Supplemental File 1. Cnidarian Mitochondrial Phylogeny Methods, Results and Discussion
Methods
Mitochondrial Data Acquisition and Recovery
Mitogenomic data were obtained from a combination of public repositories and de novo assemblies. Specifically, nucleotide sequences of 23 previously published cnidarian mitochondrial genomes were retrieved from GenBank (Table S2). For additional taxa where mitogenome data were unavailable, we downloaded corresponding genomic Sequencing Read Archive (SRA) datasets and performed de novo assembly using GetOrganelle (v1.7.7.1) (1). To ensure consistent gene boundary prediction across all samples, every mitochondrial genome, both published and newly assembled, was uniformly re-annotated using MitoFinder (v1.4.2) (2). From the standardized annotations, we extracted the nucleotide sequences of 13 protein-coding genes and two ribosomal RNA (rRNA) genes. The protein-coding genes were retained as nucleotide sequences rather than translated into protein sequences for the phylogenetic analysis. Open Reading Frames were manually checked in Geneious Prime (v2026.1). These genes included ATP synthase F0 subunit 6 and 8 (atp6 and atp8), cytochrome b (cob), cytochrome c oxidase subunits I–III (cox1–3), NADH dehydrogenase subunits 1–6 and 4L (nad1–6 and nad4L), and the large and small ribosomal RNA subunits (16S rrnL and 12S rrnS).
Sequence Alignment and Dataset Construction
The 13 nucleotide sequences of mitochondrial genes (atp8, atp6, cox1, cox2, cox3, cob, nad1, nad2, nad3, nad4, nad4L, nad5, nad6) and 2 ribosomal RNA genes (rrnL and rrnS) were aligned separately using MAFFT v1.5.0 with the L-INS-i algorithm (3) in Geneious Prime (v2026.1). Alignment trimming was performed using Gblocks (4), with gaps allowed for all positions and a flanking position conservation threshold of 85% of the total number of sequences. To determine the best-fitting evolutionary models for each gene partition, we used ModelTest-NG 3 (v0.1.7) (5). The resulting individual gene alignments were then concatenated into a single partitioned matrix for phylogeny reconstruction. The final concatenated matrix utilized for phylogenetic inference consisted of 374 nucleotide sequences across 27 mitochondrial genomic datasets including 25 medusozoan ingroup datasets and 2 outgroup datasets. After accounting for the inclusion of two distinct Hydra vulgaris strains, the dataset represents 24 unique medusozoan species. Phylogenetic reconstruction performed using the anthozoan Nematostella vectensis and the poriferan Haliclona simulans as outgroup taxa. H. simulans was pruned from (Fig 1A), which is rooted using N. vectensis alone; the full analysis including both outgroups is provided in Figure S2.
Newly assembled mitogenomes and phylogenetic relationships in Medusozoa
To augment the available molecular data for Medusozoa, we assembled mitochondrial genomes from publicly available Sequence Read Archive (SRA) datasets for species where no complete mitogenome was previously published. This effort yielded two novel, linear mitochondrial genomes: one from the hydrozoan Bougainvillia muscus and another from the staurozoan Calvadosia cruxmelitensis.  We additionally extracted additional gene markers from Hydra vulgaris (strain AEP) (ATP synthase subunits atp6, atp8; cytochrome c oxidase subunits cox1, cox2, cox3; cytochrome b cytb; NADH dehydrogenase subunits nd1–nd6, nd4L; and ribosomal RNA genes rrnL, rrnS) and Chironex yamaguchii (atp6, atp8, cox2, cox3, nd1, nd3, nd4, nd4L), expanding taxon sampling beyond currently published datasets. The assembly and structure of these genomes are detailed in Figure S1. These new data fill important taxonomic gaps, particularly within the understudied Staurozoa.
Results
Using these newly assembled mitogenomes and some extracted from our species of interest, we reconstructed a phylogeny to resolve the inter-class relationships within Medusozoa. Our analysis included an ingroup dataset of 25 mitochondrial genomes, selected to represent all four medusozoan classes Hydrozoa, Scyphozoa, Cubozoa, and Staurozoa with an anthozoan and poriferan used as the outgroup (Table S2). Our phylogenetic inference (Fig S2) recovered a topology that supports the monophyly of each class, consistent with prior mitochondrial-based studies (6,7). However, it also reveals a distinct hypothesis for inter-class relationships. Contrary to the prevailing phylogenomic framework that groups Cubozoa and Scyphozoa as sister classes with Staurozoa as their sister group (7), or  Staurozoa as sister to anthozoa (8), our mitochondrial phylogeny recovered Staurozoa as the sister lineage to Cubozoa. This relationship was strongly supported by the placement of the newly assembled mitogenome of Calvadosia cruxmelitensis, which, together with the published mitogenome of Haliclystus octoradiatus, forms a staurozoan clade that is sister to Cubozoa (represented here by Morbakka virulenta and Chironex yamaguchii). We also recovered Scyphozoa as sister to Hydrozoa consisent with recente mitochondrial phylogenies (9). This result suggests that mitochondrial genomic data may retain a divergent phylogenetic signal regarding the relationships among Scyphozoa, Cubozoa, and Staurozoa, underscoring the need for further investigation into the evolutionary history of these lineages. 
Discussion
Our mitogenome phylogenetic analysis served to clarify relationships and contribute newly constructed mitogenomes in underrepresented classes. This result is particularly notable given that Staurozoa has historically been underrepresented in genomic datasets, limiting resolution of its evolutionary placement. By incorporating mitogenomic data that improve representation of this lineage, our analysis offers new insights into its position within Medusozoa. The Staurozoa-Cubozoa sister relationship recovered here finds an interesting parallel in recent morphological and taxonomic revisions. Work reorganizing Rhopaliophora (Scyphozoa, Cubozoa and Staurozoa) based on early life cycle characters (10,11) has proposed reclassification of both Cubozoa and Staurozoa as suborders within Scyphozoa: Cubomedusae and Stauromedusae. While our data do not support a single, expanded Scyphozoa clade, they echo the proposed close evolutionary link between Staurozoa and Cubozoa suggested by shared developmental traits. The congruence between our mitochondrial signal and this independent phenotypic hypothesis underscores the need to integrate diverse data such as robust genomic markers from nuclear and mitochondrial genetic compartments, as well as life history traits to resolve deep medusozoan relationships. 
However, the phylogenetic position of Staurozoa remains contentious. A large-scale mitochondrial study of 266 cnidarian genomes recovered a contrasting topology, placing Staurozoa closer to Anthozoa (8). Importantly, their sampling, like earlier mitochondrial-based studies (7) included only a single staurozoan genus (Haliclystus), whereas our dataset incorporates two staurozoan genera (Haliclystus and Calvadosia), improving lineage representation within the group. This difference in sampling breadth likely contributes to the conflicting topologies: our Medusozoan-focused phylogeny captures finer-scale relationships that may be diluted in broader, phylum-level analysis. Our mitochondrial phylogeny demonstrate that increasing genomic representation in historically understudied lineages like Staurozoa holds promise for improving cnidarian phylogenetic resolution. At present, Hydrozoa is overrepresented in available genomic datasets, and our findings underscore the critical need to prioritize genome sampling from undersampled clades to achieve broader phylogenetic resolution.
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