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Investigation on the cold—adaptation mechanism of

lipid—protein interaction in cold-inhabiting Invertebrates

a1l
o
=
19
El



OH

Al

10

|E_I-
=

o
T
=
[=}

A2
A2

010
Rr
0l

—_

=

ol
o
Ok
_N_
ar

-

a0

i
T
_uu_
TH

il

T

e

=

9

py

FCI

LICt.

KM

010
Rr
0l

—_

=

ol

0
1o

<0
R

D

—_

oJ
Kl

1]
H0

K+
Rl

I

=)
=

"2 HE

B

2
5=}

E
ol

DA

23.

1.

2017.

10

-

ol

ol
i

f).

Al
K0

E

ol

by

g

ij

py

A

).

-

wr

Ok

ol
=

).

-

wr

Ok

o & Jl

o XI &

)
%

Ol



HuA 25

NGTHA 2016.01.01.-
T Gk o 7
AT S PE16070 o177k 2016.12.31 A A 3/3
= o =1 .o o ol
REREL A Y B FAATA A2 YBAE AR
N FAFA Y QAR =R AR)
Al o 712 A
SERT % o Al B SIS : }—u :
A (EH)EAE | A FAF 529 KA, BA o8 A 714 41
N = 4 o - A 40,000 MY
azaar | owoa | HSEN g g g I g e
A
EI(I] L.%\__—’_ 9‘]%:]_ D(:)] \..% ] 7:]] 40,000 7:1?_
Yl al
BUUA T LEER R =L s Rol719
<= [e}
THTEAT | AU CEU TR
HEHF| AL7NEE L IE i FAAR} ZAN
A
QOHIPATE FA02 HHEA 500xtolL) I
1. AE|20lE s2F £8A0 Ud U L2 54 AT
- AE|RolE 52 84 FAA &E
- aggA 2 Ao 2 Al Jje] 2HZolE TERE FEA AT
2. 2H|2olt 20| Al A A& U)X 9T AF
- 5250 O AHRo|E 528 £8A UAH A
- UG dA o] T A 2 dedd 522 H8A AR 24
A ol of g = | AHRolE 323 L84 AALH fAA AHRo|E s23, A ARAS
= L4
(ZF 571 o) .y . . . . )
9 o | Tigriopus kingsejongensis, EcR, RXR, ERR, Sesquiterpenoid hormones




A

0

o
e

K
x
Hr
o

2

B

o] A& diAtel

ol
-

X

ol
ol

.

g5l m

)
=

o] 4]

=1

L AFAL WE R W
=3

2. ZHRo]

B

b

Al 7R 2H o]

=
-

o] u}

)
=

el m

)
=

o] A4

=

=

2. ZHRo]

!

b

- ZEE mE 2HRZo

0 A A

o

il

Aol A A

L

=

A

el

oS

el

o)
P

4

28

55

e skl 712 A



SUMMARY

I. Title
Investigation on the cold-adaptation mechanism of lipid-protein interaction in
cold-inhabiting invertebrates

II. Purpose and Necessitu of R&D

The major goal of the study is to provide physiological understanding about
short-term (homeostasis) or long-term (evolution) effects of genes and metabolite
involved in lipid metabolism of cold-inhabiting invertebrates and to analysis
correlation with reproduction through molecular biology, comparative endocrine and
structural analysis method and contribute knowledge to industrial applications.

IM. Contents and Extent of R&D
1. Expression and structural characterization of steroid hormone receptor
2. Effects of steroid hormone on reproduction and maturation

IV. R&D Results

1. Expression and structural characterization of steroid hormone receptor

- Isolation of steroid hormone receptor gene

- Expression of three steroid hormone receptors in developmental stage and sex

2. Effects of steroid hormone on reproduction and maturation

- Changes in the expression of steroid hormone receptors by reproductive hormones

- Analysis of reproductive and maturation related hormone receptor transcriptome
by developmental stage

V. Application Plans of R&D Results

— Understand reproductive process and strategy in cold-inhabiting invertebrate
- Understand physiological mechanism of antarctic organisms

- Provide basic information for various industrial applications
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19, 2. Steroid hormone ¥} nuclear receptor®] A&
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19, 3. Schematic diagram showing biosynthetic pathways of sesquiterpenoid

hormones in arthropods
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NGS (next generation sequencing)E &3 &H3F 3719 A~H|ZEolE T2+ F8&A
A2l Tik-EcR9 Full ORF A4€g #2lslth. ®3 amino acid sequencesES Tt 4
AEEe AHRoOE ZTEE =834 amino acid sequences®t H] L& L, protein

databaseE ©] &3] ©]E9 domaing ¥4 -th

SEETE

Tigriopus kingsejongensis®] RNAseq 23}, ©o] & #2479 4529 ~H=Ro=E 32
E 5y AdHy 84 Fd2kel Retinoid X receptor (RXR), estrogen-related
receptor (ERR), ecdysone receptor (EcR)®] sequencesE &H3th I % Full open
reading frame (ORF)S &1 3&% 239 Tik-EcRY full ORFE #H3sle], t}E dA%
=9 sequences®t &7 multiple amino acid sequences alignmentE 3 3}¢] sequences
= vw B4 393, ZF domaineES o =ste] B35k}

Tik-EcR2 1,674 bpel cDNA”} 557 amino acidsE 9=3dtstar Qo (9. 4),
Tigriopus japonicus®] EcR¥} 714 =2 sequence identity (78%)% H.%it}.

Nuclear receptor superfamily membersi= WA 57§¢] domainlZ FA & =4
isoform-specific region?] A/B domain; DNA binding domain (DBD, C domain); Ligand
binding domain (LBD, E domain); hinge domain (D domain); C-terminal %<2 F
domain°] &A gt} 13 Tik-EcRe full ORF ME& v dAx5E9 EcR ME}
vl B4 3 A3 T kingsejongensis®l 4] = C domain®] A DNA bindingo] Z42 <l 8
7N cysteine residues”’} £=A43t™, DNA J4& ZAse= Aoz 433 P-boxet D-box
7F 2 BREH Qe s AT & A%, A2FE ligande] EACl wet &4 sk E =
activation function 2 (AF-2) region°®] £43}H Z HF%¥ E domaing &<l & 4 9%
o (2", 5 9 6)

SEZ A A AHROE TR FEA FAA ol ATelM ElE A EE
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2ROl FE&A FHAE ol&ot] AFFARAE HwEA SATh(LEH. 7)

AR & Aol EcR¥ RXR/USPE heterodimerE @A sto] #&3v). AlES
(phylogenetic tree)E X EcR¥} RXR/USP+ ERR¥ E# %o &uol cladeE o] FH
23} QeSS on sttt EcR¥ RXR/USPE T, kingsejongensis’t £3F Q7794 A 27
2 yyol 13 Hdoga & dow, 447 EcRe a4 iy 253 7he 4
HAE 7Y B ¢ Ao FFFE2 3719 ERR (ERRa, ERRB, ERRy)S 7FAH
FHF5Ee A9 e ERRYW vepdtiun dE oy, 20149 T japonicuse
nuclear receptor superfamilyS 973k A3} o w2 paralog@ Al 9] 27¢] ERRo] U+
Ao 2 Vet Paralog® ERRsS @714 <Ee fAbetL "3316”4 ee wE=EA A
Ao e, 3 AAHeR AFTE HYS W, FF &3 o] ERRol WA
el Hol xstE Ao AAAY weps FHFFEolA = ERRel A4 Yes 7F
AL s Ao o AHT

’
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ATGTCTAGTAGTGCTCCACAAGTCACTCTCCTTCAGECCAGGAGTCAAGTGRAGACCTACACCACCATGACTEGCEGECCEGCCATTCARC
M € 8 § A P Q¥ T L L O AR S gV KT VYT THMT GG PP F N
GECECAATCTCEACCATCATEGTEAACTCACCCCCEEGECCCEEECTTATCECCACCCTCGCCECCCARTTTCTTTEEGCTCCAGCCOTCR
¢ & I $ T I M V¥V N S P P G P G L S PP S PP NFF & L Qg B S
CCACCCTCEARTGTECTCTCECCCCCCATECCCARCCAGCCCATATATGTEGACACETCCTCGCCATCETCCCATTTCCAGECETCCAGC
P P 5 € VL S P P M P W g P I Y V¥V DTS S P S & HVF QA SS S
CCCCARRTCACABAMATTAAGACCEAGCCCCCCTCCTCCTTCAGCCCGCCAGTCARCGECTACEGECACGCCCCCCAGCEECATARCAGE
2 9 1 T E I KT E P P S S F S P PV N G Y G HADP R H N 8
AGCAACTCCTCAGTGTCAAGTCCCAGTAGTCAGCCAGGCEEETTCTTCETGAAGAGCEAGTCCAACCCACCCCTEACGCCCARTCAGGCT
$ ¥ 5 § vV § 8 P S 8 Q P &6 G F F V K S E S N P P L T P HNOQBA
GTGCARGAGTATGCGCGECTACAGGAGARCGAGCEAAAGRAGAAGEGCCCCETCCCAAGECCCCARMGAGGAGCTETGCACTGTETGCGET
v 9 E Y A R L Q B N E R K K K G P V P R P g EE L C T V C G
GACCEGECCTCCOECTACCACTACAATGCC T TAGC CTECEABGEC TETARGECCTTC T TTCEACGOTCCATCACCARGARCTCCTCCTAC
D R A S G Y HYNATZLMBAGCSCTESGT CTZ KSGTFFRERESITEHEKUHNZES Y
TCETGCARGTACGEEEACGECTETGAARTTGACATGTACATGAGECECAAGTGTCAGECCTGCCGCCTCARGARGTGCTACACCETGERES
5 ¢ K Y ¢ D ¢ © 8% I DM Y MR REKTCO G BTG CHRILZETEKTECECZ YTV 5
ATGCEEECCEAGTETETTETCCCECAGAGCCARTCTCAGRAAGAAGCGEGCCATCAAGCARGCTCAARAAGCCGCCCAGAACGGTGATGCC
M R A E C V V P E S Q C Qg K XK R A I K Q A Q KA A g N ¢ D A
AGCTCCACCACACTTATECCCARTAACAGCAGTC T TAGCEGEEECATEEGAGGCCETGEEACCCCTTTEGCCATCGETRECCCEEECTTC
8 £ T T L M A NN £ S L 8§ G G MG G RGTPLATILGG?®PG L
TCGAGCAATCACAACAGCATTCCCTCAGCECTCECCUCECEACACCTCAAGCCCOAGEAGGAGEARCTCATCAACCGCATCHTGTACTAC
§$ § ¥ H ¥ § I P & A L A PRUHILEKTZP®EE EBEE L I ¥R I V Y Y
CAGGATGAGTTCEAGRATCCCACCGCCGAGGACCTEAACCECETCTACCACGTGCCCCTCCATCCCGTCARCARCGACGCGACCEGCARC
o 9 E F E N P T A E D L XN R Y Y HYV P L HP V N NDATG N
GAGAGCGASTCERATCGE TG TTCCARCACATGACCEAGATGACCATCCTCACGETCCAGCTCATTGTGEAGTTCACCAAGCACCTHCCC
E S E S B R L F Q HMTEMOT® I L TV O L I ¥V E F T KHL P
GECTTCCCCACCCTETOTCOEEAGEACCAAGTCAGC TTACTGAAGGGCTGCTCCAGTGAAGTGATGATGTTECEAGECECCCETCECTAC
G F P T L C R E D Q V 85 L L ¥ 6 ¢C 8 &8 F VM M L R S A& R R Y
GACCCGCAGCGAGACAGTATTATCTATGCCACCAACTACCCGTTCTCAAAGEACAACTACGTGAAGGCEEECCTGEGCARTGACECCCTC
D P g R DS I I ¥ AT NYP F & KODMNYV EKEAGTILOGSHNDA AL
T CCET T CTGCCEEARCATETGCAAGATGAAGG TEGACAATGCCEAGTATGCCCTCATTACTGCCATTETCATAT TCAGTGAGAGECAC
¥F R F ¢ R N M ¢ ¥ M ¥ V 0D ¥ &8 B ¥ & L I T A& 1 ¥ I ¥ 8 E R H
ARCGTGAAAGAGCCCARGCGAGTERAGARGATCCAGGAGATC TATGTCGAGRCCCTCCAGTCCTACGTGATGGCCAAGCAGARGAAGGAG
¥ vV K E P K R ¥V %8 K I ¢ B8 I ¥ ¥ E A L © 8 ¥ V M A K ¢ K K E
COCATGETEECC T TCGCCAAGCTCCTETC TG ICCTCACGEAACTGCEGTCC I TGGGCABTAACAATGCCARGACCTET T TCARCCTGAGE
P M V 2 F A K L L & V L % E L R S L 6 ¥ N ¥ & XKTCTFUHNILE
ATGATCARCAGAARGCTGCCGECCTTCCTGGCAGAGATCTGGGACATCARATGA 1674

M I ¥N R K L P A F L 2 E I W D I K *

9. 4. Tik-EcR full ORF (1,674 bp, 557 amino acids)

14



Cas=EcR : =====sae MFVLGSGVATLNLSAMGDESC---SENSSS8-PLTSPGALSPPALVSVGVNVGMSPPTSIASSDIGEVDLDFWDLOLNSES : i
BER~ECR : —or s e T e T T T e T T T T T e e e e H =
RITESIER, B e e oo e ey ot o e e o e R et e o e o e s oo S i o o e e o H -
Tik-EcR : MSSSAPQVTLLQARSQVETYTTMTGGPPFNGGISTIMVNSPPGPGLSPPSPPNFF-——-GLOPSPPSSVLSPPMPNQPI-—-YVDTSSPS : 83
Tij-EcR : MSGSAPQVTLLQARSQVEAYTTMTGGPPFNGAIPNMMVNSPSGQSMSPV-SPHFF----GLQPSPPSSVLSPSLPNQPI---YVDTSSPS : 82

Cas-EcR : PPHGMASIAST------------—- BALLLNP------- RAMREESDT-S8L----SGRDO -asi sm:ssi 136
UGP-ECR [ === e e e e e e e e e e e e RDDYEE PSSISNEGADSYGS 27
BOL-ECR : ===mm == e e e MMSAGEEAGSANSEFPP--GGSEY ":‘GAEH AOM-QEA 49
Tik-EcR : SHFQASSPQITEIKTEPPSSFSPPVNGYGHAPQRHNSSNSSVSS:SSQPGGEFVKSESND SNOAY QERARL-Q 167
Tij-EcR : SQFQASSPLTTEIKSEPPSSYSPPSNSLGFT(G----NLSSVGESSSQQSSFLVESESP-—————— SSQOPPRM-Q 155

DNA binding domain

Cas-EcR :
Ucp-EcR :
Emt-EcR :
Tik-EcR :
Tij-EcR :
cas-EcR : VVERE KLRDKEKKDYiQ FAEE R ~msacaasnv%ﬁr R 284
Ucp-EcR : SRDKD-KTYPEL an}:c ---------------- ---If PMSAAPRENVI EMT 174
Bmt-EcR : A OKA QG GEEGGD INTTNN SVONNNNNE LESLARS - —— === === ===~~~ YASH SALENRLTPPHIMEH 214
Tik-EcR : -QKAAQNGDiﬁs SANN----- SSLSGGHGG----RG:ELAIGGPGLSSNHNSIPSALAé‘» 4= 333
Tij-EcR : SQEAAQKGDAEST ig':'m ~~~~~ NGVGGVSGVSLNGSHT;-NFAGLGLGLE -LGARSTL Sl HEKH 323

Ligand binding domain

Cas-EcR : 3B
Ucp-EcR :
Amt-EcCR : |33
Tik-EcR :
Tij-EcR : p§3

Cas-EcR :
Ucp-EcR :
Amt-ECR :
Tik-EcR :
Tij-EcR :

Cas-EcR : : 503
Ucp-EcR : 393
Bmt-EcR : 458
Tik-EcR : : 557
Tij-EcR : : 546

9. 5. Multiple deduced amino acid alignment of Tik-EcR with other arthropoda
EcRs. The aligned EcR include Cas-EcR from Callinectes sapidus (AET06179),
Ucp-EcR from Uca pugilator (AIES8267), Amt-EcR from Amphiascus tenuiremis
(AEHA43772), Tij-EcR from Tigriopus japonicus (ADD82902). There was a high
degree of sequence identity in the DNA binding (C domain) and ligand binding (E
domain) domains. Cysteine residues (asterisks) and P-box and D-box motif were
conserved. The core sequence of the AF-2 ligand-dependent activation function is
boxed.
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Ecdysone receptor

Retinoid x receptor

. 6. Al He AH RO E 3 EE9 domain X% +4. ZnF C4(DNA binding domain;
C domain),HOLILigand binding domain; LBD, E domain)
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Mem-EcR
Ucp-EcR
Cas-EcR
Ceb-EcR
Amt-EcR
Tik-EcR
Tij-EcR
Tik-RXR
Tij-USP
Lom-RXR
Ucp-RXR
100 Gel-RXRb

a4 Tij-ERR1
—: Tij-ERR2
Tik-ERR
Drm-ERR

Trc-ERR
. e
o Pot-ERR
100 Scp-ERR
86 Dar-ERRa
Hos-ERRa
Brf-ERR
Dar-ERRb
Hos-ERRb
Drm-pMTP

19, 7. Phylogenetic tree of steroid hormone receptors. The phylogenetic trees were
constructed by the minimum evolution method with 1,000 bootstrap replications using
MEGA6 software. Mem-EcR from Metopograpsus messor (AGS11963), Ucp-EcR
from Uca pugilator (AIE88267), Cas-EcR from Callinectes sapidus (AET06179),
Ceb-EcR from Cerapachys biroi (EZA46741), Amt-EcR from Amphiascus tenuiremis
(AEH43772), Tij-EcR from Tigriopus japonicus (ADD82902) Gel-RXR from
Gecarcinus lateralis (DQO067281), Ucp-RXR from Uca pugilator (AAC32789),
Lom-RXR from Locusta migratoria (AAQ55293), Tij-RXR from Tigriopus japonicus
(AID52845) Tij-ERR1 from Tigriopus japonicus (AID52852), Tij-ERR2 from T.
Japonicus (AID52853), Trc-ERR from Tribolium castaneum (EFA07462), Pot-ERR
from Portunus trituberculatus (AIS76179), Scp-ERR from Scylla paramamosain
(ADB43256) and Apm-ERR from Apis mellifera (NP_001155988), Dar-ERRa from
Danio rerio (AY556395), Hos-ERRa from Homo sapiens (NM_004451), Brf-ERR from
Branchiostoma floridae (AY738655), Dar-ERRb from Danio rerio (AY556396),
Hos-ERRb from Homo sapiens (NM_004452)

17
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7F. A7 &

T. kingsejongensise 3% Ax9t Ao wel immature female (Fi), mature female

(Fm), ovigerous female (Fo), mature male (Mm) 1&F 2% o] (13, 8 qRT-PCR
S o] & I oA @ Ao mE AHEoE 28 FE&Ae wdEd Aot A

4. 2%
AH RO E S 2] A dhd W Mo T3l IS stER T kingsejongensis
o Huak oA 9 Ao me} AHZolE TEE FE&A 9 WY 2polE dolH gk}

qRT-PCRE 4383 A3 Tik-EcR¥ Tik-RXR¢t= €8 Tik-ERRY =S Wk
o2 ufg vkt (7. 9A). Tik-EcRe #3¥ &2 immature female (FiolA =2 =¥
FS Holu, o]& mature female (Fm)¥ S A4S E gt xfo]& Holx| kot
2 Y mature female (Fm)Z} mature male (Mm)oA SAH o2 F3 Ao]E YERY
At (P<0.05).

Tigriopuss< AA7F =717k & 11'H<e] &3(6 nauplius stages, 5 copepodid
stages)E sttt whEbAd immature?] 7] ] o]£9 EcR ¥d#HS =2 o2 Yehdrh
Tk A FEST sl ZFolA A€ vhe 2w AJAQ] femaleo] vitellogenesis &
Al ZFstd EcRel ZFA% AL, oocyte”f 3373}”3_ oAl EcRol S 7fgtthar gho), o] of wmpztkrt
2 T kingsejongensis 9+ immature A 7]o|4 Tik-EcR¢] %A e mature Al
712 A#AsH Tik-EcRo] A3 t171 ovigerous A1 719w Tik-EcRe] thA] &7}8t=

LI

ﬂ

)

B Hola v (29 10). 1Yy SAA SR 7% o7t gled, o= A3 JHA
F7F Aol HAAZE AA e wEel Ao g o3 AKX Female¥} male®] Z}o] A
e AxsEdAR Hol=t, ol A gy xd, A Fxdd wE Aolgtn
B 2 9}

= T A

HhH - Tik-ERRO &3 #-& mature female (Fm)o] o} ovigerous female (Fo)¥}
mature male (Mm)ellA 9% 2ol & BT (9. 9B).

T oHZoE s2E 8o 9 Tik-RXRES dewAd 2 Ao weh {27
o] Wt ek xolE Holx ) =Fo Ao wE, EcR¥ RXR2 immature A]7]
9} mature Al7]olA AAAAAE VA= Ao R YEsEH, T kingsejongensis 9 A
s AEs Bt (29 10).

o
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Immature female (Fi)

\
N,

Ovigerous female (Folj\.‘ Mature male (Mm)

.8 A Aol AHd mE T kingsejongensis
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9. 9. Relative copy numbers of thee steroid hormone receptors from 7.
kingsejongensis. The relative copy numbers were normalized by the number of 18S
rRNA. Student’s t-test was used to determine significant effects. Bar with dissimilar
letters are significantly different (P < 0.05).
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A 2 d AEHZO|E TEEO| A W Hso nAe I AT

1. 32 38 328 & AHZEoE 28 84 ¥s 4
7t 74§

AA 2 gaE 2deE Aoz g A FFHY TEEQA 20-Hydroxyecdysone
(20E), Methyl farnesoate (MF), Farnesoic acid (FA)Z HggS wj, ojEo T
kingsejongensis®] Z~HRolE T2 Fg&A o ojwd G v x=% qRT-PCRS %
& A sk
. 23

ZHZOES VEow

ol

e A8 T28EL2 WH  (metamorphosis), W23 4
(gametogenesis), %334 34 (vitellogenesis) 2 ecdysteroid secretion 53 #2 A%
o odrdo] G v weps SAe] A2l A A e T kingsejongensist Z-H|
goluA Ao EEY tAZE SelFor stEo] e Jow AZpEHo I wE
ZHRZOE B2 FEAY WItE dolrazt theat 2 APE A5 T Mature
female (Fm)< 1000ng® 20-Hydroxyecdysone  (20E), Methyl farnesoate (MF),
Farnesoic acid (FA)oll 77t 12A17F3 72413 &<t =& A7l & dd = WstE 438t
pras

aRT-PCRE ©] 7, Tik-EcR& 20ES 12A17F 7221742 3tS o
=7t 3"} TAAOE Fog AolE HolA okt 2L} FAE 72A1%F A2 8k3l
o2 FoldA zj stk (9. 11A).
T mpel] wEw Al - FAolA A" MFe 9af =
O

oo
:(!)L_“
HE

%
o
.

ATl sl o, o] A+ 723.3401]*1% = A g3sdS ul controlol] HE A} T=
w FEAe o] FUkeke s RSy ol SAIHLE #Fog Aolrt gl
e gAY AR T2 $£8A B4 AFE B mature Al 7)ol A Tik-EcRo]
7+ 4391 7), ovigerous Al 719 Wl Tik-EcR o] thA] &718k= 4 &S Hola ). o]
o vl BYS w FAZ Haldh 4% ovigerous Al 712 Aol 18 o] Tik- EcR"]
S7Fetdvtal & ¢ Ak ole 22 dxe AA#AH A AA e AddA #A4 =
A&l FAE AEstA e 29 Vg Fdx Zd o] F7kste] femaled A&5S FEAZIT
= Aot dAFHL E 5 v webA GRY A4 2HE& MFREY FAl 9& =
e B 4 ik
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Tik-ERR9] 4% 20EE 72417 A sta S W (9. 11B), &3 Ho] TAHoZE /9
SHAl A3t ol9F &y Tik-RXRS 12A17F FAS A sl e W SAH o2 #9293
A S7eEF e, 2A1 o= AA o2 fol3 Zpol7F gl (9. 110). A9 A=

7N
o] &= 9 HH Tik-EcR™} Tik-RXR¢ & o] 1247+ 7241 7bol| A AR AAE 7}
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19, 11. Effects of three hormones on the transcription of three receptor genes. The
relative copy numbers were normalized by the number of 18S rRNA. Student’s t-test
was used to determine significant effects. Bar with dissimilar letters are significantly
different (P < 0.05).
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2. 29 mE A4 2 s ¥d Z2E &4 JAAA B4

7t A4 &

T. kingsejongensis= 47 A9l wel nauplius, copepodite, adult® Y+©] RNAseq
S E8 7 GAE 3719 AHREO|=E T EE FEA 9 HALA Wt ths] #2313}
Y. 23

T. kingsejongensisg “37% @AYl we} Illumina Miseq platform< ©]-83F] RNAseq
S 3 A3} oF 36000712 contigsE FEIIATE o] F 24709 AHEE TE2E
T #dE FEAE A

EcRE nauplius®.t} adultell 4] expression value?} 743t o= B Ao A<
st el wel qRT-PCRS ol &all £43 3 dAgt RXRO 45 o]¢f wiy]
2 naupliusE.t adultol Al =2 expression valueE HA T ERRC] 74 -$-, naupliusel A
copepodite’} HW A3t adult7tEH W S7FeteE A4S Bt (9. 12). o] =
ecdysteroid receptor -b, hormone receptor-like in 96, nuclear receptor nhr-48<2
nauplius*] 7] ol +== expression valueZ7} Y21} adultZ7} H WA expression valueo] S7}3s}k
= Aoz gol Ao #HEoo] Qurtu B F gith o]¢ ¥R E hormone receptor-like
97b, nuclear hormone receptor ftz—i= nauplius?] 7] 9l == expression value’} W% =
o1} gdult”} WA expression valueo] ZHAsE A0 2 Hol o]l:= Ay A&

I E gAY (EF D)
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120 S

Expression value

Nauplius Copepodite Adult
—ecdysone receptor ——egcdysone receptor
— gcdysteroid receptor -b estrogen-related receptor isoform x4

—rretinoid x

a8, 12, HEuAE A Y A ZolE S 2R 839 Expression value

Expression values

Sequence Description Nauplius | Copepodite | Adult
ecdysone receptor 1.335 1.683 0.240
ecdysone receptor 1.780 2.805 0.480
ecdysteroid receptor -b 4588 2.566 13.426
estrogen—related receptor isoform x4 2.379 0.625 9.024
hormone receptor-like 97b 3.270 4.686 13.035
hormone receptor-like 97b 39.176 18.862 15.888
hormone receptor-like in 96 0.977 1.232 7.449
nuclear hormone receptor ftz— 6.425 8.251 1.123
nuclear receptor 9.192 5696 | 47.161
nuclear receptor 2.321 2.743 12.228
nuclear receptor nhr-48 0.939 0.592 1.204
retinoid x 1.234 1.458 6.032
retinoid x 15.346 54783 | 27.231

.1 dg9aAE A~ Rol= 328 =849 Expression value
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M 6 & dA7gdetdolM =i stV |[sdE

T. kingsejongensist 20143 F=olA A" AFo 2 = King George Island®
AF71 A A maxwell bay oA A=A S2EWstel A2 220 ofgh vb-g& A
HFol B AATFolA "ol AFHol AR, Ao ARdAEd T
kingsejongensise 3X3st Q7 Fo A= ofA7HA] HaE wbrt gloh webx 2 AT}
8479 4% 2 A S4S doldle T8 72 AU 2 Aotk

AdegA g go) A BH3 A JHe 2~y REo=E T 28 83 (Ecdysone receptor)
o] A& 20129 7] AAFEAA F 70FAA AF7F HALH, 1 F JA4FE 9%
o] A AL 2010 253 HZFAA  sesquiterpenoid % E+#-(farnesoic acid,
methyl farnesoate)®] A #THE Fao et 7|54 oo tis] AF3I o,
2012\ 2= H B9l Ao A sesquiterpenoid EEZ+-Q  farnesoic acid®} methyl
farnesoate®t RXR¥e| #Alo disiA A+-3hom™, 20155 Diploptera punctata®l~ 2]
o ¢ RXR/USP®} EcRe Z4of sl A3kt

A AN sEelE HEE £ S4% 44 L APt FuEAE A7e]
M E RNAT 7197 2§44 B@e 248 & 3= Ao suHolor A

20110 % Bombyx mori embryosS WA O 2 injectorE ©] &3] siRNAZS F9 A
EEH0E A AT ¢ AE timimgd % ol A EH, EI JP 23HH<Q
Wi olglar ¢4l 7 double-stranded RNA (dsRNA)E Aedes aegyptiol ] 23 injection
ShA] 23l sucroseE ©] &3t oral delivery S T8l A edoz FHAE A 4= B
nETh ol g VIHES ol &8 WARAAE dAst AFse Aol AAFY 4%
ANA = AFHoIAAR A7) 7} ofF e 87 FoA = obF] olggt 7Eo] ALy of

[e)
& FEoldr}. A vk 20143 L. salmonis larvaeE Ao 2 3 dsRNA soaking 2!
o] AFgHo|glornz o] Ao A& 7|He] E A dITaE A8 d F A=
Ao gk F5 A7 Fosirta
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