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Abstract: [Objective] In this study, we cloned the odorant receptor gene (LdOR2) and determined the
expression levels of this gene in developmental stages and different tissues of the Lymantria dispar and its
behavioral response to CO, stress. The results will provide a theoretical basis for clarifying the olfactory

response mechanism of the L. dispar under climate change. [Method] The LdOR2 gene was cloned through
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transcriptome library screening, and its characteristics were analyzed by bioinformatics. The expression
levels of LdOR2 gene in different developmental stages and tissues as well as in different CO,
concentrations (397, 550 and 750 pL/L) were determined by real-time fluorescence quantitative PCR
technology. In addition, RNA interference (RNA1) technology was used to study the behavioral responses of
L. dispar adults silenced by LdOR2 at different CO, concentrations. [Result] The open reading frame
(ORF) of LdOR2 gene in L. dispar was 1 203 bp, encoding 400 amino acids. The molecular mass of the
LdOR?2 protein was 45.76 kDa and the theoretical isoelectric point was 8.22. The phylogenetic tree showed
that the LdOR?2 in L. dispar was closely related to MsepOR24 Mythimna separata and AdisOR21 in Athetis
dissimilis, and clustered into one group. RT-qPCR results showed that LdOR2 was expressed at all
developmental stages of the L. dispar, with the highest expression level in female pupae and the lowest
expression levels in male adults. In different tissues of female and male adults, the expression levels in
antennae were significantly higher than those in other tissues (P < 0.05), but showed no difference between
the antennae of female and male. The expression of LdOR2 gene decreased under high CO, concentration.
Compared with the control group, the expression of female antennae under 550 uL/L and 750 pL/L
conditions decreased by 21% and 29% (P < 0.05), respectively, and the expression levels of antennae of
male L. dispar adults decreased by 43% and 7% (P < 0.05). After LdOR2 gene silencing, the tendency of
female and male L. dispar adults to eugenol and cis-3-hexene-1-ol was weakened, while the response rates
of the L. dispar silencers to seven volatiles decreased under high CO, concentration. [Conclusion] LdOR2
plays an important role in the odor recognition of L. dispar. The sensitivity of L. dispar to odor was affected
by the expression levels of LAOR2 gene regulated by the changes of CO, concentration.
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IEFZ) 800 uL/LM, KA CO, EM AW R B
PEl AR M AR AR S R G, AR B CO, B
FEARAE AR AR LUK B s R I AR R E 2
FrEEmLEZ S, GF k45 & A (odorant
binding proteins, OBPs). {£.2%/#3Z £ -] (chemosensory
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2T~ 52 f& (inotropic receptors, IRs)+ /&3 #if1 48 7T i 25
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T, RRSZAS R T B = — PR,
WELE 2 40 1 OGBS o AR S AR 3 A 2 — g R
4 %% {& (odorant receptor co-receptor, Orco), {E ¥ Ff
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ORI 1 h, BB K e 4 5 TN O A N
14L:10D. i E (25 £ D CBE (70 £ 5)% 11 CO, A
TAMFREFRAE R TR . CO, WRIZ 2 Tl B E N 550 Al
750 pL/L, X HEZH A IEH RS CO, WKRFE(397 pL/L).
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K H RNeasy Mini 342 215 RNA £ B 71
B RIS IS RNA, HIRYIAE R IE B A R
O E AT i SR 2 SO EE R 8 SN o 345 ) Unigenes
4T Blastx 1 Blastn 73 #7, #3495 D 5e i3 RF 45 K1k %
A 58% ORF 1) OR [, &1t 51 % H T RT-qPCR
BGAE, WP U6 E 3RS LAOR2 3£ 751 . R 1
WAk ST 5F LAOR2 BEAT AWM B 20
1.3 SERRAEEE RT-qPCR

PE I HE B A5 A B B B (O &)y L T O
T S RS E S ) DL R | e R A 2 G b A
g, 8. £ O)RNA. H DNasel(Promega)Z: [ & RNA
o) DNA, Wl & H i 2 EE, B 0.5 pg RNA A T
cDNA &%, 1% PimeScript™ RT reagent Kit( Takara)
A i cDNA. X 451F: 42 °C 60 min, 85 C 5's, 16 °C
10 min. 4 cDNA #iFt 10 f5 % H . WS HERF (Actin.
TUB # EF1a)F1 LdOR2 JE R B 51 W5 5 W4 20 =

MNAK Z A2 x SYBR premix Ex Taq B 10 pL, £ F
W51 4 (10 pmol/L) %% 1 pL, F % J5 (1) cDNA 2 uL,
BT IKANE A 20 uLo N 251: 94 °C 30 5594 C
12's, 58 °C 4555, 72 °C 40's, 81 °C 1's, TEIEN 45,
BAFESER 3 Ik, H 27 5k AT R R AR X Rk
KA AT

1.4 RNA Fi#f

WG O35 1 LdOR2 %R /7 41, ¥ it 514,
51 FF LK 2, PCRY B HIERN B, ]
MEGAscript RNAi Kit i 7] & (Ambion) Ut B & i
dsRNA, ] T #k47 LdOR2 % K T Bk . H vk A& U]
dsRNA 58 %%, ¥ dsRNA Fi B £ 1000 ng/uL, 1% 1%
F—80 °C M.

AN[E] CO, MR FE AL TR (550 AT 750 wL/L)FIx HE
#H.(397 uL/L) 5 25k UP S TR 5% 2 31, 43 ) e B[R] —
KA B R /N — B 5% 55 w0, SRR VE SR 1.0 pg
dsRNA 20 1) I TR, 1) 9% 22 A0 o 3 S e i oy %
40 3k, UL dsRed Fyxt R, FEANACEREE ST 3 IR BTG
J % 5 0% fih £ 3E 4T B RNA $REL, 8 5% i cDNA,
FHSRA I RNAG Ji5 22 K TR RCR
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Tab. 1 Bioinformatics software for gene characteristics analysis of LdOR2 in Lymantria dispar

Wi H Item

B A Software

FFIEEASAHE Open reading frame

5y 5 Je #1245 B &1 Molecular mass and theoretical isoelectric point
&5 M7 ZIE I Signal peptide sequence detection

{R5FIX T Conservative prediction

[AY5 5> HT Homology analysis

% 74 L%} Multiple sequence alignment

F 45k B W3 Phylogenetic tree construction

OREF finder http://www.ncbi.nlm.nih.gov/gorf.html
ProtParam http://au.expasy.org/tools/protparam.html

SignlP4.1 Server http://www.cbs.dtu.dk/services/SignalP
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
Blast http://www.ncbi.nlm.nih.gov/BLAST/

Clustalx (1.83)

MEGA (5.1)

x2 AXFTASIMFT

Tab. 2 Primer sequences used in this study

B 1R 5515 —3) S SIFEF(5'—3") FEAI T BOR AN ElEZLEpzs
Gene Forward primer sequence (5'—3") Reverse primer sequence (5'-3") Sequence fragment length/bp Primer usage
dSOR2 TAATACGACTCACTATAGGGAG TAATACGACTCACTATAGGGCG 534
s GCGATGATCGAAACTTGC GACACAATCATAGTCACCA dsRNAH
dsRed TAATACGACTCACTATAGGG TAATACGACTCACTATAGGG 658 dsRNA synthesis
“ GAGAACGTCATCACCGAGTT GATGGTGTAGTCCTCGTTGT
LdOR2 GAGTTTCGCCGTCAGTCACA CACGCGCATGAACCGTAAAC 201
SR R=a ="
Actin AGAAGCACTTGCGGTGGACAAT ACCTGTACGCCAACACTGTCAT 252 li\ ﬁl‘ ? ek
eal time
TUB AATGCAAGAAAGCCTTGCGCCT ATGAAGGAGGTCGACGAGCAAA 235 fluorescent
quantitation
EFla TTTGCCTTCCTTGCGCTCAACA TGTAAAGCAGCTGATCGTGGGT 223

VE: dsSOR2ELAOR2FIE I I XUiERNA ; dsRed 2 5 I JE K ) XUEERNA . Notes: dsOR2 is double-stranded RNA of the LdOR2; dsRed is double-stranded

RNA of the control gene.
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A o AT R AURFEACRRBEE R 30 s 5 BRI 5% 2k
L T 3 min, 2 B R — VL 5 om, JF
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Tab. 3 List of odors used in the experiments

ZANE )RR MO TR xR AR
3 min P AE &S, WA ZAR BUOE RN, FR45
R B RIENR 3 4, B4R 30 k. 4
WA 5 3K, VR w1 B, 58 K — AR
5 B FH AR 28 TR 7K A B h g T 4, AR AR
& H .
1.6 BIESITIOH

K H Excel2007 THH KL B, iz SPSS17.0
(SPSS Inc, USA G it #4147 ANOVA 431, 18 H
OriginPro8.5 A ATHAR G it FIZ: 1.

2 HER G0

2.1 LdOR2 EFsEERM#HL BT

T S $ B R S 4H A 1) 23 A AT RT-qPCR %6
UESRAF LdOR2 FERIJTHURIAEF 51, LAOR2 %55 ORF
KN 1203 bp, 4ifid 400 MEER . HAD TEN

R/ EA S CASE T afifE
Compound name CAS registry No. Purity/% 45.76 kDa, ﬁﬁi/lﬁ\% % ){J: y\j 8.22, %ﬂ:}ﬁiﬁ% El , E%H% éﬁ
7 Eugenol 97530 990 F 44T 45 L % LAOR2 2B 1L 6 AN I i 46
IR Salialdchde 0028 90 ), BLASTP % LOR2 2[R X Bl 4], %
RITRE Benzaldehyde 100527 980 RET RIS RNG Ttm-6 BSR4 .
AT trans-caryophyllene 87-44-5 80.0 Wit BLASTP £ 541 L s, %% 5 58 &4k OR
SRS TR Dibutyl phibalate 84662 99.0 FE UM LIRE 2 5 £ 14 i B S 23 4> OR R 81EAT
W3- E-1 s Shoen- Lo 2891 980 AR B 1) HEHH T4 R B LdOR2
o- M o-pinene 80-56-8 °8.0 5 %% B (Mythimna separata)QNS36221.1. V& K t& %
100 Zhi M Mythimna separata QNS36202.1
40 —|: 44 W Helicoverpa armigera QPX50334.1
25 WP Heortia vitessoides AZB49442.1
100 WA AEH /NG Lobesia botrana AXF48769.1
66 |: NS K Z Nk Streltzoviella insularis QLI62055.1
100 Bb/INVEC L Carposina sasakii AYD42268.1
98 |: IR AR K Athetis dissimilis ALM26204.1
Hi%4 W Helicoverpa armigera XP_021200428.1
99 ———————— %4 Bombyx mori NP_001091789.1
100 98 —|: HHFE KM Manduca sexta CUQ99405.1
100 HRE K% Manduca sexta XP_037298860.1
54 L EHAEH Dendrolimus punctatus ARO70252.1
I: AR Manduca sexta CUQ99401.1
56 JAR K Helicoverp aassulta QKE45423.1
100 —: s Mythimna separata QNS36239.1
66 TSRk Athetis lepigone AOE48056.1
—99: B KA Athetis dissimilis ALM26218.1
A& Bombyx mori NP_001166613.1
L AN B Dendrolimus punctatus ARO70241.1
T KIE Ostrinia furnacalis XP_028159324.1
>3 LRI Manduca sexta CUQ99410.1
29 A SERE Lymantria dispar LAOR2
26 76 —: s Mythimna separata QNS36221.1
97 RIRETIK Athetis dissimilis ALM26210.1

1 14 B OR HH RGN
Fig. 1 Phylogenetic analysis of OR proteins from 14 insects
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W% (Athetis dissimilis) ALM26210.1 35 % % & 5L I
RA—ZK. Hh LAOR2 5% H QNS36221.1 A 14
e, N 72.10%.
2.2 LdOR2 EEZEFMARFRME

LdOR2 TEFE F Mk & K B W Bt 3 KI5 (B 2.
LGP I3 [H] 2R A A I8, LdOR2 5 [N 75 5 75 ik e
U3 10 R0 B R, N IR 1.61 6%, FLAR I I
PO 50 BELAHL 5 e Bl it 3k B B A, AN A S5 B 1)
3.62%; fEARIH LRI B A, DL RIAE R
XTHE, LdOR2 1E 5 B3 il 5 2 2R R 3 Rk, HY)
TEfib R R IE o LdOR2 3[R F ME i s fieh £ v 3R 05
KRSk B 1K 29.76 £ (B 3A); TE M il H sl £y
LdOR2 BRI FIEIKF Ik B 1.50 £ (&l 3B).
23 CO, REAETHESHMA LAOR2 Fik

T D CO, WRIEAR T LdOR2 A
BT B, K RT-gPCR $ AR 207 397 pL/L
CRAHED 550 pL/L A1 750 uL/LCO, ¥ & T £ 75
WA A LdOR2 JE R RIE K- (B 4). & CO, R E
T B 5 R ME R ik A R LdOR2 3k & 5 R A AR B
A3 5 B 21% F1 29%(P < 0.05); 55 25 1k b o i £

3504
30t 2
25t

il

X2 20}
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0 . 1 1 1 1

% filf g I3 s
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A. MER ;B HERLH . A, female adult; B, male adult.
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Relative expression level
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E FoRUI: 1L ~ 6L RoR 1~ 6 {4t PCF AT POV 43 il 32 i i
b : ACERT ACE) 4 3 F0r i R R . RN S 5 B 3
AREMAFRNBRIERELLEZREEZENLWP<005. TH. E
indicates egg stage; 1L — 6L indicate 1 to 6™ instar larvae; P(F) and
P(M) indicate female and male pupae; A(F) and A(M) indicate female
and male adult. Different lowercase letters indicate significant
differences in gene expression at different developmental stages of
development (P < 0.05). The same below.

2 EEIK BB LdOR2 R EIAE

Fig. 2 Expression level of LdOR2 gene among different
developmental stages in L. dispar

i LdOR2 5 X IR AL 733 F & T 43% A1 7%(P <
0.05).
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Fig. 3 Expression level of LdOR2 gene among different developmental tissues in L. dispar adults
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Fig. 4 Expression levels of LdOR?2 in L. dispar antenna
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TS dsOR2 fig 2. % 101 ] 5% 75 1% LdOR2 W335
(Kl 5), 7E 397 uL/LCO, IR T, 4 dsOR2 kb3
S MEME R B LdOR2 JE IR [ AE X 2R 55 2 Lol i 2H 73 J31)
BETRBET 58.00% A167.00%(P<0.01). 7£ 550 uL/L
CO, WRFEAFR N, 14T dsOR2 HIMEME R Bt LdOR2
BRI AR R I8 & 5 A b, B3 TR T
63.00% F1 54.00%(P < 0.01). {E 750 uL/LCO, ¥ /&
AFER, VESS dSOR2 FIMERERL Hu A LdOR2 F A AH
XTIk B b R4 2 R FE T 40.00% F1 52.00%
(P<0.01).
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BMdsRed [OdsOR2

A. 397 uL/LCO, ¥ & N ULER A% s B. 550 uL/LCO, i & T ULER R H s C. 750 uL/LCO, ik & T ULER R B 5 RN E A dsOR2 A% 40
dsRed B RIL B B FEMEZEF (** P<0.01; *** P <0.001; £ #5) . A, silencing efficiency at 397 pL/LCO, concentration; B, silencing efficiency
at 550 uL/LCO, concentration; C, silencing efficiency at 750 pL/LCO, concentration; asterisk indicates significant difference in gene expression

between treatment group and control group (** P <0.01; *** P <0.001; r-test).
Bl S AE CO, WFEATE T 5 75 LdOR2 FEIR T ER ¥ %
Fig. 5 Silencing efficiency of LdOR2 gene in L. dispar under different CO, concentrations

TS dSOR2 1) 55 53 Mk M i 5 6 R AL AR L, X T
Wy -3 T - 1-BE A =308 A4 P 1] 2 B S 0 53
VEST dsOR2 1) 5 75 ik 1 L 5 0 B AL AR LE, X T &
By« A 7T 0 R -3 8 445 - 1T 1) 78 i o O 59, 3 S
dsOR?2 (1) 35 FE T LA 4% R W 5 5% HRAHL G I 38 22
. 5XE CO, HEL, 550 #1750 uL/LCO, £ 7
kO g S G 7 B R R ) S B BRI
(K6 FIE 7).

3 Hk gt

7E BRI 5 RGE 5 i 2 Hr, Ak sz Ak
(ORs) K¥EH KREHEH". BH ORs 5 G HEH
R SZARGE R FRAL, (H L N R o7 T 4O B py U, C oK
i T AR AN o SEERIR LAOR2 2[R Ymtd i) 2 2L 1R
FFAN e R, HEH 6 NN, 245 R
5 ¥ % 8 (Helicoverpa armigera)HarmOR9. /)N 3%
ik (Plutella xylostella) PxylOR18 Fll w1 4 % ¢ (Apis
cerana cerana)AcerOR113 [ 45 FEAHALPO, 1% 25 I
W EFE T Bengtsson 555 H 1) B HUS R 524K AT fig
4~ 8 MBS A BOHEN . L HERT LdOR2 75
B HRARZIR I S RE . St iR B, 28
ISR 52 AR 5 AR B (Noctuidae) B HUS R 32 AR & 3
B8 17 51| [B) Y8 4 =1, LAOR2 5 % 1 QNS36221.1 filik
K ER I ALM26210.1 £ 406 RILT R N —K, K
5t QNS36221.1 AR M, N 72.10%

RS2 AR ) D e 5 H Rk 45 2 R B A oY, A
[F) RS2 A (1) FIE AR KA AE 22 7o A 9T B 23 0k
LdOR2 JERfEME. MR Rl Ay P R IA B R E & T
HABZH 2R, 1X 5 #5250k (Spodoptera exigua) R
H PO R AL . RS2 AR AE B 4 TG
RIEAEH, M M R E B R, H B K&
Bt 22 e, K, LdOR2 TEfilify s RIETF &

AR AR RIEB S, RN LdOR2 75 M e firh /1
MRIETLREZRNE XRHAEAYE T8
REZAR . BRAEfil M rh s Rk 4, LdOR2 8 HAH 2
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