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A biomaker exist in 
every living things

DNA mutation generate 
different proteins

Gene Diversity
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Gene Diversity I
different kind of gene variation 

4

Cytogenetic map
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Gene Diversity II
point mutation
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DNA mutation generate 
different proteins

Can be selected for particular environments
(sickle hemoglobin cell  - malaria)
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Effects of DNA Variants

Silent
Increase or decrease of gene product 
(protein)
Change in how gene is turned on/off
Change in protein function
Change in Phenotype (such like behavior)
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In complex disease a person's susceptibility genotype (such as A or B) and environmental history 
combine to establish present health status, and the genotype's norm of reaction determines future 

health trajectory.

Kaprio J BMJ 2000;320:1257-1259

©2000 by British Medical Journal Publishing Group

Integrative epidemiology is simply the familial molecular epidemiology paradigm with the ‘wings’, 
behavior, and outcome added.

Caporaso N E Cancer Epidemiol Biomarkers Prev 2007;16:365-366

©2007 by American Association for Cancer Research

Biomarkers as the diagnosis tools

• What molecular or genetic 
epidemiology care about?

“Heterogeneity “ of complex diseases

complex
phenotype

“polygenic with genetic Heterogeneity”

“Environmental factors”

Salt intake

Psychosocial
Stress

Diet

others

Gene+

Gene +
Gene -Gene+

Gene+

Gene -

Epistasis

Gene-environment interactions
(the example of cardiovascular disease)

Genetic factors

Diet, Smoking, Stress

Hypertension, Diabetes, Obesity,
Age, Lipids, Genetic Background

Atherosclerosis

Myocardial 
infarction

Stroke Peripheral
vascular
disease

Environment

Risk factors

Trait

Phenotype

Behavior

Routes towards linking variation in phenotypes to variation in genotypes.

The strategies for searching the correlation 
between phenotype and genotype

Haplotype: Single-nucleotide 
polymorphisms SNPs cctagtgcatttcca

cctagtgcatatcca
cctagtgcatatcca

Biomarkers as the diagnosis tools

Genetic 
factors 
identify
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Example:
Virus genetic as biomarker
Comparative genomic study

Molecular Epidemiology of the Human 
Immunodeficiency Virus type 1 

Infections in Taiwan

South & South-East Asia

4.2 million
[3.5 – 5.3 million]

(ADULTS AND CHILDREN)

3Takebe Y, Uenishi R, Li X. Adv Pharmacol. 2008;56:1-25.

Classification of HIV HIV-1 subtype and recombinant prevalence in the world

Subtype C is dominating the epidemic

Strategy for Tracing HIV Pandemic 

• Epidemiological Data

•Medical Record Data

•Data from Genomic Diversity of the virus

Science. 2004 Jun 25;304(5679)
J  Vi l  2008 S  82(18) 92

Infection pattern of CRF07_BC

Subtype C  
from India to 
Yunnan: early 

1980s

CRF07_BC in Yunnan: 1993

Subtype B’ in Asia mid 1980
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Research Findings 

•Subtype distribution after 2006

•Transmission origin and movement 
through Taiwan

•Characteristics among risk groups vis-
à-vis HIV subtypes
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Phylogenetic tree of env gene 
(Neighbor-joining tree)

 Gene：env gene (C2~V5 loop)

 HXB2 position：7001-7647

 Model：Neighbor-joining

 No Of Bootstrap Reps = 1000

 Distance method：

Nucleotide-Kimura 2-parameter

 CRF07_BC
 Subtype B
▲ CRF01_AE

Identification of Three Major Subtypes of HIV-1 in Taiwan

12 22

China
(N=17)

Southern 
of Taiwan 

(N=7)

Northern 
of Taiwan 

(N=17)

Middle of
Taiwan 
(N=4)
and

Our cases 
(N=18)
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 TMRCA (Time of most recent common 

ancestor)：

China – 1995.5 ~ 1996.1

Southern of Taiwan – 2001.1 ~  

2001.9

Middle of Taiwan – 2003.4 ~ 

2003.7

Northern of Taiwan – 2003.5 ~ 

2003.7 

16
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Example2:
Virus genetic as biomarker

SNP study

Serological surveillance and IL-10 
genetic variants on anti-HBs titers: 

Hepatitis B vaccination 20 years after 
neonatal immunization in Taiwan

How can we do in 
studying Genetics of 

Substance Abuse 
Behavior

• Understand the biologic factors of the illness 

• Understand which proteins and pathways are contributing to 
particular mental illnesses

• Diagnosis

• Help to identify environmental factors (genes as co-variants)

• Risk Prevention

• Develop Better Treatments with Fewer Side Effects

The issues in substance abuse genetical study
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Nicotine Addiction

N Engl J Med 2010; 362:2295-2303June 17, 2010

Candidate gene search methods
Nicotine metabolism.

Batra V et al. Chest 2003;123:1730-1739

©2003 by American College of Chest Physicians

Candidate gene search methods

Candidate gene search methods

Pedigree Twin

Molecular Genetic Studies

Association Studies

Linkage Studies

Whole Genome Scan

Adaptations Family
migration Family

Data collection

Epidemiological Data

Medical Record Data

Data from Genomic Diversity

Family study

Individual study

Genetic effect                         environment effect

Study design 

• DRD2

• DRD4

• COMT

• SERT

• BDNF

• Ref : Candidate genes for cannabis use disorders: findings, 
challenges and directions. Addiction, 104, 518–532. 

Candidate genes using in addition research study


