Cells contain DNA —the hereditary material of all living systems.

The genome is an organism’s complete set of DNA and is organized into chromosomes.

DNA contains genes whose sequence specifies how and when to build proteins.

Proteins perform most essential life functions, often working together as molecular machines.

Molecular machines interact through complex, interconnected pathways and networks to make the cell come alive.
Communities of cells range from associations of microbes (each a single cell) to the hundred trillion cells in a human being.




Haemophulus‘influenzaei(1.83 MD; 15742 genes)
Saccharomyces_eérevisae (12 Mb; 6,000 genes)
Caenorhabditis elegans (97 Mb; 19,000 genes)
Arabidopsis thaliana (115/125 MDb; 25,000 .genes)
Drosophila melanogaster (~120 Mb; 13,600 genes)
Homo sapiens (90%:; 2,900°'Mb; ~30k genes)

Mus musculus (96%; 2,500 Mb; ~30K genes)

Oryza sativa L. ssp. indica (92%;"466 Mb; 46-56k genes)

Oryza sativa L..ssp. Japonica‘(93%; 420 Mb; 32-50k genes)
Fugu rubripes (95%; 365 Mb; 33,609 genes)

H. sapiens (99% euchromatin; 2/850 Mb; 20,000-25,0Q0 genes)




The Humaia, GEnome, RBfaject is an ambitious
efferf Ao __tmdesstand~ 4ked, hereditary
Instructions that make each, of(us unique. The
goal ©f this_effortis toffind the, location of the
100,000 or so human_genes and to read the
entire wgenetic seript, all”3 Dbillion bits of
Information,oysthe year2005.




http://www.arml.gov/TechResources/Human Genome/ x *

*




How doges.thiethuman genome
Sstackrup™?

Human (Homo sapiens) 3 billion

Laboratory mouse (M. musculus) 2.6 biflion

Mustard weed (A. thaliana) 100million

Roundworm (C. elegans) 97 million

Fruit fly (D. melanogaster) 13Amillion

Yeast (S. cerevisiae) 12.1 million

Bacterium (E. coli) 4.6 million

Human immunodeficiency virus (HIY) 9700




International Human/Genome Sequencing Consortium
Announces “WorkingDraft™” of Human Genome - - -

June 26, 2000.

The sixteen institutions that form the Human Genome Sequencing Consortium include:

Baylor College of Medicing, Houston, Texas, USA

Beijing Human Genome Center, Institute of Genetics, Chineseé Academy of Sciences, Beijing, China
Gesellschaft fur BiotechinologischeFtschung mbH Bkaunschwelg, Germany.

Genoscope, Evry, France

Genome Therapeutics Corporation, \Waltham; MAy USA

Institute for MolecularfBioteCARGIO0Y, JenamGepmany

Joint Genome Institute, U.S. Department of Energy dWalnut Creek, CA; USA

Keio University, Toky@, Japan

Max Planck Institute fQEMoleculaGEencuesSTBerih, Gerfiany

RIKEN Genomic Sciences CentergSaii@ama, Japan

The Sanger Centre, Hinxton, UK.

Stanford DNA Sequencing and.fechnology DevelopmentCenter, Palo'Alto, CA, USA

University of Washington ‘Genome Center; Seattle, WA, USA

University of Washington Multimegabase Sequencing\Center, Seattle, WA; USA

Whitehead Institute for.Biomedical Research, MIT4# Cambridge, MA; USA

: Washington University Genome Sequencing Center, St.Louis,"MO, USA

In addition, two institutions played-a keyarole in praviding'€omputational support and analysis forthe Human Genome Project over

the course of the past eighteen months. These include: * : '

The National Center for Biotechnology Information-at NiH

The European Bioinformatics Institute in Cambridge, UK *

Scientists at the University of California, Santa Cruz,-and Neomorphic,\nc. also assisted the assembly of genome sequence
across chromosomes,

1.
2.
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4.
5
6.
7.
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» CeleraScience
Accurate data. Powerful tools.
Relevant news. CeleraScience
delivers to vour desktop a faster
way to further scientific discovery.

» CeleraCorporate
A comprehensive source
of information about Celera
for those interested in learning

more about our COompany. H L-l ||.'1I‘"11 _,a"i_ N
GENOME

The 14.8-billion bp DNA seguience wassgenerated over 9 smonths
from 27,271,853 high-quality sequence reads (5.11-foldicoverage

the genome) from both ends'of plasmid clones m
of five individuals.

26,588 protein-encoding genes plus 12, 000)predicted.
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THE GENOMIC SEQUENCE
-..l'l_l'l_.'!':'; Fifty years after
|15 the double helix,

the reference
——  DNA sequence of

Reference Sequence Properties

Determined
bases"”

Chrom. RHeference
number accession

sequence
length

= Homo sapiens is
—. now available for
— downloading.
= Annotation of
genes and other
2' [IE features is in
progress.

E] Download Sequence Data

14 Apr 2003

The Human Genome
Preject announces
completion of the
DNA reference
sequence of Homo
sapiens.
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Major Events in the
U.S. Human Genome Project

and Related Projects ““”EHIIIIH
I

|
Acronyms listed below . foter 'n th w‘”ﬂ

iociienicoal noature,

2003

e Human Genome Project Completion, April 2003

¢ Human Chromosome 14 Finished = Chromosome 14 15 the fourth chromosome to be
completely sequenced.

2002

Mouse Genome Sequencing Consortinm publishes its draft sequence of mouse genome in the
December 5, 2002, issue of Nature.

International consortium led by the DOE Joint Genome Institute publishes draft sequence of
Fupu rubripes.




2001

o Human Chromosome 20 Finished - Chromosome 20 is the third chromosome completely
sequenced to the high quality specified by the Human Genome Project.

« Publication of Initial Working Draft Sequence February 12, 2001

Special issues of Science (Feb. 16, 2001) and Nature (Feb. 15, 2001) contain the working draft
of the human genome sequence. Nature papers include initial analysis of the descriptions of the
sequence generated by the publicly sponsored Human Genome Project, while Science
publications focus on the draft sequence reported by the private company, Celera Genomics. A
press conference was held at 10 am., Monday, February 12, 2001, to discuss the landmark
publications. Links for more information are:




2000 ¥
Fizter de Jong
¢ HGP leaders and President Clinton announce the completion of a "working draft" DNA
sequence of the human genome.

= E‘“’hitﬂ House Press Conference: The Human Genome Project, June 26, 2000 (Total
Running Time: 00:41:23; Bandwidth: 33 Kbps)

o Press briefing and remarks

o E‘An Interview with Ari Patrinos, Director U.S. DOE Human Genome Program
= Part One: Reaction to President Clinton's Announcement of the Completion of a
Draft Sequence of the Human Genome
m» Part Two: Origins of the Human Genome Project, NIH Collaboration, and the
Private Sector Role
= Part Three: Application of Genome Discoveries, Next Steps in the Human
Genome Project, and Ethical Considerations
o Craig Venter (head of Celera Genomics), Ari
Patrinos (director of DOE Human
Genome Program and Biological and Environmental
Research Program), and Francis Collins (director,
NIH Natonal Human Genome Research Institute).

o International research consortium publishes chromosome 21
genome, the smallest human chromosome and the second to
be completely sequenced.

o DOE researchers announce completion of chromosomes 5. 16, and 19 draft sequence.

o E‘Elhﬂﬂ Branscomb, Director, Joint Genome Institute

o E‘Tﬁiw}r Hawkins, Director of Sequencing, Joint Genome Institute
» International collaborators publish genome of fruit fly Drosophila melanogaster.




1999

1998

First Human Chromosome Completely Sequenced! On December 1, researchers in the Human
Genome Project announced the complete sequencing of the DNA making up human
chromosome 22.

Joint Genome Institute sequencing facility opens in Walnut Creek, CA.

Mai'n;}r Druy Firms Create Public SNP Consortium

he Billion Base Pair Celebration November 23, 1999, Bruce Alberts, President, National

Academy of Sciences and early planner of the Genome Project; Francis Collins, Director,
NHGRI; Secretary of HHS, Donna Shalala; Secretary of DOE, Bill Richardson. (Total
Running Time: 01:09:45; Bandwidth: 146 Kbps)

HGP advances goal for obtaining a draft sequence of the entire human genome from 2001 to

2000.

Hospital for Sick Children, Toronto, Ontario, to continue GDB data collection. curation.
Caenorhabditis elegans genome sequence completed.

DOE and NIH reveal new five-yvear plan for HGP, predict project completion by 2003.
JGI exceeds sequencing goal, achieves 20 Mb for FY 1908,

GeneMap'98 containing 30,000 markers released.

Incvte Pharmaceuticals announces plans to sequence human genome in 2 years.
Mycobacterium tuberculosis bacterium sequenced.

Celera Genomics formed to sequence much of human genome in 3 years using HGP-generated |
TESOUrces.

DOE funds production BAC end sequencing projects

Largest-ever EL.ST meeting attended by over B0O from diverse disciplines and sponsored by
DOE: Whitehead Institute; and the Amencan Society of Law, Medicine, and Ethacs.




1997

NIH NCHGE becomes National Human Genome Research Institute (NHGRI).

Escherichia coli genome sequence completed.

Second large-scale sequencing strategy meeting held in Bermuda. (see also summary)
High-resolution physical maps of chromosomes X and 7 completed.

DOE-NIH Task Force on Genetic Testing releases final report and recommendations.

DOE forms Joint Genome Institute for implementing high-throughput activities at DOE human
genome centers, initially in sequencing and functional genomics.

UNESCO adopts Universal Declaration on the Human Genome and Human Rights

Acronvyms

1996

Methanococcus jannaschii genome sequenced; confirms existence of third major branch of life
on earth.

DOE initiates 6 pilot projects on BAC end sequencing.

Health Care Portability and Accountability Act prohibits use of genetic information in certain
health-insurance eligibility decisions, requires DHHS to enforce health-information privacy
provisions.

HGP Participants Agree on Sequencing Data Release Policies Bermuda Conference

DOE and NCHGR issue guidelines on use of human subjects for large-scale sequencing
projects.

Saccharomyces cerevisiae (yeast) genome sequence completed by international consortium.
Sequence of the human T-cell receptor region completed.

Wellcome Trust sponsors large-scale sequencing strategy meeting for international coordination
of human genome sequencing.




1995

LANL and LLNL announce high-resolution physical maps of chromosome 16 and
chromosome 19, respectively.

Moderate-resolution maps of chromosomes 3, 11, 12, and 22 maps published.

Physical map with over 15,000 STS markers published.

First (nonviral) whole genome sequenced (for the bacterium Haemophilus influenzae).
Sequence of smallest bacterium, Mycoplasma genitalium, completed; provides a model of the
minimum number of genes needed for independent existence.

EEOC guidelines extend ADA emplovment protection to cover discrimination based on
genetic information related to illness, disease, or other conditions.

Acronvms

1994

Genetic-mapping S-yvear goal achieved 1 year ahead of schedule.

Completion of second-generation DNA clone libraries representing each human chromosome
by LLNL and LENL.

Genetic Privacy Act, first U.5. HGP legislative product, proposed to regulate collection,
analysis, storage, and use of DNA samples and genetic information obtained from them;
endorsed by ELSI Working Group.

DOE MGP launched; spin-off of HGP.

LLNL chromosome paints commercialized.

SBH technologies from ANL commercialized.

DOE HGP Information Web site activated for public and researchers.




1993

International IMAGE Consortium established to coordinate efficient mapping and sequencing
of gene-representing cDNAs.
o The Scientist 13[4]:17, Feb. 15, 1999 Hot Papers In Genomics:
G. Lennon, C. Auffray, M. Polymeropoulos, M.B. Soares, "The IM.A.GE.
Consortium: An Integrated Molecular Analysis of Genomes and Their Expression,”
Genomics, 33:151-2, 1996. (Cited in more than 290 papers since publication)
DOE-NIH ELSI Working Group's Task Force on Genetic and Insurance Information releases
recommendations.
DOE and NIH revise S-vear goals [Science 262, 43-46 (Oct. 1, 1993)].
French Généthon provides mega-Y ACs to the genome community .
[IOM releases U.S. HGP-funded report, " Assessing Genetic Risks."
LBNL implements novel transposon-mediated chromosome-sequencing system.
GRAITL sequence-interpretation service provides Internet access at ORNL.

Acronyvms

1992

e [ow-resolution genetic linkage map of entire human genome published.
¢ (Guidelines for data release and resource sharing announced by DOE and NIH.




1991

o Human chromosome mapping data repository, GDB, established.

Acronvms

1990

e DOE and NIH present joint 5-vear UU.S. HGP plan to Congress. The 15-year project formally
begins.

» Projects begun to mark gene sites on chromosome maps as sites of mRNA expression.

» Research and development begun for efficient production of more stable, large-insert BACs.

Acronvms

1989

o DNA STSs recommended to correlate diverse types of DNA clones.
e DOE and NIH establish Joint ET.ST Working Group.




1988

Reports by congressional OTA and NAS NRC committees recommend concerted genome
research program.

HUGO founded by scientists to coordinate efforts internationally .

First annual Cold Spring Harbor Laboratory meeting on human genome mapping and
sequencing.

DOE and NIH sign MOU outlining plans for cooperation on genome research.

Telomere (chromosome end) sequence having implications for aging and cancer research is

identified at LANL.

Acronyms

1987

» Congressionally chartered DOE advisory committee, HERAC , recommends a 15-year,
multidisciplinary, scientific, and technological undertaking to map and sequence the human
renome. DOE designates multidisciplinary human genome centers.

o NIH NIGMS begins [unding of genome projects.

Acronyms

1986

» Following the Santa Fe conference, DOE OHER announces Human Genome Initiative. With
55.3 million, pilot projects begin at DOE national laboratories to develop critical resources and
technologies.




1985

» Robert Sinsheimer holds meeting on human genome sequencing at University of California,
Santa Cruz.

e At OHER, Charles Delisi and David A. Smith commission the
first Santa Fe conference to assess the feasibility of a Human
Genome Initiative.

Acronvms

1984

o DOE OHER and ICPEMC cosponsor Alta, Utah, conference highlighting the growing role of
recombinant DNA technologies. OTA incorporates Alta proceedings into report
acknowledging value of human genome reference sequence.

Acronvims

1983

o LANL and LLNL begin production of DNA clone (cosmid) libraries representing single

chromosomes.




Chromosome 22

heterachromatin

[0 draft sequence

click on finished sequence to
view the contig components
B = 1000 kb

B 250-1000 kb
0 =« 250 kb

Download the entire sequence!

STS Maps

Map
zenehdap'@9
Whitehead
Stanford
zenethon

Sequencing is Complete!

Chramosame 22 is the smallest human
chramosame and the first to be declared
finizhed, according to a recent report by
Dunharm et al.(1).

For mare in-depth
information, =ee the
2 Dec 1999

izzue of Mature or
Mature Orn-Line:

A rticle

Features

nature

The fallovwing =l

genome seguencing laboratories have made
major cortributions to the seguencing of
chramoszame 22

The Sanger Center

The University of Oklahoma

Feio Universiy

Wazhington University

34,491 kb
Finiched sequence; 33,464 kb
Percent finiehed: aF %
Mumber of contigs: 12

Euchromatic sze:

Disease Genes

Some dizeases associated with
chromosome 22 midations

LiGeorge syndrome

Cat eye syndrome

Ewing sarcoma
Meurofibromatosis, typel
Velocardiofacial syndrome




Chromosome 22 Disease List

This table lists diseases and syndromes which are known to involve human chromosome ZZ. Links
are provided to Inline Mendelian Inheritance in Man (OMIM) for detailed descriptions of the
conditions. Where a specific gene is known to have a primary involvement in the astiology of
the disease, a link is provided to the sequence of that gene. Where no gene has been
identified as being causally involwved this is indicated by "unkown”.

Syndrome Gene OMIM Position Bases from centromere
FPheochromocytoma (deletions) unknown 171300 22q unknown
Meningioma unknown 220 unknown
Cat eye syndrome unknown 22911 unknown
Hyperprolinemia type 1 FRODH 22011.2 2798458
DiGeorge syndrome unknown 188400 22g11 3346428
Bernard-Soulier syndrame, type B GP1EBB 138720 22q11.2 35490834
Thrombofilia due to heparin cofactor 2 def. HCF2 142360 22q11 4723507
Breakpoint cluster region (CML) BCR 151410 22g11.21 7113166
Malignant rhabdoid tumaor SMARCE1 E01607 22q11 7717354
Glutathionuria GGT1 231850 22911-12 BG14453
Breastcancer, t(11:22) associated unknown G0O0048 22q11 unknown
Cataract, cerulean, type 2 CRYBB2 123620 22q11.2-12.2 8206376

Opitz G/IBEBE syndrome, autosomal dominant unknown 145410 2291112 unknown

schizophrenia 4 unknown GBO0B50 22q911-g913 unknown
Ewing sarcoma breakpoint region 1 EWS 460 22912 13209321
Amyotrophic lateral sclerosis, suscepfibility to MEFH 162230 22q12.2 13421288




Genomlcs anq Its;mpact on

The Human Gen oject and

U.S. Department of Energy Genome Programs

htt Ilﬁ )€ ges .0rg




HumansGenomesProject

Goals:

M identify all the approximate/30,000 genes inhuman BNA;

B determine the sequences /of the 3 billion chemical base pairs that make up human DNA,
Bl store this information in databases,

B improve tools for data analysis,

M transfer related technologies to the private sector, and

B address the ethical, legal, and social issues (ELSI)that may arise from the project.

Milestones:

B 1990: Project initiated-as joint effort of U.S. Department of Energy and the National Institutes of
Health

B June 2000: Completiontof a'working draft of the entire human genome

B February 2001: Analyses -of the,working-dratt are published 5

B April 2003: HGP sequencing is campleted and Project is declareafinished two year head*

schedule
*

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




Specific Goals (Phase II 1998-2003)

Fenetic map
Fhy=sical map

DHA =zequence

Jequencing technology

Human =equence
wariation

Fane identification
Panctional analy=is
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Drosopbils :

Foal=s 1992-33

Bwerage - to 5-cM
resolution

Map 20,000 3TE=

Complete &0 Mb for all
crganiszms by 1995

Ewvolutionary improwemsnts
and innowatiwve technologies

Hot a geoal

Dewveloap tachnolagy
Hot a goal
0alf : complete segquence
Teast: complete segquence
alagaxs @ most of Fequence
begin sequencing

Monse: map 10,000 3TI3=
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1 M map published Jept.
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SZ,.000 3T3= mapped

150 Mb human plu=s 111 Mb
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90 Mb/year capacity at
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20,000 EST=s mapped
Published Sept. 1937
Relea=zed Apr. 1376
0% complete
9% done
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Conp leted

Cong leted

Finizh 1/'2 of human sequence by =nd
of 2001
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o0l

Conp lete human =sequence by =nd of
Z00:z

Integrate and automate to achiewe

500 Hbf?ear at f;$ﬂ.25 per base

Juppert innowvation

100,000 mapped ZHP=

Develop technoelogy
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Dewvelop genomic-scale technologies

Comp lete Dec. 1995
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Rinimfaimabian
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Specific Goals (Phase I 1993-1998)
Genetic Map
Complete the 2-5 cM miap by 1995
Develop technology for rapid genotypiic
Develop markers that'are easier to use
Develop new mapping technolegies

Physical Map

Complete an STS map of theshuman@enome at afesolution of 100 kb

DNA Sequencing

Develop efficient approaches to sequeficing onedto'Several-‘megabase regions of DNA

of high biologicalgntercst.

Develop technologyfor high throughput sequencing, focusing on systems integration

of all steps from template preparation to data analysis.

Build up sequencirig capacity to aicoliectivestate®oft OUIMb per yedgby the end of the

period. This rate should regStlt in an aggregate™df 80" Mb of DiNA\seqtience completed* *

by the end of FY 1998.
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Specific Goals (Phase I 1993-1998)

Gene Identification
Develop efficient methods of identifyinig gehes afid fori placement of Known genes on physical

maps or sequenced DNA:

Technology Development

Substantially expand supportef imnovative,technological developments as well as improvements
in current technology for DNA sequefemg and to Meettheneeds of the FHluman Genome Project
as a whole.

Model Organisms

Finish an STS map 0ffthe mousé at 300 Kb resolution

Finish the sequence ofgthe E. coli and S. 'cereviSiae genomes by 1998 or eatlier

Continue sequencing(C. elegans and Drosophila genomes, with'the aimief bringing C. elegans

to near completion by 1998
Sequence selected segmertts @f miogse DNA side by side with eoffesponiding human DNK *

areas of high biological interest

*




Rinimfaimabian
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Specific Goals (Phase I 1993-1998)

Informatics

Continue to create, develop and operate dafabases anel'database tools for easy access to data,
including effective tools andsstand@rdsfor dataexchange andlinks among databases
Consolidate, distribute and continueso develop effective software for larce-scale genome
projects

Continue to develop tools forcomparing®nd ifiterprgfing genome information

Ethical, Legal and Social Implications (ELSI)

Continue to identify and defifiegssues and develop policy @ptions to address them

Develop and disseminate policy options recarding genetic testing services with widespread
potential use

Foster greater aceeptance of human genetic variation

Enhance and expafid ggublic and professionaleducation thatds'sensitive’to sociocultural and
psychological issues

Training *

Continue to encourage training gfgciemtists in interdisciplinaky seiences related to genome researc

*
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Specific Goals (Phase I 1993-1998)

Technology Transfer
Encourage and enhancetechnology transier both int@*and otit of centers of genome research

Outreach

Cooperate with thos¢ who would set upidistribution génters for genome materials.

Share all informationfand materials within 6 monthg/@f their'development. This should be
accomplished by submission to ptiblicidatabascs dprepositorics, or both, where
appropriate.

* %
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Specific Goals (Phase 11 4998-2003)

Goal 1--The Human DNA Seguence

a) Finish the complete hdmanrgenome sequenceby the end of 2003.
b) Finish one-third'of the/Auman®DIN A sedtiénce byithe end of 2001.

c) Achieve c¢verage of at least 90% of the'genome im'a working(draft based on
mapped clones byrthe efid of 2001

d) Make the sequefcgitotally and freely accessible, * *

*
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Specific Goals (Phase 11 4998-2003)

Goal 2--Sequencing Technology

a) Continue to increase the throughput afhd redtice the cost of cirrent sequencing
technology.

b) Support researciy onnovelitechnologies that can fead to significant
improvements in sequieheitig technblegy .

c) Develop effactive methods forthe advanced development and introduction of
new sequencingtechnologies into thessequencifie process.

*
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Specific Goals (Phase 11 4998-2003)

Goal 3--Human Genome Seguence Variation

a) Develop technologies for rapid, lar ce-scale identification or scoring, or both, of
SNPs and other DNA sequieneevatiants.

b) Identify common'Variants ifithe coding regions offthe majority of identified genes
during this 5-year period:

c) Create an SNP mvap of at least 100,000 markers.

d) Develop the intellegtual-foundationstorstudies of seqdente variation. * *

e) Create public resources off DN Alsainplesfand celylintes. *
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Specific Goals (Phase 11 4998-2003)

Goal 4--Technology for Functional Genomics

a) Develop cDNA¥esources.

b) Support research onfmethiods for studying fanctions of non-protein-coding
sequences.

c) Develop-teehnologyfer comprehensive analysis of genhe expression.

d) Improve methods tor genome-widemutdgenesis.

e) Develop technOlggyifor global protein analysis. * *

*
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Specific Goals (Phase 11 4998-2003)

Goal 5--Comparative,Genomics

a) Complete the sequence of the C. elegans genome'in 1998.
b) Complete the sequenceofitheDsosopifilasgenonie by 2002.

c) The mouse genome:
1) Develop physical afid genetit mapping resources.
2Y DevelopiadditionallcDN Alcesources.
3) Caiplete the sequencelof the meouse genome by 2005.

d) Identity other mModel organismsithati€anmake major contributions to tl'* *
understanding of the htiman genome and suppoft appropriate genomic

studies. *




n h}HI\A — —— oﬂ“.\

C AR A LR AR L AL,

Goal 6--Ethical, Legal, and Soctal Implications (ELSI)

HGP
discoveries

Worldview | Ellnlu-'::ll !‘Jﬂﬁ[‘-‘llﬂl.ﬂal
integration integration
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The dawn of sequencing:
Protein sequencing-

The earliest techniques were'based on methods for separation
of proteins and peptides, coupled with methods for identification
and quantification of amino acids.dnitially, the majority of protein
sequences were obtained by theanandal process of sequential Edman
degradation - dansylation. Advanced in mass spectrometry allowed
significant progress.

Nucleic acid sequencing-

The first technique were only applicable to RNA. Fast
efficient DNA sequencing had emerged using chain termmatlon *
(Sanger) and chemical degradation (Maxam and Gilbergpproaches.




ATGTGGCATGCTAGCTAGCCCTACGTATTGCAGGAT

rimer

% and polvmerase

ATGTGGCATGCTAGCTAGCCCTACGTATTGCAGGAT
ATCGGG GC...
Jl. separatt
v
ATCCGGGATG
ATCGGGATG
ATCGGGA
ATCGGGA

A

[ 4

Manual

Sequence

(A)
Editedcall T TEECCE T 8N TR TE

~ ~

7\
VAR

Automatedcall T TEEEN TNETE TE AGEC TG TG

— indel

CATACAACACATACASG

S

CATACAACACATACASGEG CREECCATIIT

A Primer of Genome Scienge Dy Gllbsonyand Muse, 2002. Sinauer Associates Inc.
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Release Base pairs Entries

58 24,690,876 21,248
62 37,185,950 31,229
66 51,306,092 41,057
70 77,337,678 58,952
74 120,242,234 97,084
80 163,802,597 150,744
86 230,485,928 237,775
92 425,860,958 620,765
98 730,552,938 1,114,581
1,258,290,513 1,891,953
2,162,067,871 3,043,729
4,653,932,745 5,3549811




BAC to BAC Sequencing Whole Genome Shotgun
Sequencing

The BAC to BAC approach fost

creates a crude physical map of the  The shotgun sequencing method
whole genome before sequencing  goes straight to the job of decoding,
the DNA. Constructing a map bypassing the need for a physical
requires cutting the chromosomes — map. Therefore, it is much faster.
mto large pieces and fiewrmg out the
order of these big chunks of DMA
before talang a closer loolk and

ne all the fragments.

Chromosome 3




Aligned BACs with
chosen tiling path

Aligned shotgun
sequences

Sequenced-clone

contigs

Add mate-pair and
cDNA sequence
Merge information

Sequence-contig
scaffold

*x

A Primer of Genome Scienge By Gibsonyand Muse, 2002. Sinauer Associates Inc.




U-unitigs
1%

Scaffold

4
J /
\/

Mapped
scaffold
linked to

existing 1

»*

A Primer of Genome Scienge Dy Gllbsonyand Muse, 2002. Sinauer Associates Inc.




HTG Division:
High Throughput Genom e Records

phase 1 ——— —v — —_— — TC
Acc = AC008701 gL=6601005

phase 2 —— ey ey T (5
Acc = AC008701 gi= 6671909

phase 3 PRI
Acc = AC008701 gl = 7328720

40,000 to> 350,000 bp




Physical Mapping of the Genome

—

This page briefly presents some techniques used for the physical mapping of the genome. This is a very active domain,
and we do not pretend to be exhaustive. For more details, see the References, or have a look at the related sites.

http://www.pasteur fr/recherche/unites/biophyadn/e-mapping.htmi

»*

*
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® Techniques not using FISH

None of today's techniques allows for a precise positioning of the probes down to one nucleotidic base. It is thus
necessary to use overlaping clones, that is, clones with a common part. Covering of a region of the genome can then be
done by a set of partially overlaping clones, also called a contig (for contiguous clones).

Building a contig of clones for a given region is thus the first step of physical mapping. Basically, one picks up clones out
of a clones librairy or bank obtained by systematic cloning of pieces resulting from the enzymatic digestion of the whole
genome. These clones are chosen when they are positive for markers specific of the studied region, and have to be
organised by physical mapping: one thus obtains a minimal continuous string of overlaoing clones which can eventually
be sequenced.

One method used for organising these clones uses a matrix organisation of these clones on a membrane, which are then
hybridized to one anothers, and detected by autoradiography. A combinatorial analysis then unambiguously gives the
order of the overlaping clones.




Overlap Detection by
Hvbridization

1. Select a set of clones as probes.

I\\ =\

2. Hybridize the probes against the clones.
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® Techniques using FISH

The above contig organisation does not give a precise information on the size of the overlap between two clones, and
even less on their distance (or gap between clones).

Different rechmigues have been developed in the last few years, in order to measure more precisely the respective position
of clones onto a partially linearized DNA fiber. All these techniques use FISH (or Mluorescente in sitw hybndization),
which was mitially developped for detecting probes on chromosomes in metaphase.

They all consist in first preparing cells on a slide, and in more or less completely decondensing and/or releasing the DNA
out of the cell nucleus. /p>

The hybridization of this DNA with labelled probes followed by detection with fluorecent systems (see FISH) allows the
direct observation by epilluorescence microscopy of the relative position of the probes. The precision of these
observations depend on the technique (see the articles cited in reference for more details), but is impaired by a rather low

reproducibility:

o« Halo method(cl [1]).
s extended chromatin (cf [2]).
s extended fiber (cf [ '




® Molecular combing and FISH

The method developed in collaboration with Joe W. Gray's group (University of California) improves these measurements
both gualitatively and quantitatively.

It is based on molecular combing, which allows a regular stretching of the target DNA (cf [5]). Protocols used in standard
fluorescent hybridization assays work perfectly in these new conditions. This technique yields physical mapping results
which precision is in principle only limited by the optical resolution, i.e. roughly 0.5 microns, corresponding to
approximately 1000 bases (1 kb).

The following figure (cf [6]) gives an example of the first results obtained with this technigue:




® High-Resolution Physical Mapping

With Frang¢oise Fougerousse, from Jacques Beckmann's group at the Généthon, we looked for the transcriptional

orientation of the calpain 3 gene, located on chromosome 15g15.2. Mutations of this gene are responsible for a limb girdle
muscular distrophy (LGMD 2A) [7].

We used cosmids from two contigs which had already ben oriented using STS (Sequenced Tag Site) markers. One of the
contig contained all the exons of the gene (contig 2 on next figure), but was of unknown orientation with respect to the
centromere of the chromosome. Cosmids were hybridized by pairs on combed DNA from a yeast strain containing a 1.6
Mb human genomic clone of the region { YAC 774G4). The high density of DNA fibers balances the useless DNA of the
yeast (12.6 Mb) which plays no role in the mapping study, but which was combed with the YAC, in order to avoid the
tedious separation step of the YAC.

In each experiment, cosmids were labelled differently, in order to detect them with different [luorescent antibody systems
(red, in case antibodies coupled to Texas Red were used, green when antibodies coupled to FITC were used). The direct
measurement of sizes and distances on a few tens pairs of signals allowed the straightforward construction of a precise
map of the region. This map 1s depicted on the following figure, and extend over 200 kb with a precision of a few kb.
(From reference [7]):




Contig 2

JA4-1F11
2D9-1F11
209-3A4
1D1-3A4
1D1-1G3
1G3-3A4
1G3—1F11
1G3-2A6

C Contig 10 Contig 37

Contig 3

165A9 ZE5AE ~ - 220F3 180F1 5009

a29.0 = 3.0 Kb (54]

41.2 = 26 kb (62) 10.0 = 1.4 kb (85




Sequence tagged site (STS): A short (200 {0500 base pair)
DNA sequence that/Occurs but oneednsthe genome and whose
location and base Sequencefare known. STSS asc datectable by
polymerase chain reagtion (PCR.), are useful for localizing and
orienting the mapping and sequence data, and serve as
landmarks on the physicalimap ©f a.gecnome.

Random amplified polymerphic DNAS(RAPDS) 1s a method

of PCR where arbitrarily chosen 10 base primers are used to
search for variation in DNA (WilhiamS'et al., 1990). RAPDs
data can contain artifacts (Ellsworth et al. 1993), and are not
fully reproduceable (Paterson 1996). However; RAPDs have
been be used $0 generate laree numbers of genetic markers
useful for linakge mappmg quicklyand cheaply (Antoln-et al.,
1996).




Total STSs On Chromosome: 2878 [14 not localized]
Region Displayed: 0-114M bp Download Sequence/View Evidence
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88  What does thié draft. human genome
sequenee_ tellus?

By the Numbers
* The human genome contains 3.billion. ehemical nucleotide bases (A, C, T, and G).

» The average gene consists of 3000 bases,;but sizes vary. greatly, with the largest known
human gene being dystrophin at 2.4 million bases.

» The total number of genes Is estimated atiaround 30,000-=much lower than previous estimates
of 80,000 to 140,000.

» Almost all (99.9%) nucleotide bases areexactly the same'in all people.

» The functions are‘unknown for over . 50% of discovered genes.

x %

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003

*x




8 What dogs thesdraft human genome
sequence tell us?

How It's Arranged
* The human genome's gene-dense “urban centers*arespredominantly composed of the DNA
building blocks G and C.

* In contrast, the gene-poor "deserts" are richvin the'DNAbuilding blocks A and T. GC- and AT-
rich regions usually can be seen through a micraescope as'light'and dark bands on
chromosomes.

» Genes appear to be concentrated in random areas along the genome, with vast expanses of
noncoding DNA between.

» Stretches of up to 30,000 C and G bases repéating over and over oftencoccur adjacent to
gene-rich areas, forming a barrier‘between the genes and the "junk DNA." These CpG islands
are believed to help regulate/gene activity. * {

» Chromosome 1 has the most genes (2968), and the Yichromosome has the fewest (231).

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




88  What does thié draft. human genome
sequenee_ tellus?

The Wheat from the Chaff

* Less than 2% of the genome codes for proteins.

» Repeated sequences that do not.code for proteins (“junksBNA") make up at least 50% of
the human genome.

* Repetitive sequences are thought to'have no direct funetions, but they shed light on
chromosome structure and dynamics. Over time, these repeats reshape the genome by
rearranging it, creating entirely new genes, and meadifying and reshuffling existing genes.

* The human genome has.a much greater portion (50%) of repeat sequences than the
mustard weed (11%), the worm (7%), and the fly (3%).

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




B8  What does the:draft human genome
sequencetell’'us?

How the Human Compares with Other Organisms

® Unlike the human's seemingly‘random distribution of.gene=rich areas, many other organisms'
genomes are more uniform, with genes evenly, spaced throughout.

« Humans have on average three times as many Kinds«of preteins as the fly or worm because of
MRNA transcript "alternative splicing*and chemical madifications to the proteins. This process can
yield different protein products from the same gene.

* Humans share most of the same protein families with worms, flies, and plants; but the number of
gene family members has expanded infhumans, especially in‘proteins involved in development and
immunity.

 Although humans appear to have stopped accumulating repeated DNA ever 50 million years ago,
there seems to be no suchgdecline'in rodents. ‘[his may account for some ofithe fundamental
differences between hominids and rodents, although gene estimatesa@aressimilar in these species.
Scientists have proposed many thearies to explain evelutionary contrasts between hum*ns ar%
other organisms, including those‘ofdife span, litter sizes, inbreeéding, and genetic drift.

*x

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




What dees the drafthuman genome
sequence tell us?

Variations and Mutations

® Scientists have identified about 3 million.locations where single-base DNA differences (SNPs)

occur in humans. This information promises to,revolutionize the processes of finding chromosomal
locations for disease-associated sequences and tracing human history.

» The ratio of germline (sperm or egg.cell) mutations is2:1 in males vs females. Researchers point
to several reasons for the higher mutation rate in the male germline, including the greater number of
cell divisions required for sperm formation than for eggs.

x %

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003

*x




Genes and disease

Cancer
uncontrolled cell division

Immune system
fighting invaders

vew [Vletabolism
food and energy
showing lung cancer,

credit: Pat Connelly,

Mew [Viuscle and
bone
movement and growth

Mervous system

tupe, [Irna-:le -:r-~-ﬂl’r Gregory 5 mind and body
MCBI, MLM, MIH,] :

':%i;]rrzilt‘.




HEw Genome View

OB
on chromosome 7
Databases

Pubied

the literature
LocusLink
collection of gene-
related information
OMIM

catalog of human
genes and disorders

Information

Weight-control
information
network

from the National
Institute of Diabetes
and Digestive and
Kidney Diseases, NIH

OBESITY is an excess of body. fat that frequently results in a
significant impaitment of healthy-Doctors gemerally agree that
men with moretthan_25% lody fat and women'with more
than 30%,.are@bese. Obesity is a known'risk factor for
chronic diseases includingsheartdisease, diabetes; high
blood pressure, stroke and some forms of cancer. Evidence
suggests that obesity has more than one cause: genetic;
environmental, psychological and otherfactors mayall play a
part.

The hormone leptin, produced by adipocytes (fat cells), was
discovered about three 'years ago in mice..Subsequently the
human Ob gene was mapped to chromosome 7. Leptin is
thought to act as a lipostat: as the amount of fat stored in
adipocytes rises, leptin is released into the blood and signals
to the brain that the body has enough to eat. However, most
overweight people have high levels of leptin in their
bloodstream, indicating that other molecules also effect
feelings of satiety and contribute to the regulation of body
welght.

The discovery of leptin has initiated a flurry of research into
the molecular basis of weight control. A whole network of
signals contributes to weight homegstasis, and-other key

players are being discovered on an ongoing basis. Mice have

proved to be an extremely useful model for human obesity,
and have helpedito begin to unravel the componentsthat
contribute te. maintaining body weight. Since the market for
effective weight=reducing therapies is enormaus, drug
companies are working alengside, basic scientists to find
possible drug targets 'among the tangle of molecules that
control body weight.

A mouse with the Obeze
(2B rutation and a
rormal rmouse, [Irmage
credit: Jeff Friedrnan,

kfeller University, Mew

. prirted
&, with

permission, ]




Future £hallenges:
What We_Stillbont Know

®* Gene number, exact locations,and functions

» Gene regulation

* DNA seguence organization

» Chromosomal structure and organization

* Noncoding DNA types, amount, distribution, information eontent, and functions

» Coordination of gene expression,protein synthesis, and pesi-translational events

* Interaction of proteins in complex molecular maehines

» Predicted vs experimentally determined gene function

» Evolutionary conservation among organisms

 Protein conservation (structure.and function)

» Proteomes (total protein content and function) in erganisms

 Correlation of SNPs-(single-base DNA variations among individuals) with.health and disease

» Disease-susceptibility prediction based on.gene sequence variation

» Genes involved in complex traits and multigene diseases

» Complex systems biology mcluding microbial consortia tiseful for environmental res*tatio

» Developmental genetics, genomics %
*

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




BB Anticipated Benefits of
Gengme ResealCh

Molecular Medicine

 improve diagnosis of disease

* detect genetic predispositions to disease

* create drugs based on molecular information

» use gene therapy and control systems as drugs

* design “custom drugs” (pharmacogenomics) based on individual genetic profiles

Microbial Genomics

* rapidly detect and treat’pathogens (diseasecausing microbes) in clinical practice

 develop new energy sources (biofuels)

e monitor environments to detect pollutants * *
* protect citizenry from biological@nd chemical warfare

* clean up toxic waste safely and efficiently *

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




Antigipated Benefits of
@@namesResearchscont.

Risk Assessment

 evaluate the health risks faced by individuals who /may be exposed to radiation (including low
levels in industrial areas) and to cancer-causing chemicals,and toxins

Bioarchaeology, Anthropology, Evolution, and Human Migration

* study evolution through'germline mutations in lineages

« study migration of different population groups based on maternal inheritance

* study mutations on the Y'chromosome to trace lineage and migration of males

e compare breakpointsin the evelution of mutations with ages of populations and historical

events
x ¥
*

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




Antigipated Benefits of
@@namesResearchscont.

DNA Identification (Forensics)

* identify potential suspects whose . DNA may matech-evidence left at crime scenes
» exonerate persons wrongly acecused of erimes

« identify crime and catastrophe victims

» establish paternity and other family relationships

* identify endangered and protected/species as an aid to wildlife officials (could be used for
prosecuting poachers)

* detect bacteria and other organisms that may pollute air, water, soil, and food
* match organ donors with recipients in transplant{programs

» determine pedigree far seed or livestock breeds

 authenticate consumables’such as caviar and wine

* %

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003
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Antigipated Benefits of
@@namesResearchscont.

Agriculture, Livestock Breeding, and Bioprocessing

e grow disease-, insect-, and drought-resistant creps

* breed healthier, more productive, disease-resistant farm animals
* grow more nutritious produce

 develop biopesticides

* incorporate edible vaccines incorporated inte food products

 develop new environmental cleanup uses for plants like tobacco

* %

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003

*




Medicirme-anditheiNew
Gengetics

Anticipated Benefits:

« improved diagnosis of disease

e earlier detection of genetic predispositions to disease
e rational drug design

 gene therapy and cantrol systems for drugs
 personalized, custom drugs

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




ElL.Sl. Etirical, Legal,
and Social 1ISSues

* Privacy and confidentiality of geneti¢ informations

» Fairness in the use of genetic information by insurers, employers, courts, schools, adoption
agencies, and the military, among others.

* Psychological impact, stigmatization, and discrimrnation due to an individual’s genetic
differences.

* Reproductive issues. including adequate and informed consent and use_of genetic information in
reproductive decision making:

® Clinical issues including the/education of'doctorsand other health-service providers*eopl
identified with genetic conditions{and the general public abguticapabhilities, limitations, and sox>
risks; and implementation of standards’and guality—centrolsmeasures. *

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003




ISSues¥cont,)

» Uncertainties associated with gene tests for susceptibilities and complex conditions (e.g.,
heart disease, diabetes, and Alzheimer’'s disease).

* Fairness in access to advanced .genomic technologies.

» Conceptual and philosophical implications regarding human responsibility, free will vs genetic
determinism, and concepts of health and disease.

* Health and environmental issues concerning.genetically modified (GM).foods and microbes.

« Commercialization of products including preperty rights (patents,.copyrights, and trade secrets)
and accessibility of data andmatepials. * } '

*

U.S. Department of Energy Genome Programs, Genomics and Its Impact on Science and Society, 2003
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An NIH program. to chart'genetic variation
within'the human, genome

» Begun in 2002, the project is a 3-year effort to
construct a map of the patterns of SNPs (single
nucleotideqpolymorphisms) that occur across
populations in Africa; Asia, and the United States.
» Consortium of researchers from six countries

» Researchers hope that dramatically decreasing the
number’of individual SNPs to be scanned will provide
a shortcutdor identifying the DNA regions associated
with common complex diseases

* Map maysalso be useful in understanding how
geneticvariation contributes to respenses in
environmental factors

*x




Haplotype hst for HapSet DEMHC|ABDR.:

Hap Hap Hap Alleles of Marker Set > Prototype display

1d name

ABDR-1 C-C-A-G-G-T-A-G-g RN /SIS Laaal B NI T-A-C-G-A
ABDR-2 C-C-A-G-G-T-A-ZSNEEEEET-Cally 5" C-/ RENGSE B G-A-C-G-A-G
ABDR-3 C-C-C-G-G-T-GECEISASCENASARG - - QIASEAMRSIEREREA 1\ A\ -C-A-C
ABDR-4 C-C-C-G-G-TASCEISARE G- A NG -C-A-CHEAMRCIC PG T-A-C-G-A
ABDR-5 C-C-C-G-G-15Gs8: THEFRGIAEC -G-TER-T-G I CPACCARE - T-C-G-T
ABDR-6 C-C-C-G-G-SEEERrAdY SEERERERS T -/ - i SRR C -G - /-G
ABDR-7 C-T-C-G-GHISC-CHpEEEEESr, T-G- T YA I NEAARAR G -G-C
ABDR-8 C-T-C-G-G/ N " - /D-C - N 6 I -C -G -C
ABDR-9 C-T-C-G-GIC G anniaitin _T-G-CLATMEEEESSER AR - A-G
ABDR-10 G-A-C-G-G MBS TSR T- /- [ G A /. -G -C
ABDR-11 G-A-C-G-G-BERECT- ARG -A-GEE-C- TR R ORGAC AR - C-G-A-C
ABDR-12 G-C-C-G-G-T{CH GG, FROICAC -C-A JERRIEE TR YA - T-C-G-C
ABDR-13 G-C-C-G-G-T-CHEIC BRI - G-I S GRS /\_C-G-G-C
ABDR-14 G-T-A-JfC-G-C-AgiRne S - -2 ST el /A Sy A-C
ABDR-15 G-T-A-T-f75C-A- QR 1t ARSI EE TSRS RARE” /\ - A\ (A-C,(5-A-C
ABDR-16 G-T-A-T-8:G-CyA\-T-ANGE-ANERIRCEREENNERIIA - C4A-OP.C-G-T
ABDR-17 G-T-A-T-C-C-G-AJF-A-T-G-C-CGAGCL-C-T-C-AAAART-T-G-G-A *

1
2
3
4
)
6
7
8

ABDR-18 G-T-A-T-C-G-C-A-TAAH-G-C-G-G-C-G-C-C-G-T-GA G A-A-A-C-G-A-C
ABDR-19 G-T-A-T-C-G-C-A-T-A-T-T-G- T4A-A-G-C-A-GsC-T-G-T*A-G-A-T-C-G-
ABDR-20 G-T-A-T-C-G-C-A-T-A-T-FC*TFA-G-GLGET-T-F-C-G-G-A-A-A-C-G-A-
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BIOLOGICAL
DISCOVERY

Explering Microbial Genomes for Energy and the
Environment

Goals

« identify the protein machines that carry out critical life functions

» characterize the gene regulatory-networks that control these machines

 characterize the functional'repertoire“af complex microbial communities in their na%al
environments

» develop the computational capablilities tointegrate andyunderstand these data and begin
to model complex biological systems &




Within a Decade

Develop knowledge base
for cost-effective cleanup
strategies

Understand earth’s natural
carbon cycle and design
strategies for enhanced
carbon capture

Increase biological
sources of fuels and
electricity

YGG-01-0521R7

Long Term

Save billions of
dollars in toxic waste

2020

cleanup and disposal

2040

Help stabilize atmospheric
carbon dioxide to
counter global warming

Contribute to U.S. energy security

» Biohydrogen-based ind

in place
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THE GENOMIC SEQUENCE
-..l'l_l'l_.'!':'; Fifty years after
|15 the double helix,

the reference
——  DNA sequence of

Reference Sequence Properties

Determined
bases"”

Chrom. RHeference
number accession

sequence
length

= Homo sapiens is
—. now available for
— downloading.
= Annotation of
genes and other
2' [IE features is in
progress.

E] Download Sequence Data

14 Apr 2003

The Human Genome
Preject announces
completion of the
DNA reference
sequence of Homo
sapiens.

NIH
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LUCSC Genome Bioinformatics

Genome Browser - Blat Search - Table Browser - FAQ - User Guide

About the UCSC Genome Bioinformatics Site

This site contains working drafts for the human, mouse, and rat genomes.

The human genome is over 95% complete. Approximately 90% of the sequence is in a highly
accurate 'finished' state. The other 10% 15 merely 'draft' quality. Some care must be taken when
interpreting draft regions, but these are still very useful to the working scientist.

The mouse genome 1s largely the result of a full genome shotgun assembly. While there are
many gaps in the sequence, the order and onentation of the contigs on either side of a gap are
known in almost all cases. We estimate that 90-96% of the mouse genome is present mn the
assembly. We encourage yvou to explore the working drafts with the genome browser, which
displays the work of many annotators worldwide.

The Genome Browser and the data it displays are freely available for academic, nonprofit, and
personal use with a few exceptions. Check the README.txt file in the download directory of
a particular assembly to view the use restrictions specific to that release. Interactive use is
limited to a maximum of 10,000 hits/day or 10 hits/minute.

http://genome.ucsc.edu/
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Genes_cyto 2| X] EE“ES;SEqEI symbol  orient. links cyto. full name

izBME - av sv Tg3l.3-g3Z.1 glutamate receptor, metabotropic

ARFS av Teg3l. ADP-ribosylation factor 3
FSCN3 T3 l. fascin (Strongylocentrotus purpu
PAX4 T3 paired box gene 4

LOCEa344 7 similar to CDZ antigen (H. sapie

plO0 Tegal.3 EENA-2 co-—activator (100kD)
EFP

Tegal. 3 leptin (murine chesity homolog)

FLJ10377 Teg22.1-7g32.3 hypothetical protein FLJ1O377
HIGZ Tg22.1-7g32.3 hypoxia-inducible protein 2
L ARE1 200 IMEDHIL Teg3l.3-g32 IMP (inosine monophosphate] dehy
LUHZL 1L )
HEEoH CATU Te32 calumenin

ELOE

Eﬁﬁ? QOPNLISW Teg3l.3-g32 op=sin 1 (cone pigments), short-w

FLNC TegE3Z-g3a filamin C, gamma (actin-binding
LoCcgE3220 7 similar to ATPase, wvacuoclar, 14
IRFS T3 interferon regulatory factor 5
TEN-SE 7 transportin-sE

SMOH T3 .3 smoothened (Drosophila) homolog

T3l nuclear respiratory factor 1
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Ensembl is

a joint project between EMBL - EBl and

thie Sanger [nstitute to develop a

software system which produces and

maintains automatic anmotation on

eukaryotic genomes. Ensembl is

.. primarily funded by the Wellcome Trust.

Access to all the data produced by the

project, and to the software used to
analse and present it, is provided free and without
constraints.

Ensembl presents up-to-date seqguence data and the best
possible automatic annotation for metazoan genomes,
Ayailable

now are human, mouse, rat, fugu, zebrafish, mosauito,
Drosochila, C. elegans, and C. briggsae, Others will be added
&M,

For an introduction to the Ensembl project, take thie Ensemibl
tour, and then go through a step-by-step worked examole
which intreduces Ensembl's main functions. For more
information read these short papers (Jan 2002, Jan 2003), in
Mucleic Acids Hesearch.

v, 12.1.1
v. 12311
v. 12.3.1
v, 12.2.1
v. 12.08.1
v. 1221
v, 12.2.1
v. 12.3.1
v. 12.895.1
v. 12:25.1

T. rex

Human

Mousa

Rat
Zebrafish

Fugu

Mnrsquiln
Fruitll:,r

L. elegans

b Mo M o o N M s s N

. briggsae

Fast data/seguence retrieval [multi-
Species)

Access to whole genome shotgun data
[includes additional species)

1 Apr 2003
1 Apr 2003
3 Mar 2003
1 Apr 2003
3 Mar 2003
3 Mar 2003
1 Apr 2003
3 Mar 2003
3 Mar 2003
3 Mar 2003

Ensiart )

Trace Server )




T. rex assembly
The world's first
annotated T.rex
assembly is now
a lable at
Ensembl!

Click for more imformation
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About TRIPE

The T.rex
v - International

b =

TRiPe!

Palasontonomics Experimentis a
consortium set up

to investigate the remarkable finds
made at the Wellcome Trust Genome
Campus during building excavations in
2002.

Ensembl works closely with both TRIPE
and other T.rex sequencing groups to
provide an integrated resource.

ne Assem Dly (1 Apr 201 13)
Th:s sste pmudly presents the first T.rex
draft assembly. This is based principally
on whole genome shotgun of around 7x
coverage from the sample GRR/ARG,
recovered from the Hinxton Campus.
The assembly consists of large
supercontigs aligned to chromosomes
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MNote that the apparent blurring of the Haryutype IS

caused by DMNA degradation due to the 65 millicn
years the sample spent underground.
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"Last year's

discovery of long-lost

dinosaur remains in

Cambridgeshire

astonished the

scientific community.

The remains, most

notably those of a Tyrannosaurus rex,
were found on the Wellcome Trust
Genome Campus whilst preparations
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It has come

to our attention that the Tyrannosaurus rex spp Ainxtonii genome
released yesterday, 1 April, was badly contaminated. Further
examination of the sequence indicates the presence of large
amounts of human, anopheles, c.elegans, c.briggsae, and
drosophila DNA. In fact, pretty much the only organism whose
DMNA appears to be absent from the sample is T.rex itself.

It is unclear how this contamination occurred - one theory is that

fragments of all these organisms were present under the toenail of
the toe the tissue sample was taken from. We can only apologise
for the error, and assure you that all other Ensembl data are not
affected by the T.rex errors, and are of the highest quality.

In any case, we are sad to announce that, under the
circumstances, we feel we have no option but to withdraw the
T.rex assembly.

The team here are very appreciative of the many comments we
have received on the T.rex release, and hope you will not be too
disappointed that it turned out to be of little scientific value.

On behalf of the Ensembl team, and the TRIPE consortium




’ MGSC ~ The Wellcome Trust

€. MOUSE > Sanger Institute EEI%V
Mouse Genome Server
(Bt 2] |

Browsze Chromozome Start |1 End |1 oooor

About MGSC {311 details) Other Species

The kouse Genome Sequencing F Zahrafish Mozaulto
M Consotidm is ajoint project = J 259 J

(G bebween The Whitehead Human |
S Insttute/MIT Center for
Genome Research, The
C Washington University
Genome Sequendnd
Center, The Wellcome Trust

sanger Instiute snd EMBL - EBlto provide the bause
genome sequence bothe wodd. We work closely with other
3 4

Browse a Chromosome

touse groupsto provide anintegrated resource [defails].

Mouse Genome Assembly v 1

Thiz site presents w1 of themouse genarme draft sequence,
bazed on purewhole genome shotgun daka of ~4xcoverage,
frozenin October 2001, The W3S assemblywas alignedtothe
joint San gernstituteWIGSC BAC map (frozenin Sept

2001 -details)to provide this assermbly. Clone-baged
sequencing has not beenincorporated. The assembly was run
through the notnal Ensembl pipeline to predict genes and other
features of interest. [SIAISHCS)

1

11 12 13 14 15 16 17 15 1% X
Deeper(5.5x shotgun coverage, improved assembly s oftware Ensembl Links and Site Map




2nd December 2002
SNP data update

The SNP database has been updated to dbSNP 108 data.

The affected databases are snp, lite, and mart databases.
Mew versions are:

- mus_musculus_snp_9_3a

- mus_musculus_lite 8 3a

- ensembl_mart_ 8 2

For further details please see What's New.

Last Update: 2-12-2002
Ensembl gene predictions: 22444
Genscan gene predictions: 110379
Ensembl gene exons: 191275
Enszembl gene transcripts: 280897
Contigs: 2740
Clones: 2740
Base Pairs: 2726795854
Galden Path Langth: 2726795854

The 40 most common InterPro domains found in the Ensembl Mouse gene

set can be viewed here. InterPro
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’ MGSsSC The Wellcom

e. MOUSE Sanger Ins

Hotme = kouse & 'What's Mew & BLAS port Data & Download &

Display up to results In [ standard | & Ifnrrnat

Search | Gene * |indexes for: [p53

FOWERED 8T
] ! -
alta’/sta: [Help with AV query syntax] e

HTM

1 documents match your query [Doaumenis seadhed 16807)

1. Ensembl Gene: ENSMUSGOO0D0D005239

Ensembl gﬁne ENSMUSGO0000005239 has 1 ranscipts: ENSMUSTO0000005371

-lE-hI"iﬂSB ene has a number of extemal identfiers mapped to it

M13872, X01237 M13873 M13874,AF151353 X00741,AB021961,577930,AB020317, 00880, AB017815,X00881, A
Gene_name: P53 TRPS3 TPS3; LOCUS: Trp53; LocusUink: 22059, MGI: MGI98834, RefSeq: NM_011640; SWI3
P53_MOUSE, protein_id:

BAABZ344 AAA3DEBZ AAAZDBE3 CAAZS323 CAAZ5420 AAB21108 AAD39535 AAA3DEE4 BAAB2339 BAAB23
hitp/Aww ensembl org/MUs  musculus igeneview ?gene=ENSMU S G00000005239




e! MGUSB GeneView

Home »= Mouse & '"What'sMew & BLA

~ The Wellcome Trust b3

= I . EBI ﬁ

= Sanger Institute g
Data & Download &

Find | Gene + | [ENSMUSGO00000042)] le.g. ENSMUS G00000025389, CATI

Ensembl Gene Report

Ensembl gene [0 | ENSMUSG00000005239

: - CW gene In genomic ocation: . 2N SNraMmosame
‘GE“““'"‘: Location | qhis'aene Is located in sequence: 1100000007 55000000
‘DESC“P“"“ PROT:Acc-P02340)]

followed by confirnaton of the exons by compansons o protein, cONA and EST databases
redicted "
Transcripts '

tre diction Method This gene was predicled by he Ensembl analysis pipeline from efner a Genewise or (Genscan predicion

ENSMUSTOO000005371 [View supporting evidence] [View protein infom ation]

Links This Ensembl gene cornresponds to the following other database identifiers
EMBL: ABO17815 [aign) ABO17816 [align] ABO20317 [algn] ABD21961 [align]
AF151353 [alidn KO1700 [align M‘I?B?‘E aJI N M‘ISB?‘S [&lign]
13874 [alian =7 7930 [align x00741 [al A00876 | ign]

XOOB77 [align] XOOB/E [align]  X00879 EJJ' X00880 [align
881 [align| XOOBBE (align] XO0BB3 ﬂ[[i[i"l X00884 [align
X00885 |align) X01237 [align

LOCUS: Tr 53

LocusLink: 22059 [align

MGI_Accession: UIGIB 834

MGI_Symbol: Ph3  TP53  THPA3

RefSeq: MM 011640 [Target #6id: 99; GuerySeid: 49] [@lign]

SWISS-PROT: P53 MOUSE [Target %id: 100: Query id: 100] [2l n !SEEIJ’KTI GD!

protein_id: AAA3BEET [align AAA3GBRD [aign] AAA3Y8H3 [align] A A35884 [align]
AABZ21108 (align AADIIS3S |alian BAABZ33D [align BAABZ340 |alian
BAABZ343 [align BAABZ344 [align] CAAPS3Z3 [aign] CAAZ5420 [align
CAAZBEZS |E|li%

InterPro IPHDEIEﬂ? pEuB Mmmr am]gen wlew other Ensembl genes with this dmmam]

== T === | e T O e ol | | el O O e Tl e el B =
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’ Masc M ~ The Wellcome Trust EBI j'§
e. ouse GeneView = Sanger Institute b
Home »= Mouse & '"What'sMew & BLAST & ExpodData & Download &

Find | Gene + | [ENSMUSGO00000042)] le.g. ENSMUS G00000025389, CATI

Ensembl Gene Report

Ensembl gene [0 | ENSMUSG00000005239

: - CW gene In genomic ocatlon: DUcUE 16/ - YUB1E/03 bp (BUE VD) on cnromosome
‘GE“““'"‘: LOCaton | This gene is located in sequence: 11.90000001-25000000

‘Descriptinn PF?ElT_;A:ES] H ANTIGEN P53 (TUMOR SUPPRESSOR P53). [Source SWISS-
tredicﬂﬂn Method loiouet by confimaton of e €xons by compatsont b protein, CONA and EST databasep
Trrz?r?é?ﬁgtﬁ 1. ENSMUSTO0000005371 [View supporing evidence] [View protein information] -
Links This Ensembl gene corresponds to the following other database identifiers

EMBL: ABO17815 [align] ABO1/7816 [align]  ABO20317 [align]  ABO21961 [alian)

AF151353 [align]  KO1700 [align] M13872 [align] M13873 [alian]
M13874 [algn] S/7930 [aign] X00741 [align]  X00876 [align)
X00877 [align]  x00878 [align] X00872 [align]  X00880 [align
X00881 [align] XOOBEE |align] XO0B83 [align] X00B8E4 [align

X008B5 [aign) X01237 [align

LOCUS: Trpa3

LocusLink: '25059 align

MGI_Accession: MG[9E8E34

MGI_Symbol: Phd TP53 THPA3

RefSeq: WM 011640 [Target %id: 99; GuerySsid: 99] [2lign]

SWISS-PROT: P33 MOUSE [Target 2id: 100; Query %id: 100] [2IdN !Searm GD!

protein_id: AAASSEE] [align] AAA3SBEZ [align] AAASYBES [align] AA39BE4 [align]

AABZ21108 (align] AAD39535 [align] BAABZ339 ‘Eﬂiin| BAABZ340 [align
BAABZ343 Eﬂigﬂ BAAB2344 [align] CAAZ5323 [align] CAA25420 [align

CAAZ5623 [align

InterPro IPRO02117 p5a3 tumor antigen [View other Ensembl genes with this dormain]
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anscript 1
Transcript cDNA Sequence Total length: 1772 bp  No. Exons: 11

»ENSHIST 00000005371

TTT T oA GTHC T oAl SO THFC T AT TCTETAGC T TCAGT TCA
TTEHAFACCATCCTHFC TET AT AT G T & AT T A A CT AT
ATTCAFF CCTCATCCTOCToCT IO o C A AFFHFTFT CACHFITTCTCE
AGACTEHFNRAT GRC T ECC AT AT C AT AGT CHFAT AT CASCCTCEA
FCTCOCToTEAG A FACAT TTTC A TTATHAAACTACTTICTC

CAEAAGATAT O TR AT A C T AC T HCAT Ha AT TETTHC T C0 -
C A TET TEAHFAGT TTT T T AT O AT FA OO C T OO HAGTHTC
AFEFAGC T T HC A AC AR C O TET CAC T EAEA OO T C AT H

CoCCTERCCCC AR Al TOCATHA SO CTETCATCTTTTETCCCTTCTC AL =i 11.54 Kb
DB B0 T T &S A HHF AL TATHFC T T O CACC THHF TTCC TG AT THS
GaCaECCALGTCTET TAT G TECACGTACTCTCCTC oo C T CAATAMGITAT
TCTECC AR THECGAASACFTEC O TETECART TETHEET CASCHCCACA Transcript neighbourhood
CCTCC ARG THAHFAFCCET T OO GG CATHFCCATC T AT AAGALST AT
G ACATHACHFAHFT CGT AL G T O OO Al CAT GGG T TCCE
ATHFTFATHA S CTHFC T OO T OO CAGCAT CTTAT COHAFT HrA AL AT 40.51 He 90.55 Hb  90.59 Hb 90.63 Hb  90.67 Hb
TTETATCCCHAGT AT THGA G A AGACTTTT OGS AT AGCGTHST T |

T A0 CTTAT GG CAC T GAFHFoCHF TCTGAGTAT AT CACCATCCACT QEMURS

A ALGTACATETET AT AT OO T AT HAFHATC AT GaAC S HICGACTT | F
ATCCTTACCATCATCAC A THAAMGACTCC AT HAFALSCT TCTHAZLC S Q00T F535_HOUSE
FHFACAFCTTTEAHFT TCETET TTETHCC TR SO THAGAGAGRCCHOCET A 211.54 Kb
CoEa i h a8 TT T AL A A HFAAFTCCTTTHOCC THALC TEHICT
A GG EC A AR FOGC TGO C A C TR ACAMGIFICTCTCCCCC
G Al B B e B B B B B S B T Ty TG AFAGT AT T T AT CC T S AMGA TCCHIG
FHFZET Abd CHC T T oSG THT T S A0 T ks TGO O T T AGAETT A !PULﬁDUEE

& A THOCCATHCT AC AGAFHFAETC THFAFAC A AHAFC T CACTOC A . . . . .

CTACC T oG A G A HAFCC AT CTACTTC OO CATALL AR C AN 0.51 Mk 90.55 He  90.59 Hb  90.563 Hb  90.67 Hb
THFTC AL A AT HAFHF O S TEAC T AFAC THAC THICTHT G AT O CETC
CoCATCACCAGCCTCCCCCTCTOCTTHE TET TTTAT GRS T T AR Timd
GaCac A oo To o CHT oS T Te TR T ST TTT TTACC TTET A T A
FoTCAFC I C o To TCTGAET AT ST T o THE0 20 AT THHHFALT A
TTEATAGT TETCAFFTCTC T THF O CAG I Gas A TTCTAT CCAGICAST View View

TET Tl CCTHAC AT CTAC AL TEAAA T TCACCCTACCCCACACCITHT
LA TTCTAT CTTHAF S T AT AHHAFT CCATAT SO TCCAFFHF I CTACTT

TCCTTCCATTCTHC ARG CTETCTECAT TTATCCACCCOCCACCCTEHTC

ToCCTCTTTTTTTTTTT T T T C e TTTT TATATAT CAATTTCCTATTTT

AHCALTALALSTTTTSTTAT CAZTTA

Exon structure
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Data Library Sequence Definition Exons

UniSTS 160672

moLlse_mma MMP53R bRAPS 3R X01237 .1 Mouse mRNAfor
cellulartumourantigen pa3

mouse_mma MMP53A PP S3ARM 136721 Mouse p53
mBMA, complete cds, clone peDa3.

Mouse_mma MMEPS3M  MMEPS3M 017001 Mouse p53
cellular burnor antigen, mBMA,

mouse_mma MMPS3C MMPSIC R 135741 Mouse p53
mRkA, complete cds, clone pS3-4ma.

mouse_mma BCOD5448  BCO0S448 BCONS445.1 Mus
musculus, transf ormation related
protein 53, clone MGC: 6174
MAGE: 3599512, mBMA, complete
cds.

mouse_mma ABO17815 AB017E15AB017E15. 1 Mus
musculus mBNAfor pa3, complete
cds.

Mouse_mma AF151353 AF151353 AF 1513531 Mus
rusculus tumor suppressor pa3[pa3)
mBMA, complete cds,

mouse_mma ABOZ20317 AB02031T ABO20317.1 Mus
musculus mBNAfor pa3, complete
cds.

Mouse_mma AF161020 AF1G1020 AF161020.1 bMus
rusculus bumor supressor pa3[pa3)
mBMA, complete cds,

mouse_mma MMUZ297973 hU297373 AJ28797 3.1 Mus

rusculus mBMAFor transformation
related protein 33 (Trp53 gene)

Mouse_mma MSP53A MSPS3ADEII9.1 Mus sp. p5i3
R,

mouse_mma MMESTST bARAS TS T LISATST. 1 bus musculus
po3cellularturmoarantigen [p53]
mRkA, patial cds.




anscript 1
Transcript cDNA Sequence Total length: 1772 bp  No. Exons: 11

»ENSHIST 00000005371

TTT T oA GTHC T oAl SO THFC T AT TCTETAGC T TCAGT TCA
TTEHAFACCATCCTHFC TET AT AT G T & AT T A A CT AT
ATTCAFF CCTCATCCTOCToCT IO o C A AFFHFTFT CACHFITTCTCE
AGACTEHFNRAT GRC T ECC AT AT C AT AGT CHFAT AT CASCCTCEA
FCTCOCToTEAG A FACAT TTTC A TTATHAAACTACTTICTC

CAEAAGATAT O TR AT A C T AC T HCAT Ha AT TETTHC T C0 -
C A TET TEAHFAGT TTT T T AT O AT FA OO C T OO HAGTHTC
AFEFAGC T T HC A AC AR C O TET CAC T EAEA OO T C AT H

CoCCTERCCCC AR Al TOCATHA SO CTETCATCTTTTETCCCTTCTC AL =i 11.54 Kb
DB B0 T T &S A HHF AL TATHFC T T O CACC THHF TTCC TG AT THS
GaCaECCALGTCTET TAT G TECACGTACTCTCCTC oo C T CAATAMGITAT
TCTECC AR THECGAASACFTEC O TETECART TETHEET CASCHCCACA Transcript neighbourhood
CCTCC ARG THAHFAFCCET T OO GG CATHFCCATC T AT AAGALST AT
G ACATHACHFAHFT CGT AL G T O OO Al CAT GGG T TCCE
ATHFTFATHA S CTHFC T OO T OO CAGCAT CTTAT COHAFT HrA AL AT 40.51 He 90.55 Hb  90.59 Hb 90.63 Hb  90.67 Hb
TTETATCCCHAGT AT THGA G A AGACTTTT OGS AT AGCGTHST T |

T A0 CTTAT GG CAC T GAFHFoCHF TCTGAGTAT AT CACCATCCACT QEMURS

A ALGTACATETET AT AT OO T AT HAFHATC AT GaAC S HICGACTT | F
ATCCTTACCATCATCAC A THAAMGACTCC AT HAFALSCT TCTHAZLC S Q00T F535_HOUSE
FHFACAFCTTTEAHFT TCETET TTETHCC TR SO THAGAGAGRCCHOCET A 211.54 Kb
CoEa i h a8 TT T AL A A HFAAFTCCTTTHOCC THALC TEHICT
A GG EC A AR FOGC TGO C A C TR ACAMGIFICTCTCCCCC
G Al B B e B B B B B S B T Ty TG AFAGT AT T T AT CC T S AMGA TCCHIG
FHFZET Abd CHC T T oSG THT T S A0 T ks TGO O T T AGAETT A !PULﬁDUEE

& A THOCCATHCT AC AGAFHFAETC THFAFAC A AHAFC T CACTOC A . . . . .

CTACC T oG A G A HAFCC AT CTACTTC OO CATALL AR C AN 0.51 Mk 90.55 He  90.59 Hb  90.563 Hb  90.67 Hb
THFTC AL A AT HAFHF O S TEAC T AFAC THAC THICTHT G AT O CETC
CoCATCACCAGCCTCCCCCTCTOCTTHE TET TTTAT GRS T T AR Timd
GaCac A oo To o CHT oS T Te TR T ST TTT TTACC TTET A T A
FoTCAFC I C o To TCTGAET AT ST T o THE0 20 AT THHHFALT A
TTEATAGT TETCAFFTCTC T THF O CAG I Gas A TTCTAT CCAGICAST View View

TET Tl CCTHAC AT CTAC AL TEAAA T TCACCCTACCCCACACCITHT
LA TTCTAT CTTHAF S T AT AHHAFT CCATAT SO TCCAFFHF I CTACTT

TCCTTCCATTCTHC ARG CTETCTECAT TTATCCACCCOCCACCCTEHTC

ToCCTCTTTTTTTTTTT T T T C e TTTT TATATAT CAATTTCCTATTTT

AHCALTALALSTTTTSTTAT CAZTTA

Exon structure
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Ensembl Protein Report

Ensembl Frotein | ENSMUSP00000005371
Ensembl Gene This protein is a product of Ensembl gene ENSMUSGE00000005239 [Supporting evidence]
Description CELLULAR TUMOR ANTIGEN P33 (TUMOR SUPPRESSOR PA3). [Source: SWISS-PROT, Acc:POZ2340]

Py 15 protein was predicted by the Ensembl analysis pipelne from elther a GeneWise or Genscan predicion
Prediction MEthﬂ'drfmllmwed by confimnaton of the exons by mmpanysmns o protein, cONA and EST databases
InterPro IFRO02117 pa3 tumer antigen [View other Ensembl genes with this demain]

: : ENSMUSFONOO0N366 © CELLULAR TUMOR ANTIGEN P53 TUMOR SUPPRES
Protein Family This clusier contains 1 Ensembl gene member(s)

. |
SCAP SuperfFamily SCOP: 49417 SCOP: 47719
L S

Prints PR3

Prosite

Protein structure
PFam

Low complexity
Peptide

Scale Caal




Peptide sequence

. 100; Query %

identity

% ideniiy : 99]

- 100]

Peptide properties
Residues: 350

MW: 43458.31

Avg. Res. Wt.: 111432
Charge: 45

pl: 72470

View Transcript Info




Prediction method End Description
prints , 139 P53
prints 5 176 P53
prnts 231 P33
prints 255 P53
283 P53
347 P53
390 P53
246 P53
357 53

DB p53-ike

prnts
alints

fam
prosite
supertamily
supertamily

]
1 307 L
L — CaJ

I'III:.L:I[\:I__LI:.L_:I[". ']
y = I

L) '3
S s
[y




’ Masc M ~ The Wellcome Trust EBI j'§
e. ouse GeneView = Sanger Institute b
Home »= Mouse & '"What'sMew & BLAST & ExpodData & Download &

Find | Gene + | [ENSMUSGO00000042)] le.g. ENSMUS G00000025389, CATI

Ensembl Gene Report

Ensembl gene [0 | ENSMUSG00000005239
' . €W gene In genomic location: DJUEUET6/ - JUBTS/US DR e Vi) on chromosome
‘GE“““'"‘: LOCaton | This gene is located in sequence: 11.90000001-25000000
. . DEL A [ IT.- 1" "l IT.- Ill. ..l ] DLJI’CE LA _
‘DESC“P“"“ PROT:Acc-P02340)]

followed by confirnaton of the exons by compansons o protein, cONA and EST databases

tre diction Method This gene was predicled by he Ensembl analysis pipeline from efner a Genewise or (Genscan predicion

redicted _ . o . o _
Transcripts 1. ENSMUSTO0000005371 [View supporting evidence] [View protein information]

Links This Ensembl gene cornresponds to the following other database identifiers
EMBL: ABO17815 [aign) ABO17816 [align] ABO20317 [algn] ABD21961 [align]
AF151353 [alidn KO1700 [align M13872 [align M13873 [align]
M13874 [align =7 7930 [align 200741 [align A00876 [align]
X00877 [align 200878 [align AO0B79 [alian 200880 g! N
|gn|

X00881 [align] XOOBEZ |align| XOOBB3 [align] X00B84

X00885 [align] XO1237 [align
LOCUS: TrggﬁS
LocusLink: 22059 [align
MGI_Accession: MGIBEE54

MGI_Symbol: Phd TP53 THPA3

RefSeq: MM 011640 [Target #6id: 99; GuerySeid: 49] [@lign]

SWISS-PROT: P53 MOUSE [Target 2id: 100; Guery%id: 100] [2lign !Searm GD!

protein_id: A A A39881 [align AAASDEEL [align] AAA3YEES [Align] A A3D884 [align]
AABZ1108 [align AADIY535 [alian BAABZ33Y ‘a]iin| BAABZ340 [align
BAABZ343 [align BAABZ344 [aign] CAAZ5323 |align] CAAZ5420 [align

CAAZEEZS |aJi%n

InterPro IPRO02117 p5a3 tumor antigen [View other Ensembl genes with this dormain]
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Exon Information
No. Exon ID Contig

ENSMLUISEODODO111822 11.20000001-

895000000

ENSMUSEDDODO0111822 11.90000001-

25000000

ENSMUSEODDO0111820 11.90000001-

25000000

ENSMLUISEODODO111821 11.20000001-

895000000

ENSMLUISEODODO111826 11.20000001-

895000000

ENSMLUSEODODO111825 11.90000001-

25000000

ENSMLUSEDDODO111827 11.20000001-

85000000

ENSMLUSEODODO111823 11.90000001-

25000000

ENSMLUSEODODOO111830 11.20000001-

85000000

10 ENSMUSEODODO11828 11.90000001-

95000000

11 ENSMUSEDOD00111824 11.90000001-

25000000

Strand Start  End Length
608167 608323 137 bp

.1

614721 614803 83 bp
613087 613108 22 bp
615202 613462 261 bp

616194 616377 184 bp

616436 616568 113 bp
616971 617080 110 bp
617403 617539 137 bp

617619 617692 74 bp
618486 618392 107 bp

619180 619703 524 bp

Exon Sequence

TTTCC TRl FTHC T AT C T THFC T AR EFT TCTET AT T AGT T
TTEHHFACCATCOTEHFCTET AT A7 iy T & &G T A A C T A
AT T AGFCC T AT ToC T e T TS A AT T o &G T T T OG5
ST

T EA Tl C A THAGEAGT CAC AT A TATCAGIC T GAFCTCCITIT
i AL CA T T T T AHFC T TAT Hrd A s T

ACTTCCToCAGRAGATATCCTE

AT AT T AT A TEHEATEE T O TET Tl T OO A T HT T i,
GTTTTTTEAS G CCAAGT Gl AT TOCEAETEFTCAFAGC T THCAS
o AR OO TET O A O G O T T AT HHOC DO TR SO G
SCTCCATEHF OO TETCATCTTT TET OO T T T Al B A T T B2 B
CabCTATHA T T A CTHHFCT ToC T AT C T AT A CALGTCT
TTATET AT

TaCTCToC T T T A T AT & T T T E0 T A T b FR T 00
TETEAGT TET AT CAGCHICACATCT OO THFFAGCCETET COHIG
COAT AT T A Bl Gl B 5T O B 7 G 7 B0 B T A GEAE T C G T GGl O 52
Tl A TG G TR TO G THFT AT

oo TEEC T T A AT T TAT OO T Hod A A A T TTET AT GO0
(=T & T T AL A AT T TT TOFC T AC A FTHET HFTACTTTA
TG RO AT

GoCHFC T THAGT AT ACCACCATCCACTACAMGTACATETET Aa T AGCTC
T A T AT AT G e S FAC T TAT OO T T A C AT CATC A AT T
St T T A

TR T T T A C AT TT AT TCETHT TTETHCC TG
T A ey o T B B o o 8 T T 207 i 0 B e 2 T
T T TG 2 T o7 T S 2 7 2 B o o 2 5 B B oy el
CETECCCACCTHCAC AR FCEFCC TCT OO Al A 5 i & 8 5 8 8 CCACTT
GATHAGAFTAT TTC A CC T AL

ST AT Al O T TG FA T FT T O HAFAGC TEha TR HFICTT
e T T B o, T o2 2 T 5 T 2 o S T 2 T o ol B 2 B 0 T
ST OO

T i T o B e By o B S A T TAC T TS GO A T AR AN D B A D
T At A T O T T A G S TR THIC THT G AT QO ET
coCATC AT ToCC T T TTEE TET T T TAT G T T A T
A A oo ToCHT e T T TR THEICTTTTTTAC T TTET A T A
FCT AT TC T HRET &G T T T C T C Al G T TR T A
TTEATAGT TETCAGFTCTCTECTHF I CCAFFasA TTCTAT COAFC AT
TET TR THC & T AT A8 TEh A T T A O TAC OO AT AT TET
AT TCTAT O T TEHAG OO T AT AT CCATAT O T O AGHFICTACTT
ToCTToCATTCTEC A CTETCTHCATTTATCCAC OO ATCCTETC
T T TTTTTTTTTTTT T T T TTTTATATAT CAATTTCCTATTTT
SCAATASAATTTTET TAT CATTTA




Splice Information
ite Exon ID Splice Site Exon ID

Display up fo |3  base pairs either side of splice sites. _Edl'ﬂw
ENSMUSEDDOOOT % 1:3}’:29F I_ .. .-:ZEI'I:}IZ}I:}TA : A MNSMUSEDDDOD111822

ENSMUSEDOOOOT11822 .. AACTETE CAGACTT. .. ENSMLUSEDOOOO111820
ENSMUSEDDOOO114820 ...00 CAGCCAT. .. ENSMUSEDDOOO111821
ENSMLUSEDDNDNOO111821 .. .CRACC CAGTACT. .. ENSMUSEDDDDOD111826
ENSMUSEDDDDD111826 .. .GATG TRAGGCCT. . . ENSMUSEODDODD111825
ENSMUSEDDODODOD111825 ...CGRGETC CAGECCE. .. ENSMUSEDOOO0111B27
EMNSMUSEDDODO111827 . ..CCAGGTL TAGTEEE. .. ENSMUSEDNDOOD111823
ENSMUSEDOOOOT11823 .. AGRAGETA CAGCECT. .. ENSMUSEDOOOO111830
ENSMLUSEDDDOO0111830 .. CARGETH CAGATCC. .. ENSMUSEDDNOOD111828
ENSMUSEDDODO111828 ...CCRGGTA TAGCTAC . .. ENSMUSEDNDDO111824
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MGSC ~ The Wellcome Trust b}
e.’ Mouse BLASTView > Sanger Institute EBI%E

Home = bouse & 'What'shew & EBLAST & ExpodData & Download &

a3 | le.g. 1, CAT
Ensembl BLAST Server Altemaiive sequence search; SSAHA

RETRIEVE BLAST RESULTS

Enterthe blast retrieval ID: |

SUBMIT A BLAST QUERY

Paste voursequence herein
F&STA or plain text fonnat,

searen JIEE

OR selectthe sequencefile —
vol wishbosearch | IM
BLAST OPTIONS
Database [ Mus musculus, genomic seguence - I
Executable | BLASTN (DNA vs.DNA) 2 |
(M Mask repetiive sequences using

] HEPE atmasker.
HE[JEII'T Im E]IgﬂmEﬂtE. M Filter Inw remnlevite raninne




Elast score ranges forthis search: \ The highest scorng hit[z) are boxed ]

Location of Blast hits




View standard format BLAST results

BLASTN 2.0al3MP-WashU [10-Jun-1997] [Build 23:08:16 Jun 10 1997]
Query= /
{1774 letters)
Database: ensembl/Mus musculus.latestgp.fa
677 sequences; 3320754623
Smallest
2um
Probability
Sequences producing significant alignments: P(N) N

11 11 _95000

17 17 ooool- 0

16 16 ooool-=: oooor
10 10

4

.0
LAe-2T74
.0e-38
Lde-14
LBe-10

W= B

LJ LN O LMD Oy
LI WD = BB
o= = BJCO

Bud Bd Ld B2

= o= T L




BLASTN 2.0al3MP-WashU [10-Jun-1997] [Build 23:08:16 Jun 10 1997]
Query= /

(1774 letters)
Database: ensembl/Mus musculus.latestgp.fa
677 sequences; 3320754623 total letters

=17 .55000001-60000000

Length: 5,000,000

Plus Strand HSPs:

Bcore = 49232

Identities =
Query: &0
Sbjct: 4807867
Query: 140
Shjct: 4807927
Query: 200
Sbjct: 4807984
Query: 260
Sbjct: 4808047
Query: 320
Shjct: 4808107
Query: 380
Sbjct: 4BO0B1&67
Query: 440
Sbjct: 4808227

(738.5 bits), Expect = 3.4e-274, Sum P(2) = 3.4e-274
105471114 (95%3, Positives = 1054/1114 (95%), Strand = Plus /

TACAGTTAGGGGGCACCTAGCATTCAGGCCCTCATCCTCCTCCTTCCCAGCAGGGTGTCA
Tha AGTTAGGGGGCACCTAGCATTCAGGCCCTCATCCTCCTCCTTCCCAGCAGGGTGTCA
TAGAGTTAGGGGGCACCTAGCATTCAGGCCCTCATCCTCCTCCTTCCCAGCAGGGTGTCA

CGCTTCTCCGRAAGACTGGNNATGACTGCCATGGAGGAGTC ACAGTCGGATATCAGCCTCG
CGCTTC CCGAAGACTGG ATGACTGCCATGGAGGAGTCACAGTCGGATATCAGCCTCG
CGCTTC -CCGAAGACTGE --ATGACTGCCATGGAGGAGTC ACAGTCGGATATCAGCCTCG

AGCTCCCTCTGAGCCAGGAGACATTTTC AGGCTTATGGARACTACTTCCTCCAGARGATA
AGCTCCCTCTGAG CAGGAGACATTTTCAGGCTTATGGAAACTACTTCCTCCAGARGATA
AGCTCCCTCTGAGTCAGGAGAC ATTTTC AGGCTTATGGARACTACTTCCTCCAGARGATA

TCCTGCCATCACCTCACTGCATGGACGATCTGTTGCTGCCCCAGGATGTTGAGGAGTTTT
TCCTGCCATCACCTCACT CATGGACGATCTGTTGCTGCCCCAGGATGTTGAGGAGTTTT
TCCTGCCATCACCTCACTCCATGGACGATCTGTTGCTGCCCCAGGATGTTGAGGAGTTTT

TTGAAGGCCCAAGTGARAGCCCTCCGAGTGTCAGGAGCTCCTGCAGCACAGGACCCTGTCA
TTEAAGGCCCAAGTGAAGCCCTCC AGTGT AGGAGCTCCTGCAGCACAGGACCCTGTCA
TTEAAGGCCCAAGTGAAGCCCTCCARGTGTTAGGAGCTCCTGCAGCACAGGACCCTGTCA

CCERAGACCCCTGGECCAGTGECCCCTGCCCCAGCCACTCCATGGCCCCTEGTCATCTTTTG
C GAGACCCCTGGGCCAGTGGCCCCTGCCCCAGE ACTCCATGGCCCC GTCATCTTTTG
CTGAGACCCCTGGGCCAGTGEGCCCCTGCCCCAGCTACTCCATGGCCCCCGTCATCTTTTG

TCCCTTCTCARARARACTTACCAGGGC AACTATGGCTTCCACCTGEGGCTTCCTGCAGTCTG
TCCCTTCTCARRLRACTTACCAGGGCAACTATGGCTTCCACCTGGGCTTCCTGC AGTCTG
TCCCTTCTCARRALARACTTACCAGGGCAACTATGGCTTCCACCTGGGCTTCCTGC AGTC TG

Plus
139
4807926
1949
4807983
259
48080486
319
48081086
379
4808166
439
4808226
499

4808286




BLASTN 2.0al3MP-WashU [10-Jun-1997] [Build 23:08:16 Jun 10 1997]

Reference: Gish, Warren (1994-1997). unpublished.
Altschul, Stephen F., Warren Gish, Webb Miller, Eugene W. Myers, and Dawvid J.
Lipman (1990). Basic local alignment search tool. J. Mol. Bicl. 215:403-10.

Notice: +this program and its default parameter settings are optimized to find
nearly identical sequences rapidly. To identify weak similarities encoded in
nucleic acid, use BLASTX, TBLASTN or TBLASTX.

Query=/
(1774 letters)

Database: Mus musculus.latestgp.fa
677 sequences; 3,320,754,623 total letters.
S8earching....10....20....30....40....50....60....70....80....90....100% done

High Probability
Sequences oducing High-scoring Segment Pairs: SBcore P(N) N
11.50000004-55000000 2628 0
17.55000004-60000000 4922

0. B
3.4e-274 2
5.30000001-35000000 44 E.0e-38 3
4 2
1 2

10.20000001-25000000 594
4.170000001-175000000 338

Ade-14
.6e-10

>11.90000001-95000000
Length = 5,000,000

Plus Strand HESPs:

Score = 2628 (394.3 bits), Expect = 0.0, Sum P(8) = 0.0
Identities = 530/536 (98%), Positives = 530/536 (98%), S8trand = Plus / Plus

Query: 1239 GGCTCACTCCAGCTACCTGAAGACCARAGAAGGGCCAGTCTACTTCCCGCCATAARARART 1298

Sbjct: 619168 GTCTTCCTATAGCTACCTGAAGACCAAGAAGEGCCASTCTACTTCCCGCCATARARARAC 619227




Ensembl SSAHA Search Server

Paste vour DNA
sequencels] herein
FA&STA or plain bext
fomat.

Search. =
OR zelectthe —

sequence file wouwish | | BI'DWSE...I

ko seanch

SSAHA OPTIONS @EIZIND

Choose no. bp fo
display either side
of SSAHA matches
in config displays [ 50KBR  #] (SSAHA context)
(human golden
path data
searches only).

Select the data
source for the [ Ensembl Curment (based on MGSC v1) = I

SSAHA search.

Only display

maiches containing maiching bases.

at least

For each query
sequence, display [ op SO

+ | matches.

ADVANCED SSAHA OPTIONS @YD




Ensembl SSAHA Server: Ensembl Current (based on MGSC v1)

Found a total of 24 matches among 2 sequences in the database.

For each query sequence, will show the top 50 matches containing 28 or more matching bases.

Matches may contain gaps of up to 14 bases in length and up to 1 insertionkleletion between successive hits.

Query data was scanned for tandem repeating motifs of length 1 or less.

Algorithm has ignored any words in the query that occur in the database with a frequency of 10000 times more than the
exXpected value for a random database of the same size.




Location of SSAHA hits

Query Details Subject Details Match Details

# e
Chiomosome Name Start End Name Starnt End Direction bases identity

11 ENSMUSTOO000005371 1250 1767 ;;g’nﬂuﬂuﬂuﬂuﬂm 619179 619696  FF 518 10000 [sligr]

11 ENSMUSTOODDO00S371 266 517 ;;g’nﬂgnﬂnﬂnﬂm 615203 615454  FF 050 10000 [align

11.900000071- :
11 ENSMUSTOODO0005371 529 710 o5000000 616197 616378 FF 182 10000 [align

11.90000001- :
11 ENSMLUSTO0000005371 9 148 oE000000 608175 6G0B314 FF 140 10000 [ai

17 ENSMUSTODO00005371 167 334 égﬂﬁggunungm- 4807951 4808118  FF 140 B333 [sign

11.20000007-
11 ENSMUSTOODO0002371 931 1056 o5000000 617401 617526 FF 126 10000

11.20000007-
11 ENSMUSTOODOO005371 717 814 55000000 616463 616560 FF 88 10000

11.200000071-
11 ENSMUSTOODO0005371 833 930 o5000000 616981 617078 FF 898 10000

11.900000071-
11 ENSMUSTOOD00005371 1151 1248 o5000000 616493 618590 FF 98 10000

17.53000001-
17 ENSMUSTOO0D00005371 536 633 I 4808315 4808412 84 83.71

:

E

£
=

=
=

s EES

&

=
=




<Bad o op=

Result #
Query name
Start in gue
End in gquery
Subject Name

1
: ENSHMUSTO00000005371
ry 1250
: 1767
11.90000001-95000000

Start in subject : 619179
ot ! 619696

End in subje
Direction

Number of ha
Percentage 1

al ignment sc
000001250

10006191789
000001318
000619247
;000001386
000619315
000001454
1000619383
000001522
000619451
;000001590

0006195159

: FF
ses : 518
dentity: 100.00

ore: 517
GCTACCTGAAGACC ARGARMGGERCCAGTCTACTTCCCGCCATARRRARAC ARATEETC AAGARRAGTGEGEE

GCTACCTGAAGACCARAGARGGGCCAGTCTACTTCCCGCCATAARARARAC ARTEGTC AAGARAGTGGGE

CCTGACTCAGRACTGACTGCCTNTGCATCCCGTCCCCATCACCAGCCTCCCCCTCTCCTTGCTGTTTTA

LELTLLLEE L e LT TP ]

CCTGACTCAGACTGACTGCCTNTGCATCCCGTCCCCATCACCAGCCTCCCCCTCTCCTTGCTGTTTTA

TGACTTCAGGGCTGAGACACARTCCTCCCGETCCCTTCTGC TGCCTTTTTTACCTTGTAGC TAGGGCT

TGACTTCAGGGCTGAGAC ACARATCCTCCCGGTCCCTTCTGCTGCCTTTTTTACCTTGTAGC TAGGGCT

CAGCCCCCTCTCTGAGTAGTGGTTCCTGGCCCAAGTTGGGEAATAGGTTGATAGTTGTCAGGTCTCTG

CAGCCCCCTCTCTGAGTAGTGGTTCCTGGCCCARAGTTGGGEAATAGGTTGATAGTTGTCAGGTCTC TG

CTGGCCCAGCGARATTCTATCCAGCCAGTTGTTGGACCCTGGCACCTAC ARTGARATCTCACCCTACC

CTGGCCCAGCGARATTCTATCCAGCCAGTTGTTGGACCCTGGCACCTAC ARTGAARTCTCACCCTACC

CCACACCCTGTAAGATTC TATCTTGGGCCC TCATAGGGTCCATATCCTCCAGGGCCTACTTTCCTTCC

CCACACCCTGTARAGATTC TATCTTGGGCCCTCATAGGGTCCATATCCTCCAGGGCCTACTTTCCTTCC
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Ensembl Mouse Download and Documentation

Ensembl Mouse Downloads
Overview

Before downloading and instaling the Ensembl data and
software we stongly encourage you fo first read the
documentation.

= ensembl futoral pdf

» Ensembl Website Instal instuctions (pdf)

The software which provides Per-based Object access to the
database is available via anonymous CVS (see website install
docs for details)

» WebCWS

Ensembl Mouse Data Information

The first MGSC assembly release of the Ensembl data for the
mouse genome is ready. This release is based on pure whole
%ﬁnc}me shotgun data of ~4x coverage, fiozen in October 2001.
e WGS assembly was aligned to the joint Sanger/St Louis
BAC map (fozen in Sept 2001 - details) to provide this
assembly. BAC-based sequendng has not been incorporated.
The assembly was mn through the nomal Ensembl pipeline to
predict genes and other features of interest. istaﬁsﬁc::aﬁ
All the distibuted gene prediciions are confimed by similarity to
either proteins or cONA sequences.

Mouse Data files are available from:

ftp://ftp ensembl.org/pubicurent mouse/data/
d.. fastal - gzipped fasta fomat cOMNA, DNA, and peptide
Umps
db tﬂa’rﬁles! - gZipped EMBL and Genbank dumps of Ensembl
ata
> mgsgl! - 50L dumps of Ensembl databases, from mysdq,
(should be portable to any SCL database)
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Flat File FASTA Gene List Feature List =SMP List Image

Select genesto expor
Region

Chromosome:
Bands from: x| w
Contigs from: to
Markers from: to
Bases from: to

Entire Chromosome
Enfire Genome

Restrict selection

Include: O Known genes only O Exdude Known genes

Include: (2 Transmembrane domains only O Exdude Transmembrane domains
Include: (2 Low-complexity domains only ) Excdude Low-complexity domains
Include: (& Signal domains only O Exdude Signal domains

Include only those genes with | Py 2 |0 |

Include Gene data

Include the following data
[ Chromosome

[ Chromosome start

[ Chromosome end

[d Chromosome band

[ Chromosome_strand
MM Ensembl gene ID

1 Known gene extemal id




Nature 420, 520 - 562 (2002)\Becemher 5 2002

Initial sequéncingand
comparative;anélysis'ef the mouse
genome

Mouse Genome Sequeneing Consortitim




In the roughly 75 miHlion years Since t g% I the'humanaird mouse lineages,

the process of evolution fias aliered the sequences andeaused them to d*erge*
by nearly one substitution fer€very two nucleotides (se&lbelow) as well as by deletion

and insertion.




Distribution of qualitys@oresAn the diaft.mouSefendme sequence

Quality score

Bases in draft
genome
sequence

with this score
(%)

Disagreement with
finished

sequence (%) *

0-9

0.3

10-19

0.6

20-29

1.0

30-39

2.3

>40

935.8




The draft sequence was gengf@ated byrassemiglitg about sevenfold
sequence coverage fropwfemale mice of the"CEABL4BJ, strain (referred to
below as B6). The asseinbly eontains about 96% ofthe sequence of the
euchromatic genome (exeluding ‘chromosomerY) In séquence contigs
linked together into lagge units; ustally largerthan 50,megabases (Mb).

able 1 Distribution of sequence reads

Vector Reads (millions) Basest (bilions) Sequence coveraget Physical coverages

Used Pairad Assembled Totsl =PFhrad20 Total =Phred20

0.71 0.61 1.2
5.89 5.03 17.7
0.22 0.19 1.0
0.52 0.42 4.3
0.26 0.21 9.3
0.09 0.07 13.7
0.1 0.1 0.02
7.68 .53 47.2

Plasmid 3.7 4.1 2.9 1.8
Flasmid 24.7 221 21.5 14.7
Flasmid . 1.0 0.8 0.8 0.5
Plasrmid 25 2.4 21 1.7 1.3
Fosmid . 1.3 1.2 1.1 0.6

EAC A (.4 0.4 0.4 0.2
Plasmid 0.052 0.03 (.04 0.03

33.6 29.7 28.4 18.2

=
ol e e

Lm o oonoE

My CF K

Al

J—
ot
&

Reads [millions) Basest (billions) Sequence coveraged Phiysical coverage

Usad Pairad Assembled Total =Fhred20 Total =Phred20

3.68
1.57
1.09
Q.11
Q.08
6.53 T

Mhitehead Institute 18.0 158 15.7 10.7

3o :

Washington University 8.3 ] 7.1 4.7

N 6.3 o4 4.7 3.3

University of Ltah I 0.6 05 0.5 0.3

he Institute for Genomic Resesarch 5 0.4 04 0.4 0.2
otal 338 29.7 28.4

ENOD A s
B B S e
I I




able 2 Basic statistics of the MGSCv3 assembly

‘a5 Number M50 length (kb)*

a total of 88
ultracontigs with an
N50 length of

50.6 Mb (exclusive
of gaps) contained
95.7% of the
assembled sequence
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The mouse genome 1S apout 14% sealler than
the human genome (2.5 Ghdompared with
2.9 Gb). The/difference probably reflects a
higher rate of deletion1n thesmouse lineage.




ITabIe 3 Mouse chromosome size estimates

lChr'::musmne Actual bases in Ultracontigs Gaps within Gaps between suparcontigs Total estimatec
sequence (Mb) (Mb) supercontigs size (Mb)t
Mumber NS0 size Murnber M Captursd by Captured by Uncapturedt
additional read fingerprint
pairs contigs”
MNurnbear M Mumber b MNumber
Al 2,372 ga b2.7 176,094 104.5 252 14.0 37 2.30 68 2,493
1 183 B b2.7 13,178 [ 16 1.1 1 0.32 b 192
Z 16 5 111.1 12,141 6.9 - 0.1 1 0.20 < 176
3 149 2 108.9 10,6830 €.8 17 0.7 3 0.16 1 157
4 140 3 83.1 10,745 6.3 14 0.4 3 (.26 2 147
5 137 13 17.8 11,288 6.7 11 0.5 a3 0.11 12 144
138 4 91.4 10,021 6.6 19 1.1 2 0.26 3 146
7 122 5 45.1 9,484 5.7 a5 3.4 4 0.12 4 131
8 119 5 35.0 9,188 6.1 T 0.2 2 012 4 125
118 B 26.8 8,479 4.5 (3] 0.6 1 (.08 5] 121
10 121 4 50.4 9,430 5.4 2] 0.6 0 0 3 127
11 115 3 80.4 8,681 4.3 2 0.0 1 0.05 Z 119
12 105 2 7. 7,87 4.0 27 1.2 2 0.00 1 110
13 107 & 28.0 7.910 4.7 13 0.8 “ 0.19 S 113
14 107 2 93.6 7,605 4.0 10 0.5 2 012 1 112
15 96 3 65.3 7,025 4.3 2 0.1 0 0 2 100
16 g1 3 62.3 6,695 4.4 1 0.0 0 0 2 a5
17 85 2 80.8 6,084 3.7 17 1.2 4 0.19 1 90
18 B4 3 73.5 6,192 3.2 2 0.0 0 0 2 ay
19 o5 1 7.7 3,934 2.4 7 0.6 2 0.12 0 58
A 134 10 19.9 9,249 7. 13 0.8 2 (.00 a 142
*These gaps had fingerprint contigs spanning tham. The size for 18 out of 37 were estimated using conserved synteny to determine the size of the region in the human genoma. The remaining gaps were

arbitrarity given the average size of the assessed gaps (39 k), adjusted to reflect the 16% difference in genome size.

1 Uncaptured gaps were estimated by mouse—human synteny to have a total size of 5Mb. However, because some of these gaps are due to repetitive expansions in mouse (absent in human), the actua
otal for the uncaptured gaps is probably substantially higher, For example, one large uncaptured gap on chromosomes 1 (the Sp-1000s region) is roughly 6 Mo (see text).

T Omitting cenfromeres and telomeres. These would add, on average, approximately 8 Mb per chromosome, or about 160 Mb to the genome, Also omitting uncaptured gaps between supercontigs,




Mouse
Chr12 = ——

59.9 60.5 (Mb)

Figure 2 Conservation of synteny'betweennuman and mouse. We
detected 558,000 highlkyeonserved, recipreeally unigue landmarks

within the mouse and humangenomegsy Which can be joined into
conserved syntenic segments-and blocks(detined in text). A typical
510-kb segment.of mouse chromosome 12that shares common

ancestry with a 6Q0-kb'section 'of human chromosome 14 is shown.

Blue lines connect the reciprocaldunigue matches in.thetwo

genomes. The cyan bars represent sequence coverage/in each of the

two genomes fortherregions=inigeneral, the landmarks in the mggise *
genome are more cleselyspaced, reflectingithe-14% smaller overall
genome size.
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Over 90% of the mouse aggshuman genomes can be
partitioned Into cerresponding-regions of conserved
synteny, reflecting segments In"which.the gene order
In the most recent compmaon“apcestor has been
conserved In both.SPecies.

At the nucleotige Ievelsappraximately 40% of the
human genome'¢an:be akighea to’the mouse genome.
These sequences 'Seem to represent mostof the
orthologous sequences.thatremam 1neth Iinegges
from the common-ampsstor, with therest likely to
have been deleted in one orPoth genomes.*




The single most preyaleft’featitre of mammalian
genomes IS thefirepetitive Sequences,” most of
which are interspersSedepeatsrepresenting ‘fossils
of transposablgelements.  ransposable elements
are a principalFfoOrceshasreshapiigtne genome, and
their fossils thuS'Provide powerfdlareporters for
measuring evolttioRary farcesSaeting on the
genome.

* %
*




All mammals havedssetiall\the same four
classes of tranSposabieelements’ (L) the
autonomous long interspersed nucleotide element
(LINE)-like el emen e LUNEStepende nt,
short RNA-C |

ele

with long ter :
transposons. Therfirsithree Classes procreate by
reverse trariser (2 Aditermediate
(retroposition)ywhere gg {rapspesons moke »
by a cut-and-paste‘MgenanisnToF DNA seguence




Prom ORFI OREF2 (pol)

Long interspersed nuclear elements S ———— AAAA 6-8kb

Short interspersed nuclear elements SINE = 100-300 bp

Retrovirus- 4z L v . .
like - s oy

DNA
transposons

Human Mouse
LINE

] sINE

Retrovirus-
like

DNA

transposons

Percentage of genome

- N

A Primer of Genome Science by Gibson and Muse, 2002. Sinauer Associates Inc.




jJable Sl 6. Definition of
Name Sass Ancestral Repeats f_or
5S rRNA the GGeRame Evolution

7SK RNA Seetion.
SLRNA SIPRNA
BLACKJACK AcHobo
Charliel MER1 type
Charliela MER1 type
Charlielb MERT type
Charlie2 MER1 type
Charlie2a MERZ1, type
Charlie2b MER1 type
Charlie4 MER1 type
Charlieda MER1 type
Charlie7 MER1 type
Charlie8 MER1 type
Charlie9 MERL1 type
ERVL ERVL
ERVL-E ERVL
HAL1 L1




Table SI 4. Germline mouse mutatigagéatised by viral retrotransposon

insertion.

Locus

Adcy"™
Cacng2*?
Cacng2*
Clc1?
Tnfrfs6""

EdarM£M

Fhxw4 P
Fhxw4 P2
Fign"
Foxn1"&¢
GIli3re
Hk1%
H2®

Mip
MipCat-Fr
Muted™

ob2J

Lep

c-BC3

Tyr

Mut@ant mouse name

Straingof origin

Early transposon (ETn)

harreless

stargazer

stargazér-3J

myotonia

lymphopro liferative response

sleek

dactylaplasia
dactylaplasia-2J

fidget

nude-British Columbia
extra-toes

downeast anemia
MHCexpression variant
major intrinsic protein of eye lens fiber
Dominant cata¥act(Fraser)
muted

obese

albino-BritishColumbia 3

ICR
Al
BALBI/c)
A2G
MRL/MpJ

STOCK Rb(8.12)5Bnr
Tyrplb m

SM/CKE
MRL/MpJ
unknown/mixed
STOGK Spnal®™2
JclICR
A/
strain variant
strain variant
Al)
STOCK t
S/ CKe: Fbjwa ™
STOEK Spnals2e

Reference




AW
Ath

AlaPy
Atrn™
Atrn™*
Axin™
Axin®
Dab1*™
Eyal®™
Gus"
Hps1®
Hps3°
Lamb3'®

Pitp1b*™

ReInAIbZJ

Spnalsph-Dem
c-1R

Tyr
Usp14*

Abchla
Aif
Myo5a’
hr
Pde6b™!

Intracisternal A-type Particle (IAP)
viable yellow C3H/Hel

hypervariable yellow €3H{HeSnJ
agouti IAP yellow B6C 3F1/J
mahaoany C3H%Sulliss stogk
miaRogany -Leicestek €3H/HeJ
Tused unspecified
knobbly, unspecified
scrapbler Dc/Le
branchio otorenal syndrome C3H/Hel
mucopo lysaccharidosis-34 C3H/HeOuJ
pale ear C3HeB/Fel
cocoa-6J C3H/HeJ
Herlitz junctional epidermalysis bullosa C3H
vibrator DBA/2J
reelin-Albany-2 C3H/Hel
spherocytosis-Demant CcS3/Dem
albino-1R (101/RI x C3H/RI)F1
ataxia CBA/J

Muftine leukemia virus (MLV)
multiple'drug resistance-3 strain variant

harlequin CF1
dnlute fancy mice
hailrlgs§ unkgown
retinal-degengration 1 fahcy mice

Virus-like 30 (\V180)
non-agouti fancy mice




*

able 5 Compaosition of interspersed repeats in the mouse genome
Mouse Human
Thousands of copies Length occupied (Mb) Fraction of genoms (%) Lineage specific (%) Fraction of gename (%) Lineage specific (%

LIMNES 660 475.3 19.20 16.46 20,99 7.94
LINE 299 464.8 18.78 16.46 17.37 7.94
LINEZ 53 3.4 0.38 - 3,30 -

L3/CR1 8 1.2 0.05 - 0.32 -
IMEs 1,498 2029 8.22 7.63 13.64 10.74

B1 (Alu) 564 67.3 2.66 2.66 10.74 0.74

B2 348 59.6 2.39 2.39 -

B4/RSINE 391 57.1 2.38 2.36 - -

IC e 5.3 0.25 0.25 - -

rMIRMIRS 115 14.1 Q.57 = 280 -

LTR elemants 631 2443 Q.87 B.72 8.55 4.049
ERV_classl 34 16.8 0.58 0.58 292 2.02
ERV_classll 127 a1 3,14 2.4 0.30 0.30
ERV_classlll 37 14.0 0.58 0.32 155 0.1
iaLRs (I 288 112.2 4.82 4.02 3.78 1.58

CA elements 112 21.8 Q.88 0.36 3.03 1.00
Charlia a2 15.2 Q.82 0.35 1.41 0.14
Cither hATS g 1.6 0.06 = 0.31 —

Tigger 24 4.4 047 - 1.06 0.76
ariner 1 0.2 0.0 0.01 0.10 Q.07
Linclassifisd 26 9.2 0.38 0.37 015 0.14
otal 2,926 8953.6 38,55 33.53 48,36 24.05
mall BANAS 19 1.6 0.06 0.04 0.04 0.02
atellites 7 0.7 0.30 A 0.34 M&,
imple repeaats B0 56.1 2.27 A 0.87 A,
he two right columng show the fractions in the human genome (excluding chromosome Y) for comparson. Thase and all ather interspersed repeat-relatad data are based on RepeatMasker analysis

[version July 2002, sensitive setfings, RepBase release 5.3) of the February 2002 mouse and June 2002 human draft assemblies. Each repeat family in the Bepeathasker ibrary was determinedto be eithed

order-specific or ‘ancestral repeats’ present at orthalogous sites, usually on the basis of the average dvergence level of the interspersed repeat family copies. For elerments with an average divergence off

15=1%% in human, copies were checked to be present or absent at mouse orthologous sites, to have inserted in known primate-specific repeats, or fo have inserts of known mammalian-wide elements. Mo
mammalian-wide repeats were found in the mouss genome that were not already known from the human genome. NA, nat applicable.
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Mouse has accumulateditfiose'new igpetitive sequence
than human

Lineage-specific versfis ancestral repeats

Despite marked differéncesyn thedctivity of transposable
elements betweefi mouséiand humanysimilar types of
repeat sequences have acctimudateg in the corresponding
genomic regions|in bothrspeeies. #heeorrelation is
stronger than can beexplainedésimplysby local (G+C)
content and pointsito additional factersantltiencing how
the genome is‘tpeulded by trahsposons:

x %

*




able 8 Density of short SSRs in mouse compared with other mammals

All 1-5-bp unit SSHs including Excluding SSRs within IRs
those in IRs and IR tails

Mouse Human Ratio® Dog ' Mouse Human
(%) (Sa)

1.3
1.86

he cutoff indicates the maximum level of imperfect coples allowed, with ‘none’ indicating that all
SS5Rs are recognized by Repeathasker. To determine which SSHs were spawned from within IRs o
IR tails, the locations of SSRs were overlapped with the RepeatMasker output. We excluded thos
=oRs overlapped by IRs and those resembling unmasked tails; that is, occurring more than one-
hird of the time adjacent to the same type of IR, IR, intersparsed repeat; S5R, simple saquence
repeat,
* Ratio was determined by dividing mouse percentage by human percentage.




able 2 Frequency of different SSRs in mouse and human

Simple sequence Including SSRs in IRs Excluding SSRs from SINE and LINE
tails and within IRs

Fraction of mouse Average no. units Average no. units
genoms per SSR per SSR Fraquency Frequency ratic Frequency Frequancy rati
EBphb™" Imouse) (huimizn) (number S5Rs per M) imousehuman) (number rﬂ* M) [mouseshuman

20.8 0.4 'C'
0.5 6.2 0.2
73.8 3.8 62.1
28.1 6.9 26.7
8.7 1.9 2.6
0.2 10.5 0.1
5.2 1.7 3.2
1.7 11.7 1.6
4.0 0.8 2.4
1.6 6.2 1.3
0.9 3.0 0.8
1.3 5.1 1.1
17.56 2.2 0.3
3.1 2.8 2.3
10.5 0.8 5.8
1.0 8.3 0.
2.3 4.9 2.0
1.3 1.1
2.4 21.1
2.1 6.0
4.4 4.0
1.2 8.2
'I.J 4 1. ;_._‘u

.-_'G
22.7

=2 D
n
=] — £ 2
o = n

L 5 o
el ol il

i L g
]
O N
0 0
B RO =MOMMhd

=] n
[ s ]

—I—I——'«r«,_}l’\_'l::

== 3
o —
@@ ==~ nDndn i

i
—

oo~ = o
SRR ol el sl ol |

148
162
147
53
30
48
485
203 16.2
348 8.2
36 8.8
122 13.5
41 7.8
70 [
85 10.3
282 16.2
39 8.2
35 9 59

jos)
s

—h ach ok =k [}

L el

=] IJ Yl b
O & o

I P O 00 Ch =] ©

—
=] L P = I

) oh Ch

-

—
G'fl
[

k.
[ ]

] =& =i
E.‘\:—l-nl'-lm

—;
O e

oo =
)

F

Frek JEI"‘:, 1"-':1 dEF'SI"' "‘""’“‘“C-F"‘E-I’ "I dlrrﬂr sq: and the most commaon timeric and Tet*a’rer“ ch Then mibers are f”r 20-bp- “I"g S S GOl ani"g 108 oSL-“i‘ Tu‘“"s ar':J ndm T“ﬂ“ﬁ
right columns show the density of uu rapeat, excluding those S5Fs spawned from the tails of SINEs and LIMEs or inharently |:|.3rt of other IRs. For thiz, S5As were counted in a default (-m —s)
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Overall, mouse,has?2.25-3.25-feld/more short
SSRs (1-5 bp tmpydhan human.

Apart from thefabsalut®&num@eref SSRs, there
are also some /marked . differenees.in the
frequency of certain SSR Ctlasses{Jable 9). The
most extreme S thetetramer (ACAG)N, which Is
20-fold more commonTin mausethan human

* %

*




e constrﬁed catalogues of human and mouse gene predictions on

e basis of available experimental evidence. The main computational
tool was the Ensembl gene prediction pipeline augmented with the
Genie gene prediction pipeline. Briefly, the Ensembl system uses
three tiers of input. First, known protein-coding cDNAs are mapped
onto the genome. Second, additional protein-coding genes are
predicted on the basis of similarity to proteins in any organism using
the GeneWise program. Third, de novo gene predictions from the
GENSCAN program that are supported by experimental evidence
(such as ESTs) are considered. These three strands of evidence are
reconciled into a single gene catalogue by using heuristics to merge
overlapping predictions, detect pseudogenes and discard
misassemblies. These results are then augmented by using
conservative predictions from the Genie system, which predicts gene
structures in the genomic regions delimited by paired 5" and 3' ES
on the basis of cDNA and EST information from the region*




Table 10 Gene count in human and mouse genomes

(Genome feature Human
Initial Current
(Feb. 2001) (Sept. 2002)

Predicted transcripts
Predicted genes
Known cDNAs

Mew predictions

Mean exons/transcriptt

o =~
-] £

-

, = =t O} P
"“m';h_up.

o
=
2 o

*Without RIKEN cDNA sat,
TWith RIKEN cDMA set.
IMedian values are in parentheses.

Mouse

Initial*
(this paper)

Extendedt
(this paper)

28,097
22,444
13,591

O L]
8,853

8.2 (B)
191,290




Eukaryote

Metazoan
Mammal

*Rodent
Chordate

* %

Taxonomic breakdown of homologuesiofmiouse praieins‘according to taxonomic&nge




Gene OntologyzG®

Biological process Molecular function Cellular compones:
Behavior > Antitoxin p Cell fraction
Cell communication > Anticoagulant p Cell wall

Cell growth and maintenance s Antioxidant - Extracellular
Death Apoptosis regulator Intracellular
Developmental processes B Cell cycle regulator » Membrane
Perception of external stimulus p Cytoskeletal regulator P Unlocalized
Physiological processes Defense/immunity protein

Viral life cycle p Vitamin transporter

B
B
|
P
4
|
|

and many more

A Prmer of Genome Scieneesby Gibson and Musg, 2002¥ Sinauer Associates Inc.
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Table 11 Domain-based and family-based InterPro analysis

Mame

Rhodopsin-like GPCR superfamily
Zn-finger, C2H2 type
Immunoglabulindmaior histocompatibility complesx
Eukaryotic protein Kinasa
ATFasa
RNA-binding region RNP-1 (RNA recognition motif)
L1 transposable element
G-protein beta WD-40 repeat
Zn-finger, RING
RMNA-directed DNA polymerase (reverse transcriptase)
Fleckstrin-like domain
Levucine-rich repeat
Homeokox
KRAE box
Calcium-binding EF-hand
Ankyrin
SH3 damain
EGF-like domain
Integrase, catalytic domain
Fibronectin, type Il
Small GTP-binding protein domain
BTE/POZ domain
TPR repeat
POZ/DHR/GLGF domain
C2 domain
Caticn channel, non-ligand gated
Helicase, C-lerminal
SH2 damain
Basic helix-loop-helix dimerization domain bHLH
Serine protease, trypsin family
Integrase, N-terminal zinc binding
Esterase/lipase/thioesterase, active site
Ubiquitin domain
Histone-fold/ TRID-TAF/MNF-Y domain
Tyrosine-specific protein phosphatase and dual-specificity protein phosphatase
RNase H

DO0E26
004822
000387
DOZ2156

M. muscuwius

(%)

34{1]

3.1(2)

2.7 (3

2.1 1(4)

1.7 15)

1.4 (6)

1.4(7)

1.3 (8)

1.3(9)

1.3 (10)
1.2(11)
1.2(12)
1.2(13)
1.1 (14)
1.1(15)
1.0 (18)
1.0017)
1.0(18)
0.9 (19)
0.9(20)
0.8 (21)
0.8 (22)
0.7 (23)
0.7 (24)
0.6 (25)
0.6 (26)
0.8 (27)
0.5 (28)
0.5 (29)
0.5 (30)
0.5 (31)
0.5(32)
0.5 (33)
0.5 (34)
0.5 (35)

H. sapiens
(%)

3.0 (1)
283
2.0 (4)
1.4 (5)
1.0 (10)
0.7 (20)
1.1(7)
1.1(8)
0.7 (19)
1.0(9)
0.9 (13)
0.9(12)
1.1 (6
0.9 (15)
1.0(11)
0.8 (16)
0.8 (14)
0.0 (412)
0.8 (17)
0.7 (18)
0.6 (21)
0.6 (23)
0.6 (22)
0.6 (25)
0.5 (286)
0.4 (31)
0.5 (28)
0.4 (34)
0.5 (29)
0.0 (1,297)
0.4 (33)
0.2 (61)
0.4 (30)

23[21

T. rubiipes
(fish)
(%)

1.7 (3
1.7 (2)
211
1.1(5)
0.7 (18)
D0(772)
10N
0.9 (11)
0.8 (14)
1.0(6)
0.9010)
1.0(8)
0.0(=)
0.8(16)
0.8 15)
0.8 (12
0.9 (9
0.2 (B1)
0.8(13)
Q.7 (17)
0.6 (20)
0.5 (24)
0.7 (19)
0.6 (22)
0.6 (21)
0.4 (32)
0.4 (26)
0.4 (25)
0.4 (27
0.0(=)
0.4 (30)
0.1 (104)
0.2 (82)
0.4 (28)

1.6 (4)

C. elegans
(nematode)
(%)

2.014)

1.00100
0.4 (32)
2.2 2)
1.3 (8)
0.6019)
0.0(=)
D.7(16)
D.B(13)
0.3 (42
0.4 (35)
0.3 1(47)
0.5 (21)
0.0(=)
0.4 (30)
D524
0.3(48)
0.5(22)
0.1 (134
0.2 (58)
0.4 (29
0.8(13)
0.3 (45)
0.3 (43
0.2 (59)
0.4 (31)
0.4 (127)
0.4 (37)
0.2(73)
0.1 1202
0.0(=)
0.71(15)
0.1 (98)
0.5 (26
0.7 (17)
0.0 (538

D. melanogasts

{insact)
(%)

0.6 (16)
2.4 (1)
1.0(6)
1.6 (3
1.8 (2)
0.8 (8)
0.0(=)
1.3(5)
0.8(10)
0.1 (163}
0.5 (24)
0.9 ()
0.8 (11)
0.0(-)
0.7 (13)
0.6(19)
0.5(23)
0.5 (27)
0.0 (490)
0.5 (26)
0.6(18)
0.5(22)
0.6(17)
0.5 (25)
0.3 (37)
0.4 (32)
0.5 (21)
0.2 (81)
0.4 (28)
1.5 (4)
0.0 (=)
1.0(7)
0.2 (58)
0.1 (155}
0.2 (47)
0.0 (857




Table 12 K, K5, K o/K 5 and pairwise percentage amino acid identities for 1:1 mouse-human orthologues

Aligned positions in the full-length protein
Domain-containing protein regions®
Domain-free protein regions”

All predicted domains”

Catalytic domainst

Mon-catalytic domainst

Secreted domainst

Cytoplasmic domainst

MNuclear domainst

‘Domains predicted by Pfam and SMAAT.

T Domaing predicted by SMART,

synonymous #fKs]

nonsynonymous<fiKaj

78.5; (12,845);

51.0-831
93.5; (8,280);
80.6-99.1

71.1; (12,782},

37.8-90.9

95.1; (17,735},

20.6-100.0
96.6; (1,982);
86.1-100.0

04.9: (15,753}

80.0-100.0
88.9; (3,901);
75.4-97.5
96.7; (5,795);
7.1=100
98.6; (3,757);

B85.7-100.0

K s, median (n); 16-83%

0.071: (12 845);

0.019-0.181
0.032; (8,280),
0.004-0.111

0.020; (12,815);

0.022-0.237

0.024, (17,735)

0108
0.015; (1,982);
0=0.065

0.026; (15,753);

O-0.114
0.058; 3,901);
0.012-0.147
0.015; {5,735);

0-0.064
0.008; (3,757);

K= madian (n); 16-83%

0.802: (12,845);
0.414-0.981
0.601; (8,280);
0.380-1.072
0.586; (12,614);
0.383-0.285
0.627; (17,7358);
0.345-1.309
0.578; (1,982);
0.346-0.973
0.635; (15,753);
(0.345-1.352
0.694,; (3,901);
0.414

0.587; (5,

0-0.077 L !

K ofK 5 median (n); 16-83%

0.115; (12,615);
0.036-0.275
0.061; (7,399);
0.015-0.178
0.155; (12,035);
0.048-0.370
0.062; (13,391);
0.016-0.201
0.033; (1.648);
0.008-0.115
0.068; (11,745,
0.018-0.213
0.081; (3,537
0.023-0.241
0.041; (4,300);
0.012-0.133
0.050; (2,103);

Forithe 12,845 pairs of mouse-numangl:1 orthologues, 70.1% of the

x

residges were identical The mediamhamo acid identity was 78.5%
andtheimedianKA/KS ratio was 0.11%

x %

0.011-0.185



CYPEA L

I:-I'_f-::'-r'r'-l.:-

—m CYP4E |

e CYPAX

| Cytochrome P450 protein
b o families in mouse, human and
Fiin A pufferfish.

FUGAPDES
Complete
orthologues

This gene family is moderatelybutisigntficanéy expandediinmouse (34sgenes) relative to human (63
genes). By comparingthe cytoChromesP450°gene families from moeuse;haman andpufferfish (Takifugu
rubripes), we found clgar expansionsin fourssubfamiliesdCyp20;Cyp2e, Cyp2d.andCyp4da) in mouse
relative to human. Thes@occpr in I06al gene clstersithaialse eontain unprocessed pseudogenes. The
expansions appear to be assogtgted, in part, e gERBEr IfIeReNces M the megaboltsm of androgens and
xenobiotics

*




[ MHC | (17)

| Cy (16)

Cyp2d (15)

| RNAses (14)

[ Cath-J (13)

| Prolactin (13)

| GPrP (10)

| CEase/2 (8)

| CEase/1 (8)

Bdp/2 (8)

| Bdp/1 (8)

| Abpa/2 (7)

| Abpa/1 (7)

| Obox (7)

| SmGSP (6)
Pip (6)

| Cypda (4)

| Butyr (4)
GST (3)

| Hsd (3)

| Elafin (2)

| Claudins (X)
Obp (X)

| Hox (X)

Protein evolution

o ) ©

i o

one. Sy/V




To explore systematically recent evoluft®R, of the mouse proteome, we

searched for mouse-specific genesclusters

able 15 Mouse homologous gene clusters

Cluster

HOE cluster including Pem,

Gpbox and Psx1

Cdorant binding proteins
(Obpyaphrodisin
homalogues (ipocaling)

Clauding

Elafin, eppin and
antileukoproteinasa 1
homalogues
Hydroxysteroid
dehydrogenase

Class mu glutathione
-transferases
Butyrophilin homologuss

Class Cypda cytochromes
P4Z0

Frolactin-inducible protein;
seminal vesicle-antigen (Sva)

Abbreviation®

Haox

Obp

Clauding

Elzfin

Butyr

Cypda

Fip

Chrt

Mo. of predicted

gensest

8

|

Strand

(major/minor)

543

4/4

4/2

4/3
70
70

32

4/3

440

Fungtion and expression

Probable functions in embryogenesis,
placentaticn and rodent oogenesis.
Sequence avidence for pasitive selection.
Expression in the placenta/embryo. Pem is
under androgen cantrol in the testis and
epidichymis.

Lipocalin family members probably bind
wolatile odorants. Aphrodisin is an
aphrodisiac hommone of hamster vaginal
discharges. Obps are highly exprassed in
tha nasal area. Prostate probasin is reguilated
by androgans.

Claudins form an intercellular barrier in

tight junctions. Mutations in clauding cause
reproductive defects, Four homologues
were found in a testis cDMA library,
Reproduction-related WAP domain

proteins: antimicrobial properties. Some
proteins are specific to the epididymis.
Biceynthesls of hormonal stercids. Controls
binding of harmone to receptor.
Gender-speacific expression in olfactory bulb
and offactory tubercle.

Conjugation of glutathicne to hormones or
metabelites?

Unkncwn functions, Contain immunaglobulin-
like domain(s).

Oxidation of compounds, possibly fatty acids.
Gender differences in expression (Cypda and
Cypdb).

Sva role in suppression of spermatozoa
mctility: 14 kDa submandibular gland protein
i5 expressed in lacrimal, salivary and sweat

Referance

204, 299

300, 3M

J02, 303

305307

214, 308, 309




Froline-rich proteing
Subrmanditbular gland secretory
proteins

Obaox, family of homeobax
proteins

Salivary androgen-binding
protein alpha-subunit

Beta-defensin proteins

Beta-defensin proteins

Carboxylesterase
Carboxylesterase

Prolactin-related proteins

Cathepsin J-like enzymes
Eosinophil-associsted ribonuclease

Class Cyp2d cytochromes P450

Cystating/stefins
Froteins of unknown function

MHC class Ib

(=), indicates that reliable alignments could not be determined, and thus they were not included in Fig. 21.
“Where paralogues were aligned into two sequence-similar subfamiies, this is indicated by appending a slash followed by the ordinal to the abbresdation.
WMouse chromosome number,

l:-.l
SmiEsSP
Ol

Abpe/1
Abpa/2

Bdp/1

Bdp/2
CEasa
CEasa/2

GHP

Prolactin

Cath-J
RMNAses

Cyp2d

&

=]

o 0o

10

15

16
16

17

o

o

5 =l

2/2
5/4

33

T2

4/1

3/2
&80
41

372

11/6

6/0
7/4

3/2

5/2
6/

4/4

-

Salivary proteing of unknown function,

Salivary proteins of unknown function, related
to praline-rich proteins (above). Expression is
androgen-dependent.

Homeobox proteing preferentially expressad

in the gonads,

Mate selection. Genas may be under

positive selection due to role in subspecies
recognition.

Antimicrobial peptides. Bela-defensin 3 is
gxpressed in salivary glancls, epididymis, ovary
and pancreas. Beta-defensin 5 is expressed in
trachea, cesophagus and tongue,
Antimicrobial peptides. Beta-defensins 1 and 2
are expressed in kidney.

Involved in detoxification of xenobiotics.
Inviobead in detoxification of xenobiotics.
Expression of egasyn is differentially regulated
by androgens.

Unknown,

Placentation; probable role in development of
placental blood vessals.

Flacantation; expressed in murine placenta only.
Probable roles In pathogen responss in
gasinophils.

Crddation of compounds, possibly fatty acids.
Cyp2d3 is a testosterone 168-alpha hydroxodase
regulated by androgens. Cyp2d22 is expressed
in mammary epithelial cells.

Inhibitors of papain-like cystein proteinases.
Gly-, Cys- and Tyr-rich proteins of unkncwn
function. ESTs (BEB615096 and AV261464)

are derived from a testis cDNA library.

Some genes invalved in antigen presentation,
but most are not. Very different betwsen human
and mouse and between mouss strains, Class
la peptide-binding region shows increased

310
31

312

221,222, 313, 3

316
318, 317

212, 318, 319

202
224, 320, 321

217, 218

322

227,323

MoN-Synonymous-to-synonymous substitution.



Olfactory recognition Behavioural effects
* Olfactory receptors * Mate selection (androgen binding protein)
Qltactory binding prateing (ipocalins, Chr 2 & 4) * Male mating behavour (aphrodising
» Cytochrome P 450 CYP 2C (Chr 19) * Destrus synchronization (MHC )
* Cedrus suppression (MHC 1)
* P uberty acceleration (MHC 1)
Fregnancy block (MHC ()

Olfactory cues Hormonal response
sMHC Class = Prolactin
= Androgen binding protein alphsa * Prolactin-like proteins
= Anhrodisindike lipocalins = P raolactin induced protein

iy N

Androgen I"EQLIlEI.tEd S Sex hommone metabolism Placentation
lm * Hydroxeysteroid dehydrogenase 3dhets * P lacental hom eobox
» Seminal veside *» Cytochrome P 430 CYP 44 nroteins
antigen proteins = Cytochrome P 4350 CYFP 2D * Cathepsins
Seminal veside secretory o " Cystating

= k= i i | ]




Aligning —Identity
First exon Middle exons Last exon

—h
=
o

a5 -
90
85 1
80 -
75 -
70 1
65 1
60 1
55
50

Sequence identity (%)

200-bp Intron Intron 3' UTR 200-bp
upstream Position within genome downstream

100 -
935
90 1
85 1
80 1
75 1
704

oM N NNNUN NN fhnnnbnnld
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Position relative to 5' splice site
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Sequence identity (%)

L L] L L] T L

-15~14-13-12-1-10-8 -8 -/ -6 =5 =4 -3 -2 —101 2 3 4 5 6 78 9101112131415

Position relative to translation start

] L L] L] T L] L]

Sequence identity (%) &

~15-14-13-12-1+10-9 -8 -7 -§ =54 -3 -2 1 51 2 3 4 56 7 8 9101112131415
Position relative to 3' splice site




The human spermicing syhthase gene(SRM)on chromosome
1, involved iR the Liesynthesis of pelyamines, and its mouse
orthologue (Skm).onsghromesome A The*tifth exon in the

mouse geng (greeny) IS Iterrupted by anintron’in the human
homologue;

x %

*x




The mouse and human genemes eaeghiseemjto contain about 30,000
protein-coding genes. Lheselfefined estimdtes hawe been derived from
both new evidence-based analySes that preduce-larger and more
complete sets of gene predictions, and new.de novasfgene predictions
that do not rely on presfious evidence ofitranscription or homology.
The proportion of mguse genesSwith a suigleadentifiable orthologue in
the human genome Seems toibe approximately.80%. [he proportion of
mouse genes withotut anyemolocue CUtrentlyadetectable in the
human genome (and vice versa)seems tobe less than 1 %.

Dozens of local genefamilyFexpansionghavéoccurted in the mouse
lineage. Most of thesaseemtoinvolve‘genestelated to reproduction,
immunity and olfactiony, suggesting that thesephysielagical systems
have been the focus of extensivelineasesspecific innevation in rodents.

o

*




Table 18 SNPs generated by WGS sequencing

12981/SvimJ

C3H/Hed 34,949

BALB/cByJ 19,686
22,609

79

LTl
268

“Reads passing all filters: sequence quality, SSAHA-SNP program™* and unique placement on the

genaime.

* %
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Table 1 Whole-genome assembly statistics

Genome feature =1 kb number NS0 length (ki) M50 number Largast (kb)
Contigs g8.612 36 7486 442
Supercontigs 32,767 7,067 37 33,505

Statistics presented are for the whole-genome assembly befare integration of physical mapping
data. Contigs are contiguous sequencesnot interrupted by gaps, and supercontigs are ordered and
oriented contigs including estimated gap sizes. The NSO statistic is defined as the largest length L
such that 50% of all nucleotides are contained in contigs of size at least L. Atotal of 10,743,700
reads were included in the final assembly. Only 4 39% of the tatal sequencing reads presented
tothe assembler were not used in the final assembily.




?2?? QuickTime?#!

Fruitfly

=
1k]
x
L
o

Mosquito
C. elegans
C. briggsae

‘ Losses . Gains 2,000 genes 1,000 genes

Figure 8 Approximate history of animal genomes. The gene content of ancestral




- Mouse vs rat
- Human vs mouse
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Figure 2 An idealized protein-coding gene structure showing average percentage
alignment and average percentage identity (including gaps and unaligned regions) over
10,000 orthologous gene structures in either human—chicken, human—mouse or mouse—
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Table 7 Details of family expansionsfin chicken

Number of chicken genes Number of chicken pseudogenes Chicken:human gene ratio Annotation

202 16 202:1 Olfactory receptors 5U1/5BF1
25 6 25:1 Immunoglobulin-like receptor CHIRs
14 3 14:1 Major histocompatibility complex,
class I-like sequence
13 (0) 13:1 Myelin-oligodendrocyte
glycoprotein
26:3 G-protein-coupled receptor 43; free
fatty acid activated receptor 2
8:1 Early activation antigen CD69
6:1 T-cell surface glycoprotein CD8a-
chain
5:1 Immune-associated nucleotide 6-
like; guanosine triphosphatase

In-depth analysis of gene families that have been expanded at least fourfold, as'revealed by automatic

orthology analysis.

*




Table 11 Comparison of orthologous segments

Anchors

Orthologous genomic

umber of blocks
werage size in human (Mb)
size in chicken (Mb)
Average human:chicken ratio

Median size in human (kb)
Median siz= in chicken (kb)
Median human:chicken ratio
Longest block in human (Mb)

segments

1,068
210
078

177
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Orthologous
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\Ll_s UALIZATION Toc:Ls FOR ALIGH

VISTA is a\set of.teolS for comparative genomics. It was designed to
visualize long seguence alighmentstoPRNA ffem tWo'or more species
with arnetatiop‘information.’It has a cleanoutput; allowing.for easy
identificatien of'sequence similarities and differences,and is easily
configurable; enadhing the Vistalizatonel alignmentsief various lengths
at differentdeyvels of resolttion*Cliekrhere*ror instctuctions on how to QP

VISTA.
*
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B Human C Human transgenic mouse
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Total TG>90%
Total TG<10%
Male TG>90%
Male TG<10%
Female TG>90%
Female TG<10%

| BMIL | Age | TG | SNP31.1 | SNP312
61
208 | 257:4.1 | 4994157| 546:134|278(933)| 2067 ] 0]
97 |  289:37 336.4+155.3
192 3| 184958)| 8@2| 0]
64| 293:60| 478+158] 347.143496] 58(906)| 6©04)[ 0

106 | 24.1:4.2 94 (88.7) | 12(11.3

>0.0001

>0.0001




