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Abstract: To investigate the role of the prkdl gene, a typical member of the protein kinase D (PRKD) family,
in early heart development, zebrafish was used as an animal model in this study. Through prkd1 knockdown
with morpholino antisense oligo (MO), it was found that knockdown of prkd] resulted in abnormal cardiac de—
velopment, such as pericardial edema, cyclization disorder, cardiac tube linearization. Zebrafish heart rate
analysis indicated that, compared with the wild type, prkd1l knockdown zebrafish exhibited early arrhythmia.
High—throughput transcriptome sequencing was performed for zebrafish embryos at 3 days post fertilization
(dpf) in control and prkdl knockdown groups. Differential gene enrichment analysis revealed that prkdl

knockdown was significantly associated with heart-related signaling pathways, such as the adrenergic signaling
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pathway in cardiomyocytes. Additionally, the results of high—throughput sequencing were confirmed by qRT-

PCR, which showed that some genes associated with the cardiovascular system were markedly down-regulated.

Meanwhile, identification of the essential factors in early heart development revealed that key cardiac regu—

latory genes like tbx5a and gata4 were significantly down-regulated. These findings suggest that the prkdl

gene may affect early cardiac development by regulating cardiac development—related signal pathways and

key genes, and play an important role at the early stage of heart development.

Key words: cardiac development; prkdl; zebrafish; morpholino antisense oligo (MO)
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Table 1 Primers used for real-time fluorescence quantitative PCR analysis
Primer Sequence
actcla Sense 5"ACTCCAGTCTTGCGCTACAA3’
Antisense 5'TACCAACCATCACACCCTGG3'
y12 Sense 5"AAGACGATGCTGTCTTGGGG3'
Antisense 5'CTCTATGGAGCGCTGACTGG3'
cacng8b Sense 5'CAACGGGTCACTGAGACCAA3’
Antisense 5'TTCTCACACACCATGCCTGA3’
cacnalda Sense 5'GCAACACAAACCCAGTTCGAG3’
Antisense 5'"AGCCGTGAAAGCATAGTCAAA3'
tpml Sense 5'CACTCAGCGTCTCCGGTTTG3'
Antisense 5'CACATCACCTTCAGCTGTTTCT3’
adrb1 Sense 5'TACAGAGAAGCCAAACAGCA3’
Antisense 5'TGTTGTAGAACCTTCCCTCAC3’
atf2 Sense 5'CTCTCTGCCTCCGTCCACTA3’
Antisense 5'GTGCCGGACACGGGAACTAT3'
akt3a Sense 5"AGATCCCAACAAGAGACTTGG3’
Antisense 5'GGTTTGAGCTGTGAACTCTTC3’
atplb2a Sense 5'CCCTACAACGACACAGTCCA3’
Antisense 5'TCCCAACTTTGTATTTCTTCGC3’
myl2b Sense 5"AGAGAAGCTTAAAGGTGCCGAT3'
Antisense 5'GGTCTTTCTCCTCCCCGTGA3'
cacna2d3 Sense 5'CTACGTCGACAGCGCACTTG3’
Antisense 5'GTCAGGGTGCAACAGGAGAT3'
cacnalfb Sense 5'CTACTGCTCTACAGGCGGG3'
Antisense 5'GGCTTCTGCTTAAGGGCTCA3’
cacnb4a Sense 5'CCTCCATATGATGTGGTTCC3’
Antisense 5'CATATCTGTCACCTCGTATCC3’
calml4a Sense 5'GCTCACAGACAAAGAAGTGGATG3’
Antisense 5'CCACTGTAGGAAGTGTGACCA3’
adcyla Sense 5'"GTGGAGCCAGGATTTGGTCA3’
Antisense 5'TCGTAACGCTCGTCTCTTGT3'
adcy2a Sense 5'CCCTGGGATCAGATTCTGGC3’
Antisense 5'TAACAGACGTTCCTGCTGACG3'
bel2b Sense 5'GCGCTTCAACGCAGTCATAG3’
Antisense 5'CCACAAATGCTTCCCAACCG3'
casp8 Sense 5"AGACCAGGAACAAGGAGGCAG3’
Antisense 5'CTGTAGTAATTGTGCCAGCCG3’
ctshb Sense 5'GTCAATTTCGACAATGTGCC3’
Antisense 5'CGTTTGTGGAGTGTTTCACAG3’
prkeg Sense 5'CACCGATTTCATCTGGGGGA3'
Antisense 5'TAGAGCAGTGAACCGCAGTG3’
si:ch73-55i23.1 Sense 5"ACATGCTGTACCTGCAAAGTCT3’
Antisense 5"ATCCGTCAGCACCTGAGAAC3’
cox8b Sense 5'TCCGGCTTCAATCGCTCTTT3’
Antisense 5"ATGCAATCACTTGCTCCCCA3’
thx5a Sense 5"AAACCACAAGATCACCCAG3’
Antisense 5'TGCAGCTCCATATCATCAC3’
gatad Sense 5'CGGGTGGGTTTATCCT3’
Antisense 5"ATCGCCGACTGACCTT3’
hand2 Sense 5'GGACATTCTGGACAAAGATGAA3'
Antisense 5'GCCAACCAGTTCTCCCTTTA3’
nkx2.5 Sense 5"ATGCCATCCGGATCCTCTCT3’
Antisense 5'TCAGATCTTACCCGGGTCT3’
B-actin Sense 5'GACCAGCTAGATCCAGACGC3'
Antisense 5'GCTCCCCTGAATCCCAAAGC3’
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Fig.1 Statistical chart of the mortality and proportion of different types of cardiac malformations (72 hpf) in zebrafish

embryos caused by prkd1 knockdown
(A) The embryonic mortality of zebrafish; (B) The rate of various types of heart malformations. PE: Pericardial edema; CTL: Car—
diac tube linearization; LD: Looping disorder. n=3, : P<0.03, ™: P<0.01, ™: P<0.001, ns: No significant change.
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Fig.2 Abnormal phenotype of zebrafish embryos caused by prkd1 knockdown

(A) Heart phenotype in control group at 48 hpf; (B~D) Mild, moderate and severe heart malformation phenotypes in prkd1-MO
group at 48 hpf; (E) Heart phenotype in control group at 72 hpf; (F~H) Mild, moderate and severe heart malformation phenotypes
in prkd1-MO group at 72 hpf. The area of the heart is circled with a red dotted line. V: Ventricle; A: Atrium. Scale bar = 50 pm.
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Fig.3 Statistical chart of heart rate of zebrafish em -
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n=3, " P<0.05.

ERRBERT T ALY, 08 T pridl Wik f9
FEFRIRZE S o FEAHSCTERINZS R, 6 MEE

=S =
[

0.954 1

0.950 0

Conlrol 3

Conlrol 1

Conlrol 2
prkd1 1

Conlrol 2
prkdl 3
prkd1_1

Control 1

en
-
=}
g
)

(B)
B4 prkd1-MO RIBHASHRAMNERKIEER
(A) AL B) ZF AR R LA, |

i
.--.- conrold i 094
B
---. 09739 prkdl 3

o 8 o I

0.950 0 .. 0.973 9 -- prkdl 2

prkd1 2

rn (] S R R T (1R 4A) . FE DR 22 R aRIA GG
RN, ARRILKIE] T 6 246 &4 W E AR
FRRYEEN, Hop, 3 913 AN B T, 2 333 4>
A B 2 (& 4B).
222 EFARGESH

FiE— 5T pridl B TRE, kA
WEMEAN 6 246 N HEH AT GO HAEN M
(top 20), Z5H R8BI T B A i oAy ik 2 (1A
5A). BEAh, B3 w4 GO KB HE il
mmi%%%ﬁ% 2 PG AT R T B T
STHBIERT R

KEGG (top 30)& /T 7R, 5 control-MO
AL, pricdl B R AR X B A A= W 0 A% A A 2 )

Group

I Control-MO

prkd1-MO

l 1.00

Control 3

Group
" Control-MO
L5 prkd1-MO
1.0
0.5
0
-0.5
-1.0
-1.5

BEARATH, e KE LA,

Fig.4 Differentially expressed genes between prkd1-MO group and control group

(A) Sample correlation test; (B) Cluster analysis of differential genes. Blue represents down-regulation and red represents up—

regulation.
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Fig.5 Enrichment analysis of differentially expressed genes between prkd1-MO group and control group
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