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FE: N T B (Paralichthys olivaceus) foxi3 W45 FITIRE, #id PCR STREFMT IR T T 6L foxI3 45X
(coding sequence, CDS) 1 3'3F: 4 i [X (untranslated region, UTR), 3% 1089 bp, H: = JF Al [ #ZHE (open reanding frame,
ORF) 750 bp, #if 249 NEIEFR . Foxl3 45 & — 4 FH (Forkhead) &5 #38; =&/ N5 20.48% 1) o 12
e 15.26% M A EEA 64.26% M TR i, B S SMER ALK B, B Z M4 FoxI3 @R T 5 KN,
FHE Foxl3 5 HAh M MBUE RS, Ho 5 KESL(Scophthalmus maximus)FJEME & &, EF] 91.97%, SH LM
(Danio rerio)lf] FRETERAK, 1N 66.27%. i s LB F 5 LLX K, 55 Foxl2 # Lk, Fox13 #E AN [ 4 F 2 [a] (1 % 5
SRS, UL foxI3 (FIBEALHR L LE foxi2 PR V400 5E AL 7R, FoxI3 4H LRl & 1 76 40 A% FI 20 i o vh ik . s

I 5¢ %t 58 B PCR Al 45 R BIR foxi3 TEF T ON Firh Rk By, W& TR AFHMALR, BN foxI3 I RETET 6T

YRR B S RAEE R L.

K T0E; foxi3; 43 FHEE; WAMIE N, HEURE
hESES: S917 XEkFREED: A

Forkhead box L3 (foxI3)/& FOX (Forkhead box)
e 53 TR ¥ 8 R M B B, 12 IR TE T 4 A M
B T WL e S T A
PERU2L M4 DNA 255 K EIERIF S, %%
WA 530 A-S JLATER P!, Hirh Forkhead box
L2 (foxI2)/ZiX N RIGME LM R, 204 & Llin
7 LlERER T, 2508050 mIIGen
YR AV 2R B 3, foxI2 A 2 55 R TR UE
A, foxi2a (foxI2)F foxI2b (foxI3), X WA~5% R
[F] P 25 PR Al 2 f R R PR RILAS, e
OGP IR S B A g o o 3 3 B A P

KT foxi2 WIWF S IRAF L 2, I LAY
Wt (Oryzias latipes)'® . BET 1 (Danio rerio) . W
(Onchorhynchus mykiss)™ | J& % % ki (Oreochromis
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T 5 B0 A 2B Y Dai 45 i e
DRt SR TR B, foxl3 TEMENER JE AL
J5 30 d PP R AR, TEARPARL, H
TEHABVF Z WM, foxI3 WIHERT Hrb ik
T E DN o g Ak, a0 K P & (Salmo
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foxI3 TEVENR H ikt B Wi Tt i, (HAER S 3R
KK TR AU 5 & B H AR 68 g
(Anguilla japonica)¥, foxI3 TEHEMEH R IE B &
T HEEE, R foxi3 WTRETE AR e il
A, e gh BRI, FE
foxi3 B FRIRBEA I BEAFTE R 22 57 o WEFE R,
foxI3 R BEAE A 5 £0 2 BP B 40 b 0 K o1 24 0 S 4
Wy BRI, B0 TEAE 5B 5 I ORGSR
AR P R A R A R O B, foxi2 FE
B2 mAErh ey, 1 foxI3 FEIETER /i 5
KEHRITIRE, HR T — st

FWENFRAE T, “HHMA, REEYH,
SRz A0 A T R K 2, K
PR A S, EIRMME R . EHARKRR T
Frb, Mfefa A KA, AR B T P2
I, ST SRR PERR 1 5 kB LG B
B, ARWFFRE S PCR gl FF AN T 4 6
foxI3 {) cDNA 751, i EYE B2 b 7 H
THHEM R G AL, @it SER 90 E & PCR R
I T %I R AE A 675 AL o3 A i O,
VA B 5 B AR X AT T A A, DA R
H—LRAIRDE foxI3 T4 G b 9 7 FH 4 (it
RIS o

=1

1 HR5HE

1.1 &

ARSI i I F SR (TR EL 660+50) g]2R I
T HHERIK Y . TR PR T ) 3AS 2 G
i, GOMEL BIE. RFE. B OULN . KSR BREL.
BN ZHE, 2 BRRIR — 21K (DEPC) K it T4,
TE TRizol F 22K HEHUE RNA
1.2 i
1.2.1 RNA HRES ¢DNA MAR H TRizol
Db AT A B4 A2 RNA RS 4R EC, 430 A
NanoDrop 2000C (Theemo Scientific, 3&[E)F1 1%
T B BH BE S R VKA I RNA i A se k.
PrimerScript™ RT reagent Kit with gDNA Eraser
A& (e, TR RGN cDNA 15—
ZRBE. K5 cDNA Mk 5 15 T-20 CHRAF
1.2.2 FHE foxi3 W5 FE A NCBI
BHE % (https://www.ncbi.nlm.nih.gov), k15 T i
() 28 BF - foxI3 ¢cDNA J¥31](XM_020083018.1),
1% cDNA J¥ 514 45 52 & () il 15 352 4E (open rean-
ding frame, ORF)FI#B4> 3'dE 4 X (untranslated
region, UTR), MRAEA A cDNA JF51, it 2 %F
FESE S 92k E4T PCR 978 IF0 % (3£ 1),

KRR FS

Tab.1 Primers used in this study

514 F primer name

¥4 (5'-3") sequence (5'-3")

JHi%& application

foxI3-F1 ATGTTTGATAACACCCACTACCCC
foxI3-R1 TCACAGAGTCCAGAAGTGCAGG

foxI3-F2 GAACATGAGAGGAAAGAAACAAAGAG J¥ 31 53F sequence confirm
foxI3-R2 TGTATTTACATATATATATACATATATATATAAACCTATACTCTAC

foxI3-qPCR-F CAGCACTGACGAGGACAAGA S 5

foxi3- qPCR-R GTTGTGGCTTTCCAGAGGGT Quantitative Real-time PCR
foxI3-F TCGAGCTCAAGCTTCGAATTCATGTTTGATAACACCCACTACCCC V4 i 5E o7

foxI3-R GTACCGTCGACTGCAGAATTCTCACAGAGTCCAGAAGTGCAGG subcellular localization
18s-F CTGAGAAACGGCTACCACAG S 3 R

18s-R CAGCAACTTTAAGATACGC Quantitative Real-time PCR

1.2.3  foxI3EYERFEDH I DNAMAN # /4
X TE R FEARAS ) cDNA FF 4 AT He X 5 BF4%,
i# 17 ExPASy-ProtParam (https://web.expasy.org/
protparam/)7E £ M -6 FoxI13 AYHLALYE T 5 /K

PSR 54, FIH SMART (http://smart.embl-
heidelberg.de/) W) 3t 7 £& Fl I H A 11 ot — 4544 |

SWISS-MODEL (https://swissmodel.expasy.org/) i
M =254, FIH MEGAS.1 17 2781 text, fif
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1.2.4 pmir-pEGFP-N1-FoxI3 #{k#g@E F|/H
EcoR 1 BRI PE N DI E X A% I8 3K pEGFP-N1
(Promega, 3 [E)FEATHEGEY), 8 FHU# EBE Rk 3T
A B SR R IR R SR (R 1), iET
PCR #"3, 2 1%IBEWHEE S kR A5 2] 5 (1)
5 o R oSS se el H i i Be 5 V) J5 pEGFP-
N1 AR EATE I Ak, 58 EA R pmir-
pEGFP-N1-fox13, LA& RIFEGRD LB K Skt
FULrETi e, W PCR K& LiRIG, Bk
ZHINL TR A FIT . T TR G #HTH K
R, He BRI R BUR T & (Omega, SEHE) UL
Xof 5 4 SR PR AT BRI, [ B X E A Ok AT D)
BE

1.2.5 HpaiEsFERESR  HEK-293T 4Nk
G M)k A A SC R = A A7, B3R T 37 C,
5% CO, Higeffih . AT A KRS R A7) 293T
IS EAE 6 FLARh, RRANMI2E A3 80%
JeAiiE, ffif Lipfectamine™ 3000 reagent %%t
i 7 (Invitrogen, 3¢ E ¥ I A & 4 i K. pmir-
pEGFP-N1-foxI3 #&4tilt 293T 4ifigr, Mbrbric
i SRR T AR S A

1.2.6 FoxI3 THHREER FEfEY: 36 h ZJ5,
WAL AT R R SR AL, I PBS R AR VRV AN
3, FIRT, AR 4%2% B H EEF E 20 min;
FAZRH®E, H PBS Pk 3x2 min, JIA DAPI
#E 10 min; % DAPI FLLL PBS PEIR4IE 3 IK,
BFR 10 min, Jf 0 903 E Wi (OLYMPUS,
H A ) WLEE

1.2.7 foxI3 RixHGH MWIHRIEN foxI3 cDNA
3, FIH Prime 5.0 ¥t 46 foxi3 F1N S
18S ME R T IWI(FE 1), B 4Eil T Bio-Rad CFX96
PN AL R T FHE foxI3 FIPNSIEA 18S
MUbR eI, MY IERCRIE 90% 2 110% L HIN,
AT E R . R AKFR (20 pL)A: 2xChamQ
Universal SYBR Qpcr Master Mix 10 pL, [iiF5]
YR TF 5945 0.4 ul, cDNA 1 pL, RNase-free
water 8.2 pL. W Z&MFH: 95 C 3 min, 95 C
55,57 'C 30s, 40 ME, 65~ 95 CHRAEAIY

o5 CHF5s. ARSI MRER M3
AMEYFER, D6 BEUR A 2 ok
1.2.8 BIEGITHW A BRI N P (E:
FRAEIR(ESE), K SPSS 19.0 #EAT40 112440,
] GraphPad Prism 7 #{F#E47/ER, P<0.05 B A
hEFEE,

2 HRESH

2.1 Y foxi3 W5 FHFES Rt (L4
21.1 FE foxi3 WRFRIFAESELER £
PCR 7 [E45 2 4 8 foxi3 4t X (coding sequence,
CDS)#1 3'UTR X, 3£ 1089 bp, fu4% 750 bp HIIT
JBCBE SEHE AT 289 bp [ 3'UTR, ¥ 81 4fith 249 4
IR (Aa), & 20 Fli LAY Aa, Hob IR A&
A, KF] 10.4%, HUCH2Z2E R R & RAR
ATk, A 9.2%.7.6% A K 7.2% (& 1),
55 30~124 4> Aa & foxI3 HYLERIIER, FoxI3 & M4
1E L fa7 (Arg+Lys) [ 5% 3& B850 28, T HL fif
(Asp+Glu) Y FR I S ECh 24,

ExPASy-ProtParam Fiijill 25 5 . 7x, Fox12 25
53T 2N Crs18H2323N4350451S20, 73T BidA 34.52 kD,
5% 7K & #{ (hydrophilic coefficient) 5—0.832, Hig
S5 HA, 15 (theoretical isoelectric point)ik#| 9.21, A
FaE 2 F (instability coefficient) &y 64.67, 1fij FoxI3
194> F XA Cio7iH1032N3660375S11, 4 F it & 0
28.70 kD, 3% /K % %4 (hydrophilic coefficient) &y
—0.842, H{E%5H, 5 (theoretical isoelectric point) A
8.77, ANFaE A % (instability coefficient)’y 63.85,
FoxI2 il Fox13 & [ #)J8 T A e IR IE s K3 14 .

FoxI2 fEH 4541 1 4~ Forkhead FKJ&
(FH superfamily)45 /) 3s F1 3 MK 52 22 T RESS #4) 4a,
1M Fox13 A R & A —A FH ZKE455L. FoxI2
ZREHIELE 16.34% o BRIE | 18.63% 1 4E A FlI
65.03%I7 JCHL I 4 fl; Fox13 =2k 4544 s Hiofu &
20.48% o BRTE | 15.26% 1 I A 55 1 64.26% 1 JCHE
MG, Ao A e 2 ikEE (& 2).

2.1.2 ZFEE foxi3 WIRIREMEFMRGHL 6
1) Fox13 Z MR 741 5 HA ) Fh#k A7 Hoxt A BE,
HAEH R AR (8] 3), FFIE) Fox13 ZHERT
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Fig. 1

20 30 40 50 60 70 80 90
ATGTTTGATAACACCCACTACCCCTTCAACTGCTTCAACTACGATGGGGACGGATACCCT TCATCCAGCACT GACGAGGACAAGAAGATG
MFDNTHYPFNCFNYDGDGY?PSSSTDETDTEKTI KM

100 110 120 130 140 150 160 170 180
TGCAGACCTGCATACAGCTACATCGCT CTGATCGCCATGGCGATCCAGCAGAGCCCCGAGCAGCGTGTCACTCTGTCGGGAATCTACGAG
CRPAYSYTITALTIAMATIQQSPEQRVTLSGTIYE

190 200 210 220 230 240 250 260 270
TTCATCATGAAGAGGTTTCCGTACTATCGCTCCAACCAGAGAGCCTGGCAGAACTCCATCAGACACAACCTGTCTCTCAACAGCTGCTTC
FIMKRPFPYYRSNQRAWQNSTIRHNLSILNSTCTF

280 290 300 310 320 330 340 350 360
ATCAAGGTTCCTCGAACAGAGGGCAACGAGAAGGGGAAGGGAAACTACTGGACT TTTGCCACT GGCTGTGAATCCATGCTCGACCTCTTT
I X VPRTEGNEIKSGKGNYWTFATGCESMLDTLTF

370 380 390 400 410 420 430 440 450
GAAAATGGTAACTTTCGGCGT CGCCGGCGCAGGAGGAACATGAAAATCAGCCTCCGTGACTCT GGAGAAACCCCT TTCCACCCTCTGGAA
ENGNFRRRRRRRNMEKTISLRDSGETUPTFHTPTLE

460 470 480 490 500 510 520 530 540
AGCCACAACAATCAACATGTACCCTCAGCCCGGCACCCAGAATCTGACTCCACCCTCTGCCCTTTGAACCCTGACAGGCCGAGGCCGGGT
S HNNQHVPSARHPESDSTLTCPLNPDTRPRPGEG

550 560 570 580 590 600 610 620 630
CCGCAGCAAAACCTCCTCGTCCCAAACCCCACCCAGCAGGGGAAACCAGAGTCGGAGATCAAGTTTAGCATTGACTACATCCTGTCCACT
PQQNLULVPNPTQQGEKPES SETIIKTFS STIDYTITLS ST

640 650 660 670 680 690 700 710 720
CCAGATCCACCCCTACCT GGG TACAGATCCTCCTATGGCCCCGTGCACATAGGGCCCACAGGGCCGCCATTGCATGTTCTGGAGTCCCAG
PDPPLPGYRSSYGPVHTIGPTGPPLHVLESHA Q

730 740 750
CAGCTGAACCTGCACTTCTGGACT CTGTGAGAACAT GAGAGGAAAGAAACAAAGAGACTGAACTGGTGACTTGTT CAAAACTGGGAGGTT

LNLHFWTTL *

TAAGGACATCCAGAGACAAGAGGGATTCCACAAGAGGAATTT TACAGACTTTAAAATATACAT GAGGAACAAATAAAGAGGTACAGTACG
GTGTGATCAGGT CATCATGCT GTCAGAGTTGAAATG TGAACAAAACAGTGGAGTGTTCATGTTGTTGCTGTTAGT GCAGTGTTCAGTACT
GACGTAGAGTATAGGTTTATATATATATGTATATATATATGTAAATACA

K1 F&F foxi3 cDNA J7 91 KA S 1) & BT 1)
ATG R IA A A, 2k F RS RN
cDNA sequences and deduced amino acid sequences of fox/3 from Paralichthys olivaceus
ATG is the translation start site and the stop codon is signed with asterisk.

FH = (L]

FH

B2 P FoxI2 Ml FoxI3 & [ 2R — K45 H
a. FHF Fox12 35 H I M =454, b. FEF Fox13
B TR =458,

Fig. 2 Secondary and tertiary structures of FoxI2 and
Fox13 proteins in Paralichthys olivaceus
a. Secondary and tertiary structures of Fox12; b. secondary
and tertiary structures of FoxI3.

5| 5 K ZZBE(Scophthalmus maximus) WAL F =,
IKE] 91.97%; HWKJE K i (Larimichthys crocea),
FILMAHIE R 91.16%, 5% B AEfh . FHHim
8 5 85 (Cynoglossus semilaevis) i) 2, J& iR A L)

P50 89.16% . 84.34% K1 83.52%; 1M -5 BKE 5
HIZFEBR AR IMEIL N 66.27% (36 2). 111 - F FoxI2
5 H A 0 2 IR T A — By, Herh
5RGZ O R IELTRANIE R 96.75%, 5B E
FERRABIE R 96.41%, 5Je % B Ak Fn B ik 1)
FERRAA I IR B 95.75%, 524 W 5 1 2 FERR AR
IR 90.55%, i 5 50 2 £ 119 2 BE R A 4B 1t 2k
F7 81.99% (% 2).

F A & B A 611 Fox13 5 Fox12 28 KL AH b
MR, BE] 62.77%. ARG VAL 34T &I A BT
FoxI3 B e 5 R RN —K, S RHEM, ¥
DRt P 6y T BB A 3 S A 0 2R
R, M FEEK) Foxl2 MR o5 KSR h—
X, HEHEM . RP P AEM . EEE L RS
BES RN, ZEK RS (E 4),
2.2 FoxI3 EAEZKRIEHREHEEYIIIE

P 21 TR T DU R B, I BR o P U il
EcoR 1 X B4 FikL pmir-pEGFP-N1-fox13 #F17 il
YIS, 1530k ME1b BRI (4733 bp)Fl foxI3 FEH
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Tab.2 The amino acid sequence consistency comparison of Foxl3 and FoxI2 between Paralichthys olivaceus and other species

M protein YFp species T FEEFR A UPE/% amino acid similarity % %5 accession no.

FoxI3 KEEWE Scophthalmus maximus 91.97 XM_035613877.1

FoxI3 K&t Larimichthys crocea 91.16 XM 019258752.2

Foxl3 Je® B4 Oreochromis niloticus 89.16 XM_003438562.5

FoxI3 HHE Oryzias latipes 84.34 XM _011487873.3

FoxI3 W EH B Cynoglossus semilaevis 83.52 XM _008315079.2

FoxI3 PEI At Danio rerio 66.27 NM 001195126.1

FoxI2 KEEWE Scophthalmus maximus 96.75 XM_035623781.2

FoxI2 HEE Oryzias latipes 96.41 NM _001104888.1

FoxI2 Je® B s Oreochromis niloticus 95.75 NM_001279778.1

FoxI2 et Monopterus albus 95.75 XM _020586693.1

FoxI2 W EH B Cynoglossus semilaevis 90.55 NM_001294199.1

FoxI2 PELL At Danio rerio 81.99 XM 021481464.1

* 20 * 40 * 60 * 80 * 100

¥ Paralichthys olivaceus : M D PSSSTDES KKMCR DA Yl Guisle : 57
KZZF Scophthalmus maximus : MVAQQGGRSRVLLLGSGRDSQRSQTAGFTRVTPPSV PSS8 : 94
K# 1 Larimichthys crocea PSSST : 57
Je % B k£ Oreochromis niloti ss 1 57
F ¥ Oryzias latipes : PSSSTDBSKK I CR DA v ;57
e85 Cynoglossus semilaevis : —— oo ss : 63
B Danio rerio : Jle T OB KK VCR DA Vi—— : 58
ZF¥ Paralichthys olivaceus : 157
K26 Scophthalmus maximus : 194
K# Larimichthys crocea H : 157
Je B Bk Oreochromis niloticus : 1157
F 14 Oryzias latipes : 1157
¥R Cynoglossus semilaevis - 1163
BEL 44 Danio rerio . 1154
ZF¥ Paralichthys olivaceus : 249
KZE6F Scophthalmus maximus : 285
K# 4 Larimichthys crocea : : 249
Je B Bk Oreochromis niloticus : . 247
FH 14 Oryzias latipes : APAR o) — — ——— N : 249
W55 Cynoglossus semilaevis : BTTC! SQSHPHHHH STA H 1 ;257
BEL i Danio rerio : VAVRSSDSDEFEN--————————————————————TSHRAAS NSy e S JcpeepGeNcpylals I D AEJgAD ————————— A 1§32 L j=gH1 g : 220

MR DR AR AR IR SERR; KRR R i ] Y 22 5 S 1R
Fig.3 The amino acid sequence alignment of Fox13 between Paralichthys olivaceus and other species
The black areas represent conserved amino acids. Gray represents different amino acids between species.

49 ——— FF#F Paralichthys olivaceus foxI2
64 KZEWF Scophthalmus maximus foxl

93 ——— B Oryzias latipes foxI2
100 51— B4 Orechromis niloticus Jfoxl

W Monopterus albus foxI2
23547 Cynoglossus semilaevis foxl
¥ 544 Danio rerio foxI2
B, 44, Danio rerio foxI3
F Oryzias latipes foxi3
IR Cynoglosssus semilaevis fox!
S0 ZF8 Paralichthys olivaceus foxI3
70 L RS56¥ Scophthal musmaximus foxl

0.05 23 — BB B Jefa Oreochromis niloticus foxl

—_ 54— K # Larimichthys crocea foxI3

Pl 4 B2 FoxI2 #1 Fox13 25 111 RGEHELR
Fig.4 Phylogenetic tree of Fox12 and FoxI3 proteins in teleost fishes
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100
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cDNA (750 bp) H-Bt, BRI HL K S IE 45 5 5w 375 -
() PR 2% 2% A5 A R RN B W A KU, ]
pmir-pEGFP-N1-fox13 T 41 i ki 44 & 2 (K] 5). 1§§§§ E‘ﬁ
2.3 FoxI3 T4EREFE T 2000 Eﬁ
Fe 36~48 h i, Hi M DAPI e 0,7 A 3 AH 23088
AR i, A A 2O 8] B W e 4% AT L HEK- 200
293T 4Hffirh EGFP ISR, A% 2 0 6,
MHEEANTEATELES, FIt EGFP HHE
PLAEZ0 M A A AR BT v TRl 8K ) EGFP-foxI3 Bl s T4 ORI AU B 45
EKJ%%EZIHH@H&K%%E%’ Eﬂﬁ—ffﬁfféﬁ}ﬂ@fﬁ Fig. 5 Digestil;/lr; ijz(f)i(lig:i\gilc(z;binant plasmid
Az (E 6). M: 15000 DNA Marker.

Merge

EGFP

FoxI3

Bl 6 FoxI3 & 1 KWV i 5E {7 5%

Fig. 6 Subcellular localization observation of Fox13 protein

o0

2.4 foxI3 TEFHARFHRIEDH
ST E B PCR 455 R, foxI3 16 BT

%
o ¢ e . N IF R 61
BRI . BREE . I, O BE . FRE. ERE. 8. X 8
[
WL BRI A RS, R RRAgUh g R34
R SR, Ho AR B A R, gk
=n <8< 1y 2o -
% i TS EL LR HABZE 21(P<0.05)(1#] 7). Re?
5
an ks
3 itig “OTw W W W L M KW
ﬂi B %[Zo]fﬁ ﬁét{ﬂﬂj}ﬂTTFﬂi Br Li St Ki He Mu Te Ov
2004 4, Baron LT ok o B 7 6T foxi3 S L Rk
SoxI2 BUFEIN, ZHE N B SOk XS T L2, i) Br: I; Li: JFAE; St H; Ki B 0E; He: O Mu: LA
i foxI2 E@%%ﬁ/ﬁ%, ﬁﬁgﬂf’ foxI2b, SRR Gi: #; In: 7; Te: K5, Ov: DPEL.
N foxI3. SR, W THEALIIRE, foxi3 #£FEE AN TR 02 5 .3 (P<0.05).
. Fig. 7 Th i f foxi3 in diff i f
éﬂfjj% I:P?ﬁgi’ Bﬁﬁ@”z’g%j{ﬁ%%@% IZ'ZI/{% 18 € eXpI'eIS)illr(');lll(Zh/:st oievl;i::{s ifferent tissues o

E)ﬂg , ﬂ L U‘E f0x13 Wﬁ@;@%‘jﬁ E]"J%gﬂ Euzlgﬁﬁ Br: Brain ; Li: Liver; St: Stoamch ; Ki: Kidney; He: Heart;
(5.24] L e e pere A e Mu: Muscle;  Gi: gill; In: intestines; Te: Testis; Ov: Ovary.
X??’f T TT: u@?’l‘zjj%ff &) i‘?ﬁ’*ﬁljj% EF' ) fOXZZ Different letters indicate significant difference (P<0.05).
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AT B B4 B T £ 28 R At IR 55 5 e o b
foxI2 I foxi3 (IRERY . Hirk foxl2 38 % Wk M
IR EL bR AR L R, 38 505 FHLEE— 3L,
I5 A AL 7 A MR A SR, T T R ek T
F AL I GBS T VR MEME A fox12 TN foxi3 1)
i%ijjm’%]o
3.1 foxI3 B4 FHFAE

AHF5EiE L PCR SEREH AR YERE T A 6E foxi3
LR, ZIER 4K 1089 bp, JFALFRELHE 750 bp,
it 249 MEIER, HhEmR S Bim. HE
i S R PR 1Y) 20 o B 3 R i — 110 I 2 3
B, TE8R A AL . A f B A0 A . AR5y
T % 7 E B A P o DR A, i R A 2 A P £
— AN E T, S5 28R4
P Bk FOX RN G, FoxI3 5 FoxI2 4
FARL, #0414 FH ZIED e, thasty
BT AAE T AR A A FH R 7R
Mok Al . AR A2 . AT M A R RN 26k B A O i
A EEAEH,

R T T 6T FoxI3 5 ARZEHE . Kk
o SERE R R Oy — 37, b 5 REEHE ISR 4 ¢
R, 5 FoxI2 A& F IRl —43 37 il 1 & IR )7
G X3 Hr K, Fox13 HYS5 I H A<, HL5E
HokRE, FHF Foxl2 b FoxI3 WS, X5
Cocquet” A Ky Fox12 78 #E 1k et A2 Hh A A4 FH AR X {4
SFROUL SR —B . 5 Fox12 BHMLL, F6F
Fox13 & ¥ 51 B . k343 B By, #6P FoxI3 7F
ANE P Fh 2 ] 25 5 2, AR R R P
foxI2 F foxI3 Z I8 25 52 5 fa s i Z HoAh ) 5%
Z () 5K IR 0 TR B R ST B S T BT, 3
X — I 0 i R T g2 R R A SE R foxI3 TR
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Abstract: In many teleost fishes, fox/2a (fox/2) and foxI2b (foxI3), two paragenetic homologous genes, are
fish-specific copies and play important regulatory roles in biological processes such as embryonic development,
metabolism, immunity, and differentiation. To clarify the structure and function of foxI3 in Paralichthys olivaceus,
the CDS and 3’ UTR regions of foxI3 in Paralichthys olivaceus were obtained by PCR cloning and sequencing, for
a total of 1089 bp, including a 750 bp open reading frame. Among the 249 encoded amino acids, the content of
proline was the highest. The secondary structure of fox/3 contains a Forkhead domain. The tertiary structure
contains 20.48% alpha helices, 15.26% extension chains, and 64.26% irregular coils, which are unevenly
distributed on the protein polypeptide chains, and are unstable hydrophobic proteins. Comparison of the amino
acid sequences of Foxl3 in various organisms showed that Fox13 had a high similarity with that of other fishes.
Among them, FoxI3 had the highest homology with Scophthalmus maximus (91.97%); the homology with Danio
rerio was the lowest, at only 66.27%. Amino acid sequence alignment showed that Foxl3 had more significant
differences among different species than FoxI2, indicating that foxI3 evolved faster than fox/2. The secondary
structure of Fox13 contains a The phylogenetic tree results showed that the Fox13 of Paralichthys olivaceus first
groups with that of Scophthalmus maximus, and then with that of Larimichthys crocea and other teleost fishes, but
is different from FoxI2. The results show that Paralichthys olivaceus is closely related to Scophthalmus maximus.
Subcellular localization revealed that the cell fusion protein of FoxI3 is expressed in the nucleus and cytoplasm.
Real-time PCR results showed that fox/3 is expressed in all tissues of Paralichthys olivaceus, and the highest
expression level was found in the ovary, where the expression was significantly higher than that in the testis and
other tissues. In conclusion fox/3 may play an important role in gonadal development and differentiation in
Paralichthys olivaceus.
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