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SHORT TITLE = DNA Methylation and HRMA of MZ Twins

Although STR profiling is extremely powerful in identifying individuasfcrime scene
stains, it is unable to differentiate between monozygotic (MAstvafforts to address this
include mutation analysis through whole genome sequencing and through DNA
methylation studies. Methylation of DNA is affected by environmiaualrs; thus, as MZ
twins age, their DNA methylation patterns change. This can be dbassd by bi-sulfite
treatment followed by pyrosequencing. However, this can be ¢omsuming and
expensive, thus unlikely to be widely used by investigatdisee Bequences are different,
then, in theory, the melting temperature should be diffefénts the aim of this study is to
assess whether high resolution melt curve analysis can be use@terdiéite between MZ
twins. Five sets of MZ twins provided buccal swabs which underexmnaction,
quantification, bi-sulfite treatment, PCR amplification and high resmiutnelting curve
analysis targeting two-markers, Alu-E2F3 and Alu-SP. Significant difters were
observed between all MZ twins, targeting Alu-E2F3, and in four otivefMZ twins,
targeting Alu-SP (p<0.05). Thus it has been demonstrated that bi-suidisémient
followed by high resolution melting curve analysis could be used toediffete between
MZ twins.

I ntroduction
Whilst standard DNA profiling targeting short tandem repeatsuccessful in identifying

individuals from stains, there have been a number of incidenca® Wie suspects were
monozygotic (MZ) twins. In such cases, it has not been possidietéomine from which

of the twins the stain could have originated.

Efforts in this area have included whole genome sequencinghvidiks at potential
single nucleotide polymorphisms, through mutation analysis [1]. Ssmécialised

techniques may not be readily available in general foreabigratories. One particular
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area showing promise is DNA methylation, an epigenetic fedhat alters in response to
environmental exposure [2-4]. The principle behind DNA methylati@lyais on samples
from twins is that, as the MZ twins mature, they willdogosed to different environmental
stimuli; for example, if one twin were to take up smoking, thes person may present a
different DNA methylation pattern. This could be characterifatbwing bi-sulfite

treatment and sequencing to identify the differences [5, 6]

This study explores the use of high resolution melting curveysinal6, 7] to identify
differences in DNA methylation patterns between MZ twins. Thecyple behind this is
that, as the DNA methylation patterns change through exposuriéet@ i stimuli, the use
of the bi-sulfite conversion step will change the sequendéierént sequences can lead to
different melting temperatures. Consequently, the aim ofsthidy is to evaluate whether

high resolution melting curve analysis will allow for the diffntiation between MZ twins.

M ethods and materials

Sample collection-and extraction
Five sets of MZ twins provided buccal swabs, after informedsexinwas obtained,

providing ten.samples in total. An additional buccal swab wasr@utdrom a full sibling
of one pair.of twins. DNA extraction was conducted using the buced pnwotocol of the
QlAamp DNA Mini Kit (Qiagen, UK).

DNA quantification

All extracted samples then underwent qPCR DNA quantification usingnestigator
Quantiplex Kit (Qiagen, UK) on the RotorGene Q Real-time PGRRHhe (Qiagen, UK).

This allows for the normalisation of the DNA prior to bisi@fireatment.



Bi-sulfite treatment
Extracted DNA then underwent bisulfite treatment using the EpiT&ichlfite Kit

(Qiagen, UK) as per the manufacturer's recommendations. k@ converts all non-
methylated cytosines into uracil, leaving any 5-methylcytesinechanged. Thus
differences in methylation patterns result in differences queseces following bi-sulfite
treatment.

Amplification

Both treated and untreated DNA extracts then underwent amidificergeting theAlu-
E2F3 (2 CpGs) promotor and fragments of the-SP (17 CpGs) regions using the
Applied Biosystems® 7500 Fast Real-Time PCR Machine and S®B#en chemistry
utilising the following primersAlu-SP Forwards 5'-tttggtgattaggaaggtgggta-3’, Reverse
5’-aaactaatctcaaactccctacctc-®Ju-E2F3 Forwards 5’-ggtaataattttaaaatttgggggt-3° and
Reverse 5'-attaaaaaaaccaatcaacccataa-3’ [8]. The Etag study [8] provides further

information regarding the positions of DNA methylation in b@tgions.

High resolution melting curve analysis (HRMA)
HRMA was conducted immediately after amplification on thet Fa90 Real-Time PCR

Machine (Life Technologies, UK), with an initial phase3&C for 15 seconds, then at
60°C for 60 seconds, before a 1% increase ftC9®ata collection took place during the

1% increase. The data was analysed using SDS 7500 Softession 2.0.6.



Results
Following bi-sulfite treatment and subsequent amplificatiollatSP, as can be seen in

Figure 1, one set of MZ twins had different melting tempeest This is the largest

difference observed and was obtained from 53-year-old MZ twais.

Note to Editor — Insert Figure 1

Figure 1 — A representative melt curve of one set of ty&i3syear-old males)exhibiting a difference
melting temperature, targeting Alu-SP. Each grofipeaks represents one individual.

As can be seen in Figure 2, the extent of the differenceBeimmielting temperatures
between different sets of MZ twins varies considerably. Hewethere are significant
differences in the melting temperatures of products amplifiedrgetingAlu-E2F3 across
all MZ twins (p<0.05), with two sets of MZ twins showing a pautarly higher significant

difference (p<0.001).

Note to Editor — Insert Figure 2

Figure 2 —A column chart indicating the differenéeamelting temperature between five different paif
MZ twins, targeting Alu-E2F3. Pair.6 refers to te@me individual to ensure consistency with thertepgles.
Paired sample t-tests were carried out and thoset as * indicates a p-value of >0.05 and thoseaied
as ** indicate a p-value of >0.001. An absence @ asterisk indicates no significant differencee Hye
range of the twins at the time of sample collectos as follows 1) — 20-25yo0, 2) — 40-45yo0, 3) 2800,
4) — 40-45 yo, 5) - 53yo, and 6) — 20-25yo.

Figure 3 shows the same set of samples, but when targetinfereemtifset of markers,
namelyAlu-SP. In this case, only four of the five sets of MZ twins sabw significant

difference in melting temperature with tA&-SP amplicon.

Note to Editor — Insert Figure 3

Figure 3 — A column chart indicating the differeada melting temperature between five differentgpaf

MZ twins, targeting Alu-SP. Pair 6 refers to themsa individual to ensure consistency regarding the
techniques. Paired sample t-tests were carriedamat those denoted as * indicate a p-value of >a08
those denoted as ** indicate a p-value of >0.00h #@bsence of the asterisk indicates no significant
difference. See Figure 2 legend for ages.



Discussion
The aim of this study was to evaluate the effectiveio¢dsgh resolution melting curve
analysis for differentiating between MZ twins. This was eedd by isolating DNA from

buccal swabs, performing bi-sulfite treatment and then caroub¢iRMA on theAlu-SP

andAlu-E2F3 amplicons.

Both markers allowed for the differentiation between MZ twinstenldasis of different
melting temperatures; albeit withu-E2F3 performing better thahlu-SP. One particular
set of twins showed a remarkably large difference in tledtimy temperature of both
amplicons. Interestingly, this particular set of MZ twinerev53 years old at the time of
sampling and they were the eldest of the five sets mistWwfhe remainder of the twins
were in their 20s or 40s and no trend could be gleaned from these fhis is of
particular interest because, as the MZ twins age and be&xpesed to different
environments, their DNA methylation patterns should diverge dngelr they are in

different environments.

Conversely, theAlu-E2F3 andAlu-SP in relatively young MZ twins may not have
sufficiently different melting temperatures to be of discnating value. In addition, any
MZ twins who-have been in a similar environment may also not $affieiently different

melting temperatures.

Thus it is clear that there are limitations behind the useesfethechniques for forensic
purposes, in that it is possible that the DNA methylation patie MZ twins may not be

sufficiently different for use in a court of law. Howevdre tcost of HRMA compared with
mutation analysis is considerably cheaper and requiresdgéssticated instrumentation.
Consequently, it can be used as a preliminary test should theetestonclusive, and then

it can proceed to the more expensive mutation analysis.



There are further limitations with the use of HRMA forstpurpose in that a large sample
volume is generally required for DNA methylation analysis,olume that may not be
available, particularly following standard DNA profiling. In afiloln, it is suggested that
there is discordance between body fluids in that one individD&A methylation pattern
in the blood could differ from the DNA methylation in the saliva. Tikiproblematic as
recent high profile cases have involved semen samples. Sindeni&thylation patterns
are not thought to be preserved across body fluids, it may be mgdesdaoth of the MZ
twins to provide semen samples for comparison rather than thé reser@nce buccal

swab.

Whilst it is clear that methylation patterns are age-ddaet, this does present an
operational problem in that there is limited scope for coléxaShe methylation pattern
of an individual could be significantly different from that of arsthiat has been stored for
a substantial period of time. Further work will be requiredrater to provide an idea of an

acceptable period of time in which HRMA of MZ twins coulddaeried out.

Whilst there is considerably more work to be carried out befusecould be used in
casework (such as the identification of further markermfiyave statistical calculations in
forensic investigations), it has been demonstrated that HRMANA methylation

markersAlu-E2F3 andAlu-SP could be used to differentiate between MZ twins.
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Figure 2
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Figure 3
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