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TextbooksTextbooks

G Gibson & SV Muse G Gibson & SV Muse 
(2002) A primer of (2002) A primer of 
Genome Science. Genome Science. 
SinauerSinauer Associates, Associates, 
Inc. Publishers. Inc. Publishers. 

Chapter 1: Genome Chapter 1: Genome 
Projects: Organization Projects: Organization 
& Objectives& Objectives

K. Davis (2001) K. Davis (2001) 基因組基因組
圖譜解密。潘震澤譯。圖譜解密。潘震澤譯。
Cracking the Genome Cracking the Genome 
(Inside the Race to (Inside the Race to 
Unlock Human DNA) Unlock Human DNA) 。。
時報出版社。時報出版社。TaiwanTaiwan。





The Genome CrackersThe Genome Crackers

Walter GilbertWalter Gilbert:: A crucial early proponent, he later tried to set up a company tA crucial early proponent, he later tried to set up a company to produce and sell genome datao produce and sell genome data
Sydney BrennerSydney Brenner:: Joked that sequencing was so boring it should be done by prisonJoked that sequencing was so boring it should be done by prisoners.  ers.  
Charles Charles DeLisiDeLisi:: An early advocate, he launched the Human Genome Initiative withAn early advocate, he launched the Human Genome Initiative within the in the Department of EnergyDepartment of Energy in in 
1986. 1986. 
Maynard OlsonMaynard Olson: : Helped pave the way with work on mapping the yeast genome.Helped pave the way with work on mapping the yeast genome.
Francis S. CollinsFrancis S. Collins:: Favored a deliberate, methodical approach to mapping and sequenFavored a deliberate, methodical approach to mapping and sequencing. cing. 
J. Craig VenterJ. Craig Venter:: Threw down the gauntlet with his commercial plan to shotgun seqThrew down the gauntlet with his commercial plan to shotgun sequence the human genome.  uence the human genome.  

http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F1
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F2
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F3
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F4
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F5
http://www.sciencemag.org/cgi/content/full/291/5507/1182a/F6


The human genomeThe human genome
3 x103 x1099 bpbp

DNA sequence ofDNA sequence of
transcriptstranscripts

Structure of Structure of 
protein productprotein product

Genome modification Genome modification 
in animal modelsin animal models

Sequence variation Sequence variation 
associated with diseaseassociated with disease

DNA sequence of DNA sequence of 
control regionscontrol regions

Expression pattern inExpression pattern in
development and adultdevelopment and adult

Expression patternExpression pattern
in in ‘‘diseasedisease’’

Sequence Sequence 
variationvariation





Genomics RevolutionGenomics Revolution



The Opportunity & the Hope: The Opportunity & the Hope: 
New Targets, New TherapiesNew Targets, New Therapies



National Center for Biotechnology Information (NCBI), USANational Center for Biotechnology Information (NCBI), USA

Growth of Growth of GenBankGenBank



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







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

Complete sequencing of the Human GenomeComplete sequencing of the Human Genome

New branch of science and medicineNew branch of science and medicine
GenomicsGenomics
BioinformaticsBioinformatics
Etc. Etc. 
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What 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 packaged into 3.2 billion base pairs packaged into chromosomeschromosomes
MitochondrionMitochondrion (extra(extra--nuclear)nuclear)

16.5 Kb packaged into one circular chromosome16.5 Kb packaged into one circular chromosome
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Goals of the Goals of the HHuman uman GGenome enome PProject    roject    
(HGP)(HGP)

http://www.genome.gov/page.cfm?pageID=10001694http://www.genome.gov/page.cfm?pageID=10001694

Identify all the Identify all the ~30,000~30,000 genes in human DNA genes in human DNA 

Determine the Determine the sequencessequences of the 3 billion chemical bases of the 3 billion chemical bases 
that make up human DNAthat make up human DNA

Store this information in databasesStore this information in databases

Develop tools for data analysisDevelop tools for data analysis

Address the Address the eethical, thical, llegal, and egal, and ssocial ocial iissues (ssues (ELSIELSI) that ) that 
may arise from the projectmay arise from the project

BioinformaticsBioinformatics
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Genomic BiologyGenomic Biology

Genomics is Genomics is changing our understanding of biologychanging our understanding of biology
Late 1980sLate 1980s: the generation & : the generation & analysisanalysis of of 
information about genes & genomesinformation about genes & genomes

Middle 1990sMiddle 1990s: : functional genomicsfunctional genomics
The generation & analysis of the information about The generation & analysis of the information about 
what geneswhat genes dodo
Genomics, proteomics, Genomics, proteomics, transcriptomicstranscriptomics, , metabolitmicsmetabolitmics
etc. etc. 
[Broad sense] the generation of information about [Broad sense] the generation of information about 
living thingsliving things by by systematic approachessystematic approaches that can be that can be 
performed performed on an industrial scaleon an industrial scale ((high throughputhigh throughput))
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Funding: Private > Public (2000)Funding: Private > Public (2000)

Genomics research funding
($ million US)
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Patent AssignedPatent Assigned

NIH NIH 
6%6%

PUBLIC PUBLIC 
UNIVERSITY UNIVERSITY 

9%9%

UNIVERSITYUNIVERSITY
PRIVATE PRIVATE 

14%14%

NONNON--PROFIT PROFIT 
RESEARCHRESEARCH
INSTITUTE INSTITUTE 

13%13%

OTHEROTHER

6%6%

FORFOR--PROFIT PROFIT 
COMPANY COMPANY 

52%52%

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







Timetable 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 
expected completion date to 2003 expected completion date to 2003 
Celera announces a 3Celera announces a 3--year plan to complete the year plan to complete the 
project early project 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 genes7,801 genes’’ functions identifiedfunctions identified
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)
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The Core Aims of Genome Sciences (1)The Core Aims of Genome Sciences (1)

To establish an integrated WebTo establish an integrated Web--based database based database 
& research interface& research interface

Most sites are now build on stateMost sites are now build on state--ofof--thethe--art art relational relational 
databasesdatabases & include & include innovative softwareinnovative software for for data data 
searchessearches and and online analysisonline analysis

To assemble physical & genetic maps of the To assemble physical & genetic maps of the 
genomegenome

For putting together For putting together phenotypicphenotypic and and genetic datagenetic data
Particularly when mapping Particularly when mapping disease locidisease loci
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Genotypes vs. PhenotypesGenotypes vs. Phenotypes

Genomic DNA: has Genomic DNA: has almostalmost all the information all the information 
about lifeabout life

GenotypesGenotypes

PhenotypesPhenotypes

1.1. EnvironmentsEnvironments

2.2. Interactions and regulations Interactions and regulations 
among genesamong genes

ShirleyShirley©©



SequenceSequence

PhenotypePhenotype

ProteomeProteome



The Core Aims of Genome Sciences (2)The Core Aims of Genome Sciences (2)

To generate & order genomic and expressed gene To generate & order genomic and expressed gene 
sequencessequences

““TopTop--downdown”” vs. vs. ““shotgunshotgun”” (next lecture)(next lecture)

cDNAcDNA (from mRNA, complementary) (from mRNA, complementary) 

ESTsESTs (Expressed Sequence Tags)(Expressed Sequence Tags)
Only one end of a Only one end of a cDNAcDNA need be sequenced to identify a need be sequenced to identify a 
clone, fragmentsclone, fragments
A good first approximation of the diversity of genes A good first approximation of the diversity of genes 
expressed in a tissueexpressed in a tissue
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The Core Aims of Genome Sciences (3)The Core Aims of Genome Sciences (3)

To identify & annotate the complete set of genes To identify & annotate the complete set of genes 
encoded within a genomeencoded within a genome

Using a combination of Using a combination of experimentalexperimental & & bioinformatics bioinformatics 
strategiesstrategies

Aligning Aligning cDNAcDNA & genomic sequences& genomic sequences

Looking for sequences that are similar to those already Looking for sequences that are similar to those already 
identified in other genome, eidentified in other genome, e.g.g., ., BLASTBLAST

Applying Applying genegene--finding softwarefinding software that recognizes DNA that recognizes DNA 
features that associated with genes, features that associated with genes, e.ge.g., open reading ., open reading 
frames (frames (ORFsORFs), transcription start and termination sites, ), transcription start and termination sites, 
exon/intronexon/intron boundariesboundaries
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Gene AnnotationGene Annotation

Entitles linking its Entitles linking its sequencesequence to genetic data about to genetic data about 
the the functionfunction, , expressionexpression, and , and mutantmutant phenotypesphenotypes of of 
the the proteinprotein associated with the associated with the locuslocus, as well as to , as well as to 
comparative datacomparative data from homologous proteins in from homologous proteins in 
other speciesother species
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The Core Aims of Genome Sciences (4)The Core Aims of Genome Sciences (4)

To compile atlases of gene expressionTo compile atlases of gene expression
Analyzing profiles of transcription & protein synthesisAnalyzing profiles of transcription & protein synthesis

Traditional methodsTraditional methods
Northern blotting, Northern blotting, in situin situ hybridization, Western blotting, hybridization, Western blotting, 
immunohistochemistryimmunohistochemistry

Genomic methodsGenomic methods
EST sequencing, SAGE, differential displayEST sequencing, SAGE, differential display
MicroarrayMicroarray, gene chips, gene chips

BioinformaticBioinformatic methodsmethods
Analyzing patterns of Analyzing patterns of covariationcovariation in gene expression provides in gene expression provides 
information about the regulation of gene expression, and can information about the regulation of gene expression, and can 
yield clues to unknown gene function as a result of yield clues to unknown gene function as a result of ““guilt by guilt by 
associationassociation””

ShirleyShirley©©



The Core Aims of Genome Sciences (5)The Core Aims of Genome Sciences (5)

To accumulate functional data, including biochemical & To accumulate functional data, including biochemical & 
phenotypic properties of genesphenotypic properties of genes

Functional genomicsFunctional genomics
A panoply of approaches under development to ascertain the A panoply of approaches under development to ascertain the 
biochemicalbiochemical, , cellularcellular, and/or , and/or physiologicalphysiological properties of each properties of each 
and every gene productand every gene product

NearNear--saturation mutagenesis saturation mutagenesis 
HighHigh--throughput reverse genetics throughput reverse genetics 
ProteomicsProteomics

Detecting protein expressionDetecting protein expression
Detecting proteinDetecting protein--protein interactionsprotein interactions

Structural genomicsStructural genomics
To elucidate To elucidate the tertiary structurethe tertiary structure of each class of protein of each class of protein 
found in cellsfound in cells
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GenomicsGenomics

Genetic MarkersGenetic Markers
Blood group, Blood group, allozymeallozyme, , RFLPsRFLPs, , STRsSTRs, EST, STS & SNP, EST, STS & SNP

Gene Location (Gene Location (Mapping)Mapping)
Physical mapping (Physical mapping (pseudogeneticspseudogenetics & & cytogeneticscytogenetics))
Linkage mappingLinkage mapping

QTL MappingQTL Mapping
Complex human diseasesComplex human diseases

Genomic GlossaryGenomic Glossary
http://http://www.geocities.com/bioinformaticsweb/genomicglossary.htwww.geocities.com/bioinformaticsweb/genomicglossary.ht
mlml
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ProteomicsProteomics

The study of The study of gene expressiongene expression at the at the proteinprotein level, level, 
by the identification and characterization of by the identification and characterization of 
proteins proteins present in present in a biological samplea biological sample

GlossaryGlossary
http://www.genomicglossaries.com/content/prhttp://www.genomicglossaries.com/content/pr
oteomics.aspoteomics.asp
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Linguistic AnalogyLinguistic Analogy

GeneGene

GenomicsGenomics

GenomeGenome ProteomeProteome

ProteomicsProteomics

ProteinProtein



From Sequences to ProteomeFrom Sequences to Proteome
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The Core Aims of Genome Sciences (6)The Core Aims of Genome Sciences (6)

To accumulate functional data, including To accumulate functional data, including 
biochemical & phenotypic properties of biochemical & phenotypic properties of 
genesgenes

PharmacogenomicsPharmacogenomics
Comprises the study of Comprises the study of variations in targetsvariations in targets or or 
target pathwaystarget pathways, variation in , variation in metabolizing enzymesmetabolizing enzymes
((pharmacogeneticspharmacogenetics) or, in the case of infectious ) or, in the case of infectious 
organisms, genetic variations in the pathogenorganisms, genetic variations in the pathogen

http://http://www.genomicglossaries.com/content/pharmacogenwww.genomicglossaries.com/content/pharmacogen
omics.aspomics.asp
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The Core Aims of Genome Sciences (7)The Core Aims of Genome Sciences (7)

To characterize DNA sequence diversityTo characterize DNA sequence diversity
All genomes are full of polymorphismsAll genomes are full of polymorphisms

Two or more variants are found in natural populationsTwo or more variants are found in natural populations
SingleSingle--nucleotide polymorphisms (nucleotide polymorphisms (SNPsSNPs))

Most quantitative genetic variationMost quantitative genetic variation
Size, shape, yield, and Size, shape, yield, and disease susceptibilitydisease susceptibility should be should be 
traceable to traceable to SNPsSNPs or to insertion/deletion polymorphismsor to insertion/deletion polymorphisms

The level of The level of linkage disequilibrium (LD)linkage disequilibrium (LD)
Nonrandom associations between sitesNonrandom associations between sites

Disease locusDisease locus mapping now generally utilizes detailed mapping now generally utilizes detailed 
knowledge of LDknowledge of LD

SNPsSNPs
MicrosatellitesMicrosatellites

ShirleyShirley©©



The Core Aims of Genome Sciences (8)The Core Aims of Genome Sciences (8)

To provide the resources for comparison with other To provide the resources for comparison with other 
genomesgenomes

““Nothing in biology makes sense except in the light of Nothing in biology makes sense except in the light of 
evolutionevolution”” ““Nothing in genomics makes sense except Nothing in genomics makes sense except 
in the light of in the light of comparative datacomparative data””

SyntenySynteny
LocalLocal gene ordergene order along a chromosome tends to be along a chromosome tends to be conservedconserved
over millions of yearsover millions of years

Comparative maps allow Comparative maps allow genetic datagenetic data from from one speciesone species to be to be 
used in the analysis of another used in the analysis of another 

The conservation of The conservation of gene functiongene function
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OrganismOrganism--specific Resourcesspecific Resources
HumanHuman
DrosophilaDrosophila
ZebrafishZebrafish
Malaria parasiteMalaria parasite
Microbial Genomes Microbial Genomes (84 (84 

complete genomes, Aug. 2002)complete genomes, Aug. 2002)
Mouse Mouse 
Plant Genome CentralPlant Genome Central
RatRat
RetrovirusesRetroviruses



Model Organism Have a Fundamental Role in 
Assigning Function to Novel Genes 
(Rastan & Beeley 1997)

Prokayote (Bacteria, Archae)

Simple eukaryote (yeast/worm)

Human

Insect (Fly)

Fish/zebrafish, 
Fugu

Rodent 
Mouse/Rat

StructureFunction

SyntenyPhenotype
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Definition of Bioinformatics (1)Definition of Bioinformatics (1)

Computational BiologyComputational Biology

Conceptualizing Conceptualizing biologybiology in terms of in terms of moleculesmolecules (in the (in the 
sense of sense of physicalphysical--chemistry)chemistry) and then applying and then applying 
““InformaticsInformatics”” techniques techniques 

Applied Math.Applied Math.
Computer ScienceComputer Science
StatisticsStatistics
Biology Biology (genomics)(genomics)

To understand and To understand and organizeorganize the information associated the information associated 
with these molecules, with these molecules, on a largeon a large--scalescale

ShirleyShirley©©



Definition of Bioinformatics (2)Definition of Bioinformatics (2)

The The ““MISMIS”” for for molecular biologymolecular biology informationinformation
MManagementanagement IInformation nformation SSystem (MIS)ystem (MIS)

[[GibasGibas C & C & JambeckJambeck P 2001] A subset of the P 2001] A subset of the 
larger field of computational biology, the larger field of computational biology, the 
application of application of quantitative analytical techniques quantitative analytical techniques 
in modeling biological systemsin modeling biological systems
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LuscombeLuscombe et al.et al.
20012001



Contents & GoalContents & Goal

AlgorithmsAlgorithms
DatabasesDatabases
User interfacesUser interfaces
Statistical methodologiesStatistical methodologies

To identify To identify ““potentially significantpotentially significant”” resultsresults
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Bioinformatics Bioinformatics –– Origins & HistoryOrigins & History

http://http://www.geocities.com/bioinformaticsweb/his.htmlwww.geocities.com/bioinformaticsweb/his.html
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Bioinformatics & Genomic Medicine Bioinformatics & Genomic Medicine 
–– JH Kim (2002)JH Kim (2002)

1960s1960s
Extensive use of Extensive use of computerscomputers in the in the medicalmedical sciencessciences

19741974
Russian Russian ““informatikainformatika”” = English = English ““medical informaticsmedical informatics””

1990s1990s
Modern bioinformaticsModern bioinformatics

The convergence of The convergence of bioinformaticsbioinformatics and and clinicalclinical informaticsinformatics
(biochemistry a generation ago) (biochemistry a generation ago) 
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The CThe Convergenceonvergence betweenbetween MIMI & & BIBI



A A ModelModel toto Study InteractionsStudy Interactions

AApplypply IT IT to facto facilitateilitate molecular medicinemolecular medicine

To adapt To adapt medicalmedical
informaticsinformatics
systems to the systems to the 
genetics paradigmgenetics paradigm

To foster the To foster the 
application of application of 
bioinformaticsbioinformatics in in 
healthhealth



Structure Structure &&
FunctionFunction

Pathways Pathways &&
PhysiologyPhysiology

Populations& Populations& 
EvolutionEvolution

EcosystemsEcosystems

GenomesGenomes
Gene Gene 

ProductsProducts

The PostThe Post--Genome EraGenome Era

Bioinformatics provides the tools Bioinformatics provides the tools 
To To extractextract and and combinecombine knowledge knowledge 

From From isolated dataisolated data and results in biology into and results in biology into 
meaningful working modelsmeaningful working models of of cellscells and and organismsorganisms

Their birth, life and death Their birth, life and death 

Source: Source: ShankarShankar SubramaniamSubramaniam, UCSD, UCSD



From DNA to LifeFrom DNA to Life

http://http://www.doegenomes.orgwww.doegenomes.org//

http://www.doegenomes.org/


CC--value paradox value paradox 
http://http://www.ornl.gov/hgmis/faq/compgen.htmlwww.ornl.gov/hgmis/faq/compgen.html

http://www.ornl.gov/hgmis/faq/compgen.html


Comparative Genomics (1)Comparative Genomics (1)

Life histories for all living thingsLife histories for all living things

The The HumanHuman –– diseases controldiseases control
NonNon--human vertebrate model organismshuman vertebrate model organisms

Models of Models of human genetic diseaseshuman genetic diseases
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Comparative Genomics (2)Comparative Genomics (2)

Animals & PlantsAnimals & Plants
Comparative gene mapping Comparative gene mapping & breeding& breeding

MapMap--rich genomes rich genomes mapmap--poor genomespoor genomes
MarkerMarker--aidaid--selection (MAS) for economics trait loci selection (MAS) for economics trait loci 
((ETLsETLs))
Limited choice of suitable Limited choice of suitable transgenestransgenes

Regulatory elementsRegulatory elements
TransgenesTransgenes
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Comparative Genomics (3)Comparative Genomics (3)

MicrobesMicrobes
Host & pests/parasites relationships, prevention & Host & pests/parasites relationships, prevention & 
treatmentstreatments

Malaria genomicsMalaria genomics
Tuberculosis (TB)Tuberculosis (TB)
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Central Paradigm of BioinformaticsCentral Paradigm of Bioinformatics

Central dogma of molecular biologyCentral dogma of molecular biology
[DNA [DNA RNA RNA protein ]protein ] phenotypephenotype

Central paradigm of Bioinformatics (molecular levels)Central paradigm of Bioinformatics (molecular levels)
Sequence 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 transport/storage, mechanical factor transport/storage, mechanical 
motion/support, immune protection, control of growth/differentiamotion/support, immune protection, control of growth/differentiationtion

Genomic sequence informationGenomic sequence information
mRNA mRNA protein protein sequencesequence protein protein structurestructure protein protein functionfunction

phenotypephenotype
[Comparative genomics][Comparative genomics] To understand To understand evolutionary relationshipsevolutionary relationships in in 
terms of the expression of protein functionterms of the expression of protein function
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TheThe RReality of eality of Sequence AnalysisSequence Analysis

  ...isn't so glamorous....but means we can re...isn't so glamorous....but means we can recognizecognize wordswords that that 
form form characteristic patternscharacteristic patterns, even if we don't know the , even if we don't know the 

precise syntax to build complete protein sentencesprecise syntax to build complete protein sentences



The Holy Grail ofThe Holy Grail of BioinformaticsBioinformatics

  ...to be able to understand the words in ...to be able to understand the words in a sequence sentencea sequence sentence
that form a particular that form a particular protein structureprotein structure



http://http://bioinfo.mbb.yale.edubioinfo.mbb.yale.edu/what/what--isis--itit

http://bioinfo.mbb.yale.edu/what-is-it


The Most Useful Tools The Most Useful Tools so Farso Far

Sequence comparisonSequence comparison
To compare an To compare an unun--characterize DNA sequencecharacterize DNA sequence to to 
the entire publicly held the entire publicly held collection of DNAcollection of DNA
sequencessequences

BLASTBLAST
FASTAFASTA
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sequence





Information from Gene Mapping & Information from Gene Mapping & 
Sequencing (1)Sequencing (1)

Linkage informationLinkage information DNA/chromosome DNA/chromosome 
walking/landing/jumpingwalking/landing/jumping

HuntingtonHuntington’’s disease (Bender s disease (Bender et al.et al. 1983)1983)

Genome organizationGenome organization
Sequences, promoter, Sequences, promoter, exonsexons & & intronsintrons etc.etc.

Protein complementProtein complement
Genomic Genomic DNAsDNAs, , ESTsESTs & full& full--length length cDNAcDNA increasing increasing 
complete lists of encodes complete lists of encodes effectoreffector moleculesmolecules

Algorithms: Local vs. global, BLAST, FASTA etc.Algorithms: Local vs. global, BLAST, FASTA etc.

ShirleyShirley©©



Pedigree of Huntington DiseasePedigree of Huntington Disease







Information from Gene Mapping & Information from Gene Mapping & 
Sequencing (2)Sequencing (2)

Protein complement (cont.)Protein complement (cont.)
The function of between The function of between 1515-- and 40%and 40% of the proteins of the proteins 
encoded by any genome is not apparent from their encoded by any genome is not apparent from their 
sequencessequences

Absence sequence similarity to known proteinAbsence sequence similarity to known protein
The biochemical function & the The biochemical function & the higher order functionhigher order function ((e.ge.g., ., 
transcriptional controls)transcriptional controls)

Gene regulationGene regulation
LargeLarge--scale identification of scale identification of sites of regulatory proteinsites of regulatory protein
actionaction

Comparison of Comparison of sequence near coding regionssequence near coding regions in somewhat in somewhat 
diverged organisms diverged organisms functional sitesfunctional sites

C. C. eleganselegans vs. vs. C. C. bergeracbergerac
D. D. melanogastermelanogaster vs. vs. D. D. virilisvirilis
MusMus musculusmusculus vs. vs. FuguFugu rubripesrubripes
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Information from Gene Mapping & Information from Gene Mapping & 
Sequencing (3)Sequencing (3)

Information about Information about phylogenyphylogeny & & evolutionevolution
The changes that have led to speciation & The changes that have led to speciation & existing existing 
phylogenyphylogeny

DNA sequencing revealed a number of DNA sequencing revealed a number of genomic genomic 
rearrangementsrearrangements

Duplication events (Duplication events (e.ge.g., yeast)., yeast)
SyntenySynteny rearrangementsrearrangements for many for many phylaphyla: : e.ge.g., vertebrate ., vertebrate 
genomes may represent a genomes may represent a quadruplicationquadruplication of ancestral metazoan of ancestral metazoan 
genome that also give rise to worm & fliesgenome that also give rise to worm & flies
Molecular evolution vs. morphological or Molecular evolution vs. morphological or paleontologicalpaleontological
informationinformation
DNA sequence demonstrates numerous individual instances of DNA sequence demonstrates numerous individual instances of 
horizontal gene transferhorizontal gene transfer among prokaryotic species (Jain among prokaryotic species (Jain et al.et al.
1999) 1999) –– transformation, conjugation, transductiontransformation, conjugation, transduction
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PleiotrophicPleiotrophic









Yeast Protein FunctionsYeast Protein Functions
RegulatoryRegulatory 4545 1.05%1.05%
Cell structureCell structure 182182 4.244.24
Transposons,etcTransposons,etc 8787 2.032.03
Transport & bindingTransport & binding 281281 6.556.55
Putative transportPutative transport 146146 3.403.40
Replication, repairReplication, repair 115115 2.682.68
TranscriptionTranscription 5555 1.281.28
TranslationTranslation 182182 4.244.24
EnzymesEnzymes 251251 5.855.85
UnknownUnknown 16321632 38.0638.06



-20,000~25,000



The The mechanism of mechanism of 
splicingsplicing is not well is not well 
understoodunderstood





DataData

DataData is crucial to the success of analysisis crucial to the success of analysis
““Garbage in Garbage in garbage outgarbage out””

Understand your data set and its surrounding Understand your data set and its surrounding 
metadatametadata
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Most Common Diseases are Caused by a Most Common Diseases are Caused by a 
Combination of Genes and EnvironmentCombination of Genes and Environment

Myocardial InfarctionMyocardial Infarction

StrokeStroke

DiabetesDiabetes

Breast cancerBreast cancer

ManicManic--depressiondepression

ObesityObesity
High CholesterolHigh Cholesterol

Inflammatory Bowel DiseaseInflammatory Bowel Disease

HypertensionHypertension

SchizophreniaSchizophrenia



Normal Distribution in Phenotype of Normal Distribution in Phenotype of 
Complex DiseaseComplex Disease





Locus Heterogeneity in Locus Heterogeneity in 
AlzheimerAlzheimer’’s Diseases Disease

AmyloidAmyloid Precursor Protein Precursor Protein 
((APPAPP) ) -- HSA21HSA21

PresenilinPresenilin 1 (1 (PSEN1PSEN1))–– HSA14HSA14

PresenilinPresenilin 2 (2 (PSEN2PSEN2) ) –– HSA1HSA1

ApolipoproteinApolipoprotein EE
((APOEAPOE--44) ) –– HSA1HSA1

AlzheimerAlzheimer’’s s 
Disease (AD)Disease (AD)
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Genomics: Derivative Disciplines (1)Genomics: Derivative Disciplines (1)

TranscriptomicsTranscriptomics
TranscriptTranscript is an RNA copy of a geneis an RNA copy of a gene
TranscriptomeTranscriptome is all RNA gene copies in a cell, is all RNA gene copies in a cell, 
tissue or individualtissue or individual

ProteomicsProteomics
Proteome is all proteins in a cell, tissue or Proteome is all proteins in a cell, tissue or 
individualindividual
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RNA GenomicsRNA Genomics

HighHigh--throughput monitor throughput monitor genegene expressionexpression
ArrayArray--based: expensivebased: expensive

OligonucleotidesOligonucleotides vs. vs. PCR products (PCR products (cDNAcDNA))
E.g.,E.g., human fibroblasts, human fibroblasts, genesgenes involved in involved in wound wound 
healinghealing are expressed when are expressed when starved fibroblastsstarved fibroblasts
are induced to proliferate byare induced to proliferate by serumserum

Wound healing is a normal function of Wound healing is a normal function of 
proliferating fibroblastsproliferating fibroblasts

E.g.,E.g., tumor vs. nontumor vs. non--tumor tissuestumor tissues
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Protein GenomicsProtein Genomics

LargeLarge--scale surveys of protein content in samples scale surveys of protein content in samples 
using using twotwo--dimensional gelsdimensional gels (O(O’’Farrell Farrell 19751975, , 
ProteomicsProteomics))

MutagenesisMutagenesis: : insertionalinsertional mutagenesis (Rossmutagenesis (Ross--
MacDonald MacDonald et al.et al. 1999)1999)

Yeast twoYeast two--hybridhybrid
The mass testing of interactions among binary protein The mass testing of interactions among binary protein 
pairpair

<10<10--6 6 MM
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Genomics: Derivative Disciplines (2)Genomics: Derivative Disciplines (2)

MetabolomicsMetabolomics
All of All of the small moleculethe small molecule components of a components of a cellcell, , 
tissuetissue or or individualindividual that are produced by the that are produced by the 
proteins of the proteomeproteins of the proteome
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Functional GenomicsFunctional Genomics

What to knowWhat to know
Gene ExpressionGene Expression
Gene RegulationGene Regulation
GenomeGenome--wide Mutagenesiswide Mutagenesis

How to doHow to do
MicroarrayMicroarray analysisanalysis
TransposonTransposon targetingtargeting
TransgenicsTransgenics
RNAiRNAi
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Genomic Information on the Horizon Genomic Information on the Horizon ––
Next 10 Years (1)Next 10 Years (1)

Structural genomics & bioinformaticsStructural genomics & bioinformatics
Prototype protein Prototype protein accurate modeling by accurate modeling by 
homologyhomology of proteinsof proteins

Related by sequencesRelated by sequences
But how many?But how many?

Protein mass spectrometry (MS) & Protein mass spectrometry (MS) & 
bioinformaticsbioinformatics

Genome sequences Genome sequences prediction of their mass prediction of their mass 
compare with mass spectrometry measured compare with mass spectrometry measured 
(databases)(databases)
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Genomic Information on the Horizon Genomic Information on the Horizon ––
Next 10 Years (2)Next 10 Years (2)

DifficultiesDifficulties
Genome data do not immediately address the Genome data do not immediately address the 
question about question about 

RegulationRegulation
MechanismMechanism

Genome data are Genome data are prone to errorsprone to errors (due to high(due to high--
throughput pressure)throughput pressure)

BioinformaticBioinformatic prediction prediction lab lab 
experimentation confirmationexperimentation confirmation
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Genomic Information on the Horizon Genomic Information on the Horizon ––
Next 10 Years (3)Next 10 Years (3)

Limitations of bioinformatics nowadaysLimitations of bioinformatics nowadays
““Guilt by associationGuilt by association””

A gene whose A gene whose transcription behaviortranscription behavior resembles that resembles that 
of of a known genea known gene may function may function in the same processin the same process as as 
the known genethe known gene

““PostPost--hochoc”” ((因果關係因果關係））

A gene whose transcription is A gene whose transcription is induced beforeinduced before
transcription of a group of another genes may transcription of a group of another genes may 
regulate transcription of that group of genesregulate transcription of that group of genes
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Genomic Information on the Horizon Genomic Information on the Horizon ––
Next 10 Years (4)Next 10 Years (4)

To combine different data types & To combine different data types & 
bioinformaticsbioinformatics

mRNAs encoding those proteins are expressed mRNAs encoding those proteins are expressed in in 
the same cellthe same cell at the sameat the same timetime strengthens strengthens 
the idea that the two proteins the idea that the two proteins interactinteract

ShirleyShirley©©



Genomic Experimentation (1)Genomic Experimentation (1)

Most of the Most of the strong strong conclusionsconclusions will will 
continue to come from continue to come from directed directed 
experimentationexperimentation

BrightBright researchers (IQ & EQ) researchers (IQ & EQ) 
Trained for Trained for yearsyears
Expert in the system/organism in which the Expert in the system/organism in which the 
experiments are performedexperiments are performed
WellWell--fundedfunded
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Genomic Experimentation (2)Genomic Experimentation (2)

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

ObservationObservation--, obsession, obsession--, engineering, engineering--, or , or ‘‘whatwhat--ifif””--
driven hypothesis play a small partdriven hypothesis play a small part

Genomics Genomics dede--emphasisemphasis of hypothesisof hypothesis--driven driven 
researchresearch

Valuable knowledgeValuable knowledge can be gained from the systematic can be gained from the systematic 
production of production of simple kinds of biological informationsimple kinds of biological information

Genomic research Genomic research observationalobservational
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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 
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 1988, the finding that a protein contains a homeoboxhomeobox
suggested DNAsuggested DNA--binding & regulate expression binding & regulate expression 

Have been tested Have been tested experimentallyexperimentally

2000, we would accept that claim 2000, we would accept that claim without further without further 
experimentexperiment
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PostPost--Genomic AgeGenomic Age

Mammalian genomesMammalian genomes
25,000 25,000 –– 30,000 genes30,000 genes
With ~8,000 known functionWith ~8,000 known function
How long to solve the functions of all genes? How long to solve the functions of all genes? 

Structural GenomicsStructural Genomics
MapMap--base gene discovery base gene discovery sequencesequence--basedbased gene discoverygene discovery

Functional GenomicsFunctional Genomics (mutation analysis)(mutation analysis)
Transgenic model organismsTransgenic model organisms
ES cells knockES cells knock--out out 
TranspositionTransposition
PTGsPTGs ((RNAiRNAi))
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Mapping the GenomesMapping the Genomes

Map componentsMap components
Markers or genesMarkers or genes
Locations: mappingLocations: mapping

Linkage mapLinkage map
cMcM (1 (1 cMcM ~ 10~ 1066 bpbp))

Physical mapPhysical map
Base pairs (Base pairs (bpbp))

HSA= Homo sapiens HSA= Homo sapiens autosomalautosomal

HSA22HSA22



Genetic Mapping (1)Genetic Mapping (1)

Requires informative Requires informative markersmarkers –– polymorphicpolymorphic

A population with known relationships A population with known relationships –– pedigreepedigree

Best if a measured Best if a measured betweenbetween ““closeclose”” markersmarkers

Unit of distance in genetic maps = Unit of distance in genetic maps = centimorganscentimorgans, , 
cMcM

1 1 cMcM = = 1% chance1% chance of recombination between markersof recombination between markers
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Genetic Mapping (2)Genetic Mapping (2)

AA22
BB22

AA22
BB22

AA2A2
BB22

AA22
BB22

AA22
BB22

AA22
BB22

AA22
BB22

AA11
BB11

A11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB11

AA11
BB22

AA22
BB11

AA11
BB22

AA22
BB11

NRNR NRNRNRNRNRNRNRNR RRRR

θθ = # recombinant / # total = 2/7 = 0.286= # recombinant / # total = 2/7 = 0.286
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ExampleExample

Locus Scored Number of 
Recombinants

Frequency of 
Recombination

A-B 10 0.10

A-C 3 0.03

A-D 15 0.15

B-C 7 0.07

B-D 5 0.05

C-D 12 0.12

Table. Example Development of a Genetic Map using Four Linked LoTable. Example Development of a Genetic Map using Four Linked Loci A, B, C ci A, B, C 
& D, scored in& D, scored in 100100 offspringoffspringaa

a: no interference



Loci Order & Recombination FractionLoci Order & Recombination Fraction

CA B D
0.03 0.07 0.05



Two Strategies for Sequencing GenomesTwo Strategies for Sequencing Genomes

The Clone The Clone ContigContig Approach Approach (up(up--down)down)
Relies on shotgun sequencing as wellRelies on shotgun sequencing as well

But on But on a smaller scalea smaller scale

The Shotgun Approach The Shotgun Approach (bottom(bottom--up)up)
A length of DNAA length of DNA

A defined subset of the genomeA defined subset of the genome
A whole genomeA whole genome

ShirleyShirley©©



Genome SequencingGenome Sequencing
Genome: 3 Genome: 3 GbGb

Cut genome into large piecesCut genome into large pieces
Clone into Clone into BACsBACs: 100 kb: 100 kb

Order based on sequence features (Order based on sequence features (markersmarkers) = mapping) = mapping

Cut againCut again

SequenceSequence AGAACAGGACGTATGTGGT
TGTGGTTTTCTACTCC

CTACTCCTGTGTT

TTGTAAGTGAGAACA
Assemble 
each BAC

…TTGTAAGTGAGAACAGGACGTATGTGGTTTTCTACTCCTGTGTT…

Assemble entire sequenceAssemble entire sequence



By measuring the By measuring the reciprocalreciprocal
exchangesexchanges inin meiosismeiosis, a genetic, a genetic
map can be constructedmap can be constructed

Genetic distance is roughlyGenetic distance is roughly
correlated correlated with physical with physical 
distancedistance

Genetic and physical maps helpGenetic and physical maps help
to to identify identify genesgenes responsible responsible 
forfor specific processesspecific processes



Genetics 101

http://www.ornl.gov/TechResources/Human_Genome/glossary/
http://www.ornl.gov/hgmis/acronym.html
http://www.ornl.gov/hgmis/project/info.html
http://www.ornl.gov/hgmis/research/research.html
http://www.ncbi.nlm.nih.gov/Coffeebreak/


Coffee BreakCoffee Break

The JapaneseThe Japanese eats little fat and suffer fewer heart attacks than the eats little fat and suffer fewer heart attacks than the 
British or AmericansBritish or Americans

The FrenchThe French eat a lot of fat and also suffer fewer heart attacks than the eat a lot of fat and also suffer fewer heart attacks than the 
British or AmericansBritish or Americans

The ItaliansThe Italians drink a lot of red wine and also suffer fewer heart attacks drink a lot of red wine and also suffer fewer heart attacks 
than the British or Americansthan the British or Americans

ConclusionConclusion: Eat and drink what you like. Speaking English is : Eat and drink what you like. Speaking English is 
apparently what kills you.apparently what kills you.

By Irwin KnopfBy Irwin Knopf
Retyped by Retyped by ZoeyZoey ChenChen



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

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

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

Should the law condone Should the law condone interventionsinterventions in the human in the human 
genome which genome which alter the genetics of living personsalter the genetics of living persons and and 
future generations future generations 
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Major Implications of the Genetic Major Implications of the Genetic 
Revolution for the Legal Discipline (2)Revolution for the Legal Discipline (2)

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

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

Will the Will the criminal law criminal law need to be revised in so far as it positsneed to be revised in so far as it posits
the free will of the individual? If the conduct of some the free will of the individual? If the conduct of some 
persons persons stems from their genesstems from their genes, should this be exculpation, , should this be exculpation, 
a defence or at least mitigation a defence or at least mitigation 
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Genetic Discrimination (1)Genetic Discrimination (1)

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

ButBut the insurance industry is the insurance industry is based onbased on the ability the ability 
to discriminate and assign riskto discriminate and assign risk
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Genetic Discrimination (2)Genetic Discrimination (2)

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

CF, Huntington disease CF, Huntington disease etcetc..

The The burdenburden of genetic diseaseof genetic disease, however, , however, is among is among 
all of usall of us with predisposition to with predisposition to common, complex common, complex 
genetic diseasegenetic disease, , e.ge.g., cancer, cardiovascular disease, ., cancer, cardiovascular disease, 
diabetes mellitus diabetes mellitus etcetc. . 
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Genetic Discrimination (3)Genetic Discrimination (3)

William Brody, JHU President, in a recent Wall William Brody, JHU President, in a recent Wall 
Street JournalStreet Journal opop--eded (opposite editorial page)(opposite editorial page)
piece, argued that piece, argued that the loss of ability of health the loss of ability of health 
insurersinsurers to stratify populations by genetic riskto stratify populations by genetic risk
will lead ultimately to a single payer will lead ultimately to a single payer 
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Manhattan Project of BiologyManhattan Project of Biology

Al Al CarnesaleCarnesale , UCLA Chancellor , UCLA Chancellor 
““We have just come through We have just come through the Manhattan projectthe Manhattan project
of biology. of biology. LetLet’’s get it right this times get it right this time””

EEthical, thical, LLegal and egal and SSocial ocial IIssue (ELSI) Program, NIHssue (ELSI) Program, NIH

US DHHS US DHHS SSecretaryecretary’’s s AAdvisory dvisory CCommittee on ommittee on GGenetic enetic 
TTesting (SACGT) and Secretaryesting (SACGT) and Secretary’’s Advisory Committee s Advisory Committee 
on Genetics, Health and Society (SACGHS)on Genetics, Health and Society (SACGHS)

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



Small Business & Health Insurance (1)Small Business & Health Insurance (1)

A patient who works for A patient who works for a small selfa small self--insured companyinsured company has a positive has a positive 
family history for emphysema family history for emphysema ((肺氣腫）肺氣腫）on both her motheron both her mother’’s and her s and her 
fatherfather’’s sidess sides

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

When the When the αα1AT test is reported to be 1AT test is reported to be abnormalabnormal, he tells her that this may , he tells her that this may 
explain the emphysema in her family and explain the emphysema in her family and places her at very high riskplaces her at very high risk this this 
lung diseaselung disease

Her physician reports the results of his evaluation Her physician reports the results of his evaluation to her insurance to her insurance 
companycompany as requiredas required

Several days later she is called into the office of her employerSeveral days later she is called into the office of her employer and firedand 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, argued this Commissioner Paul Miller, EEOC, argued this 
case under ADAcase under ADA

EEOC = Equal Employment Opportunity Commission (= Equal Employment Opportunity Commission (美美
國國))就業機會均等委員會就業機會均等委員會

Settled in favor of employeeSettled in favor of employee
Remains to be determined whether Remains to be determined whether an abnormal test an abnormal test 
resultresult in absence of in absence of physical signsphysical signs and and symptoms symptoms 
would be covered by ADAwould be covered by ADA
ADA: Americans with Disabilities ACTADA: Americans with Disabilities ACT
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