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Metatranscriptomics

Total RNA was extracted from frozen, RNAlater preserved sample using the NucleoBond
RNA Soil kit (Macherey-Nagel, Duren, Germany); cleanup and DNase treatment by RNA
Clean & Concentrator (Zymo Research, Irvine, CA, USA). Then, total RNA was subjected
to amplification and cDNA synthesis using the Ovation RNA-Seq System V2 (TECAN,
Redwood City, CA, USA). Double stranded cDNA was fragmented using Covaris E210
system with the target size of 300bp. Libraries were constructed by Ovation Ultralow
System V2 (TECAN) following the manufacturer's protocol. Ampure XP beads (Beckman
Coulter, Brea, CA, USA) were used for final library purification. Library quality was
analyzed on a 2200 TapeStation System with Agilent High Sensitivity DNA 1000
ScreenTape System (Agilent Technologies, Santa Clara, CA, USA). Resulting libraries
were subjected to paired-end lllumina sequencing (NovaSeq 6000, PE150; lllumina, San
Diego, CA, USA) to an average depth of 39.8 million raw reads per library.

MetaT assemblies were generated using a modified RNAseq Annotation Pipeline [1]. Raw
reads were adapter- and quality-trimmed using fastp v0.23.2 trimmomatic option [2, 3].
Read quality was assessed by FastQC v0.12.1
[https://www.bioinformatics.babraham.ac.uk/projects/fastqc]. rRNA-matched trimmed
were further filtered out using BBduk (https://jgi.doe.gov/data-and-tools/software-
tools/bbtools/; rDNA databases PR2 v4.12.0, RFAM v14.1, SILVA v138). Transcriptomes
were assembled using MEGAHIT v1.2.9 [4] and SPAdes v3.15.5 (rnaSPAdes mode) [5],
then combined at 95% sequence identity using linclust of mmseqgs2 release 14 (--min-

seqg-id 0.95 -c 0.8 --cov-mode 1 --cluster-mode 2) [6]. Open reading frames (ORFs) were
determined and translated by GeneMarkS v5.1 [7] followed by annotation against
common protein domain databases Pfam v37.0, PANTHER v18.0, TIGRFAM v15.0,
KEGG v29-10-2024, and EggNOG v5 using a combination of tools (diamond v2.1.9,
eggNOG-mapper v2.1.10, Interproscan v5.69-101.0, kofamscan v1.3.0 [8-12]. Lineage
Probability Index (LPI) was calculated from top 100 diamond blastp hits by dividing the
sum of probabilities of each taxonomic term by the normalization factor corresponding to
its taxonomic level in the lineage and choosing the term with the highest index [13]. ORF
read counts were obtained by Bowtie2 v2.5.0 (--local mode, otherwise as default) [14].
Normalization was performed by the TMM method of edgeR v4.6.3 [15]. Statistical


https://jgi.doe.gov/data-and-tools/software-tools/bbtools/
https://jgi.doe.gov/data-and-tools/software-tools/bbtools/

significance of differential expression was assessed by Wilcoxon rank sum test with

Benjamini-Hochberg adjustment for multiple testing (p-adj level 0.05).

Haplotype maps were generated using V4 ASVs and publicly available reference data.
Briefly, for each ASV, 20 best hits were searched using blastn [16] in PR2 database v5.0.0
[17] max e-value 1e-5. MAFFT v7.490 [18] default parameters was employed to align the
ASVs with these references. Phylogenies were inferred using the HKY85 matrix in PhyML
v3.3.20180621 [19] with no bootstrapping to remove chimeric and divergent sequences.
Endemic ASVs were then defined based on an abundance threshold (250% reads in
Blood Falls samples); ASVs not meeting this threshold were considered cosmopolitan
(see popart-preparation.py). POpART v1.7 [20] was used to assess haplotype networks
using Median Joining with epsilon set to 0. The input files contained log-transformed

abundance for each ASV to enable weighted haplotype maps.
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