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Editor's summary

The increased availability of high-quality genomes and improved phylogenetic methods have led to researchers revisiting
many taxon relationships. Steenwyk and King took on a highly contested debate: whether sponges or comb jellies
(ctenophores) were the first lineage to diverge among animals (see the Perspective by Mulhair and Redmond). Using data
from 100 genomes and transcriptomes enriched for sponges, ctenophores, and cnidarians, the authors used an integrative
phylogenomic approach to determine which of the nearly universal single-copy genes consistently supported either lineage
as a sister taxon. Most tests conducted with this set of genes supported sponges as the sister taxon, and none supported
ctenophores. This work supports early trees constructed using morphology, although it is likely not the final word in this de-
bate. —Corinne Simonti

Abstract

Determining whether sponges or ctenophores root the animal tree has important implications for understanding early ani-
mal evolution. Here, we examined support for these competing hypotheses by constructing large and highly informative data
matrices containing sequences from sponges, ctenophores, cnidarians, bilaterians, and diverse animal relatives. The new
data matrices and 10 published datasets were analyzed in 785 topology tests conducted using integrative phylogenomics, a
method that unifies concatenation and coalescence to identify genes with a consistent phylogenetic signal. All 490 statisti-
cally significant tests supported the sponge-sister hypothesis and none supported the ctenophore-sister hypothesis; the re-
maining 295 tests were inconclusive. These results provide compelling evidence for the sponge-sister hypothesis and suggest
that integrative phylogenomics provides a robust and powerful approach for disentangling branches in the tree of life.
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tingly included errors in our analysis pipeline that artefactually influenced the results. We are grateful to Dunn et al. for
bringing these issues to our attention and for working with us to identify the errors. In the interest of maintaining the integ-
rity of the scientific record, we have requested that the editors of Science retract our study.

In the meantime, we are also exploring the issues raised by Dunn et al. in more depth. For example, we have re-run the inte-
grative phylogenomics pipeline on control datasets after implementing the corrections recommended by Dunn et al. After
seeking feedback from experts in the field (including Dunn et al.), we will share our new findings via BioRxiv or GitHub.

This has been a humbling experience, but one that speaks to the self-correcting nature of the scientific endeavor. It is far
better that these issues were detected than that they remained in the scientific record. We look forward to following, and per-
haps contributing to, ongoing efforts to root the animal tree.

J.L.S. is an advisor to ForensisGroup Inc., a scientific consultant to Edison Scientific Inc., and was a Bioinformatics Visiting
Scholar at MantleBio Inc. N.K. declares no competing interests.
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Re. Integrative phylogenomics positions sponges at the root of the animal tree
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Steenwyk and King (1) (SK) addressed a fundamental question in animal evolution: were ctenophores or sponges the first
lineage to split from other animals at the root of the metazoan tree? Modifying the approach of (2), they presented metrics to
quantify the degree to which individual genes sampled across diverse species support the ctenophore-sister or sponge-sister
hypotheses using two different phylogenomic frameworks (“concatenation” and “coalescence”). Genes that support the same
hypothesis in both frameworks were deemed “consistent”, while genes that support different hypotheses in the two frame-
works were “inconsistent” and not considered further. The counts of consistent sponge-sister and ctenophore-sister genes
were then evaluated with chi-squared tests. The authors applied this approach to a new dataset of 869 BUSCO (3) genes sam-
pled across 100 animal and outgroup species, as well as derivatives of this new dataset and ten previously published datasets.
Although they found that the vast majority of genes were inconsistent in all datasets, they observed a statistically significant
excess of consistent genes supporting the sponge-sister hypothesis in most analyses and no significant difference in others;
none of their analyses supported ctenophore-sister (their Fig. 4). SK concluded that their “integrative phylogenomics” ap-
proach provides compelling evidence for the sponge-sister hypothesis.

Here we note several problems that compromise their conclusions. Supporting material, including figures, for our new analy-
ses can be found at https://github.com/caseywdunn/sk25 (archived at https://doi.org/10.5281/zenodo.18022339). We focus
our analyses on their “92.5” matrix (the top left matrix in their Fig. 4A), as this is the most inclusive version of their new 869-

gene dataset, from which all results in their Fig. 4A-D are derived. In their scoring, they found that this matrix had 82 genes
consistent for sponge-sister but only 6 consistent for ctenophore-sister, and that this difference was significant according to
the chi-squared test.

As a first step toward understanding their phylogenetic signal, we inferred concatenation-based phylogenies with the same
tool (igtree2) and model (LG+I+G4+C60) they used. We found that phylogenetic trees based on the 88 consistent genes iden-
tified by SK in the “92.5” matrix support the ctenophore-sister hypothesis (Fig. 1a), even though most of these genes were
scored as consistent for sponge-sister. Strikingly, we found that the phylogenetic tree based solely on the 82 genes SK scored
as consistent for sponge-sister also strongly supports the ctenophore-sister hypothesis (Fig. 1b).
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lysed by SK are missing ctenophores, outgroups, or both. Surprisingly, 45 of these genes that have no information about the
animal root are scored by SK as consistent for sponge-sister. This indicates problems with their scoring procedure. We were
able to trace the causes of these problems to issues in both their quartet-based (coalescent) and likelihood-based (concate-
nation) analyses.

In the coalescence framework, SK reported problematic quartet scores, where genes without ctenophore sequences neverthe-
less support sponge-sister. These genes should not support either hypothesis. We found that this error arises from the inter-
action of three methodological choices: structurally inappropriate reference trees for evaluating quartets, imbalanced taxon
sampling, and the inclusion of all induced quartets. Together these choices create a systematic bias in favor of sponge-sister
due to the substantially greater number of 29 sponges than 13 ctenophores in the dataset. The critical issue is the scoring of
quartets based on their concordance with two incorrectly defined reference trees. For scoring quartets against the
ctenophore-sister hypothesis, SK collapsed “sponges + other animals” into a single clade, and alternatively scored quartets
for sponge-sister by combining “ctenophores + other animals”. With this scoring system, quartets that contain two sponges
and two other animals are systematically incompatible with the collapsed ctenophore-sister tree but will often match the
collapsed sponge-sister tree (despite being inherently uninformative about the root). While other uninformative quartets ef-
fectively cancel out, this specific subset generates a spurious directional bias in favor of sponge-sister. This error is elimi-
nated when quartets are properly scored relative to reference trees that maintain ctenophores, sponges, and other animals as
separate clades.

In the concatenation framework, SK reported log-likelihood differences | A InL| between the sponge- and ctenophore-sister
hypotheses that are orders of magnitude larger than typically observed for single genes, reaching into the thousands (Fig. 1).
This was due to a procedural error in the use of igtree (4). As SK note in their supplementary methods, “phylogenetic trees
[used to calculate site log-likelihoods] were specified using the -z argument.” The trees specified with -z should be fully re-
solved phylogenies; in this case these should be the two maximum likelihood phylogenies inferred under the ctenophore-
and sponge-sister constraint trees. Inspection of SK’s iqtree log files, however, indicates that the tree file specified with -z
was Ctenophore_and_Sponge_first_trees.tre, which contains the constraint trees themselves (available in

the TRADITIONAL_TOPOLOGY_TESTS folder in their figshare (5)). A critical step was therefore skipped. Instead of using the con-
straint trees to build maximum-likelihood trees to calculate the site log likelihoods on, they calculated the site log likeli-
hoods on the constraint trees themselves. The unresolved internal branches of the constraint trees do not yield interpretable
site log likelihoods. When we reran the analyses by first inferring maximum-likelihood trees under the ctenophore-sister and
sponge-first constraints and then calculating site log-likelihoods on those inferred trees, the resulting | A InL| values fell back
into typical single-gene ranges, most with magnitude less than 10 (Fig. 2). These corrected results are consistent with the
original presentation of these methods in (3).

After correcting both likelihood and quartet scoring, the sponge-sister signal reported by SK disappears and is replaced by
strong support for ctenophore-sister. Using corrected scoring, 544 genes are classified as consistent (out of 813 genes in the
“92.5” matrix that sample all four groups required to test the animal root), indicating substantially less conflict within the
data than SK reported. Furthermore, in the reanalyzed “92.5” matrix, significantly more genes are consistent with the
ctenophore-sister hypothesis (370 genes) than with the sponge-sister hypothesis (174 genes). As expected, and in contrast to
the results obtained using SK’s reported sponge-sister genes (Fig. 1b), phylogenetic analyses of the consistent sponge-sister
gene set recover sponge-sister (Fig. 2b), whereas analyses of the consistent ctenophore-sister gene set recover ctenophore-
sister (Fig. 2c). A combined phylogenomic analysis of all 544 consistent genes strongly supports ctenophores as the sister
group of all other animals (Fig. 2a). Although we focus here on their “92.5” matrix, these methodological issues apply to SK’s
other analyses.

A more comprehensive analysis will be presented elsewhere. We are grateful to Steenwyck and King for discussions about
their work, their quick responses to our questions, and for their feedback on this letter.
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