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Do we really share 50% of 
our genome with a banana?









Your DNAmet does not lie!!!
u Do you smoke? Have 

you really stopped ?

u Can you digest dairy?

u Are you really as young 
as you say?

u Do you drink alcohol?

u Do you really go to the 
gym?

EWAS data: Epigenome
wide association study 

of  DNA met



DNAmet smoking score



{ “144 CpGs was highly predictive for discriminating current
heavy alcohol drinkers from non-drinkers (AUC40.90) in all
replication cohorts.

As a biomarker, these selected CpGs performed better than
commonly clinical variables and biomar- kers in discriminating
current heavy alcohol drinking.

The biomarker analysis and ancestry-stratified meta-analysis
showed : 1) a number of DNA methylation sites displayed
consistent alcohol-related effects in whole-blood samples of people
of EA and AA but 2) some specific to EA”
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Abstract

Cannabis use is highly prevalent and is associatedwith adverse and beneficial effects. To

better understand the full spectrum of health consequences, biomarkers that accurately

classify cannabis use are needed. DNA methylation (DNAm) is an excellent candidate,

yet no blood-based epigenome-wide association studies (EWAS) in humans exist. We

conducted an EWAS of lifetime cannabis use (ever vs. never) using blood-based DNAm

data from a case–cohort studywithin Sister Study, a prospective cohort of women at risk

of developing breast cancer (Discovery N = 1,730 [855 ever users]; Replication N = 853

[392 ever users]). We identified and replicated an association with lifetime cannabis use

at cg15973234 (CEMIP): combined p = 3.3 ! 10!8.We found no overlap between publi-

shed blood-based cis-meQTLs of cg15973234 and reported lifetime cannabis use-

associated single nucleotide polymorphism (SNPs; p < .05), suggesting that the observed

DNAm difference was driven by cannabis exposure. We also developed a multi-CpG

classifier of lifetime cannabis use using penalized regression of top EWAS CpGs. The

resulting 50-CpG classifier produced an area under the curve (AUC) = 0.74 (95% CI

[0.72, 0.76], p = 2.00 ! 10!5) in the discovery sample and AUC = 0.54 ([0.51, 0.57],

p = 2.87 ! 10!2) in the replication sample. Our EWAS findings provide evidence that

blood-basedDNAm is associatedwith lifetime cannabis use.
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1 | INTRODUCTION

Cannabis use is highly prevalent with 45% of Americans aged 12 or

older reporting lifetime use (defined here as ever-use of cannabis), and

15% reporting use in the past year (Center for Behavioral Health Statis-

tics and Quality. National Survey on Drug Use and Health: Detailed

Tables, 2017). These numbers are expected to grow due to increasing

legalization of both medical and recreational cannabis use. As of 2019,

33 U.S. states have legalized cannabis for medical purposes, 11 of

which have also legalized recreational use (ProCon, 2018). Adverse

health effects of cannabis use have been reported for short-term use

(e.g., impaired cognitive and motor function, altered judgment, paranoia,

and psychosis; Volkow, Compton, & Weiss, 2014), long-term, or heavy

use (e.g., increased risk of cannabis use disorder, altered brain develop-

ment, cognitive impairment, chronic bronchitis; Volkow, Compton,

et al., 2014), as well as lifetime (ever) use (e.g., psychotic disorder; Di

Forti et al., 2019). In contrast, evidence exists supporting therapeutic

benefits for various clinical conditions (e.g., glaucoma, acquired immune

deficiency syndrome, nausea, chronic pain, inflammation; Volkow,

Compton, et al., 2014). Efforts to better understand the full spectrum

of cannabis-related health consequences have been hindered as a result

of under-reporting (e.g., due to social stigma associated with use) and

the absence of available biomarkers that can accurately quantify canna-

bis usage patterns.Eric O. Johnson and Jack A. Taylor contributed equally to this work.
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Does cannabis leave a signature on our DNA?

50-CpG 
Loci
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Abstract
Cannabis use is of increasing public health interest globally. Here we examined the effect of heavy cannabis use, with and
without tobacco, on genome-wide DNA methylation in a longitudinal birth cohort (Christchurch Health and Development
Study, CHDS). A total of 48 heavy cannabis users were selected from the CHDS cohort, on the basis of their adult exposure
to cannabis and tobacco, and DNA methylation assessed from whole blood samples, collected at approximately age 28.
Methylation in heavy cannabis users was assessed, relative to non-users (n= 48 controls) via the Illumina In!nium®
MethylationEPIC BeadChip. We found the most differentially methylated sites in cannabis with tobacco users were in the
AHRR and F2RL3 genes, replicating previous studies on the effects of tobacco. Cannabis-only users had no evidence of
differential methylation in these genes, or at any other loci at the epigenome-wide signi!cance level (P < 10!7). However,
there were 521 sites differentially methylated at P < 0.001 which were enriched for genes involved in neuronal signalling
(glutamatergic synapse and long-term potentiation) and cardiomyopathy. Further, the most differentially methylated loci
were associated with genes with reported roles in brain function (e.g. TMEM190, MUC3L, CDC20 and SP9). We conclude
that the effects of cannabis use on the mature human blood methylome differ from, and are less pronounced than, the
effects of tobacco use, and that larger sample sizes are required to investigate this further.

Introduction
Cannabis use is an important global public health issue,

and a growing topic of controversy and debate1,2. It is the
most widely used illicit psychoactive substance in the
world3, and the potential medicinal and therapeutic ben-
e!ts of cannabis and its main active ingredients tetra-
hydrocannabinol (THC) and cannabidiol (CBD) are
gaining interest4–6. There is strong evidence to suggest
that the heavy and prolonged use of cannabis may be
associated with increased risk of adverse outcomes in a

number of areas, including mental health (psychosis7–9,
schizophrenia10,11, depression12,13) and illicit drug abuse14.
Drug metabolism, drug response and drug addiction have

known genetic components15, and multiple genome-wide
association studies (GWAS) have identi!ed genes and allelic
variants that are likely contributors to substance use dis-
orders16,17. There are aspects of cannabis use disorder that
are heritable18–21, and several candidate loci for complex
phenotypes such as lifetime cannabis use have recently been
identi!ed3,22 that explain a proportion of the variance in
cannabis use heritability. Complex phenotypes like these are
in"uenced by multiple loci, each of which usually has a
small individual effect size23, and such loci are frequently
located in non-coding regions of the genome24,25, making
their biological role dif!cult to elucidate.
Epigenetic mechanisms are involved in the interaction

between the genome and environment; they respond to
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Does cannabis leave a signature on our 
DNA?



• Age Acceleration (AA), as determined using these epigenetic clocks, has been 
strongly linked to common diseases including cancer, neurodegenerative diseases, 
metabolic diseases, and cardiovascular diseases. 

• Identification of these robust associations between DNA methylation and aging 
may provide new potential therapeutic avenues for preventing and treating age-
related diseases. 

Do you really know how old you are? 



EWAS smoking score: the EUGEI example



EUGEI-EWAS: DNA-met age score



DunedinPACE score: 
DunedinPACE is a novel blood biomarker of the pace of 
aging.



DunedinPACE levels by strata of childhood 
socioeconomic status (SES) and victimization 
in the E-Risk Study.



• Low socioeconomic status (SES) is associated with earlier onset of 
age-related chronic conditions and reduced life-expectancy, but the 
underlying biomolecular mechanisms remain unclear. Evidence
of DNA-methylation differences by SES suggests a possible 
association of SES with epigenetic age acceleration (AA).

• The associations were only partially modulated by the unhealthy 
lifestyle habits of individuals with lower SES. Individuals who 
experienced life-course SES improvement had intermediate AA 
compared to extreme SES categories, suggesting reversibility of 
the effect and supporting the relative importance of the early 
childhood social

www.nature.com/scientificreports



DNAmet and Exercise

Karolinska Institute: 
23 men and women to bicycle using only one leg for 45 

minutes, four times a week over three months.

Muscle biopsies before and after the experiment

new methylation-gene expression patterns on genes 
associated with insulin response, inflammation and 

energy metabolism

EWAS and RNA-seq



“We have identified multiple 
differentially methylated 
positions and regions 
consistently associated with 
schizophrenia across the three 
cohorts; these effects are 
independent of important 
confounders such as smoking. 
We also show that epigenetic 
variation at multiple loci across 
the genome contributes to the 
polygenic nature of 
schizophrenia”



Can epigenetics shine a light on the biological pathways underlying major 

mental disorders? Alameda L, Trotta G, Quigley H, Rodriguez V, Gadelrab

R, Dwir D, Dempster E, Wong CCY, Forti MD. Psychol Med. 2022

https://pubmed.ncbi.nlm.nih.gov/35193719/


And more broadly 



{ Where are 
you going 

Jim? 

I am following 
the trails left by 

the  
environment, 

Francis!
THANK YOU!


