Korean J Leg Med 2013;37:1-8
Available online at http://www.kjlm.or.kr

= M
(] =

http://dx.doi.org/10.7580/kjlm.2013.37.1.1

= =] = =
Hel Lofell A DNA w2 3E o] &3 9% 7
OrxfRd! - MAZ2 - Z|OF Rl DNA Methylation-Based Age Estimation in the Forensic Field
gl - oj=y"?

‘At sin o) shej el o) st
‘A ojskar 1A o Al

o 4020133 18 31
Z:r2013d 28 8y
AZ &Ll 2013E 28 21

o] =22 2012HE HF (LS

2)o| YO = RHTIR | Y
RFR|2ARIS| XIS ot S8 22 (3}
XM= 2012R1A1A2007031).

AKX} : 0] 2HH

(120-752) MEA MOI2T HAMZ 50,
HIMICHEr W 2| o et ol st

H3}: +82-2—2228—-2482

FAX : +82—2-362—0860

E—mail : hylee192@yuhs.ac

Key words :

o 1o
=
do o
2 o
5=
(o]
°,
o
ol

=y
o
ofy
fo
e
192
sk
o
=4
ful
oftt

roa
o
Lo
o
v
o
o
rE
rlo

. 2
AW
=
N
N
L
rc
uE
N
o
O
1o
ofX
A

)
ofo
e
o ¥
o
i e
2
o
o
=)
kL
N
.2

rr
;
1N

o
X
X
)

= olgstel AnE
Jole 7 ANEA B2 P

2 3to] w54, Helte, A 5
F3he AT9 PHAE AR @
19] SRR B2 BuE 0l33h

™ lo © T g
o 1y

4 o
O_u
ofr

>,
ol
1o
re
)

o
rlr
2
>
Al
T,

o

[t rTO o 1

]

2
1o,

i

o 2
do o [

4
S~

Rl

ox Y, ofh
Lo )
1o o, rO u

=
>
4z to

2@ oo > 2ol o o g8 o T

b
N
el

o
I

ot =
ofr o o

ko

ro

=

1o,

:?I:'

NP
kR

rJ

o oo
F
»

b2 rff
N

ot
b

o,
2
QL
il
|
e
oL
iuf
oO
o
H PR
)
il
e
o
A
4
fin}

o
o
=
o
)
Y
T
kK
o,
Rt
iih)
)

Ja Hyun An*, Kyoung-Jin Shin*2, Ajin Choi*, Woo Ick Yang', Hwan Young Lee*?
Department of Forensic Medicine, Yonsei University College of Medicine, Seoul, Korea
?Human Identification Research Center, Yonsei University, Seoul, Korea

The estimation of age is an important issue in forensic science, and the forensic
community has attempted many times to establish methods for solving this issue.
Aging leads to alterations in tissues and organs at the molecular level. These alter-
ations at the molecular level may aid forensic scientists to estimate the age of a living
person or a dead body. Initially, the focus was on the genetic components of aging,
but recently, epigenetic mechanisms have emerged as the key contributors to the
alterations in genome structure and function that accompany aging. In particular, DNA
methylation is one of the best-understood mechanisms, and it has been suggested as
a promising biomarker for age estimation in many studies. In this review, we summa-
rize the recent studies on age-associated DNA methylation changes in different tis-
sues and discuss its possible and practical applications in forensics.

DNA methylation, Age estimation, Epigenetics, Forensics
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0] Fdo] A&l uhet dojub= {2 wigh
DA A (telomere) 8] A2A I A &4 B
o2 EQdRlo] 4 & FA412 EeHdEE
o 31 714 71dEo] ) dkaa] F30] Addo] A
shol o] Qlth= H %9 A4 TA= 1990 Harley &
of oJato] T EgleH, olo] Tsuji 57> 607 2] 0AlelA 85
Al Abe] 9] d2Ql Fog- o] oo} Ao} HkiA o] A
7}"] ZFHAE B o] & o] &3t A9 FH o] e Ehe Ko
AT AN DA dole] Thae Ajlel wE HAPL
& 0]‘"4‘* Aol A @A wal] FEnke] g g st Ao A5
o7 AL s AoRE AYHAT T3 T—%E“—TL T
SA FAAF AL S o] &gt A F
Ao A AlFA AAE 777 ®o]E o] g5t o}‘ﬂolﬂr.*‘) Q‘Z’E
Ylol] EAlleh= T-HE A= ohofst o5 S d4s7] 9
ato] Az AL Ay S AA o] T TEAIE A
A F&=d|, o] ZA ol A signal joint TCR excision circles
(szCRS)O]?/} B 22 939 DNA FAalEo] A H
Zubacov 5 ©] DNA FAHz9] oFo| Lo 7} Hof we}t 47
gujER 71:}_/157\51'1:]'1_ Z& 8] a1, 1959 9] 1A7sk 51
Ao 2 5jTCRs?] %S real—time quantitative PCRS 0]
&l =40 2 o] v S o] g ok g d o] o 29
oA A FHo] Thsetths ARE BTk o] WS
njge] gl o g vlwA Hert S A% 40| 7hsdt &
ol o, T-HE-5 238kl QA o2 A ol Efel
Y & AAS g oRE AR 4 9l WA AAE T
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Aol gl BArS o w A% 49 AEEE HAE
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58} ool AlEAl e FokE DNA 937144 XMH
W3} glo] FAR wHS s Qe 1 A AAE
Toh= gHEolth” S 712 A (chromatin) 2] ?L
z9} 71%

9] E‘iﬂ% i@é}% ol '?Q._P Qﬂl% 1 JD}I_’ A %l
% A=

wile] ﬂiﬂﬂ %E} Al 7P<l FQs ?*é,%ﬁ 2+8-21 DNA
W& 3} (methylation), 3]2~% ¥ 3 (histone modification), H]
o} 53} RNA (noncoding RNA) 7} 42} el 3} F-24 42 &
SRS AT ) 2o o A8 Zahy AMA ] T2
£ A sk 23 thekst A oA fAA R
d 5 Aol #ojgtta SR 53] 7H B
A7k o] Fo1%1 DNA w€3t= DNA #HE 3t 54 (DNA
methyltransferase; DNMT) o] 9]&] DNA 97144 =
guanine HF2 ¢ cytosine (CpG dinucleotide) oA ®E3}7}
dojupi= AE et Q17 A Aol A A CpGel 70—
80%+= wEstlojglom mEsls] ] ok it CpGe
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AR 5wk 2ol Q= CpG islandell Fe]A|o] HEgH

E]—_M) ii}ﬁ] ;L—X]- 7]31]'01] T/H:l' oj. 7]’ %’}ji}ﬂ‘ﬂ}‘i o‘j:rLX}l:E_
< DNA u1]FJ§]_E~L Eﬁlg}t— z‘; g%d %A 7];<Lo] l—i}oﬂ u;}
AR 2 el Fod S drhs AT 492 A

AR om AAZ Lol B2 AT
utet ol & Kol DNA e st B|2-E Rastgivh ) &
8l o]2| 3t DNA wel3l I X|2}= DNAS 35 4 tjido =z
st WO fdg} okelA A& T35 s Aol &
@gi @%o] ]-_—751- 7oz xﬁulgm;}wﬂ

olof me} & FA M= AA7A HaH A
& X.ol:= DNA g3} 342} 9l DNA wE 3}
705kl DNA HlEsts 7[9ko 2 shi= Ae 4 ‘%} o] e
golel o] 28 7hsAd ol sl =2lsl ®aiz} it

JJrOM Al 7l

= =
1. AZHo|| 2 DNA HIE 3 0|
A= DNA wE 3} wo] Ato] o] 2 Al 8ts] 7] $lshed
theket 243} AEFE OO R Sk AF7F 3] o] F9]

A gt} ofg] AFE Fato] st ZEdel wet -4 €]
AA 21 e s} @E—E gt delA glom o)=
DNA methyltransferase 1la (DNMT1a) 2] &4 A3}z <3tk
FE 29 el el 3} (passive demethylation) 2] 23}t A8
A A7t AAE QL kAR F Fofl= o) g} W = B2 5
st F-lelA wdst Aot Frkeke Ao] we Ao Y 5
3] F4] 7149] w2 Infinium HumanMethylation BeadChip
(Mlumina Inc., San Diego, CA, USA) ¥} 72 microarray 7%

0] 23} epigenome—wide 2] DNA H€ 3} £ o] 7}
StA o EM AR el Ftel whet #olE Holi= DNA
FA|ALE] Wzo] Theksl Al 5ol|A] Eis] o] Folx] A &

ol

39 OIF mlO
v} i?l

Bocklandt 59 21414 554 AFo]2] 3442 AT o|=
Y 42 g AlZ9A4 HumanMethylation27 BeadChip
microarray S ©]-&3Fo] 27,578702] CpG site A WE3
I EA3 3, W] whel DNA wg sl Hsls B
o= 8870¢] CpG site® =t 19709] A Ap= Lol 7}
7ol whet Wel gl 7hashs A3, 697019 A= F
7¥eh= A3 UERgl o, 1 FellA 10718 A4 2H= 9o
S R st o] 9] AT Ao X tho] 9] F7tel| vl s}
of Mest Y=t S7ksks dabs B gk 88709
CpG site & EFHelA eshe] o3l 71 & wes) Wol& 1
ol= A 7N EAA}F, EDARADD (EDAR—associated death
domain), NPTX2 (neuronal pentraxin 2), TOM1L1 (target
of mybl—like 1)< ©]&3lo] A% 4 7Fe = 7kl
I A} AR ]*Z}«] A% F7o] oF 524 QAPH 2] kel A
Thsatthe A HolFoth A7 Fl AHg-H 3719 3274
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2kg} vpol 7} Frhekel uhet F ol glollof| A FEA 0= wY
37F S7FeEA ™ 107119] A 2h= Table 1 %= 29 YERYSL
=3

AEFE ddoR sk AF% o] Foi 5=, Koch 5
> A ol = AFre] Aol A (fibroblasts) < (%=
7) M E (mesenchymal stem cells; MSC)ZE th&o g
HumanMethylation27 BeadChip microarrays ©] &3}
DNA wl€3}t Y55 vl S48, 2t A9 15 HE DNA
mE el M3}S Kol CpG sited BaLstgieh AfrolAlE
oAM= AT TEel wet 15% o)/de] WEst Y= 2ol &
ERf= 75709) CpG siteZ} H2E a1, 71 FolA 20% ©]4+2]
g3 A% o] g YR CpG site AAFE 1 1] WE}
uglth Tu &A% o] 75719 CpG site = 30702 CpG site=
HHE7IMEAME A58 T30l et 5Lt vds) Hol&
el oy W o] CpG site:s F ZZ oA HE G Hol
ZAge Yepglth o& 5 CDKNZB (cyclin—dependent
kinase inhibitor 2B isoform 2) &] 7-§- A oA Z ol A= =3
of &3l wgsrt Trtstl o, 2= 1AM = FHAst
= AEE YRSt o] Aak= F MEE] 753 Atole] €]
gl w3} Aol Al Sol A2l 7]zt g5 A HE T AS
AAFsH= Zlolt), o] ool w2 A AbE0] %13 (dermis),
¥5] (epidermis), ¥ (blood), #|thE (cord blood) ¥ A&7

Table 1. Tissue-Specific Age-Associated DNA Methylation Changes

9 (uterine cervical smear) & TFOFSH A 4l ZZ of|A

= 5
s} # ¥ DNA e s} sjel& 2dskglar, 1 o] )
TR AL B 24 5olA]l e Helvk
1=

S F o) P ko) BAE AFeA = 24 Sol4o]
2] 9k DNA wle3} Hol© ¥ 1%t} Teschendroff 5%
9] Aol Al PCGTs (Polycomb group protein target gene)
I FEE L CpG site= A 24, T4 24, st 14
7 EE o s & A3 oA w3t} AaEo] A= fAL
ok wlo] Aaks YeRSIT o] A-ellA Teschendroff 5
301 9] 1 Atol7} vh= 26178 9 #H177] o140 9] dols o
© 2 HumanMethylation27 BeadChip microarray S 5~ 8}o]
Ag e Skl wet Wdsrt F7kehs 69712 PCGT #H&
CpG sites Ta=atl o, o] 4741e] gl U A18 T
W (type—1 diabetic) ko] gl g4} 223} Wik F4,
A7 E 59 st 245 o] &3 5 Ads T3dst

oo

hat

S Hol= 1S Felslin) vhoket 2o g Fr}
of met FeAoR wdsrt FrkskE 5971 PCGT #4
CpG site T ol A3} el s}o] A 3] 7] t A

Methylation Tissue or

Target ID* Symbol Description change’ cell type Ref.
€g00059225 GLRA1 Glycine receptor alpha 1 Increase Blood, saliva 18,19
cg15747595 TSPYL5 TSPY-like 5 Increase Blood, saliva 18,19
916232126 SLC5A7 Solute carrier family 5 member 7 Increase Blood, saliva 18,19
cg18236477 ATP8A2  ATPase aminophospholipid transporter class | type 8A member 2 Increase Blood, saliva 18,19
€g19594666 LEP Leptin Increase Blood, saliva 18,19
€g19885761 CPLX2 Complexin 2 Increase Blood, saliva 18,19
919945840  B3GALT6 BetaGal beta 1, 3-galactosyltransferase polypeptide 6 Increase Blood, saliva 18,19
€g21801378  BRUNOL6 CUGBP Elav-like family member 6 Increase Blood, saliva 18,19
cg09809672  EDARADD Edar associated death domain Decrease Saliva 19
€g27210390  TOMI1L1 Target of myb1-like 1 Decrease Saliva 19
€g12815142 SPAG7 Sperm associated antigen 7 Increase Fibroblasts 20
Decrease msct 20
cg10210238  CDKN2B Cyclin-dependent kinase inhibitor 2B isoform 2 Increase Fibroblasts 20
Decrease MSC 20
cg16601385 CFD Complement factor D preproprotein Decrease Fibroblasts 20
Increase MSC 20
cg06144905 PIPOX L-pipecolic acid oxidase Increase Fibrblasts, MSC 20
€g23081213  PRKAG3 AMP-activated protein kinase; non-catalytic gamma-3 subunit Decrease  Fibrblasts, MSC 20
€g21660392 ABCA8 ATP-binding cassette; sub-family A member 8 Decrease  Fibrblasts, MSC 20
cg13870866 TBX20 T-box 20 Increase Blood 25
€g06639320 FHL2 Four and a half LIM domains 2 Increase Blood 28
€g16419235 PENK Proenkephalin Increase Blood 28

*Target ID: Reference ID of the Infinium HumanMethylation Beadchip platform

TMethylation change: Methylation change upon aging
TMSC: Mesenchymal stem cells
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kol 4.5 01’2 YERll= CpG site A A= Table 2¢1 e}
RiFea=d
Koch 5% o] Ao -+= 3le} T DNA vd st
5 1 712 oJ3l) AT Aol 533
A9h =gkel A S ek 71 2 WAYSS W
8]7] flsto] B AlEel] 3E4 0% vEh= BlolE ¥he]al
A} 3Gt o] & flato] o] de] ofe] AgtelA] i HIUW 7
¥, %9, A4 = (uterine cervical smear), T—H =79}
G (monocyte) & ©]4-3 571 AlE2] HumanMethylation
27 BeadChip microarray A3} 25 =3}l o)) e 3}t
(hypermethylation) &&= 197§2] CpG siteZ =3l 1, 9]
Hud st w22} F 4719 CpG site9} s 712 AwE s}
(hypomethylation) CpG sites ¥&3sh= % 5719 BA|AZ
T A" 34 ZEE AASITHTable 2). AAE A9
=Y BE ANEa AU, G 24 9 A 5
Yoz 54 8709 =A< ol Al
J ey A5s T, 1 49
Aow ok 119 QAPHS WellA AR AlaAte] dH

BT
>,
o
=
o,

F o= whe3] Yol 9} DNA wlE 3} 7ke] AbakatA|
= dlellA] o] tobrt DNA wle s} Hol 9} wsle]] dade 3%
& (age—related phenotype) B+ AW 7}2] AHa-#Al o of
ATehe FARFAA A A} 4 (epigenome—wide
association study) ol T3+ A= =olx] 12 Qi Bell 5%
3241014 804 Abele] 17278 9] T o4 5o 3 E=te]
s tid oz o) 9 AAAAE Holi= DNA wE s} wo]
gt opz} w3t} By THYY AUIAE Yehy=
DNA e 3s} #o]Z Ftohfje] A3kl o] & ¢lste] 7+ 9]
apo] wakiA Zo], o, # 7s, @ U FHaEHE =

<

e
1
v

=2 i
S ek

9 16714 w3t & AAA X E o2 DNA #Es)
Holoko] AAlE Ak oH, 1 A} 47)9] w3) A
£33y Eolzxel wWE3}l EA 2} (age—related phenotype
differentially methylated region; ap—DMR) = =3}3 T} 4
7h€] ap—DMR ¥ A A= LDL-DMRQ! STATSA (signal
transducer and activator of transcription 5A), ¥ 7]%5 =¥
DMRQ! AT1 (angiotensin receptor 1), maternal logevity—
DMR<Q! ARL4A (ADP-ribosylation factor—like 4A) ¢}
TBX20 (T—box 20)& %33kl 910, o] Fel 4] maternal
logevity=DMR®! TBX20 ¥Fo] 72 A4 &-21E 49074
o] A7 EolAl wdsl A7t 28 = A BT
tH(Table 1). b4l Bell 5] AelA] st @& 289 vl
g3} mARpe} A A5 A wd st AR Abe] o] 23 A<l
FAAAE B A= EFARE AYE CpG sites =8+
BAEE Sk xRN &8 7S ootk

2 microarray 7]4Fe] DNA W€l 3} 241 o) vigdg
45W7) o]7¢€] CpG siteell thgt &3} -4 0] 7153
R e o] HolHE Justal st A W
e ofgsto] AAE A A} s L glrk. Garagnani
292 HumanMethylation450 BeadChip microarray S ©]-&
sko] o mL] (424 -83A1]) ¢} AR (94| -52A4) = o] Folxl F+
IF F 6470 e o g wes) yHs B4k,
T 5 7o wEst A 2polr) 7P Wol = 2] 5719
CpG sites A7g3k3iTt 571<] CpG sitex= ELOVL2 (ELOVL
fatty acid elongase 2), FHL2 (four and a half LIM domains
2), PENK (proenkephalin) ¢} CpG island®} ELOVL2, FHL2
] CpG island &lell Z}2} EA3H= A& gls] om BF of
Hy TZF0lA B E s} Sk 9M el A 99A1¢] At E ol
AMET T AE BES 28k 494712 = o ME 1

)
Mo rE rE B OF

o X =2 oo

o

Table 2. Age-Associated DNA Methylation Changes Common to Various Cell Types

Methylation

Target ID Symbol Description change' Cell type Ref.
€g03664992 BMP8A Bone morphogenetic protein 8a Increase Various cell type 23
€g13921352 FAM19A4 Family with sequence similarity 19 member A4 Increase Various cell type 23
€g27320127 KCNK12 Potassium channel subfamily K member 12 Increase Various cell type 18, 19, 23
€g04528819 KLF14 Kruppel-like factor 14 Increase Various cell type 23
€g02620013 MLNR Motilin receptor Increase Various cell type 23
€g02844545 GCM2 Glial cells missing homolog 2 Increase Various cell type 23
€g04084157 VGF VGF nerve growth factor inducible Increase Various cell type 23
€g21530890 SOX8 SRY (sex determining region Y)-box 8 Increase Various cell type 23
cg07533148 TRIM58 Tripartite motif-containing 58 Increase Various cell type 24
cg01530101 KCNQ1DN KCNQ1 downstream neighbor Increase Various cell type 24
€g12799895 NPTX2 Neuronal pentraxin Il Increase Various cell type 18, 19, 23, 24
€g25148589 GRIA2 Glutamate receptor ionotropic AMPA 2 Increase Various cell type 23,24
€g23571857 BIRC4BP XIAP associated factor-1 Decrease Various cell type 24
916867657 ELOVL2 ELOVL fatty acid elongase 2 Increase Various cell type 28,29

*Target ID: Reference ID of the Infinium HumanMethylation Beadchip platform

TMethylation change: Methylation change upon aging
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5 Ao 2 EpiTYPER® (Sequenom Inc., San Diego, CA,
USA) BAHS Fato] A58 Aol % ELOVLZ, FHLZ,
PENK ] CpG 1slar1d°ﬂ EA5= CpG site= 42} 0.92, 0.80,
0.639] =2 Spearman 43 AlgE Ve Aol v s}
o] Z7ksk= HElS YERH AT (Tables 1, 2).

W23 w3} B DNA WE3) X215 o] f3lo] A3
anAow 48] siMe A8 4 o] Ao
of 3F=d], Hannum *-> DNA Hg3} djel 74 Zilof A
H3} BMI A8} 28 32 WE 236kl A28 a9
A3 74 Et.ilg B TE 1941914 1014 ALl <] 6568

ool JdA IFe 7 1w (N1=482,
N2=174) & e ¥, 3 A 152 o 98 DNA
el s} 24 Al Elastic Net¥o]gh= thzk 39 WS

=

2. DNA H|El 3} BEX|AS| 2AIEHH
AE F4S 9lst DNA WEst mxze] = 2

microarray 7]%F) epigenome—wide #41& E3lo] o] Foix]
¢k}, Infinium HumanMethylation27 BeadChip ¥
HumanMethylation450 BeadChip¥} #-& microarray 7142
WAL bisulfite #2]E DNAS mlE3le A3} Wy
A k2 MYof Eo]A o7 Aesh= F probe?| intensity 2]
H&S 543kl WEst A% ks S4sh, skl 27,000
78 (Mlumina 27k) %+ 450,0007H (Ilumina 450k) ©]4+2]
CpG siteol] tigt g3} JHE A& = ek spA| gk wh=
¥ DNA g3} sA425 W o] #ofe] A7 F4o a34o
2 AL38l7] YA vEe DNAE 71w 443t 429
BARE AlEstal JgshA AT 4 Qe Ak 5ol i

Zstslo] A BML 9IS 59 3A#S ¥oksl= A 34 41 ¥ (gene—specific analysis or locus—specific analysis)
a8 A ST O] ”“” S Fd A9 F4 A s s R R e S =
7171¢] DNA wEs} X215 AAsHd o, AAsE A5 =

3 mEE ol§3t0] S ol WAl els} i o)
3.9419) FHER Z4o0] Pk F A )8 153 o]
491 SUAA A I L 3 45 Aol

A7k 574 CpG site®] DNA #E 3} %
(qualitative) %4 (quantitative) ¥4 714
Az W EF0] AAE oW Hla A wAls DNA #d
54 «] Apolet SA et AR} Bl o) Mgk ol A= vl
T3 ¢ Qlorw PAA BA R A

o

T =

%@%@ﬂﬁiﬂ%%lﬂq
bi

o et g
5

of 9125k S o7 ol FAelA bisulfites A elato] WE 3t A] 22 DNA
ARE g 4 2S99, A%, 9, 95 24 5 U 9 dlEstE DNAE she WS $AFAS FofellA
o2 ATt AN T 34 A} A A7 Atolof vl w A DNA HEst &4 A5 F27]= 713 #do] =<3l
E2 ATATR = 0.72) 5 Hol= AS FRIselt vyt ok Bisulfited] A 2lell o&l we st A o2 CpG sited]
Z2 7+ Aol Bl AP S e 7] Yo WEs) di'| 24 cytosine< uracil® A== Wbd wEsle cytosineS 1t
ANE ulg oz b Al o 2ol Z 74 HE—% AH == 2 FAE7] Wi, bisulfite 22| 2 <13 nucleotide A€ 2]
d Eds A4 A3 AR bE 24 eA AAE gl xfol & ohFet W 02 XAlsto] 27]9 WEs) Y R E

DNA #g3} A 2= A2 A8} %‘%Xl T e A

A 4= otk Ax| 2 E4 A4} locus?] DNA HlE3 A%

A= ZF 229 Ay 4 Rdlo FEF o AAES o] B4 "L hisulfite conversions ©]-&8h= W3} o] &
o] F /e TAA= FEA O F ELOVL2 FAxke} B g 3FA) o= 1Y © 7 1 Wt (Table 3).

CpG site® o] 9] 14+
2 Bk

NN = o) o} A7} =2 A2

DNA #Hg 3} £4 A] bisulfiteE ©]-&8hH= "H ol bisulfite
sequencing, EpiTYPER®, pyrosequencing, methylation—

Table 3. Technigues Allowing the Analysis of DNA Methylation at Specific Gene Loci

Technique* B|su|f|tle CpGT Advantages Inconveniences Ref.
conversion  sites

Bisulfite sequencing Yes 5-50 Gold standard Labor-intensive 35
EpiTYPER® Yes 5-50 Commercial service available Cost 36
Pyrosequencing Yes 5-20 Commercial service available Cost 37
MSP Yes 1-3 Simplicity Lack of quantitative result 38
COBRA Yes 1 Sensitivity Limited to specific restriction targets 39
MS-SnuPE Yes 1 Sensitivity Requires a capillary electrophoresis instrument™ 40
MSRE-PCR No 1 Cost and time-saving Limited to specific restriction targets 41

*MSP: Methylation specific PCR; COBRA: Combined bisulfite restriction analysis of DNA; MS-SnuPE: Methylation-sensitive single nucleotide
primer extension; MSRE-PCR: Methylation-sensitive restriction endonuclease PCR

TCpG sites: Number of CpG sites interrogated per monoplex assay

*Requiring a capillary electrophoresis instrument is no problem in general forensic laboratories.
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