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Abstract. DNA sequencing technology is one of the important tools in modern life science research, 
and with the development of science and technology, sequencing technology is constantly changing. 
High-throughput sequencing technology is known as the second generation sequencing technology. 
Compared with Sanger sequencing technology, high-throughput sequencing technology has the 
characteristics of high throughput, fast speed and low cost. In this paper, the researcher briefly 
introduced the emergence and development of DNA sequencing technology, and expounded the 
application of high-throughput sequencing in epigenetic research from the aspects of DNA 
methylation and histone modification. 

1 Introduction 
The first-generation sequencing technology is the dideoxy 
end termination method proposed by Sanger[1] in 1970, 
which is the most classic sequencing method, and also the 
sequencing method with the longest application time and 
the widest application range. Since then, DNA sequencing 
has taken off in a big way, bringing biology to a new level 
of genetic research and giving us the complete sequence 
of the human genome. After multiple generations of 
development, sequencing technology is now widely used 
in basic research, technology development and clinical 
practice.Epigenetics needs to be specialized because 
proteomics and proteomics are at the forefront of research, 
and many genes need to be sequenced to obtain data in the 
process. Therefore, it is necessary to study the application 
of high-throughput sequencing methods in epigenetic 
research 

2 High-throughput sequencing 
High-throughput sequencing technology is also known as 
deep sequencing technology, new generation sequencing 
technology or second generation sequencing technology. 
Compared with the traditional Sanger sequencing 
technology, this technology has two outstanding 
advantages. First, it can achieve large-scale parallel 
sequencing by using microarray configuration to improve 
sequencing efficiency. Second, there is no reliance on 
electrophoretic separation technology, thus reducing the 
cost, saving manpower and time[2,3]. 

2.1 Roche 454（GS FLX Titanium System） 

Roche 454 sequencing platform is the earliest and 
relatively mature second-generation sequencing platform 
in the world, which belongs to the cyclic microarray 
method platform, and its sequencing technology is based 
on the Sequencing by synthesis(SBS) technology[4].The 
system relies on bioluminescence to detect DNA 
sequences. After constructing the library, the template was 
amplified by PCR.In the synergistic action of DNA 
polymerase, ATP sulfase, luciferase and bisphosphatase, if 
the template is paired with deoxy-ribonucleoside 
triphosphate (dNTP), an equal amount of pyrophosphate 
group will be released[5].The aggregation of each dNTP 
on the primer was coupled to a primary fluorescence 
signal release. By detecting the presence and intensity of 
the fluorescence signal released, the purpose of real-time 
DNA sequence determination can be achieved. 

Compared with other high-throughput sequencing 
technologies, 454 pyrosequencing has the advantage of 
short time and a large number of fragments per unit time. 
In one sequencing work, 1 million sequences can be 
generated, the average length of sequences is 400bp, and 
the total amount of data is about 500M.However, because 
the length of the homomer cannot be accurately measured, 
insertion and miss errors may be introduced.With the 
increasingly fierce market competition and the update and 
iteration of technology, the sequencing method of Roche 
454 has been gradually phased out. In 2013, Roche 
announced the closure of its 454 sequencing business and 
the termination of related services in 2016[6,7] 
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2.2 Illumina Solexa 

Illumina's solexa technology is single-molecule array 
sequencing, and its core technologies are "bridge PCR" 
and "reversible terminal termination" [8,9].Bridge PCR 
generates large clusters of molecules by amplifying DNA 
to achieve the intensity required for fluorescence 
detection.Solexa sequencing reaction is a reversible 
termination chemical reaction.DNA fragments can be 
randomly attached to the surface of the solid phase carrier 
and undergo bridge amplification on the surface of the 
solid phase. This creates thousands of identical single-
molecule clusters, which are used as sequencing 
templates.Sequencing takes the method of Sequencing by 
synthesis, the ddNTP material paired with the template is 
added, and the unpaired ddNTP material is washed away, 
so that the imaging system can capture the fluorescently 
labeled nucleotides. 

The difference between Solexa and other high-
throughput sequencing technologies is that it only adds 
one DNTP per cycle in the synthesis process to solve the 
problem of homomer determination. The advantages of 
Solexa technology are its high accuracy, high speed, and 
low cost. This gives it an advantage in resequencing 
biological genomes, but it also has the big problem of 
having shorter read lengths than other sequencing 
techniques[10]. 

2.3 SOLiD 

ABI's SOLiD sequencing technology is an evolution of 
ligase sequencing. SOLiD sequencing also used emulsion 
PCR similar to the 454 pyrosequencing technology. 
SOLiD sequencing technology is based on the continuous 
ligation synthesis of 8-base four-color fluorescently 
labeled oligonucleotides, which replaces the traditional 
polymerase ligation reaction, and can be used for large-
scale amplification and high-throughput parallel 
sequencing of single-copy DNA fragments.SOLiD 
sequencing is unique in its "double base correction" 
technique for ligation reactions[11,12].SOLiD sequencing 
platform supports two kinds of sequencing libraries, one 
is fragment library and the other is mate-paired library. 
The former is mainly used in RNA-seq, 3 ', 5 '-RACE, 
methylation analysis, ChIP-seq, etc. The latter is mainly 
used in whole genome sequencing, SNP analysis, 
structural rearrangement, CNV and so on[13]. 

SOLiD sequencing's double-base correction 
technology, which allows each base to be determined 
twice, as well as the use of ligases and change of 
sequencing primer , greatly reduces the probability of 
incorrect sequencing, making it the most accurate 
platform among next-generation sequencing platforms. 
However, due to its short read length and slow running 
disadvantage compared with other technologies, it was 
finally withdrawn from the market. 

3 Application of high-throughput 
techniques to epigenetics 
Epigenetics refers to heritable changes in gene expression 

without changes in DNA sequence. This change is the 
change of other heritable material in the cell except 
genetic information, and this change can be stably 
inherited during development and cell proliferation 
[14,15].Epigenetics is a lot of things, DNA methylation, 
histone modification, Chromatin remodeling, non-coding 
RNAs Regulation, gene silencing, nucleolar dominance, 
dormant transposon activation and maternal effects are all 
typical epigenetic phenomena[16,17].The application of 
high-throughput sequencing in epigenetic research is 
mainly focused on DNA methylation, histone 
modification and non-coding RNA regulation [18]. 

3.1 Application in the study of DNA 
methylation 

In the study of DNA methylation, the commonly used 
high-throughput sequencing technology is Bisulfite 
sequencing(Bi-seq) and reduced representation Bisulfite 
sequencing(RRBS), methylated DNA 
immunoprecipitation sequencing (MEDIP-seq) and other 
techniques. 

3.1.1 Application of Bi-SEq and RRBS in epigenetic 
studies 

At present, bisulfite modification is recognized as the 
"gold standard" for DNA methylation detection. Both BI-
SEq and RRBS technologies are based on the above 
modifications. Whole-genome Bisulfite sequencing 
technology can obtain whole-genome methylation map 
with single base resolution.This technology was initially 
applied by Cokus et al. [19] to the whole gene methylation 
profile analysis of Arabidopsis thaliana (with the help of 
Solexa sequencing technology). In 2009, Lister et al. [20] 
published the first human genome-wide methylation map 
using whole-genome Bisulfite sequencing (using Solexa 
sequencing), and subsequently this technology began to be 
applied in the study of human diseases, such as obesity 
[21]. Based on Bisulfite processing of DNA samples from 
peripheral blood monocytes of the yellow race and deep 
sequencing combined with Solexa sequencing technology, 
Li et al. [22] successfully mapped the high-precision 
genome-wide methylation map of "Yanhuang No.1" in 
2010. However, the high sequencing cost of bisulfite 
conversion has limited the wide application of this 
technology to a certain extent. 

Reduced representation Bisulfite sequencing (RRBS), 
also known as bisulfite sequencing based on enzyme 
digestion, is another type of methylation sequencing 
method, which combines restriction length selection, 
bisulfite conversion, PCR amplification and cloning. 
RRBS is an accurate, efficient and economical method for 
DNA methylation research. It enriches promoter and CpG 
island regions by enzyme digestion, and performs 
Bisulfite sequencing. This method ensures the high 
resolution of DNA methylation status detection and 
improves the high utilization of sequencing data. In 2005, 
Meissner et al. [23] originally invented this technology in 
combination with Sanger sequencing, and successfully 
applied it to detect the methylation profile of mouse 
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embryonic stem cells before and after demethyltransferase. 
Then, the research group led by Meissner enriched nearly 
90% of CpG island fragments in the whole mouse genome 
by switching to MspI digestion, and combined with 
Illumina's high-throughput sequencing technology, 
established and improved the method suitable for 
mammalian whole genome methylation sequencing 
analysis [24]. In 2010, this research group published 
another article on RRBS to further optimize RRBS 
technology and explore its potential in clinical application 
based on its previous work [25]. Later, Smallwood et al. 
[26] also applied this technology to the methylation 
detection of mammalian mature oocytes. 

3.1.2 Application of MeDIP-seq in epigenetic studies 

Methylated DNA immunoprecipitation 
sequencing(MeDIP-seq) mainly uses the principle of 
antibodies that specifically recognize 5-methylcytosine 
(5-MC) to enrich genome methylated fragments, and 
combines high-throughput sequencing technology 
[27].The basic procedure is:(1) The whole genome DNA 
was extracted, and the fragments with length of 400-500 
bp were interrupted by ultrasound; (2) Heat denaturation, 
and evenly divide the denatured single-stranded DNA 
samples into two parts; (3) One of them was added with 
methylated DNA specific antibody, and the other was used 
as Total input DNA sample; (4) The antibody complex of 
methylated DNA fragment in the previous step sample 
was separated by affinity chromatography, and the 
remaining unmethylated DNA fragment in the sample was 
eluted and purified to obtain methylated DNA fragment 
( MeD- IP DNA).This method has been applied to the 
study of cancer pathogenesis. For example, Ruike et al. 
[28] chose the high-throughput sequencing technology of 
Illumina Company to conduct genome-wide methylation 
study on human breast cancer cell lines by MeDIP 
technology. 

3.2 Application in the study of Histone 
modification 

Histone modifications include methylation, acetylation, 
phosphorylation, ubiquitination and sumoylation. The 
current research mainly focuses on histone methylation 
and acetylation. At present, there are few methods to study 
histone modification, and the most commonly used 
method is chromatin immunoprecipitation. 

Chromatin Immunoprecipitation (ChIP), proposed by 
O'Neill and Turner [29], is a technique used to study the 
interaction between protein and DNA in vivo. It is the 
basic principle of state fixed protein in living cells - DNA 
complexes, and then by ultrasound or enzyme treatment 
will be cut off for a certain length of chromatin chromatin 
within the scope of small fragments, and then through the 
immunological method to precipitate the complex, 
specific protein to enrichment and purpose of DNA 
fragments, fragments of purification and detection based 
on purpose, To get information about how proteins interact 
with DNA. 

3.2.1 ChIP-chip 

Chip-chip is a method that combines ChIP with biochip to 
analyze DNA binding sites or histone modifications in the 
whole genome or in a large region of the genome with high 
throughput [30]. The basic procedure of this technology is: 
firstly, histone modified DNA fragments are enriched by 
chromatin immunoco-deposition (ChIP), and then 
polymerase chain reaction (PCR) amplification is 
performed by adding universal adaptor, during which 
fluorophore groups are introduced. Since the length of 
enriched fragments is different, the amplification 
efficiency is different, and the bias is reduced by 
controlling the number of cycles. Finally, the amplified 
fragment was hybridized with the designed chip. 

3.2.2 ChIP-seq 

Chip-seq is a high-throughput method that combines ChIP 
and sequencing technology to detect DNA histone 
modifications on a genome-wide scale, which can be 
applied to any species with genome sequences and can 
obtain exact sequence information of each segment [30]. 
The basic procedure of this technology is: the target 
fragment is enriched by ChIP, purified, and then added to 
the universal adapter for PCR amplification, and finally 
added to the Solexa adapter for sequencing. At present, the 
technology is relatively mature, and the cost is gradually 
decreasing with the emergence and development of the 
new generation sequencing technology. The combination 
of ChIP and sequencing technology is more and more 
widely used in DNA and interacting protein analysis. 

Compared with ChIP-chip, ChIP-seq technology has 
the advantages of higher accuracy and greater coverage 
[31]. In 2007, ChIP-seq technology was initially reported 
to be used in histone modification studies of mammalian 
T cells and embryonic stem cells [32-33]. After that, ChIP-
seq technology was used to treat prostate cancer cells, and 
the whole gene localization of epigenetic mark 
nucleosomes was carried out. He et al. [34] studied 
nucleosome dynamics and gene transcriptional 
regulation.Hurtado et al. [35] studied breast cancer cells 
based on ChIP-seq technology and revealed that the 
determinant of estrogen receptor activity and endocrine 
response in breast cancer cells came from FOXA1 protein. 

4 Conclusion 
Lister et al. [36] used whole-genome Bisulfite sequencing 
technology to construct the human genome methylation 
map, which laid a solid foundation for the study of human 
genetic diseases. Zhang Xiaoli [37] used MediP-Seq 
technology to construct DNA library of 3 landwhite sows 
at 210 days of age, obtained highly matched 32.91 Gb 
DNA sequence, and identified differentially methylated 
regions (DMRs) in different tissues. The ratio of CpG in 
DMRs in exons was significantly higher than that in 
promoters, introns, and 2 KB upstream of transcription 
start sites, proving that methylation in promoters can 
regulate gene expression. This study provides epigenetic 
basic data for in-depth analysis of adipose function in 
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different animal tissues. Sun et al. [38] used ChIP-seq 
technology to study RNA Pol-ⅱ  promoters in mouse 
tissues and detected 38 639 POL-ⅱ promoters and 12 
270 new promoters, identifying POL-ⅱ  promoters of 
annotated genes in different tissues. 37% of the coding 
genes were found to be regulated by selective promoters. 

Since the emergence of high-throughput sequencing 
technology, with the continuous improvement of 
molecular biology and science and technology, high-
throughput sequencing technology has achieved rapid 
development in just 20 years. However, there are still 
many things to be improved  in the high-throughput 
sequencing platform. The second-generation sequencing 
platform has a short sequence read length and relies on 
PCR amplification technology, which is easy to cause 
error and bias in sequence reading, which causes great 
difficulties in the later bioinformatics data analysis and 
processing. It will undoubtedly increase the time cost and 
economic cost of sequencing, so the second-generation 
sequencing platform needs to improve the read length and 
accuracy of sequences in the later stage [39]. 

Although high-throughput sequencing technology still 
has a long way to go, it has undoubtedly made a great 
contribution to the research field of epigenetics. With the 
development of sequencing technology and the emergence 
of new sequencing technologies, there are more and more 
overlapping research fields, which will surely provide the 
driving force for the progress of science and the 
development of mankind. 
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