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Analysis of Mitochondrial Genomes

 DNA sequences of complete mitochondria of
several vertebartes.

* Lengths of sequences varying from 16K to 18K
nucleotide bases.

e The sample includes a few mammals, a few
birds and a few standard types of fish. It also
contains a reptile and an amphibian animal.



Statistical Analysis of DNA Sequences

* Oligo-nucleotide frequencies are computed
for each mitochondrial sequence.

 These frequencies can be used as numerical
measurements or variables. They form
multivariate observations associated with the
given DNA sequences.

 One can carry out cluster analysis with this
multivariate data.



Result of cluster Analysis
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ldentification of Informative Oigonucleotides

The sample contains mammals, birds and
standard fish, which form three distinct
groups.

Compute within group and between group
variations of each oligonucleotide frequency.

Compute the ratio of those two variations for
each oligonucleotide.

Plot the ratios for different oligonucleotides.



Oligonucleotides with Large Ratios
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ucleotides with Small Ratios
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Refined Cluster Analysis

Average Linkage Dendrogram
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ldentification of Genomic Islands

 Genomic Islands (Gls) are those parts of a
bacterial genome that have originated
through horizontal gene transfer.

* |[n pathogenic bacteria some of the Gls are
often associated with pathogenic activities.

* Gls may also contain genes that are
responsible for symbiotic activities and may
help the bacteria in the process of adaptation.



Since Gls are acquired by the bacterial genome
by horizontal transfer, one may expect that it
will  have oligonucleotide  composition
different from that in other parts of the
genome.



Fig.1
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-

e - r

S ia)y Distances basced on \ Calculate the distances ol gquery

' oligo-nucleotide usage: | " segment under the probing window
(i) Absolute distance from other randomly selected
(ii) Fuclidean distance seoments
(iiil) Kullback-Licbhler +
divergence.
(b)) Distances based on Randomly select pairs of secments
codon usage and amino ~—— from the rest of the chromosome and

oacid usase biases.
N,

Enter file name containing rd
chromosomal sequence

Take the secment from the
chromosome under the probing window
and calculate normalized
olizo-nucleotide frequencies
Randomly select W segmenits ol the
same size rom the rest ol the
chromosome and calculate normalized
oligo-nucleotide requencies

—,

! ralculate the distance within each pair

o ___

v

Statistical tests:

(i) Normal distribution tesi

(ii) Kolmogorov-Smirnov test
(iiiyWilcoxon-Mann-Whitney test

Scan the whole chromaosome by sliding the probing
windows

v

Increase the size of the probing window size

v

Plot P-values in gray scale for different positions and sizes ol

the probing window. Record ranges of the Gls using a cut-off

value P[. and considering a specified number r of overlapping
windows of variable sizes with P-values < P".

v :

Go to the refinement phase |




Fig.3B _

_— b
| First phase |
" Y

v

Take a segment from the purative Gl and
calculate normalized oligo-nucleotide
frequencies

v

Randomly select N sezments of the same size from
the chromosome excluding the regions detected as
puitarive Gls in the firse plrase and caleulate
normalized olico-nucleotide frequencies

Carry out Sratistical Analysis using the query segment
and randomly selected segmenis as in first phase

L________________1:________________

Scan all the purative Gls detected in the fivse plhase
by sliding windows

v

.- Record ranges of the genomic segments using a cut-ofl value I"U.

Plot (P -P-value) for different positions ot the probing window. .'

Stop




Salmonella typhi CT18

* A pathogenic bacteria causing typhoid.

e The genome is known to contain several
pathogenic islands.

e Many of these islands are reported to contain
genes from bacteriophages.
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Fig.4B(i)
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Salmonella typhi CT18 (contd.)

o S.typhimurium LT2 is considered a sister
lineage to S. typhi CT18 and E. coli K12 is
considered an outgroup (Vernikos and Parkhill,
2006, Bioinformatics).

 Genes present in all three genomes form a set
of Core Genes.

* A data set consisting of 1560 manually
curated putative horizontally transferred
genes.



Fig.5 Salmonella typhi CT18
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Data on bacteriophage genomes

* Four different single stranded lytic phages :
MDX174 (host : E. coli), G4 (host: E. coli),
F1 (host : E. coli) and PF3 (host : P. aeruginosa)

 The sizes of these phage genomes lie between
5.3K to 6.5K nucleotide bases.

 We consider five segments of each of these
phage genomes, and carry out cluster analysis
based on oligonucleotide frequencies.



4490 S. Basu et al.

40
1

20
1

10

F-word frequencies

40
1

20
1

10

d-word frequencies

Yig. 2.5, Dendrograms for average linkage cluster analysis of fragments of phage genomes.
Fig. 2.5. Dendrograms for average linkage cluster analysis of fragments of phage genom
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Fig. 2.6. Average linkage cluster analysis of fragments of bacteriophage genomes.
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