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Expression of the cytochrome P450 gene AcCCYP6CY14 and its
role in imidacloprid resistance in Aphis citricola
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Abstract [Objectives] To study the developmental expression of the cytochrome P450 gene A4cCYP6CY14 and its role in
imidacloprid resistance in Aphis citricola. [Methods] Partial cDNA sequences of AcCYP6CY14 were obtained by searching
the transcriptome database of A4. citricola. Full-length cDNA of the target gene was cloned using RT-PCR, and its relative
expression in different developmental stages measured using real-time quantitative PCR (RT-qPCR). The 3rd instar of 4.
citricola was chosen for an induction experiment using the insect-soaking method and the relative expression of 4cCYP6CY14

was detected by RT-qPCR after exposing insects to imidacloprid for different periods of time. The target gene was silenced
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using RNA interference (RNA1) technology by feeding nymphs dsRNA, and the susceptibility of the nymphs to imidacloprid
was assessed. [Results] The length of the full-length cDNA sequence of 4cCYP6CY14 was 1 542 bp, encoding 513 amino
acids (GenBank accession No.: MH717248). AcCYP6CY14 was expressed in all developmental stages of 4. citricola but was
highest in 3rd instar nymphs. After exposure to an LC;, dose of imidacloprid for 12 h, the relative expression of the
AcCYP6CY14 was significantly higher than that of the control group. Feeding nymphs dsdcCYP6CY14 for 24 h significantly
decreased transcripts of AcCYP6CY14 when nymphs were transferred to tender stems for 24, 48 and 72 h. 4. citricola became
more sensitive to imidacloprid (P < 0.01) when AcCYP6CYI4 was silenced after which mortality increased by 65.2%.
[Conclusion] The full-length ¢cDNA sequence of AcCYP6CYI4 was cloned and was found to be expressed in all
developmental stages of 4. citricola. Expression was highest in 3rd instar nymphs. This gene may play a role in imidacloprid
resistance in 4. citricola.
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RNAase-free DNase dNTP Mix Ribonuclease

Inhibitor M-MLV Reverse Transcriptase Taq
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. . Trans1-T1
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Table 1 Primers used in this study
5'-3'
Gene name Primer sequence Purpose
AcCYP6A13 F ATGATTTCGTACTTGTTCAATT ¢DNA
R TTAATCCACAATTGGCCTAAAA cDNA cloning
AcCYP6A13 F TTGGAGATGGACCTCGTCATTGC PCR
R TCGGTGAAGTTATCCCACGTTCT Real-time
quantitative PCR
B-actin F GTCCCACACCGTGCCAATCTA
R CGCCACATAACACAGCTTCTCC
AcCYP6A13 F TAATACGACTCACTATAGGGCAGCGATCAGTTGACAA dsRNA
R TAATACGACTCACTATAGGCCATATCGGCGTAATGAAGA dsRNA synthesis
GFP F TAATACGACTCACTATAGGGTGGAGAGGGTGAAGG
R TAATACGACTCACTATAGGGGGCAGATTGTGTGGAC
T,

T; RNA polymerase promoter is underlined.

1.4 ERBWMMEE P4S0EE cDNA LK
BERFFH5 R

50 1.5 mL
RNase
Trizol RNA DNAaes
RNase Free RNA Nanodrop
2000 Thermo RNA

TaKaRa
RNA cDNA - 80
HETRE
cDNA
PCR 25 uL ddH,0 13 uL
2>Taq PCR Master Mix 10 pL
0.5uL cDNA 1 pL 94

Smin 94 30s 58 30s 72 2 min
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F##GH##CH#G K N W##R #
E##R 1 A/GG # D/ETT/S C Meander P##F#P#RF 1

ATGATTTCGTACTTGTTCAATTTGATGTTTGACAACATCCTTTTAAGTTTAATTATTGTTTGTACTTTTCTTTATTATTATACGACGTCGACTTACGACACA
1 M I S YL F NLMT F DU NTIU LTLSTULTITIVCTT FTULZYYJYTTSTTYTDT
TGGAGGAAATTAAATGTGCCGTACGCARAACCAGTGCCTTTTTTCGGGAATATATTCAARAATGTTCACGGGCTTAGAGCATCAAGTGGACTCATTTGGACGA
33 WRKLNJVUPYAZKUZPVUPTFTFGNTITFI KMMTFTGILETUHIGQUVDSTF 6 R
ATTTATCAACAATTTCCCAATGATARATTTTGCGGGTTTTATCAAATGAGTACGCCGTTTTTAATGATTCGCGATCCAGAGTTGATCAATACGATGATCATC
69 I Y Q Q F P ND XKV FCGF Y QM STUPTFILMTIU®RDUPETLTINTMTITI
AAAGACTTCTCGTATTTCACCGACCACGGTATTGACATGAACCCTTCGGTARACGTAATGGCGAGAAGCTTGTTTTTTGCGACCGGACAAARAATGGAARATA
103 Kk D F s Y F T D HGTIDMMNUPS SV VNVMARSTULTFTFA ATGGQ KWK I
ATGAGACAAARAACTAAGTCCAGGATTCACGTCTGGTAAGCTCAAGGGTACGCATGAACAAATCCGAGAGTGCAGCGATCAGTTGACAAACTGTATTCATGAT
137 M R Q K L $s P G F T S G KL KGTUHETG QTITZ RTETCESUDIGQLTNTGCTIEHD
ARATCCAAGGAAACCGACGGAATTGAAGTATATGAACTTGTCGGAAATTTAGCCACTGACGTAATTGGAACATGTGCATTTGGTATGARAATTGGATACAATT
171 k. s X ET D G I EV Y ELV 6GNTLATUDVTIGTT CATFU GMTZ KTELUDTI
AATAACGACAACTCAAGTTTTAGACAAAATGTAAAAAAAGTGTTCAAACCTAGTGGTAAAGTAATTTTTCTTCAAATACTTGGAGTTCTATTTCCGARAATC
205 N N DN S S FRQNV K KV F KPS G KV ITFTULGQTIZLGVTLTFT?PTZKTI
GTTAAGTTATTGAAACTTCAAACTTCTCCGGTGGACGTARATGCCATTAATTTTTTCCATTCTGTATTTAGAGAAGTCATCGAGTATAGGACCAAAAATGAT
29 v Kk L L K L Q T S PV DV NATINTFTFUHSVYVF FRTETUTYVTIETYTZ RTTIEKTUNTD
GTGGTTAGAARACGACCTAACACAGACTTTAATGARAGCAAGACAGGATTTGGTTGTAAGCAGTGATTATAAAGGAGAAGAARAGTATTGTGAATTAGATATA
273 V.V R N D L T Q T L M K A R Q DLV V S S D YU KGETETZ KT YT CETLT DI
ATTGCAAATGCAATGTTGTTGTTTACGGCTGGTTCTGARACTGTAACTGCCACAGCATCTTTTTGTTTTTATGAGTTGGCATTGCACAARGATATCCAAGAC
307 T A NAMTLTLTFTAGSSETVTATA ASTFTCT FYETLA ATLTEHI KTDTIGQQHD
AGATTACGTGCCGAGATAATTTCGTCGAAAATAAAGTATGGTGGACAGCTTAACAATGAATTTTTAGAAGATCTTCATTACGCCGATATGGTTTTAGATGAA
34l R L R A E I I S $ KI KY G 6 QL NNZETFTLEUDTLUHYADMVYVTLTDE
ACTCATCGTAAGTACACTATTATTACGGCCCTATTGAGAGGAGCTACACAAGATTATGAAGTACCTGGGGAGTCATTAACAATTGAAAAAGGACARAAAATT
375 T # R K Y T I I TATZLTLTZ RTGA AT GQUDJYETVT PG GESTLTTITETZ KTGT QI K I
TTAATACCAATTTATAGTATACATCATGATCCAAAGTATTATCCAAATCCAGATACTTTCGATCCGGARAGATTTACTGCGGAAGAAARATCTAAACGACCG
409 L I P I Y S I H H D P K Y Y P NUPDTFDPERTETA ATETETZKSTZ KT RTP
AACGGAACATTCTTACCGTTTGGAGATGGACCTCGTCATTGCATAGGARAACGTTTCGCTGAATTGGAATTAAAAATAATTCTATCARAAATATTATCGARA
443 N 6 T F L P F 6 D G P R H CI 6 KRV FAETLETLIZ KTITITZLSI KTITL S K
TTTGAAATATCACCTTGTGAAAAAACGGAAATACCGCTGCARATGAAAAAAGAACGTGGGATAACTTCACCGAARAATGGAATTTGGTTARATTTTAGGCCA
477 F E 1 S P C E K T E I P L Q M K KEUR G I TSP KNGTIUWIULNTFTR RTP
ATTGTGGATTAA
511 1 v p =*

Bl 1 ERFEE AcCYP6CY14 cDNA FHIRESHEEEEFS
Fig. 1 The ¢cDNA and deduced amino acid sequences of ACCYP6CY14 from Aphis citricola
F##G###CH#G K E##R 1 A/GG # D/ETT/S C W##R
Meander P##F#P#RF

The heme-binding regions F # # G # # # C # G, Helix-K (E # # R), Helix-I1 (A/GG # D/ETT/S), Helix-C (W # # R)
and Meander (P # # F # P # RF) are highlighted in grey and underline.
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