Computational Genomics
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Reading: Chap. 1, DTM book

Introduction to cell biology,
functional genomics,
development, etc.
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e What system to use?

e How informative it is?

e How much we can generalize?

e How much shall we believe?

e How much we can validate our results? How?

e How to avoid being naive when doing compbio?
00
0000
o000
[ X X}
[ X J
[}

Model Organisms ’

Angiosperms  Gymnosperms

Mollusks  Slime Molds

Chioroplasts  Mitochondria

Cyannhamana
N

Archaebacteria




Bacterial Phage: T4

Bacteria: E. Coli




The Budding Yeast:
Saccharomyces cerevisiae

The Fission Yeast:
Schizosaccharomyces pombe




The Nematode:
Caenorhabditis elegans

Phanynx  Oviduet  gogytes mes Vulva
e SMALL: ~ 250 pm * SHORT GENERATION TIME
* TRANSPARENT * SIMPLE GROWTH MEDIUM
* 959 CELLS e SELF- FERTILIZING HERMAPHRODITE
* 300 NEURONS * RAPID ISOLATION AND CLONING OF

MULTIPLE TYPES OF MUTANT ORGANISMS

The Fruit Fly: §§:
Drosophila Melanogaster s

Normal Ubx mutant




The Mouse

transgenic for human growth hormone

Prokaryotic and Eukaryotic Cells
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A Close Look of a Eukaryotic Cell | 22
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The structure:
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Cell Cycle :
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Signal Transduction

\
e A variety of plasma membrane receptor proteins bind

extracellular signaling molecules and transmit signals
across the membrane to the cell interior

{c) Tyrosine kinase-linked receptors {(erythropoietin, interferons)
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After Egan, S E. and Weinberg, Rl A, Mature 365, 762 (1553)
Copyight 1998 John Wilsy and Sons, Inc. All rights reserved.




The Genome

A Multi-resolution View of the
Chromosome

Nucleus

Y i, Interphase

chromosome Higher-order l

chromatin

folding Loops of
30-nm fiber
associated with
chromosome
scaffold

Mitochondrion
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Gene sequence
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DNA - Introns Spacer DNA

"Beads on a string"
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DNA Content of Representative
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T f Cell e
ypes of Cells :
Organism Number of Number of
base pairs encoded Number of
(millions) proteins chromosomes
PROKARYOTIC_
Mycoplasma genitalum (Bacterium) 0.58 470 1
Helicobacter pylori (Bacterium) 1.67 1590 1
Haemophilus influenza (Bacterium) 1.83 1743 1
EUKARYOTIC_
Saccharomyces cerevisiae (yeast) 12 5885 17
Drosophila melanogaster (insect) 165 13,601 4
Caenorhabditis elegans (worm) 97 19,099 6
Homo sapiens (human) 2900 30,000 TO 40,000 23
Arabidopsis thaliana (plant) 125 25,498 10

Functional Genomics

e The various genome projects have yielded the complete
DNA sequences of many organisms.

e E.g. human, mouse, yeast, fruitfly, etc.

e Human: 3 billion base-pairs, 30-40 thousand genes.

e Challenge: go from sequence to function,

e i.e., define the role of each gene and
functions as a whole.

understand how the genome
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Regulatory Machinery of Gene sels
Expression -
gene regulatory sequences .
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Regulation Interactions -

“Gel shift”: electorphoretic mobility shift assay
(*EMSA") for DNA-binding proteins
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Protein-DNA complex

*
s —

Free DNA probe

Advantage: sensitive Disadvantage: requires stable complex;
little “structural” information about which

protein is binding
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e Genome-wide Location Analysis (ChIP-chip)
(b)
Reverss.crossiinks, ridize to intergenic arra
Break open cells gr":?rg:llﬂr:;m :ijg;ie[l?nnkﬂe;nd BdECH Bind?r:’: silte e ’
Crosslink in vivo  and shear DNA
with formaldehyde R Cys
o %Qh—b q — —» Sy
@ — ¥
L k.
= ey
Mpgwﬂ"’" —
. IP-enriched DNA
Advantage: High throughput Disadvantage: Inaccurafeunenriched DNa
Currant ()pm ion in Genatics & IJ.:-.clr.pmnm D Merged
[ X X ]
0000
0000
a2
Gene Regulatory Network :

Endomuesodernn Specification 1o 30 How's

a8, 3004
Maternal and Early Interactians o wumide Endumes "i"‘. . =
.‘{ '
g | feeied

Mai] - GSKI— - B e mis

JFCNS | g TCF Tl
4 A

[MlieaiTima Blat Ot | [ Mt SmaBl Y Mol Ot

12



Biological Networks and
Systems Biology

Protein-protein
\ Interaction networks

Regulatory networks Gene Expression
networks

Systems Biology:

understanding cellular event under a system-

level context Metabolic networks

Genome + proteome + lipome + ...

Gene Regulatory Functions in
Development o
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Temporal-spatial Gene Regulation
and Regulatory Artifacts

Microarray or Whole-body ISH?
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Gene Regulation and Carcinogenesis
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Genetic Engineering:
Manipulating the Genome

\
e Restriction Enzymes, naturally occurring in bacteria, that cut

DNA at very specific places.

EcoRlI
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Recombinant DNA

& Plasmid §

% vector + DNA fragment
v to be cloned

Enzymatically insert
DNA into plasmid vector

Recombinant
plasmid
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Transformation 5

Recombinant
plasmid
Mix E. coli with plasmids
in presence of CaCl,; heat
pulse
E. coli Culture on nutrient agar
chromosome plates containing ampicillin
N e~ R
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Transformed cell Cells that do not
survives take up plasmid die
on ampicillin plates
X
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Formation of Cell Colony .

( ' __ Colony of cells, each
— a @ "| containing copies of the

( \ \ 0>/ same recombinant plasmid
( O )= Cjﬂx__ \ p
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How was Dolly cloned?

e Dolly is claimed to be an exact genetic replica of
another sheep.

2. The making of Dolly

Ewe A

The embryo is implanted
into surrogate mother
for gestation

Take a donor cell

from the animal Only keep

o be cloned the nuclaus Introdu ce the
nudeus into
the egg cell

................... i‘_,_o\:_b

Takean Remove

unfertili zed th |
egg cell IR Dolly, clone of ewe A

e [s it exactly "exact"?

Definitions

e Recombinant DNA: Two or more segments of DNA that have
been combined by humans into a sequence that does not
exist in nature.

e Cloning: Making an exact genetic copy. A clone is one of the
exact genetic copies.

e Cloning vector: Self-replicating agents that serve as vehicles
to transfer and replicate genetic material.
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Software and Databases o
e NCBI/NLM Databases Genbank, PubMed, PDB
e DNA
e Protein
e Protein 3D MEDLINE
e Literature
Nucleotide Protein
Sequences Sequences
Genomes Structures
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