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• Part of the CoE’s mission is to see if/how evolution can inform 
agriculture. 
• We are interested in the evolution of tolerance to heat and drought.
• Can a phylogenetic perspective help?
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Team Phylo @ the UTas Plant Success node

Barbara Holland Ben Halliwell Arlie MacdonaldJonathan MitchellLuke Yates

+ Claire Edwards
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Evolution finds repeated solutions

Ben HalliwellEucalyptus
• Approx. 800 species
• Mix of arid, semi-arid and mesic species 
• Many, apparently independent, transitions into 

arid environments (<250mm/year) in different 
taxonomic sections

• Taxonomic sections are (mostly) 
reproductively isolated, discounting 
hybridization
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• Does the Anna Karenina principal apply? I.e. do we see the 
same combination of traits in all the arid adapted species?

• Seems like a question for comparative phylogenetic methods…

What traits are correlated with arid conditions?
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In Eucalypts there seems to be one way t

Halliwell et al draft in prep
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Phylogenies and the comparative method
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𝑦𝑦 = 𝑋𝑋𝛽𝛽 +  𝜀𝜀
𝜀𝜀~𝑀𝑀𝑀𝑀𝑀𝑀 0, Σ

Σ =  𝜆𝜆𝜆𝜆 + 1 − 𝜆𝜆 𝐼𝐼
 

Things I didn’t know about PICs and PGLS
PGLS and PIC are equivalent when 𝜆𝜆 = 1

PGLS assumes that there is NO phylogenetic signal in X
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MR-PMMs put it all on the LHS
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Halliwell et al draft in prep

Below diagonal: phylogenetic correlations
Above diagonal: residual correlations

Partial Phylogenetic Correlations
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Halliwell et al draft in prep
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• Most (all?) methods of ancestral state reconstruction assume 
neutral evolution, i.e. no directional selection

• Is there a statistically sound way to do ASR if there is directional 
selection?

Open protoproblem1 #1

1 An open protoproblem is a poorly formed open problem
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• Rachel and Suz are interested in modelling 
 extinction risk due to drought in plants
• A question of how best to integrate

- trait data (AusTraits, TRY)
- geographic range data
- climate data associated with that range
- projected climate associated with that range
- phylogenies

• Some traits (p50, gmin, Tp) are more relevant than others, but they 
are often harder to measure

Modelling extinction risk

Rachel Gallagher Suz Everingham
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• If you can afford to measure hard traits (e.g. p50) in a subset of your 
species and soft traits (e.g. wood density) in a broader group, how 
should you optimally collect data to reduce uncertainty in a 
phylogenetic imputation?

• What are the expectations about loss of phylogenetic diversity (PD) 
(or feature diversity) when propensity to go extinct depends on 
suites of correlated traits? I.e NOT the field of bullets model?

Protoproblems #2 & #3
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• Can we find breakpoints on a tree where the association 
between traits and environment alters? 

Within Eucs there seems to be a common strategy plants use to tolerate arid 
environments, but if we looked at broader taxonomic groups, we'd expect the see different 
strategies and hence different trait-trait and trait-environment correlations

There seem to be several methods that look at changes in mean, e.g. different OU 
processes in different parts of the tree, but I haven't found anything that looks for a change 
in association…

Protoproblem #4
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• Assuming that evolution has found the same solution, has it used 
the same genes/ genomic regions? 

• Can we find what they are?

• This area of research, aimed at identifying genomic regions 
associated with traits of interest, is called PhyloG2P or PhyloGWAS 
• Look for SNPS that match the presence/absence of the trait
• Look for evidence of accelerated branch lengths in species with/without the 

trait

PhyloGWAS / PhyloG2P
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PhyloG2P: Smith, S. D., Pennell, M. W., Dunn, C. W., & Edwards, 
S. V. (2020). Phylogenetics is the new genetics (for most of 
biodiversity). Trends in Ecology & Evolution, 35(5), 415-425.
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E.g. Gene Presence/Absence data

Gene A   1      1      1     1      1      1         0     0      0      0    0      0
Gene B   1      1      1     1      1      1         1     1      1      0    0      0
Gene C   0      0      1     1      1      1         0     0      0      0    0      0
Gene D   1      1      1     1      0      1         0     0      0      0    1      0
Gene E   0      0      1     0      0      0         0     1      0      0    1      0
Gene F   0      0      1     1      0      0         0     1      1      0    1      0
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Protoproblem #5: Given a phylogeny and a character matrix. 
How unusual is it to find a subset of 𝑛𝑛 mutually compatible 
characters given that their excess (additional mutations) is 𝑘𝑘?

Moving beyond one SNP at a time
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Not involved in domestication Acted on by domestication

PhyloG2P
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Phylogenetic models of rate variation

AGTGCCGTTTTGACA…
AGTGCCGTTTTCACA…
AGAGTCGTTATGACA…
AGCGTCGTTATGACT…

Partition models – let different partitions (genes) have different edge lengths
Mixture Models – fit all trees to all sites

PhyloHMMs – best of both worlds?

…GTTTTGACA…
…ATTATCACA…
…GTTTTGACA…
…ATTCTGACT…

…TGCCGATTTGATA…
…TGCCGATTTCATA…
…AGTCGTTATGACA…
…CGTCGTTATGACT…
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Convergence – models in need of algorithms…
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Comparative transcriptomics of drought

Species selection limited by
• Included in phylogeny
• Seed availability
• Magnitude of contrast
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Comparative transcriptomics of drought

𝐺𝐺𝐺𝐺𝑛𝑛𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐺𝐺𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑛𝑛 ~ 𝑇𝑇𝐸𝐸𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝑛𝑛𝑇𝑇 + 𝑇𝑇𝑦𝑦𝐸𝐸𝐺𝐺 + 𝑇𝑇𝐸𝐸𝐺𝐺𝑇𝑇𝑇𝑇𝑇𝑇𝐺𝐺𝑛𝑛𝑇𝑇:𝑇𝑇𝑦𝑦𝐸𝐸𝐺𝐺 +  𝜀𝜀
𝜀𝜀~𝑀𝑀𝑀𝑀𝑀𝑀 0, Σ

Σ =  𝜆𝜆𝜆𝜆 + 1 − 𝜆𝜆 𝐼𝐼

Not possible to fit a full MR-PMM to 
20,000 genes.

How best should the models we fit 
for different genes “learn” from each 
other?

Chris Blackman
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