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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

The datasets generated during and/or analyzed are available at doi : https://doi.org/10.3929/ethz-b-000598615. All the data for reproducing figures in the main text
and the supplementary information are provided in the GitHub repository associated. We used the following publicly available datasets:

1. Orthologues: retrieved using the OMA database, available at https://omabrowser.org/cgi-bin/gateway.pl?
f=PairwiseOrthologs&p1=HUMAN&p2=YEAST&p3=EntrezGene

2. iMM904, iJO844, iJO1366, and Recon1 models were downloaded from Bigg (http://bigg.ucsd.edu/).

3. MetaNetX models were retrieved from MetaNetX (https://www.metanetx.org/).

4. SEED models were downloaded from the publication: Plata, G., Henry, C. & Vitkup, D. Long-term phenotypic evolution of bacteria. Nature 517, 369–372 (2015)
(http://vitkuplab.c2b2.columbia.edu/phenotypes/)

5. NCBI taxonomy, available at https://www.ncbi.nlm.nih.gov/taxonomy

6. GTDB taxonomy available at https://data.gtdb.ecogenomic.org/releases/latest/

7. Species synonyms (MACADAM database), available at http://macadam.toulouse.inra.fr/doc/MACADAMDatabase.zip

8. Habitat and physiology annotation (FusionDB), available at https://services.bromberglab.org/fusiondb/explore

9. Gram status (Microbe directory), available at https://github.com/microbe-directory/microbe-directory/blob/master/data/microbe-directory.csv.

10. Model SEED annotations and reaction aliases, available at https://github.com/ModelSEED/ModelSEEDDatabase/blob/master/Biochemistry/

There was no human subject in this study. Not applicable.

There was no human subject in this study. Not applicable.

There was no human subject in this study. Not applicable.

There was no human subject in this study. Not applicable.

We developed a method to compare perturbation phenotypes of metabolic reactions within metabolic networks in silico. This
method gives a similarity score to a pair of metabolic reactions belonging to a pair of models. We then performed an observational
study, where we compared our score to other similarity scores, such as EC number similarity score and other variables such as the
properties of the organisms studied (i.e., temperature tolerance, habitat and phylogeny). Therefore no treatment factor or specific
experimental design could be applied.

We applied our method to various models obtained from various repositories (see above on data). The research samples are the
sensitivity correlations of common reactions between pairs of genome -cale metabolic models, i.e. the similarity score. Each sample is
meant to represent the similarity in the response to a flux perturbation of the reaction in each model.

Sampling was performed in the assignment problem used to align the yeast model with itself; we sampled randomly reactions in the
copy model to check how the assignment performs. Then, in multiple instances in the manuscript, we check the robustness of our
predictions by performing bootstrapping. This is the case in figure S2e, S5d, S11 and S12, where the sample size is the number of
bootstrap samples used, which is in general n=100 except for S11 and S12 where a reduced number of bootstraps was used for
computational reasons (n=20; variance of the estimator of the mean was sufficiently small for this sample size).




