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P A0 X FR G A i S R e A MR A R e, imi JE R
) JLF-J6 22 5,25 0 & (Burton, 1988),

5T, &% R i (Tyrosinase, TYR)JEH 5 A
BBR UK PR BRI R ERARNA
A, TYR ZH PR, HCmf 2 &8
BTSN (S ALTEEASR), JE—Fh AU 25 A
HE N B RSO A B T s N N
JoT W — 20 0 T 15 5 IR AR AR, 2017).

Z 9 {0, F 5 H) B (dopachrome tautomerase, DCT)
EREARGHTRREE, BA M8 TYR, DCT.
TYRP1 7E PN A 1 2 I i 22 T AL 19 B 1 I — 4 4
(EHEAE, 2019), DCT 15 200 2 40 g P & 4% 015 2h
e, I R T 1) (AR AR A TR RS . R
KR AR, RN AR G ERS LT
(FM45E5E, 2018) . FWILEE(2019)0F 58 & B, DCT 3
PR P AR T, P B AR RS .

Hip, fif WK ik &k & A FRHH TYR, DCT
(IR 2 T oM o AR, BFSE N BN i 7 5
TCHR A 2EAR B 4 F LG HEA T T 9%, & BUOLEE IR 2 1k
(RE A, 2018) . BT R K (POMC) (4271, 2016) .
AR E MR MCH) L HZ RS #RAKITAE, 2017,
SR AR 2017)7E 2 U G R M0 2R AL R R
EEEH, BRI, RIS ek 5 48148
A MM et B A AR AR AT I v
I TYR, DCT 2, Jfilid qRT-PCR #1477
HRIBIHT, HIHX 2 AR A B 505 A0
TR, B T RO T30, 2
TR B R SRR AT SR AL TERE

1 HRE7E
1.1 SEIedfEl

111 HeeRE R EEECA A0 B LT gE
K= FRIEA PR . SR IR | iE SR, JExT
HANTEHR. BN kE . AFaiFb R, 7
BIBCGHEE 1, 5. 10, 15, 20 f130 d RS T, F
HAEKZE 3 Higmh, B oA R 57 ik (E
). BRI A4 R Bk . JCHR I R Bk (GE #) AJGHR
M BAC R RAEAS ;. B 6 HIRFN 12 F ik & A iR
2R B R (E ) . A IR P B2 ik . JEHR A (6 e
JROEH) . JCHROBIL R R . F . ML, HR . WLIRREAS
PLEFE S BT RNA AR (RNAwait, JZRSEFER
FAWRAR, G HA-20C ok P RTE, &
112 EHRA RNA £ ] TRIZol reagent
(TaKaRa), RNA Jx#% 5% & & PrimeScript RT

reagent kit with a gDNA eraser (TaKaRa), PCR # 3 i:{
724 2xTaq PCR MasterMix, DNA Marker DL 2000,
Jz el ) & TIANgel™ Jig G & (UL B34 4
KAL), Ktw & RAMAH SYBR Premix Ex
Tag™ (TaKaRa), ZEHEFALMH] pMDIS-T Vector,
Trans1-T1 JEZ S L RRAEY)) . RNaseA-free
ddH,0. 100 mg/mL %~ (Amp). LB WA E; 77 5 |
K3 Amp LB B 373,

1.2 SLHE

1.21 & RNA#B RELRAFLTHED
MEf DL K 3 H el fa i AN e j kgl 485 B 6. 12 A i
fOH) 4 FUORTE I BREL S, MR . P . ML . LR, fif
FH TRIZol V32 HUZH 415 RNA, B AS A SR I i Ik A6 )
RNA 2%, 3fi@ 1t NanoVue™ Plus 700G GE 46
T RNA e BE R Aseo nm/Posgo nm TH, —80°CHR-AF o

PEHCEE S SR R F B HEM A, 3 %
it p) 4 FORSTE B IR K 6 A A 12 H kA k
(A A I 5% B2 Bk . A AR A0 B Jbk . T R 1E 7 iz
Jk . JCHRAN BEAL Jz bk . HR . FFRE . A AALA 3L 8 A4
4% RNA, i#id PrimeScript RT reagent kit with a
gDNA eraser (TaKaRa)J % sk il &F 4T 5 4 513 3]
AR cDNA,
1.2.2 TYR. DCT % ® cDNA # % &A= 55 i 2

7E NCBI ) GenBank i i h 48 &1 i3 75 5 TYR
Al DCT FEH B B3 . #fiE TYR, DCT LA 144
SEIX, A Primer 5.0 7EARSF X TR S 11 (3 1),
TYR P PCR $" 8 4544 : 95°C 5 min, ZJ5 40 MF
M (94°C 30s, 58°C 30s, 72°C 1.5 min), 72°C 7 min,
)5 4°CIRAE ; DCT £ PCR ¥ 34 45 : 95°C 5 min,
ZJa 40 MEFR(94°C 30s, 55°C 30s, 72°C 1.5 min),
72°C 7 min, fieJ 4 CIET

PIEE 4 1.2% B e R I B vk B s,
TIANgel™ Ji IBCH & (b 5 RAR A= 1kt B i R B
AT A L U, £ E pMDI9-T1 # /A (TaKaRa, H
A F, Fe®) T1IRZS M, PoBCHH PR 7
B, 1% EFMME AW H ARG BRA T .
123 A3 54 25t BioEdit H XAl NCBI 14k
BLAST #&)%, Ry ol e tE, JEE 2] TYR,
DCT %[5 ¢DNA J¥%1, i NCBI % TYR, DCT
FREE ], FEH Blastx R E AL
;5 12 DNAMAN 6.0 B0FHE S g it i JE R P 51)
KT, ilid SMART 762808 122 E 7 A 56 25
I A5 K B 25 R 3000 , K21 8 7 851 F1 GenBank
T HABBI AR TYR. DCT & 1 E 51 AT L4347 5



44 ook B

2 R 42 4%

it MEGA-X 8, DI4B#ERL Neighbor-Joining (NJ)
¥ 2 45 dE AL A (Saitou et al, 1987).

124 B %KX EF PCR 541 DRIIFET R iy
i TYR. DCT Z P 5B, it E®m5I1WER 1),
[, Kb 85 B-Actin FENAE N TYR, DCT 3
HE NS HN , & BOR ET (3 1), i1 SYBR
Premix Ex Taq™(TaKaRa)if il &, PA13 5| cDNA
B, HWeHE R 100 ng/ul, 7E ABI 7500 SDS X ([

A\ EEFT QRT-PCR U o SR A,
RV RRF: 95 CHiAE M 30s, 95°C 55, 58°C 30 s,
40 MEH; 60°C 30 s, 72°C 30 s, FafithLiEE
h 55C~95C, HAFESBE 3 M EWEEREE, 3 M
AREE, HH 2725 TYR, DCT L (AT 3%
ikt ., H Origin 7.5 FAEE, H SPSS 17.0 ik
TTEARN 2 )5 22730 M7 (one-way ANOVA), i T K646 i
T EPEES, P<0.05 HmERBEH,

F1 ¥BEHTYREFAZEERY PCR i 1834

Tab.1

Primers used for PCR amplification of TYR of C. semilaevis

5|¥) 4 Primer name

5|9J¥%1 Primer sequence (5'~3")

A& Purpose

TYR-F1 ATGAGGACCCGGTTTGCATCTCTCGTCC ORF /#%1|¥ 1 ORF sequence amplification
TYR-R1 TTACAGTGTGGTCTGATACGACGAGCC ORF #4¥"1# ORF sequence amplification
B-Actin-F GTAGGTGATGAAGCCCAGAGCA WS 2 [H Internal reference gene

B-Actin-R CTGGGTCATCTTCTCCCTGT N2 4L Internal reference gene

TYR-F CTGGGAGAATGAGATAAGGA Real-time PCR

TYR-R ACGAGGAGAATACAGAGGC Real-time PCR

DCT-F1 ATGATGAAGGCTTTGGGTCTAAGCCTTC ORF J#51 3" ORF sequence amplification
DCT-RI CTAGGCCTCCTCTGTGTACTTTCTATGTG ORF J#*51| 5"} ORF sequence amplification
DCT-F CGGAGAACTGGACGAATC Real-time PCR

DCT-R CAGGAGACCGACGAAGACT Real-time PCR

2 LRGN MNCAT2E TS R 5 ANl ST B 43 52

2.1 TYR. DCT &R cDNA fiRiBERQE o

FIH RT-PCR AR BT3RS TYR 5N 58 4 i
P 2 TYR 3 i X 7 51K R 1620 bp,
Hegiis 539 MaHER, HASHY TYR & A 51
14 61.008 kDa, 43#Hr WA 1,

FIFH RT-PCR i3 3k15 DCT N 52 B 4 i 41
DCT E:PH 1 TFal e 2 HE A 1551 bp, Zih 516 25
%, DCT & [l 43+ 4 57.948 kDa (& 2).

22 BIRELBESRGEREH

it NCBI /9 Blastp 27, % TYR [RlE&EH
AP, P T KAl (Mastacembelus armatus:
XP_026189265.1). B Lhffi(Danio rerio: AMO00812.1).
7 B (Oryzias latipes: BAA06155.1) . Je % % Jf
(Oreochromis niloticus: XP 003441635.1) . % 4 %
(Perca flavescens: XP 028429419.1) . %k =k #9 (Anas
platyrhynchos: XP_005029640.2) . /)i (Mus musculus:
BAX25613.1). A(Homo sapiens: AAA61242.1)% 16
Pl ACRME W R0 OIE B MR (SR 2), E
MEGA-X #17 ZR Gk (8 3). SR A, FiF
Wiy TYR S589F H | aigfa H 020 [F—5 3,

NCBI M ui#82 DCT [A]i 45 2 51791, S HL
BKEDhffi(Danio rerio: AAJ64222.1), %1 ffi(Xiphophorus
hellerii: XP_032423860.1) . fil ffi(Carassius auratus:
XP_026126897.1) . 41 fi 7R Jy fifi (Takifugu rubripes:
XP_003961932.1) . #& 7 #} (Paralichthys olivaceus:
XP 019945763.1) . HE X (Phasianus colchicus:
XP_031466474.1) . KRV 7 4% (Sus scrofa: BAF48040.1)
19 A AR YRR, BE AR 3), FFE LT
MEGA-X #17 R Gk A1 (Bl 4).

gEILZRIH, W R 6 DCT S5t H . s H |
BT H | S H 45 A 0 28 B ST /8 4332, TG
J&AT RN ZL AT B3 A 53 3 (8] 4)0

2.3 TYR. DCT EARIZEZERHT

231 TYR.DCT AW EFFEHTIMEENEARL
Rk 4R LR P oG 5 KR FEHE 01 & A [] B 0] 1)
qRT-PCR 253 B n (1 3), MHES 1~20 d Afffasd
gl TYR B A B R L S B st 3, U HO R AR
AR (15~20 Hi#)FiE i s, 30 Higmf &k
B RRARK T o 3 B TYR 58 N A9 SR 9 8
R EIR(E S), 1R SEBAERAL U, AR
) B2 (IE ) Bz iR TYRJEE PR ) 2 38 et B o () A8 AL LA
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1 ATGAGGACCCGGTTTGCATCTCTCGTCCTGTTTCAGCTCGTCCAGACTGCTTTCTGCCAG
1 M R T R F A S L VvV L F Q L V Q@ T A F C Q
61 TTCCCTCGACCCTGTGCCACCTCAGAGGGACTACGGACCAAGGAGTGCTGCCCAGTGTGG
21 F P R P C A T S E G L R T K E C C P V W
121 GGAGGTGACGGCTCGGTCTGTGGTGCACTCTCAGGCCGTGGTTTCTGCACCGAGGTGCTG
41 G G D G S V. €C G A L s G R G F C T E V L
181 GTCTCAGACGAACCCGATGGGCCCCAGTACCCGCACAGCGGGATGGATGACAGAGAACGT
61 V. S D E P D G P Q Y P H S G M D D R E R
241 TGGCCTTTGGCCTTCTTTAACCGGACATGCCGT TGTGCGGGAAACTACGGAGGGTTCGAC
81 W P L A F F N R T €C R C A G N Y G G F D
301 TGCGGAGAGTGTAGATTCGGTTACTCGGGCTCCAACTGTGCACAGTACAGGGAGTCCGTG
101 C G E €C R F G Y S G S N C A Q@ Y R E s V
361 CGCAGAAACATCATGAGCTTGCCCACCGCTGAGCAACGGAAGTTCGTCTCCTACCTCAAC
121 R R N I M S L P T A E Q@ R K F V S Y L N
421 CTGGCCAAAAACACTGTCAACCGTGACTATGTCATCGCCACGGGGACCAGAGCAGAGATG
141 L A K N T V N RD Y V I A T G T R A E M
481 GGGGGAAATGGTGAGAACCCTATGTTCTCTGACATCAACACCTATGACCTGTTTGTCTGG
161 G G N G E N P M F s D I N T Y D 1L F V W
541 ATGCACTACTACGTGTCCCGGGACACCTTCCTGGGAGGACCTGGCAACGTGTGGCGAGAC
181 M _H Y Y V S R D T F L G G P G N V W R D
601 ATCGACTTTGCTCACGAGTCCGCGGCCTTTCTGCCGTGGCACAGAGTCTACCTGCTTCAC
201 I D F A H E S A A F L P W H R V ¥ L L H
661 TGGGAGAATGAGATAAGGAAGCTGACGGGTGATTTCAACTTCACCATCCCGTACTGGGAC
221 W E N E I R K L T G D F N F T I P Y W D
721 TGGAGAGACGCCCAGTCCTGTCAGGTGTGCACTGATGCGCTAATGGGGGAACGTAGCCCC
241 W _R D A ©Q S C ©Q V C T D A 1. M G E R S P
781 CTCAACCCTAATCTCATCAGTCCTGCCTCTGTATTCTCCTCGTGGAAGGTCATCTGCACT
261 LN P N L I S P A S V F S s W K V I Cc T
841 CATCATACGGAGTACAACAATCGGGAAGTCTTGTGTAACGCCACCGGGGAGGGTCCGCTG
281 H H T E Y N N R E V IL. € N A T G E G P L
901 TTGCGTAACCCAGGCAACCATGATCCAAACCGCGTGGCCCGACTCCCAACATCAGCTGAT
301 L R N P G N H D P N R V A R L P T S A D
961 GTTGACTTCACCGTGGGCCTGCCTGACTACGAGACTGGACCCATGGACCGGTTCACCAAC
321 vV D F T Vv G L P D Y E T G P M D R F T N
1021 ATGAGCTTCAGGAATGTCCTAGAGGGTTTTGCCAGTCCAGTGAACGGTATGGCAGTGCCA
341 M S F R N VvV ILL E G F A s P V N G M A V P
1081 GGCCAGAGCACCATGCACAATGCCTTACATGTTTTCATGAACGGCTCCATGTCCTCAGTG
361 G © s T M H N A I H V F M N G S M S S V
1141 CAGGGTTCAGCCAACGACCCAATATTCCTGCTGCACCATGCCTTCATTGACAGTATTTTT
381 Q G S A N D P I F L L H H A F I D S I F
1201 GAGCGATGGCTCAGGACCCATCAGCCTGTCAGGAGCACCTACCCTCGAGCCAATGCCCCC
401 E R W L R T H Q P V R S T Y P R A N A P
1261 ATCGGCCACAACGACGGTTACTACATGGTGCCATTTCTGCCCCTCTATAGAAACGGAGAC
421 I G H N D G Y Y M V P F L P L Y R N G D
1321 TATTTCCTGACCAACAAAGTTCTGGGCTACGAATACGCCTATCTGT TGGACCCCGGCCAG
441 Y F L T N K vV L G Y E Y A Y L L D P G Q
1381 AGGTTCATGCAGGAGTTCATCACGCCCTACCTGGAGGAGGCCCAGCAGATCTGGCAGTGG
461 R F M Q@ EF I TP YULETEA AQQTI W W
1441 CTCCTGGGGGCCGGCCTCCTGGGTGCTGTCGTCGCTTCGGTATTTGCGACACTTGTCGTG
481 L L 6 A G L L GA UV V A SV FATTULV YV
1501 GTGGCAAGGAGAAAGTGGAAACGCAACCAGAGGAGGAAGAGATCGTTGGGCTACGGCGAG
501 M 4 R R K W K R N @ R R K R S L G Y G E
1561 AGACAACCACTGCTGCAGAGCAGCTCGGAGGAAGGCTCGTCGTATCAGACCACACTGTAA
521 R Q P L L Q S S S E E G S S Y Q T T L =

P 1R 68 TYR LN ORF 751 Ko S M0 IR 7 51

Fig.1 Open reading frame sequence of C. semilaevis TYR gene and the deduced amino acid sequence

T A Z IR P S or bE s, R R R IR HY B & R T 4R T
FIsZ . BRI T TR F90G MRIL: IRELE; Jrteitsr . BRasiam; Lk riln. K2 H
The deduced amino acid sequence is represented by a single letter, starting with the initial methionine shown.
Start codon is marked in gray, signal peptide is marked with underline, the protein domain indicated with double line,
the TSM is framed, and the termination codon is denoted by *. The same as in Fig.2
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ATGATGAAGGCTTTGGGTCTAAGCCTTCTTTGTTTATTACTCTGGCCTGATTGTACACAG
M M K A L G L s L L C L L L W P D C T Q
GCTCAGTTTCCTCGAGTGTGCTGTACAGTGGAGGGGATCGTGTCCAAGCAGTGCTGCCCA
A Q F P RV CCTV EGTI V S KO C C P
GCTCTGGGTTCAGATCCTGCCAATGTGTGTGGCTCTCTGTTGGGAAGAGGGAGCTGTACT
AL G S DUPANUVOCGSULILTGT RTG S C T
GCAGTTCGAGTCGACAACAAACCCTGGGGAGGACCCTACAGACTGAGAAATGTTGACGAC
AV RV DN K P W G G P Y RL RN V D D
AGAGAGCGGTGGCCCACAAAATTCTTCAATCAGACATGCAGATGTACCGGAAACTTTGCA
R E R WP TXKFF N QT CRTCTGN F A
GGTTACAACTGCGGCCAGTGTAAATTTGGCTGGACTGGTCCCAACTGTGACCAAAGGAAA
G Y N C G Q €C K F G W TGUP N CD Q R K
TCCCCTGTGGTTCGGAAGAACATCCACTCTCTGACCCCCGATGAGCTCCTGGAATTCCTC
S P V VR KN I H S L TPDELLE F L
AATGCGCTGGAACTGGCCAAGAACACCATTCACCCAGATTATGTTATTGCCACCCAGCAC
N AL EL A KNTIHUPUDTY V I A T Q H
TGGCTCGGCCTCCTGGGACCTAATGGAACTGAGCCGCAGGTGGCCAACATCTCCATCTAC
W L G L L GPNGTEU P GQUV A NI S I Y
GACTTCTTTGTGTGGCAACATTACTATTCAGTGAGAGACACTCTTTTAGGTCCAGGACGT
D F F V W Q H Y Y S V R D T L L G P G R
CCATTTAAAGCCATTGATTTCTCACACAAAGGCCCGGCCTTCATTACCTGGCACAGGTTT
P F K A I D F S H K G P A F I T W H R F
CACCTTCTGAGTCTGGAGAGAGAGCTGCAGAGACTGACTGGGAATGAGAACTTTGCAATA
H L L. S L. E R E L Q R L T G N E N F A I
CCATACTGGAATTTCGCCACAGGGCAGAGCGAGTGTGACGTGTGCACTGACTCCATGCTG
P Y W N F A T G Q S E €C D V C T D S M L
GGGGCCCGACAGCCCGAGAACCCATCTCTCATCAGTAACCAGTCCAGGTTCTCCAGATGG
G A R Q P E NP S L I S N Q S R F S R W
GGAGTGGTGTGTAACAGCCTTGATGACTACAACCGCCTGGTGACTCTGTGTAACGGCACC
G V V Cc N s L D D Y N R L V T L C N G T
AGCGAGGGTTTCATTCAGCGAGGGATTATGGAGCAGGGAAACATGTCTCTGCCTTCCATG
s E G F I Q R G I M E Q G N M S L P S M
GATGATGTCAGGAGCTGCCTTAGAATCCGAGAATTTGACACTTCCCCGTTTTTTACCAAC
D DV R S € L R I R EF D T S P FEF F T N
TCTTCCTTCAGTTTCAGAAATGCACTGGAAGGTTATGATAAACCAGACGGAGAACTGGAC
S S F S F R N A L E G Y D K P D G E L D
GAATCAGTCAACAACCTTCACAACCTGGTCCACTCCATGCTCAATGGAACAAGCGCTCTG
E S V N N L H N L V H S M L N G T S A L
TCACACTCTGCAGCTAATGACCCAATTTTTCTGGTTCTCCATGCCTTTACTGATGCCATT
S H S A A N D P I F L V L H A F T D A I
TTTGATGAGTGGATGCGCAGGATCCTTCCAACTAATGCCACGTTTCCAGACGAAATGGCA
F D E W M R R I L P T N A TTF P D E M A
CCCATCGGTCACAACCGGGACTACAACATGGTTCCGTTCTTCCCACCGATCACAAATGAA
P I G H N R D Y N MV P F F PP I T N E
GAGATCTTTGTCACATCTGAACAGCTGGGATATTCTTATGCTATTGACTTAGATGAATCA
E I F V T S E Q L G Y S Y A I DL D E s
GACGGCGGAGCCAACGTGTTCGTGCTGGGCTCCACCTTGGGAGGAGTCTTCGTCGGTCTC
D G G A NV JF VL G S TL GGV F V G 1
CTGGTGCTCTGCCTGATCTTTGTGCTCTACGTGCATCAACGGAGAAAGAGTGGCTTTGAG
L v . ¢ L 1 F Vv I] ¥ VvV H @ R R K S G F E
CCGCTGATAAAGGCAGACTTCACACATAGAAAGTACACAGAGGAGGCCTAG
P L I K A DF T H R K Y T E E A =

2 i DCT 5 ORF 74 K ife 3 M A 5 W7 5

Fig.2 Open reading frame sequence of C. semilaevis DCT gene and the deduced amino acid sequence

B FZEH(P<0.05), M3 HIE. 6 HiR3 12 ARL, #% YITEAE L 25 2 (P<0.05), B iz kb iz L I B 2238

LN IR R B S, MEA AR AL . JCHRI H
L (IE ) I R 38 A B2 JEk v I s ) 28 A 2 S A e 3%

(P>0.05); [F]—mFi], 4 FhRJRAZT TYR N 05 #2255 (P>0.05) (K 6).

REETARMEA A, JCIRM A @ GER) B,
TR Z AN @R R 2 18] TYR e Y2545 0 8

I
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Tab.2 Comparison of homology of the precursor peptide sequences of TYR between C. semilaevis and other vertebrates

Py 2R 5 TYR [al Pk
Species GenBank accession No. Identity with TYR /%
I Cynoglossus semilaevis - 100
KAk Mastacembelus armatus XP_026189265.1 84.16
B Danio rerio AMOO00812.1 70.72
#Hif  Oryziaslatipes BAA06155.1 82.87
Je % Bt Oreochromis niloticus XP_003441635.1 82.50
4t Perca flavescens XP_028429419.1 84.53
HA%RkE  Elaphe climacophora BBC55647.1 56.27
P54 Chelonoidis abingdonii XP_032624626.1 58.67
P e 48 Zonotrichia albicollis XP_005485837.1 57.56
2R S Anas platyrhynchos XP_005029640.2 57.45
gy Sarcophilus harrisii XP_031817288.1 56.64
= Equus caballus XP_001492610.4 55.96
TN Canis lupus familiaris AAQ17535.1 56.46
PRIEFSE  Susscrofa BAD99580.1 57.75
/MR Mus musculus BAX25613.1 58.20
A Homo sapiens AAA61242.1 56.83
33 AAQ17535.1 tyrosinase Canis lupus familiaris
16 o BAD99580.1 tyrosinase Sus scrofa
" XP 001492610.4 tyrosinase Equus caballus
93 | AAA61242.1 tyrosi.nase Homo sapiens
BAX25613.1 tyrosinase Mus musculus
B XP 031817288.1 tyrosinase Sarcophilus harrisii
BBC55647.1 tyrosinase Elaphe climacophora
46 |_ XP 032624626.1 tyrosinase Chelonoidis abingdonii
85 _|j XP 005485837.1 tyr.osinase Zonotrichia albicollis
98 XP 005029640.2 tyrosinase Anas platyrhynchos
— XP 003441635.1 tyrosinase Oreochromis niloticus
07 BAA06155.1 tyrosinase Oryzias latipes
44' tyrosinase Cynoglossus semilaevis
37 XP 026189265.1 tyrosinase Mastacembelus armatus
64 L XP 028429419.1 tyrosinase Perca flavescens
AMO00812.1 tyrosinase Danio rerio
—2

3 TYR ZFEE 75 R G o Hr

Fig.3 Phylogenetic tree based on TYR amino acid sequences

i QRT-PCR #4 A, Kyl DCT JE A 76 A ] it 101
A7 J s R A 20 i B 1 BL(EL 6) 53 IR,
MG 1~20 d ({74, DCT ik Bk b
S, RHAEES MR (15~20 Hid)FRK
HiE, 30 HiR Rk m 8l 2R IK . DCT 3
AR & B BRI R ) qQRT-PCR 455 R
(B 7), 7E20 5 Eas B IRL 2R, A IR 2R 2 (IE %)

Bk JGHR AN Ak Rz Bk AN G HR M A €8 (1 %) B2 Bk DCT
FE PR (1% 23 Bt Ao 1] A8 Ak I 3533 3 (P<0.05), T 7E A HRR
A P Ak Bz Bk v B sf ] 25 22 53 AN B 35 (P>0.05) 5 [A]—
N, 4 FhZ kit DCT SN FKAFEIE R E LS
(P<0.05), AP iZERPRERERTHOK
JIk(P<0.05), 1M 8 €5 Kz Jik =2 1) 1 1 €8 B2 ik =2 ] /) DCT
FEPR FRIB I T 3 25 5+ (P>0.05) (1] 8).
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Tab.3 Comparison of homology of the precursor peptide sequences of DCT between C. semilaevis and other vertebrates

Pl 2R 5 DCT [Al Itk
Species GenBank accession No. Identity with DCT /%
HWEME Cynoglossus semilaevis - 100
BEhf  Daniorerio AAJ64222.1 77.13
#|FEf  Xiphophorus hellerii XP_032423860.1 77.71
il 11 Carassius auratus XP _026126897.1 80.43
i S 4T Amblyraja radiata XP_032878815.1 62.88
I#EA Tt Takifugu rubripes XP_003961932.1 88.05
PNILIRER 2 Clupea harengus XP 012680545.2 77.33
KEE Scophthal mus maximus AWP13184.1 88.95
165 o T Paralichthys olivaceus XP_019945763.1 83.67
R I Thamnophis elegans XP_032082150.1 53.59
PiEBERfE  Chrysemys picta bellii XP_005305072.1 53.84
KL VS Aythya fuligula XP_032060256.1 53.64
ER Phasianus colchicus XP _031466474.1 54.28
FRAL 3 Calypte anna XP_008488531.2 59.07
ME Sarcophilus harrisii XP_003765843.1 55.11
BEE5 Phoca vitulina XP_032258657.1 71.52
WOEBF%%  Susscrofa BAF48040.1 55.94
B4/NE. Muspahari XP 021058514.1 55.49
R Trachypithecus francoisi XP_033033323.1 55.43
&— XP 031466474.1 L-dopachrome tautomerase Phasianus colchicus
100 L XP 032060256.1 L-dopachrome tautomerase Aythya fuligula
105 L] — XP 008488531.2 L-dopachrome tautomerase Calypte anna
XP 005305072.1 L-dopachrome tautomerase Chrysemys picta bellii
100 XP 032082150.1 L-dopachrome tautomerase Thamnophis elegans
XP 003765843.1 L-dopachrome tautomerase Sarcophilus harrisii
99 XP 021058514.1 L-dopachrome tautomerase Mus pahari
100 Ji NP 001020398.1 L-dopachrome tautomerase precursor Sus scrofa
48 |_|7 XP 033033323.1 L-dopachrome tautomerase Trachypithecus francoisi
28 XP 032258657.1 L-dopachrome tautomerase Phoca vitulina
XP 032878815.1 L-dopachrome tautomerase Amblyraja radiata
k XP 026126897.1 L-dopachrome tautomerase Carassius auratus
N 91— NP 571630.2 L-dopachrome tautomerase precursor Danio rerio
XP 012680545.2 L-dopachrome tautomerase Clupea harengus
100 [ XP 032423860.1 L-dopachrome tautomerase Xiphophorus hellerii
100 Ji XP 003961932.1 L-dopachrome tautomerase Takifugu rubripes
65 W XP 008326759.1 L-dopachrome tautomerase Cynoglossus semilaevis
75 Ll— XP 019945763.1 PREDICTED: L-dopachrome tautomerase Paralichthys olivaceus
m 98 AWP13184.1 putative L-dopachrome tautomerase Scophthalmus maximus

Kl 4 DCT RIETRITF I R Gt AL 34

Fig.4 Phylogenetic tree based on DCT amino acid sequences
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Fig.5 Relative expression levels of TYR in C. semilaevis
early developmental stage
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Different letters indicated significant differences
(P<0.05). The same as below
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Fig.6 Relative expression levels of TYR in C. semilaevis
skin tissues
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ON: Ocular-side black skin; OA: Ocular-side albinistic skin;
BN: Blind-side albinistic skin; BM: Blind-side skin with
hypermelanosis. The same as below
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Fig.7 Relative expression levels of DCT in C. semilaevis
larvae developmental stage
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Fig.8 Relative expression levels of DCT in
C. semilaevis skin tissues
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A, A HEAM 2L e 1z JoR 0 A HR A S A R Jok 25k th AR X
s [WEE, FFAFA LU A m iRk i, FEAE
HRR AR IR, FEA IR A AR Bk . JCHR M IE ()
BRI R LEARRIE . 78 12 kG i,
TYRTENRBE ik fem, (HiE EMCT 6 Ak, HAIR
I IE 7 B2 R (2R ) TG HR AN 24k 2 ik TYRAG ik 5
FALAE R P ) e TR A G, T R 1 R B JER (1 )
LA AU R Rk B L AN KA

16 6 JIEFiH i, DCT FA7EMRE i,
JHIE Pt A B s R A i Ak, A7 AR (5 B R R
JCHE A BB A, Hz JER 2 3k e A R85 /0, A HR A 1 Ak D G HR
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a

[ =m 64 # 6-Month old
- 3124 12-Month old

TYRAARN KA R
Relative expression level of TYR

ON OA BN BM L SP E M
ZH4H Tissues

K9 i i TYRTEA R ZH S b AR X Rk
Fig.9 Relative expression levels of TYR in different
tissues of C. semilaevis

L: fFiE; SP: MME; E: BR; M: L. T
L: Liver; SP: Spleen; E: Eye; M: Muscle. The same as below
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Relative expression levels of DCT in different
tissues of C. semilaevis
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AWFFEFIA qQRT-PCR $2AK, A5 72118 5 8510
TYR ZE N gt X751, H CDS J¥HIH 539 25k
FRAE AN, 2wt Ay TYR 85 H W45k 61.008 kDa,
HEANEAH 19 MEERARNESIK, Bf
T8 A s B R VR s iE) A R 236 A2 S5 R
HR P DIRE S, 52\ AT RAE A ML
FROJRE R VIO o E LR R AB W , 2+ 6
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Expression Analysis of TYR and DCT Genes Related to Body Color in
Cynoglossus semilaevis at Different Periods and in Different Tissues

WU Yaolei'?, LI Yangzhenm, WANG Na', MA Tengl’z, ZHAO Yuzhu'?, CHEN SonglinkD

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;

2. National Experimental Teaching Demonstration Center of Aquatic Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract Melanin commonly exists in animal tissues. The animal body surface has different colors
and abundant pigment patterns due to differences in the distribution and development of melanin and
related cells. Different pigment patterns have important functions such as biological camouflage,
courtship, etc., especially in fish. Cynoglossus semilaevis, one of the dominant aquaculture flatfish
species in China, often suffers from two body color anomalies, i.e. melanism and albinism, which have
hindered the development of high-quality seeds and aquaculture. In this study, cDNA sequences of two
color-related genes (i.e. TYR and DCT) were cloned and phylogenetically analyzed. Further, expression
levels of both genes were analyzed in different stages and in different tissues. The cDNA sequence
length of TYR gene coding region is 1620 bp, encoding 539 amino acids. The length of the cDNA
sequence in the coding region of DCT gene is 1551 bp, encoding 516 amino acids. In this study, it was
found that the expression levels of TYR and DCT were high in fry that were less than 20-day-old,
especially during the critical period of metamorphosis (15 to 20-day-old), and decreased to a very low
level at 30-day-old. In other skin tissues, the expression levels of these two genes were highest in
normal skin on the ocular side and in dark skin on the blind side, and extremely low in albino skin on
the ocular side and in normal skin on the blind side. Among other tissues at other times, the highest
expression was in the eye, followed by the liver, with very low expression in the spleen and muscles.
Results show that TYR and DCT genes are the key genes for blind-side melanogenesis and ocular-side
color maintenance in C. semilaevis. This study provides an important basis and reference for identifying
the mechanism of color anomaly in C. semilaevis.

Key words Cynoglossus semilaevis; Body color; Tyrosinase gene (TYR); Dopa isomerase gene (DCT)
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