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ABSTRACT

The PRXamide family is the largest neuropeptide group that has been
characterized with a common amino acid sequence, PRXamide (X, a variable amino
acid), at the C-terminal end, which is conserved for diverse functions across Insecta.
There are classified into three subfamilies: CAPA (peptide produced by capa gene),
pyrokinin  (PK) including pheromone biosynthesis activating neuropeptides
(PBAN)/diapause hormone (DH), and ecdysis-triggering hormone (ETH). The first
PBAN, a neuropeptide, was discovered in the moth, and while the physiological
function of most PBANs is largely unknown, the majority of functional work has
focused on the regulation of sex pheromone biosynthesis. Physiological major
functions of CAPA is known to regulate diuretic action and visceral muscle
contraction. In this study, using PCR amplifications including 3' and 5' RACEs, we
identified a full sequence of the potential pyrokinin and capa genes in the western
flower thrips, Frankiiniella occidentalis, and characterized the expressions of
pyrokinin and capa genes at the developmental stages and the tissues (head, thorax,
abdomen) in the western flower thrips. PRXamide-like immunoreactivity recognizes
both pk- and capa-derived peptides, are localized to cells in the central nervous
system (CNS) of the adult, including cerebral ganglia, gnathal ganglia/suboesophaeal
ganglion, thoracic ganglia, and abdominal ganglia. There are three FXPRL peptides
including DH and PBAN-likes in the thrips. We expected five FXPRL peptides from
the pyrokinin and capa transcripts, and two specific GLXFPRV peptides from the

capa. During the developmental stages, the pyrokinin and capa genes were more



expressed in males than females, and the capa gene was not expressed in eggs. In
the tissues, the pyrokinin gene was expressed in the head, not in the abdomen. On
the other hand, the capa gene was expressed in all the tissues, more in the head
and less in the abdomen. In immunocytochemistry, PK peptide was shown in all the
tissues. Immunoreactivities with PRXamide were observed with at least four
neurosecretory cells in the brain, and a pair of immunoreactiveneurons in the pro-,
meso- and meta- thorax, respectively. Surprisingly, seven pairs of the
immunoreactiveneurons were recognized in the abdominal ganglia, which would be

the first report in insects.

Key words : western flower thrips, Frankliniella occidentalis, pheromone synthesis,

PRXamide, gene expression, immunocytochemistry, insect physiology
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Zandawala, 2019; Schoofs et al, 2017). PRXamide family 3Zlefo]E=x= 3749
subfamilies: capaility(CAPA)®E}o| &, pheromone biosynthesis activating
neuropeptide(PBAN)z} FHw22(DH) =¥t pyrokinin(PK)#Elo|t, En IXI-—QE
(ETH)o] Qlony Z5X o2 ofp|LAt c-Utho)l PRX amide(X, E} ojo]:At X|2h}s) +

= Aur 57 oA ciefet 7ls& s eck(urenka, 2015).

AEHElOIT 55 5 ohLiel CAPA Hejo|ci cloksh 2ol S4E/9)oni(Predel &
Wegener. 2006), 4294 7502 ZsfefoA] Hxe} x2of cigh Uiy, ArlF 3
CS Z3o)A Uaf7|of o|x2HE AF|S= 7|5o] B1E|Qch(Paluzzi, 2012; Paluzzi et
al., 2010; Terhzaz et al.,, 2015).

PK flL'llel-o]I:_o,] /\H‘:"c'fl-x-l 7].‘:.0 2= *_‘% L].l:ll- oﬂ}\-l /\-IJ_L]E'_D )\Hol-kl Al @%(Raina
et al, 1989), &&Z82| 4=1} o|¢kx™(Holman et al, 1986), A|Ho| =zl Aol
(Masumoto et al., 1990), ¥d|7] WS(Xu & Denlinger, 2003), H@4 c}Hed(Uehara et
al,, 2011) 59| it 7155 = Aoz LA ok
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sf}Zo|ck(Demirozer et al., 2012; Morse & Hoddle, 2006; Mouden et al., 2017).
Tuaaels @ AlMdoR $A80 A Sshg S5 Fed sioe Ak,
of ot mlel ¥Rt oLt EntE|xEFHI0|2 A(TSWV)E ofiisie] Fr|Hor e
sizolct A2 ExgEaieel Hs w4 58 ol ¥ AMIE 48, 71FAE9
Moel 5 ERMEY 2ol FS 5o YHEEE Folmxt st ATt 4
9lch(Rotenberg et al., 2020).
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ofe| mAollA Fa} Foll AAh= Fxigeel ot Ad5E MY = DNAS FE3191
c}. ITS 2 949 primer(® 1.)} Dream Taq polymerase(Thermo Fisher Scientific)S
== ZZAE-S Rsal Alstaaxig] 9 sequence EAS E3fo]

SHelstont SHol Shels Sl AIHS Sis) Agslsich

(o]
—,'Z— %F’ngl;jEﬂ—‘;— insect breeding dish(®100 x 90mm)o]] W'g-ZE-S =Ho| 4l
2 2

a
rr
ru

o

N2 35 £ 19 HHor PdZHAS wHlste] xzhS ofgich sk oF HYollA {5
F3} obH FbHoR PEIHAS Hol2 FEoted FETHR| ARS okglon] AR Lol
=2 Halslo] insect breeding dish(®100 x 90mm)ol] FdE WHHYS ZZ5H0] oAt
Ssloich AFS xS 25 2541 C, Ali4E 6045 %, Z=7] 16L:8D o|9ich.

FHAREAE RNA 355 9o Ed5Ade) 7 d3uA(g, 1395, 28995, o4H
U8, SUTE YL, 4B, YEE SUHD Y ANeR, T, 29 15m
conical tubeof MEHsIon ME2 -70C xx-2 Y520l Bksto] Ao AREsoICt.
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E 1. ITS 2 222 9|8} primer AUR =

Primers Nucleotide sequence ( 5- 3’ )
[TS2-thrips F TGTGAACTGCAGGACACATGA
[TS2-thrips R GGTAATCTCACCTGAACTGAGGTC

L}. RNA £% 3l cDNA 34

RNAZZof 923bx| 1~29 ojue] ZEiHExidal d34d5S ARBSISich RNAS| &
2 PureLink RNA Mini Kit(Thermo Fisher Scientific, Waltham, MA, USA)E o|23}91
}. 1.5ml RNase-free £ Hoj ME3} Lysis buffers X 2| 3 glass pestle tissue grinder
S o]gsto] dgofl FHEE 1 F FE3t M2l 3 Kit vfrde] uwel RNAS FE319]
ony =% 1}%ojA] DNase & A z|gto] AE U] genomic DNAE A|Hs}SIch =&ESH
RNA+= NanoDrop 2000(Thermo Fisher Scientific)2 o]&83ste]d ZA| XS S+ =
SuperScript III First-Strand Synthesis system(Invitrogen)2 o|-& 3! ool w2l cDNAE
orAdskoich A%l ¢cDNA= pyrokinin 3 capa §79xFe] PCRZZE template 3 sequence
Aol ARESESICE

1

C}. pyrokinin 3! capa %A} cloning 3! sequencing

E=ELele] pyrokininz} capac| {7 ME 24 flel e 2%l pyrokinin
2} capa®| transtcriptome 3! genome ZJEH-S NCBI (hhtp:/www.ncbi.nlm.nih.gov/), i5K
Workspace@NAL  (http:/nal.usda.gov/) ol|o|Ej#|o]AcjjA] LRl o5  7|d¥lo =z
Geneious Prime software(Biometters, Auckland, New Zealand)2| primer-3& o]-&3d}o]
coding area7l ZE|EE primerS A|ESIICHE 2).

PCR ZZ2 Phusion High-Fiedelity DNA polymerase(Thermofisher)S o]-&d}o]
Denaturation 98°C 30% &, 98C 10%, 60T 20X, 72°C 60%(35 cycle), Final extension
72C 102 =Ho= Hke A|Fch PCR £E4AFE-2 SYBR Safe DNA gel stain(Invitrogen)
2 1.2% Agarose gelo]] A7} = A7|9-535fo] Gel documentaions o]l 2HIs}Ict
Agarose gel 49| target bandt= GeneJET Gel Extraction kit(Thermo Fisher Scientific)
2 o] 83dto] E2|glgion] Ee|®l PCR Product+= CloneJET PCR Cloning Kit (Thermo
Fisher Scientific)& o|-& Escherichia coli competent celloj] clonning= 3}31 1 sequence

Hx] 2 ABHA
242 Suigict,
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E 2. pyrokinin 9 capa cloningS gt primer AGX B

Primers Nucleotide sequence ( 5~ 3’ )
FoPBAN-F CCTCCTACCAGTTGAGCCGA
FoPBAN-R GTCTCATACCATCTTCACGGCC
FoCAPA-F CGGGAGATCCGAGTCGAG
FoCAPA-R TCTTCGGGCAATGCGATGC

TuoEage) pyrokinintt capa SRt 3 Y SUTH HEE odv|gle) LAl
sequence FHE 7|90 2 Rapid Amplication cDNA End(RACE) PCRQ] primerE A|ZHE

3) 3 RACE PCR 35 B3l M| FAAMLE Y ofm|=it F25 FRISHIC

E 3. pyrokinin 3! capa S-AX} RACE PCRE 9|$t primer A/GXH

Primers Nucleotide sequence ( 5~ 3’ )
FoFBAN 3R-F1 CAAATGGAGCTGCAGACGCTGATGA
FoFBAN 3R-nasted GCAAGCGTTCGGTGCAGATGTC
FoPBAN 5R-R1 CGACTACACCTGAGCTTGTCCTTGG
FoPBAN 5R-R2 CAAACGTGGCGAGAACCCCCA
FoPBAN 5R-natsed CCAGGCGAGGGGTGAAGTTCAC
FoCAPA 3R-F1 ATGCGAGAGTACGTGTTGCTTCTGG
FoCAPA 3R-nasted CCGAGTACTACCCGGGCAAGC
FoCAPA 5R-R1 CAGATCATCCTGCGGCCCGAG
FoCAPA 5R-R2 TCATGGCTGGGTAGTCTCTCACGTT

FoCAPA 5R-nasted CACTCGCTTGCCCGGGTAGTAC

2}. RT-PCR 9! qRT-PCRE 53} pyrokinin 3 capa SRR} Wé-EA

T delo] a3 RAo| T}2 prokinin} capas) WREAS B Slsh WS
1FuFg k| 9} = &loj|A] PureLink RNA Mini kit(Thermo Fisher Scientific, Waltham, MA, USA)E: |
235t RNAS 2319t} RNA= NanoDrop 2000(Thermo Fisher Scientific)& o]-88to] XzF &
SuperScript III First-Strand Synthesis system(Invitrogen)2- ©|-& cDNAS 3 3 25 2-4of| AR2-S}
Qict RT-PCRoj| ARE$F primer i 2= & 49} Ut} Dream Taq polymerase(Thermo Fisher Scientific)
£ o|&3}o] Denaturation 95C 35 H2| 3 95T 30%, 60.8C 30%, 72°C 30%(35 cycle), final
extension 72°C 102 2710 2 HFSA|FCh S2%] PCR AFE-2 1.2% Agarose gelof| M7]%3-53+ 3 Gel

documentaion-g o|2&}of Wi =5 3H0I5}9ic



E 4. pyrokinin 3 capa L4HEA(RT-PCR)S st primer G H

Primers Nucleotide sequence ( 5~ 3’ )
FoPBAN-RT-F GACAACGACATCCCCTGGAAG
FoPBAN-RT-R CATACCATCTTCACGGCCGAT
FoCAPA-RT-F CCAGGACAAGATGCGAGAGTAC
FoCAPA-RT-R CCATACCAAACGCAAAGCTCG
FoEF-1-RT-F CGCACTTTCCTTCATCCACTTC
FoEF-1-RT-R GTCTCGAACTTCCACAGAGCAA

qRT-PCRo|| AR2SF primerdEH = FE 59} Zronj RT-PCR EAoj ARL3F ZUSH RNA
ME-S AFR3ISITE Power UP SYBR Green Master Mix(Applied Biosystems)S o|-£3}o]
optical 96well Plateo] 10u¢ Power UP SYBR Green Master Mix, 1ul cDNA template, 1
w0 primer pair, 8u¢ nuclease-free waters ZgFsh 20ue] HFSoH-Z xSl IH welloj
255t % platedlol] ZEoz2 T 9ich YEE plates Quant Studio 3(Applied
biosystems)ol|A] 95C 10& X2| &, 95C 15X, 60C 18(40cycle) 2 Ho 2 ZZE3}9]on]
Z24dle = 60Coj|A] 95T7IX] 2% 0.15C 71238ty melting curve 242 £8813ct
5

= T
S 24 3 PCR FES 4AWSUT o3 T MEY ot valued of §3fo] W

=

R 5. pyrokinin 3! capa LHEA(qQRT-PCR)S &3+ primer MG E.

Primers Nucleotide sequence ( 5~ 3’ )
FoPBAN-gRTF1 CGACATCAACTGCCTCCTGT
FoPBAN-gRTR1 GAAGTTCACGAGGTTGCCCT
FoCAPA-gRTF1 CCCTCGTGAACGTGAGAGAC
FoCAPA-gRTR1 ACCTCCTCATCCGACTCCAG
FoEF-1-qRTF1 ACCACCGGCCATCTCATCTA
FoEF-1-gRTR1 ACACCCAGGCGTACTTGAAG

of. PKglElo| o] HAN|ZSoHY 54
Whole-mount HANM|Zo}oby 2MHZ o] &slo Frn-FExfdefe] PKHElo|Ee] 22
S Zelepgich Exigal PKelelo|tof cf-§8k= polyclonal antiserumg g/gsjo] £Adof

ARSSE9ich - gREx e oF=x-& PBS/10% formalin £9o] 1A]7F TX Z PBS2%

616 « 2021HE A|SHATLE DA
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Triton X-100(PBST)of| @}&4F S9F wufefsigich o] 12A]7F =9F polyclonal PK
antiserum(1:2000)x{2| % 2x} antibody(goat anti-rabbit IgG-peroxidase 1:2000), rabbit
peroxidase anti-perdoxidase antibody(1:400)& HzJs}qich. I+ Az T2 "o LA
PBSTE o|-&sll £|4 33| MIH-E 43¥st3lon pbx|2} antibody M2 Fofl= PBSE A&t
% 50 mM Tris-HCl buffer (pH7.6)of 1027+ A 2|s}9ict.

HRtES wEeb] Qo x=FEANEe| o5 AlEc] 3,3'-diaminobenzidinez} H.0:5
Aesto] M vhEZ FEOIGITh Suh EARkgo] sl LA W =RId R ME

PBS gllo 2 A|&slo] THER 40~100% glycerol &lof Hz[sio] E4al A|ZiCh 2
PP Y& o]-gsto] PKRElo|E9] AW 2RIX|S RIS

o =

£ odode ==} Ha} 475bp Alo|=e] wHET}
°F——¢L} nl= Al Lehtls HE 30*%’12”4 RsalM|ota 45 A2t dYd+Ent
(Ahn et al, 2014)9} SUs}7 240bp, 166bp, 69bp2 IR} Tzt Zxijdelz Sst
Pk 1). T3k ZEF| ITS2 sequences blast searchst Bl Zi-Exdee} SALE
TF 99.8% UtEgton] & HTe] FALEE 99.6%2 5 $US =stu(2d 2) A
2 AYto] 24 AFE FRloHrh

(B)

1500
1000 -
700 -
500
4== 475 bp 200 8
300
200

4mm 240 bp
4= 166 bp

75 4= 69 bp

% 1. ITS 2 PCR Z& 4l At A X2 7|95 B3k (A) ITS 2 PCR product. (B)
Restriction enzyme(Rsal) treatment product 3 M: Marker, OR : B|=3gt ZExjjde], KO :
Bl 2R Exe
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GGTAATCTCACCTGAACTGAGGTCGTGARAGGCGARTCGCGCGGAGGCGARACGCAAAGT
GGTAATCTCACCTGAACTGAGGTCGTGAAAGGCGAATCGCGCGGAGGCGARACGCARAGT

GCGAGAAAATAATGCAAACTGCGCGGTTGCTCTTTGTAAGGCATACCTCCAAGTCTTCAA
GCGAGAAAATAARTGCAAARCTGCGCGGTTGCTCTTTGTAAGGCATACCTCCAAGTCTTCAA

GACGGG
GACG

CGCGACGTCGAG'
CGCGACGTCGAG

GAGRACAAGRARACGTCACACACCCGCCGCTTTTGGC
GAGAACAAGAAACGTCACACACCCGCCGCTTTTGGC

AGRACGTCTGGAGGCTGTCTAGCGCACGAGGGCGCTCTCTGGCTATCCTTTATAAGACGT
AGAACGTCTGGAGGCTGTCTAGCGCACGAGGGCGCTCTCTGGCTATCCTTTATAAGACGT

ACCGCTAGGCAGAGTGCTTTCTCTTTACGGE!
ACCGCTAGGCAGAGTGCTTTCTCTTTACC

AAGCGGTGARGCGACCACCCTGAGGAT
AAGCGGTGAAGCGACCACCCTGAGGAT

TTTAAGAGTACCACGCTTGCGCGCGGAGACTCCAATCTCGCTCTGTCGTARACGACAGAA
TTTAAGAGTACCACGCTTGCGCGCGGAGACTCCARTCTCGCTCTGTCGTARACGACAGAR

CAGTCTGGTCTTTGAGTTTGGTCAACCGACCCTCAGTCAGGTGTGGCCCAGGAACARGTC
CAGTCTGGTCTTTGAGTTTGGTCAACCGACCCTCAGTCAGGTGTGGCCCAGGAACAAGTC

CTAGGGCCGCAATGTGCGTTCGAATTGTCAATGTTCATGTGTCCTGCAGTTCACA
CTAGGGCCGCAATGTGCGTTCGAATTGTCARTGTTCATGTGTCCTGCAGTTCACA

Aok}t kAT x| ITS 2 sequence alignment %
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- Sqve old = “E"
= Add 4-6 cots

1st hmr nymphs
= Add 2-3 cots

Day 13+ = Remove moldy cots

" Life Cycle

f and Rearing
\ Frankliniella il
occidentalis =B ool

o = Discard old
: - Add 4-5 cots

g
1st & 2nd instar
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Adults and pupae
= Brush cots
= Discard old
= Add 2-3 cats.
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Day 5-8
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U ExEMN el pyrokinin 3 capa AR &7

ErgENde] pyrokinin {797 3709 C-Ythe] FXPRLEEO|E MEE  2E%H
2047} ofu| e AFS kBBl 8827 L2 oEfolE 2 EAE|cH Y 3). 37He] FXPRLE
Elo|E EFZEAH|9 ofm|:AREL DLVTQVLQPGQTGMWEFEGPRLolm|E(PK1 DH  like),
SEGNLVNFTPRLo}u| & (PK2a), TDSEPTWGEFSPRLo}n| = (PK2b)2 L}EFFo ] 5719 exono
2 FAE pyrokinin SRR W PK1-& 3¥m exon, PK2a= 49#m)] exon, PK2b= 4,53

exonol| #|xsh= W2 &Rk 4, 5).
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CIC CAG TAC CTG GAC GCG CRC GIC ATG GGG ACC ATG

M &) T M = T M A 5 b4 Q L
AGC CGL GCC GGC CTC CTG CTG GCC CTLR TGC GCC GTC TGC TTC GGT CTG CAC GGEC ACT CGC 120
5 R L L L L E L C v C F e L H e} T R
GGC CGE CCC GCC CCC ATG CTG CTC GAG GCG GAG CRG GCC CCC GAC GCG GAG GRC GCG GCG 180
e} R F o P M L L E o E a2 R F D I E oD & =
CTAR CARL ATG GAG CTG CRG RCG CTG ATG RAC CTE TTC CAG GCC ARLR GGG RAG CGC GGC CAG 240
L Q M E L Q T L M N L F 0 A K G R G Q
GAT CTC GCC GAG GGG CTG ACG CGE GRC TTG GTC ACG CAG GTC TTG CAG CCC GGC CAG RCG 200
T L z E 5 L T R D L VT Q Kl L Q P G Q T
GGG ATGE TEG TTC GGG CCG AGR CTA GGG CGG CGC CGC CGC CGC GAC GTC GCC GCT GCC ATG 260
5] M W F G E E L G R R E R E D v iy A A M
CCC TCC GCT ACC TCGE GCC ACG GCG TCC AGC GGA CGC CGC RAG CGT TCG GTG CAG ATG TCC 420
B 5 L T 5 A T A 5 5 e} E R E R 5 W 2 M =1
CAG GAC GGC GAC GTG GAC RAC GAC ATC CCC TGE RAG CTC GCC GAG TTG CTG CGG GAG CTG 480
] D c D v D o D I P W E L A E L L E E L
CAnL GGG GCG RAG CGC TCGE CCGE ACR CCA TGC GAC TCC TCC GAC ATC RAC TGC CTC CTG TCC 3540
] G L E R 3 F T = C D 3 3 D I ) C L L 3
RAC ATT GCT RAC GGC GGC TCG BAC GCT CCG TCAR GAG CAG GAG CAG CGC TCT CGC TCT GAG 600
N I 2 N = G 3 N A E 5 E Q E Q R 5 R 5 E
GGC AAC CTC GTG AAC TTC ACC CCT CGC CTG GGG CGG GAG AGC GGC GAG CAG CCC GAG GAC 660
G N L v N F T B B L G R E 5 G E 1] P E D
CTC GAG GEC TCG ATG G GEC GCG GCC ACR TCG CGRA G CTG CGC RCG GAC AGC GAG CCT 720
L E e} 3 M G c A n T 5 24 Q2 L R T D 5 E
BACC TGG GGG TTC TCGE CCA CGT TTG GGC CGT CGC CTIG CTG CCR CCG GGC ACC GTG GAC GTG 780
T W = F =] B R L G R R L L E B (e T v o v
CAC GCC CCG GCT GGL GTC CCA CCC TCC CCGE GCC AGC CTRA CAL CCC TTE TTG GCC CTC CARG B840
H B F B G W P B 5 F B 3 L < E L L & L o]
CGE TCC RGG GGT GGT CGC TCC GCG CGG TCC GCG CCG ACG GAC ARALG GGA RACL GGG AGC CRRL 200
R 5 R e] 5 R 5 I R 5 A P T C E G T G 5 o]
GGA CRL GCT CAG GTG TRAG TCG ATA ARC TGC ATT ALAG ZRA TGL AGG TGE RAL ALT GAG RAL 260

G Q A Q voo*

GAR ACA ARC ARL ACA ATC GGC CGT GAR GAT GGT ATG AGR CCA A GGA ATT ACG CTA CAT 1020
GIT TTIC AnC TIT AGA TChA TAG AGT GIG GAR CAR GAT TGRA CIT T CTG GAT ARA TCT CTG 1080
TTC TCC ATT TTA ATZ ARAR TCA TCA TTA TTC ACT CAT TTT TTT CTG ATA TGT AGC ACT TGC 1140
TTL ALL TET GTG ATZ GTC CTT ATT GCA TTG ACC TGA ATT TAR CTA RAT TGR TTA ACA CAT 1200
TGT GCC TEA CAT GAC TTT CTT ATG GTC ATG CTT TGC TGT RAL ACG CCA CCC CTT TAZ TTZ 1260
CCT GCC AGAR CTC RAT GTG TTA ACR ATR RTT GTR GGG TAR ARG TCC TCR GGR TGG ATT TTR 1320
ETG CCT CRA ATT TTG CRA CAC CTT RGG RGT ACT TTIT ATG CAT GTG ATA GTR TGT TAT TTR 1380
TTT TGT GAC GAC TTC AGG TAR GGG RAT GAC AGE RAAR CAT GAT TTT ATC TGR AAT TTG TGG 1440
CAC ARA CTG GGT CCT CCA TTC TTA G TAT TTT CTT TCA CTC GAT TTA TTT TCC CAR RAG 1500
AGT ARC ATT ARC TTT TGT ATT TGT TAR CCR TCG TTA TGT TAG CGA ARC TAR GAG AAR RAT 1560
AAR MGG AGC ATC ACA CTA ALR ARA RAR ARR RAR RAR ARR GTA CTA GTC GAC GCG TGG CC lelg

ooy
0 H
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petronn

-_— -_— - -
PK1 (DH-like) PK2a - PK2b
PK1 [DH-IIkBJ
-
Pr/PBAN — [ | e - =
| | | | | PK1 [DH-like)
MGTMASYOLSRAGLLIALCAVEF GLHGTRGRPAPMLLEAEQAPDAEDAALOMELQTLMNLFOA KGKRGODLAEGLTRDLVTAQVLOPGATGMWFGPRLGRRRRRDVAA
PK2s
L 3 -
| PK2:
AMPSATSATASSGRRERSVOMSODGDVDNDIPWELAELLRELOGAKRSPTPCDSSDINCLLS NIANGGSNAPSEQEQRSRSEGNLV.NFFF‘RLGRESGEQPEDLEGSMGGAAT
PK2b
|

_-| | PK2b

SROL RTDSEPTWGFSPRLGRRLLPPGTVDVHAPAGVPPSPASLOPLLALORSRGGRSARSAPTDKGTGSQGOAQY
u x N7 o -
J=) 5. ZxrExEe| pyrokinin gene Bl PKBElo| T ofn| Al L&

B el capa A= long typex} short type®| 27hx] FeiR Liehts WS
2RRISHICHIE 6, 7). capa long typex 27§9| C-YTh PRVEElo|E A Fu} 2749 C-&
©h XPRLEEIO|E ABZ =eE 2357 ofp|:ibs FZelsh= 5737 wEE|QEle|tR
EAXgch(a® 6). ¥HH capa short type2 1719] C-»th PRVEElo|T XA} 2742] C-
2ok XPRLEElo|E A PSS mEsh 1497 ofn|ARS Qtosl &l= 4477 HS2||QEfo|ER
7=l capa long typez} v]mslol PRV-EEA| 1774 QISIcH O™ 7). capa F7dxtoflA]
L}EjLb= PRV 9 PRL #Elo|t EZx|e] ofn|iAl APUE& EVQGLFPFPRVolm| &
(CAPA-PVK1), QGLIPFPRVo}n| = (CAPA-PVK2), VASWMPSSPRLo}o| = (CAPA-PK1),
DSASFTPRLo}o| = (CAPA-PK2)o|ch( & 8). 5742] exono 2 A%l capa long type -SHA}
U] CAPA-PVK1E 2¥m| exon, CAPA-PVK2:= 3Wim] exon, CAPA-PK1-Z 4¥im] exon,
CAPA-PK2& SHm| exono] {x|sh= WS aelsigich(zdl 8). 4742 exonoz FAE
capa short type -§-%&x} W CAPA-PVK2E= 2Hm| exon, CAPA-PK1-2 3W¥Hm| exon,
CAPA-PK2-2 4817} exonol| 9X|sl= W& 2RISIUTH IR 8).

o
r
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CAPA-PVK1 CAPA-PVK2
— i
CAPA-Long — . — 1
MREYVLLLAALALGARAAEPLODH EDGPGPGVGDGLPDHHTRVOREVOGLFPFPRVGRATWGTRDS GLGENKRQGLIPFPRVGRSENADPRTMPAAWLVAPEYYPGKR
CAPA-PK CAPA-PK
— —

R .
VASWMPSSSPRLGRONKRFETDNAAWTLYNVR DYPAMNRPQRGRDSASFTPRLGRELESDEEVAVHDAPGLGPODDLOGSVRL
CAPA-PVK2 CAPA-PK
— —
CAPA-Short

MREYVLLLAALALGARAAEPLODH GLGENKRQGLIPFPRVGRSENADPRTMPAAWLVAPEYYPGKR VASWMPSSSPRLGRONKRFETDNAAWTLYNVR
CAPA-PK
G

DYPAMNRPQRGRDSASFTPRLGRELESDEEVAVHDAPGLGPQDDLOGSVRL*

2330 »7BE 1135
o
kS iy

CAPA-PYKY CAPA-PYEZ CAPAPK

CAPA-FE

a2 8. ZxzExde| capa gene 3 CAPAZE}o|T ofp|:Ab X

o} ZxFEMHa)| pyrokinin %) capa |RRFe] W EA

2= o

ZeSagel 1 dseHlE pyrokinin A WA EE ok2A UEtou BE
dathlolA HElE RS =Jsigick Lob YREEe B HARET Wl Lekste
o 23 ASolA PRI = UEhbe WS ERISIichaE 9). BARES 449t
Stof H|wsk7] $fsf qRT-PCR 242 dto] Y5 TIFo2 AJoixel wddfs A B
o, & ofE] 23 AdFolA Ao 16488 FkoF WoR UEegion o] HAl gt
HollA TP =2 FHYE2 2otk v dAEES 15.HIR SR fRR G2 AQld
A HE oje] 2 wWARE Bck  ofhE ESthile 3447 FRF WA
BAcH™ 9)
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(A)

Pyrokinin
. [ ¥ . S — et

{(pban)
FE.} — S— — — — —— it N
egg i 0 female  mzle  fomale  male  Female male

aviph mymph prepups prepupas popa pupe aduby adsls

(B)

180.0 164.8
160.0
140.0
120.0

100.0

80.0

60.0 469
402 388 377 379 3438

Relative expression level

40.0

20.0 157

0.0

Egg Ist N 2nd N Prepu-F Prepu-M Pupa-F Pupa-M Adult-F Adult-M
RIS YSEAHE pyrokinin IR FARE (A) RT-PCR 4 Bal, (B)
gRT-PCR Bz}

|4
oY
O

Bueosel % UKD capa SEA YRS w8 clzd debdrh pyrokinin
LE AL R w1 o 4% 4ElM LEEE

T = Uehbs WE =sigion ohE EstholA

= 2}
10). SHRH =S SX|elslo] vlwsh] ¢ qRT-PCR #A4g 5ol 18 45 1l8o=2 4
oA dHEE EATH Hab 18 oS oiju] 27 AdEollA 483w F7HE WHEHEE L
Ebfidlond HAl dEalollA TP 52 LS Bk $HAESS 0.44n Tas W

AP S HQ1 ofE 3= 0.6~0.88 TrASH LdHzE HYch( Y 10)
pyrokinin3} capa SR dF LSEHIE ALt H EETHlRIN o= WE
gelsgion] & FHR o] 23 dBolA w2 YHHS Hol= WZ 2 3oich A
AFollA F2EMe], HYLURRA, R F(Lygus hesperus) & ThE TFoIME



T GHR= JAAQ LS TkoA wWdE|= B 1F 919l oni(Ahn and Choi, 2018; Choi
et al, 2014; Hull et al, 2021) o]= T §Ax}e| 7|50 nj22o] AT AT ER 29| 7|

|
5 olel ol ool RS (EMEA, Eol Sl Holsks Hes B

[ —_

(A)

c{zpd S— L
EF.} — — — — — — it Y
egg H 7 female  male femple male  female mule

avmph avmph prepups propups  pups Pl sdul acult
(B)

6.00

5.00 4.83

2 4.00

sion level

g

= 3.00

[+

2.00

Relative expr

1.00

0.86
1.00 0.64 0.79 0.62 0.65

0.44

0.00

Ist N 2nd N Prepu-F Prepu-M  Pupa-F  Pupa-M  Adult-F  Adult-M

23 10, AR REHE capa RAARF EHRE (A) RT-PCR &4 E1}, (B)

gRT-PCR Hu}

B felE ez, T, S5l wel pyrokinimt} capa IR EHPEE bl
oM F R EARo] TP = UEHEen Thg, 55 Al @ET el Hasks B
s BtHY 11). pyrokinin F7ARIe] B¢ SRl FHEX] ook RBeE
HEMNO Majolof| T LEZo| uwlel c}2 WHEALS wch AHLFRL2x|olA=

pyrokinin®} capa ARk B2l BRoIMR A E|3lon pyrokinin fRE BR)
H] mjelolld BETol =T, capa A miEloiE]  ERolld E¥Tol 7| Lbekstc

(Ahn and Choi, 2018), £-2-E7ulollAl pyrokinin SHxF= iz, THaofA 2reislglon

—
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oM iR oR WdHRro] £3fon] capa FRAN= BB, THE, ERolN BF Udsiol
on] Thgola Adridoz wWeRfo] w7 ULEMGITHChoi et al, 2014). ZHHL=RRHF(L
hesperus)®| pyrokinin f7x = vigloArt ARSIk £ /AR HH K= 25
Fofl wet Aoz chad Lehhs HE 2Rl sl Ko uekd 5o
Zoll wlel st xke] 7)50] tha kg Holel wekE|n s {Rxte]| T7|Rkste] gHE

X HElo| = (PK,CAPA)T} 85| flKloll wel olidEls Tl52 FHY Hoz we

C}.

(A)

pyrokinin

(},ban) - - -

-— .

CaPA  — —

EF-l - - -—

Head Th Ab

(B) ©

1

I = il
0.3 ; 0.8

. 2 06
0.4 0.4
0.2 : 0.2

0.051 0.001
. " e 0.003

Head Thorax Abdoman Head Thorax Abdoman
a3 11, ZeaEEae| =2 pyrokinin, capa SRR YHEYE (A) RT-PCR 24 E1}
Head(m2]), Th(7H5), Ab(E+) (B) pyrokinin £73AF qRT-PCR 24 B2}, (C) capa 7R
gRT-PCREAH1},

Relative expression level
=
Relative expression level
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e xS el pyrokinin FAR HAA| 23l WH E4

oY FHREES 3-8to] FXPRLoI|ES gFoR ARESF HdM|mslehy 245 Sof
Fed 5Nl pyrikinin FRRE] MU REELIXIE 2AISIYIEE pi2] FelollAM  47lo] W
AA| = cluster, 7K FHe| 470, viHe] 470 AN = cluster, EF FHof 14742 HY
MR clusterg 2FIsP3ict vig], 7hE, SFollA LieRd clustere] ¢Ix|= MW F34173H
of ABH AU A M ER TErELE b2 FFo|ME pyrokinin FEARS] L5 AL
< XS BAT HdAYAFoME E=EAE el vl piel, TS, S5 AEE
U= APA =} vESOF Baks H9lon] HojE whgo| LiERt AlBAHIE el 25 T
of we} x}o]7} QJQIch(Ahn and Choi, 2018; Choi et al, 2014; Hull et al., 2021). PK,

CAPA Hefo|E S5/ slEollA 34zt Zol7]dolre] o|wrtgof Hofsi= A
o4&} 9lch(Ahn and Choi, 2018), A “-2Ix§(Rhodnius prolixus)s thito=2 o+ XY
ol 'lxfe] Z&Eoh= 85| CAPARIElo|Cof JFS Won) &5 F 3~4A|7F H3
280HERS Bb) CAPA-PVKHE|=S Smuz Wass) g0 $9€cn w1
S}9ick(Paluzzi and Orchard, 2006). o|= 2|7} £ Adoj|A LSt pyrokinin, capa S
KfoflAl Refsh= PK, CAPARIElo|= w3t Z-iaidaofa o 22Aed <o okE A
2 Wil QS pIA Hoz Holn of2 | gIs 1 PK, CAPARIElO|E2 ¥4
sfof IMAUME B8] Aol AHEUB] TwaAalols WEHH, Aelet

O O 71 Ty o
SAHEKE, AS, H2E WE Sol oAt gl ot A7kdTIh Besich =g

H 7w
PK, CAPARIElo|Eof| cifoh L8l Eeflof Lehts WS o] &dto] Aze HEEde
W B INEYA NS o HERUE FESE 2R "ol e Her dyHrnt

(A)

©
Ao

2 12, e PKElEfo| = Imunocytochemistry 24 Ha}
AEAME BR(EH) (B) o] AlEAlx vh(EH) (O oial, 7 ABAI=E ¢h3(EHH)
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4, & Q

o2& A 7IEE 2 WAl S flsted e A Eake o2t Uk

7h. ol% USDA ARSS} 5T Hoke Aalslol 387 TEATE 4aysigic.

Lh Sh=atb ol=Te] BAERE ITS 2 S-34HEol AlghE4 RsalE Ae2i3h Bib Zke
FEH e oA LlER= DNA FH ofelg 2Isigion] & HehE fAREE 99.6%2
U ek telelgick

ot g T EYdS g-8sto] nl= W eS| AT FEEsich

g}, ZERExHEY|) pyrokinin, capaSiaAke] full sequences =HEEIIon] olo| A AA
of]Aq] Eo|A9] FXPRL %! PRVIEE &IsISich

b AEEHE pyrokiningidRte] WHFEE dold TP A wesiglon £3 A5
oA & ciu] 16488 =2 YAYES Bt

o ST capafinel SHEEE %ol W9 el wHsA Ygkon] 43 4%

ol 13 oF% chul SeHYE £ LHHES wolc)

Ab. =APE pyrokinin, capafidAle] WHAE Bl 27 FRRF piElole TP =2
SHAYEE UElglon c}8o2 Thbold £l LhegoLh, sl pyrokining
MRk Hel YAR|x] Ytond capafZdAbe o A Ydshks W& 2skich

o}. PK¥lElo|E HFHEA-2 Imunocytochemistry 78S &3l 243+ B} oig|, 71K, 5o

A= 1 AF—RM LERbE WS =RISkC

5. U&=

Ahn

Ahn,

Choi,
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grape fruits: molecular diagnosis by a species-specific DNA amplification and
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S.J., and Choi, M.Y, 2018. Identification and characterization of capa and
pyrokinin genes in the brown marmorated stink bug, Halyomorpha
halys(Hemiptera): gene structure, immunocytochemistry, and differential
expression. insect biochem, physiol. 2018: e215000.

M.Y., Kohler, R.,, Vander Meer, RK. Neupert, S., and Predel, R. 2014,
Identification and expression of capa gene in the fire ant, Solenopsis invicta.
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and Reitz, S. 2012.
Frankliniella occidentalis (Pergande) integrated pest management programs for

*)
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6. A+ Hut &&A=

O Z2kE| pyrokiniy capelong and short type) SRk AR S (REFE 52 31)

O Identification of pban/pyrokinin in the western flower thrips, Frankiiniella
occidentalis (H&'UE)

O Identification capa gene in the western flower thrips Frankliniella occidentalis
(=)

O Identification and expression analysis of the pk and capa genes in the western
flower thrips, Frankliniella occidentalis (&H&'45

O Expression of the pyrokinin and capa genes and immunocytochemistry in the
western flower thrips, Frankliniella occdentalis (T %)

O A sustainable mass rearing method for western flower thrips, Frankiiniella

occidentalis(Thysanoptera; Thripidae) (==Hx§ SCI)
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