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Abstract: The heat shock protein 90 (HSP90) gene from Harmonia axyridis (Pallas) was cloned using
techniques of homological cloning and anchored PCR. The full length of ¢cDNA sequence is 2 480 bp
( Genbank number: FJ501962) , containing a 3'UTR (untranslated region) of 200 bp, a 5'UTR of 126
bp, and an ORF of 2 154 bp which encodes a polypeptide of 717 amino acids with an estimated molecular
weight of 82 230 and p/ of 4. 96. There are no glycosylation sites, putative transmembrane domain and
signature peptide. It contains ATPase conservative domain of (HSP90) in N-site and EEVD signature se-
quence on C-site. Compared with Tribolium castaneum, they are 90% identities and Phylogenetic analy-
sis shows that these two species are most closely related. Cloning and comparison analysis of HSP90 genes
from Harmonia axyridis (Pallas) could be useful in the studies of anti-stress mechanism, tolerance im-
provement breeding and evolution for these animals.
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Table 1  Cloning strategy and primers for HaHSP90 ¢cDNA

I KI5 5194 7K FimD e BHBFY (5 -3")
HSP90-DF1 F D ACC GGY ATY GGN ATG AC
PCR HSP90-DF2 F D TGG GAR GAY CAY YTK GC
FrBt HSP90-DR1 R D CCA TRT ADC CCA TNG TGG A
HSP90-DR2 R D TCC ATR TTD GCV GWC CA
HaHSP90-5RA R G CAG GTA TGA GTT CTIT CGC AGT TG
, HaHSP90-5RB R G CTG CGG ACA TAC AGT TTA ATG
3RACE HaHSP90-5RC R G CGA ATG GTA CTC TAC GAG GAA C
F A AAG CAG TGG TAT CAA CGC AGA GT
HaHSP90-3FA F G GGA AGG TTT GGA ACT GCC TGA
, HaHSP90-3FB F G GAA GAA GCG TGA GGA AGA CA
3 RACE HaHSP90-3FC F G TGA AGG TCT CTG CAA AGT GA
R 0 AAG CAG TGG TAT CAA CGC AGA GTA C (T),, VN

1) F: iEf (Forward) ; R: [ (Reverse);

2) D; #HE|1; G BFMS|49; A: Nested Universal Primer; O:
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1.2.1 ¥ RNA ¢94542 . cDNA & 4= PCR R &L
R FH SR B BRI s i B e C B B D IR 4
fi 5 RNALY, 45 100 mg A iR [ 1A 28 U /N 29 3¢

3'-RACE CDS Primer

#h, A 500 L SolutionD FE4r 1Ko A 58 AL
J5 ¥ #% % DEPC 4L ¥Lid §9 EP B, REMWA
50 wL 2 mol/LEJZ RN (pHA.0), 500 pL [
WA P B (pH7.0), 100 pL #5407/ 5 A B
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(49:1), EifElIRS) . FHCEKE 15 min 5, 4 C
10 000 r/min &0 20 min, B _EE/KAHB|F Y EP
B, IMAEERRRNERS, -20 CHrE th D)
I, 4°C 12 000 v/min B> 15 min, EEETF
100 pL Solution D Hr, F4MIIA 10 wL B ZBR 4
W (pH4.0) #1300 pL ZEHES), -20 CHUE 1h
P E. BJEE4 °C 12 000 r/min B .0 15 min, UL
TEE T 30 ~50 pL By DEPC 4hBE/K A, -80 C
KEAR7E, Solution D (4 mol/L RELE L 4N, 25
mmol/L #7844, 0.1 mol/L W, w =
0. 5% + ZBeEE W EIREN) o
SRS AN b 6 BTN E B RNA B MR EE,
AR AR 25 pL f EP EHRTIMA 1 pg &
RNA, 5 pL 95 x buf, 2 pL 4 ANTP (10 mmol/
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pl, 7E42 CHAGAHIRIR L h 5, HBAT0 THY
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72 °C 80 s; SRJEFE30 NMEIRH 94 °C 30 s, 48
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Gt 717 DEEBR . FF IO A AR X - B R
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1 GAATCGCGTCAGAATTAATCAGATACACGAGCAGTTCAGTGCTATTCAACGAAGTCTCTTGGAAAGTGCTCTTTTTGAGTGAATATTTGCTAGTTTTCTCTGTGTAATCTATTGAAATCA
121 TTCAAGATGCCTGAAGAAGT TCAGAATGGAGAAGT TGAAACCT TCGCCTTCCAAGCAGAAATTGCTCAGTTGATGAGCTTGATTATCAACACCTTCTACTCTAACAAAGAAATATTCCTC
MPEEV QNG VETFAFQAETIAQLMSLIINTEFYSNEKETLTFL
241 CGAGAATTGATTTCCAACTTTTCTGATGCTTTGGACAAAATCCGT TACCAGTCTCTCACAAACCCAGCATGTTTGGAATCCGGAAAGGAACTTTACATCAAAATCATTCCAAACAAAAAC
RELISNFSDALDI KTIRYQSLTNPACLESG GEKETLYTIZEKTITIPNEKHN
361 GATGGAACACTCACCATTATTGATACTGGTATTGGTATGACTAAAGCTGACTTAGTCAACAAT TTGGGTACCATTGCCAAGTCTGGAACAAAAGCCTTTATGGAAGCTTTACAGGCTGGA
DGTLTTI DTGIGMTI KADLVNNLGTTIAKSGTI KAFMEALAQAG
481 GCTGACATAAGCATGATTGGTCAATTTGGTGTAGGTTTTTACTCTGCCTATTTGGTTGCTGATAAAGTAACAGTTGTTTCAAAGAACAATGATGATGAGCAGTACATTTGGGAGTCATCT
ADISMIGQFGVGFYSAYLYADKVYTVYSKNNDDE® QYTIWESS
601 GCTGGAGGTAGTTTTACAGTTCGTACTGATACTGATGAACCACTTGGTAGAGGTACCAAGATCGTCCTCCACATTAAAGAAGATCAAGCTGAGTTCTTGGAAGAACATAAAATCAAAGAA
AGGSFTVRTDTDETPLSGEG G T K I L KEDAQAETFLEEHTKTKE
721 ATCGTCAAGAAGCACTCCCAATTCATTGGTTACCCTATCAAACTTTTGGTAGAAAAGGAACGTGAGAAGGAAT TGAGTGAAGATGAAGCTGAAGAAGAAAAGAAAGACGAAGAAGCAACT
I VKKHSQFTIGYPIKLLVEEKERETEKTETLSEDEAETEETZ KT KTDETEHA AT
841 GAAGAATCTGATAAGCCCAAAATTGAAGATGTAGGTGAAGATGAAGAAGAAGACAAGGAAAAGAAAAAGAAGAAGAAGACTATCAAAGAAAAATATACTGAAGATGAGGAATTGAACAAA
EESDI KPIKTIEDVYVGEDEEEDTI KEZ KT KE KT K KZ KTTIE KETEKYTETDETETLNK
961 ACAAAACCCATTTGGACCCGAAATGCTGACGATATTTCCCAAGAAGAATATGGTGAATTCTACAAGTCTCTCACTAACGACTGGGAAGATCATTTGGCTGTCAAACACTTCAGTGTTGAA
TKPIWTRNI\DDISQEE\'GEF\’KSLTNDWEDHLAVKHFSVE
1081 GGTCAGCTGGAATTTAGGGCACTCCTGT TCTTTTCGAAACAAGAAGCGTAAGAACAACATEAMACTGTATGTECGCAGAGTTTTCATCATGGAG
GQLEFRALLFVPRRVPFDLFEVKKRKN YVRRVYFIMD
1201 AACIGCGAAGAACTCATACCTGAATATTTGAATTTCATCAAGGGTGTTGTAGACTCTGAAGATTTACCCTTGAACATTTCCAGAGAAATGTTGCAACAAAACAAGATTCT CAAAGT1 ATT
XY TEELCTPEYLNFTIKGVYVDSEDLPLNTISEREHMNIL QN K IL v I
1321 CGTAAGAI\TTTAGTCMGMATGTATGGAI\TT/\TTCGAAG/\/\TTGACTGMGACA/\GG!\TAACTTCAAGAAATTCTATGAACAGTTCTCI\AAGAATCTCAA/\CTGGGTATCCATGAAGAC
RKNLVEKKCMELTFEELTEDE KDNFIEKE KFYEQFSKNLZE KLSGTIHTET?D
1441 TCTGCCAACAGATCTAAACTGGCTGAATTCCTTCGTTACCATACCTCAGCCAGTGGAGATGAAGCTTGCTCTCTTAAGGATTATGTTAGCCGAATGAAAGCAAACCAAAAGAGCATCTAC
S ANRSIKLAETFLRYHTSASGDEACSLIEKDYVSRMKAN QIKTSTIY
1561 TATCTTACCGGTGAAAGCAAAGAACAGGTAGCCAACTCTGTATTTGTTGAACGAGT TAAGAAGCGTGGATTCGAAGT TGTTTACATGACTGAACCCATCGATGAATATGTGGTACAACAA
YL T ESKEQVANSVFVERVYVEKEKRGFEVYVYMT P I DEYV VQ
1681 CTTMAGAATATCACGGAAA/\ACTTTGGTTTCTGTAACT/\AGGAAGGTTTG AACTGCCTGAAGATGAAGAAGAAAAGAAGAAG 'AMACTAAATTTGMGGTMCC
LKEYDGEKTTLVYSV KEGLETLTP D EEETZKTE KTZ KT REE
1801 AAAGTGATTAAGAGTA l'TTTGGATAACAAAG T AGAAAAAGTTGTTGTA’I CAAATAGGTTAGTTGAATCTCCTTGTTGTATTGTAACAT CTCAATATGGATGGACTGCAAACA] GGAACGT
K V"I K S I L DN VEKVYVSNRLVESPCCIVTSQYGWTANDMETR
1921 ATCATGA/\AGCTCAAGCTTTG/\GAG/\TACAGCCACTATGGGTTACATGTCT GCAAAG/\MCACCTTGAMTCAACCCAG/\CCATCCAATCGTTGAAAACTTC AGACAGAAGGCTGATGCT
M K A A°LRDTATMGY MSAKIEKHLETILINPDHTPTIV N LRQKATDA
2041 GATAAGAACGATAAAGCTGTCAAAGATTTAGTAATTCTCTTAT'[ CGAGACTGCACTCCTCAGTTCTGGATTCACCCTACATGAGCCACAAGTACATGCTTCTAGAA'I CTACAGAATGATC
DKNDIKAVEKDLVYILLTFETA SGFTLDEPQVHASRTITYRMTI
2161 A/\GTTAGGTTTGGGTATTGATGMGAAGAATCTATGGTAGTCGAAGAACCTTCAACTGAAGCTCCTGCTGCCGAAGCTGGTG/\TTCTGAAGATGCTTCACGMTGGAAGMGTTGATTAA
KLGLGTIDETEESMYVEEPSTEAPAAEAGDSETDA SR M EE B
2281 GCTACATTACCTACTTTTATGTATTATTTGAACATGTGTTTTAGTATGTTCCCACCATTCCTATAATAAGTTATTTTTTTATATTGTCTATCTTGAAAGAATAATT TTTGGCTGTGTTCC
2401 ATCAAAGATTCACTCGTACTGATTACTCTTAGAGTATTGAGAATAAAATAACATCAACAAAAAAAAAAAAAAAAAAAAAA
Yy = Ly
B 1 Rafiing HSPo0 B F B H R MEZERF 5 1
Fig. 1 Nucleotide and amino acid sequences of HSP90 from Harmonia axyridis.
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Fig. 2 Structure of HSP90 ¢DNA from Harmonia axyridis
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DrmHSP90  (
DrmoHSP90 ( 84% ); DrpHSP90 ( 84% ); DrsH-

84% ) ;

SP90 ( 84%); DrvHSP90 ( 84%); DrwHSP90
(84% ) ; DryHSP90 (849% ); LihHSP90 (84%);
LisHSP90 (849% ); LomHSP90 (85% ); LosHSP90
(86% ) ; LucHSP90 (79% ); MacHSP90 (85%);
MabHSP90 (87%); MimHSP90 ( 86% ); NavH-
SP90 ( 85%); OmfHSPYO ( 87%); PIxHSP90
(86% ); SenHSP90 (86% ); SpfHSPOO (87%);
TrvHSPOO (83% ) #1 TreHSPOO (90% ), gy b ]

HSPOO HE HERSF, FEXHEIEL 1% ~90%
(E3), ¥RaMHS A RS AR KR § HSPIO
HEFEREATFTFI A ZERINT . AcpHSPIO (81% ) ;
AeaHSP90 ( 83% ); AnaHSP90 ( 81% ); AngH-
SPO0 ( 81%) AnyHSP9O ( 86%); ApmHSP9O
(84%); BetHSPOO (84%); BomHSP9O (87%);
CecHSPO0 (83% ); ChsHSP90 (87% ); CugqHSP90
(81%); DeaHSPY0 (82%); DepHSPI0 (86% ) ;
DesHSPO0 (86% ); DetHSP90 (86% ); DraHSP90
(84% ) ; DrbHSP90 (84% ); DreHSPOO (84% );

A, SE R SR E AR A R R s
(90% ) , SR B AP HLLME SR AR (79% ) .
W R 42 FhE AR LRy HSPOO K9 2 1 P
TIHATRGEHA D, XL TR P25k A -
Acyrthosiphon pisum ( XM_001943137) ; Aedes aegypti
(XM _ 001649702 ) ; Anopheles albimanus ( MSQH
SP82G); Anopheles gambiae ( XM _308800); An-
theraea yamamai ( AB176669) ; Apis mellifera (XM_
395168 ) ; ( EU934241 ) ;
mori ( NM _001043411) ; Ceratitis capitata ( AM

Bemisia tabaci Bombyx
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Fig. 3 Alignment of the deduced ami

084221) ; Chilo suppressalis ( AB206477) ; Delia an-
tique ( AJ890081 );
(EF213549 ) ; Dendrolimus superans ( EF197937 ) ;
Dendrolimus tabulaeformis ( EF213551) ;
ananassae ( XM _ 001956781 ) ;
(EF035454 ) ; Drosophila erecta ( XM_001971675) ;
Drosophila grimshawi ( XM _001983964 ) ;
melanogaster (NM _079175) ;
(XM_002008142) ;
001353435) ; Drosophila sechellia ( XM_002035123) ;
Drosophila wvirilis ( XM_002046942 ) ;
listoni ( XM_002062289) ; Drosophila yakuba ( XM_
002093481 ) ; Liriomyza huidobrensis ( AY851367 ) ;
Liriomyza sativae ( AY851368 ) ;
(AY445913) ; Loxostege sticticalis ( EU233821) ;
cilia cupring ( EF584332 ),
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Drosophila
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Lu-

Macrocentrus  cingulum

no acid sequences of HSP90 gene in insects

(EU570065) ; Mamestra brassicae (-AB251894) ; Mi-
croplitis mediator ( EU137872 ) ;
(XM _001605141) ; Omphisa fuscidentalis ( EF523380) ;
Plutella xylostella ( AB214972) ;
(DQ198859 ) ; Spodopiera frugiperda ( AF254880 ) ;
Trialeurodes vaporariorum (EU934245) F1 T. casta-
neum (NM_001100597), K4 MZ5RFHH . RS

Nasonia witripennis

Sesamia nonagrioides
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83 Omphisa fuscidentalis
84 Loxostege sticticalis
49 Chilo suppressalis
Spodoptera frugiperda
91 Mamestra brassicae
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Bombyx mort
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99
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O
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Dendrolimus punctatus
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Apis mellifera
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*ﬁ

Tribolium castaneum

99 Anopheles albimanus
99 { Anopheles gambiae
_(:: Aedes aegypti
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