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1.1  DEFINITIONS 

 

1.2  ABOUT DISEASES 

 

1.3 APPROACHES TO UNDERSTANDING DISEASE MECHANISMS 

 

1.3.1 Gene expression is regulated in several basic ways 

1.3.2 Microarrays: functional genomics in cancer research 

1.3.3 Genetic Alterations and Disease 

1.3.4 Genomic microarrays  

 1.3.4.1 Array based comparative genome hybridization (aCGH) 

The aim of this chapter is to describe the main goals, tools and 

techniques of functional genomics.  We will discuss its contribution to 

the advancement of modern medicine through specific examples.  
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Definitions of terms 

Genomics: study of genomes (the DNA comprising an organism) using the tools of 
bioinformatics. Prerequisite: genome sequence databases.  Static: genome sequence 
is not supposed to change. 
 
Bioinformatics: study of protein, genes, and genomes using computer algorithms 
and databases. 
 
Functional genomics: Genome and phenotype correlations.  Understand the 
function of genes and their products using global, high-throughput methods. 
• Normal and pathological conditions of an organism 
• Changes in response to the environment 
• Comparison of different organisms 
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What is Functional Genomics? 

Functional genomics refers to the development and application of global (genome-
wide or system-wide) experimental approaches to assess gene function by 
making use of the information and reagents provided by structural genomics.  It 
is characterized by high-throughput or large-scale experimental methodologies 
combined with statistical or computational analysis of the results (Hieter and 
Boguski 1997) 

 

Functional genomics as a means of assessing phenotype differs from more 
classical approaches primarily with respect to the scale and automation of 
biological investigations. A classical investigation of gene expression might 
examine how the expression of a single gene varies with the development of an 
organism in vivo. Modern functional genomics approaches, however, would 
examine how 1,000 to 10,000 genes are expressed as a function of 
development. (UCDavis Genome Center) 
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• Genetic variation is responsible for the adaptive  

changes that underlie evolution. 

 

• Some changes improve the fitness of a species. 

Other changes are maladaptive. 

 

• For the individual in a species, these maladaptive 

 changes represent disease. 

 

• Molecular perspective: mutation and variation 

 

• Medical perspective: pathological condition 

Human disease: a consequence of variation 

J Pevsner: Bioinformatics and functional genomics 
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•  many regions of the genome may be affected 

 

•  there are many mechanisms of mutation 

 

•  genes and gene products interact with their 

  molecular environments 

 

•  an individual interacts with the environment 

  in ways that may promote disease 

Why is there such a diversity of diseases? 

J Pevsner: Bioinformatics and functional genomics 
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Medicine: diagnosis, treatment, prognosis, prevention 

   of disease 

 

Genetics: understanding the origin and expression 

   of individual human uniqueness 

 

Genomics/Functional genomics: identifying and  

characterizing genes - their arrangement in chromosomes 

and function/role in disease. 

 

 

Bioinformatics: the use of computer algorithms and 

   computer databases to study genes, genomes, 

   and proteins. 

Perspectives on disease 

J Pevsner: Bioinformatics and functional genomics 
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The field of bioinformatics involves the use of computer  

algorithms and databases to study genes, genomes, 

and proteins. 

 

• DNA databases offer reference sequences to compare normal and disease-

associated sequences  

• Physical and genetic maps are used in gene-finding 

• Protein structure studies allow study of effects of mutation 

• Many functional genomics approaches applied to genes 

• Insight into human disease genes is provided through 

  the study of orthologs and their function 

Bioinformatics perspectives on disease 

J Pevsner: Bioinformatics and functional genomics 
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We can consider four main categories of human disease.  

Categories of disease 

Monogenic, complex, genomic, environmental 

J Pevsner: Bioinformatics and functional genomics 
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Single gene disorders    rare  multigenic 

 autosomal dominant    pathophysiology 

 autosomal recessive 

 X-linked recessive 

   

Complex disorders   common                 multigenic 

 congenital anomalies 

 CNS 

 cardiovascular 

  

Chromosomal disorders   common                  multigenic 

 

Infectious disease      most common    multigenic 

 

Environmental disease    most common  multigenic 

Categories of disease 
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Previously, a large distinction was made between 

monogenic (single gene) and polygenic (complex) disorders.  

They are now seen to be more on a continuum. 

 

We may define a single-gene disorder as a disorder that  

is caused primarily by mutation(s) in a single gene. 

However, all monogenic disorders involve many genes. 

Monogenic (single gene) disorders 

J Pevsner: Bioinformatics and functional genomics 
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Categories of disease: Complex disorders 

90% of monogenic diseases appear by puberty;  

1% have onset after age 50. 

 

Diseases of complex origin tend to appear later; 

if the onset is early, the burden is greater. Examples 

are anomalies of development, early onset asthma, 

high blood pressure, cancer, diabetes. 

 

For complex disorders there is a gradient of phenotype 

J Pevsner: Bioinformatics and functional genomics 
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Complex disorders 

Multiple genes are involved. The combination of 

mutations in multiple genes define the disease. 

 

Complex diseases are non-Mendelian: they show 

familial aggregation, but not segregation. This means 

that they are heritable, but it is not easy to identify  

the responsible genes in pedigrees (e.g. by linkage 

analysis). 

 

Susceptibility alleles have a high population frequency. 

Examples are asthma, autism, high blood pressure, 

obesity, osteoporosis. 

J Pevsner: Bioinformatics and functional genomics 
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Genomic (chromosomal) disorders 

Many diseases are caused by deletions, duplications, 

or rearrangements of chromosomal DNA. In addition, 

aneuploidy can occur (having an abnormal number 

of chromosomes). 

 

A bioinformatic approach is to use genomic microarrays. 

J Pevsner: Bioinformatics and functional genomics 
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J Pevsner: Bioinformatics and functional genomics 
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Duchenne muscular dystrophy (1986)  

Cystic fibrosis (1989) 

Huntington’s disease (1993) 

BRCA1 and 2 (1994)  

Disease genes cloned by positional mapping 

J Pevsner: Bioinformatics and functional genomics 
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Autosomal dominant 

 BRCA1, BRCA2     1:1000 

 Huntington chorea    1:2,500 

 Tuberous sclerosis    1:15,000 

 

Autosomal recessive 

 Albinism    1:10,000 

 Sickle cell anemia   1:655 (U.S. Afr.Am) 

 Cystic fibrosis   1:2,500 (Europeans) 

 Phenylketonuria   1:12,000 

 

X-linked 

 Hemophilia A    1:10,000 (males) 

 Rett Syndrome    1:10,000 (females) 

 Fragile X Syndrome   1:1,250 (males) 

Monogenic (single gene) disorders 

J Pevsner: Bioinformatics and functional genomics 
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Example:  

 

Lead poisoning is an environmental disease. It is common  

(about 9% of US children have high blood levels). 

 

But two children exposed to the same dose of lead 

may have entirely different phenotypes. 

 

This susceptibility has a genetic basis. 

 

Conclusion: genes affect susceptibility to environmental 

insults, and infectious disease. Even single-gene disorders 

involve many genes in their phenotypic expression. 

Categories of disease: environmental 

J Pevsner: Bioinformatics and functional genomics 
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Mitochondria 

 Over 100 disease-causing mutations identified 

 

Peroxisomes 

 Mutations affect either perixosome function 

 or peroxisome biogenesis; yeast provide a model 

 

Lysosomes 

Other categories of disease: Organellar 

J Pevsner: Bioinformatics and functional genomics 
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Morbidity map of the human mitochondrial genome 

DiMauro and Schon, 2001 
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http://www.peroxisome.org 
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Approaches to understanding disease mechanisms 

Monogenic diseases : Genetics and genomics 

Methods: Linkage analysis, Genome-wide association studies (GWAS),  

Identification of chromosomal abnormalities, Genomic DNA sequencing 

 

Multigenic diseases : functional genomics, genomics, genetics etc. 

Data from global analyses may identify targets for molecular therapy! 

Better understanding of: 

1. Genes that cause disease (cardiovascular, diabetes, Alzheimer’s) 

2.  Interactions between genes and the environment that lead to  

 chronic disease 

3.    Various aspects of cancer 

  - response to treatment 

            - prognosis 

            - recurrence 

4.   Basic biological questions involving regulation of genes 
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• by region (e.g. brain versus kidney) 

• in development (e.g. fetal versus adult tissue) 

• in dynamic response to environmental signals  

  (e.g. immediate-early response genes) 

• in disease states 

• by gene activity 

 

Gene expression and disease: good correlation between RNA 

expression levels and phenotype 

Gene expression is regulated in several basic ways 

J Pevsner: Bioinformatics and functional genomics 
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DNA RNA 

cDNA 

protein DNA RNA 

cDNA 

protein 

UniGene, SAGE 

Microarray 

J Pevsner: Bioinformatics and functional genomics 

Global analysis of gene expression 
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Gene expression is the process by which a gene's information is  

converted into the structures (proteins) and functions of a cell. 

 

Concept of microarrays is to measure the amount of mRNA to see 

which genes are being expressed in (used by) the cell. 

Microarray 

DNA RNA 

cDNA 

protein DNA RNA 

cDNA 

protein 
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 A snapshot that captures the activity pattern of 

thousands of genes at once. 

  

Ordered collection of microspots (probes), each spot 

containing a single species of a nucleic acid representing 

the genes of interest. 

Gene Expression Microarrays 

System components:  

• solid surface 

• DNA „probes”: cDNA or oligonuceotide,  

   homologous to known genes 

• Samples of interest (mRNA to labeled cDNA) 

• Scanner (signal acquisition) 

• Computer algorithm (data analysis) 
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Spotted expression arrays 

Affymetrix expression  
arrays 
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Spotted expression arrays 
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Affymetrix expression arrays 
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The MicroArray Quality Consortium (MAQC) 

The MAQC Consortium published a series of papers in Nature 

Biotechnology : September 2006, volume 24 issue 9.  

 

20 microarray products and three technologies were evaluated for 12,000 

RNA transcripts expressed in human tumor cell lines or brain. There was 

substantial agreement between sites and platforms for regulated 

transcripts. 

J Pevsner: Bioinformatics and functional genomics 
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MAQC Consortium (2006) Nature Biotechnology 24:1151-1161 
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MAQC Consortium (2006) Nature Biotechnology 24:1151-1161 
TÁMOP-4.1.2-08/1/A-2009-011 


