SUPPLEMENTAL METHODS
Droplet digital PCR reaction
The hSmad7 transfer plasmid was manufactured by VectorBuilder (Chicago) as previously described 1.  Primer and probe sets for each gene target (Sup. Table 1) were manufactured by Integrative DNA Technologies (Coralville, IA).  Those for hSmad7 were previously characterized 1 while those for ribonuclease P/MRP subunit p30 (RPP30) were designed to recognize homologous regions previously used with other species2.  BLAST analysis was used to confirm specificity of all primers and probes.

Supplemental Table 1.  Primers and probes
	Assay
	Primer/Probe
	Sequence 5’ – 3’
	Tm
	Amp

	hSmad7
	Forward
Reverse
Probe
	Confidential intellectual property.  Probe labeled with FAM and BHQ1.
	55.5
55.0
61.6
	111

	RPP30 
	Forward
Reverse
Probe
	5’ – CCT GTG TGG ATC TGA GTT AGT G – 3’ 
5’ – ATG TCT GCT GGT GAG TGT TC – 3’ 
5’ – /5HEX/TGG ACC TTC /ZEN/TCA CCT CGT AGC ATC T/3IABkFQ/ – 3’ 
	54.8
54.9
61.0
	93



[bookmark: _Hlk196921616]The 20 μL of ddPCR mixture consisted of 1x Super Mix for Probe (no dUTP) (BioRad, Hercules), 900, 500 or 250 μM of each primer, 250 or 500 μM of each probe and 4 μL of sample. Each plate included a no template control (NTC, nuclease-free water) and positive controls of linearized hSmad7 plasmid with or without 62.50 ng/µL minipig g DNA in TE buffer. 
All ddPCR assays were performed using the Bio-Rad system, including the QX200 Auto Droplet Generator, the QX200 Droplet Reader, the C1000 Touch PCR Thermal Cycler, the PX1 Plate Sealer and various consumables (Droplet Generation Oil, ddPCR Droplet Reader Oil, plates, heat seal foil, droplet cartridges, droplet generator tips) designed to work with the system.  The final thermocycling conditions were 95°C for 10 min followed by 40 cycles of 95°C for 30 sec and 59°C for 60 sec, with a final heating step of 98°C for 10min. The products were held at 10°C until reading and data were analyzed with QuantaSoft Software v.1.7 with manual threshold application. 

Assay development
Titering of primers and probes was performed with 25,000, 2,500, 250 and 25 cp/µL hSmad7 plasmid and 250 ng pgDNA, ultimately establishing the use 900 μM of each primer and 250 μM of each probe as optimal.  Annealing/extension temperatures were also tittered by amplifying 1,250 cp/µL of linearized hSmad7 plasmid at 52.8°C, 54.8°C, 56.8°C, 59.0°C, 60.9°C and 62.8°C.  To ensure that the assay can be conducted in duplex, we evaluated the performance of each primer/probe set in singleplex and duplex reactions using 25,000, 2,500 and 250 cp/µL hSmad7 plasmid spiked in nucleic acid matrix. The same QCs were also used in amplifying linearized hSmad7 plasmid DNA that was digested with 10 U/reaction of HindIII (NEB) and gel-purified using QIAquick Gel Extraction kit (Qiagen). 

DNA extraction 
Total DNA, genomic and spiked (5000 or 7500 cp/µL of hSmad7 plasmid), was extracted from Göttingen pig brain, heart, kidney, liver, lungs, ovaries, quadricep muscle, spinal cord, spleen, testis and whole blood.  Lung tissue was purchased from BioIVT (Westbury), all others from Marshal BioResources.  The following protocol was initially used for all tissues.  This produced poor yields with liver and whole blood, which resulted in the use of the alternative protocols described below.  
DNA was extracted using the MagMAX™ DNA Multi-Sample Ultra 2.0 kit (Applied Biosystems/ThermoFisher, Waltham). Briefly, 20-30 mg of each tissue was homogenized in Precellys CK28-R lysing tubes with 800 µL Homogenization Buffer I using the Precellys Evolution homogenizer (Bertin Corporation, Rockville) and the vendor’s protocol. Samples were then digested overnight at 56°C with Proteinase K before extracting DNA with the KingFisher Flex Processor (ThermoFisher Scientific, Waltham), again using the vendor’s protocol, and eluting in a total volume of 200 µL. 
Different homogenization and extraction methods were tested with liver.  These include using the Precellys, MagMAX™ and KingFisher systems described above, albeit with MagMAX™ Homogenization buffer I or Homogenization buffer II containing 2-Mercaptoethanol from the MagMAX mirVana Total RNA Isolation Kit.  DNA was also extracted using the DNeasy Blood & Tissue Kit with modifications on the homogenization procedure: (a) mincing with a scalpel in 180 µL of ATL buffer, (b) lysing with Precellys beads in 180 µL of ATL buffer, (c) crushing with a mortar and pestle in 180 µL of ATL buffer, (d) crushing in 225 µL of ATL buffer and (e) crushing in 500 µL of RIPA buffer. 
Liver DNA was ultimately extracted using the DNeasy Blood & Tissue Kit (QIAgen, Venlo). Briefly, 20-25 mg of each tissue was similarly homogenized with Buffer ATL and 20 µL Proteinase K followed by a 60-180 min incubation at 56°C with Proteinase K. DNA was then purified according to the kit instructions and eluted in 300 µL of AE buffer. The DNeasy Blood & Tissue Kit (QIAgen) was also used according to kit instructions and eluted as described. DNA concentrations were then quantified using the Quant-iT PicoGreen kit (Thermo Fisher Scientific).
Different purification approaches were also tested on whole blood.  This includes using the DNeasy Blood & Tissue Kit and the MagMAX DNA Multiple Sample Ultra 2.0 kit where 200 µL of whole blood containing K2EDTA was added to 40 µL of Enhancer solution, 200 µL of binding solution and 40 µL of Proteinase K (Life Technologies). Samples were then processed using the KingFisher system and vendor’s protocol. 

Assay Validation
Accuracy and precision (A&P) were assessed using 3 independent sets of QCs (Table 1), across 6 independent runs and with 2 scientists who used different instruments and master mix lots across 4 days to also assess ruggedness/robustness.  Intra- and inter-assay results were evaluated for all six runs and used as guidance to establish an assay dynamic range of 5-25,000 cp/µL for hSmad7.  
The limit of detection (LOD) was determined with 20 separate evaluations in singlicate wells of 1.25, 0.625, 0.313, 0.1565, 0.078 cp/µL of hSmad7 plasmid DNA with 250 ng pgDNA.  Dilution linearity was evaluated on an intermediate sample containing 125,000 cp/μL hSmad7 plasmid DNA with 62.50 ng/μL of pgDNA that was serially diluted 10-, 100-, 1,000- and 1,000,000- fold in TE. Three independent dilutions and tests were performed.  Stability was tested on LQC and HQC (Table 1, n=3/QC) samples stored in single-use aliquots at -20°C. Samples either experienced 6 freeze-thaw cycles where they thawed at room temperature for 30 min before freezing for 12 h or were stored at room temperature for 24 hours.  
Recovery experiments were performed on 2 independent lots of each tissue matrix spiked with linearized hSmad7 plasmid prior to the extraction step. For whole blood, 25,000 copies were spiked into 200 μL and eluted in 100μL. For liver, 75,000 copies were spiked into the homogenate and eluted in 300 μL.  For all other tissues, 50,000 copies were spiked and eluted in 200.  The extracted DNA concentration was then determined with the Quant-iT PicoGreen kit assay.  For selectivity evaluation, 250 ng of extracted pgDNA was analyzed neat or in different tissue matrices spiked with 125 cp/μL hSmad7 plasmid DNA.  Matrices included the tissues listed above and were isolated from two naïve animals. 
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