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Abstract [Objectives] To clone the Bradysia odoriphaga heat shock protein Hsp70 gene, analyze its gene sequence and
mRNA expression profiles, and investigate its function in development and the thermal stress response. [Methods] PCR
primers were designed to amplify a full-length fragment of the Hsp70 gene based on the nucleotide sequence of B. odoriphaga
obtained from transcriptome data. A real-time, fluorescence, quantitative detection system was established to detect Hsp70
expression in B. odoriphaga during exposure to high temperatures for different periods (30, 32,34 and 36 C; 1, 2, 4, 6, 8, 10,
12 h) and after different recovery periods at 25 ‘C (1 h, 2 h). [Results] The full-length B. odoriphaga Hsp70 gene was
obtained and named BoHsp70 (GenBank accession number: MW250640). This gene contained a 1 971 bp open reading frame
(ORF) and encoded 656 amino acids. Its amino acid sequence contains three Hsp70 family conserved sequences and a KDEL

motif in the C-terminal region, indicating that Hsp70 is a member of the endoplasmic reticulum family of heat shock proteins.
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BLAST analysis of amino acid sequences indicates that BoHsp70 is very similar to the Hsp70 genes of Dipteran insects, and it

clustered on the same branch as Dipteran HsSp70 genes on a phylogenetic tree. BoHSp70 was expressed in different

developmental stages of B. odoriphaga. Expression was higher in male adults than in females and was significantly different in

the heads of male and female adults. Exposure to a high temperature induced expression of BoHsp70 which peaked after 1-2 h.

BoHsp70 expression decreased with the duration of exposure at 30, 32 and 34 ‘C, but remained constant over time at 36 C.

After heat shock treatment, BoHSp70 expression decreased with the duration of recovery time at 25 ‘C. [Conclusion]

Collectively, these findings indicate that B. odoriphaga can regulate BoHsSp70 expression in response to high temperature

stress.

Key words Bradysia odoriphaga; heat stress; heat shock protein 70 (Hsp70); insect heat tolerance
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GACGACGGTTTGTTCATCAGTTTCCATTTAATCCGAGAGAAGTAAACGAGTAATTTATATTGAACAAGTCGGTAAACGAAAACGTACAACTGAAATTTGGT GATTAAATACGT CCGAATT
CGGAATATAAAGTTAAT TAAGGACAGCAT TTCGGT CCTCGT TCATCTATAACATTAATTAGATCGATTTGTATCGTAATACAAGATGAAATTGTT CGTACTATTGGCCGTTGTGGCCGTA
M XK L ¥F v L L AV V AV
ATTGGTGTATCATGGGC GGAGGAGAAGAAGGAAAAGGATAAAGAAAT GGGCACGGTTAT TGGTAT CGATTTAGGAACAACATATTCATGTGTCGGTGTGTACAAAAACGGTCGCGTCGAA
DL GT T Y S CV G VY KNGR V E
ATCATCGCCAACGATCAGGGTAACCGAAT CACTCCATCCTATGTAGC TTTCACTGCCGAAGGTGAACGTCT CATCGGTGATGC TGCCAAGAATCAGTTGACAACGAATCCAGAARACACT
G ERL I G DAAI KN OQULTTNPENT
GTGTTCGATGCAAAACGTTTGAT TGGTCGCGAATT CAACGATGCTACCGTCCAGCACGATGCGAAATTGTT CCCATT CAAAGT CATCGAAAAGAACTCGAAGCCACACGTTGAAGITTCG
P F KV I E KN S K P H V E V S
ACCAGTCAAGGAAACAAGGCCTTCGCACCGGAAGAAATCTCCGCCATGGTTCT GTTGAAGATGAAGGAAACCGCAGAGGCTTACTTGGG TAAAACCGTTACACATGCCGTCGTCACCGTT
A M VL L KMKETA AEA AYTLSGI KTV THAUVV TV
CCGGCTTACTTCAACGATGCTCAACGTCAAGCCACAAAGGATGCTGGTGTCAT CGCCGGTCTCAACGTCAT GAGAAT CATCAATGAACCTACTGCCGCTGCCATTGCTTACGGTTTGGAT
A G L N VMU RTIINIEU?PTAA AATIA AY G L D
AAAAAAGACGGCGAAAAGAATGTGTTGGT CTTCGATTTGGGAGGCGGTACGTT CGACGT GTCCCTGTTGACAATTGACAACGGCGTGTT CGAGGT GGTTGCAACGAACGGTGACACACAT
D NGV F EV VATNGD T H
TTGGGCGGTGAAGATTT CGATCAGCGTGTAATGGACCACTT CATCAAATTGTACAAAAAGAAGAAGGGCAAGGACAT CCGCAAGGACAACCGTGCCGTACAGAAATT GCGTCGTGAAGTC
K L ¥ K K K K G K DI RIZKIDN I RA AV QKTULIRIRE V
GAAAAGGCGAAGAGAGCGTTGTCGGCCAGTCATCAAGTCAGAATCGAAATTGAATCGTTCTTCGAAGGTGAAGATTT CTCCGAAACATT GACCCGTGCAAAGTTCGAAGAATT GAACATG
S F F E GE DV F S ETTULTZRAI KT FEETLNM
GATCTGTTCCGATCGACACTCAAACCGGTACAAAAAGTTTT GGAAGACGCTGACATGAACAAAAAGGACGT CGATGAAATCGT TTTGGT TGGCGG TAGTACGCGTAT CCCGAAGGTGCAG
PV QK VL EDA ADMNI I K KDV DETIVILV GG S T R I P K V O
CAATTGGTCAAAGATTT CTTCAACGGCAAAGAACCATCGCGCGGTAT CAATCCCGATGAAGCTGT TGCTTACGGTGC TGCTGT TCAAGC TGGTGTACTCTC TGGCGAACAAGATACCGAT
DE AV AY GAA AV QA GV L S GEQDTD
GCCATCGTATTGCTCGATGTCAATCCACT CACTAT GGGTAT CGAAAC TGTTGGTGGAGT GATGACAAAATT GATTCCACGAAACACTGT CATCCCGACAAAGAAATCGCAAAT CTTCTCA
ET VvV G GV MT KL IUPRNTU VI PTI KI K S QI F S
ACTGCCAGCGACAACCAAAACACCGTTACCATTCAAGTGTACGAAGG TGAACGGCCAAT GACCAAGGACAACCATTT GTTGGGCAAATT CGATTTAACCGGCATTCCACCAGCACCCCGA
P M T XK DNHUL L G KF DL TG I P P A P R
GGCATTCCACAGATCGAAGTCTCATTCGAAATCGATGCCAACGGTAT TCTTCAAGTAACCGCCGAAGATAAGGGCACCGGACACAAAGAGAAAAT TGTCAT CACCAACGACCAGAACCGT
L Q VT AEDI KGTGHKEIKTIVITNUDOQNR
TTGACACCGGAAGACAT TGACCGTATGAT CCGTGATGCGGAGAAATT CGCCGATGAGGATAAGAAATTGAAGGAACGCGTCGAGTCGCGAAATGAATTGGAAAGCTATGCGTACAGTTTG
R D AE KV FADEU DI K KT LI K ERVE S RNIETLE S Y A Y S L
AAGAATCAACTCAGCGACAAGGAGAAACT TGGATC GAAGGT TTCCGACGAGGAAAAAGC TAAAAT GGAAGAGGCTAT CGATGAGAAAAT CAAGTGGTTGGAAGAGAATCAAAACGCCGAA
s D EE KA KMEZEA ATIUDEIZ KTII KWTULEZENIOQNAE
CCGGAAGAATTCAAAACACAGAAGAAAGAATTGGAAGATGT TGTGCAGCCAAT CATTGCCAAGCTATACCAAGGGCAAGGAGGCGCACCACCACCGGCTAGTGGTGAAGACGATGATCTC
A K L ¥ Q G Q GG AP PP AS GEDTUDTDTL
AAGGACGAGTTGTAAAT TTAATT TATTTGAACTTTCTAGTGAGTTAT TTATTT TTGCAATTTTTC CGAGAAAAATTTAGTGAAAACGAAATGTTGATGAGGTCCGCGTTCATTCCGTGAT
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AAGATAAAAAAAAATTAGTCTTC TTCAAATTCGAT TAAAAT TTARAATTCTTT GGTTTC CTTCAT GTTTAC AATCAAATAARA TCAGAAATGTTT GTTCAAGAAGACACACTCGGCAG

1 FERRIREI BoHsp70 ERZERFIIRESHEERFT
Fig. 1 Nucleotide sequence and deduced amino acid sequence of BoHsp70 in Bradysia odoriphaga

ATG R IRERS 15 * RN LR BT TAA; B T AL RS 7 B ERIAPR ;. K @AR I Hsp70 f5F )7

H 5 FRIZAR N BT Hsp70 Rk FE 81

ATG is the start codon; An asterisk indicates the stop codon TAA; The start and stop codons are marked in bold black; Hsp70

conversed sequence is outlined in gray; Endoplasmic reticulum HSP70 characteristic sequence is underlined.
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Fig. 2 Sequence alignment of Hsp70 amino acids of Bradysia odoriphaga and other 12 insects
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Bo: JEFIRIRHEML; Co: HUPVGSIME; Cq: BUEANLG Dm: BIESENE; Dpp: BIKAEBELE;
Ld: SR A; Md: FM; To: HiURE.

Black represents 100% identity; Red represents 75% identity and blue represents <50% identity; The dotted line represents
that the amino acid does not exist in alignment comparison. Aae: Aedes aegypi; Ad: Anopheles darlingi; Am: Apis mellifera;
Bi: Bombus impatiens; Bm: Bombyx mori; Bo: Bradysia odoriphaga; Cc: Ceratitis capitata; Cq: Culex quinquefascia;
Dm: Drosophila melanogaster; Dpp: Danaus plexippus plexippus; Ld: Leptinotarsa decemlineata;

Md: Musca domestica; Tc: Tribolium castaneum.
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99 4‘ PG R Drosophila melanogaster (NP 727563.1)
64 Hi H G 5B Ceratitis capitata (XP_004535077.1)
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Fig. 3 Phylogenetic tree of Hsp70 amino acids between Bradysia odoriphaga and
other 12 insects based on Neighbor-Joining method
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Fig.5 Expression analysis of BoHsp70 in Bradysia odoriophaga under different heat shock temperature and time
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quinquefasciatus | 75 25—, Hsp70 FE A 1E
B2 B 5 O R R R AR [ 43 S 1 L AR
JI\S2 0 Bactrocera cucurbitae Hsp70 AR Hi
FREAAAE (BAEESE, 2015), XFheE R FMAE
SEIRHREE BoHsp70 SRR HURL R TIT,
D Hsp70 ThRe M) b BT HIE A E ik,
AR Hsp70 JEH S SR dur
AR &E (Pettersen et al., 2004; Ravaux et al.,
2007; Sharma et al., 2007 ). AN[a]EE HUFf Py )
Hsp70 KR iA s 7R 45 K F B Bo 2 LI A —
HHEA YRR S0, Bl a0 Hsp70 J HI7E K KL
Laodelphax striatellus fi¥ 1 #3 HUB Br ik i i
e (3kE, 2015), WV AH M H Galeruca
daurica 19 Hsp70 FE I 7E IR A 3Rk ey (iR
A, 2017 ). 7RISR MUK B BB 1 5
RIAEAH G KL A R I Y22 fk ( Gala et al.,
2013 ), FEAFIEH, BoHsp70 MYk mAEIESE
IRREWOW A A A KR B BB A 72246 BLAE 1
e irh i E, Lu 4 (2014) 78 —4kiE Chilo
suppressalis %) Ht s & 31T AL A% 30 52 - )
CsHsp707E 1 #&4) dt A A v Fe ik 2 th F =i 41
AT M5 | R RECIRAS . 1 BoHsp70 1Y
Fak wr7E SR MR FE B N 0] S W rh s A F
) S 2 T B B, R T AR SRR R EE A
BoHsp70 kK2 5 2 P01 5 Wi 1 14 & B e
Hsp70 J& X 1) I8 7E B HUR R A e e 25 57
Hsp70 75 4%/ NE 0> L Grapholitha molesta i A%, H
Ak T AR R i R as R T
GmHsp70 15 5 22 IR 7E MEVE b LU M Hh B n
U (Chen et al., 2013), ifii Hsp70 7&K KL
L. striatellus fpl H b Y 22 55 f s T AL 7R e R
PR FRIA R, KW T LsHsp70 2 5 Tk KEAY 4
FEAEE (KT A, 2015 ), EARBFFTH, BoHsp70
TERE R B ) FRak i THERL AL, XT i, FRATIA
2 BoHsp70 A REZ 5 1 Ak SRR R 5 A0 1Y) £
¥, SR SCHE BRI 5T Y i H AT,
BoHsp70 7F =k 3 3R R 2 WA [ 50 v i 7 I AL
F T E— 9T . BoHsp70 75 kS8 HR #
W e HEOA (R AAR B2 7 2Rk 8 SR e BH A R A
KMEERI IR T2 5, MfEkiiRiLEZREE .

[F)RE Y 45 R AP R & ik Cydia pomonella A it
& (Yangetal., 2016 ), [Hit, BoHsp70 7£3E
S I8 MR T s 1l H Sk S 9 7 SR KT I 7 4 KA S
R 5 P2 R Ge b BRI BE VT REAR DG, (H AR FIAIL I
575 HE— LT

Hsp70 3L K2 5 L HUI #0007 38 s 7 M T 5
B AR TY 8 A IR 2 AE 8t % ( Deane and Woo,
2005 ). 4 B U7 B =il i i), AR Hsp70
EAGESHIIL TR Z LA (S SCE S
40, 2012 ), EoRyH Tenebrio molitor 7F 42 °C#A
1 h 5, HARN Hsp70 Wik ETFT 269
5 (BB, 2013), JRZE FAME Trialeurodes
vaporariorum [ Hsp70 &K 7 36 °CisS T ik
LT THE 400 5 ( EWRGAITE M, 2010), A
R LB, AESRIREEAL BoHsp70 YR IA TR
30,32, 34,36 CHYLALBE 1-2 h Bk E K AE,
SRAEXTRR (25 °C) B9 5. 24, 21 F1 24 f%, 8k
1M, Bt P [R] 386K, BoHSp70 [ 1o 538 &
A5 AR [ PR A B R 1 22 5% o MpHsp70
FE AN ] B4 v ek ol 3 w38 0 AN ] g o 7 56 J3E 7
/N F Microdera punctipennis A7 i 4
( 3CE 20, 2012 ), BoHsp70 1Y IATE 30,
32, 34 CCHRPLT Bl PRI [a] (%) 14 o i 2 FAAIK
M7E 36 °C I T Hr e 7E = KK o X 1 A
BoHsp70 ik &t 7E A Al VR FE 5 KT 19 3
AR A 23R R BE CHEHT i I 0 HRGE N M 2
PIFG . Atfssdsih, MR BRAESBAET,
Hsp70 i) i #6315 T B Hep70 25 A 1Y K i ERD
PRy B e sz J e, (H 2 R MG B e R A B
J& , Hsp70 AR AU T2 A ZE i Lu et al.,
2017 ) ZERASSEMFE (2004 ) tEAH 24 R d b
Tad s R B, B ST K ], R
SR DY A AR 50 B 1 0 0 1 A B 4 < S s
MR EAURIET,

AR EN, YR BRGNS, PR E
225 H AT LA O B RS N R A B ARk (2
BEAE, 2015 ), AWML E I, dESEIR R 2 iy
BoHsp70 [k /KEAE 30, 32, 34 CHUE R &
FIRMKE 2 h 5] IR R = IRKF, BT HESE
VR IR 8 i [ G, BoHSp70 2654 [kt 2
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1% B IE N IR B BN N o S AN, AT
FERIAE 36 CHRPLT , Akl BRI B )
6] A REHH A N BoHsp70 6 AR & % /K F
AT B 5 i A N e T T AR T S B AR
FH% (Hoffmann, 1995; Silbermann and Tatar,
2000 ), MIifdif5 BoHsp70 12 1E s B 6 L} ]

25 LA, AT ) FERE T AR SR MR R A
BoHsp70 JL (Kl cDNA J¥41], B T 12 HL i i #45%
T Hsp70 =ik, WX 45 R wi2b B T Hsp70
559k 5208 AR 3 g B 5l N P U AE G, Sy i —
TR AR DT % H 0 B T A7 M AL B R T
oA
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