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What is phylogenomics? A standard workflow

Kapli, P., Yang, Z., & Telford, M. J. (2020). Nature Reviews. Genetics, 21(7), 428–444.

1. Find the genes that tells 
evolutionary history

2. Align the genes to reveal 
their evolutionary context

3. Reconstruct their history 
with a statistical model
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A story from 11 years ago: Who watches the watchmen?

Iantorno, S., Gori, K., Goldman, N., Gil, M., & Dessimoz, C. (2014). Methods in Molecular Biology (Clifton, N.J.), 1079, 59–73.

Your names might end up here!
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Phylogenetic inference has been a cornerstone of evolutionary biology

But how can you be sure that your tree is correct? 
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Current phylogenomics requires new assessment standards

De Maio, N., Ly-Trong, N., Martin, S., Minh, B. Q., & Goldman, N. (2025). Nature, 1–7.

Phylogeny of 2,072,111 SARS-CoV-2 genomes
Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025). 

Nature Structural & Molecular Biology, 1–11.

Structural tree of bacterial RRNPPA receptors
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Key message to convey through this review paper would be…

1. Revisit the conventional methods and introduce new methods to benchmark 
phylogenetic tree

2. Discuss their pros and cons from various perspectives (scalability, 
availability of references, etc.)

3. Suggest a scheme for tree benchmarking that reflects the current landscape
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Tree assessment methods to be reviewed: in a nutshell

Reference-free Reference-based

Statistical 
implications

Biological 
implications

Bootstrapping

Minimum duplication

Bayesian inference

Ultrametricity

Robinson-Foulds

Quartet similarity

Taxonomic 
congruence
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Bootstrapping – How consistent are your branches?

Efron, B., Halloran, E., & Holmes, S. (1996). Proceedings of the National Academy of Sciences of the United States of America, 93(23), 13429–13434.

Test 1: 5 14 18 6 19 1 20 9 3 8 15 13 13 19 19 11 18 19 14 7

Test 2: 14 16 19 5 1 19 18 5 5 19 15 9 1 3 18 4 20 15 18 3

…

Test N: 11 4 9 17 10 3 16 20 6 18 19 7 19 16 14 8 8 12 14 14
Consistency upon 

resampling
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Bayesian inference: How probable are your branches?

Bayes’ Theorem

Prior probability 
of trees

Likelihood of data 
(alignment) given tree

Posterior probability of 
tree/branches

https://treethinkers.blogspot.com/2008/10/labeling-trees-posterior-probability.html
Huelsenbeck, J., & Ronquist, F. (2001). Bioinformatics, 17(8), 754–755.
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Bayesian inference: How probable are your branches?

De Maio, N., Ly-Trong, N., Martin, S., Minh, B. Q., & Goldman, N. (2025). Nature, 1–7.

How probable is the branch, regarding its other possible 
positions? 
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Statistical consistency implies accuracy is blind to systematic biasStatistical consistency implies accuracy

Tree BTree A

Statistics

×
×

×
×

×
× ××

×
× ×××

×××
×
×
×

×
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This is when you need some biological insights

Reference-free Reference-based

Statistical 
implications

Biological 
implications

Bootstrapping

Minimum duplication

Bayesian inference

Ultrametricity

Robinson-Foulds

Quartet similarity

Taxonomic 
congruence
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Minimum duplication test of gene family evolution

“…holding all else constant, the gene tree with the least number of 
duplication nodes is the most likely.”

Dessimoz, C., & Gil, M. (2010). Genome Biology, 11(4), R37.
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Molecular clock: we all live in the present

https://evolution.berkeley.edu/molecular-clocks/

LUCA 
(Last Universal 

Common Ancestor)

~4.2B years

YouYour neighbor’s 
dog

A germ named 
“Jimmy” who lives 

in your gut

Root-to-tip variance, or ultrametricity

Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025). Nature Structural & Molecular Biology, 1–11.
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Summary on the reference-free methods

Phylogenetic tree

Bootstrap
values

Resampling

Bayesian 
probability

Statistical model 
of evolution

Minimum 
duplication

Same gene 
family origin

Ultrametricity

Uniform evolution 
speed



Benchmarking Phylogenetic Trees, UNIL RQB, 21 Nov 2025  16

In most cases, people want to stay on the solid ground

Reference-free Reference-based

Statistical 
implications

Biological 
implications

Bootstrapping

Minimum duplication

Bayesian inference

Ultrametricity

Robinson-Foulds

Quartet similarity

Taxonomic 
congruence
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How to assess the trees if the ground-truth is given?

Slides partially imported from https://www.slideserve.com/neviah/triplet-and-quartet-distances-between-trees-of-arbitrary-degree
Robinson, D. F., & Foulds, L. R. (1981). Comparison of phylogenetic trees. 53(1–2), 131–147.

1357|2468 1357|2468

35|124678

• Robinson-Foulds distance
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T2 = Ground truth

8

RF(T1, T2) = # of non-common splits = 3
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RF distance is straightforward, but accompanies internal flaws

8
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Slides partially imported from https://www.slideserve.com/neviah/triplet-and-quartet-distances-between-trees-of-arbitrary-degree
Briand, S., Dessimoz, C., El-Mabrouk, N., Lafond, M., & Lobinska, G. (2020). BMC Genomics, 21(Suppl 10), 779.

RF = 9
New RF = 0

• Very sensitive to outliers
• Low resolution
• Topology-centric, lacks biological 

rationale
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One (of many) other approaches: Quartet distance

Slides partially imported from https://www.slideserve.com/neviah/triplet-and-quartet-distances-between-trees-of-arbitrary-degree
Estabrook, G. F., McMorris, F. R., & Meacham, C. A. (1985). Systematic Biology, 34(2), 193–200.

Quartet T1 T2
{1,2,3,4} 14 | 23 13 | 24
{1,2,3,5} 13 | 25 13 | 25
{1,2,4,5} 14 | 25 12 | 45
{1,3,4,5} 14 | 35 13 | 45
{2,3,4,5} 25 | 34 23 | 451

3

2 5

T1

4

• Consider all n
4 quartets, i.e. topologies of subsets of 4 leaves {i, j, k, l}
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QD(T1, T2) = 4

Read more in…

• Quartet distance = # of non-identical quartets
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But we won't know the truth without a time machine…

• Most of the reference-based metrics require another phylogenetic tree to 
compare against.

• This can be only achieved in limited situations…
• Entire evolutionary history is known (e.g. SARS-CoV-2)
• Very robustly simulated evolution

• “Assessing the accuracy of trees reconstructed from empirical data is 
notoriously difficult.”

Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025). Nature Structural & Molecular Biology, 1–11.
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But we won't know the truth without a time machine…

Reference-free Reference-based

Statistical 
implications

Biological 
implications

Bootstrapping

Minimum duplication

Bayesian inference

Ultrametricity

Robinson-Foulds

Quartet similarity

Taxonomic 
congruence
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Taxonomic congruence with the established taxonomy

• We can quantify the correctness of the topology, according to the 
known taxonomy (e.g. NCBI taxonomy)

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi 

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi
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Taxonomic congruence with the established taxonomy

• TCS (Taxonomic Congruence Score)

Tan, G., Gil, M., Löytynoja, A. P., Goldman, N., & Dessimoz, C. (2015). Proceedings of the National Academy of Sciences of the United States of America, 112(2), E99-100.
Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025). Nature Structural & Molecular Biology, 1–11.

R

A B

1 2 3 4

F1/G1/S1
F1/G1/S2

F1/G2/S3 F1/G2/S4

1. Mask globally common entries
2. Calculate the intersections
3. Score the leaves
4. Average out the score

F1/G1/S1
F1/G1/S2

F1/G2/S3 F1/G2/S4

G1 G2

∅

TCS1 = TCS2 = |A|+|R| = 1 TCS3 = TCS4 = |B|+|R| = 1 TCS = (TCS1 + TCS2 + TCS3 + TCS4) / 4 = 1
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Taxonomic congruence with the established taxonomy

• Congruent tree vs. Incongruent tree

Tan, G., Gil, M., Löytynoja, A. P., Goldman, N., & Dessimoz, C. (2015). Proceedings of the National Academy of Sciences of the United States of America, 112(2), E99-100.
Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025). Nature Structural & Molecular Biology, 1–11.

R

A B

1 2 3 4

G1/S1 G1/S2 G2/S3 G2/S4

G1 G2

∅

TCS = 1

R

A B

1 3 2 4

∅ ∅

∅

G1/S1 G2/S3 G1/S2 G2/S4

TCS = 0
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Is this our golden ticket?

• No.

• Known taxonomy is not always robust (e.g. Viruses)

• Events happening across the species tree are not 
addressed, such as horizontal gene transfers

Fauquet, C. M. (1999). In Encyclopedia of Virology (pp. 1730–1756). Elsevier.
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Overview of the methods we discussed today

Reference-free Reference-based

Statistical 
implications

Biological 
implications

Bootstrapping

Minimum duplication

Bayesian inference

Ultrametricity

Robinson-Foulds

Quartet similarity

Taxonomic 
congruence
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Recap: Key message to convey through this review paper

1. Revisit the conventional methods and introduce new methods to benchmark 
phylogenetic tree

2. Discuss their pros and cons from various perspectives (scalability, 
availability of references, etc.)

3. Suggest a scheme for tree benchmarking that reflects the current landscape
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Proposed standard to benchmark trees in the new age?

Riesco, R., & Trujillo, M. E. (2024). International Journal of Systematic and Evolutionary Microbiology, 74(3).

• Contact center workflow for tree benchmarking? 

https://online.visual-paradigm.com/diagrams/templates/flowchart/call-center-flowchart/



THANK YOU FOR LISTENING!


