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Generation of a Plczl gene knockout mouse by using the CRISPR/Cas9 system
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[ Abstract]  Objective A sperm-specific phospholipase C zeta-1 ( Plczl”™) gene knockout mouse was generated
by the CRISPR/Cas9 system to explore the role of the Plczl gene in male mouse fertility. Methods Exons 6 and 7 of the
mouse Plczl gene were selected as target sites to design two pairs of sgRNAs. The two pairs of sgRNAs were inserted into
the pX330A plasmid by the Golden Gate method to construct the pX330-sgRNA recombinant plasmid. After amplification
and purification, the recombinant plasmid was microinjected into pronuclear of mouse zygote. The embryos were transferred
to surrogate mother mice. After the birth of FO generation mice, tail DNA was analyzed by PCR and sequencing. The FO
generation was mated with wild-type mice to obtain F1 generation mice. The F1 generation was bred to the F2 generation to
obtain a homozygous strain of Plezl gene knockout mice. To analyze Plczl™~ male mouse fertility, Plezl™™ mice were mated

with wild-type mice. Results The recombinant plasmid pX330-sgRNA was constructed successfully, and three Plezl ™"
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male mice (Plczl™ , Plezl™ and PlezI™) were obtained by breeding. Target gene sequencing of the three mice showed

that Plez1™ had a 3078 nucleotide deletion between exons 6 and 7 of Plezl, PlczI™ had a seven nucleotide deletion in exon

7 of Plezl, which died during feeding, and PlezI™ had a one nucleotide deletion in exon 6 of Plczl. Conclusions

PlczI1”” male mice were successfully generated using the CRISPR/Cas9 system. Plczl”™ male mice were fertile, but their

fertility was significantly decreased compared with wild-type mice.
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Table 1 SgRNA oligonucleotide chain of Plczl gene
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Target fragment sgRNA sequence(5’-=3")

F: CACCGAGATACACTACCGTCTCCAG
R: AAACCTGGAGACGGTAGTGTATCTC
F. CACCGCTTCCTATCACGGATCAAGG
R: AAACCCTTGATCCGTGATAGGAAGC
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Figure 1 Gene structure of the mouse Plczl gene (NM_054066.4) and target sequences for CRISPR/Cas9
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Figure 2 Plasmid map of pX330A-2
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Table 2 Primer sequences for detection of target fragment
GIL BN SIMIFSI(5°-3")
Primer name Primer sequence(5’=3")

K Plezl-sgRNAG 5| %) F: TTAGAAAATCACTGCTCCCCTG
Detection of Plczl-sgRNA6 primer R; GCGTAGCAAAACCATCTTCTCT

K Plez1-sgRNA7 5% F: TATCTGAAACCCACGAGAGGAT
Detection of Plczl-sgRNA7 primer R;: GAAGAGGAAGCTGACCCCTTAT
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R s, oo

TE: A sgRNAG FYI 725 58 55 TR 2 ) R RO 9 LU X 5 B - sgRINAT BRI 45 SR 5 F0000 A4 2 94 0 R 19 J 37 LR
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Note. A, Sequencing results of sgRNA6 were compared with the predicted vector. B, Sequencing results of sgRNA7 were compared with the predicted vector.

Figure 3 Comparison of vector sequencing

£33 /M PlezI™ FRAEB RN SE (54s)

Table 3 Fertility parameters of mouse PlezI™ offspring

A2t Crosses
T < HEPE Male X Female

ZHEA (%) AT S (CTNER S

Fertilization rate Number of litters Litter size

HAE/MPBET R (%)

Infant mortality rate

WT(n=6)XWT(n=7) 100. 0 10 8.5+1.4
Het™ (n=16) xHet'™ (n=15) 75.0 25 6.3+1.5™
Het™ (n=6) xMut™ (n=7) 55.6 9 6.9+1.5"

Mut™ (n=15) xWT(n=15) 13.3 2 2.5+0.5 "
Mut™ (n=17) xHet™ (n=17) 17.7 3 3.0+0. 8
Mut™ (n=10) xMut™ (n=6) 30.0 3 3.0+2.27

4.7
21.0
16.1

0
0
100. 0

S EP A RN RS AP BOM L, T P<0.05, ™ P<0. 001,
Note. Compared with the litter size of wild-type mouse, * P<0.05, * P<0. 001.
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Note. M, DL5000 Marker. WT, Wild type. 1~6, Tail DNA of primary mice.

Figure 4 Identification of mouse Plczl gene mutation site by PCR
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TE A C E B Plezl (Pleal™" ) SR 3L 3 M IRBK S Pleal S5 3L K FYEIN ARSI LU, R RARZL 0 LK FE 515 B D (F . B T BF
AN PLCE 2 1 (PLCCYT ) RIZEZE Y PLCL™ (B) (PLCL™ (D) LUK PLCL™ (F) S0 3 P 223k i U 2 11 O 25 A 8
B 5 JNEL PlezI™ PlezI™ VI Plezl™ G875 5 3 R 3355347
Note. A, C, E, Comparison of genomic sequences from wild-type Plezl ( PlezI™") allele and three mutant Plez] alleles harbouring nucleotide deletions,
the missing sequence is marked red by a dotted line. B, D, F, Predicted protein-domain structures for wild-type mouse PLC{ protein (PLCL™") and
truncated proteins resulting from expression of mutant PLC{™(B) , PLC{™ (D) and PLCL™(F) alleles.
Figure 5 FExpression analysis of mouse PlezI™ | PlezI™ and PlezI™ mutant alleles

x4 R Plezl™ JFIRAEFRESISE (225)

Table 4 Fertility parameters of mouse PlezI™ offspring

ZCHE Crosses ZHER(%) P FEEE TR HAMFIETZ R (%)
HEPE P MalexFemale Fertilization rate Number of litters Litter size Infant mortality rate
WT(n=6)xWT(n=7) 100. 0 10 8.5x1.4 4.7
Het™ (n=10) xHet ™ (n=11) 80.0 13 8.0£2.3 14.4
Het™ (n=6)xMut™ (n=4) 75.0 3 6.7+1.3 10.0
Mut™ (n=13) xWT(n=22) 50.0 11 2.3x1.17 24.0
Mut™ (n=9) xHet™ (.= 10) 18.2 2 2.5+0.5™" 0
Mut™ (n=5)xMut™> (n=5) 0 0 0 0

T 248 Plel ™™ B Pleal™™ 855 8045 T Pleal™ 8 PlezI™ s WT 352 R PRIV /N B2 IRDAR 08 a2 (1 SE DY RV R 7 AT, 5 526 /N
BB AT L, ™ P<0. 001,

Note. Het, Plczl™™ or Plczl™™>. Mut, homozygote PlczI™ or PlczI™. WT, Wild-type. Mating pairs were set up between males and females with
genotypes as indicated. Compared with the litter size of wild-type mouse, ™ P<0. 001.
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