
Reference Samples from Human Plasma-Derived cfDNA for Use in Organ  
Transplant Surveillance 

Introduction
• The use of non-invasive methods to accurately detect allograft 

rejection has become more widespread over the last several years. 
One such approach is the analysis of cell-free DNA (cfDNA) in the 
plasma of a transplant recipient; cfDNA in these patients originates 
from both the recipient’s native tissues and from the transplanted 
donor organ. These assays measure the allele fraction of the donor 
cfDNA as a percentage of that from the recipient. Several studies have 
demonstrated that an increase in donor-derived cfDNA correlates 
with acute graft rejection.1 The use of reference standards in these 
assays enables optimal and consistent clinical lab performance (Figure 1). 
Here we describe reference standards derived from human cfDNA for 
use in organ transplant surveillance. 

Methods

• In this pilot study, reference standards were created from bulk cfDNA 
that was purified from approximately 800 mL plasma samples from 
each of two unrelated human donors (Figure 2).2 Genotyping at 1369 
common SNP loci revealed 356 polymorphic sites where one sample 
had homozygous alleles and the other had heterozygous or opposite 
allele homozygous markers (Figure 3). These cfDNAs had the size 
distribution and amplifiable Alu content anticipated for high-quality 
human cfDNA. The cfDNAs were designated as either “background” 
or “spike-in” and were blended at seven different ratios. A portion of 
each blended sample was sequenced using targeted hybrid capture 
NGS followed by quantitative bioinformatic analysis of minor allele 
frequencies (MAFs). The observed MAFs were adjusted to account 
for heterozygous polymorphisms versus homozygous polymorphic 
markers and the aggregate data was used to calculate the average 
genomic contribution of the spiked-in samples. 

Results

• Seven reference standards were produced. The mean spike-in 
percentages and 99% confidence intervals (CI) of the mean were 0.55 
± 0.03, 1.10 ± 0.07, 1.82 ± 0.13, 2.55 ± 0.21, 7.64 ± 0.58, 14.7 ± 0.7, 
and 25.4 ± 0.9. In all cases the coefficient of variance for the 99% CI 
was less than 10% (Figure 4). 

Fenella Raymond,1,2 and Chris Raymond,1,2 

1Ripple Biosolutions, Seattle, WA; 2Salish Bioscience Inc, Seattle, WA

Conclusion

Coupling of large-scale cfDNA purification with 
quantitative NGS-based genotyping is a plausible 
and cost-effective method to produce high-quality 
reference standards that can be used to calibrate 
non-invasive transplant surveillance assays.
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Figure 1. Reference standards for organ transplant cfDNA assays. (A) Liquid biopsies used for 
the surveillance of allograft donor organ health monitor the percentage of donor organ cfDNA 
as a percentage total patient cfDNA. Clinical studies have established the correlation between 
donor organ cfDNA levels and the likelihood of complications from possible organ rejection. 
(B) Assay calibration standards were created from the cfDNAs of two unrelated individuals 
by blending at various percentages. (C) The in-process control material (proficiency standard) 
was made in a larger volume of a single percentage blend to support regular use in a clinical 
lab setting.
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Figure 2. Ripple Biosolutions IsoPure cfDNA. (A) Bulk cfDNA is purified from ~800 mL units of 
plasma that is collected by apheresis into sodium citrate-containing vessels. (B) QC assays of 
the resulting cfDNA include characterization of the size distribution cfDNA fragments by gel 
electrophoresis. Healthy donor cfDNA is typically a collection of nucleosome-sized monomers 
(~160 bp), dimers (~320-400 bp) and trimers (>500 bp). This image shows the “background” 
(recipient) and “spike-in” (donor organ) cfDNA samples used to prepare reference standards. 
(C) A second QC assay measures the PCR amplification characteristics of purified cfDNA and 
is used to verify the absence of potential PCR inhibitors. The certificate of analysis for IsoPure 
cfDNA includes the DNA concentration measurement, size distribution, and amplification 
performance (shown as an inset in Fig 2C).
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Figure 3. Genotyping of common SNPs. (A) Each SNP is genotyped using independent forward and reverse hybrid capture 
NGS probes. (B) An initial assay that targets 1369 common SNP loci was used to genotype the background (“organ recipient”) 
and spike-in (“organ donor”) cfDNA samples. (C) Genotyping revealed 356 loci where background “recipient” is homozygous 
and the spike-in “donor” has one or both alternate alleles.
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Figure 4. Determination of actual spike-in percentages in blended cfDNA samples. (A) Strategy for NGS analysis of spike-in  
samples. The cfDNA input requirements increase as the spike-in percentages decrease. (B) Methods used to calculate 
percent spike-in genomes and to establish the confidence interval of the reported mean value. (C) Data for two separate 
production runs of organ transplant surveillance standards.
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Table 2. June 2022 Reference STDs

Target % Observed % 99% CI

0.4 0.55 0.52 - 0.58
0.8 1.10 1.03 - 1.16
1.5 1.82 1.70 - 1.95
3 2.55 2.33 - 2.76

7.5 7.64 7.06 - 8.21
15 14.7 14.0 - 15.5
26 25.4 24.5 - 26.3

Table 3. Sep 2022 Reference STDs

Target % Observed % 99% CI

1 1.05 1.01 - 1.10
2 2.04 1.93 - 2.15

10 10.2 9.7 - 10.7
20 19.6 18.8 - 20.5

Table 1. Reference STD genotyping
Target % 
spike-in

Genome 
equivalents

Library  
input (ng)

0.4 2,500 8.25
0.8 1,250 4.13
1.5 670 2.21
3 330 1.09

7.5 130 0.43
15 67 0.22
26 40 0.13


