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Topics in Genetic Epidemiology 

1 Setting the pace 

1.a What can your spit tell you about your DNA? 

1.b Speaking the language: relevant questions and concepts 

1.c άThe Human Genome Projectέ and its context 

2 The rise of Genome-wide association studies 

3 Study Design Elements 

3.a Marker level 

3.b Subject level 

4 Pre-analysis Steps 
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4.a Quality-Control 

4.b Linkage disequilibrium 

4.c Confounding by shared genetic ancestry 

5 Analysis Steps 

5.a Association modeling 

5.b Causation versus association 

6 Post Association Analysis Steps 

6.a Replication and validation 

6.b GWA Interpretation and follow-up 

7 Epistasis analysis  
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1 Setting the pace 

1.a What can your spit tell you about your DNA? 

From saliva to DNA 

¶ Your saliva contains a veritable mother load of biological material from 
which your genetic blueprint can be determined.  

¶ For example, a mouthful of spit contains hundreds of complex protein 
molecules ς enzymes -- that aid in the digestion of food.  

¶ Swirling around with those 
enzymes are cells sloughed off 
from the inside of your cheek.  

¶ Inside each of those cells lies a 
nucleus, and inside each nucleus, 

chromosomes, which themselves 
are made up of DNA 

 

  



Topics in epidemiology 

 
 

  Van Steen K 
 

  



Topics in epidemiology 

 
 

  Van Steen K 
 

 



Topics in epidemiology 

 
 

  Van Steen K 
 

The 23andMe story 

¶ Wojcicki founded 23andme in 2006 with Linda Avey and Paul Cusenza 

with a goal of upending conventional models of health care:  

- put sophisticated DNA analyses into the hands of consumers,  

- giving them information about health, disease and ancestry,  

- and allowing the company to sell access to the genetic data to fuel 

research. 

¶ In 2013, that vision hit a snag. Wojcicki didn't think she needed regulatory 

approval to provide information about her customers' health risks. The 

US Food and Drug Administration (FDA) disagreed, and ordered the 

company to stop. 

 

(source: https://www.nature.com/news/the-rise-and-fall-and-rise-again-of-23andme-1.22801) 
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Can you handle the truth?  
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The 23andMe story 

¶ After years of effort, the pay-off came in April 2017, 

when the FDA agreed to allow 23andme to tell 

consumers their risks of developing ten medical 

conditions, including Parkinson's disease and late-onset 

Alzheimer's disease.  

 

¶ With more than 2 million customers, the company hosts by far the largest 

collection of gene-linked health data anywhere 

 

(source: https://www.nature.com/news/the-rise-and-fall-and-rise-again-of-23andme-1.22801) 
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How many types of genetic tests exist? 

¶ There are >2000 genetic tests available to physicians to aid in the diagnosis 
and therapy for >1000 different diseases. Genetic testing is performed for 
the following reasons: 
 

-  conformational diagnosis of a symptomatic individual 
-  pre-symptomatic testing for estimating risk developing disease 
-  pre-symptomatic testing for predicting disease 
-  prenatal screening 
-  newborn screening 
-  preimplantation genetic diagnosis 
-  carrier screening 
-  forensic testing 
-  paternal testing 
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How is genetic testing used clinically? 

¶ Diagnostic medicine: identify whether an individual has a certain genetic 
disease. This type of test commonly detects a specific gene alteration but is 
often not able to determine disease severity or age of onset. It is estimated 
that there are >4000 diseases caused by a mutation in a single gene. 
Examples of diseases that can be diagnosed by genetic testing includes 
cystic fibrosis and Huntington's disease. 
 

¶ Predictive medicine: determine whether an individual has an increased risk 
for a particular disease. Results from this type of test are usually expressed 
in terms of probability and are therefore less definitive since disease 
susceptibility may also be influenced by other genetic and non-genetic (e.g. 
environmental, lifestyle) factors. Examples of diseases that use genetic 
testing to identify individuals with increased risk include certain forms of 
breast cancer (BRCA) and colorectal cancer.  
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How is genetic testing used clinically? 

¶ Pharmacogenomics: classifies subtle variations in an individual's genetic 
makeup to determine whether a drug is suitable for a particular patient, 
and if so, what would be the safest and most effective dose.  Learn more 
about pharmacogenomics & precision medicine Ą 5b! ǇŀǎǎǇƻǊǘǎ Χ ŀǊŜ ƴƻ 
longer science fiction! 
 

¶ Whole-genome and whole-exome sequencing: examines the entire 
genome or exome to discover genetic alterations that may be the cause of 
disease.  Currently, this type of test is most often used in complex 
diagnostic cases, but it is being explored for use in asymptomatic 
individuals to predict future disease Ą increasingly feasible by improved 
technology + reduced costs Ą more adequate reference genomes 

  

http://www.ama-assn.org/ama/pub/physician-resources/medical-science/genetics-molecular-medicine/current-topics/pharmacogenomics.page?
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1.b Speaking the language 

Where is the genetic information located? 
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Result of crossover: recombination in meiotic products 

 

(Ziegler and Van Steen, Brazil 2010)  
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In humans, males have lower recombination rates than females over the 

majority of the genome, but the opposite is usually true near the telomeres 
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How much do individuals differ with respect to genetic information? 

 

 

 

 

 

 

 

 

 

 

(Ziegler and Van Steen, Brazil 2010)  
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How much do individuals differ with respect to genetic information? 

¶ Genotype: The two alleles inherited at a specific locus. If the alleles are the 
same, the genotype is homozygous, if different, heterozygous. In genetic 
association studies, genotypes can be used for analysis as well as alleles or 
haplotypes.   

¶ Haplotype: Linear arrangements of alleles on the same chromosome that 
have been inherited as a unit. A person has two haplotypes for any such 
series of loci, one inherited maternally and the other paternally. A 
haplotype may be characterized by a single allele  
 
  
 

 

http:// www.dorak.info/epi/glosge.html 
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What are biomarkers? 

¶ A biological marker, or biomarker, is something that can be 

measured, which points to the presence of a disease, a physiological 

change, response to a treatment, or a psychological condition. 

¶ A molecular biomarker is a molecule that can be used in this way. 

Recall that DNA is a molecule! Ą genetic markers = polymorphic 

DNA sequences at a locus 

¶ Biomarkers are used in different ways at different stages of 

medicines development, including in some cases as a surrogate 

endpoint to indicate and measure the effect of medicines in clinical 

trials Ą also genetic markers 

(www.eupati.eu) 
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The biomarker development process 

 

Validation/Evaluation 

(Quezada et al. 2017) 

Translational

Clinical Science

Basic 
Science
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What are the most popular genetic markers?  

Single Nucleotide Polymorphisms (SNPs) 

 

                                                                      

 

 

 

 

 

 

 

                      (Ziegler and Van Steen, Brazil 2010) 
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Do SNPs capture differences between human genomes? 

¶ Any two people plucked at random off the street are on average 99.9 

percent the same, DNA-wise (> 3 million positional differences) 

¶ Most genome variations are 

relatively small and simple, 

involving only a few basesτan 

A substituted for a T here, a G 

left out there, a short sequence 

such as CG added somewhere 

else 

 

 

(U.S.  National Library of Medicine)  
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Common genetic variations                    MAF (minor allele frequency)

 

 

 

Single 
Nucleotide  
Polymorphisms 
(SNPs) 

Frequency in 
general  
population 

 
G 

 
95% 

 
 

 
A 

 
5% > 1% 
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(Balding 2006) 
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What are genes?                                   Defining genes as units of inheritance

¶ The gene is the basic physical unit 

of inheritance.  

¶ Genes are passed from parents to 

offspring and contain the 

information needed to specify 

traits.  

¶ They are arranged, one after 

another, on the chromosomes 

¶ Chromosomes are not taken 

entirely by genes. 

 

 

 

 

 

 

 

 

  

 
 

(Figure : Human  chromosomes) 
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What are genes?  Defining genes by their structure 
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What is gene annotation? 

¶ An annotation (irrespective of the context) is a note added by way of 

explanation or commentary.  

¶ Genome annotation is the process of identifying the locations of genes and 

all of the coding regions in a genome and determining what those genes do.  

¶ Once a genome is sequenced, it needs to be annotated to make sense of it  
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What is gene regulation?                            revised version of central dogma  
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What is the central dogma of molecular biology?                  Simplified version 

  



Topics in epidemiology 

 

  Van Steen K 
 

Information is everywhere: the programming of life 

 

 

http://www.youtube.com/watch?v=00vBqYDBW5s 

 

άInformation: 

that which can be communicated through symbolic languageέ 

  

http://www.youtube.com/watch?v=00vBqYDBW5s
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What is genetic epidemiology? 

 

(Ziegler and Van Steen, Brazil 2010)  
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What is genetic epidemiology? 

                        Hard to define!   

  

 

 

 

 

       + 

(IGES presidential address A Ziegler, Chicago 2013) 
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What are the key concepts in genetic epidemiology? 
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What are relevant questions in genetic epidemiology? 

 

(Handbook of Statistical Genetics - John Wiley & Sons; Fig.28-1) 
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How to hunt for genes to answer relevant questions ? 

¶ Developing new and better tools to make gene hunts faster, cheaper and 

practical for any scientist was a primary goal of the Human Genome Project 

(HGP). 

¶ One of these tools is genetic mapping, the first step in isolating a gene. 

Genetic mapping ς in the early days - can offer firm evidence that a disease 

transmitted from parent to child is linked to one or more genes. It also 

ǇǊƻǾƛŘŜǎ άŎƭǳŜǎέ ŀōƻǳǘ ǿƘŜǊŜ ǘƘŜ ƎŜƴŜ ƭƛŜǎΦ 

¶ Genetic maps have been used successfully to find the single gene 

responsible for relatively rare inherited disorders, like cystic fibrosis, but 

have also been useful as a guide to identify the possible many genes 

underlying more common disorders, like asthma. 
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How to generate a genetic map? 

¶ Initially, to produce a genetic map, researchers collect blood or tissue 

samples from family members where a certain disease or trait is prevalent.  

¶ Using various laboratory techniques, the scientists isolate DNA from these 

samples and examine it for the unique patterns seen only in family 

members who have the disease or trait.  

¶ Before researchers identify the gene responsible for the disease or trait, 

DNA markers can tell them roughly where the gene is on the chromosome.  

 

How is this possible? 
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How to generate a genetic map? (continued) 

¶ This is possible because of recombination, the process we have introduced 

before.  

 

As eggs or sperm develop within a person's body, the 23 pairs of 

chromosomes within those cells exchange - or recombine - genetic 

material. If a particular gene is close to a DNA marker, the gene and 

marker will likely stay together during the recombination process, and 

be passed on together from parent to child. So, if each family member 

with a particular disease or trait also inherits a particular DNA 

marker, chances are high that the gene responsible for the disease lies 

near that marker. 
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How to generate a genetic map? (What is Linkage Disequilibrium ς LD?) 

(Bush et al. 2012)  
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How to generate a genetic map? (What is Linkage Disequilibrium ς LD?) 
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How to generate a genetic map? (continued) 

 

¶ The more DNA markers there are on a genetic map, the more likely it is that 

one will be closely linked to a disease gene - and the easier it will be for 

researchers to zero-in on that gene.  

 

¶ One of the first major achievements of the HGP was to develop dense 

maps of markers spaced evenly across the entire collection of human 

DNA. 

 

(http:// www.genome.gov/10000715#al-3) 
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1.c ά¢ƘŜ Human Genome Projectέ 
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Historical overview (interludium) 
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Historical overview 
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Historical overview 
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Historical overview 
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Historical overview 

 

  



Topics in epidemiology 

 

K Van Steen                                     12 
 

Historical overview 
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Historical overview 
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Historical overview 
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Historical overview 
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The sequence of the Human Genome ς a milestone in modern medicine 

 

¶ In June 2000 came the announcement that the majority of the human genome had in fact 
been sequenced, which was followed by the publication of 90 percent of the sequence of 
the genome's three billion base-pairs in the journal Nature, in February 2001 
 

¶ Surprises accompanying the sequence publication included:  
 

-  the relatively small number of human genes, perhaps as few as 30,000-35,000;  

    Note: 100,000 Ą 30,000-35,000 Ą 24,000 Ą 19,000-20,000 

-  the complex architecture of human proteins compared to their homologs - similar 
genes with the same functions - in, for example, roundworms and fruit flies;  
 

-  the lessons to be taught by repeat sequences of DNA. 
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Historical overview 
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Historical overview  
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 Historical overview 
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Historical overview: associating genetic variation to disease outcomes 
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(Balding 2006) 
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Historical overview: D²!ǎ ŀǎ ŀ ǘƻƻƭ ǘƻ άƳŀǇέ ŘƛǎŜŀǎŜǎ 

  

2008 third 
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Historical overview: 210 traits ς multiple loci (sites, locations) 
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Historical overview: trait categories 
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Historical overview: trait categories and nr of SNPs 

Date: 3/3/2020 
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Historical overview: inter-relationships (networks) 

 
(Barrenas et al 2009: complex disease network ς nodes are diseases)  
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Historical overview: inter-relationships (networks) 

 

(Barrenas et al 2009: complex disease GENE network ς nodes are genes)  
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2 The rise of GWAs 

 

(slide Doug Brutlag 2010) 
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What are GWAs? 

¶ A genome-wide association study is an approach that involves rapidly 
scanning markers across the complete sets of DNA, or genomes, of many 
people to find genetic variations associated with a particular trait.  
 

¶ Recall: a trait can be defined as a coded phenotype, a particular 
characteristic such as hair color, BMI, disease, gene expression intensity 
ƭŜǾŜƭΣ Χ 
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Genome-wide association studies: basic principles 

The genome-wide association study is typically (but not solely!!!) based on a 

caseΈcontrol design in which single-nucleotide polymorphisms (SNPs) across 

the human genome are genotyped ...                         (Panel A: small fragment) 
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Genome-wide association studies: basic principles 

 
¶ Panel B, the strength of association between each SNP and disease is 

calculated on the basis of the prevalence of each SNP in cases and 

controls. In this example, SNPs 1 and 2 on chromosome 9 are associated 

with disease, with P values of 10ҍ12 and 10ҍ8, respectively 

                                                                                                                      (Manolio 2010) 
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Genome-wide association studies: basic principles 

 

¶ The plot in Panel C shows the P values for all genotyped SNPs that have 

survived a quality-control screen (each chromosome, a different color).  

¶ The results implicate a locus on chromosome 9, marked by SNPs 1 and 2, 

which are adjacent to each other (graph at right), and other neighboring 

SNPs.                                                                                                                      (Manolio 2010) 
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Genome-wide association studies: key components 
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Genome-wide association studies: key components 

 

¶ To carry out a GWAs, several tools are needed, which include those that 
deal with data generation and data handling: 
 

- Computerized data bases with reference human genome sequence 

- Map of human genetic variation 

- Technologies that can quickly and accurately analyze (whole genome) 

samples for genetic variations that contribute to disease 

 
 

(http://www.genome.gov/pfv.cfm?pageID=20019523) 
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Detailed flow of a genome-wide association study 

 

(Ziegler 2009) 

 



Topics in epidemiology 

 

K Van Steen                                     36 
 

How to access GWAS results?                                       View the GWAs catalogue  
                                                                     (http://www.genome.gov/gwastudies/)  

                           2317 studies (6/10/2014) 
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