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Large scale DNA methylation analysis 

Emil Nilsson 

Populärvetenskaplig sammanfattning 

 

Epigenetik är ett forskningsområde som syftar till att utreda och förstå hur geners uttryck 

regleras. Gener regleras med en rad olika mekanismer. En av dessa är metylering av promotorer. 

En promotor är en DNA sekvens som vanligtvis ligger uppströms om den gen som den reglerar. I 

denna region finns ställen där transkriptionsfaktorer kan binda in och starta avläsning och 

transkription av genen. En mekanism som celler använder för att reglera effektiviteten av dessa 

transkriptionsfaktorer är metylering av CpG-öar. En 5'- metylering av ett Cytosin är en signal för 

att DNA segmentet ska packas hårdare kring histonerna. Detta gör att genen blir mindre 

tillgänglig för transkription. En metylering kan också hindra effektiv inbindning av 

transkriptionsfaktorer och på detta sätt reglera transkription.  

För att mäta metyleringen av en promotorregion kan man använda microarray eller 

metyleringsspecifik PCR. Båda dessa metoder bygger på de kemiska skillnaderna mellan ett 

metylerat C och ett ometylerat. Ett ometylerat C omvandlas irreversibelt till uracil vid 

behandling med bisulfid, medans ett metylerat C inte gör det. Detta leder till att efter en 

bisulfidkonvertering kan man skilja på metylerade respektive ometylerade C'n på sekvensnivå. 

Detta arbete ägnar sig åt att kvantitativt mäta kvoten mellan koncentrationerna av dessa två 

sekvenser för att erhålla ett mått på den initiala metyleringsgraden. 

 

Examensarbete 30 hp, Juni 2011 

Civilingenjörsprogrammet Molekylär bioteknik 
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Large scale DNA methylation analysis 
 

1. Introduction 
1.1 Methylation and epigenetics 
Epigenetic factors are what distinguish two different cells with the same genomic DNA. It is 

easy to see the difference between a skin and a bone cell in the same individual but the difference 

is not detectable on a genome sequence level. Both the skin and the bone cell have the same 

DNA sequence. From a pathological standpoint one can also compare cancerous cells to normal 

ones and see that for many cancers there is only the expression profile of the cell or protein that 

is different from normal, not the actual sequence. This difference is due to various epigenetic 

mechanisms regulating the expression profile of the cells. These expression control mechanisms 

are not only induced as a response to environmental factors but there is also evidence that they 

are heritable. One of these epigenetic factors is methylation of CpG islands in promoter 

regions1,2. They are important since 60% of human genes have CpG islands in their promoter 

regions which are potentially controlled by methylation3. A CpG island is defined as a region in 

the genome with high CG dinucleotide content4. 5-metylcytosine can act as a silencer not only 

because it effectively hinders sequence specific transcription factors, but also because it 

promotes the formation of heterochromatin4,1. In heterochromatic DNA the genome is densely 

packed around the histones, thereby being inaccessible for transcription. One of the most well 

known effects of DNA methylation is in X-chromosome inactivation. In females, one of the 

parental X-chromosomes is randomly selected for inactivation. Although there are multiple 

factors involved, methylation provides a key role in mediating the formation of heterochromatin. 

But methylation mediated silencing is also a key factor in many other gene regulation 

mechanisms. It has been demonstrated to be a significant parameter in the regulation of, the 

propiomelanocortin receptor POMC5,6,7, various tumor suppressor genes in cancer patients2,7, and 

has been stipulated to be important in the expression of FTO6.  
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1.2 Genetics and obesity 
The world health organization claims one billion people are overweight in 2011. These are 

mostly located in developed countries but the problem is also evident in developing countries. 

Obesity is linked to numerous derivative health issues causing a massive strain on society in 

general and health services in particular. Although ultimately caused by a positive difference in 

energy consumption versus energy expenditure, there are underlying genetic factors that 

increase/decrease the risk of becoming obese. In fact, it is estimated that 50 to 90% of the 

population variance in BMI can be explained by genetic factors8,9. The different estimates come 

from the different approaches scientists have when measuring gene importance. Early estimates 

come mainly from twin studies where twins not living in the same environment are measured to 

see if they have correlated BMI, adiposity or other measures of obesity9. Detecting and isolating 

methylation-controlled genes associated with obesity is made difficult by the fact that 

methylation tends to vary with age and inflammation, both of which are correlated to obesity4. 

The most convincing results for a gene affecting obesity and adiposity come from trials on FTO8. 

Although it is uncertain what the actual mechanism of this gene is there are some indicators that 

point towards causality, as well as correlation, between FTO and obesity. FTO is an AlkB-like 

protein involved in the homeostasis in mice, where it acts as a demethylase10. Several mutations 

in the active site of this protein has also been shown to produce lean mice, further strengthening 

the theory that FTO is involved as a principal component in obesity10,4,8.FTO has a high 

expression level in the hypothalamus, the region of the brain involved in energy balance as well 

as apetite8,6. There is also evidence that disruption of FTO may lead to protection against diet 

induced obesity in mice1. For these reasons this project is aimed at developing a large scale 

methylation assay to be used on FTO in large cohorts. 

 

1.3 Methodology 
The methodology described below is an outline of the experimental procedures and their 

underlying theory. The flowchart in figure 1 is an overview of the experimental setup. 

 

 

 



8 
 

                                          Methodological overview 

Identify targets by litterature search 
and microarray analysis

Perform bisulfite conversion and 
cleanup

Quantitative, methylation specific 
PCR

Analysis

Regular PCR

Sanger sequencing

 
Figure 1: Schematic outline of the experimental procedure intended for this text.Genes with low 

variation in methylation level according to the microarray are selected as reference genes for 

the bisulfite conversion. Conversion products are confirmed by sequencing and quantative PCR 

is preformed to determine the level of methylation. The results from methylation specific PCR 

and microarray analysis are also analyzed independently. 

 

1.3.1 Methylation specific PCR 
There are numerous ways to measure methylation levels both on a genome-wide and site-specific 

scale. To study genome wide methylation one can employ HPLC or in situ hybridization, the 

latter using methylation specific antibodies11. When it comes to site-specific studies there are 

basically two variants to choose from. Either you use methylation specific restriction enzymes 

such as the HpaII/MspI pair. These enzymes both cut CCGG sequences but HpaII is unable to 

cut DNA if there is a methyl group attached to the center C11. The other way is to utilize the 

chemical properties of methylated CpG C's by way of bisulfite conversion. Sodium bisulfite has 

the capability to convert cytosines to uracil but the conversion is effectively hindered by the 

presence of a methyl group. Whether a specific site contains uracil or not is then usually detected 
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by sequencing or qPCR11,12,13. Here I focus on methylation specific PCR (MSP) because it is the 

most cost efficient of the two approaches. The main issue of MSP is primer design. Two 

different primer pair must be used in order to amplify the two possible outcomes of bisulfite 

conversion. This is further complicated by the fact that normally, not all of the C's within a 

primer sequence is CpG C's.  

 

1.3.2 Primer design for methylation specific PCR/qPCR 
As mentioned, the key factor in a successful and selective amplification lies in primer design. 

One must construct two primer sets for a successful MSP. The first should be made so that it is 

amplifying initially methylated DNA, and the second should be for initially unmethylated DNA. 

This makes it necessary to be able to predict the change in sequence that the bisulfite conversion 

asserts in the two cases. As will be further demonstrated below, it is in the characteristic changes 

in sequence after bisulfite conversion that the methylation status of the site can be determined. I 

will now describe some of the essential features that should be present in MSP-primers. 

1. Forward primers should be designed so that it flanks a CpG C in the 3' end. In that way if the 

wrong primer anneals to the template it will result in a "floppy end" effectively hindering 

polymerase binding3,11 ,12. 

2. Primers should contain methylation sites within their sequence in order to facilitate the 

annealing of the correct primer3,12. This must be weighed against the known hazards of having 

high CG-content in your primers. 

3. Methylation-specific and un-methylation specific primers should contain the same amount of 

CpG sites in order to minimize differences in primer efficiency/specificity3. 

4. Similar Tm values are preferred. 

5. Since converted DNA is no longer complementary, the primers must be made towards the 

same strand 

The basis for MSP primer design is depicted in fig 2 where the two possible DNA sequences 

produced by bisulfite conversion are depicted. Note that after conversion, there will be two 

different sequences even if the DNA is uniformly methylated. This is because the double 

stranded DNA may be methylated on the forward strand and unmethylated on the reverse.  
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Basis for bisulfite conversion as a means to determine methhylation level 

CATGGCGACT

Initial sequence

TATGGCGATT TATGGTGATT

Methylated Unmethylated
Bisulfite conversion

---TATGGC M primer ---TATGGT U primer 

 Figure 2: This figure illustrates what happens to a specific DNA fragment during bisulfite 

conversion. As shown, the end sequence is dependent on whether the initial DNA is methylated 

or not (marked red). M-primer will only anneal to the sequence corresponding to methylated and 

the converse is true for U-primer. In the picture examples of forward primers are shown. 

 

There is usually no need to manually go through the sequence in order to find primer pairs 

beacause there are numerous softwares available for that purpose. This is fortunate since you 

want to find a CpG island in a promoter region susceptible for methylation regulation. To find 

four equivalent primers, two for methylation detection and two for unmethylation, within more 

or less the same amplicon would be very tiresome. All primer design for this text is done by: 

Methyl Primer Express v1.03. 
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1.3.3 Quantification of methylation level using qPCR 
Quantative PCR works like any normal PCR except with the addition of a DNA-binding 

flourophore. This Flourophore is continuously measured throughout the amplification in order to 

monitor the amount of DNA in the wells14. Early attempts used the same dye commonly used for 

DNA electrophoresis, ethidium bromide, but due to the difficulty in handling this cancerous 

agent it has subsequently been replaced. In RT/qPCR the starting amount of DNA can be 

accurately measured by the use of a sample threshold value designated Ct. The Ct- value denotes 

which cycle the fluorescence goes over a certain threshold value. The earlier the fluorescence 

comes over this arbitrary value, the more DNA was in there to begin with. Since this Ct can only 

be used as a relative value when comparing other reactions under the exact same conditions, it is 

important to include a reference system within your RT/qPCR. This is commonly done by the 

construction of a ladder with increasing and known starting concentrations. 

                                    

                                  Example qPCR results 

 
Figure 3: Example of results from an ideal qPCR experiment. On the Y-axis is fluorescence and 

on the X-axis is the cycle number. The number of the cycle when the fluorescence crosses the 

green line represents the Ct-value for that sample. The later the fluorescence starts to climb, the 

smaller the amount of starting DNA. 
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Amplification is a good thing but you also need to make sure that you amplify the right product 

and eliminate artifacts such as primer-dimers. Primer-dimers are a bigger problem for MSP 

because of the limitations imposed by the primer design. When it is not sufficient to analyze the 

quantification diagram (figure 3) it is necessary to make a melting-curve analysis of the sample. 

This is done by gradually melting the PCR product while monitoring the fluorescence. Since 

SYBR-green only detects double stranded DNA the intensity of the signal drops dramatically at 

the products melting point. Typically the melting point of a ~300 bp product should lie around 

80 degrees Celsius but variations can occur. In MSP unmethylated DNA becomes totally void of 

CG base pairs and is therefore predicted to have a somewhat lower melting temperature than 

expected. Below is an example of melting curve analysis from qPCR. 

 

                            Example of results from melting point analysis 

 
Figure 4: Melting curve analysis. To the left is the fluorescence and to the right is the slope of 

fluorescence versus temperature. The steeper the slope is in left diagram, the higher the peak in 

the right. The three colors represents different reactions. The product in the black reaction is 

likly to be longer then either of the other two due to higher melting temperature. Notice that blue 

line has two peaks, the lower one is probably a primer-dimer because of its low melting 

temperature. 
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1.3.4 Sanger sequencing 
It is important to know the efficiency of the bisulfite conversion. If conversion is not complete, 

predictions of sequences after bisulfite conversion becomes erroneous and makes primer design 

impossible. For this purpose, some of the samples will be sent for Sanger sequencing18. Sanger 

Sequencing makes use of the chain-terminating abilities of dideoxynucleotides. Imagine a PCR 

reaction where one of the nucleotides has been replaced with a dideoxynucleotide. Whenever this 

ddntp is incorporated in the template the polymerase reaction stops. This will result in a mixture 

of DNA fragments of different lengths, each ending in this specific nucleotide. By fluorescently 

or radio chemically labeling the ddNTP and separating the product mixture in high resolution (1 

bp) electrophoresis a scientist can determine the positions of the labeled nucleotide. When this is 

done for all four nucleotides, the entire sequence is obtained. Figure 6 illustrates the principle 

further. 

 

 

  Example of Sanger sequencing outcome 

 A     T     G           C 

 
Figure 6: Example of outcome of Sanger sequencing experiment.The four lanes coressponds to 

one of the four nucleotides. The left lane shows the different lengths of fragments ending in 

adenosine. The sequence can easily be read by identifying bands corresponding to the shortest 

fragment and work your way to the longest. The sequence in the picture reads, from bottom up: 

CAGCTACGCATCCAC 

 

Modern sequencing strategies utilize the same basic principle but makes use of fluorescence 

instead of radiolabelling. After separation, the fragments are passed through a detector which 
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registries the fluorescence. Normally the four different dideoxynucleotides are marked with 

different colors in order to facilitate detection. In this manner the sequence can be read directly 

as peaks in a chromatogram instead of locking at bands on a gel. 

 

1.3.5 Microarray analysis 
Microarray experiments have become increasingly important in recent years.  They are available 

for a number of experiments including methylation assay. Powerful as they may seem, there lies 

a significant challenge in interpreting the results from a given microarray. Specifically it is 

important to keep track on the statistical implications of any analytic method that is being used. 

In the methylation assay example bisulfite treated DNA is hybridized by methylation specific 

probes much like the ones used for MSP. For each experiment on the microarray, the probes are 

left to hybridize and give out fluorescence proportional to its hybridizing efficiency. Using the 

two probes intensities the beta-value is calculated. The beta value is the ratio of fluorescent 

signal from a probe relative to the total probe intensity15.  

 

     
 

   
    eq 1: The beta value calculation for hybridization probe "a" 

 

Since the beta-value is correlated with methylation, and methylation is correlated with 

expression it seems logical to assume that beta value is relative to the expression. It is of course 

not that simple. Previous experiments have shown that CpG C's in CpG islands is largely 

unmethylated in all tissues15. This stems from the fact that far from all genes are regulated by 

methylation and only by correlation methylation to some other phenotype can we draw 

conclusions about the effect of hyper/hypomethylation. Microarrays typically yield large sets of 

data. It is therefore essential to get a proper overview. This is typically done by creating a so 

called heatmap. The concept of a heatmap is somewhat abstract but if properly used it can give 

useful information about correlations in the dataset. A heatmap is basically a graphic tool that 

interprets the beta-values as a color gradient, making high beta values red and low blue for 

example. This is in itself not so helpful but if you combine this with hierarchical clustering were 

expression vectors that are similar are rearranged beside each other interesting patterns can 

occur16. A useful analogue when discussing heatmap is to picture a collection of points in two 
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dimensional space. These points can be describes with their two coordinates. In this case it is 

easy to understand that two points that are the closest to each other are the most similar. A 

heatmap makes the same conclusion but based upon several thousand coordinates all over 

expression space. The heatmap becomes a tool for identifying targets that show similar results 

for the different samples, i.e. genes that correlate their methylation level. Another interesting tool 

for microarray data analysis is the volcano plot, named so for its characteristic appearance. In the 

volcano plot genes are defined by their significance and their change, that is, genes that reliably 

change their methylation level by a large degree can be identified17. Heatmaps and hierarchical 

clustering is useful to detect similarities between different samples but one can also use the 

microarray to search for genes that exhibit covariance with some phenotype. This is done by 

linear regression analysis where the methylation level of one gene is plotted against a phenotype 

in every individual. The regions are then ranked by how well they fit to the linear model.   Figure 

5 explains these concepts further.  

 

 

Theory of clustering and regression analysis 

A

B

C
A B C

Coordinates in experiment space Clustering

M
et

h
yl
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n

Phenotype

Regression line

 
Figure 5: Hierarchical clustering where A and B are obviously more similar to each other than 

C (left) and linear regression analysis (right)  
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2. Materials and methods 
Below is a full description of the protocol developed for large scale methylation analysis. This 

protocol is the result of extensive optimization and many of the variables have been modified 

and reviewed in order to obtain the best protocol. This means that there are a number of possible 

modifications to this protocol which may or may not improve performance, some of which have 

been explored. For simplicity, I will only describe the current protocol in use and discuss any 

eventual improvements in the discussion section. The starting material in all cases was human 

genomic DNA in autoclaved milliQ-water from whole blood and came from a mix of individuals 

provided by the department of neuroscience. 

2.1 qPCR primer design 
As mentioned earlier, Primer design was performed using the Methyl primer express software 

from Applied Biosystems (Sweden). What are not previously mentioned is how the genes were 

chosen and where the primers were placed. From the microarray- data I identified two genes, 

PCBP2 and H19, the former consistently low in methylation and the latter high. The primers 

were then designed in such a way that they included the site of known methylation from the 

microarray.  These genes were later used as reference for FTO. Since FTO was not included on 

the microarray, the choice of primers was less restrictive. A full account of the primer design 

procedure for all primers are available from the author upon request. Below is an example of the 

primer design methodology. The example is the primer design for the reference gene H19. H19 

was chosen because it was highly methylated as well as having low variance (9.31*10^-5). This 

meant that I could be reasonably sure that the region around the site on the microarray was also 

highly methylated. The sequence comes from a fragment 1600 bp upstream from the 

transcription start site of H19 and the CG-site measured by the microarray is marked by a red 

box. The primer sites are visualized by their respective colors. The initial sequence is then 

converted in silico under the assumption that it is fully and only CpG-methylated and fully 

unmethylated. Primers are then designed according to the criteria in the introduction to be able to 

completely discriminate between the two. In recognition of the fact that primers that work well 

on paper may not work as well in the PCR, two different pairs were made for each case. 
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INITIAL SEQUENCE 

ATTGGACCCG TGAACTCTGG GTCCCTTGGC CCTGGTGCTC CCCTTCACGG CTTTGACACT CGAGACTTGA 

GGTGAACCCC AGGGACTGCA GGGCCCCAAC AACCCTCACC AAAGGCCAAG GTGGTGACCG ACGGACCCAC 

AGCGGGGTGG CTGGGGGAGT CGAAACTCGC CAGTCTCCAC TCCACTCCCA ACCGTGGTGC CCCACGCGGG 

CCTGGGAGAG TCTGTGAGGC CGCCCACCGC TTGTCAGTAG AGTGCGCCCG CGAGCCGTAA GCACAGCCCG 

GCAACATG  

 

BISULFITE MODIFICATION OF METHYLATED DNA 

 

ATTGGATTCG TGAATTTTGG GTTTTTTGGT TTTGGTGTTT TTTTTTACGG TTTTGATATT CGAGATTTGA 

GGTGAATTTT AGGGATTGTA GGGTTTTAAT AATTTTTATT AAAGGTTAAG GTGGTGATCG ACGGATTTAT 

AGCGGGGTGG TTGGGGGAGT CGAAATTCGT TAGTTTTTAT TTTATTTTTA ATCGTGGTGT TTTACGCGGG 

TTTGGGAGAG TTTGTGAGGT CGTTTATCGT TTGTTAGTAG AGTGCGTTCG CGAGTCGTAA GTATAGTTCG 

GTAATATG 

 

BISULFITE MODIFICATION OF UNMETHYLATED DNA 

 

 

ATTGGATTTG TGAATTTTGG GTTTTTTGGT TTTGGTGTTT TTTTTTATGG TTTTGATATT TGAGATTTGA 

GGTGAATTTT AGGGATTGTA GGGTTTTAAT AATTTTTATT AAAGGTTAAG GTGGTGATTG ATGGATTTAT 

AGTGGGGTGG TTGGGGGAGT TGAAATTTGT TAGTTTTTAT TTTATTTTTA ATTGTGGTGT TTTATGTGGG 

TTTGGGAGAG TTTGTGAGGT TGTTTATTGT TTGTTAGTAG AGTGTGTTTG TGAGTTGTAA GTATAGTTTG 

GTAATATG 

 

METHYLATION     NO METHYLATION 

 

FORWARD     FORWARD 

Length:20 bp.    Length: 23 bp. 

5' GTGATCGACGGATTTATAGC 3'  5' GTGGTGATTGATGGATTTATAGT 3' 

REVERSE     REVERSE 

Length: 20 bp.    Length: 23 bp. 

5' GCGAACGCACTCTACTAACA 3'  5' CTCACAAACACACTCTACTAACA 3' 

PCR PRODUCT     PCR PRODUCT 

Length: 138 bp.    Length: 138 bp. 

 

FORWARD     FORWARD 

Length:21 bp.    Length: 24 bp. 

5' AAGGTTAAGGTGGTGATCGAC 3'  5' TTAAAGGTTAAGGTGGTGATTGAT 3' 

REVERSE     REVERSE 

Length:19 bp.    Length: 22 bp. 

5' TACTTACGACTCGCGAACG 3'  5' TACTTACAACTCACAAACACAC 3' 

PCR PRODUCT     PCR PRODUCT 

Length: 162 bp.    Length: 162 bp. 

 

 

In the example above the reader can follow the primer design for H19. For each possible 

sequence, two primers were designed. Which one that was actually used was determined by 

primer optimization. All primers and their names are shown in table 3. The naming system 

comprises of the name of the gene, my first name, primer type and number. As an example: 

POMC_emil_um2_s is the second sense primer specific for the unmethylated sequence and 

POMC_emil_BSP1_a is the first methylation insensitive reverse primer for POMC. 
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Table 1:Primer names and sequences 

PCBP2_emil_m1_s AAGGTTTGGACGACGTAATC 

PCBP2_emil_m1_a AAACGAAACGAAACGACC  

PCBP2_emil_m2_s GGAGGTCGTTTGTATTGC 

PCBP2_emil_m2_a AACGAAACGACCTACTTTCA 

  PCBP2_emil_um1_s GGGAAGGTTTGGATGATGTAATT  

PCBP2_emil_um1_a AAACAAAACAAAACAACCTA 

PCBP2_emil_um2_s TGGGAGGTTGTTTGTATTGT 

PCBP2_emil_um2_a AAAACAAAACAACCTACTTTCA 

  H19_emil_m1_s GTGATCGACGGATTTATAGC 

H19_emil_m1_a GCGAACGCACTCTACTAACA 

H19_emil_m2_s AAGGTTAAGGTGGTGATCGAC 

H19_emil_m2_a TACTTACGACTCGCGAACG 

  H19_emil_um1_s GTGGTGATTGATGGATTTATAGT 

H19_emil_um1_a CTCACAAACACACTCTACTAACA 

H19_emil_um2_s TTAAAGGTTAAGGTGGTGATTGAT 

H19_emil_um2_a TACTTACAACTCACAAACACAC 

  FTO_emil_m1_s GTTTTTTTTAGGCGGTAGAGC 

FTO_emil_m1_a CTATCGACGCTATAACAACGAT 

FTO_emil_m2_s TAGAGCGGATTTTAGGATTTC 

FTO_emil_m2_a TCGACGCTATAACAACGATA 

  FTO_emil_um1_s AGGGTTTTTTTTAGGTGGTAGAGT 

FTO_emil_um1_a ACACTATCAACACTATAACAACAAT 

FTO_emil_um2_s GGTAGAGTGGATTTTAGGATTTT 

FTO_emil_um2_a TCAACACTATAACAACAATAAC 

  POMC_emil_BSP1_s GGAGAGTAGGTTTTAGGGG 

POMC_emil_BSP1_a CCCTCAAAAAAAACTTAATTATAAAT 

POMC_emil_BSP2_s GTGGAATAGAGAGAATATGATTTTT 

POMC_emil_BSP2_a CCCTCAAAAAAAACTTAATTATAAA 

  FTO_emil_BSP1_s TTGTGATTTAGGTTTGAGGATG  

FTO_emil_BSP1_a TCCAAAAAAAACTACATTTCCC  

FTO_emil_BSP2_s TGATTTAGGTTTGAGGATGTG 

FTO_emil_BSP2_a AAAAAAAACTACATTTCCCAAAA 
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2.2 Bisulfite modification and cleanup 
For the conversion and cleanup of DNA I have used the Epitect 96 bisulfite kit cat. no. 59110 

from Qiagen (Germany). All buffers and solution have been stored according to the 

manufacturer’s specifications. The protocol starts with the DNA being mixed with a bisulfite 

solution together with a provided buffer. The mixture is then put through a thermal cycling 

program where the conversion occurs. After conversion the samples is subjected to a purification 

process before use in qPCR. All steps from conversion to the end of the cleanup process is made 

according to the managers instructions and can be reviewed in the open source manual for the 

bisulfite kit. I will however specify explicitly the exact manner this implementation was done. 

Bisulfite conversion was done in 96 well plates where DNA, bisulfite mix, and DNA protect 

buffer was mixed. The thermal cycling was done in a Thermal cycler UNO cat. no. 732-1200P 

with the Standard gradient block cat. no. 732-1203P from VWR. After conversion the mixture 

needs to be purified since there are many components in the reaction mix that has to be removed 

in order to be able to perform qPCR. The qiagen kit suggests two possible cleanup methods, 

centrifugation or by using a vacuum manifold. I have opted for the vacuum manifold method. 

The choice was mainly economically motivated since it was about 10 xs cheaper than the 

centrifuge method in terms of equipment.  The pump is a vwr two-stage vacuum-pump from vwr 

art. no 765-0317 and is connected to an aftermarket vacuum-regulator and a manometer. The 

cleanup procedure was performed on a lab bench. The vacuum pump applies up to atmospheric 

pressure on the 96 well column plate provided by the bisulfite kit. This provides the force 

necessary to suck the fluid through the column. Below is a picture of the vacuum setup used for 

this protocol. 
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 96 well column separation setup for cleanup of bisulfite converted DNA  

A

B

C

D

 
Figure 7: The vacuum setup. (A) Two stage vacuum pump, (B) One way leakage regulator valve, 

(C) Manometer, (D) Vacuum manifold for the epitect column plate. 

 

2.3 qPCR 
After the cleanup procedure the samples was subjected to qPCR without further purification. 

Conformation that there was DNA in the samples was done with nanodrop. The extinction 

coefficient of 33 was used since I am measuring single stranded DNA. qPCR mix and program 

are depicted below. Each primer pair used was optimized by amplification on an annealing 

gradient and selecting for the temperature which gave the most specificity/efficiency. All buffers 

and reagents are commercial products and the taq polymerase used was Maxima hot-start taq-

polymerase from Fermentas (Sweden). Table 1 and 2 shows the optimized pcr protocol and 

reaction mix used in all experiments depicted in results. Throughout the experiments, 40 cycles 

of qPCR/PCR reactions were used.  
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Table 2: PCR program used for all qPCR and PCR mentioned in results. The annealing temperature was optimized for each 
primer pair. 

 

temp sec 

Hot-start 95 300 

40X 

  Denature 95 15 

Anneal X 40 

Elongation 72 40 

1X 

  Extension 72 240 

 

     
Table 3: Reaction mix for qPCR experiments. For regular PCR SYBR-green was substituted with water. 

 

Concentration  ul/well 

H2O 

 

9.30 

Maxima hot start buffer 

 

2.00 

dNTP 0,8 mM 0.20 

MgCl2  25 mM 1.60 

Fwd primer 100pm/ul 0.05 

Rev primer 100pm/ul 0.05 

DMSO 

 

1.00 

SYBR 1.96 u 0.50 

Maxima hot-start  taq 

 

0.30 

 

2.4 Validation of pcr products via Sanger sequencing 
Sanger sequencing of amplicons from normal PCR was performed at Uppsala genome center 

(UGS). The normal PCR was performed under identical conditions as the qPCR except for the 

lack of SYBR-green which was replaced with water. Samples were prepared according to the 

instructions available at the UGS website. 
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2.5 Microarray analysis 
The subjects in the microarray were recorded for their weight category, FTO allele, age, length, 

weight, and BMI. The data was read into R by using the Methylumi-Package and the linear 

regression analysis described earlier was performed by the add-in package limma
15

. I also 

analyzed the overall methylation pattern by creating heatmaps and hierarchical clustering of the 

entire set or different subsets. The methylumi package for R contains a function called 

methylumiR which can handle the illumina data that I start with. MethylumiR organizes the data 

as a matrix and the rest of the package provides the means for extracting specific data. In order 

for outliers not to wield too much influence on the results all genes with detection p-values 

greater than 0.01 were initially removed. Then the beta-values were extracted and the covariance 

with each available phenotype was done. The phenotypes FTO, weight category, and age were 

all evaluated by normalizing for the two phenotypes not in the regression. For correction of 

multiple testing the Bonferroni method was used. Any correlation with significance of above 

95% was included in the report. The exact command-for-command methodology is available 

upon request.  

 

3. Results 
I can report of a scalable method for determining the methylation status of a gene of interest. I 

will begin by showing the qPCR and sequencing results for a set of genes. I will go on by 

showing a dilution experiment to determine the sensibility of the assay. I will also show results 

from the methylation analysis from the microarray. 

 

3.1 qPCR Primer optimization 
Before a primer can be used efficiently it has top be optimized for annealing temperature. 

Therefore the primers are set to work on bisulfite-converted DNA at different annealing 

temperatures.  The results from temperature optimization for all primers used in the experiments 

are depicted below in figures 7-12. First is the optimization of methylation specific primer for 

H19 and methylation unspecific primers for FTO and POMC. The unspecific primers are 

designed in such a way that they will amplify the region regardless of its initial methylation 

status. 
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Amplification chart for primer optimization #1 

 

Figure 7: The amplification chart for the optimal annealing temperatures for H19_emil_m2 

(blue), FTO_emil_BSP1 (green),  POMC_emil_BSP1 (red), and non template controls (black) 

 

Melting curve analysis for primer optimization #1 

 
Figure 8: The melting curves for the products in fig 7. Same color code as in fig 7 is applicable. 

 

With bisulfite converted DNA from the same batch as above additional primers were optimized. 

This time it is the unmethylation-specific primer for H19 together with 

methylation/unmethylation-specific for PCBP2. H19 and PCB2 are reference genes for high 

methylation and low methylation respectively. 
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Amplification chart for primer optimization #2 

 
Figure 9: Amplification chart for H19_emil_um1 (red), PCBP2_emil_m2 (green), and 

PCBP2_emil_um2 (blue). Black lines are non template controls. 

 

Melting curve analysis of primer optimization #2 

 
Figure 10: Melting curves corresponding to fig 9. 

 

The last primers to be optimized were the primers for FTO. Below are the optimization results 

from one unmethylation-specific and two methylation specific primer pairs for FTO. The first 

methylation primer (red) was omitted from further experimentation due to low signal to noise 

ratio. 
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Amplification chart for primer optimization #3 

 

 
Figure 11: Amplification chart for FTO_emil_m1 (red), FTO_emil_m2 (green), and 

FTO_emil_um1 (blue). Black lines are non template controls. 

 

Melting curve analysis of primer optimization #3 

 
Figure 12: Melting curves corresponding to fig11. 

 

The naming of the primers follow the same consensus system as in table 3. First is the name of 

the gene, then my name as reference, followed by a definition of what kind of primer and a 

number.  
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3.2 Dilution experiment 
The dilution experiment was performed under the same conditions as previous experiment and at 

their respective optimal annealing temperatures. The threshold cycle for detection should be 

directly proportional to the dilution. The dilution in these experiments is done so that the 

proportionality between threshold value and dilution is one. This means that each subsequent 

dilution has half of the concentration of the previous.  

 

 

Results from serial dilution experiment 

 

 
Figure 13: Dilution experiment. Dilution of 2

0
-2

5
 times on x-axis and threshold value on y-axis. 

Unmethylation specific primers are suffixed U and methylation specific primers are designated 

M. Results from FTO (top) and reference genes H19 and PCBP2 (bottom). 
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3.3 Sanger sequencing 
The primer products for H19_um1, H19_m2, PCBP2_m2, PCBP2_um2, POMC_bsp2, and 

FTO_bsp1 sequence analysis showed that there was full agreement between the predicted 

amplicon for each primer and the actual one for the specific primers (Data not shown). For 

Unspecific BSP primers there was enough reliable basecalls to determine that the sequence was 

the correct one but since the raw material was mixed genomic DNA CG-sites were variably 

methylated and basecalling was difficult or impossible. 

 

3.4 Microarray analysis-linear regression analysis 
Several regions were shown to be correlated with age and obesity category. None were found to 

be correlated with FTO. When evaluating the correlation of all regions with a detecton p-value of 

less than 0.1 with age, the following promoter regions were found to be significant. The regions  

are listed with the common name corresponding to the downstream gene, their fold change ratio, 

and a short description. All values listed in this table were corrected for multiple testing using the 

Bonferroni method. Table 4 represents the genes which correlate their promoter methylation with 

age and table 5 does the same for obesity.  
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Table 4:The methylation sites that are correlated with age listed in their order of significance. 

ID β-change adj.P.Val Description 

MLNR 0.002905 0.000179 Motilin receptor 

BRUNOL6 0.002087 0.000976 RNA binding protein 

ATP8A2 0.002922 0.001868 Probable phospholipid transporter 

SERHL 0.004098 0.003062 Putative serine protease 

NHLRC1 0.002436 0.007104 Ubiquitine ligase E3 

PIGC -0.0039 0.012624 Phosphatidylinositol glycan anchor class C 

HTR7 0.002377 0.014298 Seratonine receptor 

HBQ1 0.002252 0.016469 Hemoglobin subunit 

FOXE3 0.002293 0.029248 Forkhead related transcription factor 

AGPAT4 0.00299 0.041552 Acetyltransferase 

CECR6 0.001737 0.059846 Candidate cause for cat eye syndrome 

ZNF154 0.003021 0.068547 Zinc finger 

C10orf27 -0.00204 0.095268 Uncharacterized ORF 

NAGS 0.001321 0.096529 Mitocondrial acetyl glutamate syntetase 

 

Table 5: The methylation sites that correlate with weight class 

ID β-change adj.P.Val Description 

FLJ36701 0.028417 0.000767 Uncharacterized possible RNAi 

CD300C 0.047348 0.041926 CMRF35-like molecule 6 

FANCG 0.071422 0.039632 Fanconi anemia group G 

 

In table 3 are the methylation sites that correlate with age. In the first column is the common 

name, and the adj. P. Val-column is the p-value for that correlation. Moving on, only three 

methylation sites on three different genes was considered to be significant for obesity. One of 

them, FANCG, was only significant when evaluating a subset of methylation sites that exhibited 

a higher variance than 0.005.. 
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For clarification, I have opted to briefly explain the roles of the three genes believed to be related 

to obesity. FLJ36701 is an undefined ORF and could be a protein coding or microRNA coding 

gene.  Little else is known about this gene. CD300C codes for a protein called CMRF35-like 

molecule 6. It is not well documented other than it has a presence on NK-cells and is therefore 

thought to be involved in inflammation. FANCG is a member of the Fanconi anemia group of 

proteins and is linked to the cytochrome monoxygenase CYP2E1 which is a protein involved in 

oxygen metabolism.  

 

3.5 Microarray analysis-Global methylation 
Cluster dendrograms produced by the hclust()-function in R, and heatmap produced by 

heatmap() are depicted below.  Both these are derived from a subset of genes with a mean 

absolute deviation larger than 0.07.  

 

   Heatmap with clustering 

 
Figure 14: Heatmap representation of the global methylation analysis of the subset of genes. 

Patients are on the X-axis and genes on the Y-axis. 
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                     Dendogram corresponding to figure 14 

 
Figure 15: Cluster dendrogram corresponding to fig 14. Two distinct groups are visible. 

The two distinct groups in the clustering analysis could not be coupled to any available 

phenotype.  

 

4. Discussion 
The combination of methylation specific PCR and microarray analysis of the methylation of 

CpG-islands proves to be a synergistic combination in this project. By using MSP to validate 

results from the microarray I have obtained the same information from two different sources. I 

doubt that I would have succeeded in the manner I did with the MSP if it was not for the 

microarray. This being said the two experiments also have some value by themselves but I stress 

the point that it was the combination of the two that proved fruitful in the end. Below I will 

discuss the different experiments in turn and further explain the relevant reasoning behind them 

and the conclusions that could be drawn from them. 

 

4.1 Choice of region of interest 
Perhaps the most important step in MSP is the correct choice of which region of the promoter to 

investigate. Due to the limitations in primer design, there are only a finite number of regions that 

are available for evaluation via MSP-qPCR. Moreover, there is nothing that says that any of 

these available regions are important in regulating the transcriptional activation of the 
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downstream gene.  If you are sure that methylation in this region affects transcription or if you 

are only interested in correlation the methylation itself to some trait or phenotype you can 

progress to the next step: primer design. To determine the methylation you will need four 

primers that are exclusive for the sequence that they are designed for. Normally, you can check 

the specificity of a primer pair beforehand by using in silico PCR but since there are no whole 

genome databases for bisulfite converted DNA this is not possible in this case. For this purpose 

one can buy converted reference DNA from fully methylated and fully unmethylated samples to 

be used as template in the qPCR. In the ideal case one would use this reference DNA to 

normalize your methylation results and this is one of the possible improvements that could be 

made to the current protocol. The problem is that this reference DNA is expensive and it would 

be cheaper to sequence the product. In addition to the things mentioned there are two things that 

could make MSP difficult of even impossible. The first is methylation of non-CpG C's in the 

primer. The primer is designed based upon the assumption that all non-CpG C's are converted in 

the bisulfite reaction but if there are non-CpG C's that are methylated this will not be the case 

and the primer will become non-compatible. This is what happened with the early trials on 

POMC and it was discovered through microarray analysis that POMC had non-CpG C 

methylation. The second problem arises if the CpG C's in the primer sequence are not uniformly 

methylated. If two of three CpG sites are methylated and the third one is not, neither the 

methylation-specific pair nor the unmethylation-specific pair are capable of amplifying the 

fragment. And if they are, comparison between primer efficiency would be difficult. In spite of 

all the limitations mentioned above I have been able to design functional primers that selectively 

amplify the correct sequence in most cases. The results are especially clear when looking at the 

reference genes H19 and PCBP2.  The blue lines in fig 7 and 9 show that the methylation 

specific primer for H19, and the unmethylation primer for PCBP2, are more effective than their 

respective counterparts. 

 

4.2 Conversion and qPCR 
One of the first hurdles within this project was to confirm that the conversion and purification 

worked as expected. I had planned to use nanodrop to measure the yield of the reaction but this 

proved problematic. Nanodrop is not suitable for bisulfite treated DNA since the salt 

concentrations and pH of the end product influences the readings. If I were to use nanodrop to 
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calculate the yield of the conversion I would end up with the conclusion that the DNA 

concentration has increased 10-fold during the reaction, an obvious cause for rejection of the 

nanodrop data. One can think of it as something of a catch 22 when I cannot know if the 

conversion reaction worked as expected unless I sequence the result, I cannot sequence if I 

cannot amplify the fragment to be sequenced, and I cannot amplify the fragment if I cannot know 

which sequence to design primers for. The qPCR was supposed to break this circle by providing 

melting curves of the amplicons. If a primer pair produced an amplicon that had the expected 

melting temperature for its length, I could sequence that and verify that is was the right 

amplicon. Melting-curve analysis of bisulfite treated DNA is however somewhat difficult since 

the amplicons are generally very high in AT. Primer dimers are on the other hand high in GC 

content since the primers are GC-rich. This is exemplified by figure 12 where the non template 

controls have higher melting temperature than the template samples. It should be mentioned that 

since I have not sequenced the fragments from figure 12 it could be that these primers does not 

work properly. Sequencing of these fragments must be done before proper conclusions can be 

drawn. The verified fragments in figures 8 and 10 have lower melting temperatures than would 

be expected from their length. . Based on melting curve analysis and sequencing I conclude that 

a primer pair can not be discarded or verified based upon melting curve analysis unless the 

melting temperature of the amplicon is less than 70 degrees Celsius.  

 

4.3 Sensitivity of MSP 
The dilution experiment showed that the reference primers correlate well with DNA content. 

This is not evident for FTO. It is possible that to linearize the dependency of the FTO primers to 

the starting concentration by using multiple samples and a higher maximum DNA content. In 

other words a possible way forward is to start the conversion reaction with the maximum of 2 ug 

DNA and do multiple qPCR reaction with FTO primers. The goal is to accurately be able to 

determine Ct-values within a confidence interval of less than 0.1 cycles. This would mean that 

the concentration of DNA that the primers were designed could be determined to an accuracy of 

less than 10% (2^0.9/2 to 2^1.1). In figure 13 no error bars are displayed since there were no 

multiple testing's.  
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4.4 Microarray 
The tables of interesting genes displayed in table 3 and table 4 share no common denominator as 

far as I can see. Each one of them needs to be validated and examined specifically to answer at 

least one of the questions below. 

1. Are there any false positives? 

2. Does the change in methylation effect transcription? 

3. What could be the possible reason for this gene to change its methylation dependent on age or 

obesity? 

 

These are all questions for which I have no answers, only speculation. Analysis of global 

methylation reveals that the methylation profile is an individual parameter. It is safe to assume 

that methylation is affected by heritage and environment and it could be the case that the two 

groups formed by hierarchical clustering is the result of sampling two groups of individuals. 

Unfortunately there is no data support this. 

 

5. Conclusion 
The combination of microarray analysis and methylation specific PCR is more informative than 

either on taken on their own. This combination makes it possible to validate results from two 

individual sources. Using microarray I have identified reference and candidate genes which I 

have further used in the MSP. MSP can be used in a 96 well format using the protocol I have 

developed, but there is likely room for optimization. The use of methprimer express and hot-start 

taq polymerase should be considered especially important for a successful MSP. For any MSP 

experiment there must be a sequencing step to verify the amplicon. Sequencing provides the 

ultimate proof of a complete conversion and successful qPCR.  The big advantage of this method 

is that once set up, it is very high throughput with around 200 samples processed per person and 

day. This makes microarray/MSP a good choice for large scale methylation analysis providing 

the ability to determine methylation on many different genes and many different samples. 
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