
Correlation between DNA methylation and gene expression in 
the brains of patients with bipolar disorder and schizophrenia

Chao Chena, Chunling Zhangb, Lijun Chengc, James L Reillyd, Jeffrey R Bishope,f, John A 
Sweeneyg, Hua-yun Chenf, Elliot S Gershonh, and Chunyu Liua,f,i

aThe State Key Laboratory of Medical Genetics, Central South University, Changsha, Hunan, 
China

bCenter for Research Informatics, The University of Chicago, Chicago, IL

cDepartment of Neurology, Northwestern University, Chicago, IL

dDepartment of Psychiatry, Northwestern University, Chicago, IL

eDepartment of Pharmacy Practice, University of Illinois at Chicago, Chicago, IL

fInstitute of Human Genetics, University of Illinois at Chicago, Chicago, IL

gDepartment of Psychiatry, University of Texas Southwestern, Dallas, TX

hDepartment of Psychiatry and Behavioral Neuroscience, The University of Chicago, Chicago, IL, 
USA

iDepartment of Psychiatry, University of Illinois at Chicago, Chicago, IL, USA

Abstract

Objectives—Aberrant DNA methylation and gene expression have been reported in postmortem 

brain tissues of psychotic patients, but until now there has been no systematic evaluation of 

synergistic changes in methylation and expression on a genome-wide scale from brain tissue.

Methods—In this study, genome-wide methylation and expression analysis were performed on 

cerebellum samples from 39 patients with schizophrenia, 36 patients with bipolar disorder, and 43 

unaffected controls, to screen for the correlation in gene expression and CpG methylation.

Results—Out of 71,753 CpG Gene Pairs (CGPs) tested across the genome, 204 were found to 

significantly correlate with gene expression after correction for multiple testing [p < 0.05, false 

discovery rate (FDR) q < 0.05]. The correlated CGPs were tested for disease-associated expression 

and methylation by comparing psychotic patients with bipolar disorder and schizophrenia to 

healthy controls. Four of the identified CGPs were found to significantly correlate with the 

differential expression and methylation of the PIK3R1, BTN3A3, NHLH1, and SLC16A7 in 

psychotic patients (p < 0.05, FDR q < 0.2). Additional expression and methylation datasets were 
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used to validate the relationship between DNA methylation, gene expression, and neuropsychiatric 

diseases.

Conclusions—These results suggest that the identified differentially expressed genes with an 

aberrant methylation pattern can represent novel candidate factors in the etiology and pathology of 

neuropsychiatric disorders.
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DNA methylation is an epigenetic modification that regulates gene expression in response to 

environmental stimuli (1). DNA methylation play a role in the etiology of illnesses such as 

schizophrenia and bipolar disorder (referred to here as psychosis). Brain studies using 

methylation-specific polymerase chain reaction (PCR), bisulfite sequencing, or DNA 

methylation array reported different DNA methylation levels between psychosis and 

controls (2-5).

Abnormal methylation can result in aberrant gene expression and is thought to contribute to 

the susceptibility to and pathology of psychiatric disorders (1, 6, 7). Over the past decade, 

abnormal DNA methylation and gene expression have been reported in the brain of patients 

with psychosis (2, 8, 9). For example, reelin (RELN) plays important roles in brain 

development and maintenance of synaptic function, and its expression is nearly half down-

regulated in psychosis (10, 11). Using postmortem brain samples, two groups have found 

hypomethylated CpG sites in RELN promoter region in patients with schizophrenia rather 

than in controls (12, 13). Another study from Tamura et al.'s group (14) observed inverse 

correlation between DNA methylation and RELN expression (i.e., increased methylation 

correlated with decreased expression), as well as that the level of DNA methylation is 

correlated with age in normal controls, but no significant correlation in patients with 

schizophrenia or bipolar disorder. All of those findings confirm RELN's expression is 

regulated by DNA methylation, and methylation aberration of RELN may be a risk factor in 

psychiatric disorders.

Correlations between DNA hypermethylation and differential expression of other candidate 

genes in neuropsychiatric disorders have also been investigated, including dopamine 

receptor (DRD2, DRD4, DRD5) (15), sex-determining region Y-box containing gene 10 

(SOX10) (3), membrane-boundcatechol-O-methyltransferase (MB-COMT) (16), serotonin 

transporter (17), glutamate metabotropic receptor (18). Those studies imply that DNA 

methylation may induce lasting and stable changes in gene expression, and consequently, 

may confer susceptibility to bipolar and schizophrenia. However, to date, there have been no 

genome-wide studies of the association between DNA methylation and gene expression in 

the brain to comprehensively identify the functional methylation sites and their 

corresponding regulatory target genes, and further evaluate their synergic contribution to the 

development of psychotic disorders.
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Recent evidence also suggests that the cerebellum plays important roles in psychotic 

diseases (19, 20). Schmitt et al. (21) observed altered expression of NMDA receptor 

subunits in the cerebellum of patients with schizophrenia, and Smolin et al. (22) found 

aberrant expression patterns of genes encoding neuronal ion-channel subunits in the 

cerebellum in several psychiatric disorders. Our recent whole-genome expression study also 

detected an expression module in the cerebellum associated with schizophrenia and bipolar 

disorder (23). Those findings suggest the existence of novel biomarkers for neuropsychiatric 

conditions in the cerebellum, indicating its potential significant role in the susceptibility to 

mental disorders, perhaps through robust projections to multiple neocortical regions. It is 

also possible that gene expression profiles in the cerebellum are shared with other brain 

regions directly relevant to neuropsychiatric conditions (19, 23). In either case, the 

cerebellum may serve as a target brain region in the discovery of biomarkers for psychiatric 

diseases.

In this study, using cerebellum brain samples we aimed to identify candidate genes with 

differential methylation and expression patterns in psychotic patients. We did not observe 

generalized differences between CpG methylation in the brains of patients versus normal 

controls, when applying strict statistical criteria. We then tested whether disease-associated 

changes in CpG methylation were present when methylation levels were correlated with the 

expression of the corresponding genes. With this in mind, we narrowed our search to 

correlated changes in DNA methylation and gene expression profiles by considering any 

CpGs located in cis regions of each gene, that is, the CpG Gene Pairs (CGPs). Next, we 

analyzed the identified gene with cis-positioned CpGs for differential expression in 

psychotic patients versus normal controls. Finally, the genes with a correlated CpGs and 

differential expression were examined for differential methylation in psychotic patients. The 

correlations between differential expression, methylation, and neuropsychiatric conditions 

were further tested in independent datasets.

Materials and methods

Discovery data collection

Data collection—Brain cerebellum tissue was obtained from the Stanley Medical 

Research Institute (SMRI) Neuropathology Consortium and Array collection. The 

cerebellum samples are from the lateral aspect of the posterior lobe (24). After removal of 

non-European and replicated samples, and quality evaluation of DNA samples and arrays, 

we had 119 expression arrays and 138 methylation arrays left for differentiation test. The 

overlapped 118 samples between gene expression and methylation datasets were tested for 

correlation. Detailed sample characteristics including patients' age and gender, postmortem 

interval (PMI), and brain pH are provided in Supplementary Table 1.

Genomic DNA was extracted from frozen cerebellar tissues provided by the SMRI. A 

phenol/chloroform/isoamyl alcohol protocol was modified and followed. The DNA was 

resuspended in 0.1 mM EDTA TE buffer. Genomic DNA was evaluated by NanoDrop 

ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) for 

concentration and by 1% agarose gel to validate the DNA integrity. All chromosomes, 

including sex chromosomes, were included in all analysis.
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Methylation assays—DNA methylation was profiled at the Genomics Core Facility of 

Northwestern University (Chicago, IL, USA) with Illumina Infinium HumanMethylation27 

BeadChips (Illumina Inc., San Diego, CA, USA) (25). We removed CpG probes as follows: 

without annotation information, containing common single nucleotide polymorphisms 

(SNPs), low call rates across samples, or cross-hybridization in the genome. We used 

ComBat to adjust for batch effects (26, 27). We designed 15 replicate samples in this 

experiment, and the correlation coefficients of replicate pairs were larger than 0.99. Before 

analysis, we removed non-European samples, and randomly deleted one sample from 

replicate pairs. In total, 20,769 CpG probes and 138 samples were selected for further 

analysis. Beta value (ß) was used to measure methylation level.

Gene expression—RNA was extracted from the cerebellum cortex using the RNeasy 

Mini kit (Qiagen, Valencia, CA, USA). Affymetrix HuGene 1.0 ST array was used for 

expression profiling at the NIH Neuroscience Microarray Consortium facility at Yale 

University. We used RMA (robust multi-array average) to summarize data, and then 

removed non-expressed probes, deleted non-annotated and common-SNP-containing probes. 

In addition, we removed probes which were called as ‘absent’ in more than 20% of the 

samples (23). Batch effects were also adjusted by ComBat (26, 27). In total, 19,984 probes 

and 119 samples were left for further analysis.

Validation data collection

We used different cohorts to validate the results from discovery dataset (Table 1, Fig. 1).

Validation data for the correlation test between methylation and expression were 

downloaded from Gene Expression Omnibus (GEO) database (GSE15745), and generated in 

the laboratory of Dr. Andrew Singleton. All samples were brain cerebellar tissues collected 

from non-psychiatric individuals and were profiled for genome-wide DNA methylation and 

mRNA expression. Demographic information and methodology of brain tissue preparation, 

RNA extraction, and microarray hybridization were described previously (7). Instead of only 

testing CpGs in gene promoter region in Singleton's study, our screening strategy allowed us 

to examine correlation pairs in which the CpG was located in the promoter, gene body and 

3′UTR (see our screen method in Data analysis).

Validation data for the correlation test between gene expression and the disease were 

obtained from the Victorian Brain Bank Network (VBBN). Data contained expression 

profiles of the prefrontal cortex (Brodmann Area 46) collected from 30 patients with 

schizophrenia and 29 age- and gender-matched controls. Detailed demographic information, 

brain tissue preparation, RNA extraction, and microarray experiments were described before 

(28).

We validated the correlation between DNA methylation and disease by using Wockner's 

results directly (29). They performed genome-wide DNA methylation analysis on frontal 

cortex postmortem brain tissue from patients with schizophrenia (n = 24) and normal 

controls (n = 24). Tissues were obtained from Human Brain and Spinal Fluid Resource 

Centre [(HBSFRC), brainbank.ucla.edu]. Detailed information about DNA extraction, 
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Illumina Infinium BeadChip experiment, data processing and differential methylation 

detection were provided in (29).

Data analysis

Screen possible CGPs—We first used perl script to screen all possible cis methylation 

and expression pairs, where cis was defined as CpG sites located within 50kb upstream or 

downstream of the corresponding genes (30, 31). Any CpGs mapped in the cis region of the 

gene will be assigned as one CGP. Thus, one gene can possibly be paired with multiple CpG 

sites (Fig. 2A). Similarly, one CpG site can possibly be paired with multiple genes (Fig. 2B).

Methylation and gene expression correlation analysis—We used the overlapped 

samples from both expression and methylation experiment to perform correlation tests. All 

data were quantile normalized before correlation testing. Overall, 118 samples, including 39 

schizophrenia, 36 bipolar disorder, and 43 controls, were used to detect the significant 

correlations. The correlation test statistic is based on Pearson's correlation coefficient 

between DNA methylation beta values and gene expression values. The multiple testing 

correction of correlation p-values was performed using the Partek Genomics Suite (32). 

Similar statistical tests were performed for the validation datasets. While SMRI samples 

were profiled for mRNA expression using Affymetrix HG 1.0 ST array and the validation 

datasets were analyzed using IlluminaHumanRef-8 v2.0 expression beadchip, only the 

correlation pairs identified in both assays were considered in the calculation for the 

replication analysis.

Differential gene expression between patients and unaffected controls—A 

multiple linear regression algorithm was used for each transcript to remove potentially 

confounding effects. We used age, gender, brain pH, and PMI as covariates. For multiple 

testing corrections, the p-values for differential expression were adjusted based on 204 

correlated CGPs. For expression in the validation datasets, we used nominal p-values 

without further correction.

Differential DNA methylation between patients and unaffected controls—A 

multiple linear regression algorithm was used for each methylation probe to remove 

potentially confounding effects. We used age, gender, brain pH, and PMI as covariates. For 

multiple testing corrections, the p-values for methylation were adjusted based on 20 

differentially expressed genes from correlated CGPs (the result from the analysis in 

Differential gene expression between patients and unaffected controls). For methylation in 

the validation datasets, we used nominal p-values without further correction.

The flow chart of study design is shown in Figure 1.

Results

Differentially expressed transcripts and differentially methylated CpGs

The SMRI postmortem brain bank provided cerebellum samples from schizophrenia, bipolar 

disorder patients and normal controls (24). Details of sample information after quality 

control are provided in Supplementary Table 1. Each sample was examined for genome-
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wide DNA methylation at more than 27,000 CpG sites and for the expression of more than 

30,000 mRNAs (23, 33).

We first tested differential expression between patients with schizophrenia (n = 39) and 

controls (n = 43), and between patients with bipolar disorder (n = 36) and controls. For 

schizophrenia, after adjusting for age, gender, brain pH, and PMI, we found that 4,711 out of 

25,811 transcripts showed differences between patients with schizophrenia and controls, 

with nominal p-values < 0.05. And 874 transcripts were confirmed to be significant after 

multiple testing corrections [false discovery rate (FDR) q-value < 0.05]. For bipolar 

disorder, we found that 4,390 out of 25,811 transcripts showed differences between patients 

(n = 36) and controls, with nominal p-values < 0.05. And 612 transcripts were confirmed to 

be significant after multiple testing corrections (FDR q-value < 0.05).

Because of the strong genetic correlation between schizophrenia and bipolar disorder (34), 

we also examined the difference in gene expression between patients diagnosed with the 

combined two conditions and normal controls. After adjusting for age, gender, brain pH, and 

PMI, we found that 3,392 out of 25,811 transcripts showed differences between groups with 

nominal correlation p-values < 0.05. After multiple testing corrections, differential 

expression of 244 transcripts was confirmed to be significant, with FDR q-value < 0.05. 

Genes involved in synaptic function were significantly over-presented [p = 2.0E-5, FDR q = 

2.7E-2; DAVID functional annotation tool (35)].

The same cohorts were tested for CpG methylation. After adjusting for age, gender, brain 

pH, and PMI, we found that 488 out of 20,769 CpGs showed differences between patients 

with schizophrenia and controls, with nominal p-values < 0.05. And 828 out of 20,769 CpGs 

showed methylation differences between patients with bipolar disorder and controls. In a 

combined data set, 1,609 out of 20,769 CpGs showed differential methylation comparing the 

combined two conditions and normal controls with a nominal p-value < 0.05. However, 

none of CpG sites tested from these three groups is significantly different by FDR (q-value 

was < 0.05).

Correlation between CpG methylation and gene expression

Next, we analyzed correlated changes of DNA methylation and gene expression. For this, 

we generated a list of CGPs located in the cis region of each gene using GENCODE data for 

gene annotation (http://www.gencodegenes.org/). The longest transcript was used if the gene 

had multiple splicing isoforms. A cis region was defined as the region within 50kb upstream 

of the gene transcription start site (TSS) and 50kb downstream of the transcription end site 

(TES).

In total, 71,753 of all possible CGPs were detected based on 20,769 CpGs and 25,811 

transcripts (Fig. 2; detailed descriptions in Methods). We used 118 SMRI samples that 

passed quality control and were overlapped in expression and methylation array for the 

downstream correlation analysis. Overall, 204 CGPs showed significant correlation after the 

correction for multiple testing (FDR q < 0.05). Among these, 143 pairs (70.1%) were 

located within 10 kb upstream or downstream of the TSSs, indicating that the expression-

correlated CpG sites were enriched in the 10 kb cis regions. Although CpG methylation is 
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traditionally considered to be associated with gene repression, 46 CpG sites among the 204 

differentially methylated CGPs showed a strong positive correlation with gene expression, 

i.e., increased methylation correlated with increased expression (Supplementary Fig. S1). 

Most of the differentially methylated CpG sites (117) were located inside CpG islands, 

while 87 CpG sites were found outside of such islands.

Association of differentially methylated CGPs with gene expression differences between 
psychotic patients and controls

We narrowed our targets to the set of 204 significantly correlated expression-methylation 

CGPs, and analyzed for the differential expression for affection status. Unlike 3,392 out of 

25,811 transcripts showed differences using the whole data set, we detected 20 genes that 

exhibited a significant expression difference between controls and patients with a 

combination of schizophrenia and bipolar disorder, using this 204 CGPs as background (p < 

0.05, q < 0.2). These 20 genes were further evaluated for methylation status in the CpG 

sites; among them, four genes' corresponding CpGs showed significant methylation 

differences between patients and controls (p < 0.05, q < 0.2) (Table 2), and all of them had 

previously been reported to be related with neuronal development.

Phosphoinositide-3-kinase, regulatory subunit 1 (PIK3R1) has been reported to 

mediateneuregulin1-induced cell survival and to be involved in neurotransmission and 

neurodevelopment (36, 37). The association of the PIK3R1 gene with neuropsychiatric 

disorders has been indicated by aberrant PIK3R1expression in the superior temporal gyrus in 

patients with schizophrenia (38); in addition, the inhibition of PI3K activity has been 

suggested as a therapeutic strategy for schizophrenia based on a mouse model of psychosis 

(39). Butyrophilin, subfamily 3, member A3 (BTN3A3), located on chromosome 6p21, is 

among the strongest gene candidates associated with genetic polymorphisms in Major 

Histocompatibility Complex (MHC) regions of patients with schizophrenia (40, 41). 

NHLH1, encoding nescient helix-loop-helix 1protein, has been shown to be expressed in the 

developing central nervous system (42). Solute carrier family 16, member 7 

(monocarboxylic acid transporter 2), encoded by SLC16A7, is involved in shuttling lactate 

between different cells in brain, and played essential role in synaptic plasticity (43).

Validation of the correlation between DNA methylation and gene expression

To validate the correlation of the selected CGPs with gene expression, we analyzed an 

independent group of normal cerebellum brain tissues (validation dataset) previously 

characterized for both gene expression and methylation in the laboratory of A. B. Singleton 

(7). The analysis was based on 106 samples from non-psychiatric individuals.

After quality control, 47,332 CGPs were selected from this validation dataset. Out of the 204 

differentially methylated CGPs selected by the analysis of SMRI samples (discovery 

dataset), 110 could be tested against the validation dataset (the others were excluded from 

analysis or filtered out during quality control). Among the tested CGPs, 68 (61.8%) were 

validated (overlapping test, hypergeometric p < 0.0001). Three out of four previously 

detected disease-linked CGPs (75%) showing correlation with BTN3A3, NHLH1, and 

SLC16A7 expression were also confirmed for significant association with psychosis in the 
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validation dataset. The expression of PIK3R1 did not show significant correlation with the 

methylation in the corresponding CpG site (cg15021292), but the correlation trend was 

similar to that detected in the discovery dataset (Table 2).

Validation of differential expression

To validate the difference in gene expression, we used an additional expression dataset from 

the VBBN comprising samples collected from the prefrontal cortex of 30 patients with 

schizophrenia and 29 normal controls.

We found that BTN3A3 and PIK3R1 showed marginal differential expression (with p-values 

of 0.08 and 0.18, respectively), whereas SLC16A7 levels did not differ between patients and 

healthy controls (p = 0.90) (Table 2). The data for NHLH1 was not available in the VBBN 

dataset.

Validation of differential methylation

To validate the difference in DNA methylation between psychotic patients and healthy 

individuals, we used published results from an Australian group (29). This group compared 

methylation differences between patients with schizophrenia (n = 24) and non-psychiatric 

controls (n = 24) on genome-wide scale. They used frontal cortex tissues provided by 

HBSFRC, and methylation levels were assessed using Illumina Infinium 

HumanMethylation450 Bead Chip, which covers over 485,000 CpG sites.

In this sample set, cg15021292 (correlated with PIK3R1) showed a significantly differential 

methylation in psychotic patients (p = 1.3E-05, FDR q-value = 0.006), whereas the p-values 

of the other three sites were not provided in Wockner's study (Table 2).

Discussion

Based on the results of this study, we propose a new approach to identify functional DNA 

methylation-gene expression pairs that could be involved in the etiology or pathology of 

neuropsychiatric disorders. In our investigation, we focused on correlated variation in 

methylation and gene expression pairs over the whole genome, and narrowed our targets on 

correlated pairs to screen for functionality of the methylated sites.

Our study provided novel candidates for the investigation of neuropsychiatric diseases. Four 

genes showed correlated differential expression and methylation patterns in the brains of 

psychotic patients. Among them, PIK3R1 was the only gene previously reported as a 

candidate biological marker for schizophrenia (38, 39, 44), and our analysis suggests that 

PIK3R1 expression may be functionally regulated by methylation. BTN3A3, known to be 

involved in adaptive immune responses, is located in the MHC region that was linked to 

schizophrenia in previous genome-wide association studies (40, 41). However, the MHC 

region contains multiple genes, and it is difficult to distinguish their individual contribution 

to the disease. Our study provides a new, simplified approach to examine the functional 

involvement of the MHC-located genes in psychiatric disorders. Another gene identified in 

our analysis, NHLH1, was observed to be expressed in the developing nervous system (42, 

45).
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We also identified one novel target, SLC16A7, which has not been directly reported in 

psychotic diseases. However, SLC16A7 is translated to protein monocarboxylate transporters 

2 (MCT2), which transports the glycolytic product of glucose metabolism, lactate, into and 

out of neuron cells (43). And the reduce uptake of glucose was reported to produce chronic 

cognitive difficulties, perpetuate acute symptoms, which may help us to understand in 

understanding the imaging, postmortem, and pharmacological findings in schizophrenia 

(46). Moreover, inadequate glucose transport will lead to relative intracellular 

hypoglycaemia, which will produce acute symptoms, for example disorientation, 

misperceptions, misinterpretations, anxiety and irritability. Those are the clinical features of 

prodromal and first-onset schizophrenia (43).

Our study afforded a good opportunity to assess the previous gene expression-methylation 

correlation results. For example, in our result, COMT expression is inversely correlated with 

cg15926585 in promoter region (r = -0.16, p = 0.014), which is 818 bp upstream of the TSS; 

RELN expression is inversely correlated with methylation site cg10007262, and the CpG site 

locates at 1256 bp downstream of the TSS; OPRM1 expression is inversely correlated with 

methylation site cg14262937 in promoter region 92 bp upstream of the TSS (r = -0.33, p = 

2.98e-4); glutamate/neutral amino acid transporter, SLC1A4 expression is inversely 

correlated with cg07715387 (r = -0.26, p = 9.67e-4), which locates 144 bp downstream of 

the TSS. Other reported genes' correlation results were summarized in Table 3. In general, 

we found that genes indicated earlier were all significantly correlated with at least one CpG 

site, which proved that our correlation testing result is solid and reproducible.

However, we also acknowledge that the detected signals were relatively modest to consider 

for a strong association with the disease, although the correlation between methylation and 

gene expression was highly significant and replicated throughout the datasets. This 

observation suggests that the contribution of epigenetic regulatory mechanisms to 

psychiatric disease may have weak effects, as is the situation with the genetic factors. A 

larger group of high-quality samples are required for obtaining more conclusive results. 

Another limitation of our study is most of the patients received antipsychotic treatment, 

which has been shown to influence DNA methylation (47) and, thus, may be a significant 

confounding factor. Given that postmortem brains from drug-naïve patients are almost 

impossible to obtain, future studies should adjust for antipsychotic medications.

To the best of our knowledge, this is the first study on the functional correlation between 

DNA methylation and gene expression profiles in psychotic disorders. Our results indicate 

that the major benefit of such a combinatorial approach is that it considers mechanistic links 

between epigenetic variations and gene transcription and, thus, may provide greater 

statistical power while using fewer evaluations. By considering functional links between 

methylation status and gene expression, this method filters out non-synergistic variations 

and is, therefore, potentially less likely to produce false positive results.

In conclusion, we used expression-methylation correlation as a filter to enhance the 

detection of genes associated with psychotic diseases. We reduced the number of tests for 

multiple correction by focusing only on expression-correlated CGPs, and then on disease-

associated CGPs. Finally, we detected genes previously shown to be involved in 
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neurotransmission, neurodevelopment, and adaptive immune responses, suggesting a 

possibility that these genes also contribute to pathogenic mechanisms in psychotic diseases 

and may be candidates for further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow chart of the experimental design. SMRI = Stanley Medical Research Institute; VBBN 

= Victorian Brain Bank Network; HBSFRC = Human Brain and Spinal Fluid Resource 

Centre.
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Fig. 2. 
The schema illustrated the strategy to seek all possible CpG Gene Pairs (CGPs). Any CpGs 

located from upstream 50kb of transcription start site to downstream 50kb of transcription 

end site of corresponding gene will be assigned as one CGP. (A) Multiple CpGs paired with 

one gene: me1-Gene A, me2-Gene A, me3-Gene A. (B) Multiple genes paired with one 

CpG: me4-Gene B, me4-Gene C.
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