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ABSTRACT

Construction of phylogenetic trees from observations is a fundamental
challenge in both evolutionary biology and evolutionary linguistics. Here we
approach the problem from a new perspective by adopting algebraic invariants
associated with topological structures of phylogenetic trees. Our key
development is based on machine, Jearning to optimize the power of
phylogenetic invariants for the construction of phylogenetic tree quartets, the
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building blocks of general evolutionary trees. Phylogenetic invariants are
polynomials in the joint probabilities which vanish under a model of evolution
on a phylogenetic tree. We give algorithms for selecting a good set of
invariants and for learning a metric on this set of invariants which optimally
distinguishes the different models. Our learning algorithms involve linear and
semidefinite programming on data simulated over a wide range of parameters.
We provide extensive tests of the learned metrics on simulated data from
phylogenetic trees with four leaves under the Jukes-Cantor and Kimura
3-parameter models of DNA evolution. Our method greatly improves other
uses of invariants and is competitive with or better;than the
popular neighbor-joining method. In particular, we obtain meirics trained on
trees with short internal branches which perform much betier than neighbor
joining on this region of parameter space. These results exhibit potential
advantages of applying the new methodology to evolutionary linguistics.
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1. INTRODUCTION

Evolution is the change in the inherited characteristics of biological
populations, or taxonomic groups (taxa), over successive generations
(Hall and Hallgrimasson 2008). Evolutionary processes occur at every level
of biological organization, including species, individual organisms and
molecules; such as DNA and proteins. Language, as a behavior, has been
studied from an evolutionary point of view at least since August
Schleicher (1869) who showed the relations among Indo-European
languages by drawing an evolutionary tree (Saitou and Nei 1987; Wang
2010). Cavalli-Sforza et al (1988) drew a diagram of the populations of
the world, where a tree based on genes is compared against a tree based
on languages. Evolutionary linguistics, in spite of the absence of a fossil
record, benefits greatly from mapping the linguistic data to evolutionary
or phylogenetic trees. In such trees, each leaf node represents an existing
language, a branching node sheds light on some ancestral but extinct
languages, and lengths of branches correspond to elapsed time.
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