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Supplementary Figures
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Figure 1: Illustration of trajectories. PCoA performed with the Jensen-Shannon divergence and projected on coordinates
1 and 2 (top), 1 and 3 (middle), and 2 and 3 (bottom), with the communities coloured by their starting position in the
ordination space. Final replicates were split in different boxes for clarity.
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Figure 2: Predicted final composition of starting communities after rigid-body transformation against the composition of
the replicates not used to find the transformation. The second Singular Value Decomposition component is used for the
comparison.
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Figure 3: History of communities. PCoA performed with the Jensen-Shannon divergence and projected on coordinates 1
and 2 (top) and 1 and 3 (bottom), with the communities coloured by their location. Final replicates were split in different

boxes

for clarity.



Supplementary Text

Supplementary Note 1. Identification of classes and statistical significance

As indicated in the Main Text (see Methods) to identify the number of classes we performed a Partition Around Medoids
clustering, which requires as an input the number of clusters k. To identify the optimal clustering, we computed the
Calinski-Harabasz (C H) index and chose the classification having the maximum value of this quantity, shown in Suppl. Fig.
4. In previous work, we followed a similar procedure but worked with just the starting communities and used Operational
Taxonomix Units clustered at 97% sequence identity (see (/) for details), which resulted in six clusters (community classes).
In this work, we found that working with Amplicon Sequence Variants the number of classes increased to 17 (see Suppl.
Fig. 4, left) with a second maximum when the number of clusters was 6. For consistency with previous work we chose
this second maximum as our reference classification, and we confirmed that both classifications were qualitative similar,
allowing us to interpret our results at the light of previous findings. Only 5 classes were represented in the subset of starting
communities that were resurrected in this study. For the final communities, the C' H index becomes more skewed, dropping
precipitously for any clustering beyond k = 2, suggesting that the compositional landscape was simplified with respect to
the starting landscape (see Suppl. Fig. 4, right). Finally, the significance of the classes was evaluated by computing the
ANOSIM metric, and confronted with other potential groupings, shown in Suppl. Table 1.

’ Dataset \ Groups \ ANOSIM ‘
All Starting vs Final 0.029
All Parent+Children 0.656
Starting Classes 0.643
Final Replicates 0.004
Final Classes 0.780
Final Children 0.716
Replicate 1 Classes 0.707
Replicate 2 Classes 0.793
Replicate 3 Classes 0.784
Replicate 4 Classes 0.839
Final
communities
Starting Replica Class | Number
communities 1 1 209
Class Number 1 2 66
1 o1 2 1 195
2 18 2 2 80
3 70 3 1 190
4 86 3 2 85
5 10 4 1 200
4 2 75

Table 1: Classes statistics. (Top) ANOSIM values obtained by subsetting and dividing the data into different groups.
The term ’Parent’ refers to each of the 275 starting communities and *Children’ to their four revived replicates. There-
fore, *Parent+Children’ means each of the 275 groups comprising each parent and its children and *Children’ to the same
classification excluding parents. (Bottom) Number of communities for starting and final classes.
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Figure 4: Determination of number of community classes. Communities were clustered according to their Jensen-
Shannon distance using a partition-around-medoids clustering for an increasing number of clusters k (x-axis), and the
Calinski-Harabasz index computed to estimate the optimal clustering. (Left) Starting communities have an absolute max-
imum when communities are classified in 17 clusters. In previous work, we worked with the same communities defined
by Operational Taxonomic Units finding a maximum at 6 clusters, which means that ASVs allow us to identify a higher
variability. For consistency with previous work, here we also work with the classification in 6 clusters, which corresponds to
the second maximum. (Right) Final communities have an absolute maximum when communities are classified in 2 clusters.
Results are for replicate 1. The other three replicates are similar.



Supplementary Note 2. Landscape transformation and equivalent classes

Since the four replicates of final communities had their optimal classification for two clusters, we asked if these classes
were equivalent across replicates. To answer this question, we computed all-against-all Jensen-Shannon distances between
all samples, i.e. including starting communities and the four replicates of final communities. We then computed the mean
distance within each class and between classes, which were determined independently for each dataset. We found that the
first (second) class of final communities were more similar among themselves than they were with respect to the second
(first) class found in their own replicate, suggesting that the classifications were equivalent (Suppl. Fig. 7). Interestingly,
starting community classes 1 and 4 (containing the largest set of communities) were clustered with final community class 1
and have a high similarity, suggesting that it is a large stable attractor. On the other hand, starting community classes 2, 3
and 5 clustered with the final community class 2, but their mean similarity is much lower, suggesting that the new attractor
represented by final community class 2 demands a more marked transformation in the starting community composition.

The transformation of the compositional landscape is illustrated in Suppl. Fig. 5, together with other potential scenarios.
The dependence of the trajectories from starting classes membership is shown in Fig. 6.
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Figure 5: Transformation of the compositional landscape. Illustration showing an imaginary transformation in which a
starting landscape can be transformed into one of four possible hypothetical final landscapes. (Left) Illustration of the com-
positional landscape from the perspective of the starting communities. Three attractors corresponding to three community
classes are shown, with squares representing the starting communities. (Right) Four hypothetical final landscapes showing
an increase/decrease in the number of attractors and the slope of the landscape with respect to the initial landscape. The
trajectories of the initial communities depend on the initial positions relative to the final landscape. Our results are described
by a scenario in which the number of attractors is reduced, with one of them (Final Class 1) being steep and Final Class 2
possibly flat.
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Figure 6: Correspondence between starting and final classes. PCoA of the starting- and final communities for one of the
replicates showing the correspondence between the starting community and the two final community classes for components
1 and 2 (top) and 1 and 3 (bottom). We observed that the number of attractors was reduced and that the topography likely

flattened because the points became more dispersed, especially for final class 2. A random subset (10%) of the trajectories
are shown using arrows.
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Figure 7: Similarity between community classes. Heatmap showing the mean Jensen-Shannon diversity between commu-
nities belonging to different classes (starting communities, labeled starting, and the four replicates of the final communities,
labeled final). Starting community classes 1 and 4 cluster with the four replicates of final community classes 1. Final com-
munity class 2 also cluster together, with starting community class 2 being the more similar one. Starting community class
3 and 5 are the most dissimilar to any other class.



Supplementary Note 3. Relative abundances change of ASVs propensities’ groups

We found a set of cosmopolitan species, namely those with significant propensities for the three types of trajectories at both
time points, whose relative abundances tended to be below 0.2 for communities converging to class 1 at the beginning of the
experiment (Fig. 8a vertical dotted line) and below this value (around 0.125) at the end of the experiment (horizontal dotted
line). Note that propensities were computed on the basis of their presence-absence throughout all communities and, hence,
relative abundances were not used in the computation.

A notable proportion of ASVs (23.6%) had a propensity to converge to class 1 at the beginning of the experiment, but
not at the end of the experiment (Fig. 8b). Conversely, 21% of ASVs had no significant propensity at the beginning of
the experiment, but converged to class 1 at the end (Fig. 8b). This result is not just a simple consequence of ASVs that
were not revived (were at high abundance at the start but declined significantly by the end). Although ASVs that declined
in abundance over the experiment may have had some influence, they represented only ~3% of all reads while, in some
communities, revived ASVs whose abundances were reduced sometimes had total relative abundances as high as 0.7 at the
beginning of the experiment (Fig. 8c).

Taking together these results and those presented in Main Text we observed that communities converging to final class
1 had associated a large fraction of ASVs (that possibly were sorted in the first experiment or earlier in their native environ-
ment, see (/)). While approximately half of them consistently travelled to the final state, there was another set of ASVs that
was excluded, and another set of approximately the same number of ASVs than the one excluded that was co-selected. Our
results showed that a coarse-grained description that focuses on sets of ASVs provided valuable insights in the dynamical
behaviour of complex microbial communities.
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Figure 8: Change in the relative abundances of groups of ASVs. Sum of the relative abundances of (a) ASVs belonging
to the cosmopolitan group, (b) ASVs having a propensity to class 1 at the beginning of the experiment, and (c) having
a propensity to class 1 at the end of the experiment. The figure compares this sum in starting vs. final experiments for
each community (averaged accross replicates for final communities). Communities were coloured according to the type of
trajectory in which they were classified.
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Supplementary Note 4. Statistical analysis of metagenomics predictions

HEl Final.Repl.Class1 HHE Final.Repl.Class2 95% confidence intervals
Aminoacyl-tRNA biosynthesis [l o : < le-15
Bacterial motility proteins [ _— —— 1 7.19e-5
Flagellar assembly [, o— | 1.10e-5
Function unknown |EE—— I e+ <le-15
General function prediction only [HEE———— : o+ <le-15
Inorganic ion transport and metabolism [l : [ ] < le-15
Lipopolysaccharide biosynthesis proteins Il | o+ < le-15
Membrane and intracellular structural molecules S | = g < le-15
Other ion-coupled transporters | = I o+ <lel5 _
Oxidative phosphorylation IR e+ | 1.34e-12 E
Pertussis [ | ") < le-15 é
Phosphotransferase system (PTS) r : (= ol < le-15 g
Pores ion channels . | o+ < le-15 5
Propanoate metabolism [l gl | < le-15 g
Purine metabolism [EE— [ 2.20e-13 °
Pyrimidine metabolism [, - 1 1.90e-12
Ribosome [, —o— [ < le-15
Secretion system [ I —e— 1.53e-6
Sporulation |y —e— : 1.95e-7
Transcription factors | | —e— < le-15
Transcription machinery Iy @ | < le-15
Two-component system [EE—— | —e—i 9.13e-9
Valine, leucine and isoleucine degradation [y o | 2.07e-10
L | 1 | | I 1 1 | | |
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Figure 9: Example of statistical test for the analysis of metagenome pathways. Rows indicate KEGG pathways found
significant in the comparison between class 1 and class 2 of final communities (first replicate). The first column is the
mean proportion of each class, the second column the difference in mean proportions and the third column the Benjamini-
Hochberg corrected p-value (termed g-value) of a Welch’s test. Only pathways with a difference larger than 0.1 are shown.
Significant pathways found in the comparison between class 1 and class 2 for each replicate were used to create the heatmap
shown in the Main Text.
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|
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Aminoacyl-tRNA biosynthesis [ila ] | < le-15
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Bacterial secretion system [J® I A < le-15
Cell cycle - Caulobacter ik [} : < le-15
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Purine metabolism |k L 8.44e-13
Pyrimidine metabolism [k o1 | 1.64e-13
Ribosome . 2 g | <1le-15
Secretion system [ ! —eo— <1lel5
Sporulation g —o— : 1.04e-4
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Figure 10: Example of statistical test for the analysis of metagenome pathways. Rows indicate KEGG pathways found
significant in the comparison between starting communities class 1 and final communities class 2 (first replicate). The first
column is the mean proportion of each class, the second column the difference in mean proportions and the third column
the Benjamini-Hochberg corrected p-value (termed g-value) of a Welch’s test. Only pathways with a difference larger than
0.1 are shown. Significant pathways found in these comparisons were used to create the heatmap shown in Suppl. Fig 11.
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Figure 11: Metagenomic convergence. Z-score of the difference in mean proportions of genes clustered in KEGG
metabolic pathways between starting- and final community classes. The scaling of the Z-score was computed for each
pathway (i.e. scaled by rows), and only pathways showing a significant difference are shown (Welch test corrected for
multiple testing). Clustering of classes is similar to the compositional clustering shown in Fig. 7, with starting classes 1 and
4 joining final class 1, while final class 2 cluster independently. Starting community classes 2 and 3 appear intermediate
between both. Starting class 5 seems to be an outlier, with very significant pathways. This means that its communities are
functionally very similar but note, however, that this class hosts the lowest number of communities (only 10).
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