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潘震澤譯。潘震澤譯。Cracking the Genome Cracking the Genome 
(I id  th  R  t  U l k (I id  th  R  t  U l k (Inside the Race to Unlock (Inside the Race to Unlock 
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G Gibson & SV Muse (2002) A G Gibson & SV Muse (2002) A ( )( )
primer of Genome Science. primer of Genome Science. 
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Chapter 1: Genome Projects: Chapter 1: Genome Projects: 
Organization & ObjectivesOrganization & Objectives





The Genome CrackersThe Genome CrackersThe Genome CrackersThe Genome Crackers
Walter Gilbert:Walter Gilbert: A crucial early A crucial early 
proponent, he later tried to set up proponent, he later tried to set up 
a company to produce and sell a company to produce and sell p y pp y p
genome datagenome data
Sydney Brenner:Sydney Brenner: Joked that Joked that 
sequencing was so boring it should sequencing was so boring it should 
be done by prisoners  be done by prisoners  be done by prisoners  be done by prisoners  
Charles DeLisi:Charles DeLisi: An early advocate, An early advocate, 
he launched the Human Genome he launched the Human Genome 
Initiative within the Initiative within the Department Department 
of Energyof Energy in 1986 in 1986 of Energyof Energy in 1986 in 1986 

Maynard Olson:Maynard Olson: Helped pave the Helped pave the 
way with work on mapping the way with work on mapping the 

  yeast genomeyeast genome
Francis S. CollinsFrancis S. Collins:: Favored a Favored a 
deliberate, methodical approach to deliberate, methodical approach to 
mapping and sequencing mapping and sequencing pp g q gpp g q g
Threw down the gauntlet with Threw down the gauntlet with J. J. 
Craig Venter:Craig Venter: his commercial plan his commercial plan 
to shotgun sequence the human to shotgun sequence the human 
genome  genome  genome  genome  





Genomics Genomics Genomics Genomics 
RevolutionRevolution



The Opportunity & the Hope: The Opportunity & the Hope: 
N  T t  N  Th iN  T t  N  Th iNew Targets, New TherapiesNew Targets, New Therapies



Targeted Prescription of Medicines: Targeted Prescription of Medicines: Targeted Prescription of Medicines: Targeted Prescription of Medicines: 
Applied PharmacogenomicsApplied Pharmacogenomics

FutureFuture
Rational prescriptionRational prescription

““individualizedindividualized””

TodayToday
Empirical prescriptionEmpirical prescription

““  k t k t”” individualizedindividualized””

diagnosticdiagnostic

““mass marketmass market””

drug adrug a DefineDefine
drug adrug a

d  bd  b

drug bdrug bTrial Trial 
& & 

DefineDefine
&&

TreatTreat
d  dd  d

drug cdrug c

drug bdrug b

drug cdrug c

SwitchSwitch
reatreat

drug ddrug d

Informed physician diagnosisInformed physician diagnosis
SavingsSavings: time  money & illness : time  money & illness 

drug ddrug d

Individual physician experienceIndividual physician experience
CCost: time  money & wellost: time  money & well--being being 

drug cdrug c

SavingsSavings: time, money & illness : time, money & illness CCost: time, money & wellost: time, money & well--being being 



Bringing a New Drug to MarketBringing a New Drug to Market

Review and approval by Food & Review and approval by Food & 
D  Ad i i i  (FDA)D  Ad i i i  (FDA)

1 compound 1 compound 
Drug Administration (FDA)Drug Administration (FDA) approvedapproved

Phase IIIPhase III:: Confirms effectiveness and monitors Confirms effectiveness and monitors 
d  tid  ti f  lf  l t  s  t  s  i  1 000 ti  1 000 tadverse reactionsadverse reactions from longfrom long--term use term use in 1,000 toin 1,000 to

5,000 patient volunteers5,000 patient volunteers

Phase IIPhase II:: Assesses effectiveness and Assesses effectiveness and 
looks for looks for side effectsside effects in 100 to 500 in 100 to 500 looks for looks for side effectsside effects in 100 to 500 in 100 to 500 
patient volunteerspatient volunteers

Phase I:Phase I: Evaluates safety and dosageEvaluates safety and dosage
in in 20 to 100 healthy human volunteers20 to 100 healthy human volunteers 5 compounds enter 5 compounds enter yy

clinical trialsclinical trials
Discovery and preclininal testing:Discovery and preclininal testing:
Compounds are identified and evaluated in Compounds are identified and evaluated in 

5,000 compounds 5,000 compounds 
evaluatedevaluated pp

laboratorylaboratory and and animal studiesanimal studies for for safetysafety, , 
biological activitybiological activity, and , and formulationformulation

0 2 4 6 8 10 12 14      Years 16

Source: Tufts Center for the Study of Drug DevelopmentSource: Tufts Center for the Study of Drug Development



Human Genome Project 1988Human Genome Project 1988

Conceived as a resource for the Conceived as a resource for the scientific communityscientific community

Sharing of Sharing of genomic resourcesgenomic resources and and IPIP (Intellectual (Intellectual 
Property) rights a major concernProperty) rights a major concernp y g jp y g j

HGP grounded on belief that HGP grounded on belief that science is the best served science is the best served 
by free access to genomic resourcesby free access to genomic resources such as DNA such as DNA 
sequencesequence

Genome is a bounded set of fundamental information Genome is a bounded set of fundamental information 
that should be that should be available to allavailable to all
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IP Ri ht  t  F d ll  F d d R h IP Ri ht  t  F d ll  F d d R h IP Rights to Federally Funded Research IP Rights to Federally Funded Research 
Results (1)Results (1)

BayhBayh--Dole Act 1980Dole Act 1980
Grantee/contractor retains Grantee/contractor retains Grantee/contractor retains Grantee/contractor retains 
rights to rights to inventionsinventions
Universities & nonUniversities & non--forfor--profit profit 
institutesinstitutesinstitutesinstitutes
Enacted into law in 1984Enacted into law in 1984
ExceptionException

D l ti  f E ti l D l ti  f E ti l Declaration of Exceptional Declaration of Exceptional 
Circumstances Circumstances (DEC)(DEC) invoked invoked 
by government by government to prevent to prevent 
patentspatents by by pp yy
grantees/contractorsgrantees/contractors

MarchMarch--in rights if invention not in rights if invention not gg
developed appropriatelydeveloped appropriately



IP Rights to Federally Funded Research IP Rights to Federally Funded Research IP Rights to Federally Funded Research IP Rights to Federally Funded Research 
Results (2)Results (2)

BayhBayh--Dole Act 1980 (cont.)Dole Act 1980 (cont.)
BenefitsBenefits

Encourages interactions between Encourages interactions between 
academiaacademia and and industryindustry
InventionsInventions developed rapidlydeveloped rapidly
Biotech industry has blossomedBiotech industry has blossomedBiotech industry has blossomedBiotech industry has blossomed

ProblemsProblems
Constraints on Constraints on availabilityavailability of of Constraints on Constraints on availabilityavailability of of 
some basic tools/resource some basic tools/resource 

Reach Reach –– through rightsthrough rights

Stiflin  f inn ti n if th   Stiflin  f inn ti n if th   Stifling of innovation if there are Stifling of innovation if there are 
problems licensing underlying problems licensing underlying 
technology technology 



IP Rights to Federally Funded Research IP Rights to Federally Funded Research IP Rights to Federally Funded Research IP Rights to Federally Funded Research 
Results (3)Results (3)

Results should be publishedResults should be published
Data & materials should be Data & materials should be 
sharedshared at time of publicationat time of publicationsharshar at t m  of pu cat onat t m  of pu cat on
Deposit in Deposit in public databasespublic databases or or 
repositories when availablerepositories when available

Problems with respect to HGPProblems with respect to HGP
Difficult to Difficult to enforceenforce
Many data Many data not publishednot published but but 
still usefulstill useful
Sharing at time of publication is Sharing at time of publication is g f pg f p
too latetoo late for genome resourcefor genome resource



Basic NHGRI Sharing PolicyBasic NHGRI Sharing Policy

Release of all data and materials Release of all data and materials within six monthswithin six months of of 
generationgenerationgenerationgeneration
ApplicantsApplicants asked to state their plans for sharingasked to state their plans for sharing
Awards made only Awards made only if plans acceptableif plans acceptable
Plans for sharing become Plans for sharing become condition of awardcondition of award

NHGRINHGRI  N ti n l Hum n G n m  R s rch Institut N ti n l Hum n G n m  R s rch InstitutNHGRINHGRI = National Human Genome Research Institute= National Human Genome Research Institute



NHGRI Policy on DNA SequenceNHGRI Policy on DNA Sequence

Early genome products were Early genome products were mapsmaps, , markersmarkers & & DNA DNA 
clonesclones

Later Later DNA sequenceDNA sequence predominated predominated Later Later DN  sequenceDN  sequence predom nated predom nated 

New policyNew policy needed because DNA sequenceneeded because DNA sequenceNew policyNew policy needed because DNA sequenceneeded because DNA sequence
Can be produced rapidlyCan be produced rapidly in very large amountin very large amount
Is Is immediatelyimmediately useful in raw formuseful in raw form

http://www.genome.gov/PolicyEthics/LegDatabhttp://www.genome.gov/PolicyEthics/LegDatab
ase/pubMapSearch cfmase/pubMapSearch cfmase/pubMapSearch.cfmase/pubMapSearch.cfm



B d  A tB d  A tBermuda AgreementBermuda Agreement
1996 1 t1996 1 t I t ti l I t ti l St t  St t  1996 1st1996 1st International International Strategy Strategy 
MeetingMeeting on Human Genome Sequencingon Human Genome Sequencing

Principles enunciated Principles enunciated 
Sequence assemblies Sequence assemblies greater than 1Kbgreater than 1Kb

2000

Sequence assemblies Sequence assemblies greater than 1Kbgreater than 1Kb
should be released automatically should be released automatically on a on a 
daily basisdaily basis
http://www.genome.gov/Pages/Educatihttp://www.genome.gov/Pages/Educati
on/Kit/main.cfm?pageid=61on/Kit/main.cfm?pageid=61f p gf p g

1997 2nd Meeting1997 2nd Meeting
Principles reaffirmed Principles reaffirmed 

1996 1997

1998 3rd Meeting1998 3rd Meeting
Principles extended to Principles extended to all genomic all genomic 
sequencesequencesequencesequence

NHGRI requires all grantees funded NHGRI requires all grantees funded 
for production sequencing for production sequencing to abide to abide for production sequencing for production sequencing to abide to abide 
by these principlesby these principles 1998 1999



NHGRI Policy on Patenting DNA SequenceNHGRI Policy on Patenting DNA Sequence
1996 NHGRI  li   1996 NHGRI  li   1996 NHGRI announces policy on 1996 NHGRI announces policy on 
patentingpatenting human genomic sequencehuman genomic sequence

Raw genomic sequence Raw genomic sequence in the absence of in the absence of 
additional demonstrated biological additional demonstrated biological gg
information lacks utilityinformation lacks utility is is notnot
appropriate for patient filingappropriate for patient filing

NHGRI requires NHGRI requires rapid releaserapid release of raw of raw NHGRI requires NHGRI requires rapid releaserapid release of raw of raw 
sequence & will sequence & will monitormonitor patenting of patenting of 
large blocks of primary sequencelarge blocks of primary sequence

If NHGRI determines there is a problem, If NHGRI determines there is a problem, 
a a DECDEC may be consideredmay be considered

DEC = Declaration of Exceptional DEC = Declaration of Exceptional 
Circumstance Circumstance 

To prevent patents by To prevent patents by 
grantees/contractorsgrantees/contractors

Patents claiming DNA sequence 
filed between 1996 and 1999 by NIH opposes plans for patenting 
country and sector (Nature 
Biotechnology 2002, 20:1185-1188

opposes p a s o pate t g
‘similar’ gene sequences ‘similar’ gene sequences 
David Dickson
Nature 405, 3 (2000).



Polygenic Determinants of Drug EffectsPolygenic Determinants of Drug EffectsPolygenic Determinants of Drug EffectsPolygenic Determinants of Drug Effects

(Evans & (Evans & 
Relling, Relling, 
1999; 1999; 1999; 1999; 
Science Science 
286, 487) 286, 487) 



SNPs in DrugSNPs in Drug--metabolizing Enzymesmetabolizing EnzymesSNPs in DrugSNPs in Drug--metabolizing Enzymesmetabolizing Enzymes

CYP2D6CYP2D6CYP2D6CYP2D6
MutantMutant alleles: responsible for alleles: responsible for 
individual variabilityindividual variability in pain relief by in pain relief by 
opioid analgesics opioid analgesics ((止痛劑）止痛劑）opioid analgesics opioid analgesics ((止痛劑）止痛劑）

E.gE.g., ., CodeineCodeine ((可待因）可待因）

Require Require activation by activation by CYP2D6CYP2D6
Individuals with Individuals with nonnon--functional functional CYP2D6CYP2D6
mutant allelesmutant alleles resistant to the effects of resistant to the effects of 
opioid analgesics opioid analgesics 
Several mutant alleles of the Several mutant alleles of the CYP2D6CYP2D6 gene gene 
coding for coding for debrisoquine 4debrisoquine 4--hydroxyasehydroxyase
predispose to predispose to toxicitytoxicity withwith

Metaprolol, timolol, nortriptyline, Metaprolol, timolol, nortriptyline, p , , p y ,p , , p y ,
perhexeline, propafenone and perhexeline, propafenone and codeinecodeine

Genetic tests (Genetic tests (genotypinggenotyping): to ): to 
prevent potential toxicity by prevent potential toxicity by p p y yp p y y
lowering dosageslowering dosages or or notnot prescribing prescribing 
certain drugs certain drugs selection of selection of optimal optimal 
drug therapydrug therapy



NHGRI P li   SNPNHGRI P li   SNPNHGRI Policy on SNPsNHGRI Policy on SNPs

Single Nucleotide PolymorphismsSingle Nucleotide Polymorphisms

SNPsSNPs are a new kind of DNA are a new kind of DNA 

NHGRI SNP production NHGRI SNP production 
granteesgrantees must agree notmust agree not to to 
seek patents on SNPs seek patents on SNPs 

markers with great utility for markers with great utility for 
mapping genesmapping genes

pp
lacking demonstrated lacking demonstrated 
functional utility specific functional utility specific 
to SNP(s)to SNP(s)

Large sets covering entire Large sets covering entire 
genome are neededgenome are needed

I   h  h  I   h  h  

The SNP Consortium (TSC)The SNP Consortium (TSC)
Consortium of Consortium of Important to have such sets Important to have such sets 

publicly availablepublicly available to stimulate to stimulate 
research on research on genes involved in genes involved in 
complex diseasescomplex diseases & other & other 

Consortium of Consortium of 
pharmaceutical companiespharmaceutical companies
that is also investing in that is also investing in 
production of a public SNP production of a public SNP 

ll tll tcomplex diseasescomplex diseases & other & other 
phenotypes phenotypes 

E.gE.g., Pharmacogenomics., Pharmacogenomics

collectcollect
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Examples of NIH Use of DEC for Genomic Examples of NIH Use of DEC for Genomic Examples of NIH Use of DEC for Genomic Examples of NIH Use of DEC for Genomic 
Research ToolsResearch Tools

Mouse mutagenesis and Mouse mutagenesis and 
phenotyping centersphenotyping centers

Mutant miceMutant mice may notmay not be patentedbe patented
Other inventions such as new Other inventions such as new 
technology are not affectedtechnology are not affected

MammalianMammalian Gene CollectionGene Collection
Full length cDNA clones & sequencesFull length cDNA clones & sequences

Clones & their sequences Clones & their sequences may notmay notClones & their sequences Clones & their sequences may notmay not
be patentedbe patented
Other inventions not affectedOther inventions not affected



Recent DevelopmentsRecent Developments

NHGRI policies on NHGRI policies on research toolsresearch tools being adopted being adopted NHGRI policies on NHGRI policies on research toolsresearch tools being adopted being adopted 
across across NIHNIH

National Institute of Health (USA)National Institute of Health (USA)Nat onal Inst tute of Health (USA)Nat onal Inst tute of Health (USA)

New NIH policy statement issued New NIH policy statement issued in 1999in 1999p yp y
Outgrowth of recommendations of Working Group on Outgrowth of recommendations of Working Group on 
Research ToolsResearch Tools

1988198819881988
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New NIH Policy Statement  1999 (1)New NIH Policy Statement  1999 (1)New NIH Policy Statement, 1999 (1)New NIH Policy Statement, 1999 (1)

Sh i  Sh i  Bi di l R h Bi di l R h Sharing Sharing Biomedical Research Biomedical Research 
ResourcesResources

http://www.nih.gov/science/models/http://www.nih.gov/science/models/
h h lh h lsharing.htmlsharing.html

PrinciplesPrinciplespp
1. 1. Academic Freedom & PublicationAcademic Freedom & Publication

Institutions have a obligation to Institutions have a obligation to 
preserve academic freedom and ensure preserve academic freedom and ensure 

l  d l  f h ll  d l  f h ltimely disclosure of research resultstimely disclosure of research results

2. 2. Appropriate Implementation of BayhAppropriate Implementation of Bayh--Dole Dole 
ActActActAct

Intent of Act is to Intent of Act is to promotepromote utilization utilization 
of inventions & public availabilityof inventions & public availability
Use of patents and exclusive licenses is Use of patents and exclusive licenses is Use of patents and exclusive licenses is Use of patents and exclusive licenses is 
not always the best way to assure thisnot always the best way to assure this



N  NIH P li  S  1999 (2)N  NIH P li  S  1999 (2)New NIH Policy Statement, 1999 (2)New NIH Policy Statement, 1999 (2)

3  3  Mi i i iMi i i i Ad i i t ti  I di t  t  Ad i i t ti  I di t  t  3. 3. MinimizingMinimizing Administrative Impediments to Administrative Impediments to 
ResearchResearch

Streamline process for Streamline process for transferringtransferring
toolstools to othersto others
Develop Develop clear policiesclear policies on acceptable on acceptable 
conditions for acquiring tools from conditions for acquiring tools from 
othersothers

4. 4. Dissemination of Dissemination of Resources founded by Resources founded by 
NIHNIH

Progress in science depends on prompt Progress in science depends on prompt 
access to access to new research resourcesnew research resourcesaccess to access to new research resourcesnew research resources
Unique resources developed with NIH Unique resources developed with NIH 
funds are to be made available to funds are to be made available to the the 
research communityresearch community

Web address Web address –– full documentfull document
http://www.nih.gov/od/ott/Rtguide_final.http://www.nih.gov/od/ott/Rtguide_final.
htmhtm

Ott= Office of Technology TransferOtt= Office of Technology TransferOtt= Office of Technology TransferOtt= Office of Technology Transfer



Gene PatentsGene PatentsGene PatentsGene Patents

H   i t ti l ff t H   i t ti l ff t Human genome international effort Human genome international effort 
to sequence all the genes (1990)to sequence all the genes (1990)

Craig Craig VenterVenter (NIH) (NIH) -- 19911991
Filed Filed 315 ESTs315 ESTs
Initiative failedInitiative failed

Rejected on grounds of utilities   Rejected on grounds of utilities   
((19921992))(( 9999 ))
NIH withdrew NIH withdrew –– could have could have 
appealed 1994appealed 1994
Craig Venter from private sector Craig Venter from private sector Craig Venter from private sector Craig Venter from private sector 
filed many such gene patent filed many such gene patent 
applicationsapplications

DNA Patent Database



http://www.ncbi.nlm.nih.gov/Genbank/



Protein Data Bank (PDB, RCSB, USA) Protein Data Bank (PDB, RCSB, USA) 





Links between 
specific 
molecular 
components  

The cell 
or 
system

An integrated 
readout of allreadout of all 
omics data
types by 
revealing therevealing the 
overall cellular 
phenotype



Pairwise integration of omics data



Consequences of Consequences of Consequences of Consequences of 
the Human Genome Project (HGP) (1)the Human Genome Project (HGP) (1)

Complete sequencing of the Complete sequencing of the 
Human GenomeHuman Genome

New branch of science and New branch of science and 
medicine medicine medicine medicine 

GenomicsGenomics
BioinformaticsBioinformatics
TranscriptomicsTranscriptomics



Consequences of Consequences of Consequences of Consequences of 
the Human Genome Project (HGP) (2)the Human Genome Project (HGP) (2)

New branch of science and New branch of science and 
medicine medicine 

ProteomicsProteomics
CellomicsCellomics
MetabolomicsMetabolomicsMetabolomicsMetabolomics



Wh t i   GWh t i   GWhat is a GenomeWhat is a Genome

All of the DNAAll of the DNA for an organismfor an organism
One copyOne copy

Human genome Human genome 
N = 22 +XYN = 22 +XY
NucleusNucleus

3.2 billion base pairs 3.2 billion base pairs 
packaged into chromosomespackaged into chromosomesp g m mp g m m

MitochondrionMitochondrion
16 5 Kb packaged into one 16 5 Kb packaged into one 16.5 Kb packaged into one 16.5 Kb packaged into one 
circular chromosomecircular chromosome

3.2x109 base pairs



Expression pattern inExpression pattern in
development and adultdevelopment and adult

Expression patternExpression pattern DNA sequence of DNA sequence of 
control regionscontrol regions

Expression patternExpression pattern
in ‘diseasein ‘disease’’

The human genomeThe human genome DNA sequence ofDNA sequence of  The human genomeThe human genome
3 x103 x1099 bpbp

DNA sequence ofDNA sequence of
transcriptstranscripts

Sequence Sequence 
variationvariation

Structure of Structure of 
protein productprotein productprotein productprotein product

Genome modification Genome modification 
in animal modelsin animal models

Sequence variation Sequence variation 
associated with diseaseassociated with disease

in animal modelsin animal models



Wh  Gen me Pr jects?Wh  Gen me Pr jects?Why Genome Projects?Why Genome Projects?

G  DN  h  G  DN  h  ll ll h  f  ll h  f  Genomic DNA: has Genomic DNA: has almostalmost all the information all the information 
about lifeabout life

GenotypesGenotypesG notyp sG notyp s

1.1. EnvironmentsEnvironments1.1. EnvironmentsEnvironments

2.2. Interactions and regulations Interactions and regulations 
among genesamong genes

PhenotypesPhenotypes

among genesamong genes

PhenotypesPhenotypes



Normal Distribution in Phenotype of Normal Distribution in Phenotype of Normal Distribution in Phenotype of Normal Distribution in Phenotype of 
Common Complex DiseaseCommon Complex Disease



Most Common Diseases are Caused by a Most Common Diseases are Caused by a yy
Combination of Genes and EnvironmentCombination of Genes and Environment

StrokeStroke ManicManic--depressiondepression

Myocardial InfarctionMyocardial InfarctionBreast cancerBreast cancer

ManicManic depressiondepression

DiabetesDiabetes
HypertensionHypertension

ObesityObesity
High CholesterolHigh Cholesterol

Inflammatory Bowel DiseaseInflammatory Bowel Disease SchizophreniaSchizophrenia



L  H t it  i  Al h i ’  DiL  H t it  i  Al h i ’  DiLocus Heterogeneity in Alzheimer’s DiseaseLocus Heterogeneity in Alzheimer’s Disease

Amyloid Precursor ProteinAmyloid Precursor Proteinyy
((APPAPP) ) -- Chr 21Chr 21

Presenilin 1 Presenilin 1 Alzheimer’s Alzheimer’s resen l n  resen l n  
Chr 14Chr 14

Presenilin 2Presenilin 2

Alzheimer s Alzheimer s 
Disease (AD)Disease (AD)

Presenilin 2Presenilin 2
Chr 1Chr 1

Apolipoprotein EApolipoprotein EApolipoprotein EApolipoprotein E
((APOEAPOE--44) ) -- Chr 1Chr 1
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Wright et al. Genome Biology 2001 
2:comment2007.1 doi:10.1186/gb-2001-2-8-comment2007 



Genomic BiologyGenomic Biology

Genomics is Genomics is changing our understanding changing our understanding 
of biologyof biology

Late 1980sLate 1980s: the generation & : the generation & analysisanalysis of of Late 1980sLate 1980s: the generation & : the generation & analysisanalysis of of 
information about genes & genomesinformation about genes & genomes

Middle 1990sMiddle 1990s: : functional genomicsfunctional genomicsMiddle 1990sMiddle 1990s   functional genomicsfunctional genomics
The generation & analysis of the The generation & analysis of the 
information about information about what geneswhat genes dodo

Genomics, proteomics, transcriptomics, Genomics, proteomics, transcriptomics, 
metabolitmics etc. metabolitmics etc. 

[B d ] th  ti  f [B d ] th  ti  f [Broad sense] the generation of [Broad sense] the generation of 
information about information about living thingsliving things by by 
systematic approachessystematic approaches that can be that can be 
performed performed on an industrial scale on an industrial scale ((high high pp gg
throughputthroughput))



Th  C t l P di  f M l l  Bi lTh  C t l P di  f M l l  Bi lThe Central Paradigm of Molecular BiologyThe Central Paradigm of Molecular Biology

Protein Databank



770000

GovernmentGovernment--nonprofit Genomics Research Funding 2000 nonprofit Genomics Research Funding 2000 
($ million)($ million)

660000
($ million)($ million)

440000

550000

Source: World Survey of Funding for Genomics Research Source: World Survey of Funding for Genomics Research 
www.stanford.edu/class/siw198q/websites/genomics/entry.htmwww.stanford.edu/class/siw198q/websites/genomics/entry.htm

330000

440000

220000

330000

11 0000

00



Funding: Private > Public (2000)Funding: Private > Public (2000)Funding: Private > Public (2000)Funding: Private > Public (2000)

Genomics research fundingGenomics research funding
($ million US)

1,805
2,061

2,000

2,500

900
1,000

1,500

0

500

Gov&nonprofit Genomics firms Pharma&biotech

SourceSource: World Survey of Funding for Genomics Research : World Survey of Funding for Genomics Research SourceSource: World Survey of Funding for Genomics Research : World Survey of Funding for Genomics Research 
Stanford in Washington Program Stanford in Washington Program 
http://www.stanford.edu/class/siw198q/websites/genomics/entry.htmhttp://www.stanford.edu/class/siw198q/websites/genomics/entry.htm



Patent AssignedPatent AssignedPatent AssignedPatent Assigned

NIH NIH 

NONNON--PROFIT PROFIT 
RESEARCH RESEARCH 
INSTITUTE INSTITUTE 

OTHEROTHER

6%6%
INSTITUTE INSTITUTE 

13%13%
6%6%

FORFOR PROFIT PROFIT 

UNIVERSITYUNIVERSITY
PRIVATE PRIVATE 

14%14% FORFOR--PROFIT PROFIT 
COMPANY COMPANY 

52%52%PUBLIC PUBLIC 
UNIVERSITY UNIVERSITY 

14%14%

UNIVERSITY UNIVERSITY 
9%9%

Source: Stephen McCormack and Robert CookSource: Stephen McCormack and Robert Cook Deegan Deegan Source: Stephen McCormack and Robert CookSource: Stephen McCormack and Robert Cook--Deegan Deegan 
DNA Patent Database DNA Patent Database www.genomic.orgwww.genomic.org







Rational Human/Plant/Animal ImprovementsRational Human/Plant/Animal ImprovementsRational Human/Plant/Animal ImprovementsRational Human/Plant/Animal Improvements

FunctionsFunctions of of ToolsTools for for 
modifying modifying all genesall genes modifying modifying 
genomegenome

Development a Development a 
robust robust uu

Genetic engineering Genetic engineering 
disciplinedisciplinepp
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Goals of the Goals of the HHuman uman GGenome enome PProject (HGP)roject (HGP)

identifyidentify all the approximately all the approximately 20,00020,000--25,000 genes25,000 genes in human DNAin human DNA

determinedetermine the sequences of the the sequences of the 3 billion chemical base pairs3 billion chemical base pairs that make that make 
up human DNAup human DNA

storestore this information in this information in databasesdatabases

improveimprove tools for tools for data analysis data analysis 

transfertransfer related technologies related technologies to the private sectorto the private sector, and , and 

addressaddress the ethical, legal, and social issues (ELSI) that may arise from the the ethical, legal, and social issues (ELSI) that may arise from the 
project. project. 



Timetable of HGPTimetable of HGPTimetable of HGPTimetable of HGP

Begun formally in 1990Begun formally in 1990
The project originally was planned to last The project originally was planned to last 15 years15 years
Rapid Rapid technological advancestechnological advances have accelerated the have accelerated the Rapid Rapid technological advancestechnological advances have accelerated the have accelerated the 
expected completion date to 2003 expected completion date to 2003 
Celera announces a 3Celera announces a 3--year plan to complete the project year plan to complete the project 
early early early early 
First draftFirst draft: June 28: June 28thth, 2000 , 2000 

Sequencing completed first: chromosome 22 (Dec. 2Sequencing completed first: chromosome 22 (Dec. 2ndnd 1999, Nature)1999, Nature)

Feb. 2001Feb. 2001
June 2002 June 2002 ((TIGRTIGR):): 7,801 genes’ 7,801 genes’ functions identifiedfunctions identified
I t ti l H  G  S i  C ti  I t ti l H  G  S i  C ti  International Human Genome Sequencing Consortium: International Human Genome Sequencing Consortium: 
http://www.nature.comhttp://www.nature.com (Nature)(Nature)
The Celera database: The Celera database: http://www.sciencemag.orghttp://www.sciencemag.org (Science)(Science)

















Pleiotrophic









~20,000~20,000--25,00025,000





N  M di l A li ti  (1)N  M di l A li ti  (1)New Medical Applications (1)New Medical Applications (1)

Diseases controlDiseases control
DiagnosisDiagnosis
MonitoringMonitoring
TreatmentsTreatments

Rational drug designRational drug design
New classes of medicines New classes of medicines New classes of medicines New classes of medicines 
based on based on a reasoned a reasoned 
approachapproach

Gene sequence, protein Gene sequence, protein 
structure, function structure, function 
information vs. trialinformation vs. trial--
andand--error methodserror methods



N  M di l A li ti  (2)N  M di l A li ti  (2)New Medical Applications (2)New Medical Applications (2)
R ti l d  d iR ti l d  d i ( t )( t )Rational drug designRational drug design (cont.)(cont.)

These drugs, targeted to These drugs, targeted to 
specific sites in the body,  specific sites in the body,  
promise to have fewer side promise to have fewer side 
effects than many of today’s effects than many of today’s 
medicinesmedicines

Gene TherapyGene Therapy
Normal genesNormal genes replace or replace or Normal genesNormal genes replace or replace or 
supplement a defective gene or supplement a defective gene or 
to bolster immunity to diseaseto bolster immunity to disease

E gE g by adding a gene that by adding a gene that E.g.,E.g., by adding a gene that by adding a gene that 
suppresses tumor growthsuppresses tumor growth





New Medical Applications (3)New Medical Applications (3)
Oth  Inf m ti nOth  Inf m ti nOther InformationOther Information

http://www.ornl.gov/hgmis/medicihttp://www.ornl.gov/hgmis/medici
ne/medicine.htmne/medicine.htm
Gene testingGene testing

Biochemical tests (enzymes & Biochemical tests (enzymes & 
other protein)other protein)
KaryotypingKaryotyping
DNA levelDNA level

Pharmacogenetics Pharmacogenetics 
PharmacogenomicsPharmacogenomics

The genetic basis of variable drug The genetic basis of variable drug g gg g
response in individual people response in individual people 
Genetically determined variation in Genetically determined variation in 
effectiveness & side effectseffectiveness & side effects

http://www.pharmgkb.org/



New Medical Applications (4)New Medical Applications (4)

Other InformationOther Information
Tailored drugs vs. “oneTailored drugs vs. “one--size fits size fits 
all” all” 

B1B1B1B1 variant of variant of CETPCETP genegene
paravastatinparavastatin is more is more 

effective effective in lowering lipid in lowering lipid 
levelslevels (than other people) (than other people) 
reduce the risk of reduce the risk of 
cardiovascular disease cardiovascular disease cardiovascular disease cardiovascular disease 

Drug Drug tamoxifentamoxifen prevents prevents 
b t    b t    breast cancer among women breast cancer among women 
with with BRCA1BRCA1 & & BRCA2BRCA2 gene gene 
mutationsmutations



New Medical Applications (6)New Medical Applications (6)

Genetic counselingGenetic counseling
Genetic counselors are Genetic counselors are health health 
professionalsprofessionals with specialized with specialized professionalsprofessionals with specialized with specialized 
graduate degreesgraduate degrees & experience & experience 
in the areas of medical genetics in the areas of medical genetics 
& counseling& counseling& counseling& counseling

Disease specific informationDisease specific information
OMIM (OMIM (OOnline nline MMendelian endelian 
IInheritance in nheritance in MMan)an)
NSGC (NSGC (NNational ational SSociety of ociety of (( yy
GGenetic enetic CCounselors)ounselors)





Genetics 101Genetics 101

Shirley©





OrganismOrganism--specific Resourcesspecific Resources
Human
Drosophila
Z b fi hZebrafish
Malaria parasite
Microbial Genomes (84 completeMicrobial Genomes (84 complete 
genomes, Aug. 2002)

Mouse 
Plant Genome Central
Rat
Retroviruses



G i  E i t ti  (1)G i  E i t ti  (1)Genomic Experimentation (1)Genomic Experimentation (1)
M t f th  M t f th  t  t  Most of the Most of the strong strong 
conclusionsconclusions will continue to will continue to 
come from come from directed directed 
experimentationexperimentation

BrightBright researchers (IQ & EQ) researchers (IQ & EQ) BrightBright researchers (IQ & EQ) researchers (IQ & EQ) 
Trained for Trained for yearsyears
Expert in the Expert in the 

t / i  i  hi h th  t / i  i  hi h th  system/organism in which the system/organism in which the 
experiments are performedexperiments are performed
WellWell--fundedfunded



Genomic Experimentation (2)Genomic Experimentation (2)

[Bacon 1962][Bacon 1962] Science proceeds by Science proceeds by 
the formulation & carefully testing the formulation & carefully testing 
of hypothesesof hypothesesof hypothesesof hypotheses

ObservationObservation--, obsession, obsession--, , 
engineeringengineering--, or ‘what, or ‘what--if”if”-- driven driven 
hypothesis play a small parthypothesis play a small part

Genomics Genomics dede--emphasisemphasis of of 
hypothesishypothesis--driven researchdriven researchypyp

Valuable knowledgeValuable knowledge can be gained can be gained 
from the systematic production of from the systematic production of 
simple kinds of biological simple kinds of biological 
i f ii f i htt // b /bd ihtt // b /bd iinformationinformation
Genomic research Genomic research observationalobservational

http://userpages.burgoyne.com/bdespainhttp://userpages.burgoyne.com/bdespain
/grammar/gram012.htm/grammar/gram012.htm



TT hit H th i  f  T i ihit H th i  f  T i iTwoTwo--hit Hypothesis for Tumorigenesishit Hypothesis for Tumorigenesis



Genomic Experimentation (3)Genomic Experimentation (3)

Stereotypical hypothesesStereotypical hypotheses
Transcription of genes in the kidney may be controlled by Transcription of genes in the kidney may be controlled by 

i i  l  i   i  h  kidi i  l  i   i  h  kid
p g y y yp g y y y

transcription regulatory proteins present in the kidneytranscription regulatory proteins present in the kidney

Must be some mutations cause abnormalityMust be some mutations cause abnormality

Scientific standards have changedScientific standards have changed
1988, the finding that a protein contains a homeobox 1988, the finding that a protein contains a homeobox 

d DNd DN b d  & l   b d  & l   
g pg p

suggested DNAsuggested DNA--binding & regulate expression binding & regulate expression 
Have been tested experimentallyHave been tested experimentally

2000, we would accept that claim without further 2000, we would accept that claim without further 
experimentexperiment









Major Implications of the Genetic Revolution for Major Implications of the Genetic Revolution for Major Implications of the Genetic Revolution for Major Implications of the Genetic Revolution for 
the Legal Discipline (1)the Legal Discipline (1)

HowHow regulationregulation will be possible in will be possible in gg pp
the fast moving genetic revolution the fast moving genetic revolution 

What are its What are its implicationsimplications for for human human What are its What are its implicationsimplications for for human human 
dignity and human rightsdignity and human rights

Sh ld th  l  nd n  Sh ld th  l  nd n  Should the law condone Should the law condone 
interventionsinterventions in the human genome in the human genome 
which which alter the genetics of living alter the genetics of living 
personspersons and future generations and future generations personspersons and future generations and future generations 



Major Implications of the Genetic Major Implications of the Genetic j pj p
Revolution for the Legal Discipline (2)Revolution for the Legal Discipline (2)

What will be the implications of these What will be the implications of these 
developments for developments for family lawfamily law

What What consequencesconsequences will they present will they present 
for for insuranceinsurance, given the potential of , given the potential of 
genetic data to remove entirely genetic data to remove entirely genetic data to remove entirely genetic data to remove entirely 
predictive doubts about an insured's predictive doubts about an insured's 
likely health prognosis likely health prognosis 

Will the Will the criminal law need to be revised criminal law need to be revised 
in so far as it posits the free will of the in so far as it posits the free will of the 
individual?individual? If the conduct of some If the conduct of some 

 t  f  th i   h ld  t  f  th i   h ld persons stems from their genes, should persons stems from their genes, should 
this be exculpation, a defence or at this be exculpation, a defence or at 
least mitigation least mitigation 



Genetic Discrimination (1)Genetic Discrimination (1)Genetic Discrimination (1)Genetic Discrimination (1)

All di  h     All di  h     All disease has one or more All disease has one or more 
genetic componentsgenetic components

Therefore, we are all Therefore, we are all at riskat risk,,
for genetic diseasesfor genetic diseases

If we accept these statements  If we accept these statements  If we accept these statements, If we accept these statements, 
then there is then there is no basis for no basis for 
genetic discriminationgenetic discrimination, since we , since we 
are all in the same risk pool are all in the same risk pool 

DOE, 
USAare all in the same risk pool are all in the same risk pool 

ButBut the insurance industry is the insurance industry is 
   l    l   based onbased on the ability to the ability to 

discriminate and assign riskdiscriminate and assign risk



Genetic Discrimination (2)Genetic Discrimination (2)

At this point in the evolution of our At this point in the evolution of our 
knowledge, we have the information knowledge, we have the information 
to permit us to identify to permit us to identify to permit us to identify to permit us to identify 
predisposition predisposition to to certain relatively certain relatively 
rare genetic diseasesrare genetic diseases, , e.ge.g., ., 

CF  Huntington disease CF  Huntington disease etcetcCF, Huntington disease CF, Huntington disease etcetc..

The The burdenburden of genetic diseaseof genetic disease, , 
however  is among all of us with however  is among all of us with however, is among all of us with however, is among all of us with 
predisposition to common, complex predisposition to common, complex 
genetic disease, genetic disease, e.ge.g., cancer, ., cancer, 
cardiovascular disease  diabetes cardiovascular disease  diabetes cardiovascular disease, diabetes cardiovascular disease, diabetes 
mellitus mellitus etcetc. . 



Genetic Discrimination (3)Genetic Discrimination (3)

William Brody, JHU President, William Brody, JHU President, 
i   t W ll St t i   t W ll St t in a recent Wall Street in a recent Wall Street 
JournalJournal opop--ed (opposite ed (opposite 
editorial page)editorial page) piece, argued piece, argued 
that the loss of ability of that the loss of ability of 
health insurers health insurers to stratifyto stratify
populations by genetic riskpopulations by genetic riskp p y gp p y g
will lead ultimately to a single will lead ultimately to a single 
payer payer 

JHU: the Johns Hopkins JHU: the Johns Hopkins JHU: the Johns Hopkins JHU: the Johns Hopkins 
UniversityUniversity



Manhattan Project of BiologyManhattan Project of Biology

Al Carnesale , UCLA Chancellor Al Carnesale , UCLA Chancellor 
“We have just come through “We have just come through the the 
M h  M h  f b l  f b l  Manhattan projectManhattan project of biology. of biology. 
Let’s get it right this timeLet’s get it right this time””

EEthical, thical, LLegal and egal and SSocial ocial IIssue ssue 
(ELSI) Program  NIH(ELSI) Program  NIH(ELSI) Program, NIH(ELSI) Program, NIH
US DHHS US DHHS SSecretary’s ecretary’s 
AAdvisory dvisory CCommittee on ommittee on 
GGenetic enetic TTesting (SACGT) and esting (SACGT) and GGenet c enet c est ng (S G ) and est ng (S G ) and 
Secretary’s Advisory Secretary’s Advisory 
Committee on Genetics, Committee on Genetics, 
Health and Society (SACGHS)Health and Society (SACGHS)

UCLA Center for Society, the UCLA Center for Society, the 
Individual and GeneticsIndividual and Genetics



S ll B i  & H l h I  (1)S ll B i  & H l h I  (1)Small Business & Health Insurance (1)Small Business & Health Insurance (1)
  h  k  f   ll lf  h  k  f   ll lf d  h  d  h      A patient who works for a small selfA patient who works for a small self--insured company has insured company has a positive a positive 

family historyfamily history for emphysema for emphysema ((肺氣腫）肺氣腫）on both her mother’s and her on both her mother’s and her 
father’s sidesfather’s sides

Her physician recommends that she have a number of tests performed, Her physician recommends that she have a number of tests performed, 
including one for including one for αα11--antitrypsin (antitrypsin (αα1AT)1AT)gg ypyp

When When the the αα1AT test1AT test is reported to be is reported to be abnormalabnormal, he tells her that this , he tells her that this 
may explain the emphysema in her family and may explain the emphysema in her family and places her at very high places her at very high may explain the emphysema in her family and may explain the emphysema in her family and places her at very high places her at very high 
riskrisk this lung diseasethis lung disease

Her physician reports the results of his evaluation to her insurance Her physician reports the results of his evaluation to her insurance Her physician reports the results of his evaluation to her insurance Her physician reports the results of his evaluation to her insurance 
company as requiredcompany as required

l d  l  h   ll d  h  ff  f h  l  d f dl d  l  h   ll d  h  ff  f h  l  d f dSeveral days later she is called into the office of her employer and firedSeveral days later she is called into the office of her employer and fired



Small Business & Health Insurance (2)Small Business & Health Insurance (2)
Actual caseActual case

Patient had symptoms at time of testingPatient had symptoms at time of testing

Commissioner Paul Miller, EEOC, Commissioner Paul Miller, EEOC, 
argued this case under ADAargued this case under ADA

EEOC = Equal Employment EEOC = Equal Employment 
O  C  (O  C  (美國美國))就就Opportunity Commission (Opportunity Commission (美國美國))就就
業機會均等委員會業機會均等委員會

Settled in favor of employeeSettled in favor of employee
Remains to be determined Remains to be determined 
whether whether an abnormal testan abnormal test result result 
in absence of physical signs and in absence of physical signs and 
symptoms would be covered by symptoms would be covered by symptoms would be covered by symptoms would be covered by 
ADAADA



The CThe Convergence betweenonvergence between MI MI & & BIBIThe CThe Convergence betweenonvergence between MI MI & & BIBI



A Model to Study InteractionsA Model to Study InteractionsA Model to Study InteractionsA Model to Study Interactions

To adapt To adapt medical medical 
informaticsinformatics

To foster the To foster the 
application of  application of  informaticsinformatics

systems to the systems to the 
genetics paradigmgenetics paradigm

application of  application of  
bioinformatics in bioinformatics in 
healthhealth

AApply IT pply IT to facto facilitate molecular medicineilitate molecular medicine



Definition (1)Definition (1)
Shirley©

Definition (1)Definition (1)

BioinformaticsBioinformatics
Conceptualizing Conceptualizing biologybiology in terms of in terms of moleculesmolecules (in the sense (in the sense Conceptualizing Conceptualizing biologybiology in terms of in terms of moleculesmolecules (in the sense (in the sense 
of of physicalphysical--chemistrychemistry) and then applying ) and then applying “Informatics”“Informatics”
techniquestechniques

A li d M thA li d M thApplied Math.Applied Math.
Computer ScienceComputer Science
StatisticsStatistics
Biology (genomics)Biology (genomics)

To To understandunderstand and and organizeorganize the information associated the information associated 
h h  l l  h h  l l    l  l llwith these molecules, with these molecules, on a largeon a large--scalescale



f  ( )f  ( )Definition (2)Definition (2)

BioinformaticsBioinformatics
the the “MIS”“MIS” for molecular biologyfor molecular biology informationinformation

MManagement anagement IInformation nformation SSystem (MIS)ystem (MIS)

Shirley©Shirley©



Central Paradigm of BioinformaticsCentral Paradigm of BioinformaticsCentral Paradigm of BioinformaticsCentral Paradigm of Bioinformatics

Central dogmaCentral dogma of of molecular biologymolecular biology
[DNA [DNA RNA RNA protein ]protein ] phenotypephenotype

MoleculesMolecules
Sequence Sequence structure structure functionfunctionSequence Sequence structure structure functionfunction

Most cellular functions are performed or facilitated by Most cellular functions are performed or facilitated by proteinsproteins
Primary biocatalyst, coPrimary biocatalyst, co--factor factor transport/storagetransport/storage, mechanical motion/support, , mechanical motion/support, 
immune protection, control of growth/differentiationimmune protection, control of growth/differentiation

Genomic sequence informationGenomic sequence information
mRNA mRNA protein sequence protein sequence protein structure protein structure protein function protein function p qp q pp pp
phenotype phenotype 
To understand To understand evolutionary relationshipsevolutionary relationships in terms of the expression in terms of the expression 
of protein function of protein function (comparative genomics)(comparative genomics)



Glossary of BioinformaticsGlossary of Bioinformatics

Cambridge Health InstituteCambridge Health Institute
htt // i l ss i s / t t/Bi i f tihtt // i l ss i s / t t/Bi i f tihttp://www.genomicglossaries.com/content/Bioinformatihttp://www.genomicglossaries.com/content/Bioinformati
cs_gloss.aspcs_gloss.asp

22--can Glossarycan Glossary
http://www.ebi.ac.uk/2can/glossary/index.phphttp://www.ebi.ac.uk/2can/glossary/index.php

ContentsContents
DatabasesDatabasesDatabasesDatabases
MethodologiesMethodologies

Shirley©Shirley©



  b  ( )b  ( )Contents Contents –– Databases (1)Databases (1)

Nucleic Acid ResearchNucleic Acid Research (NAR) Jan. (NAR) Jan. (every year)(every year)
http://nar.oupjournals.org/http://nar.oupjournals.org/p pj gp pj g

Protein information resourcesProtein information resources
Primary (linear)Primary (linear)Primary (linear)Primary (linear)

PIR, MIPS, SWISSPROT, PDB PIR, MIPS, SWISSPROT, PDB 
CompositeComposite protein sequence databases protein sequence databases 

Secondary (motif)Secondary (motif)
Prosite, Profiles, PRINTS, Pfam, Block, IDENTIFYProsite, Profiles, PRINTS, Pfam, Block, IDENTIFY

Tertiary/Structure (domain, module)Tertiary/Structure (domain, module)
SCOP, CATH, PDBsumSCOP, CATH, PDBsum

Shirley©





P i  t tP i  t tPrimary structurePrimary structure
TThe linear he linear sequencesequence of of amino acids in a proteinamino acids in a protein

Secondary structureSecondary structure
RRegions of egions of local regularitylocal regularity

i.e.,i.e., alphaalpha--helices, bhelices, betaeta--strands, strands, betabeta--sheets & sheets & betabeta--turnsturns



d  d  SuperSuper--secondary structuresecondary structure
TThe packing of secondary structure elements into stable unitshe packing of secondary structure elements into stable units
(motifs  modules)(motifs  modules)(motifs, modules)(motifs, modules)

e.ge.g., ., ββ--barrels, barrels, βαββαβ units, Greek keys, units, Greek keys, etcetc..



T i  T i  Tertiary structureTertiary structure
TThe overall chain foldhe overall chain fold that results from packing of that results from packing of secondarysecondary
structure elementsstructure elementsstructure elementsstructure elements



Quaternary structureQuaternary structure
TThe arrangement of he arrangement of separate chainsseparate chains within a proteinwithin a protein that that TThe arrangement of he arrangement of separate chainsseparate chains within a proteinwithin a protein that that 
has has more than one subunit more than one subunit 

e.ge.g., hemoglobin., hemoglobingg , g, g



Quinternary structureQuinternary structure
TThe arrangement of separate molecules, such as in he arrangement of separate molecules, such as in g f p ,g f p ,
proteinprotein--proteinprotein oror proteinprotein--nucleic acid interactionsnucleic acid interactions



Contents Contents –– Databases (2)Databases (2)Contents Contents –– Databases (2)Databases (2)

Genome information resourcesGenome information resources
DNA sequence databasesDNA sequence databases

EMBL  DDBJ  GenBankEMBL  DDBJ  GenBank

TDB (the TIGR database)TDB (the TIGR database)
A suite of databasesA suite of databases containing containing 
DNADNA & & proteinprotein sequences, gene sequences, gene 
expression  cellular role  and protein expression  cellular role  and protein EMBL, DDBJ, GenBankEMBL, DDBJ, GenBank

dbEST, dbSTS, dbSNP dbEST, dbSTS, dbSNP etcetc. . 

Specialized genomic resourcesSpecialized genomic resources

expression, cellular role, and protein expression, cellular role, and protein 
family information, taxonomic data family information, taxonomic data 
for microbes, plants, humansfor microbes, plants, humans

Specialized genomic resourcesSpecialized genomic resources
SGD (the SGD (the SSaccharomycesaccharomyces
GGenome enome DDatabase)atabase)
UnigeneUnigene (NCBI  USA)(NCBI  USA)

Intermolecular Intermolecular interactionsinteractions & & 
biological pathwaysbiological pathways

UnigeneUnigene (NCBI, USA)(NCBI, USA)

Shirley©Shirley©



Contents Contents –– Methodologies (1)Methodologies (1)

AlgorithmsAlgorithms
The The logical sequencelogical sequence of of stepssteps
b  hich  t sk c n b  b  hich  t sk c n b  

Database searchingDatabase searching
Reference searching (by Reference searching (by 
k  )k  )by which a task can be by which a task can be 

performedperformed
keyword, text)keyword, text)
SequenceSequence--basedbased

ComparisonComparison
Pairwise alignmentPairwise alignment

Local vs. global alignment Local vs. global alignment 

EditingEditing
Single or multiple sequence Single or multiple sequence g gg g

Multiple alignmentMultiple alignment
PSIPSI--BLAST (BLAST (ppositionosition--sspecific pecific 
i d i d BL T)BL T)

editingediting
E.gE.g., plasmid removal., plasmid removal

iterated iterated –– BLAST)BLAST)
Automatic Automatic 

EvolutionEvolution
Phylogenetic relatednessPhylogenetic relatedness

Shirley©Shirley©



Contents Contents –– Methodologies (2)Methodologies (2)

Fragment assemblyFragment assembly
E.gE.g., ., contigcontig assemblyassembly

Gene finding and Gene finding and pattern recognitionpattern recognition
ProteinProtein--coding regionscoding regions
ProteinProtein--binding motifsbinding motifs
RepeatsRepeats
CpG islands & promoter regionsCpG islands & promoter regionsCpG islands & promoter regionsCpG islands & promoter regions

Importing/Exporting Importing/Exporting 
Entering sequence data and converting the data between theEntering sequence data and converting the data between the various various 
sequencesequence file formats, file formats, e.g.,e.g., GCG, Staden, EMBL, GenBank, GCG, Staden, EMBL, GenBank, 
IntelliGenetics, PIR, and FASTA IntelliGenetics, PIR, and FASTA etc.etc.

Shirley©



C t t  C t t  M th d l i  (3)M th d l i  (3)Contents Contents –– Methodologies (3)Methodologies (3)

MappingMapping
Restriction mapsRestriction maps
ORF mapsORF maps
Peptide digestions mapsPeptide digestions maps

Protein structure prediction & Protein structure prediction & 
analysisanalysis

Peptide digestions mapsPeptide digestions maps
Plasmid maps, Plasmid maps, etc.etc.

Primer designsPrimer designs

Computational approaches in Computational approaches in 
comparative genomicscomparative genomics

gg

Protein analysisProtein analysis
Determining information about protein & Determining information about protein & 

Using DNA microarrays to assay Using DNA microarrays to assay 
gene expressiongene expression

g pg p
amino acid sequencesamino acid sequences

Plotting the isoelectric point Plotting the isoelectric point 
Location of Location of functional motifsfunctional motifs
Predictions of Predictions of secondary structuresecondary structure

Proteomics & protein identificationProteomics & protein identification

EpitopeEpitope & antigenicity & antigenicity 
Secretory signalsSecretory signals
Nuclear localized signals (NLS)Nuclear localized signals (NLS)
Transmembrane proteinsTransmembrane proteins

Shirley©Shirley©



Contents Contents –– Methodologies (4)Methodologies (4)

RNA secondary structureRNA secondary structure
E.gE.g., inverted repeat sequences., inverted repeat sequences

TranslationTranslation
Translation nucleotide sequences intoTranslation nucleotide sequences into peptide sequencepeptide sequence or or vice vice Translation nucleotide sequences intoTranslation nucleotide sequences into peptide sequencepeptide sequence or or vice vice 
versaversa

Oth  tilitiOth  tilitiOther utilitiesOther utilities
Sequences management Sequences management 
DatabasingDatabasinggg
Printing/plottingPrinting/plotting

Int n t nn ti nInt n t nn ti nInternet connectionInternet connection

Shirley©Shirley©



The The RReality of eality of SSequence equence AAnalysisnalysisThe The RReality of eality of SSequence equence AAnalysisnalysis

...isn't so glamorous...isn't so glamorous....but means we ....but means we cancan rerecognizecognize words that form words that form 
characteristic patternscharacteristic patterns, even if we don't know the precise syntax , even if we don't know the precise syntax 

to build complete protein sentencesto build complete protein sentencesto build complete protein sentencesto build complete protein sentences
(from Attwood & Parry(from Attwood & Parry--Smith 1999)Smith 1999)



The Holy Grail of The Holy Grail of BBioinformaticsioinformaticsThe Holy Grail of The Holy Grail of BBioinformaticsioinformatics

...to be able to understand ...to be able to understand the words in a the words in a sequence sentencesequence sentence that that 
form a particular protein form a particular protein structurestructureform a particular protein form a particular protein structurestructure
(from Attwood & Parry(from Attwood & Parry--Smith 1999)Smith 1999)



http://www cs ucsb edu/~ambuj/Courses/bioihttp://www cs ucsb edu/~ambuj/Courses/bioihttp://www.cs.ucsb.edu/~ambuj/Courses/bioihttp://www.cs.ucsb.edu/~ambuj/Courses/bioi
nformatics/definition.pdfnformatics/definition.pdf



DataData

DataData is is crucialcrucial to the success of analysisto the success of analysisyy
“Garbage in & “Garbage in & garbage out”garbage out”

A littleA little garbage in garbage in A lot ofA lot of garbage outgarbage out

Understand your data set and its surrounding Understand your data set and its surrounding 
metadatametadata

Whole pictureWhole picture




