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Efficient construction of Bama minipig F9 gene knockout cell line using CRISPR/Cas9

technology
ZHU Xiaohan, LIU Xiaorui, LI Lin, WANG Ying, YANG Haiyuan", DAI Yifan"
Jiangsu Key Laboratory of Xenotransplantation , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: Establishing the F9 gene knockout cell lines of porcine fetal fibroblasts (PFFs) of Bama minipig by CRISPR/
Cas9 gene - editing technology provides raw materials for the subsequent construction of Bama minipig models of hemophilia B.
Methods: Firstly, we analyzed the homology of human and pig F9 gene and the similarity of the secondary and tertiary structure of
human and pig FIX by bioinformatics method. Secondly , we selected the second exon of pig F9 gene as the targeting region and used
online tools (http://www.e - crisp.org/E - CRISP/designcrispr. html) to design sgRNA. The pX330 plasmid is used as the backbone to
construct targeting vectors , which were then co-transfected with a G418 resistant plasmid into the PFFs of wild Bama miniature pigs. The
G418 resistant single-cell colonies were obtained and sequenced. Results: Bioinformatics analysis showed that the F9 gene of human
and pig had a close phylogenetic distance. The similarity value of the amino acid sequence of FIX and the root mean square deviation
(RMSD) value of the three-dimensional structure was 83.33% and 0.149, respectively. A total of 55 resistant single-cell colonies were
obtained by G418 screening. Twenty-five single-cell colonies bearing mutations in the F9 gene targeting region have been identified by
sanger sequencing, indicating the knockout efficiency was 45.5%. Conclusion: The human and pig F9 genes have a high degree of
homology. The constructed Cas9/sgRNA expression vectors can efficiently induce mutagenesis in the pig F9 gene. The F9 gene knockout
PFF lays an essential foundation for the construction of Bama minipig model of hemophilia B.
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1.2.3  sgRNA #9i% it
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Table 1 F9 gene targeting loci and sgRNA oligonucleotide

sequence
4 FHI(5'—3")
2-sgRNA1 F CACCGAGGTATAATTCAGGCAAAC
2-ssRNAL R AAACGTTTGCCTGAATTATACCTC
2-ssRNA2 F CACCGCTCCGCATGTGAAGGATGTT
2-ssRNA2 R AAACAACATCCTTCACATGCGGAGC

1.2.4 CRISPR/Cas9 47 ¥e. 8 1k o # 12
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Figure 1 Phylogenetic tree of F9 genes in different species
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Figure 2 Homology analysis of amino acid sequence between human/pig FIX protein
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Figure 3 Analysis of FIX protein secondary and three-dimensional structures between human and pig
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- lectgetttgiggeccagaagetetictggacaaaatetegate

guide sequence insertion site

C ACG AAA CACCG AGGTAT AATT CAG GCAAACGTT TTAGAGC

iy WM/\/MAWV\/ ll

sgRNAI

D 4 6 AAACACCGCET CCGCATGT GAAGCATGTTGT TTTAGAGC
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Figure 4 Targets of F9 gene and sequencing of recombinant vectors
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Table 2 Genotypes of F9 knockout single cell clones
Fes Y Fr B KA
WT  --:CAAAGAGGTATAATTCAGGCAAACTGGA//ACCTAACATCCTTCACATGCGGAGCAAA -+ WT

1 -*CAATCAGGCATAATTCAAGCA—————————- /IACCTAACATCCTTCACATGCGGAGCAAA--- -11 bp

2 ---CAAAGAGGTATAATTCAGGCAAAACTGTGGA//ACCTAACATCCTTCACATGCGGAGCAAA--- +2 bp

3 -:CAAAGAGGTATAATTCAGGCA ceeffe TCCTTCACATGCGGAGCAAA:--- -121 bp

4  ---:CAAAGAGGTATAATTCAGGCA SU/BE TCCTTCACATGCGGAGCAAA:--- -121 bp

5  +-CAAAGAGGTATAATTCAGGCA SU/RE TCCTTCACATGCGGAGCAAA:--- -121 bp

6  -*CAAAGAGGTATAATTCAGGCA//++-——==—=AAGAA--- =117 bp

7  ---CAAAGAGGTATAATTCAGGCAA ceeffe TCCTTCACATGCGGAGCAAA:--+ -120 bp

8  +*CAAAGAGGTATAATTCAGGCAA SU/RE TCCTTCACATGCGGAGCAAA:--+ -120 bp

9  --:CAAAGAGGTATAATTCAGGCAAACTGGA//—=—=——————= TTCACATGCGGAGCAAA--- =11 bp
10 --:CAAAGAGGTATAATTCAGGCAA SU/RE TCCTTCACATGCGGAGCAAA:--+ -120 bp
11 -*CAAAGAGGTATAATTCAGGCAA SU/BE TCCTTCACATGCGGAGCAAA:--- -120 bp
12 --:CAAAGAGGTATAATTCAGGCA SU/RE TCCTTCACATGCGGAGCAAA:--- =121 bp
13 --:CAAAGAGGTATAATTCAGGCAA-CTGGA// ACCTAACATCCTTCACATGCGGAGCAAA--- -1 bp
14 --:CAAAGAGGTAACGCCGGAT SD/RTE ATGCGGAGCAAA:--- +9 bp,-140 bp
15 --:CAAAGAGGTATAATTCAGGCAAAACTGGA// ACCTAACATC-TTCACATGCGGAGCAAA:--- +1 bp,—1 bp
16 --:CAAAGAGGTATAATTCAGGCA SU/AE TCCTTCACATGCGGAGCAAA:--+ —-121 bp
17 --:CAAAGAGGTATAATTCAGGCAA SU/AE TCCTTCACATGCGGAGCAAA:--+ -120 bp
18  --:CAAAGAGGTAT RU/RE TCCTTCACGTGCGCTGCAAA:--- -132 bp
19 --:CAAAGAGGTATAATTCA--—AACTGGA// ACCTAAC——CTTCACATGCGGAGCAAA--- -7 bp
20  ---CAAAGAGGTATAAT SD/8 ATCCTTCACATGCGGAGCAAA--- =127 bp
21 -*CAAAGAGGTATAATTCAGGCAA D/ TCCTTCACATGCGGAGCAAA--- =120 bp
22 ---CAAAGAGGTATAATTCAGGC——~CTGGA// ACCTAACATCCTTCACATGCGGAGCAAA--- -3 bp
23 ---CAAAGAGGTATAATTC———————- TGGA// ACCTAACATCCTTCACATGCGGAGCAAA -+ -8 bp
24 ---:CAAAGAGGTATAATTCAGGCAAAACTGGA// ACCTAACAATCCTTCACATGCGGAGCAAA--- +2 bp
25 -*CAAAGAGGTATAATTCAGGCAA-CTGGA// ACCTAACAACCTTCACATGCGGAGCAAA:-- ~1bp,+1 bp
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F Yao SR Ty BRFASE o DA LSRR T
CRISPR/Cas9 $£ A 7 #4) £ JE PR & 1 I 11 i ml 47
PERVESENE . ASHESE R 21> sgRNA X L 2 /Al
1 W NG LB ZT 4 40 it (1) FO JE R EATHTHE . CRIS-
PR/Cas9 3% 1K JHURL % YL 40 it J 23k 25 0 i , 3R A5
55 AN ok . SEPR AT o o oA 25 R
YN SO R AL A T R R A (U 154K
FBelsk (> 100 bp) , 8 /N B2k (< 100 bp) , 5
AT FE A A, 4 DB B 248 | m R OR ik
45.5% . ASHFFTEE R s A BEAT Ik R R R B, A6 5
JEALETFH 24> sgRNA 2480 Ky BRAR () 168
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