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Analytical Methods for Localization of Methylated DNA Modification
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Abstract: As the most widely studied epigenetic modification in DNA, 5 -methylcytosine (5mC)
plays an important role in the growth and development of organisms. 5SmC participates the regulation
of gene expressions without changing the sequences of genes. Investigation on the localization and
content changes of SmC in the incidence of diseases will strengthen our understanding toward its roles
in the development of diseases. Elucidation of the biological functions of SmC mainly depends on un-
covering its accurate localization information in genomes. Over the past few decades, many analyti-
cal methods based on high-throughput sequencing technology have been established to localize SmC
in genomes. Apart from the classic BS-seq (bisulfite sequencing), some other analytical methods,
such as DIP-seq(DNA immunoprecipitation sequencing), EM-seq(enzymatic methyl-seq), TAPS
(TET -assisted pyridine borane sequencing), nanopore-seq (nanopore sequencing) and SMRT -seq
(single molecule real-time) have been developed. In this review, the principles, advantages and
disadvantages of these analytical methods for SmC localization in DNA based on the high-throughput
sequencing technology are summarized and discussed. In addition, the future research directions for
mapping SmC in DNA are also envisioned. It is hoped that this review will benefit and stimulate the
study of the biological functions of SmC in genomes.
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Fig. 1 Schematic illustration of DNA methylation
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1k DNA 57 5 PE4E &8 A S 5 B ZEE))F (Methyl-CpG binding domain protein-enriched genome sequencing,
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Fig.2  Mechanism for active DNA demethylation

F 1 T R 5- F BRI E (SmC) HEATRE AL 4 BT B0 7 1
Table 1 ~ Summary of analytical methods for localizing 5-methylcytosine(5mC) based on high-throughput sequencing technology

Methods Principles Advantages Disadvantages References
DNA immunoprecipi- Specific recognition of antibodies Wide coverage Location information of modifica- [35]
tation sequencing tions at single-base resolution is
(DIP-seq ) unknown
Bisulfite sequencing  Cytosine is deaminated under bisulfite treat- Independent on restric- Harsh reaction conditions can  [40]
(BS-seq) ment, while methylated cytosines are not tion digestion; single-  cause the degradation of DNAj;

base resolution can be  incomplete deamination can lead

achieved to false positive results
Enzymatic methyl-seq TET2 oxidation and B-GT glycosylation protect ~ Mild reaction condition Incomplete deamination can easily [42]
(EM-seq) 5mC and 5hmC from APOBEC3A deamination; lead to false positive results
only C is converted to U, which is read as T in
sequencing. 5SmC, ShmC and 5{C are read as C
TET-assisted pyridine 5fC and 5caC are reduced by pyridine borane to ~ Mild reaction condi- There are few kinds of modifica- [46]
borane sequencing DHU, which are read as T. While C and S5SmC tion, improved se- tions that can be analyzed
(TAPS) are read as C quencing quality and-
less analysis cost
Nanopore sequencing Nucleosides are distinguished and measured by ~ Less need for poly- The activity and stability of the en- [49,53 ]
(Nanopore-seq ) different ionic current while passing through the merase and ligase zyme were easily changed and se-
nanopore. quencing accuracy needs to be fur-

ther improved

Single molecule Sequencing is performed by monitoring the dy-  Simple operation and ~ There may be interference from [55]
real-time namics for incorporation of nucleotides into DNA  short analysis time fluorescent background
(SMRT-seq) during replication
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{EMBD & K%, MBD1., MBD2. MBD3 il MeCP2(Methyl-CpG-binding protein-2)4 Fh#& (145 AHALL Y
ZERI, REIRNAEE DNA H CpG BUZ I b A0 AR AL, MBD2b(Methyl-CpG-binding domain protein
2b)VE A MBD2 i —FpE B FH, 5 MBD3LI (Methyl-CpG-binding domain protein 3-like-1) %5 4 i 4 F %F
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Fig. 3 Schematic diagram of bisulfite sequencing
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Fig. 4 Schematic diagram of enzymatic methyl sequencing
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BT R A P ) SmC F ShimC, AHIEHEFG —F X500 TS TAPS 75 LASEBL SmC 89 %€ 553
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TETAPSBH, K5 A BEEE 51N ShC il HAERAL I SgmC )&, BEAT TET AL IE R ke 18 S5 S 1
IR SmC 25 7 M SmC B ScaCHEI DHU, SJE#is i TR RS, 1 5gmC AZ HEAAILUT R,
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GORFLI 7 C 20— R RIS DNA HEMUAEMR 47 71 AR @ R L&A A
[ L, AR R AL AT DL B IE AL AU . BT, 20KFLINFC ish H T X 53 DNA Hh
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Fig.5 Schematic diagram of TET-assisted pyridine borane sequencing
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