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Supplementary Figure 1: Gene gain-loss dynamics across Asgard archaea for the
alternative topology. (A) Gain and loss dynamics in Asgard archaea. The total number of
OGs per proteome is displayed by circle color in each node. Duplication rate (number of
duplication events relative to the inferred number of families present in the node) is
represented by the branch width. Number of duplications (green), transfers (blue) and losses
(red) displayed at internal nodes in absolute number. Horizontal bar indicates 100 events as
scale. (B) Histogram of sum of duplication events per orthogroup across Asgard nodes. Axis
cut at 30, we artificially display the tick as the highest value rounded to the multiple of 10.(C)
Duplication rates per node of Asgard (n=62) and Thermoproteota (n=54) gene families,
statistical significance assessed with two-tailed Wilcoxon rank-sum test, p-value 1.85e-06.
(D) Duplication rates, inferred by species overlap, of Asgard, Thermoproteota and FLUHs.
(E) Transfer rates per node of Asgard (n=62 nodes) and Thermoproteota (n=54 nodes) gene
families, statistical significance assessed by two-tailed Wilcoxon rank-sum test, p-value
4.9E-6 (F) Transfer rates in Thermoproteota (n=54) and Asgard archaea (n=62) nodes,



separated by donor, statistical significance assessed by pairwise two-tailed Wilcoxon
rank-sum tests, p-values 0.0665 (intra-clade), 9.03E-09 (sister), 2.51E-06 (other archaea),
0.0425 (bacteria) (G) Intra-Asgard transfer events on ESPs compared to the rest of gene
families (n=37, 4308 gene families, respectively). Permutation test, p-value 2.2E-16. In the
plots with significance values, asterisks * indicate p-values, * (cut-off 0.05) ** (0.01), ***
(0.001) **** (0). For the box plots in 2C, E-G, in each boxplot, the central line indicates the
median, the lower and upper limits of the rectangle indicate the first and third quartiles,
respectively and the whiskers extend to the minimum and maximum value of 1.5 times the
interquartile range.



A " phylum @ Asgardarchaeota @ Thermoproteota
40004 @]
80 B R= GS _?9150:j
60 4 L . . : . .
0 100 200 300 400 500
Number of duplication events
]
C 12501 g_oa1, ,p©0.00082,
(LS » 1000+ .la:k]f"\_g —f'MJ O
O 401 & O 8 00
© g 750 (d_(%-v; o) o
g gon ‘?@
a 500 4 Dn 'L-e” tr"é
6]
60{] QDU 1200
Gains (duplications + transfers)
20
D 951 ns
2904
@
© 85
T g
= 801
T o
0 O 75
Asgarda'rchaeota Thermoforoteota Asgarda'rchaeota Thermofaroteota

phylum

Supplementary Figure 2: (A) Number of copies within orthogroups associated with
integrase domains in Asgard (n=62) and Thermoproteota (n=54) nodes. Statistical
significance obtained by two-tailed Wilcoxon rank-sum test, p-value 1.4628E-3. (B)
Correlation between total copies of proteins for all orthogroups and number of duplication
events per nod in Asgard and Thermoproteota nodes. (C) Correlation between loss events and
gain events (duplications + transfers) in Asgard and Thermorproteota nodes. (D) Comparison
between coding density in Asgard (n=32) and Thermoproteota (n=28) genomes. Statistical
significance obtained by two-tailed Wilcoxon rank sum test, p-value 9.87E-2. In each
boxplot, the central line indicates the median, the lower and upper limits of the rectangle
indicate the first and third quartiles, respectively and the whiskers extend to the minimum and
maximum value of 1.5 times the interquartile range. . In the plots with significance values,
asterisks * indicate p-values, * (cut-off 0.05) ** (0.01), *** (0.001) **** (0).
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Supplementary Figure 3: Duplication rates inferred with the species overlap algorithm.
Backbone tree of Asgard and Thermoproteota. Duplications shown for internal nodes that
appear in the phylome data. Top: Eme et al (2023) topology. Bottom: GTDB topology.
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Supplementary Figure 4: Comparison of duplication rates within- and outside-lineage
for signature gene families. Signature gene families are defined as those common within the
lineage but rare outside it. Statistical significance as defined by paired two-tailed Wilcoxon
rank-sum tests, p-values 0.2 (Heimdallarchaeia, n=6 orthogroups), 0.011 (Lokiarchaeia, n=20
orthogroups), 1 (Njordarchaeia, n=10 orthogroups). In each boxplot, the central line indicates
the median, the lower and upper limits of the rectangle indicate the first and third quartiles,
respectively and the whiskers extend to the minimum and maximum value of 1.5 times the
interquartile range. Asterisks * indicate p-values, * (cut-off 0.05) ** (0.01), *** (0.001)
*x5% ().
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Supplementary Figure 5: Tandem duplications in Asgard archaea (A) Percentage of
genes within tandem duplications with respect to the total number of duplicated genes per
lineage.In each boxplot, the central line indicates the median, the lower and upper limits of
the rectangle indicate the first and third quartiles, respectively and the whiskers extend to the
minimum and maximum value of 1.5 times the interquartile range. (B) KEGG pathway

enrichment per genome
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Supplementary Figure 6: Network of transfer pairs as inferred by ALERax across
Asgard-Thermoproteota. The scale in the tree depicts the number of substitutions per site.
Only node-pairs with a number of transfer events higher than percentile 95 are displayed,

distribution of the number of transfers per transfer-pairs depicted in the inset plot on the top
right.
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Supplementary Figure 7: (A) Distribution of bootstrap support for the node that joins the
Asgard acceptor clade with its inferred sister. (B) Correlation between estimated percentage
of HGT genes and estimated CheckM contamination per proteome. (C) Directionality of the
transfers. Transfers are considered “Asgard to Bacteria” or A2B if the second sister is
majoritarily of Asgardarchaeotal taxonomic affiliation, and “Bacteria to Asgard” or B2A if
the second sister is majoritarily bacterial. In each boxplot, the central line indicates the
median, the lower and upper limits of the rectangle indicate the first and third quartiles,
respectively and the whiskers extend to the minimum and maximum value of 1.5 times the
interquartile range.
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Supplementary Figure 8: Analysis of alternative centrality measures for HGT proteins
(n=2013) and vertically inherited proteins (n=23443,) in Protein-Protein interaction
networks. Values for eigenvector centrality (A) and betweenness (B). In each boxplot, the
central line indicates the median, the lower and upper limits of the rectangle indicate the first
and third quartiles, respectively and the whiskers extend to the minimum and maximum value
of 1.5 times the interquartile range. Significance by two-tailed Wilcoxon rank-sum test,
p-values <2.2E-16 for both measures.



