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Figure S1: Global distribution of publicly available sampling sites, classified by
habitat. Map of global sampling sites derived from publicly available datasets, with
habitats color-coded and broadly partitioned into terrestrial and aquatic ecosystems.
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Figure S2: Statistical analysis of four mirusvirus marker genes. (A) Highest TM-
score of the MCP homologs compare with reference mirusviruses and
herpesviruses/caudovirus. The slope of the red dashed line is 1. (B) Correlation
between bitscore and TM score aligning to reference mirusvirus sequences. (A-B)
Each dot represents an MCP homolog, with the color spectrum indicating their origins
from different ecosystems. (C) Length distributions of the four mirusvirus marker
genes. The black cross in each violin plot indicated the median value. (D) Distribution
of bit scores for the four mirusvirus marker genes. The black cross in each violin plot
indicated the median value. (E) Relationships between length and bit score of the four

mirusvirus marker genes.
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Figure S3: 3D structures of the representative mirusvirus MCPs in each lineage.



(A-K) Predicted 3D structures and corresponding TM-scores of representative

mirusvirus MCPs from the lineages identified in this study. B-sheets are shown in

purple.

A01 A2 . A03 [laos [Waos MHace M aor M Acs

{Maoce  E01 [eo2 Mieos Mieos Mleos [ motamos o i
.

v i+ | I Agricutural Land I Atificial Surfaces;: IiDeep sea (Reference) Ml Estuary
+ I Mo1&Mmo4 W mo2 Mmvos Ml Mosamo7 Wror W7oz i Forest M Glacier gglr ( )| ¢l
; it Il Grasstand I Wetland EE.Surface sea (Reference)

E M703 M Reference herpesviruses

Figure S4: Maximum-likelihood phylogenetic tree of mirusvirus MCP protein
sequences constructed using the Q.PFAM+F+I+R7 substitution model. The tree is
midpoint-rooted, and 22 reference herpesvirus MCP protein sequences (obtained from
NCBI) were used as the outgroup. Tree branches and the innermost half-circle labeled
"Clade" are colored according to clade classification. The outer half-circles labeled
"Genome source" and "Ecosystem types" are colored to represent genome source and

ecosystem type classifications, respectively.
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Figure S5: Maximum-likelihood phylogenetic tree of terminase large subunit



(TerL) from all representative duplodnaviruses. The tree is rooted in the midpoint.
The TerL homologs identified in our mirusvirus genome is indicated by red stars.
Reference homologs from marine mirusvirus genomes are shown in blue, and those
previously curated from the eukaryotic genome survey are shown in teal green.
Ultrafast bootstrap support values are indicated at the branch nodes. Tree scale bars

represent the number of substitutions per site.
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Figure S6: Maximum-likelihood phylogenetic tree of DNApolB. The tree is rooted
with the Euk Alpha sequences. The DNApolB homologs identified in our mirusvirus
genomes are indicated by red stars. Reference homologs from marine mirusvirus
genomes are shown in blue, and those previously curated from the eukaryotic genome
survey are shown in teal green. Branch support was assessed using ultrafast bootstrap
approximation, and the scale bars indicate evolutionary distances measured as

substitutions per site.
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Figure S7: Maximum-likelihood phylogenetic tree of RNApolA/RNApolB. (A)
Phylogenetic tree of RNApolA. The tree is rooted with the archaecal RNApolA
sequences. The RNApolA homolog identified in our mirusvirus genome is indicated
by a red star. Reference homologs from marine mirusvirus genomes are shown in
blue, and those previously curated from the eukaryotic genome survey are shown in
teal green. (B) Phylogenetic tree of RNApolB. The tree is rooted with the archaeal
RNApolB sequences. The RNApolB homolog identified in our mirusvirus genome is
indicated by a red star. Reference homologs from marine mirusvirus genomes are
shown in blue, and those previously curated from the eukaryotic genome survey are
shown in teal green. Support values were calculated using ultrafast bootstrap
replicates and are shown at each node. Scale bars denote the expected number of

substitutions per site.
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Figure S8: Global distributions and phylogenetic distance of mirusviruses. (A)

Geographic distribution and abundance of all mirusviruses. The size of bubble

represented the abundance value. (B) Pairwise phylogenetic distances between

mirusvirus lineages. To further explore the evolutionary relationships among

mirusvirus clades, we conducted pairwise comparisons of phylogenetic distance

between clades. (C) Phylogenetic distance of each mirusvirus lineage from the

midpoint of the phylogenetic tree.
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Figure S9: Maximum-likelihood phylogenetic tree of mirusvirus genomes
inferred from a concatenated alignment of amino acid sequences of DNApolB,
RNApolA, RNApolB, and TFIIS genes. Phylogenetic reconstruction was performed
with IQ-TREE using the LG+I+G substitution model and 1000 ultrafast bootstrap
replicates, and the tree was midpoint-rooted. The tree was annotated with concentric

rings of complementary information and visualized with the ggtreeExtra package.
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Figure S10: Maximum-likelihood phylogenetic tree built from mirusvirus and
nucleocytovirus genomes on the basis of a concatenation of manually curated
DNApolB, RNApolA, RNApolB, and TFIIS genes. Phylogenetic reconstruction was
performed with IQ-TREE using the Q.PFAM+F+I+R8 substitution model and 1000

ultrafast bootstrap replicates, and the tree was midpoint-rooted.
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Figure S11: The diversity of the mirusviruses in different ecosystems. (A-E)
Alpha diversity (Shannon, InvSimpson, Fisher, Chaol, and Richness index) of
mirusvirus communities among different ecosystems. (F) Phylogenetic diversity of
mirusviruses among different ecosystems. Statistical significance was assessed using
one-way ANOVA followed by least significant difference (LSD) post hoc tests.
Distinct lowercase letters denote significant differences at o= 0.05. (G-H)
Mirusviruses non-metric multidimensional scaling (NMDS) analysis and principal
coordinates analysis (PCoA) based on the Bray-Curtis distance among different

ecosystems.
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Figure S12: Genetic arrangements of CRISPR—Cas systems in Archaeal hosts of

mirusviruses. The genetic arrangements of each CRISPR—Cas subtype identified in



archaeal hosts of mirusviruses are illustrated. CRISPR-Cas subtypes belonging to
class 1 are highlighted in purple, while those in class 3 are highlighted in green, as
indicated in the top-right corner of each frame. Specifically, we found type I
CRISPR—Cas systems in 5 archaeal genomes from three phyla: Halobacteriota
(subtype I-B, I-D, and I-G), Methanobacteriota (subtype I-B), and Thermoproteota
(subtype I-A, I-B, and I-E). Similarly, Type III CRISPR—Cas systems were detected in
6 archaeal genomes from three phyla: Halobacteriota (subtype III-A, III-B, and III-D),
Methanobacteriota (subtype III-A), and Thermoproteota (subtype I1I-B, and I1I-D).



