Bioinformatics Chapter 6.

Genomic Mapping and M apping
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e |ndroduction
e Genomic Mapping
e Typesjof Maps
e Data Repositories
- GDB, NCBI, MGI/MGD
e Mapping Projects and Associated Resources
e Practical Uses of Mapping Resources
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ntroduction

“Map of Maps’

e Thedifferent types of markers and methods used for

genomic mapping

e Theinherent complexitiesin the construction and

utilization of genome maps

e Several large community databases and method-specific

mapping projects

e Practical examples of how these tools and resources can

be used to aid in specific types of mapping studies
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Genomic M apping

e Genetic Mapping

Radiation-hybrid method, Clone library based method.
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senomic Map Elements

e DNA Markers
¢ A uniquely identifiable segment of DNA
¢ Usudly ranging in size from one to 300-400 nucleotide basesin size
¢ Detection of markers may be either PCR based or hybridization based.
e Polymarphic Markers
¢ Show sequence variation among individuals
¢ To construct genetic linkage maps
¢ RFLP (Restriction fragment length polymorphism)
e DNA Clones
¢ Yeast artificial chromosome (YAC)
¢ Bacterid artificial chromosome (BACs)
¢ Pl-atificial chromosome (PACs)
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Basis for RFLP mapping
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3TS(Sequence Tagged Site)

e Simply
- seque
- must h

® Expres
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- Minisz
- Micro

e Rando

- obtain
DNA ¢

y a short sequence (100 ~ 500bp)
1ce must be known ( PCR)
lave a unique location.
ssed sequence tags (ESTS)
s from a unigue gene
Simple sequence length polymorphism)
atellites, VNTR(Variable number of tandem repeats)
satelliyes, STRS(Simple tandem repesats)
m genomic sequences

ed by sequence random pieced of cloned genomic
or from databases.
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Se

quence-Tagged Sites (STS) Mapping

STSH STS2

STS3

STS4 STS5
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PCR Primer 1

[ :>DI]I]I]I:IIII]I:I 00000030003 003 003003 00300030003 00 |:>

CGATTCCGACTAGGTCGGTCTT...
CCTAAGGCTGATCCAGCCAGAA...

// .. GGATTAGCTAGGTATTGGCTAT
// . .CCTAATCGATCCATAACCGATA

{—Dn0gmI000 0010000003 0000 D0CI00C] 00CI00C00] uu< ]

PCR Primer 2

< ~60-1000 bp >
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Radiation Hybrid (RH) Method
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Radiation Hybrid (RH) Mapping

Starting Chromosome
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Clone library based Mapping
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['ype of Maps
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Cytogenetic Maps

e Chromosome staining by Giemsa: G-bands

e Using

e Limited ordering range (<1-2mb)

FISH method

e Not well-suited for high-throuput mapping.
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Genetic Linkage Maps

e lcenti
recom

e Notdi
o MAP-
- http://(

Morgans (cM) represents 1% probability of
bination.

rectly proportional to physical distance.

O-MAT (map distance, statical support for order)
compgen.rutgers.edu/mapomat

e CEPH
- Humai
- highly
- http://

Centre d’ Etude du Polymorphism Humain )
n DNAsfrom aset of reference pedigrees

polymorphic STR markers, SNP
www.cephb.fr/cephdb/

e Radiation Hybrid
Database (RHdb)

http://www.ebi.ac.uk/RHdb/

Radiation Hybrid Maps
|
e 1 Centirays (cR) '.-.'--_'."f 2 e s o i 30
representing a 1% w @
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Transcript Maps Physical Maps
]
e Maps of transcribed v e STS content mapping (>1Mb)
Sequer)ces. g - using PCR-based positional markers,

e Using Expressed "'E - Ordering of marker in clonelibrary
Sequence Tag (EST) . f - distanice is measured by restriction mapping
and known gene a1

rt e CEPHYAC map
| e _ - used a combination of fingerprinting.
iind || Sen— e Optica Mapping
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Comparative Maps

e Process of identifying conserved chromosome segments

across/different species.

e Orthologous genes sharing an identical linear order
within a chromosome region.

e Identifly conserved segments and ancient chromosome

breakpoints.
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Genome Database (GDB)

e Theofficia central repository for genomic mapping data

created by the Human Genome Project

e Curr
objects from humans

+ Genomic Segments (genes, clones, amplimers, breatkpoints,
cytagenetic marakers, fragilesites, ESTSs, syndromic regions,
contigs, and repeats)

¢ Maps (including cytogenetic, GL, RH, STS-content, and
integrrated)

¢ Variations (primarily relating to polymorphisms)

(C) 2001 SNU CSE Biointelligence Lab (BI)
I

tly, GDB comprises descriptions of three types of

senome Database (GDB)
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View-page
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e A genpme-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 PM P2 gene (the
gene symbol for CMT1A, on chromosome 17) returns
the view of the sequence map for the region surrounding
this gene.
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MGI/MGD

e TheM
primar

encom
¢ The
¢ The
¢ The

ouse Genome Initiative Database (MGI): the

y public mouse genomic catal ogue resource.
e | ocated at The Jackson Laboratory, the MGI currently

passes three cross-linked topic-specific database

Mouse Genome Database (MGD)
mouse Gene Expression Database (GXD)
Mouse Genome Sequence project (MGS)
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e Cytogenetic resources

e Genetic linkage map resources

e Radiation hybrid map resources

e STS content maps and resources

e DNA sequence

e |ntegrated maps and genomic cataloguing

e Comparative resources

e Single-chromosome and regional map resources
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Cytogenetic Resources

® Thece
is GDE

¢+ Que
COOr

+ Cro

inter

e NCBI’
¢ Va

e NCI's
e Southe
e Coriel

ntral repository for human cytogenetic information
3

ry for marker map and map information using cytogenetic
dinates

ss-referencing cytogenetic positions with genes or regions of
est

sLocusLink, UniGene, OMIM catalogues
lable repositories of cytogenetic positions
Cancer Chromosome Aberratio Project
pastern Regional Genetic Group

Cell Repositories
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Genetic Linkage Map Resources

e Thestar
e Thebac

ing point for many disease-gene mapping projects
bone of many physical mapping efforts

e Genome-wide maps

¢ The

Cooperative Human Linkage Center

= The CHLC hasidentified, genotyped, and/or mapped over 3,300 microsatellite

¢ The
m |
¢ The
m |

e TheAB

repeat markers

group at Généthon

dentified and genotyped over 7,800 dinucleotide repeat markers
Center for Medical Genetics

dentified over 300 dinucleotide repeats

Constructed high-desity maps using over 8,000 markers

PRISM linkage mapping

¢ Dinucleotide repeat markers derived from the Généthon linkage map
o TheMap-O-MAT Web site
¢ A marker-based linkage map server that provides several map-specific queries
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Radia

tion Hybrid Map Resources

e Interm
physic

ediate level of resolution between linkage and
al maps

e They are helpful for sequence alignment and will aid in

compl
e TheR

e Thelo
(GB4)

e Anint
(G3)

e Thehe
TNG):

ation of the human genome sequencing project
adiation Hybrid Database (RHdb)
west-resolution human RH panel: the Genebridge4

ermediate level panel: The Stanford Generation 3

3 ght resolution panel (“The Nest Generation”, or
Stanford
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5TS Content Maps and Resources

e The WICGR physical map
¢ ST S content based and contains more than 10,000
markers for witch Y AC clones have benne identified.
¢ Integrated with the Généthon GL and the WICGR RH
maps
e CEPH/Généthon YAC project

¢ Centered around screening of the CEPH MegaY AC library
with alarge set of STSs
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DNA Sequence

e 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
region

e NCBI toolslike BLAST can be very powerful in finding
markey/sequence links.

e Asthe mammalian sequencing projects progress, a
“sequence first” approach to mapping becomes more
feasible
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Integrated Maps and Genomic
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e GDB'’sComprehensive Maps provide an estimated position of all
genes, markers, and clonesin GDB on a megabase scale.

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

Element | Chromosome  Map Coordinate Units EST MB~ +/-

D15228 | 1 CeneMap ‘99 782.0000 cR 32.2 0.0

e L DB and UDB aretwo additional sites that infer physical position
of alarge, heterogeneous set of markers from existing maps using
algorithm analogousto GDB’s

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

e Genomic catalogues help both to provide asingle 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

e Studying the evolution and relatedness of genes between species
and finding disease genes through position based orthology.

e NCBI'sLocusLink database: Linksto HomoloGene, aresource of
curated and computed cross-species gene homologies

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

e The Comparative Mapping by Annotation and Sequence Similarity
(COMPBASS) approach has been by researchers studying the cattle
genome to construct cattle-human comparative maps with 638
identified human orthol ogs
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http://www.informatics.jax.org/searches/linkmap_form.shtml
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genom

mapping
e Most published human chromosome maps are listed and
be viewed at GDB’s Web site.
e Human Genome Organization (HUGO) has devel oped
individual human chromosome Web pages.
e The Sanger Centre and the WUGSC have two of the
most advanced collections of chromosome-specific
ic data, informatics tools, and resources.

e Data generated for only asingle chromosome or a

omosomal region are often important for fine
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cal USES of Mapping

Practi . . .
Defining a Genomic Region
Resources
] ]
e Defining agenomic region e A genomic region of interest is best defined by two
flanking markers that are commonly used mapping
e Determining and ordering the contents of a defined PUrPO3ES _ _
region ¢ Ploymorphic Généthon markers in humans
¢ MIT microsatellitesin mice
Defin tion f | DNA e Commonly used markers are often present on multiple,
° ining amap position from a clone or Sequence independently derived maps, so their “position” on the
chromosome provides greater confidence for anchoring a
regional endpoint
e |n contrast, the exact location of less commonly used
markers is often locally ambiguous.
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Determining ana Ordering the Defining a Map Position from a

Contents of a ﬁnflnnd Region

AW A |

T rvii

e A goo
both fl
or gen

e Them

d way to start isto |dent|fy amap that contains
anking markers, either from a chromosome-wide
ome-wide map from the sources

ap or maps containing the flanking markers can be

used to create a consensus integrated map of the region.

e Them

ost reliable tool for marker ordering isa DNA

sequernce or sequence contig.
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Clone or DNA Seguence
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e To determine whether the element of interest has already
been localized

e |f 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.

e |f no previously localization exists for a genomic element,
some experimental work must be undertaken.
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