Bioinformatic Analysis of
Palindromes in Bacterial
Genome Sequences
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Aims of the Study

To analyse bacterial genomes for
the presence or absence of
palindromic sequences.

To investigate whether distribution
of the palindromes is random or
whether they are preferentially
distributed within inter- or

intragenic regions.

To determine if a specific range of

palindrome lengths are selected
for in bacterial genomes.

Materials and Methods
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« Palindromes control gene expression through their interaction

3 Why Study Palindromes?

with transcription factors.

« They stabilise MRNA by inhibiting nuclease activity.
« They have been shown to be involved in mRNA localisation.
« Palindromes are present in both prokaryotes and eukaryotes.

« Organisms use palindromes as markers for self-DNA and non
self-DNA, maybe as a way of preventing the expression of foreign genes.

Palindromes can be used as markers of DNA to trace genome evolution
and the acquisition of genes through horizontal gene transfer.

Palindromes are involved in correct intron splicing.

N. equitans Genome Diagram
representing the coding regions
(blue and green).

Outer circle: intergenic palindromes
(red) and intragenic palindromes

Python programs were developed to search
for palindromes of length 15-150 with a

probability less than 1/length of the genome.
The probability function could be defined by:
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number of palindromes in intergenic regions in
real bacterial genomes than would be expected
to occur at random. This suggests palindromes
have an intergenic function.

Clustering Analysis

Using a one tailed Poisson test, in each case
there was a significant difference between the
random and real sequences: N. equitans P <
0.001, E. coli strain k-12 P < 0.001, P.
atrosepticum P < 0.001 and P. syringae P <
0.001. This suggest palindrome clustering in
intergenic regions may be involved in the

function of palindromes.

Histogram to represent random ‘cluster’ data
for N. equitans

Histogram for real cluster data for N. equitans

Distance in base pars
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Histograms using the same bin boundaries of 20 000 for the
real and random data population for N. equitans. A clear

difference can be seen.

Where (L/Z] is the number of ways of getting M
mismatches in the half length of palindrome (L/2).
The probability of getting a match (Pmatch) is:
S(A'T, T*A, C*G, G*C)Nurberof macres)

the values for A, T, C and G are returned from the

base composition function.

The probability of getting a mismatch (Pmismatch) is:
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Number Found Results

« Statistical support for the data was provided by running similar
analysis on 30 randomly generated genomes of the same length and
base composition as the parent genome.

« Four organisms were selected for this study: Nanoarchaeum
equitans, Escherichia coli strain K-12 and plant pathogens
Pectobacterium atrosepticum and Pseudomonas syringae.

30 Random
Sequences

f; Distribution of Length Results

Using chi-squared analysis no significant
difference in the distribution of lengths of
palindromes in the real and randomly
generated sequences was found for

N. equitans (P = 0.39), E. coli strain k-12
(P =0.41), P. atrosepticum (P = 0.14) or
P. syringae (P = 0.681).
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Statistically greater number of
palindromes were found in the
real genome than the number
expected to occur at random.

Distribution was biased towards
the intergenic regions.

* The results of this study support the hypothesis that
palindromes are selected for within intergenic regions of
bacterial genomes, where palindrome clustering may be
occurring. This could be due to, and is consistent with
published research, that palindromes are involved with the
control of up and downstream gene regulators, from their
intergenic locations.
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