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Fig. 1 Pattern (B), non-pattern (Y) and abdomen (W) skin
tissue of Siniperca chuatsi
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nih.gov/datasets/taxonomy/119488/) k& %} . F| H
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Tab.1 Primer sequence of real-time quantitative PCR
EIEY RN 5195 (5-3")

primer primer sequence (5'-3")
tyr-F GTTCCTGACGCCCTACCTCC
tyr-R TCTGAGCTGCTTTGCAGTAGT
tyrp1-F GAGGATCTCTGTGGTAAGGAGG
tyrp1-R ATGTTCTCAAACTGCGGGGT
dct-F AGGTCGTCCATTCAAAGCCA
dct-R TGCCGGTCAGTCTCTGTAGC
mitfa-F TCGATGTGTACGGCAACCAA
mitfa-R GCACGAACTTCAGCCTCTACT
asipl-F GCCCAGGAACCACAGAGAAAG
asip1-R ATAACCACAGGAGGTGAGCC
tipla-F GGACTTCCCAGACGGCTTTT
tipla-R TCTGAGCTGCTTTGCAGTAGT
p-actin-F GTGCGTGACATCAAGGAGAAG
p-actin-R GGAAGGAAGGCTGGAAGAGG

1.3 HiEALE

I SPSS 26.0 Geit ik it4T 2= 55 Ef g
PR R R 7 2243 M7 (one-way ANOVA), DA P<0.05
225 8 2% f# FH] Graphpad Prism 8.0 #4474 1K
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2.1 HERANFHBBHIZMEXS

Wt X 9 ANFEM I T SR Y, RS
63.08 Gb clean data, 74 clean data ¥Ji5 %] 6.13
Gb. 73l i 1Y clean reads 5275 56 R 4l
FHXT, HXBOR N 94.29%~95.10%, GC &k
47.13~48.07, Q30 Bl & H 43 LA 92.32% L) (3% 2),

I 7 5 41 4 T m 441
2.1.1 BHABEXESTREFREIERSIT 3
NGB LR N —, KR4 1, 2
FEARM LR BAE T 0.851~1; AERIEAH 1. 3 BEA
X REAE T 0.982~1; JEHA 2. 3 FEAAHICR
AT 0.932~1, AU FHE R E4IAH X R B+
0.292~0.674; &l 2 41 F1 I8 ¥ 40 A ¢ R Ak T
0.252~0.686; 3 [&] 22 41 Fi i 350 40 4H ¢ R 5kt T
0.813~0.884 (|4 2a).

3 b X sk (] IR A 22 S AR KL 4644 4, 4%
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T (R 3),
2.1.2 ERFZEEEHN KEGG BEREESH
RIZHMAERZ A2 TR IEIEFAS 5] 212 4
fRughm g, o 43 S B3 E 4E(P<0.05); EE
HFNIEERL Y 25 7 Lk B N 2 53 222 N,
Hr 33 A B3 E 4 (P<0.05); JERIZEAHMIE A
)22 TR KNS 53] 147 g, Heb 194
I E 4R (P<0.05), e 18 P AE MR B = HEIY, 8
HES) 5E FT B 5835 B AR 8 PR (<30 M) lME KEGG i
BE LR 3). diREx, KEAMIERZE

%2 WEBKERENFBEST
Tab.2 Transcriptome sequencing data statistics of Siniperca chuatsi skin

A A B E 57 30) 35 PR A 1 A AR GC Tl FE L 15/ % Q30 Tl FE L 5]/%
sample effective reads mapped reads GC count =Q30
Bl 45018114 42445338 (94.29%) 47.75 93.50
B2 49545710 47101453 (95.07%) 48.05 95.34
B3 53263618 50638090 (95.07%) 47.93 94.73
Y1 42486334 40307757 (94.87%) 47.78 94.75
Y2 41021046 38998038 (95.07%) 47.57 94.37
Y3 53248924 50642074 (95.10%) 47.43 95.16
W1 41752978 39523123 (94.66%) 48.07 94.07
w2 43897408 41482882 (94.50%) 48.06 92.32
W3 52096470 49490383 (95.00%) 47.13 95.21
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B: FIZERAL, Y: AERIZEBIRALLL, W B e Tk 2 41
Fig. 2 Sample correlation analysis heat map (a) and differential expression gene Wayne map (b) of skin tissue
in different regions of Siniperca chuatsi
B: pattern skin tissue; Y: non-pattern skin tissue; W: abdomen skin tissue.
F3 BARRBEKEALABAMEENMBERENERRIEER
Tab. 3 Differentially expressed genes of intercellular communication and pigmentation in
skin tissues of different regions of Siniperca chuatsi
42 Hik FPKM 3 P 134k
gene name description [ % (B) JERIZ(Y) JiE (W)
tyrpl % H R AH S FE 1 tyrosinase-related protein 1 5.31324 1.76218 1.26563
det LUK A S dopachrome tautomerase 1.72530 0.44584 0.09137
mitfa /IR I AR 56 5% 5% T~ a melanocyte inducing transcription factor a 2.11617 0.56719 0.33466
asipl HI 55 A 1 agouti signaling protein 1 0.06009 0.48783 4.57802
pmela A B AKZ T [ a premelanosome protein a 13.61340 4.23566 4.72614
mlpha Mg M2 a melanophilin a 10.58490 2.72494 0.46046
Itk P40 i A2 1R % S BRI leukocyte receptor tyrosine kinase 1.42322 2.25221 6.56281
tipla EEHHH A a tight junction protein la 14.06780 26.04090 13.37309
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r_network)X] KEGG it B #E47 W2 70, J BLIE
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g, HARANM R, HEmR . 22 R R
AR A58 5 LA 3 A A 22 R R 2 (18 4)

2.1.3 XBMHub)EETEE (HH cytoscape HfHf
(1) Degree $-1 % 22 5 FRIA B R AT Hub 3£ 53#T,
FEXF P AT 10 HEPBEA T 1 (18] 5). ISR
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complex component 4, mem4), ZFEHEAEKR LA
BRI H(log,|FCl=—2.720)(Kl 5a); KA
T2 ) 2 S5 R R el AR B AR F e 22 1 R M IR R
S27a (ribosomal protein S27a, rps27a), %ZIEHTE

JE A F P (log,|FCl=1.675) (K 5b); JEE
58 20 RN I 0 241 A) 2% S A DR [E) AR B AR B 2 1 2
Wnt Z5 AL Sa (Wnt family member Sa, wntSa), %3k
RIAE M2 5 R R 3 (log,|[FCl=1.812)( 5¢).

EMC-Z/A&AHH /E A ECM-receptor interaction
WBhEE H A SRR

regulation of actin cytoskeleton

& Bt focal adhesion

B9 4 tight junction

M- L

vascular smooth muscle contraction
GnRH{%5# ¥ GnRH signaling pathway
20 A cell cycle

FhiM$ % #2 adherens junction

DNAZK f|DNA replication
CRIBEER Z ARG S BK

C-type lectin receptor signaling pathway
ErbBf5 5l #% ErbB signaling pathway
JIN i@ small cell lung cancer

VEGF {5 5@ VEGF signaling pathway
&1 %% pathways in cancer

B PRTRA ) SRR 2 R
progesterone-mediated oocyte maturation
W E{ 4 pyrimidine metabolism
[RIB3% 4% gap junction
BRERAN IR A7 3 oocyte meiosis
FEORIO-FNEEY & L

mucin type O-glycan biosynthesis
BB R

amino sugar and nucleotide sugar metabolism
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pattem and non-pattem

kA ribosome

ECM-ZA&AHH 4 F] ECM-receptor interaction
Fh#& BT focal adhesion

WshEE BB

regulation of actin cytoskeleton

B4 HE tight junction

2RI JE cell cycle

P38 L

vascular smooth muscle contraction

5 E{R i pyrimidine metabolism
PPAR{% 5@ % PPAR signaling pathway
BEFFRRL A TR

amino sugar and-nucleotide sugar-metabolism
FEABO-RIEAEY &

mucin type O-glycan biosynthesis
p53{55-##% p53 signaling pathway

BRREAH RSS2 oocyte meiosis
AHELFN R R 1 4 )-8 i, biosynthesis of unsaturated fatty acids
EH BE A s

protein digestion and absorption

B PR A5 PR O R 20 R
progesterone-mediated oocyte maturation
DU ERRREESES
adrenergic signaling in cardiomyocytes

A HIZEM 5T cell adhesion molecules

/NG iR small cell lung cancer

2 H BRAR S glutathione metabolism

EZFBER B vs W

pattem and abdomen

1 R pathway description
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8 JE A pathway description
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LR R gene ratio
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P{H P value
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(f§%E to be continued)
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(i 3 Fig. 3 continued)
38 R pathway description

i a4 R 2 AR A EAE A
cytokine-cytokine receptor interaction | o
ECM-3%{&#1H /£ ECM-receptor interaction
PPAR{% 5@ [ PPAR signaling pathway | o
Zh& B focal adhesion - o
#¥IEPE phagosome L ) P{H P value
MER SR | o ! D06

0]

vascular smooth muscle contraction
TGF-B{%53E % TGF-beta signaling pathway [ [ 0.04
FEHFRIE/LRIK protein digestion and absorption - @
AMATIBEMSL: | o 0.02

complement and coagulation cascades

FR] >k E%57% amoebiasis | o

FRBHREEEE - ® HELE
thyroid hormone signaling pathway @ gene number
Wntfi5 538 % Wnt signaling pathway | ® ®5
RB LB systemic lupus erythematosus ® 1
FLARREHAEOIRE [ © °
arrhythmogenic right ventricular cardiomyopathy - ® 15
REEME O LA viral myocarditis | g @ 20

Wi FENR prion disease Py
A MaFE M2 cell adhesion molecules

AEJEA#LLHLS% hypertrophic cardiomyopathy [ @
Y 3KRLO K dilated cardiomyopathy  ®

FERIEAEH Y v W 0 0025 0.050 0.075 0.100
non-pattem and abdomen HPH 3 gene ratio

B 3 SRAS TR X 38 7 IR 2 4 R 22 57 R iR L Y KEGG & 845
a. BIRB)MIAEERY)EIKALAE L, b, KRB RIEIR(W)EZIREA LA LL; c. AEEIZEY)FIEEBW) K RALUE L.

Fig. 3 KEGG enrichment results of differentially expressed genes between skin tissues in different regions of Siniperca chuatsi
a. Pattern (B) vs non-pattern (Y) skin tissue; b. Pattern (B) vs abdomen (W) skin tissue;
c. Non-pattern (Y) vs abdomen (W) skin tissue.
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o 8 ey Porphyria(@iabolis AmeDasis
et i I G O T 5 i D At slBgrmar | eopons @ | it
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.1 il > A VEGF sigi@lipg patheny
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Bl 4 SFASTR] X 38 57 ik 2 2 A 22 R R GA R R ) KEGG A% 0y 1%
a. WZEGB)MAEEZE(Y)ZRELM L b, BIZGB)FIETBW) IR LA L ; ¢, AR ZE YY) FE (W) B IR LU L.

Fig. 4 KEGG core pathway of differentially expressed genes between skin tissues in different regions of Siniperca chuatsi
a. Pattern (B) vs non-pattern (Y) skin tissue; b. Pattern (B) vs abdomen (W) skin tissue; c. Non-pattern (Y) vs abdomen (W) skin tissue.
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FEERFEE Y vs W

non-pattern and abdomen
colla2

b
EZFEEL B vs W

pattern and abdomen

a
ERMIEEEBvs Y

pattern and non-pattern

héd3b———ps21

B 5 BRAS TR DX 3R Bk 4 21 ) 25 57 3R 3A L K 19 Hub JE A X 2% 5]
a. FEGB)MIAEE R Y) R EL; b, EISE@B)FIEEBW) AR LA, . RIS (Y) R ER(W) S BRI Eb.

Fig. 5 Hub gene network map of differentially expressed genes between skin tissues in different regions
of Siniperca chuatsi
a. Pattern (B) vs non-pattern (Y) skin tissue; b. Pattern (B) vs abdomen (W) skin tissue;
c. Non-pattern (Y) vs abdomen (W) skin tissue.

214 NMFEREXEEWIE orpl.det.mitfa.
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2.2 RBHEEEMER tyr. tyrpl, det EERIRIE
22,1 HEPEBEREZEE OO Z Y07
PR I (& 7e). WS 1~5d (Kl 7f, g, h).

[ ET g5 LA . WA L R ORE 2, HERAM
m SEAER RT-PCR gRT-PCR W SZAHE R RT-PCR qRT-PCR m SEATE R RT-PCR qRT-PCR
ORI F RNA-seq B 5324007 RNA-seq O % AP RNA-seq
n=3; x+SE n=3; x+SE n=3; x+SE
tyrpl p 15 151 ¢ mttfaa
g g "
%g Jﬂ%g 10, 3§ Loy
® 8 SRS & RS
' & 0.5 §2Q5
% E = F kS|
£ £ "
0 0

FEAS sample FEAS sample FEZR sample
W LA} E & RT-PCR qRT-PCR W SZEE R RT-PCR gRT-PCR
BRI RNA-seq B %R ZHMF RNA-seq

n=3; x+SE n=3; x+SE
asipl tipla
40rd a a 6 25
= =
1] L S 201
B é * 1 ﬂg g 1.5 A
= 4 2 1or
g B £ RE £
' e s 1112 = o LOT
FE0r b 205
& b b 5
0 0
1 2 3 1 2 3
FEZAS sample FEZR sample

Bl 6 HRAN[R] X 38 J7 Jik 2 4 R] 22 57 e iR JE ) qRT-PCR Ml RNA-seq $iiE
AN TR BE 3R R 45 4 ] 22 7 Wik 35 (P<0.05)
1 RS 2: AREIR R IRAIZY; 30 M e ik 4 2L,

skin tissues in different regions of Siniperca chuatsi
Different letters indicate significant differences among groups (P<0.05).
1: pattern skin tissue; 2: non-pattern skin tissue; 3: abdomen skin tissue.

Fig. 6 qRT-PCR (black) and RNA-seq (gray) validation of differentially expressed genes between different
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Transcriptome analysis of body color pattern regions and expression
analysis of tyrosinase family genes during development in Siniperca
chuatsi

XIE Jinyang" >, LI Shuaishuai'**, XUE Wenbo" *?, CAI Kangning" >, ZHAO Jinliang"**, ZHAO Yan" %"

1. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture and Rural Affairs; Shanghai
Ocean University, Shanghai 201306, China;

2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai
201306, China;

3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China

Abstract: Siniperca chuatsi is an economically important freshwater fish in China that prefers to hide near stones
or lush grass at the bottom of water bodies. The back and body sides were yellow with dark brown markings, with
a white abdomen. Such a unique skin pattern is conducive to hidden predation and avoiding enemies. Research on
the formation of different color patterns in mandarin fish skin is mainly based on observing the types and
distribution of pigment cells, while research on the corresponding molecular regulation mechanism is relatively
scarce. In recent years, omics technology has been applied to the study of fish body color patterns, which can
identify candidate pathways and genes related to body color formation. The complex body color pattern of
Siniperca chuatsi has ecological significance and economic value. To explore the molecular mechanism of the
color pattern formation of Siniperca chuatsi, transcriptome analysis was carried out on the pattern area,
non-pattern area, and abdominal skin of the body side of Siniperca chuatsi. The expression changes of tyrosinase
family genes in Siniperca chuatsi from the embryo to 30 dph were determined using fluorescence quantitative PCR; this
showed that the differentially expressed genes between the three skin regions were mainly enriched in
ECM-receptor interaction, tight junction, adhesion, and other pathways, and the MAPK pathway was the core
pathway. The expression of tight junction protein la (¢jpla) in the non-patterned area was significantly higher than
in the patterned and abdominal areas. The expression levels of tyrosinase-related protein 1 (¢zyrpl), dopachrome
tautomerase (dct), and melanocyte-inducing transcription factor a (mitfa) in the patterned areas were significantly
higher than those in the non-patterned and abdominal areas. The expression of the agouti signaling protein 1 (asipl)
gene in the abdominal region was significantly higher than in the patterned and non-patterned regions. In the early
development of Siniperca chuatsi, the expression of the tyrosinase (#yr) and dct genes began to increase
significantly at the gastrula stage (P<0.05). The tyrpl gene began to increase significantly at 1 dph (P<0.05). The
expression of the #yr, tyrpl, and dct genes decreased significantly at approximately 7 dph and was maintained at a
certain level at 25 dph. In summary, tjpla, tyr, tyrpl, dct, mitfa, and asipl help form the body color pattern of
Siniperca chuatsi. The expression of tyrpl lags behind #yr and dct in melanin synthesis during the early
development of Siniperca chuatsi. The expression of tyr, tyrpl, and dct tended to be stable after high expression to
maintain pattern formation.

Key words: Siniperca chuatsi; body color; transcriptome; tyrosinase family
Corresponding author: ZHAO Yan. E-mail: y_zhao@shou.edu.cn



