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Outline

.  Fundamentals of Genome Mapping
ll. Fundamentals of Genome Sequencing

lll. Mapping & Sequencing in the Human Genome
Project... and Beyond

IV. Comparative Sequencing

Genome Sizes

H iyttt
Mouee Genome NI
mnnmm
~3,000,000,000 bp

Fruit Fly Genome ﬁiﬂ
~160,000,000 bp

Nematode Genome w
~100,000,000 bp

Yeast Genome ﬂ
~15,000,000 bp

E. coli Genome ﬂ
~5,000,000 bp
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The Human Cytogenetic Map

I—I—I—I—I—I—I Physical Map
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Sequence-Tagged Sites (STSs)

STS1 STS2 STS3 STS4

=

PCR Primer 1

GGATTCCGACTAGGTCGGTCTT... // ..GGATTAGCTAGGTATTGGCTAT
CCTAAGGCTGATCCAGCCAGAA.. // ..CCTAATCGATCCATAACCGATA

PCR Primer 2

—  60-1000 bp ———————

Physical Mapping: General Principles

e Importance of Physical Maps:

Localization and Isolation of Genes (e.g., Positional Cloning)
Study of Genome Organization and Evolution
Framework for Genome Sequencing

¢ Physical Mapping Involves Ordering Clones and/or Landmarks

e General Types of Physical Maps:

Landmark Only (e.g., Radiation Hybrid Maps)
Clone-Based

Sequence
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Genome Mapping & Sequencing

Clone-Based Physical Mapping

/mmm =

Construction of
YACs and BACs

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

I e _/ Chromosome

Clones

Contigs

High-Molecular Weight DNA

¢ Partial Restriction Digestion

NAAAAAAAAA

WAV
< tectioD Size .

SASAASAN
NN
RAAA AT
WA
N
AVAAN

YAC Vector Arms BAC Vector

{5 {1 L
-

Ligate & Transform
Ligate & Transform into Bacteria
into Yeast

+— T O A A AL AN {i}

YAC Insert: ~100-1000 kb BAC Insert: ~100-200 kb

AP Telomeres I BAC Vector|
e e N\ Insert DNA
—  Plasmid DNA|

v Insert DNA
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Genome Sizes Cloning Capacity

J997

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

Fruit Fly m BAC D

~160,000,000 bp ~100,000 bp

Cosmid b
~45,000 bp

[rowen)
~25,000 bp

Nematode
~100,000,000 bp

Yeast
~15,000,000 bp Bacteriophage

E. coli
~5,000,000 bp

Bacterial Artificial Chromosomes (BACs)

¢ Bacterial-Based Cloning System Developed by Shizuya et al. (1992)
¢ 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

¢ Relatively Non-Chimeric

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

e See Birren et al. (1998)
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Genome
(~3000 Mb)

Chromosome
(~130 Mb)

GATCGTCTAGAATCTC GATCGTCTAGAATCTC
GAGATCTCTGAGAGTC GAGATCTCTGAGAGTC
GTGGGAAACTGTGTGA GTGGGAAACTGTGTGA

TGTGACTAGCCACAGT TGTGACTAGCCACAGT

TGTGACTAGCCACAGT TAGGTATTGGGGCATT

TACGTGTGAGAGATGT TACGTGTGAGAGATGT

ATGATGCACCTGACCC ATGATGCACCTGACCC

GGGTTTCACTCTCAAC GGGTTTCACTCTCAAC

GACTCACTCCACCTCA ( ~ 0 5 1 0 M b) GACTCACTCCACCTCA ( ~0 1 0 2 M b)
CCGGTTAGACATACAT o L | CCGGTTAGACATACAT . 1=U.
GAGGCCCACCGCCGCT GAGGCCCACCGCCGCT

GTGCACGTCCACCACC GTGCACGTCCACCACC

of
o
6]
T
T
T4
Al
of
G
o
o
6|

[ cccceraooo |
[ cccceraooo |
[ cccceraooo |
[ cccceraooo |
[ cccceraooo |

Sequence-Ready Contig Map

Marra et al. (1997) and Gregory et al. (1997)
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Physical Mapping: Future Prospects

« Strategies for Physical Mapping are Radically
Changing in the Sequence-Based Era

* Will Now See a Closer Interplay of Mapping and
Sequencing in the Exploration of New Genomes

» Construction of New BAC Libraries will Allow
Physical Mapping Studies of More Species’ Genomes

DNA Sequencing
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History of DNA Sequencing

Efficiency
(bp/person/year)
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>100,000,000 2005

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

Watson & Crick: Double Helix Structure of DNA

Holley: Sequences Yeast tRNAAR

Wu: Sequences A Cohesive End DNA

Sanger: Dideoxy Chain Termination
Chemical Degradation

g: M13 Cloning

Hood et al.: Partial Automation

¢ Cycle Sequencing
* Improved Sequ ing Enzymes
* Improved Fluorescent Detection Schemes

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

l Laser Excites

Output to Computer

Fluorescent Dyes

Analyzing Fluorescent DNA Sequencing Data

Computer
Analysis
—
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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 |

GHTC T O] O CTET TEED = 6EE-00TE *ETGEGI-TE0= *GTTa|
== 200 210 220 ==

| 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 =

Slab Gel-Based DNA Sequencing Instruments
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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

Sm
,x G
= =

mgc.nci.nih.gov
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Large-Scale Genomic Sequencing

Shotgun Sequencing

Wilson & Mardis (1997)
Green (2001)

Subclone Construction

BAC DNA

l Prepare Multiple Copies

Randomly Fragment

l Subclone Fragments

‘2 o N o N o. N o N o
N NS PN NS PN N
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Genome Mapping & Sequencing

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:

P0=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 Pj=e*
0.37
0.135
0.05
0.018
0.0067
0.0025
0.0009
0.0003
0.0001
0.000045

S OWOONOOARWN=

% not sequenced

37%
13.5%
5%
1.8%
0.6%
0.25%
0.09%
0.03%
0.01%
0.005%

% sequenced

63%
87.5%
95%
98.2%
99.4%
99.75%
99.91%
99.97
99.99%
99.995%
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Shotgun Sequence Assembly

811
AGLARARGACTATCACAGCGTATTCCTGAARGAGATOARCTATGART THAGTGTAGGC T TCTCTGCAGAGGCAAR*GLTAGGATL

aaCTATCASEEEAZtY
AGGAAARGACTATCACAGCGTATTCCTGRRAGAGATGARCTATLAAT TGAGTGTAGGC T TETCTGLAGAGGLARA*GGTAGGATL
AGGARARGACTATCACAGCGTATTCCTGARAGAGATGARCTATGAAT TEAGTGTAGGC TTCTETGEAGAGGLARA=GGTAGGATL
itatcAcagogtattoctgasagagateaacTAtea tthAste agpctTCtctboagagocaaaxogt gGATL

AGGAGA

HEGARBAGACTARE BasCGTAT TLLTGARAGAGA T GABCTATEART TEAGTGTAGGLT 1L TL T GLAGABGLAAR=GGTAGLATL
[3EaAtACACTATCACAGCG TATEEE L CARACAGATOARC TATCAAT TEAGTOTAGGC TTCTC TGCAGAZECARA*CETAGEATI
AEEARBAGACTATCACAGCGTAT TELTGABAGAGATGARC TATGAAT TRAGTETARGLT TCTCTRCAGAGGLAAA*GETARGAT
AGGARBAGACTATCACAGCGTAT TECTGARAGAGATCAAE T e
BEEEARAGACTATCACAGCG T ABBEEEGaRaGAGATEABCTATGART THAGT BTAGGLT 1L TL T GLAGABECARR=GGTAGHAT]

aEeananCACTALESEagCa TALEEEECARRGAGATEARCTATGAAT THAGTGTAGGC T TCTETGCAGAGGCAAR*GLTAGEAT

bbdbbb bbb bbb YYTRYY

“Consed” (Gordon et al., 1998)

L

|
5 3

L
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Genome Mapping & Sequencing

“Working Draft”
Sequence

”
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“Finishing

Eric D. Green, M.D., Ph.D.

Finished

Sequence

ing Ambiguities

Resolv

Sequence Finishing
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Historically Significant
Genome Sequencing Projects

Bacterial Genome Sequences

BTG O Neton

Welcome to the
Comprehensive Microbial
Resource (CMR) Home Page

Funded by: The and The
U.S. Department & National Science &
of Energy Foundation
The Comprehensive Microbial Resource (CMR) is
a tool that allows the researcher to access all of
the bacterial genome sequences completed to
date. For each genome not sequenced at TIGR
two kinds of annotation are displayed: the
Primary annotation taken from the genome
sequencing center and the TIGR annotation
generated by an automated annotation process at
TIGR. Use the CMR to access information on all
of the bacterial genomes or any subset of them.

The CMR is fully described in: J.D. Peterson, L.A.
Umayam, T.M. Dickinson, E.K. Hickey and O.
White. The Comprehensive Microbial Resource.
Nucleic Acids Research, 29:1 (2001), 123-125.

www.tigr.org
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First Eukaryotic Genome Sequence

iy
255

Nature 387:1-105, 1997

First Animal Genome Sequence

Science

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

The C. elegans Sequencing Consortium*

C. elegans

Science 282:1012-2018, 1998
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Genome Mapping & Sequencing

Second Animal Genome Sequence

Revised Timetable for Human Genome Sequencing

% Completion

A GENOME

THE D.

REVIIW

The Genome Sequence of Drosophila melanogaster

Mark D. A.dlml“!ulnﬂﬁnlhr’klh«klhh‘ﬂmylﬁ.h

Pater G. Amanatides,’ Steven E. Scherer,”

Suzanna E. Lewis,* Staphen Richards,* Michael Ashburner,* Scott:
mn.wm Mark D. Yandell,’ Qing Zhang," Lin X. Chen,” Rhonda C. Brandon,’ Yu-} mwcmm.‘
Robert G, Blaze),” Mark Champe,” Barret D, Mleiffer,” um-mnwwam Doyle,’ Evan G. Baxter,”
L Gabor Miklos,” josep F. Abril," Anna Agbayani,’ Hul-Jin An,"

Gregg Helt® Catherine R. Nelson,* George

Cynthia A-tm-- Plannkoch, Danita ul&nrn. Richard M. Ballew,
¥. Basson, P. V. Bancs,'® Banjamin P. Berman,’ Despall
R

! Karen

(3
Andrei E Gabrielian, N‘h-!G.r(, William M. Gelbart” Kmﬁhlnr Anna Glodek," i

Judith R.

Mangjun Liu," Bettina
umu. V. Milihina,' Clark
Murphy.

attel, Tina C. Melntosh,'
.1 Jou Morris, All Moshrefi 2 st

mmulbogwm“ Mmj-du Francls Kalush," Gary H. Karpan;

! Jeannine . Gocayns,
Pater W. LI} xma.mu'lmrdlulu’umn.m'
N. Henderson,’ Gras

G. Sutton,’

! Anand Basu," James Baxendale,'

Shandari,

WM
J Harley Gorrel’ Zhiping Gu,' Ping Guan,' Michael Harrs,' omi L. Harris,! Damon Harvey, Thomas J. Heiman,
Hermandez,”

n A Chinnappa D. Kodira," Cheryl Kraft,' sm Kravitz," Dmd lul}‘
‘nmgw Lai," Paul Lasko, Viding Lel" Alexandar A. Levitsky, l!lyln Li" Zhanya U," Yong Lisng,' Xisoying Uin'¢
M; Dunean McPharson,’ Markaulov,!

Michasl P, McLeod,

** Donna M. Hum’ONHLN-I.mn David R. Nelson,™ Keith A.

Lee Nelson.'
n-mnnmmm jan vm‘mmnunm_'cjmps Hm'n-!'sullln John Pollard,'
nd-rﬂ

Vinita Purl,' Martin . Reese,* Knut Reinert,' :m..nm..pm Robert D, C. Saunders, Fr
Shue, Michael Simpson," Marian P. Skupski,' Tom Smith,'
tapleton, 'umsm'zrkm‘w-hnmm“:mmw‘

sl Taoar, Bl Ventes," Al 5. Wang," Xin Wang,' Zhen-Yuan Wang," David A. Wassarman,**
George M. w-lnnncl » ;unw-lmmu\_" Sherita M. W'Nlm‘Yrmrwmdlpt‘ Kim C. Worlay,” David Wu,"

Hua Shen” Bl Chri
Eugene m«'mc Spradling’

Song Yang.’ Q. Alison Yao," m-r. lulml\’-ll. Jayshres 5. Zaverl, Ming Than,' Guangren Zhang,
Wenyan Zhong," Xiacjun Zhou," Shisoping

2" Mark St

nnum”uun.y'm.nnm‘

Thang.' Qi Zheo,"
!

g, Xiangqun H. Zheng,' Fei N. Zhong,'
Xiaohong Zh,' Hamilton O. Smith," Richard A. Gibbs, fugene W, Myers," Garald M. Rubin™ . Cralg Venter'

Science 287:2185-2195, 2000

Genetic
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Physical

/ -
-7~ Genomic
Sequence
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Timetable for Human Genome Sequencing

% Completion

Genome Mapping & Sequencing

Working Draft —l T

Finished

Human
Sequence

Human Genome Sequencing Centers

Baylor College of Medicine

HUMAN GENOME SEQUENCING CENTER i

/ The Sanger Centre

N

&

2
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Human Genome Sequencing Centers

¥ - ———
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February, 2001 Publications

Science
g

THE . -
HUMAN
GENOME

BAC-by-BAC Shotgun Sequencing

Green (2001)
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Whole-Genome Shotgun Sequencing

Green (2001)

Whole-Genome Shotgun Sequence Assembly

Read pair (mates) Gap (mean & std. dev. Known)

Consensus

Reads (of several haplotypes)

® SNPs
=== BAC Fragments

Venter et al., 2001
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April, 2003 Completion

DOUBLE. &
HELIX \«5-'

TO %

HUMAN-

SEQUENGE/
%

.

A Py

International Human Genome Sequencing Consortium

6 Countries

20 Sequencing Centers

1000’s of Individuals

~1,000 bases per second, 24 hours per day, 7 days per week
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historic discovery

4 How gene science has
~ changed our lives

108T1H CONGRESS
542§, CON. RES. 10
[ ] [ ] [ ]

Designating April 2003 as “Human Genome Month’ and April 25 as “DNA
Day™”.

IN THE SENATE OIF THE UNITED STATES
FEBRUARY 27, 2003
Mr. GREGG (for himself, Mr. KENNEDY, Ms. SNOWE, and Mr. DASCHLE) sub-

mitted the following coneurrent resolution; which was considered and
agreed to

CONCURRENT RESOLUTION

Designating April 2003 as “Human Genome Month” and
April 25 as “DNA Day™”.
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Genome The End of the Beginning

Genome Mapping & Sequencing
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October, 2004 Publication

Finishing the euchromatic sequence of
the human genome

Tetraodon

to human

Evolutionary history
in genome sequences

General relativity
Did the orbit move for you?

The human

Going the last mile
Antibiotics crisis

Market forces fail to deliver

Medical ethics
Choosing deafness

naturejobs think Frland

Nature 431:931-945, 2004

nature
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April, 1953 April, 2003

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Mucleic Acid “’ X
DOUBLE, &
HELIX b

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

What’s Next?
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24 April 2003

s

Double |
helix
at50 |

A vision for the future of
genomics research

International weekly journal of

-
NP

v, Ratiare.com/nature

Joms flo b
?IRIHQAY Judlas |

£

Genome Mapping & Sequencing
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Training |

[
S L
S 5%’:‘
= £
e 5 | [ IS
" 2 Genomics to society
£ = ep ; -
) = Spe mEE .
o1 [ = ‘ =
' Genomics to health b
e i P -v::?-".-_'u. :
P - ——r—
= 1 L
Genomics to biology

Mapping

~1990 to ~2000
the Human Genome

The Human
Genome Project

Sequencing

~1998 to ~2003
the Human Genome

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

Beyond

Genome Project
Sequence
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ERPRCTATNN |

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

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG

GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA

CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG

CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC

AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGAGCGGGAGGGGTGCTGGCGGGGGTGCGTAGTGGGTGGA

GAAAGCCGCTAGAGCAAATTTGGGGCCEGACCAGGCAGCACTCGECTH | : S SIEAGAGCAAAAGGAAGGGGTGG
GTAGGGGTGGGTGGGGGG [ !

; TGAGAAGGTGGCCAACC%%%EH%E&IG%CCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
AAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTAC ! i AAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATC GCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCC! b H 1 : { i S TATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGA TTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACE i i L "L [TTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTG S !

I I i ! CaERe e i1 CCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTT GCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGC GTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAAT GTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT
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Genome Mapping & Sequencing

Comparative Sequence Analysis

Using the Experime
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

i L STGT
GTGATGTGACTAGCCACAGTTA
COTETERENNEIRIEATCCA
CCTGACCCGGGTTTCACTCTCA
ACGACTCACTCCACCTCAGAGG
CCCACCGCCGCTGTGCACGTCC
ACCACGATCCTTACCACACTTA
CACATCACTCTCAACGACTCAC
TCCACCH
GCTGTGCACGTCCACCACGATC
CTTACCACACTTACACATTACC
ATATATCCACCTACCACACATA

e c
ACACATACCTACCCCATTGCAC
ACCTATTATTATTACCGAGGGA
GAGGGGTGACCACACTGTGACA

—e R —

ts of Evolution

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’)

Comparing Genomes is Like Cryptography

CKQEBHEREYTWASU|I SCZME I SDFOGE[THEBLPB

OODFQSTLKISTUFF
WNDCDARJJPTHERROFGOODERGHCLISTUFF

DLUCEHEREZBRTTO[I SR

TAC

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

Hybrid Shotgun Sequencing

Green (2001)
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Redundant
Coverage:

Redundant
Coverage:

Genome Mapping & Sequencing

Hybrid Shotgun Sequencing

~5-fold ~10-fold

Whole-Genome Shotgun
Sequence Reads

BAC-by-BAC Shotgun
Sequence Reads

~10-fold

Therat genome
Insights into mammalian evolution
SARS vaccine

Immunity induced
in mice

Nature 420:520-562, 2002 Nature 428:493-521, 2004

articles

Initial sequencing and comparative Genome sequence of the Brown
analysis of the mouse genome Norway rat yields insights into

e e

mammalian evolution

P T T
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Human-Rodent Sequence Comparisons

nature

— * ~40% in Alignments

The mouse

* ~5% Under Selection

~1.5% Protein Coding
~3.5% Non-Coding

Nature -
420:520-562, 2002 =

&=
The rat genome

428:493-521, 200

Multi-Species Sequence Comparisons

GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCGAG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG GATCGTCTAGAATCTCG
AGATCTC AGATCTC AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT AGATCTCTGAGAGTCGT
GGGAAACTGTGTGATGT GGGAAACTGTGTGATGT GGGAAACTGTGTGATGT AACTGTGTGATGTGACTAG GGGAAACTGTGTGATGT GGGAAACTGTGTGATGT
GACTAGCCACAGTTACG GACTAGCCACAGTTACG GACTAGCCACAGTTACG CCACAGTTACGTGTGAGAG GACTAGCCACAGTTACG
TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT TGTGAGAGATGTATGAT ATGTATGATGCACCTGACC TGTGAGAGATGTATGAT
GCACCTGACCCGGGTTT GCACC: ™ GCACCTGACCCGGGTTT CGGCEREREMIEEREA GCACCTGACCCGGGTTT
CACTCTCAACGACTCAC CACTCTCAACGACTCAC CACTCTCAACGACTCAC CTCACTCCACCTCAGAGGC CACTCTCAACGACTCAC CACTCTCAACGACTCAC
TCCACCTCAGAGGCCCA TCCACCTCAGAGGCCCA TCCACCTCAGAGGCCCA CACCGCCGCTGTGCACGT TCCAC TCCACCTCAGAGGCCCA

GCACGTC GCACGTC CCGCCGCTGTGCACGT CCACCACGATCCTTACCAC CCGCCGCTGTGCACGTC CCGCCGCTGTGCACGTC
CACCACGATCCTTACCA CACCACGATCCTTACCA CACCACGATCCTTACCA ACTTACACATTACCATATA CACCACGATCCTTACCA CACCACGATCCTTACCA
CACTTACACATTACCAT CACTTACACATTACCAT CACTTACACATTACCAT TCCACCH SN CACTTACACATTACCAT CACTTACACATTACCAT
ATATCCACCTACCACAC ATATCCACCTACCACAC ATATCCACCTACCACAC TACCCCATTGCACACCTAT ATATCCACCTACCACAC ATATCCACCTACCACAC ATATCCACCTACCACAC
ATACCTACCCCATTGCA ATACCTACCCCATTGCA ATACCTACCCCATTGCA (- ATACCTACCCCATTGCA ATACCTACCCCATTGCA ATACCTACCCCATTGCA
CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC TACCACCTAGAGGGAGCTA CACCTATTATTATTACC CACCTATTATTATTACC CACCTATTATTATTACC
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Multi-Species Comparative Sequence Analysis

Comparative analyses of

multi-species sequences
from targeted genomic regions

» Targeted Genomic Regions

- BAC-Based Sequencing in
Multiple Vertebrates

* Identify Highly Conserved
Non-Coding Sequences

» Conserved Sequences Correlate
with Functional Elements

Thomas et al. (2003)

Intron

Opossum

Platypus

Chicken

Pufferfish
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Additional Vertebrate Genome Sequencing Efforts

Monodelphis

nature

< 1
Zem— '

Chicken Xenopus Zebrafish Pufferfish

Low-Redundancy Sequencing of Multiple Vertebrate Genomes

Monatremata
Marsupialia

Alrotheria

| Xenarthra

Laurasiathena

Euarchontoglire:

| r Human

L Chimpanzes

Margulies et al., PNAS, in press, 2005
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Future Genomes to Sequence???

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 approaches to study and
analyze that 1% in a consortium fashion

Page 40



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

ENCODE Project: Web Sites

genome.gov/ENCODE genome.ucsc.edu/ENCODE

Current Big Challenges...

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

e The “$1000 Genome”

* Medical Sequencing (aka, Human Re-Sequencing)
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