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Abstract: In order to better understand the roles of cysteine proteinase gene and develop a novel molecu-
lar target for insect pest control, we obtained the full-length ¢cDNA sequence of Bdcyp ( GenBank acces-
sion no. KU904503) from the oriental fruit fly, Bactrocera dorsalis ( Hende) by using RT-PCR and
RACE methods. The deduced amino acid sequence analysis of Bdcyp was performed by using bioinformat-

ics methods. The expression patterns of Bdcyp in different stages and tissues were investigated using
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quantitative real-time PCR (qPCR). The Bdcyp was 1 955 bp in lenght, containing an open reading

frame of 1 653 bp which encodes 551 amino acid residues with a predicated molecular weight of 62 900

and isoelectric point of 6. 11. Bdcyp had typical features of cysteine proteinase, including signal peptide,
three catalytic active regions ( Cys-His-Asn) , and two conserved motifs ( ERFNIN and GNFD). Phyloge-

netic analysis showed that Bdcyp has the closest genetic relationship with the cysteine proteinase of B.

oleae. Bdcyp was constitutively expressed in the tested stages, including third-instar larvae, pupae and a-

dults. The highest expression level was observed at the middle of pupal stage. Tissue-specific expression

showed that the highest expression was in the fat body, followed by trachea and integument, and the ex-

pression in midgut was the lowest. The results provide the basis for further studying the function of Bdcyp.
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Easy Z{&F GoTaq® qPCR Master Mix 14 [ Promega
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Script® RT Reagent Kit 1 B 45 & iU 45 —4% cDNA,
AT RACE ¥ 34 F1 4 K 59 iF PCR Btk il & . A
RS IR PrimeScript® RT Reagent Kit 1B 5 & i
S5—HE cDNA, T SEmE it PCR A 45
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FO A /N SITER I 7 AR e 3 A B0 0 O ok Y e 4
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Table 1  Primers used in this study
EIEZEApN FIMFHI(S" - 37) Fi
Primer name Primer sequences Usage
3'GSP1 TCATTTCAAAGCCAAACACGG 3 _RACE
3'GSpP2 TTGCGGCTCGTGCTGGTCCTT
Bdeyp-F GACCGGTTTCGTTTACAAGC  FFhk Ik
Bdeyp-R CATAGGTATGTAAATAAATCG  HEJ 14
q-Bdcyp-F AATGGTACCGCTGAAAATCG FE
q-Bdeyp-R TGTAACCGCGCATCTCATAA anin

CGCATTCATGGTTGATAACG SE
GGGCACCAAGTTAGTCTGGA HH

q-a-Tubulin-F
q-a-Tubulin-R

1.3.3 ABE&E D131 A cDNA AR,
H AR R R S R 5 | 14T PCR 9788 . PCR Sz
W&, f& 2.5 ul 10 x PCR Z wiik, 2.5 ulL
MgCl, (25 pmol/L), 2 pL dNTPs (10 nmol/L),
/w5 (10 pmol/L) 4% 1 L, 2.0 wL cDNA
BitR, 0.25 pL rTaq i, ddH,0 FMEZE 25 L, &
5], B, A PCR XY MY, PCR I 2% 4
95 CHIAEYE 4 min, #RJ5 95 °C 451 30 s, 55 ~65
CiEk30s, 72 CILEM 1 ~2 min, 34 MEH, &
JG 72 CHEAH 10 min, PCR P24 w =1. 5% Bris
BECH KM JT, F H B DI e, % 1R Gel
Extraction Mini Kit YR F5454F, K547 D™ 4y %
He % pGEM-T Easy A, %% 4 382 8 KW i
i, ZE G EE R PCR %5, % BH R 5 Bk AL
FONGHERIEER A w HATIY

1.3.4 5344 FIH] DNAMAN v6.0 (Lynnon
Biosoft) AR5 Bl - 45 R A 2 B8 AN 20 A, HES A9
2 K R R A NCBI i £ ) BLAST ( htp: //
www. ncbi. nlm. gov/BLAST/) F&/% 347 [R5 4 b4
5381 FIJH ProtParam (http: //web. expasy. org/) |
SignalP 4. 1 (http: //www. cbs. dtu. dk/services/Sig-
nalP/) F1 NetNGlys 1.0 ( http: //

server

www. cbs. dtu. dk/services/NetNGlyc/) 43 ffr 4 15 &
HRERAEPE T . {55 I N - 54007 s I

Scanprosite  ( http: //prosite. expasy. org/scanpros-
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[FIZH LR AR XS ik o fdf FH AR 2R 3K 4 Primer 3.0
(http: //frodo. wi. mit. edu/) ¥t E & PCR 5|¥y,
NZ N % A /N2 a-Tubulin ( GenBank % 3
B GU269902) 2, Bl FHIfE N 1,
PCR JZ MK Z W F: 10 uL GoTaq® qPCR Master
Mix, 1 uL ¢DNA. 7 L ddH,0 FIE/ K (544 1
pl, PN AE CFX96™ Real-Time System 52 5E
it PCR X (Bio-Rad) wifify, RINZMH: 95 C
TiARPE 10 ming 95 CA84: 30 s, 60 °C iR Kk Ff 4 fif
30 s, H:40 MFIR; H 60 ~ 95 C By i £k
FAFERE LM E 3 W FIA 22 kit i H
L R AR X 2 ki, 6 Hd SR i SPSS17. 0
AR B R T7 220 Wik (ANOVA) A7 22 5
FPEIHT .

2 HR50

2.1 #E/NSEHE Bdeyp EE cDNA BIFF 55347

KM RT-PCR 454 RACE 0K, wafEARTGE /)N
S bt A R AR AR, w44 O Bdeyp ( Gen-
Bank % 5% 5. KU904503 ), FH cDNA &% 4 K
1 955 bp 4375 5 U4 X 142 bp F1 3" % F G i
[X 160 bp, JTHCIIEZHEN 1 653 bp, % 551 P&
SERRER AL, BUINARRS 737 oy 62 900, HESEH
H.pHEN 6. 11, Bdeyp gAY H N AR HA 20
IR AE 5 TS, AT R S 4 Al
HFH. HHE NetNGlye 1.0 server 43 #7145 5, Bdeyp
FIREAFAE 3 S N = BEHEAL A7 41, 4351 N102, N435
FIN447, Bdeyp HA R R~ b 42 AR 2 11 i 2k ) X
WEFF A AR SF 45 0 Bk AL =R IR ((Cys™
His®™ | Asn™) | ERFNIN JLJ¥ . GNFD B LA K 45
HIEAE G C D™ GG (1),

K4 Bdeyp il i AL MR 7 9 #E 4T BLAST 734,
SR, Bdeyp 5[F) D9 XUH H ARG SL M Bactro-
cera oleae ( GenBank % 5% 5. XP_ 014098451) 2}
ez R A B ) [ D fe e, Ry 96% 5 53t v g S
I Ceratitis capitata (XP_ 004522056) . fi&gii Lucil-
ia cuprina (KNC23990) DL M358 I Aedes aegypti
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(ABE72972) BIABAIPESS 5K 92% . 87% F167% , 2.2 Bdeyp HERGZEB S

s % S
PE— PR W O A B Y S A /N2 g D 2 R £ 1 Tl 14 Bdeyp b (A ELRR TS5 GenBank %51
R HoAth B e >4 D SR 2 1 Al IR PP 9 A T LU X

1 CAGACATACAGATATAATAAATTTACTTGGAATTGAT TAATCGCARAATARAAATCTACGCGGTGARATATCAATARAAGTCAT
85 CTGCGARAGTTCTGTGTTTGTGTAAGGCCGACCGGT TTCGTTTACAAGCGAGCGCAGTATGCATTTCGCTGTGTTTTTGTTGCT
1 M HFAVFLTLTL
169 GGCGCTTTGCGGTTTCAGCGCGGAGGTAT TGGCCACCAAACCGCCAAAATGGGATGAARCATACATCACCAAGGGTACACTGTA
10 AL € PS8 AEVYLATERK PRPEX D ETLTY II'TKE T LY
253 CATACCGTATGCCGAAATTGCCGAACCCTTCTACGCCTGGTATGATAAGACTACAAAACGTTCTCGTATCGATTATTATGGTGG
38 I PYAETIAEPTFYAWYDIZKTTTZ K®RSU RTIDYTY GG
337 CATGGTGAAGACCTATCAAT TGGCCAGCGTTATGCCT TATGGCACGTCACTCARATTAGCACCCATTACCACCGATGAGGAATT
66 M VKTYQLASUVMEPYGTSLIKTLAPTITTUDETEHTL
421 GAATAAGGTCACGTGTTTGCAATTGAATGGTACCGCTGAAAATCGCGTACARATACAAACTATATTACCGGATGCTAGARATTT
94 N KV T CL QLJNSGTAENE RTYUQTIOQTTITLZPUDA AT RNTF
505 CACACTTTTGGGTACTGAAAGT TTTCTCGGTTTCACTTGTGACAAGT TCCGACT TGAAGAGGTGATCGGTGAGAAGCGTAATGT
122 TLLGTESTFTLGTFEFTT CDZEXKTFRLEETVTIGETE KT RNV
589 TTACACGCTGTGGGTGCGCTATAAGARATCGCCACAC TATCCAGCGGCACGTCAACCGATACCGGTACGT TATGAGATGCGCGG
150 Y T L WV RYJZKTZEKSTPHYUPARAMRTGOTPTIZPVYVRYTEMMTERG
673 TTACAACACTTTGTTGGGTTCACATTTCGATCATTACTTCTTGGAT TATGACAGT TATGAGCACGATGATATACCGAATGAGGT
178 Y NTLLGSHTFDUHYTFLDYDSTYEUHTDTDTITPNTEV
757 CTTCGAATTGGATGACAATATGCCTTGTGTAGCTTTCCCGGGACCCGGTGC TGGACACTATGCAACATTCAATCCAATGCAAGA
206 F ELDTDNMEPGCVATFTPGTPGAGHTYH ATTFNTPMQE
841 GTTCGTGCATCCCGCTAAGGATGAACATGTAGAGCATTCGTTCAATCATTTCARAGCCARACACGGCATCARATATAAGACCGA
234 F VHPAIEKTDEUHT VEHSTFNUHTFIE KA AE KU HGTITE KT YKTD
925 TAAGGAGCATGAATATCGCARRAATATAT TCAGGCARAATCTACGT TTCATACAT TCGAAGAATCGTGCACGTTTGAGCTACAC
262 KB HE YR x NI@RrRONLRTFOHESKENRARTLSTYT
1009 GCTGGCGGCCAACCATTTGGCCGATAAGACCGAGGARGAATTGCGTGCGCGTCGTGGCTTCARATCGTCTGGTATTTACAATAC
290 LBAaAYe @BarAREKTEETETLTRARIPRGT FTI KT SSGTIJYNT
1093 AGGCARACCATTCCCCTACAATATTGARRAGCTARAAGATGATCTGCCCGATCAGTATGAT TGGCGTTTGTATGGTGCTGTAAC
318 G KPFPYNTIEZ KTLTZEKUDT DLTPDG QYDW®RTLYGHAaATVT
1177 GCCTGTTAAGGATCAATCCGTTTGCGGC TCGTGCTGGTCCTTCGGCACCATTGGTCACATCGARGGTGCATATT TTCTGAARAA
346 P VKD QSVCGS@Wws FGTTIGHTITETGA ARTYTFTLE KN
1261 TGGCGGTAATCTAGTGCGTCTCTCGCAGCAGGCACTCATCGAT TGC TCCTGGCAATATGGCAACAATGGT TGTGATGGTGGCGA
374 G GNUILVRLSQQALTIDCSTUWOQY e NN D
1345 AGACTTCCGCGCCTATCAATGGATGATGARAATGGGCGGTGTACCAARCCGAAGAGGAT TACGGTCCGTATATGGGTCAAGATGG
402 DFRAYQWMMEKMMGS®GVYVTZPTTETETDTYSGPYMG® QDG
1429 CTATTGTCATGTACAAAATCTTACACTCGTTGCACCGATCACCGGCTTCGTTARCGTGACTTCAGGCGAT TCGAACGCGTTCAA
430 Y ¢CHVQNLTLVAPITGTEVNVTSGDSNA ATF K
1513 AATTGCTTTGCTCAAGCACGGACCACTTTCGGTGGCCATTGATGCATCGCCACGT TCGTTCAGT TTCTATGCCCATGGTGTGTA
458 I ALLIKUHGEPTLSVAIDASTPRSTFSTFTYA AHGVUVY
1597 CTATGAGCCGGAATGTAAGAATGGTTTGGATGAGT TGGATCATGCCGTATTGGCTGT TGGTTATGGCACCATACAAGGCGAGGA
486 Y EPECIKNGTLDETLTDIERHAYVLAVYVGYGTTIO QGEHD
1681 CTATTGGTTAGTAAAGAATTCGTGGTCCACCTACTGGGGTAATGACGGTTACATCTTGATGTCGGCAAGAARAAATAATTGCGE
514 Y W LV KRNSWSTY WG NDGYTITILMSA ARIEKTNNTE CG
1765 CGTCATGACAATGCCAACCTATGTGGARATGTAAGGTCATACATATATTTACT TATATCTATATATACGAT TTATTTACATACC
542 VMTMPTYVEM*

1849 TATGTATATATATACCTAAGTATGATTATATTGCCGAACAARATTARATAATTTCGAAATAAAGGTTATTTTACTAAAARAAAA
1933 AAAAAAAAAAAAAAAAAARAAAA

K1 /NS Bdeyp L) cDNA 51 J 4 S (0 2 B R 57
EIRRD T ATG FIZ RS T TAA ITHL; = FORZAEE T FTRILKNESIIFS; BUR RIZ RO m fiEfl =
BRI HER R s REIREUN N IRsF4iH 3 (ERFNIN, GNFD il GCDGG)
Fig. 1 The ¢cDNA and deduced amino acid sequence of Bdcyp in Bactrocera dorsalis
The start codon is indicated with bold and the stop codon is indicated with bold and an asterisk. The predicated signal peptide is un-
derlined. N-linked glycosylation is double underlined. Putative catalytic triad is boxed. Three conserved motifs of ERFNIN, GNFD
and GCDGG are in white with blackground
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Fig. 2 Phylogenetic relationships analysis of Bdcyp
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Fig. 3 Relative expression level of Bdcyp in different devel-
opmental stages of B. dorsalis

Expression levels at 16 different time points in third-instar lar-
vae, pupae and adults were detected by qPCR. Different let-
ters above bars indicate significant difference at the 0. 05 level

(one-way ANOVA)
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0.05), VB Bdeyp RIAE FBAEX — I W A5/
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RS E; AR TFTHBAREEEZES (RRR
J72, P < 0.05)

Fig. 4 Relative expression level of Bdcyp in different tissues
of B. dorsalis

Expression levels in fat body (FB), integument (IN), Tra-
chea (TR), Malpighian tubules (MT), and midgut ( MG)
were detected by qPCR. Different letters above bars indicate
significant difference at the 0. 05 level (one-way ANOVA)
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MR AR I 73 T WE 9 32 B 0GB AGIR KA A.
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A7) 930 K G B L Sitophilus zeamais Y- [ 42 R
R AR A B, WBPEEAR I AL 52 2 TP A 3
YR, HEMCAT RETE IR IR A B R rp i

morsitans morsitans

YER o 383 S e A A AR 2 e 2R 28 1 il e R
Bombyx mori YPH ) 3 AT EAT T LM, RIH
S ONECR RS S A, HRTIE & B
e Tk SR B ) B SR 3R AT L U g T (R A
L7 B A B LA o ABIESE & B Bdeyp e /N
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A LR 5 . ARWESE U mRNA JKOF 1A
T 2 I 2 1 il PR R ARG /N SE i AR 9 1) 2R 36 1
B, AR A KR RIIRESE R . AR A
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