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Central dogma of genetics 
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DNA: blue-print is not sufficient 

Genetically identical twins: 

Same DNA – yet different 

susceptibility for disease 

(Shizophrenia, cardiovascular 

disease, cancer) 

Cell diversity 

Genetically identical mice: 

Same DNA – yet different 

development 

(obesity, skin color) 

Cell diversity: 

Same DNA – yet different cell 

(skin, muscle, etc.) 
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Central dogma of genetics 

Problem: DNA is not naked 

(freely accessible)  



DNA double helix 

 

Compaction: 

2 meters of DNA  

in nucleus 

 

 

DNA packing  

 chromatin 

 

 

 

 

 

 

DNA not freely  

accessible 
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Epigenetics  packing & unpacking of genes 

Active DNA Inactive DNA 



SEURAT-1 Summer School, 8th June 2014 

“Upon” the genes = “Epi” genetics 

Epigenetics: Reversible, heritable changes in gene      

 function without a change in DNA sequence 

Hardware  
of life 

Genetics 

Software  
 Determines “behavior”  

of hardware 

 Can be rewritten 

Epigenetics 
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What are the most common epigenetic modification? 

DNA 

methylation 

Histone 

modification 

 

Non-coding 

RNAs 

 

Gene 

expression 

regulation 
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DNA methylation 

 Location: carbon-5 position of cytosine residues  Cytosine 

preceding a Guanine 

 Mainly in the context of CpG dinucleotides (p  phosphodiester 

bond) 

 50% of all genes contain CpG-rich stretches of DNA in the 

promoter region: CpG islands 
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DNA methylation 

Folic acid:  

important methyl donor in our diet 

DNA methyltransferases: 

 DNMT1:  remains the existing methylation  

  pattern following DNA replication 

 DNMT3A and DNMT3B: the novo enzymes that 

  target previously unmethylated CpGs 



DNA methylation: physiological roles 

Gene silencing 

Examples: 

1) Before fertilization 

 Genomic imprinting 

 

2) During early embryonic development 

 X-chromosome inactivation 

 

3) Stem cell differentiation 

 Tissue specific gene expression 



SEURAT-1 Summer School, 8th June 2014 

DNA methylation: pathophysiological roles 

Spina Bifida Obesity 
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DNA methylation: pathophysiological roles 



Arsenic 

  Grey arsenic;  

  Present in minerals and in native 

 state; 

  Agricultural use; 

  Food additive; 

  Medical use; 

  Exposure:  

 oral (drinking water) 

 & inhalation.  
Sarkar et al. 2007 

Example: Compound induced DNA methylation changes 



Arsenic 

  Toxic metalloid;  

  Group I carcinogen (IARC):  associated 

 with lung, bladder, liver, and 

 nonmelanoma skin cancers; 

  other diseases like skin lesions,  vascular 

 diseases, reproductive  toxicity, 

 neurological effects.  



Arsenic: proposed mechanisms for 

tumorigenesis  : 

  oxidative stress;  

  co-carcinogenesis with other environmental toxicants; 

  genotoxic damage and chromosomal abnormalities  

 (micronuclei, chromosomal instability);  

 No induction of point mutations! 

 Indirect effect on DNA?  epigenetic modifications?  

 As  epigenetic carcinogen? 
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Arsenic: induction of hypo- and hypermethylation 

Ren et al. Environ 

Health Perspect 

119:11–19 (2011) 
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What are the most common epigenetic modification? 

DNA 

methylation 

Histone 

modification 

 

Non-coding 

RNAs 

 

Gene 

expression 

regulation 



SEURAT-1 Summer School, 8th June 2014 

Histone modifications: “histone code” 

 Chemical modification of tails 

 Chromatin is built up out of 

nucleosomes 

 A nucleosome consist of histone 

octamer + DNA 

 A histone octamer contains 2 

copies of each of the histones:  

 H2A, H2B, H3 and H4 

 Histones have a histone tail that 

protrudes from the nucleosomes 

 The histone tail is frequently post-

translationally modified 

 Histone modifications include 

acetylation, methylation, 

phophorylation and ubiquitination 
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Histone modifications 

 Histone (de)acetylation 
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Example: Compound induced histone acetylation changes 

Valproic acid: 

 Clinical use as an anticonvulsant and mood-stabilizing drug 

 Side effects: liver damage in patients 

Epigenetic effect: 

 inhibits the enzyme histone deacetylase 1, thereby inducing  

histone hyperacetylation 

 stimulates active demethylation in a replication  independent  

manner by increasing accessibility of demethylase enzyme  
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Epigenetics  packing & unpacking of 

genes: interplay between DM and HA 
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What are the most common epigenetic modification? 

DNA 

methylation 

Histone 

modification 

 

Non-coding 

RNAs 

 

Gene 

expression 

regulation 
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Non-coding RNA’s: microRNA’s 

 Long non coding RNAs: microRNa: 22 nucleotides long 

 Single stranded 

 Functions in transcriptional and post-transcriptional regulation of gene expression 

 Encoded by eukaryotic nuclear DNA 

 miRNAs function via base-pairing with 

complementary sequences within 

mRNA molecules, usually resulting in 

gene silencing via translational 

repression or target degradation. 

 The human genome may encode 

over 1000 miRNAs, which may target 

about 60% of mammalian genes 

 Abundant in many human cell types 

 Different sets of expressed miRNAs 

are found in different cell types and 

tissues 
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microRNA’s: physiological roles 
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microRNA’s: Toxicological roles 
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microRNA’s: Toxicological roles 



DETECTIVE Executive Board, Lisbon, 5 March 2013 

2. Epigenomic analyses at Maastricht University: 

Genome-wide analysis of epigenetic actors 

  
A. DNA methylation analyses 

 NimbleGen 2.1M Deluxe Promoter Array 

 Medip-Chip 

 

B. Histone Acetylation analyses 

 NimbleGen 2.1M Deluxe Promoter Array 

 Chip-Chip 

 

  

C. miRNA analyses 

 Agilent Human miRNA Microarray Release 19.0, 

8x60K based on miRBase.  

 2006  human miRNAs represented. 

 

  

Initial raw data analyses:  

identification of significant genes:  

R-script analyses 

 

√ 

√ 

√ 

Gene lists 
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A. DNA methylation 

Overall procedure:  

1. DNA isolation plus QC 

2. DNA immunoprecipitation (MeDIP) plus QC 

3. Microarray processing: labeling, hybridisation, 

washing, scanning (Roche NimbleGen) 

4. Data extraction plus QC 

5. Data analyses 
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1. DNA isolation 

- Cell lysis in digestion buffer plus proteinase K; 

- RNAse treatment; 

- Phenol – Chloroform – Isoamyl alcohol extraction 

- Precipitation with NaAc 

- Washing with ETOH 

- Dissolved in nuclease free water 

 

QC: 

- Nanodrop quantification: spectrum 

- 260/280 ratio 1.7 – 1.9 

- 260/230 > 1.6 
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2. DNA immunoprecipitation 

- Diagenode: MagMeDIP Kit including antibody against 

5’-methylcytidine 

 - Sonication of DNA: 200 – 600 bp 

- 1.2 µg of sonicated sample used 

- Addition of positive and negative 

controls 

- 10% used as input samples (Input) 

- Remaining sample immunoprecipitated 

with antibody against 5’-methylcitidine 

(MeDIP) 

- Using magnetic beads 

- Whole genome amplification of both 

Input and MeDIP samples 

 

QC 

- Determination of methylation 

enrichment by qPCR (ΔΔCq) of 

positive and negative controls 
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3. Microarray processing 

 

 

 

 

 

 

 

 

 

 

 

 

- Labeling, hybridisation, washing and scanning 

according to NimbleGen manuals:  

 1 µg Input sample: Cy3; 1 µg MeDIP sample: Cy5  

Roche – NimbleGen 

Human DNA methylation 2.1M Deluxe 

promoter V2 array 



MeDIP-enriched

fragments (500bp–1kb)

log2 ratios (Cy5/Cy3)

Probe 

locations

Input fragments

(500bp – 1kb)
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4. Data extraction 
 
- NimbleScan software: Generation of raw signal intensities (raw data files) 

- BioConductor : R-scripts 

 1. T-Quantile normalization on a per channel basis 

 2. Calculation of log ratios 

 3. QC: image files, boxplots, clustering, correlation plots, MA plots 
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5. Data Analyses 

Primary 

Transcripts 

P-values 

Peaks 

CpG Islands 

Magnitude 

Control 

(log2 ratios) 

Treated  

(log2 ratios) 

Anova, sliding 

window approach 
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5. Data Analyses 

Primary 

Transcripts 

P-values 

Peaks 

CpG Islands 

Magnitude 

Control 

(log2 ratios) 

Treated  

(log2 ratios) 

Anova, sliding 

window approach 
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5. Data Analyses: define cut-off value  

Primary 

Transcripts 

P-values 

Peaks 

CpG Islands 

Magnitude 

Control 

(log2 ratios) 

Treated  

(log2 ratios) 

Anova, sliding 

window approach 

Minimum number of significant probes per peak 
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5. Data Analyses: define cut-off value  

 
I. output peak file filtered on significant number of probes per peak 

II. Visualize in histogram 

III. define cutoff value 
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5. Data Analyses: define cut-off value  

 
I. output peak file filtered on significant number of probes per peak 

II. Visualize in histogram 

III. define cutoff value 

8 significant probes per peak 
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5. Data Analyses: Example of results file 

 List of NCBI gene identifiers with replicate data including median 

values for control and treated, and a final median log ratio for 

treated minus control to indicate hyper- (>0) or hypo- (<0) 

methylation. 

 Information on location of methylation and annotation can be added 

(chromosome location; primary transcript, transcription start site). 
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B. Histone Acetylation 

Overall procedure:  

1. Cells are fixed with formaldehyde to cross-

link histone and non-histone proteins to DNA 

2. Cells are isolated and chromatin is 

digested with micrococcal nuclease and 

sonication (150-900 bp; minimal 3 bands) 

3. Chromatin Immunoprecipitation using 

antibody against Acetyl-Histone H3 Lysine 

plus QC 

4. Crosslinks are reversed 

5. Microarray processing: labeling, 

hybridisation, washing, scanning  

(Roche NimbleGen)  

6. Data extraction plus QC 

7. Data analyses 

As 

MeDIP-

Chip 
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B. Histone Acetylation 

Cell signaling: SimpleChIP® Enzymatic Chromatin IP Kits 

  Start amount cells: 5*10E6 

Antibody:  Acetyl-Histone H3 (Lys9) (C5B11) Rabbit mAb #9649 

   H3K9Ac: classic histone mark: activation  

  (Berger SL. Nature 2007; 447:407-12) 
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C. miRNA 

Overall procedure:  

1. Cell lysis using Qiazol 

2. miRNA isolation using miRNeasy minikit 

3. QC (integrity: Bioanalyzer) plus nanodrop 

measurements (yield, purity) 

4. Microarray processing: labeling, hybridisation, 

washing, scanning (Agilent Technologies) 

5. Data extraction plus QC 

6. Data analyses 
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C. miRNA 

Overall procedure:  

1.  Cell lysis using Qiazol 

2.  miRNA isolation using miRNeasy minikit 

3.  QC (integrity: Bioanalyzer) plus 

 nanodrop measurements (yield, purity) 

 RIN > 8 

 18S and 28S peak; no degradation 

 Purity A260/A280 : > 1.9  



C. miRNA 

Overall procedure:  

4. Microarray processing: labeling, hybridisation, 

washing, scanning (Agilent Technologies) 
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Overall procedure:  

5. Data extraction plus QC 

6. Data analyses 

- Bioconductor R-script 

(AgiMicroRna package) 

- Total microRNA Gene Signal 

processed by Agilent Feature 

extraction algorithm 

C. miRNA 
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C. miRNA 
6. Data analyses continued 

 

- Normalization of the arrays; 

- Linear model features implemented in Limma; 

List of differentially expressed microRNAs 

 

Two databases are currently used for target gene identification: 

Validated targets: 

  MiRTtarBase Release 4.5: Nov. 1, 2013. 

 (http://mirtarbase.mbc.nctu.edu.tw/) 

 Predicted targets: 

 TargetScan Release 6.2: June, 2012. 

 (http://www.targetscan.org/vert_61/) 

http://mirtarbase.mbc.nctu.edu.tw/
http://www.targetscan.org/vert_61/
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C. miRNA: example results file 

Differentially 

expressed miRNAs 

M: log-ratio 

A: mean average 

expression 

fdr.pval: FDR 

adjusted p-value 

Differentially 

expressed miRNAs 

Gene targets 
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(Integrative) Data Analyses 

A. Within one endpoint: 

1. Interesting genes per time point 

-  Based on a-priori knowledge 

-  Targeted approach:   

  Text mining Databases: e.g. Comparative Toxicogenomics 

 database 

 Which genes are known to play a role in the particular 

 disease? 

 Which genes are modulated by the investigated compound? 

 Which genes are involved in compound induced 

 disease? 

  Which of these genes are present in the datasets? 

-   Pathway analyses using significant gene lists 
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(Integrative) Data Analyses 

B. Between different -omics analyses 

-  Which differentially expressed genes show anti-correlation 

 with its DNA methylation change? 

-  Which differentially expressed genes show correlation with 

 its histone acetylation change? 

-  Which DEGs show correlation with its DNA methylation 

 change? For which of these genes miRNA expression data 

 are available? 

-  Are target genes of differentially expressed miRNAs 

 modulated? 

Pathway analyses of  overlapping gene list 

 

 



Integrative Data Analyses: iCluster+ 

http://www.mskcc.org/research/epidemiology-biostatistics/biostatistics/iclusterplus 

• Developed for predicting cancer subtypes 

 Can also be used for clustering of compounds 

• Integrates discrete and continuous variables 

• Clusters patients, compounds, samples  

• Provides a list of top features within each data type (based on 

lasso coefficient estimates)  

R package: iClusterPlus Shen et al. 2009 

http://www.mskcc.org/research/epidemiology-biostatistics/biostatistics/iclusterplus
http://www.mskcc.org/research/epidemiology-biostatistics/biostatistics/iclusterplus
http://www.mskcc.org/research/epidemiology-biostatistics/biostatistics/iclusterplus
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iCluster+ 
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iCluster+ 

T8 T3 T1 T5 

TCX 

µRNA 

DM 

HA 



DETECTIVE Consortium Meeting  - Barcelona, 3-4 February 2014 

iCluster+ 

T8 T3 T1 T5 

C1 C2 C3 

TCX 

µRNA 

DM 

HA 
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3. Conclusions 

Epigenetics:  

 Gene expression regulation without changing the DNA sequence 

  you are more than the sum of your genes 

 DNA methylation, histone modification, miRNA 

 Epigenomics analyses at Maastricht University 

 (integrative) data analyses challenging! 

 

 

 


