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The viral sequence data used for Figure 1 are publicly available on the JGI website [https://img.jgi.doe.gov/cgi-bin/vr/main.cgi] with no use restriction according to
the JGI data policy. The atomic coordinates and structure factors for the protein structures have been submitted to the Protein Data Bank as follows: V-Csn apo1,
PDB code 7TVL [http://doi.org/10.2210/pdb7TVL/pdb]; V-Csn apo2, 7TVM [http://doi.org/10.2210/pdb7TVM/pdb]; V-Csn-D148N, 7TVN [http://doi.org/10.2210/
pdb7TVM/pdb]; V-Csn-E157Q, 7TVO [http://doi.org/10.2210/pdb7TVO/pdb]; V-Csn-E157Q chitohexaose complex, 7TVP [http://doi.org/10.2210/pdb7TVP/pdb]. The
wwPDB X-ray structure validation reports are included as Supplementary Fig. 3. The supplementary information file contains three supplementary figures
(Supplementary Fig. 1, 2 and 3) and one supplementary table (Supplementary Table 1). The source data underlying Figures 2a and 2c are provided as Source Data
files.
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We screened AMGs that potentially encode chitosanase enzymes from a public database and expressed one showing endo-
chitosanase activity (V-Csn). V-Csn was crystalized and structurally characterized at ultra-high resolution, thus representing the first
structure of a soil viral AMG product. These findings support the hypothesis that soil viruses contribute auxiliary functions to their
hosts. Soil viral chitosanase AMG products that assist chitin decomposition may therefore play a previously unrecognized role in soil
carbon cycling.

Viral contigs that carried GH75 chitosanase AMGs were retrieved from the Integrated Microbial Genomes and Virome (IMG/VR)
database (v3.0). A total of 142 qualified GH75 chitosanase-like AMGs were identified from viral contigs with lengths ranging from 8 to
202 kb.

We screened AMGs that potentially encode chitosanase enzymes from the Integrated Microbial Genomes and Virome (IMG/VR)
database (v3.0, https://img.jgi.doe.gov/cgi-bin/vr/main.cgi). IMG/VR is the latest and largest public viral database including more
than two million well-curated viral sequences identified from global metagenomes and sequenced from viral isolates. The database is
sufficient for us to detect soil viruses that carry chitosanase AMGs.

The viral sequence data were extracted from the Integrated Microbial Genomes and Virome (IMG/VR) database (v3.0, https://
img.jgi.doe.gov/cgi-bin/vr/main.cgi) by Ruonan Wu and David Paez-Espino and downloaded onto the High-Performance Computing
Cluster at PNNL.

We accessed the Integrated Microbial Genomes and Virome (IMG/VR) database (v3.0) in Feb, 2021 to collect the viral sequence data.
IMG/VR (v3) is currently the latest version. All the viral sequences with chitosanase AMGs, regardless of the habitats, were included
and thus selection on spatial scale was not applied in this study.

We excluded the data that had use-restriction according to the JGI data policy.




