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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 unaligned 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 1. Workflow of topic modelling to generate topic
frequencies and the corresponding phylogeny.
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species, yet collections of unlinked SNPs provide only 
one lens through which to view population history. 
Alternative marker choices, such as resequencing of 
multiple sets of linked SNPs—so-called ‘sequence-
based markers’, which include loci such as introns, 
exons and ultraconserved elements, offer additional 
windows into phylogeography and population history, 
particularly in their ability to estimate gene trees 
(Brito & Edwards, 2009; McCormack et al., 2013, 
2016). Gene trees can be challenging to estimate 
within species because of the paucity of sequence 
variation (Hare et al., 1996; Hare & Avise, 1998), but 
have provided the foundation into a variety of recent 
analysis tools, allowing for a rich set of methods 
for hypothesis testing and parameter estimation 
and uncertainty at the species boundary (Beerli & 

Palczewski, 2010; Rannala & Yang, 2017; Flouri et 
al., 2018, 2020; Beerli et al., 2022). Such approaches 
are important in conservation planning (Unmack 
et al., 2021) and have been employed extensively 
in phylogeography, including studies specifically 
on Australian birds and other biota (Jennings & 
Edwards, 2005; Lee et al., 2012; Potter et al., 2016, 
2018; Oliver et al., 2017; Edwards et al., 2021).

The Carpentarian barrier (Fig. 1) is a major 
source generating biodiversity within the Australian 
Monsoonal Tropics (AMT: reviewed in Bowman et 
al., 2010; Catullo et al., 2014; Edwards et al., 2016). 
The sources of vicariant splits across the AMT are 
still subject to speculation, but include a variety of 
Pleistocene environmental changes; intrusions of the 
sea, desertification and vegetation turnover have likely 
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Figure 1. Location of treecreeper specimens and geographic range of C. picumnus and C. melanurus. Point samples of 
treecreepers were taken at each locality and deposited in the University of Washington Burke Museum, except for the 
samples from Sedan, South Australia, which came from the South Australian Museum. Samples from Mallee Cliffs were 
used only for the mitochondrial control region sequences. Multiple micro-localities within major localities were lumped for 
purposes of reporting results. Latitude and longitude of each sample can be found in the Supporting Information (Table S1) 
and at the University of Washington Burke Museum Ornithology database. Photos courtesy of and copyright of Graeme 
Chapman. Climacteris melanurus taken ~244 km south of Doomadgee, Queensland (-20.31 °N, 139.14 °W); C. picumnus 
taken ~195 km south of Forsayth, Queensland (-20.41 °N, 143.55 °W).
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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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Biological data classification
and taxonomic identification
have a significant role in
evolutionary biology and
bioinformatics. Most current
approaches use a two-step
procedure to classify
biological data: (1) alignment
of the biological sequences,
(2) analysis of this alignment.
The alignment-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 alignment-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.


