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1.4 ERFREEESF
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voStart SYBR qPCR SuperMix plus(SYBR Green)ik#| &, 1% 3 M FATEE , NS I F R B-actin.
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Fig.1 The key stages of intermuscular bone development of yellow river carp
2.2 O HEE R
W I 3 ) 3545 20 571 647,24 497 356,23 575 378,25 811 334,26 259 664 4> raw reads. 4 5 ¥ 1 € 5t
LM E B B RE R NIB3 f PIB3.ZH 99 %A1E N clean reads # f4 88 , 24K 45 120 356 780 &) H 47T
W23 BT - 45 B B clean reads 4 20 521 064~26 172 251 45;GC &80 46 % ~47% ; Q20 ¥7E 99.87 % LA I,

Q30 fE 97.00% Z& 475 Wi By Bt clean reads B9 Lb X} % 2k PIB vs NIB
91.5% ~92.5 % (Wit 5% 22 S1). %% 7 41U FF I & 4 i 4 B .
AT A WA B2 A BT A S EEK Non-significance

*Down-regulatin

23 ERRIFEBELSN

AT BEA 3L 28 i FPKM Z 5, X & 41 F
A AT 22 S B R 3R o B R AR AT 25 S RGR BRI 3 4514,
LE 1283 4, T 2 168 A4~ (& 2). itk Ak, Kk I AE L H 5
W, 5HEERAEAMKCHER bmpl omp2 W35 2%
SRR T W IE R b, bmp7 3 22 5 KA RE BOR
(3 LB P&k & B B 22 S D S A ) i 3R 8 R
F, R F WY B 320 R R A B R A e W B 22 5
2.4 DEGs WIgeiEBMEEEZHE

GO 3 Hr W, W B BE DEGs ¥ 68 3 5 4 3 4= W ot M oo
T AL oy B oy T RE, b W A S R H IR £ Fig.2 WA-plot of differentially expressed gones
A R R B (B 4) . KEGG 438 & B, P B BE DEGs i
PR ABEAE B AL N GHT IR AR RS 5 2R AR, bR N IS B A5 ol i b, £

200

-lg q

100

-10 -5 0 5 10

log, (fold change)



74 AHEIFERFFRCRHF R 2024 4
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Hierarchical clustering of DEGs
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Fig.3 Cluster diagram of gene expression patterns
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KIEGG pathways enrichment of DEGs
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Fig.5 Top 35 KEGG pathways enrichment of DEGs
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042588976.1 Fl XP_042591968.1) .11 T 4 k A= 2 (1 (BMP) 764 HE 3 ¥ % 75 99 1a) 698 T 1 b BLA 2 A R A
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Fig.7 Zebrafish larva morphology after bmpl knock out
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HRE KRB B sk A ME A H LS b R A B A G R 8 AR mRNA JKF B3Rk i 3
AN —F B R E A G T B Y R DR S 5 L) A A R LA S B AR B AL o i — 2 i S E.

BMP fi B A5 58 BB RE 1 W45 44 fE b AL B ARS8 T TGEF-B 5405 , HLAE R DNA & 5 40
it 52 ) o DA 2 22 [) 7 5 40 A A 1) 43 A A B A B 28 3 e it Tt 4 i R B OC I 22 S R RE N R 2
ALIEE & & RSk Z R, B bmpl cbmp2 K bm p7 MR R B IRompl Fbmp2 ¥R B FH ERIELRA,
bmp7 4 F VA HE AL AR AH W SR W A Sk 65 LA Bk G AR R 20 BMP F5 R 22 5 3R 0k X S8 S A ]
BEXoF UL B 3 A6 OB A5 k35 A o B AR TR 5 IN R bmp3 bmpd \bm p5 \bm p8a 5 il W 1) 7 o 40 il i JJL
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Wt 5 ) 58 3 3400 oo p 1 138 380 5 981 45 A DG ik PR 1) 2 32K 02 0 AR /1 55 e 7K 2 JOURE 200 D 1 1 580 0 400 ) HC 00 1, 7
K AR BRI A g B v AT A RS T RE ;s YANGE 78 5857 09 Y B8 6515 8% & & AF 5 b DU e AT fa g ik o~
18 d N bmpl WRIKAKN- K IBEALSE 18 d BB & TWEAL)E 0 d AW FEEN X B Y bmpl RKB I E 5
HEE R — R BT R B bmp] 38 3K A A BMP 30604 42 2 Ho Al BMP 5 5% 5, 8 4 B /R H
FEWE IR % B T HE U 4R 7 R 8 19 BMP {5 5 86 . JASUJA 55008 bmp2 (bmp7 5 bm pl i 45 #4385 51 4
AR T bmpl FEZS B RESEAEAR N AMR T bm p2 bomp7 BT 5 4% T R 1, i — 20 1) ) 256 D] 2 8 0 R %
bmpl FHIREHEAT IR AN I A Iy b 2L

UTAF R, Bl ik PR 2 B0 AR B0 J8 L X 00 28388 A% 7 i i R D7 1) A R DA ) RE P F 5 A A TR B O B8
bmpl 25 5V NLUE B KT RIE R, AT 38 0 5 A0 56 ] 4 8 £ R BT CRISPER/Cas9 R 48, X bmpl
B HEAT G s R I — A RO S B > ompl SRR G R BE S A5 R BSOS B R 1 BE
fAF BRI A AN R B IR 2R HUR E L S A e A AH R R KON bmp ] FE ARG i T
HE— 20 B BAE A5 5 ZE RS bmpT X WU AL B 52 e L SR 086 T R i 52 56 b1 R

Bt & BB F R (DOT:10.16366/].cnki.1000-2367.2023.01.11.0002).
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Transcriptome analysis of intermuscular bone in Yellow River carp and
construction of bmpl gene knockout model in Zebrafish

Dong Chuanju®®, Jia Yingying®, Shen Yawei*, Li Xuejun®®

(a. College of Fishery; b. Research Center on Legal Issues Concerning Agriculture, Countryside and Farmers.,

Henan Normal University, Xinxiang 453007, China)

Abstract: Intermuscular bones(IBs) arise from the ossification of the tendons between the muscle diaphragm and are
found only in lower bony fishes. In this study, transcriptome sequencing was performed in Cyprinus carpio haematopterus at
two key stages of intermuscular bone development. Transcriptome data were analyzed to identify differentially expressed genes,
and functional enrichment analysis was conducted for them. The results showed that a total of 120 356 780 high quality read se-
quences were obtained, and 3 454 differentially expressed genes(1 283 up-regulated and 2 171 down-regulated) were screened.
By GO and KEGG analysis, differential genes were mainly enriched in extracellular regions, transmembrane transport, RED-
OX process, catalytic activity, protein binding and other functions, and involved in biosynthesis of secondary metabolites,
PI3K-Akt signaling pathway, AMPK signaling pathway, glycolysis and so on. After qRT-PCR verified that the differential
gene expression profile was basically consistent with the results of RNA-seq, in order to further understand its biological func-
tion, the significantly up-regulated gene bmpl was selected in two stages, and CRISPR/Cas9 was used to establish chimeric ze-
brafish with bmpl mutation. Sequencing confirmed that the mutant strain of bmpl had been successfully constructed, and phe-
notypic observation showed that the mutant had obvious developmental retardation and vertebral deformities in the tail.

Keywords: intermuscular bone; Yellow River carp; transcriptome; bmpl ; gene knockout
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Tab. S1 Summary of the sequencing results from samples

Category Raw reads Clean reads GC rate/ % Q20 rate/ % Q30 rate/ % Overall Alignment rate/ %
NIB1 20 571 647 20 521 064 47 99.89 96.99 92.2
NIB2 24 497 356 24 449 574 47 99.90 97.06 91.9
PIB1 23 575 378 23523 799 46 99.89 96.55 92.5
PIB2 25 811 334 25 690 092 46 99.87 96.62 92.0
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Fig.S1 Schematic representation of gRNA targeting the bmpl locus
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