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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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correlations were calculated on normalized values using Pingouin (v 0.4.0) Python package with a one-step Bonferroni correction. t-SNE (T-
distributed Stochastic Neighbor Embedding) was used to visualize the biosynthetic gene transcription patterns in ordinance space with the
sklearn (v 0.23.2) manifold module used with the following parameters: 'angle': 0.5, 'early_exaggeration': 12.0, 'init': 'random', 'learning_rate':
200.0, 'method': 'barnes_hut', 'metric': 'euclidean', 'min_grad_norm': 1e-07, 'n_components': 2, 'n_iter': 3000, 'n_iter_without_progress':
300, 'perplexity': 40, 'random_state': None, 'verbose': 1.

Raw data of the long- and short-read biocrust metagenomes can be accessed on the IMG/M website (Submission ID 241874) or on the NCBI website (BioProject:
PRJNA691698). The raw metatranscriptomic data are publicly-available through the JGI GOLD portal (sequence project IDs 1010318 – 1022409).

Long- and short-read metagenomes were generated from biological soil crust material (biocrust) that had been in storage for ~2
months.

An early-stage biological soil crust was aseptically collected from Moab, UT, USA in a petri dish. It was a representative sample of the
type of biocrust in this region within the Green Butte Site (38°42’54.1’’N, 109°41’27.0’’W).

No sample sizes were determined as a single sample was used. This study was initially designed to develop long-read sequencing
technologies on a complex environmental sample. However, the sample also forms part of larger sampling strategy for long-term
ecological investigation in this area. As part of the associated study investigating community composition (bacteria and viruses) of
biocrust, we collected 28 biocrust samples split equally among distinct stages of biocrust complexity (i.e. following a maturity
gradient). These included replicates for early-stage biocrust, early-mid stage, late-mid stage and late-stage biocrust.

Describe the data collection procedure, including who recorded the data and how.

Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for 
these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which 
the data are taken

If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, 
indicating whether exclusion criteria were pre-established.

Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to 
repeat the experiment failed OR state that all attempts to repeat the experiment were successful.

Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were 
controlled. If this is not relevant to your study, explain why.

Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why 
blinding was not relevant to your study.




