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Abstract 
Comparison of workflows for bisulfite- 

converted DNA libraries 
Hyper- vs. hypomethylation in cancer 

Circulating, cell-free DNA (cfDNA) is a non-invasive sample source that contains tumor associated DNA. Next 
generation sequencing (NGS) of cfDNA has shown that tumor specific mutations can be detected, providing an 
effective means to monitor disease, treatment efficacy, and characterize the genome-wide methylation state of 
cfDNA. While hypermethylation is observed for specific gene promoters, on a genome-wide perspective, 
hypomethylation of cfDNA is observed in cancer, making cfDNA an attractive target to assess cancer burden. The 
challenges in deep sequencing of cfDNA include: mandatory fast turnaround times due to sample degradation, 
limited sample material, short DNA fragments, and limit of detection issues caused by the presence of both 
normal and tumor DNA. This study describes a novel library preparation for the Illumina® platforms that is cost-
effective, sensitive, and specific to assess the methylation status of cfDNA. 
  
To characterize the methylation status of cfDNA, NGS libraries were generated utilizing a chemistry that 
sequentially ligates the adapters to each end of the DNA molecules. Since the library is generated after bisulfite 
treatment, a high recovery of DNA library molecules is observed, thus enabling high complexity library preparation 
from 5 ng of cfDNA. Upon establishment of this technique, we obtained cfDNA from healthy subjects as well as 
from subjects with a spectrum of cancers. Following bisulfite-conversion and library preparation of these samples, 
we sequenced each sample on the Illumina MiSeq® to a depth of 10 million reads. A minimum threshold of 1.1% 
was used to determine significant hypomethylation. 
  
Upon analysis, preliminary results of the hypomethylation status of the cfDNA from 4 of the 5 cancer subjects 
ranged from 3% to 9% when compared to the healthy controls. The cfDNA sample, which was negative for 
hypomethylation, originated from the plasma of a subject with a high-grade serous adenocarconima in the 
fallopian tube. The most hypomethylated cfDNA came from the plasma of subject with metastatic adenocarcinoma 
of the colon which had metastasized to the liver. Other tumor types which resulted in cfDNA hypomethylation 
between these two extremes included invasive breast carcinoma, as well as pancreatic ductal carcinoma. 
  
This method provides the basis for a technique to reliably prepare and characterize cfDNA via NGS deep 
sequencing. We obtained results 5 days after resection and reliably made high complexity library using only 5 ng 
of cfDNA. We have demonstrated reproducibility and sensitivity for genome-wide methylation status, while also 
observing that the utility of this assay may vary with cancer type. To further define biologically significant 
thresholds for methylation status, we will present a longitudinal study examining the cfDNA methylation status of 
individuals before, during, and after treatment, thereby generating a methylation gradient as a function of time 
and treatment. 

Introducing Accel-NGS Methyl-Seq 

Isolating cfDNA from plasma 

Figure 4. cfDNA yield from plasma. cfDNA was isolated from both anonymous donors and individuals 
undergoing knee replacement surgeries to establish a set of healthy controls. A group of five normal samples were 
used in this study and their average amounts of cfDNA are shown in the last row. Eight samples were derived 
from individuals undergoing tumor resections for breast, ovarian, or colorectal cancer. 

Sample mL of Plasma ng/mL of Plasma 

1 2.5  6.27 

2 5.0 4.27 

3 3.8 4.37 

4 4.0 10.46 

5 3.0 6.70 

6 4.5 7.11 

7 4.5 2.64 

8 4.5 2.94 

Normal (5) Ave 3.5 Ave 3.45 

Figure 6. Hypomethylation patterns in breast, ovarian, and colorectal cancer. A) Circos plot represents 
hypomethylation status on chromosomes 1-22 between 5 healthy controls and sample 8. B) Percent 
hypomethylation calculated by comparing the methylation density (MD) by 1 Mb genome windows/bins to average 
of 5 healthy controls. Bins were assigned as hypomethylated if the MD was >3 SD below the average MD at 10M 
read depth. 5ng cfDNA was used for each sample. This method was described by Allen Chan, K.C. et al 
“Noninvasive detection of cancer associated genome wide hypomethylation and copy number aberrations by 
plasma DNA bisulfite sequencing.” PNAS, vol 110, no 27 (2013) pp18761-18768. 

Sample Pathology % Hypomethylation 

1 
Fallopian tube high grade papillary serous carcinoma pT3c N1 with 2 nodes 
involved by micrometasasis 0.4% 

2 5 cm ovarian ‘borderline’ serous content (cancer-like) 1.1% 

3 Recurrent pT2, pN0 mammary carcinoma, 2.15 cm 2.4% 

4 pT1/pN1 pancreatic adenocarcinoma with neoadjuvant therapy 3.62% 

5 Metastatic colon cancer to the liver (previously treated) 4.35% 

6 14 cm ovarian ‘borderline’ serous content (cancer-like) 18.0% 

7 Colon-cancer, non-resectable Adenocarcinoma T4a by imaging 18.03% 

8 
Metastatic colorectal adenocarcinoma with liver metastasis,  
2 cm primary 43.38% 

Healthy (green)  
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10 ng 7 2.03 X 108 82.5% 1.6 X 109 8.8% 11.4x 7.8x 0.68 99.7% 

Figure 1. Accel-NGS Methyl-Seq workflow and specs. A) Diagram shows Accel-NGS Methyl-Seq workflow 
for library preparation from single-stranded, bisulfite-converted DNA. The four steps are highlighted: Adaptase 
attachment of the first NGS adapter, primer extension, ligation of the second NGS adapter, and library 
indexing by PCR.  B) WGBS was performed using 10 ng Zymo Gold bisulfite-converted Coriell NA12878 DNA. 
Paired-end sequencing was performed on a HiSeq® with V4 chemistry and a read length of 125 bp PE. Analysis 
was performed using BSMap and Picard tools. Complexity refers to estimated library size, CGI cov refers to CpG 
Island Coverage, relative CGI cov is the ratio of CGI to total genome coverage. % CGI cov refers to the total 
percentage of CpG islands covered. 

 2-hour workflow 

 Utilizes bisulfite-
converted DNA as 
input material 

 Supports input range 
of 0.1 – 100 ng with 
minimal PCR cycles 

 Retains high 
sequence complexity
  

Figure 2. Comparison of DNA methylation sequencing technologies. A) Workflows for Accel-NGS, a 
traditional workflow, and a random primer-based approach are shown. The traditional workflow requires bisulfite 
conversion of the finished library molecules; Accel-NGS Methyl-Seq and the random primer-based approach use 
bisulfite-converted DNA as the input material. B) The Picard plots demonstrate coverage bias relative to base 
composition where GC content increases from left to right. Both Accel-NGS Methyl-Seq and the traditional 
workflow demonstrate excellent coverage of both the AT- and GC-rich portions of the human genome, whereas 
the random primer approach has loss of coverage in both AT- and GC-rich regions. Using the same number of PCR 
cycles, Accel-NGS Methyl-Seq is capable of starting with 1000X less input DNA than the traditional workflow and 
50X less input DNA than the random primer approach. 

Single-tube, multiplex amplicon sequencing for 
Illumina platforms 

Genome-wide hypomethylation detection from 
10 million sequencing reads 

Figure 7. Accel-AmpliconTM workflow. The Accel-Amplion workflow has two main steps carried out in a single-
tube - Multiplexed PCR amplification and adapter ligation. Each step is followed by a bead-based clean-up to 
purify the libraries.  

Introducing Accel-Amplicon 56G Oncology Panel 

Figure 8. Accel-Amplicon 56G Oncology Panel contents and specifications. The Accel-Amplicon 56G 
Oncology Panel includes both clinically relevant hotspot loci and regions of contiguous coverage, depending on the 
allele distribution across each target gene. The table depicts the genes represented and the number of amplicons 
for each gene.   Contiguous, overlapping coverage is included for APC, ATM, EGFR, FBXW7, FGFR3, HNF1A, KIT, 
MSH6, PIK3CA, PTEN, SMAD4, and TP53.    Comprehensive coding exon coverages is included for TP53. 

Detecting point mutations in cfDNA using 
Amplicon 56G Oncology Panel 

Sample % on Target Coverage Uniformity Average Sequencing Depth 

cfDNA 97% 96% 10,000 X 

Buffy coat 95% 98% 11,000 X 

282 mutant reads 

5768 total reads = 4.9% 

KRAS G13D 

cfDNA Sample 8 

Buffy coat Sample 8 

FFPE Primary Tumor: 

> 5% KRAS G13D 

Ion Torrent Custom Panel 

Conclusions 
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• 56 clinically-relevant oncogenes 

- 263 amplicons  

- FFPE and cfDNA compatible (120-160 bp length) 

• 10 ng input 

- > 95% uniformity (> 20% mean coverage) 

- > 95% reads on target (sample type independent) 

In this study, we have demonstrated that: 
‒ Accel-NGS Methyl-Seq DNA Library Kit can generate libraries for WGBS using a wide variety of 

bisulfite-converted DNA, including 5 ng of bisulfite-converted cfDNA. 
‒ It is possible to detect hypomethylation in libraries created with Accel-NGS Methyl-Seq using 

bisulfite-converted cfDNA with as few as 10 million sequencing reads. 
‒ Hypomethylation was observed across several different cancer types, including breast, colorectal, 

and ovarian cancers from 0.4% to 43%. 
‒ Using Accel-NGS 56G Oncology Panel, it is possible to observe point mutations within cfDNA. 

Accel-NGS Methyl-Seq Traditional Workflow Random Primer 

Input (ng) 1 1000 50 

# PCR Cycles 10 10 10 

Yield (nM) 7 15 20 

nM Output per 
ng Input 

7 0.015 0.4 

Bias Low Low High 

Gene hg19 Coordinate Amino Acid Change 
% Mutant in 

cfDNA 
% Mutant in Buffy 

Coat 

PIK3CA 178936091 E545K 11% 0% 

APC 112175576 Q1429* 5% 0% 

TP53 7579575 Q38 or 5’UTR variant 14% 0% 

Conversion Rates 

Critical Factors: 
 

1) Type of sample (FFPE – cfDNA – cell lines) 
2) DNA damage (Fixation – shearing – enzymatic) 
3) Size selection (Application and sequencing dependent) 

167 copies of the diploid human genome 
334 chromosomal copies of any locus 

Reminder: 1 ng of gDNA =  

Achieving 1% detection of a het. mutation  →  3 chromosomal copy  

Figure 3. Genomic considerations of low input. Conversion rates measure the amount of input material 
ultimately converted to functional NGS library molecules. Many factors influence library molecule loss including the 
degree of nucleic acid damage, size selection, and the source of damage. Accurately measuring conversion rates 
can be problematic due to difficulties in quantifying the DNA as it changes during the NGS workflow. 

Small sample limitations 

A. 

B. 

A. 

B. 

A. 
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 Single-tube amplification for 
hundreds of primer pairs, including 
overlapping amplicons 

 Requires input of 10 - 25ng  

 Proprietary method eliminates 
primer dimer “noise” of multiplexed 
PCR 

 Compatible with Illumina 
Sequencing  

Figure 9. Detecting point mutations in cfDNA samples. cfDNA was extracted from 10 ml of blood and gDNA 
was extracted from the buffy coat of 200 µl of the same blood. 10 ng of cfDNA was used to create libraries. The 
sequencing was performed using V2 reagents on a MiSeq (Illumina). The coverage uniformity and the percent 
reads on target were >95%. The average depth of coverage ranged from 2500-5000x. Somatic mutations were 
called using LoFreq 2.1.1 (Genome Institute of Singapore) and GATK HaplotypeCaller (Broad Institute).  
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Figure 5. Methylation patterns across genic regions. Although tumor suppressor genes, such as TP53, can 

be hypermethylated, genome-wide hypomethylation can be observed in cancer. Screen shots from the Integrative 
Genomics Viewer (the Broad Institute of MIT and Harvard) show these methylation differences between genes.  
A) Tumor suppressors, such as TP53, are generally hypermethylated in cancer while B) many other genes and 
repeat elements hypomethylated. 
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