
Editor’s summary

The increased availability of high-quality genomes and improved phylogenetic methods have led to re-
searchers 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 uni-
versal 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 debate. —Corinne Simonti

Abstract

Determining whether sponges or ctenophores root the animal tree has important implications for understand-
ing early animal 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 statistically significant tests supported the
sponge-sister hypothesis and none supported the ctenophore-sister hypothesis; the remaining 295 tests were
inconclusive. These results provide compelling evidence for the sponge-sister hypothesis and suggest that in-
tegrative phylogenomics provides a robust and powerful approach for disentangling branches in the tree of life.
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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 (iqtree2) 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).

To further explore this discrepancy, we examined the taxonomic coverage of genes. As a matter of principle, testing the rela-
tive support for ctenophore-sister vs. sponge-sister requires sampling at least one species from each of four groups: sponges,
ctenophores, other animals (Placozoa + Cnidaria + Bilateria), and the outgroup (non-animals). Yet 56 of the 869 genes ana-
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
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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 |Δln⁡L| 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 iqtree (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 |Δln⁡L| 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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“Integrative Phylogenomics” Integrates Sources of Error
NATHAN V. WHELAN  Associate Professor,  The Ohio State University

Steenwyk and King (SK; 1) used unsound methods to claim strong support for sponges being sister to other Metazoa. SK’s
methods and conclusions were flawed because 1) “Integrative Phylogenomics” has no theoretical basis for being used to as-
sess hypotheses (2); 2) SK’s gene trees are mostly erroneous (3), making them unsuitable for SK’s methods (4); 3) Ignoring 1
and 2, using unresolved reference trees biased SK’s results.

 First, “Integrative Phylogenomics” is only useful for identifying loci causing incongruence when concatenation and sum-
mary-coalescent results differ (2). Yet, both approaches on SK’s datasets produce trees supporting ctenophores-sister (5).
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 Second, gene-tree error is a known problem for SK’s coalescent-based methods (4). Yet, most of SK’s gene trees that “sup-
port” sponges-sister are obviously wrong, including errors like Ctenophora sister to a mite (1, 3). It defies reason, and
methodological assumptions, to use such trees for testing SK’s hypotheses.

 Third, SK used unresolved trees to test support for alternative hypotheses, which SK never justified or explained. Only one
gene (127766at33208) tree inferred by SK in each new dataset had all of their benchmark relationships inferred correctly (3).
This gene tree unambiguously had the lowest error and had ctenophores-sister. Yet, SK claimed this gene consistently sup-
ported sponges-sister. This claim makes no sense. When using SK’s methods, but with fully inferred trees and a sponge-
ctenophore swap for the alternative hypothesis, no gene supports either hypothesis using SK’s quartet score threshold (5). If
minimum quartet score is lowered, then significantly more “consistent” genes in SK’s newly generated datasets support
ctenophores sister, including 127766at33208 as expected (5). Ctenophores sister is also favored by older datasets (5). Using
unresolved trees was clearly a poor methodological choice.

 SK’s conclusions are not supported by robust methodologies. Available data continue to support Ctenophora as the sister
group to other Metazoa.

 

References and Notes

1.         J. L. Steenwyk, N. King, Integrative phylogenomics positions sponges at the root of the animal tree. Science 390, 751–
756 (2025).

2.         X.-X. Shen, J. L. Steenwyk, A. Rokas, Dissecting incongruence between concatenation- and quartet-based approaches
in phylogenomic data. Syst. Biol. 70, 997–1014 (2021).

3.         J. L. Steenwyk, Data for: integrative phylogenomics positions sponges at the root of the animal tree. FigShare, (2025):
https://doi.org/10.6084/M9.FIGSHARE.28229990.

4.         M. S. Springer, J. Gatesy, The gene tree delusion. Mol. Phylogen. Evol. 94, 1–33 (2016).

5.         N. V. Whelan, Data for: "Integrative Phylogenomics" integrates sources of error. GitHub,  (2025):
https://doi.org/10.5281/zenodo.17885519.

Acknowledgments: J. Steenwyk provided clarification about SK’s methods and data. Thank you to X. Shen for helpful
discussion.
view less

Recommended articles from TrendMD

Retrograde Tracing
Science, 2007

The Genome of the Ctenophore Mnemiopsis leidyi and Its Implications for Cell
Type Evolution
Joseph F. Ryan, Science, 2013

A rooted phylogeny resolves early bacterial evolution
Gareth A. Coleman, Science, 2021

Profiling cellular diversity in sponges informs animal cell type and nervous sys-
tem evolution
by European Molecular Biology Laboratory, Science, 2021

Illuminating the first bacteria
Laura A. Katz, Science, 2021

Fungal taxonomy: current status and research agendas for the interdisciplinary
and globalisation era

Li-Wei Zhou & Tom W. May, Mycology, 2023

Mechanical properties of root-soil composite in tree-covered landslide area
based on field prototype test

LIN Yun-zhao JIAN Wen-bin LAI Zeng-rong ZHONG Xin ZHANG Jun-yi XIA
Chang, Rock and Soil Mechanics, 2024

Time Integration of Tree Tensor Networks

Gianluca Ceruti, SIAM Journal on Numerical Analysis, 2021

Survey and Review

Fadil Santosa, SIAM Review, 2007

Balanced-Replication Algorithms for Distribution Trees

Edith Cohen, SIAM Journal on Computing, 2006

Powered by

PD
F

https://rev.trendmd.com/open/a4MrYLLkwZdS5IL2BpFIrcZRfkO7KvkbKJOBLfwuHx2U4COTiYaLu4d-NWDn1MBMypEdPGDkJlWCTWBe7yWXPetAbxhYgRgD0cIZteylRAXz4a2Ij3pgnkYkZbePU_UK8o1xNvwTN88OLS4IStkx3c8iS7JXQHMQaoQs4NuQ4DN2TNObZlBe0C1COvJEvJdi_E7fPlgw5suAbFdf-9o6OWS8c_ZeRC-SazCDl3Ynk47DsMAM2jq9tKjcyAp-DuAto2fTpzWc7FRpNpIYaTWQbpmhdUIVOcguAm33LikC5s3J9_K8w0ANHuCExNdg9HXZLhjnNRJCbZz0vWU7dditjT5SsbIQEjXFgKU0YBxfTkdtEzEh0SuTbEra7XlU-3LVBBWc8S_RTTk1E7h_GXAdjw8dYAInvqdg7mHuVcV4BcnabO2jhigZmQ4QQkLWw2xaeoKRkBIpZFGl3gusWZqB3Z9UsfmxJqvvYMnwufNTLhWWztH6Z9CUXEwP4PZXA-2sIk6NtS3STXWsIf8ySimpVfGq46ECoECLjOsA6NDTiopIOapf8K3NebvcjNRolSSSrSS6fkV7_e3wgX_KoJx9gN9olQ2TzryNu3wpYMU5rffsiorSWv_VoJ_HsKf3PQMJoCEaWyx2sFisPmhWx0pvFtleIzVtsYR0sagsda23-OYzhTbdBQDrT3MxLadZgtDQm_iv9Yt5rADsjOOmLq3UrWOE3fqyf18TkuotPu2WhdRKehqlgbozBxnxsSRdy3XvX1zLA2Ip5L6qiuXuUEjmWYcLXs08QfPQxXFRtnBL0MjxhDmV6P8D_qWoFdB_qQMY0rVdDomG-N65SQrwAetAd6if5CgV7ZV835KgY_T5CYvyE4x6Y6UsFK84p4zxXgeJmefYBulpydZ7Dp1RFfUdnD5SVa4JRYPVLsOFBHh3rzlY-CCzU5JIlLLorARsV7R_FdVV6r-HSuBPULDI_gnalFnW95_eFbjMtuqWnoXsIBZSmBL1kGeQw7il_U-lC1lFVvp4NbmwdGJiLjP2VDrziWaR4sW9plR6nEg0YvTxZt6GOFcvcyDrFO7jo2logHVO4xgqmASVg8-Z2poeoMJ-EBLuBzJ9iyWiUp8_Aq8FTXBHso90TAn5SgPOVZ74ZzWX9P9zk-8m0_h_1J2V6rlq_LLXwT5kaSwyDJMEigoAFUxdEWhXvEkQuY_jSovXST7a3fJBuBoCk82eF4NycL4xvDS5DIZY1nF1uTAJVcWYODRDlKDzjPkWyJo7KSiLkmnHpSypwuoBvUKId4HdqFcLhftrC6nnFaWQH4bj6SL_L7GHu3HQLeTfcyoqg4Nw-4Lhwh4_kClxmmp5kAxtPOQylyfBUZ3kqDWoQgjA0B2hG1NNlYvuEzt6XxMrKO1JCLMcmWPeX7aMYSIhw3FEtTjUQoeSV_oOICyE6PkgTskZM_3KCID2ewaq3ANtHYF7OonqZgsPxHZ2fKuQObQLsaQGmoGloQej0HJREnBsgXtnTNuUJXyleieOg9H0hUSD_5SKNIU
https://rev.trendmd.com/open/RhvAqhG8gOJ2lpmXuZXx-Qi7ltHkvADgrOHT4N1nRSsnRdh3VcN6cbdYr_Xy9inYJaf2SUSQxP7W5hN2QCVjC6FDp3sZGo7fSWamrqBUcQQ8-JJsiFFtcCVDaQZB3h6208RulceAtZLow8AY02B8khNu35IpgAE47NWi3hCNOgQ2AJu6vtVFiJ1uqpo_u2P0uHGR9JoP7yTGJCwB9mkHFSA8DJdWUZDlMzWDlFN_jDTR6ADEoegq2lZWx6dJDqEUsINOG3Nq2YIN-rHLoQAHBo0KG2702z33MrZxcxDf8DuhRlot__LcLaPzfe-K7aUWu7bN7wuFRuv0qNkBpOob0CXDfrX4mH7TjT_suFsK_FV9Rn4xetgWCIDzAQY9j3ZfyVT8wiCKMwXB_JXfXTTO9DbPpPlQx_Jz7HlONuKIVp9TuRTQHCQmwFpQ39c1EYIcfLM74QYX2vIUeWBUL8DjDQPZnyTuFXV6jwRc0ZXqStQISJscUClxeZOkMCPQ3eQZr4SWXijjugyghLIiZYJrzrKFmRKmcToGogr3NFvOjbn81IChDeTv1bEn4QlywB0M3YhO49_mRImxs_uMiR2dBXgJXKcskoSanbm-BEyQmZIFmLm_jDfNqYCorCWWP7seoWvv17f6YXajjSSI_CUNnK4Ed1s2LJ_V4xjWJ5-M9LkKrhj5C6n6X1lgCbTRpFHklMxz0id69DAu4gk04km9K-cGaRmss7MOrnU0hzgD9KV_x0p8mg7RPr2ftNdpQgsyXJpcgsqKcD1mw2FzXqgQNLcPNWOZ7yL2GEpymEIc5MzzSv8UkmHr7bP5KOKdbrxCJLd4zpRmRsDzEm4Edlun-AZdwTagynNmYAFqOL_lexxRr8Dd7DLSVdZ8aeleDKgvSTQk_3cqns0jIM9oP9rz7uHgBlJXKmS--5pAkq1714vGk3rzelex_CfKlgSlxDf2-q2LTVXwt3mmE_cX2q-fuKNiTW8bRxcGknf5upUYNxHxWDxSEIoeB5lecQoLtacd09sLpUcZWjLdiOG7HYlbSU_xzRqeunhGnl_Wfaf7e9_w0-kpMs77HdWV75MA0scfCtarWOvAk45ToEomZI6LWB110M514mhfk0fmX-z91NyPegc2ltQIRPwXrrQzbwtQmX6JXwQNC7diU3Hx4UqWVLNuqRs3UiuYmG_--ae0JPYe7o4AOGGmTl0faVXjNSZ0uDeSy9jvgv9CmfWU3iXDsQgqikzUkCji6zXQBdUUaF66xMSpwbSACMmAFxY2OsDPzYsfBXUGs6wW-Lt6klrq7RoYaeJwUB4vg5sbU7HldVXtC1lgv_JaepWqwalE_baS7e_wTImn_THHpaUjhW2LPchawPG4D7vCCmOd94hqbXBx-a7Bg2nLqRNMWOoeLft2S3jfS8CVWZoSKbeyYU81MBT4wEMCE0QXpgNckB0auLsPxzl81fT8-goZuZURiSMw_t8dbZFgLAuix4LtjiL0B6L7HiZPzsYDRIb61aPJ4PTCiUEM1M_njGrJwg
https://rev.trendmd.com/open/TCj3Wg2Ii4N9s66srawLK6haewz7EQ0ehYW1fmU9QiuMipF8_ed39nKmJj98PhIdynTrnlYDlTVKlqS0vm4h3HHJ77VmQq8F8Igw8LVznwLAeouUjEuuKIvXH5imcRVDU0kqJxrnUhv616WaeNTAkTpaJlWAfCV09w3GFRf_v7gREcWYSXfPA9fyJsTxsewAOoplb66XClUB55Od-IYLyPSTrc3bq21jcpBR6DG_dvOIf-soN53GA9vnP0jD0cBeyxycYSlCdf2aAKKxjqxDahM7ynxlgcaOmglPY6WjDUWtnlPsKR8LZqJDT5-v4OdCto3GgrGDYWCGhUTdgshBu-XZA9-Kgjh6E7oU-LVmBzQfwYcJaZfjjFDqYXECjp-XUoS0tOD0veRAlQ6L-07QkWu-jGo6oc8-nmt3nTj5gHakPpZdyKDMpzN_pQ8v2b1MWNDcqvYsDsyDr81Jm464c1hLKUKDhNDipPW5GY5EPEANoB_fVp88MqjDWEQgiapQlEN9ZBD_v-ZVNISXCpPI-0YdeCvDSyXw87Fn1rAKxF_slqpc1BZXBGrkcK0qu4HPTy49S2WEB9M5NHmVqpCXo5EcB72VW0GoBaxEM49PYazVpqqGDzzEHj6RRKeHfyvyew1_cJuPtvb4fNWV0aiM73IMuVVfyY0hCwmw860P8sOO39h7TmXCZfFF-S6-yAq2qkAW2QBUKxlruFwAni5GbwYvh60mTFHOFYHz-pScaPnQtwdKkCjHBsGWJU3f6QVYnpGlFOezAOFyM6Vx9z_OghS138X7aUwFnLEqOITMjCIvGQBGEVqE53u8rT0x_dNnKs0hAHEbv8utuhWX0O1KNaIkJv8UUCCC0E2e9aks83pPVoLQ2xJSlZNbGTQ30BTWN-sfTztPfySuGGin55xGrGCe047d1I_5F24DIF0FniSojx6ieO0rwST5nDRgWjeT-1lCsdsU6QrgWwMAnA5vHpOGWUs6WzYS-FxuT-JwuxJiuHaoeQR7-_-jVJfPNHJsYPN6Ytf73HdUdBFgjifZoN1DzUOE8dIKdhN3M9x_abDgXlyPgmk7MZEABeeNe0KuaYtwluSzkwyVTFlJhJ73nSVGBhUowPykg8u0-0jOaW6p3tExb78ulEikhut6ZRhUfbkEEEFZVuYgd0TfEFSh5KyX_J0oece7p0Qmp0RewrKozHltiaSpMPIEnYo_ERQT5I51IlkHK7kIMj0q-hbOOKepHBQrDGpSwcZgERslx9U2oiMmm3wXcjPZwRo8NsDYiiPd5wBRFjxAU54hL2UFJxzaWlIiXHU5HqtHVW4x64LhWHpUmfVxQCwvttFm3t2J8ha_UFqKmIHNs7doCli-y1hScJW1RqMCoWXxh0-a_EUMDVfpc7ltKiH1ZVZ6Dw5MkszlSqM-sWgCFev_buzCBAxBa82bLhrnnKt7qhaQ4qC7bzlaHAEpsTV5WnHj5JPNtxNiGdVpwZbfC8o6VBzY4tFkWW540pVOE7isvag5h1zV85PkVo_0ldfa1JZdDGE0iaG1eOTWK4ZXhHvxZaX8g8BWMcXgI6gUpCNRnAj-Xn-XNVulBayDiOyKIEuD9pA3ec4_iAor7yNoT1s9QC8gd4nvszLYBmAdx2jR3CYU7pol_BJcOPhnROlLU9SBYZOoONYoeu1XYIN6jo_CWFt-
https://rev.trendmd.com/open/pESvLXarloysmOTregXxSSe4G4mV9FH_xB8YHxgDZxL6okmivjVBIsKM4sXc4QB0AKbXhQ0tZe_nTC3GNUIknCS-DkQZZyPZQxFwQRCyjNY214rsi0z_mJWLzqSyjgTMfueAbTfxw7ZpZ0KnE9c0GCED_sZe0Z0NSmiJcSAi0yyCS-IfhDGi50HtbeK6zBh48uy8BiXlVwCQvaPDh-E517euY5ZpEZc-Jp4S-S9GLMyTWzrPi4Hk5_JbgkdyGslmwoAv8Imv5Gv-WSh4mfdCy3nngv8m4f5v76gmxxwfWifPWKstba8taMB8myBcXUTsw_noDBi0ZCzU_j_yqGWJLtHGV1TeaUivbasTU5Av6Fs1VrbJvbz_uERByiaKGGpm2scj7gw59S3yH_kPW4c5DCDB5y8F9ww0EuqAgVOrbFZZTTL-6a1ic3ea4qnIfSGm2jTdswg1a7tdiJjmle-LdqsGyBNUK62WPRKVMGLRI-uWLyyYzvjdpAE1ePWDxQXfn4pDVwrH3J-V8EX-_iDM3NLvhYxXM6slq_RXqJH-zCt9lUMg3YhI-kFOrc_7M4T2-fxaLa2-K_CnTl8ULm8Hoo6NaNl4b4fCc0I_W--_VqXfETwUdUoBKAGQH6HT1ljvrTKldn0rtJfBh7R4WZ0Z6RrDppMpiItLj3ROI-Fusi5UlWdJRca7G_PPWgPRsG8BAc796Ga72FJZChMMJYXMvD3Yf3t3eje7tS9mqex-OSzeQEJ3kCuCPkDNCkl6zsTHdb6QRamHzD_ZjL_a4fvVVDq48gNjCONO04xnsVu5fi7WhEJKxNKaKLkZLYbgIwDSTeV-lp-ehOE2FrU8g4euvSxtLBfDlTyzNr5VRFVUb7z9ZieNSfyub685LAaag03wJtP8iLu71SlLwTdSjBDx5uTkFXSxITF9rQmDmOlTYicAzjBMlrTWSpm5V3TcG3kaQaexYnjBHWE4-6dSDVJk6Xjqa2MnqP5BfeMCd-B745xsdRNTGnqpyojSDd5u3uOD_QAg1IeUp0mmaoA4PwoRZ98zEn7jt0MFwcFcrtZBC_ur45RkcTNsrcY_GbJMpKfr1gZgMEbNkWngtRK-dgT2aS8IukIUCK96p6DvDRuZlfnBBRjFCw4oKe7oM2LGpmVjNRtAd0dsnvONGYiiZsKKGXxMmNEawO9d6qMrQrNdM3E9_pF1-IMMDejRNVarSjkVjt5N3yXiGE4uCHMbGX1BtNUaS-7Tun3VsivmNCtd3oRR2j8Sc36KrGq1q4y8K3ujCYz1YO8ReL9zrWFEnZydjsZpsfzwYlnbySeQV2x74_Or5iq483lU0-jFuIA6thKGHZm30x53yHbeVA8_Gde2rO3Zgni_HdI5TLA6EajH1kDzW1t5716UnLL5eY32wYVUyiWAcrL2Lj2kVcTcGt8P92DUAs-3B8En3-TU6RcSXALwoZykoDCaaCrtFmpCqHrzAyerZfNgyMA37ZYo_AkA5kF32T6LvUARMSLNEfUDUAzfKO0EimdaTiAkEQ
https://rev.trendmd.com/open/GE5Zgd5hZ2AFN6CcoLR8aa8h57VXMCOeMAF6lrlfrNZ1m-Uv6nFvEUKhPZOXn210trztJUB9bGypum5LzI2guj1Q3YxQ8UD58fxDXE6Fe5sf_8yxom-PV_17Bo8jMGKI_mtOO-glLKhhjDh70ImvtX39tC1mKdN_RlmYWEv14hnspmMyTDsJkDHRl9QjfKgKQ_OxTa_WCg09buwGREiosgu4xImCg-_ujq3hKX5k7IPHe0JgwGxXsW0U3HeN3d23aSvoZoLbWTGxJX_-OpKt2OsqXOafLaxwWTcW6-FJf83Db89WgvdMhvkUVpTAhAv6HvkKwgmq3BXtVWUd_b5bW1nRUzSlR0x2Hz2s10vbM9Ojs343QkRkt-yA1uPDA6l0Qzi3YOnUAj32f5PLdeVTBc3Z8-FBOxu62o6W9WqTemYX3iAPO33MaWWGsq6IJHWt2vGAgg0TtvGiEqn1xqSsy1LbFFB0KTlwa2C3njfe_pdSTjyeNDqGkwf4M_axrucCCFo2OHFURIFv9HuHCLXwuis0a7yxwIZbHcOF-r8j0MlkLpHfhmLSYaQpmnV_izem2PD1kCQkJODsq7arBJskwFtZQ-eJtUz6TF_jTbzKdb3miaqWkzWBqhoCj8rT26AUnWO7zwZP64BmsXONLELUFGOkeoyWSLykuzVRVG2AUwsPXPt3BbyIBb8xmzEhVq8hRtXEPoMVnrqr9Z0U1pMi7vtjnC6Ps0m8wIpMHpyrStfBmarosrc43vzkfShGVUTBgpydNpqUCnZKPDc-OrHCAX5IPwKsVfnYMLyUMhwA3PB_ukrwlfFDW9VKGrv7aRCd4R7gGV3ehooUO95hgFc-3VmUgfZEJOURvweSKb95YilZU8mvv6Kx_zLc34uETHNGfRNSqyi5QrootiS9NWdGWFGrNgHTiAsR-II-OV_Ph5-L7sPBaCuvH0NWrSNxCk50qtl9KBLpu0fMVYx3rewfo-oD3FnhJTKJGiSwbX-42PmLQCzAEaZGIwQj5UFcIelR8UBa4_1JI2yFdeRjNlT4XkSOPYqEDlMEp-E33cXDJ_0rX-GSyja97VmOvJGqweuEtkbbKCX1uBQsfm3Aj2URj5wgHPHvQ3ngIea-F1j_Y7aGabNr9sYst2MwirHOi00itLWUBtvkfBILokqitGQaTCF9ihLHDEGGufMmWJ1qRrvyRjcm3U5Hclu-iz27d-pUpVrCtNFiQEUPQJ8OItku1k66uvQtBDuWmduD-_tL6NEoOibDY5QP_ji2wVnGQb5V8wH_ER55lGzOedJLzm58gsLZ8empEmZ0N3Gcu_IpidYLrdTjpW2Urp-D51NCJ5MgpA1r3zm4Jdmqhh8BoqqnA39NebfCn0JplZwGyyspzwfy2gbRA9UPrStsSsljyUy28AlX-qF4a-yKJba8ke82LMrbpfq0pl1DE6Cm5rX6BfkQJbIMzovQuUkod1HIyRuJFQ7CcogQBymjbulZqUu_G1VaqrYQc-vR4fmnZcjsTSlkUsEO3ApDejGaGw
https://rev.trendmd.com/open/lWvgQSm45bfxMj--t4zRJiRVyzrVSz7sT9jqr4cL_EKb5xrPlo0wJX2oDruVqZODeu-IhRh6BeNl22nr4ovpOqjenpdGUjjAACQTJdDSC5UOAxGItpeD0cqBc0aWE2cD7BR8FaTNkYLXDhfznkusrRYV4ACfZwB7nr_0TdhGcSvGV5lrsZ6F-B-pA23b4ApCemgUpPBgczmoCJftrpMf1gW06Tpci0ZTPETtXDEqVEcmbTutDP20KV_c0W4aZB0UIOZZLKzZDl65az9ummZc3xBEFVed82n2hmGxtHhzYt06NsREsG0265J9Y_oFWKXAfyAdY3DkzqQ-s5TCLajuKvRX_D08XKL6aijq0A2Zx5FkToH9NRDzqJG3WT8yJZHQCmd9ovrwsFSYIKNwAhbmPH7Y41QU1vatsA5qSPCXFLXpaWy52SSl6GvTYZ-bqkJUYxF3M0c8_kNAsBEGxOQazgXx_RZ-5T-norqQXygQ8HQkpg_JBC18TTajq3YigeX5MnVzxLA84JhpO0wNoOh9_FfZMSPh6ahsDtFiyNxRWRzHjZ_WC-J41OGoTAarr9fmzp9-2_ogtAYY4qr6ESbo1YvL-IM1eHg5EeBHRBtsbHElqXv6EwCL9EHNLtRqT0z8rjmEG5yhWbJBiW5-5kwgaovdOo50IOQFNiDERMnOyUjRaoGQ_ioiMgKz4P9d0v7zdWUhm3kL0QUDPJ9iftlXgNcjm0EUOSAbc5W02OHHk6cUQ7Hqvou2_-Q0-3a8KVmUWr_ycAb6HBefas0X7snDHPG4RjP96x78aHnTt24wLCZ3e5Z-0l-JS_1_6Ng6aI1860w4r-bYFb1DermzPWvFoHOXq693xQnYfbRk-k2HjHp_jxvbo-Q6KAsHoBGIdIdhQabWVsnmrmH7_W0lOQ0pZLCsvkOeq2T03k4a2vVbe_b1gYzcYynZpfeBzbxm40U9QmGSigaYptg9tPWm0ecOWz0nsYkYyXLku6hBfjGKsIRvp3bcQS1EUnwRC_Jih-WmnI0qOCYD36yL_6kEN2d4SoK3Nk_kWxqaadxKJ9lzDJ1zuXz_3pQkIWhO3PcDcDLI5LqM_k0BVZCQyvk46YlIzQmmBaW6dW7Vdc0UicpGXd996ys3gZ5T2P3xgC8SCsq9ScHJe70F9nA64xYxC9M9CUTYQ8bkUg9DkMWmmdYvjBIUGrfwWHgA-JZAUgKedSZmUPp8t7b8R5zFnTf334FIvCY7fXf3tV4KFNU2Am8eEilDl4HLSA1etws6ZhGuODenY2yeOsl1J8NIwifjzMZKrFFh8BT96FSjCboWQ04YggEX9DBZh78_o37eP5Vd8_B4h3_pack1C7-ZgpOtgF1L51GWgq-xxWGuCn97qHl647-XNlxXHSpu9LX4svKRxXADf29bBHoyRz5GiQofXlgBj-yGWxpxH05I6w8oNoM5Y4kuVC3950R9X9w2fIUcpjW3T3HIjLMyyMRvgHygEDgayn54awz-zdSmmfXe08YUjrxQreST
https://rev.trendmd.com/open/jzH5VHJvWtDTG5_8p5Y-XeHBBzE4c2GdV84zDPR9iiUzAZqlGylk3-9ka3Uu0eHbSVrTyW_N5hQo_gPI9ZfmcDm_TqQfd23iLPMUHT4GjFq5rPVPHLxTkKHPjgdUKkJd825geSbHSJeoEzVDe8Cn9AETmmk2lQDEtket9AGIAoj378mhQgZDUJyY112ruvphm4p2x1HS4iMh8w6VcFt_EEGJiLSQwaF1TwImdmLddrFLDmQbQW_1QQvY1CCCQwcfiw08V6Pe60EwIksp8pIZBO8VHO9bPAqWkvuw0nmA3g9PnXuqYc2KS9WuvpSv360U8Um0LDZhguIFQR0k6zBj3o7ivCFyVWsvDPZltdIdS13ibw0JD2e4ehoQNkiAO8mBElpPmpj1LgW5CKdLpdBUNPWB0abX6YxVNeVo0cyZtnwceM6sfDWhOd279pNmhSM0L9oFtohlCcCtxmUhQtIN7qgMJrHlO09sEAgfuHvz4lvS7a-6ePP4s7zKuT9Rig2Nq31xLTnVKy1IAZ6JMWxe21hj3Nbj7Xihuvd6U555HP2kcGazfEnB-uaSShECOBNM_ox4L-ZKWnG7Ww_H0-XMpLplnmuPSJPRHt8KV8Yv-Vavs1GfQGBFhck3MdAnMgA4-ftfs1DeZ0hebqzWveezKiGuD1qi3Afw_XoJjHLDs8oFSFAFwxiTEwSDd3fRJHB-D7mB-wX0APVIpDnk_D42wyk14tfnt4ak-G1V9ObYGZogtZOJfeWPL6SI5dzPEz-K2n1wo34OPRhgjoxJfDZvGQQ6JJ-BlnT9JZ0gphdqn7Y8yu7bN0pEWuaZyid4nsQEP0uIVKO1WAsM34wsvTBje0NdXbm19wx4kv4dU_i_Yl8W02l4iUxczcKBGzZDYm2s9bBM8gGjIbzKciTRNSZC7OGuNm-KPDy429E0DF28f4ZmP7H3L_Q3OVTSiNg7B60CBi72R3k6usgzknOYaQsJDEItg0fyOg0WGpHc8ig7FisNcicweKAk496Z6X6QE8MAWlvlEw2IfyZ2ckmSe1p9dloYrOR1xYK7AhvicEfA1wQSv3X1ers6XzPAhDwVvmtga3P8efXRpkY6oVP1fFHLyF908N04I0EiCfj25MkXVfU1C9_jSCLPl-fLfWNgHUbk2rtJBJEOK55WCvPzq_jL5kI_dz6xqumDb-4qcB8ycBO_xhr_F3c3aZp8zyQvfWvXIMV0oE1AOX7YNjZ__kQi-kkTEX30xvKaeI_eYZka185mm6nODioqtIFb56kGXqCt6BOSNR2AmG2tHURx1MSdbaxdLdm1IM1x6g9HbN3zumDbvx5AiVmiD7NUj85n5VO2HxG8sxN3iZsWebJYAWLR0K3-HEbPc6CoKM26KPy4gXrFmkCsWkVIESvsUGzuoyFwYcPDYx5C3wNstF_kP_n3Cw9Ey3FlrT9uKUbGi3p-KEE
https://rev.trendmd.com/open/kdkjBhVUTthF_aa56kas7pmPUazoMz1b1n9VZc3gs8oOj7rThYdX98Op6SElzNxHvXEvxxnhpfqAzhT2maDzFaoibqJYiEPLOR8L4ktz_lakS4KuVsAYd4EHdsCefc0MERO3gWp8PppSS53vpxkU7M3lXr2GIjyfLgWGerR1k9oL5FeYfh_aTDZnrwIBHatJtkjESrlPBlx8133wOPcs8UZMxKwz3JAbRVow5eHPPd0Vr_0HFQ3NAyPzLPkpghycj2EeGHZ7RcbEytU1_zvR5jlv0SvkoJm5t8MFRwJgOZuxrB7AAyc7OReHe6snTD4PHKNy3qJLnNIOi7N0WLdD9p4TSMmIwvGFpgaY9uIjL_9zoVN7uhn2-EiSrbp0N7qMP6p-M7BLnVrFr1pix3NPCSpnV0Dwrj1kgpOEHuyJn4YIFUj_aUoN1dVGVX4BU1PvVf194K7YDZhDkOwRJ5zkNGhVaA9aUeAfcf3h6mYi0fz4HRfwN2E8Xf6oAooCT_ib0Kx_OH9x3uOSTxn-957jt4gTLk5oVjjs0hPuKGwxKzcrf3UOdwX0p8KADz51_mGyf7dUAiZwTT8rGRU7iJsQctbOaVxwt6z3kqSvK2HeUJmeBRWEtvXjllBbowLSWXwyismV_3Fd9v0s4_6YxC5mTVMMoW_g1IoBt4sjs2bds-ziRy_5qhlOHszC-Ope1EjaL2z69wGC1jNVCIVnH2FWh3lE0RV2uj6LYO0MvCP7x0IUXe4rYjIrCMwHWG5HvrI_QK7rX_61gZ20SmSn6s-Czlo2IsPLCFqSbjl_2TjvgQfulBC3CN7Yt-F5Bt71zv5o4ZiwAj0ONF3TzOOygfUIBxlb2v8-hXJFJTmMMLCAHvbCjb0yj224zu1T56YQW6Id_cL5wqftmgzh_WbhAlpype_32YGg8H27aztdlHxQlmeqJyaHogSS_QvcmvMraJIZNLk-AsYhNoRJVg7yJi9G7MHEFtsUVOJ3Wx7W_1iJFuAd8Jnjw-YFgIUl80xriraQrPMIhoOPrbGjx1ZilGL9wMQMFOu3wyuEXMlu_Q2HChTQyTgwIyqdjhKSpekvgoXHl8HST145hR9JzeVgk6qHkoI1RwLL4ZlBeSfn6JBhq7Bj7uL7gCQ_ONnwNG37vsyuvWgsgF3VlZv1G1zgi7q5t4kGS1RFzJbbkXsmf9RYZe2R83eEWQ2koB09MUs1RJUof4DVcD0feRsAzLC78Nz527s7tr4lzVIaNI15mP44kZ-mOomxnOvezw6XeQtB2dH1V6jNOrBYENawBTTpIxe6r7CMBaAENQ0ez2HIgBbHxBpv3ElmhmTVRlBX9sfITmdpMVg8kGx5my7bLCpHMEMTbdItEEWmgYkH4hiBLHB7s6xrvv2zUKEgsyi8PrlbQKRtnc_u6XYtYQ1iGJkHvwyKxa5EGQ
https://rev.trendmd.com/open/MbtKHYnEVF4TnRYrXbGx00Y586UDxapW_8sgdvP8DnnHyZqSJGBsT5REyfc1bs2nrZO03NziLDxB7TfIV2lM5sSGAa2dJ0YExoG0xuNVv_GNziSPQyLTIQrOvWgDSyxjChxKKipoViQTjjaiIJ9hgHp45t6t7z4Pjzz8kkAAh3tve_oauqwT7CRolFl0SSy8-Gokl-Wr9j1rYeh0ZAw7KAgJfuKwTmS6HoPZbLPhYS5mZsjtau_6s6QtdF8oyRwTngPAqqfYhyXjrirA5xlxW1vdCgx4ymE2OoqLoGmLk7Og5zJA1TUkHPDWZIXAiSk9Z_pP7Ip8BUOX6iR3DKuNaekh2HEebNudUzqoFQlE1FgqLZ-2f1Q_rlSBtL4PLtX50zGvwIQwr_FU1d766_b32Tr0YwIiHVQ0RlUwoCB2Pe96QOKnkjawteInnMgDdu8W5yEu4eA7-v6WcGBmO9cb6J96IPCQR74zlIgM8xopEc0Z_XHnNCRKTggGWi8r8aXIGxdpF0u8TIgnW9rSSKyW5XQ93wzW_iN0Yjc4Wt99uerSw_osI_UwZb3P3Puu0YyvuqkL8n2NRy_KDzLKF67VBDEnLMEVE2Uk3ZsdV6M-AexDnWsD5qNr1gJlBJG8XQTSckI6ii77RkgR-zZTYcpo6mw-_StrUvQkDcaUoxDmsuEyOMmz_IVR6HSrskYnOh2wXJeJEWqVuv1Ym6l482QtIYirTBJcnXnP6jDBeJSmPF84VhhzCxwYJ8U5Dzov0Le8qEoaId0B_wETX_xAL9Itkx6WfNvaEIBbw1yzVPzHk8i5ZpF10Bf6F-5gEn09QKmLPjl2gOi13TfVLmXUhgVzaNYOhudD5PdZlp6VMv8982fm-nJN0GK27HFJZbUjQuMl3Xkm4dCeUyb5jFnnyZTw-Evt7O3DfdYHnLUKfODoX_xtyYqc-phYHp1aTWjsyM-oCgBPyACTWOJuqTifw7gAr-HgIlAcEfdIrpEz2EcsnDglQ9FkgG7pNcmjaXa-pbFx73EA0goho2gVjae1VHgiRl966L9LQP2E00O0gf_Is5nRJHBS1Qjrk6IC3-01opm2OHSMl_9KzCpkUyiXfDr58R2_2HAfgCn24cGyj9mFntg9NTmAYIA5L_PXC5AWolfLdW47AFZKTdCShV3dT97w_w8VI8rqOVLGpzu69QqZrDvrc2Fj3ipMFl5TlKlq6JgxM0DH8p7lyvEJgrxir5IeRG_WBQeIMC7DzzcwQW0xsLs5b3eTvVBN9oFRhpoeMxxkZjNf_gB7hdlocpOadBziz96NgWrbvYGqt1JwpLZlMpvodX7mwWaYrryZ1eFUUOitQ3fz2BIX7HakmPRdq4XiXnICs8l869GouYW2FdTV45IGk-mRjVt7jTcst85nvi6fKasPL3V13cYSbMNnrhbVy1s1jPda1o5UHLPswULXL-jXz8WYtEBOWqLCPw
https://rev.trendmd.com/open/wG_rNKPDMu1ApFqvviRxNzfL4rVmbG0tcK948KsWzR3XcHtHbvpwtyeTXwKDSK9vW1Md44kO6hSAQVckF0BtY1WBVMimXybJoiSSeAbP1DLe6Btq4zyrDzfRdtyXVnM_klffvFlq8ILt210N3ZIN5bvy1aezyXohA18oJFVrwXQUeqTpNj149jWQyQN5xaOrnu6YTI1a2Or7ZTEsiFmwklJoijBYTMgF8m72vct6fQlUzbGRHoGJO68x0GbNe0AUJtC7S3Q4rDd4d9T5JQxvZb0L1wwgnV1sU2xnriT5J-SqQCwlR2a3RtR8ZiAZ_iEJvhyDzTsAbYHdujpDjFHpegAEgRGRrM9thsz8HP9xMwF9CWYGVRjp64lW7x7lHP9m6a91hKAgB7R6eDiC1jdFP6jj7-I7TWlY6la_UK4nFWcgrYdyslLorvVjEBKCtckE1duEmKja24j8kxNije1xP_VOEyWM4xCfVqqzHegG-Iagh_VI9cdGMeRgHrD8Ejo3knwRIqZYETBYE-weSg3wQrFd6ZXkRialqTldW2L4jH_lpHKC4UIUj5FcGdAunJTwLZ_8kY3-spQ4f204WlLyNG-eziKTQkxNdoo1_pj1irBjQXYYI_f31bO19NO7-J9pyP6dCdbk94hlmDFnxGCuB2PuFQh-D5nkrrHMa1G8_eEV3kS0cw8HHpgt7qsslb4pzyQ1QwMRsHia7nLGI62Ce0cEn1deqN4EuNTnKnrlVAATT0kyNsPiJoE4GCH-kULWXCK_w7y-9h-gVNOAwIqcKDDc-s6jhr_zlyWWqzTUDD33X8wMZXNR0yjnQH8yB596pAVa_5d4PG1w2KjumnzOWxU5dKRK5zKzhg8Rnhr_5GdujvXQ5qGAbP3J7KWLpDU5ZMIQkPkdIwSWkNVLCYpKs7II-7wRMitfIYoZEl_sUEq-0O8wFJQnwlJJlqCOQumHPI1iyZ7cbNCtw2ryrBmuYmeoxExTqDiJwa0f-gDPv1iC8ULHQ2_rUlGz8Kacv_QiT046HGgK-LrD8K_mF-eUeuO8RQ6G3eS_wQrmTuzuDJvcOMTP-kXmTiacIVzQdhtq5GCozsm1gVN1F9gIAgAFcjs_0lcdCs1f5X3FMPRsg-i5xEGxMjniUiIkpG5CKaaxgTpw27Xpyu--4dVJf7rjL_E0mD_n9TeMCqFb8e9iT4cl-aMcJwSeY4_DdDn5-nkWp3_zxy9Yc0iwk1A-9uEHwCPmSIJpBZksNtYcKyNs3kIwE57tDEtsm6jg5gx9XObSjxzkt31RgysemeAVbHEb4AxLXoxYspArx3YC-sahHp8rq-LWXy2aiZZhjaZy9zOg2PPiA6gvhx_gWULAftVrfp6vchA2mmBO29jr23QEG3_hn5nZWSDIobCLnt-RwsIk4G1FJIcY5Wo-pSDKjy_QcE3KScFX6IMGaiY
https://www.trendmd.com/how-it-works-readers
https://scholar.google.com/scholar_url?url=https://www.science.org/doi/pdf/10.1126/science.adw9456&hl=en&sa=T&oi=ucasa&ct=ufr&ei=SZpgaf7AIqC16rQPm4fPgQQ&scisig=ALhkC2QU7pG7Qh4vIiA6KEOCF6yu
https://scholar.google.com/scholar/help.html#access



