New techniques for DNA
methylation analysis

Helen White

NGRL (Wessex)
Salisbury NHS Foundation Trust

SCOBEC Training Day: Imprinting disorders



Techniques

MS-MLPA
Pyrosequencing
High resolution melt curve analysis

Mass Spectrometry



Prader Willi and Angelman Syndromes

Two clinically distinct phenotypes that map to 15g11-gq13

PWS
m Caused by loss of the paternal (unmethylated) contribution

m Paternal deletion (~70%)
m Maternal UPD (~30% cases)
m Mutation in the imprinting region causing abnormal methylation (<2%)

AS
m Caused by loss Maternal (methylated) contribution

m Maternal deletion (~70%)
m Paternal UPD (~5% cases)
m Mutation in the imprinting region causing abnormal methylation (~5%)

= A ssingle gene, UBE3A has been implicated as the AS gene
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1. Denaturation and Multiplex probe hybridization
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2. Simultaneously Ligation and Digestion with
methylation sensitive endonucieases
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3. PCR using one universal primer pair
Only undigested (methylated) and ligated probes

are exponentially amplified




AS (UPD)

2 alleles unmethylated
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Advantages

= No bisulphite treatment required
= Multiple targets tested simultaneously
= Genomic and epigenomic information

» Relative quantitation

Disadvantages

» Possibly not as sensitive as bisulphite based techniques

» Single base variations at Hhal site may results in false positive/negatives
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Bisulphite Treatment

m Bisulphite treatment causes ummethylated Cytosines to convert to Uracll
while methylated cytosines remain unchanged.

% %
CAGCGATCACGACCT

Bisulphite Treatment

* *
UAGCGATUACGAUUT

PCR

% %
TAGCGATTACGATTT

( * =methylated )




SNRPN 1
(Genomic)

SNRPN 1
(After bisulphite)

TGEGGCC CTAGE GETCCAGTAG ‘3@ GGTCATT @1 GAGGGAGGGAGCTGE
GACCCCTGCACT GEBGC AAACAAGCADECTTG GFELT RGO AGGCT GHERBECATG
CTCAGGEBGGGATGTCT GBAL GCCTG CEBCT GCTH A GTCTG GEECAGAGTG GAGER
GE.E#AI}ATGEIZTGI:IﬁﬁTETGTI:TGAI}GAG.I}TEAI}TI}‘ TGGAGEEGGCAL
GGTCAGC TGTGC BEGTG GCTTC TCTCAAGAGACAGCC TGGGGAGEEG CCACTTTTATTCATE
AGATATTCCAAGTTTTTAGGAC TTGGAGTACT GAATA AACGGAATTT GGGCC CTARA GTCCT

TTGTTCT GLAGAACCA

TGEGGETTTTAGEGGTTTAGTAI AGGTTATT FAGGLAGGEL
GTTGGGATTTTTGTATT GEBG 3 G!_II": A GAGGTAGGTT

IZFATGTI‘TAGETF‘:G-HTGTGT CEBLLGTTTG GTTGTAG‘GTITG
GEBTAGLGTGGAGEEGT GAGATGTTTGABBTATTTGT TIGAG GAGEBGTTAG
TGARRREA T GG |::l GGTAAGGTTAGTTGT GTﬁG GTTTTTTTTAAGAGATAGTT
TGEGGAGEBGTTATTTTTATTTATTAGATATT TTAAGTTTITAGGAT TTGGAGTATT
GAATARAYGGAATTTGGGTTTTARAGT TTTTTGTTTT GGAGAATTA




TTTAGCHBGGGATGTET & GAGTG GAGER
G GGAGATGTTTG ATTTGTTTGAG GAGRBGTTAGTG TG GAGREGGTAL

GGTTAGTTGTGTEBGTG GTT I T TTTTAAGAGATAGTT TGGGEL GTTATTTTTATTTATT
AGATATTTTALGTITI TAGGAT TTGLAGTATT AL TA LAY GEALTIT T TTALLGTTIT
TTGETTTT Glriled ATTA

Paternal 221-bp product

Maternal 313-bp product
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Pyrosequencing



Pyroseqguencing assay design

TGGGETTTTAGG GETTTAGTAGTITIT TTTTTTTAGG TTATT TRRGT GAGGG AEEEAGTTGE
GATTITTGTATT GRBCTAALTAACTARE T TTCREEEs THGTAGAGGTAGGTT GoRERE TATH
TTTAGGEBGGGATGTCT GlBAL GTTTGTHB T T GTTGT AGHEA GTTTG GEBTA GAGTG GAGHR
GTHE THGGAGAT GTTTG ARGTATTTGT TTGAG GAGEEGTTAG TG LT GAGREGGTab
GGTTAGTTGTGTERGTG ETTIT TITTAAGAGATAGTT TEGGG A CRBG TTATT TITAT TTATT

AN TATTTTAAGTTTTTAGGAT TT A GTATT AR TA A Y GLAATTTGLLET T TTARL GTTT]
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Pyrograms

C:34.8% C:0.0% C:35.8% C:29.4% C:32.7%

C:100% C:0.0% C:100% C:85.9% C:84.4%

C:0.0% C:0.0% C:0.0% C:0.0%




Result (%omethylation)

Result (Y%omethylation)

Pyrosequencing Results

A1034 Position R

Sample No.

A1034 Position S

Sample No.




Normal
Sequence

Sample 58

PWS
Bisulphited
sequence

Sample 58
Bisulphited
sequence

Sample 58
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TG6GTTTG AG GAG

TG6GTTTG AG GAG

GGTTAGTGACGTCGAT

GGTTAGTGACGCGAT



Advantages

» AQ software allows accurate quantification of methylation at multiple CpG sites within
amplicon

» PCR primers independent of methylation state
» Confidence scores (passed, checked or failed) alert user to the quality of assay data

» Reference peaks incorporated into the analysis add confidence to data collection —
also bisulphite treatment controls are included

» Results are presented in sequence context so sequence variants will be identified
= Assays relatively inexpensive & rapid

» Has potential to detect mosaicism

Disadvantages

» Further work is still necessary to establish the cause behind the abnormal methylation
e.g. UPD, deletion or an imprinting mutation



High resolution melt curve analysis



High resolution melt curve analysis

Non saturating dsDNA binding dye
e.g. SYBR™ Green
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Melting

Dye molecules “jump” and redistribute
into molecule
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Saturating dsDNA binding dye
e.g. L.CGreen Plus™

Melting
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Fluorezcence

High resolution melt curve analysis

Double stranded DNA

Heteroduplexes melt at lower
temperatures than homoduplexes

Homozygous mutation (62GG)

/ Wild type curve

Single stranded DNA




HOBMAT

AGGEAGT TGEEATT TTT ST ATT GREGT ALATAAGT ARBT T TCHENE - THE T AGAGETAGETT G

TT TAG%E&T GTGT SREAAGT TTCTRETT 5T T GT A GT T TEEEETACAGT GGACEEGT

ATGTTTCARBTATTTCET TT GAGCAGRBGT TAGTG, TGEACREGET ARGGT TAGTT GT GT
TTTTTTAAGAGATAGTT TGGEE

PWS

AGECACTTEEEATTTTTGTATT BBlcT AraTAACT ABETT TG-GgTAGAGGT AGGTTG

TTTAGCEESCCGATET GT BEAACT TTETEBTT GT T GT A GTTTEEBTACAGTCCAGERGT
ATGTTTCABBTATT TET TT GAGCAGEBGT TAGTG, TGEAGBEGET AAGGT TAGTT GT GT

TTTTTTAAGGACGATAGTT T

As
AGECACTTEEEATTTTT GTATT lBlGT A2 ATAACT ARGT T TG-GgTAGAGGT AGGTTG

TTTAGCEE=GGATET T GREAAGT T TETEETT GT T GT A GTTT=EHRBTAGAGT GGAGEBGT
ATGTTTCABBTATTTET TT GASCAGEBGT TAGTG TGEAGEEGET AAGGT TAGTT GT GT

TTTTTTAAGGACGATAGTT Tix==

21 sites can vary




Normal Controls

Maorm. Fluara.
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Advantages

» Closed tube method
= No post PCR processing and no separation step
- improves analysis time
- reduces contamination risk
» Rapid
» [nexpensive - requires the use of only PCR reagents and dsDNA binding dye
» PCR primers independent of methylation state

» Global information about methylation/sequence composition of amplicon

Disadvantages

» Further work is still necessary to establish the cause behind the abnormal
methylation e.g. UPD, deletion or an imprinting mutation



Mass Spectrometry



Intensity
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Bisulfite treatment of genomic DNA

PCR and SAP treamment

In vitro ranscriprion

Uracii-specific cleavage

MALDI-TOF MS analysis produces
signal pattern pairs dicating neon-
methviated and metiylared DNA
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The non-methylated (NM) DNA fragment (5'-AACAAACAAT-3') Graph showing the relationship between the estimated relative
and the methylated (M) DNA fragment (5-AACAAACGAT-3') methylation and the relative amount of methylated DNA spiked

show a mass difference of 16 Da. into the mixture.




Advantages

» PCR primers independent of methylation state

» Quanitfication of methylation (to 5%) at all CpG sites within amplicons up to 600bp
» Useful for large scale projects to identify ‘useful’ CpG sites

= High throughput

» High precision

Disadvantages
» Expensive
» Extensive post PCR handling —relies on success of multiple reactions

» Need access to equipment and specialised data analysis software






Quality and quantity of DNA
Bisulphite treatment

- quality

- batches
Preferential amplification

Use of standard curves



Quality and concentration of DNA
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Bisulphite treatment

Total conversion

Pyrosequencing has in built control sites to monitor whether bisulphite
conversion is complete

Most techniques do not have controls to monitor this

C:35.8% C:29.4%
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Preferential amplification and standard curves
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