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il Anti-DYKDDDDK G1 %A EEMalifl,
IM75%] p3xFlag-TRaA Hl p3xFlag-TRP H4H fll &
F, MR RN SO, PRl H A
&Y™ 18 50 1% (cyclic amplification and selection
of target, CAST)AY 71", FIF DNA-Z [k
SRR, HRUEEREAL RS SCE S A 8 EAH
EH, A& 6 feimitilifiete 5 H R 455 R
SR, TA TR 5 K5 20 9 e SRR 5 7 51 38
AW AE B Tk LR A BERE R4, i O B
T X BREIE AL iR 5 7 5 H &% & TRE J7 4
AGGT(C/A)A HYHEH, MTMIHHE X 2L 5L K %2 TH
B . R — I AR BT R R Y T R AR
W IE, A BN TH RE A 614
BB ML SRR P BT

1 #R5FZ%

1.1 RS F

1.1.1 MR LI A SR A E K
BF2E B FE BE A6 R o0 2 . A7 AR SR A
KIE(17£2) C, WpKEREE 30, ¥ 13 dph (L5
5513 K53 3 BEA T2 S (1) 1E 5 X fif
AL(NC 4, EFRKA); QR R LB A
(TH 4), 7EH#EK I 0.1 mg/L (%) T, (L-Thyro-
xine); (3)WIRALFRAH(TU 2H), fEdEKh R 30
mg/L IR IK, TH 415 TU 4 & W HK ARIE K425
Yy B R, HAME SR A E AR B Mi-

nami > 7 P o B % B BESr R 6 A~ I:

17 dph (ZEZ5JE i), 20 dph (ZEA L), 24 dph
(25 R, 28 dph (525 B WD), 32 dph (B4
WA 36 dph (FEMI), MR LRS- HIX) NC
2 TH 24181 TU 453 547 RAE, BBk
83 HVATHEMENEYFER, HAH DEPC
HEEMA®A TRIzol WA, T-80 CurkHf
TAr#

S0 FH A B R AR S 1 e R 1 B K T
Y, SCH TR 1 R Wk AL, 4 BSR4 AL
IR 1NN = 1 = N 7% 1)1 5 e
TAWHBRE 3 AVATHEMENE Y EE,
FE & A DEPC Mk JE A & A TRIzol &, F
80 CUKFEIRAE#

1.1.2 LWiKF DMEM. I, HHE-
HERE R BT, 0.25%/Pef-EDTA ) H Gibeo 23 H;
B sl R & B mIGAR & . Bk R R &
4 OMEGA 73w, 25 Bl 0] | 20 1 2
ECL %G & A i mi A Y BoR A R
Ex TaqTM .2XTB Green Premix Ex Taq II.pMD19-T
Vector Cloning Kit 1 H TAKARA /A H]; Anti-
DYKDDDDK G1 Affinity Resin, DYKDDDDK
Peptide 4 H ot & Wi A YR AR AW &
RNA 2Bt #) TR1zol® Reagent #J [ Invitrogen 2>
Al M Y85 Lipofectamine™ 3000 Trans-
fection Reagent Il H Thermo 7 A; BCA £ H ik
JEE I ) W 1 R R Y TR S T, R
BT EREGEMR  EE Bor T EARE L R YR
DNA 4rFEbrifElg A A TAY TERARA
H]; Hepes Tl e . FLIKZZ 0P . B . —BiH
BRI B 3= RAEYRHCA RA\] AN R
BRI . IR [ E 254 A 2R R R A
SR AR A AT A S BRI Y R
IR A FR S F 58 R o

1.2 EWHE

121 & RNA ERERER %MK TRIzol"
Reagent UiB 45 20 BREREUAS HE AL 0 EL RNA. H
NANODROP 2000C il i RNA Ff i i i 5 Al
OD160/ODygo [ FLAEL, OD260/ODago Y1 1.8~2.0, [
1% 0 S5 R W BRE I P UK AL T RINAL A i 8 S8 R 1
DL RNA AR, FI) T B 4% sl &5 1 cDNA,
cDNA F-80 CUKFIRAT & o

1.2.2 F|HBRWFKIE. GHUREHE BOLREW
) p3xFlag-TRoA . p3xFlag-TRB F4H ki, N
Bruk HAE 293T 4 b AR ik, #% M Lipofec-
tamine ™ 3000 Transfection Reagent it B 43 1 45 1
¥ p3xFlag-TRoA . p3xFlag-TRP i 4H Jit Hi %% Ye
293T 4iiffl, 24 h JE4RIANMLEE M, BSA 40
SR E MR AW, %M Anti-DYKDDDDK Gl
Affinity Resin ¥iB 5oy gant kA alif, 53
WA A S Ao e A R L TR D SR SR R R
i I BCA 2 1 Bk BE D e i) &, 7E R PRI
562 nm AL GE FIRVEI AT RE(E, 4% R«
FUBR EE=(I5E OD {H—%5 11 OD {H)/(b5#E OD {H-
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25 OD {H)<briE S E (563 pg/mL)xAEAS 3
AR BT BO T R AR E . /NPT Flag 45
Z BT L) & HRP ARic i I EHT /N R 1gG X iR B
AN M . A RO AR L T TR TRORD Yk T
HEAT Western Blot BiiF, %88 ECL & G5 & i
AH 5 v 2B TR & OGTR, ( FH Ab 2 0 AR 43 Bt
ASCRG I I ) 25 1 6T o7 B S P 4T

1.2.3 XEMWE AN AREERLT Y] oligo
A. oligo B (F DY, i 128 = KiE kK Z kR &

S FE AL SO, ROV AR R U1 Annealing
Buffer for DNA Oligos(5%) 20 uL. DNA oligo A
(50 umol/L) 20 pL . DNA oligo B (50 pmol/L)
20 pL. Nuclease-Free Water 40 uL. JR2JJFA
PCR U #EATIR K SR, TR S E: 94 Cil
ARPE2 min; M 94 CITHR, £ 8s TREO0.1 C, [
% 25 °C, ZEYE 90 min, 455405 15 3 BUEE REHLIA 5
S SN Bk e PERZ TR SLRE, 3%k Y 3
JIE 5 JSE FL K T 7 )

x1 ALBRPAAFIIER

Tab.1 Sequence used in the experiment

J¥ %15 sequence

DNA J3%1(5'-3") DNA sequence (5'-3")

oligo A
oligo B

AAAGCTGAGTATGCCGAGCTGNNNNNNNNNNNNNNNNNNNNGTTACGCACCTGGTTGAATGT
ACATTCAACCAGGTGCGTAACNNNNNNNNNNNNNNNNNNNNCAGCTCGGCATACTCAGCTTT

124 EBEWEBRBRTE5FECAST) M
AR EMSA & F-IRE 455K R 50006 iR
p3xFlag-TRaA Hl p3xFlag-TRp fill & % 11 5 Ak K
LR B SCJE AR A S &, RIIR R W T -
Nuclease-Free water 5 pL, EMSA 25522 Mk 2 L,
p3xFlag-TRaA/p3xFlag-TRP fl & H 2 uL, CJF
1 uL, #3110 L, RA)EE R E 20 min,
Anti-DYKDDDDK G1 & Ffi# g, H 20 pL {5
EHEREOE T, 4 C 6000 r/min B30, F
MRFHE 2 min, ¥ B3, A 200 pL pH 2 7.4 19
TBS (50 mmol/L Tris-HCI, 150 mmol/L NaCl), H%&:
Anti-DYKDDDDK G1 FEfI#fg, 4 ‘C. 10000 r/min
B0 30s, LG, HERENER—KIIMAEA
[E-DNA 254 B, 4 CHFE 12 h Chiings &
ROR, B 1 h AT —KIRBH). 4 C. 6000 r/min
B0 30 s, B3, A 200 uL TBS 3EBEDLE,
224, 4 °C 6000 r/min B0 30's, # FiE,
H A A TE— R I 20 uL pH 4 3.5 9 0.1 mol/L
Gly-HCl, & ¥ H 5 min, 4 ‘C. 6000 r/min &[>
30 s, B FIEWEFE T, 95 ChifA Bk rfs
W 10 min, f# ] OMEGA i Rt 7 & iy 1t
JEFE, 13000 r/min B5.0> 2 min 253 B3R B FS,
TaKaRa [ EX Taq K RiFATP 1 . TEASEN
94 °C, WAt 2 min; 94 CAEME 15 s, 50°CiE k
30 s, 72 CHEff 30 s, 15 DEH; 72 CIEfH

10 min "8 PR T F — e ik, HattT 6 480
B RS 3% U 4 B W
JBE H, Yk S E

1.2.5 TA ®fE. MFESHE (/] OMEGA &
I X |3 f f — %6 PCR ™ i Ml 4l A,
Koot =% 23] PMD-19T wifE#iik, 16 Ci
F2 12 h J5 5163 DHSa KIGHFF B, Gl i e
i PR BT 75 AT A V% PCR Bk, B TA B 25
RIF R R B AR YR R A FI o K
J 45 R A T A= A5 857 07 ¥ X 2o 35 TR 20 )5 2
T DX CF 8 3 DR 2H o R K R S 0T 5 e G
T SR i AL, T S 3 XIS PR I SC
FER S H & A TRE F4——AGGT(C/A)A 1Y
(737 o8- oS

1.2.6 ERWATEE PCR X FEHTEAY 4 -5
TERE LR AT 2 G AN [ 21 21 R 78 25 & 0T AR X
SE BT, 4 DELIE R 2352 frizzled-3-like TBCI
ZEF 3 B (TBC1 domain containing kinase,
thck) . Z Mt t(RNA 5 R & 2 D REAH B4
F1 1(aminoacyl tRNA synthetase complex interact-
ing multifunctional protein 1, aimpl)fl MYC #H3¢
K+ X (MYC associated factor X, max), fifi F
Primer Premier 5.0 it &5 (K 2), FIH

TaKaRa /A F] ) 2xTB Green Premix Ex Taq II (Tli
RNaseH Plus)E & ik 7E CFX96 Touch™ Real-
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Tab.2 Primers used in the experiment

514 primer 751 (5'-3") sequence (5'-3")
frizzled-3-like-F TCACGATTCCGCTACCCA
frizzled-3-like-R CCGTCGAAGCCCTAAACC
tbek-F AGACAAGGATACTCCCATTC
thck-R ATAGACAAGGATACTCCCATTC
aimpl-F CGATTGGACCTGCGTATT
aimpl-R CACTGTTCTGGGTGATGC
max-F ATCGACGACTTGAAGAGGCA
max-R TGCTGTCGGATGAGGAGTAG
18S-F CTTAGTTGGTGGAGCGATTTG
18SR CTCGGCGAAGGGTAGACA

VE:F G WS R AR RS 4.
Note: F means forward primers; R means reverse primers.

Time PCR Detection System (Bio-Rad, 32[E) i
3R i 283 (LA 18S rRNA NS 3 H ) E &,
SR Z U : 2xTB Green Premix Ex Taq IT (Tli
RNaseH Plus) 10 pL. ¢cDNA 1 pL. FFifoI¥%
0.4 pL. ddH,O 8.2 pL. qPCR F&F R Wik
94 CHIAEM: 30's; 94 CAEM: 155,60 CiRk 30,
40 MIEIR, RIGHATIEMMEY . AR

H3NMEYFEEM 2 M EAER, @ik
FI 278 B 7 s b, B R O 2 (B R v iR
(X+SE)#275 (n=3). it SPSS Statistics 23 #cff i
B HLR R 225081 (one-way  ANOVA)HEAT A Rl #
i Z [ 22 5081, A Dunnett’s £ & LT
T8dE 2 SR, 24 P<0.05 2R W%, RH
SigmaPlot 14 347 1E Bl 434 o

2 HBRE5HH

21 HFRBHZEHRENEEERFESR
2.1.1 Western Blot #& | BEMIEREHER #
it Expasy Mufifiiill#55] TRoA. TRP F1 3xFlag
(5> T35y 48.2 kD, 58.4 kD F1 2.8 kD,
It p3xFlag-TRaA Fl p3xFlag-TRB Fill &5 11K/
435128 50 kD #11 60.2 kD, Western Blot 455 T 7~
(B 1), 7E40 M R AN VE R R (DKAE 1. )ik
T NAT S, 0 7E R W Aok A VRN 3 R R (DK
2. P IMET. GRFRWTE 293T 4 b
BT &4 R p3xFlag-TRaA il p3xFlag-TRp Fl
GEH

kD - 1 2 3 4 ‘ D M 1 2 3 4
250 g
150 — | 100 —
100 — 75 —
75 — 60 — e < (60 kD 3xFlag-TRp)
0 — — < (SOKD 3+Flag-TRaA) 45 — -
37 — 35 — i
25 — 25 T e

2 — 10—

Kl 1 p3xFlag-TRoA Fl p3xFlag-TRp Fl-& 5 H £ IAKAE
M: 35 B4 T HbRiE; 10 3xFlag-TRaA/p3xFlag-TRP £ J¢ 293T ZUMHIK; 2: ZLMABGEHE; 30 WUER; 4: TR,
Fig. 1  Verification of 3xFlag-TRaA and p3xFlag-TRp fusion protein expression
M: protein marker; 1: supernatant from 293T cells expressing 3xFlag-TRaA/p3xFlag-TRp; 2: effluent; 3: washing buffer; 4: eluent.

212 XEH#E RIKON A 2), MFEE FEEAEER, SARZAR RIS G R F S,

FUSGHRBE SR, RUERENL R 1) SCE (TG 2)52 %
FH L BB REHLIR A SCRE(UKGE 3. H)FE5E; T
i DNA FIHLEE DNA #5407 HLfaf & AN [A], B5E Rl AL
PRSP S (UG 3. AHRHE S, 136 B U
BLTEUAN SC A A 1 ) o

2.1.3 BRECE KA CAST FREFESI Lk /Hr
WoR(E 3), 75 6 G, |y H - Wh THE

SEE — R AR SR (VK 1); 2 T 1 4k 2t
17, EZHERE R IR ST I e T ok, 7
RS PR SR, (AR SRR T B E >, B
B SRR VIR AT IR (UK IE 3. 4); TERJG
—Ee e, RS ERUNT I M BCEYS £, &
PR AE S5 (VKIE 6)

214 TA ZEMNFLER TReA HHISUETA
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ggg: Tab.3 Sequencing results of the TRaA
200— recognition library
100 B I (5-3)
75— serial number recognition sequence (5'-3')
39 1 TAGGAGGAGGTCATATAAAA
B2 U LR SR R 2 CTGTAAAAGGTCAAAGCACA
2 Bl
M: DNA 43 FHbRifE; 10 %5 (1% 2: DNA oligo A +DNA 3 ACAAGAAGCTCAGTGTCGCG
oligo B (50 umol/L); 3: DNA oligo A (50 umol/L); 4 TACTGTAAAGGTAATAGTTC
4: DNA oligo B (50 umol/L). 5 CTGGAGGAGGTAAAGGTCAG
Fig. 2 Oligo recognition library verification
M: DNA marker; 1: blank; 2: DNA oligo A+DNA oligo 6 TACTGTAAAGGTAATAGTTC
B (50 umol/L); 3: DNA oligo A (50 pmol/L); 7 TCAAAGGCAGGTCAATTATA
4: DNA oligo B (50 pmol/L). 8 TATGAGGTAATTTAAGATAA
bp M 1 2 3 4 5 6 M 1 2 3 4 5 6 9 CCTGAGGTCATGTTTTACTT
10 TGATGCAGGTAACATTATTC
11 TATAAGGTAAACACTACGTC

TRoA TRB

K3 08 Rk
M: DNA 5T bRifE; 1-6: 6 % CAST ¥ 3724,
Fig. 3 Recognition sequence verification
M: DNA marker; 1-6: 6 rounds of CAST amplification products.

11 AMRBIFF (3 3)& A TRE J¥H] AGGT(C/A)A;
TRB PUNSCEERA 12 NPUNTFHI(E 4)% A TRE
J¥%1] AGGT(C/A)A; TRoA Fl TRB R B EH A 4
ASEB S A P A

2.1.5 EFEAEIMNEEREMERE TRaA #U
CETREAE 11 NS TS A TRE J75)
AGGT(C/A)A S IE R (£ 5); TRP %I
ETREAF R 12 MRS F XIS A TRE 74
AGGT(C/A)A e L IL R (% 6), Hp TReA 5
TRP WU SCIE TR EEAS 2 4 AR F] A {18 0 L 1A«
frizzled-3-like, tbck, aimpl il max, jfijd KEGG
(https://www.kegg.jp/) 5 X} JE I D BEHEA T 1 407
frizzled-3-like %% mTOR F1 Wnt {5518 1% o il 5%
SEE T, ST RR AL S A . R R A
2 it ) 1 5 BE DR A 55tk 2wt & A TBC 45 k38,
R UG, S5 e R e . o2
MMM H I, aimpl 35 RNA 87Y) 5%z | #h5%
SRR | A5 51 S R N 2 S 2 R A A
3l1; max 4ty MAPK 1553 % th i 4 s IR, 1

I FRILHSrFR TRE 75 AGGT(C/A)A.
Note: The sequence underlined is TRE sequence AGGT(C/A)A.

F4 TRPIRANCENFER
Tab. 4 Sequencing results of the TRp
recognition library

P H1(5-3")

recognition sequence (5'-3')

1 GAATTAGGTAATAAGTGTTG
GAGACGGAGGTAAGTAGGCT
GCATGAGGTCAACAGAGATA
GCAGTCAGGTAAAGTTGCTG
CTATTAGAGGTAACAAATGA
TCCAGGAAGGTCAGGAGATG
TGGAGGTCAGACTGAAGTGC
TGGAGTAGGTCACAAACAAC
AAAGGTAAATTAGAAGTTGA
GATAGGAGGAGGTCATATAA
GTAAAAGGTCAAAGCACAGC
12 TGCACATAGGTAAAAGTTTC

r?‘

serial number

Jo

O 0 9 N W R~ W N

—_ -
- o

I FRILHSr R TRE 5] AGGT(C/A)A.
Note: The sequence underlined is TRE sequence AGGT(C/A)A.

TR AN A BT e SR T WX 4 AN SR
5 GTARRAROG, BEHUX 4 MBS 58 S
SEEGUE S, HEPIE Bk A EK RS B
JCET v S g b SR ) S PR R 4

2.2 frizzled-3-like, tbck, aimpl A max EE 7
HARERARTELZEHNRIE

221 FEBBRRARAPHFRIE TOLEES

iz
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Tab.5 Promoter region matching results of the TRaA recognition sequence

PFHIFH1(5-3")

VEFE A FE 1D

UG IVA

S A TR

recognition sequence (5'-3") subject ID subject start-end gene description

TAGGAGGAGGTCATATAAAA GS_020482 1677-1658 TBC1 domain containing kinase

CTGTAAAAGGTCAAAGCACA GS_020481 451-470 gmlnoacyl FRNA synthetase complex interacting multifunc-
tional protein 1

ACAAGAAGGTCAGTGTCGCG GS_014374 334-316 mannose binding 2

TACTGTAAAGGTAATAGTTC GS_017458 1770-1788 frizzled-3-like

CTGGAGGAGGTAAAGGTCAG GS_012557 898-917 RAB GTPase activating protein 1

TACTGTAAAGGTAATAGTTC GS_017452 459-450 MYC associated factor X

TCAAAGGCAGGTCAATTATA GS 019173 811-792 apoptosis-enhancing nuclease-like

TATGAGGTAATTTAAGATAA GS 005629 1135-1153 F-box and WD repeat domain containing 8

CCTGAGGTCATGTTTTACTT GS_000131 16021587 EIIZST kinase domain-containing protein 3, mitochondrial-

TGATGCAGGTAACATTATTC GS_004602 1887-1805 tousled like kinase 2

TATAAGGTAAACACTACGTC GS_011117 1449-1468 family with sequence similarity 198 member A

W FRILH 3R TRE 5 AGGT(C/A)A.
Note: The sequence underlined is TRE sequence AGGT(C/A)A.

#6 TRPIRANFFNERARHNFREERLER

Tab. 6 Promoter region matching results of the TR recognition sequence

PHIFH1(5-3")

VEFE A FE 1D

VCRC E

S 24 Bk

recognition sequence (5'-3") subject ID subject start-end gene description
GAATTAGGTAATAAGTGTTG GS_014910 315-294 dual specificity protein phosphatase 7-like
GAGACGGAGGTAAGTAGGCT GS_007653 675-656 serine/threonine-protein kinase 26-like
GCATGAGGTCAACAGAGATA GS_002741 1811-1793 syntaphilin-like
GCAGTCAGGTAAAGTTGCTG GS_017458 1770-1788 frizzled-3-like
CTATTAGAGGTAACAAATGA GS_005943 1788-1703 ilo(:iiisinlt(eflriil?e and metalloproteinase with thrombospondin
TCCAGGAAGGTCAGGAGATG GS_012754 838-820 MAP kinase activating death domain
TGGAGGTCAGACTGAAGTGC GS_017452 469-450 MYC associated factor X
TGGAGTAGGTCACAAACAAC GS_014279 798-780 teratocarcinoma-derived growth factor-like
AAAGGTAAATTAGAAGTTGA GS_000697 244-263 phosphodiesterase 4D
GATAGGAGGAGGTCATATAA GS_020482 1677-1658 TBC1 domain containing kinase
GTAAAAGGTCAAAGCACAGC GS_020481 451-470 ZT&;?;?ZL;ETA synthetase complex interacting multifunc-
TGCACATAGGTAAAAGTTTC GS_002837 1639-1629 pleckstrin homology domain-containing family A member

5-like

: TRIZIS> R TRE JF5] AGGT(C/A)A.

Note: The sequence underlined is TRE sequence AGGT(C/A)A.

FoR, 4 DFEFTER A4 LU R IB KA
[E (& 4), WK 4A Fl 4C FiR, frizzled-3-like #il
aimpl 7E 25 A b B MR R Is e, P
A AE I 20 2 3R 5K A A = (P<0.05), R4 21
KRz, H& A8 RETH B 2R P>
0.05); 4n[&l 4B Fil 4D iR, thek Al max 75 i 45
21 2 rf B A AL ) 2 3 R A T ) A i 2 2

Y

FIK A (P<0.05), BRI EIRZ, H
45 21 21 3k TE I B 22 57 (P>0.05) .

222 FEFETREABHHORE JCEY
B BIR, frizzled-3-like, thck, aimpl il max 7&
A7 0 1F F AR S kB WA IR0 2R AR (K
5) WHEFAE 17 dph(ZEE R MR E R
(P<0.05), 7£ 28 dph(ZEZ& )1 32 dph(ZE 3
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= 250 A [frizzled-3-like _ 100 B thck

> O]

2 20| a 5 L2 -
o n=3; +SE g2 80 n=3; £SE
= .9 ¥ g
iz % 150 ﬂﬂEﬂ 2 60 -

A & b X &

.'-HE % 100 b & g 40}

(23 ¢ be T o

EE 50 =2 2
kS - cC L o¢ Eg 0
o —_—

\§
)
= [C aimpl 3120
w B 4A0L n=3; :SE 5 8100
%= 7 30F g
ﬂégzo' be 2 Sy
> o Z o
Eg% 10+ c ¢ ¢ . ¢ EE 2
e e

HH tlssue

E 4 frizzied-3-like, tbck, aimpl A1 max & K7 2 6 pig £0 2 20 1) 3 ik
ANTR) TR R 2% 2H 21 ) 22 57 1 3 (P<0.05).

Fig. 4 The expression levels of frizzled-3-like, thck, aimpl and max genes in adult tissues of Paralichthys olivaceus
Different letters indicate significant difference between different tissues (P<0.05).

1600 A frizzled-3-like 160 - thek

.q:) 1400 a .OE 140

Q L
o 1200 p=3; ESE 32 120
5 g 1000 ﬁ £ 100
# & 00 2 £ 80
RE b ORKE
i § 600 - b =5 60
g 400 . £5 40

& 200t B o 2 90

0 17 20 24 28 32 36 0 17 20 24 28 32 36
HRJ5 & & I8l /dph days post hatching HRJ5 & & B8l /dph days post hatching
_ aimpl _ max
3000 C 160 D \

52500 g M0f
o s 8 120t
Hﬁ g 2000 n=3; %SE iﬂeﬁ § 100 n=3; %+SE
) 1500} X £ 80r
g KE ol 2
& o 1000 - b "o
Eg be £33 407 c .

s S00r c g d 2 20} . oo o
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Fig. 5 The expression levels of frizzled-3-like, tbck, aimpl and max genes during metamorphic
development stage of Paralichthys olivaceus
Different letters indicate significant difference between different development stages (P<0.05).
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Fig. 6 Relative expression levels of frizzled-3-like, thck, aimpl and max of Paralichthys olivaceus

under exogenous thyroid hormone (TH) and thiourea (TU) treatment
Asterisk indicates that the corresponding values are significantly different between TH group and control (NC) group (P<0.05).
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Abstract: There are large differences in morphology and living habits of Japanese flounder (Paralichthys oliva-
ceus) in the early stages of metamorphic development. These differences make P. olivaceus an ideal model of
metamorphosis in fish. The thyroid hormone (TH) plays a decisive role in the development of metamorphosis. The
physiological role of TH is to regulate the transcription of target genes via the thyroid hormone receptors (TRs) and
thyroid hormone response elements (TRE)—AGGT(C/A)A. In this study, P. olivaceus was used to investigate a

new method for finding the target genes regulated by TH. We expressed and purified the p3xFlag-TRaA and
p3xFlag-TRP fusion proteins to identify the target genes downstream of TH by using a cyclic amplification and
selection of target (CAST) method. We found 11 potential TRaA target genes and 12 potential TR target genes.
TRaA and TR share 4 identical potential target genes, which are frizzZled-3-like, TBC1 domain-containing kinase
(tbck), aminoacyl tRNA synthetase complex interacting multifunctional protein 1 (aimpl), and MYC associated
factor X (max). The expression of these genes was tested in different adult tissues and different metamorphosis
development stages of P. olivaceus in the NC (normal control), TH (thyroid hormone), and TU (thiourea) groups
by real-time quantitative PCR. The expression of these genes was highest in the adult brain tissue (P<0.05). The
expression of these genes during early metamorphic development was highest at 17 dph (days post hatching) and
lowest at 28 dph and 32 dph. The expression of these genes in the TH group was lower than in the NC group
(P<0.05). The difference between the NC group and the TH group at 17 dph was the largest (P<0.05), while NC
and TH groups had the smallest expression differences at 28 dph and 32 dph (P>0.05). Compared to the TH group,
the expression in the TU group increased slightly in each period (P>0.05). These results indicate that friz-
Zled-3-like, tbck, aimpl, and max are target genes directly regulated by TH and that the expression of these genes
is inhibited by TH. This study successfully identified an effective method to locate the target genes of TH. TH can
inhibit the transcription of the target genes during P. olivaceus metamorphosis. These results provide basic infor-
mation for improving the thyroid hormone regulation network. However, further research is required to determine
how TH inhibits the expression of these genes.

Key words: Paralichthys olivaceus; thyroid hormone (TH); thyroid hormone receptors (TRs); DNA-protein inter-
action; target gene
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