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Methodology

We present a new computational approach using k-mers and probabilistic topic modeling [1], an unsuper-
vised machine learning approach based on natural language processing, to construct evolutionary relation-
ships among species from unalighed DNA sequences. We base our development on a software module
of the PHYLIP computer package by Felsenstein, CONTML (Continuous Characters Maximum Likelihood
method) [3], which estimates phylogenies from frequency data.

Figure 1 illustrates the key steps of our method: First, it learns a probabilistic topic model from a dataset
of gene sequences and extract the topic frequencies of sequences using Latent Dirichlet Allocation (LDA)
technique [2]. Second, it estimates the phylogeny using the trained topic frequencies and CONTML.

Application to Real Data

We evaluate our approach using a dataset that was previously published [4]: The sequences are collected
from 14 loci and 9 different locations. For each locus, the length of each sequence varies from 288 to 418
base pairs, and the number of sequences varies from 78 to 92 individuals. For each locus, we applied LDA
on a continent-wide (Australia) scale across populations and extract the topics for 9 locations. Then, we
applied these topic frequencies of 14 loci in CONTML to generate the tree.
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Figure 2. Left: 9 locations at which the birds were collected [4]; Right: phylogeny constructed using our method
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Figure 1. Workflow of topic modelling to generate topic

frequencies and the corresponding phylogeny.
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Biological data classification
and taxonomic identification
have a sighificant role in
evolutionary biology and
bioinformatics. Most current
approaches use a two-step
procedure to classify
biological data: (1) alighment

of the biological sequences,
(2) analysis of this alighment.

The alighment-free
approaches are gaining more
attention from the scientific
community because of their
ability to overcome the
drawbacks of sequence
alignment techniques. We
present an alighment-free
technique based on
probabilistic topic modeling
to extract topic frequencies
for the dataset, and then we
apply topic frequencies as an
input to CONTML to generate
the phylogeny.




