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Abstract

BACKGROUND: G protein-coupled receptors (GPCRs)
are widely distributed in various organisms. Insect GPCRs
shown as in vertebrate GPCRs are membrane receptors that
coordinate or involve in various physiological processes
such as learning/memory, development, locomotion, circadian
thythm, reproduction, etc. This study aimed to identify
GPCRs expressed in fat body and compare the expression
pattern of GPCRs in different temperature conditions.

METHODS AND RESULTS: To identify GPCRs genes
and compare their expression in different temperature
conditions, total RNAs of fat body in Plutella xylostella
larva were extracted and the transcriptomes have been
analyzed via next generation sequencing method. From the
fat body transcriptomes, genes that belong to GPCR Family
A, B, and F were identified such as opsin, gonadotropin-
releasing hormone receptor, neuropeptide F (NPF) receptor,
muthuselah (Mth), diuretic hormone receptor, frizzled, etc.
Under low temperature, expressions of GPCRs such as C-C
chemokine receptor (CCR), opsin, prolactin-releasing
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peptide receptor, substance K receptor, Mth-like receptor,
diuretic hormone receptor, frizzled and stan were higher
than those at 25 C. They are involved in immunity, feeding,
movement, odorant recognition, diuresis, and development.
In contrast to the control (25°C), at high temperature
GPCRs including CCR, gonadotropin-releasing hormone
receptor, moody, NPF receptor, neuropeptide B1 receptor,
frizzled and stan revealed higher expression whose
biological functions are related to immunity, blood-brain
barrier formation, feeding, learning, and reproduction.
CONCLUSION: Transcriptome of fat body can provide
understanding the pools of GPCRs. Identifications of fat
body GPCRs may contribute to develop new targets for the
control of insect pests.
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Plutella Xylostella, Temperature, Transcriptome
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A FAES Sl Agstal5], i FEAES G
A FEAG protem coupled receptor, GPCR)®]|
tH6]. GPCR & F+x2 07 7709] transmembrane =
], theksl 2FolA SAJo] HauEQITH7-9]. $EES
g tert FEAel Agshd, 34k 7 WEkE o]y,
GPCR effector®] &43}5 Fxsitt =9 A¥d GPCR
effector= A2 Y& & (heterotrimeric)q! G T2 2,
a, B, v SSAE 7] vk G @Al G4 L GTP
o} Agwo] glo, v GDPst A3E FEjolth
GPCR| 9Jal 842 Wt Gy DA (Gas, Gaifor Gag Ga
12/13)8 EFel Wt AsHG A2 23F wl7iIZHcAMP B
+ Ca% geiinh Algdd 2ol 2} v7iAlEe] ojgt
2% FE0) AvE teFe A2 whgo] dojdt) 2ol
biogenic amine, A7FELC]IE, v-Aminobutyric acid ‘57
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A28 “%—i%i S flg A4 245 S shE <14
w3 QItH16]. # A= the =3 ofd, wiFEhde]
AE)A A4l Aol GPCR 2 Ajo] & #lsy|
A8, A B4 i GPCRS F4skaL, AH5wd
Az W eks Fgseleh. MAR 45 53l Family A,

B, Foll %31tk GPCRo] APl wsigich, o
2L A7} %@EHA}Q] =9 7)ot kA oky Al
grog 293 715 = SARNEL WA FI o 7M, Al

2 AL BAHoR S89 F Qs TFeds HolErh

Mz g
HiFELIY AL
H| o] £33 ofaE AFAH60 x 60 x 60 cm)
o wlele g ASBIATh 4F2) AR ol A}
FAelA HolZ 10% 8= s, *P%ﬂ 213l i
FUS il FFEIIE AR RN FEE 60 £ 10%=
%X]{j]—%ﬂi, Y Z2T= gL 25°C AEF= 5C ez

I AL(3-10C) oA Z2F ARS8k
o131tk
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Total RNA F=&1} A =&

A2%x71(3~10C), 1%357,1(35@)14 Fex71(25C)el
A AREEE wFFUY 47 50l Hols W, -8 Tl
olgsto] AAE EHsiith weldt ALAZTE total
RNAE #33t7] 913, RNeasy Plus Mini Kit(Qiagen,
USA)E AHEaIItE 53 total RNA A=l DNAE
AAE7] 98l DNaseZ #2313tk mRNAS H237] 9]
3ll, poly-A tail& Z-= 545 o83t poly-T magnetic
bead & AH-3I3ITE E8F non-coding RNAE AlA3H7] $13l,
Ribo-Zero Plus rRNA Depletion Kit(Illumina, USA)& A}
83131tk Short read sequencing= #13F g A1¥ mRNA 2
A= 331, cDNA LS 93 JdA 34 3
Sk9ITE cDNA ¥ e] FEol adaptors £°]3, PCRE
oAt oF 200-400 bp 719 FF% 7|5 7H DNAE
ekal, pair-end sequencings &3l AW A D& A4St

.

AN 2

SHE 12} Y 4 Zsequenced raw data)ell Tk
quality control Ta3I5itk theF4]Ql read quality, A
9719] 7, AAFE GC (%) = AFESISITE Trimmomatic
(Ver. 0.32; [17])& AFH83to, low quality read, adaptor
/Hoﬂ DNA ioﬂ E/] H/H Q‘L}oﬂ oﬂ—%]:_a_ u];d ‘)F ol= o
2ES AASSLE BE AEAA w8 reade> A
£ TSkt *}%Q‘ﬁﬂ‘ﬂ, Trinity ZZIH-& o]&-3}o
A AdEs TSI 18]. HAKel tigt de novo
reconstructions TH3st] 82 G714 LS contigs &
Bapolek gry fFaxEe] el 7P 11 dolg 7=
contigE A5, FHEA] ¢+ unigenes TASISITH
SR ¥ unigenes &3l 42+ annotation, G171 H o}v]
AP AEE FAIGItE 89 oM E s 013;]'01
GPCR9] 5421 771¢] transmembrane domain ¥-3o4-5
TMPred(https:/ /embnet.vital-it.ch /software / Tl\/[PRED_
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form.html)E ©]&3}4 I35t} 573419 annotation
BlastX(http:/ / www.ncbi.nlm.nih.gov/blast) S ©]-§-5}31
th Unigene 34k B@ARIEE AAH] 7|9F AH3d f
A2} WK Fragments Per Kilobase of transcript per
Million, FPKM) 2% #4311 31, W9 452 read count®
ARESISITE el AREEl HA] YR NABIC(http:/ /
nabic.rda.gokr)ol FE3ITHNIN-1865-000001, NIN1863-000001,
NN-1864-000001).

GPCRs2| 7E4 EA

wjFSuL AP AARRRE A op|mal AYS
ClustalW (MegAlign ver. 7.1.0.)Z Fda}3itt, JE4 of
Ak Aol bigt AlE it neighborjoining W< &
3l #2913, Molecular Evolutionary Genetic Analysis
(Ver. 7.0) Zz810 7 A4 =i},

xF

24 :|_|. Ini Xt

=
ol Ha[19]eIA wiFELbd AEAS] AAR =5
125,15471¢] contigE RFESIth ©l& FolA 3070 G &
B ¥ FEA(GPCR)Z 483t Table 1). 4%
GPCRel tjsl] 722] fAMel wket 37) 2502 w73kl
tk family A(167) 4=8-A), family B(117] S=&-A)), family
FB7l 48A)(Table 1). F¥¥ GPCRS U %9
GPCR9] MY fAME 750 FEadla, f-345 7+
AE s THsIITHFig. 1, 2, 3).

5—hydroxytryptamine (5HT) $=2x|

IF 5 =2 biogenic amine TEAE A A} A
A A ]th20]. Biogenic amines< W= S35
opr:ARe] SMEAE HAEEolA 7199 B E 9T
7], BFEn], olke, WY, A3} AEA eI} S Tkt
273284 B el fofgith21-24]. 554 biogenic amine
T~8A1= dopamine, serotonin(5-hydroxytryptamine, 5-HT),
octopamine/tyramine, muscarinic acetylcholine =&
ol ek wiEEupge) A A= 2709 5-HT
S84 contig (c36149_g1_i1%} 28836 gl_i1)7} Z21%9
th 36149_gl_il2 thx7oll WA A&t e 2wk
ko] Ikt 28836 gl_ il 5-HT1A® dh= 842
B, AAA 7R AR AR B AR &5
o= e Y Aok vERA] Ggko, areel
A ek TFAE gt Table 1). Alg5oll4] 27) contig
= AE o8 #ARE 488, 27 rhodopsin#t
opsin &9} 22 EAE A sIItHFig. 1). 5-HT+= 4
T aazd, W, AL, 344 B, ol sEEd
2718k kg3t 7]ofof] dofshs AR A JIuH25, 26].
z3tg] o4 5-HT 2] 57 $~8-4l| subtype(5-HT1A, 5-HT1B,
5-HT2A, 5-HT2B, 5-HT7)ll tht of2]2] yhgo] Bai¥ 3]
th25]. 5-HT A2l E &3l 5-HT1 F8A1= AE i 23k o

ol
B

22l cAMP FEE 95 o2 434 Qu27].

C—C Chemokine =% (CCR)

CCR type 7-& 12kl CCR7 fr3iatel 28l wHEoiA|H,
F2 okgoe] Fojal= Zlog deA 9lom, 2719 ligand
(chemokine ligand 19, 21)7} 578 =] $1tH28]. Chemokines
& AEnkSol] F o3 Balg Wouks xR ks, Y
I PAo = F23h[29], CCR7 ¥ ligandst W
FHES BEG] A mde] AfHo] FPeAT &
24 ATH30]. CCR r¥2k= 1709l contig(c48220g1_i1)
7} gels]Qlon, fake] RS vzl HsiA] A3}
oA B o] Eokth 53] oA ke At
ol 109)e]l 7F7HtiTable 1). AlEE-Fol4 CCRS 5-HT
TEA Y} A EAE FISItHFg. 1). 2EelA CCRE
TZA fARE qdEe] Belxlou o5 AJE]A AYslshy
715l thet A7) H Qs

gonadotropin—releasing hormone (GnRH) $=2x|

Adipokinetic hormone(AKH), corazonin(CRZ), AKH/
CRZ-related peptide(ACP)9} #o] %4 °% GnRH}
FARE TheFet A REe| =7t ket FA 5 SEEelM B
153 QtH31]. #ZeA] B3¥ AKH, CRZ, ACP 9]
Z24 fAMdE vk, N-2eelA pyro-Glu 7], C-2
oA amide”], Al WA opn|iAto] BEARL Phe, B
Tyr 717} $1x18kaL 9tk GnRH. AKH, CRZ, ACP= 7
A AP S Bolu32], A48 sEEES H59 AR
548 HRItH33]. o5 &A= GPCRE T35 FE
FH A BE31, 32]. Ae. aegypti AKH 849}
CRZ 84 #3552 GnRHel 453k, T7]oA A
2of] Fofah[34], the %2 AKRHS} ligand S0]4J¢llA]
zto]E HQITH35]. GnRH &A1& 1709 contig(c43218
gl il)7} gRlEflon, Faae] ke izl nlsiA
Aol A e wWoko, gofxl= o] dxjs| vkt
(Table 1). AlEE7FellAl GnRH &A= rhodopsin¥} 2
< FAE FAetkFig. 1).

GPCR moody

Z31g]ol] GPCR moody FHAHCG4322)E 27119
splicing Ho]#l(Moody-a, Moody-B)E e o5
FA o7 C- Heut zpol7} Stk o5 FEAlE AAAE
e AdAl 7)%5S she glial AlEelA ¥t Glial
AEs Zakele] "o o o] At fAlol FAolt
[36]. GPCR moody Gu, G Gz Gy w3170
3N A glia EHA actin F2& W37, septate
junction WS A sleh=t] J3E FH7]. GPCR moody
= 270¢] contig(c52289_g1_il, ¢52289_gl_i4) RI1=|lC.
], AR WAk thETtell wls A2elA oRE H3%e
U, 2ol ekl FAS] St Table 1). AlS-w+
4 GPCR moody+= 2Rl #4115 FAsISItHFig. 1).



Kim et al.

Table 1. Identification of G protein-coupled

receptors (GPCRs) in fat body of Plutella xylostella

FPKM*
Type contig Annotation Accession # Low  Control High Species Ide(z{r/;t;ty E-value
(3-10C) (25C) (35C)
A 36149 g1 i1 >hydroxytryptamine XP_021189580.1 077 214 056 Llehcoverpa 97 1.00E-86
receptor armigera
A 28836 gl i1 >hydroxytryptamine XP_026755055.1  4.18 748  7.77 Galleria mellonella 78  3.00E-30
receptor 1A-alpha
A 48220 g1 j1 CC chemokine receptor  wp gye3ogps51 3740 387 1289 LDposmocoma 46  7.00E-82
type 7-like kahamanoa
A 43218 gl il %"“""d"tmpm'rdeasmg XP_011566139.1 141 1881 27.01 Plutella xylostella 100 0
ormone receptor
A 52289 gl jp OrProtein coupled receptor yp 115581891 051 187 277 Plutella xylostella 100 0
moody X2
A 52089 gl j4 SProtein coupled receptor xp g11558181 077 216 263 Plutella xylostella 100 0
moody X2
A 42962 gl il neuropeptide F receptor XP_011565078.1 0.90 0.65  3.52 Plutella xylostella 100 0
A 54142 g2 i2 opsin-3 NP_001292410.1 5.54 402 036 Plutella xylostella 100 0
A 54142 g2 i3 opsin-3 NP_001292410.1 5.23 419 058 Plutella xylostella 100 0
A 54142 g2 il opsin-3 NP_001292410.1 7.39 412 057 Plutella xylostella 100 0
A 45810 gl_i2 fég;;igﬁiirﬁleeasmg peptide  yp 011565707.1 15611 9423  37.6 Plutella xylostella 100 0
A 45810 gl_il f;é’elgigﬁiflieasmg peptide  wp 011565707.1 16317 97.02 4017 Plutella xylostella 100 0
A 49354 g1 j1 rhodopsin, GQ-coupled-like yp 115550911 0,02 119 0.63 Plutella xylostella 100 0
isoform X1
. . . Amyelois
c47082_g1_i4 sex peptide receptor-like XP_013195850.1 6.72 2053 921 i 100 0
c50243_g1 il substance-K receptor-like XP_011552653.1 214 8.81 290 Plutella xylostella 100 0
.. G-protein coupled receptor Bombyx ~
97944 gl i1 PN XP_028028989.1 2406 138 114 T 85  3.00E-110
B 55174 g1_j1 2dhesion G-protein coupled yp 4300034871 3427 1187 913 Manduca sexta 100 0
receptor G2-like
B c47085_gl_i6 Slgﬁ’lﬁ“ coupled receptor  xp 0115504821 1120 192 105 Flutella xylostella 94  2.00E-71
B 47085 gl il _Protein coupled receplor xp 0115564801 1403 271 198 Plutella xylostella 100 0
B 47085 glis LProtein coupled 1ecplor xp 115564801 596 093 102 Plutella xylostella 100 0
B 47085 gl _i7 f,[tl‘}’lr‘fltlfé“ coupled receptor  yp 0115564821 5.8 134  0.82 Plutella xylostella 100 0
B 7085 gl iz Protein coupled receplor xp 115564801 1457 306 167 Plutella xylostella 100 0
B c47085_gl_i3 Slgf‘]’f]fé“ coupled receptor xp 115564801  23.86 411 299 Plutella xylostella 100 0
B c47085_gl_i4 ﬁgf‘ﬁfj coupled receptor xp 115564821 819 237 153 Plutella xylostella 100 0
B 49241 gl il ﬁtf}’lr_‘l’itlfé“;"u?’led TeCePlOr  xp (0115564831 1612 3425 2914 Plutella xylostella 100 0
B 9260 g1 j1 diuretic hormone receptor  yp 115500011 7041 4585 144 Plutella xylostella 100 0
isoform X2
29403_g1_il neuropeptide receptor Bl ALMS88341.1 0.39 0.86 5.61 Chilo suppressalis 91 2.00E-56
F 38254 _gl_il frizzled-4 XP_0267562102 224 025 0.8 Galleria mellonella 93  6.00E-69
., atypical G-protein coupled Operophtera -~
P80 glil [ RN ChRes KOB78361.1 478 104 152 PR 87  4.00E-83
F cdsdes g1 j1 Protocadherindike wing  yp 0115560061 150 005 019 Plutella xylostella 100 0

polarity protein stan

* FPKM means fragments per kilobase of transcript per million
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| €52289 g1_i2

:|»GPCR moody

| 52289 g1_i4

c49354 g1_i1 (Rhodopsin)

c43218 g1_i1(GnRH receptor)

c47082 g1_i4 (sex peptide-like redeptor)

45810 g1_i1
| ca5810 g1_i2

¢50243 g1_i1 (substance K receptor)

c42962 g1_i1 (Neuropeptide F receptor)

]—Prolactin-releasing peptide receptor-like

c28836 g1_i1 (SHT-1A receptor)

c54142 g2_i2
l{ c54142 g2_i1 —opsin
c54142 g2_i3
_I ¢36149 g1_i1(5HT receptor)

P
0.20

c48820 g1_i1(C-C chemokine receptor)

Fig. 1. The phylogenetic analysis of GPCR family A identified from fat body of Plutella xylostella. The number below

the bar indicates phylogenetic distance value.

c47085 g1 i5 ]
c47085 g1_i3
- c47085 g1_i4

c470859g1_i6 — GPCR Mth-like

47085 g1_i7

47085 g1_i1

c47085 g1_i2

c49241 g1_i1(GPCR Mth-like 3)

¢97944 g1_i1 (GPCR Mth-like 1)

¢55174 g1_i1(adhesion GPCR G2)

€49260 g1_i1(diuretic hormone receptor)

—_
0.20

¢29403 g1_i1 (neuropeptide receptor B1)

Fig. 2. The phylogenetic analysis of GPCR family B identified from fat body of Plutella xylostella. The number

below the bar indicates phylogenetic distance value.
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¢35480 g1_i1(atypical GPCR fz3)

c48464 g1_i1 (stan)

—_
0.20

c38254 g1_i1(frizzled-4)

Fig. 3. The phylogenetic analysis of GPCR family F identified from fat body of Plutella xylostella. The number

below the bar indicates phylogenetic distance value.

Neuropeptide F (NPF) 25|

FAFE=2] NPF= 724 0% 5552 neuropeptide
Y(NPY) family9} fAFsIc Z312]¢] NPFe w+3oll4] 2
7% #Z2] NPY/NPF family®]tH37]. #%2] NPF & X
E8 FEALE X PxRx, YLxoLxoYYx,RPRFamide & 7}
UH38]. x3}2]¢] NPF= thagt el dofshs Zlow &
HA Stk A, SINIA, AEdA, Y, 8 %
[39-42]. TF2 2S04 NPF & 423850 Bojsh= 210
2 A QItH43, 44]. Z3hElelA NPF 841 544
3, B HAA, frEelAe wihAAE, AFelMe HolA
% WHETH40]. Anopheles NPF T8A1= & Al9)et &
= Aol @A Eth NPF= 538 circadian activity
= yofehz Zlo® dejA glf45]. 23ke] NPF 84
+ radioreceptor A7H& S8l SA¢] g slrh AN
&2 Gis} adenylate cyclase® &3l forskolin©] A3}
T cAMP b Asfit) wiFupy A dARA A
NPF 5841 170 contig(c42962 gl_i1)7} 54533, o
Zroll wlsl Aol o] @A Fqkot aRelM =
whgoke] zjolE HolA] ¢kS}tHTable 1). AlEEFol4 NPF
&A= prolactin 0] JEfol= FEA|GL TP BAE
FA I tHFig. 1). NPF E€AI= Anophelese| X E 54
o] 7% 1[46], “Felthdolut Tribolium3t - ofe
Soll Q& Ao FAEUTH47-49].

r 2

Opsin
Opsin FA4E defA glon, Fr8Ae AdHEY
WAEE AAsE Ol opsine F55hs 9] oo

b AA 2 TR e R BRETk 1) 1 e Fske T
HAFEE A A, 2) 2 S ke FATEES
AZH 250, 51]. AAAIENE 370e] 21 pgel nhgahs
opsin contig(c54142_g2_il, i2, i3)5 E4ach ©]E9
e A we ke iz H(25C)el sl AzelA &
As] wtgtom agoXe ot F2 Z 0 Ut Table
1). AEEAeIA wiFE ] opsin 5-HT1A 849}
TP BA1E P53 CKFig. 1). Opsind W& 2%
A wn] ARel GEFE F= Zow deA JeHs2]. sk
Wl e §, opsin®] WA b BAFellA fhAdtal, A
& S S8 opsindll tig fxA 3 ol AS
o) MG tigt FEE FAATOEN opsin®] W]
Tl o] glgel HaEglrH51].

Prolactin—releasing peptide $£=&%x| (Prp)

Prp 584k &R AVIFElel= F 5~8Ashort neuropeptide
F receptor; sNPF)Z A&7 A|REE|QITH53]. sNPF A5
9 ARE ZFoA A4, o, AT, A S 22 o
¥t ezl Bgol #ofdith sNPF+= o924 0% HA|s
=3 G 2FE0IA BS54, 55]. i 5ol
sNPF %21= tl=9] sNPF isoforms= 7}XITtH56]. B3
S APEA A Prp -84 271 contig (45810
gl_il, c45810 gl_i2)7} &7d%31aL, AR 7Rk AFsdd
AR HAYE tiZ27125C )0l Hlsl A2ollM AAs] Wk
on, a2oXE oRE w2 A0 E YERstHTable 1). Al
WA HFEFHEE Prp 84 SHE EAE A6t
], NPFs} 77k #4115 @981 thFig. 1).



G Protein Coupled Receptors in Plutella Xylostella Fat Body

Rhodopsin—like 23|

Rhodopsin-like &A= 7H¢ & GPCR Family A
subgroup< 8’33t} Rhodopsin-like 5841 W, A2,
AE, A Sl vefE Aeld 2es 2dsk, o 2%
A% ®az) Eo] QItH10, 49, 57). WiFELRE AA] AR
oAl Rhodopsin-like 5~8&A= 17} contig(c49354 g1 _i1)7}
SAENL, A BEYE thE=H25C)ol nls Aol
ko R vigro, qeofi= dEe] A3 Haslel
T{Table 1). A4 oA wiF1b8-<] Rhodopsin-like 5
&A= GnRH 8419} NPFel 77k 2415 3/daisict
(Fig. 1).

sex peptide =27

Zopg e, ] FEAelA A EH= sex peptide
wrIg-st o R HAEETh sex peptidew 3| ¢
ZoA dofup= wr] & S FESTH58]. AEE Sex
peptide= 7] H 2 Mt Hof| Qli= EA ol ATste],
Akt v Al Fskaf59], o] sHdEs #shA|T]
31[60], 34t SERo] E(anti-microbial peptide) WdE F7}
A7ItHe1]. wiFELRE AA] A OIA sex peptide 8
A= 171 contig(c47082 g1_i1)7} 8=, Ak T
& tiZ=TH(25C)ell vlal A3} ol BF sk ek
S Table 1). Al&HA oA viF51ble] sex peptide
SAE 5HE EAE IAESITHFig. 1).

Substance K &4

Substance K &= 724 FAMJ 2= rhodopsin-like
FgA4o 434, neurokinin & E2)7]% 3tH62]. 29
substance K §3& olgsto] uelold A5o2 #3144
7} 2295 3lAL tachykinin-like peptide TEAZ Hil%
ATH63]. %] Tachykinin ¥ FlEfo] == WAj7i2], o]
& FA%E, AAUAL, ZE5EY Y vt Aed e
vofstn, =84 S Tl AETed]. o= FEA
= AE WY 24 s S7MIA AR ARE
71865, 66]. HiFEUY A A AARA A Substance K
T84 1/ contig(c50243 gl i1)7F A=, 44
Pk ti27725C)ell nlell Aol x thzoll Hlsl §4
Sotont woMs wdge] 25MdER Sk
(Table 1). 7AlEEA M wiFEhE2] Substance K 584
= SHE 24 FsISItKFig. 1).

o o

Muthuselah (Mth) $=2x|

Mth 584 GPCR B familyol 431, Zyle|ox:=
15711¢] Mth &4 A7 RusQleh ol f-44k] o
el AEZLR THQlelA 10719] Al2E QL 2] 9F Iy
33t 9x)7F W AltHe7, 68]. Mth Zulg]old AEHA
= Adde FAAE BaEQa, Ak AEYA A}
AEHo| JeS FrH69]. 232 AR stunted 7} W=
+ 2719 mEZEgo} ATP synthase ¢ A%H9]A17F Mth

TEAE GASATH70]. L s 2Felx] Mth 4
A7y e g o, 29e]o) 9-9F g Mth F-3d4+] A&
&2 7158 A7t Aeshh49, 57, 711, ZF Mth +-384=
Sl mEh ST Tl zo)rt Qs AoE Bl
HAeH72, 73]. WiFFLE A A AARA A Mth -84
= 97 contig(c97944 g1_il, c47085 gl_il, c47085 gl_i2,
47085 g1_i3, c47085 g1_i4, c47085 gl_i5, c47085 gl_i6,
47085 g1_i7, c49241 gl_il)7} 4= x, 37k Ldok
& AE th2725°C)oll Blsl A2elM & vl sk
oy, IeM= dAAE] & FAYS UERITHTable 1).
214 0 F Mth-like 3 FEA= A2} 112 BFolA] 1]
oo] YA UEbttHTable 1). ASEAolA wiFEipde]
Mth F8A1= 53HE #AE Ao, Tl et o
& AAZE A AHFig. 2).

adhesion GPCR G2

Ao A adhesion GPCR G2+ AWZAS 7A@
3] AAZIEA it BEETH74]. opdeEe] Ll
Carausius morosus®|* adhesion GPCR G2+ 4317|342
A7 HAH I O75], BESHA Vsl tiaiM e oF4
ATEIE glok wiEEpL A AAOlA adhesion
GPCR G2%= 17} contig(c55174 g1_il)7} E4H T, 571
b S thx7125C)ol| Blsl Ao xf= vlszaALE B
o, dofME @A w2 IAYS YERITHTable
1). AGEA oA wiFE 2] adhesion GPCR G2+ =
¥ A5 PA8IITHFig. 2).

Ol=522 489t AMZHEI|S B 48
AABEOLE BI FEAE i 2R g A9} TRAOR

AR 2o A gltk o]50] £8h= GPCR B family+=
cAMP7} w7eh= Alsdd Aze] wolshs Ao deA
Atk ZFolM =3} o] Afole] e AEol| FF otk
olugFBRE] AE|Hel FoAo] HuEQIH76]. olwFE
> A7 corticotropin #HH ¥ calcitonin FOF g
o} vk Diploptera punctata®lA calcitonin & 2
o] A0 % W o] Malpighian tubuleol4] ©|xE 5
7WAZItHE B ol &2[77], 232|2t Rhodnius prolixus
oMM FEA7E BAFGIHTS, 79]. 2EolA olmF =i
TEA g} ARl cAMP TS T7HIA AR 78S
Z733tal, Spodoptera littoralis| A= ©)5xF 220] 132
53 AIITH80, 81]. WiFFWL APGA ARl o]
L EE A ARERE 84 Bl 717 c49260
gl i1} 29403 gl_ilo] FHHUt olwe 2 584
A2 W ke tj2725°C)ol| vlal] Aollxl= A8 Wk
o, Aol gdge] ot EltiTable 1). A733IE
°]= Bl 8419 frdat ek tdix7(25C)ol Hlg A
ZollAE @A A veloy, agelds 238 B
et Table 1). A4 olr wiF5upde] olwa=s
FEA % AAHE|E Bl F8AE M2 &2 BAE B4
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SFItH(Fig. 2).

Frizzled

Frizzled+= starry night, Bride of sevenless$} tl%o] H]
AR GPCR ©fl &3, o5 3ol oW 724 FAM
o] ¢ltt. Frizzled & T 27H=R] Wnto] 78412 &
A 9lom, Wnt ATARZ /NSt ©]2 E3l|, Frizzled=
Z3E) oA M QEe] Ca™t o] Wt ofe} WEhg 2t
tH82, 83]. wiFF L AgA]l HALAoA Frizzed ¥
2= 270 contig(c38254 g1_i1¥} 35480 gl_i1)7} &1y
Attt Frizzled ¥ A9 W&k ojz27425C)0l
vlal] A oA EA Yepston, 53] oA
k2 #A3] F7)eltHTable 1). AlSE4o)A Frizzled
FAAES 59524 EAE FY5ISItHFig. 3).

=)
o

protocadherin—like wing polarity EHaHZ=l(stan)

Flamingoetils =2]$+= Starry night(Stan)< 8] 4%
Al GPCR % W transmembrane 44 7HAH, 44
cadherin, EGF-like, laminin doamin 5= 7FAt}{84]. Stan
A B ke t)Z2125C)l Hls A3} 2o #A
3] = YRk on, 53] aiofA] Wk 30u] oo R
Z7¥5ltHTable 1). Stan<- frizzled 39} 22 ¥X|5 A
3ISItHFig. 3). Z3}g]°l4, Stan< planar cell polarityS
FEshs o delA IARHES], LA sS olss)
7] SEiAeE o B A9 d]sith

oo A= 2o e GPCRE #dl HH: F5el
et zfo]7} QlS-S KTk A2olx] o] %2 GPCR
< CCR, opsin, Prp -84, substance K &4, Mth-like
FEA), o)wT B 284, frizzled, stanCE 0|59 V)%
HNES, A2 W ol WA Wt o)k, e sl
o= ZloZ 44 ok 12oM wio] &2 GPCRS
CCR, GnRH &4, GPCR moody, NPF $&4], 4173
Efo]E Bl 784, frizzled, stan®® o5 F& WY, &
=g @A, A W Sk A4 ol Bolshe ZloE B
Atk ol EHH WY Swo] Ik, At a4
o] F7kste], WAl st AFA T3k o= Ao
2 A ik mebs AEAelA vkt GPCR Hd A
Ao A A7) so] tAbPgelwt SetE] ] o Sl
Bl giitdse] S410 Aol GPCRY) 5742
2 ol BAlY] 2AoR B389  gls AoR AlsHth

= flo

Note
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