Maureen O’Malley
Questioning the Tree of Life

The Tree of Life (ToL) is conceived as a unique representation of the evolutionary
relationships between species, depicting the true evolutionary relationships amongst
organismal lineages as a single ever-bifurcating pattern. It takes the form of nested
hierarchies that are presumed to be the consequences of descent with modification and
speciation. All life-forms, past and present, are assumed to have a single place in this
one true tree, and all future organisms are also anticipated to find their place as the tree
continues to grow. Over the last several years, the increased availability of molecular
data from many organisms, especially genomic sequences of microbes, has thrown these
traditional assumptions into disarray. Major challenges arise from increasing awareness
of processes such as lateral gene transfer (LGT), and endosymbiosis, in which one
organism becomes part of another. Organisms that acquire genetic resources
horizontally as well as vertically violate standard representations of species lineages. A
fundamental problem in constructing the ToL lies in establishing the evolutionary
relationships between the three domains or superkingdoms (Bacteria, Archaea and
Eukarya) and the role horizontal transfer events had in making these groups
distinguishable. Such events are not solely a problem for the placement of microbes in
the ToL. The blurring of species boundaries by hybridization is well known in plants,
fungi and, increasingly, in animals. Genetic flux across all domains of life (such as that
facilitated by the cross-taxa dispersal of viruses), plus other activities that produce
conflicting phylogenetic signals, demand more complex ways of representing
evolutionary processes than can be captured by a single tree of bifurcating branches.

My lecture will examine assumptions about the tree of life, the ways in which those
assumptions are being challenged, and the implications of these challenges for broader
aspects of biology and philosophy of biology. I will focus on how some molecular
phylogeny is re-evaluating the tree’s epistemological status and downgrading it from a
biological fact to a hypothesis that remains unconfirmed in relation to most life and
evolutionary history. Problems in selective attempts to use only data that support tree-
like patterns — always an overwhelming minority of the total data available for
prokaryotes — make it necessary to consider non-tree-like representations of
evolutionary history, such as webs or networks. However, it is also important to reflect
on arguments in phylogeny that are more sanguine about the reconstruction of a
universal tree and the strategies they propose for doing so.
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