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DNA sequencing technologies
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- Shotgun

- Illumina

- Pyrosequencing

- Ion Torrent
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The Human Genome Project (HGP) is an international scientific research 

project goals: 

-determining the sequence of chemical base pairs which make up DNA,

-identifying and mapping the approximately 20,000–25,000 genes of the 

human genome from both a physical and functional standpoint.

The project began in October 1990 and was initially headed by Aristides 

Patrinos, head of the Office of Biological and Environmental Research in the 

U.S. Department of Energy's Office of Science. Francis Collins directed the US 

National Institutes of Health (NIH) National Human Genome Research Institute 

efforts. A working draft of the genome was announced in 2000 and a 

complete one in 2003, with further, more detailed analysis still being published. 
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Human genome (15 years) Project (1988-2003)

3 billion pairs of bases
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Allele

One member of a pair (or any of the series) of genes occupying a specific 

spot on a chromosome (called locus) that controls the same trait.

Example: a pair of alleles controlling the same trait, i.e. eye color: one allele 

codes for blue eyes, another allele for brown eyes.

Hair gene
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Single Nucleotide Polymorphism (SNP)

A single-nucleotide variation in a genetic sequence; a common form of 

variation in the human genome

C -> T
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Human genome has ~3 million SNPs distributed randomly

A SNP profile can be used for 

stratify patient

Drug treatment worked

Drug treatment didn’t work

SNPs predictive of efficacy

SNPs predictive of NO efficacy

11



12



Search for predictive marker associated with disease/ADR

What are we looking for ?
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What do we gain ?
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Three billion possibilities, how can we do it?
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Bioinformatics is the answer. Leading to 3 

technologies from past, present and future

Past: 

“ Genetic Linkage Map ”

Present: 

“ Genome Wide Association Study ”

Future: 

“ Personal (whole) genome sequencing ”
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Genetic Linkage Map 

Genetic linkage is the tendency of genes that are located

proximal to each other on the chromosome to be

inherited together during meiosis.

Genes whose loci are nearer to each other are less likely

to be separated onto different chromatids during

chromosomal crossover, and therefor said to be

genetically linked.
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Hapotype

A set of DNA variations, or polymorphisms, that  tend 

to be inherited together. 

A haplotype can refer to a combination of alleles or to 

a set of single-nucleotide polymorphisms found on the 

same chromosome.
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Genome-Wide Association Studies (GWAS) 

GWAS are large-scale genetic investigations of 

human disease that measure 100 of 1000 of genetics 

variants scattered throughout the human genome

Advance technologies and falling prices

Search for genetic influences on common diseases 

of major public health significance.

Since 2005: > 1,600 publications have identified 2000 

replicated genetics association with >300 common 

human diseases and traits.
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Genome-Wide Association Study (GWAS) 
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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 

- develop better strategies to detect

- treat and prevent the disease

Particularly useful in finding genetic variations that contribute 

to common, complex diseases

: asthma, cancer, diabetes, heart disease and mental 

illnesses



Why are such studies possible now?
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With the completion of the Human Genome Project in 2003

and the International HapMap Project in 2005, researchers 

now have a set of research tools that make it possible to 

find the genetic contributions to common diseases. 

The tools include 

- computerized databases that contain the reference human 

genome sequence, 

- a map of human genetic variation 

- a set of new technologies 

quickly and accurately analyze whole-genome samples for 

genetic variations that contribute to the onset of a disease.



How will genome-wide association studies 

benefit human health?
30

The impact on medical care from genome-wide association studies could 

potentially be substantial. 

- the groundwork for the era of personalized medicine, in which 

the current one size-fits-all approach to medical care will give way to more 

customized strategies.

In the future, after improvements are made in the cost and efficiency of 

genome-wide scans and other innovative technologies, health 

professionals will be able to use such tools.

- provide patients with individualized information about their risks 

of  developing certain diseases.

- enable health professionals to tailor prevention programs to each 

person's unique genetic makeup. 

- If a patient does become ill, the information can be used to select 

the treatments most likely to be effective and least likely to 

cause adverse reactions in that particular patient.



What have genome-wide association 

studies found?
31

Researchers already have reported considerable success 

using this new strategy. 

- In 2005, three independent studies found that a 

common form of blindness is associated with variation in 

the gene for complement factor H

- Genome-wide association studies to identify genetic 

variations that contribute to risk of 

- type 2 diabetes

- Parkinson's disease

- heart disorders, obesity

- Crohn's disease 

- prostate cancer 

- genetic variations that influence response to 

anti-depressant medications



GWAS SNP-Trait Discovery Timeline
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Links between GWAS Discoveries and Drugs
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Genome-Wide Association Study (GWAS) 

Genome-wide markers (>100,000 markers)

>100,000 tables of 2 by 3 table of case vs control 

genotype frequencies

Multiple tests of table (Hypotheses)

- Significant threshold at 9.37 x 10 -8 (533,252 SNPs)
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How are genome-wide association studies 

conducted?
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Genome-Wide Association Study (GWAS) 
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Genotyping technology

> 100,000 SNPs genotyped at once by microarray 

technology or next generation sequencing
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Genome-Wide Genotyping



Genome-Wide Association Study (GWAS) 
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100 of 1,000 of SNPs are tested for association with the disease in 100 or 1,000 of person



Figure 1. The Genomewide Association Study.

The genomewide association study is typically based on a case–control design in which single-nucleotide 

polymorphisms (SNPs) across the human genome are genotyped. Panel A depicts a small locus on chromosome 9, 

and thus a very small fragmentCOoLOfRthFIeGUgREenome. In 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 Rev4 06/22 /10 

controls. In this example, SNPs 1 and 2 on chromosome 9 are associated with disease, with P values of 10−12 and 

10−8, respectively. The Author Dr. Manolio plot in Panel C shows the P values for all genotyped SNPs that have 

survived a quality-control screen, with each chromosome shown in 

Fig # 1 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. 
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Figure 2. Meta-Analysis of Genomewide Association Studies.

The results of genomewide association studies can be evaluated in a meta-analysis, which combines the results of  multiple studies to 

improve the power for detecting associations. In this example, the results of three studies, none  COLOR FIGURE 

Author Dr. Manolio of which may show genomewide significance individually, are combined in a meta-analysis to reveal a strong, signifi- cant 

signal on chromosome 9. 

43



44



Some GWAS examples
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Some GWAS example
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Some GWAS example



Implication: Disease prevention

Increased cost-effectiveness of prevention strategy 

by gene-based risks stratifying

- Streptococcus pneumoniae vaccination

- Latent TB treatment

- HPV vaccination

Increased surveillance in high genetic risk group

- Familial cancer syndrome

- Diseases with high heritability; Type I DM

- Mendelian screening at birth
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Implication: Personalized medicine

 US FDA recommended to test HLA-B for

- Carbamazepine in Asian (HLA-B*1502)

- Abacavir in Caucasian (HLA-B*5707)

- TPMT genetic test for 5-FU

- CYP2*9 and VKORC for Warfarin dosing

 Selection of effective drug

 Avoidance of side effect
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Human Genome variation database
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An attempt to use common SNPs that show association with 

diseases, as “ a tool for screening assay” mostly fail
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Personal (whole) genome 

sequencing 

Do we really need it or why do we 

need it?
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All-in-One Assay
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WGS; Public health benefit?
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Thai human genome project
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Prof. Wasun Chantratita lab
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How many Thai human genome have been sequence?

74



75



76



Question?
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