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• Introduction to genome-wide association studies (GWAS)
• GWAS research (Educational Attainment)
• Polygenic Scores (David Braudt) 
• Genetic data format (PLINK)
• Obtaining Add Health GWAS data
• Other considerations 



INTRODUCTION TO GWAS



GWAS allows us to gain leverage on the public 
fascination with “nature or nurture?”



“Inherited Disorders” Encompasses a Broad  
Spectrum of Diseases and Traits



Definition: Genome-Wide Association Study  
(GWAS)
• A tool to evaluate the genetic basis of  disease/phenotypes
• Study that surveys the genome for highly associated genetic variants
• Enables testing of multiple, genome-wide (~40-100 million) 

variants without any prior hypothesis 
• GWAS genetic metric: the SNP

6



• The workhorse of gene discovery and 
much follow-up work (including gene-by-
environment interaction studies) in 
modern statistical and social science 
genetics 

• An atheoretical approach to the discovery 
of genetic associations across the base 
unit of molecular analyses, the single 
nucleotide polymorphism (SNP)

• The effects of SNPs across the genome are 
small and additive  therefore need 
enormous sample sizes to have the power 
to find these effects

Genome-Wide Association Study (GWAS)



Single Nucleotide Polymorphisms (SNPs)

• Single nucleotide polymorphisms  
( SNPs) are DNA sequence  
variations that occur when a  
single nucleotide (A,T,C,or G) in  
the genome sequence is altered

• Millions of SNPs in the genome!



In a Genome-Wide Association Study (GWAS), we run a separate
regression for every SNP j measured:



.

Discovering genetic effects

𝛽𝛽𝑗𝑗 : predictive effect of SNP 𝑗𝑗  

• Several methodological challenges arise. In particular:

 Apply stringent significance threshold1. Multiple hypothesis testing

2. Need statistical power   
(due to small effect sizes)

3. Population stratification

 Use very large sample

 Use ethnically homogenous sample (to date, Europeans)



• Enormous sample size means a trade-off in 
outcome (phenotype) measurement

• Phenotypes are necessarily noisy
• GWAS casts a “wide net” with a limited set of 

control variables:
• Measure genetic effects that are in fact “total 

effects” 
• Genetic effects include not only direct genetic 

effects, but also effects that occur through 
mediating and moderating environmental 
mechanisms, the focus of interesting follow-up 
gene-by-environment interaction studies 

The Sample Size Tradeoff



Manhattan Plots

• SNPs on x-axis
• -log of pvalue on y-

axis
• Lowest pvalues = 

tallest peaks
• Horizontal line at 

genome-wide 
significant (p=5e-8)



NHGRI-EBI Catalog, http://www.ebi.ac.uk/gwas/

Published GWAS through 01/2018
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http://www.ebi.ac.uk/gwas/
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GWAS RESEARCH





EA1

• Discovery phase: 41 datasets with total sample size of 
N ≈ 100,000.
• Each cohort ran GWAS of EduYears (years of schooling) 
• One genome-wide significant association with EduYears and two with College.

• Replication phase: 12 independent datasets with total 
sample size of N ≈ 25,000.







EA2

• 63 datasets with sample size of N = 293,723.
• Similar analysis plan as EA1, except focused exclusively 

on EduYears (not College).
• Found 74 genome-wide significant SNPs.
• After submission, first release of UK Biobank became 

available (N ≈ 110,000); used for replication.







EA3

• HOT OFF THE PRESS!!! 





PLINK GENETIC DATA 
FORMAT



PLINK primer

• PLINK is one of the most common (and relatively universal) pieces of  
genetic analytics software

• Most commonly used for cleaning genetic data
• Everything you could need: https://www.cog-genomics.org/plink2

http://www.cog-genomics.org/plink2


PLINK BINARY FORMAT: BIM/BED/FAM
• BIM/BED/FAM format is one of the most common formats  

genetic data are expressed in- this is the format Add 
Health data is stored in 

• Three file types, each containing different information
• BIM – information about genetic markers
• BED – individual genetic data (compressed)
• FAM – information about individuals (e.g., family identifiers, sex)



BIM/BED/FAM: BIM

• BIM, a text file with no header line, and one line per variant:
• Chromosome code (usually an integer)
• Variant identifier (usually rs number)
• Allele 1 (usually minor allele)
• Allele 2 (usually major allele)



BIM/BED/FAM: BIM



BIM/BED/FAM: BED

• BED, a condensed binary version of what’s called a PED file,  
that contains all genotype information for each person

• Don’t try to open or view it!



BIM/BED/FAM: FAM

• FAM, a text file with no header line, and one line per sample  
with the following six fields:

• Family ID (‘FID’)
• Within-family ID (‘IID’)
• Within-family ID of father 
• Within-family ID of mother 
• Sex code (‘1’ = male, ‘2’ = female, ‘0’ = unknown)
• Phenotype value (‘1’ = control, ‘2’ = case, ‘-9’ if missing or no  

phenotypes are present)



PLINK EXAMPLE
• PLINK will read in .bim/.bed/.fam and then allow analyses on these 

files
• With most software on a Linux server, calling the software is as 

simple as  typing the name of the software
• In a Linux, simply type “plink”



OBTAINING ADD HEALTH 
GWAS DATA



dbGaP: Add Health Genotype Warehouse



dbGaP: Add Health Genotype Warehouse



dbGaP: Add Health Genotype Warehouse



dbGaP: Add Health Genotype Warehouse

Add Health Phenotype Data Are Available  
Through the Add Health Study (UNC)



dbGaP Data Application
• Must be a tenure-track faculty or research scientist to apply
• Many datasets require IRB approval or IRB documentation of exempt 

status
• More than one dataset can be applied for on a single project, and 

datasets can be added later to an existing project
• Research use statement and non-technical project summary are required; 

non-technical summary will be publicly available online
• Will need to demonstrate how data will be securely stored and provide 

contact information for your institution’s IT director
• Will be reviewed by a committee; usually requires some revision in my 

experience
• About 1-2 months from start to finish for the entire process in my 

experience 6



dbGaP Research Statement

• 2,200 characters maximum 
• Need to indicate:

• Objectives of project
• Study design
• Analysis plan, including careful articulation of which outcomes 

(phenotypes) will be used
• Explanation of how project is consistent with data use 

requirements of a particular dataset 
• Explanation of any planned collaboration with other researchers 

or institutions 
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OTHER CONSIDERATIONS



Team Science/Consortia

• Joining a consortium is often the first step in GWAS



Statistical Power: Why we work in teams 

We need to correct for 1,000,000  
statistical tests when interrogating  

genome!
α = 0.05/1M or 5x10-8

Correction for only 1M tests given correlation in human
genome
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Summary Results from Many LargeConsortia
Are Available Online



Summary Results from Many LargeConsortia
Are Available Online



Summary Results from Many LargeConsortia
Are Available Online



Race/Ethnicity Heterogeneity

Why are genomic studies only in 
Europeans?

PMID:21753830



Linkage Disequilibrium (LD)

• SNPs in the genome that are closer to each 
other are inherited together

• SNPs are inherited in blocks 
• Therefore, there is a “non-random” 

assortment of alleles in a given population



Linkage Disequilibrium (LD)

• LD patterns are population-specific
• Because of the population-specific pattern 

of LD, confounding by LD is expected to 
vary across populations (population 
stratification) and thus genetic analyses 
must be population specific 

Ancestor

Present-day

Causal variant
Population



Race/Ethnicity Heterogeneity

Take-home messages:
1 – Genes generalize, but variation in SNPs exist.
2 – Studies in non-European populations are needed.



Challenges to analyzing GWAS data

• Many tools are available for analyzing GWAS data- for running GWAS, 
making polygenic scores, cleaning genetic data, etc.  

• Implementation may be challenging if modest Unix/R/python  
expertise

• Storage: Easiest solution if inexperienced to storing genetic data is to 
get in touch with research computing at your university or institution



THANK YOU! 
rwedow@alumni.nd.edu
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