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Effect of zebrafish hemoglobin gene knockout in chromosome 3 on cardiovascular

development
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[Abstract] Objective: To investigate the differences of cardiovascular development in zebrafish after knockout of the hemoglobin
gene on chromosome 3 and the underlying mechanism. Methods: We used CRISPR/Cas9 technology to knock out the fragment from
hbba2 to hbae3 of the zebrafish hemoglobin gene on chromosome 3 to obtain heterozygous zebrafish (Hb™ ). The hemoglobin content
and distribution of Hb*" and wild-type zebrafish (WT) fertilized eggs were detected, the development of blood vessels was observed,
and the number of 5-month-old erythrocytes of both were counted. The transcriptome of the heart of adult zebrafishes were analyzed by
sequencing and validated by qRT-PCR. Results: A significantly reduced hemoglobin content in Hb*™ embryos and ectopic in 50 hpf

+-

embryos was detected. Compared with WT, Hb™ had a retarded development of abdominal major vessels and common cardinal veins in
the abdomen, a more rapid development of the subintestinal veins, and hyperplasia of the caudal intersegmental vessels. There was no
significant difference in erythrocytes between Hb*™ and adult WT (P > 0.05). Transcriptome analysis of the heart of adult zebrafish
revealed that the decreased hemoglobin levels led to the up-regulation of nos2b and ¢ybb, down-regulation of hif3a, and activation of
compensatory protective mechanisms in mitochondria. Conclusion: Hemoglobin gene knockout affects hemoglobin levels and vascular
development in embryonic zebrafish, and the normal physiological activity of adult fish can be maintained by regulating gene
expression and mitochondrial compensation mechanism.
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(5'-TTAGCTTGCAGAGAGACGGA-3') , ¥ J5 &
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F-(Hb™) ; @& H A i 472 bp 1393 bp i H 195
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Figure 1 Schematic diagram of gene knockout and primer design for genotype identification
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28.30.32.36.48.72.96.120. 144,168 hpf iX 10 >
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1.2.6 % RNAJRE 3 F LM 5 B 5 A7
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JE &L RNA (n=8x3) , {# ] NanoDrop 2000 Spectropho-
tometer K | &L RNA f14 3 5 R4l Ji | 1 J i FH o i
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fifi Fl DESeq2 #F 17 22 5 JE K 3 17 , X B 25 S5 A5 4K
(fold change)>2 HAZIE 5 P < 0.05 il 25 5 Rk 1)
R fH GOseq Xf 22 53 £ KA # 1T GO (gene
ontology ) & /AT , ISR K FE W25 . KIEJF P <
0.05 1Y GO ARIEHIA R TE2E S RIXFEH P

5o AL KOBAS R A4FHE1T 15U 5L 5
F K 4 H Bl 4 45 (Kyoto Encyclopedia of Genes and
Genomes , KEGG )i f H1 22 S Rk BE K 1) & A6 4E 1 -
1.2.7 %A RAE 2R E B4R S (qRT-PCR) 39E
R E R

i PrimeScript™ RT Master Mix TR B R e R
L JE L RNA A ¢DNA, TB Green® Premix Ex Taq™
JHT qRT-PCR. HE PR 4™ 14 FIAG I 45 ] CFX Opus
96 Real-Time PCR REiH A7, fiiH 27 Jr kit 5340
X HRZH mRNA IR RIZRIAIKF-. T gRT-
PCR 514 : hbba2,5'-ATTGCGAGTGTCTGGAG-3'
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5" - GCTGGATGGCTTGTCTGATGG -3’ F1 5" - CCCT-
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GACTCTACTCCAT-3'#15'-TGGACCTTTTCCCTCCT-
GTG-3";¢ybb,5'-CTTTCGTTATGAAGCGGTGATG-3’
15" -GGTTCTCCTGGACGTGTTTAT-3" ; tnnt2¢, 5’ -
GACCGAACGTGAGAAGAAGA-3'HI5'-AGGACTTC-
CTGGTGGTTTTC-3" ;B-actin,5'-TACAATGAGCTCC-
GTGTTGC-3' F15'-ACATACAATGGCAGGGGTGTT-
3", B-actinfF mRNA NS HEA
1.3 itk
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Tt il 8 AR R bt 22 (x = 5)
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Figure 2 Screening of heritable F0 and F1 generation mutants
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WT Z 1 X5 ISV (& 56G) ; 15 KAl 1M % (dorsal longitudi-
nal anastomotic vessel , DLAV){EE A & & o f& i It
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2.5 B EEEF ST LR F qRT-PCR BiE
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Figure 3 o-Dianisidine staining of zebrafish embryos at different developmental stages
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Figure 4 Statistical analysis of erythrocytes in 5-month-old zebrafish
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Figure 5 Vascular development of zebrafish embryos and larvae

AW 1~V (AL B U 51 ) A DG (A
UL ZEYV (ATP G ) OCEE A .2 E ik (1]
6F) , #- At ATP (45 15 1-3h J1 0555 , ATP 5 iR 1k

L,
3 3t i

MELLAR FAEAUAR bR 12 f E U DI RE , ok
SRR B2, PR ARt A 16 B I B A TR
RS, £LR PR E S CVD AE BT R . #F
FEFEH, v B2 I £ A A 5 S A AR L il R T
e AT R T ) PR S 3R AR A B /L 5
BRI WS A 21 40 A ORIER] (erythropoiesis
stimulating agents , ESA ) J2&IIfi R [ 36 Y7 %% 1ML i # H
251, ESA AT 231G 0 e 1 H A il A 18 RURS: L 5 HL
A] A8 2> 5 304l 21 40 i B A BE A PE T 1ML (pure red

cell aplasia, PRCA)"", Al LM 1fil 21 85 11 56 R 42 L )
XTI IR 3697 #0  CVD A 48 58 o Mk 58
SN B IMLT AR A R AR oK A AT DA 5, TR S 56
ML (2% 58 AR PR BE I i R S 245 T R BB

BEEyf0 2 — R S FLA AL S A TR
F2CVD R AR, BLE L N 2 Fh CVD BE L
FETRY 40 Zh ks BERE Lk B 5k 2 0 LG AR5 R0
U S5 o A AR AR 5 H X CVD B HIL I 5T
ZAEH T 52 IR RE R LA U N RNA TR Y
SEZRI TR I £T 2 3 R O I R T L
Tl EEA BEST . BED AL 5 N2 —RES A 1N
LA, HBEE 0 - BREE VI B- 2R &R LA T —
Ju@ R I, I H e BV IG B2 R 2 01 ) 2 2805 HE
HI ARG T A CRISPR/Cas9 J K 4 48 7 A



A3 55 7

906 - Mo E R ORI 202347 H
50
2
401 1
. . 0
301 : - A 881 21
% Co TS5 -2
! 201 - 794

-10 -5 0 5
log:(fold change)

C Oxidative phosphorylation
NOD-like receptor signaling pathway -

~ Glycolysis/Gluconeogenesis
Cytokine-cytokine receptor interaction -
Starch and sucrose metabolism -
Non-alcoholic fatty liver disease (NAFLD)
Biosynthesis of amino acids

Carbon metabolism -

Cardiac muscle contraction -

ecroptosis 4

Nicotinate and nicotinamide metabolism
NIF-1 signaling pathway -

Toll-like receptor signaling pathway -

FoxO signalinipathway g

yS0some -

Pentose phosphate pathway
IL-I'}Jsignaling pathway -

NF-kappa B signaling pathway -

KEGG Term

507 owr
404 WHb"

304

LY

20+

tnnt2c¢ 10+ sk

BEPIARXT R

1.0

ose sosevssensec’ os
filh wyf%w fi

A KL 7R H™ (SR 20) A WT Ot JRZE ) 22 [ B PR B3R (20 0) TR i () FITE 22 5 OK () 5 B 22 5 38K 3 PR FG AR 1 SRR
RN IS L, 3 A FR B FE T o Hb i b 2 & 4500 50 11148 & B AHSCH KEGG 38 #% ;D : hiflal \hbba2 .tnni2c cybb .nos2b &
HAE Hb I WT ik 22 A 20 0 30K L, i (308 R E: 25 7 25D B PCRIIE, 5 WT B4R, P < 0.001 (n=3) ; F : S fL B AR fL ik
&, LU RE IR Feak IR, G T HEN SR AR08 R

6 FERD &R REAS TR ZERER qRT-PCRIIE

Figure 6 Transcriptome analysis and qRT-PCR verification of adult zebrafish hearts
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