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SUPPORTING METHODS

Phyloscore index

For each ASV, its phyloscore (Fodelianakis et al., 2022) was calculated for all pair of communities in
which the given ASV was present in one community and absent in the other. Briefly, for a given ASV i
present in community j and absent in community k, the nearest phylogenetic distance d; ; , of ASVito
the ASVs present in community k was computed. Then, a null community was generated by randomly
sampling the number of ASVs present in community k from the metacommunity pool of ASVs minus
ASV i, and the nearest phylogenetic distance d?_j‘k to our focal ASV i was computed. This process was
repeated m = 100 times to estimate the natural logarithm-transformed average (In dgj_k)m and
standard deviation ai(,)j‘k of the nearest phylogenetic distance null model distribution. The phyloscore
Zi jx for ASV iin communities j and k pair was calculated as:

_In (dijk)-(In d?jﬁ)m
Zijk =

(1)

oLk
Finally, we calculated the sum, mean and median values of the phyloscore for each ASV across all
community pairs. These phyloscore values were used as input for phylofactorization, phylofactor R
package (Washburne et al.,, 2019). We implemented a two-sample Wilcoxon test because the
phyloscore values (i.e., sum, mean and median) did not show a normal distribution, and ten iterations
(i.e, factors). As the choice of metric altered the phylofactorization results (Figure S1), only those clades
consistently identified with the three phyloscore values were retained for further analysis (Figure 1d).
Finally, we further worked with the average phyloscore values, named hereafter as phyloscore for
simplicity (Figure 1c), because the clades detected with this metric were identical or smaller than those

detected with the sum or median phyloscore.

Feature-level BNTI (BNTly.q:) index

BNTlseat is based on the BNTI equation (Danczak et al., 2022). Briefly, BMNTDseat measures the average
minimum phylogenetic distance between a given ASV in one community and its nearest ASV in other
communities. The main difference from the standard BMNTD equation is that BMNTDseat cOmpares a
given ASV from one community to all other communities at a single time. BMNTDr.,t Was calculated for
the observed data BMNTD%55, and randomized communities. The average value (BMNTD}44:) and
the standard deviation BMNTD;E‘;M were estimated for the null model distribution with 999 replicates,

and BNTlseat Was calculated as

obs null
BMNTDfeat—(BMNTDfeat)

BNTIfeqae = BMNTD?‘éat (2)



We did not remove conspecifics (rm.conspec = F) because our phylogenetic tree had 0-length branches.
We ran the BNTlea code considering the relative abundance of the ASVs (abund.weig = T) or the
presence-absence data (abund.weig = F). Surprisingly, we did not find significantly low BNTlsat values
(Figure S2a, b). Considering that our previous study revealed an ASV metacommunity strongly shaped
by homogeneous selection (HoS) (Quiroga et al., 2022), and that the phyloscore approach successfully
detected several HoS clades, we applied some modifications to the BNTlsat code. To optimize running
time, we first calculated the average BMNTD?’e’Zt for each ASV and modified its code following the
average d;; index (Fodelianakis et al., 2022), also called nearest taxon distance (NTD). Without
removing conspecifics and using only presence-absence data, once comparisons among community
pairs where the focal ASV was present in both communities were completely removed from the
BMNTD?th code, we obtained the same mean values as for the NTD index (Figure S3). Therefore, we
applied this first modification to all the BMNTDy.at calculations in the BNTlsat code yet obtaining none
significantly low values of the latter index (Figure S2c). Thus, we compared the phyloscore (1) and
BNTlge4t (2) equations and performed a second modification to the code: include a natural logarithm-
transformation to the BMNTD%55,, (BMNTD/4.,) and BMNTD32,, indexes in equation (2). As we had
O-length branches in the phylogenetic tree, to be able to apply the In-transformation we had to
transform the cophenetic distance object replacing the ceros with the minimum phylogenetic distance
across the tree, as suggested by the phyloscore script (Fodelianakis et al., 2022). Remarkably, this
modified code estimated significantly low BNTl¢.,; values and the index showed a less skewed
distribution (Figure S2d). Then, to estimate BNTIe4; With a number of null model replicates similar to
the phyloscore approach, we randomly subsampled only 100 null communities for the null model
distribution (Figure S2e). This final modification of the index will be named hereafter as fNTle,¢ for

simplicity (Figure 1b), and its code is available at GitHub (https://github.com/mvquiroga/NullModels).
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SUPPORTING FIGURES

Figure S1 The sum (a), mean (b) and median (c) values of phyloscore index for each ASV, and the
phylogenetic clades identified with phylofactorization (d, e, f), respectively. ASV order in the barplots
aligns to the phylogenetic tree, and barplot colours match those of the distinct clades. Only those
clades consistently identified with the three metrics were retained for further analysis, and the average

metric was hereafter called phyloscore for simplicity (Figure 1c, d).
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Figure S2 (above) BNTlsat values estimated without removing conspecifics -CF, (a) weighting by relative abundance -AT, (b) considering only presence-absence
data -AF, (c) removing all community pair comparisons where the focal ASV was present in both samples -RP, (d) applying natural logarithm-transformation -
Ln, with 999 replicate null communities -999rep, or (e) 100 replicate null communities -100rep. Colour scale: significance thresholds (i.e., -2, -1, 1, 2) suggested
by Danczak et al. (2022). (below) BNTlsat histograms and their skewness values.
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6  Figure S3 Relationship between BMNTD?’e’Zt and NTD, both calculated as mean values per ASV.

7  This BMNTDse,t modified code was implemented in Figure S2c. Red line: 1:1 line.
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10 Figure S4 Relationship between the natural logarithm-transformed mean NTD and the

11 phylogenetic depth (i.e., ASV distance from the root). The linear regression model is shown.
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Figure S5 Rarefaction curves for the selected phylogenetic groups and outgroup. Different
curves in the same plot represent different samples. #: number of, HeS: heterogeneous

selection, HoS: homogeneous selection clade, non-S: non selection clades (outgroup).
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Figure S6 Heatmaps display average sample reads per environment (colour bars). Subtitles
indicate the consensus taxonomy of the HoS clade (class, order or family), the genus of the
OTU97 and the number of ASVs per OTU97 between brackets. ASVs were clustered using Bray
Curtis distance (Hellinger-transformed data) and Ward2 agglomeration method. HoS,

homogeneous selection.
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Figure S6 (cont.).

Actinobacteria, Glaciihabitans (97 ASVs)
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26  SUPPORTING TABLES

27  Table S1 Phylogenetic clades consistently identified with phyloscore and BNTl¢ea: approaches.

Phylogenetic clade No. of ASVs  No. of ASVs Phyloscore BNTlrcat
consensus taxonomy Phyloscore BNTlseat value value
ea mean (SD) mean (SD)

HesS clade (27 Phylum) 1311 1311 0.51 (0.53) 1.21(0.61)
HeS sub-clade, Firmicutes (Phylum) 157 157 -0.09 (0.59) 0.32 (0.45)
HoS clade Actinobacteria (Class) 309 309 -0.73 (1.23) -1.11 (0.94)
HoS clade Xanthomonadales (Order) 102 80 -0.89 (1.10) -1.20(0.42)
HoS clade Comamonadaceae (Family) 178 178 -1.39(1.31) -1.99 (0.85)
HoS clade Flavobacteriaceae (Family) 116 116 -0.78 (0.86) -0.92 (0.37)
HoS clade Sphingobacteriaceae (Family) 93 168 -0.55 (0.57) -0.74 (0.48)
Non-S clades (Outgroup) 1851 1798 -0.004 (0.602)  0.09 (0.72)
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