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The Poliovirus Problem

VOL 297, 9 August 2002

Cello, J; Paul, A.V. & Wimmer, E.:

Chemical Synthesis of Poliovirus cDNA: Generation of 
Infectious Virus in the Absence of Natural Template

- they generated about 7.7 kilobases of single-stranded RNA
genome based on the know genetic map 

- DNA fragments were synthesized from purified oligo-
nucleotides (average length 69: bases)

- the cDNA was then transcribed into highly infectious RNA  
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http://www.sciencemag.org/cgi/reprint/297/5583/1016.pdf



The Poliovirus Problem

17 July 2002

Weiss, R.:

Mail-Order Molecules Brew a Terrorism Debate
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- mail-order oligonucleotides can be used to manufacture a 
deadly virus 

- because they are so small, most oligos lack a “fingerprint”

- call for more control and/or institutional oversight

- method could be used to manufacture other deadly viruses



The Poliovirus Problem
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Bioinformatics 

- played a crucial role in the manufacturing of the
poliovirus

- it could also play a critical role to control and
prevent misuse of science 



What is Bioinformatics?

Bioinformatics.org 

The scientific field of bioinformatics involves the use of 
information systems to analyze large biological data sets, often
DNA and protein sequences. A subdiscipline of computational 
biology, it is relatively new, having been derived from individual 
efforts in the statistical analysis of sequences. The first reference 
to the word “bioinformatics” in the scientific literature was in 
1991. 
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What is Bioinformatics?

The European Bioinformatics Institute (EBI)

The EBI is a center for research and services in bioinformatics.
The Institute manages databases of biological data including 
nucleic acid, protein sequences and macromolecular structures
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What is Bioinformatics?

Bioinformatics (Journal)

The journal aims to publish high quality, peer-reviewed, original 
scientific papers and excellent review articles in the fields of
computational molecular biology, biological databases and 
genome bioinformatics.
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What is Bioinformatics?

http://www.netsci.org/Science/Bioinform

The first level … can be defined as the design and application of 
methods for the collection, organization, indexing, storage, and
analysis of biological sequences (both nucleic acids [DNA and 
RNA] and proteins). The next stage of bioinformatics is the 
derivation of knowledge concerning the pathways, functions, 
and interactions of these genes (functional genomics) and 
proteins (proteomics). 
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What is Bioinformatics?

UCLA Bioinformatics Institute

Bioinformatics is the study of the inherent structure of        
biological information and biological systems. It brings        
together the avalanche of systematic biological data (e.g.      
genomes) with the analytic theory and practical tools of        
computer science and mathematics. Introduction
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What is Bioinformatics?

UPenn Center for Bioinformatics

… these disciplines deal with the management, analysis, and 
visualization of the flood of information generated in molecular
biology, genomics, and other areas of biology and biomedicine. 
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What is Bioinformatics?

Bioinformatics (S.M. Brown, 2000)

Bioinformatics can be defined as the use of computers for the 
acquisition, management, and analysis of biological information.
It exists at the intersection of molecular biology, computational 
biology, clinical medicine, database computing, the Internet, 
and sequence analysis. Introduction
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What is Bioinformatics?

Weizmann Institute of Science

… although the term ‘Bioinformatics’ is not really well-defined, 
you could say that this scientific field deals with the 
computational management of all kinds of biological 
information, whether it may be about genes and their products, 
whole organisms or even ecological systems. Introduction
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What is Bioinformatics?

National Institutes of Health (NIH)

Research, development, or application of computational tools 
and approaches for expanding the use of biological, medical, 
behavioral or health data, including those to                   
acquire, store, organize, archive, analyze, or visualize such 
data.Introduction
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What is Bioinformatics?

sensu stricto

An interdisciplinary field involving biology, computer science, 
mathematics, and statistics to analyze biological sequence data,
genome content, and arrangement, and to predict the function 
and structure of macromolecules (D.W. Mount, 2001). 

sensu lato

Research, development, or application of computational tools 
and approaches for expanding the use of biological, medical, 
behavioral or health data, including those to acquire, store, 
organize, archive, analyze, or visualize such data (NIH).
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What is Bioinformatics?
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Proteomics 

Genomics

Bioinformatics

search

George W. Bush 1,700,000

Michael Jackson 775,000

261,000

813,000

1070,000

Jan 2003

2,144,000

158,000

606,000

837,000

Sep 2002

1,601,000



History of Bioinformatics

Gregor Mendel ("Father of Genetics") cross-fertilized different colors 
of the same species of flowers. In a journal, he kept careful records 
of the colors of flowers that he cross-fertilized and the colors of 
flowers they produced.
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1865

Pauling and Corey propose the structure for the alpha-helix 1951

Watson and Crick propose the double helix model for DNA 
based on x-ray data obtained by Franklin and Wilkins 

1953

The sequence of the first protein to be analyzed, bovine 
insulin, is announced by F. Sanger

1955

The first integrated circuit is constructed by Jack Kilby
at Texas Instruments

1958

The details of the Needleman-Wunsch algorithm for 
sequence comparison are published

1970

Protein Sequence Database (PSD) by Margaret Dayhoff 1972

Margaret Dayhoff  starts the Atlas of Protein 
Sequence and Structure

1965
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1972

1973

1977

1980

1981

1981

1983

1985

The first recombinant DNA molecule is created by Paul Berg and his 
group

Stanley Cohen invented DNA cloning

Sanger et al. invent cycle sequencing

The first complete gene sequence for an organism 
(Bacteriophage FX174) is published. The gene consists 
of 5,386 base pairs which code nine proteins

The Smith-Waterman algorithm for sequence alignment 
is published

IBM introduces its Personal Computer to the market

The FASTP algorithm is published by Lipman & Pearson

The PCR reaction is described by Kary Mullis and co-workers
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1986

1986

1986

1987

1987

1988

1988

1990

The term "Genomics" appeared for the first time. It was coined by 
Thomas Roderick as a name for the new journal 

The SWISS-PROT database is created (University of Geneva and the 
European Molecular Biology Laboratory)

The Human Genome Initiative is announced by DOE

Perl (Practical Extraction Report Language) is released 
by Larry Wall.

The National Center for Biotechnology Information (NCBI) is 
established at the National Cancer Institute in Bethesda

The physical map of E. coli is published

The FASTA algorithm for sequence comparison is published by 
Pearson & Lupman

The BLAST program (Altschul, et. al.) is implemented

The first reference to the word “bioinformatics” in the scientific
literature (source: Bioinformatics.org)

1991?
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1991

1992

1992

1994

1995

1995

1996

1998

1998

The research institute in Geneva (CERN) announces the creation of 
the protocols which make-up the World Wide Web 

Human Genome Systems, Gaithersburg Maryland, is formed by 
William Haseltine 

The Institute for Genomic Research (TIGR) is established by 
Craig Venter in Rockville

The PRINTS database of protein motifs is published by
Attwood and Beck

Sun releases version 1.0 of Java. Sun and Netscape 
release version 1.0 of JavaScript

The Haemophilus influenzea genome (1.8 Mb) is sequenced

Affymetrix produces the first commercial DNA chips

Craig Venter forms Celera in Rockville, Maryland

The Swiss Institute of Bioinformatics is established in Geneva

A draft of the human genome (3,000 Mbp) is published 2001
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The Human Genome Project

The Human Genome Project is complete - almost

publication of draft sequence on 15 Feb 2001
(based on data “frozen” on 7 Oct 2000)

approximately 3.29 billion base pairs

approximately 35,000 genes

draft sequence means the DNA was sequenced on average four times

there are still gaps, typos and assembly errors

finished sequence will have eightfold coverage
with an error of about 1 in 10,000 (2003)
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Gene number estimates

Anticipated in 1998: 60,000-140,000

Desperate need for theoretical network

Celera: ~35,000

Affymetrix Gene Chip: ~60,000

GenBank: ~50,000 gene coding sequences

UniGene: ~96,000 clusters of unique human ESTs
(an expressed sequence tag is a small  part of
the active part of a gene, made from cDNA)

The Human Genome Project
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Information Complexity: Genomics vs. Proteomics

Problem: bioinformatics is major bottle neck in many genomics/proteomics applications
relative to data analysis, storage, management, search, and retrieval 

Human
Genome SNP Human

Proteome
Protein

Interactions

2  
(PetaBytes)

50

2
(TeraBytes)

40
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“Now this is not the end.
It is not even the beginning of the end.

But it is, perhaps, the end of the beginning.” 

Winston Churchill, 1942
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Course objective

The general objective of the course is to provide a one semester
introduction and overview to the fields of bioinformatics

The aim is to provide a practical description of the topics, tools, 
issues and current trends in the fields

As an introductory course, the focus will not be on the 
theoretical and computational aspects of the fields. 

Students should become familiar with the terminology, 
principles, and strategies in bioinformatics

They will learn to use conventional software and web-based 
applications

Students should gain competence in the field of bioinformatics 
by using the approach of problem-based learning 
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Course schedule

Lecture 2 (Jan 27): Cell Biology Overview 
* Organisms, organs, tissues, cells. 
* Cell components. 
* Eurokaryotic vs. prokaryotic cells. 
* Overview of diseases, immune system. 
* Biomolecules, proteins

Lecture 3 (Feb 2): DNA/RNA overview
* DNA and its components
* RNA and its components
* PCR, sequencing
* Mutations

Lecture 4 (Feb 9): Nucleotide and protein databases
* Public sequence databases
* Sequence retrieval and examples
* Similarity searching
* Gene identification
* Genetic and physical map
* Protein databases
* Data exchange and management

Lecture 5 (Feb 16): Hands-on lab with databases
* Motivating problem: the poliovirus
* Review nucleotide and protein databases
* Sequence formats
* Lab exercises in using GenBank
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Course schedule (continued)

Lecture 6 (Feb 23): The Alignment problem
Part I: 
* Pairwise alignment
* Dynamic programming algorithm
Part II: 
* Multiple alignment
* Editing and formatting alignments

Lecture 7 (Mar 3): The new biology lab
* Old technology overview: microscopy …
* PCR, sequencing,
* Microarrays
* Crystallography
* Mass-spec

Lecture 8 (Mar 10): Proteins, part 1 (Structure-function relationships)
* Review of protein structures
* Experimental techniques to determine protein structures
* Protein databases

Lecture 9 (Mar 24): Proteins, part 2 (Computational modeling)
* Database similarity search
* Protein family analysis
* Structural analysis
* Three-dimensional comparative modeling
* Three-dimensional structural analysis in laboratory
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Course schedule (continued)

Lecture 10 (Mar 31): Phylogenetics I
* Evolution: overview
* Taxonomy and phylogenetics
* Phylogenetic trees
* Cladistic vs. phenetic analyses
* Models of sequence evolution

Lecture 11 (Apr 7): Phylogenetics II
* Phylogenetic trees and networks
* Cladistic and phenetic methods
* Computer software and demos

Lecture 12 (Apr 14): Field trip 

Lecture 13 (Apr 21): Student presentations

Lecture 14 (Apr 29): Simulations (time permitting)
* Simulations
* Biological metaphors in computing

Final Examination (May 5)
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What is expected from students?

- Students should anticipate spending a minimum of ~ 3 hrs a week outside of class
reading and studying the lecture notes and reading assignments and carrying out
the assigned homework/exercises

- Students will need access to a computer with an internet connection and e-mail

- PC access is available on campus at Tomkins 405 and Himmelfarb library

- E-mail is necessary for submission of homework
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Bioinformatics sources
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College of Staten Island
http://www.library.csi.cuny.edu/~davis/Bioinfo_326/bioinfo_glossary.html

Incyte Genomics
http://www.incyte.com/glossary/index.shtml

www.SequenceAnalysis.com
http://www.sequenceanalysis.com/glossary.html

BIOINFORMATICS TEACHING & LEARNING
http://www.bscbioinformatics.com/Stu/Glo/glossary.html

CHI (Cambridge Healthtech Institute) 
http://www.genomicglossaries.com/content/Bioinformatics_gloss.asp

Bioinformatics glossaries
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12

43

81

103

38

64

Virology 

Pharmacology 

Genetics

Biochemistry

Proteomics

Genomics

Bioinformatics 30

August 2002 (476 positions advertised)
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Science: 5 June 2002

“Career opportunities in bioinformatics are very, very good … it seems that every 
time you turn around a company has decided to set up a bioinformatics group …”

M. Greene, Gene Logic Inc., Gaithersburg

Companies will … look for individuals who first and foremost are biologists but 
have key computational skills.

Those skills are:
- knowledge of UNIX and relational databases, skill with Structured Query

Language (SQL) and programming skills (C, Perl, Java)
- Expert knowledge of sequence-analysis programs like BLAST and FASTA
- Web skills, e.g. Hypertext Markup Language (HTML)

“Recruiters get excited over applicants who have applied computational 
skills in a practical way”
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What types of jobs are available in bioinformatics?

- Jobs are available from programmers and data analysts to senior level 
scientists and research directors

- Employment is available with private and public industries, research
institutions, government institutions, and universities around the globe. 

Online bioinformatic employment resources:

- Science magazine career section
- Science jobs in Nature magazine
- SmithKline Beecham - a leading employer of bioinformatic professionals  
- Bioinformatics jobs listed by PlanetJobs  
- Genome Jobs: resource for employment in genomics, bioinformatics,

biotechnology and biocomputing.
- BiotechFind.com - a directory of international links covering the fields of

Biotechnologies
- BioSpace Career Center  
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Planning a career

- Define your goals and objectives, start planning your career today!

- Talk to us about your career plans

- Get in contact with guest lecturers

- watch the market requirements

- assess your strengths and weaknesses

- take additional courses if necessary

- publish a paper(s)

- refine your collaborative skills, establish study groups 
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- in the future, bioinformatics is likely to become more central to the way 
biology is done

- as we enter the “post-genomic era”', information about gene expression, 
protein structure and function, data from DNA array technology, as well as 
epidemiological and disease susceptibility data, are all being integrated with 
genome sequence information.

- “When graduate students approach me these days about what is an 
interesting area to go into if you want to make a major contribution to 
biomedical research, the first thing out of my mouth is bioinformatics … we 
are woefully short in terms of having a critical mass of people who understand 
both biology and computational approaches”

Francis Collins, director of the National Human Genome Research Institute


