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Supplementary Fig. 1 | Habitat distribution of viral genomes and their antibiotic resistance gene (ARG) contents. A, D: Habitat
distribution of the genomes of A) nucleocytoplasmic large DNA viruses (NCLDVs) and D) phages analyzed in this study. B, E:
Possibility of ARG-carriage in different habitats for B) NCLDVs and E) phages. C, F: Genomic potential of ARG-carriage of C)

NCLDVs and F) phages in different habitats. For clarity, only seven major habitats are shown individually, with other habitats being
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referred to as “Other” and shown as a whole. Only habitats with more than three genomes are shown in B), C), E), and F). Lower-case
letters above the bars in C) and F) represent significantly different groups assessed with two-sided Wilcoxon rank-sum test, and P-values
indicate the overall difference among all habitats assessed with Kruskal-Wallis test. Data presented in C) and F) were mean values +
standard error of the mean (SEM). Each data point represents an individual genome in the corresponding group. The number (n) of
genomes in each group can be found in Source Data file on Github !. The y-axis was truncated to zoom in on values below 0.1% in

panel F). ORF is the abbreviation for open reading frame, IG is for isolate genome, and MAG is for metagenome-assembled genome.
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Supplementary Fig. 2 | Average numbers of ARG-like ORFs detected in different
families of A) NCLDVs and B) phages. Data are presented as mean values + SEM. The
unit of study is one genome. The number () of genomes in each group can found in Source
Data file on Github !. Lower-case letters above the bars represent significantly different
groups assessed with two-sided Wilcoxon rank-sum test, and P-values indicate the overall

difference among all families assessed with Kruskal-Wallis test.

S4



vga-type ABC-F protein - vga-type ABC-F protein -
vanW; glycopeptide resistance gene cluster - Van ligase;glycopeptide resistance gene cluster -
Van ligase;glycopeptide resistance gene cluster unknown -
) _ . . unknown 1 trimethoprim resistant dihydrofolate reductase dfr - B
trimethoprim re&ita;nt dlhly_/dro_folattg ret:_ductase dfr [ | tetracycline inactivation enzyme -
. __etracycling Inactivation enzyme - tetracycline-resistant ribosomal protection protein -
» tetracycline-resistant ribosomal protection protein - .
o . . streptogramin vat acetyltransferase -
= sulfonamide resistant sul - i in ADP—ribosvltrans A
e streptogramin vat acetyltransferase - rl amp!n n gsy rans era;e( M 1
& sal-type ABC-F protein - quinolone reS|stan(?e protein (gnr) 4
g quinolone resistance protein (gnr) - pmr phosphoethanolamine transferas.e 1
g pmr phosphoethanolamine transferase - msr-type ABC~F protein -
e msr—type ABC—-F protein - lincosamide nucleotidyltransferase (LNU)
= Miscellaneous ABC-F subfamily ribosomal protection proteins - glycopeptide resistance gene cluster;vanXyY -
< macrolide esterase - glycopeptide resistance gene cluster;vanX -
glycopeptide resistance gene cluster;vanT - glycopeptide resistance gene cluster;vanW -
glycopeptide resistance gene cluster;vanS - glycopeptide resistance gene cluster;van$S -
glycopeptide resistance gene cluster;vanH - glycopeptide resistance gene cluster;vanH -
F-subtype ATP-binding cassette protein 1 C Cfr 23S ribosomal RNA methyltransferase -
Erm 23S ribosomal RNA methyltransferase - AAC(6') -
antibiotic-resistant isoleucyl-tRNA synthetase (ileS) - — T
PO LOD OO BT E8883
SSSggff8se SEE8y
SSEESEEESEEEQ 53333 &
Number of ARGs S333S333 X8 83820
Sss=sE585£89°0 t 235 ¢<
w~:=\~®§b‘c~~ﬁ.c EL =2 =D
<Ng~-9=28Q S gL TO”
100 200 s & &2 qa &
Families of NCLDVs Families of phages

Supplementary Fig. 3 | Distribution of antimicrobial resistance gene families in different viral families of A) NCLDVs and B)

phages. All viral families with at least one ARG detected are displayed. Source data are provided as a Source Data file on Github '
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Supplementary Fig. 4 | Sequence alignment of the putative dihydrofolate reductase proteins in NCLDVs and reference sequences
in bacteria. The binding residues of trimethoprim (indicated by purple stars below the alignments) and the accessions of DFR sequences

from bacteria were obtained from Coque et al. >. NCLDYV sequence labels are marked blue.
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Supplementary Fig. 5 | Mobile genetic elements (MGEs) carried by NCLDVs and
phages from different habitats. A, C: Possibility of MGE-carriage of A) NCLDVs and
C) phages in different habitats. B, D: Genomic potential of ARG-carriage of B) NCLDVs
and D) phages in different habitats. Lower-case letters above the bars represent
significantly different groups assessed with two-sided Wilcoxon rank-sum test, and P-
values indicate the overall difference among all families assessed with Kruskal-Wallis test.
Data presented in C) and F) were mean values = SEM. Each data point represents an
individual genome in the corresponding group. The number (7) of genomes in each group

can be found in the Source Data file on Github !. For clarity, only seven major habitats are
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shown individually, with other habitats being referred to as “Other”. Only habitats with at

least three genomes are shown.
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Supplementary Fig. 6 | Dependency between ARG-carriage and the carriage of
different MGE types in the NCLDV genomes. A: Overall incidence of individual MGE
types. B: Possibility of ARG-carriage in genomes with or without a given MGE type. Two-
sided Chi-squared test was performed to test dependency between carriage of a given MGE
type and ARG-carriage. C: Genomic potential of ARG-carriage in genomes with or without
a given MGE type. Two-sided Wilcoxon rank-sum test was performed to evaluate the
statistical significance of the differences in ARG content between genomes with or without
a given MGE type. MGE+: genomes with at least one MGE belonging to a specific MGE

type, MGE-: genomes without any MGE belonging to a specific MGE type. Data are

presented as mean values + SEM. Each data point is one genome. D: Histogram of distance
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(kb) between ARGs and different types of MGEs. Source data are provided as a Source

Data file on Github .
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Supplementary Fig. 7 | Dependency between ARG-carriage and the carriage of
different MGE types in the phage genomes. A: Overall incidence of individual MGE
types. B: Possibility of ARG-carriage in genomes with or without a MGE type. Two-sided
Chi-squared test was performed to test dependency between carriage of a MGE type and
ARGe-carriage. C: Genomic potential of ARG-carriage in genomes with or without a MGE
type. Two-sided Wilcoxon rank-sum test was performed to evaluate the statistical
significance of the differences in ARG content between genomes with or without a MGE
type. MGE+: genomes with at least one MGE belonging to a specific MGE type, MGE-:
genomes without any MGE belonging to a specific MGE type. Data are presented as mean

values + SEM. Each data point is one genome. D: Histogram of distance (kb) between
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ARGs and different types of MGEs. Source data are provided as a Source Data file on

Github .
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Supplementary Fig. 8 | Correlations between genomic potential of ARG carriage of
isolated viruses and their genome size. Spearman coefficients are shown as heatmap in
A) for isolated NCLDVs and B) for isolated phages. Colors represent Spearman’s rho. Stars
and cross symbols indicate significance of the Spearman correlation, which are FDR-
adjusted for multiple comparisons. Only viral families with more than three ARG-carrying
genomes and the overall patterns of NCLDVs and phages are displayed. Exact n and P-

values for individual groups can be found in the Source Data file on Github !.
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Figure S9
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Supplementary Fig. 9 | Phylogenetic tree of dihydrofolate reductases from NCLDVs,
eukaryotes, prokaryotes, and phages. This tree is the same as that in Figure 3A in the
main text, with trimethoprim sequences from NCLDVs functionally validated in this study

marked with stars.
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Orders of NCLDVs
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Supplementary Fig. 10 | Maximum-likelihood phylogenetic tree of NCLDVs.

Reference genome sequences were adopted from a previous publication °

(https://faylward.github.io/GVDB). The tree was constructed using concatenated

alignments of seven marker genes SFII, RNAPL, PolB, TFIIB, Topoll, A32 and VLTF3,
employing the LG+I+F+G4 model and rooted with Poxviridae. Branches in different colors
represent taxonomic information of the giant viruses at the order level. The giant virus
genomes assembled in this study are highlighted in pink font. The outermost circle
represents the taxonomic information of the giant viruses at the family level. The marker
genes comprise: SFII (DEAD/SNF2-like helicase), RNAPL (DNA-directed RNA

polymerase alpha subunit), PolB (DNA polymerase family B), TFIIB (transcription
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initiation factor IIB), Topoll (DNA topoisomerase II), A32 (Packaging ATPase), and
VLTF3 (Poxvirus late transcription factor VLTF3). For better presentation, branches not

involving any genomes in this study are folded.
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