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2. Materials and methods
2.1. Insects and tissues collection
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2.3. Illumina sequencing and sequence assembly
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3.5. Identification of putative chemosensory genes

10 fila © &} . 320BR, 16 CSE,71OR,8IR,1GR! 2
1 1

Fig. 4. A?m f fam o oa’d S‘L,Uj.'& £ lﬁ'- "<OBBR M. separate. S Cns'y L 181 52 1‘-]1?]1L?h'“‘-.
l l 1 | 1 ] hl i

124




X.-Q. Chang et al.

Lcc fil ?t

(™ RNAS. fah . B OBE am 4 ‘an
OBR at”’ nh 2122 6° st 2 .13“ s (Cs),ant at )aL
OBR js ‘hasm 1 s -COBR (4Cs), COBB (8Csan! 1R Jan?
noE Gre 2\, 2000 Himat Saf ,2002). @ 32 wt-fil
M. separqta OBR , 22}3“ an hﬁ’f ORF (T L <2). At E 25 OBR
Rt szra }.& Thep ly § ¢ NEmoas Aaltm wlop 22
zus’' ‘ha L. ORF3 DNAMAN 6 (Lan n Chy, Q=)
G1a'a )sh *L'hf 12 (M .\OBP2, -3, -5, -8, -9, -11, -18, -19, -20,
21, 24an 27) tw . Lsss OBB anl - 'h- . '
(M *qOBP1, -6, -7, -10, -13, -16, -22, -25, -2% 1" -30) ‘4R 1§ C
OBR (7 . 4)m ﬁ-C,Hg. ‘Santatl ‘;Ia t 3 £ OBE g '

mfh“” .
'{7 OBB ? 1 Sasty T lagdty g 27 hee
hvh ST CL WS- A ¢ 'h.32 OBR, 12
<<'0]§Fah‘ 1@“.t OB]B ‘., prla‘rsssooaY ap’hs.
hf‘ R .' 1 fhaalva.dn-{h b
o flM.0131>4 -15, 2&n1 32, kb "m““*
n’hPJS)Aﬁsnn@ .1Sf~lam1u *Ase, 1&
£t 'Jmf'am SSayy B oA T V.sh
f 16 . CSRB 4yt ﬁ“}. 1k !.|“a1q 14t ORF ( {-.
e yeatly g7 nsy

it
’m. 1} ham v a’d'se
2 -ﬁ* s f s aCsm e LM‘.)CSPI, -10an' -12, h-h

SNMB

QC'

R a<

Lagl

»,
h'da
£ OBR

S3).

4 steg

Flﬁ 5.1 1”1 L rl"f lhr
l's.l-;ﬁlfi L lﬁ'

OBBf1H M. separatan’ Th gy fhs. B cant?ya bo 'Lsi-’ﬁlf'!.

-OBR ; M. separata. (F«,mf,‘ﬁf I ffh “pad’ st

Comparative Biochemistry and Physiology - Part D 22 (2017) 120-130

at f- 5’ st'_ -1’31 ssant ‘,&.L 4l 1! h -‘ilﬂl ‘- Qll’h f
heof 7wt ..(#n axt 7 RSP wpoem o at
s‘;n’n"sffh CSB ‘L*h Y Umf’am $Sa 1 'n‘h'h-

“.S4.

At Q 1-ffenf? ms “gann Bfdlas hf ‘«ORan?
wam Ly M ok11 M “OR71 (§ - ss),24f1haz 2 5ha?
an 1.*.1'* ORF, h4%s 1Y nagf o (M. 0R38)1-a“ $°= % TMD
an! '13 g fraspais. TMD. & st -ORL1, 3.lant 71

yeaty st Ut at fheam o a’- L h M-, OR1

(BAG71414 1), M “.;OR3 (BAG71423/2)a " M «aOR2 (BAG714 5.1)

t). -" , h'h R ca A wt-filas M separata ORan' OR
2008). b
‘Ia Tvnf fy'ée ¢ h "-OR sh ‘LM-kOR4 e cf,*s.
h & 10R3 M -)OR1, & % OR4, Sne OR21an' SneOR29, k<k
‘l,.f’.’r("‘a“ B b ey sel § Jhne ant Lf<f~” 2015;
Jrawe tal. 2014)an?’ OR (M ‘eyOR71, H -, OR2, SthRzaI«“
B jOR2) g’V iyl ;o .na‘u an’h (. 8) A s
R §f1am1~|a A se. 13 ¢ OR C'Ln‘]-: -5 01“
amL<§a~I§h hgi S6
R p&' IR, 2GR T SNMB oy nffil @@ H
S7an' $8).3 ; 8IRIW' ‘m §L- ORFaM 7 ¢ 8IR sha 11 heh
am v oa’t A attog (73-97% ‘h 7s ¢ '};*m ths .
| | l 1T -
&
& o
~ 0 & &
& g8 §8y 8§ o
Q2 g 7@ 9 & &
3£ 88588 2
IS SLE S

§-COBBan' * L«' OBR M. separatay’s ).' ‘L ant 31
1 1
"l‘hth @ 13?—1‘ thqﬁ-“‘*‘}f:ﬂ"‘-trh- ‘- fh f “a, L

125



X.-Q. Chang et al.

IOB MsepCSP7.seq

.AfugsecC§P°;:39u4 cees Wi L3 3

106 MsepCSP9.seq
112 MsepCSP10.seq
LY.v . MsepCSPll.seq_

Fig. 6. Ag‘m f pam Batls WS g iﬁt'f.

M - GREn' SNMPL ; M. sepratm’s sh
13t hhm Vs o N e m th
| 1T |

“La‘h"haQ 93t

3.6. Expression patterns

-1Lt ‘g
Wn ﬁahT h”h N n han
: t‘”‘)‘lhv_:pa Ta »'vzan?

n ‘]1 ‘anf In‘

?;1. Sl).1 i

}f 1 MsepOBP24, ‘h;_L.
ffﬂ.f L‘a* Lfc F1'h .fm
MsepOBPSalﬂ —19 ‘g SN ffana‘
pefn 1 (P < 0.05), MsepOBP26

1« T8 <005 Fimals, ‘]:w
as Wn flant h’h; ) 0%a "
MsepOBP5, -22, -7an' -26 WS

‘aﬁ}f 1+ b f']m.,li : (P<005)(FJ 9. Fy
MsepOBP19, thva " ;‘SS L. as “’h flan™ hoh s "n 052 -

al ¥ ’n it ! "h"a‘?*hfh-ha-’ PORR + 1)
g a2 'mn Nzant 12 L@ . s1.

Wha b anf wa ,MsepOBPJL.h 4 mateasd L ogus
n Oapl' 513 ar ke pdea 23Ty as a4 lant 3% -
al Lf Jhsm Wy e gSSe B }.ﬁm 'h MsepOBP7 20, 24ant 26.
- MsepOBi’ZZ as ma -a<‘t; 31 Oanl S -
at ¥, fmat- ac‘tfh 3% -V !

MsepOBPS -7, <22, -24a 11
fma Tan 2 hodhat
2 . MsepOBPzZ(L. 1
MsepOBPlrL. v 1-; ,ﬁe& s
psn @I‘h - 1.? f01'.1 -Vat

dnfuma

4
‘ha
t (.9

“x”l
Ja o B
a b 1’3 -

T

h E MsepOBP
antuma ‘hz_k.
he h 4 ‘Il 0- l

, ‘se h ﬁalh tl
L. Mse'pOBPl 9

a‘Uf (P<005)
2 hghogn 1- ; 3% -

=

4. Discussion

At gl o 130tansy E vt wtfid, 1’} 112 32 OBR, 16
| l l | |

98%

-26

b

Comparative Biochemistry and Physiology - Part D 22 (2017) 120-130

RS VE B SRS r.':_x.m\“n.,wmﬁ
IR LpeD =

«CSB ¢ M. separata. F .3 Cnsy L 1s-jl L8 1‘hg‘thlhf 1.

CSE, 71 OR, 8 IR, 1 GRan' 2 SNMB. E*.{ y OBP23, ORI,
OR3.Tan! M wOR7Lfh amha 197 126%ans’y 5 ‘w2 i 1 M

separata '}:‘S..]uf mal n YU ',4' . a<¢ £ 1 LL' ‘afw
B OYoR thRnd $ Lf“ 20l - f M separata.
]‘-;“'nfﬁiwn“sn'hwi,‘ ‘{.’m g V'f fhey Nt 1a~-

» s ‘hm S BS 1 g 'Lss. ¢, Spodoptera littoralis ~fh 26 OBB '36
OR, 5 GR (d" -a , 2012), H. armigera "h 26 OBP, 12
CSR, 47 OR, 12 Il%a]u“ 2 SNMB (L, Lat., 2012), Sesamia inferens

fh 24OBB,24CSB,39OR,3IKaI; 2 SNMR Il'ﬂh” ‘t.aL., 2013)

an'' Athetis dissimilis - 60 ORan' 12 IR (D1z Lal., 2016). B .
Ry o wtfil ‘hie “1“ 1S ¢ M separatqg. 6hf stw -,
1 IR ;) ‘f."qf 15® =0 ss"a“h d ‘-‘ 3 tfcﬁv san
sm ‘g 1‘_$¥Lac fhh"lh s-‘_1 '.qm | ) <<1(J
b metanm a §e'h, Ay S L ?
P? b ”hzxn. ‘.s“.n". 006L
fav, 2012).

Afh ‘Ln?s t fh‘-smml H“Lna )
~h9 1.3. Lt . OBR ¢ M separatahm '

bl
'Jh M separata
75 1gos
s ']na ant A pma e N’

‘a -('i 22).

T‘)“h‘ f“!.‘]'ar 4T e rhala 3

-aL 2008). Ta g N

noan SS**Q’“‘h.el‘,ﬂ OBRs "o g'Ss- “h{
m el nagal t51'3 sy SV

13111 qi tc ﬁ‘-? 15;-31;'11,:11.

‘F £ g.‘ 1. Cnaphalocrocrs medinalis [ w2 ta L .

2013)11.‘ Nllaparvata lugens[h 2014);%}1 Zh 'h‘ln 24h

Vs o, OB&-

ZBOShn‘ Plutella xylostella hu." Lav., 2009) -4 nshat'.

W']nu an'pra , MsepOBRZ *oh- L n.at casd g on 0

ant' 5la - al M, pA ‘a7l qa“h lant 312 -¥gad Lf"h-

a.l—1 b
hxb' pm m fhs (Vs
L bang 27 a1 ff.ﬁ”a -
T -ag ‘. Al a2 ¥
*h L‘- k S. llttoralls (M .,L b
LI I 3 T MsepOBP7, 20, 241" 26. MsepOBP22

126



X.-Q. Chang et al. Comparative Biochemistry and Physiology - Part D 22 (2017) 120-130

Fig. 7. B ‘0 Lty t- “.CSB ¢ M. separatmn’ 'h-gn 'hs.R1 b '-J"s.«,‘-“s.'n' ;ﬁ'ﬁ «CSR ¢ M. separata. (F y 1"y “5“ IR RS Y L \ 11 ths
1 | l | l l
ﬁﬂ %! rhqﬁ-“ 1‘1f§1if e - *th ‘:rhfla"I “e)

Fig. 8. lhh » L '1..f f- “.OR ; M. separatan? ‘g Ths. RL L!'-_{‘s.f. sl ;ﬁf -OR M. separata, ‘*at.; _As.aﬂ b l‘i "s., sufdl
Boam b WRE s PRER OR ¢ o ey gt 4 Faaty g htn (hape 300y n ke 8 g daat haal s pmtt Bl L e f‘hfla{-:}‘.)
127



X.-Q. Chang et al. Comparative Biochemistry and Physiology - Part D 22 (2017) 120-130

asa fﬂ.al‘.-glst. P‘S“ bon O-ant 1 L‘a‘ ,Lf, {mak‘.- 71M separata OR ,‘-‘ whfil'hagp g4 f OR A 3T ﬁ“L ®

asdl a 3la -vail UL .R-Fum B na 51“ n Thy st a“vf ffahf 1 dan Thoy N/t ’a w s H iy,
svfc *5,‘ - pn ¢ NugDBEP6 N. lugenssh wasd 2403 ;é'har.\ 10R s .y TMD' ot L

a.‘ na - mai jf, h',‘-f“*“‘ ~asla 3a - 1 - -13?' afs £ wWh OR<“ l‘&‘-f 21 2 'h ch “ts's ohas

Ih LRt 2014) ds s s Pp *h"'-:z 2ty 1S ;’ps‘.np,'. 13/47 H. arrnlgerOR @, 1 ,2012), 11/43 Ips typographus ors 27/

ma‘f “Fayhn f GRS ) s-f‘ss'a.thnﬂ af T ffant fa safy 49 Dendroctonus pondergsae OR (4" “5s 1 ta ., 2013ant 2/39 S.

s (8 A ‘f.alv'., 2012), 1 s 'ma "'.1.’ J‘t h inferens OR frate tal., 2013) ,.’ nf ﬁ“}.a<f wWh.d th.
28 Lok WL ORI A '@ tav., 20130 L, T, 2009). iﬁf- ““OR M. separata? w'- fil f fhs'st 1, M - OR1.1, -3.1
- - - 1
S

‘«“4,'h “a? .l ff,&‘n”a Skl .ff"f L- ?‘S.S R anl 71 ‘gt ula ' ‘.'- 6 ‘1" ﬁ M. separata OR
OR f Heliothis virescensan? H subﬂexa (S 2d10), ‘e (Mrq D La |2008), 'rh th 4 % OR ' ‘y -avg . ha
Dol peregalonant l“f )%& 74l g5 s OR, M- OR11 31ant -4 W lgtal b PROOM ORl
e )-@ wis t 1[—‘@ T "SS Il 111 f sepOBPs S;.fOR29 SthRzl étORlﬁlﬂ 5’.’-0R4)1| fh g 1¢'j 1"IA"q
CShy w-gm Vsaqya fs 1 gv’ 12t h s, OBR .mf.,fhs.'hl..ors (M “OR1.1, -3.1, 4hvh PR 'y,
(V@ an' Rés','2011). & 1< 1,16 k CSB ' sm 4y o b cd Ll (s ? ., 2008 ra 12 an Lgst1t, 2015).
2 V32 ks ¢ 101-13Gm 1 a j sl Ig,_.‘k* 4 M . CSP4. .)OR71 (OR ) as ‘Y sty th SngOR2 ¢ S. inferens Jta 12
5 CSR ' hoh PADE fan. 1 a” Attt (70-99%)”’ ¢ ss , 2013), H 10R2 ¢ Heliothis viriplaca Ky %’ Lat., 2002)an?
asifs Qs H T the g g ut q‘:l". 7 %l fy, g 10R2 £ B. mori (51-@ an! Ky ,2004a% ¢ b’hay-OR
iy -Lf 1 M “,CSP1, -10, 127 l cf‘ ra ma %h'h h“h mas 2 1hes g '. s '
TSS w, Cs. i“q' ﬂar P £ CSR 2 fh- at'sth. ' ds2t IR, eg ' Cnaphalocrocis medinalis,;a “hy<fansm m -
g.'f Mt et csE ! (@a b LaL, ooshwaL ﬁcf t- t}af g mans (IMDS) L 3 Ll 201504 ‘ght p&t IR 4 hs
-31-‘ @2 hn L? ?tn‘lj «[ -1 ']'L ST‘J ,thfc‘-l'lﬂi rh'l‘.‘.'I‘MDS.T!‘-'Ajl lt't QLT','&I“. t'l ‘IR £ M
gLa i t»lhch»,ia'l" [CEA 1.- 2001) separata j-; heg hssh 1Mt IB 4% «I'a"ht ns°y 1
MsepOBP5 MsepOBP7
109 157

L1 rémaie =_Erreitiae

5 s H Male § B Male
‘w 0
g . @1.0 a
o =N
3 3 a
[ 4 @
= 2 05 a A
= & AB
8 2 & B a B
0
& R P o
MsaennNRPMY "rseppUBFAY
0.15: 0.005 a
nale: [ Female O Fer
- a B Vale 5 0004 4 - el
0 n
g 010 3
- = Ry =
g 11T
o
2 0.05
&
g
bB bB bopg
0.00 . e |=|I
& RS op @
MsepOBP22 MsepOBP24
2.0 100
Female - [ Female . A o
Male .8 Bl Vale S 80 L
[ 7]
8 ] 2
g 5 60
o o
. : ) L\]j
=] &= a A
- 5 | A aA
1:.& e " e S (B b A

14 /a)

"nsePJIBP26

=i chueels
W e

Relative expressiP"

U

Fig. 9. R%f m'e }‘SS I‘L‘S M separata OBR nanf nta o o 1-ffanfia L‘a* lf< Nt-20,17,3,3 ,rﬂ"].f th-al lk 0,1, Zn? 5% k‘a‘ L’f nhwa s B
STh- ﬁan” Ff,l -‘hfnah-aﬁaaﬂ-'l hfh-af'-fﬁ ,a<1vff§an*a)5l”ff1n.ﬂ P<0051;.m‘-}h‘1—: B . S1. '
1 1 1

128



a’ysss 2% (G st tal, 2010 3 Lat., 2015).

GR 12307 4 kst s in' san! gete xS im sf¥ N
7 sty gans' s ‘hasma - (8 t 431.,2001;8¢ L
2011). H -.&,1-)1-';1-‘1 'S,Q"'J‘S,“l‘]-af GR iak&; 1
nh. Lia’f 1 gans, faq_‘rn wan®nma ; B omori (8° L L
2011),5 littoralis (d" n-J 2012),A dissimilis (D 1o LaL
2016)an? Eogysna hlppophaecolus (H ., 2016). W= ‘nf ﬁ“}. |

GRmfh antwma ¢ M separata, b ‘h nf]@. 1 e Q" -f GR

R Thantwma .

'SNMB ha1La'“L1|‘h“l‘ TOmom o ane Ry -
NS ).ﬁ Eﬂ 1 STBS <t NS 0$N, an 1497 kﬂan‘
L “rteh oy Wk icax. Vg, 2008). Bt imf fil
SNMB ¢ Mseparata}a‘ >'80%1 wif  fh SNMB  fhgw fhs,
h'h 11 atda 3t el nsyate ‘hmfhs.;f.wlhnﬂ

2013L Jl , 2015). '

5. Conclusion

Branfaalt fans’y Lﬂ. Jdahst steparata a<’hsf1_u'f“1.

ant 130 bty 1T B s gt B AL o The s s R

18 f'PCR<h 1Mt s* (b OBl 1.“1* 1 g

el <] wfs  cycanfuma asd. T:s.ﬁ ts sk ' <h‘3.af g.‘a-

t"f’lfiﬂ"ijE ft]"ft"t hs g Rt ;t‘-‘“" M.
separata.

Acknowledgments

'},chi a<<

s ?; h - P, L"I W‘kﬁ 1= B it
Mnsty' ¢ “xy 1 e 1403031)

Appendix A. Supplementary data

S, 2hy Tah b thsa {"L‘.'ah + hL'h athtt /A
v D) L T 3 ¥
A 4 10.10166? 1.2017.03.001.

References

A% $s v, MN, ss ‘.—W%" ‘s E., K'.‘L]ﬂ , C.L, Bm’g fss v, J.M., e M, L, M
BN g, . Bhhann J, Hnss v, BS, SpY t4, F, 201‘3 At Ba t].c'
am'lss rl- hn.<n<1’1.lam»18 ‘11.1-4- r\'! P -f.slps
typographusn‘ Dendroctonus ponderosaé ¢ L‘B Ag s’ Y taa o).
BMC Gnm “s 14, 198. " ‘
il


http://dx.doi.org/10.1016/j.cbd.2017.03.001
http://dx.doi.org/10.1016/j.cbd.2017.03.001
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0005
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0005
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0005
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0005
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0005
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0010
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0010
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0015
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0015
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0020
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0020
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0020
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0025
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0025
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0025
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0030
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0030
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0030
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0035
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0035
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0035
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0040
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0040
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0040
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0045
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0045
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0050
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0050
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0050
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0055
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0055
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0055
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0055
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0055
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0060
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0060
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0060
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0065
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0065
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0065
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0070
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0070
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0070
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0075
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0075
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0075
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0075
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0080
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0080
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0080
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0085
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0085
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0085
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0085
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0090
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0090
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0090
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0095
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0095
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0100
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0100
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0105
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0105
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0105
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0110
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0110
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0115
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0115
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0115
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0120
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0120
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0120
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0125
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0125
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0130
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0130
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0130
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0135
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0135
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0135
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0140
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0140
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0140
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0140
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0145
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0145
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0145
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0145
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0150
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0150
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0150
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0150
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0155
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0155
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0160
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0160
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0165
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0165
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0165
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0170
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0170
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0170
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0175
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0175
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0180
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0180
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0180
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0185
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0185
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0190
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0190
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0190
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0190
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0195
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0195
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0195
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0200
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0200
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0200
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0205

X.-Q. Chang et al.

Xa'l .8-.855, 323~ 332;'
Sk E BE 't,JD.J L.J., 2014. Py hﬂ l‘g'f s s71alag 2 18 2fs . -
RSl S 6, 86-92. o
T]a]‘ﬂ“h_ S, K ag‘a -, M, &8t , 8-, M, 19791_i
Leucarnia separata aq'l."‘,ah* Leucama lorele I\ ‘h

23, 7881
-,anPf<1.N .h,GN-,M
‘ Ll' M«l’lr'“am ccvcg
‘<‘.n~ an*mmr@ "'
e, 0 Jaw ('l 013.RE B * w17 St
a ha

Ram IS - )n’wf
Jy-J Ay CEtw

,s 2011, MEGAS:
B R
g 28 2731-2739.

51% nmh
(DIJS)<f aA1e L()ﬁ 'bﬁ

1 TN s sty Qfah* iafam .1}1}5 I )Lf 1 _1. i
ysayh . bs'tt g0 20, 254-260. '

TI}” K., v«h LB.,2009.S’LS-;.:J Toanfsant Rram o1 s hUhme sus
1eef F AN LB s- V.71, 307-332. '

Vg, F R7a° J 2011 cm ERY: RN gn'-n*m’!an*
R 1 optaT nam tsa 1“'}13'})1 fa g nant o Ve
hst y ? 2k Sws scfh. Gum =B Y.E V.3, 4764 '

vgt, RGM 4, NE, Lfa’ls, R, B0l 2 RA Sw. JJh& an,
R., D’}<u¢, J.C., 2009. F - -ns L SNMPJ e kst B b M1 B V.39,
448-456. !

Ve t, RG., p,sf ‘b, GD., L'y g, MR, 1991.0 gnt- 2122 -y -2 s‘ufﬂ.{.’s
ass ‘a 'h"c' B I e S TSR @s"ﬁ'.J.N‘T{‘-L.
22 74 84 o b '

%4 RG Ri1 {1, LM, 1981. B "4m n -m*m’an‘ wm’f-at-n m '
ah WA " N"u 293, 161-163. o
0B LIe BT, oG, d e L Wz L0, L8, 1, R, B gt
L, W1z ,J., 2006, WEGOa ' Y.y §tag GQuan &' ns N Kas Rs.
34, W293-W297. ' ' b

Jw FFSm JF,an ,MItn ,Wlmw J Jmwe A, L. Wi, MQ,

Comparative Biochemistry and Physiology - Part D 22 (2017) 120-130

2015. 1 wf-flaf nan? “m ga4f - ale R i & 1-- h"hi
. A o il A
~,-zL L EaJ 1’h 3o 1: gans f e f *y, CnapHalocrocis
medinalis (Lo 48 Pgt‘a ).'PL S Q . 144267

Jw FF,Sp, .'Dw,HB, W ,MQ, 2013 A:a s ca ’l1a £1 fm .
ant nna £ Cnaphalocroas medmallsan* The'e g SS- 1. 1" E t T uS.
B ’ht» - B .Rs. Cam . 433, 463-469.

Jrarg | DD, L L tc, 20]‘5 M goam 12 §7 P R
an' o v - Fﬂ.' E .3, 105.

Jraw , N,Jh',J ,h,R, a, H,!h »JJ.Dw ,J. ., Dag , SL, 2013,
fo,m'av Y "‘4~°m’h& <v1a1ﬂnn'h sws y fes s g

0
5' "hﬂ» <v‘ s Bt il fans’y B ocatalss fnc”" St th -,
l Ll« 3
14 Sesamia infetens (W Y’y ). PL S O\ *.8, “69715.
h‘.’,J an, SW, Gan? , HT, L]. ., W ,GR.,D , S.L., 2014.
'f nathag’f 7a' nopSe Bl na e § fnfh -‘11‘.%; 14
Sesamla inferens (W q) fsit MY. B L 23 61]‘ 620. "
Jraw J .C, whwe , MQJ}na G., 2009. M(-& nYanl . g
hh.m. 1.‘1.5 ? @ lpm hedam vt alla h, Plutellaxylostella
LE 33,

isbii4s,
Ir ,JJ.R ‘,')n, .,H‘. LoDy 1,80 H o g, AM, Pl JA, Kiday
F¥ ,LM,2009. Gag’tyat n f Bombyx mori, 1 gpf']ﬂ 27 t .11“1-3.&
't g g nt- 1\‘1#’ F Fatlemoats L o §am .
i, J. Mt V! 30, 529 545" '
I 1,SS)'].S@,! M,W., &%, W, Wn , M.Q, 2014. Denovmm% ¢ 'h-
Nllaparvata lugens (ﬁ hx.'nt fans’y g awl . pELN 1" @* £ l‘a"f 1

I]-n

7%%.Cy B ’hm .Bh s \.DY, 31"
Ihv P.C,K1g JFL, |, .Q,198%S. K4m 1=y 11§Lam ®  Mythimna

‘separata Wiy J. G . E V. 13, 977-081.

© SW., ]L956R fham @ ‘ama? an"nfllh'h.hcftah. Ga

Efm V. K r2241 246.

130


http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0205
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0210
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0210
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0215
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0215
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0215
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0220
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0220
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0220
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0225
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0225
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0225
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0230
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0230
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0235
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0235
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0235
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0240
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0240
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0240
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0245
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0245
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0245
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0250
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0250
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0255
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0255
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0255
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0260
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0260
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0260
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0260
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0265
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0265
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0265
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0270
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0270
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0275
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0275
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0275
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0275
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0280
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0280
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0280
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0285
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0285
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0285
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0290
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0290
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0290
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0290
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0295
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0295
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0295
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0300
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0300
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0305
http://refhub.elsevier.com/S1744-117X(17)30026-6/rf0305

	De novo analysis of the oriental armyworm Mythimna separata antennal transcriptome and expression patterns of odorant-binding proteins
	Introduction
	Materials and methods
	Insects and tissues collection
	Extraction of total RNA
	Illumina sequencing and sequence assembly
	Unigene annotation and classification
	Gene identifications and phylogenetic analysis
	Temporal and spatial expression profiles

	Results
	M. separata antennal cDNA sequencing
	Comparative analysis
	Classification of clusters of orthologous groups
	Unigene GO classification
	Identification of putative chemosensory genes
	Expression patterns

	Discussion
	Conclusion
	Acknowledgments
	Supplementary data
	References




