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Abstract Gene family expansions of odorant receptors (OR) were found in the pea aphid, Acyrthosiphon pisum ,
and might play a vital role in the host plant adaptation. This study aims to clone odorant receptor genes of a
specific expansive OR clade, and to assay their expression levels in different adult tissues. PCR was used to clone
the full-length cDNA sequences of four OR genes. Real-time quantitative PCR (RT-qPCR) was used to assess the
expression patterns of specific expansive OR genes in antennae and legs. The full-length cDNA sequences of four
OR genes (GenBank accession no. : OL739156—0L739159) of the specific expansive OR clade in A. pisum were
cloned, encoding 374—376 amino acids, having the high sequence similarities from 68.09 % to 83.11 % and all
containing seven transmembrane domains. The RT-qPCR results showed that the four OR genes were expressed in
both antennae and legs of A. pisum adult, among which, ApisOR8, ApisOR13, and ApisOR 14 bias to express in
the antennae, and the ApisOR13 has the highest expression level in the antennae. This study provides a basis for
revealing the molecule mechanism of specific expansion ORs in A. pisum.
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Table 1 Primer sequence and purpose
314 SR 3) TR /by BRI C g i
Primer Primer sequence RS Gy Purpose
fragment length  temperature
ApisOR6-F ATGGCGGACATTGTTGAGATATTTATAC 1122 56 LR T
ApisOR6-R TCATTTTGCAGTTTCATTAAATTGGCG
ApisORS8-F ATGACGGACATAGTTGAGATATTTTTACAAAGGTT 1128 50
ApisOR8-R TCATGTTGCAGTTTCTTTAAATTTGAGATTGATTG
ApisOR13-F ATGGCGGACATAGTTGAGATATTTTTGCAAAAGATGGTATGC 1122 55
ApisOR13-R TCATTTTGCAGTTTCTTTAAATTGGCGATTGA
ApisOR14-F ATGGCGGACATTGTTGAGATATTTTTACAAAAGATGGTAC 1125 50
ApisOR14-R TCATTTTTCAGTTCCTTTCAATTGGATTCGATTGA
ApisOR6-gF TATTTTTTACCTACTGCGAGTTTTTT 179 58 PGE R PCR
ApisOR6-gR GCGATGTTGTGACTGATG
ApisOR8-qF GATTATGTATGGCTAGTTGTGTA 120 58
ApisOR8-gR ATGCTCGGTGTTCATAGA
ApisOR13-qF CAATAATATTGGGATTGTGTATAGTA 183 58
ApisOR13-gR TTGTCATCATCATTAAAATAAGTC
ApisOR14-gF GATGACAAGAGCAACAGTAT 150 58
ApisOR14-gR TCAGTTCCTTTCAATTGGATT
ApisNADH-gF  CGAGGAGAACATGCTCTTAGAC 90 58
ApisNADH-qR  GATAGCTTGGGCTGGACATATAG
ApisSDHB-gF  CTGAATTCCTGTGGACCTATGG 93 58
ApisSDHB-qR  ACGGCAAGAACGCCTAAA
1.4 ERFERE 37°C G FR  WBGR AL S AR R B A

DL 05 Y fi f cDNA S #5445 S 1
5141 (3 D FEkE ApisOR6 ., ApisORS, ApisOR13 Fl
ApisOR14 FEH 2K ¥4, 50 pl WK R:2 X
PrimeSTAR Mix ( %5 DNA Polymerase, Buffer,
dNTP Mixture) 25 pl. 1F [ # 5 1 5] 9
(10 pmol/L) % 2 upl, cDNA Bz 1 pl, ddH,O
20 plo SR A5 4. 94°C B4R P 15 s; 98°C A8 4
10 s,50°C /55°C /56°C 3B & 10 s, 72°C 41 1 min,
35 ANl ¥ 72°C FEfift 2 min, PCR ¥ 3§ 7= ) &
1. 2 Yo Byt i Al B8 e FL kA 00 o )R e TR o it )
(XS EWH ARG R AL D B H B &40 .
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FEFHFER 50 pg/mb) LL37TCHFELMN., &
WA FBE O 26, P BN BH M e BEFE % A 50 pg/mlL
AR HERRM LB W ARR: 5 2 2L 200 r/min,
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EXPASY & [ J5i 40 2% M 4 Chttps: / www. expasy.
org) 1 B3 T H Translate tool (https: // web. ex-
pasy. org/translate) ¥ %R ¥ 51| Bl N 2 5K 751 5
ff /H TMHMM-2. 0 M3 Chttp: / www. cbs. dtp.
dk/services/ TMHMM) i i) 5 B 45 44 3 {f
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f# ] RaxML 8. 0 44 9 & 35 5 S M 5K 43 X
SRSZ AR A IR 4 AL Jones-Tay-
lor-Thornton(JTT) , 25 4556 (Bootstrap) 2 1 000,
R 04 9 W K L WE DL AR B Aphis gossypii
AR SZ P 5K IR T Huang 265 500
1.6 EmWREEE RT-qPCR
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isSOR6 . ApisOR8 . ApisOR13 F1 ApisOR14 ik K
T ZBHER 15 ale ELFHEIHE 0.6 LD
NA 0.75 pL., ddH,O 5. 25 pll, 50 X Passive Refer-
ence Dye 0. 3 pl, 2 X Perfect™ Green qPCR Super-
Mix 7.5 plo SN F R - 94°C BiAEHE: 2 min; 95°C
A5 5,58 CiB Ak 34 5, 72°CHEMH 10 5,40 PMFIE,
JI A A A R 8 S ) RNA 47 3 IRE &, B4
R brEt 2 & 20 5 AN BE(E  LIVEAS PCR
M8 BEROR  ARIE A JE R I 5 R A 90N &
1100 Z 18],
1.7 #ESH

X OR6 733 4 AR ZARTEA R 2H L b A
X IB A TR AT . R AR X Rk R ACR
A 2720k TR AN ACt= Crugm — Ctyswm s
AACt=ACtyz, — ACtsyy . FIF SPSS B A4 X A ]
H AR Y AR K- AT SRS AEAS ¢ U3 %) 4 >k
PRIAE X 3% 3K & 22 5 R A7 SRR R O 25 45 i R
GraphPad #{AERE .

2 FHRE5HM

BEH OR6 X 4 NEKRZGEETIE. F

N EREZELZENT
T Smadja %4 HT R BT B SR ASZ AR 5K
53 % Clade B (Fefi 144 24 OR6 4330 H YR Z K
FE 7 51 FRAT e B B A A TR ) SR AE Y Ap-
isOR6 A pisOR8 A pisOR13 il ApisOR14 473 H
TORE L RARIX 4 DY DNA 2K JF5], 4 4R
WRAZ R L R A R0 I A 2 43 il A 11221 128,
1122 bp #1125 bp. 4ifi% 374,376,374 4~F1 375 4>
QIR . WAL P I LR & X 4 AR AZ AR I Y
P HN AL 8 v s A R 7 91— Bl g 82,766 ~
92. 69 %% » 2 3 R 7 51 A AL Sy 68.09%6 ~83. 11 %,
Hirp ApisOR6 Fl ApisOR13 {55 — B0tk fe w5 s B 1T
BRI 31 — 8t oh 92.69%, & FE R 7 51 — Bk Ny
83.11%. FF TMHMM-2. 0 [ 3k 750 & 11 — g% 4%
1 BB A ANSIRZARY A 7 A EERRES R D,

2.1

T™I T™2

*:******:*:: *:** *:*: =.*.*=* * :::*:*: * ******: ::****:**** o::** :*
ApisOR6 DIVE QK SDD HCAKH TYCE S LTCLSLVYST--EDLSIRIY E ] R 80
ApisOR14 MADIVEIFLQKMVRSDDGAGHGTKH TYCE S STCLSLVYST--EDLSIRFY E F R 80
ApisOR13 MADIVEIFLQKMVCSEDGAGHGTMR AYFELAVT STYLSLVYST--EDLSIRIY E s R 80
ApisOR8 MTDIVEIFLQRLGCSDDGDGRGTRR. TYCESAIT LTYLSLUYSSTCDNLSIRIY EIYIFAYTAVR 80

) 100000 20 000 3000 40...c0000 50..c000nn 60........ 710 eeenenn 80

T™M3

khkkhkghkhhkghkhoggohhhohkh *kk _*hkkkokk % JhKk ek kk kg sekkk hkk,  Kkkkkgkkkkk k%
ApisOR6 VYHQSQHRDMYQRSQK ENYRWKIAMVIKYHLVMSNVLS YTISLDWVRMGDFPFTFASVD KTTNVTVYV 160
ApisOR14 VYHQSQHRDMYERSQK DNYRRKIAMVIKYHFVMSSVYMT YTISLDWVQMGDSFTF "SAD KTTNVITYV 160
ApisOR13 VYHQSQHRDMYQRSQK ENYRRKIATTIKYH N YTISLNWVRMGD! FTF - FAD KTTNVTVYV 160
ApisOR8 VYHQSEHRDMYQRSRQ ENYRRKIATVIKYHLVMSN TILLDELRMGD! FTF FAD KTTNVAVYV 160

........ 90.......100.......110.......120.......130.......140.......150.......160

TM4

%* % % % *::* **:**:****.********** %* %k % *:* *****.::**:****** :***.****:** *o**. :*
ApisOR6 CKYIVYAL AYFAHLEICFLNVTFMYSTGVVKGHFQILEEQVEEAMASQDEKKLKIAIKHHQQVLKFFEDMKTLYEK 240
ApisOR14 CKYIIYSL ANFANLEICFLNATFMYSTGVVKGHFQILEEQVEEAMTAQDEEKLKIAIKHHQQVLKFFKDMITVYEKS 240
ApisOR13 CKYIVYAL SYFAHLEICFLNVTFMYSTGVVKGHFQTLEEMVEEAMVTEDEEKLKIAIKYHQQALKFFKDMKTVYET 240
ApisOR8 CKYIAYTF LYFAHLELCFLNVTFMYSTGVVKRHFQUVLDEQVEEAMVTEDEQKLKIAIIHHQQVLKFFKDMKTVYEK 240

....... 170.......180.......190.......200.......210.......220.......230.......240

TMS TM6

s k% khkkkk, kg khkkhkkkkk khkko s,k kg hokkkghkkhhkhkhkk *hkgokhkkgookhhkhokokhhhhhkhg
ApisOR6 ISIEISTLYIGLSGCTMIQVIQGFVD SGVAGFVTISVYCICASNMYDLHDGILNAIFEHRSCFSRNKSFKQ 320
ApisOR14 TATEVSILY SGCTTIQVIQ D SMASCVSTFMTISIYCICASNMCDLHD N EHRSCFSRNKSFKQ 320
ApisOR13 ITIEVSILYIGLSGCTMIQVIQGFVD SCVSTFITISIYCICASNMYDLHDGILNAVFEHRSCYSRNKSFKR 320
ApisOR8 LTIECFCLYIGLCCCAIIQVIQGFVDQ SCVAGFMTISLYCICASNMYDLONGILNSLYEHRACYSRNKSFKR 320

....... 250.......260.......270.......280.......290.......300.......310.......320

T™7

k kgkkkkkhkg hkg khhkksg sekkkhkhokkhkhkkgohhhhhkg gk e *
ApisOR6 TRATV LEYRVYSIYTINLNLLVRILKLTYTLLNVLLTSVNR-QFNETAK 376
ApisOR14 TRATVSLEFRVYSIYIIDLNLLVKILKLTYTLLNVLLTSVNRIQLKGTEK 376
ApisOR13 TRATVSLEFRVYSMFTINLNLLVKILKLTYTLLNVLLTSVNR-QFKETAK 376
ApisOR8 LN TRATI LEFNVYSLFIVNLNLLVKILKLTYSVLNVLLTTINL-KFKETAT 376

....... 330.......340.......350.......360.......370......

AU S 07 5 R A3 P £ S i -

Seven transmembrane domains (TM1-TM?7) were indicated by blue solid lines.
B 1 BEEH OR6 53X 4 MSRZHERF 5 L3

Fig. 1 Amino acid sequence alignment of four odorant receptor genes of OR6 clade in Acyrthosiphon pisum
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Abbreviations of A. pisum, A.glycines and A.gosypii are shown respectively as Apis in green, Agly in blue, Agos in red. Clade A and Clade B (OR6) are

shown with arcs.
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Fig. 2 Phylogenetic analysis of odorant receptors in Acyrthosiphon pisum , Aphis glycines and Aphis gossypii



49 5 31

FH 26 458 - Wi L AF R S P 7K 20 SR 32 R TR B e g B 3Rk o

o 211 -

- 1.5 .
20 ApisOR6 ApisOR8
n.s.

B

0.5

FAXY K
Relative expression level
< = :

T
FHX AL B
Relative expression level

fith £ & filk £ 2
Y EiEN
Tissue Tissue

ApisOR13 ApisOR14

sokok kK

e

X RIE R

Relative expression level

0.5 - 0.5

FRX ek
Relative expression level

fish £y 2 fi £ 2
4R HA

Tissue Tissue

AR AR S DRI R XS a5 KT B E BB RRIR R, 7R R HI R 35K P SRR ARG BT T (s ROR TE B 25 7 P RN AR BEER).

The relative expression levels of OR genes are shown as mean+SE and statistically analyzed by Student’s 7-test between different tissues (n.s. indicates no

significant difference; *** indicates significant difference at a = 0.001).
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Fig. 3 Relative expression levels of four odorant receptor genes of OR6 clade in different tissues of adult Acyrthosiphon pisum
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The relative expression levels are shown as mean+SE. Different lowercase
letters represent significant differences among the relative expression level
of different genes at 0=0.05 by Duncan’s multiple comparison method.
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LEROE 38—
Fig. 4 Relative expression levels of four odorant receptor
genes of ORG6 clade in the antennae of adult

Acyrthosiphon pisum
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