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Supplemental Figure S1. Ping pong signature of Nematostella piRNAs. Nematostella piRNAs exhibit a ping-pong signature. (A) Nematostella clustered piRNAs across all developmental stages have a frequent 10 nucleotides (nt) overlap with respect to their 5’ ends. (B) Proportions of piRNAs exhibiting a 10 nt overlap which target either mRNAs or transposable elements. (C) Sense and antisense reads exhibit a reciprocal 1U-10A motif with respect to the direction of the putative target, also when considering piRNAs which target mRNAs. The y-axis represents the information content in bits.
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Supplemental Figure S2. Interspecies comparison of small RNA types. Per-library content of small RNA types visualized in counts (top) and frequency (bottom), as annotated in the respective genomes. Small RNAs that did not map to other non-coding RNA features in the respective genomes were considered “piRNAs” and this group was used for interspecies comparisons. Mappings of small RNAs were further grouped into piRNA clusters. These groups of high-confidence piRNAs were used for tracking the enrichment of piRNAs across development. Note that since the detection of piRNA clusters requires manually defined species-specific parameters, these were not considered as analogous subsets with which to perform interspecies comparisons. Therefore, Nematostella developmental patterns were analyzed using clustered piRNAs whereas interspecies comparisons were performed using all piRNAs, clustered and non-clustered.
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Supplemental Figure S3. Phylogenetic relationship of Nematostella PIWI proteins including NvExPiwi1. Phylogenetic tree of full sequences of metazoan PIWI proteins. Maximum likelihood was calculated with the LG model (+I, +G, +F). Bootstrap support values above 50% appear next to the respective node. Bayesian analysis was performed by the WAG model. Posterior probabilities (PP) are indicated by green (PP = 1), blue (0.95 ≤ PP < 1.0) or red (0.68 ≤ PP < 0.95) asterisks. Species abbreviations: Porifera (sponges): Aqu, Amphimedon queenslandica; Efl, Ephydatia fluviatilis; Ctenophora (comb jellies): Pba, Pleurobrachia bachei (sea gooseberry); Cnidaria: Ami, Acropora millepora (staghorn coral); Apa, Aiptasia pallida (brown anemone); Aau, Aurelia aurita (moon jelly); Che; Clytia hemisphaerica; Hvu; Hydra vulgaris (fresh water polyp); Nbi, Nanomia bijuga; Nve, Nematostella vectensis (starlet sea anemone); Pca, Podocoryne carnea. Lophotrochozoa: Lgi, Lottia gigantea (owl limpet); Vli, Villosa lienosa (little spectaclecase); Ecdysozoa: Bmo, Bombyx mori (silkworm); Dme, Drosophila melanogaster (fruit fly); Ptr, Portunus trituberculatus (horse crab). Vertebrata: Hsa, Homo sapiens (human); Dre, Danio rerio (zebrafish); Mmu, Mus musculus (mouse).
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Supplemental Figure S4. Absolut transcript reads of piRNA pathway components. Temporal expression patterns of piRNA pathway components during different developmental stages (A) and in different body parts of adult animals (B). Investigated stages include unfertilized egg (UE), blastula (BL), gastrula (GA), two days old (early) planula (2d), four days old (late) planula (4d), 6 days old metamorphosing planula (6d), 10 days old primary polyp (10d), two and four months old polyp (2m, 4m). Different body parts contain tentacles (T), pharynx (Pha), mesenteries (M) and physa (Phy). 
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Supplemental Figure S5. Putative germline stem cells in the epithelium surrounding the gonad. Piwi1-positive (A) and Piwi2-positive cells (B) in the tissue surrounding the gonad (indicated by an arrowhead). These are of much smaller size than the stained oocytes and may represent oogonia, the female germline stem cells. Scale bars indicate 100 µm. 
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Supplemental Figure S6. Specificity of Vasa2A and Vasa2B antibodies. Vasa2A and Vasa2B are custom antibodies designed against two different epitopes of the Nematostella Vasa2 protein. The two antibodies recognize the same proteins of approximately 60 and 70 kDa (A, E) in Western blot on protein extracts of physa (Phy), mesenteries (M) and pharynx (Pha) of an adult female as well as in the whole female (whole). Vasa2 is strongest expressed in mesenteries. In tentacles, Vasa2 expression is barely noticeable. Vasa2A and Vasa2B stain the same subcellular structures, perinuclear granules, throughout the entire embryo in immunostaining (B, C, D, F, G, H). C, D and G, H are details of B and F, respectively. White: Vasa2; red: DAPI. Scale bars in B and F represent 50 µm, in C and G 30 µm. 
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Supplemental Figure S7. DAPI staining of oocyte. Vasa2 is expressed in distinct foci throughout the oocyte (A). The nucleus of the oocyte shows a weak DAPI staining (B; strong increase of gain was necessary). White: Vasa2, red: DAPI. Scale bar represents 30 µm. 
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Supplemental Figure S8. Heat map showing relative expression of dual-stranded piRNA clusters across developmental stages.
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Supplemental Figure S9. Ping pong signature of Nematostella piRNAs across developmental stages. Nematostella piRNAs exhibit a ping-pong signature in all developmental stages. (A) Proportions of piRNAs exhibiting a 10 nt overlap which target either mRNAs or transposable elements. (B) Nematostella clustered piRNAs across all developmental stages exhibit a reciprocal 1U-10A motif with little variation. The y-axis represents information content in bits.
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Supplemental Figure S10. Differential expression of piRNAs within a single piRNA cluster. Clusters of piRNAs exhibit a similar coverage pattern for most regions, however for many others the enrichment levels diverge between developmental stages. In this cluster, (A) is an example of a peak that is found primarily in adults and primary polyps, whereas (C) and (D) peak during the primary polyp stage. (B) shows a mid-developmental bias. Other peaks show a relatively low variance.
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Supplemental Figure S11. Groups of piRNAs by developmental enrichment profiles. Groups of Nematostella piRNAs enriched for targeting TEs have distinct enrichment profiles during development. The number of associated piRNA loci contributing to the respective groups is depicted with an “n”. Shown are all 11 groups of piRNA enrichment profiles, including the ones described in Figure 7A.



Table Legends

Supplemental Table S1. Accession numbers of proteins used in the phylogenetic analyses. 

Supplemental Table S2. Small RNA libraries used in this study.

Supplemental Table S3. Command line options used for analyses carried out in this study (referenced in Materials and Methods).

Supplemental Table S4. Counts of filtered and associated reads from all small RNA libraries.

Supplemental Table S5. Counts of differentially expressed Nematostella piRNAs between all pairs of developmental stages, as determined by DESeq2 (Love, Huber, and Anders 2014), with at least a 2-fold change in mean enrichment.

Supplemental Table S6. Degradome-supported targets of Nematostella piRNAs that carry known genomic features. Repeat orientation and targeted region are listed on the putative targeted strand, that is, the piRNA aligned antisense to a repeat if its orientation is listed as “repeat_sense” and antisense to a gene if the “Targeted Region” column contains “cds”, “3utr” or “5utr” (referring to overlap to the open reading frame, the 3’ UTR and the 5’ UTR, respectively). Associated reads refer to the total number of piRNA reads associated with the target. 
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