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WE: Y THRRAZFeBAHMEET RO T, SRHETH2HAGKE (EFH4A
ek BARE) KIRA LN/ RNA &, A4 NER, A% ETFHEA05#F 12190544
Fo 11 891 890 4 it JE J& #y i ¥ (clean reads), 713 miRNA & 3 )5 7| 669 4>, H & 337 AN 2
B 41 #9 miRNAs, 552 A 38 BAREAR X T E# B 40k & f B 2 7 &35 miRNAs 26 4,
Hea EE LA, TRISA, HI2A K E 6 miRNAs, WA S oA EKeEet
ARV RAEETEEH. BEMMANTAERBMEEHAER XN ER. AREW, 4%

FaRAHHEETRTREECRAMNEATHH R, GRAMRNAERRAERL
PREEEER, AT FERAHERER R HIHEET A,
REi: a F Ak #; A, RERE; microRNA (miRNA)
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CEAFRERS: A

R RIS, DT U™ B 2 B4 2k
S RAVE RN AR B LA
T FH P S PR RS2 M, Y £ R 37 1 P45 J T
I T AR BRI . BE RN W RS
PG AR N TR AE BT RGE: P RGN 70 W
ARG, D4erdiiam i s, R 3h )
R, KBEMARKWEZEIERRY, 2311
TEFEVR M TR S M BUR AR IR I & . W%y
LMK (Rana chiricahuensis) TEAKIR (5 °C) &1 F
S 50 0 8 B Ik 2 € 4 B J 1 T 25 °C AR Y,
4t (Carassius auratus) Bk 6 R UTAE W B AE R B
H 26~30 °C ", AL B HE B AE 16 °C BY/KIR
TR S0d)E, HAGRAFKE, HRET
25~30 °C /Kl TR LLAR ), Pavlidis 55 B 5T
K, IR (Pagrus pagrus) TEAR/KIR (15 °C) B
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BB R R BRI, AE 19 °C B JZ IR B vk, IF
AR KR 8 ik RS B R AR s sk A TR B
T IR — 2D PR R A0 ST PG IR 7 35 A% 455 AU 35t
fERLRRTY, (HERT, WERSaRRaERN
MLHI LS ANTEHE

Hl, ARSI AELL S E iR @ o A 5
(354 5L B Al Ty T 20T J& T 32 5% .
45 3 FOARFIAR G (3 Ah) 205 A i iz Ik i s
2 FIl microRNA(miRNA) SCJE R 5007, ik
T E R RIBRK A miRNAs, %@ T2 4
)RR G BRI R D I e e d g
DI REFEAT T HER1T, [RIE, BEXT2r P R4
AW RS, B TIRED . R fiy
S SEXTLL W R A SR ADVRIR 6 R G 0 B
FHOCHEE PR SRR RE N . Ry T R GELL S 3 fa ik 4 )
A AR SR PLE], A DR AR Sk 4l K 2P R
THIRMESE, AWGEHE— 20X 2190 A a7 A 1)
PR AR S AH G 25 5 3R IA W miRNA #5147 T4, DA
Mgt ez 5 P& ik aE R n
miRNA FIJR¥EE B, Ak — 20 58 2 Fb 78 £
PRI S5 5 DR (028 S A AL AL SRl

1 bR i

1.1 SSREEHERRE

SUS 2T 2 A IR P K PR R AR 5 B
R K O AF 5T O B 0 2R 50 B . 2020 4F
1112 2021 48 3 JT & 1], @Bk Emamar
WA SRR T 0.13 hm® (2 1) MR, 303 [A]
TKIRRARE (18+1) °C., 2021 4F 4 F AN 45 g mT,
— BB AT A B AL (AR A (18] 1), e, 4y
T 10 H R (k21 (WP) FiliA (725 B (PB) M
HRREMLPRTE 4 B, FRAS AL Ty 8 E Y
FERRAA LY, HEEL Sl 4o WPL, WP2, WP3,
WP4, PB1. PB2, PB3 fll PB4, A E %G E T

(@) (b)
1 AFFEEBLH 2 kLR
() ALK, (b) PR BAE.
Fig.1 Two skin color types of red tilapia

during overwintering
(a) WP, (b) PB.
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—80 °C VKA IRAF, T J5%E RNA $EHCGHE
1.2 RNA 2. RN F

& A TRIzol (Invitrogen, 3% ) ik AP
Ik 40 7 R0 2100 . RNA . $2 LAY RNA B &5
FHET NG WHBEE IS HL K 0BT RNA REFRFEE DL 2R A
75 %, 28S(Sedimentation coefficient 17T [ % %4) #%
A DNA(ribosomal DNA, rDNA) Fil 18S rDNA 4
W, H 28S : 18S SR LHIRZZ2:1, 5
& WA B ), $& 5 A Nanodrop (Thermo Fisher
Scientific, BRIMS, Cambridge, 3% [#) % illl RNA )
4l (OD,g0080 HUER 1.8~2.2), #5H] Qubit(Thermo
Fisher Scientific, 3% &) Xt RNA ¥ & i 1745 ) 1
& (RNA B¢ 5 ¥ =500 ng/pl), FH Agilent 2100
(Agilent Technologies, 3% [E) K5 £ Il RNA [ 5¢
M, RNA 77158 % 4 RIN (RNA integrity num-
ber)=7,

WP FI PB 41 4 J2 1Y 52 Jik RNA A i 73 31
e, X TR AR R RNA BEA, ] 15% %
PN s T P B J5¢ P UK 2 A /) RNA(18~30 nt) 43 5 5
IYEJE /N RNA S OBETIE B O, BEEN
/NRNAFEAR, #HfE TruSeq Small RNA (sRNA) Sample
Preparation Kit (Illumina, RS-200-0048) 5 ¥ M i
FEA 8 N SCJFE (WP Fl PB 4145 4 4>), 1115 T4
HEAEME %, RNA 5% h cDNA, PCR Y1,
140~160 bp #% R 7 B alifb 5 817, RIS AR
/N RNA SCPE o %4 #4719 SC 7 Tlunima Hiseq
HEAT 150 bp x 2 XU T .

1.3 miRNA ¥E

XF UG i dh (raw reads) JEAT BiA o4, Ml
FastQCHX {4 (http://www .bioinformatics.babraham.ac.
uk/projects/fastqe/) XA A (14 I J3> 54 ot #22 34F 47 7T
AL PEAS o 5 cutadap™ . FASTX-Toolkit (http://
hannonlab.cshl.edu/fastx_toolkit) #1 NGSQCxToolk-
it™ JEBR % A adapter. % N i 280 & KL &
B EE L (reads), U85 O B A48 it ug fs
MK (cleanreads), FHT L. f#H SOAP &
J¥ (http://soap.genomics.org.cn) ¥ clean reads kb X
e B Bt KM (NCBI B 5E5: GCF_00185
8045.2), #RJFilid FbX)%] Rfam (http:/rfam.sanger.ac.
uk/) #1 GenBank (http://www.ncbi.nlm.nih.gov/gen-
bank/) % 4% J2E 0 6 tH B B 18 RNAs (RNAs), %%
#% RNAs (tRNAs), /)% RNAs (snRNAs) Fl /N
{~ RNAs (snoRNAs). FfiJ5, ik i 5 51 b XT3
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miRBase H(Ji/% (http://www.mirbase.org/) % H £
1Y miRNAs . fii F MIREAP %14 (https://sourcefo-
rge.net/projects/mireap/) Xf A& ¥ B¢ sSRNAs reads #17
7 miRNAs (T, Gl RNA bR 90454 |
IEN 5 FN A T3 B sSRNA AT Fb X 21 35 PR 41 A B/
H BB TT0M . (M ggplot2 (http:/www.
R-project.org) #47 sRNA 1K /51T

14 ZE=%FR1X miRNAs H4f

T 56X & miRNA 7E& A1) reads BOHAT
411, H RPM (reads per million) Xf A [A] K 7% [i]
miRNA [ R EFHATRIB BRI, AEFA
RPM=%} 1> miRNA %% H (<107 miRNA %% H
o X AR T B R FH edgeR R AP HEFT AN [H]
L Z B LR, ARE miRNA J& 7525 55 2R 4
7= 5 4% 35 miRNA(differentially expressed miRNAs,
DEMs) (5 2E 5514« #5154 (FDR)<=0.05 H.
[log,FC[>=1,

1.5 DEMs #0EE 7

miRNA 38 8 5 5 & 1) mRNA FE [ 25 55 5%
RN LR BRI, X EEEE IR miIRNA AT
FE L HETEAGE N A miRNA, FR 4 LA+
X 5L 3-UTR K 2P EANCR, 455
H H BEFIAH 5318 DU R Tl miRNA SRR S T
i — 204k e T 45 SR A MERR M ASBIESE R R
miRanda®', Targetscan™ fl RNAhybrid*" %5 3 4
BAERF T %52 3 miRNA JEAT R IER T, 2
#: miRanda, fE & B {H (energy threshold)< —20
H. score >=140; RNAhybrid: & (< —20 H P
{H <0.01, 3 MERAFHR ST T 3 040 5L A by d
2 miRNA $5E K T 25

1.6 DEMs $EEFEIhgEEETHT

B oy B 4R e R R AR S
i FEIHE . Gene Ontology (http://www.geneonto-
logy.org/) J& 3 [H D) ge [ Prpn v o itk & . A
clusterProfiler R f. X i} 3 25 7 % 75 miRNA #13L
RITEREAS BE R 2H B TE RS 50 R AT I RE & 4R 07 -
YR IE G 8 PAE (P adjust)<0.05 B, Ak A%
UIRE A 7E i % W N L . KEGG (http://www.gen-
ome.jp/kegg/pathway.html) J& A &1 i} i % 1 3= 2
NIHAEE . KEGG & &0 LUl i B4, il
HI clusterProfilerR £, N H 88 JLA £ 55, 4k
A SR AR S, 7522 7K 1K5 miRNA
HEJE DA b W 2 R A R B . R YR RS
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P<0.05 i, AT i B A7 A k2 W AR oL, WD
AL B FE AR B 2 AR h izl

1.7 SERJ3EE 8 PCR(qPCR) 31

T BRI T A R R B, SCIS R ALk
T 104~ DEMs #£47 T qPCR ¥3iF . >R F miRNeasy
A& (TaKaRa, H1[E) $2H miRNA, SR 548
Mir-X™ miRNA 5 —#f & ik ) & (TaKaRa,
[ ) 14 3 25 B8 I %% 5% i cDNA #E 4z . qPCR £
CFX-96 Real-time PCR & 4t (BioRad, 3% [#) #17,
FCNEAR Z S 25 pL: 12.5 uL 2x SYBR Advantage
Premix(TaKaRa, H1[E), 2 uL cDNA #itl, 0.5 uL
miRNA F¢5PE51 411 0.5 uL miScript 38 FH 5147 (10
umol/L), 9.5 uL H,0,. JZ B 45 : 95 °C 10 s;
95°C5s, 60°C20s, 340 MEH . U6 snRNA
YERW S, miRNA X EE R 2 )
Bt

2 4R

2.1 sRNAMFLER

{85 FH FastQC XA A 1 I 7y £ 4 Jot &t 32F 17
WA G, RBUFEAI 7 5t B4 . % B k17
kS, 4% 9E i WP HI PB 3CJE 3 9IS 44 3k
54 14 748 358 Fll 12 981 453 %% raw reads, Xf Jij
12 190 544 1 11 891 890 4% clean reads (% 1), X}
G B S HEFT sSRNA K E g it &AL, H
WE(E 4N 22 nt,

2.2 miRNA HEEMERRIEDTHT

%of 15 € 5 1Y clean reads #F4T miRNA A9,
L3R4S miRNA HEAFS] 669 4>, Hidr 337 B
f) miRNAs, 3325 ) miRNA, X 8 PHEA
14 PLE RPM {H K F 1 1Y 369 & & miRNAs JT
Gk 2R Rk, S5RER, PB AR WP 4
s e 26 4 I 3 22 5 R0 miRNA, Hr |
WA, T 154 (B 2). 26 M EFEIE
) miRNAs f145 14 8 ) miRNAs, 12 ~C A
miRNAs, H # PBHI X+ WP Ll A9 94~
miRNAs, £ 4% miR-203a, miR-200a, miR-200b,
miR-725, miR-10544 ., miR-204a, miR-429b. miR-
129 Fl miR-10581c, [ 3 /> A miRNAs,
% miR-10581a, miR-217 Fl miR-499,

& miRanda. Targetscan fil RNAhybrid 3 >
BRI A S 58 319 miRNA HE47T 80 5L Fm) . 3
AT A miRNAs 7', miR-10581a Fili 3 4 /> 40
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1 £I5 e R BK small RNAs (sSRNAs) I FF 512174
Tab.1 Summary of the small RNAs (sRNAs) sequencing data in red tilapia

EaTES R Fr 41 puRl Y =Vs 2] SRR IE UG I8 JE /G 20/% 30/%
samples raw reads clean reads raw base clean base Q ° Q °
PB1 12103583 11349976 0.6052 0.2679 99.24 97.35
PB2 12964308 12120464 0.6482 0.2773 99.17 97.33
PB3 12135178 9628621 0.6068 0.2131 99.31 97.69
PB4 14722746 14468499 0.7361 0.3628 99.30 97.69
WP1 16442786 16032249 0.8221 0.4199 99.27 97.53
WP2 14408097 12632980 0.7204 0.2862 97.71 95.09
WP3 12839919 6756960 0.6420 0.1471 99.28 97.53
WP4 15302630 13339987 0.7651 0.3034 99.21 97.29
4 .
2t
o 3L
0| 2
>
5 <,
S 9 =
)
2
| 1+
-4 |
T L L L 0 L L L L
0 5 10 15 —4 -2 0 2
logcounts logFC
(a) (b)

2 HEHTFEAHGELITIES miRNA ZR KL MA B (a) FIAWLE (b)
(a) MA [, Bt miRNA £IEBE 5 RIEFEHMEIRR, BABFRRR counts 00 B fE, MAIRRREFREGEONEE: (b) kLKA,
W miRNA RIEFGH S G F REREL L RR, BB ERZERREERONSEE, HLFRRRBOTEUS K FDR AE, AR ERK,
ERMEE: HhEA A&~ miRNA, P OERR R 2R miRNA, B OAEK TNHEZZR miRNA, KOERREEZEZR
miRNA,
Fig. 2 MA (a) and volcano diagram (b) of miRNA differential expression in different skin colors of
red tilapia during overwintering period

(a) MA plot, which reflects the relationship between miRNA expression level and expression multiple, the y-axis represents the logarithm of fold change
and the x-axis represents the logarithm of read counts; (b) volcano diagram, reflecting the relationship between miRNA expression multiple and statist-
ical significance, the x-axis represents the log value of differential expression multiple, and the y-axis represents the logarithmic FDR value; the larger

the y-axis value, the more significant the difference; each point in the figure represents a miRNA, where red represents a miRNA with significant up-reg-

ulation difference, blue represents a miRNA with significant down-regulation difference, and gray represents a miRNA with no significant difference.

FEH, 4y 50k fa 2 1 18a (keratin 18a, tandem  BRAYIELIN, 4Bk 2k B (1 Z 4K (netrin receptor

duplicate 1), i %51z ATP i (ATP7a). &% %E fif
[A ¥ (Tu translation elongation factor) 4122 7T I A
#£ H (neuronal membrane glycoprotein M6), MiR-
217 #EhRE) 2 AN, 35 9 HTIH T8 H NRI3
(anti-apoptotic protein NR13) 1 i i % iz &£ [ 1
(choline transporter-like protein 1), il miR-499 H it
ME] 1454 18b E &5 @AM E P51 (leucine
rich repeat containing 18b) F#I KL,

E 84 DEMs 1, miR-725 #8455 4 4 I
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UNC5C) % A . /M RNA BTG 2 & 1K £ ik 3
(small nuclear RNA activating complex polypeptide
3) # W | E3 92 K % BB (E3 ubiquitin-protein lig-
ase rnfl146) K& K Fl 4 8 11 & & ¥ 51 (ankyrin repeat
domain 33Bb) #£[H, MiR-10581c #IFrE] 14 AL,
A0, i 2 2 25 11 B JAK2 (tyrosine-protein kinase
JAK2)EEDA | & & P e 5 AR H 2R 9 2 1 o 2
(cysteine and glycine-rich protein 2) FE | B % R
i & i [oxoglutarate (alpha-ketoglutarate) dehydro-
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genase b] FEA | Il 41 M EG R 1 1 (vascular cell
adhesion protein 1) K | R it & (methylen-
etetrahydrofolate dehydrogenase) J&[H | £EFEEEH 501
(zinc finger protein 501) & A F L 2 85 11 22 #H G 2R
[ 1 (actin filament-associated protein 1) 2£F4, MiR-
204a [FJFE TN S 14 DNEEIE, AL 65V I A
C2 (cold shock domain-containing protein C2) & [A] |
B bR E FEZ K (alpha-1A adrenergic receptor-like)
LR | 48P %E H 8 H 8 (gap junction protein alpha
Q) F:H . it M1 H & 4% (ankyrin repeat) FE[H . N
BZFR (endothelin-2) JEP | 12 ZFr 52 KE 10 (ubi-
quitin specific peptidase 10) %& K F1 GTP 45 & & H
(tho-related GTP-binding protein) 3 [X 4 . MiR-129
ARE] 17 N EE P, HE LIM 459 50 EE 1 (LIM
domain kinase 1) 5E [ | Z& f 4 2% 4 1R 25 11 S15
(mitochondrial ribosomal protein S15) K | K H
(keratin) & X . ADP % & W % % i &t 3 (ADP-
ribose polymerase family, member 3) & P F1 4l fifd #
T2 [ 7 (caspase 7) #E[H % . MiR-10544 T 5|
AL 244, 3% GTP 454 & 11 (GTP-binding
protein Rhes-like) FEA . W EE X 5Z 1A (retinoid X
receptor) & A . RAS U HE P K 5 M 7t (RAB39B,
member RAS oncogene family) 3K | 22 (R /75 &
12 %5 1% (serine/threonine-protein kinase BRSK?2)
FEPR G/ E A B S (calcium/calmod-
ulin-dependent protein kinase) J X Al i 2 1 & 3k
(myelin protein zero) J&H 45 .

R T BRI P A R AR T, LS BEDL PR
T 10 41> DEMs #E47 T qPCR B64iE, Hid PB AHXT
F WP 41 AR I 1 DEMs 43051 54>, 255
7~, JTA L miRNAs 132 88 = 5 00 7y 45 51—
H, 5T miRNAs 1y 4 D FRIRE L 507
ER—3, R FE5 0T AE B e (18] 3),

2.3 E5FIE miRNA LEFAINEEESI

XF T A 2 5 %35 miRNA (19 8 5L K 54T GO
B AR KEGG B8, AR HOB 7 i D g
B GOBEMNT EEILEE] 3 K3, 45kt
/SR U N1V VR4S 7 | s e T O S W G o/ Bl
EHAEMEER SRS, HROEHMA 5. X34
JE0) v SR AR SR AT 20 > GO DI RE IS 22 il 1K
M (E4), R EE R 0w R s i
e 2B . R R | i AR AT 40
KB, EHERERE, AR EH S G Z TR
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m qPCR o RNA-Seq

12 3 45 6 7 8 9 10

miRNA £ Fx
miRNA name

3 MR qPCR B miRNA FRikEE
Fig. 3 Comparison of expression between qPCR and
Illumina sequencing in one comparative group between
PB and WP of red tilapia

1. miR-1058a, 2. CUGGCGGCGACUCUGGACGCG, 3. miR-203a,
4. GGGGAUGUAGCUCAGUGGUAGAGC, 5. miR-200b, 6. miR-
725, 7.miR-10544, 8.miR-204a, 9. miR-217, 10. miR-499.

B REDRRWEFEEZI ., DA HBES
LB B P DI RE R OB R P RS . ZoobifAe . Zekifk
FE . R 2R AR MICOS B A WI%5 ., 7 FIhifie
i R A A D RE R 2 R AR Y
WA ARG PR H S 7 A% i 0% M R B R S i R T
.

Ak, KEGG g Hras R s, GO EE20
A% . Wnt {550 . Notch {5 5@ I . 4515
SR Apelin {5538 B 32 B AEE B (4 5).

3 i

ARG, AR A R 2T B R A X T
KAFBAMK, B 91 H miRNAs I T A,
£, 4% miR-203a, miR-200a, miR-200b, miR-725.
miR-10544, miR-204a, miR-429b. miR-129 I
miR-10581c, miRNA 782 DI REAT 5T T A
PR, 7EES5sh ¥t , miR-203a A] 401 AH 56 7 240
(3G FE Y, AT AR RS L R 4 i A S R R 1
NI bk P R A0 B ) 3 5 A R Y, miR-200
F M (miR-200a, miR-200b, miR-200c. miR-
141 F1 miR-429) I\ S b Bz 3R AL 0 B A 422 [A]
F 2z —, H455 4145 E-box homebox1 Fl 2(ZEB1
1 ZEB2)3'UTR(3'AE 4 A5 X ) |- 11 miRNA i I
PRI ZEB1 Al ZEB2 {3k | [ d 3k
miR-200 ] #1J1 il Z2 B W2k b Jeg 4 i i 3 0 . AR
FRZERe 100, ARRAYHAIESS i, miR-204 A] &
28 R 9 40 O AE T, miR-129 A Sk — S8 43
T fiebggg ) & J R
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PB_WP A5 2w 4 &

GO_BP enrichment for PB-WP

PB_WP Zfifu 4153 & SE K
GO_CC enrichment for PB-WP

PB WP% 1 UIRE = 4L

GO_MF enrichment for PB-WP

1 ¢ 1+ 1Fi e
2t 2t 2 |
3 L. 3 I8 3 b
4 S K E/ A 4 o FERH/ A 4 LR/ A
S5t o genes no. 5t genes no. 5k genes no.
[} or 8l 4 Q or ® 5 5] or e 10
E 7y ® 6 E 77 ® 10 E 7y e 20
= 8 ® 38 = 8t o/ @ 15 <2 8¢t ® 30
TEo ® 10 FE o} of @20 TE ok R
2 210 2210} . 2E210f
BT EEET BT} o ERET RT 1 AT
?ﬁé SI12§ rich factor ﬁg g 12 e rich factor i ﬂé 12 K rich factor
ECREN S13t 513t 0.4
Egf @ I°'3 E14f !02 E 14 L !0‘3
o 02 Q B o
15 : 15t o 15 | 002
16 | . 0.1 16 | 0.1 16 R
17 0 17 | = 17 | 0
18 | 18 | 18 |
19 K 19 t 19 t-
20 20 F o 20 O
1 2 05 1.0 15 20 10 20 30
—log10/(P.adjust) —log10/(P.adjust) —log10/(P.adjust)
(a) (b (©)

El4 GO EEIEEHSE
() AP R E R, LR, 2. (RNA B JREFIEM, 3. (RNA 34k, 4 BIREIEM, S RTRAE, 6 SR, 7. 3 i T41H
AT, 8 B RYI, 9. MATER, 10. Fxfi$E, DNA -BH16, 11 mRNA BT BT R8T #2, 12. mRNA 0L, 13 AR #E,
14, 3 AR, 15 L4fisrth, 16 LR E, 17. BE5E4E, 18. DNA EHliaas, 19. AR, 20. IHEBRIFCE-HTT G & -1
S5 ) M NFER, 1LZ -, 2. RN TEE, 3. SWIUSNF &1k, 4 8EEE &, 5 BIIL, 6. Lkitk, 7.4k
PR, 8. ZRRIAREETT, 9. RKIAAMMEL, 10. MICOS E&4k, 11 dimLziRik, 12. WERMBA L, 13.1n080 E &1, 14 EHEEAE G,
15 RIRE O - g sNET, 16, 416, 17. 4UMBECREN FG, 18 UMMM R %5z, 19, TRIBL A e 4 1F, 20, M HE e AAF: () T3
REESRM, 1 RHRRRE MR T, 2 R EEE M, HR SRR, 3.5 RM DNA A MERIHEX S, 4. KA EASE, 5 40
S FIETE, 6. IRERECIRIRII MRSy, 7. K5 DNA &4 751, 8. AL/ 2 RBREEYE, 9 RALER/ADAMRBIEME, 10. &
BRI R A, 11 PR RS E G P, 12, WO, 13, KRB TEE, KM O BURERAL G, 14, MRFERG R, 15, GTP RS M,
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Fig. 4 Scatter diagram of GO enrichment function

(a) scatter diagrams of biological process, 1. visual perception, 2. tRNA wobble uridine modification, 3. tRNA methylation, 4. translational elongation,
5. somitogenesis, 6. response to light stimulus, 7. regulation of hematopoietic stem cell differentiation, 8. pigmentation, 9. neurogenesis, 10. negative reg-
ulation of transcription, DNA—templated, 11. mRNA splicing, via spliceosome, 12. mRNA processing, 13. metabolic process, 14. hemopoiesis, 15. eryth-
rocyte differentiation, 16. erythrocyte development, 17. dorsal convergence, 18. DNA replication initiation, 19. cell communication, 20. adenylate cyc-
lase—modulating G protein—coupled receptor signaling pathway; (b) scatter diagrams of cellular component, 1. Z disc, 2. transcription factor complex,
3. SWI/SNF complex, 4. spliceosomal complex, 5. nuclear pore, 6. mitochondrion, 7. mitochondrial membrane, 8. mitochondrial matrix, 9. mitochon-
drial inner membrane, 10. MICOS complex, 11. intermediate filament, 12. integral component of endoplasmic reticulum membrane, 13. Ino80 complex,
14. connexin complex, 15. collagen—containing extracellular matrix, 16. cilium, 17. caveola, 18. bicellular tight junction, 19. anchored component of
plasma membrane, 20. anchored component of membrane; (c) scatter diagrams of molecular function, 1. translation elongation factor activity, 2. trans-
ferase activity, transferring phosphorus—containing groups, 3. transcription regulatory region sequence—specific DNA binding, 4. syntaxin binding,
5. structural molecule activity, 6. structural constituent of eye lens, 7. sequence-specific DNA binding, 8. protein serine/threonine phosphatase activity,
9. protein serine/threonine kinase activity, 10. protein heterodimerization activity, 11. methyltransferase activity, 12. kinase activity, 13. hydrolase activ-
ity, hydrolyzing O—glycosyl compounds, 14. helicase activity, 15. GTPase activity, 16. double-stranded DNA binding, 17. calmodulin binding, 18. cal-
cium channel regulator activity, 19. adrenergic receptor activity, 20. 2-oxoglutarate-dependent dioxygenase activity; the x-axis represents the degree of
enrichment, which is represented by the corrected P value; the higher the value is, the more significant the enrichment is; the point to the right of the lon-
gitudinal dotted line is significant enrichment, the y-axis represents the enrichment items; the color of the dots represents the enrichment factor, repres-
enting the enrichment degree, and is the ratio of the number of target genes annotated to this category to all genes annotated to the GO; the size of the dot
represents the number of target genes; the top 20 GO functional classes with the highest enrichment degree in the corresponding classification were selec-
ted and drawn.
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Fig.5 Scatter diagram of KEGG pathway enrichment

1. Wnt signaling pathway, 2. TGF-beta signaling pathway, 3. taurine and
hypotaurine metabolism, 4. sphingolipid metabolism, 5. RNA transport,
6. protein processing in endoplasmic reticulum, 7. phototransduction,
8. phosphatidylinositol signaling system, 9. other glycan degradation,
10. oocyte meiosis, 11. Notch signaling pathway, 12. necroptosis, 13. ino-
sitol phosphate metabolism, 14. ErbB signaling pathway, 15. citrate
cycle (TCA cycle), 16. calcium signaling pathway, 17. butanoate
metabolism, 18. autophagy — other, 19. arginine biosynthesis, 20. Ape-

lin signaling pathway.

[, ASBIFE v A S0 (o A0 PR 21 %0 3 £ AH
Xt F KA BASR T A 34 B miRNAs £ 4§
miR-10581a, miR-217 Fl miR-499, 7 &% 30y h
WF5E & B, 0] miR-217 T 400 5k 95 40 B f) 389 5
TRMIRZE miR-499 7TELEh &R FE, &
50 LA A A PR 407, T BT R Ay i 5 A Xt
SHAIT R I ERY AR E RS, miR-499 H
T E] 1 AN, HIEHNERNEAE 18b
TRARBELEITY, M SRARELTIN G
T I 2 A 6 38 1 Wnt/B-i% FR 8 1138 8% 7] X 45
W s SWA480 AU | (ZZE PR T 7= gt

R E K7 2: 2 E /) sponsored by China Society of Fisheries

i T miRNA 77K = 3h¥) - DI REmFseis oA R,
DEMs 7£ /& 55 sl ) v 1) T 6 K 22 5 40 ik 17 3 7 A
ERA G, Mg AED FEA 58 I B X ok PG W41
% £ A A €5 B R A, AR T SR 9 |
AL It R A (070 57 v e S (L AN 38 Bh T3
% DEMs [ RBFGE K B, HKRZ N LY
A SCEE T, AR 2 A OGN A0 M 5 7
FHOCHE S o (HASTE MY J2, miR-10581c HYHEIE A
1% 24 1R B 11 U JAK2 Rl &% F bk & e Fn H 2 i
(8 (A AT BE S 5 21 W HE Aol & R B 1 98T
ik S I B 1A D A T LA O S I TE AR 5
R REZEEMNEND, SHEZKRSEE
(s 5 T ) 2 2 5 . k. JE
T KR RETR AR . MR R R A s, AR
M bl A A 2 TR, SR Tl A R A R
FE A P B B BB, T e R A £
EL RO v i L PR R A B B T 4 R A R A
Ak, 255351 miR-204a FUFR BV N I 1
B AR EREZURIEIN, DEILT % 3 f f A i A
05 51 g2 BV LR N 3 I R GE IR
Agh, GO &Y it E g, BRI
BUAHF ) 22 % (dorsal convergence) IJj RE RJ BE A1 4T
Al £ 10 o R A0 AT RS R AR €078 PR T A O
GO i i 20 43 5 B2 5 4 B 5 2oy PR 10 AH OG A 2
. KEGG & 5 i 5 42 2y U1 BE: 41 B ps 45050 24
Wnt {55 538 % . Notch {5 538 % . 515 53 f& Al
Apelin {5 53 B 55, $275 00 2638 5 T RE7E 41 2 A
o f AR A B R PR AR . E R
B 20k £k 53 2438 1T RE 5 41 % A £ I AL T R
RE WA K., Wnt {553 M 2 BIEL S 5H s
YR E ALY R B, Notch (553 42 5 40 il
TG T S5 AR 78 /N (Mus musculus)
5T & B, miR-129-1-3p 4 5 194515 53 i 16 5L
i 96 440 M P9 A R R G RS o R AR TS, miR-129
WS AHEZE P % Y 1 miRNA,  Apelin £E 4
— R AL I T, SHAZ RS A R ER N &
BTz WA e, 25008068« RRE
iy . GPEDIBE |« WERR IR & AT sh R T,
XTI L sh P i R —Fh B E R,
FKEHWMOCLKRIT 6 Fi RN, (5 mika
MR AR AL TN 2 255, ARBFGR R, %k
TR A SO P A 785 S T € 2 400 B A 3 A R RS
TE R, 55 A 56 A o 3 3 s e e R 4

https://www.china-fishery.cn



E2H, 5

A

IR, 2023, 47(4): 049602

YERT, T miRNA A5 (1) 2238 P 42 B AT o 2tk
—ﬂa‘ﬁ/\ﬁﬁ% o

({4 F AL E IR g A fl s K )

SE ik (References):

[1]

[81]

[91]

Abdullah S, Omar N, Yusoff S M, et al. Clinicopatholo-
gical features and immunohistochemical detection of
antigens in acute experimental Streptococcus agalactiae
infection in red tilapia (Oreochromis spp. )[J]. Springer-
Plus, 2013, 2: 286.

Pradeep P J, Srijaya T C, Hassan A, et al. Optimal condi-
tions for cold-shock induction of triploidy in red
tilapia[J]. Aquaculture International, 2014, 22(3): 1163-
1174.

Zhu W B, Wang L M, Dong Z J, et al. Comparative tran-
scriptome analysis identifies candidate genes related to
skin color differentiation in red tilapia[J]. Scientific
Reports, 2016, 6: 31347.

Wang L M, Luo M K, Yin H R, ef al. Effects of back-
ground adaptation on the skin color of Malaysian red
tilapia[J]. Aquaculture, 2020, 521: 735061.

F2EH, R, RSO, &R BEXT DRSS E
AW R R T]. 7K 254, 2018, 42(1): 72-79.
Wang L M, Song F B, Zhu W B, et al. Effects of temper-
ature on body color of Malaysian red tilapia during over-
wintering period[J]. Journal of Fisheries of China, 2018,
42(1): 72-79 (in Chinese).

Nitzan T, Kokou F, Doron-Faigenboim A, et al. Tran-
scriptome analysis reveals common and differential
response to low temperature exposure between tolerant
and sensitive blue tilapia (Oreochromis aureus)[J]. Fron-
tiers in Genetics, 2019, 10: 100.

McCormick S D, Moriyama S, Bjoinsson B T. Low tem-
perature limits photoperiod control of smolting in
Atlantic salmon through endocrine mechanisms[J].
American Journal of Physiology-Regulatory, Integrative
and Comparative Physiology, 2000, 278(5): R1352-
R1361.

Pavlidis M, Karkana M, Fanouraki E, et al. Environ-
mental control of skin colour in the red porgy, Pagrus
pagrus[J]. Aquaculture Research, 2008, 39(8): 837-849.
Fernandez P J, Bagnara J T. Effect of background color

and low temperature on skin color and circulating o-

https://www.china-fishery.cn

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

MSH in two species of leopard frog[J]. General and
Comparative Endocrinology, 1991, 83(1): 132-141.
Gouveia L, Rema P. Effect of microalgal biomass con-
centration and temperature on ornamental goldfish
(Carassius auratus) skin pigmentation[J]. Aquaculture
Nutrition, 2005, 11(1): 19-23.

Long Y, Song G L, Yan J J, et al. Transcriptomic charac-
terization of cold acclimation in larval zebrafish[J].
BMC Genomics, 2013, 14: 612.

Liang L Q, Chang Y M, He X L, et al. Transcriptome
analysis to identify cold-responsive genes in amur carp
(Cyprinus carpio haematopterus)[J]. PLoS One, 2015,
10(6): e0130526.

Hung I C, Hsiao Y C, Sun H S, et al. MicroRNAs regu-
late gene plasticity during cold shock in zebrafish
larvae[J]. BMC Genomics, 2016, 17: 922.

Qiang J, Cui Y T, Tao F Y, et al. Physiological response
and microRNA expression profiles in head kidney of
genetically improved farmed tilapia (GIFT, Oreo-
chromis niloticus) exposed to acute cold stress[J]. Sci-
entific Reports, 2018, 8: 172.

Wang L M, Zhu W B, Dong Z J, et al. Comparative
microRNA-seq analysis depicts candidate miRNAs
involved in skin color differentiation in red tilapia[J].
International Journal of Molecular Sciences, 2018, 19:
1209.

Wang L M, Bu HY, Song F B, et al. Characterization
and functional analysis of sic7all gene, involved in skin
color differentiation in the red tilapia[J]. Comparative
Biochemistry and Physiology Part A: Molecular & Integ-
rative Physiology, 2019, 236: 110529.

Wang L M, Jiang B J, Zhu W B, et al. The role of
melanocortin 1 receptor on melanogenesis pathway in
skin color differentiation of red tilapia[J]. Aquaculture
reports, 2022, 22: 100946.

Wang L M, Zhu W B, Yang J, et al. Effects of dietary
cystine and tyrosine on melanogenesis pathways
involved in skin color differentiation of Malaysian red
tilapia[J]. Aquaculture, 2018, 490: 149-155.

Martin M. Cutadapt removes adapter sequences from
high-throughput sequencing reads[J]. EMBnet Journal,
2011, 17(1): 10-12.

Patel R K, Jain M. NGS QC Toolkit: a toolkit for qual-
ity control of next generation sequencing data[J]. PLoS

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.1186/2193-1801-2-286
http://dx.doi.org/10.1186/2193-1801-2-286
http://dx.doi.org/10.1007/s10499-013-9736-4
http://dx.doi.org/10.1038/srep31347
http://dx.doi.org/10.1038/srep31347
http://dx.doi.org/10.1016/j.aquaculture.2020.735061
http://dx.doi.org/10.3389/fgene.2019.00100
http://dx.doi.org/10.3389/fgene.2019.00100
http://dx.doi.org/10.1152/ajpregu.2000.278.5.R1352
http://dx.doi.org/10.1152/ajpregu.2000.278.5.R1352
http://dx.doi.org/10.1111/j.1365-2109.2008.01937.x
http://dx.doi.org/10.1016/0016-6480(91)90113-K
http://dx.doi.org/10.1016/0016-6480(91)90113-K
http://dx.doi.org/10.1111/j.1365-2095.2004.00319.x
http://dx.doi.org/10.1111/j.1365-2095.2004.00319.x
http://dx.doi.org/10.1186/1471-2164-14-612
http://dx.doi.org/10.1371/journal.pone.0130526
http://dx.doi.org/10.1186/s12864-016-3239-4
http://dx.doi.org/10.1038/s41598-017-18512-6
http://dx.doi.org/10.1038/s41598-017-18512-6
http://dx.doi.org/10.3390/ijms19041209
http://dx.doi.org/10.1016/j.aqrep.2021.100946
http://dx.doi.org/10.1016/j.aqrep.2021.100946
http://dx.doi.org/10.1016/j.aquaculture.2018.02.023
http://dx.doi.org/10.14806/ej.17.1.200
http://dx.doi.org/10.1371/journal.pone.0030619

&
d

PN

IR, 2023, 47(4): 049602

(21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

One, 2012, 7(2): €30619.

Robinson M D, McCarthy D J, Smyth G K. edgeR: a
bioconductor package for differential expression ana-
lysis of digital gene expression data[J]. Bioinformatics,
2010, 26(1): 139-140.

Betel D, Koppal A, Agius P, et al. Comprehensive mod-
eling of microRNA targets predicts functional non-con-
served and non-canonical sites[J]. Genome Biology,
2010, 11(8): R90.

Agarwal V, Bell G W, Nam J W, ef al. Predicting effect-
ive microRNA target sites in mammalian mRNAs[J].
eLife, 2015, 4: ¢05005.

Kriiger J, Rehmsmeier M. RNAhybrid: microRNA tar-
get prediction easy, fast and flexible[J]. Nucleic Acids
Research, 2006, 34: W451-W454.

Wu T Z, Hu E Q, Xu S B, ef al. ClusterProfiler 4.0: a
universal enrichment tool for interpreting omics data[J].
The Innovation, 2021, 2(3): 100141.

Yuan Y, Zeng Z Y, Liu X H, et al. MicroRNA-203
inhibits cell proliferation by repressing ANp63 expres-
sion in human esophageal squamous cell carcinoma[J].
BMC Cancer, 2011, 11: 57.

FeAeT, TR, TR, S miR-203 KR IA BAR I E
0 L 21 b 5 2 A 1) 2 B Lk NI R Ik P B 40 B
HUIL #1052 W [J]. 20 0 5 2 7 % 2 e &, 2013,
29(6): 589-592.

Zhu H Y, Zhang X, Zhang X, et al. Construction and
expression of recombinant lentivirus encoding miR-203
and its inhibitory effect on proliferation and migration of
human umbilical vein endothelial cells[J]. Chinese
Journal of Cellular and Molecular Immunology, 2013,
29(6): 589-592 (in Chinese).

R, B E . microRNA-20338 i 48 7] SRCHI I A
FAE bR AR R 5E S R )], A 5 4 TR
YI2EAR, 2021, 37(7): 900-907.

XuW W, Luo G Y. microRNA-203 inhibits prolifera-
tion and migration of human corneal epithelial cells by
targeting SRC[J]. Chinese Journal of Biochemistry and
Molecular Biology, 2021, 37(7): 900-907 (in Chinese).
Farokhimanesh S, Moghadam M F, Ebrahimi M, et al.
Metastasis inhibition by cell type specific expression of
BRMSI gene under the regulation of miR200 family
response elements[J]. Cell Journal, 2021, 23(2): 225-
237.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[30]

(311

(321

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Diaz-riascos Z V, Ginesta M M, Fabregat J, et al.
Expression and role of microRNAs from the miR-200
family in the tumor formation and metastatic propensity
of pancreatic cancer[J].
Acids, 2019, 17: 491-503.
Sun L J, Chen T W, Li T, et al. LncRNA IUR downregu-

Molecular Therapy Nucleic

lates ZEB1 by upregulating miR-200 to inhibit prostate
carcinoma[J]. Physiological Genomics, 2019, 51(11):
607-611.

Chen Z Y, Sangwan V, Banerjee S, et al. miR-204 medi-
ated loss of Myeloid cell leukemia-1 results in pancre-
atic cancer cell death[J]. Molecular Cancer, 2013, 12(1):
105.

Z2 08, AN, T, 45 T R IAN-myc N F IR 9 3k A
2(NDRG2)1 1l F 1 Joek 4 L £ 18 5 A1 % (2 k40 g
JATI[). 4UM5 5 F g2 44 &, 2017, 33(1): 48-52.
Li Z Q, Sun Y, Wan H X, ef al. Overexpression of N-
myc downstream regulated gene 2 (NDRG2) inhibits
proliferation, migration and promotes apoptosis in
SW480 rectal cancer cells[J]. Chinese Journal of Cellu-
lar and Molecular Immunology, 2017, 33(1): 48-52 (in
Chinese).

Li G, Xie J H, Wang J H. Tumor suppressor function of
miR-129-5p in lung cancer[J]. Oncology Letters, 2019,
17(6): 5777-5783.

Ji F C, Lang C, Gao P F, et al. Knockdown of
circ_ 0000144 suppresses cell proliferation, migration
and invasion in gastric cancer via sponging miR-217[J].
Journal of Microbiology and Biotechnology, 2021,
31(6): 784-793.

Zhao W L, Wang X L, Jiang Y Q, et al. miR-217-5p
inhibits invasion and metastasis of prostate cancer by tar-
geting clusterin[J]. Mammalian Genome, 2021, 32(5):
371-380.

Huang Z, He Y, Li Q J, et al. Postconditioning attenu-
ates myocardial ischemia-reperfusion injury by inhibit-
ing complement activation and upregulation of miR-
499[J]. Experimental and Therapeutic Medicine, 2021,
22(1): 684.

MaY S, Shi B W, Lu H M, et al. MicroRNA-499 serves
as a sensitizer for lung cancer cells to radiotherapy by
inhibition of CK2a-mediated phosphorylation of p65[J].
Molecular Therapy Oncolytics, 2021, 21: 171-182.

ERE, M, R, & B SR RESTINGHE

https://www.china-fishery.cn


http://dx.doi.org/10.1371/journal.pone.0030619
http://dx.doi.org/10.1093/bioinformatics/btp616
http://dx.doi.org/10.1186/gb-2010-11-8-r90
http://dx.doi.org/10.7554/eLife.05005
http://dx.doi.org/10.1093/nar/gkl243
http://dx.doi.org/10.1093/nar/gkl243
http://dx.doi.org/10.1016/j.xinn.2021.100141
http://dx.doi.org/10.1186/1471-2407-11-57
http://dx.doi.org/10.13423/j.cnki.cjcmi.006799
http://dx.doi.org/10.13423/j.cnki.cjcmi.006799
http://dx.doi.org/10.13423/j.cnki.cjcmi.006799
http://dx.doi.org/10.1016/j.omtn.2019.06.015
http://dx.doi.org/10.1016/j.omtn.2019.06.015
http://dx.doi.org/10.1152/physiolgenomics.00062.2019
http://dx.doi.org/10.1186/1476-4598-12-105
http://dx.doi.org/10.4014/jmb.2102.02005
http://dx.doi.org/10.1007/s00335-021-09874-4
http://dx.doi.org/10.3892/etm.2021.10116
http://dx.doi.org/10.1016/j.omto.2021.03.016

&
d

PN

IR, 2023, 47(4): 049602

[40]

[41]

[42]

[43]

18 % 52 44 638 i Wnt/B-3% BF 85 [ 3l B 0 45 ) 0
SWAB0YH M A « {2 28 FN Y& T I SE M [J]. 2= 24,
2021, 25(2): 313-317.

Wang K, Jia J M, Qiu H L, ef al. LGR6 affects prolifera-
tion, invasion and apoptosis of colon cancer cells
through Wnt/p catenin pathway[J]. Anhui Medical and
Pharmaceutical Journal, 2021, 25(2):

Chinese).

313-317 (in

Hoekstra H E. Genetics, development and evolution of
adaptive pigmentation in vertebrates[J]. Heredity, 2006,
97(3): 222-234.

Ito S, Wakamatsu K. Human hair melanins: what we
have learned and have not learned from mouse coat color
pigmentation[J]. Pigment Cell & Melanoma Research,
2011, 24(1): 63-74.

Fujimura N, Taketo M M, Mori M, et al. Spatial and
temporal regulation of Wnt/B-catenin signaling is essen-
tial for development of the retinal pigment epithelium[J].
Developmental Biology, 2009, 334(1): 31-45.

MOBL, XA, 22K, &5, JRIF AR AL % Noteh 145
30 % T 1) R 4 PR T SRR [0, [ 20,
2020, 23(5): 834-838,949.

https://www.china-fishery.cn

10

[44]

[45]

[46]

Lin Q, Liu S X, Li X, ef al. Radiosensitivity of prostate
cancer cells enhanced by protosappanin A through regu-
lating Notchl signaling pathway[J]. China Pharmacist,
2020, 23(5): 834-838,949 (in Chinese).

He GF,MuTL, Yuan Y L, et al. Effects of Notch sig-
naling pathway in cervical cancer by curcumin mediated
photodynamic therapy and its possible mechanisms in
vitro and in vivo[J]. Journal of Cancer, 2019, 10(17):
4114-4122.

228 miRNA-129-1-3p 7E 7 T Ik L2 Lo 2 T80 ik
FEVE IR TR R N RAEH 0] KEF:
KA, 2021.

Li Q. miRNA-129-1-3p in reducing the pirubicin-
induced cardiotoxicity by rutin and the sensitization of
pirubicin anti-breast cancer effects[J]. Changchun: Jilin
University, 2021 (in Chinese).

T2, XM, E. Apelins 2 2888 & [7]. K= 2%
%, 2020, 44(11): 1926-1934.

Nie G X, Deng D P, Yan X. Apelin and fish feeding[J].
Journal of Fisheries of China, 2020, 44(11): 1926-1934
(in Chinese).

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.1009-6469.2021.02.025
http://dx.doi.org/10.3969/j.issn.1009-6469.2021.02.025
http://dx.doi.org/10.3969/j.issn.1009-6469.2021.02.025
http://dx.doi.org/10.1038/sj.hdy.6800861
http://dx.doi.org/10.1016/j.ydbio.2009.07.002
http://dx.doi.org/10.3969/j.issn.1008-049X.2020.05.009
http://dx.doi.org/10.3969/j.issn.1008-049X.2020.05.009
http://dx.doi.org/10.7150/jca.30690

4
[
@%
I

K= 24, 2023, 47(4): 049602

Identification of differentially expressed miRNA involved in skin color
variation in red tilapia during overwintering

WANG Lanmei >,  ZHU Wenbin', FU Jianjun', LUO Mingkun', DONG Zaijie ">

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Centre of Chinese Academy of Fishery Sciences, Wuxi 214081, China;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China)

Abstract: Red tilapia (Oreochromis spp.) is a valuable fish due to its uniform red skin, the absence of black peri-
toneum, fast growth and adaptability to any culture system, and it has a huge market in many parts of the world,
such as China, Malaysia and Thailand. However, the skin color differentiation in genetic breeding and skin color
variation (whole pink to black) during the overwintering period are the main problems limiting the development of
commercial red tilapia culture. MicroRNAs (miRNAs) play important roles in biological processes by regulating
specific gene expression. Limited microRNA (miRNA) information is available on skin color variation in fish so
far. In this study, a high-throughput Illumina sequencing of SRNAs was conducted on two color varieties of red
tilapia during the overwintering. The two skin color varieties were normal whole pink (WP) and pink to black
color (PB). A mean of 14 748 358 and 12 981 453 raw reads from WP and PB groups, respectively, corresponded
to 12 190 544 and 11 891 890 clean reads. We summarized the length distribution of all samples and found that the
peak length was 22 nt. A total of 669 mature miRNAs were identified, including 337 known miRNAs and 332
novel miRNAs. Moreover, we identified 26 significant differential expression miRNAs in PB compared with WP
group, including 11 up-regulated miRNAs and 15 down-regulated miRNAs. And 12 known miRNAs, i.e. miR-
203a, miR-200a, miR-200b, miR-725, miR-10544, miR-204a, miR-429b, miR-129, miR-10581c, miR-10581a,
miR-217 and miR-499 may play an important role in the skin color variation of red tilapia during overwintering.
Enrichment analysis found many pathways related to metabolic and skin color regulation including oocyte meiosis,
Wnt, Notch, calcium, Apelin signaling pathway and so on. These results would provide a basis for exploring the
mechanism of skin color variation of red tilapia during overwintering.

Key words: red tilapia (Oreochromis spp.); overwintering; skin color black; microRNA (miRNA)
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