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[ Abstract ) Objective To optimize the experimental conditions for the determination of porcine endogenous
retrovirus (PERV ) copy number in the porcine genome using a droplet digital polymerase chain reaction ( ddPCR)

technique. Methods TagMan probe duplex-ddPCR was used to determine the copy number of PERV, glyceraldehyde 3-
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phosphate dehydrogenase ( GAPDH) and transferrin receptor protein 1 ( TFRC) were adopted as the internal reference
genes. To determine the optimal annealing temperature and PCR cycle number, we compared multiple conditions. In
addition, the suitable range of template amount was estimated by examining the serially diluted plasmid and the pig cell
genome. Genomic DNA isolated from pig cell lines or Bama minipig tissue was used to determine the copy number of PERV
using ddPCR-and quantitative PCR-based method, which demonstrated the repeatability of different method. Results
The optimal annealing temperature for the ddPCR-based method to measure PERV copy number was 59.9°C, and the
optimal number of PCR cycles was 50. The suitable template genome concentration ranged from 1.25 to 7.5 ng. The
variation of coefficients for PERV copy number in the porcine genome ranged from 0.44% to 8.29%. Conclusions A
method for analyzing the PERV copy number based on the ddPCR technique was established, which improved the accuracy
and repeatability compared with a traditional quantitative PCR-based detection approach. This method provides a sensitive

approach and is a reliable basis for the determination of PERV copy number in donor animal genomes for

xenotransplantation studies.
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Primer and probe Sequence
Primer Poll-FW CGACTGCCCCAAGGGTTCAA
Primer Pol2-RV TCTCTCCTGCAAATCTGGGCC
/56FAM/CACGTACTGGAGGAGGGT

Probe Poll'®)

CACCTG/BHQ!
Primer pig_ GAPDH_FW  CCGCGATCTAATGTTCTCTTTC
Primer pig_ GAPDH_RV ~ TTCACTCCGACCTTCACCAT
/SHEX/
Probe pig_ GAPDH
robe ple— CAGCCGCGTCCCTGAGACAC/BHO2
TFRC-Tagman-FW TTCCCTCAAACACCTCGCTTA

TGGTATCCAATCCCTTTGACAAC

/SHEX/TTTGGGCAGACCTCAAAATA
CTGTTGTC/BHQ2

TFRC-Tagman-RV
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Table 2 Copy numbers of standard plasmids detected by
ddPCR at different annealing temperatures

5 DU 10% copies/plL)

BRI (C)
. Copy numbers
Annealing temperature

pol GAPDH TFRC
63.0 4.86 5.30 4.80
61.9 4.76 5.50 4.90
60.9 4.86 5.24 4.78
59.9 4.98 5.44 4.84
58.6 4.38 5.46 4.78
57.5 4.80 5.52 4. 64
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Note. A, Standard plasmids as template. B, DNA isolated from PEF as template and GAPDH as reference gene. C, DNA isolated form PEF as template

and TFRC as reference gene were measured by ddPCR at different annealing temperatures at different annealing temperatures. Tm is 63. 0°C , 61. 9°C,

60.9°C, 59.9°C, 58.6°C and 57.5°C from left to right.

Figure 1 One-dimensional scatter plot of ddPCR at different annealing temperatures
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Note. A, Events produced at different PCR cycle number. B, One-dimensional scatter plot of pol gene at different PCR cycle number.

Figure 2 Optimization of ddPCR cycle number

£ 3 ddPCR Fl qPCR I 5E AR IS FEF 419 PERV 945 DL (2+s)
Table 3 PERV copy numbers in pig genome detected by ddPCR and qPCR

Wi PCR (copies/pL)

PEIEE B PCR (copies/pl)

ddPCR qPCR
e GAPDH HN % TFRC W% GAPDH HN % TFRC N %
S HT GAPDH as reference gene TFRC as reference gene GAPDH as reference gene TFRC as reference gene
amples
#Ra/\" Y ME{/\” S 7‘.‘RE{/\” Sy ME{/\”
moge COER gy ERRE g ERRN gy ERAR
Coefficient of Coefficient of Coefficient of Coefficient of
Copy number .. Copy number L. Copy number . Copy number L.
variation variation variation variation
PEF 6# 32.50+0. 14 0. 44% 33.25+2.76 8.29% 67.53+13.43 19. 89% 24.38+4. 06 16. 66%
PEF 10# 33.17+1.42 4.27% 32.87+1.03 3. 12% 210. 44+63.70 30.27% 52.00+12.67 24.37%
PK15 59.10+3. 87 6. 65% 57. 60+0. 66 1. 14% 175.75+32.26 18.41% 78.70+2. 65 3.37%
fili 1# Lung 1#  41.07+0.93 2.26% 28.83+0.71 2. 46% 49.52+5.92 11.95% 32.58+3.76 11. 54%
fii 2# Lung 2#  40.37+0. 31 0. 76% 32. 60+0. 56 1.71% 69. 10+7.76 11.24% 42.33+3. 11 7.35%
fili 3# Lung 3#  39.50+2. 02 5. 12% 32.40+1. 18 3. 64% 64. 68+9.23 14.27% 40. 88+2. 65 6. 63%

TE Bk A 3 s A

Note. Data came from three independent replicates.
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Note. A, One-dimensional scatter plot of standard plasmids at different template concentration. B, Liner correlation analysis of ddPCR and standard
plasmids concentration measured by UV measurement. C, One-dimensional scatter plot of PEF genome at different template concentration. D, PERV
copy numbers of PEF detected by ddPCR at different template concentration.
Figure 3 Range of template for PERV copy number detected by ddPCR
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BT /R % i BRTR SXFAD /) FRAZEEY BR i B AP MK microRNA BYSRIZ B 53 #7

BT 7R YR TR (Alzheimer” s disease, AD)J&—FiXER ELAN T 308 B A 2B AT PR , & s HIL AR i A BT
PRI, FEVERFE AR 1 -B BESR (AR BEER) TR Z A UM M L W hr a5 00 T L0 10 AD HAF R S,
[ = 27 B2 B B 2 S 9 sh A5 i - 65 PR (9 BIF S8 N B 3 00 2 B0 AD /)N BURSE AR BRI A1 b 4k o
microRNA (miRNA) , F-#& 7T IR IH2 I AD AR .

ARSCHEH] AR BESIE AT 1 8 SXFAD /)N BUSERY K HL[R] 55 %08 B SR A W05 B A i 5 125, X /0s
BURBCH AN A ) miRNA 47 25 55 2635 40 Fr . [6) B, 6 0 3 Hh 1) 22 53 36 3k L R ifE 4T T KEGG ( Kyoto
Encyclopedia of Genes and Genomes ) il #/3#7 . GO ( Gene Ontology ) & 0 H1, 257 FEH /34l B B R 775
48 MERFEIK miRNA (18 A EIE 30 T ), A 45 . mmu-miR-27b . mmu-miR-150 . mmu-miR-34a-5p . mmu-
miR-221 ,mmu-miR-336b-3p ,mmu-miR-196b-5p , mmu-miR-339-3p F1 mmu-miR-721 %; GO e EN =
B, 26 59 220K 0 miRNA T2 205 07 R P20 28 TSR 5 i J BAH 5C A9 200 i PN B AR G, I RT BB -5 IR BT JR 9%
TR HE R R DNA MHZS G52 i A= BN RE , FIARZE I8 1 ddPCR (droplet digital PCR) SE40 i 47 H011E .

VEF RO e 1 A miRNA ST AHSCINREEE F1 A R 25 3 B, R IRZRL AR S AL BE A G SR 1 (AR o) |
FTIRATEE (Bel-2) | AWRACEAR SR I (Sirt]) FE LA K K7 (Tefb ) S5 T REHE 11 55 %8 miRNA AHOC,
Horb Tefb 5 AB A9 BAHG

25 1 :SXFAD /NRBR SR S & miRNA 76 AR BESRUTBLRT A7/ Rk 22 57, SRR E M2 07 7448 AD
AR R 2RI AR G, W T RT3 AD B B SR X,

AT R K 36 T SRR A 5 5206 B2 24 (9230 Y AT (Animal Models and Experimental Medicine, 2021,
3. 233-242;htips ://doi.org/10.1002/ame2.12175) ,,



