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Sequencing and temporo-spatial expression of the Chinese honeybee,
Apis cerana cerana, odorant receptor gene AcerOR58

*% . . . . kkk
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(College of Life Science, Shanxi Agricultural University, Taigu 030801, China)

Abstract [Objectives] To analyze the physicochemical properties and structural characteristics of the protein encoded by
the Chinese honeybee, Apis cerana cerana, odorant receptor gene AcerORS58, clarify its temporal and spatial expression
characteristics and thereby lay a foundation for functional research on this gene. [Methods] Bioinformatics software was
used to predict and analyze the structural characteristics of the AcerOR58 nucleotide and encoded protein sequence. A
Neighbor-Joining phylogenetic tree was constructed and real-time quantitative PCR used to analyze the expression profiles of
AcerOR58 in in different tissues of foraging bees and in the antennae of workers of different developmental stages. [Results]
The AcerOR58 open reading frame (ORF) was 1 230 bp long and encoded 409 amino acids. The molecular weight of the
mature protein was 47.147 ku and the theoretical isoelectric point was 8.46. There were 6 transmembrane structures with an
intracellular N-terminal and no signal peptide. There were 31 potential phosphorylation sites and an insect odor receptor
family 7tm-6 superfamily conserved domain between amino acids 83-398. AcerOR58 is closely related to the corresponding
AmelOR58 gene of the Western honeybee A. mellifera, with a nucleotide sequence identity of 96.67% and amino acid sequence
identity of 97.31%. Real-time PCR showed that the expression level of AcerOR58 was higher in the antennae of foraging bees

(15-25 days old), and that expression in the antennae was significantly higher than in other tissues (P < 0.01). [Conclusion]
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AcerOR58 has the typical structural characteristics of an insect odorant receptor and is highly expressed in the antennae of

forager bees. These results suggest that its main function is recognizing the scent of nectar and pollen sources.

Key words Apis cerana cerana; odorant receptor; AcerOR58; bioinformatics analysis; temporal-spatialexpression

BL U AT R AR A AT LA DAL A ) 2 1) A B
Kttt , U A Y RN T T R SR A £ A .
A8 ik AP S 2 A AT 1% B ( Gadenneet al.,
2016 ), MLuEfd B HUREAE IR B RN FE R BREE T iz
R R A EY T, X e b 2= PR IR TAE )
25 EAHY) RN R BIAY) o X SO IRLbE 2k 2R 1 ML o J i
#1250 ( Olfactory sensory neurons, OSNs ) $ZUi,
EATRA SCEYIRIE . 7 O S 15 S AL
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( Fleischer et al., 2018 ), & HU B 3Z & ( Odorant
receptors, OR ) Z & MK 3EZ 1K ( Gustatory
receptors, GRs) J&RIEALMIRAT, W AIIEE
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%1 Apismellifera, ZZ#x Bombyx mori, Hi4%H
Helicoverpa armigera F1 %F #  Acyrthosiphon
pisum “FZFPER M PYEL ORs , HARYF
[A] () ORs P4 —3iE 22 B3 K ( Gao and Chess,
1999; Hill, 2002; Robertson and Wanner, 2006;
Wanner et al., 2007; Liu et al., 2012; Zhang et al.,
2019 ),
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AcerORS58 J&:7F AL 2 i $1XcF v A 2 16 fih 7y 7 5%
ZH I 7Rl AR ( Zhao et al., 2018 ), AHF
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{8 TOI0 IO IE B IR, R RIDKE P AL th s i T B
NIt Bl S0 e 3, TR (34+1) °C,
MR R 75%+5% ) fE R ER G A Th ke R B -
WH, fefiet e, MHIJCHE . TR S %
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protparam ) TN 265 25 B4 T . A5 R N S B
fEPE T ; ProtScale ( http://web.expasy.org/cgibin/
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SignalP 4.1 ( http://www.cbs.dtu.dk/services/SignalP-
4.1/) W{ES T35 CpG & (http://www.bio-
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J¥511 CpG & ; NCBI Conserved Domains ( https:/
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi )73
Bi AcerORS8 % 15 28 1 ) it ~F &5 #4 B ;
TMHMM-2.0 ( http://www.cbs.dtu.dk/services/
TMHMMY/ ) 53 #7#5 454 ; SMART ( http://smart.
emblheidelberg.de/ )/ #T HIRE 45 #4348 ; NetPhos 3.1
Server ( http://www.cbs.dtu.dk/ services/NetPhos/ )
T % 26 1T 8 AT RE AW R Ak A2 53 ; PSIPRED

( http://bioinf.cs.ucl.ac.uk/psipred/ ), Swiss-Model

( https://swissmodel. expasy.org/ ) 43178 H
TREFIRN ZRE AN R MEGAT.0 4%
PEr SR R G K F W, Bootrap 4
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FHRF B S 5 A L cDNA 25—4%, - 20 °CH#
A& BT F—2il5 . 2, 74-Bi#
fiolt AR SR M R TR 41200 cDNA U T2t
5E B PCR R .

1.6 SKHRENAEEE PCR

SR 27 AACT i 2 R PRAR X 22 1K 7K, i
AcerORS58 i [KI 7 rh A 2 i T i AN [v] % B B Befi
F R AL AN R AL AU P () R0k i 4% BRSE A9
E T PCR UL BHEATEAE . AR A
15 uL, H:A" 2xSYBRPremix Ex TaqTM 11 7.5 pL,
. RS (10 pmol'L™') 4 0.6 uL, ROX
Reference Dye I ( 50x )0. 4 pL,cDNA g 2 uL,
KK 5.9 pLo RIEFHR: 95 °C 30 s;
95 °C 55, 60 °C 30's, 95 °C 15s (42§
¥ ); 60 °C 1min, 95 °C 15s . FrfARES %
HIIMEARER ., £ 1SRG R

F1 WHAEESY
Table 1 Primers for gRT-PCR

BEIH 44 sl (50-3") BJGRE (°C)
Gene name Primer sequences (5'-3") Annealing temperature
AcerOR58-F ACCAATCAACCGCGAAATCTGA 60
AcerOR58-R ACGGTTGGCCAAATACCGAT 60
Arpl-F ACTACGGCCGAACGTGAAAT 60
Arpl-R GGAAAAGAGCCTCGGGACAA 60
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1.7 #HE&GitEHH

i 2 AT oA AcerORS58 4R TE A ] &
B Wi B T ik £ R AR W AN [m] 20 21 rp i A X 3R
A, LAHPAEEIE Arpl AARIESEL, Rl 1
H % T fi £ R B 1 04 21 1% AcerOR58 3=
KEENIEE, SRJH SPSS 24.0 #{F ) ANOVA
LT RN R 7 20087, JFEH Duncan’s 353t
TREEERIN (P<0.01 XREFWEE,
P>0.05 FRERAEE ).

2 ZRE5HMH

2.1 AcerOR58 FE 3447

DNAMAN Tl &5 %8, AcerOR580RF

St H R RS E N 1230 bp, Wi 409 N2
iR (1), B AT RRIT 9 R Z IR )T 5 57
M PEAT Blast HoXF, 4558 BoR 5P & %
AmelOR58 (W% R 7 51— Btk 96.67% , Ik
R 75— 3R 97.31%,

2.1.1 AcerOR58 EEMELREBLERS
ExPASy ProtParam 7E£k /M1 #¢8], AcerORSS8 5 H
53 TN CaigsHzaa1Ns270575S04, 3T KN K
47.147 ku, BRIGAEHNON 8.46, ERPEEMH . 7F
Y, AcerORS58 FH Y 20 MR IR, FRA
fiz (Tle ) BF /7 Ee il de i, 3% 13.0%, S5 %2 ( Leu )
HWK, 1K 12.7%; &R (Trp) B HLBIERAIR,
H1.5%; HFIE . R A SRR S AT A 37
132, AcerORS8 i [ AT REL . JRIEHEEL.
SR8 SR KM R B 4300 R 36.36.122.69,0.437,

1 ATGCACCTCTTTGTTCGAGATCAAACCAATCAACCGCGAAATCTGAATTACGAGAAAGAC
1 M HLFVRD QTN QPR RNLNTYETKTD
61 ATCGTTTACGTGACCAAGCATAATAMTGGAl TT ]GAATTCCATCGGTATTTGGCCAACC

21 I VY T

W I L NSIGTIW

H N P
121 GTATTAAAAGGC ATCG ACGAATATTTACC AAAAATTGCAATTGCACT CAGTAATTTAGTG
41 VL KGTIDETYILUPEFEKo A I AL SNILV
181  TTATCCTTCACCGTGATTCAATGTGTTCTACACATATTATTAGAACAAAAGGATCCGATA

61 L S FTVI @ C VL HTITULTILE

K D Pol

Q A
241  CTAAGACTGAAAATCCTCGGTTTAACTTTCTTTTCTTTTATCTCATTGATGAAGTACTGG
81 L R L K I L G L TPFF S F I S L NEKY®

301 GTTTTAACGATACGCAAACCGAAAATCAAACTCTGTATAGAACAGATACAACACGATTGG

101 VL TIRZEKPK

K LCTIEA QI

H D ®W

v L Q
361  AAACAGGTAGAATTCGAAAGAGATCGAAAATTGATGTTAAAGTACGGGATAATAGGCCGA

121 K

Q VEFERUDRIEKLINLEIEKY Gol
421 AATT'II:G A(S}TATGTACA(SETA}'TGTTTTTATGTACA(SECGSTGSTA}'AA}'TT?TCQCACGGTT

I G R

481  ATGCATTACAAGCTGGGATCATATATTGATGAATATAATCGTACGATTAAACTGCTGATA

161 M HY KLG S Y

DEYNRTTII KTILILTI

541  TATCCTACATATAGTCGTTTTTACGACGTTCAAAAAAGTCCCGTTTATGAATTAGTTTAT

181 YPTYSRFYDYV

K S PVYE oV Y

Q DV __ X
601  ATTCTCCAATGCATCTGTGGATATATGTTCGATGCTGTAACAGTTGGTGCATGTGGCTTG
200 _I L Q@ C I C G Y M F D A VTV G A C G L

661  GCTGCACTTTTTGCAACGCATATTTGTGGACAGATTGATATCGTTATGGCCAAATTAGAG
221 _A AL F ATHTICG QIDTIVMNAZEKTLE
721  GATTTAGTTGATGGAAAATTTTCGAAAGAAAATTCAAATCCGAACGTACGACTGATAGAA
241 DLVDOGEKTFS S KENSNPNVRILTIE
781  ATTATTGAACATCACATAAAAATTTTAAGATTTTCAGCAATGGTTGAGACAGTACTGCAA
2601 I I EHHIIKTIILRFSAMNVYETUVL Q
841  GAAGTGTGCTTTTTAGAATTCATTGGTACCACTTTTGTAATATGCTTGCTTGAATATTAT

281 BosV C F L E F 1

G T T F Vv I C L L E Y Y

901  TGCATTACGGATTGGCAACAAAATAATACAATTGGTCTAACAACATATTCGTTATTACTC

301 C I T D W

N NTTIGLT Twd S L L L

Q Q s o L L L
961  ATATCTTTGACATTTAATATATTTTTATTATGTTACATTGGTAATCTTTTGATAGAAAAG
32 I S L T F N I F L L C Y I G N L L I E K

1021 AGTACTAATATTGGAATAGTATGTTGCATGATCGATTGGTATCAATTACCAATCAAGACA
341 S TNIGTIVCCMNXIDW®WYQQLUPTIIKT
1081 ATTCAAGGTCTCATCTTAATGATCGCCATGTCGAATAGTCCAGCGAAAATTAGCGCTGCT

361 I @ GLIULINI

AN S NGSPAKTISAA

1141 GGAATAGTTGATTTATCTTTACCCACTTTTGGAAGTGTTTTAAAAACATCATTTGCATAT
381 6 I vDLSLPTTFGS SV VLI KTTS ST FATY
1201 TTAAATTTCATCCGAACTACCATCGTGTAA

401 LNFIRTTI

B 1 AEEZEE AcerOR58 cDNA ZEEF IR EESHIERF T
Fig. 1 Nucleotide and deduced amino acid sequences of AcerOR58 cDNA of Apis cerana cerana

TMDI-6: BSEA5HI 1-6, FRIKFIRESLIX, “*7 PRELILEH T
TMD1-6: The number of transmembrane region, the transmembrane regions are indicated by
a line down the sequence, the stop codon is represented by an asterisk.



24 % A RIS IRZ ALK AcerORSS8 11751 5 I 28 Rk 40 313 -

1] AcerORS8 J&—FIRE IR TE R 1. BRIl 75 150 225 300 375409
2.1.2 AcerOR58 EHLEMMM S 7rLk BRI 7tm_6

NCBI Z5H B/ &, AcerORSS gy upertanilies

WIS B KBOK R, T CpG &, It B 2 AcerOR58 HI{RSFEMIX T

55 80-405 {7 EUER 2 [AITEAE— A i AR 1k Fig. 2 Conserved domain of AcerOR58

FIGE RSP 5 IX 3, 7tm-6 superfamily (] 2 ); — S/ Transmembrane
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Fig. 4 Prediction of secondary structure of AcerOR58

. o-BRE; K. B EE. pTE.
Pink: a-helix; Gray: Coil; Yellow: B-strand.
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FIFH Blastp 182 21| 5 AcerOR58 [ i i1 2 3t
2% 51, Hor, AcerORS58 It J7 % #% AmelOR58
MR IR A — B s 97.31%, SH BB
HELHE ORs &HERRIT I —E itk FHA, #
51%-98% 2 [1] o F T2 FE MR 7 1 #4 A i H B ol
ORs IR G, NI 6 TLLIE Y, B B
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¥ AcerOR58. VJ7# 1% AmelOR58., K 4

AdorOR85b-like . /N&E 1% AfloOR4-like . b AEHE
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Fig. 5 Three-dimensional prediction structure of . e .
AcerOR58 established by Swiss-Model DnovORA4-like. ¥ CcalOR4-like. ¥
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69 — AceOR58
85 AmelOR58

100 AdorORS5b-like
100 AfoOR4-like

0 [ BterORI3a-like
I 100 L— BimpORI3a-like isoform X2

DnovOR4-1ike

R
Apidae

CcalOR4-like
MguaOR2
LhumOR4-like

99 liHsalOR4-like
DqauOR4-1ike

47 &CCﬂorOR4-I ike R
NfulOR4-like Formicidae
82 — SinvOR85b-like

0.05 9£ CcosOR4-like

B 6 JL#iRBERER ORs MRS H i
Fig. 6 Phylogenetic tree of ORs from several species of Hymenoptera insects
AcerOR58: F1E%8 1% Apis cerana cerana ( XP_016910390.1 ); AmelOR58: 7§ /7% 1% Apis mellifera (NP_001229911.1 );
AdorOR85b-like: K% Apis dorsata ( XP_006615221.1 ); AfloOR4-like: /INZE 1 Apis florea ( XP_012350983.1 );
BterOR13a-like: 31/iE% Bombus terrestris ( XP_012175717.1 ); BimpOR13a-like: f&!% Bombus impatiens
(XP_012241390.1 ); DnovOR4-like: # %% Dufourea novaeangliae ( XP_015431184.1); CcalOR4-like:

7% B Ceratina calcarata ( XP_026669568.1 ); MquaOR2: ZZ#% Melipona quadrifasciata ( KOX73718.1); LhumOR4-like:
FIHISE Y Linepithema humile ( XP_012214673.1 ); HsalOR4-like: E[JEBEAY Harpegnathos saltator ( XP_019699227.1 );
DquaOR4-lik: F3#1 Dinoponera quadriceps ( XP_014476876.1 ); CfloOR4-like: % H k5 5l Camponotus
floridanus ( XP_025265294.1 ); NfulOR4-like: ##5 /2 [Q#X Nylanderia fulva ( XP_029160845.1 ); SinvOR85b-like,

41 kY Solenopsis invicta ( XP_025986699.1 ); AechOR85b-like: HJi# Acromyrmex echinatior ( XP_011055205.1 );
CcosOR4-like: &I Cyphomyrmex costatus ( XP_018406443.1) .

MquaOR2 N — K73 32 ; WU Y Bf AR 5
LhumORA4-like . EJE Bk HsalOR4-like, -l
DquaOR4-like. 3% HLik 551 CfloOR4-like

0.05), 30 H#H} AcerOR58 MyAH*f#ik
(K 7).
XF AcerOR58 £ R AN [F] ZH 4L e 1k 1w 22

A i

A8 JE KB NfulOR4-like . 41 kM SinvOR85b-
like . I AechOR85b-like, & i CcosORA4-
like BN —K232,

2.3 AcerOR58 Rt = Rk ik 4 #7

X} AcerOR58 7E H A e AN ] & B B fink £
W R EZEFHAT T 0. G5REN,
AcerOR58 7F T 4B Beds i #ik, HEIKREL
TS, 15 iy, 20 Higpy28 B,
WEEFET 1 HEE. 10 HE . 30 HEE (P<0.01),
55 HiB. 25 HRMRIEEZEZRARE (P>

#uﬁﬁﬁo 25 R, AcerOR58 7r R
b Rk, HRAIREAEDEER, K
EP@M%EPE@%%LEE%, ETE = (N
(P<0.01); 7EHEHL P EMERE, HE
BEESARE (P>0.05) (K 8),

3 g

SMRZAR ORs 7E R HUMGE U5 k) A= Bl A
WAEEEENEN. —BoAk, BH ORs &
fEFIRsEs TR FEEH, BT G A
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Fig. 7 Expression profiles of AcerOR58 in the antennae
of different developmental stages of workers
e EARA MR RS TR RR 2 53 A 3 (P>0.05), Frf
ARIRE PR ERR Z RN RE (P<0.01), FEIF,
Histograms with same letters indicate no significant
difference (P > 0.05), and with different letters indicate

extremely significant difference (P < 0.01).
The same below.
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B 8 AcerOR58 7E L E e R &M
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Fig. 8 Expression profiles of AcerOR58
in different tissues of foragers
An: filffi; H: Sk CEBRMA ); T M (KBRH);
Ab: fE; L. &; W #,
An: Antenna; H: Head without antenna; T: Thorax
without wings; Ab: Abdomen; L: Legs; W: Wings.
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TICZ IR R, ORISR A 7 B 2
Fays H L N A v 57 T4 L ( Benton et al.,
2006 ), ZILER T I LR o, AR i
AcerORS8 HE&H 6 MESEE4L5 1Y, iX 5 Bengtsson
S (2012) PRI AELER B PES ORs
AIREEA 4-8 MBI L5 IS A —B, XNk
PxylOR18 ( fL#%{% %5, 2014 ), #3441 HarmOR9

(X705, 2014 ), s iE AcerOR113 (£t
WHHAE, 2017b) SESBRAZARMBFSE LR I B
() ORs NoEeHA 7 IESHEEs M, ik, W
AcerORS58 £ B SR AZ AR I S5 O FRRAIE

T SR T 8 X &3, AcerOR58 5
T H 2 e B H ORs JE 9114 # va i— 3ok,
575 7 % ¥ AmelOR58 (1) 5 51 — B 1 35 3|
96.67%. 97.31%, AT g B &R WA .
AcerOR58 5 st H i B HUF SRR I PERAIR,
H5HEHEXTFWRAJLTFHRARFEILH , Ui
1% G2 1 R 32 R AEAN [R) o ) EL A 8 ) 28 S
£, DNA HEALRE—FhRMBE IS, & W
fR) 2 F L R 31 CpG A% BR AL A5 A I e |- o
CpG SEHE & CpG —EiFm i —L Xk, At
FEHRIE CpG & H AL S H A 5 20 A
AR, 4G L R 1 AE DL S N FL SR IR 7
HPV &Y% ( Yang, 2013; Paska and Hudler,
2015; Verlaatet al., 2018; £ #%4¢, 2019; Al-Eitan
et al., 2019 ), AcerOR58 H:[HKIFIRIFH A
CpG 5, HACHE I 122 35 DR ok H A 8 W 5 11 R 428 A
R SCR EE RN A L 5155
el | BESRIRTE L AL MR T S R AR )2
ARV (RS, 2012), ARBFSEHN
135] AcerORS8 FELRITH & A 31 MIEAENBE
PRI, IXEEA  AEE W] R R s i )
W55 5 T BEAH O

fili A 2 R AU SR i E R A 2 —,
Xt B HUR AR ] L R R AR A B AR
M, ERAMTEE . B S50 0r S ekt
REEFAT B rp 2 oCE 2 (2JRBE, 2015; ft
SEWRAE, 20165 TRETSE, 2016 ). RHMAYE
REAE— B FE b 55 3 R % 3 1 2R M R 1Y)
(Hulletal., 2013 ), 4857 qRT-PCR 45 R IR,
AcerOR58 mRNA % I 35 5 4% 15 TR 45 1 fink £
W, FHH AcerORS8 = i AE HA A 2 e ity MEL5E 11 51
W R FEAE . TR A 9T ARG R
AcerOrco. AcerOR1 . AcerOR35, AcerOR96 .
AcerOR113 FlI AcerOR167 75 T #fil £ b 5
PEEr Rk (&R, 2013; ERIZS, 2016; fHF
AHA%E, 2017a, 2017b ). 2 WeAf —F i B A4t
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58 &

SRR, MR ) = AU R LR AT
YieEAT R 5 H R E AN AR B UIAE G
5] a0 T e Bl HG 0% RN Ah R TR Y AR AR A TR
[ TAE, —MeoRih, IWFE N TAER TRy
PO HHEUCREEIEN . JEE . KIS T
MR R R ( Graham, 2015 ), i i i H6 Wi
KL, AR R E 12 HiIRR T8RN 4G
HECRE (FFEFR), WL, AuFRgs R
15-20 H i rhAess e fl /7 %) AcerOR58 [ 3Rk
R, W ARSI P B e UREE A K
1 Hi#% AcerOR58 ikt fefk, MM 8 5i% M
BOE MR by, AT fRE i ARl A %, 25
H i3 JF 4fy AcerOR58 ik JFInZ i TR, vl g
5 h BoR A BYLRE Lz #nR ik, 2SIl
12 . BRAE 27 2] S5 He J1 bR =B A & ( Behrends
etal., 2007; Scheiner and Amdam, 2009; Miinch
et al., 2010). HHEIXTF AcerOR58 [HFFT 4,

IANBE ST 4 MR SE R BRI T I Dy Rg , LA L3
IR EAHE— 1 RNA T8, B A3 K A7
SEFIE ST IR . X AcerOR58 IR A M
A BT FRAT g — 5 b T i v AR W (X IR
BL, A S5O 28 0% B U TR RS A e Sl
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