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Supplementary methods

Orthology mapping
Gene orthology mapping for phylogenetic analysis was carried out using all-against-all blastp and

three different sequence clustering algorithms, bidirectional best hit analysis (BDBH) (Contreras-
Moreira & Vinuesa 2013), clusters of orthologous groups (COG) (Contreras-Moreira & Vinuesa 2013;
Kristensen et al. 2010), and Markov cluster algorithm (OMCL) (Li et al. 2003) imposing a minimum
pairwise sequence alignment coverage of 80% (SAC) and 50% of sequence identity (SI). From each of
those analyses we retained all clusters characterized by the absence of inparalogs (sequences with best
hits in its own genome), and the ubiquitous presence in all strains (core genes). The intersection of the
clusters obtained from the three clustering algorithms was our final list of orthologous genes to be
used in the phylogenetic analysis.

Orthology mapping to characterize the pangenome was performed with OMCL and following Tettelin
et al (Tettelin et al. 2005) we imposed 50% of SAC and 80% of SI, we did not exclude clusters with
inparalogs, and included all clusters independent of size. As in (Lefébure & Stanhope 2007) we only
considered genes as taxon specific (clusters of size 1) if sequences were larger than 50 amino acids
and had no blast hit with any other protein (E-value 1.0E-05). This was done to minimize the inclusion
of truncated genes found at the end of contigs of open genomes. Still, because it is possible that
assembly errors would truncate genes at the end of contigs precluding their annotation, we also
performed an explicit test for the existence of non-annotated genes at both ends of the contigs of open
genomes. This test was done as follows: for each genome, we extracted all nucleotide sequences
hanging from the beginning of the contig to the beginning of the first annotated gene as well as the
nucleotide sequences hanging from the end of the last annotated gene to the end of the contig. By
definition, truncated genes should sit on those nucleotide positions. We BLASTN all those sequences
against a database built with one representative sequence from each OMCL cluster (10137 in total).
We considered a significant hit any BLASTN hit larger than 150 nucleotides, with more than 80%
sequence identity in BLAST query/subject pairs, and 50% coverage in BLASTN pairwise alignments
(alignment length/subject sequence length). This analysis lead to the identification of 510 false
negatives that were corrected the final matrix (Supplementary dataset 2). Orthology mapping was

done with get homologues package (Contreras-Moreira & Vinuesa 2013).

Phylogenetic analysis of BmrA protein

For this analysis we extracted all 103632 bmrA homologs mapped in the KO (KEGG Orthology)

database (K18104) and added homologous sequences from B. subtilis genomes not available in the
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KEGG database totaling 498 sequences. We aligned this dataset with Mafft (G-ins-I, and Blosum 62)
and run maximum likelihood and bootstrap analyses as before. From the results we identified the most
inclusive well-supported clade that included B. subtilis sequences and its closest relatives. To this
subset of sequences we added representatives of the remaining clades to build a simplified dataset that
was realigned and reanalyzed with maximum likelihood and bootstrap to produce the final result
presented here. Within B. subtilis we identified three homologous copies. One from the softcore
genome (B. subtilis str. 168; NCBI ProteinID: NP _391362.1; Genome location: NC _000964:
3577745..3579514) that has been transmitted vertically within B. subtilis group. The other two copies
belong to the shell (B. subtilis str. XF-1; NCBI_ProteinID: AGE62337; Genome location:

NC 020832:531386..533119) and the cloud (B. subtilis str. BSn5; NCBI_ProteinlD: ADV95129;
Genome location: NC _014976:2435115..2436872) genome and were recently acquired by B. subtilis
strains from unrelated organisms. Since initial acquisition these later two genes have been transferred
across strains sampled among Plant niches. These three gene copies are on average 58% divergent
(between-group mean distance measured as the proportion of amino acid differences) hence too

divergent to be detected as orthologous copies by the algorithm used in this study.

Supplementary results

Shared genes and core genome extrapolation (fig. 2d)

The average values of the shared genes were extrapolated by fitting the exponential decay function:

E.(n) = 2119 exp [ ] + 1659

18.45

[1]
where n is the number of distinct genomes, and the size of the core genome as n — oo is 1659.
Estimations were performed with get homologues package (Contreras-Moreira & Vinuesa 2013)

following Tettelin ef a/ (Tettelin et al. 2005).

Strain-specific genes and pangenome extrapolation (fig. 2e)
The average number of specific genes per strain closely follows an exponential decay function with

function:

—exp (_(;8_01))

- e (730)

P(n) =4194+57.0(n—1) + 219 exp 7 80] I

[2]
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where n is the number of distinct genomes, and 57.0 is the number of new genes asymptotically
predicted for each new sequenced genome. For n=42 genomes the extrapolated pangenome size is
P(n) =~ 7932.9. Estimations were performed with get homologues package (Contreras-Moreira &

Vinuesa 2013) following Tettelin et a/ (Tettelin et al. 2005).

Shared and strain-specific genes for core and pangenome extrapolation using only B. subtilis

wild strains (32 genomes) (fig. S3)

Fitted functions are,
-n

E.(n) = 2097 exp [12 =

] +1803

[3]
where n is the number of distinct genomes, and the size of the core genome as n — oo is 1803(SE

225.20), and

- (Ze55)

1—exp (6__315)

1
—2
P(n) = 4169 + 73.0(n — 1) + 276 exp [6 35] ' l

[4]
where n is the number of distinct genomes, and 73.0 is the number of new genes asymptotically
predicted for each new sequenced genome. For n=32 genomes the extrapolated pangenome size is
P(n) = 7806.5 (SE 202.77). Estimations were performed with get homologues package (Contreras-
Moreira & Vinuesa 2013) following Tettelin et al (Tettelin et al. 2005).
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Supplementary figure legends

Fig. S1. Phylogenetic analysis of B. subtilis group with distant outgroups. Maximum-likelihood
(LG+I+G) and bootstrap analyses were carried out on a concatenated dataset of 398 core proteins
(104056 AA). This analysis was done to confirm the taxonomic identification of genomes available at
the NCBI database and to confirm the outgroup selection. Five genomes (in red) were excluded from
further analyses as they are more closely related to other species than to B. subtilis. Numbers on the
branches are bootstrap support. Due to the small branch lengths at the tips of the tree we only show
bootstrap support for the most basal branches. The scale bar indicates expected number of amino acid

substitutions per site.

Fig. S2. Phylogenetic analysis of B. subtilis group and its closest outgroups. Maximum-likelihood
(GTR+I+G+X) and bootstrap analyses were carried out on a concatenated dataset of 685 core genes
(520227 nt). Numbers on the branches are bootstrap support. Due to the small branch lengths at the
tips of the tree we only show bootstrap support for the most basal branches. The scale bar indicates
expected number of nucleotide substitutions per site. Arrow indicates the branch that separates B.

subtilis from other species.

Fig. S3. Core and pangenome in wild strains. Quantification of the core (a) and the pangenome (b)
using only wild strains of B. subtilis. The number of shared (a) and novel (b) genes estimated after 100
random samples of the 32 genomes is plotted against the number of # strains sequentially added. Line

in red is the fitted curve following exponential functions as in Tettelin (Tettelin et al. 2005).

Fig. S4. Distribution of intact prophages in B. subtilis shows the existence of three high
frequency elements in the species pangenome. PBSX is ubiquitous among genomes in our dataset
and SPP and skin elements are largely restricted to B. s. subtlis. Detection of intact prophages was
performed using PHAST and identification resulted from BLAST searches of prophage sequences
against NCBI nr/nt databases. Presence and absence (black/white squares) is plotted on the core
genome tree of figure 1. Numbers on the terminal branches indicate total numbers of intact prophages
detected in each genome. The tree is not drawn to scale. Colors in the taxa names reflect niche at the

site of sampling following fig. 1.

Fig. SS. Variable pangenome is distributed throughout the chromosome. Genome atlas of B.
subtilis strains with closed genomes. The circles from the center represent the location of the

following elements: coding sequences (dark grey), tRNA (red) and prophages (intact: dark green;
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questionable: green; incomplete: light green), core genome (black), softcore genome (yellow), shell
genome (orange), cloud genome (red). The outer circle represents relative frequency of each gene
cluster in the dataset. Images were created with Circos v. 0.67 (Krzywinski et al. 2009). The radial
histograms at the center of the genome atlas are rose diagrams showing the dispersion of cloud genes
around the genome after transforming each gene middle point position into radians. The genome was
divided into 100 bins and the radii of the sectors are equal to the square root of the relative frequencies
of the cloud genome making the area of each sector proportional to its frequency. The rose diagram

was scaled to the inner circle of the genome atlas.

Fig. S6. Lateral gene acquisition of paralogue copies of a B. subtilis softcore gene from unrelated
organisms and posterior lateral transmission within the species. Phylogenetic history of the bmrA
gene. This gene codes for a multidrug resistance ABC transporter ATP-binding protein, and its
evolutionary history is characterized by frequent lateral transference events between gram-positive
bacteria. In B. subtilis we identify three homologous copies, one from the softcore genome with
vertical transmission, and two xenologue copies from the shell and the cloud genome that are recent
LGT events from unrelated organisms. Since initial acquisition these later two genes have been
transferred across strains sampled among Plant niches. The phylogenetic tree was computed with
maximum-likelihood (LG+I+G), and numbers on the branches are bootstrap support. Analyses were

carried out in RaxML. The scale bar indicates expected number of nucleotide substitutions per site.
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