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[ Abstract ] Objective

To prepare a Bama minipig model of hereditary tyrosinemia type III, the

hydroxyphenylpyruvate dioxygenase ( Hpd) gene was chosen to be edited by the CRISPR/Cas9 technology. Methods

Templates (used as in vitro transcripts for Cas9 mRNA and sgRNA) were amplified from pST1374-NLS-flag-linker-Cas9

and pGL3-U6-gRNA-PGK-puromycin by PCR, respectively, and subsequently transcribed in vitro into Cas9 mRNA and

sgRNA-Hpd. Finally, cas9 mRNA and sgRNA-Hpd were co-injected into the cytoplasm of single cell embryos to generate
2 P Y, 2 P 1] ytop g Ty 2

an Hpd-modified Bama minipig. Results Twenty embryos of Bama minipigs co-injected with cas9 mRNA and sgRNA-Hpd

were transplanted into two pseudopregnant mothers. We obtained four offsprings with a modified Hpd gene. Conclusions In

this study, we have successfully generated Hpd knockout Bama minipigs with hereditary tyrosinemia type III using the

CRISPR/Cas9 technique, which will be a valuable model for research of the tyrosine metabolic pathway.
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Figure 1 Tyrosine catabolic pathway and related diseases

1.1
1. 1.1

HPD; CRISPR/Cas9; hereditary tyrosinemia type III; Bama minipig

(24 ), 40 kg;4
(12 ), 30~35 kg,
[SCXK () 2016-00417,
[SYXK () 2016-0167],

3R

9

(L2016088) ,

1.1.2
sgRNA pGL3-U6-gRNA-PGK-puromycin
Cas9 pST1374-NLS-flag-linker-Cas9
Addgene, ,
1.2
sgRNA MEGAshortscript™  Kit

( AM1354) Cas9 mMESSAGE
mMACHINE ® T7 Ulra Kit ( AM1345)
Ambion; =25:24:1(PH>7.8)
(P1012) ;
X5 DNA (MF003)

; 2x Taq PCR Master Mix ( DBI-2028)

DBI Bioscience; DNA

TIANamp Genomic DNA kit ( DP304-03 )
TIANGEN BIOTECH (BEIJING ) ; TA
T Vector Cloning Kit (T6013)

pMD19-
Takara ;

o

TransferMan NK2 Eppendorf ;

Olympus ;
Nikon , N N
Narishige ;
Corning ; Thermo ;
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1.3
1.3.1 SgRNA-Hpd Cas9 mRNA , ,
GeneBank ( https ://www. ncbi. nlm. s
nih.gov/genbank/) Hpd o , 10 o
CRISPR (http ;//crispor.tefor.net ) Hpd 19~21d, o
6 (E6) 20 bp , 1.3.5
oligos , FO
pGL3-U6-gRNA-PGK-puromycin Bsa I , TIANamp
0 X5 DNA Genomic DNA kit DNA, PCR
PCR , sgRNA HPD 6 ( 1,
o sgRNA-Hpd : 57 -TTAAT TAQ PCR o PCR
ACGACTCACTATAGAGTGAAGGACATTGCGTTCG- pMDI19-T Vector Cloning Kit TA o
3’ ; seRNA-Hpd ; 57 -AAAAGCACCGAC 10 , o
TCGGTGCC-3’ , sgRNA PCR 1.3.6
98,5 min,98°C ,30 s 60°C ,30 s 72°C ,30 5,37 #3  #4
,72°C , 10 min,4°C o MEGAshortscript™ , 20 pg o
Kit SDS-PAGE 10%
sgRNA-Hpd,, Age 1 Cas9 5% , 80 V,30 min; 120 V,60 min,
pST1374-NLS-flag-linker-Cas9 , , :
Cas9 mRNA , Cas9 200 mA, 120 min, 5% BSA 1 h,
mMESSAGE mMACHINE® T7 Ultra Kit 4C ( Anti-HPD antibody, ah232906 ) ,
Cas9 mRNAM, TBST 10 minx3 1 h,TBST
s 10 minx3 | o
-80°C o 1.3.7
1.3.2 (1) : 15d
; 3h,
20 mg/d, 18 d o , , -20°C
. 30 min o
; (2)
“ 7 o 12~14 h (Applied Biosystems )
o 3200QTRAP o
1.3.3 Cas9 mRNA  sgRNA 3 mm 96
RNase-free water ( ) Cas9 mRNA ( 1 ) ,
sgRNA-Hpd 100 ng/pl. 50 ng/plL, 100 plL( ), Teflon
, 45°C 45 min,
s 30 ~60 min, 650 r/min, 20 min,
o 75 pL 96 ,
1.3.4 o
1 HPD 6
Table 1 Primer pairs used for PCR detection of the HPD gene
(bp)
Exon Name Sequence PCR product size

HPD-pig-e6-F
HPD-pig-e6-R

5'-TGTCTTCTCCTCTGCCCTCA-3’
5'-CAAAGCAATAAGGCTCGGCC-3'

349
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(3) : :43.0 cm/s, 20 : 1,
ChemoViewl. 2 ( Applied Biosystems) , 280°C :200°C ; :50 ~ 500
, amu, GCMS Solution 4. 11,
’ 2
1.3.8 2.1 sgRNA Cas9 mRNA  sgRNA
(1) : seRNA-Hpd 2 o
10 mL. 15 mL , -20C RNA sgRNA-Hpd
o 3500 r/min 10 120 bp ,Cas9 mRNA 4300 bp o
min , o Cas9 mRNA  sgRNA-Hpd,
(2) : 2.2 Cas9 mRNA  sgRNA
0.2 mg 1 U/pL HPD
20 L, 37C 30 min 20
2 mL, 5% Cas9 mRNA  sgRNA-Hpd( 3),
500 L. 2.5 mol/L 400 pL 2 ) , 2
1 h, 6 mol/L , FO 4 2:2
350 pL 6 mL , ( 2),
3500 r/min 5 min 2.3
o , 60C TA 3 o
o BSTFA+10% 4 FO 1 ,Hpd
TMCS 100 pL, 80C 30 , Hpd
min,, o o 3 FO sgRNA-Hpd
(3) : - Hpd
GCMS-QP2010 ultra o ¢ 3, , FO
DB25(30 m x 0.25 mm x 0.25 pm) ; Hpd
280°C ; 100°C 4 min, 4°C/min o DNA
280C 10 min, 10°C/min , Hpd
300°C 10 min; : (99.999%) ; o
HPDZ#[F B
HPD locus
El B2 E3 B4 ES E6 E7 ES FE9  EI0 EIl  EI2  EI3 El4
SN ae m mmoas o o oBE SR SR SRR B S
sgRNA-Hpd PAM
5’ AGATGGGCGATCACCTGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTCGAGGTGGAAGACTGTGACTACATAGTGCAG 3'
3’ TCTACCCGCTAGTGGACCACTTTGTGCCGCTGCCTCACTTCCTGTAACGCAAGCTCCACCTTCTGACACTGATGTATCACGTCCC 5
2 sgRNA-Hpd
Figure 2 The design sites of sgRNA-Hpd
2 KO
Table 2 Results of cytoplasmic injection of zygotes in the generation of FO gene knockout minipigs
Surrogate 1D Number of transferred embryos Number of births Birth rate Gestaii(iz Sex ratio of pigle(ts(male) ‘female)
A 10 3 30% 115 1:2
B 10 1 10% 114 1:0

Total 20 4 20% 2:2
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3 FO Hpd
Table 3 Hpd mutation of FO generation piglets
Piglet ID Sex Genotypes Indel
TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTCGAGGTGGAAGACTGTGACTACA WT
TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTTCGAGGTGGAAGACTGTGACTACA allele 1; +1
#1 Male TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGCTTCGAGGTGGAAGACTGTGACTACA allele 2; +1
TGGTGAAACACGGCGACGGAGTGAAGGACATTG----CGAGGTGGAAGACTGTGACTACA allele 3. A4
#2 Female TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTTTCGAGGTGGAAGACTGTGACTACA allele 1; +2
#3 Female TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTTTCGAGGTGGAAGACTGTGACTACA allele 1; +2
#4 Male TGGTGAAACACGGCGACGGAGTGAAGGACATTGCGTTCGAGGTGGAAGACTGTGACTACA allele 1. WT
WT. AT S .
Note. WT: wild type; “ A" base deletion; “+”; base insertion.
N
&L #
S 8
R N
45%10°
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Figure 3 I, generation of newborn Bama minipig pups with

HPD gene mutations generated by CRISPR/Cas9 4 HPD
Figure 4 The relative expression of HPD protein
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Figure 5 Metabolic profile of the tyrosinemia type III Bama minipigs
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Figure 6 Urinary excretion of tyrosine metabolites
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