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Abstract: 

Although there is evidence to link schizophrenia (SCZ) and bipolar disorder (BD) to genetic and 

environmental factors, specific individual or groups of genes/factors causative of the disease have been 

elusive to the research community. An understanding of the molecular aberrations that cause these mental 

illnesses requires comprehensive approaches that examine both genetic as well as epigenetic factors. 

Because of the overwhelming evidence for the role of environmental factors in the disease presentation, our 

initial approach involved deciphering of how epigenetic changes resulting from promoter DNA methylation 

affect gene expression in SCZ and BD.  Apparently, the central reversible but covalent epigenetic 

modification to DNA is derived from methylation of the cytosine resides that is potentially heritable and can 

affect gene expression and the down-stream activities.  Environmental factors can influence DNA 

methylation patterns and hence alter gene expression. Such changes can be especially problematic in 

individuals with genetic susceptibilities to specific diseases. Recent reports from our laboratory provided 

compelling evidence that both hyper- as well as hypo- DNA methylation changes of the regulatory regions 

play critical roles in defining the altered functionality of genes in major psychiatric disorders such as SCZ 

and BD. In this chapter, we will outline the technical details of the methods that could help to expand this 

line of research to assist with compiling of the differential methylation mediated epigenetic alterations that 

are responsible for the pathogenesis of SCZ, BD and other mental diseases.  We will use the genes of the 

extended dopaminergic (DAergic) system such as membrane-bound catechol-O-methyltransferase (MB-

COMT), monoamine oxidase A (MAOA)  dopamine transporter (DAT1), tyrosine hydroxylase (TH), 

dopamine (DA) receptors1& 2 (DRD1/2), and related genes [e.g. reelin (RELN) and Brain derived 

neurotrophic factor (BDNF)] to illustrate the associations between differential promoter DNA methylations 

and disease phenotype.  It is our hope that comprehensive analyses of the DAergic system as the prototype 

could provide the impetus and molecular basis to uncover early markers for diagnosis, help to understand 

differences in disease severity in individuals with similar or identical genetic make-up and assist with the 

identification of novel targets for therapeutic applications.    

Key words: DNA methylation, Epigenetic, Schizophrenia, Bipolar disorder, COMT, MAOA, DRD1, DRD2, 

RELN, QM-MSP
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1. Introduction 

1.1. Schizophrenia and bipolar disorder: The diseases manifestation and dilemma faced by genetic 

studies in psychiatry

Schizophrenia (SCZ) and bipolar disorder (BD) are among the most severe forms of psychiatric disorders 

and elicit overlapping symptoms and cognitive deficits (1).  SCZ is marked by hallucinations, delusions, illogical 

thinking and disorganized behavior, and the main problem of patients with BD is circular mood changes raging 

from severe depression to severe mania with or without psychotic features. Approximately 2% of the 

population of any community suffers from SCZ and BD (2). Considering the early age of onset of these 

diseases, focus on the identification of genetic/epigenetic liabilities with the purpose of early intervention and 

prevention would address one of the major heath issues of the young adults. Although epidemiological and 

familial studies strongly suggest a genetic basis for the pathogenesis of these diseases no specific genes that 

have a major or moderate role have been identified (3). This is likely to be due to the following reasons: 

1.1.1. Polygenic inheritance: Genetic research in psychiatry provided strong evidence that the psychiatric 

disorders are multi-factorial and polygenic in origin (2, 4, 5).  Polygenic illnesses with overlapping symptoms 

may share several common disease causing genes and the co-inheritance of a subset of them is apparently 

necessary for each of the diseases to reach the threshold to elicit the specific psychiatric phenotype (2, 3, 

4).  Therefore, the polygenic nature of the pathogenesis of psychiatric disorders is a legitimate reason for 

why genetic studies tend to be inconclusive and could not be replicated. For example, several genes are 

involved in the brain dopaminergic transmission such as TH, COMT, MAOA, DAT1 and dopamine receptor 

genes, DRD1-5 (2, 5). Since most of these genes are interacting and have various hypo/hyperactive 

polymorphisms, tracking the influence of a single dysfunctional polymorphism in disease manifestations 

would be difficult in genetic association studies.

1.1.2. Pleiotropy: Pleiotropy occurs when one gene elicits different functions depending on the tissue types 

at the same time or during defined developmental periods (4, 6). Thus, a dysfunctional pleiotropic gene may 
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assume varying manifestations in different tissues at a time or other times when its expression is activated. 

Co-morbidity of a psychiatric disorder with other psychiatric or somatic disorders indicates that a pleiotropic 

gene may be involved in the pathogenesis (3, 4). However the variability in presentations in the target 

phenotypes makes it difficult to find the responsible gene by most of the genetic studies which focus on a 

single phenotype at a time. Most of mental diseases have a high rate of co-morbidity warranting that an 

integrative approach considering both pleiotropy and polygenic inheritance is required to narrow down the 

effects of multi-potent genes in psychiatric disorders (2, 3, 4).

1.1.3. Epigenetic aberrations: Alterations in the level of DNA methylation is one of the known mechanism 

for fine-tuning of genes expression in response to variable environment (7, 8). There have been several 

studies suggesting an important role for the environmental factors in early life development and in the 

pathogenesis of mental diseases (2, 5).Thus in some cases the deleterious environmental effects influenced 

epigenetic changes could substitute for the effects mediated by mal-functional polymorphisms.  The 

environmental insults could alter the DNA methylation patterns affecting the presentation of diseases, 

particularly in individuals with genetic susceptibilities and at the borderline threshold for predisposition to 

specific psychiatric diseases (3, 5, 10). Because of the importance of the role of DNA methylation as a cell 

memory for adaptive gene-environment interactions, in this chapter we will primarily focus on the 

methylomics, genomic methylation mediated regulation of genes function, a concept that is widely known in 

cancer research and developmental biology and has only recently caught the attention of neuroscientists 

(10, 11).

1.2. Methylomics: The Science of DNA Methylation

 Methylomics is a novel science that studies the pathophysiology of DNA methylation and methylomic 

fingerprinting of the genome in various human tissues during developmental periods as well as during 

maintenance of a differentiated state (11). In spite of the same genetic make up of all cells of an organism, 

each tissue and even each cell has its own methylation pattern that determine its identity and functions as a 

result of a dynamic interactions with other cells and the environment (7, 8). Environmental stimuli through 
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the mediation of several elements/factors such as neurotransmitters, hormones and transcription factors 

modulate promoter methylation patterns and corresponding expression levels of various genes (11). For 

example, it is well known that dopamine (DA) and serotonin (5-HT), secondary to environmental stimulation 

regulate defined sets of genes to produce the protein/factors. The synapses that have already been 

conditioned by DA or 5-HT become susceptible to the influence of these protein/factors that mediate growth 

and long-lasting structural changes (12, 13). BDNF is among the proteins that are produced as a result of 

neuronal activation which may play prominent roles in the neuronal growth, connectivity and functionality. 

This process is often mediated by c-AMP and cyclic AMP response element binding protein (CREB) which 

as a consequence could also alter promoter/regulatory DNA methylation status and expression of the 

affected gene (13-16). As it has been shown for the glucocorticoid receptor in the hippocampus, even the 

style of maternal care could be associated with changes in methylation patterns of the genes in the offspring 

which is likely to be maintained over a long period of time dependent upon the persistence of the stimuli 

(17). Since successive bindings of transcription factors to a gene’s regulatory regions is associated with a 

decrease in DNA methylation level and an increase in the capability of gene expression for a prolong period 

of time in the future (18, 19), DNA methylation is considered as a mechanism for cell memory (7, 8, 19, 20) 

which could also be the underlying mechanism for kindling.

After fertilization there is a global de-methylation of the genome allowing multi-potency of cells which 

subsequently become differentiated into specific cell types depending on their fate defined by an unknown 

mechanism (7). During the process of differentiation there will be a resetting of methylation patterns in early 

life (7, 8). There could be dynamic equilibrium in DNA methylation or demethylation according to critical 

periods of development and the environmental conditions (21, 22).  The differential activities of 

methyltransferase enzymes, and the presence of resources such as folic acid and s-adenosyl methionine 

that determine the availability of methyl groups could also play a role in the level of de novo methylation (21, 

22). For instance, it has been shown that methionine and other macro- and micro-environmental insults can 

induce pathologic DNA hypermethylation, which could lead to silencing of gene expression as reviewed 

elsewhere (11). Several other nutritional or environmental factors such as vitamin b12, butyrate, tea 

6



polyphenoles (23), alcohol (24-26), hypoxia, nitric oxide and hormones (steroids, in particular) may also alter 

methylation patterns of genes (11). Since the pattern of DNA methylation is generally maintained throughout 

cell division, any DNA methylation changes could either be global in the entire genome affecting all 

progenies of the affected cell or local, affecting only specific genes in specific cells (7, 22). 

1.3. Influence of the environment on the methylome in psychiatric disorders: Alteration in the 

DAergic system in SCZ and BD 

DAergic neurons produce DA from tyrosine, a reaction which is catalyzed by tyrosine hydroxylase 

enzyme (2, 4).  DA is involved in several brain activities (e.g. attention, executive memory, desire and natural 

rewards) mediated by an intricate network of cell signaling events. Most of these effects are mediated by 

binding of DA to DRD1 and DRD2-like receptors that activate downstream cell signaling pathways (2, 3, 5). 

COMT and MAOA are involved in dopamine degradation, while DAT1 reuptakes/recruits DA from the synaptic 

cleft (2, 5).   Genetic and pharmacological studies indicate that dysfunction of genes involved in DAergic 

system (such as the D1 and D2-like receptors, MB-COMT and MAOA) contributed to the psycho-pathogenesis 

of SCZ and BD as reviewed elsewhere (3). Nevertheless, the genetic polymorphisms of these genes alone 

failed to provide a comprehensive molecular basis for the dysfunction of DAergic system in major mental 

diseases (2-5). This along with the variability in phenotypic presentation in individuals with the same genetic 

make up such as the identical twins and the lack of consistency of genetic associations in mental illnesses led 

to the current conclusion that, environmental factors also influence the functionality of DAergic system and 

presentation of the symptoms for the diseases (2, 3, 5, 10). 

This background prompted us to consider that the epigenetic changes due to altered DNA methylation 

patterns caused by environmental factors by affecting the components of the DAergic system are likely to play 

a major role in the pathogenesis of psychiatric diseases.  To test this hypothesis, we analyzed 105 post-

mortem brain DNA and RNA samples from the frontal lobe donated by the Stanley Medical Research Institute, 

and an additional ten post-mortem brain samples from the Harvard Brain Tissue Resources Center to 
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determine the DNA methylation status and corresponding levels of expression of MB-COMT, RELN and DRD2 

genes using methylation specific PCR (MSP)/bisulfite sequencing and RT-PCR/qRT-PCR (27, 28). Our 

samples were derived from the frontal lobe as it is the best known dysfunctional regions of the brain in SCZ 

and BD (29, 30). We and others showed that hyper-methylation-mediated silencing of the RELN gene 

correlated with SCZ pathogenesis (27, 31). In subsequent studies (28) we found a higher frequency of hypo-

methylation of the MB-COMT promoter in SCZ and BD vs. control subjects (methylation level = 26% and 29% 

vs. 60%; p= 0.005 and 0.008, respectively), particularly in the left frontal lobe (31% and 30% vs. 81% (p = 

0.004).  Furthermore, quantitative expression analyses (qRT-PCR) corroborated these observations as we 

found significantly higher transcript level of MB-COMT in SCZ and BD vs. the controls (p = 0.02) and an 

accompanying inverse correlation between MB-COMT and DRD1 expression.  In the same samples, there was 

a tendency for the enrichment of the Val allele of the COMT Val158Met polymorphism with MB-COMT 

hypomethylation in the patients. Interestingly, the presence of a valine allele was associated with RELN 

promoter DNA hyper-methylation (P = 0.01). Additionally, MB-COMT promoter hypo-methylation was 

correlated with DRD2 promoter hypermethylation in SCZ and BD vs. the controls (P= 0.01). Further, the DRD2 

and RELN promoters were almost always unmethylated in the controls with a hypo-methylated MB-COMT, but 

were significantly hyper- methylated in SCZ and BD samples that exhibited a hypo-methylated COMT promoter 

(p = 0.01). These findings suggest that dopamine deficiencies arising from MB-COMT promoter 

hypomethylation (i.e. increased expression) may influence promoter methylation and expression of RELN, 

DRD2, DRD1 and potentially other genes via coordinated epigenetic events that may cause aggravate disease 

symptoms (Figure 1). 

Despite our studies that have uncovered some of epigenetic aberrations due to promoter methylation 

changes in SCZ and BD, there are several other interacting genes remains to be examined. Therefore, 

defining both the promoter methylation status and gene polymorphisms of these and other related genes will 

help to understand the magnitude of frontal lobe dopaminergic dysfunction and the role of gene-gene 

interactions in SCZ and BD. While there have been several studies have focused on methods for genetic 

polymorphisms analyses in the literature, the methods for screening of the epigenetic alteration due to 
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promoter DNA methylation in psychiatric studies is still at its infancy. Therefore in this chapter we outlined 

the detailed methodology for the analysis of the methylome for the psychiatric disorders to promote the 

worldwide search for the epigenetically altered candidate genes in psychiatry.   

 

1.4. An insight on the current methods used for the DNA methylation analyses: 

We have extensively used bisulfite treated genomic DNA sequencing and MSP (32)  to map the 

differentially methylated CpG islands in the promoter regions of the RELN, DRD2  and COMT genes in 

psychiatric disorders (27, 28).  Similar methods have already been used for the analyses of promoter 

methylation status of MB-COMT (33) and other new methods have used successfully for the analyses of other 

genes (34). We recommend an initial evaluation of the candidate CpG islands using bisulfite sequencing of 

representative samples to assess the overall metylation profiles of the target CpG islands. Then, MSP 

analyses could be used to screen and to assess the methylation status of the selected group of specific CpGs. 

In brief, test genomic DNA is chemically modified with sodium bisulfite to convert the unmethylated cytosines to 

uracils while methylated cytosines remain unaffected. Then, primers are synthesized to amplify the target 

fragment for sequencing (35).  In MSP primers are synthesized to selectively amplify methylated and 

unmethylated DNA in separate PCR reactions (32). PCR reactions are resolved on non-denaturing 

polyacrylamide gels, stained with ethidium bromide, and visualized under UV illumination. The bisulfite 

modified placental DNA and in vitro methylated placental DNA are used as negative and positive controls for 

methylation, respectively. In addition, water is used as a negative PCR control to detect any contamination in 

each master mix solution. 

During the last decade MSP widely is used to assess the methylation status of the selected group of genes 

for high throughput analyses of their methylation status at CpG sites (36, 37). While the sensitivity of direct 

sequencing of the bisulfite treated DNA or cloned DNA is about 10-20% (32, 38), the sensitivity of MSP is 

known to be more than 1% (32).  In fact, direct sequencing of the genomic DNA can not detect the methylated 

signal from the noise background if the ratio of methylated DNA/total DNA is less than 10% (32, 38). Although 
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sequencing of the cloned DNA is a remedy to eliminate the background noise, assuming that 10% of the cells 

of a specific tissue contain the methylated promoter, at least 10 clones need to be provided to detect such level 

of methylation in clinical samples which is time consuming and labor intensive (32, 36). Thus MSP is 

considered as a highly favored method for screening of the methylated CpG sites within the CpG islands as it 

can detect the presence of less that 1% of the methylated DNA in the pool of bisulfite modified genomic DNA 

(32, 36, 37). 

Although the standard MSP is an appropriate approach for promoter methylation status screening, our 

results clearly showed that subsequent evaluation of the differential promoter methylation level should be 

conducted by quantitative MSP (qMSP) to quantify the degree of these alterations to make clear correlations to 

the severity of the psychiatric disorders (Abdolmaleky and Thiagalingam, unpublished).  Additionally, it could 

be further validated using a complementary quantitative method such as Immunoprecipitation of the 

methylated DNA to confirm the results of the qMSP (34).    

1.5. Summary of goals and implications: 

Studies from our and other laboratories provided convincing data to supporting the notion that 

alterations due to epigenetic DNA methylation and associated differential gene expression play a major role 

in the pathogenesis of SCZ and BD (27, 28, 31, 39).  These findings are consistent with: i) the lack of direct 

relationship between genotype and phenotype in major psychiatric disorders and variability in the 

manifestation of disease in individuals with identical or similar genetic make up, ii) the existence of a strong 

gene-environment interactions mediated epigenetic modulation of genes functions derived from plasticity in 

DNA methylation. In addition, aberrant DNA methylation of DAergic system in SCZ and BD and its 

association to RELN methylation provide compelling evidence for future validation of the initial observations 

as well as extending these studies to additional candidate genes of the DA signaling/ effector genes.  We 

hope that providing detailed methods for these studies will help other researchers to contribute to this novel 

branch of genomic research. In the long term, we are hopeful that these studies could become a prototype 
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model system aiding the development of strategies for better diagnosis, management and therapy of SCZ, 

BD and other mental diseases. 

2. Materials:

2.1. Bisulfite treatment of the genomic DNA

2.1.1. Bisulfite treatment using conventional methods

Reagents required for the conventional method include: sodium hydrogensulfite (sigma-aldrich, Cat. No. 

243973), hydroquinone (sigma), NAOH (3M), mineral oil, Wizard DNA Clean up system (Promega), 

isopropanol, ammonium acetate (10 M), glycogen and ethyl alcohol.

2.1.2. Bisulfite treatment using commercially available kits 

Bisulfite treatment kit (EpiTect Bisulfite Kit, Qiagen, Cat. No. 59104). 

 

2. 2. PCR and methylation specific PCR

1- PCR reagents mix: 2.5 µL of 10X standard PCR buffer, 0.4 µL of 10 µM dNTPs, 1.5 µL of DMSO, 2.5U of 

platinium Taq DNA polymerase (Invitrogen) in a total volume of 25 µL in ultra pure DNAse/RNAse free water 

for each reaction. 

2- Primers as are listed in the table 1

2. 3. Polyacrylamide gel electrophoresis 

1- Running buffer (EDTA.Na.2H2O 9.3g, Boric Acid 55g, TRIS 108g): dissolve in water in a total 

volume of one litter for a 10X buffer and keep at room temperature.

2- Acryl/Bis 37.5:1 Solution (amresco or other available similar solutions) 

3- Ammunium peroxidisulfate (Fisher Scientific): prepare 10% solution in water and store at 4oC.

4- TEMED (Tetramethyl-ethylenediamine). Store at 4oC.

2. 4. Quantitative MSP (qMSP) and Quantitative Multiplex MSP (QM-MSP) 

1- SYBR green master mix (light sensitive, store at -20 for long storage and 4oC after opening).

2- Plate (96 or 384 wells plates)
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3- Adhesive Cover sheet for the plates 

4- Primers (Table 1)

2. 5. Bisulfite sequencing

1- PCR purification kit (Qiagen, or other PCR purification kits)  

2- Primers (Table 1)

2.  6. Immunoprecipitation (IP) of methylated DNA 

1- IP buffer (10mM sodium phosphate pH 7.0, 140mM NaCl, 0.05% Triton X-100). 

2- Mouse anti-methyl-cytidine antibody (Eurogentec or EMD Biosciences)

3- Magnetic Dynabeads with M280 sheep antibody to mouse IgG (Dynal Biotech/Invitrogen) 

4- Proteinase K, phenol chloroform, isopropanol, sodium acetate, glycogen and ethyl alcohol

3. Methods

3.1. Bisulfite treatment: 

3. 1. 1. Conventional methods: Traditionally, 1-2 microgram of genomic DNA is diluted in 20 µL of water and 

denatured by treatment with 2M NaOH (5.5 µL), and then treated with 10 mM hydroquinone (31µL of a freshly 

prepared solution consisting 55 mg hydroquinone dissolved in 50 ml of water) and 3M Sodium Hydrogensulfite 

-NaOH, pH 5 (520 µL of a freshly prepared solution consisting 3.76 gram of Sodium Hydrogensulfite dissolved 

in water in a final volume of 10 ml) at 50oC for 16-20 hours, overlaid with 0.2 ml mineral oil and under 

aluminum foil to avoid evaporation and light exposure (35). Next, the bisulfite-treated DNA is purified using 

Wizard DNA Clean up system (Promega) according to the manufacturer instructions. Subsequent, NaOH 

treatment (5.5 µL of 3M NaOH for 50 µL of eluted DNA/5 min at room temperature) changes uracil to thymine 

(35). DNA is ethanol precipitated (650 µL of ethanol 100%, 34 µL of ammonium acetate (10 M) and 2 µL of 

glycogen, kept at -80oC for two hours and centrifuged for 30 min at 14000 rpm at 4oC), washed with 70% 

ethanol (700 µL), re-suspended in 20 µL of water and stored at -20 or -80oC until ready for use in further 

experiments.  
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Recently, bisulfite treatment kits have been developed and are commercially available (e.g. Qiagen bisulfite 

treatment kit). Kits work with same efficacy and have helped to streamline the procedure which will help to 

expedite the process due to the elimination of set up time required. The beginners are encouraged to use the 

kit, especially when there is not enough DNA to calibrate the conditions for bisulfite treatment. 

3. 1. 2. Bisulfite modification of the genomic DNA using a bisulfite treatment kit: 

1- Quantify your DNA and dilute 100-2000 ng (based on the availability or number of the required 

experiments) in 20 µL of water for bisufite treatment according the instructions of the manufacturer (e.g. 

EpiTect Bisulfite, Qiagwn, Cat. No. 59104). 

2- As the bisulfite treated DNA is a single strand nucleotide and subject for faster degradation compared 

to the double strand DNA, aliquot the elution in 2-3 tubes and keep at -20 or -80oC freezer for further 

experiments. 

 

3. 2. Methylation specific PCR (MSP): 

To perform accurate high throughput  MSP analysis, designing of highly stringent primer pairs, 

optimization of PCR cycles and annealing temperature are important to ensure that the unmethylated and 

methylated template specific primers only could generate PCR products that represent the unmethylated 

(placental DNA) or methylated (in vitro methylated DNA) samples, respectively. The presence of PCR products 

corresponding to the methylated template in unmethylated control template sample (Placental DNA) and vice 

versa would suggest additional optimization steps which includes adjusting of PCR condition (e.g. increasing 

the annealing temperature or reducing the PCR cycles) or designing of the new primer pairs. This process has 

to be repeated until you have only an unmethylated product with placental DNA and only the methylated 

product using in vitro methylated DNA as the template (see Note 1 for more information). 

13



Furthermore, MSP analysis should not yield any products using the same amount of unmodified 

genomic DNA as the template. The presence of products would indicate that the bisulfite treatment is 

incomplete which more likely will generate false positive signal for methylation. This may also indicate that your 

primers are not specific for the modified DNA (see clues for designing primers for MSP).   

3.3. Scanning for the CpG rich islands in the regulatory promoter regions of genes and designing of 

primers for MSP and bisulfite sequencing:

Approximately, 50% of the genes contain CpG islands in their promoter region making them promising 

candidates for epigenetic regulation and experimentally for analysis of alteration in DNA methylation (7, 8, 40). 

Our evaluations revealed that among the genes of the DAergic system only the DRD3 gene lacked a CpG rich 

promoter. To search for CpG of genes promoter region:    

1- Go to UCSD genome bioinformatics website (http://genome.ucsc.edu/bestlinks.html) or similar 

websites. 

2- Find the gene of interest and copy the sequence of the promoter region if known. If not known copy the 

sequence of 2500 bases of the gene before the coding region.

3- Then, go to DNA methylation database website (http://www.methdb.de/).

4- Paste the gene promoter sequence in the designed location and submit your sequence for MSP 

primers or sequencing primers.

This website will convert the submitted sequence to bisulfite modified sequence and a graphic view of 

the CpG islands will be presented along with the suggested MSP or bisulfite sequencing primers (41). In 

addition, all Cs followed by G that are candidate for methylation will be marked with + along the sequences. 

The original sequence is also placed on the top of the bisulfite modified sequence for reference by this 

program.  Although this website will suggest several alternative MSP primers, you may also design your own 

primers appropriate for sequencing or MSP. 
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Note that, although the UCSD website indicates the 5’ of the genes’ transcription start site as the genes 

promoter region by default, it may be not the exact promoter region. However, in general, this region consists 

of promoter region of the gene of interest (42).

3. 4. Clues for designing primers for MSP:

1- Design the MSP primers from those sites that contain at least four scattered Cs that are not followed by 

G in each of your primer sequences to prevent amplification of the unmodified DNA. 

2- Select a DNA sequence that contain 3-5 scattered CGs in your primers sequence. However, the 

presence of even one CG at the 3’ end of each primer site could be acceptable for methylation 

analyses of these CGs. 

3- Typically, the last base of the original DNA sequence selected for designing the primers should be C 

(that is followed by G). For example, if the original sequence of the desired location for a forward prime 

is 5’-CCGTATCTACCGAATCTGCACGTGACG-3’, after bisulfite treatment if the DNA is methylated it 

will be converted to TCGTATTTATCGAATTTGTACGTGACG-3’ and if unmethylated to 5’-

TTGTATTTATTGAATTTGTATGTGATG-3’.  Thus, your methylation specific primer sequence would be 

5’-TCGTATTTATCGAATTTGTACGTGAC-3’ and the unmethylated DNA specific primer would be 5’-

TTGTATTTATTGAATTTGTATGTGAT-3’.  If this location is selected for designing the reverse primer 

the methylated primer sequence would be 5’-CGTCACGTACAAATTCGATAAATACG-3’ and the 

unmethylated primer sequence would be 5’-CATCACATACAAATTCAATAAATACA-3’. If you suspect 

that the last C in your targeted sequence is partially methylated (or unmethylated) to emphasize the 

outcome of the PCR for evaluation of the overall metylation status of other Cs located in your primer 

site, you could include 1-2 additional bases in your primer sequences after the last C for PCR 

amplification. In this case, the last base of the forward primer would be G, but for the reverse primer it 

could be any of the bases. As the C before CG could be partially methylated, for the reverse primer it 

would be reasonable to include two bases in the primer sequence after the last C, if indicated.    
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4- In general, the annealing temperature of the unmethylated primers is less than the methylated primers. 

In order to have the U and M primes with a closer annealing temperature, include a few more bases 

from the 5’ end to the U primers.   

5- If you find a regulatory binding site that contain CGs in the promoter region (e.g. TGACGTCA for CRE 

and GGGCGG for SP1 binding site) it would be a good candidate for C residue of the regulatory 

element to be considered as the last base of the primer. 

6- The ideal size of the amplified fragment in MSP is between 100-200 bp (see Note 2)

           

3. 5. PCR conditions for MSP:

 Master mixes are prepared and used in the PCR amplifications. A typical reaction consists of 2.5 µL of 

10X standard PCR buffer, 0.4 µL of 10 µM dNTPs, 1.5 µL of DMSO, 2.5U of platinium Taq DNA polymerase 

(Invitrogen), 25 pmol of each methylated or unmethylated DNA specific primers and ultra pure DNAse, RNAse 

free water in a total volume of 25 µL. Approximately 30 ng bisulfite modified genomic DNA is used as the 

template. PCR amplification is carried out with an initial incubation at 94oC for 2 min, followed by 30 cycles (35 

cycles for genes promoter amplification) of 94oC for 30 Sec, 56-67oC for 40 Sec (for each primer see table 1), 

72oC for 30 Sec, followed by a final extension for 5 min at 72oC.  Twenty µL each of the MSP products are 

separately analyzed on a 6% polyacrylamide gel by electrophoresis, stained with ethidium bromide, and 

visualized under UV light. 

3. 6. Polyacrylamide gel electrophoresis of MSP products:

1- Prepare the apparatus for vertical gel electrophoresis by cleaning the glasses and assembling the parts.

2- Use a 10 ml pipette and load 10 ml of polyacrylamide gel (as made according to Table 2) between the 

glasses, wait a few seconds and let the bubbles to disappear, insert the forks of a 1.5 mm comb into the gel at 

the top (between the glasses) to create 8-10 mm dept wells for loading the PCR reactions (be careful to 

prevent the formation of any bubbles, and remove the bubbles that arise). 
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3- Wait for 5-10 min and let the gel become solidified. Then, remove the combs slowly and assemble plates 

containing the gel in the designed place in the vertical electrophoresis apparatus.

4- Add 800-900 ml 1X TBE buffer into the space in the electrophoresis apparatus up to 5 mm above the upper 

edge of the gel. 

5- Mix 20 µL of the PCR product with 4 µL of loading dye and load the mixture in the wells (usually the U and 

M product of each sample are loaded side by side for an easy comparison).

6- In one of the wells load 1.5 µL of 100 bp DNA ladder for tracking your target fragments and for the 

estimation of the molecular weight of the bands. 

7- Electrophoresis is conducted at 100-120 volts for 30-40 min.

8- Remove the upper glass carefully and cut an angle in the gel for orientation, then transfer the gel to a dish 

containing 100 ml of the running buffer (1XTBE).

9- Add appropriate amount of ethidium bromide solution in the corner of the dish (do not add on the gel).

10- Use a shaker for 5 min to help the ethidium bromide to be equally distributed and penetrated into the gel.

11- Transfer the gel in a UV chamber carefully (as ethidium bromide is carcinogen use two pairs of nitrile 

rubber gloves and be careful to prevent any contamination. Deposit the buffer containing ethidium bromide in a 

special waste bottle).

12- Focus the camera and adjust the exposure time appropriately, print and/or save the picture. 

You are expected to see a picture similar to the Figure 2. 

3. 7. Bisulfite sequencing: 

In general, bisulfite sequencing is a more complicated procedure than the other types of sequencing 

because of the incomplete modification of Cs to Us and due to differences in the frequency of CGs in the 

promoter region of genes. Furthermore, the remnants of the primers from the first PCR may also interfere with 

the sequencing reaction.  To overcome these problems:    

 1- Use 50-100 mM of each primer for the amplification of the promoter region in 25 µL of PCR reaction. 

2- Run 10 µL of the reaction in polyacrylamide gel (6%) to be sure that you have a single product.
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3- Purify the rest of the PCR reaction using PCR purification kits (e.g. Qiagen, Cat# 28004) according to the 

manufacturer instructions.

4- Measure the purified DNA and use 10 ng of DNA with 5 pg of the nested primer for sequencing (follow the 

special instructions for each sequencer). 

You are expected to have a sequence profile such as Figure 3.

3. 8. Clues for designing the bisulfite sequencing primers: 

1- Always design the forward and reverse primers from a CG free region to amplify the promoter region. In 

rare cases, one CG could be included in the primer sequence. However that C could not be the last few 

bases of the primer, and avoid in being the last base.

2-  Design the primers from those sites that contain at least four scattered Cs (that are not followed by G) 

in your primer sequence to prevent amplification of the unmodified DNA.  

3- In addition to these primers, a nested primer from a CG free region should also be designed for the 

sequencing. However, the forward or reverse primer could also be used for the sequencing. 

    3- In general, the ideal fragment size of the amplified promoter region for bisulfite sequencing is 200-300     

         bp.

3.9. SYBR green based qMSP and QM-MSP:

The high level of sensitivity of MSP allows the efficient high throughput examination of DNA methylation 

status of the test samples. Although we have been successful in using the standard MSP procedure, our 

results clearly showed that it could improved by increasing its sensitivity to be able to quantify these alterations 

in minute number of cells located in specific brain cortical layers to make clear correlations to the severity of 

the psychiatric disorders. On these lines, we have established a real time PCR based quantitative MSP using 

SYBR green in our laboratory as described in this chapter (Abdolmaleky and Thiagalingam, unpublished; 

Figure. 4). 
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In this approach bisulfite treated DNA is used as the template and 50-100 nM unmethylated or methylated 

DNA specific primers are used for PCR amplification in separate reactions. For quantification,  ∆∆CT method is 

used and normalized with the CT (cycle threshold) for β-actin gene (43). Alternatively, a fragment of the target 

gene promoter will be amplified using primers designed from a CpG free area as an internal control (see Note 

3). To eliminate any primer dimer that will compromise the accuracy of the results, an additional step in the 

PCR cycles above the melting temperature of the primer dimer or non-specific products could be used (44). 

More recently, we have also succeeded in adapting the SYBR green based quantitative MSP for multiplexing. 

By employing this method, we have successfully determined the methylation status of MB-COMT, MAOA, 

DAT1, DRD1, DRD2, NRG1, RELN and other relevant genes. 

For quantitative multiplex MSP (QM-MSP), first, the promoter regions of several genes will be amplified 

using primes which correspond to the CG free regions (45). Then, 1 µL of the diluted PCR product (30-50 

times) is used as the template in real-time QM-MSP to quantify the methylated and unmethylated template in 

separate reactions using methylation or non-methylation specific primers. The benefits of this method is that: i) 

the instability of bisulfite modified DNA is remedied using an initial round of PCR, ii) non-specific products, 

compromising the accuracy of SYBR green based real-time PCR are eliminated in the second round PCR, iii) 

likelihood of the development of primer dimers are minimized as the first round PCR product  is diluted 50 

times and minimal amount of MSP primers are used in the second round PCR, iv) the amount of the precious 

DNA used in this approach is substantially less than the other methods.    

3. 10. Experimental procedures for performing QM-MSP:

1- Make a PCR master mix as previously described containing excess amount of dNTPs and Taq polymerase 

enzyme. For instance, we found that if multiplexing for amplification of promoters of five genes has to 

performed at the same time, 0.2 µL of 10 µM dNTPs and 1.25 U of Taq DNA polymerase (invitrogen) for each 

gene in the reaction are required. For each gene consider 10 µL of this PCR master mix.
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2- Make 50 µM stock solutions of each of the primers (assuming that 25 nM of the primers are diluted in 500 

µL of ultra pure DNAse, RNAse free water, concentration of the stock primer would be 50 µM). 

3-Mix equal amounts of promoter amplification primers for each of the gene (Table 1), and for the β-Actin gene. 

Use 2/10 µL of the mixed primers for each gene in the reaction (for example, if you are mixing five primer pair 

sets, use 1 µL of the mixed primers for each reaction (approximately, 200 nM of each primer in the PCR 

reaction). 

4- Set the PCR cycles for 2 min at 94oC, 30 Sec at 94oC, 1.5 min at 56oC, 1.5 min at 72oC. Repeat the last 

three cycles 25 times (it is expected that you will see a smear if you run 10 µL of PCR product in the gel). 

5- Dilute this PCR product 30-50 times (see Note 3).

6- Use 1-2 µL of the diluted PCR product as the template for QM-MSP in a 10 or 20 µL reaction.

7- Normalize the CT of unmethylated or methylated product with the CT of β-Actin gene, amplified in separate 

reactions for quantitation (see also Note 4). 

3. 11. Optimizing the primer concentration and other conditions for qMSP and QM-MSP: 

In order to obtain accurate results in qMSP/QM-MSP analyses, the best conditions have to worked out 

to achieve a reliable standard curves during the test trials. This could be achieved with the use of unmethylated 

and methylated templates such as placental DNA and in vitro methylated DNA, respectively and by performing 

bisulfite treatment as described. To find the best condition for each gene, purify the DNA, calculate the 

concentration and copy numbers and dilute the DNA sequentially (e.g. 1, 1/2, 1/4, 1/8, 1/16, 1/32 and 1/64) 

and perform real-time PCR with several dilutions of the primers (e.g. 25, 50, 75 ng each in various 

combinations). For example, you should see the amplification plots as indicated in Figure 4 with 50% (A) or 

25% (B) sequential dilution. These test trials and any other qPCR/QM-MSP experiments needs to done in 

duplicates or triplicates to be sure that the required skills and instruments for equal pipetting are in place or its 

impacts could be minimized by averaging the results of the triplicates. Similar to MSP, for each qMSP or QM-

MSP trials use placental and in vitro methylated DNA as standards and reference templates for unmethylated 
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and methylated DNA, respectively (see references 43, 45, 46 for details of quantitation procedures in qMSP 

and QM-MSP).    

3. 12.  CpG methylation specific immunoprecipitation (CMIP):

Recently, we have also successfully adopted the use of anti-methylated cytosine antibody to precipitate 

methylated DNA to examine suspected candidate genes that are likely to be regulated by altered DNA 

methylation to obtain preliminary results in relatively short time frame before resorting to labor intensive 

methods such as bisulfite modified DNA sequencing and MSP for a number of genes, as indicated in Figure 5. 

This method could also be used as a screening tool to determine whether several likely candidate genes are 

subjected to regulation due to differential DNA methylation changes (34). 

The immunoprecipitation (IP) of methylated DNA fragments is achieved with use of the mouse anti-

methyl-cytidine antibody (Eurogentec or EMD Biosciences). In brief, four µg of isolated genomic DNA from the 

test tissue is sonicated and  evaluated by 2% agarose gel electrophoresis to verify that random genomic DNA 

fragments range from 300-1000bp. Next, DNA is denatured at 95oC for 10min and suspend in 500µl IP buffer 

(10mM sodium phosphate pH 7.0, 140mM NaCl, 0.05% Triton X-100) in ice. Ten µL of mouse anti-methyl-

cytidine antibody (Eurogentec or EMD Biosciences) is added and mixed for 2h at 4oC to IP the methylated 

DNA fragments. The mixture incubated in 30 µl of magnetic Dynabeads with M280 sheep antibody to mouse 

IgG (Dynal Biotech/Invitrogen) over night at 4oC in a shaker. It is washed three times with 700 µL IP buffer 

using the magnet, treated the beads with proteinase K for 3h at 50oC and the DNA is recovered with phenol 

chloroform extraction followed by isopropanol/sodium acetate + glycogen precipitation. Equal amount of 

sonicated DNA without subjecting to immunoprecipitation should be kept (as input DNA) for comparing the 

amount of the precipitated DNA. A neutral antibody is also simultaneously used for precipitation to confirm that 

the technique (and the anti-methyl-cytidine antibody) is specific for methylated cytosine containing DNA 

precipitation. Primers are designed from the original DNA sequence to amplify the desired target gene 

promoter region by quantitative real-time PCR. The CT value of the immunoprecipated DNA (methylated DNA) 

will be compared against CT of the input DNA for relative quantification of the methylated DNA (34).  
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3. 13. Experimental procedures for CMIP:

1. Isolate genomic DNA from tissue/cells using DNeasy tissue kit (Qiagen) or phenol chloroform extraction. 

2- Sonicate 4 µg of genomic DNA (1 or 2 pulses-adjusted to 3.5 power).

3. Run 10 µL of sonicated DNA (from 100 µL of total) in 2% agarose gel to verify that random genomic DNA 

fragments range from 300-1000bp. If indicated, repeat the sonication. 

4. Store half of the remaining sample as input DNA for comparing the degree of the precipitation of DNA, 

achieved in the following steps.      

4. Denature the other half DNA at 95oC for 10min (or by using boiling water).

5. Suspend it immediately in 500 µL IP buffer in ice (10mM sodium phosphate pH 7.0, 140mM NaCl, 0.05% 

Triton X-100).

6. Add 10 µL of mouse anti-methyl-cytidine antibody (Eurogentec or EMD Biosciences) and rotate for 2h at 4oC 

to bind the methylated DNA fragments to the antibody. 

7. Incubate the mixture with 30 µL of magnetic Dynabeads with M280 sheep antibody to mouse IgG (Dynal 

Biotech/Invitrogen) at 4oC rotating over night in a shaker.

8. Wash 3 times with 700 µL IP buffer using the magnet.

9. Treat the beads with proteinase K for 3h at 50oC.

10. Recover the DNA by phenol chloroform extraction followed by isopropanol/sodium acetate + glycogen 

precipitation.

11. Dilute the DNA in 45 µL water (equal to the volume of the input DNA) and measure the concentration of IP 

DNA.

12. Use 1 µL of this DNA for PCR using primers designed to amplify the promoter region of the candidate 

genes and compare it to the PCR product obtained from the input DNA. 

4. Notes:
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1- In some locations the CpGs of placental DNA may be methylated, particularly when the target CpGs are 

located in the coding regions. If you could not eliminate the methylated product with increasing the annealing 

temperature and other evidence (e.g. bisulfite sequencing) indicate that the placental DNA is methylated in the 

target region, the DNA of 5-Azacytidine treated cells in culture could be used as the negative controls for 

methylation.      

2: In general, the size of the amplified target fragment in quantitative PCR (qPCR) needs to be less than 150 

bp. Therefore, during designing of the primers for MSP this issue should to be considered if one plans to use 

the same primers for qMSP or QM-MSP. However, it is likely that positioning and designing of the MSP 

primers may not conform to this limit. If the product size is larger than 150 bp (e.g. RELM M1/U1 or DAT1 in 

our experiments) the accuracy of the qMSP/QM-MSP results should also be examined using serial dilutions of 

a known DNA template in primary test trials.      

3: We designed the primers for the promoter amplification of genes with a low annealing temperature and the 

MSP primers with a higher annealing temperature, so that the remaining promoter amplification primers in the 

reaction will not anneal during QM-MSP and mediate amplification of non-specific products. Additionally, when 

minimum amount of promoter amplification primers are used and PCR products were diluted 30-50 times, the 

remnant of these primers will be minimal in the second reaction. This will also avoid compromising the 

specificity of the PCR product in QM-MSP in our experiments.  Nevertheless, if you have evidence that 

promoter amplification primers have interfering effects, you may dilute the PCR product 100 times (or more if 

necessary), and use less promoter amplification primers in the first round PCR, or purify the first round PCR 

products using appropriate PCR Purification Kits to get rid of the remaining unused primers. 

4: There could a competition for the PCR amplification of specific genes based on the affinity of the 

corresponding primer pairs and availability of the template. We found that the most accurate results could be 

obtained when for each gene a set of nested primers from a CG free region are designed and the CT of the 

amplified fragment in real time PCR is used for normalization (instead of β-Actin).  Alternatively, if the 

annealing temperature of methylated (M) and unmethylated (U) DNA specific primers is the same you may mix 

both U and M primes in the third reaction and use the CT of this reaction for normalization of the U or M 
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product. We had the best results when we mixed 25 nM of the U primers with 12.5 nM of the M primers. In this 

primer concentration unmethylated DNA will be amplified as is amplified in a separate reaction and 

concurrently the methylated DNA is also amplified efficiently with no formation of the primer dimers. If you have 

evidence that the level of methylated DNA of your target gene is higher than the level of unmethylated DNA 

(e.g. DAT1 in our experiment), then use 25 nM of the M primers and 12.5 nM of the U primers in the reaction. 

Note that test trials should be done to quantify the best primer concentrations for each gene.  

 Summary and the future scope: 

In summary, the current chapter was aimed at introducing the methods to the wider scientific 

community to facilitate the extension of the compelling preliminary observations that we and others have made 

towards deciphering the role of DNA methylome in the pathogenesis of SCZ and BD. It is now becoming 

increasingly clear that the major psychiatric disorders are caused by both genetic variations and epigenetic 

alterations in response to the influence of gene-gene and gene-environment interactions. Environmental insults 

that cause epigenetic alterations could be more problematic in individuals who already possess genetic 

susceptibility to a specific disease. Indeed if one already carries a compromised allele, it may not elicit any 

illness until it reaches the diagnostic threshold. On the other hand, epigenetic insults, through alteration in the 

promoter DNA methylation changes of critical genes, could potentially worsen the background hypo/hyper-

activity, causing the individual to reach the disease threshold. The genes such as COMT, MAOA, TH, DAT1, 

DRD1-2, BDNF and RELN were initially selected for our studies because of their involvement in major mental 

disorder psychopathologies based on meta-analyses or based on more frequently reported association studies 

as discussed elsewhere (3, 28). These studies should be extended by the selection of additional genes based 

on pathway analyses and construction of an interconnecting network model for the functionality of the DAergic 

system. The epigenetic data generated from these studies should be pooled to establish an integrated model 

for the pathogenesis resulting from the dysregulation of DA signaling and the functional status of effector 

genes of complex major mental disorders, SCZ and BD. 

We predict  that,  the  consideration  of  the  interactions  between  epigenetic  risk  factors  and  genetic 

susceptibility genes could provide a compressive view of the pathogenesis of these diseases in an integrated 

24



model.  Hopefully,  the data and knowledge provided from such studies could provide the basis  for  further 

research to establish a more extensive interconnecting comprehensive network model that will  incorporate 

several other pathways (e.g.,  N-methyl-D-aspartate (NMDA), Serotonin (5-HT) etc) in addition to the DAergic 

system. 
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  Table 1. Primers for methylation analyses of the target genes (M: Methylated, U: Un-Methylated specific primers)

Genes and primer type                       Forward (5’-3’) Reverse (5’-3’) Ann. Tem.oC
(Fragment size)

β -Actin Promoter amplification TTGGGAGGGTAGTTTAGTTGTGGT CAAAACAAAACACCTTTTACCCTAA 60 (197)
β -Actin nested primers for 2nd 

round amplification in QM-MSP* 

GGTGGGTTTAGATTTAGGTTGTGTA CTACCTACTTTTAAAAATAACAATCAC 60 (125)

MB-COMT Promoter Amplification GGATTTTTGAGTAAGATTAGATT CAATATTCCACCCTAAATCTAAAA 56 (431)
MB-COMT  MSP M*  (Ref. 33) TATTTTGGTTATCGTCGCGC AACGAACGCAAACCGTAACG 56** (142)

MB-COMT  MSP U*  (Ref. 33) TATTTTGGTTATTGTTGTGT AACAAACACAAACCATAACA   56 (142) 

MB-COMT nested primers for 2nd 

round amplification in QM-MSP*

TATTTTTACGAGGATATTT AACAACCCTAACTACCCCAAAAACC 56 (201)

MB-COMT nested primer for 
sequencing 

GATATTTTTAC(T)GAGGATATT   or : 
reverse of MB-COMT promoter amplification 

56

MAOA  Promoter Amplification TAATTGTTTGGTTTTTTTTAAGTGA CTATCTAAACAAAAATAAACTTAAAA 56 (333)
MAOA MSP M* CGTAGATTTCGACGGGTTTTATATGAC GACTAAACCAAACAAAATCGCAAAATCG 60 (92)

MAOA MSP U* TGTAGATTTTGATGGGTTTTATATGAT AACTAAACCAAACAAAATCACAAAATCA 60 (92)
TH Promoter Amplification GGATTTTGGTTGTTTTAGTTTT ACAACCTCTTATAAACTAAACTAAC 56
TH MSP M1 CGAGTTTTTGGTTTTCGTAAGTTC ACAACCTCTTATAAACTAAACTAACG 60 (224)
TH MSP U1 TGAGTTTTTGGTTTTTGTAAGTTT ACAACCTCTTATAAACTAAACTAACA 60 (224)
TH MSP M2* TTACGGACGAGTTTTTTTTTTTGC ACAACCTCTTATAAACTAAACTAACG 58 (150)

TH MSP U2* TTATGGATGAGTTTTTTTTTTTGT ACAACCTCTTATAAACTAAACTAACA 58 (150)
DAT1 Promoter amplification TTAATCGTTAGGGTTTTTTAGGT CAAAACTAACGACTCCCAACTAA 56 (405)
DAT1 MSP M* TAGGCGTATTAGATGTCGGTAAGGC GCTCTAACCAACGAACTCGAAACCCCG 60 (163)

DAT1 MSP U* TAGGTGTATTAGATGTTGGTAAGGT ACTCTAACCAACAAACTCAAAACCCCA 60 (163)
DRD1  Promoter Amplification ATTAGTTTTGGGAGTGTTTTTTTT TCTCTCTCAAAACCCCTAAAACTTA 56 (206)
DRD1 MSP M* GATTTTTTTTTTAAACGTATTTCGGC AAACTTCGCTAAAAACAACGACTCCG 60 (125)

DRD1 MSP U* GATTTTTTTTTTAAATGTATTTTGGT AAACTTCACTAAAAACAACAACTCCA 60 (125)
DRD2 Promoter Amplification GGTTTTTGAGTTTTTAAAGGAGAAGAT ACACTAAAACTAAACAACTCTA 56 (304)
DRD2 MSP M* CGTTTAGGTCGGGGATCGTCG GACGCCCGAACGCGAAAAACGCG 67 (118)

DRD2 MSP U* TGTTTAGGTTGGGGATTGTTG AACACCCAAACACAAAAAACACA 56 (118)
DRD2 nested primer for sequencing GGATTTAGTTTGTAATTATAGT 60
RELN Promoter Amplification GTATTTTTTTAGGAAAATAGGGT CTCCCAAAATTACTTTAAA 56 (506)
RELN MSP M1* CGGGGTTTTGACGTTTTTC CGCCCTCACGAACTCGACG 60 (184)

RELN MSP U1* TATTTTGGTTATTGTTGTGT CACCCTCACAAACTCAACA 60 (184)

RELN MSP M2* CGGGAGGTGTTTTTTGCGGGGTTTTGAC CCGAAAAAACAAAAAAAAACGCCCG 60 (115)

RELN MSP U2* TGGGAGGTGTTTTTTGTGGGGTTTTGAT CCCAAAAAAACAAAAAAAAACACCCA 60 (115)
RELN nested primer for sequencing GTTAAAGGGGTTGGTT  or reverse of 

RELN promoter amplification  
57

BDNF MSP M ATGATAGCGTACGTTAAGGTATCGT AACGAAAAACTCCATTTAATCTCG 60 (154)
BDNF MSP U TATGATAGTGTATGTTAAGGTATTGT CAACAAAAAACTCCATTTAATCTCA 60 (155)
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*These primers are suitable for QM-MSP.  ** Annealing temperature for QM-MSP at 63oC. 

  Table 2. Materials and instruction for making 6% polyacrylamide gel

Material Amount Manufacturer/ Composition

Water 15 ml Distilled water 

Acryl/Bis 
37.5:1 Solution 

3 ml (amresco)   

TBE 10X buffer 2 ml 1- EDTA.Na.2H2O  9.3 g

2- Boric Acid 55 g

3- TRIS 108 g

Solve in water in a final volume of 1 litter for a 
10X buffer (ph 8.3) and store at room 
temperature

APS 10% 0.3 ml Ammunium peroxidisulfate prepare 10% 
solution in water, weight/Volume (e.g. 5 g per 
50 ml of water) and store at 4oC

TEMED 30 µL (add at the last) Tetramethyl-ethylenediamine (Invitrogen, 
Cat# 15524-0100). Store at 4oC

Mix by inverting, or 
vortex briefly and use 
immediately 
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Interaction of genes involved in the functions of brain DAergic system

Figure 1: Neuronal factors and receptors affected in SCZ and BD.

DAergic neurons release DA that is involved in several brain activities, including attention, executive 

memory, desire, hedonic activities and natural rewards mediated by a network of cell signaling events. Most of 

these effects are likely to be downstream of D1 and D2 like receptors.  Some of these effects could be 

mediated by c-AMP acting on the CRE regulatory region in the DA responsive promoters of effector genes e.g. 

BDNF and RELN. Our preliminary results support that COMT over-activity (due to its promoter 

hypomethylation associated overexpression or the hyperactive polymorphic Valine allele at the Val158Met 

polymorphism) could lead to rapid DA degradation leading to DA deficiency in the synaptic cleft. A similar 

scenario could be caused by rapid DA degradation by MAOA or aberrant reuptake of DA by DAT1. 

Subsequently, under-stimulation of the D1 and D2 receptors due to DA deficiency could impair the DA 

signaling events and end effects. These events may also influence primary or secondary promoter methylation 

of BDNF and RELN leading to hypo-expression of these genes affecting neuronal outgrowth, positioning and 

other functions. 
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MSP Analysis of genes promoter region 

Figure 2: Representative Examples of the MSP Analyses for genes promoter region.  Lanes U and M 

indicate the presence of unmethylated and methylated template, respectively. Placental DNA (PDNA) and in 

vitro methylated DNA (IMD) served as negative and positive controls, respectively. Water (H) was used to 

detect contamination. Samples 1, 3, 4 and 7 indicate the presence of a methylated promoter DNA with 

various degree of methylation and samples 2, 5 and 6 represent an unmethylated promoter. 
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Bisulfite Sequencing of an Unmethylated and Methylated Template 

Figure 3: Representative Examples of the DNA Methylation Analyses of MB-COMT by Bisulfite 

Sequencing.  Bisulfite treatment converts the unmethylated cytosines to uracil while methylated cytosines 

remain unchanged. A: Sequencing of the first exon of MB-COMT in a sample with unmetylated template 

correlates with conversion of cytosines (C) to thymine (T) in the DNA sequence corresponding to CpGs. 

B: The cytosines exhibiting methylation (arrows directing M) contained sequence traces for Cs. This sequence 

trace exhibit cytosine methylation at several CpGs (which include two SP1 binding sites), indicating that the 

template is mostly methylated. However two cytosines are totally unmethylated (U) in this fragment and a small 

T signal in addition to C is seen in the last C indicating that the tissue contains some cells with an 

unmethylated cytosine in that location (partially unmethylated). The original DNA sequence is indicated at the 

top. The bolded Cs indicated in the CpG sequences are targets for methylation. Then an unmethylated and a 

predominantly methylated sequence are indicated in the middle and bottom, respectively.  The color codes for 

the nucleotides are as follows: red: Thymine; green: Adenine; black: Guanine; and blue: Cytosine.
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Setting up the Conditions for Accurate qMSP and QM-MSP

Figure 4: Establishment of the quantitative MSP analytical procedure.

The ABI PRISM 7900 HT Sequence Detector system was used to perform real time PCR using MSP primers 

and bisulfite modified template DNA. Upper panel: Setting-up of the conditions to obtain the standard curves 

with 50% (A) or 25% (B) sequential dilution of the template. Lower panel: The amplification curves as indicated 

in left represent β-actin, unmethylated and methylated MSP products, respectively, for RELN (C). Amplification 

curves were compared at the set threshold before 40 cycles. Amplification curves from various samples are 

shown in the lower panel right (D).
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Immunoprecipitation of Methylated DNA

Figure 5: CpG methylation specific immunoprecipitation (CMIP) of DNA fragments. 

We used anti-5-methylcytidine monoclonal antibody (EMD Biosciences) or control mouse IgG for CMIP. The 

validation of the immunoprecipitation technique was carried out by MSP analysis of the predicted methylated 

MAOA gene as shown in the Figure A. We captured methylated promoter regions using CMIP and evaluated 

the presence of MAOA in the immunoprecipitated DNA using primers specific for PCR amplification of the 

promoter region of the gene. In lanes 1and 3 the control mouse IgG showed that the DNA could not be 

precipitated.  Lane 5 indicates that unmethylated MAOA promoter DNA (revealed by MSP) is not precipitated 

by antibody against methylated DNA. However, methylated DNA is precipitated by the same antibody as 

indicated in lane 7. Lane 2, 4, 6 and 8 shows the presence of input DNA before IP, as control. B. The original  

DNA used for CIMP was analyzed by conventional MSP. As it could be predicted only the DNA template that 

contained methylated MAOA gave positive signal for promoter methylation of MAOA (sample S2) and not the 

sample which lacked methylated MAOA (S1).
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