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1 Introduction

The simplest non-coding sequences in genome that play significant roles in the genetic engineering
and of biological importance are short palindromes. The term “palindromes” here refers to genetic
sequences that with reverse-complement symmetry or the so-called inverted-repeat sequences. Palin-
dromes are crucial for DNA replications, recognition sites of restriction enzymes, and recombinant
DNA technologies [1, 2].

In this paper we have carried out a systematic exploratory investigation on the distributions of
palindromes in short genomic sequences. We first constructed the palindromes distribution maps for
various genomes. The palindrome distributions were then compared with distributions obtained from
randomly generated sequence.

2 Method and Results

2.1 Identifying palindromes

Genome sequences of several organisms were downloaded from NCBI database. For each genome
sequence, we scanned for palindromes by using a moving window with the length of 20 nucleotides.
For each window, we applied a simplified version of periodicity transform [3, 4] to identify perfect
palindromes with their length between 6 nucleotides to 20 nucleotides. In the periodicity transform,
we divided the sequence into two sub-sequences with equal length. If the number of nucleotides in
the sequence is an odd number, the center of the sequence will be discarded. The first sub-sequence
was kept as it is, but the second sub-sequence was reverse-inverted to form a new sub-sequence. The
reverse-inverted sub-sequence is then compared with the first sub-sequence. If the two sub-sequences
are of exact match, we will have a perfect palindrome.

2.2 Palindrome distributions

We scanned the genomes obtained from NCBI as well as from the randomly generated DNA sequences
for palindromes. The randomly generated sequences were constructed by drawing “A”, “T”, “C” and
“G” with equal probabilities. Typical palindrome distribution maps for Yersinia pseudotuberculosis
PB1/+ plasmid pYPTS01 genome and a randomly generated DNA sequence with the same length as
Yersinia was shown in Figure 1.
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2.3 Total palindromes count per genome size ratio

We also calculated the ratio of total palindrome count to its genome size (or, for short, P/G ratio).
Figure 2 shows the P/G ratio against genome size for 26 different plasmid genomes and 16 randomly
generated DNA sequences with different sizes.
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Figure 1: Palindrome distribution maps
for Yearsinia genome and a randomly gen-
erated sequence.
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Figure 2: P/G ratio for various genomes.

3 Discussions

Most randomly generated DNA sequences have approximately 200 palindromes per 1000 nucleotides
as shown in Figure 1. Figure 1 also shows that the palindrome distribution for various genomes, like
Yersinia genome, are far from random. Further confirmation comes from Figure 2 which shows that
most plasmid genomes have P/G ratios that is lower than those from randomly generated sequences.
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