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= Indroduction
= Genomic Mapping
= Types of Maps
= Data Repositories
- GDB, NCBI, MGI/MGD
= Mapping Projects and Associated Resources
= Practical Uses of Mapping Resources
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Introduction

= “Map of Maps”

= The different types of markers and methods used for
genomic mapping

= The inherent complexities in the construction and
utilization of genome maps

= Several large community databases and method-specific
mapping projects

= Practical examples of how these tools and resources can
be used to aid in specific types of mapping studies
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Genomic Mapping

= Genetic Mapping
- Crossbreeding and pedigree

- Calculation of recombination frequency by linkage
analysis

= Cytogenetic Mapping

- FISH( Fluorescent In Situ Hybridization )

= Physical Mapping

- Molecular biology technique (hybridization, PCR)

- Restriction Mapping

- STS(Sequence Tagged Site) Mapping
Radiation-hybrid method, Clone library based method.
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Linkage Analysis
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FISH( Fluorescent In Situ Hybridization
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Restriction Mapping
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Genomic Map Elements

= DNA Markers
? A uniquely identifiable segment of DNA
? Usually ranging in size from one to 300-400 nucleotide bases in size
? Detection of markers may be either PCR based or hybridization based.
= Polymorphic Markers
? Show sequence variation among individuals
? To construct genetic linkage maps
? RFLP (Restriction fragment length polymorphism)
= DNA Clones
? Yeast artificial chromosome (YAC)
? Bacterial artificial chromosome (BACs)
? Pl-artificial chromosome (PACs)
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Basis for RFLLP mapping
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STS(Sequence Tagged Site)

= Simply a short sequence (100 ~ 500bp)
- sequence must be known ( PCR )
- must have a unique location.
= Expressed sequence tags (ESTSs)
- comes from a unique gene
= SSLP (Simple sequence length polymorphism)
- Minisatellites, VNTR(Variable number of tandem repeats)
- Microsatelliyes, STRs(Simple tandem repeats)
= Random genomic sequences

- obtained by sequence random pieced of cloned genomic
DNA or from databases.
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Sequence-Tagged Sites (STS) Mapping
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Radiation Hybrid (RH) Method

: Hamster Nucleus
Irradiated human

nucleus Cell Fusion

hamster chromosome
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Radiation Hybrid (RH) Mapping

STSs
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Clone library based Mapping
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Type of Maps

= Cytogenetic maps

= Genetic Linkage maps
= Radiation hybrid maps
= Transcript maps

= Physical maps

= Comparative maps

= Integrated maps
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Cytegenetic Maps

= Chromosome staining by Giemsa: G-bands
= Using FISH method

= Limited ordering range (<1-2mb)

= Not well-suited for high-throuput mapping.

b
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Genetic Linkage Maps

= lcentiMorgans (cM) represents 1% probability of
recombination.

= Not directly proportional to physical distance.
= MAP-O-MAT (map distance, statical support for order)
= CEPH( Centre d’Etude du Polymorphism Humain )

- Human DNAs from a set of reference pedigrees

- highly polymorphic STR markers , SNP
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Radiatioen Hybrid Maps
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Transcript Maps

= Maps of transcribed
sequences.

= Using Expressed
Sequence Tag (EST)
and known gene

MT 0108088 +
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Physical Majps

= STS content mapping (>1Mb)

- using PCR-based positional markers.

- Ordering of marker in clone library

- distance 1s measured by restriction mapping
= CEPHYAC map

- used a combination of fingerprinting.

= Optical Mapping
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Comparative Maps

= Process of 1dentifying conserved chromosome segments
across different species.

= Orthologous genes sharing an 1dentical linear order
within a chromosome region.

= Identify conserved segments and ancient chromosome
breakpoints.
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Genome Database (GDB)

= The official central repository for genomic mapping data
created by the Human Genome Project

= Currently, GDB comprises descriptions of three types of
objects from humans

? Genomic Segments (genes, clones, amplimers, breatkpoints,
cytogenetic marakers, fragilesites, ESTs, syndromic regions,
contigs, and repeats)

? Maps (including cytogenetic, GL, RH, STS-content, and
integrrated)
? Variations (primarily relating to polymorphisms)
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Genome Database (GDB)
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NCBI

= Entrez provides integrated access to several different
types of data for over 600 organisms
? Nucleotide sequences

? Protein structures and sequences
? PubMed/ MEDLINE

? Genomic mapping information

= NCBI Human Genome Map Viewer

? Human genome sequence data as well as cytogenetic, genetic,
physical, and radiation hybrid maps
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Example: Homo sampiens Genome
View page

= A genome-wide search for the term CMT™* returns 33 hits.
representing the loci for forms of Charcot-Marie-Tooth
neuropathy on eight different chromosomes.

= Selecting the Genes seq link for the PMP2 gene (the
gene symbol for CMTI1A, on chromosome 17) returns
the view of the sequence map for the region surrounding
this gene.
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MGI/MGD

= The Mouse Genome Initiative Database (MGI): the
primary public mouse genomic catalogue resource.

= Located at The Jackson Laboratory, the MGI currently
encompasses three cross-linked topic-specific database
? The Mouse Genome Database (MGD)
? The mouse Gene Expression Database (GXD)
? The Mouse Genome Sequence project (MGS)
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What's New - March 21. 2002

New MG| Release Available, March 21, 2002

Mouse Genome Monthly Newsletter - Issue #3, January, 2002
UCSC Human Genome Browser Adds Links to MGI

Scientific Curation Positions Available at MGl

Lizting of News and Announcements for 2001

Lizting of Mews and Announcements for 2000

The Mouge Genome Informatics Database provides integrated access to data on the genetics, genomics and biology of the laboratory
mouse, The projects contributing to this resource are:

Mouse Genome Database (MGD) Project
MGED includes data on gene characterization and nomenclature, mapping, gene homologies among mammals, sequence
links. phenotypes, allelic variants and mutants, and strain data, (For details, zee Sbout MGD.)

Gene Expression Database {GXD) Project
G0 integrates different types of gene expression information from the mouse and provides a searchable index of published
expatiments on endogenous gene expression during mouse developrnent, (For details, see About GXD.)

Mouse Genome Sequence (MGS) Project

The goal of the MGS project is to integrate emerging mouse genomic sequence data with the genetic and biological data
available in MGD and G=D, MGS supports the MouseBLAST server as a sequence-level entry point into the MG Database,
(For details, =ee Sbout MGS,)

Gene Ontology (GO) Project
The Mouse Genome Informatics group is a founding member of the Gene Ontology Consortium (www, geneontalogy, orgd, MGl
fully incorporates the GO in the database and provides a GO browser, (For details see The Gene Ontology (GO} Project.)

& brief history of Mouse Genome Infarmatics is available,

I



v Bos =z >
E#= - S5I0E0E e

D) &) htip e/ Aeeww, informatics. jax, org/searches,/quick_gene_report.cal
Coogle - [Entrez Map PMP22 ~| g8 214 QR AIDIE 24 | PageRank

Mouse Genome Informatics

kdgin Menu | MGl Home | User Support | Help Documents | Submizsions | Chr Comm
Genes | Molecular [ Homelogy | Mapping | Expression | Strain/Polymorphism [ Befs | AcclD

Query Forru

3 MGl 2.7 - Genes, Markers and Phenotypes Query Besults (Details) - Microsoft Internet Explorer

CEX

OHUEEY MWEE) 220 SHFONA) I EEZHH)
Genes, Markers and Phenotypes Z2=(00 | @] it/ fwewew. informatics. jax, org/searches,/marker,cgi?12398 V| e [HE
Google - |Entrez Map PMP22 ~ g M GuADIE Za | PageRank & B2 - 4SH0IEE Entrez
Query Results — Summary g | £ =& & — & & —
3 . s e ¥
2 matching items displayed tain Menu | MG Home | User Support | Help Docurnents | Submissions | Chr Comm
Genes | Maolecular | Homology | Mapping | Expression | Strain/Polyrnorphism | Befs | AcclD
Chromosome cM Position Band Symbol, Name =
| Query Forms v |
11 34.45 —_——u
5 59.0 Genes, Markers and Phenotypes
Query Results -- Details [ Your Input Welcome
Citing These Hesources
Funding Information
Warranty Disclaimer & Copyright last database update 11 Mar 2002
Motice MG 27 ; [
Sand guestions and comments to Type! Glene Lif
User Support. Symbol: PmpZ2 10 f—ggpr
Name: peripheral myelin protein, 22 kDa 20 | ~Hba
Chromosome: 11 ~Gakrag
cM Pasition: 34.5 T cse2
s o/l MGl Accession ID: MGEI7ES 404 mepZZ
S0 Myhs
Synonyms: HNPP / Gas-3/ Tr NFL
2 \Hoxb
Additional Information: o0 et
g0l sTimpZ
Result of an MGD i
* Marker Mapping Data (30)
* Phenotype (MLC)
- e Phenotypic Alleles ()
* RBFLF/PCR Palymorphism (7)
uic ene Searc Do
e holecular Probes and Segments (34)
e References(117)
for pmp22.
Gene Classifications: { You can browse the Gene Ontology (G0 Classifications)
Category Classification Term Evidence Reference
Biological Process cell cycle arrest electronic annotation JiE0000
Biological Process ionic insulation of neurons by glial cells electronic annotation JiE0000
Cellular Component integral membrane protein electronic annotation JiEO000
(C) 2001 SNU Cellular Component membrane electronic annotation 172247 -
. £&] - B e




Mapping Projects and Associated
Resources

= Cytogenetic resources

= Genetic linkage map resources
= Radiation hybrid map resources
= STS content maps and resources
= DNA sequence

= Integrated maps and genomic cataloguing

= Comparative resources
= Single-chromosome and regional map resources
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Cytogenetic Resources

= The central repository for human cytogenetic information
1s GDB

? Query for marker map and map information using cytogenetic
coordinates

? Cross-referencing cytogenetic positions with genes or regions of
interest

= NCBI’s LocusLink, UniGene, OMIM catalogues

? Valuable repositories of cytogenetic positions
= NCI’s Cancer Chromosome Aberratio Project
= Southeastern Regional Genetic Group
z Coriell Cell Repositories
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Genetic Linkage Map Resources

= The starting point for many disease-gene mapping projects
= The backbone of many physical mapping efforts

= (Genome-wide maps

? The Cooperative Human Linkage Center

The CHLC has identified, genotyped, and/or mapped over 3,300 microsatellite
repeat markers

? The group at Généthon
Identified and genotyped over 7,800 dinucleotide repeat markers

? The Center for Medical Genetics
Identified over 300 dinucleotide repeats
Constructed high-desity maps using over 8,000 markers

= The ABI PRISM linkage mapping

? Dinucleotide repeat markers derived from the Généthon linkage map

= The Map-O-MAT Web site

? A marker-based linkage map server that provides several map-specific queries
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Radiation Hybrid Map Resources

= Intermediate level of resolution between linkage and
physical maps

= They are helpful for sequence alignment and will aid 1n
completion of the human genome sequencing project

= The Radiation Hybrid Database (RHdb)

= The lowest-resolution human RH panel: the Genebridge4
(€:37)

= An intermediate level panel: The Stanford Generation 3
(G3)

= The height resolution panel (“The Nest Generation”, or
TNG): Stanford
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STS Content Maps and Resources

= The WICGR physical map

7 STS content based and contains more than 10,000
markers for witch YAC clones have benne identified.

? Integrated with the Généthon GL and the WICGR RH
maps
= CEPH/Généthon YAC project

? Centered around screening of the CEPH MegaY AC library
with a large set of STSs
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DNA Seqguence

= The existing human and forthcoming mouse draft
genomic sequences are excellent sources for confirming
mapping information, positioning and orienting localized
markers, and bottom-up mapping of interesting genomic
regions

= NCBI tools like BLAST can be very powerful in finding
marker/sequence links.

= As the mammalian sequencing projects progress, a
“sequence first” approach to mapping becomes more
feasible
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Integrated Maps and Genomic
Cataleguing

= GDB’s Comprehensive Maps provide an estimated position of all
genes, markers, and clones in GDB on a megabase scale.

= The estimated Mb position of the marker on each map:

Element Chromosome Map Coordinate Units EST MB~ +/-

D1S228 1 CeneMap ‘99 782.0000 cR 32.2 0.0

LDB and UDB are two additional sites that infer physical position
of a large, heterogeneous set of markers from existing maps using
algorithm analogous to GDB’s

The eGenome project uses a slightly different approach for creating
integrated maps of the human genome.

Genomic catalogues help both to provide a single initial source
containing most of the publicly available genomic information for a
region and to make the task of monitoring new information easier.
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Comparative Resources

Studying the evolution and relatedness of genes between species
and finding disease genes through position based orthology.
NCBI’s LocusLink database: Links to HomoloGene, a resource of
curated and computed cross-species gene homologies

The GDB does provide homology maps that simplify the reported
literature for mouse, human, rat, and 17 other species.

The Comparative Mapping by Annotation and Sequence Similarity
(COMPASS) approach has been by researchers studying the cattle
genome to construct cattle-human comparative maps with 638
identified human orthologs
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Single-Chromoesome and Regional
Map Resources

= Data generated for only a single chromosome or a
subchromosomal region are often important for fine
mapping

= Most published human chromosome maps are listed and
be viewed at GDB’s Web site.

= Human Genome Organization (HUGO) has developed
individual human chromosome Web pages.

= The Sanger Centre and the WUGSC have two of the
most advanced collections of chromosome-specific
genomic data, informatics tools, and resources.
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Practical USES ofi Mapping
RESOUICES

= Defining a genomic region

= Determining and ordering the contents of a defined
region

= Defining a map position from a clone or DNA sequence
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Defining a Genomic Region

= A genomic region of interest 1s best defined by two
flanking markers that are commonly used mapping
purposes
? Ploymorphic Généthon markers in humans

? MIT microsatellites 1n mice

= Commonly used markers are often present on multiple,
independently derived maps, so their “position” on the
chromosome provides greater confidence for anchoring a
regional endpoint

= In contrast, the exact location of less commonly used
markers 1s often locally ambiguous.
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Determmining and Ordering the
Contents of a Defined Region

= A good way to start 1s to 1dentify a map that contains
both flanking markers, either from a chromosome-wide

or genome-wide map from the sources

= The map or maps containing the flanking markers can be
used to create a consensus integrated map of the region.

= The most reliable tool for marker ordering 1s a DNA
sequence or sequence contig.
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Defining a Map Position from a
Clone or DNA Seguence

= To determine whether the element of interest has already
been localized
= If gene-specific or closely linked markers have been used

previously for mapping, a position can usually be
described in terms specific to the mapping method that

was employed.

= If no previously localization exists for a genomic element,
some experimental work must be undertaken.
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