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DNA 메틸레이션의 소개와 미래

This picture is the property of the Genetic Science Learning Center at the University of Utah

How to set up DNA methylation 
profiling in your lab

Forensic application of DNA methylation variation

1. Tissue-specific DNA methylation changes
§ Body fluid identification for a clue on activity level of the evidence

2. Age-associated DNA methylation changes
§ Age prediction for the unknown suspect

Cytosine 5-Methyl Cytosine

5’CAGCTCTTCAGGGGCGAAGAGCAGGAACCGGAGCTACCTGAAGAGCG 3’
Met



2018-01-04

2

DNA methylation and bisulfite modification

DNA methylation detection
§ Bisulfite treatment converts non-methylated C to U, which changes into T by PCR

or

Illumina methylation beadchip array chemistry

Array
§ 27K
§ 450K
§ 850K: Epic array
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Background Normalization
Filtering Out CpG site with 

detection p.value > 0.05

Correlation 
Quantile Normalization
Data Transformation

: Avg_beta value (0-1), M value

Analysis

Image analysis

Data pre-processing

Criteria 
1) T-test; p.value < 0.05
2) |delta_mean|
3) Correlation Analysis; rho
4) Linear Regression; R2

BeadChip array data analysis

Rho > 0.8
R2 > 0.65

DNA methylation and PCR primer design

PCR primer design
§ Targets bisulfite-converted DNA

Genomic DNA sequence

Converted DNA sequence
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DNA methylation and PCR primer design

PCR primer design
§ MethPrimer program (http://www.urogene.org/methprimer/)
§ PyroMark Assay Design program (Qiagen)

Primer non-CpG 'C's: The minimum 
number of non-CpG 'C's in a primer. This 
is important for discriminating between 
the bisulfite-modified DNA and 
unmodified or incompletely modified 
DNA.

Genomic DNA sequence

DNA methylation and PCR primer design

PCR primer design
§ MethPrimer program (http://www.urogene.org/methprimer/)
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DNA methylation and PCR primer design

PCR primer design
§ PyroMark Assay Design program (Qiagen) allows mismatch at primer binding site
§ YG à AG (forward primer) & CR à CC (reverse primer)

Targeted bisulfite sequencing: pyrosequencing

C signal intensity
T signal + C signal

X 100

Target 
sequence

Dispensation order
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Targeted bisulfite sequencing: methylation SNaPshot
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Development of an assay for body fluid typing

1. Identification of body fluid-specific CpGs
§ Genome-wide screening with Illumina’s beadchip array or searching NCBI GEO

database
§ 12 semen, 12 blood, 12 saliva, 6 vaginal fluid, 9 menstrual blood samples
§ Selection criteria: CpGs having methylation signal only in a target body fluid with

completely non-methylation in other body fluids
§ Candidate marker validation with targeted bisulfite sequencing, such as

pyrosequencing and methylation SNaPshot

2. Design of a multiplex assay
§ Methylation SNaPshot
§ Semen (2), blood (2), vaginal fluid(2), saliva (1), menstrual blood (2)

3. Validation of body fluid-specific CpGs
§ Independent samples used for marker identification
§ Set-up interpretational guidelines
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Identification of body fluid-specific CpGs

Identification of body fluid-specific CpGs
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Targeted bisulfite sequencing using methylation SNaPshot

Candidate marker validation

A SNaPshot multiplex for body fluid identification

Lee HY et al., Forensic Sci Int Genet (2016)

SE1 SE2 BL1 BL3 VF1 VF2 SA1

Semen

Blood

Vaginal 
fluid

Menstrual 
blood

Saliva

MB1 MB2

Blue: methylation
Green: non-methylation

Marker Illumina ID Gene

SE1 cg17610929 ACCN4

SE2 cg26763284 PLEC

BL1 cg06379435

BL3 cg08792630

VF1 cg09765089

VF2 cg26079753 HOTAIR

SA1 cg09652652 FAM43A

MB1 cg18069290 SLC26A10

MB2 cg09696411 SLC26A10



2018-01-04

9

SNaPshot multiplexes for body fluid identification

forensic.yonsei.ac.kr/protocols.html

Introducing DNA methylation profiling in your lab

1. Refer to previous articles e.g.:
§ Jung SE et al. A collaborative exercise on DNA methylation-based body fluid typing.

Electrophoresis. 2016;21:2759-2766.
§ Lee HY et al. DNA methylation profiling for a confirmatory test for blood, saliva,

semen, vaginal fluid and menstrual blood. Forensic Sci Int Genet. 2016;24:75-82.

2. Prepare reagents and kits such as:
§ Bisulfite modification Kit: Imprint® DNA Modification Kit (Sigma-Aldrich Inc. Cat.

No. MOD50) or EpiTect Fast Bisulfite Conversion Kit (Qiagen, Cat. No. 59104)
§ Primers (bisulfite converted DNA-specific: multiplex PCR and multiplex SBE)
§ PCR product purification: ExoSAP-IT® (USB, Cat. No. 97067-402)
§ SBE kit: SNaPshotTM Kit (Applied Biosystems, Cat. No. 4323159)
§ Post SBE: SAP or CIP
§ CE: Hi-Di Formamide, GeneScan™ 120 LIZ™ Size Standard, Matrix Standard Set DS-

02, Run Module GS STR POP4 E5, POP4 (Applied Biosystems)
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DNA methylation and bisulfite modification

Each modification kit has a different capacity in the optimal or
minimum DNA quantity that it can deal with
§ Procedure takes 2 to 12 hours depending on the kits
§ Most kits provide less than 5 hours of processing time

The above characters  are from  Kakao Friends own by Kakao corp.

Kits and manufacturers Recommended Input Minimum Input

Imprint® DNA modification kit (Sigma) 50 pg-200 ng > 50 pg

EpiTect Bisulfite kit (Qiagen) 1 ng-1 ug > 1 ng

EZ DNA MethylationTM kit (Zymo Research) 0.5 ng-2 ug > 500 pg

EZ DNA Methylation-DirectTM kit DNA, cells, tissue > 50 pg

Introducing DNA methylation profiling in your lab

3. Bisulfite conversion of genomic DNA
§ For various body fluids: semen, blood, saliva, vaginal fluid and menstrual blood
§ Extract and quantify DNA
§ Select optimal input DNA amount (> 50 ng) and perform bisulfite conversion
§ Bisulfite converted DNA is present as a single strand
§ The converted DNA is stable for one day at room temperature, one week at 4°C, and

two to four months at –20°C
§ Recommend on storing your converted DNA below –70°C whenever possible

4. Perform multiplex PCR followed by multiplex SBE
§ Determine optimal amount of bisulfite converted DNA (> 10 ng)
§ Perform multiplex PCR followed by multiplex SBE according to the protocol
§ Analyze on CE
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Interpretation

§ Determine detection threshold for methylation, non-methylation signal, e.g. 100 rfu
§ Put peak height values into the excel sheet and calculate methylation percentages
§ Determine analytical threshold for methylation percentage at each marker, e.g. 10%
§ Compare with reference DNA methylation profiles to determine body fluid type

100 rfu

Interpretation

§ Put peak height values into the excel sheet and calculate methylation percentages
: 100*nucleotide G /(nucleotide G+A intensities)

§ Determine analytical threshold for methylation percentage at each marker, e.g. 10%
§ Compare with reference DNA methylation profiles to determine body fluid type
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Interpretation

§ Determine minimum threshold for positive methylation signal, e.g. 10%
§ Compare with reference DNA methylation profiles to determine body fluid type

>10%

DNA methylation profiling results from 6 laboratories using bisulfite 
converted DNA from the same batch: a few unexpected signals with <10% 
methylation

Interpretation

§ Compare with reference DNA methylation profiles to determine body fluid type
- Two markers positive for semen, blood or vaginal fluid à observed

- Only one marker positive for semen,
blood or vaginal fluid
à not reliable
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Interpretation

§ Compare with reference DNA methylation profiles to determine body fluid type
- Only one marker positive for saliva à observed
- One marker positive for saliva but with additional positive signal à need more careful

considerations

SA1methylation in various body fluids

Interpretation

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

§ Compare with reference DNA methylation profiles to determine body fluid type
- Menstrual blood samples show different methylation profiles depending on the

menstrual cycle and the sampling methods
- Both of the MB1 and MB2 markers positiveà observed
- One of the MB1 and MB2 markers, BL1 and BL3 markers positiveà observed

Various profiles of menstrual bloods
From sanitary pad
(n=38)

From inside the vagina
(n=111)
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Introducing DNA methylation profiling in your lab

5. Analyze more samples
§ More body fluid samples (validation and establishment of interpretational guidelines)
§ Lower amount (< 50 ng of g DNA and < 10 ng of bisulfite converted DNA)
§ Mixed samples (Joined interpretation with STR and DNA methylation profiles)

6. Develop reporting guidelines or formats

7. Establish Standard Operating Procedures

8. Inform your clients

More complex samples

e.g. Mixed samples test in a lab of collaborative exercise (Electrophoresis, 2016)

Blood: saliva = 1:1 bisulfite converted DNA

Semen: vaginal fluid = 1:1 genomic DNA 

Vaginal swab spiked with semen

Blood: saliva: semen = 2:1:1.5 (volume)

SE1 SE2 BL1 BL3 VF1 VF2 SA1

Semen

Blood

Vaginal
fluid

Saliva
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Examples of NFS DNA methylation profiling

Case 1: Rape
§ Vaginal swab from the victim was positive for semen in ACP test and the A-STR

profile of the perpetrator was observed
§ From a penile swab, STR profile of the victim was obtained
§ A stain from the belly of the victim was negative for semen and saliva, but showed

STR profile of the perpetrator

A stain from the belly (perpetrator’s STR profile): 0.071 ng/ulA penile swab (victim’s STR profile): 0.427 ng/ul

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

Examples of NFS DNA methylation profiling

Case 2: Digital penetration on the public transportation
§ Vaginal swab was negative for semen and showed only STR profile of the victim
§ A swab wiped the fingers of the alleged perpetrator showed STR profile of the victim

A finger swab from the alleged perpetrator (victim’s STR profile) : 0.051 ng/ul

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2
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Examples of NFS DNA methylation profiling

Case 3: Murder in 2004
§ A female karaoke worker was found to be dead
§ A knife and an unknown stain were found near the victim
§ From the test in 2004

- The knife blade was negative for blood, but showed STR profile of the victim
- The stain was positive for saliva, and showed unknown male’s STR profile

Knife blade (victim’s STR profile): 6.7 ng/ul Unknown stain: 10.7 ng/ul

§ The victim’s body was damaged by cutting the left breast part and vagina with the
knife

§ DNA methylation profile was consistent with the scenario of the case
§ DNA methylation profiling was successfully done with 13 year-old DNA samples

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2 SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

Examples of NFS DNA methylation profiling

Case 4: Murder at the scene of a fire in 2004
§ A fire broke out in a room of a cafe at night
§ A woman’s dead body was found under a blanket with a stab wound to the neck
§ A tissue paper with red stains was found at the scene
§ From the test in 2004

- The tissue paper was positive for blood and negative for semen
- STR profile from the victim was detected on the tissue paper

Tissue paper (victim’s STR profile): 2.5 ng/ul

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2
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Development of an assay for age prediction

A model-based prediction analysis typically consists of
three steps

§ Discovery step

§ Model-building step

§ Model-validation step

§ The samples in each step must be independent

1. Identification of age-associated CpGs
§ Regression analysis between DNA methylation and age

2. Model training and validation
§ Determination of analysis platform (e.g. array, pyrosequencing, methylation

SNaPshot)
§ Model training: multivariate regression, random forest etc.

GGGGCGTGGCGCCTGCT
Met

Identification of age-associated CpGs

R2 > 0.65
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Identification of age-associated CpGs

71 CpGs Regression function:
Age = a×CpG1 + b×CpG2 + c×CpG3 + … 

Hannum’s model: 71 CpGs
Less than 5 year error in blood

Age prediction model construction

Hannum et al. Mol Cell (2013)
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MAD (Mean Absolute Deviation) from 
chronological age = 3.9 years

Zbieć-Piekarska et al. Forensic Sci Int Genet (2015)

5 CpGs in the genes ELOVL2, C1orf132, TRIM59, KLF14 and FHL2

Age prediction in blood

Hong et al. Forensic Sci Int Genet (2017)

cg18384097 cg00481951 cg19671120 cg14361627 cg08928145cg12757011 cg07547549

Age prediction in saliva
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o Age correlation of the 3 CpGs and predicted versus chronological
ages of 125 semen samples

Rho = 0.882
MAD = 5.2 years

Lee et al. Forensic Sci Int Genet (2015)

cg06304190 (TTC7B) cg06979108(NOX4)cg12837463

cg06304190 cg06979108cg12837463

Age prediction in semen

Examples of NFS DNA methylation profiling

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

4 ng bisulfite converted DNA

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

Saliva (Innocent: male 2 STR)

SE1 SE2 BL1 BL3 VF1 VF2 SA1 MB1 MB2

Semen (Unknown suspect: male 1 STR)

Case 5: Indecent exposure with no suspect
§ A stain preliminary positive for semen and saliva
§ Two men’s mixed STR profile
§ Differential extraction and body fluid ID test

- Supernatant: STR profile of a man
- Precipitate: STR profile of another unknown man à add. age prediction
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61 years old

30 years old

Semen age prediction (ppt)

Saliva age prediction (supernatant)

cg06304190 cg06979108cg12837463

cg18384097
cg00481951

cg19671120
cg14361627

cg08928145
cg12757011

cg07547549

Examples of NFS DNA methylation profiling

Pigmentation

Age prediction

Biogeographical
Ancestry DNA transfer

Body fluid identification

Education, Training

Ethics, Laws

To Get More Information on Suspects and Crime Scenes Research Networks

Future forensic DNA typing
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