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Growth of Biomedical Information (1)Growth of Biomedical Information (1)
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With 325,000 additional per year
from 3,400 biomedical journals
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Growth of Biomedical Information (2)Growth of Biomedical Information (2)
“G5” MeSH subset of MEDLINE“G5” MeSH subset of MEDLINE
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Growth of Biomedical Information (3)Growth of Biomedical Information (3)
GenBank DNA sequencesGenBank DNA sequences
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1,160,000,000 bases
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Growth of Biomedical Information (4)Growth of Biomedical Information (4)
Mapped Human GenesMapped Human Genes
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There will be twice this
number shortly.
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The Cross-over to Functional The Cross-over to Functional 
Genomics (1)Genomics (1)
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“In the past we have had functions in 
search of sequences.  In the future, pathology 
and physiology will become ‘functionators’
for the sequences.”

Daniel C. Tosteson, Dean
Harvard Medical School
March 26, 1997

The Cross-over to Functional The Cross-over to Functional 
Genomics (2)Genomics (2)
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Growth of Biomedical InformationGrowth of Biomedical Information
1965-19961965-1996

0.0E+00
1.0E+06
2.0E+06
3.0E+06
4.0E+06
5.0E+06
6.0E+06
7.0E+06
8.0E+06
9.0E+06
1.0E+07

1965 1970 1975 1980 1985 1990 1995

0.0E+00
1.0E+05
2.0E+05
3.0E+05
4.0E+05
5.0E+05
6.0E+05
7.0E+05
8.0E+05
9.0E+05
1.0E+06

1965 1970 1975 1980 1985 1990 1995

0.0E+00

2.0E+05

4.0E+05

6.0E+05

8.0E+05

1.0E+06

1.2E+06

1965 1970 1975 1980 1985 1990 1995

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

1965 1970 1975 1980 1985 1990 1995

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1965 1970 1975 1980 1985 1990 1995

MEDLINE

3-D Structures“G5” Literature

DNA Sequences Mapped Genes

0.0E+00

5.0E+04

1.0E+05

1.5E+05

2.0E+05

2.5E+05

3.0E+05

1965 1970 1975 1980 1985 1990 1995

Proteins



NCBINCBI

The National Center for Biotechnology The National Center for Biotechnology 
InformationInformation

Created by Congress 
in 1988 with a 
mandate to... 

Create automated systems for 
knowledge about molecular 
biology, biochemistry and 
genetics

Perform research into advanced 
methods of analyzing and 
interpreting molecular 
biology data

Enable biotechnology 
researchers and medical 
care personnel to use the 
systems and methods 
developed

Public Law 100-607
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Informatics on the World Wide WebInformatics on the World Wide Web

“[There are] 150 million Web pages now in 
existence.…We can expect a billion Web 
pages by 2000.  Some of them will even be 
worth reading.”

WIRED Magazine
March 1997

in

out
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World Wide Web: Information World Wide Web: Information 
Cornucopia?Cornucopia?

Among 30 million Web pages in cyberspace, touted
as the road to real-time, up-to-the-minute information
resources, 5 million pages have been neither checked
nor updated in the past year, and 75,000 have
languished untouched since 1994.

The Wall Street Journal
March 1996OR

U.S. National Library of Medicine
Founded 1836
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The National Center for Biotechnology The National Center for Biotechnology 
InformationInformation

• Builders and providers 
of GenBank®, BLAST, 
Entrez and many other 
data and software 
resources

• NCBI is a also a center 
for basic research and 
training in 
computational biology 
and bioinformatics

NCBINCBI

Building and Distributing Building and Distributing 
GenBank®GenBank®

GenBankGenBank

NCBI services 1.6 million web hits and 200,000 intellectual queries per day
from 32,000 individual users

European & Japanese
collaborators

Author-direct
submission

Journal
scanning

High-throughput
sequencing centers

Email Anonymous ftp CD-ROM Entrez BLAST



Biotechnology InformationBiotechnology InformationBiotechnology Information

> Protein sequence
MKIVYWSGTGNTEKMAELIAKGIIESGKDVNTINVSDVNI
DELLNEDILILGCSAMGDEVLEESEFEPFIEEISTKISGK
KVALFGSYGWGDGKWMRDFEERMNGYGCVVVETPLIVQNE
PDEAEQDCIEFGKKIANI

> DNA sequence
AATTCATGAAAATCGTATACTGGTCTGGTACCGGCAACAC
TGAGAAAATGGCAGAGCTCATCGCTAAAGGTATCATCGAA
TCTGGTAAAGACGTCAACACCATCAACGTGTCTGACGTTA
ACATCGATGAACTGCTGAACGAAGATATCCTGATCCTGGG
TTGCTCTGCCATGGGCGATGAAGTTCTCGAGGAAAGCGAA
TTTGAACCGTTCATCGAAGAGATCTCTACCAAAATCTCTG
GTAAGAAGGTTGCGCTGTTCGGTTCTTACGGTTGGGGCGA
CGGTAAGTGGATGCGTGACTTCGAAGAACGTATGAACGGC
TACGGTTGCGTTGTTGTTGAGACCCCGCTGATCGTTCAGA
ACGAGCCGGACGAAGCTGAGCAGGACTGCATCGAATTTGG
TAAGAAGATCGCGAACATCTAGTAGA

Gene Structure & Function

The power of computing 
on the data

NCBINCBI

Ataxia telangiectasia: 18 years and 5 minutesAtaxia telangiectasia: 18 years and 5 minutes

New England Journal of Medicine 333:645-7; 1995
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BBasicasic
LLocalocal
AAlignmentlignment
SSearchearch
TToolool

B.L.A.S.T.=B.L.A.S.T.=
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Comparative Analysis of GenesComparative Analysis of Genes

Human  638 RHACVEVQDEIAFIPNDVYFEKDKQMFHIITGPNMGGKSTYIRQTGVIVLMAQIGCFVPC 697
Yeast  657 RHPVLEMQDDISFISNDVTLESGKGDFLIITGPNMGGKSTYIRQVGVISLMAQIGCFVPC 716
E.coli 584 RHPVVEQVLNEPFIANPLNLSPQRR-MLIITGPNMGGKSTYMRQTALIALMAYIGSYVPA 642

can give rise to mismatched bases
example, the deamination of 5-
thymine and and, therefore, a G
1980).  Second, misincorporation
DNA replication

Cell, Vol. 75, 1027-1038, December 3, 1993, Copyright © 1993 by Cell Press

The Human Mutator Gene Homolog MSH2 and Its 
Association 
with Hereditary Nonpolyposis Colon Cancer
Richard Fishel, *  Mary Kay Lescoe, *  M. R. S. Rao, § Neal G. 
Copeland, †  Nancy Jenkins, † 
Judy Garber, ‡  Michael Kane, § 
and Richard Kolodner §
*Department of Microbiology and Molecular Genetics
Markey Center for Molecular Genetics
University of Vermont Medical School

Homology to 
bacterial and yeast 

genes sheds new light on 
human disease process

portion of DNA mismatch repair protein sequence



Comparative analysis of genomesComparative analysis of genomes

4286 genes
1703 genes

468 genes

H. influenzae
1.83 Mb

E. coli
4.6 Mb

M. genitalium
0.58 Mb

*Mushegian & Koonin, Proc. Natl. Acad. Sci. 93:10268, 1996

NCBINCBI

254 genes necessary
(and sufficient?) for 

cellular life

Comparative Analysis of GenomesComparative Analysis of Genomes

“What is true for E. coli 
is also true for elephant.”
Jacques Monod, c. 1961

NCBINCBI

“What is true for yeast 
is also true for human.”
   David Botstein, 1988
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Bassett et al. (1997)
Nat. Gen. 15:439-44

Sequence Conservation among Human and Sequence Conservation among Human and 
Rodent mRNAsRodent mRNAs

Makalowski et al. (1996) Genome Res. 6:846

Mouse Rat

Human

93%

85% 86%

5’ UTR

Coding sequence

3’ UTR

NCBINCBI



Molecular EvolutionMolecular Evolution

3000 Myr3000 Myr

1000 Myr1000 Myr

540 Myr540 Myr

Common ancestry 
allows us to infer 
similar function

NCBINCBI

Alzheimer’s
Disease

Ataxia
telangiectasia

Colon 
cancer

Pancreatic
carcinoma

Yeast BacteriaWormFlyHuman
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“Homology...“Homology...

... is the central concept for all of biology. Whenever we say that a 
mammalian hormone is the ‘same’ hormone as a fish hormone, 
that a human gene sequence is the ‘same’ as a sequence in a 
chimp or a mouse, that a HOX gene is the ‘same’ in a mouse, a 
fruit fly, a frog, and a human -- even when we argue that 
discoveries about a worm, a fruit fly, a frog, a mouse, or a chimp 
have relevance to the human condition -- we have made a bold and 
direct statement about homology.  The aggressive confidence of 
modern biomedical science implies that we know what we are 
talking about.”

David B. Wake



EntrezEntrez (1992) (1992)

Amino acid 
sequence similarityCoding region 

features

Nucleotide 
sequence 
similarity

Term frequency 
statistics

Literature 
citations in 
sequence 
databases

Literature 
citations in 
sequence 
databases

MEDLINE 
abstracts

Nucleotide 
sequences

Protein 
sequences

NCBINCBI

Explicit link

Emergent link

MEDLINE® Text NeighboringMEDLINE® Text Neighboring

Genetic Analysis 
of Cancer in 
Families

The Genetic 
Predisposition to 
Cancer

NCBINCBI

• Common terms could 
indicate similar subject 
matter

• Statistical method
• Weights based on term 

frequencies within 
document and  within 
the database as a 
whole

• Some terms are better 
than others



EntrezEntrez (1994) (1994)

Nucleotide sequence

ACGATGTGGTCGATGGGT
TTCTCTATTATTATCCCT
GGAAGCTAAGGATATAGG
CGCTGATGTGAGGTGGTT
TCGGTTCTATCTGCATGC
TAGCATGGATATTGATCG
TGGCTTATAGGCTAGTCG

Protein sequence

MVILLVILAIVLISDKRI
VTGREGSWQIPCMNVNER
KRKKTDEDDHIVLILGGP
ILLNNASAIVLPESDESA
SDSGPLIILKRKEKRWKL
LALAMAREENSPNCTGGT
PLIKRESAEDSEDLRRED

MEDLINE

Text 
Similarity

Structural 
Similarity

Cross-references

3-D structure

NCBINCBI

Sequence 
similarity

Sequence 
similarity

Entrez  (1996)EntrezEntrez  (1996)  (1996)

Genomes Structures

MVILLVILAIVLISD
VTGREGSWQIPCMNV
KRKKGREGDHIVLIL
ILLNNAWASVLPESDS
SDSGPLIILHEREKR
LALAMAREENSPNCT
PLIKRESAEDSEDLR
KRKKTDEDDHIVLIL

ACGATGTGGTCGATG
TTCTCTATTATTATC
GGAAGCTAAGGATAT
CGCTGATGTGAGGTGA
TCGGTTCTATCTGCA
TAGCATGGATATTGA
TGGCTTATAGGCTAG
CGCTGATGTGAGGTG

Links

Protein 
Sequences

Nucleotide 
Sequences

MEDLINE

NCBINCBI
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GenBank Genomes Division

The Human Genome Project, 2005The Human Genome Project, 2005

—Maynard V. Olson,1995

• The genetic map
• The sequence (map)
• The peer-reviewed 

scientific literature.”

NCBINCBI

“The final, irreducible product
of the Human Genome project
will be…



Gene 1 Gene 2 Gene 105…etc...Gene 3

The Sequence

The Literature

D7S2473 D7S111

.87 5187.73 5197.58 5207.44 5217.30 5227.15 5237.01

WI-4587 WI-9353 SGC35337 GATA81D02

SGC32830 SGC35595 GATA2C04.755

SGC31009 SGC35671 NIB1354

WI-11576 GATA42A01

IB201 WI-12643

SGC33735 WI-11069

30 643.30 644.30 645.30 646.30 647.30 648.30

5 sWSS3432 sWSS1142 sWSS365 sWSS3728 sWSS500 sWSS602 TCRB PRSS1 sWSS1520 sWSS2792 KEL sWSS3831

WSS3068 sWSS3077 sWSS505 sWSS3816 sWSS2357 sWSS3789 sWSS3558 sWSS3918 sWSS4

88K 144538K 144788K 145038K 145288K 145538K 145788K

sWSS3068

48K 144498K 144748K 144998K 145248K 145498K 145748K

AFMb017xc5

AFMc008xd1

92 153.19 153.47 153.74 154.01 154.28 154.55

GATA2C04

ATA32D09

D7S1798

D7S1824

D7S1836

D7S1837

61 258.04 258.46 258.89 259.31 259.74 260.16

Stanford

MIT

NHGRI

NCBI

Genethon

CHLC

Chromosome 7: Local Views of T-Cell Receptor β Locus
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What are “Expressed Sequence What are “Expressed Sequence 
Tags” (ESTs)?Tags” (ESTs)?

• Partial, inaccurate cDNA sequences obtained 
by rapid survey sequencing of various cDNA 
libraries derived from various tissues, 
developmental stages, tumors, etc.

• There are now >750,000 human ESTs and >
200,000 mouse ESTs available

• Ref: Trends in Biochem. Sci. 20:295; 1995
• URL: http://www.ncbi.nlm.nih.gov/dbEST/

NCBINCBI

Evolution of EST Research 
Applications

Evolution of EST Research Evolution of EST Research 
ApplicationsApplications

• Gene Mapping (1995-present)
- 16,000 human genes mapped to date
- Mouse gene map in progress
- Rat gene map planned

• Gene Expression (1997-)
Microarrays of cDNA clones & large-scale 

expression analysis

• Gene Discovery (1991-present)
Species-jumping & Comparative Genomics



One Gene, Many SequencesOne Gene, Many SequencesOne Gene, Many Sequences

genomic, contiguous

genomic, segmented

mRNA variant 1

mRNA variant 2

Known
Genes

3’ EST

3’ EST

3’ EST

3’ EST

5’ EST

5’ EST

5’ EST

5’ EST

ESTs

Ref: Nature Genetics 10:369-371; 1995

NCBINCBI

Anchor sequence
used for STS
development
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For Physicians

For Scientists



Link to OMIM --
Online Mendelian 
Inheritance in Man

Gene Map User FeedbackGene Map User Feedback

From: user@aol.com
Date: Tue, 29 Oct 1996 17:51:22 -0500
To: info@ncbi.nlm.nih.gov
Subject: awsome

I am a 6th grade student on Long iSLAND AND i 
AM LEARNING ALL ABOUT THIS AND i THINK 
IS IS MAGNIFECENT THAT YOU GUYS CAN 
DO ALL THIS

NCBINCBI



Functional CloningFunctional Cloning  andand  Positional CloningPositional Cloning

Disease

Function

Gene

Map

Disease

Function

Gene

Map

NCBINCBI

Standard Positional CloningStandard Positional Cloning

Genetic 
Mapping

Physical 
Mapping

Transcript 
Mapping

Gene 
Sequencing

Family
Studies

Large-Insert
Clones

Candidate
Genes

Met A A Met
    T T
    G G
Val G G Val
    T T
    C C 
Ser T T Ser
    C C
    A A
Leu C C Leu
    T T
    G G 
Gln C T
    A A
    A A
Pro C C 
    C C
    G G
Cys T T
    G G
    T T   

Disease
Mutation

STOP

Chromosome 
Interval

*

NCBINCBI



“Positional Candidate” Approach“Positional Candidate” Approach

Genetic 
Mapping

Family
Studies

Chromosome 
Interval

*

NCBINCBI

Met A A Met
    T T
    G G
Val G G Val
    T T
    C C 
Ser T T Ser
    C C
    A A
Leu C C Leu
    T T
    G G 
Gln C T
    A A
    A A
Pro C C 
    C C
    G G
Cys T T
    G G
    T T   

Candidate
Gene

STOP

Mutation
Detection

Recent example
(July ‘97):

Parkinson’s
Disease



What’s this gene?

The MEN1 GroupThe MEN1 Group

Absent: Lance Liotta, Bruce Roe

Cloning of the gene for Multiple Endocrine Neoplasia, Type I
Science 276:404-407; 1997
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PowerBLAST* analysis of the MEN1 gene:PowerBLAST* analysis of the MEN1 gene:
human and mouse EST coveragehuman and mouse EST coverage

1666 3666 5666 7666Menin mRNA
Coding

AA211377

AA209475

AA157873

AA211877

AA261796

H14300

H38333

H14313
AA236383

R32679

H91638

AA105533

AA048913
AA000099

W89897
AA031132

AA275378

AA168218

AA049922

MEN1 Gene

*J. Zhang & T. Madden (1997) Genome Res. 7:649-56

26 Human
ESTs

17 Mouse
ESTs

National Cancer InstituteNational Cancer Institute
Cancer Genome Anatomy ProjectCancer Genome Anatomy Project

PROJECT GOAL

To achieve a comprehensive 
molecular characterization of 
normal, precancerous, and 

malignant cells

• Tumor Gene 
Index

• Transcript 
“Profiling”

• Physical DNA 
resources

• All data & 
material made 
available without 
restrictions



NCI Tumor Gene IndexNCI Tumor Gene Index
cDNA LibrariescDNA Libraries

• Initial target tissues are breast, prostate, 
colon, lung and ovarian tumors

• R & D of methods to assess gene expression 
in archival, embedded tissue

• Microdissected as well as “bulk” specimens

• Normalized and non-normalized libraries
• Interplay between gene discovery and 

pathophysiologic analysis of cancer 
progression

Laser Capture 
Microdissection

Emmert-Buck et al.
Science 274:998; 1996



Laser Capture Microdissection: in situ breast carcinoma

Emmert-Buck et al. (1996) Science 274:998

Slide Coverslip

Laser Capture Microdissection: glomerulus, normal kidney

Emmert-Buck et al. (1996) Science 274:998

Slide Coverslip



Tumor
Tissues

cDNA libraries

Clone arrays

cDNA sequences

Microdissections

N C I C G A P

    Tumor Gene Index,
Physical DNA Resources

National Cancer InstituteNational Cancer Institute

CGAP Web Site



Year 0 Year 3 Year 6 Year 10

Diagnosis

Expression profile

Malignant 
tumors with 
metastases

Detection

Diagnosis

Prognosis

Therapy

Microdissection

Carcinogenesis and Tumor Progression

NCBINCBI

Gene Expression & Glass MicroarraysGene Expression & Glass Microarrays



Large-scale Analysis of Gene ExpressionLarge-scale Analysis of Gene Expression

Use of a cDNA microarray to analyze 
gene expression patterns in human cancer

J. DeRisi, L.Penland, P.O.Brown, M.L.Bittner, P.S.Meltzer, M.Ray, Y.Chen, 
Y.A.Su, and J.M.Trent, Nature Genetics 14, 457-460 (1996)

NCBINCBI

15,000 cDNA Clones to Array15,000 cDNA Clones to Array15,000 cDNA Clones to Array

GenBank + dbEST
500,000

UniGene
53,000

15K
15,000

1. Correspondence to 
functionally cloned 
human gene

Selection criteria:

NCBINCBI

2. Significant protein 
similarity

3. Included on the Human 
Transcript Map

4. Of specific research 
interest

5. Physical cDNA clone 
available
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Stanford

NHGRI

Research Genetics

NCBI

IMAGE
Clone IDs

cDNA
arrays

The “15K” CollaborationThe “15K” CollaborationThe “15K” Collaboration

Expression
Data

NCBINCBI

15K Set: Portion of the FASTA file15K Set: Portion of the FASTA file15K Set: Portion of the FASTA file

>M63960 Human protein phosphatase-1 catalytic subunit mRNA, complete cds 
/cds=(29,1021) /gb=M63960 /gi=190515 /len=1367

GGGCAAGGAGCTGCTGGCTGGACGGCGGCATGTCCGACAGCGAGAAGCTCAACCTGGACT
CGATCATCGGGCGCCTGCTGGAAGTGCAGGGCTCGCGGCCTGGCAAGAATGTACAGCTGA
CAGAGAACGAGATCCGCGGTCTGTGCCTG...etc.
>W37493 zc10g02.s1 Homo sapiens cDNA, 3' end /contact=Wilson,RK 

/clone=321938 /clone_end=3' /gb=W37493 /gi=1319087 /len=348
GAGAATCCANCTTTGACCTTTATTCAAGAGACCAGATGGGTTGCCCCAGGATCCGGCTGC
CAGCCTGAGGCCAAGCACGGCTGGAGACCCACGACCTGGCCTGCCGTTGCCCTGAGCTGC
AGCCTCGGCCCCAGGATCCTGCTCACAGT...etc.
>H42556 yo63c10.r1 Homo sapiens cDNA, 5' end /contact=Wilson,RK 

/clone=182610 /clone_end=5' /gb=H42556 /gi=918608 /len=544
GTGTGACCAGACATGCAACCGNCATCTATGGTTTCTACGNATGNAGTGNCAAGCAGNACG
NCTNACAACATCAAACTGTGGNAAAACCTTCACTGNACTGNCTTCAACTGNCCTGNCCCA
TCGCGGNCCATAGTGGACGTAAAAGATCTTCTGNCTGNCCACGGAGGCCTGTTCCCCGGA
CCTGNCAGTTCTATGGNAGCAGATTCGG...etc.
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Sample 15K Cluster ReportSample 15K Cluster ReportSample 15K Cluster Report

TITLE: Human protein phosphatase-1 catalytic subunit mRNA, 
complete cds

CLONE: 488948
FLAGS: Gene SwissProt Mapped 
CLUST: Hs.1001
GENES: J04759 X70848 M63960 
3'EST: AA115517 AA004413 H97499 W02143 W37493 
5'EST: AA115516 N42323 N41606 H42559 H42556 
//

NCBINCBI

15K Cluster Report: Sample 215K Cluster Report: Sample 215K Cluster Report: Sample 2

TITLE: ESTs, Highly  similar to HYPOTHETICAL 34.9 KD PROTEIN IN 
FRE2-JEN1  INTERGENIC REGION [Saccharomyces cerevisiae]

CLONE: 310438
FLAGS: SwissProt Mapped 
CLUST: Hs.10018
3'EST: R44498 N33766 T93144 N48585 N99970 
5'EST: N47271 R14393 T56201 R68523 W30909 
//
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15K Cluster Report: Sample 315K Cluster Report: Sample 315K Cluster Report: Sample 3

TITLE: ESTs
CLONE: 302998
FLAGS: Mapped 
CLUST: Hs.24297
3'EST: H97384 AA147620 N24156 AA157374 H41351 R98414 

 H91639 N51774 R28488 H14277 H38296 N90077
5'EST: W38527 AA147612 AA157873 H91638 R32679 

 H38333 H14300 N36190 
//

This is the MEN1 Gene

NCBINCBI

Informatics Issues in Large-Scale Informatics Issues in Large-Scale 
Studies of Gene ExpressionStudies of Gene Expression

4Resources (arrayed genes, probes)

4Laboratory information management system

4 Information retrieval & query systems
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 Expression Array Database Expression Array Database Expression Array Database

NCBINCBI

UniGene Cluster Report



NCBINCBI

GenBank record

Data Mining in Gene Expression ArraysData Mining in Gene Expression Arrays

• Finding associations
– Which genes tend to be expressed together?

• Finding sequential patterns
– Which genes are expressed in succession, i.e. in a pathway?

• Clustering the data
– Does this set of genes have any common features?

• Classifying the data
– Has this expression pattern been observed in other experiments?

• Predicting values
– Can we extrapolate to other conditions under which these genes 

may be expressed?

NHGRI / NCBINHGRI / NCBI



Data Mining in Gene Expression ArraysData Mining in Gene Expression ArraysData Mining in Gene Expression Arrays

Genomes Structures

MVILLVILAIVLISD
VTGREGSWQIPCMNV
KRKKGREGDHIVLIL
ILLNNAWASVLPESDS
SDSGPLIILHEREKR
LALAMAREENSPNCT
PLIKRESAEDSEDLR
KRKKTDEDDHIVLIL

ACGATGTGGTCGATG
TTCTCTATTATTATC
GGAAGCTAAGGATAT
CGCTGATGTGAGGTGA
TCGGTTCTATCTGCA
TAGCATGGATATTGA
TGGCTTATAGGCTAG
CGCTGATGTGAGGTG

Links

Protein 
Sequences

GenBank

MEDLINE

NCBINCBI

PubMed Online journals

Gene expression data

PubMedPubMed
• An information retrieval system, based 

on Entrez “neighboring” technology
• Includes all 10 million articles in 

MEDLINE
• Available without charge via the World 

Wide Web
• Links to full-text, online journals 

available from various publishers
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Just what we’re looking for.
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Click here.

NCBINCBI

Full text of article 
available online
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Citations linked back to 
Entrez/PubMed system
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