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Research
• Interpreting major evolutionary events from gene phylogenies remains
challenging,as results arehighlysensitive to initial assumptions.However,
if assumptions can be treated as explicit parameters, a systematic
approach allows us to examine their influence on the results and on the
method itself. While themost exciting questions in evolution tend to be
foundnear the root of the tree of life, it is not necessarily the ideal place
totestnewapproaches.

Bio
• Russell is a theoretical biologist studying the evolution and ecology of
viruses and microbes by leveraging graph theory, machine learning and
High-PerformanceComputing.

• AfterearningaB.S. inphysics fromNortheasternUniversityandaPh.D. in
microbiology from UC Davis, he went on to a postdoc at the Joint
Genome Institute at Lawrence Berkeley National Laboratory before
joiningKyotoUniversityasaJSPSpostdoctoralfellow.



Species boundaries, tree topology metrics, and the 
quest for comprehensive phylogenomics

The rarefactionof events asone looks deeper into the treeof life is aboon for explanatory power, but it's bad for statistics. Ifwewant todevelop
andtestnewmethods, it is perhapsbetter to focusourattentionat theother extreme, the species formationprocess. Thedistributionofaverage
nucleotideidentity(ANI)amonggenomesexhibitsaverystrikingfeature,wheregenomesbelongingtodifferentspeciesalmostalwayshaveanANI
aboveabout95%,whilegenomesbelongingtodifferentspeciesalmostalwayshaveaANIbelowabout85%.

Therearevery,veryfewpairsofgenomeswithanANIbetween85%and95%.This"ANIgap"phenomenon isextremelyrobust,andholdstruefor
Bacteria, Archaea, viruses, and (with some caveats) Eukaryota, and does not seem to be a technical, sampling or statistical artifact. While this
phenomenonoffers little insight into themechanisms thatdrive species formation in itself, it provides aground truth formethods thatmodel the
speciesformationprocess.

One of themost useful (and thus widespread) assumptions inmodern evolutionary biology is that there exists a handful of "marker" or "core"
geneswhosephylogenies trace thehistory of the lineage itself. This powerful concept has yielded extraordinary results over several decades, but
because itwas bornmore from technical necessity than frombiological reality, it also leads to unavoidable problems.Most distressingly, one can
draw upon the best available data and themost well-testedmethods and yet arrive atmutually exclusive inferences simply bymaking different
(wholly reasonable) choices about which genes are "core genes," and which are not. Molecular phylogenetics matured during the era in which
DNAsequenceswereprecious,andthuscarefullycurated.

This is no longer even remotely the case today. In principle, the choice of core genes is now a parameter that can be tested. Or, with the right
mathematical treatment, perhaps the core genome concept could be set aside entirely in favor of a comprehensive phylogenomic approach to
evolutionary inference. In this talk, I will discuss a proposedmathematical treatment thatmight help achieve this, as well as a project using the
speciesboundaryofGiantVirusesastheprovinggroundsfortheapproach.
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