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Abstract 

Circulating, cell-free DNA (cfDNA) is a powerful, non-invasive sample source that contains tumor associated DNA. 

Deep sequencing using 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 DNA is observed in cancer, making cfDNA an attractive target to assess an 

individual's cancer burden. The challenges in performing deep sequencing of the cfDNA include: a requirement for 

fast turnaround times due to sample degradation issues, limited sample material, short DNA fragments <170 bp, 

and limit of detection issues caused by both normal and tumor DNA being present. This study describes a novel 

library preparation suitable 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 platform to a depth of 10 million reads. Paired bisulfite sequence 

data was analyzed using Methy-pipe software. Hypomethylation was defined as percent of 1 Mb genome bins of 

test subjects which have methylation levels below 3 standard deviations of the average of healthy subjects for that 

bin. Using published recommendations, a minimum threshold of 1.1% was used to determine significant 

hypomethylation. 

 

Upon analysis, preliminary analysis 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 based on 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. 

 

The Challenge of Working with Limited Samples 

Introducing Accel-NGS™ 2S Technology 

Comparison of Workflows for Bisulfite Converted Libraries Single-Tube, Multiplex Amplicon Sequencing for Illumina Platforms 

High Coverage Uniformity Across Different Sample Types 

Comparison of Accel-Amplicon 56G Oncology Panel to  

Ion Torrent AmpliSeq Custom Panel for TP53 

Introducing Accel-Amplicon 56G Oncology Panel 

Conclusions 

Circulating cell-free DNA was isolated from both 

anonymous donors and patients 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 is shown 

in the gray row.  Eight samples were taken from various 

cancer patients having breast, ovarian, or colorectal 

cancer – see the below table for actual pathologies. 

 

Note that the amount of cfDNA per mL of plasma ranged 

from 2.46 ng/mL to 10.46 ng/mL, while the normal 

samples had an average of 3.45 ng/mL of plasma. 

Isolating cfDNA from Plasma 

Low Genome Sequencing Coverage Can Detect Both 

Hypermethylation and Hypomethylation Across the Genome 

PCR-Free Circulating, Cell-Free DNA Library Prep from 10 ng 

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  

• Uniquely designed to repair both damaged 3’ and 5’ termini to enhance 

ligation efficiency 

• 5’ repair is more than phosphorylation 

• “With-bead’’ single tube workflow enhances recovery 

• No Adapter titration required 

• Linear yields from 0.01 ng to 1000 ng 

• Low Adapter-Dimer frequency 

• Sequential ligation steps optimize attachment to each terminus 

• Picogram inputs 
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Depth of Coverage 

Poisson
(8X)
10 ng
(8.8X)
100 ng
(8X)

Traditional Workflow 

100X Lower Recovery 

Low bias 

Random Primer Method 

30X Lower Recovery 

High bias 

Accel-NGS™ Methyl-Seq 

High Recovery 

Low bias 

Simple, Single-Tube Workflow 

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 

Tumor 

Normal 

Tumor 

Normal 

 

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 lower than the 

average MD.  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. 

10 Million Sequencing Reads Can Detect Hypomethylation 

Across the Genome 

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% 

10 million reads provides enough 

coverage to observe hypermethylation in 

tumor suppressor genes like TP53. 

Most other genes have 

hypomethylation. 

• 56 clinically relevant oncogenes 

- 263 amplicons  

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

- Compatible with Illumina sequencing platforms 

• Single-tube workflow, even for overlapping amplicons 

- 10 ng input 

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

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

ABL1 5 CSF1R 2 FBXW7 6 GNAS 2 KIT 14 NPM1 1 SKT11 5 

AKT1 2 CTNNB1 1 FGFR1 2 HNF1A 4 KRAS 3 NRAS 3 SMAD4 10 

ALK 2 DDR2 1 FGFR2 4 HRAS 2 MAP2K1 5 PDGFRA 4 SMARCB1 14 

APC 9 DNMT3A 1 FGFR3 6 IDH1 1 MET 6 PIK3CA 11 SMO 5 

ATM 19 EGFR 9 FLT3 4 IDH2 2 MLH1 1 PTEN 14 SRC 1 

BRAF 2 ERBB2 4 FOXL2 1 JAK2 2 MPL 1 PTPN11 2 TP53 21 

CDH1 3 ERBB4 8 GNA11 2 JAK3 3 MSH6 4 RB1 1 TSC1 1 

CDKN2A 2 EZH2 1 GNAQ 2 KDR 9 NOTCH1 3 RET 6 VHL 3 

Accel-Amplicon Coverage for TP53 

 

NCI TP53   

Mutantion 

Genomic 

Position 
Swift 

AmpliSeq 

Custom Panel 

V225I 7577608   

R248Q 7577538   

L130F 7578542   

G244D 7577550   

R273H 7577120   

E286K 7577082   

M246I 7577543   

R306X 7577022   

Y107X 7579366   

Del 7579373 WT FP 

E180K 7578392   

D148H 7578488   

R248W 7577539   

E204G 7578238 WT FP 

Y205H 7578236 WT FP 

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 above table displays the 56 

oncogenes within 56G and the number of amplicons for each gene. Shaded genes have complete or nearly 

complete exon coverage. The total targeted region is ~24 Kb.  

 Accel-Amplicon™ has 2 workflow steps: 

 

     1.  Multiplexed PCR plus bead-based purification 

     2.  Adapter ligation plus bead-based purification 

 

 Single-tube amplification for hundreds of primer pairs, including 

overlapping amplicons 

 

 Requires 10 ng or less input material 

 

 Proprietary method eliminates primer dimer “noise” of 

multiplexed PCR 

 

 Compatible with Illumna sequencing 

For Accel-Amplicon libraries, >95% reads 

were on target. At an average read depth of 

2000X, coverage uniformity was achieved 

across all four sample types, regardless of 

sample quality and fragment size. Input 

DNAs were quantified by ALU repeat qPCR 

for accurate measure of amplifiable content. 

gDNA, fresh frozen, and FFPE contained 

HMW DNA whereas the cfDNA contained a 

narrow 165 bp size distribution.  

Variant calling from clinical samples was determined for the 56G Oncology Panel and compared with an Ion 

AmpliSeq™ Panel on cervical tumor FFPE and matched normal blood reference samples. 10 ng input DNA 

was used per sample and sequencing depth performed at 1000X average coverage. The AmpliSeq assay 

called mutations across TP53 coding exons in 15 tumor samples. Using GATK Unified Genotyper for variant 

calling, mutations were called using Accel-Amplicon in 12 tumor samples. The discrepant calls were 

subsequently determined to be AmpliSeq false positives (FP). These three samples were properly called as 

TP53 WT by Accel-Amplicon. The normal blood reference samples had no TP53 mutations except for the 

patient carrying TP53 V225I which was a germline mutation found in both tumor and normal (data not 

shown). Samples and AmpliSeq data were obtained from the National Cancer Institute (NCI).  

Conversion rates are a measure of how much starting material is ultimately converted to sequence-able 

library molecules (NGS library).  Loss within the library construction workflow occurs for many factors, 

including but not limited to: degree of nucleic acid damage, size selection, and the source of damage.  

Measuring conversion rates is also problematic due to difficulties in quantitating the DNA as it changes 

during the NGS workflow. 

Accel-NGS 2S technology is a unique NGS library kit that can generate PCR-free libraries from 10 ng of 

genomic starting material, and with PCR it can generate libraries with 10 pg.  It generates highly complex 

libraries by repairing both the 3’ and 5’ ends, and uses unique molecular biology to sequentially ligate the 

adapters.  Sequencing coverage of a Coriell HapMap (NA12878) is shown, using 100 ng PCR-free and 10 ng 

with 6 cycles of PCR.  Sequencing coverage is close to the theoretical  distribution, regardless of inputs. 

Starting with 10 ng of  circulating, cell-free DNA (cfDNA), a PCR-free library was generated for whole genome 

sequencing.  Using a qPCR assay, the conversion rate of starting material to library was estimated to be higher than 

75%.  The estimated library size is 10-fold higher than other commercially available kits, using the same input 

quantities.  The two right panels show the average insert size to be ~170 bp, representing DNA that is wrapped once 

around the nucleosome.  The second panel is a Picard plot, showing GC representation, and it is interesting to note the 

loss of high AT sequences that are observed in standard WGS library preps.  This suggests that there is an in-vivo bias, 

leading to the loss of high AT genomic sequences in cfDNA.  cfDNA was prepared using Qiagen QIAmp Cirrculating 

Nucleic Acid Kit.  Whole blood was collected in a Streck mottled black and tan tube. 

A comparison of three different 

methods to generate bisulfite 

converted libraries.  Accel-NGS 

Methyl-Seq DNA library kit is 

the only commercial kit that 

generates a library post-bisulfite 

conversion, leading to higher 

library yields and less bias than 

the other kits.  Traditional library 

kits generate libraries prior to 

bisulfite conversion, losing up to 

95% of the library molecules.   

 

In the workflows to the left, the 

lightening bolt represents 

bisulfite conversion.  It is 

important to know that bisulfite 

conversion is a harsh treatment 

of DNA, resulting in not just 

damage but actual 

fragmentation of dsDNA, 

creating a type of quasi-hetero 

duplex DNA. 

Comparing normal (green) to 

high cancer burden (red). 

In this study, we have demonstrated that: 

▬ Accel-NGS 2S technology can generate whole genome sequencing libraries from 10 ng in a PCR-free manner. 

▬ Accel-NGS Methyl-Seq DNA Library Kit can generate libraries for WGBS using 5 ng of input. 

▬ It is possible to detect hypomethylation using 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. 

Detecting Point Mutations in cfDNA Using 

Accel-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 

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% 

FFPE Primary Tumor: 

>5% KRAS G13D 

Ion Torrent Custom Panel 


