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Abstract: [ Objective | The gene sequence of ionotropic receptor IR76b and IR75f.1 was screened from the
transcriptome sequencing results of Apis cerana cerana,and the protein structure prediction and expression pro-
filing were analyzed so as to lay afoundation for the research on this gene , which provides a theoretical basis for
further exploration of the physiological functions of these genes. [ Method ] The physicochemical properties of
the encoded protein were analyzed by a variety of bioinformatics software.The method of qRT-PCR was used to
detect the expression profiles of AcerIR76b and AcerlR75f.1 mRNA in five parts (antennae, head, thorax, abdo-
men and legs) of 1-day—old workers and foragers, 1-day—old and sexually mature drones.[ Result] The com-
plete ORF of AcerIR76b and AcerIR75f.1 were successfully obtained , which were 1635 bp and 1686 bp in length
and encoded 545 and 562 amino acids.The molecular weight was predicted to be 63.09 kDa about AcerIR76b,
and 62.28 ku about AcerIR75f.1,they had three transmembrane structures.The results of qRT-PCR showed that
AcerIR76b was expressed in all parts of the workers and drones, but the expression in the antennae was signifi-
cantly higher than that in other parts (P<0.01).In 1-day—old workers and foragers, AcerIR75f.1 was highly ex-
pressed in the antennae, while in 1-day—old and sexually mature drones, this gene was highly expressed in the
legs. [ Conclusion | The coding products of AcerIR76b and AcerIR75f.1 owned typical characteristics of insect
ionotropic receptors. Two ionotropic receptors were expressed in all parts of workers and drones, implying that
they not only participated in the recognition process of odor molecules but also played a role in taste perception.

Keywords: Apis cerana cerana; ionotropic receptor; AcerlR76b; AcerlR75f. 1; bioinformatics analysis;
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(90 5 S )Mo 7 B R RN PR 22 ) 31 DG (%) 3 R D, B2 ST LA P Rt A A 0 il e , oy H4
A CEY AR E FETERCE A E B WFRETEA R b 2 A UK 52 A 28 1 A9 i RO ACRT LT fie
XL Y 2 [ R OC R 3B FT DL T A= ) 5 R 22 ] B AR B AR il i R S WL ue iR ) R 8 1 3 A
TEFRAL, Y HJEAZ B A FHRY) BT, B HUE 2 30 e 8% it il 287G (olfactory receptor neurons , ORNs ) Jf:
VHE S HAC B 2 wh AL 338 B ™, B — sy B A 2o R AR 0 Y B A, Sl AR TR S AR B LT A
& e sl A 20 TAER RS, U@ N T2 07 L HARIREE , —J7 T RS O NS PR bl o0 M |
W AE Y S5 R E TR I 7 i o 5 — D7 T, MR T AR E R AR P ORI IR AR I 4R
Ty IS R T B XA 145 2 210 AR R 3R R AT A R, LUL S B SE BIL ) 35 T
KA R M VR A S S P s R e, A LU DA S A AE ) AR s BRI, Rt B
FEMLHE AR S B RO TR AT i 2 i WU SE LT A6 3 SR o (A A SR i 8 ) H T, © & AE R duh e 3R
T2AERT T B I8 IE R, B K 3Z K (olfactory receptor, OR) 1S 7 57 {& (ionotropic receptors,
IRs) , 3% 4 B 30 3 M) b7 45 Fh 7372, ORs 24 71 S REA5 #4128 1, 3l 0 5 OR 57 A 24244 Oreo™
FIR NHE B R M — R AR . 5 ORs FKIRAH L, J& T2 7 294 &R 32 14K (iGluR) KR (1 IRs J2&
A 34 B L AR 1 32 1A, OANASURT DATRON B B I 2 — FRE SR DL R PR AR LR, I v B B R i i
S, FAEEURRIN B SRR A2, IRs AT DASA A EA T 3R 3K 38 W] DA H e B 2L W] 3Rk, RIAE 3L 3R 3552
1K (co—receptor) , QI A5 F i H IR25a . IR8a . IR76b, 1Rs 532 AT fil i ol 22 e A 263k, 250 T A

S PER OR 5 B3R IK M Z 1K ORco™ ™, K1, A BFFEPI R W, IRs A 20 & BT &2 %, sloi/r iR
iGluRs Y DU R ARBE AR L. A Benton 8521 I 20 245 53 M RT-PCR  RNA J 3 4% 58 K e ik [ A2 AR 55 7
2 80 5E TR AL R IE R h i 235 TP IR, BT 1 IRs IWFSE . I S840k, B B2k — 2 R it
flo A A2 R I FROS AVE R 5 PELBE A 5 iGluRs HE g — 2RI IS 75 4E ORs . GRs (gustatory receptor ) %
TR iy AT Al 22 0 rh Bl RS DRI, 53X ST 2 I ) 5 PR SRR 8 A 27 SRR, 32 A, HCAE P 2 o
FI AR IR T B 44 8 1 A 2 0 S R A7 A 00 LA ROt 248 e T Ak 2745 5 i R AT D40 TRs 58 T IR IR
ZARGGIuR) SRR, HRELE TAATEOR ST IO BC AR 28 i 2540 5, B A1 iGluR S s (R sy (19 5 B 25 4
W (A FE RO RS, & 25 R bk 25 S W 0 FE SRR P TRs JE T P8 AR IE B 40 43 A P2 — 28 0 LU AR ST
1Y fish £ 29 TRs” (A-IR) , 2 5 PBUERORT WL 50 S8R 5 5y — 280 oA W) R ke = 1 9 & 08 TRs” (D-
IR)! 2702 ] g | BRI )
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(AW A SIT AR | B G PR 20 2 i 2 27 A DR S, ke 22 11 B 1L TRs B0 0k,
TE 800 B U8 HR R SRR S SR/ N A | D R A R VRI e A IR R a3 AR E 124> 17
AN ISASHT14 TRs s 7R B SR 2L YA B8 0 19 IR 7R H R IR RRUR G f 1P )
27> IR 75 3 H Bt e rp 5 1 124 TR 700 H S He v A RIS /N S22 B 35 1 30 4>
TR0, ok e 7T 32 R S B T AR AR R 5 vy, O EL e B8 5 T SRR S ) Ty, 4 SR 5 LA 3
B R ARG G o X BE BRI LA Ay AR e S 1 U 2 AR A S AT R T TR A T A (90U T
{18 D [ 0 | DRI 0 e AR e fd £ (1,10 18 RN 25 H 8 ) Sy 2 I PP 45 Rtk A T3 i, ik 1 109> g U2
T AR5 3 B L 2 AN B8 F R 2 AR —IR76b S IRTSE. 1, X B A1 2 At 25 11 A% B Ak v o b A7 il , -1 A
quantitative real—time PCR £ AN 24 B FHUSZARAE e 1 H i T RERAE M, 1 H I i e AN b il i 45
PR TP RIB 22 AT T BT, A A Z AR 1 0 2 B e S s e i et PURIAIL T e 4 b
1 #RS5FE
11 fhkEeE

L PG b R 2 SRR 2 e S 56 e b B Bl i FH A I Ay v A i o e IBUE R Te i (A 3Aaiott e
FI AR 73 B ) ) rp AR B B B, DA L v B — K R B B 5 IR RNt 22 53 ) BT 34 ‘C A TG 57
FirP R IR (RH:70%) , R HOPAR T 5 J5 R AR 1 HIAEAS 5 T 10: 00 s e A (R R AR i W) 7 31T RTTURC
PR IER (1 10 CRAESE ) 5 T 14:00—16: 00 7EHE ] 11TV S PR i e . A AN RE AR 45 R4 300 1,
PEATRENL N 2H, 739 3 20 B RE o3 gy Sk (BRI ) i (Z25BR 2 S5 ) AR 5ANERAL. Ke
YRR ST BV & AT W R R IR h BEA T ORI , S ARG A KA 1 mL Trizol WA Y 1.5 mL .0
BN ARER ST, 1k Trizol S5 & 8 0 HE ik, A AR Il /KA (=80 C) i RAF & Ml o TR IMHEA T, 4100
HE ARG — e e
1.2 EERA

Amp . IPTG . X~Gal F1 50xTAE Buffer 5514 F It 5t ARFCAE A VI BHA PR A 5 5 N V&5 TEK &
P S5 R0 BT 2B ) 19 b 5T RS R BR 2 A 5 S sk a5 & PrimeSeript™ RT Reagent Kit with gDNA
Eraser(perfect real time) . 5 RNA $2HU 57 & RNAiso Plus . 2¢ 6 E & 1:{77 & SYBR® Premix Ex Tag™ II(Tli
RNaseH Plus) LA 5 DNA Marker DL 1000 55 [ TaKaRa % A4£ 9 T8 (K 3% ) A BRA F s PCR MU 2%Es
Taq MasterMix (7% J2Rb) W4 F AU FE 20 A4 YR A FRA A
1.3 Z RNABIREUK cDNA E— & A

L RE RNA SZICE PRI AT 25707 RNA A PRI, M ND—1000 4% 15 8 1 S0 5 (3G 5 2
JE 5 AR B SR &6 B cDNA 55— , SO BT A RNA BV i 1000 ng. K T 3k eDNA R ik
T=20 CokF AT
14 5|¥igit

AT T B0 1 e H 8 06 fh £y 7 S AN 3 T AR AT IRT6b (IRTSE.1 56K P81 (5 515k : SRR3180625) 1
R BEHE ORF 751, 1] F NCBI 7E £ 2 /¥ (https://www.ncbi.nlm.nih.gov/tools/primer—blast) % i F F7¢ 6
SE RIS Y. B S T i AE st R LI RHE AT BR 2 Bl G 0, B IR BIE LR 1.

®1 ARRXAEEPCRIASY
Tab.l1 Primers used in this study
BN 2 B SIYFFI(5'-3") PRI bp B R/
Gene name Primers sequences Product size Annealing temperature
AcerIR76b F:CTGGTGGTGTGGTGGCTATC 93
R:GCGAGAGGGTATCAGACGAC
Arpl F:ACTACGGCCGAACGTGAAAT 185 0
R:GGAAAAGAGCCTCGGGACAA
AcerlR751.1 F:TGGCGTAGGTTCTACTGCAAG 106

R:TGCAAGTGTGGTATCAAGTCGT
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1.5 RKHXEEPCR

AR BT BCTRE SES 1) (3R 1) X IR D AR ih AR B 1 H 1% T R e, SR A% B8RP i A e 5 1
FRAL T mRNA KB 7KF- 47 qRT-PCR 43#7 o

qRT-PCR JZ v SR Z A 10 wL, H: 4 SYBR Premix Ex Tag™ 11(2x)5 L, ROX Refence Dye I1(50x)
0.2 pL, I R34 (10 pmol/L) £ 0.4 wL,ddH,0 3 pL,cDNA MR 1 pL. W 504K : 95 CHAEHE 30 s,
TEIRARAE ] 95 C 55,62 °C 30 s, A0 MNEIR . B DEARTEAT 3BT . LS FE ST R Arp1 1Y
Ct B BHHE X R 3545 AcerIRT6b Fil AcerIRT5E.1 & R FEANRIFE A4 AL 1 F 3k 15 10
1.6 HEWMEBRFESH

) FH7E 26 3k ORF Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html ) 2 $& F¥ 51| 5% FF 5 [58) 2 AE | {f FH
Lasergene X/ tH ) EditSeq T E 0N At i S 2L 02 77 91, JF X HS#E T 2 F A 015 B ot . AW1E R
3 A i AR B AL ) R hE DL 2 2.

F2 EMEERZESWATAMN

Tab.2 Websites used in bioinformatics analysis

WG B o4 35t b A1k
Bioinformatics analysis Websites

BAIEIR 5 TR 23 H

. . . http://blast.ncbi.nlm.nih.gov/Blast.cgi
Homology analysis of amino acid sequence

Sy b
1%¢ RSB . http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
Analysis of the conserved domain
A B o F -
. . . ) http://web.expasy.org/cgi—bin/protparam/protparam
Prediction of elementary physicochemical property of protein
=5 1)
L " JHiU?ﬁJ%J\“J http://www.cbs.dtu.dk/services/Signal P/
Prediction of signal peptide of sequence
2y APAN
. BRI http://www.cbs.dtu.dk/servicess  TMHMM/
Analysis of transmembrance structure
i K4S
Analysis”:)fjih% iz}jophobic http://web.expasy.org/cgi—bin/protscale/protscale.pl
RIA) e A
https://rostlab.org/services/loctree3/
Analysis of the subcellular localization peifrostiab-orgisetvicestioctiee
2 HBRE5H

2.1 AcerIR76b 1 AcerIR75f.1 B E B 4514
2.1.1 A AEAHFE 18 ProtParam 78 28 8 A FL AcerlR76b Fll AcerIR75f.1 i) 25 FH BRALPE R (R 3) .
3T LIE Y, AcerIR76b 35 173 TN Coor HisisNo33 05608 0, 7EZH i AcerIR76b 45 [ Y 20 Fh 42 L2
TR NS AR (Lew) , T FL B 12.1% 5 B S 5 {22 L I 7 LA R 1.5% o T L 28 11 0 1) 43
FE 4 63.09 ku, HUSAEHL 25 pl o~ 9.34, Bl 1 s B K R B(GRAVY) 4 0.003, J& T i /K M 5
AEEE R 4473, 8 T AFRE B IR R ECH 102.31, KT 90, BA fRE1E

AcerlR76b 2 A7 TN Coor HisisNo33 040,80, 7EZH M AcerIR76b 25 11 8 20 Rh 48 Kl v, & i i
SEEIR (Lew) , Br (5 LU R 12.19%; & 5 e I (&R, 5 LU 1.5% . BO FL &R 1 0T A9 40+ 5k
63.09 ku, FIS S L 1 pl Ay 9.34, LS M 5 S HUK REL(GRAVY) 4 0.003, J& T B /K MEE H s AR
ERECH 4473, )R TARGEER IR R 508 10231, KT 90, A IR M.
212 EAAKREZEMIN  TEL NCBIZEFI I T 45 R, AcerlR76b 77 7E AR ST I S5 K435k, 4351k
Type 2 periplasmic binding fold # X% (53-265) LA J Lig_chan i % (162-400) . 1% 8 H 71 5 F1{5 5
it B RAER , R B AR A T T T IR A2 AR A AE . AcerlR76b 25 I 55 K, A7 315 R 4G
F (L) R A SR 85 T RS2 RS54 o Bk P BT 45 5 7, AcerlR76b B 2L 1R J3 51 vh | 275 35 v 2 ik
1% Score (A -2.900, 55 11 v Z FE R Score F 155 A 3.122 ; A AE VR Z2AH 6B 1 1% 55 7K [X 35 (Score i 1E{H
(A DX 350 A0 L AT BE M B K B o A 67 45 SR 6 BH , AcerlR76b &5 [ AT BEAFAE T 9 (39.1%) (4
PR (13.0%) JBIE(30.4% ) i /R 34K (4.3%) 2510 (4.3%) /M $6 41 B RE (4.3% ) 153 1 2R G i 460
H(4.3%), RIZEAE TAREEN .
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%3 AcerIR76b 0l AcerIR75f.1 & B HYIB L R & 4T
Tab.3 Physical and chemcial properties of characteristics for AcerIR76b and AcerIR7f.1

HFAHFE Protein characteristics IR76b IR75¢.1
H 17> 1 Molecular formula CoorHusisN733020051 CosssHaag6N 7460176552
JRF M2 Total number of atoms 8 998 8 855
HE {5 T Ho/ku Molecular weight 63.090 67 62.28
i Isoelectric point . .
L1, 15 Tsoelectric point(pl) 9.34 9.59
P H5 15 Maximum Leu 12.1%(66) Leu 11.2%(60)
R, . o
) ) ) % Minimum Trp 1.5%(8) Trp 1.1%(6)
Amino acid constitute
A B Nonentity Pyl Fl Sec Pyl Fl Sec
A 1 T 2 R R R B (Arg+Liys) 0 6
Total number of positively charged residues
At A7 P T 2 LR R B L (Asp+Glu) “ i
Total number of negatively charged residues
B4 7K 2280 Grand average of hydropathicity 0.003 -0.025
3z /h Half-life period 30 1.4
AFE AL Instability index 44.73 41.90
SR EX Aliphatic index 102.31 98.75
1.2
1.0
? 0.8 )
z
E 0.6
g
&
0.4
0.2
0 !
400
Transmembrane Tnside Outside
Transmembrance : 5 JEZ5 35 ; inside : B A 5 outside : AT
Fl1 AcerlR76b 515 DX 3 Tt ]
Fig.1 AcerlR76b transmembrane region prediction
1.2 T T T T T
.
1.0 | E
. 08 f 1
%
S o6t .
g
&
04t .
02 F E
0 - ANNL . .
0 100 200 300 400 500

Outside

Transmembrance : % R 25 ¥4 45 ; inside : BE P s outside : JEAD
B2 AcerIR75E.1 5 R X 35l i
Fig.2 AcerlR75f.1 transmembrane region prediction
TELL NCBIZ5 350t 45 R 3R W, AcerlR75f. 1 A7 7E— DR SF IS5 35, B Type 2 periplasmic binding
fold AT (175-384) . ZHE AR iz ki, 7 5 58 A E = H A RIIR 32 RI77E . AcerRT5(.1 H
A TR A 3D ESREASHE (18] 2) 775 BRI 2 7 B2 AR S5 H o /KPS 7R, AcerlR75E.1 2 HEIR P

Transmembrane Inside
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Grh, 55 373 13 LR Score (E ik —3.033, 275 352 {37 2 IR I 17 4 3.078 s A1 24 HL A 15 (¥ i 7K IX 35
(Score M TEAH AY X 8% ) o V. 40 Y 72 37 25 SR R W, AcerIR75f. 1 2 [ AT REAEAE T N B I (44.4%) 8 ki {4
(22.2%) JoHEE(22.2%) For b R GERENL T (11.1%) , EEAE A/ ihas s b Bz 8 TAE s A .
2.2 AcerIR76b mRNA HARIESH

W3 78, AcerIRT6b W% s ACTE 1 H % T IR AR 06 | 1 H % T 6 AR 1 i e e 45 35 07 v Y9 A 3R
I Ml R Y RS B I R T E A, AR 3 25 5 (P<0.01) o EFLEFRAI, 1 H Ik TR TR 3R
INEFIRAE AT L, 2 1035 25 57 (P<0.05) 5 1 H W& e /2 10 308 i [ 1k LA e A L TR R 22 1 3 2 S
(P<0.05). BRILZA, AcerIRT6b TETRI A TRA 241 S i 3k

AcerIRT6b 15- AcerIR76b

2 157 2~

£ NS _ IRBTH E L H i

= ﬂ 1-day—old workers = o BE |_day-old drones
T g 101 T e b m R
'& 7 Foragers ﬁ a Sexually mature drones
H% L H% 5}

— —
B ogs 'S s
E:‘é ) E]é Lo *

© © NS NS NS

& Z (o T e Y e

< < C

5 0o > S oo BB L L oal mL

& An  H T Ab L ~ An  H T Ab L

A Parts ER 4V Parts

An: filt /i Antenna; H: 3k (Z=BR il £ ) Head without antenna; T: & Thorax; Ab: i Abdomen;L: /& Legs. 1 H % T 3 RN
B 1 e e R A e A ] S S ) Rk ik ) 28 e I 3P R S 9 SO B3RO, AN TR P REARER 22 5t W 3 (P<<0.01) 5
ok HFITNS 23 31 2 A RS9 [T A2 T TR 76 ) 2K 2% 5 B 25 (P<0.01) 2253 183 (P<0.05) FIJE {8 #2253 (P>0.05)

From 1-day-old workers and forager bees , 1 day and sexually matural drones, in different capital letters above bars indicate
significant difference in expression level among different tissues (P<<0.01) ; **,* and NS indicated that the expression profiles of
IR76b at the same developmental stage in the different organization between Apis cerana cerana had significant difference at the
0.01 level , significant difference at the 0.05 level and no difference at the 0.05 level respectively

B3 PR AcerIRTOD 75 1 H il T HEFISRAEIE 1 H e AR AR AN R 07 Hh B A 2k
Fig.3 Relative expression level of Acer/R76b mRNA in different parts of 1-day—old workers and forager,

1 day and sexually mature drones of Apis cerana cerana
2.3 AcerIR75f.1 mRNA BAREKS
NP 4 7R, AcerTRTSE.1 B SRAAE 1 H e T8 ISR AR M 1 I 0 A1 P SV e 2538 07 Hh 249 4 3
Bo AR H B TREMCRAE R 2N P TE il A b 20, 1 F % 0 i Ay ) 3R i A Y 235 o T
H2(P<0.01) , MR A, fth £ 06 B ) 2 i i 2 S AN, (ELAg I 08 38 v T LB R32 (P<0.01) o

AcerIR75f.1 AcerIRT5(.1
1.5 Al_|* 1H T 4.0+ 1 H i |—|MA
BE 1_day—old workers 1-day-old drones
e mm REENE 351 o PR B

B A A Foragers Sexually mature drones

3.0

—
o
1

2.5

ARR FE IR

Relative expression quantity

20+ ™1 ok BI

AENT FE IR B
Relative expression quantity
=}

+ B 1
1.04 B NS
0.5
B g B H B B C
0.0 -—== == 0.0 T T T
An H T Ab L An H T Ab
R4 Parts ERAL Parts

An:fit i Antenna; H: Js (Z= 5/ ) Head without antenna; T: I Thorax; Ab: i Abdomen;L: & Legso 1 H 4 T 06 0 A1 i
S 1 P et e e A ] S A5 ) 22 35 ) 22 S S MR RS e SO RO, AN TR - R 25 S 2 25 (P<0.01)
o MINS 203l 2R A FIVE I RIS i IR76b (923522 54 1 (P<0.01) (225 12 3 (P<0.05) FIJC i # 22 5 (P>0.05)

From 1-day-old workers and forager bees , 1 day and sexually matural drones, in different capital letters above bars indicate
significant difference in expression level among different tissues (P<0.01) ; **,* and NS indicated that the expression profiles of
IR76b at the same developmental stage in the different organization between Apis cerana cerana had significant difference at the
0.01 level, significant difference at the 0.05 level and no difference at the 0.05 level respectively

K4 AR AcerRTENAE | H I TSR AN, 1 1 e e A0 P P28 e e S [ o7 o PR R O 3 38
Fig.4 Relative expression level of AcerIR75f.1 mRNA in different parts of 1-day—old workers and forager,

1 day and sexually mature drones of Apis cerana cerana
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TE 17 T 0 R A I e v SR S A, P oot e e 2 0 6 10 28 o P 0 35 i T 1 O A
(P<0.01), Hrp, R FA AR M = T BRI, 1 H MR 200 A ek it 3y L Rk .

3 St

TN R B SRR A O B RSB MR R SR TR T B R R RS R TR 2 A TR A
YERGE, RBIh N 2 A8 A IF o AEAS R 2 iy 401 vl 48 88 G f oy 2ty S A 00 5000 1) 6t I, ey DA 3
13T SE#E1) AcerIRT6b I AcerIRT5E.1 1) ORF JP 41 o A= {5 B2F 3 W6 W, AcerIRT6b 444 1 635 /M Hifi 3
Gihih 545 NI A 3RS 5 AcerIRT5E.1 2K R 1 686 1ML , Jih 562 1N AL , [RIFEA 34 E5
SEF X5 T R 2 ) PR SRR R S ) TN 45 SRR — 8, R T M ) R 2 AR A R O R DA
AcelR76b 55 AcerIRT5f.1 ¥4 hy A 4 W 11 25 1 AU SZ AR B[]

ARHFFE qRT-PCR £ 1%, AcerTRT6b 1 T 4 FIV i 86 ok £ v 0 2 38 TR 00 38 A0 v T e 3Rk
HEER AL (P<0.01) , 5 WM/ NGEE Oedaleus asiaticus F I ZFEIAREECAR [R]9 (B HITAE 2 A B3 28 B —fil
Farh ek, T LUIHEN AcerIRT6b J& T R EUHI IR . AcerIRT5E.17E 1 H % T FN R A | 1 F 8 b6 FIPE 1
S B P 1 AR O ] < FE 1 H IS TG RR e vy 322 S DRLE fil o v i 2R3 ) ol 7 SR 12 e M 8 v
ik, B 22 5 (P<0.01) , TAE 1 H e R S e e v 2 S 7R R T i KOk, B B 5 25 5
(P<0.01) , H 1 BEHE I 25 AT 07 A Rk T B 0 25 5 T 1 H ke IR EBBRZM ) , B L HEN , AcerIRT51.1
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