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Human genome project

AThe human genome project was initiated in 1989 with the
goal of sequencing the 3 billion base -pair human genome in
15 years.The National Institutes of Health and the
Department of Energy instituted the joint project. 20
centers contributed.

AThere was great skepticism that this could be accomplished
In a reasonable amount of time.

Aln 1998, the company Celera genomics formed to sequence
the human genome.

ACelera and the HGP concurrently announced the human
genome draft in 2001. The genome was completed in 2004.
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Genome sequencing begins ‘ E. coli ‘ H.sapiens M. musculus

. (draft) |
 S.cerevisiae C. elegans A. thaliana H. sapiens
H. influenzae .

D. melanogaster | (completed)
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Human genome project results

A Estimated
27,894 genes

A ~1.1% in exons.

A 1/1000 bp
differ
between
individual
humans: SNPs
(single
nucleotide
polymorphisms

A From SNPs
arise human
variety.

Translated into
protein
1.1%-1.4%

Transcribed :

into RNA as
end product
25%

Simple repeats Transposons
(microsatellites) 45%
3%
Large

duplications
5%

Other intergenic
DNA
20.7%



Human genome project results

A <1% of SNPs

are expected
to impact
protein
function.

A Thus,
thousands of
genetic
variations
contribute to
human
diversity (not
millions!)

Translated into
protein
1.1%-1.4%

Transcribed :

into RNA as
end product
25%

Simple repeats Transposons
(microsatellites) 45%
3%

Large
duplications
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Other intergenic
DNA
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Human genome project - gene function

cell adhesion (577, 1.9%)
miscellancous (1318, 4.3%)
viral protein (100, 0.3%)

chaperone (159, 0.5%)

cytoskeletal structural protein (876, 2.8%)

extracellular matrix (437, 1.4%)

immunoglobulin (264, 0.9%)

ion channel (406, 1.3%)

motor (376, 1.2%)

structural protein of muscle (296, 1.0%)

transfer/carrier protein (203, 0.7%)

transcription factor (1850, 6.0%)

protooncogene (902, 2.9%)
sclect calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)

transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

receptor (1543, 5.0%)

kinasc (868, 2.8%)

uononpsuey [eusis

select regulatory molecule (988, 3.2%)

transferase (610, 2.0%) GO categories

synthase and synthetase (313, 1.0%)
oxidoreductase (656, 2.1%)

lyase (117, 0.4%)

ligase (56, 0.2%)

isomerase (163, 0.5%)

hydrolase (1227, 4.0%) molecular function unknown (12809, 41.7%)

Panther categories
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Human genome project

Fruit fly: 13,000 genes Human: 35,000 genes.

The surprisingly small number of genes in the human
genome (~ 100,000 expected; < 30,000 identified) was a
major surprise from the project.



Human genome project

The modest number of genes indicates we must look elsewhere
to explain the human complexity.

A Gene regulation, modification (i.e. methylation)
A Chromosomal modifications

A Location, quantity, timing of transcription

A Tissue-specific protein expression

ARoles (regulatory, other) of intronic DNA
ARNA splicing

ARNA roles in gene expression

ARNA editing (changes made to mRNA)

A Translational control (at ribosome)

A Alterations in protein -protein interactions

Venter et al., Science (2001) 291, 1304-1351.
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Proteomics

Proteomics is the determination and analysis of the
complete complement of proteins expressed by a genome

TO'€90

AThere remain thousands of proteins in each eukaryotic
cell about which we know nothing.
ACharacterizing the proteome is a much larger task than
the genome. This links genes to function:
APhenotypic function : effects of a protein on an entire
organism
ACellular function : the network of interactions with
other proteins in the cell
AMolecular function : the biochemical activity of a

protein



Proteomics strategies

AComparative genomics: Compare with genes and proteins
of known function. Uses sequence and structural
relationships. The increasing availability of genomics data
greatly aids this approach.

Human 9 Mouse 2
AOrthologs : Genes of EPB72 Epb7.2
different species but PSMB7 Psmb7
possessing a clear DNM1 Dnm
sequence and functional LMX1B Lmx1b
relationship to each — Cdko
other. STXBP1 Stxbp1
AParalogs: Genes within an F
organism with a sequence AKT AkT
and structural LCN2 Len2

relationship.
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Proteomics strategies

For genes with no identifiable relationships to known
genes, other approaches need to be applied.

2-D gel
electrophoresis and
mass spectrometry:
Analyze the
appearance or
particular proteins
from different
tissues, as a function
of development, or
from tissues treated
In different ways.




Probing Protein Interactions

Analysis of protein -protein interactions also can reveal important
Information about a protein's function and its role in the cell.

The yeast two -hybrid

system allows for oo doarain

detection of protein - X

protein interactions @

by bringing together Gal4p Reporter gene
the DNA binding binding site Galdp
domain and the l Q/ domain |
activation domain of RNA X

the yeast Gal4 palyimas

protein Via Increased

transcription

Interaction of two
proteins and
expression of a
reporter gene.

Reporter gene

TO'€90



Proteomics strategies

Analysis of protein -protein interactions also can reveal
Important information about a protein's function and its role

in the cell. 2
Yeast strain 1 Yeast strain 2 with
] with Gal4p-binding Gal4p-activation
The two fUS|OnS are domain fusions domain fusions
created Iin separate yeast \

_ _ Mate to produce diploid cells.
strains which are mated.

Plate on medium requiring

The mated mixture iIs interaction of the binding and
. activation domains for cell
grown under conditions on ¥ survival.

which the yeast cannot
survive unless the
reporter gene is
expressed. Surviving
colonies have interacting

. . : Sequence fusion proteins to identify
prOte|n fusion pairs. which proteins are interacting.

\\ Survivors
form colonies.




Gene cloning and expression plasmids

A common E. coli cloning plasmid, pBR322:
AOri: where plasmid EcoRI

replication is initiated by ‘
cellular enzymes. This is
required to propagate the Pstl
plasmid within the cell.
Atet 7 and amp™ genes that
confer resistance of the
antibiotics tetracycline
and ampicillin.
AEccR!, BanHl, é uni (g
sequences that are
targets for

BamHI
/

_Sall

Ampicillin Tetracycline
resistance resistance
(ampr) (tetr)
pBR322
(4,361bp)

: Origin of
endonucleases. Provide - 1
sites for cutting the (ori) Pvull

plasmid.



MICRO ARRAYS

Tests for the presence of a nucleic acid

sequence by hybridizing  a probe bound
to a matrix to the target sequence.

Many different probes can be bound to
the same matrix.

Therefore, a single sample can be
evaluated for many different target
sequences simultaneously.

fatchiyah, JB -UB 3/11/2011



MICRO ARRAYS

- tests for mMRNA
expressed in a tissue.

Sequencing Arrays - tests for nucleotide
sequence in a fragment of DNA
(sequencing by hybridization - Ideal for

detection of single nucleotide
polymorphisms [snhps] ).

fatchiyah, JB -UB 3/11/2011



DNA microarray

@

Isolate mRNAs from cells
at two stages of development;
each mRNA sample represents

all the genes expressed in
¥y |

the cells at that stage.




DNA microarray

cDNA . complementary DNA (prepared from mRNA).
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