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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
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DNA methylation and bisulfite modification

DNA methylation detection

= Bisulfite treatment converts non-methylated C to U, which changes into T by PCR
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Illumina methylation beadchip array chemistry
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BeadChip array data analysis

Image analysis ¥ Background Normalization
¥ Filtering Out CpG site with
detection p.value > 0.05

E Correlation
F Quantile Normalization
¥ Data Transformation

Data pre-processing

: Avg_beta value (0-1), M value

F Criteria

1) T-test; p.value < 0.05

2) |delta_mean|

3) Correlation Analysis; rho
4) Linear Regression; R?

Rho>0.8
i R?>0.65

DNA methylation and PCR primer design

PCR primer design

= Targets bisulfite-converted DNA

GGGAGTGARATGGAATTCGAGACCACT TCGCT ARCAATCGCAAT TATGAACCGAARGACATGTCAGET
ATTAGCAATTTTTTTCCTTAAAAARAAAAARAACTTTCTGEGACTCCGCGEGACACCCAGCTGGCGAC
GGACCAGCEGECEECGEECT CCEEEGAGEGEGEECCAGECTGCTGCARCCCAGAAGTTCCEACTGGEG
AGTTTCGCTCTGTTACCATTACCTGGCTCGCCGECAGAAGAAAGAACGCGGAGACAAGATAATTTCTG
AGGCTGTTAAACATGACT TAGCCGEGEGCCECELET TCCGAGEEGETGTCCTGEGEECCGEEEEEGET
CTCTECCGECCE GGCTCCGGTGCGTCAGGGGCECET CAGGCGEGECEEECTCCGCGCGEGCGE
GGCGECAGCGECGGCTECEGOGECEECGECEGCAGCAGECEGEAGGCGECGAGCACCCEGOCTCCTEE

GGGAGTGAAATGGAATTY GAGACCACT' CTARCAA CAATTATGAACY GARAGACATGTCAGGT
ATTAGCAATTTTTTTCCTTAARARARARRARMACTTT! GACACCCAGCTGGYGAY
GGACCAGYGGGYGRY
AGTTTYGCTCTGTT.
AGGCTGTTAAACATGACTTAGE
CTCTGC CC
GGYGGCAGYG

STGARATGGAATT' CTAATAATY
AATTTTTTTE t TTAAAARAARAAARAAL TTTL
GGALtAGYGGGYGGYGGGLT!
AGTTTYGLTtTGTTAttATTALL
L TGTTAAALATGATTTA
GL ttt Gt

tAATTATGAALY GARAGRTATGTLAGGT
ALTEYS GALALLLAGLTGGYGAY
GGGAGGGGEGEYGAGGETGETGLAAL L tAGAAGTTLY GALTGGGG
tAGAAGARAGAAY

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)

MethPrimer
Opt:|200 Maxx: 300
i Opt: 155 Max 60
Min: 20 Opt: |25 Max 130
1 i olv X 5
Cs: 4 Primer Poly T: 8

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 orincompletely modified
DNA.

DNA methylation and PCR primer design

PCR primer design

= MethPrimer program (http://www.urogene.org/methprimer/)

MethPrimer result
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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 - AG (forward primer) & CR - CC (reverse primer)

[# fle Edt Assay Windows Help

posay Type: [V R TG =] 9 @0 g
& °0

Qriginal Sequence Editor | Converted Sequence Graphic View | rinal Primer Set
y 180 130 200 7

280 0 300
n

GGAGA T AAGATAATTT T TGAGG | TGTTAAATATGAT 174

CCTCTATTOTATTAAAAACTCCAACAATTTATA
il I

=

PV VI
CTCTATTCTATTAAANACTCCAACAATTTAIC)

Targeted bisulfite sequencing: pyrosequencing
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Targeted bisulfite sequencing: methylation SNaPshot

FORWARD REVERSE
%methyl = _Cintensity %methyl = G intensity 100

(C+T) intensity (G+A) intensity

Development of an assay for body fluid typing

1. ldentification of body fluid-specific CpGs

= Genome-wide screening with lllumina’s beadchip array or searching NCBI GEO
database

= 12semen, 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
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Identification of body fluid-specific CpGs

Color Key
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Heat map of the two-way Hierarchical Clustering
(64 selected CpGs)
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Candidate marker validation

Targeted bisulfite sequencing using methylation SNaPshot

cg06379435 cg17610929 ©€g26763284
- - -
Genomic sequence TCCGGCAGCCETCCCACGCT ATTATTRAAGCGTGGGGAGGG CAl TGCCCGAGGGCTCCA
Bisulfite-converited TTTGGTAGTYCTTTTAYETT ATTATTAAGYGCTGGGGAGGG TAGGTTGTTYGAGGGTTTTA
sequence  _ "
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A SNaPshot multiplex for body fluid identification
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Lee HY et al., Forensic Sci Int Genet (2016)
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SNaPshot multiplexes for body fluid identification

forensic.yonsei.ac.kr/protocols.html

r

[) Vansel DNA Praffing ¢ %

‘ 5

=~ Multiplex SNaPshot for Body Fluid Identification

Multiplex PCR

C | ® foremsicyonseiackriprat

+ DNA methylation analysi

+ ABO genotyping

+ PCR product purification

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.

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

No. MODso0) 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: SNaPshot™ 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 Es, 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

Imprint® DNA modification kit (Sigma) 50 pg-200 Ng >50pg
EpiTect Bisulfite kit (Qiagen) 1ng-1ug >1ng
EZ DNA Methylation™ kit (Zymo Research)  0.5ng-2 ug > 500 pg
EZ DNA Methylation-Direct™ kit DNA, cells, tissue >50pg

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

Introducing DNA methylation profiling in your lab

I —
3. Bisulfite conversion of genomic DNA

= Forvarious body fluids: semen, blood, saliva, vaginal fluid and menstrual blood
= Extract and quantify DNA

= Select optimalinput 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
= Analyzeon CE

2018-01-04
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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

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. 20%

= Compare with reference DNA methylation profiles to determine body fluid type

Trea

11



Interpretation

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

i Seman{n=2c) - Only one marker positive for semen,
w0 blood or vaginal fluid
fw - not reliable
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Interpretation

= Compare with reference DNA methylation profiles to determine body fluid type
- Only one marker positive for saliva = observed

- One marker positive for saliva but with additional positive signal - need more careful

considerations

Saliva (n=20)
100

8o
70 L

50
40

9% methylation
g

Wymethylation

20
20 ||
°

SE2 Bl

SEx

L BLa VF VFa SA1  MB1 MB:2

SAimethylation in various body fluids

Semen Blood Saliva Vaginai Mense
(n=s0) (n=40) (n=40) fluid biood
(n=31) (n=160)

Interpretation

= 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 positive = observed

- One of the MB1 and MB2 markers, BL1 and

Various profiles of menstrual bloods

_SEa SE2 Bla  Bl3 VF1 VP2 _SA1 MBi MB:2

iihhlixll

bl s adiaids

I T

BL3 markers positive = observed
J From sanitary pad
(n=38)

From inside the vagina
"1 (n=112)
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L TR I T I T T L Y DY LT T r T T T TR T T )
Y & i

2018-01-04

13



Introducing DNA methylation profiling in your lab

5. Analyze more samples
= More body fluid samples (validation and establishment of interpretational guidelines)
= Loweramount (< 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

€.J. Mixed samples test in a lab of collaborative exercise (Electrophoresis, 2016)

SEx  SE2 BLa BL3 VFa1 VF2 SA1 Blood: saliva =1 bisulfite converted DNA .
. p @ “ “ , " E % " .

Semen o
o]
1 4 i L I_Ll_l_l_ﬂ;
Semen: vaginal fluid = 1:;} genomic DNA

Vaglnal swab splked wnth semen

1 i j [LLF%:::: 1l ‘ | |r

Blood saliva: semen=2:1:1. 5(volume)

T N VYT

2018-01-04
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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 penile swab (victim’s STR profile): 0.427 ng/ul A stain from the belly (perpetrator’s STR profile): 0.071 ng/ul

SE2 Bl1 BL3 VF2 VF2 SA1  MBi MB2 SEx  SE2 Bl1 BL3 VF2 VF2 SA1  MBi MB2

e

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
= Aswab 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 VFi VF2 SA1  MB1 MB2
[ [}

2018-01-04
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Examples of NFS DNA methylation profiling

Case 3: Murder in 2004
= Afemale karaoke worker was found to be dead
= Aknife and an unknown stain were found near the victim
= Fromthe testin 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

SE: BL3 VF1 VF2 SA1  MBi MB2

Sl e L lesia I3 Ll e Lada

= 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

Bl1 BL3 VF1 VF2 SA1  MBi MB2

Examples of NFS DNA methylation profiling

Case 4: Murder at the scene of a fire in 2004
= Afire broke outin a room of a cafe at night
= A woman’sdead body was found under a blanket with a stab wound to the neck
= Atissue paper with red stains was found at the scene
= Fromthe testin 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/ful

BL1 BL3 VF1 VF2  SA1 MB1  MB2

N

2018-01-04
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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 samplesin each step must be independent

1. ldentification 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.

Identification of age-associated CpGs

S EWBEE B How . w2

GGGGCGTGGCGCCTGCT | = - &

Sqrt. Methylation Deviance
(single individual)

7 Metnyiation Fraction
(single individual)

Methylation Fraction

Methylation Mean
(population)

o1

2018-01-04
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Identification of age-associated CpGs

Color Key

Heat map of the y Hi ical C 8
(61 CpGs)
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Age prediction model construction
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Hannum et al. Mol Cell (2013)
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Age prediction in blood

5 CpGs in the genes ELOVL2, C1orf132, TRIM5g, KLF14 and FHL2

Predicted age

T T T
o 2 Ed

Chronologlcal age

&
8-

MAD (Mean Absolute Deviation) from
chronological age = 3.9 years

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

Age prediction in saliva
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Hong et al. Forensic Sci Int Genet (2017)
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% Methylation

Age prediction in semen
|
O Age correlation of the 3 CpGs and predicted versus chronological

ages of 125 semen samples
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Lee et al. Forensic Sci Int Genet (2015)

Examples of NFS DNA methylation profiling

Case 5: Indecent exposure with no suspect
= Astain preliminary positive for semen and saliva
= Twomen’s mixed STR profile
= Differential extraction and body fluid ID test
- Supernatant: STR profile of a man

Semen (Unknown suspect: male 1 STR)

SE1  SE2 BL1 BL3 VF1 VF2 SA1 MBi MB2 . )
—t : s 1 * : . : 7 | 4ngbisulfite converted DNA
p-2

1 8ay

Saliva (Innocent: male2 STR)
- Sperm DNA Ml SE1  SE2 BL1 BL3 VF1 VF2 SA1 MBi MB2

2018-01-04
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Examples of NFS DNA methylation profiling

Semen age prediction (ppt)

E u h L » 61 years old

€go6304190  €g12837463 €go6979108

Saliva age prediction (supernatant)

! ‘ | ‘ | L_Al‘.‘ | mE 30 years old

€g18384097 €g19671120 €g08928145 €g07547549
€go0481951 €g14361627 €g12757011

WANN

Future forensic DNA typing

To Get More Information on Suspects and Crime Scenes Research Networks
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