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Outline 

- Define the role of genetic study in cohorts 

- How to establish a standard genomic bank? 

- How to collect and develop family relationships in a cohort 

- Share the genetic data and define the genomic map 

- Create a database of phenotypes in existing cohort 

- How to control data quality and integration of genomic data? 

- Draw a road map for personalized medicine in the context of 
cohort studies 



Personalized medicine 

• Personalized medicine is a medical procedure that separates 
patients into different groups with: 
• Medical decisions 
• Practices 

• Interventions  

• and/or products  

• Being tailored to the individual patient based on their 
predicted response or risk of disease. 

• The terms personalized medicine, precision medicine, 
stratified medicine and P4 medicine are used 
interchangeably to describe this concept 
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Penetrance and Environmental Factors 

• Highly penetrant Mendelian single gene diseases 

• Huntington’s Disease caused by excess CAG repeats in huntingtin’s protein gene 

• Autosomal dominant, 100% penetrant, invariably lethal 

• Reduced penetrance, some genes lead to a predisposition to a disease 

• BRCA1 & BRCA2 genes can lead to a familial breast or ovarian cancer 

• Disease alleles lead to 80% overall lifetime chance of a cancer, but 20% of patients with the rare defective genes 
show no cancers 

• Complex diseases requiring alleles in multiple genes 

• Many cancers (solid tumors) require somatic mutations that induce cell proliferation, mutations that inhibit 
apoptosis, mutations that induce angiogenesis, and mutations that cause metastasis 

• Cancers are also influenced by environment (smoking, carcinogens, exposure to UV) 

• Atherosclerosis (obesity, genetic and nutritional cholesterol) 

• Some complex diseases have multiple causes 

• Genetic vs. spontaneous vs. environment vs. behavior 

• Some complex diseases can be caused by multiple pathways 

• Type 2 Diabetes can be caused by reduced beta-cells in pancreas, reduced production of insulin, reduced 
sensitivity to insulin (insulin resistance) as well as environmental conditions (obesity, sedentary lifestyle, 
smoking etc.). 



The genome is our Genetic Blueprint 

• Nearly every human cell 
contains 23 pairs  of 
chromosomes  
• 1 - 22 and XY or XX 

• XY = Male 

• XX = Female 

 

• Length of chr 1-22, X,  Y 
together is ~3.2 billion 
bases (about 2 meters 
diploid) 



The Genome is  
Who We Are on the inside! 

• Chromosomes consist of 
DNA  
• molecular strings of A, C, 

G, & T  

• base pairs, A-T, C-G 
 

• Genes 
• DNA sequences that 

encode proteins  

• less than 3% of human 
genome  

Information coded in 
DNA 



Issues in genetic association studies 

• Many genes 

• ~20,000-25,000 genes, many can be candidates  

• Many SNPs 

• ~12,000,000 SNPs, ability to predict functional SNPs is limited 

• Methods to select SNPs: 

• Only functional SNPs in a candidate gene 

• Systematic screen of SNPs in a candidate gene 

• Systematic screen of SNPs in an entire pathway 

• Genomewide screen 

• Systematic screen for all coding changes 



Population Genetics 

• Chromosome pairs segregate and recombine in every generation 
 

• Every allele of every gene has its own independent evolutionary 
history (and future!) 
 

• Frequencies of various alleles differ in different sub-populations 
of people. 



C a s e s C o n t r o l s 

4 0 %   T ,   6 0 %   C 1 5 %   T ,   8 5 %   C 

C / C C / T 

C / C C / T C / C 

C / C 

C / T C / C C / C 

C / T C / C C / T C / T C / C 

Multiple Genes with Small Contributions 

and Environmental Contexts  

Variant(s) Common in the Population  

Polymorphic Markers > 500,000 -1,000,000 

Single Nucleotide Polymorphisms (SNPs) 

Single Gene with Major Effect 

Variant Rare in the Population 

~600 Short Tandem Repeat Markers 

Human Genetic Analysis 

Families 

Linkage Studies 

Populations  

Association Studies 

Simple Inheritance (Segregate) Complex Inheritance (Aggregate)  



Genomic landscape of variation 
• The average genome (2x 3 billion bases) contains: 

– Base substitutions, compared to the human reference genome 

– ~ 10 million 

– Small insertions and deletions, ‘indels’ (1-100bp) 

– ~0.5 million 

– Larger deletions, duplications and insertions (>100bp) 

– ~5,000 

• Variation in (~20,000) genes - the ‘exome’ 

– Variants 

– ~18,000 

– Variants might be expected to influence gene function 

– ~8-9,000 

– ~95% of variants are common in the population, only 5% are ‘novel’ 

– ~500-1000 genes contain novel, potentially functional variants 

– ~100-200 genes contain variants that unambiguously ‘knock-out’ the gene 

– ~20-40 genes contain novel ‘knock-out’ variants 

 



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 disease.  

• Once new genetic associations are identified, researchers can use 
the information to develop better strategies to detect, treat and 
prevent the disease. Such studies are particularly useful in 
finding genetic variations that contribute to common, complex 
diseases, such as asthma, cancer, diabetes, heart disease and 
mental illnesses.  

http://www.genome.gov/20019523 



Potential of GWAS 





GWAS     Improved Health? 

1. Use of genetic information regarding common disease to 
individualize providers’ approach to patients and change 
patients’ behaviors in ways that lead to improved health 
(“Personalized Medicine”). 

2. Use of genetic information regarding common disease to 
understand the biology of human disease to lead to 
improved diagnostic, therapeutic, and preventive 
approaches. 

  



Selection of SNPs 
(Genome-wide association studies) 

• Molecular 
• Higher requirements: Affymetrix and Illumina 

• Analytical 
• Highest requirements: Data management, automation  

• Advantages 
• No biological assumptions and can identify novel genes/pathways  

• Excellent chance to identify risk alleles 

• Utility in individual risk assessment 

• Disadvantages 
• High costs 

• Concern of multiple tests 



SNP Selection 



SNP Selection 



Genome-wide Association Studies (GWAS) 

Use analysis of SNPs to find places in 

genome ‘associated’ with differences in the 

trait of interest SNP = single-nucleotide 

polymorphism  

= common simple DNA variant 

1. Find many thousand people who differ for the trait of 

interest 
2. Use a ‘DNA chip’ to identify (genotype) their alleles at each of ~106 

SNP genome positions 
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3. Look for the SNPs where the two populations have different 

allele frequencies 



How a genome-wide association 

study works 

SHORT PEOPLE TALL PEOPLE 
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Genome-wide Association Studies (GWAS) 
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‘Manhattan plot’ of GWAS results 

Ikram MK et al (2010) Four novel loci (19q13, 6q24, 12q24, and 5q14) influence the 

microcirculation in vivo. PLoS Genet. 2010 Oct 28;6(10):e1001184. 

doi:10.1371/journal.pgen.1001184.g001 

Position of SNPs along each of the chromosomes 

SNPs with no difference 

SNP with big difference 
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Zoom in on GWAS results 
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SNPs with significant differences 

(= possible location of a responsible gene) 

Position of SNPs along chromosome 21 

SNPs with small/no difference 

SNP with big difference 



What kinds of questions can this analysis answer. 
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When/why would this information be needed? 

When the person has a condition (‘syndrome’) that has a well characterized 

genetic cause. 

When the person’s relative is known to have a specific genetic condition 

When choice of treatment depends on the genetic cause 

Do I have this 

mutation? Do I have mutations in 

any of these genes? 

Do I have 

any mutation 

in this gene? 
Do I have any 

of these 

mutations? 



Issues of GWAS 

• Population stratification 

• Multiple Testing: False Positives 

• Gene-Environmental Interaction 

• High Costs 
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Ten Basic Questions to Ask About a Genome-wide 
Association Study Report 

1. Are the cases defined clearly and reliably so that they can be compared with 
patients typically seen in clinical practice? 

2. Are case and control participants demonstrated to be comparable to each other 
on important characteristics that might also be related to genetic variation and 
to the disease? 

3. Was the study of sufficient size to detect modest odds ratios or relative risks 
(1.3-1.5)? 

4. Was the genotyping platform of sufficient density to capture a large proportion 
of the variation in the population studied? 

5. Were appropriate quality control measures applied to genotyping assays, 
including visual inspection of cluster plots and replication on an independent 
genotyping platform? 

Pearson, T. A. et al. JAMA 2008;299:1335-1344 



 

6. Did the study reliably detect associations with previously reported and 
replicated variants (known positives)? 

7. Were stringent corrections applied for the many thousands of statistical 
tests performed in defining the P value for significant associations? 

8. Were the results replicated in independent population samples? 

9. Were the replication samples comparable in geographic origin and 
phenotype definition, and if not, did the differences extend the applicability 
of the findings? 

10. Was evidence provided for a functional role for the gene polymorphism 
identified? 

 

Ten Basic Questions to Ask About a Genome-wide 

Association Study Report 



GWAS 

Replicate/validate 

Identify gene(s)/gene product(s) 

Define function 

Identify drug target 

Design 
candidate drug 

Clinical trials 

Obtain FDA approval 

Develop Dx test 

Show analytic 
validity, clinical 

validity and utility 

Obtain third party 
payer coverage 

Devise 
prevention/ non-
drug therapeutic 

strategies 

Validate via 
outcome 
studies 



© Francis Collins, 2008 © Francis Collins, 2008 

https://www.ebi.ac.uk/gwas 
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