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IntroductionIntroduction

�� "Post"Post--genomic" focuses on the new tools genomic" focuses on the new tools 

and new methodologies emerging from the and new methodologies emerging from the 

knowledge of genome sequences. knowledge of genome sequences. 

�� Production and use of DNA micro arrays, Production and use of DNA micro arrays, 

analysis of analysis of transciptometransciptome, proteome, , proteome, 

metabolomemetabolome are the different topics are the different topics 

developed in this class.developed in this class.



GGenomeenome--wide analysiswide analysis

�� CCurrenturrent interest in the genomeinterest in the genome--wide analysis of wide analysis of 

cells at the level of transcription ('cells at the level of transcription ('transcriptometranscriptome') ') 

and translationand translation ('proteome'), the third level of ('proteome'), the third level of 

analysisanalysis isis the 'the 'metabolomemetabolome''..

�� The term 'The term 'metabolomemetabolome' refers to the entire ' refers to the entire 

complement of all the small molecular weight complement of all the small molecular weight 

metabolites inside a cell suspension of interest.metabolites inside a cell suspension of interest.











Sequencing Projects GoalSequencing Projects Goal

� identify all genes in human DNA.

� determine the sequences of the 3 billion chemical base 

pairs that make up human DNA.

� store this information in databases.

� develop tools for data analysis.

� address the ethical, legal, and social issues that may arise 

from the project.



Sequencing Projects GoalSequencing Projects Goal

� The ultimate goal of the Human Genome Project 

and other projects is to sequence the chromosomal 

DNA of humans and other species and discover 

the genetic information contained therein.

� The intermediate goal is to construct the physical 

maps of 23 pairs of chromosome.

� The maps is used for locate feature of interest such 

as a gene.



� What is the role of Bioinformatics concerning

large genome projects like HGP? 

� If the full genomic sequence is known, do we

know about the functions of each and every gene?

� What is the role of the Internet in Biocomputing?

� Is every piece of information on the Internet useful

information?

Bioinformatics & HGPBioinformatics & HGP





Genome StructureGenome Structure

� Protein-coding gene consists of a coding sequence usually 

interrupted by non coding sequences called introns. 

� Introns can also interrupt non-coding regions (introns in 5' 

and 3' untranslated regions of pre-mRNA). 

� The term “exon” is normally applied for regions which are 

not spliced out from a pre-mRNA sequence (5' 

untranslated region (5' UTR), coding sequences (CDS) and 

3’ untranslated region (3' UTR)). But this term is often 

used also to indicate the protein-coding regions only. 



Genome StructureGenome Structure

� The density of protein-coding and RNA-coding sequences 
in the human genome is very low . 

� The non-coding DNA is usually responsible for the 
complex regulation of the genome and functioning of 
genes.

� Differences in the damage and repair rates among different 
segments of chromatin DNA have been observed. 

� The rates of synonymous substitutions along chromatin 
fibers can also vary significantly from about 2 to about 9 
substitutions per nucleotide per 109 years (Li and Graur, 
1991; Boulinkas, 1992). 



Genome Structure & Genome Structure & CpGCpG

� The genome primary structure is very heterogeneous. The 
most well known example of such heterogeneity is CpG
islands. 

� CpG islands constitute a specific fraction of the genome as, 
unlike bulk DNA, they are non-methylated and they 
contain CpG at high frequencies. 

� The CpG islands  have a significantly higher  G+C content 
compared to the rest of the DNA. CpG islands may be used 
as gene markers. 

� There are about 45,000 CpG islands per haploid human 
genome (Antequera and bird, 1993). 



Repeated RegionsRepeated Regions

� A large part of the human genome consists of repeated 

DNA. Repeated DNA can be roughly divided into 

tandemly and dispersed repeated DNA elements. 

� The classical human satellites I-IV (comprising 2-5% of 

the haploid genome) are made up of tandemly repeated 

DNA (short reiterated sequences of < 100 nucleotides 

containing divergent repeats of the pentamer GGAAT). 

� The other family of tandemly repeated DNA is the alphoid

family of satellite DNA (comprising 4-6% of the haploid 

genome). 



Repeated RegionsRepeated Regions

� Dispersed repeated elements are presented by different 
retroposons, which can be divided into viral and nonviral
superfamilies based on common structural features. 

� The length of nonviral retroposons varies significantly 
(from 30 up to 6000-8000 nucleotides). 

� Almost all short interspersed elements (SINEs) are derived 
from known RNA polymerase III transcripts such as 7SL 
RNA and tRNA. 

� Long interspersed elements (LINE) are transcribed by 
RNA polymerase II and contain long open reading frames 
(ORFs).

� (CCG)n and (CAG)n repeats.



Gene StructureGene Structure

� The analysis of human genes can not merely be considered 

as a linguistic analysis of the nucleotide string because the 

gene structure is made up of many other important 

features.

� These include:

� Higher-order chromatin structure,

� Non-random nucleosome positioning along the DNA.

� The different features of the three-dimensional structure of 

the DNA (or RNA).

� Torsion strain on the DNA induced by transcription.



Functional SitesFunctional Sites

� The functional unit of a genome is a functional site (also 

called functional sequence, motif, signal and pattern).

� A combination of functional sites (often binding sites for 

other molecules) constitutes a functional region. 

� The functional unit of a protein-coding sequence is a 

codon. 

� Different functional sites can overlap and/or interact. 

� Some other functional sites can be found in protein-coding 

sequences. 

� Other functional units are protein-binding sites.



Functional SitesFunctional Sites

� Functional site analysis and recognition is based 
on the search  for general context features
common to all sites involved in a specific 
function. 

� Usually, functional sites are recognized by 
specific factors. 

� Invariant structures are very rarely found in sets of 
functional sites (for example, the AUG initiation 
site), a large variation is usually typical for 
functional site structure.



TATA box 



Binding Sites of Transcription Binding Sites of Transcription 

FactorsFactors
� Protein-coding genes are transcribed by RNA polymerase 

II. Transcription is initiated in the promoter region by a 

complex of different factors.

� The elementary sequence signals are typically short (in  the 
range of 5 to 30 base pairs) and highly variable, reflecting 
the biochemistry of the decoding  mechanism.

� Major RNA polymerase II promoter elements are the 
TATA-box, the cap signal, the CCAAT-box, and GC-box.

� The TATA-box is found in the majority of protein-coding 
genes. It is usually located about 25 to 30 nucleotides 
upstream from the transcription initiation site. 



Promoter Promoter OrganizationOrganization

� Promoters often are responsive to multiple signals.

� Promoters must integrate several signals into one output.

� The arrangement of elements must support 3-D protein

complexes.

� Promoter function must be stable against point mutations.

� Promoters must be specifically recognized in the genome.

� All this must be achieved with a limited number of 

elements.



Promoter Promoter OrganizationOrganization

�� The The arrangementarrangement of of elementselements mustmust supportsupport 33--D D 

proteinprotein complexescomplexes..

� The relative order of elements can be crucial.

� The distance of elements is important.



Promoter Promoter OrganizationOrganization

� Promoter elements themselves show low sequence

conservation.

� All promoter elements can be found almost everywhere in 

DNA.

� Elements appear not conserved in order and spacing within

promoters.

� Sequence similarity between functionally similar

promoters can be low.

� Promoters usually are less conserved than the coding parts

of genes.



Promoter Promoter analysisanalysis programsprograms

� All programs concentrate on detection of polymerase II 

promoters,

� therefore, programs usually work best with short 

sequences.

� There are two categories of promoter finding programs:

� Programs that find solely core promoters; Specificity is

usually very low;

� Search programs that include the proximal promoter;

� Promoter analysis programs cannot find promoters;



Detection of TataDetection of Tata--box in box in 

combinationcombination withwith anan initiatorinitiator
� Neuronal network approach (NNPPNNPP);

� Discriminator analysis (Zhang‘s core promoter);

� Oligonucleotide frequencies (PromFindPromFind, TSSW, TSSG, TSSW, TSSG);

� Correlated word analysis (CoreInspectorCoreInspector);



Promoter Promoter RegionRegion

� TF-binding site frequency profiles (promoter promoter ScanScan, , 

PromFDPromFD).

� Region-specific frequency profiles (FunSitePFunSiteP).

� Oligonucleotide frequencies (PromFindPromFind, TSSW, TSSG, TSSW, TSSG).

� Word frequency analysis (XLandscapeXLandscape).

� Hidden Markow Models (Audic & Claverie).



SpecificSpecific modelingmodeling And/or And/or 

proximalproximal Promoter Promoter regionregion
� TF-binding site & annotation (TargetFinderTargetFinder).

� TF-binding site organization algorithm (ModelInspectorModelInspector).

� TF-binding site organization / knowledge (FastMFastM).

� TF-binding site correlation (GenomeInspectorGenomeInspector).

� TF-binding site organization (ModelGeneratorModelGenerator).

� Word frequencies / occurences (XLandscapeXLandscape).



Promoter Promoter analysisanalysis StrategyStrategy

�� StepStep 11: Try to locate a similar sequence in the database by
BLAST or FASTA.

�� StepStep 22:: Run available promoter finding programs on the 
sequence:

� NNPP (pol II core promoter prediction).

� PromoterScan II (full pol II promoter prediction).

� FunSiteP (full pol II promoter prediction).

� TSSG (full pol II promoter prediction).

� TSSW (full pol II promoter prediction).



Promoter Promoter analysisanalysis StrategyStrategy

�� StepStep 3: 3: locate potential transcription factor binding sites in 

promoter, the following programs can be used:

� Signal Scan

� Matrix search

� MatInspector

� TSSW

� TSSG



Example of ABF1 binding sitesExample of ABF1 binding sites

� GTCGTCTCACACG

� ATCTTTGTTAACG

� ATCGTTAATGACG

� GTCACTGTACACG

� GTCACGATATACG

� ATCCCCATTAACG

� ATCTCTCGCAACG

� ATCATTATGCACG

� ATCATTGAAAACG

� GTCGTCTCACACG



Example of TATAExample of TATA--box weight matrice box weight matrice 

Posi- -3 -2 -1  0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 +11

tions

____________________________________________________

A     16  4 90  1 91 69 92 57 40 14 21 21 21  17  20 

C     37 12  0  2  0  0  1  1 11 35 38 33 30  28  26

G     39  5  1  1  1  0  5 11 40 39 33 33 33  36  36

T      8 79  9 96  8 31  2 31  9 12  8 13 16  19  18
____________________________________________________

G  T  A  T  A  A  A  A  G  G  C  G  G   G   G

C     T     T  T     T  A  C  G  C  C   C   C
____________________________________________________



� Prediction of  protein-coding genes  in newly  

sequenced DNA  becomes very important in  

large-scale genome sequencing projects.

� This problem  is  complicated  due to  the  exon-

intron structure  of  eukaryotic genes.

� Introns are non-coding regions which are spliced 

out at acceptor and donor splice sites (Maniatis

and  reed, 1987).

Gene PredictionGene Prediction



mRNA variant 1

mRNA variant 2

genomics

ATG TAATATACAAT AAUAA

5’UTR 3’UTRCDS

Expressed Sequence Tags

3’ EST

3’ EST

3’ EST

3’ EST

5’ EST

5’ EST

5’ EST

5’ EST

Gene StructureGene Structure



5’ UTR       CDS

Posi- -6 -5 -4 -3 -2 -1  +1  +2  +3

tions

___________________________________

G  C  C  A  C  C   A   T   G

G

___________________________________

A     18 19 24 68 23 15 100   0   0

C     21 40 58  2 55 53   0   0   0

G     47 23 12 30 16 23   0   0 100

T     13 18  6  0  7  9   0 100   0

___________________________________

Example of the Initiation Example of the Initiation CodonCodon ATGATG



Splice SitesSplice Sites

� Human genes coding for proteins usually include introns

and exons. 

� Introns are non-coding regions spliced out at acceptor and 

donor splice sites. 

� This process is supported by a complex assembly of 

snRNP (small nuclear ribonucleoprotein particles) and 

hnRNPs (heterogeneous nuclear ribonucleoprotein

particles), called a spliceosoma (Maniatis and reed, 1987).

� U1 snRNP recognises the donor splice site and U5 snRNP

recognises the acceptor one.



Spliceosoma



PolyadenylationPolyadenylation SignalSignal

� The most well-known signal involved in this process is 
AATAAA, located 15-20   nucleotides upstream from the 
poly-(a) site (site of cleavage) (Proudfoot, 1991).

� About 90% of mRNA have a perfect copy of this sequence. 
The most frequent natural variant, ATTAAA.

� Analysis of neighboring bases showed that some other 
bases can be important for AATAAA recognition (milanesi 
et al., 1996).

� An additional signal with consensus YGTGTTYY 
(diffusive GT-rich sequence) was revealed in region from 
20 to 30 nucleotides downstream of poly-(a) site (site of 
cleavage).



Gene Prediction Open ProblemsGene Prediction Open Problems

� The different methodologies for revealing splice sites and 

coding regions alone are not able to predict the gene 

structure.

� The coding region prediction methods:

� Miss most of the short exons.

� Can not reliably define the exon intron boundaries, while 

the splice site prediction reveals some of real splice sites 

together with a great number of false sites.

� Can not reliably define the the promoter region.



Gene Structure PredictionGene Structure Prediction

� The main approach for gene structure prediction combines 
information about local functional sites (splice sites, 
initiation codon) together with global features of coding 
regions and introns.

� Although there is no direct biological relation between 
statistical properties of protein-coding regions (at the 
mRNA translation level) and splicing (at the pre-mRNA 
processing level), such combinations can strongly improve 
gene structure prediction.

� Additional information can be obtained from prediction of 
promoters  and the 3’ untranslated regions (at the pre-
mRNA processing level).



Genomics Sequence AnalysisGenomics Sequence Analysis

�� Step 1.Step 1. Revealing of repeated elements. 

� This is a very important step since the presence of repeated 

elements can create problems in sequence analysis. 

� Long repeated elements contain ORFs which can 

recognized by gene identification tools as potential genes. 

� It is very complicated to interpret database search results, 

when the output is saturated by a number of highly-scored 

matches with repeated elements in nucleotide sequence 

databases.



�� Step 2.Step 2. Homology searches .

� Similarity searches in databases is a very 

important point in functional mapping, since 

significant homology with some known functional 

region is the most obvious sequence landmark.

� In many computational tools database searches are 

integrated as part of the system. 

Genomics Sequence AnalysisGenomics Sequence Analysis



Genomics Sequence AnalysisGenomics Sequence Analysis

� By using the similarity search in EST sequence 

databases, it is possible to reconstruct the gene 

structure with high accuracy, although alternative 

splicing and the presence of other genes in the 

analyzed sequence should be taken into account. 

� Potential errors of sequencing can also be revealed 

with high accuracy at this step.



Genomics Sequence AnalysisGenomics Sequence Analysis

�� Step 4.Step 4. Gene structure prediction.

� If no significant homologous protein was revealed (steps 
2,3) then the gene structure can be predicted by using 
coding statistics and potential functional motifs (splicing 
signals, initiating codons).

� Defining the location  of potential splice sites.

� Calculate the potential coding  fragments (PCF).

� Selection of a  set of  "best" PCF.

� Reconstruction of potential gene models.

� Determination of the best gene structure.



Genomics Sequence AnalysisGenomics Sequence Analysis

�� Step 5Step 5.. Other features

� The prediction of potential transcription binding 

sites, promoters and poly(a) signals can help in 

understanding of the functional meaning of the 

analyzed sequence. 

� Analysis of CpG islands can be very important for 

gene regions recognition. 



Genomics Sequence AnalysisGenomics Sequence Analysis

� Step 6. The analysis of similarity between potential 
peptides (translated CDS) and the protein databases

� This is very important for cases of weak, but significant 
similarities. Such similarities can be lost during a 
BLASTX search, since all possible translations are used by 
this program (as a result, sensitivity will be lower). 

� Further analysis of protein secondary structure and 
functional motifs can confirm the full structure of the 
revealed gene. 

� Steps 3-6 can be repeated several times, when more than 
one gene are present in a sequence.



Brain

Bone marrow

Skin



FunctionalFunctional GenomicsGenomics

�� A new A new levellevel of of systematicssystematics experimentsexperiments isis

requiredrequired toto obtainobtain anan overalloverall picturepicture of of WhenWhen, , 

WhereWhere, and , and HowHow gene are gene are expressedexpressed. The . The studystudy of of 

functionalfunctional genomicsgenomics includesincludes::

�� The The analysisanalysis of gene of gene expressionexpression profilesprofiles at the at the 

mRNA and mRNA and proteinprotein levelslevels ((ProteomeProteome) and ) and 

�� The The analysisanalysis of of polymorphismpolymorphism or or mutationmutation

patternspatterns in the in the genomegenome ((egeg. . DNA DNA chipschips).).



Yeast Genome Yeast Genome 

(6200 genes) (6200 genes) 

(Brown Lab (Brown Lab -- Stanford Stanford 

University, Department University, Department 

of Biochemistry, of Biochemistry, 

Stanford, CA)Stanford, CA)

Example Of Microarray Image



� Every cell owns the entire genetic inheritance of the 

organism; what makes a cell different from the other ones, is 

simply its expression profile: which genes are active and  

how much. 

� The expression profile depends on:

�� cell typecell type (tissue)(tissue)

�� development stagedevelopment stage (cellular differentiation)(cellular differentiation)

�� health conditionshealth conditions

�� environment stimuli environment stimuli (heat, chemical substances, (heat, chemical substances, 

toxic substances, etc.)toxic substances, etc.)

Factors Affecting Expression ProfilesFactors Affecting Expression Profiles



Microarray

Fabrication

and Experiment

Genes

Sequence

Cluster

Chromosome

Genes

Sequence

Cluster

Chromosome

Cell line

Physiology

Age

Condition

Cell line

Physiology

Age

Condition

EXPRESSIONEXPRESSION

VALUESVALUES
Data

Mining

Array Image

Analysis

Scheme of a  microarray assay



Microarray Data Mining

� Result of a hierarchical clustering. 
Each row represents a target gene.

� Each expression pattern is 
visualized by a change in color 
from green to red. 

� Green means repression of the 
gene with respect to the reference 
sample, while red induction of the 
gene with respect to the reference 
sample. 

� Black means no induction and no 
repression. Color intensities give 
the magnitude of the phenomenon. 
Picture from (Eisen et al., 1998).



HumanHuman GeneticGenetic DiversityDiversity

� Any two individuals differ in about 3 x 103 x 1066 basesbases (0.1%).(0.1%).

� The population is now about 5 x 105 x 1099.

� A catalog of all sequence differences would require 15 x 15 x 

10101515 entries.

� This catalog may be needed to find the rarest or most

complex disease genes.





Father Mother

M

D

M M

D D

Children

The relative distance between the disease gene (D) and the marker (M) 

can be estimated from the frequency that both D and M are transmitted

together.

M

D

Marker

Disease

Gene

LinkegeLinkege analysisanalysis..



GeneticGenetic LinkageLinkage DataData

� Correlating sequence information with genetic linkage data 

and disease gene research will reveal the molecular basis

for human variation.

� If a newly identified gene is found to code for a flawed

protein, the altered protein must be compared with the 

normal version to identify the specific abnormality that

causes disease.



GeneticGenetic LinkageLinkage DataData

� Once the error is pinpointed, researchers must try to

determine how to correct it in the human body, a task that

will require knowledge about how the protein functions

and in which cells it is active.

� Correct protein function depends on the three-dimensional

(3D), or folded, structure the proteins assume in biological

environments; thus, understanding protein structure will be

essential in determining gene function



Human Genome and Medicine

� The atlas of the human genome will revolutionize medical
practice and biological research into the 21st century and 
beyond. 

� All human genes will eventually be found, and accurate 
diagnostics will be developed for most inherited diseases. 

� In addition, animal models for human disease research will
be more easily developed, facilitating the understanding of 
gene function in health and disease.

� Researchers have already identified single genes associated
with a number of diseases, such as:

� cystic fibrosis, Duchenne muscular dystrophy, 
myotonic dystrophy, neurofibromatosis, and 
retinoblastoma.



Human Genome and Medicine

� As research progresses, investigators will also uncover the 
mechanisms for diseases caused by several genes or by a 
gene interacting with environmental factors.

� Genetic susceptibilities have been implicated in many
major disabling and fatal diseases including heart disease, 
stroke, diabetes, and several kinds of cancer.

� The identification of these genes and their proteins will
pave the way to more-effective therapies and preventive 
measures.

� Investigators determining the underlying biology of genome
organization and gene regulation will also begin to
understand how humans develop from single cells to adults, 
why this process sometimes goes awry, and what changes
take place as people age.



Genomics Medicine

� Less than 5% of the 3.2 gigabase genome encodes genes. 

The remaining sequence contains a large number of 

repeats.

� A conservative estimate of the number of genes in the 

Initial Gene Index gives a value of about 24,500 true 

genes.

� The structural diversity within the proteins encoded by 

these genes is considerably greater than this small number 

of true genes.



Genomic Medicine

� This increased level of protein functionality appears to 

have been achieved by iterative gene duplication and 

domain evolution over millions of years, complemented by 

extensive use of alternative splicing to generate 

combinatorial diversity at the protein level.

� The structural diversity displayed within the proteome will 

enable an understanding of the origins and architectures of 

ligand-binding sites within proteins, a key goal for both 

structural biologists and drug discovery scientists within 

the pharmaceutical industry.



Genomic Medicine

Genomic information-driven drug discovery.

The Initial Gene Index and Initial Protein Index are mined 

in a variety of ways to identify ligand binding sites. 

These in turn can act as templates for structure-based design.



Gene Function

Structural Genomics

> DNA sequence

AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC

TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA

TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA

ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG

TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA

TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG

GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA

CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC

TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA

ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG

TAAGAAGATCGCGAACATCTAGTAGA

> Protein sequence

MKIVYWSGTGNTEKMAELIAKGIIESGKDVNTINVSDVNI

DELLNEDILILGCSAMGDEVLEESEFEPFIEEISTKISGK

KVALFGSYGWGDGKWMRDFEERMNGYGCVVVETPLIVQNE

PDEAEQDCIEFGKKIANI



Structural Genomics



�� RapidlyRapidly growinggrowing integratedintegrated and and specializedspecialized data data 

basesbases (e.G. Data (e.G. Data basesbases of of mutationsmutations, , diseasesdiseases, , 

metabolicmetabolic pathwayspathways, , proteinprotein structuresstructures, etc.) , etc.) 

greatlygreatly increaseincrease the the possibilitypossibility of of functionalfunctional

investigationinvestigation, , providedprovided thatthat theythey are are usedused in a in a 

single single InformationInformation TechnologyTechnology environmentenvironment. . 

�� In In silicosilico comparative analysis of genes comparative analysis of genes can can bebe usedused

in cell cycle forin cell cycle for structural motifs determination in structural motifs determination in 

thethe homologous protein families.homologous protein families.

Structural Genomics



1.1. SWISSSWISS--PROT and PROT and TrEMBLTrEMBL protein protein 

sequence databasessequence databases

2.2. InterPro InterPro -- integrated resource of protein integrated resource of protein 

families, domains and sites. families, domains and sites. 

3.3. CluSTrCluSTr -- A database of A database of clusters of SWISSclusters of SWISS--

PROT+TrEMBLPROT+TrEMBL proteins.proteins.

4.4. HSSP and PDB for mapping of structure to HSSP and PDB for mapping of structure to 

proteins in each proteomeproteins in each proteome

5.5. Gene Ontology (GO)Gene Ontology (GO)

Structural Genomics



�� Currently, bioinformatics algorithms, such as Currently, bioinformatics algorithms, such as 

PROSITE, can identify around 1,400 distinct PROSITE, can identify around 1,400 distinct 

sequence patterns, based on their occurrence sequence patterns, based on their occurrence 

within linear protein sequences.within linear protein sequences.

�� Efforts will continue to focus on developing Efforts will continue to focus on developing 

methods that expand this search to threemethods that expand this search to three--

dimensional protein architectures, allowing the dimensional protein architectures, allowing the 

comprehensive definition of all possible comprehensive definition of all possible ligandligand--

binding sites. binding sites. 

Structural Genomics



Structural Genomics

�� A key development in the computational world has A key development in the computational world has 

been the arrival of been the arrival of de novode novo design algorithms that design algorithms that 

use all available spatial information to be found use all available spatial information to be found 

within the target to design novel drugs. within the target to design novel drugs. 

�� Coupling these algorithms to the rapidly growing Coupling these algorithms to the rapidly growing 

body of information from structural genomics body of information from structural genomics 

provides a powerful new route for exploring design provides a powerful new route for exploring design 

to a broad spectrum of genomics targets, including to a broad spectrum of genomics targets, including 

more challenging examples such as proteinmore challenging examples such as protein––proteinprotein

interactions.interactions.



Structural Genomics

�� Sequential waves of technology innovation in Sequential waves of technology innovation in 

genomics, proteomics, and drug design will genomics, proteomics, and drug design will 

transform the way in which we find new transform the way in which we find new 

medicines. medicines. 

�� With the genome sequence now in hand, it is clear With the genome sequence now in hand, it is clear 

that such processes as gene duplication and that such processes as gene duplication and 

splicing have generated staggering diversity at the splicing have generated staggering diversity at the 

protein level. protein level. 

�� This will require a new wave of proteomics This will require a new wave of proteomics 

technologies. technologies. 



Structural Genomics

�� TThreehree--dimensional information on protein dimensional information on protein 

structure emerging from industrialstructure emerging from industrial--scale scale 

crystallographic approaches will be combined crystallographic approaches will be combined 

with increasingly powerful with increasingly powerful in in silicosilico approaches to approaches to 

allow the design of new drug candidates.allow the design of new drug candidates.



Structural Genomics

David Bailey et al. Nature Biotechnology 19, 207 - 209 (2001)



�� Human genome,  Human genome,  

�� Mouse  genome,  Mouse  genome,  

�� C.elegansC.elegans genome, genome, 

�� Drosophila genome, Drosophila genome, 

�� Other genomesOther genomes

�� Can be effectively used to identify families of Can be effectively used to identify families of 

genes involved in cell cycle.genes involved in cell cycle.

Comparative Genomics



�� HomologousHomologous gene search in gene search in wholewhole genomesgenomes..

((humanhuman, mouse, , mouse, C.elegansC.elegans, , DrosophilaDrosophila) ) usingusing..

similaritysimilarity search search toolstools ((egeg. BLAST, FASTA).. BLAST, FASTA).

�� Gene Gene structurestructure identificationidentification ::

ByBy annotationsannotations or or predictionprediction (GENSCAN, (GENSCAN, 

GeneIDGeneID, GENEBUILDER, , GENEBUILDER, HMMgeneHMMgene ecc.).ecc.).

�� Family Family groupinggrouping of of knownknown and and predictedpredicted genesgenes..

Comparative Genomics



Comparative Genomics

�� SequencesSequences of interest can of interest can bebe alsoalso annotatedannotated in in 

termsterms of of ProteinProtein sequencesequence analysisanalysis..

�� Multiple Multiple alignmentalignment ((eg.CLUSTALWeg.CLUSTALW, TCOFFE )., TCOFFE ).

�� secondarysecondary structurestructure predictionprediction ((eg.PredictProteineg.PredictProtein, , 

PSIpredPSIpred).).

�� Pattern detection (Pattern detection (eg.PROSITEeg.PROSITE,BLOCK).,BLOCK).

�� SubcellularSubcellular location (location (egeg. . PsortPsort).).

�� 3D 3D homologyhomology modellingmodelling ((eg.Modellereg.Modeller,WHATIF).,WHATIF).



ComparisonComparison withwith p53p53--DNA DNA complexcomplex

The site of 53BP2 binding overlaps the site of DNA binding

Gorina S.,Pavletich NP. Science 1996 Nov 8;274 (5289):1001-5



AnnotatedAnnotated

SequencesSequences fromfrom

DifferentDifferent genomesgenomes

StructuralStructural descriptiondescription

of interaction of interaction 

interfacesinterfaces

The Bioinformatics The Bioinformatics analysisanalysis willwill produceproduce

Comparative Genomics



�� The The informationsinformations willwill bebe usedused toto obtainobtain: Family : Family 
assignmentassignment of new of new sequencessequences

�� RecognitionRecognition of of structuralstructural interaction interaction motifsmotifs

�� PredictionPrediction of of interactinginteracting proteinsproteins

�� The The identifiedidentified structuralstructural motifmotif can can bebe usedused toto
recognizerecognize patternspatterns of interaction of interaction betweenbetween a a 
sequencesequence of interest and of interest and itsits interactorinteractor

�� The The predictedpredicted complexcomplex can can bebe modelledmodelled byby
molecularmolecular dockingdocking approachapproach (DOCK)(DOCK)

Comparative Genomics



Comparative Genomics

�� The The informationsinformations willwill bebe usedused toto obtainobtain: : 

�� Family Family assignmentassignment of new of new sequencessequences

�� RecognitionRecognition of of structuralstructural interaction interaction motifsmotifs

�� PredictionPrediction of of interactinginteracting proteinsproteins

�� The The identifiedidentified structuralstructural motifmotif can can bebe usedused toto
recognizerecognize patternspatterns of interaction of interaction betweenbetween a a 
sequencesequence of interest and of interest and itsits interactorinteractor

�� The The predictedpredicted complexcomplex can can bebe modelledmodelled byby
molecularmolecular dockingdocking approachapproach (DOCK)(DOCK)



Metabolic Pathways

(Proteoma)

Microarray

(Genoma)

Pharmacokinetics

(Metabolome)

Complex disease

mapping

Gene  & SNPs

(Genome)

Genomics and Proteomics



DescriptiveDescriptive BiologyBiology

TwoTwo--hybridhybrid

systemssystems

GenomeGenome

SequencingSequencing

Gene ChipsGene Chips

Structural Structural 

genomicsgenomics

Mass spectroscopyMass spectroscopy Data classification Data classification 

and retrievaland retrieval
Descriptive BiologyDescriptive Biology



Quantitative Biology

ExperimentsExperiments Mathematical ModelsMathematical Models

PredictabilityPredictability

Spatial ArrangementSpatial Arrangement

Time variationTime variation

StuctStuct--FunctionFunction

Quantitative understandingQuantitative understanding

of biological systemsof biological systems

Cell DesignCell Design



The Dynamics of Cell Cycle RegulationThe Dynamics of Cell Cycle Regulation

�� The triumph of molecular biology of the last half The triumph of molecular biology of the last half 
of the twentieth century was to identify and of the twentieth century was to identify and 
characterize the molecular components of the cell, characterize the molecular components of the cell, 
epitomized by the complete sequencing of the epitomized by the complete sequencing of the 
human genome.human genome.

�� The grand challenge of The grand challenge of postgenomicpostgenomic cell biology cell biology 
is to assemble these pieces into a working model is to assemble these pieces into a working model 
of a living, responding, reproducing cell; a model of a living, responding, reproducing cell; a model 
that gives a reliable account of how the that gives a reliable account of how the 
physiological properties of a cell derive from its physiological properties of a cell derive from its 
underlying molecular machinery.underlying molecular machinery.

John J. Tyson,1* Attila Csikasz-Nagy,2,3 and Bela Novak.



Objectives

11--Understanding very simple gene networks Understanding very simple gene networks involved involved 
in cell cyclein cell cycle

22--Obtaining general principles fromObtaining general principles from those nthose networksetworks

33--Designing new gene networks or modify Designing new gene networks or modify existing existing 
ones ones and   experimental characterization.and   experimental characterization.

44--Development of a computer algorithm to simulate Development of a computer algorithm to simulate 
biological processes.biological processes.

55-- AuthomatizationAuthomatization of gene network designof gene network design



Federated DB

Biological Data

Material Management Data Biophysical Data

Compound Data

Genomic Data

Textual Data

Heterogeneous DataHeterogeneous Data



Toxicology Toxicology DataData

Proteomic Proteomic DataDataCompound Compound DataData

GenomicGenomic DataData

TextualTextual DataData

Clinical Clinical DataDataGene Gene ExpressionExpression

DataData

Other DataOther Data

Heterogeneous DataHeterogeneous Data



Heterogeneous Heterogeneous TypesTypes of of DataData

� Data sources may include:

� Relational databases

� Flat file databases

� Web pages

� Specialized search engines

� Databases may have differing data models and 

formats, and reside on differing platforms and 

operating systems



Definition of Wrappers

� Allow connection to heterogeneous sets of 
databases. The wrappers allow for inclusion of 
sources and specialized searching capabilities that 
can be left where they are, in their native form.

� When not available, can be written using standard 
software tools.

� Are currently in development for several key life 
science databases.

� Advantages:

� Wrappers can evolve over time.

� New wrappers can be added at any time.



ApplicationApplication of GRID of GRID toto

BiomedicalBiomedical TechnologiesTechnologies
� These methodologies have high computational

requirements. 

� The system will be capable of using a 

computational architecture specifically designed

for intensive computing by means of a large

distributed datasets on a GRID.
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distributed datasets on a GRID.



Data MiningData Mining -- text searchingtext searching

�� Using computers to extract information that is Using computers to extract information that is 
hidden within a large set of data.hidden within a large set of data.

�� Data mining researchers who work with text use Data mining researchers who work with text use 
statistical, linguistic, and artificial intelligence statistical, linguistic, and artificial intelligence 
techniques to go beyond simple text searching.techniques to go beyond simple text searching.

�� BioNLP.orgBioNLP.org -- natural language processing of biological natural language processing of biological 
text.text.
www.ccs.neu.edu/home/futrelle/bionlpwww.ccs.neu.edu/home/futrelle/bionlp

�� BioMedBioMed Central's data mining information pageCentral's data mining information page

www.biomedcentral.com/info/about/dataminingwww.biomedcentral.com/info/about/datamining



Semantic WebSemantic Web

�� The vision of Tim BernersThe vision of Tim Berners--Lee for an improved Lee for an improved 

version of the World Wide Web in which content version of the World Wide Web in which content 

is annotated in a machine readable way, to allow is annotated in a machine readable way, to allow 

its meaning to be analysed by automated 'agents'.its meaning to be analysed by automated 'agents'.

�� www.semanticweb.orgwww.semanticweb.org

�� www.mindswap.orgwww.mindswap.org/Science/Science



XMLXML

�� eXtensibleeXtensible MarkupMarkup Language (XML) is a Language (XML) is a 
standard text format that allows information to be standard text format that allows information to be 
represented in a structured way, thereby represented in a structured way, thereby 
facilitating automatic processing. facilitating automatic processing. 

�� Different dialects of XML (known as schemas) are Different dialects of XML (known as schemas) are 
used to describe different types of content (for used to describe different types of content (for 
example, CML describes chemical structures, example, CML describes chemical structures, 
MathMLMathML describes equations).describes equations).
www.w3.org/XMLwww.w3.org/XML
www.xmlwww.xml--cml.orgcml.org
www.w3.org/Mathwww.w3.org/Math



OntologyOntology

�� In artificial intelligence research, an Ontology In artificial intelligence research, an Ontology 
refers to a structured collection of concepts refers to a structured collection of concepts 
relevant to a particular domain of knowledge.relevant to a particular domain of knowledge.

�� For example, an Ontology might incorporate the For example, an Ontology might incorporate the 
concept of concept of engrailedengrailed, which would be an instance , which would be an instance 
of the concept of the concept genegene..

�� And like all genes, engrailed would be associated And like all genes, engrailed would be associated 
with a specific with a specific organismorganism ((DrosophilaDrosophila), and ), and 
chromosomechromosome ..
Gene Ontology ConsortiumGene Ontology Consortium

�� DatabasesDatabases: : GENE ONTOLOGYGENE ONTOLOGY..



Interaction DatabasesInteraction Databases
�� http://http://bind.ca/index.phtml?pagebind.ca/index.phtml?page=databases=databases

�� AminoacylAminoacyl--tRNAtRNA SynthetasesSynthetases databasedatabase

�� ASEdbASEdb -- AlanineAlanine scanning scanning EnergeticsEnergetics databasedatabase

�� BBID BBID -- biological biochemical image databasebiological biochemical image database

�� BIND BIND -- BiomolecularBiomolecular interaction network databaseinteraction network database

�� BindingDBBindingDB -- the binding databasethe binding database

�� BiocartaBiocarta

�� BiocatalysisBiocatalysis/biodegradation database/biodegradation database

�� BioCycBioCyc knowledge libraryknowledge library

�� BioPathwaysBioPathways consortiumconsortium

�� BrendaBrenda

�� BRITE BRITE -- BiomolecularBiomolecular relations in information transmission and relations in information transmission and 
expressionexpression

�� COMPEL (composite regulatory elements)COMPEL (composite regulatory elements)



Interaction DatabasesInteraction Databases

�� COPE COPE -- cytokines online pathfinder encyclopaediacytokines online pathfinder encyclopaedia

�� CSNDB CSNDB -- cell cell SignalingSignaling networks databasenetworks database / / CSNDB paperCSNDB paper

�� CuragenCuragen PathcallingPathcalling

�� DIP DIP -- database of interacting proteinsdatabase of interacting proteins

�� DPInteractDPInteract -- DNADNA--protein interactionsprotein interactions

�� DRC DRC -- database of ribosomal database of ribosomal CrosslinksCrosslinks

�� Dynamic Dynamic SignalingSignaling mapsmaps

�� EMP EMP -- the the EnzymologyEnzymology databasedatabase

�� ENZYME ENZYME -- enzyme nomenclature databaseenzyme nomenclature database

�� FIMM FIMM -- A database of functional molecular immunologyA database of functional molecular immunology

�� FlyNetsFlyNets -- gene networks in the fruit flygene networks in the fruit fly



Interaction DatabasesInteraction Databases

�� GeneNetGeneNet (Gene networks)(Gene networks)

�� GeNetGeNet -- Gene Networks DatabaseGene Networks Database

�� HIV Molecular Immunology DatabaseHIV Molecular Immunology Database

�� HOX Pro db HOX Pro db -- HomeoboxHomeobox Genes Genes DataBaseDataBase

�� InBaseInBase -- The The InteinIntein DatabaseDatabase

�� Indigo (Gene networks)Indigo (Gene networks)

�� Interact Interact -- A ProteinA Protein--Protein Interaction databaseProtein Interaction database

�� InterInter--Chain BetaChain Beta--Sheets (ICBS) Sheets (ICBS) -- A database of proteinA database of protein--protein protein 
interactions mediated by interactions mediated by interchaininterchain betabeta--sheet formationsheet formation

�� JenPepJenPep: Immunology MHC: Immunology MHC--peptide databasepeptide database

�� KEGG KEGG -- Kyoto Kyoto EncyclopediaEncyclopedia of Genes and Genomesof Genes and Genomes

�� Kohn Molecular Interaction MapsKohn Molecular Interaction Maps



Interaction DatabasesInteraction Databases

�� MDB MDB -- MetalloproteinMetalloprotein Database and BrowserDatabase and Browser

�� MHCPEP MHCPEP -- A database of MHC binding peptidesA database of MHC binding peptides

�� MINT MINT -- a database of Molecular a database of Molecular INTeractionsINTeractions

�� MIPS Yeast Genome DatabaseMIPS Yeast Genome Database

�� MMDB MMDB -- Molecular Molecular ModelingModeling DatabaseDatabase

�� NetBiochemNetBiochem Welcome PageWelcome Page

�� ooTFDooTFD -- objectobject--oriented Transcription Factors Database)oriented Transcription Factors Database)

�� ORDB ORDB -- Olfactory Receptor DatabaseOlfactory Receptor Database

�� PATIKA PATIKA -- Pathway Analysis Tool for Integration and Knowledge Pathway Analysis Tool for Integration and Knowledge 
AcquisitionAcquisition

�� PFBP PFBP -- Protein Function and Biochemical Pathways ProjectProtein Function and Biochemical Pathways Project

�� PhosphoBasePhosphoBase -- A database of A database of phosphorylationphosphorylation sitessites

�� PIM (Protein Interaction Map)PIM (Protein Interaction Map)

�� PIMdbPIMdb -- Drosophila Protein Interaction Map databaseDrosophila Protein Interaction Map database



Interaction DatabasesInteraction Databases

�� PKR PKR -- Protein Kinase ResourceProtein Kinase Resource

�� ProChartProChart Database (at Database (at AxCellAxCell Biosciences)Biosciences)

�� ProNetProNet Online Online -- Protein Interactions on the Web (Myriad)Protein Interactions on the Web (Myriad)

�� REBASE REBASE -- The Restriction Enzyme DatabaseThe Restriction Enzyme Database

�� RelibaseRelibase -- A program for searching proteinA program for searching protein--ligandligand databasesdatabases

�� RegulonDBRegulonDB -- A A DataBaseDataBase On Transcriptional Regulation in E. ColiOn Transcriptional Regulation in E. Coli

�� SELEX_DBSELEX_DB

�� SoyBaseSoyBase

�� SPAD SPAD -- SignalingSignaling Pathway DatabasePathway Database

�� SPINSPIN--PP PP -- Surface Properties of Surface Properties of INterfacesINterfaces -- Protein Protein InterfacesProtein Protein Interfaces

�� STKE STKE -- Signal Transduction Knowledge EnvironmentSignal Transduction Knowledge Environment

�� SYFPEITHI SYFPEITHI -- A Database of MHC A Database of MHC LigandsLigands and Peptide Motifsand Peptide Motifs



Interaction DatabasesInteraction Databases

�� TRANSFAC TRANSFAC -- The Transcription Factor DatabaseThe Transcription Factor Database

�� TRANSPATH TRANSPATH -- Signal Transduction BrowserSignal Transduction Browser

�� TRRD TRRD -- Transcription Regulatory Regions DatabaseTranscription Regulatory Regions Database

�� WIT (What Is There?) WIT (What Is There?) -- Interactive Metabolic Reconstruction on the Interactive Metabolic Reconstruction on the 
WEBWEB

�� Small Molecule DatabasesSmall Molecule Databases: : 

�� The Amino Acids (at The Amino Acids (at FreieFreie Universita:tUniversita:t Berlin)Berlin)

�� CSD CSD -- The Cambridge Structural DatabaseThe Cambridge Structural Database

�� ChemIDPlusChemIDPlus

�� KlothoKlotho -- Biochemical Compounds Declarative DatabaseBiochemical Compounds Declarative Database

�� LIGAND LIGAND -- Database for enzymes, compounds, and reactionsDatabase for enzymes, compounds, and reactions

�� LIPIDATLIPIDAT

�� MathMolMathMol -- Mathematics and MoleculesMathematics and Molecules ((Molecular LibraryMolecular Library) ) 

�� Molecular Models from Chemistry at Molecular Models from Chemistry at OkanaganOkanagan University CollegeUniversity College


