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Searching for an Imperfect Palindrome

Georgii A. Khaziev1,∗, Alexandr V. Seliverstov1 and Oleg A. Zverkov1

1Institute for Information Transmission Problems of the Russian Academy of Sciences (Kharkevich Institute), Bolshoy
Karetny per. 19, build.1, Moscow, 127051, Russian Federation

Abstract
Weconsider algorithm for optimizing an imperfect palindrome in the input sequence. Our algorithmruns
in quadratic time, i. e., it is faster than exhaustive search of admissible palindromes. Also we propose
new approach called “trimming” to ƞnd long substrings of a sequence, that are closer to palindrome,
than sequence itself.
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1. Introduction

There are many works devoted to the search for perfect as well as imperfect and degenerate
palindromes [1]. We consider imperfect palindromes, i. e., sequenceswith gaps andmismatches
in somepositions. On the other hand, the edit distance between two sequences canbe calculated
using dynamic programming[3], but the algorithm does not involve palindromic structures.
The connection between the longest common subsequence problem and the Hecke monoid
has been rediscovered many times in diơerent forms [4].
Let us consider nucleotide sequences. The nucleotides {A,C,G,T} form two complementary

pairs: c(A) = T, c(T) = A, c(C) = G, and c(G) = C. Next, c() denotes the reverse complement,
i. e., c(xy) = c(y)c(x). For example, c(AACG) = CGTT. In DNA, a perfect palindrome is an
inverted sequence repeat, i. e., reverse complement of itself. Let us omit the concatenation
symbol. So, all perfect palindromes are of the type xc(x), where x denotes a sequence. In
particular, a sequence of odd length cannot be any perfect palindrome. There are many ex-
amples of nucleotide sequences with perfect as well as imperfect palindromes [5]. Regulatory
palindromes are typically imperfect [2].
For two sequences x and y, let dist(x, y) denote the edit distance. Of course,

dist(x, y) = dist(c(x), c(y))
dist(wx,wy) = dist(x, y)
dist(xz, yz) = dist(x, y)

2. Results

Let us denote by |x| the length of x. If sequences x and y coincide, then the edit distance in
Theorem 1 vanishes for a perfect palindrome. Let us denote by imp(x) the ratio of theminimum
edit distance to the length of the sequence:

imp(x) =
min{dist(x,wc(w))|x = wz}

|x|
.
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The ratio shows how imperfect the palindrome is. The correctness of the deƞnition is based on
the next theorem.

Theorem 1. There is a quadratic-time algorithm that computes the imp(x) function as well as optimal
partition of the input sequence x as a concatenation x = wz that minimizes the edit distance between
x and the palindrome wc(w).

Theorem 2. imp(x) = imp(c(x)).

Proof. For all x = wz, because the preƞxes match, dist(x,wc(w)) = dist(z, c(w)). And because
the suƢxes match, dist(x, c(z)z) = dist(w, c(z)). Of course, since dist(a, b) is symmetric, it
is true that dist(z, c(w)) = dist(c(w), z) = dist(w, c(z)). Thus, dist(x,wc(w)) = dist(x, c(z)z).
Next, for all z, dist(x, c(z)z) = dist(c(x), c(z)z) because c(z)z is a palindrome. So, the equality
dist(x,wc(w)) = dist(c(x), c(z)z) holds.

Theorem 3. For all even-length sequences it is true that imp(x) ≤ 1/2. For all odd-length sequences
it is true that 0 < imp(x) ≤ (1 + 1/|x|)/2.

Substring is a contiguous sequence of characters within a string. The main idea behind the
algorithm to select an imperfect palindrome is checking whether one of the optimal lengths of
the preƞx w of the input sequence x diơers signiƞcantly from |x|/2. If such case occurs, then
the algorithm deletes either preƞx or suƢx by diơerence between |w| and |x|/2.

The soƠware implementation in Python with the Numba library is available at http://lab6.iitp.
ru/-/trimmers. Using Numba generally increases performance of Python code. Performance
increase in comparisonwith base Python is achieved using JIT ( just-in-time) compilation. While
the base Python interpreter compiles programs into bytecode, which is executed on a virtual
machine, Numba recompiles this bytecode intomachine code with optimizations tailored to the
CPU architecture being used. Additionally, a signiƞcant performance beneƞt is gained through
Numba’s use of type inference, allowing type-speciƞc optimization during compilation.
All three functions pref_trimmer, suff_trimmer, and double_trimmer take as in-

put nucleotide sequence x, sorted list optimal_lengths of optimal preƞx lengths |w|,
and Ɵoating-point number cutoff_condition. Note that min(optimal_lengths) and
max(optimal_lengths) are the ƞrst and last elements of optimal_lengths, respectively.
The pref_trimmer function trims ƞrst rd symbols of x, where

rd = max(optimal_lengths)−

⌊
|x|

2

⌋

,

when rd ≥ length(x) · cutoff_condition is satisƞed.
The suff_trimmer function trims last ld symbols of x, where

ld =

⌊
|x|

2

⌋

−min(optimal_lengths),

when ld ≥ |x| · cutoff_condition is satisƞed.
The double_trimmer function initially computes

rd = max(optimal_lengths)−

⌊
|x|

2

⌋

and

ld =

⌊
|x|

2

⌋

−min(optimal_lengths).

Subsequently it checks if
rd ≥ |x| · cutoff_condition
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and
ld ≥ |x| · cutoff_condition.

If the ƞrst inequality is satisƞed, the function trims the ƞrst rd symbols from the string x.
Similarly, if the second inequality is satisƞed, the function trims the last ld symbols from x.

Theorem 4. For perfect palindrome x for any cutoff_condition > 0 no trimming would be
performed.

Proof. Let x be perfect palindrome. Then it’s only optimal partition is precisely at
⌊
|x|
2

⌋

. Then,

ld =
⌊
|x|
2

⌋

−
⌊
|x|
2

⌋

= 0 and rd =
⌊
|x|
2

⌋

−
⌊
|x|
2

⌋

= 0. For non-zero cutoff_condition rd and ld

will both be less than |x| · cutoff_condition so no trimming would be performed.

Theorem 5. For any n ≥ 3, there exist cutoff_condition > 0 and x with length of at least n,
which satisÙes both preÙx and suáx trimming conditions such that

pref_trimmer(xsuff ) ̸= suff_trimmer(xpref ),

where xsuff and xpref are results of suáx and preÙx trimming of x, respectively.

Proof. Let x = ATA...ATA
⏞ ⏟⏟ ⏞

α

where α = 2
⌊
n
2

⌋
+ 1, i. e. minimal odd number greater than or equal

to n. For that x optimal partitions would be at
⌈
n
2

⌉
− 1 and

⌈
n
2

⌉
+ 1. Minimal index of optimal

partition corresponds to perfect palindrome AT...AT
⏞ ⏟⏟ ⏞

α−1

and maximal index of optimal partition

corresponds to perfect palindrome AT...AT
⏞ ⏟⏟ ⏞

α+1

. Let us choose cutoff_condition = 1

10α
. Since

this value would satisfy both preƞx and suƢx trimming condition, xsuff and xpref could be
computed and will be AT...AT

⏞ ⏟⏟ ⏞

α−1

and T...ATA
⏞ ⏟⏟ ⏞

α−1

, respectively. Note, that both sequences are perfect

palindromes and thus neither suƢx nor preƞx trimming would be performed for them.

3. Conclusion

We are conƞdent that the obtained results will be successfully applied to the prediction of
imperfect palindromes in nucleotide sequences. In particular, it is crucial for predicting gene
expression regulations as well as RNA structures. The implementation of algorithms in Python
will enable a wide range of bioinformaticians to apply them in their work. Moreover, low
computational complexity allows eƢcient processing of large datasets.
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