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Abstract [Objectives] In recent years, the Western flower thrip, Frankliniella occidentalis (Pergande), has been found in
several Chinese provinces and the range of this pest appears to be expanding in China. Heat shock protein 70 (HSP70) is one of
the most important members of the heat shock protein family and plays a very important role in thermotolerance in insects. The
aim of this study was to clarify differences in the expression of HSP70 in adult male and female F. occidentalis that were subject
to temperature stress, both to further explore the molecular mechanism by which this species responds to temperature stress, and to
provide a theoretical basis for the control of this pest. [Methods] The Western flower thrip HSP70 gene was cloned using
RT-PCR and RACE. The genomic sequence was then determined by genomic validation, and the position and size of the intron
were analyzed by cDNA sequence analysis. Finally, Real-time PCR was used to analyze the expression patterns of HSP70.
[Results] The HSP70 gene obtained was named Fohsp703 (GenBank accession number: KY914546) which had a complete
cDNA sequence of 2 106 bp in length, an open reading frame (ORF) of 2 040 bp and encoded 679 amino acids with a predicted
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molecular weight of 73.6 ku. Its amino acid sequence contains three HSP70 family signature sequences, indicating that HSP70 is a
member of the heat shock protein family. However, unlike the HSP70 genes of other species, the Fohsp703 protein sequence ends
with APAA, and phylogenetic analysis also suggests that Fohsp703 differs from the HSP70 genes of other insects. Analysis of its
genomic structure revealed that FOhsp703 does not contain introns. The expression of Fohsp703 was significantly elevated by heat
and cold stress. Expression was higher in adult females than in males, peaking at 37°C and - 12°C, respectively. [Conclusion]
The Western flower thrip HSP703 gene is a novel member of the insect HSP70 family and plays an important role in resistance to
extreme temperatures.
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ACAACTTTTTCCTGTGTTGCAGGATACATAAGCGGGAAGATTGAGATTATCAGCAATGGG
T T FS|cVaAaAGeGYTISGEKTIETLITISNG
GAAGGAGATAGAACAACACCATCTGCAGTTTATTTTGATGAGAACAATAACGTGGTTGTT
EGDRTTPSAVYFDENNNV VUVYV
GGAACAGCAGCCAAGAGCATGTTTGGATCTGATCCAAGTTCTGTGGTTTTTGATGCCAAG
G TAAKSMEFGSDPSSVVFDAEK
AGGATGATTGGACGTGGGTTTGATGAGCCAAAGATTCAAAGCTCGATAAAGGGATGGCCA
RMITGRGEFDETPEKTIQSSTIEKTGWFP
TTTGAGGTTGTAAGGTATAATCACCAGACCAAGAAGGAGGAGAGTGCTAAGGTCCCTGAG
FEVVRYNHQTE KEKETESAEKVTPE
GGAACCAAGGCCTATGACAATATAGCTATCAAGATCTCGAAGAATGGGAAGACCAGCTAC
G TKAYDNTIATLIEKTISEKNGTEKTSY
TATGCTCCTATTGAGATAAGTGCCAGGGTTCTGACATATCTCAAGAAGGCAGCAGAAGCA
YAPIETISARYTLTYTLTEKTE KA AHA ATEA
AGGCTTGGAACCACTGTTGATGCAGCCGTTGTGACTGTTCCAGCATATTTCGAGGAGCCA
RLGTTVDAAVVTVPAYTFTETEFP
CAGAAAGAGAGGACCAAGGCAGCAGCTATTATTGCAGGGTTTAATCCAGAGAAGGTCCGA
Q KERTEKAAATTIAGTFNTPETKVR
CTGCTTGCAGAGCCCACTGCAGCTGCTATGGCATATGGTCATATCCAGACCCAAAGCAAT
LLAEPTAAAMAYGHTIQTA® QSN
GCAAATCTCTCTGCAAAGGAGGATGTGCTTGTCTTTGATCTTGGAGGTGGTACCTTTGAT
ANLSAKEDVLI|IVFDLGG® GG GTF D|
GTATCTGTTCTGGACTTTGAGTTCAACGGAGCAGCAGGGTCTCTTGGTATTGTAAAGGCT
SVIDFEFNGAAGSLGTIVKA
ACTGACGGAAACACCTTCCTGGGTGGCCAAGACTTTGACAATCTTCTTATCAACTACTGT
TDGNTFLGG QDT FDNLLTINYSC
ATCTCCGAGTTCCTGAAGAAGAACCCTTCGATTAAGGAGTCTGATATTAAGGAGAGTGCT
I SEFLEKEKNTPSTIEKESTDTITEKTESA
ATGCTCAGGCTTAGAGCAGAATGTACAAGGGTGAAGGCTATTCTTAGTTCCACGACAAAC
M LRLRAECTRYEKATLILSSTTN
AGCGCCATCTATGTTCCATGCTTCCACATGACGGAGGATCTGAATGTCCAGATTACACGT
SATYVPCFHMTEDTLNVYGQTITR
ACAAGGTTCGAGCTACTCTGTGATGCTCTTTTCAAGACATGTATGGAGAGAGTTAAGGGA
TRFELTLTG CDALTFEKTC CMETRVEKSG
TGTCTCCTGCTTTCCGTTGGTGCACCAGGCGTCCAATACTCTGCAGATGGAAACAAGCTC
CLLLSVGAPGYQYSADGNEKITL
CTCCTGAATGCAAGTCTCGAGAAGACTTTGAACGAGGTCAAGAACAAGATCAGCAAGGTT
LLNASLEEKTLNEVEKNEKTLSKI[J
CTTCTTGTTGGTGGAAGCTCCAGAATTCCAAAGATTAGGGCTATGCTCTCAGAGTACTTC
[L o veessrRI PKIRAMLSETYTF
GGAGCACAGAAGGTTATTGAGCCAGTCAATGCCGATGAGGCTGTTGCCTATGGTGCTGCT
G AQEKVIEPVNADEHAVATYGAA
TATCAGGCTGCAACTATCTACTCCGATGTTGTCTCTGCAGGCTCAGGACTTCTTCTTATT
Y QAATIVYSDVVSAGSGTLTLTLTI
GATTGTATCCCACTCGATCTTTCCATCGAAACAGCAGGAGGTGTTGCAACTGTATTGATT
DCIPLDLSTIETAGG GV VATV VLI
GAGAAGAATAGCAGCATTCCTATCAAGAAGACGGAGACATTTACGACCTATGAGGACAAC
EKNSSTITIPTIKEKTETTFTTTYETDN
CAGACCGCAGTCACGATCAATGTCTATGAGGGAAACAGGGCACTCTGCAAGGAGAATAAC
Q TAVTINVYEGNRALTCTEKTENN
AAGATCGGAAGCTTCAACTTGGATGGGATTATCCCTGCTCCTCGTGGTGTTCCAAAGATC
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518 KIGSFNLDGTITIPAPRGYVPKI

1621 GAGGTTACCTTCGATGTCGACCACAACGGTGTCCTTACAATCACAGCAGAAGACAAACAG
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1681 ACGAACAAGAGCGCCAATCTTACTGTCTCTAACACCCAGAGCAGGCTGAGTGACGAGGAA
558 T NKSANLTVSNTAQSURLSDEE

1741 ATCAAGAGGATGACGGAATCCGCTAAGGAACACGAGAGGATTGACAATGAGATCAAGGAG
578 I K RMTESAKEUHET RTIDNETIKE

1801 AAGGTTGGAAAGAAGAATGGCTTTGAACAGACTCTTCACTCTGTCAAGAGCGCCATCAAC
598 KV GGKKNGFEA®QTLHSVEKSATIN

1861 CAGGCAAATGTTCCTCAGGAGCAGAAGGATCCTATCCTCAGCCAAGTCCAGGAGCATGAG
618 Q ANVPQEQEKDPTITLSAOQV QEHE

1921 CAATGGCTTGCACAGATCAACGGTGTTGACTTTGAGGTTGAAGAGCTTGACTCTAGACTG
638 Q WLAQINGVDFEVEETLDS ST RL

1981 AACACTCTACAGCAGCTTATGAAGGATGCTGTCGGTATGTCACAGGGAGGAGCAGCACCA
658 NTLQQLMEKDAVGMSQGGAATP

2041 GCCGCCTAAAAGATAATTAAAAATTATTCTCCAAAAAAAAAAAAAAAAAAAAAAAAAAAA
691 A A %

2101 AAAAAA

B 1 FETEEID HSP703 £E cDNA FI R E 4L S AR 57
Fig. 1 Nucleotide and deduced amino acid sequences of HSP703 gene from Frankliniella occidentalis

3 HSP70 Three signature sequences of HSP70 family are boxed.

2 TWIEED HSP703 ML
Fig.2 Structure analyses of HSP703 of Frankliniella occidentalis

A. HSP70 PDB ID: c5¢84B Phyre2 HSP703
B. HSP703 NBD SBD

A. Homology modeling of HSP703 of F. occidentalis (red) with human HSP70 (PDB ID: c5e84B) (green) as template using
Phyre2 software; B. Three-dimensional structure of HSP703 of F. occidentalis includes NBD (red) and SBD (green).
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Fig. 3 Comparison of genomic structur e of Fohsp70 from Frankliniella occidentaliswith
homologous genes in same and other insect species

hsp70  cDNA bp
Horizontal lines represent the cDNA sequences of hsp70, black-shaded rectangles indicate intron positions,
and the numbers above the rectangles indicate intron length (in bp).
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Fig. 4 Amino acid sequence alignments of FoH SP703 with other insects

Frankliniella occidentalis (FOHSP703: KY914546; FoHSP70: AFX84617.1), Nilaparvata lugens (NIHSP70: AFJ20626.1),
Laodel phax striatella (LsHSP70: AMD09927.1), Delia antiqua (DaHSP70: AAY28732.1).
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Fig. 5 Phylogenetic tree of FoHSP70 and other insect species based on Neighbor-Joining method

70 70 HSP70
GenBank The FOHSP70 in our study is marked with a black triangle, and FOHSP70s in other studies are marked
with black boxes. Origin of HSP70 proteins and their GenBank accession numbers: Frankliniella occidentalis
AGE15504.1 AGI37646.1 KY914546 Melanoplus sanguinipes  ALX00040.1 Locusta migratoria
AAP57537.3 Cryptocercus punctulatus AFK49798.1 Chrysopa phyllochroma AHY95944.1
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AGR84226.1 Plutellaxylostella  XP_011549238.1 Bombyx mori  ACL36370.1 Liposcelis
bostrychophila AKP54257.1 Riptortus pedestris BAN20624.1 Triatoma infestans JAS01476.1
Lygus Hesperus JAQO04155.1 . 1 000 >50

the branches are the bootstrap values obtained from 1 000 replicates  only bootstrap values >50 are shown
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