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“*The human genome project is a major world-wide scientific undertaking
to identify the location of all human genes.

“+In order to do this there has to be a way to find the specific location of
genes on each individual chromosome.

**There are three ways in which chromosomes are mapped. One way is to
map a cytogenetic map in which chromosome bands, each representing 1
million to 5 million bases, are stained and the investigator finds a correlation
between people who show a particular trait and exhibit a similar staining
pattern.

“*Another way to is produce a physical map using enzymes to cut pieces of
DNA into fragments containing markers along with genes whose location is
to be determined. By using computers to "walk" or overlay these fragments
into their proper sequence we can produce a map of a long strand of DNA.
¢ The third technique is a method of mapping by crossover frequency
(Genetic map).
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Mapping and Sequencing the Human Genome

“*A primary goal of the Human Genome Project is to make a
series of descriptive diagrams maps of each human
chromosome at increasingly finer resolutions. Mapping
involves (1) dividing the chromosomes into smaller fragments
that can be propagated and characterized and (2) ordering
(mapping) them to correspond to their respective locations on
the chromosomes.

“*After mapping is completed, the next step is to determine
the base sequence of each of the ordered DNA fragments.
“*The ultimate goal of genome research is to find all the genes
in the DNA sequence and to develop tools for using this
information in the study of human biology and medicine.
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“Genetic and Physical Maps

genome mapping methods can be divided into two
categories.

Genetic mapping: uses genetic techniques to construct
maps showing the positions of genes and other sequence
features on a genome. Genetic techniques include cross-
breeding experiments or, in the case of humans, the
examination of family histories (pedigrees).

Physical mapping uses molecular biology techniques to
examine DNA molecules directly in order to construct
maps showing the positions of sequence features,
including genes.



Why map before sequencing?

Major problem in large-scale sequencing:

e Current technologies can only sequence 600-800 bases
at a time. We need to sequence 3 billion bp in order to
perfectly sequence human genome

One solution: make a physical map of overlapping
DNA fragments: Top-Down approach
e Chromosomal libraries: 46 chromosomes/23 pairs

e Genomic library for many fragments from each
chromosome

e Determine sequence of each fragment
e Then assemble to form contiguous sequence
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Map-less sequencing: Bottoms up Celera
approach

Alternative solution: fragment entire genome
e Sequence each fragment

» Assemble overlapping sequences to form contiguous
sequence
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Markers for genetic mappiﬁg

The first genetic maps constructed in the organisms
such as the fruit fly used genes as markers.

Genes that could be studied show specific phenotypes
like eye color, height.

Some organisms have very few visual characteristics so
gene mapping with these organisms has to rely on
biochemical phenotypes.



What is Mapping?

Mapping is identifying
relationships between
genes on chromosomes

St. Johrishury

e Just as aroad map
shows relationships
between towns on
highway: fine maps

Two types of mapping:
genetic and physical
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Genetic and Physical Mapping

--Genetic mapping is based on differences in
recombination frequency between genetic loci
meiosis.

--Genetic mapping requires that a cross be performed
between two related organisms
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Physical mapping

Determination of physical distance between two
points on chromosome

e Distance in base pairs
Example: between physical marker and a gene
Need overlapping fragments of DNA

e Requires vectors that accommodate large inserts
« Examples: cosmids, YACs, and BACs
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Importance of gene mapping

Gene map is the anatomy of human genome. It is a
perrequisite to understand functioning of human
genome.

Helps in analysis of the heterogeneity and
segregation of human genetic diseases.

Helps to develop methods for gene therapy:.

Provides clinically useful information about linkage



romosome 1 Chromosome 2

*+Contains over 3000 genes *+Contains over 2500 genes
*»Contains over 240 million base pairs, of which *»Contains over 240 million base pairs, of which
~90% have been determined ~95% have been determined

ETM2
Essential tremor
UROD
Porphyria cutanea tarda ——— MSH2
Colon cancer
—— MSHE
Colon cancer
GBA 4|
Gaucher disease
GLC1A
Glaucoma

HPC1 4‘
Prostate cancer

pPS2
Alzheimer disease

PAX3
Waardenberg syndrome




romosome 3 Chromosome 4

*»Contains approximately 1900 genes *+Contains approximately 1600 genes
*»Contains approximately 200 million base pairs, *Contains approximately 190 million base pairs, of
of which ~95% have been determined which ~95% have been determined

v EVC ‘% HD 4
von Hippel-Lindau Ellis-van-Creveld | Huntington disease
FGFR3 .
Achondroplasia
MLH1 4{ scLcl
Colon Cancer Lung cancer
NRCLP H
Marcolepsy ——— SNCA
Parkinson disease

ETM1 4‘
Essential tremor

N 2

FOP
Fibrodysplasia
ossificans
progressiva
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romosome 5

*Contains approximately 1700 genes

*Contains approximately 180 million base pairs, of
which over 95% have been determined

. }; SRDS5A1
—

Steroid S-alpha reductase 1

CKN1
Cockayne syndrome

SMN1
Spinal muscular atrophy

Asthma

|— o :
Diastrophic dysplasia

Chromosome 6

*»Contains approximately 1900 genes

*»Contains approximately 170 million base pairs, of

which over 95% have been determined

HFE .
Hernochromatosis

CYP214A .
Congenital adrenal hyperplasia
due to 21-hydroxylase deficency

Spinocerebellar ataxia

IDDM1
Diabetes

— EPM2A
Epilepsy



romosome 7

+*Contains approximately 1800 genes
PP Yy g

*+Contains over 150 million base pairs, of which

over 95% have been determined

GCK

Diabetes
ELN
Wwilliams syndrome
CFTR—— :
Cystic fibrosis Pendrin
Pendred syndrome
OB —
Obesity

Chromosome 8

*+Contains over 1400 genes

*+Contains over 140 million base pairs, of which
over 95% have been determined

Werner syndrome

—

Burkitt lymphoma
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romosome 9

*+Contains over 1400 genes

*+Contains over 130 million base pairs, of which
over 85% have been determined

F CDKNZ
Malignant melanoma

FRDA
Friedrich’s ataxia

Tangier disease

|
. }v— ABL
T, Chronic myeloid leukemia

TSC1 —{
Tuberous sclerosis

Chromosome 10

*+Contains over 1400 genes

*»Contains over 130 million base pairs, of which
over 95% have been determined

PAHX
Refsurm disease

OAT
Gyrate atrophy



romosome 11

*Contains approximately 2000 genes

*+Contains over 130 million base pairs, of which
over 95% have been determined

HRAS
Harvey Ras oncogene

- IDDM2
Diabetes

LQT
Long QT syndrome

YMD2
Best disease

MEN1
Multiple endocrine |
neoplasia

f—— ATM
Ataxia telangiectasia

Chromosome 12

PAH
Phenylketonuria

+*+Contains over 1600 genes

*»Contains over 130 million base pairs, of which
over 95% have been determined

- PXR1
Zellweger syndrome
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- Chromosome 13 Chromosome 14
*+Contains approximately 8oo genes *Contains approximately 1200 genes
*+Contains over 110 million base pairs, of which *+Contains over 100 million base pairs, of which
over 80% have been determined over 80% have been determined

- CX26 .
Autosomal recessive
neurosensory deafness

BRCAZ -
Breast cancer

RB1 -

—_— - ATP7B
Retinoblastoma

Wilson disease

——— PS1 (AD3)
Alzheimer disease
SERPINAL -
Alpha-1-antitrypsin
deficiency
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Chromosome 15

*Contains approximately 1200 genes

*Contains approximately 100 million base pairs, of
which over 80% have been determined

FBN1
Marfan syndrome

- SNRPN

Prader-willi syndrome

- UBE3A

Angelman syndrome

HEXA
Tay-Sachs disease

Chromosome 16

+*Contains approximately 1300 genes
PP Y 1300 g

*Contains approximately go million base pairs, of

which over 85% have been determined

HBALl, HBAZ
Alphathalassemia

FMF
Familial Mediterranean
fever

PKD1
Polycystic kidney
disease

Crohn’s disease
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Chromosome 17

*+Contains over 1600 genes

*Contains approximately 8o million base pairs, of
which over 95% have been determined

pS3
Turmor suppressar
protein

CMT14
Charcaot-Marie-Tooth
syndrome

BRCA1
Breast cancer

Chromosome 18

+»Contains over 600 genes

“+Contains over 70 million base pairs, of which
over 95% have been determined

NPCI
Miemann-Pick disease

DPC4 !
Pancreatic cancer
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Chromosome 19

+»Contains over 1700 genes

*Contains over 60 million base pairs, of which
over 85% have been determined

Jak3
Severe combined

BCKDHA immunodeficiency
Maple syrup
unine disease

APOE
DMPK i
WyBto ot dxEtaphy ] Atherosclerosis

Chromosome 20
+»Contains over 9oo genes

“+Contains over 60 million base pairs, of which
over 90% have been determined

ADA
Severe combined
immunodeficiency
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Chromosome 21

*»Contains over 400 genes

*»Contains over 40 million base pairs, of which

over 70% have been determined

SOD1 -
Amylotrophic
lateral sclerosis

W20

APS1
Autoimrune
polyglandular
sydrome

Chromosome 22

*»Contains over 800 genes

*»Contains over 40 million base pairs, of which
approximately 70% have been determined

SGLT1 N
Glucose

galactase

malabsorption

N |—

Meurofibromatosis |

DGS
DiGeorge syndrome

BCR
Chronic myeloid leukermia



Chromosome X

*+Contains over 1400 genes

*+Contains over 150 million base pairs, of which
approximately 95% have been determined

DMD

Duchenne muscular
dystrophy

IL2ZRG

¥-linked severe combined
imrmunodeficiency (SCID)

HPRT1—
Lesch-Nyhan syndrome

FMR1 ——
Fragile ¥ syndrome

MECP2
Rett syndrome

- PIG-A
Paroxysmal nocturnal
hermoglobinuria

ATP7A
Menkes syndrome

- COL4AS

Alport syndrome

- TNFSFS
Irmmunodeficiency
with hyper-lgM

ALD
Adrenoleukodystrophy

HEMA
Hernophilia &

Chromosome Y

“+Contains over 200 genes

*Contains over 50 million base pairs, of which
approximately 50% have been determined

- SRY o
Testes-determining factor
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