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Methodology
We present a new computational approach using k-mers and probabilistic topic modeling [1], an unsu-pervised machine learning approach based on natural language processing, to construct evolutionary re-lationships among species from aligned/unaligned DNA sequences. The method is implemented in thePython package TopicContml (https://github.com/TaraKhodaei/TopicContml). It is based on a two-phase pipeline: (1) it learns a probabilistic topic model from a multi-locus or genome-wide data set ofDNA sequences and extracts the topic frequencies of sequences using Latent Dirichlet Allocation (LDA)model [2] for each locus (Fig. 1 left). (2) It uses these topic frequencies from multiple loci to estimate aspecies tree with Contml in the PHYLIP package [3] (Fig. 1 right).
Application to Real Data Sets
•Bird dataset – The sequences are collected from 14 loci of 9 populations of 2 bird species, Australianbrown treecreepers (white disks) and black-tailed treecreepers (black disks) [4]. For each locus, sequencelength varied from 288 to 418 base pairs, and the number of aligned sequences varied from 78 to 92haplotypes. To obtain unaligned sequences, we removed all gaps in each sequence.(a) The map of Australia showing 9 locations. (b) The best phylogeny constructed by TopicContml fromunaligned sequences with bootstrap support. (c) The best phylogeny constructed by TopicContml fromaligned sequences. Bootstrap support comparison with 1000 replicates: (d) Majority-consensus tree ofaligned data analyzed by SVDquartets [5]. (e) Majority-rule consensus tree, using SumTrees in DendroPy[6], of unaligned data by TopicContml. (f) Majority-rule consensus tree of aligned data by TopicContml.
•Mammal dataset – The data set contains 90 vertebrate species focusing on mammals with 5162 loci.Figure shows the tanglegram of the TopicContml tree (left side) compared to the Maximum likelihoodtree of [7] (right side). The left tree used TopicContml after all site columns containing gaps or ’N’ wereremoved. Our tree and the maximum likelihood tree deliver similar answers, with a distance of 56. Theruntime for 90 species and 5162 loci is substantial.
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Figure 1. TopicContml workflow.

Bird dataset
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Mammal dataset
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a) Topic modelling phylogram (removing all gap col and all n−kmers)b) Aligned maximum Likelihood phylogram
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Inferring the evolutionary
history of species or
populations with genome-wide
data is gaining ground, but
computational constraints still
limit our abilities in this area.
We developed an
alignment-free method to infer
the genome-wide species tree
and implemented it in the
Python package TopicContml.
The method uses probabilistic
topic modeling (specifically,
Latent Dirichlet Allocation or
LDA) to extract ‘topic’
frequencies from k-mers,
which are derived from
multilocus DNA sequences.
These extracted frequencies
then serve as an input for the
program Contml in the PHYLIP
package, which is used to
generate a species tree.
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