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16S rRNA gene cloning and sequencing methods and results

Preliminary cloning and sequencing of 16S rRNA genes were conducted in 2016 on one Radiospongilla crateriformis collected (July 15, 2016) from the Watauga River (36.255353 N -81.850502 W), just downstream from where the rest of the sampling was conducted for this study in 2017. DNA was extracted using CTAB as described for the 2017 sponges in the main text and the V4 region of the 16S rRNA gene was amplified using the original forward and modified reverse earth microbiome primers (515f: GTGCCAGCMGCCGCGGTAA, 806r: GGACTACHVGGGTWTCTAAT; Caporaso et al., 2011). The thermal cycler protocol included an initial denaturation step at 94°C for 30 s, then 30 cycles of 98°C for 10 s, 50°C for 1 min, and 68°C for 1 min, followed by extension at 68°C for 5 min and hold at 4°C. The PCR setup included: Hot start Taq 2X Master Mix (New England BioLabs, Ipswich, MA, USA) following the manufacturer protocol for 50 µl volume reaction: 1 µl of 10 µM each primer, 25 ng of DNA, and nuclease-free water to 50 µl. The PCR product was cloned with Escherichia coli using 10-beta competent cell kit and pMiniT vector, which includes growth media (New England Biolabs, Ipswitch, MA, USA). Ten clones were selected for plasmid DNA extraction (PureYield Plasmid Miniprep system, Promega, Madison, WI, USA) and Sanger sequencing at Eurofins Genomics (Louisville, KY, USA) using the forward plasmid primer T7 (5’ -TAATACGACTCACTATAGGG). Sequencing results were analyzed as described in the main text.
Of the ten clones sequenced, three were most similar to the 16S rRNA gene of freshwater sponge mitochondria, and seven were similar to those of other uncultured bacteria. One sequence yielded similarity to the 16S rRNA gene of bacteria in the sponge, Lubomirskia baicalensis, of Lake Baikal (top seven BLAST matches) and this sequence was deposited in NCBI (accession PP930792). This percent identity of the sequence from R. crateriformis to those isolates from L. baicalensis (> 96% and 95% coverage) were higher than any free-living freshwater bacterial isolates from the United States (second highest similarity was 95% identity and 96% coverage to a Bacteroidetes isolate (HQ663172.1) from Lake Mendota, WI, USA). 


Sponge Identification by Taxonomic Marker Gene Analysis

Sponge sample DNA was also used to amplify two sponge genes, the cytochrome oxidase 1 gene (COI) and the 18S rRNA with the internal transcribed spacer region (ITS) for taxonomic identification. For the COI gene, the primers LCO1490 (5'-GGTCAACAATCATAAAGATATTGG-3') and HC2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') were used to amplify a 708 bp region of the COI gene (Folmer et al., 1994). For 18S rRNA and ITS, the forward primer FW13 (5’-TACACACCGCCCGTCGCTACTA-3’) and reverse primer 1278 (5’-CTYYGACGTGCCTTTCCAGGT-3’) were used to amplify a region that includes the 3’ end of the 18S rRNA, ITS1, 5.8S rRNA, and 5’ end of 28S rRNA, yielding a 1060 bp product (Itskovich et al., 2008). PCR protocol followed the published protocols for the thermal cycler (Folmer et al., 1994; Itskovich et al., 2008). The PCR setup for both primer sets included: Hot start Taq 2X Master Mix (New England BioLabs, Ipswich, MA, USA) following the manufacturer protocol for 50 µl volume reaction: 1 µl of 10 µM each primer, 25 ng of DNA, and nuclease-free water to 50 µl. A portion (10 µl) of the resulting PCRs were used in gel electrophoresis (1% gel) to confirm the DNA band of the correct size. If a band of the expected size was present, these PCRs, along with the forward primer for each primer set, were sent to Eurofins Genomics for Sanger sequencing. The resulting chromatograms were viewed and manually inspected with 4Peaks v1.8 software (https://nucleobytes.com/4peaks/). The corresponding DNA sequences were saved as fasta files and were used with the search tool BLAST (Altschul et al., 1990) to compare against the NCBI non-redundant (nr) nucleotide database.




































Supplementary Figures
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Figure S1. Subset of spicule and sponge images. Oxea megascleres and gemmulosceres of Radiospongilla crateriformis (A-C), oxea megasclere and gemmoscleres of Trochospongilla horrida (D), oxea megascleres and two gemmosclere types of Eunapius fragilis (E,F), oxea megascleres of putative R. crateriformis from the Watauga River (G), and example live sponge images of sampled specimens (H-L). Sample identification by site and/or number are shown for each image. NE = New River, HA = hatchery, JF = Jacob Fork River, WA = Watauga River.
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Figure S2. Rarefaction (A) and alpha diversity (B) of 16S rRNA gene sequencing of freshwater sponges and corresponding water samples. Sponge and water samples were sequenced to saturation (A). The vertical line marks the sample with the lowest number of reads. Shannon and inverse Simpson diversity metrics were used to examine alpha diversity in sponge and water samples, colors correspond to sample location (B). 
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Figure S3. Temperature data for cranberry creek (36.5697, -81.327), located near New River State Park, where the New River sponges were sampled each month July through September. Temperature data were obtained from the New River Conservancy (https://www.newriverconservancy.org/wqhome). The blue bars denote the year of sampling for the current study and temperature for other years are provided for context.
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Figure S4. Heatmaps of the “top 100” ASVs for the taxonomic classes of Bacteroidetes (Bacteroidota) and Alphaproteobacteria (Proteobacteria). The orange markers denote taxa listed in Table 3.
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Figure S5. Inorganic nutrients from the New River (NR) and Jacob Fork River (JF) sites in 2017 and 2018. Average with standard deviation shown for samples with multiple replicates. Note difference in y-axis for each nutrient.
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