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Abstract 

Generating a Reference Genome 

Whole genome bisulfite converted next generation sequencing (NGS) enables comprehensive 
per base methylation status detection of the entire genome; however, current library preparation 
methods introduce significant bias or loss, reducing the representation of the sample’s 
methylome. For conventional library prep which requires dsDNA, bisulfite conversion must be 
performed post library prep.  Bisulfite treatment fragments and denatures DNA, which causes 
greater than 95% of the library to be lost. Random primer-based methods are capable of 
adapting single stranded DNA molecules, but are still inefficient and generate significant base 
composition bias.    

Here we present a novel method to prepare NGS libraries, starting with as little as 100 pg 
input. This single stranded technology uses denatured, bisulfite converted DNA as the initial 
input.  Efficient enzyme-mediated chemistry is used to attach the first NGS adapter to the 3’ 
termini of the single stranded fragments. The second NGS adapter is added in a sequential 
reaction following second strand synthesis.   

Our data was compared to two market-leading methods: a conventional dsDNA protocol that 
requires library construction prior to bisulfite conversion, and a single stranded, random primer-
based method.  We observed substantially higher yield when compared to both of these 
methodologies (100-fold and 30-fold, respectively).  Using aligned base composition as a metric, 
we observed that bias was low, comparable to the conventional protocol and significantly better 
than the random primed approach.   

Input (ng) PCR cycles Yield (nM) 

1000 0 39.0 

100 0 4.7 

10 6 21.2 

1 9 18.4 

0.1 12 9.6 

0.01 15 11.3 
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Input 
(ng) 

PCR 
cycles 

Yield 
(nM) 

250 3 15.1 

100 3 8.7 

10 6 8.8 

1 9 7.6 

0.1 12 6.6 
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Figure 1. A novel library preparation to generate a reference genome: Accel-NGS 2S.  
A) The 4 main steps for Accel-NGS 2S, the time duration of each step, and each step’s clean-up 
step are listed.  B) As few as 100ng of input DNA are required to get sufficient library yield PCR-
free; as few as 10pg of input DNA are required to get sufficient library yield with PCR. Data 
generated using 200bp E. coli DNA  C-E) Picard plots show the even base composition obtained 
when using Accel-NGS 2S to build libraries from microbes with a variety of GC content. These 
libraries were constructed PCR-free from 500ng starting material and generated externally. 

GC content 

Accel-NGS Methyl-Seq enables library preparation from single-
stranded, bisulfite converted DNA.   
Greater yield is obtained using bisulfite-converted DNA as the input compared 
with those techniques which require completed libraries to undergo bisulfite-
conversion. 
 
Accel-NGS Methyl-Seq supports inputs as low as 0.1ng. 
The unique chemistry of Accel-NGS Methyl-Seq affords users the flexibility to 
use the amount of input that best suits their needs, as low as 0.1ng.   
 
Accel-NGS Methyl-Seq requires minimal cycles of PCR to achieve 
maximum results. 
This technology minimizes the numbers of PCR cycles required to achieve 
enough library for next-generation sequencing. 3-12 cycles of PCR are required 
based on the amount of starting material. 

Figure 3. The Accel-NGS Methyl-Seq Workflow.  The 4 main steps of the Accel-NGS Methyl-
Seq workflow are highlighted. This efficient workflow can be completed in as little as 2.5 hours. 

Figure 4. The use of bisulfite-converted ssDNA molecules and sequential addition of the adapter 
molecules enables a high recovery of library molecules with low base composition bias when 
compared with other leading technologies. 

Figure 5. Picard base composition bias plots show the evenness of coverage obtained with 
Accel-NGS Methyl-Seq across the human genome. This plot is compared with other plots 
generated using leading technologies. Libraries were constructed using unconverted HapMap 
NA12878 Coriell DNA. 

Figure 6. Minimal PCR cycles are required to achieve enough library for sequencing with Accel-
NGS Methyl-Seq.  This technology also enables library preparation from as little as 0.1ng input 
DNA. Data was generated using bisulfite-converted HapMap NA12878 Coriell DNA. 

Accel-NGS 2S 

P. falciparum 19% GC B. pertusis 68% GC C. D. E. S. aureus 33% GC 

Figure 2. Bisulfite conversion is a harsh chemical process 
which fragments DNA. Since Accel-NGS Methyl-Seq uses 
single-stranded, bisulfite-converted DNA as an input, the 
finished library molecules are not affected. The difference 
in size between bisulfite-converted libraries and 
unconverted libraries reflects the damaging effects of 
bisulfite-conversion. Despite this DNA breakage, we do not 
recommend bisulfite conversion as the primary method of 
DNA fragmentation.  

Coriell HapMap NA12878 DNA was fragmented to 350bp using a Covaris ultrasonicator. 
Fragmented DNA was then subjected to bisulfite conversion using the Zymo EZ DNA 
Methylation-Gold™ Kit per the manufacturer’s instructions. This DNA was then quantified by 
NanoDrop™, diluted, and used as the input material for Accel-NGS Methyl-Seq. Finished libraries 
were quantified by qPCR and sequenced on an Illumina MiSeq®.  Paired bisulfite sequence data 
was analyzed using Bismark software. 
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Accel-NGS 2S provides a way to reproducibly create reference genomes from as little as 0.01ng 
DNA with PCR or 100ng PCR-free. 

Accel-NGS Methyl-Seq 
Accel-NGS Methyl-Seq provides a better recovery of library material with 30-100 fold less base 
composition bias than current technologies from a variety of inputs ranging from 0.1ng – 250ng. 


