
Appendix A Protein sequences used in conserved motif analysis 
>ApisOr23 
MNLNDEQNYIVNLKLMKITGFYHLISPRAPKYFGFNVYKVTAAIEVMTGIFSIIMLFLSSYY
YLDNTNELMSHFMLVVAIFFSTLKIFWVSRNSETIWNNMDMTCINFLLYTGHKKEILKKA
RAKSISTTILFVILWSSVTVAWSISPFFVKDVYLNIKFKDETRRFRYNSLNYVYPISEEFYNE
HFLYFYVVEMLSVVFWGHGTVAYDTFVISICITIAFQLKTIAVSYISLNDKKGDIKNLKDND
LEAMFNLKLLIQDQQNMFKKIKEIYKIFEPVTFVQLAAQSMLIILQAYMIFINHYNGFSLLS
VPIIKLIVTVAPNIIHLFITCYLYTNINHQQDSMNFALYSSDWTAMSINYKKMLLFTMRMND
AEKLKLKISLRKIVNLEMFASVMHLTYSIISVLAKSYGNTNTK 
>AglyOr14 
MNPNDENYIINLKLMKITGFYQLINPHTSKYLGFNVYKVGAAFEVMFGIISMLLLCLSSYY
YLDNTNELMSHFMLIVAIFFSIFKISWASKKSEMIWNNLDMTSINFLSYTGHKQEILQTARA
KSISTTIIFVILWSSVTVAWSISPFFIKDVYLNVKFNDEIRRFRYNSLNYVYPITEESYNENFL
YFYVVEMLQVIFWGHGTVAYDTFVISICISIAFQLKTIAVSYTSLNDIKGDIKNLKHNDLEAI
LNLKLVIQDQQKMFKKIKEIYKIFQPVTFVQLVAQSMLIILQAYMIFINYYNGFSLLSVPIIKL
IVTVAPNIIHLFITCYLYSNINDQKDSMNFALYSGDWTAMSIKYKNMLLFAMRMNDAEKL
KLKISLRKIVNLEMFANVMHLTYRIISVLSKSYGNTKSK 
>AgosOr23 
MNPNDENYIINLKLMKITGFYQLINPHTSKYLGFNVYKVGAGLEVMFGIISMLLLFLSSYY
YLDNTNELMSHFMLIVAIFFSTFKISWVSKKSEMIWNNLDMTSINFLSYTGHKQEILQTAR
AKSISTTIIFVILWSSVTVAWSISPFFIKDVYLNVKFNDEIRRFRYNSLNYVYPITEESYNENF
LYFYVVEMLQVIFWGHGTVAYDTFVISICISIAFQLKTIAVSYTSLNDIKGDIKNLKHNDLE
AILNLKLVIQDQQKMFKKIKEIYKIFQPVTFVQLAAQSMLIILQAYMIFINHYNGFSLLSVPII
KLIVTVAPNIIHLFITCYLYSNINDQKDSMNFALYSCDWTAMSIKYKNMLLFAMRMNDAE
KLKLKISLRKIVNLEMFASVMHLTYSIISVLSKSYGNTKSK 
>DnoxOr23 
MILNDEQNYLINLKLMKITGFYQLIHPRTTKYFGSNAYNAVAAIEVMAGVFSISLLFLSSYY
YLDNTNELMNHFMLIVAIFFSTFKIFWVSKNSKRIWNNMDITSINFLTYTGHKREILHNGR
AKSIFTTILFVILWSSVTVAWSISPFLIKDVYLNVKFKDGIRRLRYNSLNYVYPISEEFYNGH
FLYFYVIELLQVILWGHGTVAYDTFVISICISIAFQLKTIAVSYISLNDRKCDEKNFKDDDLE
AMFNLKLLIQDQQNMFKKIKKIYQIFQPVTYVQLAAQSMLIIFQAYMIFINYYNGFSLISVP
ILKLVVTVAPNIMHLFTTCYLYSNINYQKDSMNFALYSSDWTAMSINYKKMLLFAMRMND
AEKLKQKISLRKIVNLEMFASVMHLTYSIISVLAKSYGKTNTK 
>McerOr23 
MDLNDEQNYIINLKLMKITGFYQLINPCTPKHFGFNVFKVAAAIEVMTGVISVSLLFSSSYY
YLNNTNELMSHFMLVVAIFFSTFKIFWVSRNSETIWNNMDMTSINFLSYTGHKKEILQNAR
AKSISTTILFIILWSSVTVAWCISPFFVKDVYLNVKFKDDEIRQFRYNSLNYVYPISGEFYNE
HFLYFYVVEMLQVVFWGHGTVAYDTFVISICISIAFQLKTIAVSYISLNDRKCDIKHFEDND
LEAMFNLKLLIQDQQNIKIKEIYKIFQPVTYVQLAAQSMLIILQAYMIFINHYNGFSLLSVPII
KLVVTVAPNIIHLFITCYLYSDINYQKDSMNFALYSSDWTAMSISYKKMLLFTMRMNDAE
KLKLKISLRKIVNLEMFASVMHLTYSIISVLAKSYGNTNTK 
>MperOr23 
MNFNDEKNYIFNLRLMKITGFYQLIYPSAPKCFGFNAYKVAAAIEVMTGVLSVSFLFSSSY
YYLDNTNELMSHFMLVVAIFFSTFKIFWVSRNSKTIWNNLDMTSINFLSYTGHKKEILQNA



RAKSISTTILFVILWSSVTVAWCISPFFVKDVYLNVKFKDDEIRRFRYNSLNYVYPISGESYN
EHFLYFYVVEMLQVVFWGHGTVAYDTFVISICISIAFQLKTIAVSYISLNDRKGDVKNLKD
NDLEAIFNLKLLIQDQQNMFKKIKEIYKIFQPVTYVQLAAQSMLIILQAYMIFINHYNGFSL
LSVPIIKLVVTVAPNIIHLFITCYLYSDINYQKDSMNFALYSSDWTAMSISYKKMLLFTMRM
NDAEKLKLKISLRKIVNLEMFASVMHLTYSIISVLAKSYGNTNTK 
>RmaiOr23 
MTLDDEQNYIVNLKLMKITGFYQLINPGTPKYFGFNVYKIGAAIEVMSGIISILLLCSSSYY
YLDNTNELMSHFMLVVAIFFSTFKISWVSRNSETIWNNLDMTSVDFLSYTGHKKETLQIAR
AKSISTTILFVILWSSVTVAWSISPFFVRDVYLNVKFNDEIRRFRYNSLNYVYPINEESYNKH
FLYFYVVEMLQVVFWGHGTVAYDTFVISICISIAFQLKTIAVSYTSLNDIKRDVKNLTHNDL
EAIFNLKLLIQDQQNMFKKIKETYKIFQPVTFVQLAAQSMLIILQAYMIFINHFNGFSLLSVP
IIKLVVTVAPNIIHLFITCYLYHNINDQKESMNFALYSSDWTAMSIKYKNMLLFIMRMNDAE
KLKLKISLRKIVNLEMFASVMHLTYSIISVLAKSYGNIKSK 
>SmisOr23  
MNLNDEQNYIVNLKLMKITGFYHLINPRAPKYFGFNVYKVTAALEVMTGLFSITMLFLSS
YYYLDNTNELTSHFMLVVAIFFSTLKIFWVSRNSETIWNNMDMTCINFLSYTGHKKEILKK
ARAKSMSTTILFVILWSSVTVAWCISPFFVKDVYLDVKFKDETRRFRYNSLNYVYPISEEFY
NQHFLYFYVIEMLSVVFWGHGTVAYDTFVISICITIAFQLKTIAVSYISLNGRKGDIKNFKDN
DLEAMFNLKLLIQDQQNMFKKIKEIYKIFEPVTFVQLAAQSMLIILQAYMIFINHYNGYSLL
SVPIIKLVVTVAPNIIHLFITCYLYTNINHQQDSMNFALYSGDWTAMNINYKKMLLFTMRM
NDAEKLKLKISLRKIVNLEMFASVMHLTYSIISVLAKSYGNTNTK 
 
Appendix B Primers used in this study 

Primer name Primer sequence (5’-3’) 

Gene cloning  

ApisOr23-F ATGAATCTCAATGATGAGCAAAAC 

ApisOr23-R TTATTTAGTATTAGTATTTCCATAACTTTTTG 

Expression vector construction 

ApisOr23-F TCAACTAGTGCCACCATGAATCTCAATGATGAGCAAA (SpeⅠ) 

ApisOr23-R TCACTCGAGTGAACTTATCAGGTGATAGAAACC (XhoⅠ) 

RT-PCR  

ApisOr23-F AAATTACTGGTTTCTATCACCTGATAAGTCC 

ApisOr23-R GGCGTGTTTCATCTTTGAACTTAAT 

ApisSDHB-F CAGAAACTCCCGAAGTGAAGC 

ApisSDHB-R TAATCCAACGATACGCCTGC 

Note: The restriction enzyme sites are marked with bold fronts；Kozak sequences are marked with underline. 

 



Appendix C All 57 chemicals used for functional characterization of ApisOr23 
Number chemical name CAS 

1 2-Phenylethanol 60-12-8 

2 cis-3-Hexen-1-ol 928-96-1 

3 β-Citronellol 106-22-9 

4 Geraniol 106-24-1 

5 (1S)-(−)-Verbenone 1196-01-6 

6 1-Hexanol 111-27-3 

7 (S)-cis-Verbenol 18881-04-4 

8 trans-3-Hexen-1-ol 928-97-2 

9 3,7-Dimethyl-3-octanol 78-69-3 

10 (−)-Borneol 464-45-9 

11 (+)-Borneol 464-43-7 

12 (1R)-(−)-Myrtenol 19894-97-4 

13 (−)-trans-Pinocarveol 547-61-5 

14 (−)-Linalool 126-91-0 

15 Linalool 78-70-6 

16 Methyl benzoate 93-58-3 

17 Myrcene 123-35-3 

18 (R)-(+)-Limonene 5989-27-5 

19 α-Pinene 80-56-8 

20 (−)-β-Pinene 18172-67-3 

21 Camphene 79-92-5 

22 α-Humulene 6753-98-6 

23 (S)-(−)-Limonene 5989-54-8 

24 α-Terpinene 99-86-5 

25 (−)-trans-Caryophyllene 87-44-5 

26 Farnesene, mixture of isomers 
 

27 cis-2-Hexen-1-ol 928-94-9 
28 1-Heptanol 111-70-6 
29 4′-Ethylacetophenone 937-30-4 
30 Hexyl acetate 142-92-7 
31 trans-2-Hexen-1-al 6728-26-3 
32 4-Ethylbenzaldehyde 4748-78-1 

33 3-Vinylbenzaldehyde 19955-99-8 

34 (1R)-(−)-Myrtenal 18486-69-6 

35 Benzaldehyde 100-52-7 

36 Heptanal 111-71-7 



37 cis-3-Hexenyl acetate 3681-71-8 

38 trans-2-Hexenyl acetate 2497-18-9 

39 cis-3-Hexenyl acetate 3681-71-8 

40 1,4-Diethylbenzene 105-05-5 

41 Tetradecane 629-59-4 

42 Nonyl acetate 143-13-5 

43 Ocimene 13877-91-3 

44 Tridecane 629-50-5 

45 Methyl salicylate 119-36-8 

46 (±)-Camphor 76-22-2 

47 Nerolidol 7212-44-4 

48 2,6-Di-tert-butylphenol 128-39-2 

49 2-Pentadecanone 2345-28-0 

50 Acetophenone 98-86-2 

51 (+)-Cedrol 77-53-2 

52 Ethyl butyrate 105-54-4 

53 Ethyl hexanoate 123-66-0 

54 Salicylaldehyde 90-02-8 
55 Methyl 2-methoxybenzoate 606-45-1 
56 Eugenol 97-53-0 
57 Methyl phenylacetate 101-41-7 

 

 



 
Appendix D Ten motifs predicted from Or23 clade in aphids 

 


