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Establishment of porcine Xist knockout model using CRISPR/Cas9
system

Guoling Li, Cuili Zhong, Sheng Ni, Dewu Liu, Gengyuan Cai, Zicong Li, Huagiang Yang,
Zhenfang Wu

National Engineering Research Center for Swine Breeding Industry, College of Animal Science, South China Agricultural Univer-
sity, Guangzhou 510642, China

Abstract: Somatic cell nuclear transfer technique has great applications in livestock breeding, production of ge-
netically modified animals, rescue of endangered species and treatment of human diseases. However, the currently
low efficiency in animals cloning, an average of less than 5%, greatly hindered the rapid development of this tech-
niqgue. Among many factors which affect the efficiency of cloning pigs, X chromosome inactivation is an important
one. Moreover, Xist gene is closely related to X chromosome inactivation, suggesting that it may directly or indirectly
affects cloning efficiency. In this study, multiple sgRNAs were designed based on the CRISPR/Cas system, and two
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sites (Target 3 and Target 4) whose mutation efficiency were 1% and 3% at the cellular level were selected. We suc-

cessfully knocked out Xist with 100% efficiency by microinjecting sgRNAs for Target 3 and Target 4 in embryo. Fi-
nally, 6 cloning piglets were born including two Xist-fully-knockout piglets. The follow-up studies on increasing cloning

efficiency can be carried out based on the Xist-knockout model.

Keywords: Xist; CRISPR/Cas; cloning efficiency; porcine
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CRISPR Genome Engineering Re-
sources(http://crispr.genome-engineering. org/)  Xist
5 sgRNA
Target 1 (4976-4993): 5'-GGATCCCATCCCTC-
CTAC-3’
Target 2(253-275): 5'-GGAATGTTTTTTGGTT-
GACTCTT-3

Target 3 (16949-16968): 5'-GGCTATTATTCAT-
CTTAACC-3’

Target 4 (16598-16616): 5'-TTCCTGTTTTGGC-
TATAC-3'
Target 5 (740-75 8): 5'-GGAAAAGTGTTGGGT-
TTTG-3'
SgRNA
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Bbs CRISPR/Cas T7 Quick High Yield RNA Syntheis Kit (NEB)
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CRISPR/Cas Cas9 MMESSAGE mMACHI-
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N ) 1.25 thmietztbH
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6 mm
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DNA PrimeSTAR HS DNA Po-  yjys oocyte complexes, COCs) 39°C 5% CO,
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124 iRkobEE%E RNA-4  T7-Cas9  mRNA (T7-Cas9
MRNA 200 ng/uL  T7-gRNA  RNA
T7-s F/Tracr-rev R (T7-s F: 5'-GAAA-
20 ng/uL) 80
TTAATACGACTCACTATA-3'; Tracr-rev R: 5'-AA-
AAAAAGCACCGACTCGGTGCCAC-3') T7-gRN- 10pL
A-N T7-gRNA-N 1.2.7 BERBA
%1 3MEs CRISPR/Cas |
Table 1  The information of primers Xist
(5-3) Xist
Target 1 F: TTTTGGTTGACTCTTCTGGTTTT 5
R: TTAGCATAAACAAGTAGCCCTCA 39°C (5%0,+5%C0,+90%N.,)
Target 2 F: TTTTCCCGGGTGGAAGCTTGCTGGT
R: CCAAGGGGTTGGAGAAAGAG 2d
Target 3 F: TCATCTGGAG CATCAACC 2
R: AAGGAGCTAGTAGTGCAAAC 4 h
Target 4 F: CTCATTTACTAAGGGTGGTGGGT
R: GTCCCATCATTTCTAAGCCCTCA
Target 5 F: CCTCTTTCTCCAACCCCTTG 10h 1000 1IU  PMSG 13d 800 1U
R: GCATAAACAAGTAGCCCTCA

HCG



1084 2 ff  Hereditas (Beijing) 2016 38

2

2.1 UB-gRNA-N #ik#gz

U6-gRNA Bbs
Oligo
DNA
U6-gRNA-N 1
SgRNA

2.2 TT7EL1 EgYI MR ZR

Target 1 Target2 Target3 Target4
T7E1

Target 5
Target 1
Target 2 Target 3 Target 4
( 2
11% 18% 20% 14% U6-gRNA-2
U6-gRNA-3 U6-gRNA-4  UB-gRNA-5

Target 5

2.3 MEHRNRERR
96

U6-gRNA-3  U6-gRNA-4

1% 3%( 3A) UB-gRNA-1
UB-gRNA-2  U6-gRNA-5
U6-gRNA-1 U6B-gRNA-2  U6-gR-
NA-5 U6-gRNA-3  U6-gRNA-4
13 2
8 11
Target 3 Target 4
( 3B) 18.2%
2.4 T7-gRNA-N #ik#e
T7E1
T7-gRNA-3  T7-gRNA-4 4

2.5 T7-gRNA-N #1 T7-Cas9 kst

T7-gRNA-3 T7-gRNA-4

( 5
gRNA 5000 ng/puL(20 uL)
( 5A) gRNA
( ) Cas9-
mRNA 1.360 pg/pL(50 pL)

TTTTAACTTGCTATTTCTAGCTCTAAMACAGGTCTTCTCGAAGACCCGGTGTTTICGTCC

T'IT'HLCTTGCTITTTCTIGCTC'HLLICGTLG5IGGGLTGGGITCCGGTGTTTCGTCC

U6-gRNA-1

A A A lhhh“mnAhhmuh

TTITilCTTGCTlTTTCTlGCTCTllIAC llGIGTCilCCililllClTTCCGGTGTTTCGTCC

o il

TTl'Til(TTGCTATTTCTlGCTCTllllCGGTTllGlTGllTllTi GCCGGTGTTTCGTCC

U6-gRNA-3

T

TTTTAACTTGCTATTTCTAGCTCTAAAMACTTCCTGTITTTGGCTATACCGGTGTTTCGTCC

e

TTT‘HLCTTGCTlTTTCTiGCTCTLl&lCC‘lllCCCliClCTTTTCCGGTGTT‘I‘CGTCC

s o

1 UGB-gRNA-N BRI F4E R
Fig. 1 The sequences of U6-gRNA-N plasmids
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Fig. 2 The indel (insert and deletion) of different sgRNAs after treated by T7E1 enzyme
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Fig. 3 Target 3, Target 4 target site sequencing results
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Fig. 4 The sequences of T7-gRNA-3 plasmid and T7-gRNA-4 plasmid
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Fig. 5 The products of T7-sgRNA-N and T7-Cas9 in vitro transcription
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