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Abstract: [Objective] The brown planthopper (BPH), Nilaparvata lugens, is one of the major insect pests on rice in
China. In recent years, the overwintering area of BPH expanded with global warming. In order to explore the response
mechanisms of BPH to temperature, the hsp70s were cloned and the induced expression profiles of these genes were
analyzed. [Method] The nucleotide sequences of isp70s were gotten from transcriptome sequencing and GenBank
database, the phylogenetic tree of HSP70 was based on neighbor-joining method by MEGA4.1, and the induced
expression profiles were analyzed by real-time quantitative PCR. [Result] It was found that fifteen hsp70 homologous
genes with complete open reading frame were gotten in BPH, and 8 out of 15 genes were expressed in normal conditions
or temperature stress. These eight hsp70s were distributed in the cytoplasm/nucleus, endoplasmic reticulum or
mitochondria, and had significantly different expression in normal conditions. After 30-44°C high temperature treatment,
the expression levels of KX976471, KX976473, KX976475, KX976476, KX976477 and KX976478 were up-regulated,
and the maximum increased times was 1.72-245.33. However, only the expression level of KX976475 increased by 2.38
times, the other seven were not changed or even significantly decreased in expression level after 0-22°C temperature
treatment. [ Conclusion] It was found that eight hsp70s were expressed in normal conditions or temperature stress in the
cytoplasm/nucleus, endoplasmic reticulum or mitochondria. These hsp70s might play an important role in high
temperature adaptation, but a limited role in cold adaptation in BPH.
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Primer sequences of heat shock protein 70 genes for gPCR in N. lugens.

BT kS (57 -37) NS (57 -37)

Accession number Forward primer (5’ -3') Reverse primer (5" -3)
KX976471 CTCAGCGTCAAGCAACCAAAG AAGGTACCACCACCCAAATCG
KX976472 ATTCTACAGGTGTCAGCCG CGCCTACTCACTCAAGAA
KX976473 TGAAAGAGCAAAGAGGACAC TGATTGATAGGTTGAGAGAC
KX976474 TGAGGTGGATGTCAACGGTA TTCTGCCTCCATAATCATCT
KX976475 GACCAAAGACAACAACCTGC GGATGGTGATTTTCTCGGAT
KX976476 CACACGAAGACAATCAGCCT CATTCAAAATACCATCCGCA
KX976477 GTCACTGATGTCCTCCTGCT CCACCTGCGTCTGACCGTCG
KX976478 CCATTACCATTGCGTCTG GGAAAGCGAGAAAAAGGA
Ref genes TGTCTCTCACACAGTCCCCATCT GTCAAGTCACGACCAGCCAAG

®2 NERAREEFERNE CEANER 70 £
Table 2.

Heat shock protein 70 genes of N. lugens screened from transcriptomic database.

GenBank %315 TETB A A F 4 PR 70 KIF AR
Accession number Nucleotide base number of ORF Organisms of Hsp70s Identity/%
GANMO01000978.1 1965 Nilaparvata lugens 99
GAYF02039790.1 2028 Laodelphax striatella 99
GAYF02024329.1 2031 Aschersonia aleyrodis 86
GAYF02024558.1 2013 Purpureocillium lilacinum 97
GAYF02029723.1 2007 Conidiobolus coronatus 99
GAYF02024777.1 2001 Hirsutella minnesotensis 87
GANMO01002476.1 1875 Bemisa tabaci 81
GAYF02029340.1 1962 Rhopalosiphum padi 100
GAYF02028552.1 1848 Mortierella verticillata 76
GAYF02028886.1 1968 Spizellomyces punctatus 87
GANMO01005448.1 1896 N. lugens 99
GAYF02024579.1 1884 Amyelois transitella 70
GANMO01021225.1 2070 L. striatella 95
GAYF02031278.1 1932 Lygus Hesperus 84
N1400 1845 Hirsutella minnesotensis 95
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NM_006597. NM_0021979. NM_002155. NM_005527. NM_005345. NM_005346. NM_005347. NM_004134 K5 A&, NM_079632. NM_079632.

NM_079339. NM_079615. NM_169441. NM_079750. L01496. NM 079017 K 4 T H i .

The hsp70s of NM_006597, NM_0021979, NM_002155, NM_005527, NM_005345, NM_005346, NM_005347, NM_004134 are from H. sapiens, and
NM_079632, NM_079632, NM_079339, NM_079615, NM_169441, NM_079750, L01496, NM_079017 are from D. melanogaster.

1 B EASRERIBMALNAMER 70 HZELH

Fig.1.
method.

* 3 B CAESSUREME TREHNAMER 70 FIIREHE

Phylogenetic tree of HSP70 from N. lugens, Homo sapiens and Drosophila melanogaster based on Neighbor-Joining

Table 3. Heat shock protein 70 genes cloned from N. lugens reared in normal condition or treated by high temperature

stress.

GenBank & 5.5 NCBI %iéﬁlﬂﬂ:ﬁ% . - " »@% H ﬁ%% ATPase Tﬁﬁ

Accession number Hom(.)logues in transcriptomic Identity/% Theoretical pl ' Molecular welgh't of The locatlon. of

submitted to NCBI of encoded protein Encoded protein ATPase domain/bp

KX976471 GANMO01000978.1 99.5 5.46 71422.69 6-383
KX976472 GAYF02039790.1 98.3 5.45 75283.42 28-405
KX976473 GAYF02031278.1 95.3 5.63 70661.89 7-384
KX976474 - - 5.39 66801.97 9-386
KX976475 GANMO01005448.1 98.8 5.84 69010.35 6-384
KX976476 GAYF02024579.1 99.7 523 69705.43 6-384
KX976477 GANMO01021225.1 99.5 5.78 74812.09 59-433
KX976478 GAYF02024329.1 99.8 6.15 73462.19 50-423
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“— BREE

“«

retention signal .

7 FoRMBE A 70 (1 3 R X

—” marks the signal peptide of HSP70 located in endoplasmic reticulum;

MLSVARVLGRKSFDCACYSSDLASRQYFSTLLRRTAIPAVTSQNGLOVRHRTETVRGAVIG!
------ MMTRRFSRALSRAHPLTYRQ---TILARAPLVSRAVRHESTAANGDARVQGTVIG

TESYVAFTDT-ERLIGCAARNCVAMNPNNTIFCARRLIGRRFEDATVQSCMREWPFEVVSDGGRPRICVAYRGENRTFFPEEVSSKVLTR
TPSYVAFTYEGERLIGCAARNQLTTNPENTIFCARRLIGREWSDATVQSDIRFFPFRVLERNSRPHICVRTSQGNRVFAPEEVEARVLCGE
TESYVAFTDS-ERLIGCAARNCVAMNPRNTIFCARRLIGRRFDDPRITQCMREWPFTVYSDCGRPRICVDFRGEVRRFSFPEEISAKVLTR
‘TESEVSETDK-ERLIGEAARNNAAMNPRNTVELARRLIGRRFGDPTVRRDIESWEFFVIDDAGQPRIEVDYLGERKTFSAQEISSKVLLE
TPSYVAFTDT-ERLIGCAAKSCVAMNPRNTVFCARRLIGRRFDDPRIQDCMREWPFAVVDHSGRPRIFVEYRGEQRTFAPEEISSKVLTR
‘TESYVAFTDH-ARF IGE AARNYVTRNPONTVFCARRL IGRRYDDPRITQCMREWQFCVLNDCGRPMIEVDFRGARRRFYFEEISAMILAK
TESVVAETRDGERLVGMEARRQAVTNSANTF YATRRLIGRRYEDAETRKEMET LSYRIVKASNGD - -AWVQGSDGRMYSPSQICAFVLME
TESVVAFAQDNERLVGVAARRQAVVNPENT LFATRRLIGRRFSDPEVQRDIREVPYRIVQHTNGD - - AWASAR-GONYSPSQIGGF ILNK

MRETAEAYLGRTVTEAVITVEAYFNDSQRCATRDSGTISGLEVLRIINEPTAAATAYGLDR-KGHGERKVY
MRETAEAYLGKEVTEAVVIVEAYFNDAQRCATRCAGTIAGLNVMRIINEPTARATAYGLDK- - REGERKVY
MRETAETYLGAFVRLAVITVEAYFNDSQRCATRCAGAIAGLEVLRIINEPTAAALAYGLDR-NLRGEREVYIFDLGGGTFLVSI
MREIAETRLCRKEVERAVITVEAYFNDNQRCATRCAGATAGLNVLRIINEPTAAATAYGLGSGKSDRERNVITYDLGGGTFLVSL
MREISETYLGTKFVRCAVITVEAYFNDSQRCATRCAGAIAGLNVLRIINEFTAAALAYGLDR-NLRGERFVYIFDLDGGTFRVSI

MRETADSYLGSQARKAVVIVEAYFNDSQRCATRCAGQIAGLEVLRVINEPTAAALAYGHMDK- - - TDDI
MRETAEAY LSKPAREAVVTVEAYFNDAQRQSTRCAGQIAGLEVLRVVNEPTAAALAYGLER- - - AEDSVVY

- IFEVRSTAGDTHSGGEDFDNRNVNHFVQEFRRRKHRRDLTSNRFALRRLRTACEFARRTLSSSTCASIEIDSLYEGID----FYTSITFA
-VFEVVSTNGDTHLGGEDFDCRVMDHF I KL YRRRRGRDIRRDNRSVORLRREVERARRALSSSEQVRIEIESFYESDD----FSETLTEA
SLFEVRSTAGDTHLGGEDFDNRLVDHLSEEFRRRYRRDIRSNPFALRRLRTAAEFARRTLSSSTEASIEIDALCEGVD----FYTRVSFA
-VFTVRATAGDTHLGGODFDNNLLEHCRKREFNRRARRDLSGDFFALRRLRTACEEARRTLSSGACATIEIDSLFDGED----FTHIITEA
SLPCVRSTAGDTHLGGEDFDNRLVRHFADEFQRRNREDLTSNVFALRRLRTACEFARRTLSSSTEASLEIDALEDGID----FYAKITFA
SVFEVQSTAGNTYLGGEDFDYRLVDY LCEEFRRRHGMDLRTNRFAMARLRTAAEFARRSLSSSTEASIEIDSLVEGID----FFTRVSRT
-VFEVRSTNGDTF LGGEDFDNTLVNF LAQEFRRDQOGVDI TRDPFAMORLKF AAERARIELSSSLQTDINLPY I TMDASGPRHMNLRLTRS
-NFEVESTNGDTHLGGEDFDIHLVRHIVADFRKTSGINLSDDRMATQRTREAAEFARKIELSSSLQTDVNLPFITADASGPKHINMKLSEA

RFEELKADLFRSTMEEVERSLRCARMDRSQ!
RFEELNMDLFRSTMREVORVIELALI
RFEELCADLFRSTLEEVERALNCARMDRSS!
RFEDLKARAFSGTLDEVTQVLRDSG
RFEEMCMDMFRSTLAEVEFALTLARLDRGA
RFEELCADLFLSTLLEVEFALECAFMDRSE:
REEGLVEDLIKRTISPCORALSCAEVSRSDI
QLERMAEPLIDRTVQEVRCALKEAGLOPKD.

LLQDFFNGRELNRS INEDEAVAYCAAVGAATLHG-DRSEEVQ
LVKEFFGGREPSRGINEDEAVAYCAAVEAGVLSG- - -EERTD
LLQNFFNGRSLNLS INEDEAVAYCAAVGCAATLSG-DQSSQIQ
LLSDYFDGRRLERS INEDEAVAYCAAVGACILSGRATSAETS
LQDFPCGRALNLSINEDEAVAYCAAVCAATLSG-DTSSAIQ
L LONFFNGRPLNVAINPDEAVAYCAAT YAAILTG-DNGAFIR
ITVQE TF-GROP SKAVNEDEAVAVC AAVOGGVLAG- - - - -DVT
SVKS IF-GREPTRSVNEDEAVS ICAATQCAVLSG- - - - -EAR

DLLLLCVTPLSLGIETAGCVMTVLIRRNTTIEPTRRTQTETTYSDNQPCVLICVYEGERAMTRDNNLLGRFELTGIPEAPRCVEQIEVTED
AIVLLLVNPLTHMGIETVGCVMTRLIPRNTVIPTRRSQIFSTASDNQHTVTICVYEGEREMTRDNHLLGRFDLTGIPEAPRCVPQIEVTFE
DVLLVEVTPLSLGIETAGCVMART IERNCRIPCRRSQTFSTY SDNQPAVTICVFEGER*MTRDNNLLGTFDLTGIFEAFRCVPRIEVTED
DLLLLEVVPLSLGVAMEGNIFAPVVPRGQTVETIRRRTETTVADSQQTVOFEVYQGERVNCEDNT SLGEFTLAPTPPMRAGEAVLECVFE
DVLLVCVAPLSLGIETVGCVMTRLVERNSRIPCRDOQQTLTTY SDNQSAVTICVFEGER?MTRDNNLLGTFNLTGIPEAPRGIPRIEVTED
DILLVEVTPLSLGIETGVDIMATVIERNTQIPCKRSRIFTTHEDNQPLVEIQTYEGERVLARDNNLLGTFDLIGIPEAPRCVPQIFVTED
DVLLLCVTPLSLGIETLGCVFTRLISRNTTIPTRRSQVESTAADGQT(C VEIRVEQGEREMASDNRMLGOFSLIGIPEAPRCVPQIEVTED
DLLLLCVTPLSLGIETLGCVF TRLINRNTTIPTRRSQVFSTAADFQTAVEIRVFQGERE LVRDNRLLGNFQLVGIPEAHRCVEQIEVSED

ICANGILKVTATERSTGKENRITITNDRGRLSRDDIEFN VN AERYRAEDERDRDVIAARNALESYCFNMES TLEDEKLK-DRISESDRT
ICANGILCVEAEDRGTGNRERIVITNDONRLT PEDIEFMI KT AEQFADDDRKLKEFVEARNELESYAYS LRNQLODRERLGARVSDSDRT
LCANGILEVEARETGTGI TRNIVIRNDRGRLSRADIDFMVNE AEQYREEDERURDEVEARNQLENYVF SVRDALDEAG---SRLSDGDRA
VDVRGILEVTATERT SGRSANITITNSVGRLSTDEIEFMIMEAERFRTNDEAF SKRFEARQQLESYIGRVEEIVSDPTLS - LRLRKRGOKE
LCANGILKVEARDSSTGRSERITIQNDRGRLSKEEIDFMLREADRYRAEDDKLREFVAARNQLEGYAF SVRDAAEDAG- - -ARLSEAERK
INADGILKVEAEDIGTGFSENITIRNNRGRLSPAQINFMLAEAEQFRREDERLROFVS IMNQMESYTF STRRAVNEAG---NRITEIERT
ICANGIVEVSARDRGTGREQQIVIQSSGG-LSKDEIENNVKNAEAFAEQDKLRRDRIEALNQAEGIVHDTETRMDEYK---EQLPODECV
ICADSIVEVEARDESTHRDQSITIASGSG-LSESEIECKVDDSERYAEADRERKAS IEAANTADTI LNDTERSLTEHA - - -ARLDEAEFD

AT LDRCNEVIFWLDANQLAERE- - --EFEHRDRELEALCNPIT TRLYQSGGGAPGGMPF PGGF PGAGGAAPGAGAAPGSGAGPTIEEVD
KMEEAIDEKIRWLEEHQDVDSE - - - ~-EYRKERRELED IVQPI IARLYQGAGGPPP--———-—=-===~
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Fig. 2. Amino acid alignment of heat shock protein 70 cloned from N. lugens.
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Fig. 3. Comparison of abundance of heat shock protein 70
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Fig. 4. Expression of heat chock protein 70 genes induced by high temperature in N. lugens.
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Expression of heat chock protein 70 genes induced by low temperatures in N.lugens.
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