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Sample size

Data exclusions
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Randomization

The ultra-deep metaproteomics datasets were deposited to the ProteomeXchange Consortium (http://www.proteomexchange.org) via the PRIDE partner repository
with the dataset identifier PXD027297. Database search outputs from the SISPROT (Zhang et al., 2017), RapidAIM (Li et al., 2020b), Berberine (Li et al., 2020a) and
IBD (Zhang, Deeke, et al., 2018) studies have been previously deposited to the ProteomeXchange Consortium with the dataset identifiers PXD005619, PXD012724,
PXD015934 and PXD007819, respectively. The four metagenomic datasets matching the ultra-deep metaproteomics datasets were obtained from the previous
MetaPro-IQ study (Zhang et al., 2016), accessible from the NCBI sequence read archive (SRA) under the accession of SRP068619. Proteomics dataset of the cultured
singles strain samples (Wang et al., 2022) has been previously deposited to the ProteomeXchange Consortium with the dataset identifier PXD037923. Source data
are provided with this paper.

For the ultra-deep metaproteomics analysis, intestinal aspirates samples were previously taken from the ascending colons of
four individuals under 18 years of age and scheduled to undergo diagnostic colonoscopy (Zhang et al., 2016). In this study, we
re-analyzed preserved aliquots of those samples using our ultra-deep approach to generate deep proteomic content
network. Three were female donors and one was a male donor.

See above. More detailed metadata about the research subjects are provided in Supplementary Table S1.

Eligible subjects were under 18 years of age and scheduled to undergo diagnostic colonoscopy.

The sample collection was approved by the Research Ethics Board of the Children’s Hospital of Eastern Ontario (CHEO),
Ottawa, ON, Canada. Written informed consent form was obtained from their parents. The study complies with all relevant
ethical regulations for research with human participants.

This study includes a new ultra-deep metaproteomics dataset and four datasets from previously published works. (1) the ultra-deep
metaproteomics analysis has a sample size of four (4 x 12 fractions = 48 raw files). The sample size of four is sufficient because here we aim to
examine the network topology of individual microbiomes, and we did not aim to perform statistical analysis to compare between individuals/
groups. We show that the network topology in one individual microbiome can be reproduced in the other three microbiomes; (2) The SISPROT
dataset (Zhang et al., 2017) has a sample size of 9; (3) The RapidAIM dataset (Li et al., 2020b) has a sample size of 219; (4) The Berberine
dataset (Li et al., 2020a) has a sample size of 124; (5) The IBD dataset (Zhang, Deeke, et al., 2018) has a sample size of 176.

No data was excluded from this study.

(1) the ultra-deep metaproteomics analysis has four biological replicates (four individual microbiomes), the replication successfully captured
network topologies of different individual microbiomes; For other datasets obtained from literatures: (2) The SISPROT dataset has four
biological replicates, and 2-3 technical replicates for each individual; (3) The RapidAIM dataset has five biological replicates for each drug
treatment and control; (4) The Berberine dataset has seven biological replicates for each treatment and control; (5) The IBD dataset has 25
CD, 22 UC, and 24 non-IBD control subjects, providing biological replicates for each disease type/control group.

For studying the network topology contribution to FR_p, four different randomization strategies were used to generate null networks. Each
randomization was performed 10 times to demonstrate the reproducibility of the results. Randomization is not applicable to other part of

the study since datasets were obtained from published literatures.




