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M Tyrp2 JERETL #F5E A G T Z AR sl
e T R 43 B I R A 1 b i,
Tyrpl 2 1% 2 R 25 I 5 0% 28— /I EL(Mus
musculus) {7 77 [ 315 1 B 00 & A e, B R
Tyrp2 76/ VR0 A2 (Homo sapiens)!! 1, 4
Yoo RN ve ke, HW 2 B0 7 40 e B R . AF
MR RGBS 54k
L-f AR 2 34 i — R AN AL N e, 2R
AR EENGEAMD ., b, Tyr BRA
B IR b ok AR A — i OC B Y PR SR, L SR
ML 1k 2 R BUR AR IO A BN 8 ik
MG Tyrp2 2AE AR OR W ERE L
AR, & BARAS J2A0 €8 2% AR Jli it 15 I %) 2 L il
EEEA MR R E RN, Tyrpl B85 Tyr,
Tyrp2 JERE5/AELL, B2 TR AR ERTW
YEMER A E 1S, HATEEINA] Tyrpl A& R E
Tyr IHREMIVEFI S 72 A7 1 I SRR Il 5 TR %
TENG IR B2 B 5E . & 42k 7 46 O AR A B 92 4
W1 FEE3E(Vicugna pacos)iIBF 5T 2B, Tyr.
Tyrpl FI Tyrp2 B 7EFR 558 T mRNA FikK
SR AR T R, 2R WD I S R AR 1 S Y R
P b ki S HE O RB B EHXE, Ho,
Twata 25U 53 22 B0 58 7 Uk v ) I 2 I Tl 1 4 2
T R R, 2 R Il PR Y 25 T RE AU R
BRMAMHS HREOEG R EN2ZES, ©F
A g 2 5 T 2 TR T ) A A TR PR A O
5k t, hTEasn TR
P 4 3 (A 4 & il (teleost-specific whole-genome
duplication), 75 &K A MR K o it
PIFERE e e e T sk g o8 1 fa
EFE Tyr FI Tyr-like BiFP Tyr (9RIVEIEH, 5548,
Tyrpl 764 rp i A7 AE Tyrpla F1 Tyrplb 954
IO S 3R S R P oA G A0 B A S
FSNEA YR SHILY B AN ED =¥ -5 B SiSLibE VS 2y e wea
FEFR ] 25 5, 76 BE 5 Rl (Ictalurus punctatus)
HAER] 3 M S HRERAN. RaRR®RRE
PR N 25 S R OAEL N, P4 4E Tyr, Tyrpl
1 Tyr-like!' ™, T 76 BE 5 71 (Danio rerio)H H G
F 14> Tyr ZEP, Tyr-like JE sk D)) FELT 684

J7 filfi (Takifugu rubripes) /73 B Jf S8 & H Tyr .
Tyr-like. Tyrpla il Tyrp2 VU~ & 20 FR ifF 25 11 K 1%
W, WA % ES Tyrplb KK, 46, Tyrp2 7EC
W (R rp DL DL e SfE e B B
FERW, BETfa Tyrp2 L] /E N H B 6 R 405
R ARIC 2 U, 16 5 5 (Oryzias latipes)H,
Tyr FEFFERE R AR R P ZAE T, AT
TR0 25 (i 3 3 ANMARY i CRISPR/Cas9 3
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B b MR IR G, SEAR AR B 8 K 4 K
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PEATREIR, RAEMR Tyrpl LR PR R L
R fE e e ) RAREZ . [FR, DF5E AR
A Tyrpd B[R Y 2 05 1 1% A BELAS 2B (5 2% 19 4 AL,
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AETUARP, WEE IR R 1 6 v 5 e ek (o
YIMEOG, PR (o e 1Y) £ 28 T e 2 0 28 4 T oK,
K] I e o £ I A 0,725 S ) RG] K ™ SR A M A B A
HEEM A

B 5 i 5 %5 (Plectropomus  |eopar dus) {4 Fk 75
BB, J& TRk (Serranidae) B 658, 78 A SR
S rh AU S PR A T B A €, A BRI R
W o B s R o, IR ss, i LR
U g R R (AR H IR AR AR A SR,
EURFASCERA, CEm LM E,
DI 7R B BREAR €8, i 0t 5% B A S 1) 22 O (R 3
W P, Tyr EEFWAE e, £
RAGRBORTIRMNCHIERE, £ Ekiphe
SAMWZWF, (HEAXRERE Tyr FERZEHED
ARG = o AW A Y5 B #  E
SR PR BB Tyr 5205 5 % 2 F 4 HT,
FFEE G LB 2 BRI T X — S I R AE A [
AR RIA R, HHAEREEEN DG
RS %,

1 #MREFE
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il 1F NCBI (http://www.ncbi.nlm.nih.gov) ¥ u Fl
UniProt (https://www.uniprot.org/) ¥ v I5E-G46 2 5
T4 DU SRR B Tyr 5 R 5 1) & FE 1R 7 51,
Jf il A AR MR 55 7R 64T BLAST FEXT, Wik th A
FEDESE R A rh Tyr JE R 505 B 03 i 6 R 91

M pep AP AERACTAREBE Tyr FHARK
IR T4, R ExPASy 7845 Hr # 1
(https://web. expasy.org/)H ) ProtParam 1T, Tii
7R BLBE Tyr B SR A AR A H. ORF K
iEROR e Rl N i R N S R
RYEAR R BN GFF BRI R SCF, 4645 Tyr B
FIRI R Qe R A B AR S o Ak, I Wolf 78
2R 314 (https://wolfpsort.hge.jp/) ¥ 7= B BE Tyr & [A
G T 020 2 £
12 EEZZEMWSH

R HTARRTE Tyr HEPR S04 WL 01 i 2 A
ZER, MOYE AR BB GFF LR ERSCF, 1535
SR A AR B, 7L T A GSDS (Gene
Structure Display Server 2.0) (http://gsds.gao-lab.
org/) XA AN B 45 R T8 A pr, A5 H
FREBE Tyr FE R G0 W 5t 1) 55 R 25 74 4 ik 7T 404k
B, I A Tyr SR G0 R 01 22 0] L R 454
1.3 Tyr EEXKREBSEEETHT

FIFH SMART £k W v (http://smart.embl.de/),
£ PFAM domain P50, T 73 [6) P54 6 & 1%
ST XSO AR B BE AR [ A AT A A S e, A
I IBS B AR R BE Tyr J PR 5015 8 1 45 40 35,
PRI A 25 5L, AT 2 R G o, 7% [) 1 245 A sl
oo b, B 2R B BE S H Al A B 0 DL R DY R 2K 3
Yy Tyr 22N R EAE MEGEX A iU alignment
AT GeneDoc FAFH, Az A B IR 2 7751 A]
PAERT LE A5 5 .
1.4 Tyr RIREREFHL S

PR BRSE Tyr BRG0S0 22K 5h ).
A /NEL. ¥ (Gallus gallus) . 2 J2 78 (Pan
troglodytes) . JE ¥ JTCIE (Xenopus laevis) FlfifiF i :
T BH 47 BF f1 (Epinephelus lanceolatus) . Kk B i
(Larimichthys crocea). — Jilffi(Gasterosteus acu-
leatus) . “ fif(Paralichthys olivaceus). JE % % ik
f1(Oreochromis niloticus) . 7 £ (Oryzias latipes) .
75 35 AL 8 (Poecilia formosa) . £1 #& 45 77 fiili | B 5 46

K74 ¥ % (Gadus
morhua) . H £ (Xiphophorus maculatus)iit) Tyr
EHRZEMEATFINEKWERELEW.
Ensemble (https://asia.ensembl.org)Fl NCBI (https://
www.ncbi.nlm.nih.gov) 3K B L | ¥ F 1) & 3 R 7
G, PRAFN fasta #53, FHBLEE R ST A MEGAX
(Molecular evolutionary genetics analysis)3 4,
AR ClustalW #4722 750 X, R
NJ 4R34} ¥ (neighbor-joining) # 2, % [ B (4
(Bootstrap) & 10000 VX T & LI Honl {55, Hax
E WL NN S TR T b e
1.5 ERERHL&ESH

KT HRE Tyr FER R R Z S H A, A
WEFEXT Pr e BRI A %) Tyr S0 2 6 4 7 ILZ o
Mro BEEAH Genomicus £k Wk (https://www.
genomicus.bio.ens.psl.eu) 2 $8 A [7] 9 # H 19 5& A
) R R R HESIN T, JF454 NCBI s
[ gene PEIAfAIN Tyr J8 DX S0 W 3 T 78 4L e AR 1Y
FRUEERN TR . T AEAL, R AR E AT
TEGe R T AL B, 225 E B 3 PR BT A G
LN NI O~ S S 5 E D 7 o I VA= DL 1 2 7/ el T
FEA L AT A
1.6 & RNA BIRENS cDNA B & R

BEHLIEEH 100 HIAAILT . SRR 7R BB
3, WS REARMESE AR 4 N HE,
J . M. B ARUEFAE, {5 Trizol i3 (Invitrogen,
CA, EE)ELE RNA, /] RNase-free DNasel
(TaKaRa, Dalian, H7[E)AbEEDIRR 256 K20 DNA,
K i 43 56 56 BE 7 (Implen, Munich, 7 &) il
1.5%Z B W B s FEL UK R RNAL ) ¥k 3 R S0 2k
TERNARZFIMA 1 ug RNA F1 1 pL Random
Primer, #f/KZE 6 pL, 70 C, 10 min; 7K F&2¥%
2min, E.OHF . BERMEH M-MLV 5% 56
(TaKaRa, Dalian, H1[E)& hl cDNA %5 —%E . S
£ PCRAXH#EAT, FEFWF: 30 °C, 10 min; 72 C,
15 min; 7K E¥ A0, & B cDNA # T-20 CIRAF
.
1.7 WHEE PCR UAERBMERMNAR
HRYERIE

FIF IDT £k W v (https://sg.idtdna.com/), AR

fit: (Lepisosteus oculatus) .
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P RS 0 AR B3 H 5K cDNA 38111940 ®1 ZIHEHEE PCRIIWFTI
5 PCR i E’JIE&W%I%, I Rpl13 P Tab.1 Primer sequencesfor quantitative real-time PCR
HEB( D™, cDNA MBUILFFOLE R PCR, e e
gene primer sequence (5'—3")

FALIHER 3 A PAT RS MK, AR A .  OACCOTAGCAGAGAGAGATT
RERE 3K, BT 95 CHiAME 30s;95 C R: CACGAGCACACAGAGAATAC
AEME 55, 58 ‘CiB k1 min, 35 MEFF, FIf 2722 Tyr-like F: CGTGATGACAGAGAGAGGT
R B RE A T ) Tyr SER R4 R ATCACAGTTCGGTCCAGT
j"_l E@*ﬁxﬂ‘%i%’ %Fﬁ SPSS18.0 ﬁ@FX‘TﬁUEJ‘E?:I Tyrpla F: CAGGTCTTACAAGATGGAAGG

N - R: TCAAGAATCTACACATGCTCTC
RTINS AR R Tyrplb F: GTCCGAGATCATCACCATTG
2 zﬁ%'—ﬁﬁ*ﬁ R: TAGACAACGGACTGTGATTTG

Tyrp2 F: GACCGTAGCAGAGAGAGATT

21 FREWMTyr EERGERANEEREBLER R: CACGAGCACACAGAGAATAC

FME B SRR Tyr SER RGO, 4000 v Fif XEE314: RO 56314
%7 Tyr\ Tyr—Iike\ Tyrpla\ Tyrplb\ Tyrp2, 5 /l\% Note: F—Sense primer; R—Antisense primer.
H A e AR ek I, Tyr BEERIGERNTF - 5.44-5.94, A0 FRETEFEl 57.7~61.4 kD, %
JEEHEML B 1551~1623 aa, FHLGMMTE  FEMRECEE 516~540 (£ 2).

R2 FER Ty EAREER
Tab. 2 Information of Tyr gene family in Plectropomus leopardus

= i F YA =N
e o b ORF ffigp ~ AMMAEEL - FFRD gy 4
. amino acid relative molecular ..
gene chromosome location OREF length . pl subcellular localization
number (aa) weight
Tyr Chr 6: 24897028-24901162 1623 540 61273.06 5.94 LI cell membrane
Tyr-like  Chr 16: 21176168-21184962 1620 539 61356.97 5.78 Ml cell membrane
Tyrpla Chr 23: 13006267-13010531 1578 525 58913.03 5.44 i cell membrane
Tyrplb Chr 4: 7637550-7645815 1569 522 58228.45 5.50 MLl cell membrane
Tyrp2 Chr 8: 17261397-17261397 1551 516 57764.29 5.59 AL cell membrane
22 FEW Tyr BEERKEH By EEXT A5 SRR, EATERE T B 1Y s 2 R il A

REBE Tyr WA MERERERE 1),  HARK, BEAZEPEEZS R XIZAE 2).
Tyr G 5 AN, 4 NN E TS Tyr-like @5 5 B GEEMLG #0SA — 1 I 2 R i 45 1) S8l R — A~
AN F, SANEF; Tyrplatd & 7 AMMNEF, 6 SRS I IR BE 45 A0 3k, 000 45 44t R U AR 2
DN F; M Tyrplb A1 Tyrp2 B8 &% 8 NAME ¥, B Tyr HATE 65~113 Z AW AT EGF_like Z5 454,

TANE T HARG W 5T JE A, Ak, Tyr JER K
23 FEHW Tyr ERRKEASEAE TG LA D TE B A R 7 9 Y Hofl o E

AREBE Tyr FERNFWR AL Z 75000 AR RSF X, 46 N-AR S {55k P4

Tor [ ] 5’|\;‘j‘\4?§:xon

Tyr-like ~ W&F intron

Tyrpla

Tyrplb R ER._E——

Tyrp2 5’I 1 1 1 1 1 1 1 1 3'

0kb 1kb 2 kb 3kb 4 kb 5kb 6 kb 7 kb 8kb

Bl AREBE Tyr ZEH GRS - &5 T 4578 T

Fig. 1 Exon-intron structure of Tyr genes in Plectropomus |eopardus



%5 1 H A A R SRR G Tyr G DR G0 1 45 W R AR S S LR IR A BT 657
1 65 113 172 406 480 502 540
Tyr
REERKET T PR BRI
EGF-like tyrosinase transmembrane region
1 165 399 469491 539
Tyr-like
B PR BE TR
tyrosinase transmembrane region
1 176 411 473 495 525
Tyrpla
ER R IR S,
tyrosinase transmembrane region
1 167 402 464 486 522
Tyrplb
Bk R PR PSR,
tyrosinase transmembrane region
177 407 467489 516
Tyrp2
[iatis PRI,
tyrosinase transmembrane region

B2 ZRRBE Tyr B DK G0 I 45 40 W 45 1

Fig. 2 Domain structure of Tyr genes of Plectropomus |eopardus
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3)o FTA LI 45 A8 RN T R 45 R 35 7E £ 2 T R
RSP R SR S TN
24 FREH Tyr EERFZHL O

RS DR Tyr BN FKR
) R G2 R B R (] 4), BHEShHHIRY Tyr LA
TGRSR 53R 2 A KB, Tyr WA Tyrp K
Weo Tyr MESHEAY BT WA o3, Tyr JE K 2B A
fifi £ SR 0 Tyr-like BEPR 704, 76 Tyrp J:H
SR, B Tyrpla fl Tyrplb Je R b —K:, B
Ja 5 Tyrpl Bl —:, )55 Tyrp2 3K 4
RN Tyrp WK . 45 Tyr JEHE - krh, BB
i 5 D0 JE A5 R — L, AR AT A 0 2R
—8%, 5YFh e A —E BeAh, A fa
Tyrpd &K 4351 2 25k Tyrpla Fil Tyrplb P ) 2L
G2 3% IH 1 T A 35 R A YR S5 R R SR 3R 3 kA
FER i F ARG
25 FREW Tyr BEERGEHEES T

REPES U R VL S ) Tyr A
TGO ) Y O AR L M 25 R ) BRBE AT 4
fif | LTEEAR Tyt R IR BELAAS, HA R £
TR Tyr BEREWR G, B Tyr, Tyr-like,

Tyrpla, Tyrplb, Tyrp2; A, /MR XY FME—3%
A A 3 ] A B £ B A AR R Tyr | Tyrpl,
Tyrp2 =G o BRILZAE, B o (A R i)
Tyr JE PR G0 B G 349 43 A 7R AN [) ) % e 44 | (&
5)o FEREEf, Tyr ZEJ5 (B Tyrp2 #0) 3 A iy 4
PE5 DU RIS PR PR 2

e Tyr FERRHRA W, K24
g Tyr £ Tyrp tHOGIE P & A4 T &6l F 44, I
A2 2 DR A 1 % e A e Sl O B RN 2 T 4%
JE IR YL AR 3N L LA Tyr A Tyr-like 35 K 4 45
(K 5A), 7EBE A 6E LG3 Jetafk |, Tyr 19 bkt
[H 439 /& GrmBb . Ctsc, Rab38b., Tmen135. Fzd4,
Dync2hl.Pdgfd, T il#%E K 43512 Nox4 Naalad2 .
Chordclb, Fat3a. Mtnribb, 7&% Hl= %k &5
M2 BLBE Tyr JEPRIAY R #OR B8 T Grmbb, Ctsc.,
Rab38b. Fzd4. Dync2hl, Pdgfd, Nox4, Naalad2
B T7E 6 54644, Chordclb . Fat3a,Mtnribb
SEWAR A Tyr-like L0 B RUE, 76 16 S Y
& L, 1 Tmen135 7E& it b BB R, WE
) Tyrp2 JEP e i g iR 5k Gprl8o Al
Tods PIANSEH, FLM R 5 00 2 28 Tyrp2 3t
PRI ) e i R G A b AP AR A Y SRk
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o T e e e '
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e
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Mo
oo

REEBE Tyr K 5205 15 oA 4 3 ) 0 R R e 51 L Xt
FHRRAERSFR AUREIRTR 100%H1 75% 09 A EE R IR FEAH VR 18P SR 197 51 A 2 RE i 2 R g2 11 3R
rh LR Y R SRR AS A I, FErh, 2T HE N I IR RR 3 0 3R 4 R B T4 5 X Me(A)FIl Me(B);
HikFR 6 MR Y AR A
Fig. 3 Amino acid sequence alignment of Tyr genes in Plectropomus |leopardus with other vertebrates
Black shading and gray shading were used to represent 100% and 75% similarity of amino acid residues.
The sequence shown in the figure is a typical tyrosinase domain in the Tyr genes of Plectropomus leopardus.

Among them, the amino acids in the red box are represented as copper ion binding regions
Me(A) and Me(B) respectively; the arrows represent six conserved histidine sites.
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Tyr-like

zdud] jod
7di£L V10 —

W | Cw | pDWD
% 4599 Xma Tyrplb
90/ T Loc Tpla
C8a Iy
99 Rz
99 /,{VQ;]}V"P/
L gy P Tyrpl
9, %% Ay PV, yrp
%, P
(4 24
o &;/4
> Y D, R
[
© 573 2 T
° - 2 =
L2 % 22
23T 2 2 2,
=22z
)
w2

K4 AREZESHALEHEZ Y Tyr B2 R R g s 43 Hr
BT Tyr 3R 5% FH B 5 R0R.
Has: A; Mmu: /N Gga: ; Ptr: BESE; Xla: dEYNIE; Ela: JEARA BEA; Ler: KE £, Gac: = filff; Pol: 6,
Oni: BB ¥ HEf; Ola: & if; Pfo: 75 3E4E8E; Tru: ZL6EZR il Loc: BEAT4E6E; Gmo: KV VLSS, Xma: Htfa.
Fig. 4 Phylogenetic tree analysis of Tyr genes in Plectropomus leopardus with other vertebrates
Tyr genes in Plectropomus leopardus are marked with black spots. Has: Homo sapiens; Mmu: Mus musculus; Gga: Gallus gallus;
Ptr: Pan troglodytes; Xla: Xenopus laevis; Ela: Epinephelus lanceolatus; Lcr: Larimichthys crocea; Gac: Gasterosteus aculeatus;
Pol: Paralichthys olivaceus; Oni: Oreochromis niloticus; Ola: Oryzias latipes; Pfo: Poecilia formosa; Tru: Takifugu rubripes;
Loc: Lepisosteus oculatus; Gmo: Gadus morhua; Xma: Xiphophorus maculatus.

26 HREW Tyr EEFRKRAENEERRIESWT

qRT-PCR il 25 5 7R, Tyr LR SR BT A i
R BARBEBEARMG . k. . 48
Hi A ik (B 6) o FIEML R AE R 2 Y HA 4
YRR, Tyr F Tyrp2 55 R 2B 40 44 B BT
HA P ek, T Tyr-like F1 Tyrplb P 78 4 %
M E A F R AR T AR, BAh, FRAT
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Fig. 5 Synteny analyse of Tyr genes between Plectropomus leopardus and other animals

Genes were represented by colored pentagons, and the gene names were indicated on top. The same colored pentagons
indicated the same gene in different species or homologous gene. Dashed boxes represented genes that were lost.
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Bioinformatics and expression analysis of Tyrosinase protein family
genesin leopard coral grouper

XIAO Jie', WANG Mengya', WU Shaoxuan', WANG Bo?, HU Jingjie" >, BAO Zhenmin'"*

1. Key Laboratory of Tropical Aquatic Germplasm of Hainan Province, Sanya Oceanographic Institution, Ocean Uni-
versity of China, Sanya 572000, China;

2. Key Laboratory of Marine Genetics and Breeding (Ocean University of China), Ministry of Education, Qingdao
266003, China

Abstract: The tyrosinase protein family contains key enzymes for regulating the synthesis of melanin, which plays
an irreplaceable role in the formation of melanocytes. However, the underlying mechanism of the Tyr gene family
in body-color formation is unclear in Plectropomus leopardus. P. leopardus is an economically important tropical
fish in China. The body color of farmed P. leopardus has different degrees of degradation, which seriously affects
its quality and market price. In this study, a total of five Tyr genes were identified from the whole genome of P.
leopardus, and amino acid sequence alignment showed that Tyr family proteins in P. leopardus were highly
conserved in relation to homologous proteins of other species, especially the typical tyrosinase functional domain
of this family. The phylogenetic and comparative synteny indicated the gain and loss of Tyr genes after
teleost-specific whole-genome duplication (3R-WGD). In addition, the results of qRT-PCR showed that the
expression levels of all members of Tyr genes in the skin tissues of black individuals were significantly higher
than those of red individuals (P<0.05). This paper preliminarily identified and analyzed the role of the Tyr gene
family in the formation of body color, providing a basis for further analyzing the evolution and functional
mechanism of the tyrosine protease gene family in Plectropomus leopardus.
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