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Genome sequencing

DNA
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Trillions of cells

Each cell:

* 46 human
chromosomes

* 2 m of DNA

* 3 billion DNA
subunits (the
bases: A, T, C, G)

* 80,000 genes code
for proteins that
perform all life
functions
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Overview: Dideoxy (Sanger) Method
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Sanger Method: Generating Read

Start at primer
(restriction site)

Grow DNA chain
Include dANTPs

Stops reaction at
all possible points

Separate products
by length, using
gel electrophoresis
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Cloning vectors for genome sequencing

~2-10 kb insert
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Sequencing vector M13
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DNA Cloning and Sequencing with
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Sizes of inserts in sequencing vectors

Vector

P1
YAC

BAC

Cosmid

Plasmid
M13 or Phagmid

Size (approx.)
100 Kb
300 -1500 Kb

/70 - 300 Kb)
~ 40 Kb
2-10 Kb

~ 1 Kb




Genome Sequencing

Isolate ShearDNA Clone into .
Chromosome into Fragments Seq. Vectors equence




Genome Sequencing Strategies

1. Clone-by-clone or hierarchical sequencing

2. Shotgun sequencing




Clone-by-clone or hierarchical
sequencing strategy

* After constructing a complete physical map,
clone by clone sequencing can be started in
any specific region.

Plasmids




Whole Genome shotgun

Sequencing

This step not needed in

shotgun sequencing
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Clone-by-clone or hierarchical
sequencing strategy

- Advantages:
1. Ability to fill gap and re-sequence the regions.
2. Ability to distribute the clones to other labs.

3. Ability to check the produced sequence by restriction
enzymes

» Disadvantages:

1. Expensive and time-consuming for construction of the
physical map.
2. Experienced personnel are required.




VENTER’S SHOTGUN
Whole genome shotgun sequencing

It is a much faster approach, and enabled
researchers to speed up the timetable for

sequencing enormously.

* The shotgun method was developed by J.
Craig Venter et al., 1996.




Shotgun Sequencing

genomic segment

cut many times at
random (Shoifgun)

Get one or two
reads from each
segment




Shotgun
Sequencing

Used to sequence whole
genomes

Steps:

— DNA is broken up
randomly into smaller
fragments

— Dideoxy method
produces reads

— Look for overlap of reads

DNA extraction
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DNA fragmentation
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Fragment Assembly

Overlap reads and extend to reconstruct the
original genomic region




Problems
with the
shotgun

approach
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Shotgun Sequencing

Very efficient process for small-scale (~10 kb)
sequencing (preferred method)

First applied to whole genome sequencing in 1995

( )

Now standard for all prokaryotic genome sequencing
projects

Successfully applied to

Moderately successful for




Comparison of two sequencing methods

Hierarchical sequencing Shotgun sequencing

Chromosomes

Fragment and sequence

Generate and align
entire genome

large BAC or I'1 clones

Fragment and sequence
a subset of the clones

Contig assembly and bioinformatics analysis




T7 bacteriophage
completed in 1983
39,937 bp, 59 coded proteins

Escherichia coli
completed in 1998
4,639,221 bp, 4293 ORFs

Sacchoromyces cerevisae
completed in 1996
12,069,252 bp, 5800 genes




Sequencing Successes

% Drosophila melanogaster
%/ | completed in 2000
=~ | 116,117,226 bp, 13,601 genes

Homo sapiens
completed in 2003
3,201,762,515 bp, 31,780 genes

_. Oryza Sativa (Rice)
430 million base
60,000 genes




Genomes to Date

8 vertebrates

2 plants

2 insects

2 hematodes

1 sea squirt

4 parasites

4 fungi

200 bacteria and archebacteria
1900+ viruses




Sequenced Genomes

NN - Quick Guide to Sequenced Genomes - Microsoft Internet Explorer,

File Edit ‘View Favorites Tools  Help

QBack M > [s¢] | .‘ 7 ! Search
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Home | About | Topics | Subscribe

a quick guide to...

SEQUENCED GENOMES

The genomes of more than 180 orgamisms have been sequenced since 1995 The Duick Guide includes descriptions of these
orgamiss cmd has links to seguencing centers and sclientific abstracts.

» See the Complete List of Organisms Written by Kate Ruder and Edward R. Winstead
Created for GHH by Mary 5. Gibbs

Aeropyrum pernix (Archaea) back to top
This microbe was isolated from a hydrothermal vent on the ocean floor near Kodakara-

Jima Island, Japan. It grows at temperatures up to 100°C (212°F) and is able to live in the presence of
oxygen.

» Seguenced by Mational Institute of Technology and Evalustion 4. perni K1 Abstract

w Image: @Y. Sako, Kyoto University.

Agrobacterium tumefaciens (Bacteria) back to t
Found in soil worldwide, this bacteriurn infects the roots of plants and can cause fatal

tumors in hundreds of species, including walnuttrees and ormnamental plants such as roses. It causes
disease by transferring its own DRA into plant cells. In the labhoratory, researchers use the hacterium
experimentally to add genes to plants.

» Sequenced by Cereon Genomics A. twmefaciens ©55 (Cereon) Abstract

University of Washinogton 4. temefzcizns C58 (L. Waszhington) Abstract

» Related GNM article:
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RNA Alternative Splicing
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Amylase = 2
Tropomiosine = 10
Tr'oponin-T = 64
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Alternative splicing: Different mRNAs from same pre-mRNA
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Sequencing strategies

Whole genome
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