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Outline 

• Introduction to Genomics 
• Ancestry, environmental factors and disease 

risk 
• Psychosocial factors, genetics and asthma 
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The essence of genomics 
Genomics grew primarily out of human genetics and molecular biology. 

• Comprehensiveness. Genomics aims to generate complete data sets. 

• Scale. Large-scale efforts 
– large interdisciplinary consortia; 
– robust data standards 
– computational intensity 

• Technology development. High-throughput, low-cost data production. 

• Rapid data release. Large data catalogues and analytical tools are
community resources. 

• Social and ethical implications. 

Green et al, 2011 



   
   

Whole genome sequencing becomes 
affordable enabling Genomic Research 
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Why is it difficult to predict complex 
traits from genetic sequences? 

1. Each genetic variants associated with a 
complex trait has a very small effect on the 
phenotype and many are necessary to 
modify the phenotype. 
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Why is it difficult to predict complex 
traits from genetic sequences? 

1. Each genetic variants associated with a 
complex trait has a very small effect on the 
phenotype and many are necessary to 
modify the phenotype. 

2. Genetic variants associated with complex 
traits tend to occur in regulatory non-coding 
regions and their molecular function is often 
unknown. 
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Why is it difficult to predict complex 
traits from genetic sequences?

1. Each genetic variants associated with a complex 
trait has a very small effect on the phenotype 
and many are necessary to modify the 
phenotype. 

2. Genetic variants associated with complex traits 
tend to occur in regulatory non-coding regions 
and their molecular function is often unknown.

3. Complex traits are the results of both genetic 
and environmental factors.
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Understanding genetic, environmental and GxE
regulation of molecular and organismal phenotypes

ATCCCGATTGGCAAT
ATCCCGAATGGCAAT

Genetic Variation Environmental exposures

Allele A

Allele B

Chromatin Accessibility
Transcription Factor binding

ATAC-seq/scATAC-seq

Gene expression
RNA processing

RNA-seq/scRNA-seq

Phenotype
(e.g. cardiovascular disease, asthma)

CCCGATTGGCA

CCCGAATGGCA

Validation by MPRA/EMSA-seq
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Many studies identify regulatory variation by 
eQTL (expression Quantitative Trait Loci) 

mapping

Number of copies of the minor allele
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No genetic effect on expression The minor allele is associated with 
higher expression
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(mRNA level)~ genotype, yn= μ + βGn+ ε
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Number of copies of the A allele

Treatment

Treatment
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No genetic effect on expression The A allele is associated with higher 
expression following treatment
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Control

Maranville , Luca et al. 2011

See also work by Smith & Kruglyak 2008;  Smirnov et al. 2009, 
Barreiro et al.  2011, Fairfax et al. 2014, Mangravite et al. 
2013, Caliskan et al, 2015, GTEx and others

Genetic regulation of gene expression is variable 
across environmental and cellular contexts
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Summary 1

• Exposure to caffeine, vitamin A, and zinc can modify the 
host transcriptional profile by altering the expression of 
genes that are involved in regulating stress response and 
immune functions

• Ancestry impacts the host transcriptional response to 
caffeine, zinc, and vitamin A 

• 81% of the ancestry-related DRGs overlapped with genes 
whose expression was found to be correlated immune-
related traits and diseases
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• Psychosocial factors, genetics and asthma
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What are the contributions of 
genetic variation and the 

psychosocial environment to 
inter-individual variation in 

asthma symptoms and severity?

ATCCCGATTGGCAAT
ATCCCGAATGGCAAT

Genetic Variation

Allele A

Allele B

Allele A

Allele B

Healthy 
environment

Risky
environment

Gene Expression

Asthma symptoms

Social Relationships 

Emotionality

Socioeconomic Status 
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Do psychosocial experiences alter gene 
expression in immune cells?

Does asthma alter gene expression in immune 
cells?

Do these transcriptional changes affect the 
same genes? Do they share a molecular 
mechanism? What are the causal pathways?
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Shared signatures of psychosocial 
environments and asthma symptoms

Resztak et al, under review
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Psychosocial variables interact with genetic 
variants to regulate gene expression

ATCCCGATTGGCAAT
ATCCCGAATGGCAAT

Genetic Variation

Allele A

Allele B

Healthy 
environm

ent

Allele A

Allele B

Risky
environm

ent

Gene Expression

Interaction eQTL

Gene expressioni = genotype dosagei + transcriptional signature + genotype dosagei*transcriptional signature + ε

Resztak et al, under review

Social Relationships 

Emotionality

Socioeconomic Status 
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Summary 2

Social genomics approaches in humans can 
uncover potential molecular mechanisms 
underlying differences in disease risk
– Psychosocial experiences and asthma symptoms 

are reflected in blood gene expression
– Sharing of transcriptional signatures between 

psychosocial and asthma traits
– Genetic risk for asthma and other allergic diseases 

is modulated by psychosocial factors
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