE PCR & RUMA 4 pl 2 x
Rapid buffer,4 pl. HAJ DNA B, 1 pL pGEM-T
easy vector (Promega) ,1 wL T4 340, B E.O5
FEE 1 h,4CHR . W 100 pl DHS o A2 25
I A B R P, UK EJRCE 0.5 h,42°C A
1590 s JGUK EE 3 ming HH 1.5 mL K&
O IMA T mL LB AR B 55 358 o A RS2 28540
IO P 24 7 A B A 8 37 Jk v, 37°C300 1/ min
Per 1 h, B 785 Ampicillin/X-gal/IPTG FJ LB 5%
AT B, 37°C 8] 5, PRI 6 A B M v B
T IBIARE 774k (& AMP + ) Hh,37°C k35 B 77 i
K, I PCR W25 RAIE X R 2 SR AR Y4
ARA R /e, B4 Bk 3 A UL e B kAT
M
1.2.3 Hsp90 F[H RACE §"1 . #% Clontech 2\ & |
RACE Amplification Kit 7] &%k 4 il cDNA 2F —
HEORAF T - 20°C 17 o MR 2 4 18 3 1y KR L
Hsp90 A rpr i) v B, 43 3 3" RACE 5|90 5
RACE 5|¥) (£ 1), 3"F1 5'RACE =¥ i 4 5 14K &
4:0.5 L TaKaRa La Taq(5 U/pL),5 pwl 10 x La
PCR Buffer I1( Mg’ " free) ,5 plL MgCl, (25 mmol/L) ,
8 wL dNTPs Mixture ( £ 2. 5 mmol/L),2 uL £ #g
(¢DNA),2 uL B[4 (10 pmol/L),5 wL UPM (10
x),22.5 uL RNase-free ddH,0, "3 5/ .94C
5 min;94°C 30 s,68°C 30 s,72°C 2 min,35 PME¥H;
72°CHEAi 10 min  4°CHRAF . PCR W ROALIN | [0 |
R AL DN R AT ) R B RS T — 2
1.2.4  Hsp90 KP4 P4 5 70 M. DU &5 2R TE
GenBank H1 4T Blast [f] #0751 K & T LA IS
DNAMAN Bf428 3| 3L H 42 K., | A ORF Finder
(http ://www. ncbi. nlm. nih. gov/ gorf/gorf. html) #¢

& Hsp90 KA 56 B 1 ¥ 7l ) BEAE . SR S5 76 ORF 7
MBS AT R K B LA A v v .
F SWISS A= ¥y {5 B 2E W 5E BT ExPASy 73 T W15 FF
S o b THATHE B IEAS pl/ MW F1 Blast 43 7 4k
SRILMRFY . 4] MEGAS. O B4 7051 >R F 4 42
5 /NI RORASR L R KR 2905 4 BT ik
PR E R GE A

1.2.5  Hsp90 &5 7347 A A A 1 [ 95 bE X 031
g5]#% V2. 0 ( http://www. shg. bio. ic. ac. uk/ ~
phyre2/ html) 7= 4= [A] Y 45 % ( Kelley and Sternberg,
2000) , 5 Phyre2 H K €, Hsp90 25 iR,
i& Jil Chimera {4 4 B = 4k 65 7 F1 73 5 Aii J=y
( Pettersen et al., 2004 )

1.3 FAEEENRRREIRENE TR CE Hspoo
BEREREEZFTN

1.3.1 cDNA 55 —8ER)& i Pl s PLE 1
d B KRE T -5 oy He s R A R 4% 10 ~30 Sk
AN A B, B A 3 R AN TR RE Ak B 2R
RIS 1 d B RE 4 s e, Sl (L h) O
28°C, 30°C, 32°C, 34°C, 36°C, 38C, 40°C F
42°C; 535ME 40°C R /0l4b BE0.25, 0.5 , 1,2 , 4
18 h, KIEALFE(L h) M 21C, 16C, 11°C, 6C,
1C, -4CH -9C; 534 —4CT o 5l4b 3 0. 25,
0.5, 1,2, 48 h, FrAREELL R K REUH K
REARE LI 1. 2.1 07 42 B RNA K365 4%
Ja AT 5. 5555 % i PrimeScript RT Reagent
Kit Perfect Real Time i3] &5 ( Bio-Rad) [ J7 1% 347 .
5 x iScript reaction mix 4 L, iScript reverse
transcriptase 1 wL,nuclease-free H,0 14 pL, RNA
HO0.5 wgo S Z&F:25C 5 min,42°C 30 min,
85°C 5 min, Y7 RV IEY 4 °C LR AT o

1.3.2 5¥iit 56 8. MRIEK KR Hspo0 He [
AR B T 26 5w E & PCR B 51 ) — X
qLsHsp90F, Hl qLsHsp9OR, , FFARYE E 934 17 K K
B-actin FF4FFFHNBIHT NS EH I (£ 1), 15 Bl
YeRA W HBARA PR 75

1.3.3 ZEBPEET: 8 SYBR Green [ #15%¢
Y61 PE4T real-time PCR 434, {#i ] CF96X PCR {¥
(Bio-Rad ) # 17 PCR JZ i, & & W F: iTaq™
Universal SYBR® Green supermix (2 x ) 10 plL, 10
wmol/L () L FWESI 9% 1 ul,2 L cDNA Bifi, 6
L KB ddH,0, S 244 4:94°C 3 min;94°C 30
s,Tm( Hsp90: 59.4°CH B-actin: 58.5C )30 5,40 I~
TEER, BV A RS BRI CufEL (R BE AR B Y JK R
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Table 1 Primer sequences used in this study

Bk B2 SIHFAI(5" -3") Y&

Primer name Primer sequence Use of primers

LsHsp90F, TTTGGTGTRGGTTTCTACTCRGC rhE] R Bl g

LsHsp90R, GGTCCAGATGGGYTTBGTYTTG Intermediate fragment amplification
LsRACE3’ TACACCGAGGATGAGGAGCTGAACA 3'RACE

LsRACES’ GGGTTTCTTGTCCAGATCGGCTTTGT 5'RACE

qLsHsp90F, TCGCCAAGTCAGGAACAAAGG Real-time PCR #:i H A4 3k K

qLsHsp90R, CCAGGTACGCCGAGTAGAAACC Target gene detection with real-time PCR
B-actink; GTCTCACACACAGTCCCCATCTATG Real-time PCR #5102 £ A
B-actinR, TCGGTCAAGTCACGACCAGC Reference gene detection with real-time PCR

Fl cDNA VE H5HR , #£47 real-time PCR ¥ )7 i/ , 43
AHIVE Hsp90 FI B-actin AN[a) ik BE AR AE R 2k, 25 R
7N Hsp90 F1 B-actin 4 ¥R A . SR8 5 14 H
27K R AT AR X K A, B B-actin X
Hsp90 #ATHRUEAL, FF A 23 bn ALY Hsp90 Ct {H
R LAXT B CHE R R R 26°C ) BAR (R, B 1845 450 2
Hsp90 mRNA (¥ A1 X} 7K ¥ Fr A 19 &4 8 H
SPSS16. 0 AT AH 734 o

2 #RESH
2.1 7k &E Hsp90 EEEKYEEFETIHH

PLK & B DNA g B4k, LA AT 9 51
LsHsp90F, Fll LsHsp90R, #£4T PCR ¥ 14, 3R 15— %%
#5600 bp MFRE MRS . B Il SR L U
JPJG , % Blast HXF, & LA AT IR 741 5 Hofth B ol
(1 Hsp90 ¥ 51 HAT = B AH AP, #E DU o K 6 L
Hsp90 fy ] i B, K B2y 614 bp, ARG Brik
it K & B Hsp90 ¢DNA [) RACE 35| ¥
LsRACE3' il LsRACES' #£1F RACE $" ## | 4351 15 %]
980 bp 3’ ¥ 5 M1 1 823 bp My 5' ¥k FE 4, 4
DNAMAN P33 15 —4> 2 740 bp [ /K K &L Hsp90
L <DNA J¥ 5144, 4 45 4 LsHsp90 ( GenBank %5 5%
5 :KF660250) . H: 3'UTR Ky H AT BL7 A ploy A 45
F9,7E ploy A _F3i7 16 bp b EA 1 DM RPLTRES T
AATAAA (1) o BERIFFRLBEEAER: 2 187 bp, Zifith 729
AEIERR, 4> T4k 83.7 kD, %511 450, TsHspo0 A
Hsp90 5 1 5% & F¢ AiE 25 44 ¥ %1): YSNKEIFLRELISN-
SSDALDKIR (4 33 - 55 {ii5%3) .LGTIAKSGT (45 101 —
109 {377 3%) IGQFGVGFYSAYLVAD (4 126 — 141 {ii5%
). IKLYVRRVFL (%5 357 - 360 fii 5% 2&) Al
GVVDSEDLPLNISRE (45 383 —398 {5k L) , 7 C-AuEL

A 4R R SRR EEVD (5 726 - 730 (i 5% 4E) (141
D
2.2 LsHsp90 BB LM

VIBRTE % Saccharomyces cerevisiae Hsp90 2 H
(PDB ID; c2cg9A) ARy {di F Phyre il LsHsp90
SERIRERL, P AL 83% (100% EAFE) .
AL 7N LsHsp90 8 41 3% — 2 5 B X (N-
terminal domain) | H[f] [X 35 ( middle domain ) F15#% J&
B X 15, ( C-terminal domain) ([§]2),
2.3 LsHsp90 &% 41

J7 51 A AR 43 B 3% B LsHspo0 5 4 7t &
Nilaparvata lugens (DSKXW7) f1H & K& Sogatella
Surcifera(13UT12 ) 1) Hsp90 23 H R 7> 51) Y — S0P I
5,15 93% . LAAZE Homo sapiens Hsp90 SJy#MiE , 45
RANHHE SHAH HHHE A 25 EH 3G
F 3 H 45 29 Fi L U9 Hsp90 2R P81 i1 5¢
AR, BT MEGAS. 0 SR 4R 4515 /N EAL TS
IR L) RANIREM 7RG R TM . 15
TBWREKE KRR, R A SCH @R AR L
MR RGERER, 85 REV K CE 518 CEAT
T KEAY Hsp90 FMERy— 32, JF HIrA Ry~F# H B
U Hsp90 FREAE—E, [FBF, Ira TR RS K
AR H R L Hsp90 tRRAE—E (1&13) o
2.4 AFREZREMEX AR LsHsp HIFRIZEZN

AR KB BB R REUA N LsHsp90 (14 3357K
VAT AR R . BEE KIS W 1
N, LsHsp9O (31K 1 B Wi 14 22, 75 4 W47 U 35 3
KRB, 4 W AR N Y LsHsp9O K& PR 325k 5 5 i
ZETS ﬁ@%ﬂ(ﬁ% 4w =7.509;P=0.001), 7%
MR F BB LsHsp90 1 fe A% 2 35 it S 78 g L [y
B, MHERL ALY LsHsp90 1) e 38 7K V- ik 25 i T ME A
H(Fg ,=7.509;P=0.008) (& 4),
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Fig. 1
FEARHATS 43 R /R AR 11 90 FEFFAEST 51 s WU R E 43 22/ AT Hsp9O HRAE LT 5 MR L4 =R 2 R IR H TR A5 575 (AATAAA ) , The

signature sequences of Hsp90 family are indicated in bold and italic, cytoplasmic Hsp90 signature motif is double underlined, and the putative

ATGGGGACAT TGT TACTCAGAAAACCGAAGCTCAACGTGCGTT TCATTCGTGITT TGTGAT TITGTGAATCTTCTT TTGTGCATATCAAG
ATGCCAGAAGACGTTCAGATGCAGGAAGGAGAAGTGGAGACCT TCGTCT TOCAGGCGGAGATOGCCCAGTTGATGTCTT TGATCATCAAC
MPEDVQMQEGETYETTFVFQAETIAQLUMNSLTITIN
ACCTTCTACTCCAACAAAGAAATCT TTCTTCGTGAAT TGATCTCCAACTCTTCTGATGCGT TGGACAAAATTAGATACGAAGGTCTGACT
TF YSNXEIFLRXRELISNSSDPALDPEXEIRYEGLTI
GATGCCAGCAAGT TGGAATCTGGAAAGGATCTTCAAATCAAGATCATOCCAAACAAGAATGATAGAACCCTCACCATCATTIGATACTGGA
DASEKLESGEDLQIEKTIIPNENDRTLTITIDTSG
ATTGGAATGACGAAAGCTGACCTIGTGAACAACCTGGGAACAATOGCCAAGTCAGGAACAAAGGOGT TCATGGAGGCGC TGCAGGCCGGT
I 6GMTEKADLVNNLILIGTIIAKSGTITEAFUEEALAO QAGEG
GCTGACATAGCGATGATTGGCCAGT TCGGAGTGGG TT TCTACTCGGCGTACCTGG TGGCCGACAAGG TGACTG TCACGTCGAAGCACAAC
ADIAMNMICGCGQOQFGVEFYSAYrLVAP2EKEYTYTSKHN
GACGACGAGCAGTACCTGTGGGAGTCCTCAGCCGGCEGATCGT TCACTG TGCGOCCOGACCACACGGAGCCCC TCGGOCGOGGCACCAAG
DDEQYLWESSAGGS FTVRPDHTEPLSGERGTEK
ATCGTGCTCTACATCAAGGAAGACCAGGCCGAGTTCCTGGAGGAGOGCAAGATCAAGGAGGTGG TGAAGAAGCACTCGCAGTTTATCGGC
I VLYIEKEDOQAEFLEERIKITEKEVVEKEHSOQFTIG®G
TATCCCATCAAGCTGCTOG TCGAGAAGGAGCGUGACAAGGAGT TGAGCGATGACGAAGCTGAAGAAGAGGAGGAAGAGAAGAAGAAGGAA
YPIEKLLVEEKERDEKETLSUDDE-A BAETETETETETEHTZ KT KTKSE
GGAGAAGGOGACAAGGCTGACGAGGAGGACGACAAAACACCAAAGATOGAAGA TG TOGAAGATGAGGGAGAGGAAGGUGAGAAGAAGAAA
GEGDEADEEDDIKTPEKTIEDVEDETGETESGET KT KTEK
AAGAAGAAGAAGACCG TGAAGGAGAAGTACACCGA GGATGAGGAGCTGAACAAGACAAAGCCGA TCTGGACAAGAAACCCAGATGACATC
EKEKEEKTVEEEKYTEDEELNEKETIEKPIWTRNPDIDI
AGCCAAGAAGAGTATGGTGAAT TCTACAAGTCATTGACCAACGACTGGGAAGATCATCTGGCTG TGAAGCACT TCTCGG TGGAAGGCCAG
SQEEYGEFV YESLTNDVWEDHLAVEHTFSVESTGHQ Q
CTGGAGT TCAGAGCTCTGCTGT TCGCCCCTCGTOG TGCACCCT TCGACCTGT TTGAGAACAAGAAGCGCAAGAACAACATCAAACTGTAT
LEFRALLFAPRRAPFDLTFENEKEKRIEKNNIEKELY
GTGCGCAGGGTCT TCATCATGGACAACTGOGAAGA CCTCATTCCCGAGTACCTGAACTTCATCAAGGGTGTAGTCGACAGTGAAGACT TG
VRRYFITMDNCEDLTIPEYLNTFIKG GVVDSEDIL
CCTCTCAACATTTCTCGTGAAATGCTCCAACAGAACAAAATTC TCAAAGTCATCAGGAAGAATT TAGTCAAGAAGTGTT TGGAACTGT TT
PLNTITSKEMKLQQNIKTILEKYIREKNLVYEKKTCLETLTF
GAGGAGT TGGCTGAGGACAAAGACAACTACAAGAAGT TCTACGAACAGT TCAGCAAGAACT TGAAACTTGGTATTCACGAAGACAGCCAG
EELAEDEKDNYEKKTFYEQFSEKNLELGIHBETDSA® Q
AACAGGAAGAAACTGTCTGACCTGCTCCGCTACCACACTTCGGCTTCAGGOGATGACAGCTGCTCGC TGAAGGAATATG TCGGCOGCATG
NREEKLSDLLRYHTSASGDDSC CSLIEKETYVGRM
AAGGAGAACCAGAAGCACATCTACTACATCACCGGAGAGAGCAAGGA CCAGG TGGCCAACTCGTCGT TTGTCGAGCTIGTCAAGAAGCGC
EENQEHBIVYYITGE SIE KD QVANSSTFVYELTVEKTEKHTR
GGATTCCAAGTTGTCTACATGACTGAGCCGATCGA TGAGT ATG TAGT GCAGCAGA TGAAGGAGT ACGACGGCAAGCAGC TGGTGICCGTC
¢ FEVVYMTEPIDETYVYVQQUMEKETYDGEKAQLVSY
ACCAAGGAGGGACTCGAAC TGCCOGAAGACGAGGCCGAAAAGAAGAA GCGOGAGGATGACAAGGCCAAATTCGAGAACCTGTGCAAGG TG
TEKEEGLELPEDEAEEKTE KT KREIDDIE KAKFENLTCEIKY
ATGAAGGACATCCTGGACAAGAAAG TGGAGAAGGTAGTGG TGAGCAACAGGCTGG TGGAGTCGCCCTGCTGCATTG TGACGTCACAGTAC
MEDILDEKIEKVEEKYVVVSNRLVESPCCIVTSAGQY
GGCTGGACGGCCAACATGGAGCGTATCATGAAGGCACAGGCGC TGOGOGACACCTCCACCATGGGCTACATGGCCGCCAAGAAGCATCTG
G WTANMERTIMEAQALTZRDT STMGYMAAKIKHL
GAGATCAACCCOGACCACTCGATCATCGACACCCTGCGCG TCAAGGCOGACGAGGACAAGAACGACAAGGCGG TGAAGGACCTGGTGATG
EINPDHSIIDTLRVEADEDI KNDIEKAVEDLYIHNM
CTGCTGT TCCAGACGGCECTGC TCTCGTCCGGCT TCGCCC TCGAGGA CCCOGGUG TGCA CGCGGCGCGCATCCACCGCATGATCAAGCTC
LLFETALLSSGFALEDPGVHAARTIUEBRUMIEKIL
GGOCTCTGCATOGAGGAGGACGACCCTGTGCCCCA CGACGAGGAGAA GG TOGACGCOGAAA TGCCCCOGCTCGAAGGCGAGGCTTCCGAG
6GLCIEEDDPVPHDEETI KV YDAEUMPPLETGEASE
GATGCGTCGCGCATGGAGGAAG TCGATTAAACCAA CCAAAGTGGTOGGTCAT TCAATCCAAAAAGACTGTTCAATG TTACAAAGAGACTT
DASRMELEV VD=

GTACATAAACTOGAAGTTTCTCATG TGCAAAAGCT TCTGATTCAAGAAAAACTAATACT TTAAT TGTATTAAAATT TATTTTGTTCATTT
CTTGCTTCTTGOCCTGTAGATG TITGAT TGACTCCAGCGCAGT TTTTGAACCAGAAGCT TT TGCACAACGAGCAACGTTGTTGTAATTAA
CGAAAATCGATTACGTACTAGTATT TTGATT TATACTACGATG TAAGATCTCTITATAAGATTCGTGATTCCT TGATGT TAAATTTGT TT
CGCACTGTTGAAT TTGTGT TACAAT TGACTAGTCGAT TAGCTT TCTCTGAGT TTTGTTTCACTT TGAAACTTT TTGTATTATTCGGAATA
AACCATTCCCGATTTTCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA —

1 KT, Hsp90 HEPK (AT 51) L 2 M 51

Nucleotide and deduced amino acid sequences of Hsp90 gene from Laodelphax striatellus

polyadenylation signal (AATAAA) is underlined.

2.5 AEIREMME TR CE 4 i3 RIER LsHsp90

HIRIEEWL

AN Rl i S R AR R L KR EUR
LsHsp90 [R5k i ARl 9 2 b B A 58 42—
o BEHRE R AWITL S, LsHsp9O B 1722

B BB AORRAR , LsHsp90 B3¢ 1k AW,

IHAE - 9C I8 B i K AH, & 26°C I 119 4. 64 155,

1, FEAE 40°C KB A, e 26°C HE AT 6,78 P 20.005) (1 5).

LsHsp90 7t 36°C I () 3Rk it i35 5 T 26 C 1 R ik &
(Fi5 4 =3.960;P =0.020) , [dli, LsHsp90 7E 21C
IRy A R B ER T 1CHIRB R (F); 5 =3.960;
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B2 KKE Hsp90 [k Bl
Fig.2  Structure of Hsp90 from Laodelphax striatellus
A: DIFEREH HSPOO (PDB ID: c2¢g9A) (¥ {2) Jgtitie, il Phyre2 i
DR QAL HSPOO 14 45 #5214 ( 5 2% (5 ) Homology modeling of Hsp90
from L. striatellus ( cyan) was predicted with yeast Hsp90 ( PDB ID:
2cg9A) (yellow) as the template using Phyre2 software; B: JK Kl
Hsp90 £5H4 53y Ak (5 (2) PR o0 (4R () DR (5 6)
Three-dimensional structure of Hsp90 from L. striatellus includes N-
terminal domain (in blue), middle domain (in cyan) and C-terminal

domain (in green).

2.6 AEHFEFESERENETKCE4BRER
{7 LsHsp90 ) 3iE354

TR GE 4 345 AR 40°C 410 F , & SRl st
A TE] AL B S & B0 LsHsp90 [ # ik /K FAEAL #L S 0.5
h B SRS E RME, =X Ay 10,94 %5 JFH B 5 T
WFEJE 2 h )R IK K (F o, = 11.625; P <
0.001 ) ; it 4b BRI [A] 1 SE 4, LsHsp90 (1) 335 7K -
BUTREAR . SR, 7E - 4°C TR R FRZE R A HL S
LsHsp90 py5RiA1E 5 40°C AN [A], LsHsp90 133k &
TEALFRSG 1 h AR RME, & & TAL S 0.5 h
IR FEihHE (F, 4 = 18.735;P <0.001);{H2 -8 h
s 1] B AL BT A .25 175 % LsHsp90 [ 363K (P >
0.05)(KEl6),

3 e

R i ]V A B ) K R S G L
AEIZ AT TE Jag 0 i DK% 7K e i ™ R 4
W, PR A7 A 1) 52 00 R 8 22 ) AR i ik A
W7 H4 BHL ( Diffenbaugh et al., 2005) , K KB B )
TV B TG 5 (5K R4, 2008) , {H 2 H b
anm IR BZN SR ST 12 % & - S P IR B2
MiriE B B 22 85 M (Sonoda et al., 2006; Rinehart et
al., 2007) . AWFFEF] ] RT-PCR 1 RACE 45 A Ji%,
Ny R 25— KR E Hsp90 JE[H cDNA 2 K7
G, ¥ HAiw 44k LsHsp90 . B 2 BB HE 7 7 51 B A
5 /> Hsp90 2 [ R WAL e 57, C i e A St A
EERSF R L EEVD, Rtk HSPOO 2t 4t i Jo 4
W B A8 5L (Gupta, 1995) o KR EL LsHsp90
R4t R TN 1 BH HC B AT Hsp90 45 13 SR DR <F Y
BURY 25 K 20 B (Ali et al., 2006) . 1 T B Ay
Hsp90 25 H i BEAR S, BRI AT H TP F ) Y
ARG AT AP LsHsp90 5 Ho A Fh
(1) Hsp90 4 1 B A = JE B9 AL o A T AL 45 K6
BTEAN Y 29 FhE A Hsp90 4 K & FE MR 7 91 kA 7
MIRGER T e BB, T R AU Y
27 PR AR B ST B R AR T LR R
28 X 1 Hsp90 JE A o] DUIAE b T W0 Fh R g itk
M AR ICEE A

CAMRAAEEATERER AR KT
T 3] 5 22 #J/E FH ( Genevieve and Robert, 2003;
Sharma et al., 2007 ), TE# K F b B K K&l
LsHsp90 Fik i 7E 4 47 B ik B RME , X 5 R
HPA3 -4 Ay k2 B AW 5 o LsHsp90 1 i
IR 2 AEMERL AL BT B, 7 Shu 45 (2011) 7ERHEL
W Spodoptera litura H & BE Hsp90 F: K 1 B 15
KRR BT B, WA — S8 iF 58 K B Hsp90 JE A
TER BB RE I BRRA KA RENZN
(Sonoda et al., 2006) ., 7] I, Hsp90 & H fEAN[A] B H
AR E A B R R S, B R U Hsp90 2R
F#A HAR A Re. AR S LsHsp90 (13K
SRAFAERE I 52 S 9B A AR — L8 Chilo
suppressalis FHE A I (Lu et al., 2014 ) , Hsp90 HEH
Al REIR 2 5 B H i A B S, AR KR P Y X R
YEFIRLAAT e i — PSR

Hsp90 2 HAZA M P i FE M ERRZ —, —
BEfF5E C RS T AIEGE A HRTS A P 1
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94 pHelicoverpa armigera
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Spodoptera litura

K Spodoptera frugiperda

podopiera exigua
Mythimna separata
a9k )V amestra brassicae
Omphisa fuscidentalis
Ostrinia furnacalis
Chilo suppressalis
Loxostege sticticalis
Antheraea pernyi
Antheraca yamamai
Exangerona pratfiaria
Thitarodes pui
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e | oCUI 510 MiGT ALY
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Fig.3 Neighbour-joining phylogenetic tree of the Hsp90 proteins from Laodelphax striatellus and other insects
£ FRECTE N E SIS (1 000 R EE ) (X 27~ > 50 AYMH ) Numbers on the branches are the bootstrap values obtained from 1 000 replicates
(only bootstrap values >50 are shown). Hsp90 f) i S & 5185 Origin of Hsp90 proteins and their accession numbers; A2 Homo sapiens ( P08238) ;
K KA Laodelphax striatellus ( KF660250 ) 5 #6 K @\ Nilaparvata lugens ( DSKXW7); H & K&\ Sogatella furcifera (1BUIR); 575 B 1) F &
Paratlanticus ussuriensis (JIFXV7) ; F 32 1% Mk Spodoptera exigua ( C4P3Q0) ; RIS K # Spodoptera litura (EOXJKS ) ; K& HL Mythimna separata
(EOXJK7) ; —ALME Chilo suppressalis (Q3V6C6) ; WM T KEE Ostrinia furnacalis (EOXJK4) ; H 5K M Mamestra brassicae (QOKKB5 ) 5 HHl 7 7
ik Spodoptera frugiperda (Q9GQG6) 5 Fi4% Bt Helicoverpa armigera (EOXJLO) ; 3% [E AR 44 W Helicoverpa zea ( C8CCR2) ; BiMME Loxostege sticticalis
(A8WE29) ; £ & i R ik Exangerona prattiaria ( FOXJK6 ) ; 47 %% B8 Omphisa fuscidentalis ( ASA3D8) ; VY4 8 #ij & Frankliniella occidentalis
(L7VXD3) ; ¥ %% Antheraca pernyi (DSJAKY); i [K #4) W& ik Thitarodes pui ( D2KCJ2); K %% Antheraea yamamai ( Q75NF6); & % [ #5 &l
Trialeurodes vaporariorum ( BSTGR4 ) ; S {4 %[ i Harmonia axyridis ( B8Y999 ) ; Z W. K W& Locusta migratoria ( Q6SXP5) ; VW% Gryllus firmus
(E2IPCS) ; P47 2& W% Apis mellifera (C1JYH6) ; HH¥3 T\ Bemisia tabaci (E2GLMS) ; H:lg Drosophila virilis (195376387 ) ; 22 YHBEVE M Liriomyza
sativae (Q515Q4) ; =M BERETEME Liriomyza trifolii (MAWRI2).

F ( Rinehart and Denlinger, 2000; Yi et al., 2007
Kostal and Borovanska, 2009 ; Ma et al., 2012; Yu et
al., 2012) ey i ARG I Bir3E AR AT DL R 35485 5 KR
B\ 4 7 AR Y LsHsp90 133K , e KAy 235 7t 73
BITE 40 F1 - 9°C, 2275755 (2010) A BFFEHL R W
Hsp90 7EEHSZ K Mk Spodoptera exigua 155 18 10 A5
B AR 1R . i R B SRR 15 3 B LA R

@\ Bemisia tabaci 1 1&g % [ ¥y Al Trialeurodes
vaporariorum Hsp90 HL R 3 #1215 %34, Ui HH Hsp90
FEPIFOR B e I B 38 rh ke 31— e VR (R AT 7
. 2009 ), B Mk $% B Belgica antarctica 1A Y 1
Hsp90 JERIREAEFREE b R A4V O 4 it 153
(Rinehart et al., 2006) . TS 7 D55 H &
Leptinotarsa decemlineata Ji, M 1 Hsp90 & K {9 T 1
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Fig.4 Relative expression levels of LsHsp90 mRNA in
different developmental stages of Laodelphax striatellus

N1: 1 %5 H 1st instar nymph; N2 2 #4#5 # 2nd instar nymph; N3 3
W47 0t 3rd instar nymph; N4 . 4 42 11 4th instar nymph; N5. 5 {87
1 5th instar nymph; MA. [ i 4t Male adult; FA. B i 4t Female
adult. EDALH 3 ADEE, P BRI + paii2 s i B AR RY
FREIRAE0.05 KF EA B E XS (LSD ZE LKL ) . Each
treatment includes three replicates. The data are denoted as mean + SE.
Different letters stand for the significant difference at the 0. 05 level (LSD

multiple comparison test) .

(S, 2013) o 72 40°C R AL BEAS [R] 9] 5 % B
LsHsp90 HIZRIXKPAEALF)S 0.5 h I fey , B i)
A] Y HE K, LsHsp90 IR K-F- BT AR . 2L 2L

2 TE 3 R & Wk Cydia pomonella 7 & P ( B
455, 2011) B3 SR MEE R R E5 bk
5 Hsp9O £ [ 2k i %, (H 2 B A A 80 I ] 1Y) 28
PR AN R TR i 3Rk PR s R
THFE KR A RE Y 0, DU R R 1 4R AR 10 A=
ATTE SR 8 Hsp90 , {H 2 33K i 0 2 8 TR
£ F ) Hsp90 ik & ( Silbermann and Tatar,
2000) . 7E —4°C 4T, LsHsp90 1) 3R 3k 2 7E AL ]
Ja 1 h i3k 3 d KAE, B S R, PR, FRATIN
LsHsp90 ] REAE MK K E\HEHL IR FE 38 4o 7 v ke 391 5
HERVER]

PR E AR L KA RDR B S R Y
HNETVE R T OKRER A B AR — R A
FRAC B 1) 3 L, RT3 PO TR 52 8 ) 4 5 T H:
FREROIEC . O T RIS B A AL, A%
WFFE I sl 1 H: Hsp90 BRI 2741, 234 1 ASIA]
KRB VB LsHsp90 HYZFGASA R, Kl ¥ A5
T LsHsp90 H)Z357KF-, BB T LsHsp90 ] g 5 Hl
JEE N RESI A BBV R . KRR N B A
HABSBEE L,y T i — PR ARV B RIS AL
il A B AR A AT — 2P0 . A &R
495 e W AR, 1 GG AE KR B 3 17 o 9 1 HTAL
il B 25 2512 U A B R SR B i (Rt vy B
B, I NI R EER S IR BRSBTS %

AN Bk K-

Relative expression level

0 -
-9 -4 1 6 11 16 21 26 28 30 32 34 36 38 40 42
AL PRIEFE Treatment temperature (C)
FS  ORIFRREE 1 h AR PRSI KB 4 @4 LsHsp90 mRNA RS Fih 7K -

Fig.5 Relative expression levels of LsHsp90 mRNA in the 4th instar nymphs of Laodelphax

striatellus exposed to different temperature for 1 h
AR 3 ANESD, B PR IO = ARifE2E s B RN IR AL BE S X I (26°C) HLEAE 0. 05 KF A B ¥ 25 (LSD ZEILEAE) ;K 6

[f], Each treatment includes three replicates. The data in the figure are mean + SE. The asterisk stands for significant difference between the treatment

and the control (26°C) at the 0.05 level (LSD multiple comparison test). The same for Fig. 6.
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