


2

n
atu

re
research

|
rep

o
rtin

g
su

m
m

ary
A

p
ril2020

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Data supporting the findings described in this work are available from the corresponding author upon request. The processed data for all community experiments
and simulation results are available in the Github Repository described in our Code Availability statement (https://github.com/RyanLincolnClark/
DesignSyntheticGutMicrobiomeAssemblyFunction). The Illumina Sequencing data are available via Zenodo at https://doi.org/10.5281/zenodo.4642238.

Sample sizes were chosen based on limitations of experimental throughput as increased number of biological replicates would have reduced
the number of possible different communities that could be observed. We chose a minimum of 2 biological replicates (for complex
communities in our validation set) and some sample types have up to 7 biological replicates (such as the full community, which was repeated
in most experiments as a control for consistency between experimental days). These number of replicates were sufficient for us to quantify
biological variability across the large number of communities we measured. All statistical tests on trends across communities were performed
on groups of communities, rather than comparing 2 specific communities for instance, so the number of different communities determined
our statistical power, and was sufficient to observe the indicated trends.

Individual samples were excluded from the analysis if they were determined to be contaminated by species not intended to be in the sample.
Contamination was determined to be any species >1% of the sample. This cutoff was chosen based on the ratio of typical background to
typical read depth for our samples.

The experiments of various communities were performed in 9 different batches and the full community was included in each of these batches
to quantify variation across the different experimental batches. The 24-species "leave-one-out" communities were also repeated in three of
the batches. The variance of these replicated communities can be seen in Figures 2a, 3c,d, and 4a. The sulfide titration experiment was
replicated on 3 separate occasions with slight differences in experimental approach while optimizing the procedure to limit loss of H2S to the
gas phase and agreed at least qualitatively with the data shown on each occasion.

This study was aimed at designing communities, so we did not randomize our experimental design, with the exception of the Random
Community set described in Figure 3. We did not randomize, rather all biological replicates were processed in separate batches, so any
variation due to external factors would be captured in the variance between biological replicates of each treatment.

For the community design experiments, the HPLC analysis was carried out in a blinded manner. The samples were labeled only with a
numerical identifier and given to a separate researcher for measurement. Otherwise, while the experimental allocations were known to the
experimental investigator because the same individual designed the experiments, the large number of samples were labeled using a code and
thus were practically unknown prior to analysis of the final aggregated data.




