Forensic Science International: Genetics 7 (2013) 499-507

Contents lists available at SciVerse ScienceDirect = FSI

GENETICS

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Review

Forensic DNA methylation profiling—Potential opportunities and @CwssMark
challenges

Athina Vidaki *, Barbara Daniel, Denise Syndercombe Court

Department of Forensic and Analytical Science, King’s College London, Franklin-Wilkins Building, 150 Stamford Street, London, UK

ARTICLE INFO ABSTRACT
Article history: Investigating the DNA sequence is the most powerful tool that can be employed in forensic genetics for
Received 8 April 2013 the identification of an individual, or to determine specific ethnic and phenotypic characteristics.

Accepted 14 May 2013 However, there are also other heritable changes in gene function or cellular phenotype which are caused

by mechanisms other than differences in the DNA sequence itself. Over the last decade it has become
Keywords: evident that epigenetic markers can be of substantial forensic significance. The determination of possible
DNA methylation alterations in DNA methylation patterns could aid various forensic investigations, such as differentiating
Epigenetic markers monozygotic twins, identifying the tissue source or determining the age of tissue donors. This review

Genetic imprintin, . A . . . N . .
Cause of depath & aims to give a brief overview of the possible advantages of forensic DNA methylation profiling and sheds

Body fluid identification light on the limitations of this approach.
Age determination © 2013 Elsevier Ireland Ltd. All rights reserved.
Contents
B S oL (o Ta L1 ol (o) o LU N 499
B O N T <) o) =< o o) o [ 499
1.2.  DNA methylation and gene regulation .. ... ... ... ... ..ttt et e e e 500
1.3.  DNA methylation and enVIrONMEeNt. . . .. .. ..ttt ettt e e et et e e ettt e e e e 501
1.4. DNA methylation as @ biomarker. . . . ... ... . et e e e e e e 501
1.5.  DNA methylation analysis . .. ... ..ottt et e e e e e e e 501
1.5.1.  Chemical modification of cytosine resSidUes. . . ... ... ..ttt ettt ettt et et et et e 501
1.5.2.  Protein interaction with 5-methyl CytOSINe . . . .. ... i e et et et e e e 501
1.5.3.  Methylation sensitive restriCtion ENZYIMES. . . . . ..ottt e et ettt et et et e et e e e 501
2. Possible applications in forensic @PigenetiCs . . . .. ...ttt e e e e e e 502
2.1. Determination of the parental origin of alleles . . . . ... ... i e e e e e e 502
2.2.  Authentication of DINA SamIDleS . . . . ..ottt ittt e et e e e e e e 502
2.3.  Discrimination of MONOZYZOtIiC tWINS . . . ...t ittt et e e et e e et e e e 503
2.4. Determination of the cause and circumstances of death .. .. ... ... . i i e 503
2.5, AZe BSTIMATION . . .ottt ettt et e e e e e e e e e e e e e e e 503
2.6.  Identification of body fIUIAS . . . . . ..ot e e e e e 504
3. Challenges and practical considerations in applying forensic epigenetic markers . ... ...... ...ttt ienn e 505
3.1, Selection Of CPG SIS . . . v ittt et ettt et e e e e e e e e e e e e e e e e e e e e e 505
0 XYY |« (=) =4 o Y 505
4, ConCIUINg TOMIATKS. . . . oottt ettt et et e e e e et et e e e e e e e e e 506
] (2] (<) Lol PP 506

1. Introduction
1.1. The epigenome
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Epigenetics

A mechanism used to regulate gene activity
independently from DNA sequence by
deciding which genes are on or off

methylation S~
DNA

hydroxymethylation&— methylation

Chromatin
looping

Epigenetics

A. Vidaki et al./Forensic Science International: Genetics 7 (2013) 499-507

Nucleosomal
remodelling

acetylation

/ methylation
/

Histone > ubiquitylation

modifications —— phosphorylation

N

biotinylation

sumoylation

Non-coding
RNAs

Fig. 1. Different epigenetic mechanisms involved in gene regulation.

changes in the DNA sequence itself (Fig. 1). It involves functionally
relevant modifications, such as DNA methylation and histone
modifications, both of which play a significant role in regulating
gene expression without altering the DNA. The molecular basis of
epigenetics is complex and primarily involves alterations in the
activation of particular genes. In addition, the chromatin proteins
associated with DNA may be activated or silenced and therefore
ensure that each cell expresses only the genes that are necessary
for an activity [1,2]. The term ‘epigenome’ is a parallel to the word
‘genome’ and refers to the overall epigenetic status of a cell.
Epigenetic patterns are preserved during cell division just as the
DNA sequence is inherited from one generation to the next; however,
they can change over an individual’s lifetime [3]. Epigenetic changes
have been observed to occur in response to environmental exposure
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and can be affected by various factors such as diet and smoking [4].
Imprinting, gene silencing, X chromosome inactivation, reprogram-
ming and carcinogenesis are all examples of epigenetic processes. A
very important cell function that is regulated by epigenetic
mechanisms in mammals is cell differentiation, where stem cells
become fully differentiated cells during embryogenesis [4].

1.2. DNA methylation and gene regulation

In the human genome, DNA methylation is a vital biochemical
process for normal development. It involves the addition of a
methyl group (-CHs) at the 5’ position of cytosine residues in CpG

dinucleotides (Fig. 2a). The absence of CpG methylation has only
been observed in embryonic stem cells [5]. When taking the
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Fig. 2. (a) DNA methylation on cytosine. (b) Schematic representation of a typical gene containing a CpG island. In most cases, when the CpG island is unmethylated allows for

gene expression; however, when it is methylated, the gene becomes inactive.
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