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For those of you who are attending in person (hurrah!), the room is Lecture Theatre 1 in the Maths & Physics Building.

Here is the zoom link.

The video link is also on the Phylomania web page at

http://www.maths.utas.edu.au/phylomania/phylomania2025.html.
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Abstracts

Embedding of reversible Markov matrices

Michael Baake, Bielefeld University, Faculty of Mathematics

mbaake@math.uni-bielefeld.de
The embedding problem for reversible Markov matrices is revisited and extended. This is an important and widely

used matrix class, and the previous results are incomplete.

Investigating the evolution of Themeda triandra in Australian through phylogeography

Jakob Butler, School of Natural Sciences, University of Tasmania

jakob.butler@utas.edu.au
TheAndropogoneae phylogeny has been resolved into twomajor subtribes, with the genus Themeda belonging to the

subtribe Anthistiriinae. Species within this genus have vast inter-continental distributions, most notably Themeda

triandra, which is a single species endemic to south and southeast Asia, the Middle East, eastern and southern Africa

and Australasia. Within Australasia, T. triandra (formerly T. australis) occurs naturally across every climate zone,

stretching from the northern tropics to the southern cool-temperate and maritime regions to latitudes of more than

40Â°S. This climatic distribution is unexpected given that T. triandra is a C4 grass, which are generally prone

to chilling-dependent photoinhibition and have limited growth capacity in cold environments. An unknown but

potentially important contributor to this distribution is ploidy, with known occurrence of polyploids ranging up to

octoploids in local populations of T. triandra throughout Australia. While ploidies greater than two have previously

been linked to arid inland ecotypes of T. triandra, how this ploidy originated and to what extent it is dependent

on climate requires further clarification. We report here on the assembly of Australian genotypes into a maximum

likelihood phylogeny based on nuclear DNAof geographically distinct phenotypes of T. triandra. We find that ploidy

played little role in informing the phylogeny, confirming instances of autopolyploidy are frequent across Australian

T. triandra. Interestingly, we also find that ploidy is not necessarily indicative of climate, with the diploid accessions

found in the two most extreme temperature contrasts suggesting specific adaptations to cold rather than an overall

enhancement in tolerance due to polyploidy. These results have informed the selection of appropriate accessions

for re-sequencing to provide further insights into these genome-phenome interactions.

Accurate and flexible estimation of effective population size history

Yao-ban Chan, The University of Melbourne

yaoban@unimelb.edu.au
Current methods for inferring historical population sizes from DNA sequences often impose a heavy computational

burden, or relieve that burden by imposing a fixed parametric form. In addition, they can be marred by sequencing

errors or uncertainty about recombination rates, and the quality of inference is often poor in the recent past. We

propose â€œInferNoâ€� for flexible, nonparametric inference of effective population sizes. It requires modest

computing resources and little prior knowledge of the recombination and mutation maps, and is robust to sequencing

error and gene conversion. We illustrate the statistical and computational advantages of InferNo over previous

approaches using a range of simulation scenarios. In particular, we demonstrate the ability of InferNo to exploit

biobank-scale datasets for accurate inference of rapid population size changes in the recent past. We also apply

InferNo to worldwide human data, finding remarkable similarities in inferences from different populations in the

same region. Unlike previous studies, we show two historic bottlenecks for most of the non-African populations.

Sticky leaves and Slippery Thieves: a cophylogenetic story of sundews and their kleptoparasitic bugs

Michael Charleston, University of Tasmania

michael.charleston@utas.edu.au
TBC
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Faster Bayesian Phylogenetics with Hamiltonian Monte Carlo

Kieran Collienne (he/him/his), Fred Hutch Cancer Center

kcollien@fredhutch.org
With densely sampled viral data we often infer trees with few or no mutations on branches. This dense data allows

us to be confident in the branches where mutations occur, and we propose fixing these regions of the tree. By

representing the remainder of the tree using continuous parameters, we can differentiate the likelihood function and

sample from the constrained distribution over tree-space using Hamiltonian Monte Carlo. This approach is orders

of magnitude faster than classic MCMC using tree rearrangements.

Prime Phylogenetics

Kevin Downard (He/him/his), POWCRS, NSW Sydney

kevin.downard@scientia.org.au
Common amino acid and protein classifiers such as hydrophobicity and polarity are imperfect and vary according

to different scales. Molecular size and particularly mass are, in contrast, rigid classifiers that also impact on a

protein’s structure. Amino acid residue masses are used extensively in mass spectrometry for protein identification

and sequencing.

Prime mass amino acids residues have been found to occur within proteins more often than by chance. These nine

residues are predominantly hydrophobic in character and thus play an important role in protein stability and

folding. Further, it has demonstrated that proteins rich in prime mass residues play an important role in biological

events important to the organisation and function of the cell in the early stages of life. LUCA’s proteins have been

found to be enriched in these prime amino acids.

Single point mutations within prime-rich proteins can be classified as either introducing (I) retaining (R), losing

(L) a prime residue, or having none (N). We have investigated whether these are more of less common across a

large number of mutations (almost 16000) within a protein mutation database. We have also examined their

prevalence and role in the evolution of a prime-rich protein, a transmembrane protein widely expressed across

many animal species.

This abstract connects number theory, atomicmass, mass spectrometry, protein biology, evolution and phylogenetics

for the first time.

Within-species contrasts analyses

Joe Felsenstein, University of Washington, Seattle

felsenst@gmail.com
It can be shown, and was by me in a symposium volume paper in 2002, that for multiple populations of a single

species, the counterpart to contrasts among species are the eigenvectors of the migration matrix. If we assume

continual migration and selection towards phenotypic optima which differ among populations but do not change

through time, and environmental variables also not changing through time, we can do regression analysis to discover

which environmental variables the phenotypes are responding to. It is less obvious whether we can make an analysis

as to whether different phenotypes undergo genetic drift in a correlated way. This can be investigated if we have a

migration matrix for all populations, and phenotypes and environmental variables measured for all of them. It is less

obvious what we can do if we have these for only a subset of populations, or if the environmental variables change

through time.

TBA, probably about phylogenetic encodings

Andrew Francis (he/him), UNSW Sydney

a.francis@unsw.edu.au
TBA but I’ll introduce a new encoding of trees called folios, and talk about encodings generally.

4



Simulation-based inference of population histories from local gene genealogies (Student presentation)

Mingqi He, Melbourne Integrative Genomics, School of Mathematics and Statistics, the University of Melbourne

mingqih1@student.unimelb.edu.au
Understanding genetic variation in populations is fundamental for studies of disease and other phenotypes. Such

genetic variation is strongly shaped by demographic processes, and thus understanding the nature and effect of

these processes is a central goal of population genetics. With the advent of high-throughput genetic data and large

sample sizes, reconstructing population histories becomes more challenging due to the increased model

complexity. In recent years, a succinct data structure, “tree sequencesâ€™â€™, has been introduced for

processing large genomic datasets, which records historical relationships rather than just the genetic information at

the tips of the genealogy. The genealogical histories can be seen as an effective summary of the genetic pattern at

the present-day. By leveraging the rich information in the data structure, accurate and scalable demography

inference can be achieved.

To avoid the massive calculations required for estimating the likelihood of large-scale genomic data, we consider

Approximate Bayesian Computation (ABC), a simulation-based approach for estimating parameters. To cope with

model complexity, we used a robust ABC method coupled with sequential Monte Carlo and neural network. Our

results demonstrate that the sequential step significantly improves both parameter inference and quantile estimation

for higher-dimensional parameter vectors. Simulation studies show that ABC gives better accuracy in inferring

population size changes and splits when incorporating genealogy-based statistics, rather than using allele frequency

statistics alone.

TBA

Michael Hendriksen (he/him), UNSW, School of Mathematics and Statistics

m.hendriksen@unsw.edu.au
TBA

Distance-based convergence divergence networks

Barbara Holland (she/her), University of Tasmania

barbara.holland@utas.edu.au
tba

Computing phylogenetic invariants for time-reversible models: from TN93 to its submodels

Roser Homs Pons, Universitat Politècnica de Catalunya

roser.homs@upc.edu
Phylogenetic invariants are equations that vanish on algebraic varieties associated with Markov processes that

model molecular substitutions on phylogenetic trees. For practical applications, it is essential to understand these

equations across a wide range of substitution models. Recent work has shown that, for equivariant models,

phylogenetic invariants can be derived from those of the general Markov model by restricting to the linear space

defined by the model (namely, the space of mixtures of distributions on the model). Following this philosophy, we

describe the space of mixtures and phylogenetic invariants for time-reversible models that are not equivariant.

Specifically, we study two submodels of the Tamura-Nei nucleotide substitution model (Felsenstein 81 and 84)

using an orthogonal change of basis recently introduced for algebraic time-reversible models.

For tripods, we prove that the algebraic variety of each submodel coincides with the variety of Tamura-Nei inter-

sected with the linear space of the submodel. In the case of quartets, we show that it is an irreducible component

of this intersection. Moreover, we demonstrate that it suffices to consider only the binomial equations defining the

linear space, which correspond to the natural symmetries of the model in the new coordinates. For each submodel,

we explicitly provide equations defining a local complete intersection that characterizes the phylogenetic variety on

a dense open subset containing the biologically relevant points.
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Applications of Pangenome Graphs for Demographic History Inference in Diverse Populations

Angad Singh Johar, The University of Tasmania

angad.johar@utas.edu.au
The inference of human demographic history has provided tremendous insights into our genomic evolution across

spatiotemporal boundaries, which have implications for modern medicine. However, in diverse populations, such

insights are lacking either due to lack of representation, limited resolution of population structure and/or overre-

liance of linear reference genomes that poorly characterise genomic diversity. This presentation will highlight the

utility of a pangenome based approach in combination with state-of-the-art population genetics methods to improve

demographic history inference of diverse groups from East Africa, the Negev Desert, North Africa and South Asia

as examples. Currently, our constructed pangenome graph revealed that the difference in effective population size

estimates between variant calls from pangenome vs linear (hg38) reference-based genomes is greater than >1000

fold. We will expand on these findings by comparing the robustness inferred admixture graphs and selection scans

from custom built pangenomes for South Asians against those generated from linear reference genomes (hg38 and

T2T). This will potentially help prioritise genetic variation that potentially underpins Cardiovascular Disease in

South Asian populations.

Supergreenhouse climates and 100 million years of plant diversification

Greg Jordan, University of Tasmania

greg.jordan@utas.edu.au
This talk presents analyses of changes in pollen and spore assemblages over the last 100 million years in south-

eastern Australia, northeastern Africa and the Neotropics. We looked at changes in standing diversity, and rates

of originations and extinctions, adjusted for differences in sampling effort. We found that diversity, originations

and extinctions peaked together in the two warmest periods of the last 100 million years (the Cenomanian-early

Turonian of the Late Cretaceous and the Paleocene-Early Eocene of the early Cenozoic). Furthermore, these peaks

occurred in flowering plants, gymnosperms and free-sporing plants and were synchronous at high and low latitudes.

Stochastic analysis of quasi-birth-and-death processes evolving within trees: Applications to comparative

phylogenetics (Student presentation)

Habtu Kiros (He/Him), University of Tasmania

habturaya@gmail.com
We consider a quasi-birth-and-process (QBD) that duplicates itself at some fixed times within a tree that contains

information about branching times and potentially partially observed states. We analyse a continuous trait by

discretizing it to obtain the QBD level variable, while the phase variable models the dynamics of the underlying

environment.

Building on the ideas of Soewongsono et al. (2025), we develop methodology for computing the likelihood of a

phylogenetic species tree given its topology and the trait values observed at its tips.

Order-dependent dissimilarity measures between phylogenetic trees

Simone Linz, School of Computer Science, University of Auckland

s.linz@auckland.ac.nz
Several new vector representations for rooted phylogenetic trees were recently introduced that are based on imposing

an ordering on their leaves. Hence, for a fixed tree and two different orderings on its leaves, the resulting vectors are

typically different. Advantageously, comparing the vectors of two rooted phylogenetic trees leads to polynomial-

time computable dissimilarity measure between them. In this talk, we review the three new vector representations

HOP, ordered leaf attachment, and Phylo2Vec. We then compare them to several dissimilarity measures that are

based on agreement forests and, disadvantageously, NP-hard to compute. This is joint work with Katherine St. John,

Charles Semple, and Kristina Wicke.
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Trimmed Log-Likelihood: A New Approach For Robust Phylogenetics (Student presentation)

Qin Liu (she/her), School of Natural Sciences, University of Tasmania

qin.liu@utas.edu.au
We present a robust phylogenetic inference method, called the trimmed log-likelihood method, and test its ability to

identify fast-evolving, misleading, or erroneous sites in both simulated and empirical multiple sequence alignments.

This method avoids circularity by dynamically identifying and removing sites without relying on an initial tree,

allowing the specific sites removed to change as tree topology and branch lengths are estimated. Our analyses

demonstrate that this method outperforms existing approaches, such as the Slow-Fast method, Tree Independent

Generation of Evolutionary Rate approach, and Le Quesne Probability statistics, by removing fewer sites while still

inferring phylogenies with comparable or greater accuracy. It also outperformed widely used automated alignment

filtering tools, including BMGE, Gblocks and TrimAl, in detecting and removing erroneous sites, but it did not

perform better for saturated alignments. Implemented in IQ-TREE2, the trimmed log-likelihood method is user-

friendly with a simple command-line interface. However, challenges remain in handling strongly saturated datasets

and addressing heterogeneous evolutionary processes including compositional biases, such as GC bias. Despite

these challenges, our approach offers a practical solution for improving phylogenetic inference by automatically

and dynamically identifying sites to down-weight during phylogenetic analyses. We recommend that researchers

compare trees inferred by varying the proportion of down-weighted sites to monitor changes in tree topology and to

identify a set of candidate tree topologies for further consideration.

Structome-DeepRoots: On Inferring Homology using High-dimensional Embeddings

Ashar Malik, The University of Queensland

ashar.malik@uq.edu.au
Protein structures can reveal evolutionary relationships that are no longer detectable through sequence comparison.

This increased sensitivity arises because structural similarity encodes evolutionary signal that persists even as

proteins diverge. But what if we could move beyond visible structural similarity, and instead access the deeper,

latent features embedded in higher-dimensional representations?

Structome-DeepRoots is the latest tool in the Structome suite of structure-based phylogenetic methods. Unlike

traditional approaches that rely on RMSD or TM-score, DeepRoots computes evolutionary distance as the cosine

similarity between embeddings.

In this talk, I will present the Structome-DeepRoots pipeline and show how it recovers accepted evolutionary rela-

tionships in a benchmark dataset. This work suggests that the latent space of protein embeddings encodesmeaningful

phylogenetic signalâ€”offering a new direction for resolving deep evolutionary histories.

Convergence-divergence models: Generalizations of phylogenetic trees modelling gene flow and replicated

evolution

Jonathan Mitchell (he/him), University of Tasmania

Jonathan.Mitchell@utas.edu.au
Phylogenetic trees often lack the flexibility to represent complex processes like introgressive hybridization, which

leads to gene flow between taxa. Phylogenetic networks generalize trees but typically assume that ancestral taxa

merge instantaneously to form “hybrid” descendants. In contrast, convergence-divergence models (CDMs) retain

a single underlying “principal tree” and can model gradual processes, such as introgressive hybridization and repli-

cated evolution - the independent evolution of similar characteristics, e.g. genotypic, phenotypic or functional, due

to similar selective pressures. CDMs can be applied to empirical datasets for two purposes: 1) exploratory inference

and 2) hypothesis testing. For 1), we present maximum likelihood and combinatorial algorithms to infer aspects of

N -taxon CDMs - many consistently - using a quartet-based approach. With no prior knowledge, we can infer his-

torical signals of introgressive hybridization or replicated evolution. For 2), we describe hypothesis tests of trees vs

CDMs which can be used to test for introgressive hybridization or replicated evolution. The algorithms can be ap-

plied to multiple sequence alignments restricted to genes or genomic windows or to gene presence/absence datasets.

We demonstrate that convergence-divergence models can be accurately recovered from simulated data. Finally, we

use CDMs to test for replicated evolution in drought adapted Eucalyptus species.
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REvolutionH-tl: A Fast and Robust Tool for Decoding Evolutionary Gene Histories (Student presentation)

Jose Antonio Ramirez Rafael, Bioinformatics group, Faculty of Mathematics and Computer Science University

Leipzig, Germany. Genetic engineering department, Cinvestav Irapuato, Mexico.

jose.ramirezra@cinvestav.mx
During ‘vertical evolution,’ DNA is inherited from an ancestral species to its offspring. In contrast, ‘horizontal

gene transfer’ (HGT) is the exchange of genetic material between coexisting species. Identification of these

evolutionary processes is crucial for addressing significant biological problems, such as the evolution of antibiotic

resistance genes in bacteria.

Phylogenetic trees represent the evolutionary history of genes and species. The interplay between genes and

species is called an evolutionary scenario, where nodes of the gene trees are embedded into a species tree. A graph

3-partition (G3P) is a fully connected graph where nodes are the leaves of a gene tree (i.e. genes), and edge color

classifies the connected nodes based on the divergence time of genes relative to the corresponding species; later,

equal, or prior divergence time (LDT, EDT, or PDT). The topology of a G3P partially reflects the evolutionary

scenario that generated the graph; in particular, LDT edges imply the presence of HGT events.

In this work, we address the optimization problem of estimating the G3P that better explains a set of estimated dis-

tances between gene/protein sequences. Our strategy consists of three steps (I) estimating G3P through statistical

hypothesis testing, (ii) refining the estimate of the LDT graph using an ILP algorithm, and determining the direc-

tionality of transfers by exploring the properties of G3Ps. Our methodology can detect HGT events without the

explicit reconstruction of evolutionary scenarios. Furthermore, we guarantee the predictions are consistent with an

underlying evolutionary scenario.

Can we simulate MSAs, using Quantum? (Student presentation)

Enes Berk Sakalli (He/Him), University of Vienna

berksakali@gmail.com
TBD

Phylogenetic estimation of density-dependent biogeographic rates using deep learning

Albert Christian Soewongsono (he/his/him), Department of Biology, Washington University in St. Louis

albertchristian1997@gmail.com
Ecological theory predicts that local species richness should influence biogeographic rates of speciation, extinction,

and dispersal. For instance, increasing the density of competing species within a region should cause local specia-

tion and immigration rates to decrease but local extinction rates to increase, inducing a carrying capacity for local

species richness. In this study, we introduce a fully generative, event-based phylogenetic diversification model,

called DDGeoSSE, that accounts for density-dependent effects on rates and the historical biogeography of species.

DDGeoSSE can accommodate and test a variety of alternative diversification scenarios that involve positive, nega-

tive, and neutral species interactions for speciation, extinction, and dispersal. We derive mathematical and statistical

properties of phylogenies generated by this model, such as the carrying capacity for a clade at equilibrium, which

we validate through simulation. Because density-dependent phylogenetic models typically do not have tractable

likelihood functions, we use deep learning with phyddle for parameter inference and model testing. Separately ap-

plying DDGeoSSE to Caribbean Anolis lizards and cloud forest-dwelling Viburnum plants, we find evidence that

local species richness plays a significant role in shaping diversification dynamics for both clades.

Generalizing group-based models (e.g., K3ST) to semigroup-based models (e.g., F81)

Jeremy Sumner (He/They), University of Tasmania

jsumner@utas.edu.au
We present (finite) semigroup-based Markov models in their most general setting and show the corresponding

Markov chain is irreducible if and only if the relevant semigroup is a left group. This provides a unified mathe-

matical framework for an extensive class of Markov models in phylogenetics ranging from nucleotide substitution

to recombination models.
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Stochastic gradient descent in phylogenetics (Student presentation)

Nathaneal Ian Sutanto (He/Him), University of Tasmania

nis0@utas.edu.au
The standard hill-climbing approach of maximum-likelihood (ML) phylogenetic inference occasionally breaks

down upon encountering local optima and flat regions. In the case of the symmetric two-state nucleotide

substitution model (CFN), Chor, et. al. demonstrates that in an 4-taxa case, there can exist multiple local optima

traps that breaks the standard approach.

Here, we approach a solution to the break-down of the standard method under the CFN model by considering

Stochastic Gradient Descent (SGD) to optimise branch-lengths for a given tree topology. In SGD, we frame

branch-length estimation as minimising the negative log-likelihood that updates the log-parametrisation of edge

lengths in the direction of the gradient. Chor et al. presents an explicit gradient formula of the log-likelihood

which require the site-pattern spectrum via Hadamard conjugation: using Fast Walsh-Hadamard Transform

(FWHT) for small number of taxa and a Parity Poisson Monte-Carlo (PPMC) estimator that directly approximates

the site-pattern spectrum for large number of taxa. The PPMC estimator is paired with common random numbers

to stabilise SGD and lower per-iteration computational cost. We also incorporate L2 regularisation in log-space to
mitigate overfitting and alleviate vanishing-gradient issues on very short and long edges.

Simulation studies across different taxa show that (i) PPMC reaches target relative errors in the site-pattern

spectrum with appropriate replicate counts, yielding lower computational time for larger number of taxa > 16; (ii)
in the case of perfect data, Gradient decent (GD) with L2 regularisation can recover the true edge lengths with
high degree of accuracy; (iii) the implementation of SGD with appropriately chosen parameters creates a more

robust (edge-length) result than deterministic GD when data are imperfect (bad site patterns); (iv) Lastly, data sets

inspired by Chor, et. al., demonstrate the capability of SGD escaping local optima and flat surface in cases where

GD fails to escape.

We acknowledge the limitations of the PPMC approximation, the opportunities for sparse/parallel FWHT, the plau-

sible improvements in SGD parameter selection, and the extensions beyond CFN to richer group-based models and,

ultimately, to optimisation in the full edge length parameter space.

Representation theory for inhomogeneous Markov models (Student presentation)

Kiah Swinsburg (He/Him), University of Tasmania, School of Natural Sciences

kiah.swinsburg@utas.edu.au
Recent developments have highlighted deep connections between Markov models used in phylogenetic inference,

and a variety of algebraic structures. In particular, the dynamics of inhomogeneous Markov chainsâ€”where tran-

sition rates evolve over timeâ€”are encoded in the Lie algebraic properties of the associated sequence of Markov

matrices. In this talk we will expound on this connection, focusing on algebraic analogies between otherwise dissim-

ilar Markov process. To this end we present initial steps toward a representation theory for Lie-Markov semigroups,

aiming to unify the analysis of seemingly disparate Markov processes.

A sharp lower bound for the number of phylogenetic trees displayed by a tree-child network

Kristina Wicke, New Jersey Institute of Technology

kristina.wicke@njit.edu
Phylogenetic networks generalize evolutionary trees by allowing for reticulation events such as hybridization or

horizontal gene transfer. A classical result states that a normal phylogenetic network with k reticulations displays

exactly 2k phylogenetic trees. In this talk, I will present an analogous result for a broader class of networks: tree-child
networks that contain no underlying 3-cycles. Specifically, we prove that such a network with k ≥ 2 reticulations
displays at least 2k/2 phylogenetic trees if k is even and at least 3

2
√
2
2k/2 if k is odd. Moreover, we show that these

bounds are sharp and characterize the tree-child networks that attain these bounds.
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TBD

Luke Yates (he/his), School of Natural Sciences, University of Tasmania

luke.yates@utas.edu.au
TBD
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