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Abstract: Protein kinase D1 (PKD1 or PRKD1) is a member of the protein kinase family, which is composed
of three structurally related stress—activating enzymes that regulate a variety of biological functions in the
body, mainly involving cell proliferation, differentiation, apoptosis, immune regulation, cardiac contraction,
angiogenesis, and cancer. In these processes, PRKDI1 is associated with substrate phosphorylation of cardiac
hypertrophy, systole, and ischemia—reperfusion injury. Relevant studies have reported the presence of PRKD1
gene mutations in patients with congenital heart disease, but its specific function and molecular mechanism

in the heart have not been elucidated. In order to facilitate the study of the mechanism of PRKD1 gene in

s HEA: 2023-02-02; 1[5 HEA: 2023-03-10; MEE % BEI: 2024-02-19

EE&TH: M8 & B EYF S5 EYE S FRHE 2 XU 9T T H (2022XK00205); W54 #0877 RF -0 57 5 05 500 H (18A028); 1)
A AR 2 D1 < FE A0 H (202201065690); #1874 8 38 12 A4 AL B B ST T H (HNJG-2020-1286); 118 i R 5k 2 2 e 41
HHEEI 1 (202101003015)

EEEN: BPF1994—), L, MIRMIHA, Lo AE, FENF SR F G, Sl EES: hliiEa70—), 35, MK A, 2
B, WAL S0, T8I AZOONE R T B MBI 5 3 D B 03 S S RERFSE, E-mail: ye_xiangli@hunnu.edu.cne


mailto:ye_xiangli@hunnu.edu.cn

1 E PFE R CRISPR/Cas9 5 ARMHEEE T 1 prid1 S a5 & 19

early human heart development, a zebrafish prkdl gene knockout line was constructed using CRISPR/Cas9
technology. Firstly, the two optimal gene knockout target sites were screened out through the bioinformatics
website, and the single guide RNAs (sgRNAs) and primers of the corresponding target sites were synthesized.
Then, the sgRNAs of the two target sites were transcribed in vitro and mixed with Cas9 protein and co—in—
jected into the one—cell stage zebrafish embryos. Finally, the zebrafish embryos and adults of the FO, F1, F2
and F3 generations after gene knockout were identified and phenotypically observed. The results showed that
there were different base deletions near the target site. Three sublineages of prkd1l gene knockout that can
be stably inherited in the F1 generation were successfully constructed. Compared with the wild type, the F3
homozygous embryos showed different degrees of malformations such as cardiac chamber expansion, abnor-
mal circularization and cardiac tube linearization. In summary, this study demonstrated the successful con—
struction of a zebrafish prkdl gene knockout line using CRISPR/Cas9 technology, which lays a groundwork

for further studying the specific function of this gene in human heart development and is useful for congeni—

tal heart disease screening and precision medicine.
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E. coli DH5a (AU R A MR IR A FR A W),
P42250 JFURL( X 45 pUC57-sgRNA, HIIRGITTE K
2D NER B T PRL); pMD-18-T A (Taka-
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Table 1 The prkdl knockout target sites and identification primers

Primer

Sequence

prkdl-sgRNA-F1
prkdl-sgRNA-F2
prkdl-sgRNA-R
prkdl-identify primer-F1 5'"TCCACCAGGCGTAATTGTGT3’
5'GCATGCCATCTCTCGGACTT3’
5'TGTCCACCAGGCGTAATTGT3’

prkdl—identify primer—R2 5'CTGGGAACTTCTGGTCCACG3’

prkdl-identify primer-R1
prkdl-identify primer-F2

5'tgTAATACGACTCACTATACCTCCGGTAATCCGACCGCCGAGGTTTTAGAGCTAGAAATAGC3'
5'tgTAATACGACTCACTATAAATCCAGATCGGGTTGAGCCGGGG AGAGCTAGAAATAGC3’
5"AAGCACCGACTCGGTGCCACT3’

AL R A AR B B e deds b

Note: The bold sequences are the target sites for gene knockout.


https://www.ncbi.nlm.nih.gov/)
https://www.ncbi.nlm.nih.gov/homologene/?term
http://crispr.dbcls

%1 £}

P4 FIH CRISPR/Cas9 H AR EEBRETh 1 pricd 1 P SR & 5 21

¥ prkd1-KO BHIERS FO AR K FF 3~4 4
JVH Z L, T 5 I 2% £ YRR B i )
1.5 mL ) EP &, $RIVREEI RN, BT PCR
PG AT BRI FRL UK, O 18 FO URER A ALY
B TR, B FO ARBH R At A R £
2, 7 F1ARSRG T, ARELGE 3~4 D H R T
TS RE o eI, 1B HH A A ) BB it K 1) I A
T AL, IR F2 ARAEAIE TR HIL
1.8 prkdl EEGFE F3 RRETGEFHIREN
=

¥ F2 kS F s 13 RaliE 7, JFxEH
HATRADINEL . Do HF A= RN BREH A SR a5 1
S 2, F IR (Zeiss 2> 7, PR X 32K 5
48 h (48 hours post fertilization, 48 hpf) 1Y E 5 £f1
RRRHER TR BUAEE, A S H R B (A0K i B BA
S S s IR IR

2 #R

2.1 prkdl BEEREBASHE

pridl F A (XM_021467430.1) 34 19 A~k
W, Hamid 75 2K 2 636 bp, &4 %5+
ATG (55 1 SAMNE T Lo AT RS R L
PR AR, SR A S AT AT R, R Bk
BECILIE 1o FRATIHE %8 5 1 s FE A A 13 Y
HMEL, DA I I YR B A B A% L L PCR e
B pridl B sgRNA 724, BB GEE Ha vk 45
F R B A5, I IE T AL TS
LG

ATG Exonl

Intronl

2.2 prkdl EEH sgRNA &%

ZARINE SN AEAK BTISUS 1 sgRNA (prkd1-
seRNAT Fll pricd1-sgRNA2)F HELFRAGHI 25 5 UL I 2.
AT, AR SE S A AR T A5 K/NES 100 bp 1Y
prkd1-sgRNA, HAFEFUHBT IR EE R/, 7]
EAEHT T B T
23 prkdl EERBRABRMEEE
23.1  prkd1-KO-FO XAE 6 49 7 s b Ao

X BE R MR ARG EAT PCR 93, 581
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Exon2

5'ATCCGATCGCTGICCACCAGGCGTAATTGTGTTGACAACAG

GGGATTCATATGAGCGTACCTCCGGTAATCCGACCGCCGAGC
CCCCTCCCGGGGTCGCAAGGCATTTCTTTCCAAATCCAGATC
GGGTTGAGCCGGGAACCCGTCCTGCTGGACTCCGGCGAGTT

CAGCCTGGCGOAAGTCCGAGAGATGGCATGE TCCATCGTGGA

CCAGAAGTTCCCAGAAT3'
B 1 pridl EERBRIFREXE

B w5 & prkdl £ F(XM_021467430.1)893k 28k 5 7] . 4 €37 0058 prkdl 2R 5 251 M AFI(FIR]), L ZH RO L

prikdl KB &9 B ASSRAL 5, 40 & ATG R A E ST,
Fig.1 Detailed pattern map of prkdl gene knockout

Partial base sequence diagram of zebrafish prkd1 gene (XM_021467430.1) is shown. The detection primer sequences (F1/R1) of the
prkdl gene are highlighted in green, the two knockout sites of the prkdl gene are highlighted in yellow, and the start codon
ATG is marked in red.
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B 2 prkdl-sgRNA & 5M R I A4 T 19 B kil &
VKIE 1: # R LAL)E 6 prhdl-sgRNAL; kil 2: 3535140
1) 8 prkd1-sgRNA2; M: DNA #7312,

Fig.2 Electrophoresis detection of prkdl —-sgRNA after
in vitro transcription and purification

1: Transcribed and purified prkdl —sgRNA1; 2: Transcribed
and purified prkd1-sgRNA2; M: DNA marker.

T FO AUIRNG, TEH YL A RS A 28
232 prkd1-KO-F1 KSR AR 6 KA

B FO AUA R AR A A 5 B A T ) £ 2%
52, PAFH) F1ARTRIAAEA R 1y (L b, 875 1
A sE . T Fo fURIR SR, JFA—E e
feana R, IR 210 71 ARG 25017 5

9 M bp

B3 prkd1-KO-F0 KA BT D & ARBR IR B A 216

=

WT %izﬁ.xﬂ@ (%4 K> 185 bp); vkifl 1~9: FALL IR A
FAE G, S 10 MRS, 40 63 Sk R T SR A A A

M. DNA #a'\wi',o

Fig.3 Knockout validity check of partial zebrafish em—

bryos of prkd1-KO-F0 generation

WT: Wild-type control (band size 185 bp); 1

lected 9 samples, each containing 10 embryos. The red arrow

~9: Randomly se—

indicates the effective knockout in the initial screening; M:
DNA marker.

PRI RS TE ;4 mBR AT R FO AURTLIg AR 25 F1 AR
WRAG, F1ACKRARRE AT IR L
1 RBE S 0 IR i SR R A, AT R

WT .TTCAGCGTA’:CTCCGGTAATCCGACCGCCGAGbCCCCTCCCGGGGTCGCAAGGCATTTCTTTCC ATCCAGATCGGGTTGAGCCGGGAACCC

Valid embryo

TTCATATGAGCATACCTCO

GCABBACBGGTTCCCGOCTC CCCBATCTBGATTTG

JTCCCGG66TCECAAGGCATTTCTTTCCAAATCCAGATCGGGTTGAGCCGGGAACCE

9 TGCCTTBCGACCCCGGG AGBABGTACG C

:Dra TccccToeT

Bl 4 prkd1-KO-FO X ilF 45 R i bk xF
WT: %4 8 5§ BE;

Valid embryo: H a8 k (A 4 & 1A B AR 7 )00 =S o

B G GAEAR T B AL

4L G AR AR ALY
158, MR R, FO RN AE LT 6 Fedfs S BT A R AL, ER T SR SR 69 A 20tk
Fig.4 Comparison of prkd1-KO-F0 generation sequencing results

WT: Wild-type control; Valid embryo: Embryos with base deletions (marked with red shading). The red box indicates the start

codon, and the green boxes indicate the two gene knockout sites. The sequencing results show that the FO generation embryos

have a base deletion near the set target site, proving the effectiveness of the knockout.
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WT T1TCA GCGTACCTCCGGTAATCCGACOGCCGA(*CCCCTCCCGGGGTCGCAAGGGATTTCTTTCC‘AATCGAGATCGGGTTGAGCCGG(*ACBCGTCCTGCTGGACTCGGGCGF

prkd1®® TTCATATGAGCGTACCTCCOE-—-=——JACCGCCBAGCCCCCTCCCB666TCOCAAGGCATTTCTTTCCAAATCCAGATCOGGTTGAGCCEGGAACCCGTCCTGCTGEACTCCGECGA

prkd12% TTCATATGAGCGTAGCTCOE—-=oo---——- -~ ITCCC6666TCECAAGGCATTTCTTTCCAAATCCAGATCOG6TTGAGCCGG6AACCCGTCCTGCTGBACTCCEGCGA

prkdl A% TTCATATGAGCGTACCTCCE-moomooooooooooo [c6666TCGCAAGGCATTTCTTTCCAAATCCAGATCGGGTTGAGCCGGGAACCCGTCCTGCTGGACTCCGGCGA

Bl 5 prkd1-KO-F1 X 3 fhERk il ZRENF SR

WT: 54 A 3t J&; prkd1 S prkd1 2% F= prkd1°%: prkd1 3B %%k 8 bp.23 bp.26 bp # F1 X,
Fig.5 Sequencing results of three deletion sublines of prkd1-KO-F1 generation
WT: Wild-type control; prkd1°%, prkd1“* and prkd1%%: F1 generation embryos with 8 bp, 23 bp and 26 bp deletions, respec—

tively, in the prkdl gene.

6 7 8 wWT M bp

500

200

()

WT TCAGCGTFbCTCCGGTAATCCGACCGCCGM*CCCCTCCCGGGGTCGCAAGGCATTTCTTTCCIlAATCCAGATCGGGTTGAGCCGGGMCCCGT

prkd1™ TCATATGAGCGTACCTCO R mmmmm e TCCCO6G6TCGCAAGGCATTTCTTTCCAAATCCAGATCOG6TTGAGCCGEGAACCCET

®)

B 6 prkd1-KO-F2 RETLEFHIBKENEERRNEFER

(A) F2 R AbE-F 4y i il B . 7k 1~8 A FALLIAY 8 /N F2 RAERS, H P okid 1.6 2 4T, kil 4 Z446F; (B) F2
RAATF O M B LER st WT: 5 AR5t M: DNA 4R32; prkd17: prkd1 B Sk 23 bp 69 F2 RE T 44T,

Fig.6 Electrophoresis and sequencing results of prkd1-KO-F2 mutant homozygotes

(A) Electrophoresis plot of F2 homozygotes. Lanes 1~8 are randomly selected eight F2 embryos, in which lanes 1 and 6 are het—
erozygous, and lane 4 is homozygous; (B) Comparison of sequencing results of F2 homozygotes. WT: Wild—type control; M: DNA
marker; prkd1”: F2 mutant homozygote with a 23 bp deletion in the prkd1 gene.
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B 7 prkdl EEEBREH F3 RETHES FHRENE

(A) B AR, (B~D) F3 R prkdl1 " #6-F , L& fFkIEm s Iiegii®
Fig.7 Phenotypes of F3 mutant homozygotes after prkd1 gene knockout
(A) Wild-type control; (B~D) F3 prkd1™ homozygotes. The red arrow points to the location of the heart.
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