Genome

* The "molecules of heredity” (genetic
information) are present in every cell
of all living organisms.

- Each molecule is called a "chromosome”.

* The genome is the set of all
chromosomes.
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Chromosome

- Chromosomes are made of DNA
(deoxyribonucleic acid, 2 ¥ =¥ %),
a double stranded molecule in which
each strand is a long succession
(sequence) of nucleotides.

- A-T,6-C
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Human Chromoson 3
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* DNA: Deoxyribonucleic Acid
* Nucleotide (% § &)
Adenine (A): Hﬁi?}%vé
Thymine (T) @ 53 #tefez_
Guanine (G) : 5 & ¢b
Cytosine (C) : " efez_
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Coupled

* A ona strand is always coupled with a
T on the other strand, and a C on a
strand is always coupled with a G on
the other strand.

- Those two strands are said to be
complimentary.

+ A DNA molecule is usually represented
as a single sequence.
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Genes

+ A "special” sequence of DNA is called
a gene.

* Genes contain instructions of making
proteins.

* Proteins act alone or in complexes to
perform many cellular functions.
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Inside Proteins (BEH'E)

+ The twenty amino acids commonly
found in proteins:

* A Ala Alanine

- C Cys Cysteine

- D Asp Aspartic Acid

- B Glu Glutamic Acid
Sig
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Continued ...

* F Phe Phenylalanine
* G Gly Glycine

- H His Histidine

+ I TIle TIsoleucine

- K Lys Lysine

- L Leu Leucine

* M Met Methionine
- N Asn Asparagine

° P Pro Proline




Continued ...

* Q Gln Glutamine
* R Arg Arginine

- S Ser Sreine

» T Thr Threonine
-V Val Valine

* W Trp Trptophan
- Y Tyr Tyrosine




About Proteins

* Proteins are large biomolecules, or
macromolecules, consisting of one or more
long chains (sequences) of amino acid
residues.

* Proteins perform a vast array of functions
within organisms: catalyzing metabolic
reactions (#7F ), DNA replication and
responding to stimuli.
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More functions

* Proteins provide structure to cells and
organisms, and transporting molecules
from one location to another.

(*) Proteins differ from one another
primarily in their sequence of amino acids of

their genes results in protein folding into a
specific 3-dim. Structure that determines

Its activity.

f‘@‘

\




Human Genome Project




Goals

» Identify all the approximate 30,000
genes in human DNA.

» Determine the sequences of all 3
billion chemical base pairs that make
up the human DNA.

+ Store this sequence (databases).
* Improve tools for data analysis.
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Important Issues

» Develop new technologies in
sequencing the DNA sequences.

» Transfer related technologies to the
"private” sector, and address the
ethical, legal, and issues (social) that
may arise from HGP.
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Milestones

+ In 1990, the project was initiated jointly
by U. S. Department of Energy and the
National Institute of Health.

» A working draft was completed of the
entire human genome in 2000 and the
analyses are published one year later.

* In April 2003, HGP sequencing is
completed and the project is declared

_ finished two years ahead of schedule.




How does the human
genome stack up?

Organism Genome Size Estimated
(Base pairs) Genes

Human (A 28) 3 billion 30,000

Laboratory mouse (5£E) 2.6 billion 30,000

Mustard weed (A. thaliana) 100 million 25,000

Roundworm (C. elegans) 97 million 19,000

Fruit fly (5L) 137 million 13,000

Yeast (FER1EH) 12.1 million 6,000

Bacterium (KHGARE) 4.6 million 3,200

Human immunodeficiency virus 9700 9
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Challenges

» A sequence may evolve (i& i*) by
modifying its organization at a larger
scale.

* These large-scale mutations (% %) are
called structural variations or
rearrangements in the terms of
modeling.
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Types of rearrangements

1. Deletions: A segment of the genome
is lost.

2. Transpositions: A segment of the
genome moves to another location.

3. Inversions or reversals: A segment
of the genome is reversed and the
strands are exchanged.
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Continued ...

4. Duplications

(a) Tandem duplications: insert the copy
next to the original.

(b) Retro-transpositions: insert a copy of a
gene at an arbitrary location in the genome.

(c) Whole genome duplications: Copy either
the whole genome or some of its chromosomes.
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More

5. Reciprocal translocation: A segment of a
chromosome that contains a telomere is
exchanged with a segment of another
chromosome that also contains a telomere.
Telomere: #2154 4 ¢ MR =BTDNAL A4 & 7|
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More

6. Fusion: Two chromosomes are joined
into one.

7. Fission: One chromosome splits into
two (inverse of fusion).

8. Horizontal transfer: A segment of
the genome is copied from one genome
to another. (This is common mainly in
unicelluar organisms.)
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Notices

» All the operations act on a segment at the
level of DNA segments rather on
nucleotides.

+ This is why a genome is often represented
by a sequence of segments that are found
in an almost identical state in several
species, not cut by rearrangements.
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Homologous (IF *%)

+ Two segments are said to be homologous if
they derive from a common ancestor and are
distinguished by a replication event (they
end up in two different genomes) or a
duplication event (they both belong to the
same genome).

* Genes are often taken as those homologous
segments due to their functional utility
(rarely cut by rearrangement).
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