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Abstract. Accurate classification of biological sequences is fundamental for
understanding their functional, structural, and evolutionary significance.
Traditional alignment-based methods often face challenges when applied to
large, highly diverse datasets, especially when sequences have low identity or
are distantly related [1]. Alignment-free methods, an established category in
computational biology, have emerged as powerful alternatives to traditional
alignment approaches, offering solutions for these challenges. Here we
present an efficient alignment-free method for sequence similarity measure
and taxonomic classification that relies on k-mer frequency distribution using
Kullback-Leibler (KL) divergence between two probability distributions [2]:

D (PIIQ) = Z P@og (5 ). (1

where P(x) and Q (x)represents the probability of observing k-mer x in
the first and second sequence, respectively. This measure is asymmetric,
Dk (P]1Q) # Dk (Q]|P), correspondingly don’t satisfy the proprietis of a true
distance metric, such as symmetry and the triangle inequality. To account for
this asymmetry, we compute the symmetric KL divergence, which averages the
KL divergence in both directions:

1
Dg, = (P,Q) = E(DKL(P”Q) + Dk, (Q11P)) 2)
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Our preliminary results show that the D¢, -based method for sequence
comparison and taxonomic classification performs with high accuracy, closely
matching traditional alignment-based methods (Fig.1)[3].
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Fig 1. Both the traditional JC69 (left) and the Dg; metric (right) produce
consistent phylogenetic trees and similar distances (heatmaps) across both
methods (here k-mer length is 10bp).
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