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Section 1. RNA preparation, sequencing, and Sequence Availability

We included an additional 18 tissue samples (Supplementary Table 3) collected in July
of 2015 from Lake Memphremagog in Hospital Cove (HC, n=5 N and n=9 T, Blazer et
al. 2020) and Ticklenaked Pond (TP, n=4 N). These samples were interrogated for
transcriptomics. Tissues collected for RNA work were placed in RNAlater®
(ThermoFisher Scientific, Waltham, MA) and stored frozen. RNA extraction from skin
tissue was done at EESC as described in Iwanowicz et al. (lwanowicz et al., 2022).

Total RNA samples, from the 2015 fish, were quantified using an Agilent Bioanalyzer
2100 (Agilent, Santa Clara, CA) followed by poly-A enrichment and sequence library
construction using the lllumina TruSeq stranded mRNA kit (lllumina, San Diego, CA).
Libraries were paired end sequenced (2 x 150 bp) on a lllumina HiSeq 4000 instrument
at the University of Maryland School of Medicine, Institute for Genome Sciences.

Raw short read RNA sequence data for the 2015 Ticklenaked Pond and Lake
Memphremagog samples are available on NCBI (BioProjects PRINA1284832 and
PRJNA1284812; SRA Accessions: SRR34320463 - SRR34320479, SRR34328784 -
SRR36648244, and PV874414.1 and GCA_051624135.1).

Section 2. DNA Sequencing Results and Sequence Availability

2.1 DNA Short Read Sequencing Summary

We generated over 5.1 billion paired end reads for the 8 reference samples collected in
2022 from Lake Champlain, the Connecticut River, and Lake Bomoseen, the 2024
Hermon Pond, Maine samples, and the 2025 Village Pond, New Hampshire samples
(Supplementary Tables 1-2 and 4). The mean number of paired-end reads was 465.2 M
and the median was 553.2 M. The minimum number of paired-end reads for a sample
was 75 M and the maximum number of paired-end reads per sample was 732.6 M.

We generated over 11.9 billion paired end reads for 112 tissue samples collected from
Lake Memphremagog in 2019 and 2023 (Supplementary Tables 1-2 and 4). The mean
number of paired-end reads was 106.8 M and the median was 99.75 M. The minimum
number of paired-end reads for a sample was 45.6 M and the maximum number of
paired-end reads per sample was 221.6 M.

Raw short read DNA sequence data for the reference and Lake Memphremagog
samples are available on NCBI (BioProjects PRINA1284832 and PRJNA1284812; SRA
Accessions: SRR34320463 - SRR34320479, SRR34328784 - SRR36648244, and
PV874414.1 and GCA_051624135.1).


https://www.zotero.org/google-docs/?VEYoEy

2.2 DNA Long Read Sequencing Summary

We generated over 326.83 Gbp for the eight reference samples (Supplementary Tables
1-2 and 5). The mean number was 40.85 Gbp and the median was 28.3 Gbp. The
minimum number of bp for a sample was 18.59 Gbp and the maximum number of bp for
a sample was 128.25 Gbp.

We generated over 1,309.65 Gbp for 26 tissue samples collected from Lake
Memphremagog in 2023 (Supplementary Tables 1-2 and 5). The mean number was
50.37 Gbp and the median was 45.0 Gbp. The minimum number of bp for a sample was
26.88 Gbp and the maximum number of bp for a sample was 138.85 Gbp.

Raw long read DNA sequence data for the reference and Lake Memphremagog
samples are available on NCBI (BioProjects PRINA1284832 and PRJNA1284812; SRA
Accessions: SRR34320463 - SRR34320479, SRR34328784 - SRR36648244, and
PV874414.1 and GCA_051624135.1).

Section 3. Mitochondrial Genome Assembly and Annotation

The mitochondrial genome of HL4 is 16,513 bp, which is consistent with the builds of
existing mitochondrial genomes deposited in NCBI (e.g. NC_042499.1, and
MF621733.1). The mitochondrial genome build had a base coverage of 644.4x and
kmer coverage 200.6x. This mitochondrial build can be found with the following NCBI
identifier (PV874414.1).

Section 4. Nuclear Genome Assembly and Annotation

4.1 Nuclear Genome Assembly Results

The draft nuclear genome of HL4 is 852,833,594 bp in length with a GC content of
39.91 and an N50 of 8,448,107 bp. The long-read coverage of the genomes is 72x and
the short-read coverage is 162x. The genome consists of 2469 scaffolds, where 90% of
the genome is represented by 141 scaffolds with the largest being 25,653 Kbp. A draft
assembly and annotation of HL4 can be found in NCBI (PRJNA1284889,
GCA_051624135.1).

4.2 Nuclear Genome Annotation Results

Based on the BUSCO version 5.4.7 actinopterygii database (Manni et al., 2021) the HL4
genome contains 97.3% complete BUSCOs (95.7% of the expected complete and
single copy BUSCOs, 1.5% of the BUSCOs are complete but duplicated), 0.7% of the
BUSCOs are fragmented, and 2.1% of the BUSCOs are missing. The draft genome,


https://www.zotero.org/google-docs/?363N5b

annotated by EGAPXx (https://github.com/ncbi/egapx, v0.4.1-alpha) contains 26,650
genes, and 43,693 mRNA transcripts.

Section 5. Mitochondrial Phasing of RNA sequence samples

We phased mitochondria from RNA sequences. These samples did not have paired
healthy and lesion tissue samples. In some cases the allele frequency for a variant site
was within 45-65% of the total reads for that site making it difficult to assign SNVs to
host or tumor mitochondria. We left these samples out of the maximum likelihood tree of
phased mitochondrial but included them in the neighbor joining tree of mitochondrial
genotypes.

Section 6. Nuclear Analyses of differentially shared SNVs based on two methods:
GATK’s HaplotypeCaller and Mutect2

We used a somatic variant caller, Mutect2, to validate our tumor-specific results on a
smaller dataset of 6 paired tumor and normal tissues with the greatest sequencing
depth. We found a larger number of tumor-specific SNVs using GATK’s HaplotypeCaller
(n= 907,715 tumor-specific SNV sites) than (Mutect2 n=609,745 tumor-specific SNV
sites, however they had a comparable distribution of variant sharing across fish tumor
samples. The analysis of 6 fish produced more shared SNVs (using either method) than
the analysis of the 16 paired tumor and normal tissues. This was largely due to
increased read depth which minimized the filtering of SNVs; more sites had at least 10x
coverage in 90% of the samples.

Nuclear genomic DNA was analyzed for single nucleotide variants and the variant allele
frequency in tumors summarized (Supplementary Table 6). In addition, Pearson's
correlations statistics for normalized copy number variation between all combinations of
paired tumor tissue (Supplementary Tables 7 and 8) and between all combinations of
paired normal tissue (Supplementary Table 9) are summarized and reported.

Section 7. Screening for Microorganisms in Tissue Samples

7.1 Methods

We looked for evidence of microorganisms (bacteria, fungi, viruses) in fish tissues. This
was done by taking the tissue sample DNA and RNA sequences that did not map to the
HL4 reference genomes and assembling partial and complete genomes from those
reads. We used the nextflow (Di Tommaso et al., 2017) workflow nf-core/mag (Ewels et
al., 2020; Krakau et al., 2022) to generate assemblies (SPAdes and MEGAHIT) (Li et
al., 2016; Nurk et al., 2017) and run classification of mobile genetic elements (virus and
plasmid) using geNomad on assembled contigs (Camargo et al., 2023) and
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classification of prokaryotic and eukaryotic organisms on sequencing reads with
Kraken2 (Wood et al., 2019).

Kraken2 data were imported into R using phyloseq (McMurdie & Holmes, 2013). We
explored differential abundance of taxa between tumor and normal samples for each
dataset (RNA or DNA) using DESeq2 (Love et al., 2014). To remove false positives, we
filtered out organisms with less than 50 counts across the data set, and that were
present in fewer than a quarter of the sample subset prior to running the analysis.

7.2 Viral Results

We identified viruses from 10 Classes of viruses (Supplementary Table 10). The vast
majority were viruses of prokaryotes and were widely distributed across samples (J.).
We did not find any viruses specific to tumor samples. We did recover a Calicivirus
previously identified in the RNA of vt02_05 (normal skin samples) and also found it in
vt02_23 (a tumor skin sample) (lwanowicz et al., 2022).

Of the viruses found in our fish samples, the majority were viruses of prokaryotes. We
identified three viral lineages that are known to infect animals, and two that generally
infect Eukaryotes. Of the Viruses of Animals, a member of Amarillovirales was found in
a single tumor tissue, a member of Blubervirales was found in a single normal tissue,
and a member of Orthopolintovirales was found in a single normal tissue. Of the viruses
of Eukaryotes, a member of the Picornavirales (see the comment above) was found in a
single tumor and a single normal tissue. A member of the Ortervirales was found in four
normal tissues.

7.3 Cellular Organism Results

Kraken2 identified 1,933 unique genera across samples. Most had few reads across
samples (77% had < 10 total reads). Only 84 (4%) genera were identified at least half of
the samples. We subset the data four ways and ran differential abundance analysis
between groups (Supplementary Table 11); DNA from paired tumor and normal tissue,
all DNA normal vs tumor samples, DNA tumor vs RNA tumor, and RNA normal vs RNA
tumor tissue. We found the only genera that increased in abundance in DNA tumors
relative to DNA paired normal samples and all DNA normal samples was Homo (as in
human or Homo sapiens). There were no differences in genera abundances between
the healthy and tumor RNA skin samples. Between the RNA and DNA tumor data sets,
we found that the genera Homo and Bradyrhizobium were more abundant in the DNA
dataset and the genera Cupriavidus and Streptomyces were more abundant in the RNA
dataset.
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