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The Genomic Revolution
1953-2003
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Timetable of the Genomic Revolution

1953 Watson & Crick publish the double helical 
structure of DNA 

1944 Avery et. al. provide evidence that DNA is 
the hereditary material

1963 Nirenberg elucidates the genetic code
1964 Perutz connects the 3-D structure of 

proteins to the amino acid sequence

1990 Initiation of the Human Genome Project
1995 First complete genome published

1972-74 Development of recombinant DNA 
technology

1975-85 Development of techniques for rapid DNA 
sequencing

Affymetrix publishes about GeneChip1996

2003 Human Genome Project completed
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Viva la revolution!

We can now begin to look at gene expression and 
protein activity in the context of networks and systems
of interacting genes and gene products
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DNA microarray: The Genomic Fingerprint 
of Cellular Function

• Comparative genomics

• Functional genomics 

• Characteristic genes

• Construction of metabolic network

mRNA

Proteins
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Gene expression profilingGene expression profiling

Clustering 
Algorithms

www.kegg.com
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Challenges

• Development of clustering algorithms to better 
differentiate between gene clusters

• Clever experimental design

• Semi-quantitative experimental technique –
determining “big” trends

• Gene networks are not available
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Design of protein effectors

Knowing just the amino acid sequence is not sufficient to design a 
protein effector

Determine the 3-D structure of the protein

using X-Ray crystallography

Design the effector (ligand) that 
minimizes the energy level of the 
ligand – receptor complex
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• High- throughput analysis of protein 3D structure

• Development of algorithms (filters) to determine the 
relationship between amino acid sequence and 3D 
structure (of the active site)

• Development of high-throughput analysis of protein 
function and family

• High-throughput development of specific antibodies

• Development of protein microarrays

• High-throughput design and development of drugs

Challenges
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Viva la (Systems Biology) revolution!

It is becoming increasingly clear that a comprehensive 
analysis of biological systems requires the integration of 
all fingerprints of cellular function: 

• gene sequence

• gene expression

• protein 3D structure 

• total protein production 

• metabolic output (macroscopic) 

• in vivo enzymatic expression (activity) 
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Few integrated analyses so far…

… primarily because we lack both the conceptual 
understanding and the computational tools that would 
allow the identification of cause-effect relationships 
between the gene and protein regulation and phenotypic 
profiles
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Algorithm development has to go 
hand in hand with experiments!

• It is very important to carefully design experiments that 
can provide comparable gene expression, protein 
production and metabolic function data that can lead to 
useful results

• Increase and improve the experimental techniques and 
methodologies for the quantitative measurement of the 
cellular physiological state at each level of cellular 
function
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Integrated Databases

• Development of extended relational databases that 
can effectively capture and integrate genomic, 
proteomic and phenotypic data

• Development of protocols for submitting experimental 
data to public databases that will allow the integration 
of information from various labs
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Integrated Data Visualization and 
Mining Software needed…

… to explore the already known relationships 
between physiological profiles and infer new 
interaction models
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Clustering 
Algorithms

www.kegg.com

Visualizing the activity of metabolic pathways at the transcriptional 
level
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Viva la (Interdisciplinary) revolution!

Holistic analyses of biological systems require a change in the 
way in which questions are approached in biological sciences

Collecting, managing and analyzing data from various cellular 
profiles requires expertise from various fields that transcend 
traditional discipline boundaries: engineering and computer 
science, statistics and applied mathematics, and chemistry, 
physics, and biology

Bioinformatics and Systems Biology will be the framework for 
the training of a new generation of researchers in the life 
sciences who will be able to work, interact and collaborate in a
very diverse and highly interdisciplinary environment
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Biology will be the foremost science of the 21st Century

“ Doubling in size in 10 years, the biotechnology industry 
generated 191,000 direct jobs and 535,000 indirect jobs 
in 2001. Revenues for that year totaled more than $20 
billion directly and $28.5 billion indirectly ”

(U.S. Department of Energy)
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The researchers in systems biology possess for the first
time the opportunity to unravel the mechanisms of life

The enormous impacts of these discoveries and the smaller ones 
along the way in diverse areas, such as:

Metabolic engineering, Strain selection, Drug screening and 
Development, Bioprocess development, Disease Prognosis and 
Diagnosis, Gene and Other Medical Therapies

is an obvious motivation for pursuing integrated analyses of 
cellular systems
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2003-2053
2003

2053

Imagine…
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