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[ Abstract]  Objective The shortage of donors is a major problem in organ transplantation, and the generation of

humanized organs is an effective method to solve this problem. A lack of fumarylacetoacetate hydrolase ( FAH) causes
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hereditary tyrosinemia type I (HTT) , which leads to hepatocyte apoptosis and liver damage. Genetic editing of pigs ( Sus
scrofa) , establishment of FAH knockout Bama minipigs, combined with human stem cells will facilitate the production of
humanized stem cell liver. In this study, FAH gene knockout Bama minipigs were generated by CRISPR/Cas9 based on
alpha-1,3-galactosyltransferase ( GGTA1) gene knockout pigs,and their health and breeding status were analyzed. Methods
Single guide RNA (sgRNAs) were designed to target the porcine FAH gene to construct a pX330 vector that was
transfected into Bama minipig ear fibroblasts. The efficiency of this method was verified. After identification, positive cells
were selected as nuclear donors, and FAH gene knockout Bama minipigs were generated by somatic cell nuclear
transplantation technology. The genomic DNA of piglets was extracted and the mutant type was obtained by PCR sequencing.
FAH""~ Bama minipig blood was collected at the age of 5 months, and its blood biochemical and blood routine indexes were
tested. Histological changes of livers were analyzed. When FAH"~ Bama minipigs were sexually mature, they were mated
with wild type (WT) sows, and their breeding ability was evaluated by litter size. Results ~ FAH"™ and FAH”~ Bama
minipigs were obtained. Western blotting showed that FAH”~ Bama minipigs had decreased FAH expression in the liver and
kidney. There were no significant differences in the physical and chemical indexes of blood from the FAH”~ Bama minipigs
or WT minipigs. Histological examination revealed vacuolar-like changes in the FAH"™ pig liver tissues. The litter size of
wild sows bred with FAH"~ boars was normal. FAH”" pigs had normal health status and breeding ability. Conclusions
FAH single allele knockout pigs are generated in this study, with normal health and reproductive abilities, which provides a
good basis for future studies of the production of double-allele knockout pigs and humanized liver.
[ Keywords] minipig; gene knickout; fumarate acetoacetate hydrolase (FAH) ; CRISPR/Cas9; breeding; organ

transplantation; humanized liver
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Table 1 Oligonucleotide sequences
(5°=3") (bp)
Target Base sequences (5’ —3’) Base number
FAH-gl CCAATCGCCACGCCAGTCCT 20
FAH-g2 AGAGGTGCTTTATGACACTG 20
FAH-g3 CTTAACAGCTTCATGGGCCT 20
FAH-g4 GAACATGACTCCGACATTTG 20
FAH-g5 CAAACGTCGGAGTCATGTTC 20
FAH-g6 GACGTTTGTGGCGTGCTGCC 20
2 PCR
Table 2 PCR amplification reaction system
(uL)
Components Volume
Template 2
2x Taq DNA polymerase mix 25
Primer-F
Primer-R
ddH,0 19
Total 50
1.3.4
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. 48h ,
o ’
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Figure 1 Target site of the FAH gene sgRNA
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3
Table 3 Monoclonal knockout type

Mutation type Monoclonal
- WT/+1 bp A8
WT/+1 bp B18
fp— ) ~2 bp/+1 bp Al0
o =5 bp/+1 bp A28
FAH™~( Heterozygous ) “11 bp/+1 bp B20
I -4 bp A4 A16
- ( ) Al A3 A7 A13 A19,
FAH™~( Homozygous ) +1 bp

A35 A38 B4 .B14 B19 ,B27

4 FAH
Table 4 Results of somatic cell nucleus transplantation in the FAH genetically modified cells

Transferred embryos NTBC
.. . . . Number of
Recipient FAHY~ FAH~ Pregnancy Litter size Feeding NTBC . .
survival piglets
FAH"~ embryos FAH™~ embryos

6-21 115 124 + 5 / 5
6-22 231 124 - / / /
6-29 / 156 - / / /
6-30 / 75 - / / /
8-4 / 365 - / 50~100 mg/d /
8-6 / 347 + 4 50~100 mg/d /
Total 346 1191 2 9 5

it ! /o
Note. +: Pregnancy; —: Not pregnancy; /: Not detected.

“—

3 FAH
Figure 3 Sequencing results of the FAH single allele
knockout piglets

2 FAH . ¢ 5
Figure 2 FAH single allele knockout piglets FAH
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5 FAH""
Table 5 Routine blood examination of the FAH™™ piglets
n=4
Blood routine indexes FAH"(n=5) Wild (type :
(10°/L)  White blood cells (WBC) 25.68+0.99 32.35+3.04
(10"2/L)  Red blood cells (RBC) 8.29+0. 31 7.400. 32
(g/L) Hemoglobin (HGB) 162.20+7. 24 141.25+6. 08
(%) Red blood cell specific volume ( HCT) 47.90+2. 20 41.98+1.77
(fL)  Erythrocyte mean corpuscular volume (MCV) 57.70+0. 55 56.73+0. 41
(pg) Mean corpuscular hemoglobin (MCH) 19.54+0.23 19. 10+0. 24
(g/L) MCHC)/ 338. 80+3. 47 336.25+1.71
(%)
Red cell volume distribution width coefficient of variation (RDV-CV) 17.460.25 17.53£0.17
(10°/L)  Platelets (PLT)/ 1348.20+84. 61 1397.50+155. 32
(%) Plateleterit (PCT) 1. 10£0. 07 1. 14+0. 13
(fL) Mean platelet volume (MPV) 8.16x0. 06 8.10+0. 00
(10°/L)  Lymphocyte count ( LYM#) 14.02+0. 42" 19.90+1. 60
(10°/L)  Intermediate cell count ( MID) 3.88+0. 39 4.32+0.49
(10°/L)  Neutrophil count ( GRA#) 7.74£0.75 8.10+1.47
(%) Lymphocytes percentage (LYM% ) 55.04+2.24 61.98+3.03
(%) Intermediate cell percentage (MID% ) 14.90+0. 86 13.45+0.78
(/%) Neutrophilic granulocyte percentage ( GRA% ) 30.00+2. 18 24.55+2.38
: , " P<0.05, ™P<0.01, 6
Note. Compared with the wild type, * P< 0.05, **P< 0.01. The same in the figure 6.
6 FAH"
Table 6 Blood biochemical parameters of the FAH"" piglets
n=4
Blood biochemical indexes FAH™(n=5) Wild <type :
(U/L)  Alanine aminotransferase ( ALT) 45.00+5. 13 49. 00+6. 12
(U/L)  Aspartate aminotransferase ( AST) 37.00+£5. 57 46. 67+8. 82
(g/L) Total protein (TP) 66. 67+3. 48 63.50+1.71
(g/L) Albumin (ALB) 39.33+0. 33 40.50+2. 25
(g/L)  Globulin (GLB) 27.33+3.53 23.00+3.03
/ ALB/GLB (A/G) 1.49+0. 18 1. 88+0. 34
(pmol/L)  Total bilirubin ( TBIL) 1.50+0. 12 2.30+0. 44
(pumol/L)  Direct bilirubin ( DBIL) 1. 30+0. 15 1. 60£0. 30
(wmol/L)  Indirect bilirubin ( IBIL) 0.20+0. 06 0.50+0. 10
v- (U/L)  +y-Glutamyl transpeptidase (GGT) 118.33+2. 60 109. 00+6. 70
(U/L) Lactate dehydrogenase (LDH) 400. 67+55. 81 445.00+45. 11
(U/L)  Amylase (AMY) 1662. 00+104. 31 1997.25+164. 42
(mmol/L)  Glucose (GLU) 5.94+0.79 5.57+0.76
(mmol/L)  Urea nitrogen ( BUN) 1.67+0.09 ™ 4.45+0.29
(pmol/L)  Creatinine ( Cre) 43.00+4. 36 43.00+3. 49
(mmol/L)  Cholesterol ( CHOL) 1.68+0. 17 2.08+0. 23
(mmol/L)  Triglyceride ( TRIG) 0.20+0. 08 0.47+0. 17
K*(mmol/L) 6.43+0. 67 7.43£0.42
P*(mmol/L) 2.56+0. 15 2.77+0. 11
(pmol/L)  Tyrosine 49.03+7. 15 42.43+1. 13
(pmol/L)  Phenylalanine 87.10+10. 07 92.56+3.77
(pmol/L)  Proline 114. 14+11. 42 105.24+2. 45
(pmol/L)  Threonine 43.31+4.40 51.97+3.70
2.5 ,
FAH"" , , FAH”~ HE

HE ( 4). , FAH
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JAWT ;B FAHY” 0
4
Note. A: Liver tissue of WT pig. B: Liver tissue of FAH"™ pig.

(HE ,X 400)

Figure 4 Histology of the liver tissues. HE staining
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Table 7 Litter size and survival number of the F, FAH" Pigs
N Litter size Number of surviving piglets
0.
FAHY~ WT FAHY~ WT
10 9 7
2 7 9 7 9
3 10 11 9 10
Total 9.00=+1. 41 9.33£1.25 8.33+0.94 8.67+1.25
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