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What is phylogenomics? A standard workflow

Data assembly 6 g% é

Alignment
Orthologue 1 Orthologue 2 Orthologue 3
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T. 5 ---------@ETTECTTACETEEETA

Phylogenetic inference .

yies Concatenation
Taxon1 EGETAGTEGATGEGGGAGGACAEGAGGATEETGAAEGACACETATACEGGGAGEGETAGTEGATGE
Taxon2 EGETAGTEGETGEGGGAGTAAAGGAGGAAETEGAGTATEAAAGATAGEGGGAGEGETAGTEGETGA
Taxon 3 EAETECTETATCACGCAAGATAGCAGGATEETGECTACCCABGT TACGACCCAABAETECTETATET —
Taxon 4 ETETAETTAAECEEGCGAGEAAAGGAGCGATEETAAETAGEAACET TAGEECGAGETETAET TAAECA
Taxon 5 ETETATTECETTECTAAGETGECAAGTET TETETET ACEAAUAATECHCTAACETETAT TEGETTE
M1 M2 M3 T1 T2 T3 T4 T5

Find the genes that tells
evolutionary history

Align the genes to reveal
their evolutionary context

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

Who Watches the Watchmen? An Appraisal of Benchmarks for Multiple Sequence
Alignment

@ornou‘*, @Nmk Goldman’, Manuel Gil*, Christophe Dessimoz™"

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

MAFFT multiple sequence alignment software version 7: improvements in
performance and usability
K Katoh, DM Standley - Molecular biology and evolution, 2013 - academic.oup.com
We report a major update of the MAFFT multiple sequence alignment program. This version
has several new features, including options for adding unaligned sequences into an existing ... IQ-TREE 2: new models and efficient methods for phylogenetic inference in the
¢ Save Y9 Cite Cited by 45090 Related articles All 17 versions Web of Science: 26712 genomic era
BQ Minh, HA Schmidt, O Chernomor... - Molecular biology ..., 2020 - academic.oup.com
... the release of IQ-TREE version 1.0 in 2014, we have continuously developed IQ-TREE to ...
Here, we present IQ-TREE version 2 and highlight the key new features and improvements. ...
m™™L]) RAXML version 8: a tool for phylogenetic analysis and post-analysis of Y Save D9 Cite Cited by 13602 Related articles All 22 versions Web of Science: 9574
large phylogenies
A Stamatakis - Bioinformatics, 2014 - academic.oup.com
... Since the last RAXML paper in 2006, it has been continuously ... new features and extensions
of RAXML, such as a substantial ... user manual covering all new RAXML options is available. ...

Y% Save WY Cite Cited by 34850 Related articles All 20 versions Web of Science: 26325 Confidence limits on phylogenies: an approach using the bootstrap

J Felsenstein - evolution, 1985 - academic.oup.com

... constitutes an adequate exploration of the size of the confidence limits on the estimate. ... can
be inferred by computing the variance of this collection of t* values, and the confidence limits ...
Y¢ Save DY Cite Cited by 53433 Related articles All 18 versions Web of Science: 39148

But how can you be sure that your tree is correct?
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Current phylogenomics requires new assessment standards
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Phylogeny of 2,072,111 SARS-CoV-2 genomes

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

TPRs degeneration

Length (AA) EE E Q E g

Architecture [ | -7TPRs [] -HTH-9TPRs- [] -9TPRs- [I] -HTH-5TPRs-CAP

Structural tree of bacterial RRNPPA receptors

Moi, D., Bernard, C., Steinegger, M., Nevers, Y., Langleib, M., & Dessimoz, C. (2025).
Nature Structural & Molecular Biology, 1-11.
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Key message to convey through this review paper would be...

. 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 Bootstrapping
implications Bayesian inference
Biological
implications
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Bootstrapping — How consistent are your branches?

Site: 1 23 456 7 89 10 11 12 13 14 15 16 17 18 19 20
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Consistency upon
resampling
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Bayesian inference: How probable are your branches?

P(A|B) =

/

Posterior probability of
tree/branches

Likelihood of data
(alignment) given tree

Prior probability

1.00
\ / of trees 10

P(B|A)P(A)

P(B) 68

Bayes’ Theorem

iroF] MRBAYES: Bayesian inference of phylogenetic trees
JP Huelsenbeck, F Ronquist - Bioinformatics, 2001 - complexityexplorer.s3.amazonaws ...

The program MRBAYES performs Bayesian inference of phylogeny using a variant of

Markov chain Monte Carlo. Availability: MRBAYES, including the source code,

documentation, sample data files, and an executable, is available at http://brahms. biology.
rochester. edu/software. html. Contact: johnh@ brahms. biology. rochester. edu
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Bayesian inference: How probable are your branches?

Article Open access Published: 05 November 2025 4

Assessing phylogenetic confidence at pandemic scales

Nicola De Maio &, Nhan Ly-Trong, Samuel Martin, Bui Quang Minh & Nick Goldman

Nature 647, 472-478 (2025) | Cite this article

Pr(D|T,?)
Pr(D|T)
Z1<¢<Ib Pr(D[Tib)

SPRTA(b) = Pr(b|D, T\b) =

How probable is the branch, regarding its other possible
positions?

4
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Statistical consistency implies-accuracy is blind to systematic bias

Tree A Tree B

Statistics .

X, X
X
X %%
X
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This Is when you need some biological insights

Reference-based

Reference-free
Statistical
implications
Biological Minimum duplication
implications Ultrametricity
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12



Minimum duplication test of gene family evolution

Ancestral gene (A)

Duplication
— 1i l.
At A2 = — \K dup
- Mafft
N . F— Speciation — — \S—Y}\ S_YJ\ 2 dupl.
Homologous ——  ClustalW
sequences : : : Compute min number of :
gene duplication
T-Coffes —_— >—<\( >—<\r 2 dupI.
CA1 HA1 CA2 HA2 _ “...holding all else constant, the gene tree with the least number of
Chimp Human . . . . "
duplication nodes is the most likely.
Orthologs Orthologs ﬁ k

CA1 HAT1
T * T * 8 CA2 8HA2

Paralogs
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Molecular clock: we all live In the present

50 million years ago 25 million years ago Today
CAATTGATCG | CAAT[CGATCG gl ce from
), == modern lineage 1
| I CAATICGAT(CG
CAATTTATCG
} } CAATTTATTT
CAATTTATCT | CAATTTATTT Sequence from
. ‘il modern lineage 2

Ez [ —"_a—_..
I I ==, [ 1=
n—— )

LUCA
(Last Universal
Common Ancestor)

~4.2B years
\ 4
;;iilfm ,7£Q2%;
 e-0
e il
Your neighbor’s You A germ named
dog “Jimmy” who lives
in your gut

Root-to-tip variance, or ultrametricity
nleaves
E(rootdist) = Z dist(l;,root) /nleaves
i=1

nleaves

Snorm(rootdist) = > (dist(l:, root)/ E(rootdist) — 1)*/(nleaves — 1)
1=1
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Summary on the reference-free methods

Bootstrap

values . Same gene Mm.lmu.m
Resampling family origin duplication

Uniform evolution
speed

Statistical model
of evolution

Phylogenetic tree

Ultrametricit
Bayesian ety

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

Reference-free Reference-based
Statistical Robinson-Foulds
implications Quartet similarity
Biological
implications
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How to assess the trees if the ground-truth is given?

 Robinson-Foulds distance

1357|2468

T; = Your tree

1357|2468 _

\

\
|
|
\

T, = Ground truth

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

3 4
6

8

« \ery sensitive to outliers
1 ) * Low resolution
« Topology-centric, lacks biological
5 rationale
7
RF =9
New RF =0
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One (of many) other approaches: Quartet distance

« Consider all (Z) quartets, i.e. topologies of subsets of 4 leaves {i,/, k, [}
i k i j i j
j: :1 k: :1 1: :k
ij | ki ik | jl il | jk

* Quartet distance = # of non-identical quartets

2 S 4 S Quartet T T, QD(T,, T,) = 4
123,47  14[23 1324
3 2 123,50 13|25 13125
4 3 {1’2’1’5} ij | §5 g | 35 Read more in...
11,3,4,5} [ 35 | 45 Robust Analysis of Phylogenetic Tree Space
1 1
T, T,

23,45 25[34 23|45

MARTIN R. SMITH*
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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.”

Benchmarking Phylogenetic Trees, UNIL RQB, 21 Nov 2025
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But we won't know the truth without a time machine...

Reference-free Reference-based
Statistical
implications
Biological Taxonomic
implications 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)

< PN T Taxonomy
<3 NCBI ? N ol Browser

Homo sapiens

Taxonomy ID: 9606 (for references in articles please use NCBIL:txid9606)
current name

’7H0mo sapiens Linnaeus, 1758

Genbank common name: human

NCBI BLAST name: primates

Rank: species

Genetic code: Translation table 1 (Standard)

Mitochondrial genetic code: Translation table 2 (Vertebrate Mitochondrial)

Lineage(full)
cellular organisms; Eukaryota; Opisthokonta; Metazoa; Eumetazoa; Bilateria; Deuterostomia; Chordata; Craniata; Vertebrata; Gnathostomata;
Teleostomi; Euteleostomi; Sarcopterygii; Dipnotetrapodomorpha; Tetrapoda; Amniota; Mammalia; Theria; Eutheria; Boreoeutheria;

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

TCS (Taxonomic Congruence Score)

Mask globally common entries
Calculate the intersections

Score the leaves

W =

Average out the score

TCS,=TCS,=|A|+|R|=1  TCS;=TCS,=|B|+|R| =1 TCS = (TCS, + TCS, + TCS; + TCS,) / 4 =1

Benchmarking Phylogenetic Trees, UNIL RQB, 21 Nov 2025
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Taxonomic congruence with the established taxonomy

« Congruent tree vs. Incongruent tree

Benchmarking Phylogenetic Trees, UNIL RQB, 21 Nov 2025
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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

ddddd

spussansasssasasasntne,,

CCCCCCC
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Overview of the methods we discussed today

Reference-free

Reference-based

Statistical
implications

Biological
implications

Bootstrapping

Bayesian inference

Minimum duplication

Ultrametricity

Robinson-Foulds

Quartet similarity

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

. 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?

« Contact center workflow for tree benchmarking?

Receive Call
Issue can be resolved by agent

Issue can be resolved by tier 2
Support

Yes

No

Assign Tier 2 support

Assign Agent I
Yes No
Resolve Issue Issue can be resolved by
management

I Escalate to Management

| Apologize and close call

| Resolve Issue |

Resolve Issue

N

)

Genome assembly

A\ 4

Obtain full length 16S rRNA
sequence

Compare

Search

Independently
sequenced 16S (Sanger)

»i
<

A 4

Find phylogenetic
neighbours

;I

»

Calculate OGRI

Genomic DB of type
strains

Infer phylogenomic
reconstruction

16S rRNA DB of type
strains

<95-96 ANI or <70% dDDH
Clear phylogenomic separation

X

\4

>95-96 ANI or >70% dDDH
Cluster with other species

New species

Identified as a known species
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THANK YOU FOR LISTENING!




