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How is information represented?

Where does it come from?

Where is it stored?

How do we find, retrieve and use it?
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From genotype to phenotype
� The genotype is “digital”.

� Each base pair can be precisely represented using one of
four symbols (A, T, G, C).

� Approximately 3.2 billion base pairs in the human
genome.

� The phenotype is “analog”.
� Proteins are not uniquely determined by their sequence.
� Environmental factors are always present.
� Most phenotypes are qualitative in nature.
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From phenotype to genotype
Our knowledge progresses in the opposite direction:

� First studies of inherited traits: Mendel, 1866;
� (Discovery of DNA: Miescher, 1869);
� Genes are made of DNA: Hershey and Chase, 1952;
� DNA replication mechanism: Watson and Crick, 1953;
� Genetic code decyphering: Nirenberg, 1961-1966;
� Discovery of introns: Sharp and Roberts, 1977;
� Human Genome Project: 1990-2003.
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From genotype to phenotype
� “The” human genome is an abstraction.

� Single-nucleotide polymorphisms (SNPs),
microsatellites (repeats), insertions, deletions,
translocations, etc etc…

� On the average, one polymorphism every 1,000 bases.

� Phenotypes are generalizations:
� Species;
� Ethnicity;
� Diseases.
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Data and Methods
� DNA:

� Sequence matching (BLAST, etc.)
� Gene prediction (Genscan, etc.)
� Homology searches
� SNP detection (genotyping)

� RNA:
� Alternative splicing, transcriptional rearrangements
� Expression analysis (microarrays)

�Differential analysis
�Clustering
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Data and Methods
� Protein:

� Prediction of active domains
� 3-D structure prediction
� Protein homology and conservation
� Automated construction and analysis of metabolic /

regulatory pathways

� Phenotype:
� Population genetics
� Association studies
� Clinical trials
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What is a gene?
� Classical geneticist:

“Gene = smallest unit of inheritance”

� Medical researcher:
“Gene = disease-causing trait”

� Molecular biologist:
“Gene = recipe for one or more proteins”
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What is a gene?
� Biochemist:

“Gene = element in a metabolic network”

� Modern geneticist:
“Gene = functional locus on a chromosome”

� Bioinformatician:
“Gene = contiguous, characterized DNA sequence”
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DNA sequence data
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GenBank
� Largest public repository of sequence data. Accepts

direct submissions from researchers.

� As of January 2003:
� 22.3 million sequences
� 100,000 distinct organisms
� 28.5 billion nucleotides

� Foundation of the NCBI cluster:
http://ncbi.nih.gov/Genbank
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Growth of Genbank
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Genome assembly
� The assembly process starts with clusters of

overlapping sequences, and proceeds in a targeted
way to fill the gaps.

� Details available at http://ncbi.nih.gov/genome/
guide/build.html
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Genomes
� Completed or nearing completion:

� Viruses: 1,021
� Archea: 16
� Bacteria: 99
� Organelles: 405
� Eukariotes: 18

�Homo sapiens: 99% finished, 99.99% accuracy

� Data available at: http://ncbi.nih.gov/Entrez/
Genome/main_genomes.html
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GoldenPath
� Genome browser for human, mouse, rat, chimp,

fruitfly, yeast, C. elegans, C. briggsae, SARS.

� Interesting features:
� Multi-track graphical view
� Can be queried for arbitrary DNA sequences
� Uses the NCBI human genome assembly
� Provides absolute positional information for genes,

markers, mutations, other features.

� Available at http://genome.ucsc.edu/
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GoldenPath browser
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GoldenPath - sequence
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NCBI map viewer
� Integrates sequence and map data from a variety of

sources. Available maps:
� Sequence maps (clone, component, contig, haplotype,

gene, STS, transcript, UniGene);
� Cytogenetic maps (bands, breakpoints, disease genes);
� Linkage maps (deCODE, Genethon, Marshfield);
� Radiation hybrid maps;
� Human/mouse homology;

� Extremely detailed, complex but flexible.
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NCBI viewer
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SNPs
� SNPs are the most common form of variation in our

genome. SNPs are important as
� genomic markers;
� causal candidates for diseases;
� evolutionary markers.

� dbSNP (http://ncbi.nih.gov/SNP/) currently
contains over 4,000,000 human SNPs (almost 50% of
which are validated).

� TSC (http://snp.cshl.org/) offers reliable
frequency information on about 100,000 SNPs.



HST 586 - 2/26/04 22© 2004, Alberto Riva, CHIP

Other SNP resources
� HapMap (http://www.hapmap.org), aims at

developing a haplotype map of the human genome;

� HGBASE (http://www.hgbase.com/), Karolinska
Institute (manually curated genotype/phenotype);

� ALFRED (http://alfred.med.yale.edu/alfred/), Yale
(SNP frequency data in many different populations);

� SNPper (http://snpper.chip.org/), CHIP.
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From DNA to genes
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LocusLink
� Curated directory of genes from 13 organisms.

� Its central function is “to establish an accurate
connection between the defining sequence for a
locus and other descriptors for that locus”.

� Provides sequence and functional information, links,
aliases, phenotypes, homologies, map locations.

� The LocusLink nomenclature is at the basis of several
other resources. http://ncbi.nih.gov/LocusLink/
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UniGene
� UniGene is “an experimental system for automatically

partitioning GenBank sequences into a non-
redundant set of gene-oriented clusters”.

� Each clusters contains “similar” sequences from
multiple forms of the same gene, with related
information (tissues, conditions, etc).

� Currently includes 38 organisms. Available at
http://ncbi.nih.gov/UniGene/
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Homologene
� Repository of curated and calculated orthologs.

� 25 organisms, approximately 470,000 putative
ortholog pairs.

� Calculated orthologs are based on sequence
similarity; similarity score is provided.



HST 586 - 2/26/04 28© 2004, Alberto Riva, CHIP

Ensembl
� Software system for the automated annotation of

genomes. Joint project of EMBL-EBI and the Sanger
Institute.

� Currently contains data on 10 organisms (genes,
proteins, diseases, SNPs, cross-species analysis,
microarray data, etc).

� The EnsMart interface provides powerful data access
capabilities and flexible querying of large biological
datasets.
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Gene regulation
� Gene regulation is an extremely complex mechanism.

Our understanding of it is still very limited.

� Gene expression is a function of a very large number
of factors, including the following:
� Tissue;
� Developmental stage;
� Time (at widely different resolutions);
� External signals;
� Expression state of any number of other genes.
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Gene regulation
� Transcription factors (TFs) are proteins that bind to

the upstream regions of genes, and control their
expression and activity.

� TFs interact with the target gene and with each other
in a combinatorial fashion. Specific patterns of TFs
determine the spatial, temporal, and tissue-
dependent expression of the target gene.
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Gene regulation
� The reliable detection of TF binding sites (TFBSs) is

the first step towards the discovery of the regulatory
grammar.

� Commonly used methods are based on pattern
matching. Known binding sites are used to train
deterministic and probabilistic search methods.

� TRANSFAC (http://www.gene-regulation.com/)
is the largest database on TFs. It provides
information on the factors, their binding sites, their
interactions with genes.
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Gene expression data
� Gene Expression Omnibus (NCBI) (http://ncbi.nih.gov/geo/)

� Repository of gene expression and hybridization array data.
� 12,000 samples on over 500 platforms.
� Very powerful interface.

� Stanford Microarray Database
� Data for over 43,000 experiments (6,000 public).
http://genome-www5.stanford.edu/

� NCI60 (http://genome-www.stanford.edu/nci60/)
� Gene expression profiles for 60 human cancer cell lines.
� Drug activity correlated with gene expression patterns.
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Other gene expression data resources
� TREX PGA (565 microarrays from mouse and rat models of sleep,

infection, hypertension and pulmonary disease)
http://pga.tigr.org/data.shtml

� HopGenes PGA, Children’s National Medical Center (more than 500
microarrays from many human diseases)
http://microarray.cnmcresearch.org/pgadatatable.asp

� CardioGenomics PGA (142 microarrays on mouse models of cardiac
development and signal transduction)
http://cardiogenomics.med.harvard.edu/public-data.html

� Human Gene Expression Index (121 microarrays from 19 normal
human tissues)
http://www.hugeindex.org/databases/index.html
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From proteins to phenotypes
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Protein databases
� The protein world is far more complex than the DNA-

RNA world. Proteins interact with each other,
combining 3-D and catalyzing chemical reactions.

� Protein databases provide information on:
� Protein sequence
� Known or computed 3-D structure
� Known or inferred functional domains

� Protein databases tend to be older, less integrated,
less complete. Nomenclature is less standardized.
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Swiss-Prot
� Current size:

� 121,745 sequence entries from 7,752 species.
� 9,079 human proteins

� Core data: sequence, references, taxonomic data.

� Annotations: functions, post-translational
modifications, domains and sites, secondary and
quaternary structure, similarities, diseases, variants.

� Not easily linked with LocusLink or Unigene!
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Swiss-Prot growth
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PDB
� PDB (http://www.rcsb.org/pdb/) provides 3-

dimensional structure data. Several display options are
available.
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MMDB
� The Molecular Modeling Data Base (NCBI) provides

structure data for over 100,000 macromolecules.

� Data originally comes from PDB, but is pre-processed
for validation, error correction, format conversion.

� Other NCBI resources:
� CDD (Conserved Domain Database)
� COG (Clusters of Orthologous Groups)



HST 586 - 2/26/04 40© 2004, Alberto Riva, CHIP

Pfam
� Pfam (http://www.sanger.ac.uk/Software/Pfam/)

is a database of protein domains and families, based on
alignments (similarity) and Hidden Markov Models.

� Pfam-A (curated) contains 3,700 protein families. Pfam-B
contains numerous, smaller families of lower quality.

� Requires Swiss-Prot or TrEMBL identifiers.
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Pfam display
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Protein interaction
� DIP (http://dip.doe-mbi.ucla.edu/) reports

experimentally determined interactions between
proteins. The data is curated manually and
computationally. Graph structure, with proteins as
nodes and interactions (described by residue ranges,
domains, dissociation constants) as edges.

� BIND (http://www.bind.ca/) records Interactions
(cellular location, chemical action, kinetics, chemical
state, etc), Molecular Complexes (complex-forming
interactions) and Pathways (logically connected
interactions).
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Pathways
� KEGG (http://www.genome.ad.jp/kegg/)

integrates knowledge on molecular interaction
networks, chemical compounds and reactions, genes
and proteins. 10,677 pathways with 481,325 genes in
132 organisms.

� BioCyc (http://biocyc.org/) is a collection of
pathway databases for different organisms. 14
species, HumanCyc just released. Pathways are
computationally derived in most cases.
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OMIM
� Catalog of human genes and genetic disorders,

compiled at Johns Hopkins and hosted by the NCBI.

� Contains textual information, pictures, and reference
information.
� Description, Cloning, Biochemical features, Gene

function, Mapping, Genotype/phenotype correlations,
Allelic variants, References.

� 14,218 entries (10,569 genes and 1,229 phenotypes).
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OMIMTM growth

OMIMTM and Online Mendelian Inheritance in ManTM

are trademarks of the Johns Hopkins University.
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PubMed
� Database of citations from the biomedical literature.

� Contains over 12 million entries, dating back to the
mid 1960s, from 3,617 journals.

� Provides reference, abstract, links to online resources
(full-text, supplementary material).

� Powerful search features. 30 million searches per
month.
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Speaking the same language: GeneOntology
� GeneOntology (http://www.geneontology.org/)

is a dynamic controlled vocabulary that can be used
to describe biological concepts.

� It is structured on three taxonomies:
� Molecular Function
� Biological Process
� Cellular Component

� 5328 function, 6898 process, and 1174 component
terms. Work in progress.
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Taxonomy view
GO:0008150 : biological_process (30188)

GO:0007154 : cell communication (6212)
GO:0009605 : response to external stimulus (2726)

GO:0009607 : response to biotic stimulus (1544)
GO:0006952 : defense response (1206)

GO:0006955 : immune response (971)
GO:0006953 : acute-phase response (9)
GO:0030105 : anaphylaxis (2)
GO:0019882 : antigen presentation (2)
GO:0030333 : antigen processing (16)
GO:0045321 : cell activation (63)
GO:0006968 : cellular defense response (126)
GO:0042107 : cytokine metabolism (30)
GO:0006959 : humoral immune response (238)
GO:0009682 : induced systemic resistance (0)
GO:0045087 : innate immune response (200)
GO:0009861 : jasmonic acid/ethylene dependent

systemic resistance (25)
GO:0045728 : respiratory burst after phagocytosis (0)
GO:0009627 : systemic acquired resistance (13)
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Conclusions
� We are drowning in data. Our task is to convert

it into knowledge.

� Biomedical data covers the whole spectrum of
knowledge representation and management
techniques.

� Linking, interoperability, data import/export
tools are critical. A uniform, stable nomenclature
is essential.
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Integration of data from multiple sources:
SNPper
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SNPper
� SNPper (http://snpper.chip.org/) is a search

engine for SNPs. It retrieves known SNPs by name,
by position, or by location on one or more genes.

� It can be used to construct sets of SNPs suitable for
use in association studies.

� Web-based application written in Common Lisp; relies
on a local relational database (mySQL) and on real-
time access to GoldenPath. Freely available for
academic purposes.
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Example

Identify all exonic SNPs in the genes of band
18q21.33. Evaluate their potential significance.
Export SNP data and primer design information.
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SNPper – Find gene(s)
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SNPper – Find gene(s)



HST 586 - 2/26/04 56© 2004, Alberto Riva, CHIP

SNPper - SNPset
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SNPper – Refine SNPset
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SNPper – Refine SNPset
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SNPper - SNPset
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SNPper – Gene view
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SNPper – Protein view
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SNPper – SNP view
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SNPper – Export SNPs
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SNPper – Export SNPs
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SNPper – Export SNPs
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SNPper – Export SNPs
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Conclusions (II)
� We need tools to help us make sense of the data we

are drowning in.

� Integrating multiple data sources is hard. Differences
in nomenclature, semantics, scope. Keeping up with
updates is a full-time job.

� Automated, interoperable, autonomous tools will
soon become an essential aid to computational
biology research.


