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Figure 1 Appendix Methods

Analysis of gene families under positive selection in the Arabidopsis thaliana root-
associated microbiota
We carried out a dN/dS analysis to identify genes under positive selection in the  A. thaliana root microbiota. Such
analysis requires to compare orthologous gene sequences over a set of phylogenetically related organisms. Therefore,
we performed two independent analyses on Betaproteobacteria and Sordariomycetes,  i.e. the most abundant bacterial
and fungal phylogenetic classes in European  A. thaliana root microbiota (Thiergart  et al, 2020). We used previously
published genomes of 35 Betaproteobacteria (Bai et al, 2015) and 24 Sordariomycete fungi (Mesny et al, 2021) isolated
from the roots of healthy A. thaliana plants. CDS and amino acid sequences associated to predicted genes in genome
assemblies were downloaded in January 2023 from the AtSphere website (https://www.at-sphere.com) and from the
Mycocosm portal  (https://mycocosm.jgi.doe.gov; Grigoriev  et  al,  2014),  for  bacteria  and fungi respectively.  Genes
encoding  secreted  proteins  were  identified  using  predictor  SignalP  v6.0  (Teufel  et  al,  2022).  Carbohydrate-active
enzymes (CAZymes) were annotated using dbCan v2 (Zhang et al, 2018). Annotation software emapper v2.0 (relying
on database  EggNog  v5)  was  used  to  annotate  bacterial  genes  with  Gene  Ontology (GO)  terms  and  Clusters  of
Orthologous  Groups  (COG)  categories  (Cantalapiedra  et  al,  2021).  Fungal  gene  annotations  in  GO  terms  were
downloaded from the Mycocosm portal.  

To  classify  proteins  into  orthogroups,  we  conducted  two  independent  orthology  prediction  analyses  (OrthoFinder
v2.5.4;  Emms & Kelly,  2019).  The OrthoFinder  software implements  the phylogenetic  tree reconstruction method
STAG  (Emms  &  Kelly,  2018)  that  estimates  species  trees  from  individual  orthogroup  phylogenetic  trees
(Betaproteobacteria:  Fig 1A;  Sordariomycetes:  Fig 1B). To identify gene families under pervasive positive selection,
we conducted dN/dS analyses on all orthogroups of minimum four proteins. First, protein sequences in each orthogroup
were aligned with FAMSA v1.6.1 (Deorowicz et al, 2016). Then, codon alignments were obtained using PAL2NAL v14
(Suyama  et al, 2006). Finally, we used the algorithm HyPhy FUBAR v2.2 (Murrell  et al, 2013) to obtain Bayesian
predictions of positively selected codons. If minimum two codons were predicted as positively selected, the gene family
was categorized as positively selected (Dataset EV1). 

To characterize gene functions under selection in the A. thaliana root microbiota, we observed overlaps between gene
families under positive selection and families encoding secreted proteins and/or CAZymes (Betaproteobacteria: Fig 1C;
Sordariomycetes:  Fig 1D). Fisher’s exact tests revealed that orthogroups under positive selection are not significantly
enriched for secreted protein- and CAZyme-encoding genes (p>0.05).  We performed GO term enrichment analyses
using GOATOOLS v1.1.5 (Klopfenstein et al, 2018) and gene annotations in GO terms. Since no significant enrichment
was identified for Betaproteobacteria, we analyzed the number of positively selected orthogroups annotated in each
COG category (Fig 1E). Significantly enriched GO terms in orthogroups under positive selection for Sordariomycetes
are shown in Fig 1F. Since carbohydrate-related functions are enriched in Sordariomycete gene families under positive
selection, we further analyzed positively selected CAZyme-encoding genes. Each bacterial and fungal CAZyme family
that is under positive selection was linked to its known possible substrates in plant, fungal or bacterial cell walls, as
documented on website  http://www.cazy.org/ (visited in January 2023, Drula  et al, 2022;  Dataset EV2). A network
representation was produced using Cytoscape v3.7.2 (Shannon et al, 2003) and is shown on Fig 1G.

To ensure reproducibility and further document this analysis, genomic data and scripts have been deposited on GitHub:
https://github.com/fantin-mesny/Scripts-from-review-Mesny-et-al.-2023-.
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