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• Part 1: Basics of PGS Construction

• Part 2: Application of PGS
• Reminder of Basics
• Life course processes
• Environment and GxE
• Instrumental variables
• CVFS

Outline





Potential 
• Constant
• Predictive
• Inexpensive
• Useful for several 

applications

Genes



Typical approach for score 
construction
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Score Construction

+



Practicalities 
• GWAS of many traits
• Larger and larger effects
• Correlation within 

ancestry and improving 
representation

• Working to improve 
interpretation of GWAS 
and PGS

Biology

PGS



Genetic Predictors
(Predictive) Power/Mechanisms trade-off

• Always important to think about the trade-off when 
incorporating a genetic predictor.



Genetic Predictors
(Predictive) Power/Mechanisms trade-off

Polygenic 
Scores (PGS)Top Hits



Biologically Agnostic

• When we use more powerful genetic predictors, we 
generally have less of a sense for the specific biological 
mechanisms. E.g., pleiotropy becomes a major problem.

• We can no Recall that Genes are:
• Fixed across life 

course
• Not due to reverse 

causality
Not many other 
predictors have such 
properties



Three promising avenues for 
incorporation of polygenic scores

Life course
What is the process through 
which individual-level 
genetic endowments come 
to manifest as phenotypes? 

Environment
How are genetic liabilities 
stratified across 
environmental exposures? 
How do genetics and 
environments combine to 
influence behavior?Mendelian Randomization

Using the random component 
of genetic inheritance as an 
instrumental variable.



Education PGS & Early Childhood



The Education PGS & later life



How big are these effects?

• Larger samples for GWAS will lead to higher variance explained
• Most contextual effects found in small samples are substantially 

smaller in large studies 
• We intervene on contexts that have much smaller effects and 

without a causal mechanism determined 



How robust is prediction?

Belsky & Domingue, et al, 2018 PNAS



Also Predicts 
within families.

Belsky & Domingue, et al, 2018 PNAS



The role of environments
GWAS of socially 
contextualized 
phenotypes will 
presumably pick up 
more than just 
biological influences.



The role of environments

Wertz et al 2019 Dev Psych



The role of environments



Environment and Genes



Special Issue: Integration of 
Behavioral, Social Science and 
Genetics Research,
Vol. 103, S1 (October 2013)

GxE Reviews 

Annual Review of 
Psychology
2014. 65:41–70



Environment NurturingHarsh

Outcome

Positive

Negative

Gene-Environment 
Interaction Research

Recent Past of GxE Work

Mitchell, et al. 2013. AJPH



Environment NurturingHarsh

Outcome

Positive

Negative

Gene-Environment 
Interaction Research

Measurement of E

Mitchell, et al. 2013. AJPH

Vantage Sensitivity

Genetic Differential Sensitivity



Environment NurturingHarsh

Outcome

Positive

Negative

Gene-Environment 
Interaction Research

Measuring Outcome

Mitchell, et al. 2013. AJPH

Genetic Differential Sensitivity

Vantage Sensitivity



• Original work tested for an interaction and then 
visually examined (cross-over, vantage, etc).

• Larger push to be able to distinguish these models
• Belsky, Pluess, & Widaman, 2013; Lee, Lei, & 

Brody, 2015; Roisman et al., 2012; Widaman et al., 
2012; M. Del. Giudice 2017

• Regions of Significance (RoS)- values of the 
environmental variable for which the moderator is 
significantly associated with the outcome

Formal Tests of Models



Regions of Significance

Richards et al Translational Psych, 2016



Genetic Predictors
(Predictive) Power/Mechanisms trade-off

Mendelian 
Randomization 
(MR)



MR: Genes as Instruments

http://jamesmcm.github.io/blog/2014/08/17/mendelian/



MR: Genes as Instruments

http://jamesmcm.github.io/blog/2014/08/17/mendelian/



Beware exclusion restriction
Pleiotropy is a problem



New techniques
• Clinical Prediction
• PGS as IV
• Rapid development here, so keep your eyes open

https://www.nature.com/articles/s41576-018-0018-x
http://www.pnas.org/content/early/2018/04/20/1707388115/tab-article-info


CVFS CIDI Data

K. M. Scott et al. Psychological Medicine(2020)



CVFS Genetic Data

• Saliva-easy to collect, 
room temperature storage 
for months

• 96% of CIDI participants

• Separate consents for DNA 
collection and sharing 
Genetic Data



Expected CVFS Genetic Data 
Family Relatedness

Family Relatedness Number of Individuals 

Trios (Mother, Father, Child) 5,398*

One parent, >1 sib-pair 1,435

Parent-child duo 618

No parents, >1 sib-pair 939

Unrelated 1,918

Total 10,308

*Families can have more than one set of trios if multiple children with both 
parents participated

Likely close to 2,000 trios (very large from this type of study)
Over 5,100 mother-child pairs
Over 4,500 father-child pairs
Over 2,000 sibling pairs



Applications to CVFS
• MDD and AUD PGS
• Other PGS-Cardiovascular Disease, BMI, Educational 

Attainment, Alzheimer's Disease, Menarche, Fertility, etc
• Tracing it through life course process

• Genetic Nurture

• Selection into different environments
• Interact with different environments

• Causal tests:
• Family models
• Instrumental Variables
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