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Abstract Gene editing (GE) in pig production can have a wide impact by increasing the availability of
gene-edited pigs for agriculture and biomedicine. Recent applications of the clustered regularly
interspaced short palindromic repeats (CRISPR)/ CRISPR-associated protein 9 (Cas9) system hold
promise for improving the efficacy of gene editing. The cytoplasmic microinjection of the CRISPR/Cas9
system enables the induction of site-specific mutations in porcine zygotes. In this study, we examined
the efficiency of the CRISPR/Cas9 protein and cluster of differentiation 163 (cd163) guide RNA (gRNA)
components for introduction into zygotes by cytoplasmic microinjection. The cleavage rates of the
CRISPR/Cas9 protein and cd163 gRNA injected groups (78.9% and 85.2%) were statistically similar to that
of the control group (90.6%). Moreover, the blastocyst formation rates of the CRISPR/Cas9 protein and
cd163 gRNA injected groups (19.9% and 19.6%) were also statistically similar to that of the control group
(21.5%). When individual blastocysts were genotyped, we observed targeted modification of the genes in
the subsequent blastocysts. In the samples of 10 ng/ul, each of the CRISPR/Cas9 protein and the cd163
(10+134) gRNA injected group (22.7%) was significantly higher (p<0.05) than that in the 10 ng/ul samples
each of CRISPR/Cas9 protein and cd163(10) gRNA injected group (12.9%). Various types of indel
mutations, including 4 bp deletion to 72 bp insertions, were detected in the mutant blastocysts. These
results suggest that the CRISPR/Cas9 technology can be applied to produce gene-edited pigs by direct
zygote injection.
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Table 1. The primer sequence for PCR amplification

Primers Sequences Tm(C)
F: GGAGGTCTAGAATCGGCTAAGCC
cd163(10) 68
R: GGCTACATGTCCCGTCAGGG
F: GATCTGGCATTGCTGCAGCTCAG
cd163(134) 61
R: CTCAGACCCAGTGCTGCCATG
2.5 AXE

EA X 2]= SAS Enterprise Guide 7.1 Z2I1HE
o] g5t oH, t-test® AT {4 FHS HAlSH
R, p & 0.05 ol gt BAA F-940] U= A
o8 wstth(P(0.05, Mean=SE).
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134) ¥ FES 54 Alo|ER AMHsto] A&}o] 0|85t
Atk Z+ PAM  (Streptococcus  pyogenes(Spy)

protospacer adjacent motif) AlP|Ex ¢GG &} tGG
2 H#7]5FAcH18].
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Fig. 1. Constructure of cd163 (10) vector (a) and
cd163 (10+134) vector (b).

Table 2. Developmental competence of CRISPR/Cas9
mediated porcine cd163 gene

Gene IvC (%) 2cell€ (%) Blastocyst
Control 93 84(90.6+2.7) 20(21.5+0.3)
cd163(10) 643 508(78.9+2.4) | 131(19.9+1.2)

cd163(10+134) 381 325(85.2+0.7) 75(19.6+0.6)
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Table 3. Targeting efficiency of CRISPR/Cas9 mediated
porcine cd163 gene

Sequencing
Gene Ve WT Mutation (%)
cd163(10) 131 114 17(12.9£1.2)
cd163(10+134) 75 55 17(22.7+0.6)*
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Fig. 2. Effect of CRISPR/Cas9 system in targeting
cd163(10) in porcine embryos. (a) Sequencing
read of a homozygous deletion caused by
the CRISPR/Cas9 system. (b) The image
represents no. #6, #21 and #29 carrying
4bp-8bp deletion of <¢d163(10). All the
embryos examined by DNA sequencing

showed mutation on the cd163(10).
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#21 | IGTGCAGGGAACTACAGIGCGG—CTGIGGITICC
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=

Fig. 3. Effect of CRISPR/Cas9 system in targeting

cd163(10+134) in porcine embryos. (a)
Sequencing read of a homozygous deletion
caused by the CRISPR/Cas9 system. (b) The
image represents no. #6 and #21 carrying
from 2bp deletion to 72bp insertion. All the
embryos examined by DNA sequencing
showed mutation on the cd163(10+134).
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