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mE H T AR E L A E A 4 (Coregonus ussurinsis Berg) LA £ K 0y R FEERLRE, KR
FEAKEELHRE AN AARHEATEIANT, UMAH LR E geEf st FR a8 50,
Th, EREFMETARGR M EFEL A E a8 F, MHTER s ARk AFiE K 4), &
% 4 PR LR E 5 (219.2038.66) g]FniE K [ 1K & 4(74.30+£17.86) g] P HALE I 10 BA A,
THEH LA AT KA M 7., VL FDR (false discovery rate)<0.05 F|logy(FC)|>1 (FC, fold change) %/
FAE i 2 2 S & 3R L H E AT H# 4T GO (gene ontology)#f KEGG (Kyoto encyclopedia of genes and
genomes) & £ T, it qPCR Iif # F A BAE AR M, #BFANFERE &, H£FEH 22114
EZREFAHE, GRKAML, hKAP 583 MERIEEEFL FRAK 1628 MEF KA T, GO
Jbamﬁ HRET, 2RIWFES Sapt B LR, 2RIFEEEEZ 251 4 KEGG
# #(P<0.05), HE#, MAPK 1z 5 # % (MAPK signaling pathway) PI3K-Akt {55 i# # (PI3K-Akt
signaling pathway), % % i $#(tight junction), % ¥ % fz 5 3 ¥ (insulin signaling pathway), ## 8 #f/
¥E 3% 2 (glycolysis/gluconeogenesis)f# PPAR 1z & i # (PPAR signaling pathway)# 5 %1 il £ K . 2 & %
ATtk A R A KEGG, %% B VKW W45 ATP B 2 & ap2al 0 atp2a2 . # % KE-6-55 BRI &
B A gope. A KEFEEEA 1 EE ighpl UEAIRE & E#ILE myhl . myhd. myh6, myh7.
myh9 %0 myh13 S # GMA A K EMAHKXNWEE AFAREFEE 1I0NMNTRELFEaENA A
KXW R BEEREE, IS5 EEHRE A FA0mMBh g AR T a5k,
KA LREas; BXANF;, 2RrFAEHE; ALK
FESES S917  XHEFRIEEE A XEHS  2095-9869(2024)03-0087-14

595 B [ fi:(Coregonus ussurinsis Berg))@ &1 H (Coregoninae) . [ )& (Coregonus), FEEHIERY
(Solmoniformes) . f# #} (Solmonidae) . H & W #} WrviaAw . g7 ea AR A 3R E R OR VLA KB, HATH
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AOIGEREE , R A R KRS, W R R TTK
FmE— B R AR R R, 19955 JERHR I A,
1960; % 5U4%; 2021; MBS, 2022), L5 HL A 5
BB ERMATNE, ERBILA KM
—, AH T T AR AR IR AL | T 18 A2 B N
B AEIA N, 05 B A S M A, DR A
TR, gk E ChE WG s Y ()L 45 ) b
CRAIAFT 2, 1998; #4071, 2007, F4kpE4E, 2019), H
i, X555 B P U S T LR RS A L LA
BRI PRI R E . AR T LA T
PRI AR GO T (S 45, 1997; Th 5§, 2003;
PRIBESE, 2004; RGBS, 2015, ZE0T 45, 2017;
FA4kFESE, 2018; H1 752445, 2020; XIB L, 2022),
i it 2 OF 2 g L i A K T R SR EHE ST, AL
HhELE T RNA-seq I8 A FZ 38 LA A= AR i
EHE DR IF B B IR P pIL )
R4S R RIR, Zite . BB
ST IRIAE B F 45 22 Fh P 2252 0, A 2 R 00 10,288
BT i) T 2485 2 — (Fuentes et al, 2013; #hEH4,
2021), 34N F (RNA-seq) % A BE i 25 % 52 4% 1
PR G IR T #E AT IR AT, o7 J2 T 0 i 4 4
AR DG PR 2R A 7 0 08 TN o e s 2L Y F R 2 8
I AT a2EE K A B (Al-Tobasei et al, 2017;
Paneru et al, 2017; Lu et al, 2020), 45 W #(Nguyen
et al, 2016; Valenzuela-Miranda, 2018; Liu Z et al, 2020,
Liang et al, 2021; AKFFifF5, 2022) i f£#H b (Genet
et al, 2014; Kang et al, 2017; Carruthers et al, 2018)5¢
FRTEH A2 48 55T o 7RIS (2023) A BAT AR
i 25 S 1) K ¥ £ (Larimichthys crocea) BEARTH % H 3 4
AIRE 5 AR RO O R Y i NS (2022) DA AE B
(Lateolabrax maculatus)F 375 10 552 N7 R A FE
A, ik igfbpl . fof. mstn. ghrl FS5AAERK A
FHRMEEN; Lu 55(2020) 76 PR S K ) 75
(Ctenopharyngodon idella) A& " % P GH/IGF %1 . 45
PR BRI S  EEEE  ANE ZE R L
YT E R 2 5 KA Sun 55(2016)
RIUBERE R S E A LSS Ca (5 S5 T RN
XA BT (Epinephelus spp.) T 1A KA AIE
AR~ HRFENE R ERERZ — 35 505
L o P A K R R O ART D SR R AL
i, BEUS AR IR R R, HR v 2 AR 1Y [
I AT R ISR, PR, X 5 5 B i 2 4 A
KA ARG A Y], (2 BEZ A E fh AR
FRTEAG S E B 2 1, DI R 2 0 5 5 L fe ik A 7 ik
PRI IE AL T25 H o AWFFER ) AR R B 5

S L R LN G AT R SR I e, O e 2R
KM 22 52 IR LA FIE T e, AT O 2 95 L 1 e Y
35T B A AR LR Bl

1 #Me5F*®
1.1 SEaHHL

SEUSFH 5 95 BL A R B KRR A T B SR
AT IR FE ARG BT i v K iR e vl A28 2 ARk & B
&, 2018 4F 12 H R E R . WA 3 H BB RAT
o, RIS FRE R 3 W, BEPLIEE 10 &
KEAEARAE PS80 AL, R4 (24.27+1.48) cm,
AT (219.20438.66) g; BEPLIEHL 10 /NS A ALE
KSR K (17.61+1.80) cm, {AH(74.30+
17.86) go W45 415206 f0 BRI Je SR AE TS FRLIN 414,
BTWARSH

1.2 X RNA (2B, cDNA X EHERINE

P&l v 3 B ek 4 B AR I ILA SRS
JE 1% 18 Trizol VAL FR VA 21 (1) 5L RNA, fifi J5 % 5L RNA
PEAT 0T F G < R L UK K RNA 52 % 1, NanoDrop
2000 K5 RNA BYHJEFI4E R, Agilent 2100 KA
55 RNA M 5e8 . i A A Oligo dT A9 4 2k 38 43 Bl
FEH MY T E 4 mRNA, B R HAT W e e ez
PCR ¥ 375 3| 55 B (5% 5 40 cDNA S0, 3y
## 6 1~ cDNA SCE ., FAgEE4% 1 cDNA LA
[lumina =538 & 55 5 NovaSeq 6000 HEFTI %
S SCER R TAERFER I F R EGE RS
RELA ) 5 1o
1.3 HRAFBEBIES

2% el B T 5 AR A9 B SRR JE 81 (raw reads)
TR AR SR R RS, AR T
5 B 43 M7, R FH SOAPnuke #4(v2.1.0)% i i&
FEANHE T I, Bl RT5 gy . RS AR A B R AR AT AL
J#51(clean reads), F/FITH Q20. Q30 (imfE =20
5 30 BUBRIE T A ) M GC B, KRR A
ROF Ff ] HISAT2 (Kim ef al, 2015). bowtie2
(Langmead, 2010) bEXf BF 54 52 56 28 15 9y L ()
S FERUA LT (NCBL KR LK), #HITRF TR

14 BEREXESH

ARG I T RN £ ik 5 FPKM (fragments per
kilobase per million bases)XFEAS ] i) A 5 1 £ 17 49
Mr, LARZ IR M5 2250 2 M R FIWT AR e, G R B0
FEIT 1, DUUAE o P A DL R R
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R G R ] FPKM 3R IF Al B R 3R A 7K F
DBy xf B2, P S84, (] DESeq
BT 22 5 R S N (DEG) i 47 0 6 , 07 1ok 99 (A
FDR(false discovery rate)<0.05 H.|[log,(FC)|>1(FC, fold
change) . Jk T 22 5 RIBFEHEER, K53 A1 (hyper-
geometric distribution) ¥ 75 2 % 22 7 Rk KL K i# 4T GO
(gene ontology) )] it 1F B (Ashburner et al, 2000) &
KEGG (kyoto encyclopedia of genes and genomes)fi; 5
i 4 5 4220 (Kanehisa et al, 2004).,

1.6 QPCR I&iF
XPFRVE Y 10 A OCH 2 R aRIA N 1T qPCR

Bk, ] R e 50 & (TaKaRa, H A K2 5k
cDNA, #RH#EFEH CDS F5I{fi i Primer 5.0 F 4511
qPCR 519, B-actin HINZIH(FE 1) qPCR
SYBR qPCR Mix 7| & (EnzyArtisan, | ifF)iF1745
. PCR #"H4{KZ 4 10 uL: 2 x S6 Universal SYBR
qPCR mix 5 uL, IER51#4% 0.2 uL, cDNA ik
0.5 uL, ddH,0 4.1 uL; ¥R . 95 CTHIAEE 30 s;
42 MIEER  PJERFLT A 95 “CAEME 55,60 “Cil & 30 s;
WA, 95°C 15 s, 60°C 1 min, 95C 15 s, ffif{
QuantStudio 6 Flex Real-time PCR {¥(Life Technologies,
L EDK QPCR S5, KA 274 5 g A X e ik
. A TIYZERIEAE TAEY TR KRG A RAF
Ao

%*1 QgPCR3I#FE7
Tab.1 gqPCR primer sequence

FE ID Gene ID  #: K44 Gene name

1E 1M 5]% Forward primer (5'~3")

K 17519 Reverse primer (5'~3")

Cus11128 atp2a? TTATGAGTCTGACCTGACCTTCGT GTCCACGTCGTCCTCCTCG
Cus27094 atp2al GTGCAATGACTCCTCTCTGGACTA CCTTCACAAACATTTTAGCTCCG
Cus32796 myhl GTCAAGGGAGTCCGCAAGTA CTTAGACATGTGCTGGTTTGCT
Cus32832 myh4 TTGGAAAAACACAGGCGTTTG TTGTAGTCCACAGTACCGGCG
Cus32788 myh6 CTGGTGGCGAGAAGAAGAAGGAAG  TCACTGTCTTGGCATTACCGTAAGC
Cus37534 myh7 GAAGTTTAAGAATAAGCAGCGGGA CTTTGGTGACCCACTCATTTCC
Cus38339 myh9 GGCTACAACAACTACCGCTTCCTG GACACCACCTTCAGCAGACCAATC
Cus32793 myhl3 GAGAAGCCCAAGCCTGCCAAAG CCAGCCAGCCAGTGATGTTGTAG
Cus00245 g6pc GTCACCTCCATCCTAACCATCA AGAGTGCCCCGCAGATACAG
Cus13680 igfbpl CTGACCAGGTTCTATCTGCCAA GGACACACACCAACACCTGC
LOC100136352 p-actin CACAGACTACCTGATGAAGATCCTG GTAGCACAGCTTCTCCTTGATGTC
o gm FEAS PEFEJE 15 1E B A H B0 AR o ASHF S0 i L A ik

21 HRANFFARELER

AWFFEMNMHER 6 1 cDNA SCHE I3k 15
295 605 738 ZRIFURIT A, 26 g s ol i R i LR
283 133 612 AT HN, A A S X R AE
94.43%LL I, Q20 WYEFITE 97.80%L) I, Q30 M
wAE 93.90%LA I, GC 5 & 5 B i3E R 49.10%
Pk, JEHHY GC 3§ AT /B4 . B a5 A 30T
G5 555 L R S LR T HOR, 25 R EOR, H
XPRIE 94.93%L) I, ULHIIN P& R nr &, nli /s
ZLor AT (K 2)

22 BABEXESH

S 2R BOR AT LK 0 2 25 5 50 T
FALME, SR LIVP A 2 57 FA I A TR | SR VPAY

R A REA Z A A AR SCHE R B, IR (8 1),
HITEL 1 AT, A REAR TR A OGME R B 7E 0.83 LILLE,
F WA [ R 5 BE RS2 36 ] SR PR

23 ERREERSW

WHE FPKM Skt Sk ik it, {1 DESeq
A (v.1.22.2)% R R R 5 R i 74087, I L
) FC {8, LA FDR<0.05 H|log,(FC)|>1 1F M 441 1%k
o5 U L e AR R e 2 R, Of el kol
DA TS B B 2 A K A 1 0 B L PR 4 0
S RIBEER AL 2) 4R BN, TES I H
LA SR RS e 2 211 AN EFRRIEN , K
AL 659 ASFIHINIER ; S8 KA, k4l
H 583 AL IR B, 1628 2RI RIR
T
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Tab.2 Quality control results of transcriptome sequencing

B4 TS AT ATHE 0ore  qsome GO
Sample Raw reads Clean reads Effective rate/% GC content/%
FM1 48 933 582 46 768 662 95.58 97.90 94.20 50.80
FM2 49 829 420 47 957 942 96.24 97.80 93.90 51.20
FM3 50 470 284 47908 972 94.93 97.80 93.90 51.00
SM1 50036 756 47 888 408 95.71 98.00 94.30 49.10
SM2 49 964 426 48 012 690 96.09 97.90 94.10 50.80
SM3 46 371 270 44 596 938 96.17 97.80 93.90 50.40

: FMORKAHANIAHL, SM VB KANANHL, T,

Note: FM represents muscle of fast-growing group, and SM represents muscle of slow-growing group. The same below.

1.0
w ~ PO
~ o) Q)

4 0.8

0.90 0.87 0.88 0.94 0.89 SM1

0.93 0.94
0.88 0.83 0.85

0.89 0.90 0.90 0.86 SM1

0.6
K1 RS

Fig.1 Sample correlation analysis
60 = ARIEE R Up-regulatded gene
" . = FJEZEKIENA Down-regulated gene
50 = JoZ5RAHFE None-DEGs
. P<0.05
401 > [log, fold change| >1

10
o, N - ) )
=20 -10 0 10 20
log; (fold change)
B2 ZRFRIRFEKFKILESM vs FM)

Fig.2 Volcano map of differentially expressed genes
(SM vs FM)

24 ERREEEGO e EES

GO UJRe 4Rt R wn, ZRFIRFNEZE
& SETEA W) 2F 11 B2 (biological process, BP). 43T UIfig
(molecular function, MF) 140 i1 53 (cellular component,

COMY 3 620 4~ GO term H1, Hiv | BP £z (2 457 1),
di 67.87%; MF R2Z(782 1), 5 21.6%; CC &>
(381 1), 5 10.52%. & 3 WJ%0, 7E BP Higer,
22 RIBFEH F LS 5 AL 72 (cellular process) 5
18 3 72 (metabolic process), 43l & H 2 R HEH
578 F1489 ~; #£ MF Uifigrh, Z25%54 (binding)id 2
(2R RKRIEN IR L, N 543 4, AL M (catalytic
activity) i3 FE IR, A 364 4; 1 CC Mifigrh, 2%
FERFEIN TS 5 40 (cell) FIZH L2 43 (cell part)id
T2, 3L E 386 il 382 25 SRk HE M

25 ERFIEEFEKEGG BEEEST

X 24 5 R FE AT KEGG Al i & 4 B i 45
SR, WA ALZUrf i 22 S e ik JE DBl 3 R 1) 251 4%
EH KEGG g, Hhf 73 &5 Sl e 5%
££(P<0.05), Pkl bl ERFRERHNEEE
TEWE %At /B8 54 (glycolysis/gluconeogenesis) . H Y
¥l (methane metabolism) . % J& R 9 4= W1 & &
(biosynthesis of amino acids) . i Lifif (carbon metabolism)
DA B A (proteasome )i 55 (18] 4a); T IH MY 22 5
Fak BN W E TR B 41 M 43 £k (osteoclast
differentiation) . IL-17 {5 =& il #% (IL-17 signaling
pathway) . 2 MR 1Y) 45 9 & Bl (biosynthesis of amino
acids) . g 7 40 Ml A F 1% 5 38 % (adipocytokine
signaling pathway)ll &2 TNF {5 5 }#(TNF signaling
pathway)Z§ (I&] 4b),

2.6 MR iE B F Y I X

ARMFFT R R, 175 B e LA A A 56 25 S i 1)
B % W EE MAPK {5 5 il #% (MAPK  signaling
pathway) . PI3K-Akt {5 5 ifi [ (PI3K-Akt signaling
pathway) . '%%5 3% $(tight junction) . JiE 5 K5 518 %
(insulin signaling pathway) . BHEEf#/BE 52 2E . PPAR 15
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13162 Cellular process [ I ¢

AR5 2 Metabolic process

B F2 Single-organism process

A Y1875 Biological regulation

H: 453 #2857 Regulation of biological process

2240 Mtk 4553 Multicellular organismal process

{55 Signaling

& & 137 Developmental process

SEfii Localization

2R R H 2R84 H & 4 Cellular component organization
Orbiogenesis

H: ¥ B A £ 4% Negative regulation of biological process
H Y R A IE AR Positive regulation of biological process
iz 3} Locomotion

H K Growth

e E R Gi 1 #2E Immune system process

A=t Biological adhesion

£ 4= ¥4 72 Multi-organism process

%% Reproduction

4513 7 Reproductive process

Fi 3 #2 Rhythmic process

4714 Behavior

4 Cell

2 4 Cell part

i i Membrane

Yl % Organelle

2 M i 8.4 Membrane part

A4 Organelle part

B FHEE %) Macromolecular complex

M4 ME Extracellular region

HMIFME ALY Extracellular region part

#A>FE A& Supramolecular complex

Jifit 4] i Membrane-enclosed lumen

4 Mi3%E$E Cell junction

Z&fih Synapse

ZEfil %4y Synapse part

JHTE Virion

JRBEST Virion part

454 Binding

HEALIGE Catalytic activity

AR Y s R T 1% M Nucleic acid binding transcription activity
$32 1% M Transporter activity

ST P Molecular transducer activity

{5 5L AT Signal transducer activity

A TIhEEVE 5 2§ Molecular function regulator

25 5T M Structural molecule activity

HFFFIEM, %54 Transcription factor activity,protein binding
YA AT Antioxidant activity
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Fig.3 GO functional classification of differentially expressed genes

53 % (PPAR signaling pathway)'(P<0.05), %Z5&
GO TIHReIEBEA KEGG i #% & AR 45 0L, #HED 22 5 5%
N 2w R S T B A 5 500 B EE)L
PIAERAHSCHYZE IR, S5 B AHOC TR, Fe ik vl g
5O R B P A KA DR 25 R AR 31 A4S, gk 3
s o

Rk — 2 IR 9 B 22 S B PR 22 (A R DA FH oG
FITO 4 v] fE 5 5 5 FE e LY AR ORE DG Y DG B
FEIN, il STRING (Version 11.5)%% 4 J& (https://
string-db.org/)FAHEE FH R B AEM 4 KK 5), Bk exclll. 1

LS, T8 31 > 22 5 3 P R B0 1 30 S BE DK g i
CAEA R, = 27 MERARZ BT EAER
MR 25 1 P 28 BAREOTR L T 10 AR S SR A
fief A= R DG ) B R BE I . L3R/ B 45 ATP ity
FEH atp2al M atp2a2 . % -6~ TR 6 ARG HL
gbpe, ERKHFE 58T 1 2 igbpl D ENIEKEH
EHEFE myhl . myh4 . myh6 . myh7 . myh9 Fl myhl3.
Hodr, PR ap2al . myhl T myhl3 KN FiHE
ik, atp2a2. gbpci. gfbpl. myh4. myh6. myh7 Fl
myh9 BT R
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a5k

a DEG_L¥ Up regulation

Cardiac muscle contraction

MAPK signaling pathway - yeast
Cysteine and methionine metabolism
Glycine, serine and threonine metabolism
RNA degradation

Plant-pathogen interaction

Insulin signaling pathway

Ribosome biogenesis in eukaryotes
Fructose and mannose metabolism
Galactose metabolism

Biofilm formation - Escherichia coli
Glucagon signaling pathway

Carbon fixation in photosynthetic organisms
Starch and sucrose metabolism

Pentose phosphate pathway

Proteasome

Carbon metabolism

Biosynthesis amino acids

Methane metabolism

Glycolysis / Gluconeogenesis

3.65x10*
2.27x10™*

1.20x107*

t 2.82x107°
F1.07x10°°
F5.38x10°
F1.33x107¢
F5.54x107
F3.54x107
F9.43x1071°
F1.25x107°
F4.14x107"
F6.49x107

5.10x1073
4.58x1073
4.25x10°2

2.39x1073

1.66x1072
1.45%1073

0

b DEG i Down regulation

Glycolysis / Gluconeogenesis
Pancreatic secretion

Carbohydrate digestion and absorption
Nicotinate and nicotinamide metabolism
Glucagon signaling pathway
Phenylalanine, tyrosine and tryptophan biosynthesis
Circadian rhythm

Insulin signaling pathway

Protein digestion and absorption

PPAR signaling pathway

Tight junction

MAPK signaling pathway

HIF-1 signaling pathway

Apoptosis

Cysteine and methionine metabolism
TNF signaling pathway

Adipocytokine signaling pathway
Biosynthesis of amino acids

IL-17 signaling pathway

Osteoclast differentiation

2.55x107
1.34x10°°
7.30x10°¢
7.76x10°¢
5.46x10°¢
4.81x10°°
2.27x10°¢
9.25x1077
7.88x1077
1.92x1077
2.08x1077
1.25%x1077
2.42x107®
6.69x107°
2.39x1071°

1 1
0.004 0.006

1
0.002

1.97x107*
1.70x107*
1.63x107*

1.10x10™*
6.58x107°

0 0.000 05

1 1 1 1
0.000 10 0.000 15 0.000 20 0.000 25

Kl 4 225RBHN KEGG & HE 51T
Fig.4 KEGG enrichment analysis of differentially expressed genes

2.7 PCR WiE

SRy B E 2 5% L AL PR A SR 40 4 R 1 ]
P, XL Y 10 A5 AR KA SC Y S S 1A
Ph B-actin HINZ 4T qPCR ik, 455 Won (& 6),
10 A~ 22 59 S R 2 TR 25 L 5 5 i 2 00 e A0 1) S TR 3
IRGE R B — B, WA S 38 2 5 S 4 D P AR A5 1Y
SEOLUERG, BT R OB SR N T R TS
SLUIRE R UEFN A FARIC I T & o

JULPA A AR PP 7 987 i SO 28 5 28K 4 19 B
FhREZ — , IRl R A P B AR oA T 2 e
bro L5 B f R R4S B0 44 BV K A, PR AL I
B G 32 P B o AN ST RTI A BE RItE Y S0
R TR) R I3 45 5T SR FE A 2 595 L P 4 (ARG A7 7
RIZESE, AR A BE R 3% 25 57 i T e 36t 4 AL
i, AR BIFFE SR FH o 308 0 B AR PR ZH RS R 4 Y
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05 B AT T ALY O Y 25 S A IR
JF#E4T GO M KEGG & 4430 4248 i1 7T e 5 & 95
HL R LA AR KA SERY 10 Mgk 5L
atp2al I atp2a2 & ATP2As KPR F R 5L,

9w 15 B DT R T A B N IS A G i LR/ 9 T )
Ca™-ATP [iff(SERCA), REMEHE K v iy Ca” [l 2 L
5 IO s R oA Joi ) v, DA UL AT R SO IR 2SR S R A
SRS, 7E 45 A0 A A RN o fad i v % 5 2 T B
F(Chemaly et al, 2018). atp2al & 7E RN 431k
Rk B, A% SERCAL HEAS S5 HALLF

A L R R D 58 72 I 255 W WL 85 (Oncorhynchus
mykiss) )4 K JE (Salem et al, 2012), atp2a2 3N+
BAENRCNE . Bi A T AV B R LI LA 4E) & B o 72
ik, 4% SERCA2 £ SERCA2a . SERCA2b
F1 SERCA2¢ =Fh W5 (Hino et al, 2007; Hovnanian,
2007; Periasamy et al, 2007), atp2a2 FH GEWE IR/
FRANME Ca® 1A B AY 7 F5 A K (Goonasekera et al,
2011), SERCA it T RIS IELZ D ALEF SR, FEUL
LS 4 D BE T R, e 28 3k A0 IR o o (2 A1 e 5
2020), AT A, FEPRKHANAAL S aplal 3

x3 REESREERIER

Tab.3 Annotation of candidate differentially expressed genes

HH 1D HH 4 PR
Gene ID Gene name P-value
Cus32796 WIERFE 4% 1 Myosin heavy chain 1, myhl 2.75x107"!
Cus32832 HLERFE FIH 4% 4 Myosin heavy chain 4, myh4 4.98x107"°
Cus32788 WLERZE A H4% 6 Myosin heavy chain 6, myh6 1.99x107
Cus37534 WLERZE A E4% 7 Myosin heavy chain 7, myh7 7.74x107
Cus38339  JLEkEE H E4% 9 Myosin heavy chain 9, myh9 1.29x107°
Cus32793  WIBKEE (1 E4%E 13 Myosin heavy chain 13, myhl3 1.34x107
Cus32818 JULEKEE HEEHE 15 Myosin heavy chain 15, myhl5 1.86x10°°
Cus25495 C-X-C #JF#1LF 11 Chemokine (C-X-C motif) ligand 11, duplicate 1, cxclll.1 9.24x107*
Cus33036 5% 33405 K7 4 Activating transcription factor 4, atf4 1.35x107"°
Cus09210 %% W05 FF 7 Activating transcription factor 7, atf7 1.28x107°
Cus40180 #% %% 5% [H-F RELA proto-oncogene, NF-kB subunit, rela 8.06x107°
Cus05452  MAF4E4N ik K 5 1 Fibroblast growth factor 1, fgfl 9.08x107%
Cus13680 A=K HF454E& % 1 Insulin like growth factor binding protein 1, igfbp! 2.56x107""!
Cus34244  —TWEMR g H 0% 2 1 -y3 Protein kinase AMP-activated non-catalytic subunit gamma 3, prkag3  3.95x107*
Cus33489 7E i 3 AKT serine/threonine kinase 3, akt3 1.25x107
Cus11870 TNEHER 4 MEF Pyruvate kinase M1/2, pkm 8.46x107°
Cus23574 Na'/K'-ATP fiff a3 V3% ATPase Na'/K' transporting subunit alpha 3, atpla3 1.83x10°°
Cus27094  JJL2%/P9 45 ATP i 1 Sarcoplasmic/endoplasmic reticulum Ca®*-ATPase transporting 1, ap2al ~ 3.47x107°
Cus11128  JJL2%/P4 i M45 ATP i 2 Sarcoplasmic/endoplasmic reticulum Ca®*-ATPase transporting 2, afp2a2  1.75%107
Cus29966  §54%:3E 932 1k Transferrin receptor, tfic 8.24x107°
Cus33302 R ILIE-3-14 7 5 3214 Phosphoinositide-3-kinase regulatory subunit 5, pik3r5 4.05x107*
Cus27589 fIg iR & i Fatty acid synthase, fasn 5.30x107°
Cus23453  Hili )55 i 2 Glycogen synthase 2, gys2 2.58x107
Cus27723 iR H ym B2 22 {7 fif-1 Phosphoglycerate mutase 1, pgam 4.48x107
Cus02461 Wil imEE N B AR FR 3L Phosphoenolpyruvate carboxykinase 1, pckl 6.85x107°
Cus00245 M -6-BEMR i Z 8 Glucose-6-phosphatase, catalytic, g6pc 1.40x1078
Cusl5210 PAAMAERN Glutamate-ammonia ligase, glul 2.20x107°
Cus20143 t5Z LM 2 Arginase 2, arg2 8.19x107%
Cus25173 F HEF [ 34 F-box protein 34, fbxo34 9.78x107"2
Cus05922  JFiJw S A Jun proto-oncogene, AP-1 transcription factor subunit, jun 6.24x107"
Cus39186 cAMP W& JCif45 4 H 5 cAMP responsive element binding protein 5, creb5 4.15%10712
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Fig.5 Protein-protein network interaction analysis of differential gene
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MYHs & H R A LR A K L & OGN,
B 7 L EK A 1 B 2 AILER 25 1 (Myosin) 1T 2843+
R OCHET A, R EEIh EEREE AR,
FENLR A Kot B v R $7 F AR H(BRZ A, 2017);
myh TEAN R 2T 0555 LAF e rple /e, LR 27 4
DIReRerEn) E L RE N R, 1 myh7 ELAEE LA 4
IR myhl T myh2 FEAERNLEF 4 218 (Gauvry
et al, 1996; Weiss et al, 1999), A5 &M, #1555
I B EEA KT 6 A myhs WHIH ) P4 i
H PR IBIER N myhl T myhl3 o myhl S 4t 1)
IERE -1 (Myosin-1)5 Jg i 4= Ay o, HERk LR
AT HE IS LA 4 R e, BsRILR A fLRE T, 12
5 3E B it 77 (Talbot et al, 2016; Ahn et al, 2018;
Czapiewski et al, 2022); myhl3 H:PH 4 i Sk IR A
WINERE A E RS, 25 K 5i(toothed whales) JLE £F 4
15 PP (Senevirathna et al, 2021), FRILZ 4N, A
WG myh4 . myh6. myh7 Fl myh9 FPIAEPLK 41
FRIXDETW; myhd FEPUE R RIPRESE
it B LR K r i ny 1B R LER 8 1 5 6k 41 4
(Lv et al, 2020), myh6 35 i 4 it i) ULBR 38 1 3 HoAth
WIEREE A HA T & ATP BEGPE, 5 filfL il 72
v % ¥ 5 EAE FH (Buga et al, 2008; Miao et al, 2015),
myh7 FE R 5 A5 235 | e i #% WLl O UL T B0 (f] — &
8,2017), [FEE, #HENZERNAENRERKR EETHEA
VE #24E i (Feinstein-Linial et al, 2016; Zhang et al,
2016); FEMZET, myhd F myh6 ILHES 5B
(Acanthopagrus schlegelii) = 4 & 455 1) 5 4 3 [F] (Lin
et al, 2021), myh6 Fl myh7 FEPRAEPE A AY 22 P i
(Silurus lanzhouensis) LA 412 H F3R8 T P (Xiao et al,
2022); myh9 HHF G AENLANIEKRE R T A HEE, H
Refe LA 4 ik, H3kik it 5t (Crenopharyngodon
idellus) )L IR 5% b5 ¢ (Pecci et al, 2018; Xu et al,
2020). ANEDNE T myh FPRRE S 22 15 AN [R] ILEF 4
B, SR AEAH L, 18 L4 0 A B & A iz
Bl 57 7 AR 2R MU, il bR PR LR A K 4
TR LET 4 () Fiis BRI AR, $emris shae gy, it
WL £F 4t G 32 =5 AL R 32 30 19 45 22 B 8] (Yang et al,
2020), AWFFE A, ANFEIWAE myh PR 8@ 9855 H
Tk Lo B e LA A, AR MYH 2K
TR ) 224 AR Ay 5 9 L fi A K OGS i A
g6pc Yl % bk -6- 1 FR i (glucose-6-phosphatase,
G-6-pase) AL, IS N ot I 1) b ik il , RS
A, 6 -1l 2 5 2 W 7K A 7 A A A W R I , MR I A
WS AR AR AR () SRR G, 7R 44 AR S il R

R4, 2011; Liu S ef al, 2020), 1 5HAE KM
E W44k i (Scatophagus argus)IR N gbpc FEH ik &
W LR, RS AR S A R, HAER R
ATP, SRR L, il 48R a0
A K (Tian er al, 2022), [AIFEFEXTRE (0 AR 5T H &30,
gbpc FEDRIFRIRTT VR GRS A 1M J5L 4 ik DA i 44 v e
Hr Rk AL A 0 TR (Yue et al, 2021), gbpe F:H &
LE 550w 5P FAREHE R, ANV A K b
PR R ETEE . AR AL, gope FHTER
KAL) 295 B P ek vh 25 T, gope SEPH A RETR
TR AR R AR . IR L MR ZRE . b
AHLYBLR , Z I 5 R IA R RE S B AT 5 05 B
BER AR, AR g A AR DG SE R, i — 20X
HAEAT I BE R F 5> TR 2 38

IGF 454 1 (IGFBPs)Hll IGF . IGF Z{&(IGFR)
DL Je IGFBP 7K fiff il DU 43 e [ b j ik &2 38 A A A
“F(insulin-like growth factors, IGFs), IGFs £ 5 4 fifi 43
HEne, YRR, AR S EEESRE, 2
GH/IGF A= KAl (2F K28/ 0 A A K DR 7B i %
HET, WESIWAERK LT SRR EZERERN T
(M5 645 2011; Hakuno ef al, 2015), IGFBPs &—7Fh
SRR, EAFEZL Y C R 6 Fr A
(IGFBP1~IGFBP6), ‘E5 IGF JEWME A1k il it
IGF M 11, Ui e 5 2 A2 4k, I kA1 ot % 1) %
H: (Duan et al, 2005; #XHi5%, 2015), igfbpl J& IGFBPs
TG — R BRI 22 B B, 2540 5 T g
FEZ AR b R AT TR AR ST, HLR AR S A
R R AR REHUR AR b5 4 67 G (Shimizu et al,
2006) ; 7E X 0T % (Kocmarek et al, 2014) Fl 5t & £
(Danio rerio) (Opazo et al, 201 7)RITFFTH &K B, igfbpl
SER e/ N RAS A Rk B, AR E B, 518
KM, PK A igfbpl FERFEER T, X 55D,
TS SE R IR S5 R — B, PR 5 B AR A
AR I PR A T S SR 50 IE

4 Zig

A 5 38 32 X6 A R) A R Y 1 95 B A e AL A
HAHATRE M7, FEBLT 2211 AR FRRHE
N, HA 5 659 M UL ; 583 225 3 K
PRKATRERBREE LI, 1628 MEFIEEFEILLE
T8, AN, GO Ml KEGG @AM A, 54 K48
KoY HE B B EEAE MAPK {5 58 5% . PI3K-Akt
R, B%iEHE. M RG 5 @M. bR
S PPAR {55 i@ e o E— 25 i v o e ik 25 5
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RPN AT PPLE A AR M, BiE T 10 4
SHERM KL R EIEN . atp2a2 . ap2al . gbpe.
igfbpl . myhl. myh4. myh6. myh7. myh9 Fl myhl3,
AHIFSE Ry B g L AR A PR AR DG Y 23 - PR A AL
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Screening Muscle Growth-Related Genes of Coregonus ussurinsis Berg
Based on Transcriptome Sequencing
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WANG Gaochao®, PAN Yucai’, ZHOU Jinxin®, JIANG Zaisheng’, WANG Bingqian®

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Cold Water Fish Industry
Technology Innovation Strategic Alliance, Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences,
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Abstract Coregonus ussurinsis Berg is a rare cold-water fish found in Heilongjiang Province, which
has high nutritional and economical value. The growth traits of fish are critical breeding target traits, and
improving the growth efficiency of cultured fishes has always been a major issue for researchers. As an
endangered fish, very limited research has been conducted on C. ussurinsis, and studies on its growth and
development are still lacking. Therefore, investigating gene expression in C. ussurinsis muscles would
significantly contribute to our understanding of their muscle development. RNA-Seq was used to find and
study the specific genes and pathways of muscle development under different conditions. Recently,
transcriptome sequencing has been applied to diverse animal populations, aiding in the selection of
candidate genes related to important traits by comparing the global gene expression profiles between
different animal populations with specific characteristics. This study aims to understand the genetic basis
of muscle development in C. ussurinsis at the transcriptome level and to provide new insights into growth
and development. To explore the molecular regulation mechanism of growth traits of C. ussurinsis, F,
individuals of C. ussurinsis were randomly selected from the mixed pool for test grouping (fast-growing
group and slow-growing group). The dorsal muscle tissue was clipped from 10 fast-growing individuals
(219.20+38.66 g, weight) and 10 slow-growing individuals (74.30+£17.86 g, weight) for transcriptome
sequencing to construct six cDNA libraries. High-throughput sequencing from Illumina NovaSeq 6000
and bioinformatics was used to determine the abundances and characteristics of transcripts. The
differentially expressed genes were screened with FDR (false discovery rate)<0.05 and
[log,FoldChange[>1; the functions of these differentially expressed genes (DEGs) were annotated and
analyzed by the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGGQG) database
to identify the genes and genetic pathways related to the development of muscle in C. ussurinsis.
Moreover, to verify the sequencing results, real-time fluorescence quantitative PCR (qRT-PCR) was used
to detect the expression levels of DEGs. The results showed that the correlation coefficients of all the
samples used for transcriptome sequencing were above 0.83, indicating high correlation between the
samples and experimental reliability. Transcriptome sequencing results showed that a total of 295 605 738
raw reads were assembled from the six cDNA libraries, and 283 133 612 clean reads were obtained after
quality control. Q20 and Q30 sequences accounted for above 97.80% and 93.90%, respectively, and the
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content of GC bases accounted for more than 49.1% of the total bases. Through comparison with the
genome using EdgeR software, which was used to analyze the differences in gene expression, 2 211
DEGs were preliminarily obtained from muscle, including 659 novel genes. Compared with the
slow-growing group, 583 differential genes were up-regulated, and 1628 differential genes were
down-regulated in the fast-growing group. Function enrichment analysis found that the DEGs participated
in 3620 GO terms. Among them, 2 457 biological processes were primarily involved in cellular and
metabolic processes; there were 782 molecular functions, primarily involved in binding function and
catalytic activity processes, and 381 cellular components, primarily involved in cell and cell component
processes. The enrichment analysis of the KEGG pathway found that a total of 251 signal pathways were
obtained, among which 73 were significantly enriched (P<0.05). Among them, the up-regulated DEGs
were mainly involved in glycolysis/gluconeogenesis, methane metabolism, and biosynthesis of amino
acids, while the down-regulated DEGs were mainly involved in osteoclast differentiation, IL-17 signaling
pathway, and biosynthesis of amino acids. The genes related to muscle growth were significantly (P<0.05)
enriched in the MAPK signaling pathway, PI3K-Akt signaling pathway, tight junction, insulin signaling
pathway, glycolysis/gluconeogenesis, and PPAR signaling pathway. These pathways might be closely
related to muscle growth. Combined with the GO functional annotation, the KEGG pathway enrichment,
and the annotation results, 31 potential growth-related candidate genes were preliminarily screened.
Protein-protein interaction networks were used to further analyze the relationship between these
differential genes. It was found that atp2a?2, atp2al, g6pc, igfbpl, myhl, myh4, myh6, myh7, myh9, and
myhl3 might be closely related to muscle growth regulation, and these 10 genes can be used as crucial
candidate genes for the growth regulation of C. ussurinsis. The qRT-PCR validation of 10 randomly
selected differential genes showed consistent gene expression trends with the transcriptome sequencing
results, which indicated that the results obtained by transcriptome sequencing in this study were accurate.
A total of 10 growth-related essential candidate genes were screened in this study; these genes affect the
growth of C. ussurinsis by regulating their expression levels in muscle tissue. These results provide vital
information for the further understanding of the molecular basis and marker-assisted breeding of the
growth regulation of C. ussurinsis.
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