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A few basic (“classical”) concepts...



The genome
- the genome is an organism’ s complete set of DNA
- the genome is organized into chromosomes

- the chromosomes contain genes

* genes carry information for making the proteins required by the organism

- proteins determine, among other things, how the organism looks, how well
its body metabolizes food or fights infection, and even how it behaves




Human karyotype by sky fish
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The genome

« Each genome contains all of the information needed to build and
maintain the organism

* The human body contains about 6x10'3 cells of different types (> 300)
* number of neurons (whole nervous system): 85,000,000,000
* synapses for average adult: 10'4—10"° (2,000-5,000 per neuron)

« Each somatic cell contains a complete set of genetic information (a
genome) and is theoretically able to regenerate the whole organism



CELL SIZE AND SCALE
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> 300 different cell types




The proteins

* proteins are one of the basic building blocks of the
human body, making up about 16% of our total body
weight (muscle, hair, skin, and connective tissue are
mainly made up of protein)

* protein plays a major role in all of the cells (enzymes,
hormones, neurotransmitters...... )

« tissue-specific proteins: e.g. hemoglobin

* ubiquitous proteins: e.g. DNA-repair proteins




Tissue-specific expression of the human
E-cadherin protein

The protein is expressed in the
epithelial cells, at the membrane
level, but is absent in the adjacent
connective tissue




Protein expression during the embryonic development
of Drosophila melanogaster

Co-expression of Dally-like and
Engrailed (embryo, stage 13)

Expression of even-skipped (early stage embryo)




The Wnt pathway
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genome /4
Cells contain DNA—the <@
hereditary material of mm o
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 Communities of cells range from associa- P2 Office of
complex, interconnected pathways and tions of microbes (each a single cell) to the g /4
networks to make the cell come alive. hundred trillion cells in a human being. ULS. DEPARTENT OF ENERGY

Science




DNA structure
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..... ' = Adenine
' = Guanine

‘ @ = Thymine
g © = Cytosine

Hydrogen bond

DNA REPLICATION
Z"“"“_:‘e i PRIOR TO CELL DIVISION:
eoxyribose sugar

the double helix of DNA unwinds

and each side serves as a
pattern to make a new molecule

Old strand New strand  New strand

Old strand
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Translation
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THE HUMAN GENOME PROJECT



The human DNA

Total number of cells in an adult 6 x 1013
human body

DNA sequence (haploid genome) | 3 x 109 base pairs

Total length 12x10"m




Which organism has the largest genome?

Red-eyed wild-type fly




Human genome =3 x 10° bp

Euglenozoa
Ciliophora
Sarcodina
Fungi
Sponges
Annelids
Molluscs
Crustaceans
Insects
Echinoderms
Agnathes
Sharks and rays
Bony fishes
Amphibians
Reptiles
Birds
Mammals
Algae
Pteridophytes
Gymnosperms
Angiosperms

Protists{

Fungi {

e

Animals <

A Y4

Plants <

6 7 8 9 10 11 12
Range of genome size (base pairs, 10g4q)

There is no correlation between complexity and genome size



3,000,000,000

Xenopus laevis [y
Rattus norvegicus 3,000,000,000

Mus musculus 3,000,000,000

Homo sapiens 3,000,000,000

Bos taurus 3,000,000,000




Number of Chromosomes

. Number of
Organism | . omosomes
pea plant 14

sun flower 3 4

cat 38

puffer fish 42

human 46

dog 78




Highlights of Human Genome Project Timetable

* Proposed in 1990 as 3 billion dollar joint venture
between DOE and NIH with 15 year completion goal

 Private efforts by Celera Genomics in 1998 helped to
accelerate project completion

* |n 2000, working “draft” of human genome announced
(95% complete); draft sequence published in 2001

« Work completed in April 2003 (only ~300 small gaps
remaining)




Goals of the Human Genome Project

Create genetic and physical maps of the 22 autosomes and the X
and Y chromosomes

Identify the entire set of genes in DNA

Determine the nucleotide sequence of 3 billion base pairs of DNA in
the haploid genome

Analyze genetic variations among humans (identify polymorphisms)

Map and sequence the genomes of model organisms (e.g., bacteria,
yeast, nematodes, fruit flies, mice, etc)

Develop the necessary laboratory and computational tools to assist
in analyzing and understanding gene structure and function

Disseminate genome information to scientists and the public

Examine ethical, social, and legal issues
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The Human Genome Project: lessons from large-scale biology.
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The number of human genes

Organism

Number of bp

®X-174

5386

Human mitochondrion

16569

37

Mycoplasma
pneumoniae

816394

680

Hemophilus influenzae

1830138

1738

E. Coli

4639221

4406

Saccharomyces
cerevisiae

12.1 x 10°

5885

C. Elegans

95.5x 108

19099

Drosophilia
melanogaster

1.8x 108

13601

Human

3.2x10°

22.0007?

100.000

(estimated number)

|

35.000
(HGP, first data)

|

22.000!!
(HGP, 2005)




>95% of our DNA consists of non-protein-coding DNA

1.5%

’ — M exons

introns

junk??
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Percent of DNA Not Coding for Protein

Prokaryotes One-celled Fungi/  Invertebrates Chordates Vertebrates  Humans
eukaryotes Plants

NONPROTEIN-CODING SEQUENCES make up only a small fraction of the DNA of prokaryotes. Among
eukaryotes, as their complexity increases, generally so, 100, does the proportion of their DNA that
does not code for protein. The noncoding sequences have been considered junk, but perhaps it
actually helps to explain organisms' complexity.
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ALTERNATIVE
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(tissue-specific A.S.)
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many possible mBNAs
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1 genetranscriptioq1 m translation 1 PROTEIN

1 genetranscrlptlon + MRNAS transiaton + PROTEINS

(+ post-translational
modifications)

In man (on the average): 1 GENE —— 12 PROTEINS




Just how unigue are humans?

Large number of genes are in common with
other organisms

~ 50% of our genes are also found in fruit flies

~ 30% of our genes are also found in yeast

~ 80% of our genes are shared with the mouse

~ 96% of our genes are shared with chimpanzees
~ 100 of our genes are even shared with bacteria



Genomic comparisons between
mice and men

* Both organisms have same number of genes

» Most of the common genes share the same intron and exon
arrangement

* Nucleotide sequences within common gene exons are
conserved to a high degree

 1/4 of alternatively spliced exons are specific either to
human or mouse

« Species specific proteins likely account for the differences
between species



Human genome variability

Polymorphism

Milions of SNPs "Poly” many "morphe" form

. S

2 e G G Genera | T
population
94°
General Mutation %
population
99.9% 0.1%




SNPs

« Occur every 100 to 300 bases along the 3-billion-

base human genome

- Two of every three SNPs involve the replacement of

cytosine (C) with thymine (T)

- SNPs can occur in coding (gene) and noncoding

regions of the genome



Microsatellites
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CNVs

- A copy number variation (CNV) is a segment of DNA

iIn which copy-number differences have been found
by comparison of two or more genomes

- The segment may range from one kilobase to several

megabases in size

DNA copy number variation is a widespread and
common phenomenon among humans: it is estimated
that approximately 0.4% of the genomes of unrelated
people typically differ with respect to copy number
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What are some practical
benefits to learning about DNA?



GWAS:
genome-wide association studies to identify the
genetic component of complex diseases
(multigenic/multifactorial)



THE SPECTRUM OF HUMAN CHARACTERS

few characters are purely mendelian, purely polygenic or purely environmental

single-gene

.

ultifactorial with single major losus

multifactorial

polygenic environmental




Multifactorial determination of a disease:

black and pink spheres represent any combination
of genetic and environmental factors
adding an extra black or an extra pink sphere can tip the balance,
without that particular factor being the cause of the disease




Complex Diseases
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Using SNPs to track predisposition to
complex diseases

ATCGCTGCA A
. ATCRACTACA A * ‘
: . L ATCGOCTGCA A
m\ e ATCACTAC AT A.
- o ATCOOTOCA A
e ATEGCTOCA A * ‘
DNA from
ditferent individuals Variation at a Some Individuals will
sequenced single nucleotido have one
nee vorsion of the SNP,
some the other
Sample with disease Normal populatlon

A higher than expected incidence In a population, a certain
in a disease group suggests SNPIG percentage will have one
is associated with a discase version, the rest the other

(or SNPIA is protective)



AFFYMETRIX

Affymetrix SNP microarrays
(Mapping 10K, 100K, 500K)

(Genome-Wide Human 5.0 and 6.0)

GeneChip® Mapping Assay Kit

GeneChip® Mapping 100K/500K Set

GCS 3000 7G




Affymetrix microarrays
high-density oligonucleotide chips

1.28 cm S um

1.28 cm 1 million identical

25-mer sequences

6.5 million probes/chip
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Genome-wide expression analysis

Make cDNA reverse transcript
Label cDNAs with fluorescent dyes

AP Principle of cDNA microarray

assay for gene expression

7Y e after Gibson & Muse
8% W e

Red = "up-regulation”
Green = "down-regulation”

Black = constitutive
expression
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Laura J. van 't Veer and René Bernards,
Nature 2008

Tumour samples of

known clinical outcome

!

Genome-wide (unbiased)
gene-expression analysis

P N

Distant metastases group No distant

metastases group

Bioinformatic analysis
Y

Prognosis reporter genes

Selection of optimal set

Y

Gene-expression signature

b Good signature

)y R

Threshold

.

Prognosis reporter genes Poor signature

Tumour samples
3aWw02)N0 [ed1ulD




Analysis “in silico”

Browse your Genome
Click on the Chromosome to
show

" Genes B

123456178
910111213 141516

17 18 19202l22|z| Y

The NCBI Handbook
=2 | An online guide to the

74 Titles of selected
“chapters that refer to
human genome resources are
shown below.

B The Single Nucleotide
Polymorphism Database
(dbSNP) of Nucleotide
Sequence Variation
Adrienne Kitts and Stephen
Sherry

Online Mendelian

use of NCBI resources.

http://www.ncbi.nlm.nih.gov/genome/guide/human/

Human
Genome

Resources

A challenge facing researchers today is that of piecing together and analyzing
the plethora of data currently being generated through the Human Genome
Project and scores of smaller projects. NCBI's Web site serves an an integrated,
one-stop, genomic information infrastructure for biomedical researchers from
around the world so that they may use these data in their research efforts.

More...

Genes and Human Health

» OMIM

A guide to human genes and
inherited disorders maintained by
Johns Hopkins University and
collaborators.

» RefSeq

Reference sequences of
chromosomes, genomic contigs,
mRNAs, and proteins for human and
major model organisms.

» dbSNP
A database of single nucleotide

polymorphisms (SNPs) and other
nucleotide variations.

» Gene Database

A new database of genes and
associated information is now available
for searching in Entrez.

Search Genes
" All species -+

with words

from

» Locus Link

A comprehensive catalog of genes and
other genetic loci.
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O default , o — CRSP2 + OMIMsvprdlevmmhmeeds C  Xpll4-pll.2 cofactor required for Spl transcript
oo |¥—— USP9X + OMIM svprdlevmmhm C Xpll4 ubiquitin specific protease 9, X-lin}
H o CASK + OMIMsvprdlevmmhmeeds C Xpll4 calcium/calmodulin-dependent seri
r MAOA + OMIMsvprdlevmmhmeeds C  Xpll4-pll.3 monoamine oxidase A
e — MAOB + OMIMsvprdlevmmhmeeds C Xpll.23 monoamine oxidase B




—1: DMD dystrophin (muscular dystrophy, Duchenne and Becker types) [Homo sapiens] Links
GenelD: 1756 Locus tag: HGNC:2928: MIM: 300377 updated 19-Mar-2005
Official Symbol: DMD and Name: dystrophin (muscular dystrophy, Duchenne and Becker types) provided by HUGO Gene
Nomenclature Committee

Transcripts and products: (shown on reverse complement genome) RefSeq below

HC_000023
433117383 ] 4 30897002 ]
S° 4 1 3°
NH 0001098 pb————rt—H—HHHHEHHH——— - HE NP_000100  Dp427c isoform
NH_004006 —t—H—t+ D NP_003997  Dpd427m isoform
NH_004010 ——H—+HHH i H—H—H—HHH NP_004001  Dp427p2 isoform
NH_004009 ——H— i H D NP_004000  Dp427p1 isoform
NH_004007 —H—++HHHH i HHH NP_003998  Dpd4271 isoform
NH_004012 ¥+ NP_004003 Dp260-2 isoform
NH_004011 M+t NP_004002 Dp260-1 isoform
NH_004023 —t++—H+H—t—H—HH NP _004014 Dpid40bc isoform
NH_004022 - —H—HH NP_004013 Dpid40ab isoform
NH_004021 F——HHH—H—H—HHH NP_004012 Dpid40b isoform
NH_004013 —tH++—tH——H1HH NP_004004 Dpid4d isoform
NH_004020 A NP_004011 Dpid4ic isoform
NH_004014 H+—H—+HHH NP_00400S5 Dpllb isoform
NH_004013 HHHH NP_004009 Dp7lab isoform
NH_004017 HHH NP_004005 Dp7la isoform
NH_004016 HHHH NP_004007 Dp7ib isoform
NH_004015 HHH NP_004006 Dp71 isoform
NH_004019 HH NP_004010 Dp40 isoform
B - coding reaion B - untranslated resion

Genomic context: chromosome: X: Maps: Xp21.2

[ 30608105 p [ 33925323 p

TRBS' DHD + LOC139431 i
FTHL17 FAM47A

Gene type: protein coding
Gene name: DMD
Gene description: dystrophin (muscular dystrophy, Duchenne and Becker types)
RefSeq status: Reviewed
Organism: Homo sapiens
Lineage: Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates;
Catarrhini; Hominidae; Homo
Gene aliases: BMD: DXS142: DXS164: DXS206: DXS230: DXS239: DXS268: DXS269: DXS270; DXS272: dystrophin
Summary: The dystrophin gene is the largest gene found in nature, measuring 2.4 Mb. The gene was identified through a positional
cloning approach, targeted at the isolation of the gene responsible for Duchenne (DMD) and Becker (BMD) Muscular Dystrophies.

PDMD 18 a recessive. fatal. X-linked disorder ocenrrine at a freanencv of abont 1 1n 3 500 new-horn males. BMD 15 a milder allelic
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TEXT

In addition to the classic dystrophies of Duchenne (310200) and Becker (300376), defined as
progressive deterioration of muscle tissue and resultant weakness, other types of skeletal muscle
dysfunction have been occasionally reported in association with abnormalities of the dystrophin gene.
Gospe et al. (1989) described an extraordinary family with X-linked myalgia and cramps due to a
nonprogressive myopathy associated with and presumably caused by a deletion in the dystrophin gene.
Nine affected male family members had high resting serum levels of creatine kinase and well-developed
musculature with calf hypertrophy but no evidence of muscular weakness. Symptoms began in
childhood and did not progress. Electromyographic findings were consistent with myopathy while
muscle biopsies showed nonspecific myopathic changes without evidence of storage of glycogen or




>95% of our DNA consists of non-protein-coding DNA
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Junk-DNA is not junk at all

)
{

,
Wrgng-

-
~—
PP
>
= -
el
e
)
- oy
[
el
_—
_— rewe
-

The DNA sequence is just the blueprint

. Z, MEF A
AT ! A

STAKE



