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 E [HB#] @Kk Corcyra cephalonica W RS EABIRE, FRAGKMKARGEIEREE [ FE] R
-5 (Tllumina Hiseq ) XK BkIEATH SEALINY, FH Trinity 24X R G EIE T4l 25 00T, 76
7 ANEEFE T Blast #EX} unigene #EA7ERE, JH PCR JriEtG il kg (s B K455 FE 3N ( Pheromone
binding protein, PBPs) FI%il S M4h & %A ( General odorant binding protein, GOBPs ) £ H A ]
HAVPR RN, [ ER ] BALH5 58 534 4% unigene, HiH 25 879 415 F:EE; N50 2212 bp, F
P E 1251 bp; 5B IE Amyelois transitella #HLE i (28.2% ); 4T 20 AMSBREE A A ( Odorant
binding proteins, OBPs ), 18 Mk24/&3Z# H ( Chemosensory proteins, CSPs ), 2 /)~ GOBPs /1 3 /> PBPs,
¥JE 4% NCBI, 4413%3K50H7 % L PBPs #l GOBPs FE R #BAEK M s A fil fy Rk, #esk . g, 1E.
JE . Wrh/ i RIE, PBP3 R AL SR Je Rk, GOBP2 {UAE S fil R iRk, FEHAA LT
ik, [ &8 ] MRERFEBFMEE T HRIKARBEIREGE, JK KAWL BIHLEIRF 78 R i & 24
T oA

KW kMG HSAENY; MadEE; AHEN; IR

Analysis of the olfactory genes of Corcyra cephalonica
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Abstract [Objectives] To obtain olfactory gene information and establish a transcriptome database for the adult rice moth,
Corcyra cephalonica. [Methods] The C. cephalonica transcriptome was sequenced on the Illumina HiSeq platform, the
original data were assembled and analyzed using the Trinity software package and Blast was used to annotate unigenes in 7
databases. The expression of pheromone binding proteins (PBPs) and general odorant binding proteins (GOBPs) in different
adult moth tissues was then detected using PCR. [Results] A total of 58 534 unigenes were obtained, 25 879 of which were
annotated with an N50 value of 2 212 bp and mean length of 1 251 bp. C. cephalonica unigenes had highest similarity (28.2%)
to those of Amyelois transitella; 20 odorant binding proteins (OBPs) genes, 18 chemosensory proteins (CSPs) genes, 2 general
odorant binding protein (GOBPs) genes and 3 pheromone binding proteins (PBPs) genes, were identified and uploaded to
NCBI. PBPs and GOBPs were highly expressed in the antennae of adult moths but expression was lower in the head, thorax,

abdomen, leg and wing. PBP3 was not expressed in the thorax, and GOBP2 was only highly expressed in the antennae and not
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in other tissues. [Conclusion] The results significantly increase the available information on the olfactory genes of C.

cephalonica, and provide a molecular foundation for the study of olfactory recognition mechanisms and the development of

attractants for this pest.

Key words Corcyra cephalonica; transcriptome sequencing; olfactory genes; function annotation

JKik Corcyra cephalonica Stainton, i fi#
H iR, ( Lepidoptera: Pyralidae ), J&—Fh %
PR AR 3 HL, KR P A R IS i vt 8 1
K$513% ( Meena and Bhargava, 2003 ), iZH) 72
e THER A b, 7EIRE 2500 TR A b X
(Karishma et al., 2016; & MEE, 2020 ), K
W E ARG B, B DA Ak
1, MRS B T 227 A= 303 M 40
MEHG Qe Yy, RIS T BT e 54K
i, PRI TR PR (Kumar etal., 2018;
Attia et al., 2020 ), KLk AR IR X PR UETR AR
B 7 A RAEEEN (TR, 2019),
BT B s i R R v L 3R
TR A SR GBI b B AIRGE RS R
R, ZHEAS5HYRMFEEN RS, FERHR/E
G E HENIEN, RERE . .
7 RS AT N (Krieger, 19995 XIFi4E,
2018 ), ELAPUMNAN AR L VEY) i R AR R
&, 25X i B FERMARGS L —RIE
F, 3545 5 2 1 ( Odorant binding proteins,
OBPs ) filfk2#E%3Z & H ( Chemosensory proteins,
CSPs ). g B & %54 M ( Pheromone binding
proteins, PBPs ). il M55 & M ( General
binding proteins, GOBPs ) FI M 3Z{& ( Odorant
receptors, ORs) %5, iX—FRIEH 53R
TR B AE S LR, SRR 5E
FIomEsh (FAEZEAE, 20045 BEvD, 2016 ), A
FH R 52 HIL W & = 5075 4 R0 Ok B IR OK iR
PRy — R AT AT B IG ik, T K g R
1 25 5 2 H R LR A S T4 . AR SR
F O R P R % JR Vil , e i A 2l i
BT & 38 B BRI, Ok R 22 1 ML ot
A2 %E, Hr, MY2niss e . BEE .
HEE L OSGH H AR ) s 5 R A e (i
RIELE, 2016; HLIMEIZE, 20195 BIEEAE,

2019; Maetal., 2019; KRC#, 2019; FiB4%,
2019 ),

HRT, 56T A i i 5 PR i i 2 i/ 1
ORI T L 5 PR A Rp i R il o BT LA, AR5
SR FH v 8 I e AR X R IR A e S iy, H
(R AR AR o Mo BE PR R, A K ML AL ] A
SR 2 P2 b B R B2 LA

1 #MB5ERZE

1.1 ki

KMk AT R A R B B AR P R 3 i 5%
FRAERI PG = . KAL), AT
RS, SRR EIRE N (26£2) °C, 1R
BE 70%£10%, HRERICHETKA 141 : 10D, F74H
PULIE, H 10%ME KA 2-3 d, BORSCHC)
W | B AS 4 KA - 80 CCUKFEPRAF % o

1.2 E RNA 2E

R oK, R UK ME I | gk o S AT R Sy
A, ¥M Rneasy Plus Mini Kit ( Qiagen Co.,
FEE) A ST RIS RNA, ISR b
LKA RNA BYFEMFFER . Nanodrop il
RNA (Y20 FIR B, Kol 54% 19 5L RNA HTi%
SR, AR TED 3 i BT
1.3 HREAHEEMNE

K RNA-seq FA A7 AR AL s 20 30%
SCIE S Ky TAE R AR SR A BRA F (b
) S5ERL, K Illumina Hiseq FY Nova 6000 &
SEATINT o

14 BREREER

M P25 R 1) raw data HPad LT clean
data, H Trinity #K{FPFE clean data, HUESPE
R P R K B S ARE N unigene, FH3RTS 1Y
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unigene 43 7E NR ( Non-redundant protein data-
base, IETTARE TR ). NT( NCBI nucleotide
sequences, MRITHNEHEE ). GO( Gene ontology,
FLRAMK ), KOG (euKaryotic orthologous, EL.A%
YRR ). KEGG (Kyoto encyclopedia of
genes and genomes, IR EUE A ).

Swiss-Prot ( A manually annotated and reviewed
protein sequence database, i[5 RAE B EE
J% ) Fil Pfam ( Protein family, [F]JJ8 % 55
) X 7 AR T Blast O, 34

BB

15 kif% PBPs#1 GOBPsEFEARRA LR B

FHAE T3 SBCT 20 H kK ik e e i e iy
S M L R EAfAA, SRS - 80 °C
VKFEIRAE, i A HZURE RNA I 2
WL 1.2, %43 M8 Takara J sk & Ui B
AT o ARG AL P25 5, iR 2L ) 4
ol (£ 1),

x1 SR
Tablel Primer information

s (5-3")

BAKIESE (°C)

A7 Name Primer sequences Annealing temperature (°C)
PBP1 MT905108-F TTAGGAGCCCAGTTTA 43
MT905108-R TTCCCAGTTCCGTTA
PBP2 MT905109-F CTGGATGGCTCTTTGTT 53
MT905109-R TTGCGGATGTCGGTGC
PBP3 MT905110-F ACTTGCTTACTGGTGCTG 50
MT905110-R AACTCCATAATGCGTCT
GOBP1 MT905111-F CTATTCATCTCCTTCAGCTTCC 56
MTO905111-R TCCGTCGATCTGTTCACAA
GOBP2 MT905112-F TCAAAATGGTTGCAAAGT 50
MT905112-R GAAACGAGGAAAGTAAGAA
2 ZBE45H GO. KOG, PFAM FI Swiss-Prot 4z /& H b Xt

21 K RAMARE

K I M T SR ZH DU RS- 247 1 97 094 882
4% clean reads, ZIEKR/NE RN 7.28 G, G+C 1
PR 45.45%, Q30 -4 95.1%; HEHF
HIF7 Y 89 308 754 4% clean reads, g f/NEHY
H6.7 G, G+C FETHIN 44.9%, Q30 V1
H95.16% (£ 2),
JP AN AR B S A Y NSO -y 2 212 bp,
WK EEN 1251 bp, PHERF] 58 534 4% unigene
(33 ). %5845 unigene K434 2.7~ ,>500 bp
1Y) unigene A 37 450 5%, 15 4K unigene 1Y 63.98%.

22 EEIIgETRE

B P45 580/ unigene 7 NR, NT., KO,

SITEE RN 4 7R, #E NR 088 b i 2R
Y unigene ;X% (20 081 5% ), HEMKIK A Pfam
F1 GO (116 493 4% ). Swiss-Prot (14 574 5% ).
NT (14037 4% ). KOG (7050 4% ). KO (5418
% ). RIS E] 58 534 4% unigene, 7E 7 MK
PEE P AR BRI A9 2 583 4% unigene, Ll
H441%; BATE 1 ADEEREE IR A
25 879 4% unigene, LN 44.21%.,

unigene {FBEE] NR 4 4 b g4 oA (&
s (E 1), Bl Amyeloistransitella i 5 H
Bl e v (28.2% ), Ho A MR IR 2 R BUIR K
Spodoptera litura (9.0% ), ##44H Helicoverpa
armigera ( 8.1% ), HHZF M Heliothis virescens
(6.7% ), 7 Bombyx mori (5.5% ), HAhyFh
5 42.6%,
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Table2 Quality of transcriptome data of Corcyra cephalonica
FEAS Sample clean reads % Number of clean reads HAEFA (%) Data size (%) Q30 (%)
G G+C
i 1 Female 1 104 005 228 7.80 45.29 94.92
It Ht 2 Female 2 88 594 124 6.64 46.03 95.02
i L 3 Female 3 91 499 260 6.86 45.56 95.35
i Ht 4 Female 4 104 280916 7.82 4491 95.10
HEH 1 Male 1 88 160 520 6.61 45.00 95.20
JEH 2 Male 2 88 182 920 6.61 44.85 95.28
JHEH 3 Male 3 90 615 644 6.80 44.80 94.97
HEH 4 Male 4 90 275 932 6.77 44.98 95.20

Q30: /R =30 MYFEILT & H 4L
Q30: Percentages of bases with the quality value=30.

x3 KRBERAARERKESH
Table3 Length distribution of assembly result of
Corcyra cephalonica

N . Ak
&Eﬁil—ﬁ (bp) %%Z’K | ﬁ unigene | ﬁ
. Number of Number of
Length interval . .
transcript unigene
300-500 34 344 21084
500-1 000 32 355 17 985
1 000-2 000 27 617 9579
>2 000 35054 9 886
S 4 g
BB 129 370 58 534
Total nucledes
NS0 K 2 835 2212
N50 length (bp)
PR 1643 1251
Mean length (bp)

N50: i 50%T A % R AR K unigene K.
N50: Maximum length of unigene covering 50% of all
nucleotides

Kk i) unigene 78 KEGG 0¥ & LX) 4%
2Bl , 58 534 4% unigene R fiEZ S5 E¥ M 5 (4K
Whste, NZHKE T (Metabolism ).
HHLES (Organismal systems ), 55 B ALH

( Environmental information processing ). it {515
HAbHE ( Genetic information processing ) 14 fifg
12 ( Cellular processes ), X 5 MUHHEEW &
229 MBEH ., HhERRZH (5100 &
unigene )7 MCHHE B - BRACH (162 2% ).
IERSARIE (140 25). RS R G538 (115 55).

F4 RBEFRANGIBER
Table4 Annotation results of Corcyra cephalonica

EREE R unigene ™M EHA (%)
Annotation database =~ Number of unigene Percentage
NR 20 081 34.30
NT 14 037 23.98
KO 5418 9.25
Swiss-Prot 14 574 24.89
PFAM 16 493 28.17
GO 16 493 28.17
KOG 7 050 12.04
DA 1 B5cHls PR AR R 1 2 2583 4.41
Annotated in all database
T AR R 25 879 4421
Annotated in at least one
database
/2. unigene Total unigene 58 534 100.00
28.2% O R

Amyelois transitella

8.1% & RIEUBRIK
Spodoptera litura

\
6.7% D MGt H

Helicoverpa armigera
5.5% 5 MABIR
Heliothis virescens

NP <3

Bombyx mori
0O H'& Other

42.5%

B 1 unigene ZE NR #iEE R IF 5 7m E
Fig. 1 Distribution map of unigenein NR database
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MFEVER (112 45). cAMP (S50 % (106 4% ).
FALHERRE (106 45 ) MR ILRRAEYIE R (102
%) (F£5),

%5 KEGG iF®. L unigenemBHI 74
Rt EE ( >100 £% unigene)
Table5 Seven unigene pathway hierarchies with the

most annonated unigene of Corcyra cephalonica on
KEGG (>100 unigene)

b i SR
Pathway hierarchies Number of unigene
k001200 5/t Carbon metabolism 162
k000230 ML} Purine metabolism 140
ko04910 i &&= 51m % 115
Insulin signal pathway
ko04144 H#4EH Endocytosis 112
ko04024 ¢cAMP {5518 1% 106
cAMP signaling pathway
ko00190 % fbwi Rk 106
Oxidative phosphorylation
ko01230 S L8 i 2E 4 & ik, 102

Biosynthesis of amino acids

KIKAY unigene 76 GO Kt e H HE x4t SR 3k
B, 1492 7% unigene 3155 307 168 LI RETERE
(E 2), =K% AYFd . Mdsn
M Iige. S 545 RNA 211 536 4%,
Hrb e AL N e £ (47 291 4% ), HREHR
—HZUHFR (19433 %), AWy iEfE (13 927
26 ) AR R (11 1681 4% ), HAKIIILE 10 000
ZUT; S 5HMA 004 58 823 &, b
M 3R % (16 093 55), HRZ40Mgs
(12870 4%). 41 (10 899 4% ), HAMITE
10 000 55LAF 5 254 FUIRERA 36 809 4%,
Hrh BASEEMENRZE (25 190 %), HikN
K (7 118 4% ), HARMYILE 7000 LA
o H Blast F{AFESE A ZE R Ik 45 20 4
OBPs, 18 /> CSPs, 2 /|> GOBPs, 3 > PBPs ( %
6), ¥E I f£ NCBI.

2.3 ki PBPs#1 GOBPs EEEAREALA D

3 A~ PBPs it [ARFE A b e ik Ay R 3R

ik (& 3), PBP1 Fl PBP2 75, M. §. 2.
WAL A D REIE, PBPIFEL. IE. 2.
Wb RIE, MR RSP I RE, 2
A~ GOBPs K 1, GOBP1 7E A fil /| K
ik, TEHAMA LR/ ERK, GOBP2 {UAE AR
fil B REERIS, EHAAHSPIERIA,

3 TitE4it

W JUAE, e sl A ) iz N 2R
KA. DIRRSE . L RB T B 2K
T8 L LT IE (SRR R B, 2013 ),
AR S R R A T SR T b, RS
7 Q30 11 T 94%, N50 B 2 212 bp, 5
DAE B RIZREHR A L, i i i o flank
I Galleria mellonella B9 Q30 i 5t He 151 78
89.89%LA I, N50 KJEH 1 161 bp (#7355,
2019 ); # K Ht Conopomorpha sinensis f#)
Q30 92%, N50 & 1441 bp (& fH%:, 2016 ),
XA R 7 T 4y | e B v AL R,
A BRI A E B o ARAR RTS8 b, A7)
A 32.02%0Y unigene %A FERE, X Al B )T
G KA FEXEAR B CBRADRSE, 2012), A A
SR A R B AR GRS 51, T LA AR B R

(Houetal., 2011; BB, 2018),

TE 7 RO FEHRE 2 X5 2 unigene #E17
FVEME R, & PUAE NR B0 e ip 7 R o i 8
HfEZ . 5 NR EH PR Lo i 45 R 3R 0
ORI I PR 5 I 1 M P AR LB B, 353 28.2%,
S esHHHR R (Rlaiimk, M s, J2ER
. ZA ) AUt A R, X R 5 X L
A T REARL, s HARZ K R .
FEMLGESE AL NCBI i f2H, Fofi] & UKk
WL 356 [R] 5 R I M g AR B RE ST 3 HE 70% 2047, 3X
ol P AR 5 A i M P S % O R AR

GO B PE iy R R T RE /- IR R4 Bh T 41
TR SE R R Y, ST IR, St
135 307 168 s AR, Hoh 2 5 4 ik 3k
L S56 000 . —d 2R AN 7 3L R i
W%, @G KEGG HHEEXDRE T ES 55k
KSR unigene #4708, FRATA B
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g S FIIBEYEST Molecular function regulator -
= 4 JB B H G M Metallochaperone activity
g %54+ Binding
S %3875 3l Transporter activity ;
N RN FIE, ZE 1456 Transcription factor activity, protein binding p
R TS5 % Molecular transducer activity
g; PiEALTE M Antioxidant activity

W FREE A R R T Nucleic acid binding transcription factor activity

4L IE P Catalytic activity r
ZEF 4> FIE M Structural molecule activity

H:¥p24 13 72 Biological process

T A3 ) A= U 2 Negative regulation of biological process
TE TR B = 32 Positive regulation of biological process

NI LA 2304 B )5 B Cellular component organization or biogenesis

435 5 Locomotion
#%EE Detoxification

ZHMfiZH /3 Cellular component

ffish3E Extracellular matrix

il Cell

HAA P& Other organism

4% 4 Cell junction

X454 Membrane

MaSMXER S Extracellular region part
#HHfIER4> Cell part

ZEfilE 4> Synapse part

Zfpl Synapse

4 Hue% Organelle

JELZE R 4y Membrane part

H KT Macromolecular complex
SRR THRS3 Virion part

Ju#h X, Extracellular region

SR MIASER ) Organelle part

RS ] . Membrane-enclosed lumen
HAhA YA E—H 5 Other organism part
R EEA Virion

%

Q

B2 RiFERA GO HEE

Fig. 2 GO classification of transcriptome of Corcyra cephalonica

A Y175 Biological regulation
& 7 #EFE Developmental process
HYE 5 #EFE Regulation of biological process
i EAE Rhythmic process
R HEFE Metabolic process
YR Cell killing
S RS PR Immune system process
A Localization
H:Yit#E Biological adhesion
A Cell aggregation
B HUA SRR Single-organism process
ETE 5 Reproductive process
{&% Signaling
ZH M 3R Cellular process
A& Growth
S E4AE N Response to stimulus
Z A HLHERR Multi-organism process
4724 Behavior
LA i AR Multicellular organismal process
% Reproduction
H:¥J#H Biological phase
& & & & s

S

Q
N

Y



6 1] MRS KL BEIE N (5 SR 2 o

+ 1353 -

x6 KERIEEFRITRER
Table6 Annotation results of olfactory genes of Corcyra cephalonica

E NR H R A 2 DR

MR b FE K] GenBank #3555
Olfacto enes Number of olfactory genes GenBank accession number
ve annotated in NR database
KRGS EN 20 MT849324, MT877074, MT849325, MT849326,

Odorant binding proteins

ez A 18
Chemosensory proteins

Tl RES A HE N 2
General odorant binding proteins

RERGGEN 3

Pheromone binding proteins

MT919303 , MT849327-MT849332 , MT905099-
MT905107

MT905081-MT905098

MT905111, MT905112

MT905108, MT905109, MT905110

M F1 F2 F3 F4 F5 F6 M1 M2 M3 M4 M5 M6

B3 R%R5IMREKiE PBPs 1 GOBPs
£ K
Fig.3 Electrophoretogram of PBPs and GOBPs of
Corcyra cephalonica
M: srFHbric; Fl: MEdGk; F2. MER; F3. #Ed
M, F4: MidUR; FS: MEHGH; Fo. MEHUflA;
Ml BEH s M2 BERUI; M3. HEdUIR; M4. HEdUE ;

M5: M, M6 M s .

M: Marker; F1: Female head; F2: Female thorax;
F3: Female abdomen; F4: Female leg; F5: Female wing;
F6: Female antenna; M1: Male head; M2: Male thorax;

M3: Male abdomen; M4: Male leg; M5: Male wing;
M6: Male antenna.

58 534 ALk 5 RRUREK Y b, E
229 MR R, Hoh R 2 RS St
(A BEIR, 2% B e I PR 5 0K 0k 179 £ 1 % 7 f
FEAEYYI A A G, Foh B Lo {500 B
AT RE 5155 LA 06, SRR UEL, X EESE
FES 5 RGP AHCE A 78 DK
SAE T REBEDIRE (B, 2018), X
itk — B D REWF ST R AL T S 5

BARAS YN P e hy, (EE S E 20
“~ OBPs. 18 /> CSPs . 2 /> GOBPs #1 3 /> PBPs,
HARMFRABARRIR 2K Mythimna separata
il /5 % 5€ 1 21 4~ OBPs (4 2 4~ GOBPs #11 3
4~ PBPs) Fl1 19 4~ CSPs (ik3fH, 2019 ); Hkhi
15 Conogethes punctiferalis fili fi %85 H 20 4~
OBPs il 13 4~ CSPs ( & &, 2017 ), 1M I fish
% 5E L 52 /> OBPs Hil 36 > CSPs (#5944,
2019 ); R4S Huflf 455 4 34 4~ OBPs 1 18 4
CSPs (5K, 2015); [ H 1% Hyphantria cunea
il £ 52 HY 30 ) OBPs #1 17 4~ CSPs (5,
2016 ); Hk/INVELO Hufil £ 25 0E H 29 /)~ OBPs 1 13
/> CSPs ( 51,2018 ); /Nl B2 Agrotisipsilon
i 71 7€ H 33 4~ OBPs Al 12 4~ CSPs ( 4+/04E,
2013 ), AHF5E K B K K OBP £ i e /b T LA
EWFSE AR B R BUR TR Y R Gt 215
B[R] W 25 8, Bt 38 5E (2019 )
Illumina HiSeq 2500 % 5 H KIEUE ) 52 4>
OBPs, 1li Lizana %5( 2020 )A Illumina HiSeq 4000
Yo 20 45 M (2018 ) [FFEH Nlumina
HiSeq 4000 % 7& HiBk/INE 0> Bt Carposina sasakii
) 29 4~ OBPs, 1M Li % (2019) /1] Illumina
HiSeqXTen %7t 12 4o AWFFE I BHE KK L
H, I R 42 Tllumina Hiseq %) Nova 6000, iX
SEER S HE HRGE R, FrLL, AN A R JO R
DY 2R G4BT e s 3 45 2R 1A ]

B LIRS & UK IR Y 3 4~ PBPs 3%
PRIERAE B e fis f R 5R3k, PBP1 1 PBP2 7E
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Mg RE L R S gUh A D R IK, PBP3
ek LR WrpAE s, e R R
b ek, 2> GOBPs 2, GOBP1 76/,
Hufil A BRE RN, fFEHBEHLUh D RRIK,
GOBP2 {XFE R filif Rk, 7EH A2t
I RIE . GACE R —F RN/ E.O R
PBPs 1 GOBPs i 1 7Efil ffi rh K s 3Rk, 7E# A1
Mt D s (&M, 2018 ), MibFFEss
TR W ZE 7K ik Athetis dissimilis Y PBPs [ 7E fii
farhE R, MifekME B MG A LUh A RE
(IEHLEE, 2018 ), R Mk PBP1 F1 PBP2 1Y
TEMEE d i f b ek (KRB, 2016 ), X
WK s i B P B A 5 e B A iy [R) 2 AR
] B L LR RRAE , B & AT RE . A
AV PCR J5 A0 1 oK % PBPs Fil GOBPs %
HAEAR R RO, BT iE— 25 5L
AT I R D RERHIE
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