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EmEEfox2 M eyal EFR=EREE
BHE B ERORIEEE

z &' 2 &' KA BE' T B
XNHE ' HEE' BEHREC
(1. P EUK S RHERE S B K S BT B RH G IR H S 2660715
2. WHTTEE A/ RAR WA MME  265122)

= KT B R 4 #i(Seriola aureovittata) L f T A R E A B ELEEHET AT LEN
R, AR EE T H 48T otx2 f1 eyal B A AE(ORF)F 7, fAr 7 H 77| Rk & St fh
M Ar it R KRBT, 4R BT, otx2 B ORF K £ % 876 bp, 4% 291 M4 % ; eyal #y ORF
KE N 1962bp, %#h 653 NAKE ., otx2 fr eyal ¥ B A iZ A A0 REM, Hd, ob@ £R A
BHERRERT, MAZ, HEFGTHALAL(P<0.05); eyal EEAR T RAERT, HANINE,
HEEGTHRALP<0.05). ERBELAFLEFHTRIMNE otx2 fr eyal #ykik, HHAMELR
HEHELX L i, ob AR, eyal ARG I H 4/5 HAEE, EFFELY &0
A TEIEE otx2 fr eyal ki, HAEWMMMEN KL ERST; P, o kA E % B E T
t# %, 7 20 dph (days post-hatching) it #x % (P<0.05), eyal ¥y kik & 2 TH &%, & 1 dph B £k
B 5 (P<0.05), AHFR HIAR otx2 fr eyal £ 4 #F K BB R H AR i EE b Ao %
RaBENRFRAENARET 2 F A,

KR EAHE; otx2; eyal; 4Bk MBARE; YA

hESES S9174  TEARIRED A XEHS  2095-9869(2025)03-0027-13

2R B OB R 2R S04 T b R K A
MRS, MWIMER S, ZRfES . e, FHE
1B PR % H Gk EEL, 2020; XK, 2023),
IERE RGEHSE . UEoE . BRSE . WRBE R 2R ki
R, FEARPREARELE D, BESEmE
HERBHOBRYIREIEN . A0 MAEKEF %V

XK, MHOCHE N ) R R AR TR X — i FE P 2 45 T O
EM .

[F VRS TEHEREA 2 (orthodenticle homeobox 2, Otx2)
R ootx KGR Z—, MXTERSE, E. MRS a
FEULGE . W RIS S AE N IR 25 B R R B AR
J% ¥ 8 EAE ] (Nishida et al, 2003; Omodei et al, 2008;
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Torero Ibad et al, 2020; Nadanaka et al, 2020; H F#5%,
2018; ZFICEEAE, 2019; BUEFL S, 2021), WFFEHEH,
Otx2 BEMS PG o LIk A7 5 20 B A AN & A o AL I 24 X
RN B A 75 RO HEAT [RIR & JE ] Crx; 1T otx2 k2 )
2o R IBSCA BL  AL  TERRAE R 22 0T, B R
PR rh SE At = PN SR ARANM , 5 TS I R SRR ) IE H &
H (Nishida et al, 2003), Yamamoto £#(2020)if i W 55 &
B, otx2 fmFRIA ] LU E R N EZ AR Al b 5
KA, A I D 7™ E 5 0 WU 40 B ) B A7 o
R, otx2 7E AL I B SRRz 25 FSUR 40 i A 43 A 5
KB AT D, RS M = A A Ak
g 2 Il 7 (Nishida et al, 2003; Koike et al, 2007;
Muranishi et al, 2011; Yamamoto et al, 2020; HZESE,
2015; Z=0IRAF, 2019), IR AT HCIHEA 1 (eye absent
1, eyal)/& eya FZE T — 01, FESEAL EARXTORSF, X
A R E . B ERCEE, JHH
EHURNE . IR, &, BRAEESESMEENAT
AR EAREEAIEEER, TRt 24 BT
A2 A0Sk 3 p 2 Fe i AR T PE L Rl (Zou et al, 2006;
Xu et al, 2021; Zhang R et al, 2023; Zhang T et al, 2023;
JElIEE S, 2013; 30385, 2018), DA MR, eyal
Fy R FEUN R (Mus musculus) R Kz AN BE 56 2 il (3
4%, 2003); 3BRETEC/IN AR A AHSC A 20 AN fiE
FOHGE, AR LA, SRS A K 2R,
Hkw 3Lk B REH Sx1 iFRiEH M (Zhang T et al,
2023); i eyal R7AFSEHE-HF LA A AEAE VT
i LE B I LBk 2% (Zhang R et al, 2023;
Wang et al, 2024), A UL, eyal TEHLIA R 28 B ) K&
L e Sk ESREDRREEH R CHEE,

H I, 5 T 8% 4% Wil (Seriola aureovittata)#i i F1 Ut
AR E R B WA IR AL R WA DG HE . Y
I, AHIET RO B 2% I otx2 il eyad %) ik ] SEAE
(ORF)JF AV T ek, AT I R G R Rk FE
T, DL HE 7R v 4% 0 W ok 5 0000 SR A8 B 0 R
B R AL A W2 Al

1 #RERFE
11 SLIEHEMRE

S PR it 187 3B 19 ¥ B T T K A R W B
FWF R ANTER . WG E S5RA R, K6
250 IRJIG % 7 IR R 2 (TR K TTAR, 2019), MOKS T
i F 2P LR 18 ANEURERT ] s, B4R
FUREE 3 - PATRE R o AFHELD I 0], 23 5] T4 £ i
{kJ5 (days post-hatching, dph)f¥ 1.3, 7. 10, 15,20,

25,30, 40, 50 Fil 60 dph RAEFES; HA, 1~10 dph
KA RVE MRS, 15~60 dph 20 HITEfRHES T
iR ) I BCHE SIS0 A0 9 U AT L U R i o AT AR
MK FEFM P BEDLE I 3 2 4 it fl HFIBOHAR |
A, A KWL DWE L IR RRE. BE. T
USSR 4L, %S00 ) S AR S OR SR HER
MS-222 Xt H AT R AL BE, R4 I B TR AT
A

1.2 B8 otx2 # eyal HEEEE

B A AL RNA Y42 BCR T RNAiso Plus i
7 & (TaKaRa, HZA)5E K, #2805 437138 i NanoDrop
2000C FHEGRETHRT 1.0%B5 IR W58 I L VK A DU RNA
B E I . 42 1R TaKaRa 5% SR 5] 65 34 10
W45 cDNA S5—4, #5 i cDNA B fR7F T
—20 CykFEH

M4l NCBI Zi e v 0l (1) 35 4% 8 otx2 J7 471
(XM 023417341)F1 eyal F#5(XM 023416897.1), fii
A Primer premier 5.0 &iT51 91 (5% 1), FER LI
25 W 4 7% 11 I 2H 21 cDNA SHAR AR , PCR /A & (50 pL):
25 uL rTaq B, ddH,O 21 pL, b TF#E5I#4 1 uL,
cDNA #&Hz 2 uL; PR 95°C 5 min, 38 M
(95 °C 30s,55°C 30s,72°C 305),72 'C 5 min,
4 CHA7.

P Y2Z 1.0%BNRREER B IK S, B RrE B
F18) 35 PR R/ 14 6 e REURSE [l A 3 6k W 5 6 A 7 1
Jig el s, i 1| ) 5 pEASY-T1 Simple # 4
(TransGene Biotech, A1), Trans1-T1 Phage Resistant
JEZ YN (TransGene Biotech, A [E)iE# 41k, 7E
37 CREFEA R SR 12 h, BRELPH M e B R bk ik 2
A T AR TAR () B0y A PR S w2 TN o

1.3 FIaNH

1 FELR A Clustal Omega (http://www.ebi.ac.
uk/Tools/msa/clustalo/)fl DNAMAN JF & 531 b X} 1
[RI VR 23 A7, 38 i 75 28 8 F ExPASy(http://web.expasy.
org/compute_pi/)FAT 2 >3 R VR F I 0 = R
SEH N, SR NCBI 0¥ 8 (https://www.nebi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) 43 BT T & %) 25 k4 3k
i3 NCBI A 4R A HHESh ) OTX2 M EYAL B4 2
W ¥ 5 (F 2), FIH MEGA7.0 3, DASPHE:E
Neighbor-Joining(NJ)#4) & & G AL .

14 BEEEERESH
ARS8 45 0 otx2 FIl eyal B ORF X411t
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Tab.1 Primer sequences used in this study
5|4 Primer 5|9 )7 51 Primer sequence (5'~3") H ) Purpose
otx2 F ATGATGTCGTATCTAAAGCAACCACC ORF '3
otx2 R TCACAGGACCTGGAATTTCCACG ORF amplification
eyal F ATGGAAATGCAGGATCTAGCCAGT
eyal R TCAGCCTTCTTTTCTCCTCTTCTTTTCT
otx2 qF CATGGACTGCGGTTCTTACCTCAC SR 9 G B PCR
otx2 qR GCGTTCGTGCTCATCGGACTG qRT-PCR
eyal qF GTTGTTGGAGATGGTGTGGAAGAGG
eyal qR GTGTATGATGGTGGTGAGGTGCTAC
arpF TGCCATTGTCATACACTTGCTG HSR
arpR GGGGAACCATTGAAATCTTGAG Reference gene

F2 FIXRFAKMEERA OTX2F EYALHNEERF

Tab.2 The amino acid sequences of OTX2 and EYA1 used in sequence alignment and phylogenetic analyses

Wkh 4

NCBI Accession No.

Species

OTX2

EYAl

#T £ Oncorhynchus mykiss

KP4 B Salmo salar

BEh 4 Daniorerio

KZE6F Scophthal mus maximus
FH ¥ Oryzias latipes

3% 75 5 Cynoglossus semilaevis
T 1 i Seriola dumerili

K # £ Larimichthys crocea
¥ Paralichthys olivaceus

K [ 26 Micropterus salmoides
fif t61 Siniperca chuatsi

24 fifi Morone saxatilis

XP 021440571.1
XP 014066294.1
NP 571326.1

XP 035466484.1
XP 023807693.1
XP 008332346.1
XP 022606680.1
XP 027139664.1
XP 019940166.1
XP 038584033.1

XP 035530138.1

XP 036790572.1
XP 045566715.1
XP 009295600.2
XP 035475414.1
XP 023805895.1
XP 008305744.3
XP 022599976.1
XP 027130260.1
XP 019943326.1
XP 038583289.1
XP 044032888.1
XP 035520410.1

JEM IS Xenopus laevis AAH77357.1 AAK31355.1
2t~ Bos taurus NP 001180130.1 XP 024857614.1
/I Mus musculus AAH29667.1 AAB48017.1
A\ Homo sapiens BAJ84005.1 NP 001357262.1
JF A4 Columba livia - XP 021153789.1
21§ 45 J7 il Takifugu rubripes AAQ72465.1 XP 029698894.1

28 3¢ Ovisaries
3{i# Channa argus

XP 004020461.2
KAF3702683.1

XP 042110239.1

qRT-PCR 5|¥)(F 1), M arp HNSEEH TR
By R FE AT . SRR 20 uL: TB Green Premix
Ex Taqll 10 pL, b Fi#514(10 pmol/L)4$ 0.8 uL,
ddH,0 6.4 uL, cDNA #i#% 2 uL . PCR §" 84 414:. 95 C
30 s; 95°C 5s, 60 °C 20 s, 45 MEH ., HAYR

PRI 12 2 5 DR R b o T R AH 5 R 50 R 1S R (B) -

0.99<(r})<0.999, 0.9<E<l1.1, AL E 31

AT, BRI A
St o

K SPSS 26.0 R4 Xt e PR e ik 2
77 53 Hi (one-way ANOVA), il i Duncan’s £ # £ 50
T ES BEES, BENKFE P &R 0.05,

15

KSR 2 MO

HEAT RN R

=

P<0.05 BNy 22 5 25 o A a4 R - 2 {H R
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2.1 EE M otx2, eyal EFEFF4HE

T8 5o VTR ARG B 4% B otx2 Fil eyal ) ORF X ¥4,
Hrr, otx2 ] ORF J¥ 8y 876 bp, 4ifih 291 2
HEWR, R OTX2 HH B4+ 54 31.84 kDa,
W N 9.40, W T4 42~93 LR 2 [A]1
IR S5 R 1A 82 AN ZIEFR Y TF-Otx S5H1(E 1),
eyal ) ORF JFHIHKE N 1962 bp, il 653 &3
2, WE) EYAL 8 A B> § 44 71.45 kDa, S5HI
N 8.32, H C Ui gy 246 NEILFR Y EYA 451
B 2).

1 TGTCGTM’CTMAGCAACCACCITACACAGTCAATG(K)CTCAGCTTMC’I’AC’I’TCC
1 MMSYLEKQPPYTVYNGLSLTTS
61  GGAATGGACCTTTTGCATCCATCAGTGGGCTATCCAGCAACGCCACGGAAGCAGAGGAGA
21GMDLLHPSVGY]’ATI’RKQRR
121 GAAGGACTACTTTTACGCGCGCACAGCTGGACGTTTTGGAGGOGTTGTTCGCCAAAACT
41 ERTTFTRA®QTLDUVILEATLFAKT
Homeobox
181 CGGTATCOGGACATATTCATGCGCGAAGAGGTGGCGCTGAAAATCAATCTACCTGAGTCC
61 R YPDTIFMZPBRETEVYALIEKTINTLUPES
241 CGOGTGCAGGTGTGGTTTAAGAACCGGCGGGCAAAGTGTCGCCAGCAGCAGCAGCAGCAG
81 RV QVWFKNRERAKCRQAQQQQQ
301 CAGAACGGGGGCCAGAACAAGGTGCGACCTGCCAAAAAGAAAAGTTCOCCCACCAGGGAA
010 @ NGGQNEKVYRPAKEKEKSSPTRE
361 GTGAGCTCAGAGAGOGGGGCCAGCGGCCAGTTCACGCCCCCCACCAGCACCACCACAGTC
120 VS S ESGASGQFTPPTSTTTV
421 CCOGOCATCTCGACCAGCACCGCCCCAGTGTCCATCTGGAGCCCAGCGTCCATCTCTCCG
141 P A1 ST STAPVSITITWSPASTITISE®P
481 CTCTCAGACCCCCTGTCTACCTCCTCCTCCTGCATGCAGAGGTCCTACCCCATGACCTAC
161 L. S D P L S TS SSCMQRSYPMTY
TF-Otx

541 ACCCAGGCCTCAGGCTACAGCCAGGGCTACGCCGGCTCGACGTCCTACTTOGGCGGCATG
181 T QA S GYSQGYAGSTSYFGGNM
601 GACTGCGGTTCTTACCTCACTCCCATGCACCACCAGTTGTCAGGCCCGGGCTCGACACTC
200 L C 6 S Y L T P M HHQLS G PGS T L
661 AGTCCGATGAGCACGAACGCGGTCACAAGCCATCTGAACCAGTCCCCGGCGTCCCTCTCC
9221 S P M S T N A VTS HLNGQSPASTLS
721 ACCCAGGGCTACGGGACGTCCGGCCTGGGCTTCAACTCCACAGCAGACTGCTTGGATTAT
241 TQGYGTSGLGFNSTADCTLTDY
781 AAGGACCAAGCGGCGGOGTCGTGGAAGCTGAACT TCAATGCCGATTGCTTGGATTATAAG
261 KD QA AASWKLNFNADCLDYK
841 GATCAAACTTCCTCGTGGAAATTCCAGGTCCTGTGA

ZSIDQTSSWKFQVI.*

Bl 1 ¥4 i otx2 1) ORF J¥5 Flif: 5 i &AL 15 7

Fig.1 Open reading frame sequence and deduced amino acid
sequence of 0tx2 in S, aureovittata

R IR S 1 IAE, I R R 5]
PRSI, SRR KL T
The start codon is boxed. The underscored amino acid
sequence represents the conserved domains.
* represents the stop codon.

22 EEEFHOTX2HMEYALSEBFEIILEWMERES
B o3 H

B4 W OTX2 AL 1R 7 91 5 i 1k W (Seriola
dumerili) . 4% 40 #f (Morone saxatilis) . K 11 fifi
(Micropterus salmoides). # ffi(Sniperca chuatsi)f—
HHEH 99.66%, FKIH m B AR M HRORF
W F 5 (Cynoglossus semilaevis)(98.97%) . Kk 25 &F
(Scophthalmus maximus) (98.62%) . & # (Oryzias
latipes) (98.62%)(% 3 A 3); ARGtk srtrkim,
WA OTX2 HoE 5wk i OTX2 RBy—3%, KRG
541 % 45 )y fili (Takifugu rubripes) . Jk I 28 i 1 4% 2 i
BN—DKESZ(E 5. EAWH K EYAl 546
(Paralichthys olivaceus) i) EYA1 38 H 5 & A4 [R] J5 ¢
(98.62%), HUKIEE A W (96.59%) . KZZHE(95.06%)
FR 2R 67(94.72%) (3% 4 FE] 4); Rtk ik s Hr K0T,
B WE EYAL 5AEEy—Dor3, HEREf
(Larimichthys crocea) . =4 8, K267 455 — 1K
933 (K 6)-

2.3 EE i otx2 0 eyal A A RIE S

otx2 fil eyal mRNA 7£ # 4% i 10 FhZH 41 ) 3Rk
ZERANE 7 PR, A AL IR F otx2 Fl eyal (1)
kKO RA . Hdr, otx2 mRNA FEHR i (A %23k
IR (P<0.05), MRk, Z# ¥ s T IH AL 2
(P<0.05); BfiJEfkUIEONE, lip . Wi, DI H
JIE L Sk B UM, 8 LA Hh 0 A X ek i e fiK . eyal
mRNA 7EFE (R 5 2 5 335 (P<0.05), LK JZ DI E A
MR, 345 2 m THAR A ZU(P<0.05); Bl MU |
OBEL T BRE. BRAE . SkE R,

24 MERAA B2 otx2 0 eyal BIRIEHER

TE 4% W WG & B A AS R A 0935 mT G 31 otx2
il eyal mRNA #iA5(/& 8), Hrr, otx2 mRNA 7£ 2 Ff
B rh Sl R B Rk, AE 8 AU . 64 Aufi .
JE 11 G A 1 28 0 A 1 2 f) 2 v 325K (P<0.05),  HL7E S
fE I Ik i A (P<0.05) s ZEARNIG & & HLAl i 3 i)
KKV AR . eyal mRNA 7E 2 FC - rh 25w A
FRE, HEWTFPWREKTFEER THT
(P<0.05); M 2 Il JF 45, eyal mRNA [} 3R iE7KF
S LR T, BRI T I R AR (P<0.05),
B Je Sz R, FERRRELOE E 4/5 AR IR KTk
F (K (P<0.05), SFL 1 S i 2 T i (P<0.05),
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25 FHEHBLEITER otx2 7 eyal BIFRIEKEK

otx2 fil eyal mRNA 7F & 4 Wi (P4 fa - K A &
T AR B AR F B R AN 9 BT R o otx2 mRNA A X}
FR EAE B R AR R RS IR, H
H, £ 3~25 dph AAXTRIA R B E T 1 dph
30~60 dph (X IL 2 (P<0.05), H¥E 20 dph 4
X 28 1k B 5 (P<0.05), 1] 50 dph £ 60 dph i i
(P<0.05), eyal mRNA (A%} 221k 5 723518 B N
BARE TS, 1 dph (3R & 3% & 5 (P<0.05),
30~60 dph 1Y) IEKF- B4R H 34 B E LT 7~25 dph
# 7K (P<0.05).

3 it
3.1 FEE N otx2 0 eyal BEE 55 A LA RiL 1%
AT N B 4% B fii 20 20 s 75 3] otx2 1Y) ORF

1 [ATdGAAATGCAGGATCTAGCCAGTCCTCACAGCCGAATAAGTGGAAGCAGTGAATCTCCT
1 MEMQDLASPHSRISGSSET STP
61 AATGGTCCCAACCTCGACAACTCGCACATCAATAACAATTCCATGACACCCAATGGCACT
21 NG P NLDNSHTINNNSMTEPNGT
121 GAAGTTAAAACCGAGCCAATGAGCAGCAGCGAACTCGCCACCTCGGTAGCAGACACCTCT
4 EVKTEPMSSSELATSVADTS
181 CTAGACAGCTTCTCAGGATCAGCTATTGGAACCAGTGGCTTCAGCCCAAGACAAACTCAC
61 L DSF S GSAIGTSGPFSPRQ QTH
241 CAGTTCTCTCCACAGATTTATCCTTCCAACAGAACATATCCGCATATTCTTCCTACCCCT
81 Q FSPQIYPSNRTYPHTITLTPTTEP
301 TCATCCCAAAATATGGCTGCGTATGGGCAGACGCAGTACACCACAGGAATGCAGCAGGCC
101 S S Q NMAAY GQTQYTTGMQQ A
361 GCAGCTTATGCTAGCTACCCCCAGCCTGGCCAGCCGTATGGCATCCCAGCTTACGGCATA
12 A A Y A SYPQPGQPYGIPAYG]I
421 AAGACGGAGGGGGGTCTGAGCCAGTCCCAATCCCOGGGACAGACAGGTTTCCTAAGCTAT
141 K TEG GLSQSQ@SPGQTGFLSY
481 GGCTCTGGCTTCACCACGCCGCAGACAGGACAGGCTCCCTACAGCTACCAGATGCAGGGT
161 G S G F T TP QTGQAPY SY QMQG
541 GGTACTTTTACAACAACTTCAGGATTGTATGCAGGAAACAACTCCCTGACAAATTCGACT
1881 6 T FTTTSGLYAGNNSLTNST
601 GGCTTCAACAGCACACAACAGGACTACCCCAGTTATCCAGCCTTCGGCCAGGGCCAGTAT
201 G FNSTQ@Q@DYPSYPAFGIQGQY
661 GCTCAGTATTACAACAGCTCACCCTACACTTCGCCCTACATGACGAGTAACAACACCAGC
221 AQ Y Y NS SPYTSPYMTSNNTS
721 CCTAGCACGCCCTCCACCACCACCACCTACACCCTCCAGGAGCCACCCGCCGGCATCACC
241 P S TP STTTTYTULGQETPPAGTIT
781 AGTCAGGCCCTCACAGACAACTCTGCAGGAGAGTACAGTACCATTCACAGTCCATCAACC
261 S QA LTDNSAGEYSTTIHSZPS ST
841 CCCATTAAAGATTCAGATTCAGATCGATTGCGCCGAGCCTCGGATGGAAAGTCACGTGGC
281 P I KD SDSDRLURRASDTGTE KT SR RGEG
901 CGGGGAAGAAGGAACAACAACCCATCACCGCCGCCCGACTCCGACCTTGAGCGAGTTTTC

301 R GRRNNNPSPPPDSDLEHRVE

961 ATCTGGGACCTGGATGAAACAATCATCGTTTTCCATTCCTTGCTTACGGGTTCTTATGCC
321 1 ¥WDLDETTITIVFHSLILTGSTYA

HAD Eya

X3, G 9 R PR At SR, 5 4% Wi
KA OTX2 K, BAERE MR E; RS
PR HT R, EAWE OTX2 55 4k sy — 14y
S, MRS SRR R TR g, H 5698
HARRR—DRI L, X —E5 R T e fefs 5]
otx2 [#) ORF J@FpymlfEde, 2R3 46 (2021)% otx2
16 L% #Il .(Symphysodon haraldi) iy i . B IE . AT
JIE . PERR O MRS A ZUR A A RRAE HEA TR AY, R
otx2 7E i i = R iE . FEICFRSFQ019)F TR A,
Otx2 7 2 B 114 i FTHIR 20 21 vkl S M v 23k o FEARAIESR
AT IR IE R T R, B AL Bl otx2 FEIR
R v b 3 m ik, SA6E . LRAI@EER otx2
FERERIERIL, FE otx2 XF A . URE A B R &
B MHIRE EA T E A #EEE VR I (Nishida et al, 2003;
Omodei et al, 2008; Torero Ibad et al, 2020; HFEHEEE,
2018),

1021 AACAGATACGGACGGGACCCACCGACATCTGTATCAAGAGGCCTGAGGATGGAAGAAATG
341 N R Y G RDPPT SV SRGLZRMETEWM
1081 ATCTTCAACTTGGCCGACACACACTTATTCTTTAACGACTTAGAGGAATGTGATCAGGTC
31 1 F NLADTHLFFNDTLEETCDG QV
1141 CATATCGACGATGTGTCCTCTGACGACAACGGGCAAGATCTAAGTACGTATAACTTCAGC
381 H 1 DDV SSDDNGRQDILSTVYNTFS
1201 GCTGATGGTTTCCACGCAGCAGCGACCAGTGCCAACCTATGTCTGGCCACAGGCGTGCGG
401 A D GF HAAATSANLTCLATGVR
1261 GGAGGCGTGGACTGGATGAGAAAACTGGCCTTCCGCTACAGACGAGTAAAAGAAATCTAC
421 G G VD W MR KL AFRYTRTRVYVEKTETIY
1321 ACCACCTACAAAAATAACGTCGGAGGTCTGCTGGGCCCAGCCAAAAGGGAAGCCTGGTTG
441 T T Y K NNV G G L L GPAEKTREAWTL
1381 CAATTGCGAGCAGAAATTGAAGCCTTGACGGACTCCTGGTTAACACTGGCACTGAAAGCA
461 Q@ L R A E I E AL T D S WUILTTILATLTEKA
1441 CTAACATTAATCCACTCAAGGTCAAACTGTGTGAATATCCTGGTGACCACCACACAGCTC
481 L T L T HSRSNCVNTILVTTT® QL
1 501 ATCCCTGCCCTGGCTAAGGTCCTGCTCTATGGCTTGGGAATAGTCTTTCCTATCGAGAAT
501 1 P AL A KUV LLYGLGIVFZPTIEN
1561 ATTTATAGCGCAACCAAAATAGGGAAGGAGAGCTGCTTTGAGAGAGTAATTCAAAGGTTC
521 1 Y S A TKTIGEKESTCFETRVYVTIQRTEF
1621 GGGAGGAAAGTTGTTTACATTGTTGTTGGAGATGGTCTGGAAGAGGAGCAAGGCTCAAAA
541 G R K VV Y I VV GDGVEETETZ QG GSK
1 681 AAAGCACAACATGCCCTTCTGGAGGATCTCCAGCCATTCAGACCTCATGGCCCTCCACCA
561 K A Q H ALLEDLG QPFRPUHGEPPTP
1741 CGCTCTAGACTTGGAGTACTTGTAGCACCTCACCACCATCATACACCCTGCTCCACCTCA
581 R S RL GV LY APHHHHETPTCSTS
1 801 GCACACCCTGCAACCTTTCACCTTCGCCCTCCAGCCCTGTCCCACGCTTTGCCGCAGACT
601 A HPATFHLRPPALSHALPRQT
1 861 CCACAGCTCAGAAAAAAAAGGAAAAAAAAAAAGCCCCCCTGCGCTGCTTGGCGTCTGTCT
621 P Q L R K K R K K K KPP CAAVWRTLS
1921 TCCACTTCACAGGAAGAAAAGAAGAGGAGAAAAGAAGGCTGA
641 S T S Q EE K KR RKE G %

K2 # 5% 8 eyal (1) ORF J3 41 Rk 51 2 SL 1R 5

Fig.2 Open reading frame sequence and deduced amino acid sequence of eyal in S. aureovittata

FE IR B IHE , N F R 2k i) LR P 9 RN IRAF A B, + R KR T
The start codon is boxed. The underscored amino acid sequence represents the conserved domains.
* represents the stop codon.
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Tab.3 Percent of homology of the amino acid sequences of 0tx2 between S. aureovittata and other species
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 100

2 99.65 100

3 95.16 94.81 100

4 93.75 93.40 94.79 100

5 93.40 93.06 94.44 97.24 100

6 93.75 93.40 94.79 98.28 98.28 100

7 94.79 94.44 9583 98.62 98.62 98.97 100

8 9444 94.10 95.49 9828 98.28 98.62 99.66 100

9 94.44 94.10 95.49 98.28 98.28 98.62 99.66 99.31 100

10 9444 94.10 9549 98.28 98.28 98.62 99.66 99.31 100 100

11 94.12 9377 95.50 98.28 98.28 98.62 99.66 99.31 100 100 100

12 90.62 90.28 90.28 89.90 90.59 89.90 90.94 90.59 90.59 90.59 90.28 100

13 93.43 93.08 94.46 93.06 93.40 93.06 94.10 93.75 93.75 93.75 93.77 94.44 100

14 9273 9239 9343 9236 92.71 9236 9340 91.89 93.06 93.06 92.73 94.10 97.92 100

15 92.73 9239 93.43 9236 92.71 9236 93.40 91.89 93.06 93.06 92.73 94.10 98.62 99.33 100

ML WrEE; 20 RVEVEEE; 3. BE M

10. B8R 11, 480, 120 JEDRIE; 13, 455 14, /MG 150 A

Notes: 1.

4. RZE6F; 5. T 6. T

7. B 8. wR W 9. RGN

Oncorhynchus mykiss, 2. Salmo salar; 3. Danio rerio; 4. Scophthalmus maximus; 5. Oryzias latipes;

6. Cynoglossus semilaevis; 7. Seriola aureovittata; 8. Seriola dumerili; 9. Micropterus salmoides; 10. Sniperca chuatsi;
11. Morone saxatilis; 12. Xenopus laevis; 13. Bos Taurus; 14. Mus musculus; 15. Homo sapiens.

F4 HEWeyal REBNEERFISHMAYANERET ST

Tab.4 Percent of homology of the amino acid sequences of eyal between S. aureovittata and other species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 100
2 87.8 100
3 9036 93.41 100
4 9334 92.67 95.63 100
5 93.04 9254 95.65 98.06 100
6 8256 85.69 87.22 86.94 86.67 100
7 8274 85.86 87.56 87.46 87.01 94.18 100
8 83.05 87.37 87.88 88.12 87.84 89.86 90.38 100
9 84.55 88.49 90.19 8942 89.3 9097 91.48 91.63 100
10 83.59 87.44 8881 88.37 87.74 98.48 9831 &9.92 92.04 100
11 84.86 87.97 90 89.23 88.95 93.69 94.03 91.12 93.64 95.18 100
12 84.44 88.76 87.29 86.52 86.09 9455 9421 91.89 93.27 96.52 96.22 100
13 853 88.93 90.29 &9.86 89.74 96.59 95.06 92.55 94.25 97.01 96.88 98.03 100
14 854 89.34 8932 89.23 8861 95.06 954 9327 9397 97.01 96.74 9692 98.52 100
15 8557 89.17 90.69 89.93 89.81 94.72 9557 92.78 94.46 96.52 97.06 9737 98.19 9837 100

o1 MR 20 FEVIUREE; 3. JRAS; 4. 455 50 A 6. EAEN; 7. KR
B, 120 BT 130 AR, 14,0 KEEHE; 150 KRJRHY,
Notes: 1. Mus musculus; 2. Xenopus laevis; 3. Columba livia; 4. Bos taurus; 5. Homo sapiens; 6. Seriola aureovittata;
7. Larimichthys crocea; 8. Oncorhynchus mykiss; 9. Danio rerio; 10. Paralichthys olivaceus; 11. Oryzias |atipes;
12. Cynoglossus semilaevis; 13. Seriola dumerili; 14. Scophthalmus maximus; 15. Micropterus salmoides.

8. WTfE; 9. BETLf; 10. ZFEE; 11. %
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Fig.3 Amino acid sequence alignment of S. aureovittata OTX2 with other species
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Fig.4 Amino acid sequence alignment of S. aureovittata EYA1 with other species
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Fig.5 Phylogenetic tree of S. aureovittata OTX2 with other species based on NJ method
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Fig.6 Phylogenetic tree of S. aureovittata EYA1 with other species based on NJ method
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Fig.7 Relative expression levels of 0tx2 and eyal mRNA in different tissues of S. aureovittata
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Fig.8 Relative expression levels of otx2 and eyal mRNA during embryonic development of S. aureovittata

LOAET5 20 095 3.2 405 4.4 40005 5. 8 ARMMLIN; 6. 16 AR ; 7. 64 dAEIY]; 8. MU, 9. AL
BN 11 AREEIRT; 12, USRI 13 RBIR I 14, JROSCHTIE; 15, IR 16, IRIRE@BNEE 2/3;
RELENEE 3/4; 18. IRAAGLONEL 4/5; 19. Wikl ARG FRERR A K T W Z RIAATE 3 1 22 5 (P<0.05).

1. Sperm; 2. Unfertilized egg; 3. 2-cell stage; 4. 4-cell stage; 5. 8-cell stage; 6. 16-cell stage; 7. 64-cell stage; 8. Poly-cell stage;
9. Morula stage; 10. High blastula stage; 11. Low blastula stage; 12. Early gastrula stage; 13. Mid-gastrula stage; 14. Gastrula
opening close stage; 15. Neurula stage; 16. Embryo encircling 2/3 of yolk sac; 17. Embryo encircling 3/4 of yolk sac;

18. Embryo encircling 4/5 of yolk sac; 19. Hatching.

Different lowercase letters represent significant differences among different embryonic development stages (P<0.05).

10. &
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Muranishi, 2011; Yamamoto et al, 2020; EfZ=4§, 2015;
R, 2019),
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Fig.9 Relative expression levels of 0tx2 and eyal mRNA during growth and development of S. aureovittata

ARG B4R R IR I R 22 53 22 5 (P<0.03).

Different lowercase letters represent significant differences among different days (P<0.05).
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Molecular Cloning and Expression Characteristics of otx2 and
eyal During the Early Development of Seriola aureovittata

JIANG Yan', LIU Xin', XU Yongjiang'", CUI Aijun', WANG Bin', LIU Xinfu', LIU Xuezhou', XUE Zhiyong®

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao Marine Science and Technology
Center, Qingdao 266071, China; 2. Haiyang Yellow Sea Aquaculture Co,, Ltd., Yantai 265122, China)

Abstract Yellowtail kingfish (Seriola aureovittata) is a pelagic migratory fish species with a
global distribution. In recent years, interest in the aquaculture of this species has increased worldwide
because of its high flesh quality and fast growth. As a large and fast-swimming pelagic fish, yellowtail
kingfish has good adaptability to land-based industrial recirculating and offshore net cage modes. With
the development of aquaculture technology, more attention has been paid to animal behavior research,
which will promote the welfare level in aquaculture. Light, sound, temperature, density, and flow
velocity are important factors affecting the welfare of farmed fish. The development, morphological
structure, and regulatory mechanism of sensory organs, including visual, gustatory, olfactory, and
auditory organs, are becoming increasingly important in the study of animal behavior.

Orthodenticle homeobox 2 (OTX2) and eye absent 1 (EYA1) play important roles in regulating
the ontogeny, differentiation, and development of visual, gustatory, olfactory, and auditory organs. In
order to study the expression characteristics of otx2 and eyal in yellowtail kingfish during early
development, otx2 and eyal were identified from brain tissue with specific kits. The lengths of otx2
and eyal open reading frame domain were 876 and 1,962 bp encoding 291 and 653 amino acids,
respectively. Among these, OTX2 consists of a homologous domain from the 42nd to 93rd amino acids
and a TF-Otx domain containing 82 amino acids; the C-terminal of EYAT1 is an EYA domain encoding
246 amino acids. These two genes had a wide range of tissue expression characteristics, including in
eye, brain, pituitary, head kidney, heart, liver, spleen, kidney, mid-gut, and ovary tissues. The highest
expression level of 0tx2 was obtained in eye tissues followed by brain tissues, and the values in these
two tissues were significantly higher than those in other tissues (P<0.05). The highest expression level
of eyal was obtained in pituitary tissues followed by ovary tissues, and the values in these two tissues
were significantly higher than those in other tissues (P<0.05). During embryonic development,
expression of 0tx2 and eyal could be detected at each stage, and levels were upregulated at a late stage,
during which otx2 and eyal reached peak values at hatching stage and when the embryo encircled 4/5
of the yolk sac, respectively. At the larval and juvenile stages, the expression of 0tx2 and eyal could be
detected, with high expression levels at the early stage, during which the expression level of 0tx2 was
first upregulated and then downregulated; the expression level at 3—-25 dph (days post-hatching) was
significantly higher than those at 1 dph and 30-60 dph, with the highest level reached at 20 dph
(P<0.05). The expression of eyal showed a downward trend, with the highest level reached at 1 dph
(P<0.05); the expression levels at 30—60 dph were significantly lower than those at 7-25 dph (P<0.05).
This study provides a molecular basis for understanding the physiological functions of otx2 and eyal
during the development of sensory organs and the regulatory mechanisms in yellowtail kingfish.

Key words Seriola aureovittata; otx2; eyal; Tissue expression; Embryonic development; Larva
and juvenile
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