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Human Genome Project
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Outline

Fundamentals of Genome Mapping

Fundamentals of Genome Sequencing

Mapping & Sequencing in the Human Genome Project

Comparative Sequencing

New Frontiers in Genome Analysis
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Genome Sizes

e o NI
i
~3,000,000,000 bp
Fruit Fly Genome [ﬁﬂ
~160,000,000 bp
Nematode Genome m
~100,000,000 bp
Yeast Genome ﬂ
~15,000,000 bp

E. coli Genome ﬂ
~5,000,000 bp

The Human Cytogenetic Map
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TACTACCGC
ATTATTCCG..

RH Map Clone-Based Map Sequence Map

Clone-Based Physical Mapping
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High-Molecular Weight DNA

l Partial Restriction Digestion

Construction of
YACs and BACs

YAC Insert: ~100-1000 kb

4@ Telomeres

Green et al. (1998) o
Birren et al. (1998)

Genome Sizes Cloning Capacity

'I'I"'I'I'I"'I'I'I"I:['I"'I'I"I'I"I'['I"I:I

~3,000,000,000 bp 1,000,000 bp

Fruit Fly m j

~160,000,000 bp

~100,000 bp
Nematode

~100,000,000 bp Cosmid 4?)00 b
~45, p

e
~25,000 bp

Yeast
~15,000,000 bp Bacteriophage

E. coli
~5,000,000 bp

Page 6



Eric D. Green, M.D., Ph.D. Techniques for Analyzing Genomes I

Bacterial Artificial Chromosomes (BACs)

e Bacterial-Based Cloning System

e Based on the E. coli F Factor (Fertility Plasmid): Replication Control
e Cloned Inserts: 100-200 kb, Circular DNA

e Low Copy Number

Low Yields of DNA by Standard Methods
Reasonably Stable

e See Birren et al. (1998)

¢ Availability of BAC Libraries from Many Vertebrate Species
(e.g., www.chori.org/bacpac)

(~3000 Mb)

Chromosome
(~130 Mb)

GATCGTCTAGAATCTC GATCGTCTAGAATCTC
GAGATCTCTGAGAGTC
GTGGGAAACTGTGTGA

TGTGACTAGCCACAGT
TAGGTATTGGGGCATT
TACGTGTGAGAGATGT
ATGATGCACCTGACCC
GGGTTTCACTCTCAAC
GACTCACTCCACCTCA
(~0.5'1 .0 Mb) CCGGTTAGACATACAT (~0.1 '0.2 Mb)
‘GAGGCCCACCGCCGCT
G| 6] 6] G| 6] G] GTGCACGTCCACCACC GTGCACGTCCACCACC
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Sequence-Ready BAC Contig Map

Marra et al. (1997)

DNA Sequencing
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History of DNA Sequencing

Miescher: Discovers DNA
Avery: Proposes DNA as ‘Genetic Material’

Efficiency

(bp/personlyear) Watson & Crick: Double Helix Structure of DNA

Holley: Sequences Yeast tRNAA

Wu: Sequences A Cohesive End DNA

Sanger: Dideoxy Chain Termination
Gilbert: Chemical Degradation

Messing: M13 Cloning

Hood et al.: Partial Automation

« Cycle Sequencing
« Improved Sequencing Enzymes
« Improved Fluorescent Detection Schemes

2008

Adapted from Messing & Llaca, PNAS (1998)

DNA Tagged with Radioactivity

G A T C

G Reaction
A Reaction
T Reaction
C Reaction
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Radioactive Sequencing

Wilson & Mardis (1997)
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Detection of Fluorescently Tagged DNA

DNA Fragments
Separated by
Electrophoresis

Optical “
Detection System

Laser Excites
l Fluorescent Dyes

Output to Computer

Analyzing Fluorescent DNA Sequencing Data

Computer
Analysis
—
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Fluorescent DNA Sequencing Results
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Slab Gel-Based DNA Sequencing Instruments

¥, Vastingon
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Capillary-Based DNA Sequencing Instruments

Large-Scale cDNA Sequencing

* ESTs: Expressed-Sequence Tags

« SAGE: Serial Analysis of Gene Expression

* Full-Insert (Full-Length) cDNA Sequencing

A
=

mgc.nci.nih.gov
Gerhard et al. (2004)
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Large-Scale Genome Sequencing

Shotgun Sequencing

Wilson & Mardis (1997)
Green (2001)

Subclone Construction

BAC DNA

l Prepare Multiple Copies

Randomly Fragment

ubclone Fragments

' o N o N o
N NS PN PN NS N
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Shotgun Sequencing Strategy

Poisson Calculations

The sequencing strategy for the shotgun approach follows the

Lander and Waterman application of the Poisson distribution

The probability a base is not sequenced is given by:
€
Py=e
Where:
e ¢ =fold sequence coverage (¢c=LN/G),
e LN =# bases sequenced, i.e. L = average sequencing
read length and N = # reads

G = target sequence length
e=2.718 (e=2.718281828459)

Fold Coverage P,=e* % not sequenced % sequenced
0.37 37% 63%
0.135 13.5% 87.5%
0.05 5% 95%
0.018 1.8% 98.2%
0.0067 0.6% 99.4%
0.0025 0.25% 99.75%
0.0009 0.09% 99.91%
0.0003 0.03% 99.97
0.0001 0.01% 99.99%
0.000045 0.005% 99.995%

2 OONOOAWN=
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(a) Sequence reads
Read 1 [CACATACACATGG
Read 2 [TCAATGGGGCTAA
Read 3 [AGCACGGACTTGTCACATACACATG
Read 4 [ACACATGGAAATA ]|
Read 5 [GGGCTAATGATTGTCAC
Read 6 [TGATTGTCACATA
Read 7 [ATTCATGAAGCACGGA
Read 8 [GTCACATACACATGATCAATGGGG

lUse computer to assemble sequence reads

(b) 7[ATTCATGAAGCACGGA]
3[AGCACGGACTTGTCACATACACATG]
8[GTCACATACACATGATCAATGGGG]
2[TCAATGGGGCTAA |
5 GGGCTAATGATTGTCAC]
6 TGATTGTCACATA]|
1/CACATACACATGG |
4[ACACATGGAAATA]

lnssembled sequence

k] [ATTCATGAAGCACGGACTTGTCACATACACATGATCAATGGGGCTAATGATTGTCACATACACATGGAAATA)

Shotgun Sequence Assembly

0 0 1

AGGARARGACTATCACAGCGTATTCCTGRARGAGATGARCTATEAAT TGAGTGTAGGC TTCTETGCAGAGGCAAA*GGTAGGATL
PGGARAAGACTATCACAGCGTATTCCTGAARGAGATGAARCTATGAAT TGAGTGTAGGET TCTCTGCAGAGGLARA*GLGTAGGATL
itatcAcagoztattooctoasagagateaacTAtea tthAzte agectTCtctboagagzecaaaxzet gGATL

AGGARR

NEGANNAGACTatE BaglGTAT TCLTGANAGAGAT GAACTATgaaT TGAGTGAGGLT TCTCTELAGAGGLAAA=GETAGGATL
B28aAAACACTATCACAGCG TALEEc tEARABABATOARC TATGAAT TEAGTE TARGE TTE TC TGCAGAZECARA=GETAGGAT
HEGARAAGACTATCACAGCG TATTCC TEARAGAGAT GARC TATGART TEAG TG TARGE T TETCTGCAGAGGLARA=GGTAGGAT
G GARARGAC TATCACAG LG TAT TCC ToAAAGAGAT CAA T e eV P OLSLeD
EEEaAANCACTATCACAGCS THEREEECanatACATCARCTATGAAT TGAGT G TAGGLT TCTC T GLAGAZECARA*GET AGGATT

ag=ananGACTALEaEagcE TALEEEEGARAGAGATGARCTATGAAT TEAG TG TAGGET TETCTGEAGAGGLAAA*GGETAGEATL

bbb bbb bbb bAL|TVTYYY

“Consed” (Gordon et al., 1998)
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“Working Draft”
Sequence

“Finishing

Finished

Sequence
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Sequence Finishing: Resolving Ambiguities

Sequence Finishing: Remains Relatively Expensive

Historically Significant
Genome Sequencing Projects
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Model Organisms

1,000 Myr

Human
Biology

.

Multicellular
Biology

Mammalian
Biology

Techniques for Analyzing Genomes I

Unicellular
Biology

Microbial Genome Sequences

fparative Tools  Lists Downloads Carts

L —

Genome Search
Qrganism nar

Genome Llst
View All CMR Gencmes

Gene Search
Search by:

Locus - |
Match:
& Exact © Inexact

Keywords/Acces:

Dakta Summary
Comnplete

Bactaria 353
28

Welcome to the Comprehensive Microbial
Resource

The Comprehensive Microbial Resource (CMR) is a free website used
to display information on all of the publicly available, complete
prokaryotic genomes. In addition to the convenlence of having all of
the organisms on a single website, common data types across all
genomes in the CME make searches more meaningful, and cross
genome analysis highlight differences and similarities between the
genomes, A CMR Miror site maintained by the Genome Encyclopedia
of  Microbes  (GEM)  in Korea  is oalso available. Muore

Information] [Publication Infarmation
CMR Menu Bar Tools

CMR offers a wide variety of tools and resources, all of which ane
avallahle off of our menu bar at the top of each page. Below 15 an
explanation and link for each of these menu options. FIrSt imMe users
can use our CMR tutorial to leamn how to navigate this site.

Genome Tools
Find organism lists as well as summary information and
analyses for selected genames.
searches
Search CMR for genes, Qenomes, seguenc
Lviden:

cgions, and

www.tigr.org

Announcements

Ll
2%

“‘camera

March 13, 2007: CAMERA is
a web resource for
metagenomic research,
CAMERA's debul coincides
with the publication of the
Global Ocean Sampling
expedition’s extensive
dataset cataloging ower 6
nillion new genes from
uncultured marine microbes.
Come visit CAMERA, and see
our growing collection of
metagenomics datasels and
tools.

Latest Releases
Data Release: 21.0
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First Eukaryotic Genome Sequence

First Animal Genome Sequence

Science

&
( Genome Sequence of the Nematode C. elegans:
i\ A Platform for Investigating Biology

The C. elegans Sequencing Consortium*

C. elegans Sequencing Consortium (1998)
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Second Animal Genome Sequence

THE A GENOME
REVIIW

The Genome Sequence of Drosophila melanogaster
Mark D. Adams,'* Susan E. Celniker,” Robert A. Holt,” Cheryl A. Evans,’ jeannine D.

Gocayna,"
Peter G. Amanatides,’ Steven E. Scherer,” Peter W. E‘lngnk.m’wl Galle,” Reed A. George,”
Richards,” Michael Ashburner,” Scott N. Henderson," Granger G. Sutton,"

!l.om!pl«‘.llhnc Spradling,
Russell Tumer, " Ell Venter," Alhai H, Wang," Xin Wang," Zhen-Yuan Wang,' David A. Wi
‘George M. Wainstock,” jean Weissenbach,™ Sherita M. Williams,' Trevor Woodage,” Kim C. Worley,” David Wu,"
mmu,’q M‘m.‘)mvc,‘ luJﬂVﬂL"mlmﬂ‘ﬂuM‘wm omuo.‘
" Xiangqun H. Zheng," Fei N. Zhong,' Wenyan Zhong,' Xiaojun Zhou,
Xisohong Zhu," Hamiltan O. Smith," Richard A. Gibbs,” Eugene W. Myers,' Gerald M. Rubin J. :nl;vm'
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Clone-Based Shotgun Sequencing

Green (2001)

Green (2001)
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February, 2001 Draft Sequence

HUMAN " 3
GENOME

International Human Genome Venter et al. (2001)
Sequencing Consortium (2001)

DOUBLE, &
HELIX \,5;'

TO |
HUMAN- .
SEQUENCE/

_ oo
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October, 2004 Publication

articles

Finishing the euchromatic sequence of
the human genome

to human
Evolutionary history
in genome sequences

General relativity

Did the orbit move for you?
The human genoma
Going the last mile

‘Antibiotics crisls
Market forces fail to deliver
Medical ethics

International Human Genome
Sequencing Consortium (2004)

CNN'’s #1 Medical Story of Past 25 Years

G PRINTTHIS

w.com. Powered by Gosasiy

SAVE THIS | EMAIL THIS | Close

Top 25: Medical stories

Human genome mapping ranks No. 1 in health news
Tuesday, March 29, 2005 Posted: 4:24 PM EST (2124 GMT)

(CNN) -- Much of the marvel of medicine has to do with discovery. Mapping
the human genome, the complete sequence of DNA, gave scientists a
blueprint for building a person, making it the No. 1 medical story, according
to a distinguished panel CNN gathered to rank the top 25 medical stories of
the past quarter-century.

Two men from two separate groups -- Francis Collins of the National Institutes of Health and Craig
Venter of Celera Genomics Inc., a pharmaceutical-development company -- worked independently
to discover the sequence of the human genome and identify the genes that it contains. This
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April, 1953 April, 2003

wo azsn April 25, 1953 NATURE L €
MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid ( "
DOUBLE\ 5’
HELIX "

VA AN HUMAN-

¢4 P

All of the original goals of the
Human Genome Project have
been accomplished!

What’s Next?
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24 April 2003 International weekly

i ]

NRTIY -

T aeh

A vision for the future of
genomics research

Collins et al. (2003)
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Computational biology |

Training |

Il

to society

Genomics

e ——

Genomics to health

Collins et al. (2003)

Mapping

~1990 to ~2000
the Human Genome

The Human
Genome Project

Sequencing

~1998 to ~2003
the Human Genome

Interpreting
the Human Genome
Sequence

Beyond
The Human
Genome Project

~2003 to ???

Page 27



Eric D. Green, M.D., Ph.D. Techniques for Analyzing Genomes I
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTA AGTG 56 GAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGG C

TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTA! 5, CAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCC GC GAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT

AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACE AAG GAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT

TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAG AAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTH FAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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The Human Genome... by the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

5% of 3B Bases = ~150M Bases
Do NOT Yet Know the Position of these ~150M Functional Bases
Lower Bound for the Amount that is Functional

~1.5% Encodes for Protein (Genes)
Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins
Good Inventory at Present

~3.5% Functional But Non-Coding

Gene Regulatory Elements

Chromosomal Functional Elements

Undiscovered Functional Elements (NOT Yet in Textbooks!)
Poor Inventory at Present

Foundational Milestones in Genetics & Genomics

Mendel Miescher

1865 1871
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Comparing Genomes is Like Cryptography

EREYTWASU | SCZME 1 SDFOGE[THEBLPBEOODFQSTLKSTUFFRTAC

DLUCEHERE¥YBRTTO ] SAWNDCDARJJPITHERROF5O00DERGHCLSTUFFBRHA

Functional Elements: Coding vs. Non-Coding

» Coding Sequences (i.e., Genes)
Relatively EASY to Identify
Mostly Know What to Look For
Complementary Data Sets Available (ESTs, cDNAs)
Ever-Improving Computational Gene Predictions

= Non-Coding Functional Sequences
HARD to Identify
Very Little Known About What to Look For
Virtually No Complementary Data Sets Available
Poor Computational Predictions
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The Language of the Genome

Major role for comparative sequence analysis
will be the identification of functionally
important, non-coding sequences
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Comparative Sequence Analysis

Using the ‘Experiments of Evolution’
to Decode the Human Genome

Species A

GATCGTCTAGAATCTCGAGATC
TCTGAGAGTCGTGGGAAACTGT
GTGATGTGACGATTTAGCCACA
GTTACGTGTGAGAGATGTATGA
TGCACCTGACCCGGGTTTCACT
CTCAACGACTCACTCCACCTCA
GAGGCCCACCGCCGCTGTGCAC
TACCGAGATACACGATACCTAC
ACAGGTGTGACACACCCCTACC
CGTCCACCACACGACTCACTCC
ACCTCAGAGGCCCACCGCCGCT
GTGCACTACCGAGATACACGAT
ACCTACACAGGTGTGACACACG
ATCCTTACCACACTTACACATT
ACCATATATCCACCTACCACAC
ATACCTACCCCATTGCACACCT
ATTATTATTACCGGGACCGAGG

Compare

GATCGTCTAGAATCTCGAGATC
TGT
GTGATGTGACTAGCCACAGTTA
ATGCA
CCTGACCCGGGTTTCACTCTCA
ACGACTCACTCCACCTCAGAGG
CCCACCGCCGCTGTGCACGTCC
ACCACGATCCTTACCACACTTA
CACATCACTCTCAACGACTCAC
TCCAC!
GCTGTGCACGTCCACCACGATC
CTTACCACACTTACACATTACC

ACCTATTATTATTACCGAGGGA
GAGGGGTGACCACACTGTGACA

B ————

Species B

TATCGGCTAGAATCTCGAGATC
TCTGAGAGTCGTGGGAAACTGT
GTGATGTGACTAGCCACAGTTA
CGTGTGAGAGATGTATGATGCA
CCTGACCCGGGTTTCACTCTCA
ACGACTCACTCCACCTCAGAGG
CCCACCGCCGCTGTGCACGTCC
ACCACGATCCTTACCACACTTA
CACATCACTCTCAACGACTCAC
TCCACCTCAGAGGCCCACCGCC
GCTGTGCACGTCCACCACGATC
CTTACCACACTTACACATTACC
ATATATCCACCTACCACACATA
CCTTACCATATATCCACCTACC
ACACATACCTACCCCATTGCAC
ACCTATTATTATTACCGAGGGA
GAGGGGTGACCACACTGTGACA

Sequences in Common (i.e., ‘Conserved’ or ‘Constrained’)

Vertebrate Genome Sequences

nature

The mouse
genome

Marmoset Horse Cow Platypus

Zebrafish Pufferfish

Xenopus
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Hybrid Shotgun Sequencing

Green (2001)

Diverse Landscape of Genome Sequencing

Human
Mouse

Rat
Pufferfish
Zebrafish
Chicken
Chimpanzee
Dog

Cow
Xenopus
Monodelphis
Macaque
Platypus
Marmoset
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Low-Redundancy, Whole-Genome
Shotgun Sequencing

An initial strategy for the systematic identification of
functional elements in the human genome by
low-redundancy comparative sequencing

Elliott H. Margulies*', Jade Vinson"", NISC Comparative Sequencing Program®*™, Webb Miller!, David B. Jaffe’,
Kerstin Lindblad-Tah?, Jean Chang?®, Eric D. Green*", Eric 5. Lander®, James C. Mullikin****, and Michele Clamp®**

Margulies et al. (2005)

Diverse Landscape of Genome Sequencing

Human

Mouse

Rat

Pufferfish
Zebrafish
Chicken
Chimpanzee
Dog

Cow

Xenopus
Monodelphis ==~
Macaque -
Platypus
Marmoset
etc...
Armadillo
Elephant
Tenrec

Rabbit

Cat

Shrew

Guinea Pig
Hedgehog
(and others...)
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Multi-Species Sequence Comparisons

GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCGAG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG
AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT AT = AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT
GGGAAACTGTGTGATGT AACTGTGTGATGTGACTAG GGGAAACTGTGTGATGT GGGAAACTGTGTGATGT
GACTAGCCACAGTTACG GACTAGCCACAGTTACG GACTAGCCACAGTTACG CCACAGTTACGTGTGAGAG GACTAGCCACAGTTACG GACTAGCCACAGTTACG
TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT ATGTATGATGCACCTGACC TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT
GCACCTGACCCGGGTTT GCACCT GCACCTGACCCGGGTTT CGGGYTTCACTRICAACGA CACCTGACCCGGGTTT GCACCTGACCCGGGTTT
CACTCTCAACGACTCAC CACTCTCAACGACTCAC CTCACTCCACCTCAGAGGC CACTCTCAACGACTCAC CACTCTCAACGACTCAC
TCCACCTCAGAGGC! TCCACCTCAGAGGCCCA CCACCGCCGCTGTGCACGT TCCACCTCAGAGGCCC
CCGCCGCTGTGCACGTC CCGCCGCTGTGCACGTC CCACCACGATCCTTACCAC CCGCCGCTGTGCACGTC
CACCACGATCCTTACCA CACCACGATCCTTACCA CACCACGATCCTTACCA ACTTACACATTACCATATA CACCACGATCCTTACCA CACCACGATCCTTACCA CACCACGATCCTTACCA
CACTTACACATTACCAT CACTTACACATTACCAT CACTTACACATTACCAT TCCACCTACCASACATACE CACTTACACATTACCAT CACTTACACATTACCAT CACTTACACATTACCAT
ATATCCACCTACCACAC ATATCCACCTACCACAC ATATCCACCTACCACAC TACCCCATTGCACACCTAT ATATCCACCTACCACAC ATATCCACCTACCACAC ATATCCACCTACCACAC
ATACCTACCCCATTGCA ATACCTACCCCATTGCA ATACCTACCCCATTGCA AT A ATACCTACCCCATTGCA ATACCTACCCCATTGCA ATACCTACCCCATTGCA
CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC TACCACCTAGAGGGAGCTA CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC

Multi-Species Conserved Sequences (MCSs)

Margulies et al. (2003)
Thomas et al. (2003)

ENCODE Project

e ENCODE: ENCyclopedia Of DNA Elements

e Goal: Compile a Comprehensive Encyclopedia of
All Functional Elements in the Human Genome

e Initial Pilot Project: 1% of Human Genome

e Apply Multiple, Diverse Approaches to Study and
Analyze that 1% in a Consortium Fashion
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GENES IN ACTION
VIEWPOINT

The ENCODE (ENCyclopedia Of
DNA Elements) Project

The ENCODE Project Consortium®+

SPECIAL SECTION

ENCODE Project Consortium (2004)

CHCO  CHy
Epsgenetic Modifications

Long-range regulatory elements
[enhances. repressors’ silencars., insulators)

genome.gov/ENCODE genome.ucsc.edu/ENCODE
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DECODIHG
THE BLUEPRINT

The ENCODE pilot maps
human genome function

ENCODE Project Consortium (2007)

Expanding ENCODE Portfolio
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Techniques for Analyzing Genomes I
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All humans are ~99.9% identical at
the DNA sequence level, and yet...

all of us carry a significant number
of ‘glitches’ in our genomes.
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ML

International HapMap Consortium (2005, 2007)
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Medicine

The Pathway to Genomic Medicine

Realization of
Genomic Medicine
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The Pathway to Genomic Medicine

Interpreting Implicating
the Human Genetic Variants
Genome Sequence with Human Disease

fature

i

Realization of
Genomic Medicine

Human Genome Sequence

>$1,000,000,000 1%

. &
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En Route to the $1000 Genome

(CE: ONE YEAR AFTER ROCKED THE WORLD

SCIENTIFIC
AMERICAN -

Know Your

DNA

Ine
| |- |
persona | | | |

The Hazy Origin of
Brown Dwarf Stars

Winning Tricks of the
Racing Robots

Does Motherhood
Make Women Smarter?

Church (2006)
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Realities of New DNA Sequencing Technologies...

Changing Infrastructure Requirements

DNA Sequence Bioinformatic
Production Analysis
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Expanding Universe of Sequence-Based Explorations

Collins and Barker (2007)

NDERTHAL
o ..E mg‘t‘.!s_%

\ (- L
Turnbaugh et al. (2007) Green et al. (2006)

The Human Genome Sequence to Genomic Medicine...

...from base pairs to bedside.
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