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Lecture goals 

•  Basic understanding of topics 
–  Chosen because they’re of interest to social scientists and hot 

areas of debate among geneticists  

–  State of knowledge : What do we know? What don’t we know?  

•  Develop a critical “sociogenomic” eye  

•  Stimulate research ideas 
–  How can social scientists contribute to knowledge in the field? 
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What is ‘epigenetics’? 

 “A study of mitotically or meiotically heritable changes in gene 
expression that cannot be explained by changes in the DNA 

sequence.”  (Arthur Riggs, 1996) 
 

 ü Key to definition: 
 

•  Heritability: DNA 
modifications must be 
passed on to daughter cells 

 

•  Changes in gene 
expression: modifications 
have a regulatory 
influence on transcription 
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What does the epigenome do?  
•  DNA packaging problem à 6.5 

feet of DNA must fit into a nucleus 
with diameter of  ~6 µM! 

 

•  Packages DNA into two forms: 
–  Euchromatin – transcriptionally 

competent (“easy to read DNA”) 
–  Heterochromatin – transcriptionally 

inert (“hard to read DNA”) 

•  Maintains proper packaging and 
transcription of the genome across 
cell division cycles 
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Types of epigenetic regulation 

•  DNA methylation 
(DNAm) 

•  Histone tail 
modifications/
chromatin accessibility 

•  Noncoding RNAs  
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DNA methylation (DNAm) 

•  In mammals, DNAm is almost exclusively found in CpG dinucleotides  
 

•  CpG: C nucleotide followed by a G nucleotide in the 5’ à 3’ direction  
 
 

 

 

5’—Cytosine—phosphate—Guanine—3’  

CpG site 

•  Methyl group added to DNA molecule 
at cytosine bases 
•  When located in a gene promoter, 

usually represses gene transcription 
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DNAm maintained in daughter cells 

When cells divide, DNA is replicated. Although the newly synthesized DNA strands are 
unmethylated, DNA methyltransferase 1 (DNMT1) maintains the DNA methylation status. 
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Epigenetic writers, readers, & erasers (DNAm) 

ü  Different proteins put down, maintain, and erase methyl marks 

Slide credit: Sundeep Kalantry 

DNMTs MECP2s TETs 
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DNAm is critical to development 

•  Controls which genes are active 

•  Plays a role in several key cellular 
processes: 

ü  Cell differentiation  
ü  Aging 
ü  Cancer 
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Utility of DNAm for social/health scientists 

1.  Mediator of environmental exposure 

 Environment à Epigenetics à Disease 
 

2.  Modifier of environmental exposure or genetic risk 

Genotype à Epigenetics à Disease 
 

•  Mechanistic 
insights 

•  Targets for 
intervention 

•  Illuminates GxE 
interactions 

3.  Biomarker of exposure 

 Environment                         Disease 
                             Epigenetics 
 

4.  Biomarker of disease 
 Disease                    Epigenetics  

•  Expand reach of 
exposure 
measurement 

•  Reduce 
misclassification 
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How is DNAm measured and quantified? 
•  Epigenetic assays:  

–  Methylation BeadChip (450k, EPIC)à microarray 
•  Uses fluorescent probes to quantify % methylation after bisulfate 

conversion (methylated C’s are converted to T’s) 
•  EPIC array captures ~850k CpG sites  

–  Deep sequencing approaches: Whole Genome Bisulfate 
Sequencing (WGBS) 

•  Sequence whole genome after bisulfate conversion 
•  Calculate % methylated vs. non-methylated reads 

•  Large epidemiological cohorts use microarray data 
–  Pros: comparability across studies, cheaper 
–  Cons: limited to sites captured on assay  
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What is bisulfite conversion? 

•  Treatment with sodium bisulfite converts unmethylated cytosines to uracil while 5-
methylcytosine (methylated cytosine) is resistant to the conversion.  

•  Genomic DNA is subject to PCR amplification, subcloning, and sequencing (WGBS).  
•  The sequencing results are then compared to the original sequences, and methylated/

unmethylated cytosines are distinguished.  
•  Methylated Cs remain as Cs while unmethylated Cs are sequenced as Ts. 

Slide credit: Maureen Sartor 15 



Data output: beta and M values 
•  % of methylated cells at a CpG site is expressed in terms of β –values: 

•  Estimated % of cells methylated at the CpG site = β *100 

•  M-values are also often calculated: 

•  β –values are more biologically intuitive and meaningful; however, M-
values have nicer statistical properties for testing differential methylation 
(log2(M-values) ~ normally distributed). 

 

edunmethylatmethylated
methylated

+
=β

edunmethylat
methylatedM =
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Methylation microarray data are messy 

•  Genotype data: 
–  Data are discrete (i.e. SNP has 0, 1, or 2 “A” alleles)  
–  Reasonable QC cut-offs 
–  DNA is stable over the life course and doesn’t not vary across 

tissues types  

•  DNAm microarray data: 
–  Continuous measure (% of methylated cells at a given CpG site) 
–  Sensitive to underlying genetics, environment, and experimental 

conditions/batch effects 
–  Different QC procedures, cut-offs not always straightforward 
–  Epigenome varies across tissue types 
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Epigenome-wide association study (EWAS) 

•  Genome-wide scan for associations between a phenotype and 
altered DNAm at thousands of CpG sites across the genome 

•  Regress beta methylation value (percent methylation at a CpG 
probe) on phenotype: 

 

β = phenotype + covariates + ε 

•  CpG site is the dependent variable  
•  Typical covariates: sex, age, smoking, cell type proportions, array 

number, and position on array 
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Example of EWAS: Smoking behavior 
•  DNA methylation leaves a long-term signature 

of smoking exposure 
–  Reproducible associations have been found 

–  Methylation at these CpGs could also serve as 
biomarkers of lifetime exposure to tobacco 
smoke 

•  Polyepigenetic scores based on smoking 
behavior have also been developed              
(e.g., Sugden et al., 2019) 

Joehanes, R., Just, A. C., Marioni, R. E., Pilling, L. C., Reynolds, L. M., Mandaviya, P. R., ... & Moreno-Macias, H. 
(2016). Epigenetic signatures of cigarette smoking. Circulation: Cardiovascular Genetics, 9(5), 436-447. 

 
Zeilinger, S., Kühnel, B., Klopp, N., Baurecht, H., Kleinschmidt, A., Gieger, C., ... & Strauch, K. (2013). Tobacco 
smoking leads to extensive genome-wide changes in DNA methylation. PloS one, 8(5), e63812. 
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Growing 
controversy in the 
field over EWAS 

study design 
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EWAS is kind of like GWAS except… 

1.  Our genome stays constant over our lifetime (with the 
exception of somatic mutations, e.g. cancer) 

à Phenotype-associated events cannot change our genotype 

2.  Genetic variants are randomly assigned w.r.t. the characteristics 
of an individual (assortative mating aside) 

 

Consistency and random assignment permit a more causal 
interpretation of GWAS results 
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Problems interpreting EWAS results 
1.  Reverse causation: epigenomes of cells tested are influenced by 

(rather than part of the causal process leading to) the disease 
 

2.  Omitted variables that influence DNAm or the phenotype 
 

Figure: Birney et al., 2016 23 



Problems interpreting EWAS results 

3.  “Tissue issue”: each tissue type (e.g., blood, saliva, muscle) has a 
different epigenome 
–  Tissue sample available may not directly relate to phenotype of interest 

4.  Within tissues: cell subtype heterogeneity  

–  Pools of cells are composed of multiple epigenomes  
•  E.g., white blood cells have granulocytes (neutrophils, eosinophils, and basophils) and 

non-granulocytes (lymphocytes and monocytes) 

–  Changing the proportion of cells sampled can generate DNAm profiles 
that are NOT a result of underlying cellular stress 

–  Need to adjust for cellular subcomposition  
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Problems with interpretation of EWAS results 

5.  Most changes in DNAm are modest: bimodal distribution  
•  Majority of loci (within a pool of cells) are either 0% or 100% methylated 
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Problems with interpretation of EWAS results 

6.  Biological influences on the epigenome 

•  Genetic influences: SNPs known as methylation quantitative trait loci (mQTLs) 
are estimated to account for 22-88% of the variability in DNAm 

•  Transcription: differences in gene transcription may generate DNAm changes 
that are due to (and not causative of) transcriptional changes 

 

Genotype Phenotype 

Epigenome 
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OK so EWAS are messy. Why bother? 

•  Epigenetics can generate new insights into disease mechanisms 
precisely because of its mutability 
–  DNAm carves a time- and context-dependent program: NOT studying 

gene expression but rather the potential for gene expression 
–  May help us tease apart what is biological and what is environmental 

•  Could  potentially detect and reverse onset of disease  
–  Potential to “see” epigenetic signature of a disease before it progresses 

 

–  Great potential as biomarkers of disease 

•  But to tease apart the causality, better EWAS study design is needed 
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What is the evidence for transgenerational 
epigenetic inheritance (TEI)? 
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TEI: generational transfer of epigenetic marks 
•  In each new generation, DNAm patterns are erased and ‘reset’ twice 

1.  First global DNA demethylation occurs in the parental gametes 
2.  Second occurs after fertilization in the developing embryo 
 

à Note: Genomic imprinting is one exception to epigenetic erasure 
 

•  TEI: incomplete erasing of epigenetic signatures, permitting transfer of 
epigenetic marks from parents to offspring 

•  Often confused with epigenetic changes from intrauterine exposures 
–  Epigenome is particularly vulnerable to environmental factors during 

embryogenesis  

–  Results in similarities between the epigenome of parents and offspring 
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Conditions that need to hold for TEI 

Figure: van Otterdijk & Michels (2016)  

•  Inheritance in female germ line: 
•  If pregnant: epigenetic marks and 

phenotype resulting from environmental 
exposure would have to be maintained for 
at least four generations (F0-F3) 

•  If not pregnant: maintenance needs to be 
shown for three generations (F0-F2) 

•  Inheritance via the male germ line: 
•  Three generations: F0-F2 
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Difficult to study TEI in humans 

•  To date there is no evidence of TEI in humans 

•  Unlike animal models, causality of the environmental exposure and 
generational transmission difficult to establish  

–  Need longitudinal, multigenerational epigenomic data to show 
maintenance across 3 to 4 generations (does not yet exist) 

 

•  Difficult to distinguish between inherited genetic factors that 
influence the epigenome and TEI  

–  Studies show majority of variation in DNAm is explained by genotype 
(e.g., Gertz et al., 2011) 
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Current evidence from studies in humans 

•  Evidence that nutrition, smoking, irradiation, and trauma may affect 
(grand)children’s phenotype or risk of disease 

 

•  Evidence showing similarities in epigenetic profiles between parent 
and offspring 
–  Environmental disasters (Dutch Hunger Winter, Quebec Ice Storm) 

•  BUT these observations could result from… 
1.  Intrauterine exposure 
2.  Germ-line transmission of phenotype via genetic mutations 
3.  Mutations in DNA repair mechanisms 
4.  Genetic mutations in epigenetic modifiers 
 

…rather than the continuity of epigenetic marks between generations 
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DNAm biomarkers of aging 
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The search for a biomarker of aging  

•  Chronological age is arguably the strongest risk factor for most 
chronic diseases 

•  Chronological age is an imperfect measure of aging 
–  The aging process is not linear  
–  Differs from “biological age”  
–  Rate of aging differs across individuals 

•  Reliable biomarkers of aging are needed that can capture the 
biological aging process  
–  Elucidate factors that influence aging and could lead to discoveries that halt, 

slow, or even reverse the aging process 
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The epigenetic clock theory of aging 
•  Aging: complex process characterized by 

increasing dysregulation and loss of 
function across multiple molecular levels 
and systems in the body (Gladyshev, 2016) 

•  Epigenome exhibits extremely precise 
transformations with age 
–  Molecular footprint of innate biological 

changes that are the result of (or give rise to) 
the aging process 

•  Measures of biological age based on epigenetic alterations 
have emerged as promising biomarkers of aging 
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Epigenetic clock or DNAm age 

•  Composite methylation “score” of CpG sites that are highly 
associated with chronological age 

•  First multi-tissue predictor developed by Horvath (2013)  
–  Used 8,000 epigenetic microarray samples from over 30 different tissue 

and cell types collected from children and adults  
–  Able to predict epigenetic age across many tissue and cell types  
–  Contains 353 CpG sites 

•  Exhibits high correlations with chronological age (up to r=0.95) in 
adults, children, and even prenatal samples 

•  Thought to capture aspects of biological aging or epigenetic aging 
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Estimating DNAm age/epigenetic clock 

•  Built by regressing chronological age on a set of CpGs using a 
supervised machine learning method  
–  Penalized regression method (e.g., lasso or elastic net) 

•  Shrinks/constrains the sum of the absolute value of the coefficients to a 
predefined value between 0 and 1 

•  Result: selects most informative CpGs for age prediction  

–  Epigenetic clock weighted (linear) average of methylation levels 
(weights=regression coefficients): 

 DNAmAge = b0 + b1CpG1 + …+ b353CpG353
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Epigenetic Age Acceleration (AgeAccel) 
•  Age Acceleration (AgeAccel): 

residual from regressing DNAm 
Age on chronological age 
–  Positive value: DNAm age > 

chronological age 
–  Negative value: DNAm age < 

chronological age 

•  Used to assess factors associated 
with faster biological aging 

•  Positive AgeAccel is associated with a wide range of age-related 
diseases and mortality 
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Clocks show little overlap across CpG sites 
•  ~11 epigenetic clocks have been developed (1,600 CpG sites total) 
•  Only two CpG sites overlap across all 11 clocks and clocks are 

correlated at r<0.5: why? 
–  Capturing different aspects/pathways of aging? 
–  Constructed in different samples and across different tissue types 

Source: Liu, Leung, and 
Levine. 2019. Comparative 
analysis of epigenetic aging 
clocks from CpG 
characteristics to functional 
associations. bioRxiv. doi: 
http://dx.doi.org/
10.1101/512483.  
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Some open questions in the field 

•  To what extent do genetic processes affect the pace of 
AgeAccel (h2~40%)? 
–  Second GWAS of AgeAccel currently underway 

•  Are epigenetic processes causally related to phenotypic 
manifestations of aging?  
–  Studies in animal models underway 
–  Need for more longitudinal epigenetic data in humans and use of 

causal research designs 
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How can social scientists contribute? 

•  What are some ways social scientists can use epigenetic data 
to enhance their research? 

•  What tools do social scientists have at their disposal that they 
could use to enhance EWAS study designs? 

•  What is value added of using epigenetic data in social science 
research?  
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