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	1. What is a  genome?
A genome can be defined as the entire DNA content of each
nucleated cell in an organism
Each organism has one or more chromosomes that contain
all of its genetic Information--its genome
Humans, for example, have a genome that is encoded on 46
chromosomes, organized into 23 pairs. One chromosome of
each pair is inherited from the mother and one from the
father. One pair of chromosomes determines gender (“sex
chromosomes”) and the other 22 pairs are called autosomes
Dr. Shiny C Thomas, Department of Biosciences, ADBU
 


	2. The object of  the Human Genome Project was to
determine the entire DNA sequence of each of these long
DNA molecules (chromosomes), to a high quality
(finished sequence) and to locate and identify each of the
human genes.
DNA sequencing
• DNA sequencing is the process of determining the
precise order of nucleotides within a DNA molecule.
• It includes any method or technology that is used to
determine the order of the four bases—adenine,
guanine, cytosine, and thymine—in a strand of DNA.
 


	3. • The advent  of rapid DNA sequencing methods has greatly
accelerated biological and medical research and discovery.
• Knowledge of DNA sequences has become indispensable
for basic biological research, and in numerous applied
fields such as medical diagnosis, biotechnology, forensic
biology, virology and biological systematics.
• sequencing of complete DNA sequences, or genomes of
numerous types and species of life, including the human
genome and other complete DNA sequences of many
animal, plant, and microbial species.
 


	4. Genome mapping is  used to identify and record the location
of genes and the distances between genes on a
chromosome.
• Genome mapping provided a critical starting point for
the Human Genome Project.
• A genome map highlights the key ‘landmarks’ in an
organism’s genome
• The landmarks on a genome map may include short
sequences, regulatory sites that gene turn on and off or
the genes themselves.
• Genome mapping provided the basis for whole genome
sequencing and Human Genome Project
 


	5. • Genome maps  are used to determine the location of
genes. Maps of genomes are constructed at different
levels of resolution using different kinds of
information.
• Depending on the type of map we use, a gene can be
located on a particular chromosome, in a specific
region of the chromosome, or at its precise location in
the chromosome’s DNA sequence.
 


	6. Different types of  genome mapping
There are two general types of genome mapping called
genetic mapping and physical mapping.
• Both types of genome mapping guide scientists towards
the location of a gene (or section of DNA) on a ,
however, they rely on very different information.
• Genetic mapping looks at how genetic information is
shuffled between chromosomes or between different
regions in the same chromosome during meiosis (a type
of cell division). A process called recombination or
‘crossing over’.
∘
 


	7. The 2 main  types of genome maps are genetic maps and
physical maps.
• Genetic maps are linkage maps. They show the
relative location of genes on a chromosome as
determined by
recombination frequencies.
• Distances on genetic maps are measured in
centimorgans (cM). One cM equals 0.01%
recombination frequency.
 


	8. • By finding  out how often various characteristics are
inherited together it is possible to estimate the
distance between the genes.
• A map of where the genes are in relationship to each
other on the chromosomes can then be drawn. This is
called a linkage map.
• Genes that are on the same chromosome are said to
be ‘linked’ and the distance between these genes is
called a ‘linkage distance’. The smaller the distance the
more likely two genes will be inherited together.
 


	9. • The same  concept of studying how traits are passed
on was applied to develop the first human genome
map.
• If two (or more) characteristics were seen to be
frequently inherited together in a family, for example
blonde hair and blue eyes, it suggested that the genes
for the two characteristics were close together on a
particular chromosome.
 


	10. genetic map of
the
chromosomes
from  the fruit fly
(Drosophila
melanogaster).
The
names of the
genes are shown
to the right of
each
chromosome.
The numbers to
the left of each
chromosome
represent the
distance
between these
genes.
 


	11. Modern genetic maps
•  With more recent genetic mapping techniques, the
position of genes is worked out from finding the exact
frequency of genetic recombination that has occurred.
• To produce a genetic map, researchers collect blood or
tissue samples from members of a family, some of
whom have a certain disease or characteristic.
The researchers then isolate the DNA from samples taken
from each individual and closely examine it to find unique
patterns in the DNA of those individuals with the
disease/characteristic, that aren’t present in the DNA of
the individuals who don’t have the disease/characteristic.
 


	12. • These are  referred to as markers and are extremely
valuable for tracking inheritance of characteristics or
diseases through several generations of a family.
One type of, called a microsatellite, is found throughout the
genome and consists of a specific repeated sequence of
bases.
If a particular gene is close to a DNA marker on the
chromosome, it is more likely that the gene and marker will
stay together during the recombination process and are
therefore more likely to be passed down along the family
line (inherited) together.
 


	13. In the same  way, if a DNA marker and gene are frequently
separated by the recombination process it suggests that
they are far apart on the chromosome and are less likely to
be inherited together.
The more DNA markers there are on a genetic map the
more likely it is that one of them will be located close to
the disease or trait-associated gene.
While genetic maps are good at giving you the bigger
picture, they have limited accuracy and therefore need to
be supplemented with further information gained from
other mapping techniques, such as physical mapping.
 


	14. Physical mapping
Physical mapping  gives an estimation of the (physical)
distance between specific known DNA sequences on a
chromosome.
The distance between these known DNA sequences on a
chromosome is expressed as the number of base pairs
between them.
There are a several different techniques used for physical
mapping. These include:
∘ Restriction mapping (fingerprint mapping and optical
mapping)
∘ Fluorescent in situ hybridisation (FISH) mapping
∘ Sequence tagged site (STS) mapping.
 


	15. Restriction mapping
This uses  specific restriction to cut an unknown segment of
DNA at short, known base sequences called restriction
sites.
Restriction enzymes always cut DNA at a specific sequence
of DNA (restriction site).
For example, the restriction enzyme EcoRI (taken from
E.coli ) always cuts at the sequence GAATTC/CTTAAG.
Therefore if we use EcoRI to cut the DNA we know that the
DNA sequence either side of the cut will be AATT (see
figure below).
A restriction map shows all the locations of that particular
restriction site (GAATTC) throughout the genome.
 


	16. the restriction site  for the restriction enzyme EcoRI.
Restriction enzymes always cut DNA at a specific sequence
of DNA
 


	17. • A physical  map is generated by aligning the different
restriction maps along the chromosomes.
• There a two specific types of restriction mapping – optical
and fingerprint.
Fingerprint mapping
• In fingerprint mapping the genome is broken into
fragments which are then copied in bacteria cells.
• The DNA copies (clones) are then cut by restriction
enzymes and the lengths of the resulting fragments are
estimated using a lab method called electrophoresis.
• Electrophoresis separates the fragments of DNA
according to size resulting in a distinct banding pattern.
 


	18. DNA fingerprint is  created by electrophoresis
 


	19. • The fingerprint  map is constructed by comparing the
patterns from all the fragments of DNA to find areas of
similarity.
• Those with similar patterns are then grouped together to
form a map.
• Fingerprint mapping formed the basis to the sequencing
of the human, mouse, zebrafish and pig genomes.
 



	21. Optical mapping
Optical mapping  uses single molecules of DNA that are
stretched and held in place on a slide.
Restriction enzymes are added to cut the DNA at specific
points leaving gaps behind.
The fragments are then stained with dye and the gaps are
visualised under a microscope.
• The intensity of the fluorescence is used to construct an
optical map of single molecules.
These can then be combined and overlapped to give a global
overview of the genome and aid with assembling a
sequenced genome.
 



	23. Fluorescent in situ  hybridisation (FISH) mapping
• This uses fluorescent probes to detect the location of DNA
sequences on chromosomes.
• First, the probes are prepared. These are short sequences
of single-stranded DNA, that match the DNA sequence
that the scientist wants to find.
• The probes are then labelled with fluorescent dye before
being mixed with the chromosome DNA so that it can
bind to a complementary strand of DNA on the
chromosome.
• The fluorescent tag allows the scientist to see the location
of the DNA sequence on the chromosome.
 



	25. Sequence-tagged site (STS)  mapping
• This technique maps the positions of short DNA
sequences (between 200-500 base pairs in length) that
are easily recognisable and only occur once in the
genome.
• These short DNA sequences are called sequence-tagged
sites (STSs).
• To map a set of STSs a collection of overlapping DNA
fragments from a single chromosome or the entire
genome is required.
• To do this, the genome is first broken up into fragments.
The fragments are then replicated up to 10 times in
bacterial cells to create a library of DNA clones.
 


	26. • The polymerase  chain reaction (PCR) is then used to
determine which fragments contain STSs.
• Special primers are designed to bind either side of the
STS to ensure that only that part of the DNA is copied.
• If two DNA fragments are found to contain the same STS
then they must represent overlapping parts of the
genome.
• If one DNA fragment contains two different STSs then
those two STSs must be near to each other in the
genome.
 



	28. • Physical maps  show distances between DNA
landmarks. The resolution of landmarks range from
recognition sites for restriction enzymes to the
ultimate level of detail: the actual DNA sequence.
• Distances between landmarks on a physical map are
measured in base-pairs (1000 base-pairs equals 1
kilobase kb).
 


	29. ∘ Physical mapping  looks at the physical distance between
known DNA sequences (including genes) by working out
the number of base pairs (A-T, C-G) between them.
 


	30. • The first  physical maps were created by cutting genomic
DNA with different restriction enzymes.
• The fragments were then analyzed to determine their
size and how they fit together into a continuous
segment of the genome called a contig.
• Such a map shows the physical distance between the
different recognition sites of the restriction enzymes:
 



	32. • The ultimate  physical map of an organism’s DNA is the
actual base-pair sequence of the entire genome.
• Although automated sequencers have been
developed to determine the basepair sequence of
DNA, they are only accurate on fragments of DNA up
to about 500 base-pairs in length.
 


	33. In order to  sequence an entire genome, which may contain
billions of base pairs, the DNA must be cut into small
fragments that can be sequenced with automatic
sequencers.
There are 2 different ways to do this:
• clone-by-clone sequencing
• shotgun sequencing
 




	36. Sequencing genomes different
strategies
  



	38. Whole-Genome Sequencing
Strategies Used  in Sequencing Projects
• The strategies used for sequencing genomes include the
Sanger method, shotgun sequencing, pairwise end, and
next generation sequencing.
1) The Sanger method is a basic sequencing technique that
uses fluorescently-labeled dideoxynucleotides (ddNTPs)
during DNA replication which results in multiple short strands
of replicated DNA that terminate at different points, based on
where the ddNTP was incorporated.
 


	39. 2) Shotgun sequencing  is a method that randomly cuts DNA
fragments into smaller pieces and then, with the
help of a computer, takes the DNA fragments, analyzes
them for overlapping sequences, and reassembles
the entire DNA sequence.
3) Pairwise-end sequencing is a type of shotgun sequencing
which is used for larger genomes and analyzes both ends of
the DNA fragments for overlap.
4) Next-generation sequencing is a type of sequencing
which is automated and relies on sophisticated
software for rapid DNA sequencing.
 


	40. dideoxynucleotide: any nucleotide  formed from a
deoxynucleotide by loss of an a second hydroxyl group
from the deoxyribose group
contig: a set of overlapping DNA segments, derived from a
single source of genetic material, from which the complete
sequence may be deduced
Fluorophore: a molecule or functional group which
is capable of fluorescence
 


	41. Sanger method
• The  basic sequencing technique used in all modern
day sequencing projects is the chain termination
method (also known as the dideoxy method), which
was developed by Fred Sanger in the 1970s.
• The chain termination method involves DNA
replication of a single-stranded template with the use
of a primer and a regular deoxynucleotide (dNTP),
which is a monomer, or a single unit, of DNA.
 


	42. • The primer  and dNTP are mixed with a small proportion of
fluorescently labeled dideoxynucleotides (ddNTPs).
• The ddNTPs are monomers that are missing a hydroxyl
group (–OH) at the site at which another nucleotide usually
attaches to form a chain.
• Each ddNTP is labeled with a different color of
fluorophore.
• Every time a ddNTP is incorporated in the growing
complementary strand, it terminates the process of DNA
replication, which results in multiple short strands of
replicated DNA that are each terminated at a different
point during replication.
 


	43. • When the  reaction mixture is processed by gel
electrophoresis after being separated into single strands,
the multiple, newly-replicated DNA strands form a ladder
due to their differing sizes.
• Because the ddNTPs are fluorescently labeled, each band
on the gel reflects the size of the DNA strand and the
ddNTP that terminated the reaction.
• The different colors of the fluorophore-labeled ddNTPs
help identify the ddNTP incorporated at that position.
• Reading the gel on the basis of the color of each band on
the ladder produces the sequence of the template strand.
 


	44. Sanger’s Method: Frederick  Sanger’s dideoxy chain
termination method uses dideoxynucleotides, in which
the DNA fragment can be terminated at different points.
The DNA is separated on the basis of size, and these
bands, based on the size of the fragments, can be read.
 


	45. Structure of a  Dideoxynucleotide: A dideoxynucleotide is
similar in structure to a deoxynucleotide, but is missing the 3′
hydroxyl group (indicated by the box). When a
dideoxynucleotide is incorporated into a DNA strand, DNA
synthesis stops.
 


	46. Early Strategies: Shotgun  Sequencing and Pair-Wise End
Sequencing
• In the shotgun sequencing method, several copies of a
DNA fragment are cut randomly into many smaller pieces
(somewhat like what happens to a round shot cartridge when
fired from a shotgun).
• All of the segments are then sequenced using the chain-
sequencing method.
• Then, with the help of a computer, the fragments are
analyzed to see where their sequences overlap.
• By matching overlapping sequences at the end of each
fragment, the entire DNA sequence can be reformed.
• A larger sequence that is assembled from overlapping
shorter sequences is called a contig.
 


	47. • Originally, shotgun  sequencing only analyzed one end of
each fragment for overlaps. This was sufficient for
sequencing small genomes.
• However, the desire to sequence larger genomes, such as
that of a human, led to the development of double-barrel
shotgun sequencing, more formally known as pairwise-
end sequencing.
• In pairwise-end sequencing,
• both ends of each fragment are analyzed for overlap.
• Pairwise-end sequencing is, therefore, more
cumbersome than shotgun sequencing, but it is easier
to reconstruct the sequence because there is more
available information.
 


	48. Next-generation Sequencing
• Since  2005, automated sequencing techniques used by
laboratories are under the umbrella of next-generation
sequencing, which is a group of automated techniques used
for rapid DNA sequencing.
• These automated, low-cost sequencers can generate
sequences of hundreds of thousands or millions of short
fragments (25 to 500 base pairs) in the span of one day.
• Sophisticated software is used to manage the
cumbersome process of putting all the fragments in order
 


	49. Use of Whole-Genome  Sequences of Model Organisms
• Sequencing genomes of model organisms allows
scientists to study homologous proteins in more complex
eukaryotes, such as humans.
Key Points
• The first genome to be completely sequenced was the
bacterial virus, bacteriophage fx174, which is 5368 base
pairs.
• Scientists utilize genome sequencing from model
organisms to study homologous proteins and establish
evolutionary relationships.
• Genome annotation is the process of attaching biological
information to gene sequences identified using whole-
genome sequencing.
 


	50. • Model organisms  include the fruit fly (Drosophila
melanogaster), brewers yeast (Saccharomyces cerevisiae),
the nematode, Caenorhabditis elegans, and the mouse
(Mus musculus).
• genome annotation: the process of attaching biological
information to gene sequences.
• model organism: any organism (e.g. the fruit fly) that has
been extensively studied as an example of many
others and from which general principles may be established
 


	51. Use of Whole-Genome  Sequences of Model Organisms
• The first genome to be completely sequenced was of a
bacterial virus, the bacteriophage fx174 (5368 base
pairs).
• This was accomplished by Fred Sanger using shotgun
sequencing.
• Several other organelle and viral genomes were later
sequenced.
The first organism whose genome was sequenced was the
bacterium Haemophilus influenza, which was
accomplished by Craig Venter in the 1980s.
 


	52. • Approximately 74  different laboratories collaborated on
the sequencing of the genome of the yeast
Saccharomyces cerevisiae, which began in 1989 and was
completed in 1996.
• It took this long because it was 60 times bigger than any
other genome that had been sequenced at that point.
• By 1997, the genome sequences of two important
model organisms were available: the bacterium
Escherichia coli K12 and the yeast Saccharomyces
cerevisiae.
 


	53. • Genomes of  other model organisms, such as the mouse
Mus musculus, the fruit fly Drosophila melanogaster, the
nematode Caenorhabditis elegans, and the human
Homo sapiens are now known.
• Much basic research is performed using model
organisms because the information can be applied to
the biological processes of genetically-similar organisms.
Having entire genomes sequenced aids these research
efforts.
 


	54. • The process  of attaching biological information to gene
sequences is called genome annotation.
• Annotation aids researchers doing basic experiments in
molecular biology, such as designing PCR primers and
RNA targets.
 


	55. DIFFERENT METHODOLOGIES IN
GENOME  SEQUENCING
 


	56. What is a  Genome?
• A genome is an organism’s complete set of DNA.
• Genomes vary in size: a bacterium contains about 600,000 building
blocks called nucleotides, while human and mouse genomes have
about 3 billion.
• Genes encoded by the DNA comprise the entire set of hereditary,
instructions for building, running and maintaining an organism, and
passing life onto the next generation.
WHAT IS DNA?
• The genetic information is stored in the nucleus of each cell in
form of chromosomes.
• Chromosomes are long, tightly packed strings of DNA that harbor
the genetic information.
• This genetic information is needed to construct other components
of cells, such as proteins or RNA molecules.
 


	57. Why is Genome  Sequencing Important?
• To understand how the genome as a whole works – how genes work
together to direct growth, development and maintenance of an
entire organism.
• Understand how gene expression is regulated in a particular
environment.
• To study gene expression in a specific tissue, organ or tumour.
• To study human variation.
• To study how humans relate to other organisms.
• To find correlations how genome information relates to
development of cancer, susceptibility to certain diseases and drug
metabolism (pharmacogenomics).
 


	58. How is Genome  Sequencing Done?
• The whole genome can't be sequenced all at once because available
methods of DNA sequencing can only handle short stretches of DNA at a
time.
• So instead, scientists must break the genome into small pieces, sequence
the pieces, and then reassemble them in the proper order to arrive at the
sequence of the whole genome.
• There are two approaches to the task of cutting up the genome and putting
it back together again.
• One strategy is known as the "clone-by-clone" approach and the other
strategy is called "whole-genome shotgun" method.
 


	59. CLONE BY CLONE
•  It involves first breaking the
genome up into relatively large
chunks, called clones, about
150,000 base pairs (bp) long.
• Scientists use genome mapping
techniques to figure out where in
the genome each clone belongs.
• Next they cut each clone into
smaller, overlapping pieces the
right size for sequencing—about
500 BP each.
• Finally, they sequence the pieces
and use the overlaps to reconstruct
the sequence of the whole clone.
 


	60. WHOLE-GENOME SHOTGUN
• It  involves breaking the
genome up into small pieces,
sequencing the pieces, and
reassembling the pieces into
the full genome sequence.
 


	61. DIFFERENT METHODS IN  GENOME SEQUENCING
• Classical/Basic Methods
• Advanced Methods
• New Generation Sequencing Methods
Classical/Basic Methods
Two different methods for determination of DNA sequences are –
1. Maxam and Gilbert’s Chemical Degradation Method
2. Sanger’s Dideoxynucleotide Synthetic Method
 


	62. Maxam and Gilbert’s  Chemical Degradation
Method
• Maxam-Gilbert sequencing(chemical cleavage method using double
stranded (ds) DNA). The chemical degradation, in which sequence of a ds
DNA molecule is determined by treatment with chemicals that cut the
molecule at specific nucleotide positions.
• Allan and Walter Gilbert published a DNA sequencing method in 1977
based on chemical modification of DNA subsequent cleavage at specific
bases.
• In this method following steps involved:-
• Label the 3’ ends of DNA with 32P.
• Separate the two strands.
 


	63. Contd..
• Divide the  mixture in four samples, each treated with a different reagent
having the property of destroying either only G, or only C, or ‘A and G’ or ’T
and C’. The concentration of reagent is so adjusted that 50% of target base is
destroyed, so that fragments of different sizes having 32P are produced.
• Electrophorese each of the four samples in the four different lanes of the
gel.
• Autoradiograph the gel and determine the sequence from positions of
bands in four lanes.
 


	64. Sanger’s Dideoxynucleotide Synthetic  Method
• It is based on the principle that ss DNA molecules that differ in length by
just a single nucleotide can be separated from one another by
polyacrylamide gel electrophoresis.
– The first step is to anneal a short oligonucleotide to the same position
on each molecule, this oligonucleotide acting as a primer for synthesis
of a new DNA strand that is complementary to the template.
– The strand synthesis reaction, which is catalyzed by a DNA polymerase
enzyme and requires the four deoxyribonucleotide triphosphates
(dNTPs-dATP, dCTP, dGTP, dTTP) and as substrates, would normally
continue untill thousands nucleotides had been polymerized.
– The polymerase enzyme does not discriminate between deoxy-and
dideoxynucleotides, but once incoporated a dideoxynucleotides blocks
the further elongation because it lacks the 3’-hydroxyl group. Because
the normal deoxynucleotides are also present in larger amounts, the
strand synthesis does not always terminate close to the primer.
 


	65. contd...
– The result  is a set of new molecules, all of different lengths that is present
at the equivalent positon in a template DNA.
– To work out the DNA sequence all that we have to do is to identify
dideoxynucleotides at the end of each terminated molecule.
– The mixture is loaded into a well of polyacrylamide slab gel and
electrophoresis carried out to separate the molecules according to their
lengths.
– Then, the molecules are run past a fluorescent detector. The detector
therefore determines if each molecule ends in an A, C, G or T. The
sequence can be printed out by examination by the operator.
 


	66. ADVANCED METHODS
1. Shotgun  Sequencing
2. Bridge PCR
SHOTGUN SEQUENCING
• Shotgun sequencing is a sequencing method designed for analysis of DNA
sequences longer than 1000 base pairs, up to and including entire
chromosomes. This method require the target DNA to be broken into
random fragments.
• After sequencing into individual fragments, the sequences can be
reassembled on the basis of their overlapping regions.
 


	67. BRIDGE PCR
• Another  method for in vitro clonal amplification is bridge PCR, in which
fragments are amplified upon primers attached to the solid surface and
form “DNA colonies” or “DNA clusters” .
• This method used in the Illumina Genome Analyzer sequencers. Adapters
attached to ends of fragmented DNA:
• The DNA is fragmented and adapters are ligated to both ends.
• The DNA is then denatured into single-stranded molecules. These
fragments are then floated onto a flow cell which have corresponding
adapter sequences that permit binding
 


	68. contd..
• When the  DNA strands are placed onto the slide,
they attach to their corresponding adapter sequences
• Add dNTPs and DNA polymerase enzyme to
elongate DNA strands
 


	69. New Generation Sequencing  Methods
• Sequencing by Hybridization(SBH)
• Pyrosequencing
• Nanopore DNA Sequencing
• Illumina(Solexa ) Sequencing
SEQUENCING BY HYBRIDIZATION(SBH)
• Sequencing by Hybridization is based on the principle that differential
hybridization of oligonucleotide probes, each due to mismatch of a single
base, can be used to decode the target DNA sequence. There at least two
alternative approaches for SBH:
• In the first approach, genomic DNA to be sequenced is first immobilized on
a membrane and is then serially hybridized with short oligonucleotide
probes of known sequences.
• In the second approach, genomic DNA to be sequenced is hybridized to
microfabricated tilling arrays immobilized oligonucleotide, with ~100,000
copies of each individual of feature.
 


	70. PYROSEQUENCING
• Pyrosequencing is  the method of gene sequencing based on the
“Sequencing by synthesis” principle.
• It does not require electrophoresis or any other fragment separation
procedure and so more rapid.
• This method requires a preparation of identical ss DNA molecules as the
starting material. These are obtained by alkali denaturation of PCR
products or, more rarely, recombinant plasmid molecules.
• After attachment of the primer, template is copied by a DNA polymerase in
a straight-forward manner without added dideoxynucleotides.
• As the new strand is being made, the order in which the deoxynucleotides
are incorporated is detected , so the sequence can be “read” as the reaction
proceeds.
• Pyrosequencing has the potential advantages of accuracy, flexibitity,
parallel processing and can be easily automated.
 


	71. NANOPORE SEQUENCING
• This  method is based on the readout of electrical signals occurring at
nucleotides passing by alpha-hemolysin pores covalently bound with
cyclodextrin.
• The DNA passes through the nanopore changes its ion current. This change
is dependent on the shape, size and length of the DNAs sequence.
• Each type of the nucleotide blocks the ion flow through the pore for a
different period of time,
• Two main areas of nanopore sequencing in development are –
1.Solid state nanopore sequencing
2. Protein based nanopore sequencing
ILLUMINA(SOLEXA): SEQUENCING-BY-SYNTHESIS
TECHNOLOGY
• Illumina uses bridge PCR. The sequencing is conducted on a flow cell using
sequencing-by-synthesis methods with fluorescent tags. This requires the use
of high-resolution optical devices
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Procedure:
1. Library preparation
–  Whole genomes are fragmented by nebulization or sonication. The
randomly fragmented genomic DNA are then end-repaired by
polymerase and exoniclease activity. The 3’-ends are phosphorylated
while 5’-ends are adenylated. Size selection occurs through gel
electrophoresis and PCR selection
2. Clonal colony cluster creation
– The DNA is placed on a flow cell, which are silica slides of eight
lengthwise lengths. These are about the size of a microscope slideand
are sealed to minimize contamination and handling errors
An Illumina slide with eight flow cells
 


	73. On the slides,  the flow cells are subjected to
isothermal bridge amplification, creating
clusters densities of up to 2000 molecules. The
duplaication of each genomic strand aids in
amplifying the generated signals upon
sequencing.
3. Sequencing
- Illumina sequencing devices incorporate fluorescent reversible terminators.
Each dNTP has a corresponding fluorophore attached to it.
- When polymerase elongates the strands with a fluorescently-labeled dNTP,
the clusters are then excited by a light source and the color recorded by an
optical detector.
- After incorporation occurs, the fluorophore is cleaved,unblocking the 3’-end
for the next nucleotide to be incorporated in the next cycle.
 


	74. Since each cycle  permits the elongation of a single dNTP at a time.
 


	75. Uses/Applications of Genome  sequencing
• Genome sequencing may be used to determine the sequence of individual
genes, larger genetic regions (i.e. clusters of genes or operons), full
chromosomes or entire genomes.
• Sequencing provides the order of individual nucleotides in DNA or RNA
(commonly represented as A, C, G, T, and U) isolated from cells of animals,
plants, bacteria, archaea, or virtually any other source of genetic
information.
• Molecular biology - studying the genome itself, how proteins are made,
what proteins are made, identifying new genes and associations with
diseases and phenotypes, and identifying potential drug targets.
• Evolutionary biology - studying how different organisms are related and
how they evolved.
• Less-precise information is produced by non-sequencing techniques like
DNA fingerprinting. This information may be easier to obtain and
• Detect the presence of known genes for medical purposes.
• Forensic identification.
• Parental testing.
 


	76. Comparative genomics
• Comparative  genomics is a field of biological
research in which the genomic features of
different organisms are compared.
• The genomic features may include the DNA
sequence, genes, gene order, regulatory sequences, and
other genomic structural landmarks.
• In this branch of genomics, whole or large parts of
genomes resulting from genome projects are compared
to study basic biological similarities and differences as
well as evolutionary relationships between organisms.
 


	77. • The major  principle of comparative genomics is that
common features of two organisms will often be encoded
within the DNA that is evolutionarily conserved between
them.
• Therefore, comparative genomic approaches start with
making some form of alignment of genome sequences and
looking for orthologous sequences (sequences that share
a common ancestry) in the aligned genomes and checking
to what extent those sequences are conserved.
• Based on these, genome and molecular evolution are
inferred and this may in turn be put in the context of, for
example, phenotypic evolution or population genetics.
 


	78. • Started as  soon as the whole genomes of two organisms
became available (that is, the genomes of the
bacteria Haemophilus influenzae and Mycoplasma
genitalium) in 1995, comparative genomics is now a
standard component of the analysis of every new
genome sequence
• With the explosion in the number of genome
projects due to the advancements in DNA
sequencing technologies, particularly the next-generation
sequencing methods in late 2000s, this field has become
more sophisticated, making it possible to deal with many
genomes in a single study.
 


	79. • Comparative genomics  has revealed high levels of
similarity between closely related organisms, such
as humans and chimpanzees, and, more surprisingly,
similarity between seemingly distantly related organisms,
such as humans and the yeast Saccharomyces cerevisiae.
• It has also showed the extreme diversity of the gene
composition in different evolutionary lineages.
• Comparative genomics has a root in the comparison
of virus genomes in the early 1980s.
• For example, small RNA viruses infecting animals
(picornaviruses) and those infecting plants (cowpea
mosaic virus) were compared and turned out to share
significant sequence similarity and, in part, the order of
their genes
 


	80. • Saccharomyces cerevisiae,  the baker's yeast, was the
first eukaryote to have its complete genome sequence
published in 1996.
• After the publication of the roundworm Caenorhabditis
elegans genome in 1998 and together with the fruit
fly Drosophila melanogaster genome in 2000, Gerald M.
Rubin and his team published a paper titled
"Comparative Genomics of the Eukaryotes", in which
they compared the genomes of the eukaryotes D.
melanogaster, C. elegans, and S. cerevisiae, as well as
the prokaryote H. influenzae
 


	81. • When two  or more of the genome sequence are
compared, you can get the evolutionary relationships of
the sequences in a phylogenetic tree.
• Similarity of related genomes is the basis of comparative
genomics.
• If two creatures have a recent common ancestor, the
differences between the two species genomes are
evolved from the ancestors’ genome.
• The closer the relationship between two organisms, the
higher the similarities between their genomes.
• If there is close relationship between them, then their
genome will display a linear behaviour (synteny), namely
some or all of the genetic sequences are conserved.
 


	82. • Thus, the  genome sequences can be used to identify gene
function, by analyzing their homology (sequence
similarity) to genes of known function.
• Orthologous sequences are related sequences in different
species: a gene exists in the original species, the species
divided into two species, so genes in new species are
orthologous to the sequence in the original species.
• Paralogous sequences are separated by gene cloning
(gene duplication): if a particular gene in the genome is
copied, then the copy of the two sequences is paralogous
to the original gene.
 


	83. • Comparative genomics  exploits both similarities and
differences in the proteins, RNA, and regulatory
regions of different organisms to infer how selection has
acted upon these elements.
• Those elements that are responsible for similarities
between different species should be conserved through
time (stabilizing selection), while those elements
responsible for differences among species should be
divergent (positive selection).
• Finally, those elements that are unimportant to the
evolutionary success of the organism will be
unconserved (selection is neutral).
 


	84. • One of  the important goals of the field is the identification
of the mechanisms of eukaryotic genome evolution.
• comparative genomics studies of small model
organisms (for example the model Caenorhabditis
elegans and closely related Caenorhabditis briggsae) are
of great importance to advance our understanding of
general mechanisms of evolution
Methods
• Computational approaches to genome comparison
 


	85. Tools
• Computational tools  for analyzing sequences and
complete genomes are developing quickly due to the
availability of large amount of genomic data.
• At the same time, comparative analysis tools are
progressed and improved.
UCSC Browser: This site contains the reference sequence
and working draft assemblies for a large collection of
genomes.
Ensembl: The Ensembl project produces genome databases
for vertebrates and other eukaryotic species, and makes this
information freely available online.
MapView: The Map Viewer provides a wide variety of
genome mapping and sequencing data.
 


	86. VISTA is a  comprehensive suite of programs and databases
for comparative analysis of genomic sequences.
It was built to visualize the results of comparative analysis
based on DNA alignments.
The presentation of comparative data generated by VISTA
can easily suit both small and large scale of data.
BlueJay Genome Browser: a stand-alone visualization tool
for the multi-scale viewing of annotated genomes and
other genomic elements.
 


	87. Applications
• Agriculture :  Identifying the loci of advantageous genes is
a key step in breeding crops that are optimized for
greater yield, cost-efficiency, quality, and disease
resistance.
Medicine
• Applying a comparative genomics approach by analyzing
the genomes of several related pathogens can lead to
the development of vaccines that are multiprotective.
Research
• Comparative genomic methods have allowed researchers
to gather information about genetic variation, differential
gene expression, and evolutionary dynamics in primates.
 


	88. • The Great  Ape Genome Project used comparative
genomic methods to investigate genetic variation with
reference to the six great ape species, finding healthy
levels of variation in their gene pool despite shrinking
population size
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