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Outline

Fundamentals of Genome Mapping

Fundamentals of Genome Sequencing

Mapping & Sequencing in the Human Genome Project

Comparative Sequencing

New DNA Sequencing Technologies
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Genome Sizes

Human Genome
Mouse Genome

~3,000,000,000 bp
Fruit Fly Genome m
~160,000,000 bp
Nematode Genome [i]
~100,000,000 bp
Yeast Genome ﬂ
~15,000,000 bp

E. coli Genome [|
~5,000,000 bp

The Human Cytogenetic Map
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I—I—I—I—I—I—I Physical Map

100 150 Mb

/\ /\ PN

.GATCTGCTA
TACTACCGC
ATTATTCCG..

RH Map Clone-Based Map Sequence Map

Clone-Based Physical Mapping
[ I B/ Chromosome

Clones

Contigs
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High-Molecular Weight DNA

¢ Partial Restriction Digestion

. YAC Vector Arms BAC Vector
Construction of
YACs and BACs O--—

YAC Insert: ~100-1000 kb

AW Telomeres

Green et al. (1998) T Yeast DNA

— Plasmid DNA|

Birren et al. (1998) A lnsert DNA

Genome Sizes Cloning Capacity

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

Fruit Fly i j

~160,000,000 bp

~100,000 bp
Nematode

~100,000,000 bp Cosmid =
~45,000 bp

[owwn]
~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 Genome Mapping & Sequencing

Bacterial Artificial Chromosomes (BACs)

¢ Bacterial-Based Cloning System

¢ 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 BAC Libraries from Many Different Species Available
(e.g., www.chori.org/bacpac)

e See Birren et al. (1998)

Genome
(~3000 Mb)

Chromosome
(~130 Mb)

GATCGTCTAGAATCTC GATCGTCTAGAATCTC
GAGATCTCTGAGAGTC GAGATCTCTGAGAGTC
GTGGGAAACTGTGTGA GTGGGAAACTGTGTGA

TGTGACTAGCCACAGT

TGTGACTAGCCACAGT

TACGTGTGAGAGATGT TACGTGTGAGAGATGT

ATGATGCACCTGACCC ATGATGCACCTGACCC

GGGTTTCACTCTCAAC GGGTTTCACTCTCAAC

GACTCACTCCACCTCA ( —~ 0 5 1 0 M b) GACTCACTCCACCTCA ( ~0 1 0 2 M b)
CCGGTTAGACATACAT o L3 I CCGGTTAGACATACAT . 1=U.
GAGGCCCACCGCCGCT GAGGCCCACCGCCGCT

GTGCACGTCCACCACC GTGCACGTCCACCACC

[ coocexazzooo |
[ ccocexcooo |
[ coccercooo |
[ coocercooo |
[ coccerczooo |
[ coccerczzooo |
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Sequence-Ready Contig Map

Marra et al. (1997) and Gregory et al. (1997)

Physical Mapping: Future Prospects

» Strategies for Physical Mapping have Advanced
Greatly in the Sequence-Based Era

* Close Interplay of Mapping and Sequencing in the
Exploration of Genomes

* Availability of Many BAC Libraries is Allowing
Physical Mapping of More Species’ Genomes
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DNA Sequencing

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 tRNAAI2

Wu: Sequences A Cohesive End DNA

=
o

Sanger: Dideoxy Chain Termination
Gilbert: Chemical Degradation

=
©
S
S

Messing: M13 Cloning

Hood et al.: Partial Automation

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

Sflg
4-«2-1:—-——-—

o e

=R K

= =
3 =3

>100,000,000

Adapted from Messing & Llaca, PNAS (1998)
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DNA Tagged with Radioactivity
G A T C

G Reaction
A Reaction
T Reaction
C Reaction

Radioactive Sequencing
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Fluorescent DNA Sequencing

Wilson & Mardis (1997)

Detection of Fluorescently Tagged DNA

DNA Fragments
Separated by
Electrophoresis

Optical
Detection System!

Fluorescent Dyes

l Laser Excites

Output to Computer
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Analyzing Fluorescent DNA Sequencing Data

Computer
Analysis
—

Fluorescent DNA Sequencing Results

CEGOT-GTGNES GCT To0 - TEaCIGC-GETOR *CTCT 6 65 HIONMC G- -G IE0066 T 16 TOO5 -GTET GIT TTGCT GE TG00 *C- 2 GGE-CHETGITCCT TCTCGOCT |

TTGETCET O+ 20T C--CTET T a2 2666 00T A *GTGEGITE0 *GTTON|
== 200 210 0 =5

| a6+ TG TG TCTTICT T T +IC CHTIGGOCTISAGGETT - 666G TTGHGE-T TTCTET GG TGEG0T 6T -C TN Tl T #0050 CIC -+ TCTCTT TRES CTGIOC - TC T |
120 490 === 510 520 530 540 550 S 570 520 590
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Slab Gel-Based DNA Sequencing Instruments
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Large-Scale cDNA Sequencing

* ESTs: Expressed-Sequence Tags

« SAGE: Serial Analysis of Gene Expression

* Full-Insert (Full-Length) cDNA Sequencing

=m
?

mgc.nci.nih.gov
Gerhard et al. (2004)

Large-Scale Genome Sequencing

Shotgun Sequencing

Wilson & Mardis (1997)
Green (2001)
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Subclone Construction

GATCGTCTAGAATCTC
GAGATCTCTGAGAGTC

BAC DNA

l Prepare Multiple Copies

l Randomly Fragment

ubclone Fragments

' o 1 o N o
N N NS PN NS N

Shotgun Sequencing Strategy

Techniques for Genome Mapping & Sequencing
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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:
P -C
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%

1
2
3
4
5
6
7
8
9
1

Shotgun Sequence Assembly

11

AGGARARGACTATCACAGCGTATTLCTGARAGAGATGARCTATEAAT TEAGTGTAGGC TTCTETGLAGAGGLARA=*GGTAGGATL
AGGAAARGACTATCACAGCGTATTCCTGARAGAGATGARC TATEAAT TGAGTGTAGGC TTC TETGCAGAGGCARA* GG TAGGATL
itatcAcagogtattoctpaaagagateaacThtea tthaete @cpctTCtothoagagocaaaxgat aGATI

FGGARA

NECARAAGACTEEE BaglG AT TCCTGARAGAGAT GARCTATEaaT TGAGTGTAGGLT TCTC T GLAGAGELARA*GETAGGATL
BEEannCACTATCACAGCG TAEEEEEEARAGABATEAACTATGAAT TEAGTETARGC TTETCTCAGAZECAAA=GETAGGAT
AEEARAAGACTATCACAGCGTATTCC TGARAGAGATGAACTATGAAT TEAGTGTARGET TETCTECAGAGGCARA=GETAGGATE
R GARAAGAC TATCACAG LG TAT TCC TEARAGAGAT GAA T P VS SOLTLNs
EEEaArACACTATCACAGCG TAEEEEECaRaGAGATCARCTATGART TGAG TG TAGGLT TC TC T GLAGAZECARA*GGTAGGATT

ag=ananGACTALEaEagcE TALEEEEGARAGAGATGARCTATGAAT TEAG TG TAGGET TETCTGEAGAGGLAAA*GGETAGEATL

bbbbbbbb bbb vyYYITRY

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

ing Strategy
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Microbial Genome Sequences

Click here to take the CMR user feedback
survey

Lists|C:

Welcome to the Comprehensive Microbial Resource (CMR) Home Page

Comprehensie Microblal Resource (CMR) is a free website used to display information on all of the publicly available, complste
pchu yotic uenon'-ls In add&tion to the convenience of having all of the organisms on a single website, common data types across all
in R ful, and cross genome analysis highlight diferences and samilarties Detween the

NEW on Ihe CMR

August 11, 2008: CMR Feedback Survey: TIGR is curently seeking funding for the maintenance and
expansion of the CMR. Please help us with our grant application by taking our u c Y.

For information on the latest CMR updates, subscribe to the CMR Mailing List

Prokaryotic Annotation and Analysis Classes: June 13-15, August 8-10, October 10-12, 2006

Visit a CMR page for an individual genome CMR Genomes: Data Release 19.0
[ Search List || Show A Complete Incomplete  Totals

Bacteria 278 17
Acidithicbacilus ferrocddans ATCC 23270
|Acinstobacter sp. ADP1 AT liaeg &3
s naesndil MG1 Viruses 3

Totals 322

Anaplasma marginale St Maries.

Submit | |

www.tigr.org

First Eukaryotic Genome Sequen

Goffeau et al. (1997)
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First Animal Genome Sequence

Genome Sequence of the Nematode C. elegans:

A Platform for Investigating Biology

The C. elegans Sequencing Consortium*

C. elegans Sequencing Consortium (1998)

Second Animal Genome Sequence

THE D. A GENOME
REVITW

The Genome Sequence of Drosophila melanogaster

Mark D. Adams,® Susan E. Celniker? Robert A. Holt," Cheryl A. Evans," Jeannine D. Gocayns,
mr.nmmldn‘smnsdnu Peter W. U‘Rmkﬂdk-,‘lidllrdl r.-h‘ludn.eoorp'
Suzanna E. Lawis," Stephen Richards,” Michael Ashburner.® Scott N. Hendarson," Granger G.
Jennifer R. Wortman," Mark D, Yandell," Qing Zhang,' Lin X. Chen,” Rhonda C. Brandon,” Yu-Hui C. Rogers,
Robert G. Blaze),” Mark Champe,” Barret D. Meiffer,’ Kenneth H. Wan,” Clare Doyle,” Evan G. Baxter,”
Gregg Helt® Catherine R. Nelson,* George L Gabor Miklos,” Josep F. Abril,* Anna Agbayani,! Hul-jin An,'
Cynthis Andrews- Hlniudl.' Danita Baldwin," Richard M. Ballew,’ Anand Basu, 'J-mu Baxendale,
r‘x-mv Imo«.‘rvum“lnumd . Barman,? Shandar,
Stava Bolshakev, " Dana Borkova, * M chan, " John Bouck. Peter Brokstein,* Phillipe Brottler,
Kanneth C. Burtis, ' Dana A. Busam,' Hunnrmhr"uunic-am“ Angela Center,' ishwar Chandra,”
ancw"slmum"mbm Lionel B. Davenport." Peter Davies. Beatrix da Pablos.®
Arthur Delcher,' Zuoming Deng,' mmmr‘um‘mmnnhn.‘m-nmm'
unznouy'ndudamm."snmmum Boris C. Mav”lwum‘xml Durbin,’
Carlos C. Evangslista," Concepcion Ferraz,” Steven Ferriera,' Wolfgang Fleischmann,” Carl Fosler,
Andrel . Gabrielan,” Noh . Garg," William M. Gelbart* Ken Giasser," Anna Glodek," fangcheng Cong."
jmyml.‘mmm Ping Guan,' Michasl Harris,! Nomi L Harris,* Damon Harvey, Thomas J. mw\,‘
Judith . Hermandez, Jarratt Houck, Damon Hostin,' Kathryn A, Houston * Timathy J. Howland,' Ming-Hul Wel*
Q‘lnyw'louwlm‘ mmu‘mmia Kalush," Gary H. "nm.l Ke,' James A. Kennison,
n A, Keichum,' Bruce E. Kimmel” Chinnappa D. Kodira,' Cheryl Kraft,' Saul Kravita." David Kolpi*
?lmmh\.' Paul Lasko,™ Yiding Lel," Alexander A. Levitsky," yngin L' Zhenya U," Yong Lisny,' Xisaying Lin*
angjon Liv, Bettina Matt,' Tina C. Mcintosh, Michaal P. Mc Duncan McPharson,’ Gennady Merkulov,'
Nataay. Milshina, Clark Mobarry.! Jos Morris ¢ All MQM‘ Staphen M. mm.”nun-y'm-n Murphy,'
Les Murphy,® Donna M. Muw’nmeu.m’mml M.m."nmmum‘mﬂmm”’
Deborah R. Nusskern.' joarne M. Pacleb,’ Michael Palazzolo,’ Cjange S. Pittman.! Sue Pan.! John Pollard.'
Vinita Purl,’ Martin G. Reese* Knut Reinert,’ Karin Remington," Robert D. :!undnu"’ndurﬂ
Hua Shen,? Bl wmm'mmw; Michael Simpson,’ Marian P. Skupski,’ hms-nm.‘
Eugene Spler," Allan C. Spradling ™" Mark Stapleton,” Reree Strong,' Eric Sun," Robert Svirskas,** Cyndes Tector,’
Russeil Tuner,” Eli Vanter,' Alhul K. Wang,' Xin Wang, ' Zhen-Yuan Wang, David A Wi
mm.wm-w Jean Weissenbach,™ Sherita M. Willlams," Trever Woodags," Kim C. Worley,” David Wy,
Song Yang,® Q. Alison Yao," jane Ye,' l.u-lm; Yoh," jayshree S, Zaverl, nunm.' ﬁm\F‘n Thang,' Qi mo.‘
Uansheng Zheng," Xiangqun H. Zheng," Fei N. Zhong,' Wenyan Zhong.' Xiaojun Zhou,
Xiachang Zhu,' Hamiltan . Smith," Richard A. Gibbs," Fugene W, Myers," Garald M. Rubin® |. Cralg Ventar'

Adams et al. (2000)
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Clone-Based Shotgun Sequencing

Assemble

Green (2001)
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Whole-Genome Shotgun Sequencing

Green (2001)

February, 2001 Draft Sequence
- IScience
-y

THE '\ -
HUMAN
GENOME

e

S

International Human Genome Venter et al. (2001)
Sequencing Consortium (2001)
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April, 2003 Completion

DOUBLE &
A

HELIX 3 £\ | a
W TO %
HUMAN-
SEQUENGE/

| AP )

&’.

articles

Finishing the euchromatic sequence of
the human genome

L e

to human
Evolutionary history
in genome sequences

General

Did the orm:: for you?
The human genome
Going the last mile
Antiblotics crisis

Market forces fail to deliver

Medical ethics
Choosing deafness

International Human Genome
Sequencing Consortium (2004)
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CNN’s #1 Medical Story of Past 25 Years

G PRINTTHIS

@NNJ.com Powered by Gocasiy

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
biueprint 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

L

April, 1953 April, 2003

we ane April 25, 1953 NATURE

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Mucleic Acid |
fizs DOUBLE &
//&/--_ HELIX S
J :’/// ;

gl

7. @00 WL HUMAN.
i gy SEQUENCE/

A

F. H. (. Unick
w tho

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

What’s Next?

Bismuth-209
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A vision for the future of
genomics research

Collins et al. (2003)

B %
= i
= S
= = =
o : =
° o8
L
. E | | - =
2= S| | HEl ==
3 Genomics to society
S S . ‘
gLH B | | =
: : B Genomics to health Y
2 ) — : ! | — :
| . ‘ e
Genomics to biology
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Mapping
~1990 to ~2000
the Human Genome

The Human
Genome Project

Sequencing

~1998 to ~2003
the Human Genome

Interpreting Beyond

the Human Genome  ~2003 to ??? The Human
Genome Project

Sequence

T NTERPRETATVN |
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCT \AGAGCAAAAGGAAGGGGTGG

GGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTAC AAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCC? TATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAAC TTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGAT CAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTG!

CCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
G AGGCTTTGGA! GGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTT, AGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATT GAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

The Human Genome... by the Numbers

~5% of Human Genome is Functionally Important

5% of 3B Bases = ~150M Bases
Do NOT Yet Know the Position of these ~150M Functional Bases

~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

Page 28



Eric D. Green, M.D., Ph.D. Techniques for Genome Mapping & Sequencing

Foundational Milestones in Genetics & Genomics

Darwin Mendel Miescher

& Crick
1859 1865 1871 1944 1953

Comparing Genomes is Like Cryptography

CKQEBHERE])Y TWASU|I SCZME I SDFOGE[THEBLPBGOODFQSTLKISTUFFRTAC
DLUCEHEREZBRTTO[l SAWNDCDARJJP|THERROFGOODERGHCLISTUFFBRHA
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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

The Language of the Genome

_D

e
e

LI
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POO 0 0 ational Pred O

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

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
ATCCTTACCACATTACACATTA
CCATATATCCACCTACCACACA
TACCTACCCCATTGCACACCTA
TTATTATTACCGGGACCGAGG

Compare

—l—

GATCGTCTAGAATCTCGAGATC

G TA
CGTRTGAGAGATOTATBATGCA
CCTGACCCGGGTTTCACTCTCA
ACGACTCACTCCACCTCAGAGG
CCCACCGCCGCTGTGCACGTCC
ACCACGATCCTTACCACACTTA
CACATCACTCTCAACGACTCAC
TCCACC!

GCTGTGCACGTCCACCACGATC
CTTACCACACTTACACATTACC
ATATATCCACCTACCACACATA
COTTAS WCTACC
ACACATACCTACCCCATTGCAC
ACCTATTATTATTACCGAGGGA
GAGGGGTGACCACACTGTGACA

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’)
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Vertebrate Genome Sequences
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Green (2001)
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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-Toh', Jean Chang", Eric D. Gr %, Eri¢ 5. Lander?, lames C. Mullikin®*%**, and Michele Clamp®**

Margulies EM et al. (2005)

Landscape of Vertebrate Genome Sequencing

Human
Mouse

Rat
Pufferfish
Zebrafish
Chicken
Chimpanzee
Dog

Cow
Xenopus
Monodelphis
Macaque
Platypus
Marmoset
Orangutan
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 GATCGTCTAGAATCTCG
AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT ATCICTRAGARTCETRGGA AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT
GGGAAACTGTGTGATGT GGGAAACTGTGTGATGT AACTGTGTGATGTGACTAG \TGT TGT
GACTAGCCACAGTTACG GACTAGCCACAGTTACG GACTAGCCACAGTTACG CCACAGTTACGTGTGAGAG GACTAGCCACAGTTACG GACTAGCCACAGTTACG GACTAGCCACAGTTACG
TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT ATGTATGATGCACCTGACC TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT
GCACC’ T GCACC’ GCACCT T CACCTGACCCGGGTTT GCACCTGACCCGGGTTT GCACCT T
CACTCTCAACGACTCAC CACTCTCAACGACTCAC TCACTCCACCTCAGAGGC CACTCTCA, CACTCTCAACGACTCAC CACTCTCAACGACTCAC
TCCACCTCAGAGGC CACCTCAGAGGC TCCACCT GTGCACGT TCCAC TCCACCTCAGAGGCCC/ TCCACC
GCACGTC CCGCCGCT CACCACGATCCTTACCA( CCGCCGCTGTGCACGTC CCBCCGCTGTGCACGTC
CACCACGATCCTTACCA ACTTACACATTACCATATA CACCACGATCCTTACCA
CACTTACACATTACCAT TCCACCEACCACACATACE CACTTACACATTACCAT
ATATCCACCTACCACAC TACCCCATTGCACACCTAT ATATCCACCTACCACAC
ATACCTACCCCATTGCA TATTATTACCARTAAGTAC ATACCTACCCCATTGCA
CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC TACCACCTAGAGGGAGCTA CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC

Multi-Species Conserved Sequences (MCSs)

Margulies et al. (2003)

Future Genomes to Sequence???
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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

GENES IN ACTION

VIEWPOINT

The ENCODE (ENCyclopedia Of
DNA Elements) Project

The ENCODE Project Consortium®+

ENCODE Project Consortium (2004)
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ENCODE Project: Comparative Sequencing
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En Route to the $1000 Genome
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Genome sequencing in microfabricated
high-density
i kg SR Viargulics M et al. (2005)

Bennett (2004)

atod system, based on a breakthrough single molecule

5 & USS2 billion market that & expected 16 gf

Bennett et al. (2005)

Accurate Multiplex Polony
Sequencing of an Evolved

Bacterial Genome

Jay Shendure,’{ Gregory ). Porreca,’*+ Nikos B. Reppas,’
Xiaoxia Lin," John P. McCutcheon,”? Abraham M. Rosenbaum,’
Michael D. Wang," Kun Zhang,” Robi D. Mitra,® George M. Church’

Shendure et al. (2005)

TSUNAMI SCIENCE: ONE YEAR AFTER THE WAVE THAT ROCKED THE WORLD

Perspective.

Emerging technologies in DNA sequencing
Michas! L. Metzher Alternatives to

Know Your

DNA

nexpensive gene readers will soon
unlock the secrets in your

personal double helix

The Hazy Origin of
Brown Dwarf Stars

Winning Tricks of the
Racing Robots

Does Motherhood
Make Women Smarter?

Metzker (2005)
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DNA Sequencing Technologies

Raw Data
Method Feasibility Read Length Data Quality Production

Sanger Well Long
Sequencing Established (800-1200 bases)

Stepwise Becoming Short
Synthesis Established (25-100 bases)

Single Far from Long

. +++++ ?
Molecule Established (>1000 bases ?)

Realities of New DNA Sequencing Technologies...
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“Inter-Species” Comparisons
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The Pathway to Genomic Medicine

Realization of
Genomic Medicine

The Pathway to Genomic Medicine

Realization of
Genomic Medicine
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The Current Big Challenges...

» Defining “Saturation Points” in Terms of
Information Gained by Comparative
Sequence Analyses

« Achieving the “$1000 Genome”

» Large-Scale Deployment of Medical Sequencing

The Human Genome Sequence to Genomic Medicine...

...from base pairs to bedside.
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