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LU WARR T, T HA AL, HFk
TR ST IE . TR, 458 H
3k 5 A B H BT SE R e, AR SR
B T 2R 52 B 0G4 9 = i £ e B B
A S FREE AR D R 5 AR S R AR AL, HAH
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AR E o T ULB AT A . BT, BN A
O X A0 S ST R A TR A S5 o o R T
KWEFE, W Chen 55 VRE 42 e A 2H G Bk 79 A
(GWAS) A AR 50 (QTL) E fL AR S & X
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FHORIK, Uk TR Sk R AR A A 28 B T
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TR E %5 & T80 °C VKA PR A7 . BURE S
A 2 6 0 SE 5 A0 RR B BEED R K 10.5~13.0
em B, ¥ BB HG P A A R B 22 57 (8] 1), 3K
55 R AN D P ST o ) A A AR B
It 482 BE b K =B 24 R 5T e 1R 7K flL B 5 e
2EARACHZE 5L 2 RS i AT o

1.2 RNA i2HL. SCEMHERNF

& i TRIzol i3 (Invitrogen, 3 [F) &1 5L
55 fa ) 5 RNA, FH 1% B9 35008 4 BE e g 3k A
Nanodrop 2000 ff &= 43 ) & 1 (Thermo Fisher
Scientific, BRIMS, Cambridge, 3 [#) £ Jl] RNA
B 46 & , Agilent 2100 Bioanalyzer ¥ fify £ il
RNA 15884 . RNA M Skl 548 J5, 547
cDNA SCPEMREE, ER A A% Ja SEAT I, I
¥ 4 A Tllumina NovaSeq 6000, | 5 5214 Ky
PE150, 7RG 45 R C 4252 ) NCBI SRA i
J (SRP468011),

(®)
1 SEWFFAMESEE (a) ESHE (b) 8
Fig. 1 H. nobilis individuals with normal body shape (a)

and shortened body shape (b) used in the experiment
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PLE RNA D& i ¢ &, ] small RNA
Sample Pre Kit 7 S A H SCRE, SCEFHE 58 i
J& A3 Qubit 2.0 X SCEE RV BE A TR,
H Agilent 2100 Bioanalyzer X} Insert Size #£17fi
M, i 2652 B PCR (qQPCR) J5 % SCE A
RO FE AT HER A B, DARIESCE TR . A
%5, NovaSeq 2500 ~F- 45 3£ 0 57
124 A single-end (SE) 50 bp., FrAg £di E
$252 5] NCBI SRA %44 %2 (PRINA1205518).
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E1FE
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H g3k P AR A (Reads), RS 5 T
B (Clean Data), ] HISAT2 # 41" ¥
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134/CNA0019189/) i 17 )7 51 Lk X}, 8K J5 ffi
StringTief 41 20 2 5 s A . Adi 7 4~ Ecdis 2
Xof P H2 T 3545 19 Unigene J¥ 1 #3547 2 RE 1 B¢,
f145 COG. GO, KEGG, KOG, Pfam, Swiss-
porot FI Nr 4 2

ffi F Cutadapt (v2.10)"7 4% I ¢ 1 371 2
fra il S b3, LB AR P )
73 3 5 22 43 8T 19 1 BT & Clean Read J341 .
| FH Bowtie (v1.2.2)" # {4, ¥t Clean Data 5
miRBase (v21) 4l % . Rfam (v14.1) 04 % A
Repbase £ 4 FE#E 47 77 41 LU XT, 0 26 3 A% A
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i) miRNAs. FH Mireap (v0.2)"” 44X B {4 )7 51
AT miRNA Z5H T, FRA5H1 1Y miRNA

14 ESRIEZEEAMES miRNA BEE K&E
LB T
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T SRS B R TR 7K 48 5, 3 2 WA [) 52
o 2 [B) AT I 2 2 S B TR O R, AT AR 22 5
FEIRFED AR P LA G Z R AR X A, 22
S IR L PR A] DL 43Sy b B PRLRT R A A
K H DESeq2®" k1722 S5 i ik , K [log,Fold
Change|=1 H. FDR<0.05 1E A i s br v . Fl
Perl J{I A< Xt 22 57 58 R 4T GO Bl P2 3R 28 43 M

F1 KEGG 38 [ & 55097 -

XA miRNA #E47R s m a8, JF
F TPM Sk ik A7 0 —fbAb 3, ZbBEA
. X FHE— miRNA A9 Reads % H x10° L X
2% 74 I Reads 8L H , & J{] DESeq2 # 1
722 0% 1%, LA|log,Fold Change|=1 H. FDR<
0.05 MhnifE . M4 & LAY miRNA 5 Xt 0 ) )
A PFIME B, K Miranda (v3.32)" it
FTHE B T . AR5, i A BLAST (2.10.1)%
BOAE R R 3L A P 5 5 NR. Swiss-Prot, GO,
COG. KOG. KEGG. Pfam ¥4 X, K18
I R AT B

1.5 qPCR 33

T BRI A R e M N S A B
P o0 M 25 S op Bl L Pk ik 20 > 22 S R GRS
(DEGs) il 10 4~ 2= 5 % 35 miRNA (DEMs) #47
BF . 3 i Primer Premier 6.0 #X{41% 11 mRNA
PG % i PCR 5| ¥, miRprimer2 %X £ % 1T
miRNA 59 (& 1), JElhATAY TR (B
Bt A BRA R G e 435I LL B-actin F1 U6 1K
DEGs #l DEMs X} &k it A NS, gPCR
7£ ABI PRISM 7500 Real-time PCR & 4% (35 )
L HEFT . mRNA %% 5E & N R R A 10 pL:
2xTB Green Premix Tagll 5 uL, . FiE5|¥)
4 0.4 uL, cDNA 0.8 uL, RNase Free ddH,0 3.4
ulo JWFERF: 95°C 5 min 75 ; 95°C 15s
W, 60°C 45 siB ok, 3t 40 MG . miRNA
PG E i WK % O 25 pl: 2xTB Green Pre-
mix Tagll 12.5 uL, miRNA Specific Primer 0.5
pL, mRQ3 " Primer 0.5 pL, cDNA 2.5 uL,
RNase Free ddH,0 9 pL. W F2F: 95°C 15 s
WA, 95°C S5 sAE M, 60°C 20 sik k, Ht
40 MIE ., R H2-AACERY SRR AR F ik &

2 R

21 HFBENFMERFTEERANEE

i 4 %¢, dE3R4E 83.01 Gb Clean
Reads, Q30 ffJ& & 43 FL1E 93.91% LU I (3 2),
Ui B 20 2 RO T i A, P TR S
£ COG. GO. KEGG. KOG, Pfam, Swiss-
porot. Nr (i B Fh X445 14 25 371 NI FE AT
HWRMINEETER (8 2-a), H, it KEGG
F1 Pfam % 88 Hb XT % 1Y Unigenes 5% 5, 439
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si:dkey-183i3.5

ATTCGAGCTTGCGTATCAGT

gys2 TACTATGAACCATGGGGCTAC
p2ryl ACATTGCCTTTCAAATCAAACCC
enam ACAGCCCTGCAGTTGATGGA

rho AGAATATCATCAATGCCGACT
si:dkey-91i10.3 ATCTTCGCTGCTTTTGCCACA
Jfkbp10b TCCGCTACCACTACAATGCC
krttlc19e GCAGGTAAAGAACACAGTCCAC
zgc:136930 GCAGGTAAAGAACACAGTCCAC
agt CTTGACTGCTGTGACTGACCT
grb10a GTTCTTGCGCCGTTCTGG

LOC125276551
hpda

scarbl

TGATGCTCTTCTCTCCTCCCA
GAGGAAATGGGGGAGCATCTT
TGAAGTAAGGATGGCGGTGTC

apoeb CAAGGACACTGAGGAGATCCG
abhd4 CGTCTACGTCTTTGACCTGCT
c7b AATGGGCTGGATCAGTGAAGG
si:ch211-153623.3 GTGGGCCTTAGTGGTCTC
acsllb GACTCGCACATCTCCTACC
p-actin CTCTGCTATGTGGCTCTTGAC
miR-5119 CGCAGCATCTCATCCTG
miR-223 CGCAGGAGTATTTGACAGAC
miR-5108 GCAGGTAGAGCACTGGATG
miR-6547-5p TGGGATGTGGGGACG
m2059-3p CGCAGAGTGGAATATTCTGA
miR-7446-3p CAGGCGGACGTGTGA
miR-200b-5p GCATCTTACTGGGCAGCA
miR-252b-5p GCTAAGTAGTACTGCCGCA
miR-34a-5p CAGTGGCAGTGTGGATAG

U6 GGAACGATACAGAGAAGATTAGC

XK, & K77 AR, 2025, 49(1): 019604
%1 mRNA 71 miRNA £ qPCR 3|#57)
Tab.1 Sequences of qPCR primers for mRNAs and miRNAs
S 4T EF3I5(s-3) R 131 4(5-3)
gene name forward primer sequence (5'-3") reverse primer sequence (5'-3")
krt18a.1 ATGAAGCAGTCACAGCGAAGA TTTCAAGTCTGTGGTGCTGGT

CCAGCCCCAAAACCTACACC
TCAGCTGGTTACACGACTC
CCCCTGTTTTAAAGGTAATTCCA
TGAGCACCAGTAGGAACAACACC
GCAAACAGTGTGATGCCAAA
ACCTCTTTGATCACGCAGTCC
CCTGCAAGCCTTTATCTATGCC
CCATCTCCTCATTGAGCCCTT
CCATCTCCTCATTGAGCCCTT
TCCCTCTGCCATCTCAAACAC
TCTTTCTGCCCGTCGTCA
TGCCACAGGTAAACCACTCTC
GTGGGTTGTGTCTCCGTAAGT
GGAGAGTTCGTTCTTCGGGTT
ATGGCTCTAAACGGTCCTTCG
ATAGGATCATGCGTTCCAGCC
CAGTGCCCTCTTTAGGTGGAG
TTTAGCACGTAGCGTTGG
ACGAATGTCACCCTGGAA
ATGGAGTTGAAGGTGGTCTC
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG
TGGAACGCTTCACGAATTTGCG

A 25 3274 i 21 3901,
84.31%., H A 403
P, dH 1.59%.,

#2 #5 mRNA NFHIRLST
Tab.2 Sample mRNA sequencing data statistics
Feabgms B

di N 99.83% Al
2% Unigenes 73 B 2| COG %%

WEEE A GCEHE /% Fii%EQ30 /%

sample ID read no. base no. GC Q30
CK1 45868459 1.376 1E+10 47.97 94.00
CK2 51212092 1.536 4E+10 50.09 94.26
CK3 47371564 1.421 lE+10 48.19 94.06
PGl 43656 851 1.309 7E+10 50.26 93.91
PG2 42670830 1.280 lE+10 47.69 94.42
PG3 45930915 1.377 9E+10 46.84 94.31

T RIBE AT FEA M AT S R oK,
o 2R i 22 1) AR OC R B0 (0.86~0.99), 1t
BHRE S CREE AL, AR, AEShE) IS TR R
TR R GT M as R Bon, 2 AL AEARE
RIFA R 435 R 1) 22 5 Rk FL A 930 4>,
Hrb 473 4~ BiH, 457 AT (8 2-b, ¢), Hir,
MR — 2L fIAE K . B R B AR LD,
Aﬂ'ﬁ},uﬁiﬁlﬂ 2 (bmp2). col2alb. JikEhEK:
AERHETFEEEN 1 (ighpl) AL KE T B
ZAK 2a (tgfbr2a) 5,

2.2 ESFTEEFAM GO 1 KEGG BIREE S

Xf 22 5 R RN AT GO DI REE BT,
e 5y Y BE 5 1 EE%%E%%&?%%
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931

942 (3.71%) _(3-67%) _ 403 (1.59%)
1933 (7.62%)

B KEGG mpfam = Swiss-Prot
NR =GO = KOG =COG

@

0.50

025+ -
2077
0 | ° group

~CK
-PG

PC2 (17.26%)

-0.25 |

—-0.50

—-0.75 : : :
-0.50 —-0.25 0 025  0.50

PC1 (45.25%)
(b)

125

< N 457
100 down: 457
+ Lif: 473
up: 473
75 ¢

~1g(FDR)

50

25

-10 =5 0 5 10
—log,(Fold Change)
()
2 AHEIEEETF Unigenes ;EBRFEITHIGFHIRE ().
# (e PCA 34 (b) FERFTIEEREKILE (o)
Fig.2 Pie chart of Unigenes annotation statistics in
public databases (a), inter-sample PCA
analysis (b) and the volcano plot (c)

(GO:0046790) ., A WM 45 & (GO:0042806) %5 i
B TEAyFd R, K s AR B AN A
TWEALZ 5P N2 (GO:0002281) . iz 18 JIH [ i
W (GO:0030299), AH [ EEFRZS (GO:0042632)
M TRy T, E R R R AT
4t (GO:0005882) . ZH I~k =5 [E] (GO:0005615) 45
W (F 3-a), M, KEGG i % & %0 Hras 1
W, 225 KRB W E 5 4 7E e
DNA & il . PPAR {5 Z#i il . F5HEEE . FoxO
15 5 45 15 R % L (K] 3-b), &l if
KR, —EEFIEAFEESERK . B8E
BAERE B ., 0 FoxO {55 M % . MAPK
55 . TGF-B{5 538 f . 4515 5 3 i .
Wt {5 538 [ A1 AL 30 25 1 400 M B 405 5 0 i
XG5 [ v ) B SE PR (AR — 2B AT

2.3 miRNA JIIFHZE FFRIX miRNA £ E

ARG 7 755.98 Mb Raw Data, Q30 Bk i
I3 HAE 95.70% LA b (3 3), @it 5 NR, Swiss-
Prot, GO. COG. KOG. KEGG. Pfam %4 %
Fext , RARRIEFERIEE . Hrh, it NR
FI Pram ¥4 22 H T B 0 38 R ECR: =, 0 il
5791 F1 5 1644, (5 o 99.93% Fl1 89.11%
(Kl 4-a), FESLTAY F o e P SRR, 240
SIS FEAR R IR A B IX 43 (] 4-b) oA )
8 325 > miRNA, Hrh 5610415, 2715
DRI, Tkl 146 4 22 F % ik miRNA,
Hdr 44 4~ i, 102 4~ F 9 (& 4-¢).
24 ZE5FFIA miRNA LEF K GO 1 KEGG
B EE D

XF 2% ik miRNA L GO A
KEGG i i & E i kB, Adrid e 2
A Y S A0 EE I (GO:0007155), 14 R 4
KB (GO:0007399) Al rRNA il T. (GO:0006364)
SEE M AL B E R A E A (GO:
0005856) ., IR H — 1K (GO:0005581) FlZh
B (GO:0005925)% i ; s+ THIReh B &=
BRI IR T 454 (GO:0008134) . ATP 454
(GO:0005524) Fl DNA %5 & % 5% I+ (GO:000
3700) Y35 1 4558 % (8] 5-a), KEGG B¢ i %
& 4E7F Notch {5510 % . ECM 5 2R i A BAE
. Wnt {55388, ZiE 5, FiMHERES 11 %
A8 i b (& 5-b). Horf, Noteh {5 5 38 #%
ECM 5 Z K A B AE H . Wnt {5 5 8 % .
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EREAR A 2 5 R N DNA 5 | o
macrophage activation involved in immune response DNA reRllcE?tlon
g R R mismatch repair |
intestinal cholesterol absorption AARTEIA | .
B R A el qfi
- P
cholesterol homeostas homologous recombination [ g value
P MRS B R R R ML L g o0
regulation of complement activation, lectin pathway ﬁ wiiﬁ%’ﬂgﬁg .
YA 15 2 R e R 7 1 base excision re alr i 0.03
regulation of innate immune response g value F P DEA mlth L ° 0.02
N . anconi anemia paf way
5 7 2 7 0.03 POAR (P E e 0.01
regulation of cellular defense response 88% PPAR s1gnalmgzpa;tk}v%/aj re
et E g AR | R A
extrac:ﬁﬁ’iﬂz}\s;é@: pynmldme metabolism L] A
rh AT 4 ardchldomc acid mﬁfggﬁgﬂ\ e counts
intermediate filament PTTR IR Z5L | . e 10
X . nucleotide excision re alr Q15
AT ooy ST RIS | o 0
virion binding adipocytol mc 51§na ing pathwa
s ek PRI A AL |
RIS T cysteine and methlonme metabolism
fucose binding FoxO {5 "7l |,
A e 0xO signaling pathwa
WKL A L FoxO signaline paitrscy
carbohydrate binding insulin signaling pathway ® | | |
5 10 15
N M) =
THEUEA AR T
counts/unit enrichement
(a) (b)

B3 ERFREEE GO BEKNE (a) M KEGG B EEHAE (b)
Fig. 3 GO enrichment bar graphs (a) and KEGG pathway enrichment scatter diagram (b) of

differentially expressed genes

=3 HS miRNA NFEHIEZ T

Tab.3 Sample miRNA sequencing data statistics
s FHB% BEL /A GCEE /% BiEQ30/%
sample ID  read no. base no. GC Q30

CK1 12 632 478 644 256 378 54.51 95.70

CK2 30993 626 1580674926 54.06 96.24

CK3 35345207 1802 605557 55.12 96.31

PG1 22286008 1136586408 53.41 95.86

PG2 32338800 1649278 800 53.1 96.38

PG3 18 481 829 942 573 279 53.56 96.54

VEGF {5 5 il % . MAPK {553 [ . %h 45 B
B BhMEERE . Apelin f5 Sl 5K B
KB,

2.5 miRNA-mRNA EX& 49 #r

AT W mRNA 5 22 5 %38 miRNA [A3] )
WEEER, TERIA 191 A48 3L K X rb 1k B
VER R Y 21 A SRR 25 A SCHE miRNA,
FIHEE T miRNA-mRNA T AEM %, X 4% mRNA
Fl miRNA A] B 5B KA g8 AT HL, &1
miRNA A R [a] (A2 IR, ARSI AA]
it % B 8 2 > miRNA 35 . 45 3 WS,
apob . tgfbr2a. col2alb. mem?2 ZF| miR-34a-5p .
m0774-5p. m0920-5p., m2125-5p. m2320-3p &5

fEdE (K 6-a). 255 miRNA #3525 5 i
PR R A 140 AN S [A] BE A, 6 AT 16 /> G 2
FERZH HAEMZE (K] 6-b), HHA, mem4. ccna2 .
smc2 Fl chek2 # s SR AE 20 ML A M558 6 I

2.6 qPCR IGiE

A T %k sSRNA-Seq Il RNA-Seq il ¥ 4] 1
Wbk, 9 EEPLPEE T 10 4 miRNAs Al 20 4
mRNAs #£17 qPCR B iF, %55 sRNA-Seq Fll
RNA-Seq £ #5 — 2, Ui sRNA-Seq F1l RNA-
Seq i ¥E LA B &S TTERE (K 7).

3 Wi

R S B R E oAU
ﬁﬁ%LL%Lim%ﬁﬁwﬁ%Eﬁwﬂﬁ

HARBIA R IR 22 5, /15 T 83.01 Gb 1)
%%ﬁ?ﬂﬁ7%5%Mb%nmNArw,Qw
BREE T 43 LA BIAE 93.91% Fi1 95.70% LA |, X
B il B) 10 35 PR R AT T a0 HT, BE AL
X432 ke, qPCR Y UFZE 555 sk 41—
#H, WUIAMIR EAREAERE, LYY
B 85I AL ST s S, it — 25T
JRERARIE Sk R P2t 5%

0 2 AR TR 25 S5 A2 AL R BE TR R ke
P, R FRAAEMFE NIRRT, HRo ik
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Integrated analysis of transcriptome and miRNA expression in
Hypophthamichthys nobilis individuals with different body shapes
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Abstract: To explore the molecular mechanisms affecting the body shape differences in Hypophthamichthys nobilis, morpholo-
gical different H. nobilis individuals with normal body shape (CK group) and with shortened body (PG group) were collected
for transcriptome and miRNA sequencing analysis in this study. The results showed that a total of 25 327 unigenes and 8 325
miRNAs were obtained. 930 differentially expressed genes (DEGs) and 146 differentially expressed miRNAs (DEMs) were
identified, including 473 up-regulated genes and 457 down-regulated genes, as well as including 44 up-regulated miRNAs and
102 down-regulated miRNAs, respectively. By comparing the DEGs and target genes of DEMs, 140 overlapped genes were
obtained, which were mostly enriched in cell cycle (ko04110), DNA replication (ko03030), adhesion plaques (ko04510), and
ECM receptor interaction (ko04512) signaling pathways. Additionally, 16 overlapped DEGs were identified to be involved in
bone formation and development, such as exol, mcm4, ccna2, smc2 and ccna2, which were hypothesized to be associated with
H. nobilis body shape differences. In addition, through mRNA-miRNA interaction network analysis, DEGs including apob,
tgfbr2a and col2alb as well as DEMs including miR-34a-5p, miR-252a and miR-6 547-5p were detected as core members in
the network; these DEGs and DEMs may play important roles in regulating and maintaining the morphologically in H. nobilis.
Validation experiments using qPCR revealed that the trends of relative expression differences between CK with PG groups
were consistent with the RNA-Seq and sRNA-Seq data. These DEGs, DEMs, and enriched metabolic pathways identified in
this study may be associated with H. nobilis body shape difference. This study may provide basic data for further exploration of

the molecular mechanisms affecting body shape differences in H. nobilis.

Key words: Hypophthamichthys nobilis; body shape; skeletal development; differentially expressed genes; differentially
expressed miRNAs
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