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Introduction

Methylation of DNA at the C of CpG sites has been associated with X chromosome inactivation, genomic imprinting, embryonic
development, human diseases (1); and differential gene expression (2). Epigenetic mechanisms involving methylation of DNA have
been reported in colon cancer (3). Differential DNA methylation can be used to identify fetal DNA in maternal blood (4). Bisulfite
treatment of DNA followed by sequencing is one method to analyze methylation of DNA (5). Improving speed and efficiency of
sequence trace analysis will further the understanding of DNA methylation and its relationship to biological processes.

Bisulfite treatment of single-stranded DNA converts cytosine to uracil; methylated cytosine is not converted. Nucleotide sequencing
of treated DNA will show unmethylated cytosines as thymines; 5-methylcytosines will be read as cytosines. Sequencing
electropherograms from bisulfite-treated DNA, when compared to a reference sequence, that show Cs of CpGs as TpGs can be
interpreted as these Cs of these CpGs are not methylated. If this comparison shows CpGs as unchanged, the C of these CpGs can be
interpreted as being methylated.

Mutation Surveyor is a powerful software using a unique physical trace comparison technology to detect nucleotide changes between
two sequence traces. Mutation Surveyor has a new function to simplify the analysis of DNA methylation using bisulfite conversion of
cytosine to uracil followed by nucleotide sequencing.

Methylation Sequence Data Analysis

The GenBank sequence of the DNA of interest is used as a “ruler” to report nucleotide changes, including methylations and mutations.
The methylation function of Mutation Surveyor utilizes the GenBank sequence text or derivatives of the sequence text and converts it
into a synthetic reference sequence. This synthetic reference sequence is then physically compared to the sample sequence traces from
bisulfite-treated DNA to find nucleotide differences.

Procedure
1. Set Mutation Surveyor software to the Methylation application:
In the menu bar, Process— Options— Others— Methylation.
If Methylation is NOT checked, the software will process the data as normal mutation detection. The user can choose one of two
methods to modify the GenBank sequence: Set by User or Auto Methylation. We recommend using Auto Methylation. Mutation
Surveyor will choose the best conditions so that the number of mutations detected is minimized, maintaining accuracy and
simplifying data analysis.
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Figure 1. Methylation Options: Auto Methylation will modify the GenBank sequence to give the synthetic reference trace with minimum|
number of nucleotide changes. User may also set the sequence modification.
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2. Open Files to be Analyzed:

a.  You must input the GenBank sequence file into the GenBank Sequence File (Optional) box. The GenBank file must
be in the forward strand orientation so that CpG is well defined. The reverse complement sequence should be
converted to forward strand using Tools—Seq File Editor and saved as reverse complement.

b. The reference trace is synthesized from the derivative of the GenBank file(s). Please do NOT input any reference
files into the box labeled Reference Files.

c. Input the sample trace files into the box labeled Sample Files.

3. Run the Analysis: In the menu bar, select Process—Run.

4. User Interface and Data Interpretation: Peak-by-peak comparison of the derivative and sample traces can be viewed in
the Graphic Analysis Display window. Possible methylation sites will be identified in the mutation electropherogram.
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Figure 2. Graphic Analysis Display: The top panel is the reference trace synthesized from the derivative GenBank file. The blue lines above the text
indicate that the GenBank text was C (blue color). The second panel is the sample trace. The third panel is the mutation detection panel.

5. Data Analysis and Output: A methylation report can be obtained by clicking on the icon for the Customer Output and
selecting the template—Methylation—in the Output Settings window. Click on the disk icon to save the report as a .txt file
for printing.
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Figure 3. Methylation Report Table: M represents methylated and U represents unmethylated. S stands for successful conversion of
C to T and I represents incomplete conversion.

=] Graphical Analysis Overview. Clicking the Graphic Display icon in the Methylation Report window, (figure 3) will show the
pattern of methylated- and unmethylated-Cs along the DNA fragments used for analysis. Cs not part of a CpG dinuclotide will not
be included.
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Figure 4. Graphic Output of Methylation Results: Red color tics represent methylated sites and blue color tics represent unmethylated locations.

Results

The electropherograms in Figure 2 show two methylation sites: one at frame 2790 in the sequence T-C-G and another at frame 2950
in the sequence G-C-G (compare sequences T-T-G and G-T-G of the synthetic reference trace to sequences T-T/C-G and G-T/C-G in
the sample trace). The mutation electropherogram identifies these T to T/C mutations as possible methylation sites.

Note frame 2730. The mutation electropherogram does not identify any mutation at this position. The C at this position, contained in a
CpG sequence, is not methylated.

The methylation report in figure 3 shows C at nucleotide position 58954 is methylated in sample 2581 V5609, but it is not methylated
at this position in sample 1416-11_V5. Cs at positions 58948 and 58962 are unmethylated in both samples.

Cytosines that are not contained in a dinucleotide sequence CpG will be converted to T. The Cs at nucleotide positions 58952 and
58959 have been recorded as S: successfully converted from C to T. These Cs are not located in a CpG dinucleotide sequence,
therefore, they are not recorded as unmethylated.

Discussion

There are a variety of techniques to study methylation of DNA: methylation-sensitive restriction endonuclease digestion/Southern
blotting, methylated CpG island amplification (MCA), sequencing bisulfite-converted DNA and methylation sensitive PCR (MSP), to
name some. The new function of methylation detection in sequencing bisulfite-converted DNA quickly and efficiently identifies
nucleotide position and methylation status of Cs in multiple DNA samples. The methylation output table distinguishes between Cs
contained in CpG dinucleotides (U, unmethylated; M, methylated) and Cs contained in other sequences (S or I). Other mutations that
are detected will be recorded in the methylation report.

Methylation status of cytosine in CpG dinucleotides and its effect on development, gene expression and disease is an interesting field
of study. Mutation Surveyor is an accurate, user-friendly software tool which can simplify analysis of sequencing traces generated in
DNA methylation studies.
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