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Supplementary figures
Figure S1. Habitat distribution of viral genomes and their ARG contents. A, D: Habitat distribution of the genomes of A) NCLDV and D) phages analyzed in this study. B, E: Percentage of ARG-carrying genomes of a given habitat to the overall number of genomes of that habitat of B) NCLDVs and E) phages. C, F: Average percentage of the ARG-like ORFs to the overall predicted ORFs per genome of a given habitat of C) NCLDVs and F) phages. Lower-case letters above the bars represent significantly different groups at p value < 0.05 with Kruskal-Wallis test. For clarity, only seven major habitats are shown individually, with other habitats being referred to as “others” and shown as a whole.
Figure S2. Sequence alignment of two putative tetracycline resistance (MFS transporter) genes in an ancient NCLDV and reference sequences in bacteria. Residues involved in tetracycline resistance on the first sequence from Escherichia coli were obtained from Wright et al.1. The other reference sequences from bacteria were downloaded from the Resfams database 2. Transmembrane (TM) regions were predicted by DeepTMHMM web platform 3. NCLDV sequence labels are marked blue.
Figure S3. Sequence alignment of the nucleotide binding domain (NBD) of the putative macB gene in an ancient NCLDV and reference macB ABC transporter sequences in bacteria. Residues involved in erythromycin resistance on the first sequence from Aggregatibacter actinomycetemcomitans were obtained from Crow et al.4 The other reference sequences from bacteria were downloaded from the Resfams database 2. NCLDV sequence labels are marked blue.
Figure S4. Average numbers of ARG subtypes detected in different families of A) NCLDVs and B) phages. Lower-case letters above the dots represent significantly different groups at p value < 0.05 with Kruskal-Wallis test.
Figure S5. Phylogenetic tree of 1143 dfr protein sequences. The dfr sequences consisted of 415 de-replicated NCLDV sequences, 346 de-replicated phage sequences, 177 prokaryotic sequences screened by Sánchez-Osuna et al. 5, and 205 eukaryote sequences selected by us according to taxonomy.
Figure S6. Sequence alignment of the putative dfr proteins in NCLDVs and reference sequences in bacteria. The binding residues of trimethoprim (purple stars below the alignments) and the accessions of dfr sequences from bacteria were obtained from Coque et al. 6. NCLDV sequence labels are marked blue.
Figure S7. IS-carriage by different families of NCLDVs and phages. A, C: Percentage of IS-carrying genomes (ICGs) of a given family to the total number of genomes of that family of A) NCLDVs and C) phages. B, D: Average percentage of the IS-like ORFs to the overall predicted ORFs per genome of different families of B) NCLDVs and D) phages. For clarity, only NCLDV families with more than 10 genomes available or those with more than 5 ICGs are displayed in A) and B). Likewise, only the 5 most abundant phage families (according to the number of genomes belonging to individual families) and those with more than 5 ICGs are displayed in C) and D). Lower-case letters above the bars represent significantly different groups at p value < 0.05 with Kruskal-Wallis test. Family names are displayed above the bars where colors cannot be clearly recognized.
Figure S8. IS-carriage by NCLDVs and phages from different habitats. A, C: Percentage of ICGs of A) NCLDVs and C) phages from a given habitat to the total number of genomes from that habitat. B, D: Average percentage of IS-like ORFs to the overall predicted ORFs per genome of a given habitat of B) NCLDVs and D) phages. Lower-case letters above the bars represent significantly different groups at p value < 0.05 with Kruskal-Wallis test. Habitat names are displayed above the bars where colors cannot be clearly recognized.


Supplementary tables
Table S1. Details of nucleocytoplasmic large DNA virus (NCLDV) genomes analyzed in this study.
Table S2. Details of phage genomes analyzed in this study.
Table S3. Details of two NCLDV dfr genes randomly selected for functional validation.
Table S4. ARG-carriage by different NCLDV families.
Table S5. ARG-carriage by different phage families.
Table S6. Most prevalently detected AMR gene families or ARG subtypes in NCLDV and phage genomes.
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GVMAG-S-1101173-83, dffG « - - » - -MIVNIIVEXYCKNRG|LGKNNT| DK sPMAKEKKLEIVG . . . . NNNNGl L MERK INL1LSK]

*kk

*

80 %0 100 110 120
P00379 E. coli dihydrofolate reductase DERTIAA..CGDV. .PETMVIFEGRVYEQF[L. . PK. . AQK[LJYLTH[I|D . . AEVEG]D|
P31074 K. aerogenes dihydrofolate reductase DEAIRAA..CGDA..EEIMVIEEGRVYEQFL|..PK. . .AHK[L|Y|LTH|I]D..AEVEGPD
P04174 N. gonorrhoeae dihydrofolate reductase EVALAL..CAGA..EEAVIMEeEAQTIY|GQANM. .PL. . ATDLRIITE[V|D . . LSVE G
P00381 L. casei dihydrofolate reductase AAVFAY..AKQHPDQE|LVIAEEAQIF|TAFK|. .DD. . VDT[LLIVTR[LA . . GSFEGPD
P11045 B. subtilis dihydrofolate reductase KD[VLDI..CSGP..EECFVIEEAQLYTDLF|. .PY. . ADRLYMTKII|H. .HEFEGPD
P10167 S. aureus dihydrofolate reductase type | EDIYQL..... P..GHVFIF[EOTLFEEMI|. .DK..VDDMY|IT|V|IE..GKFRGPD
P00380 E. faecium dihydrofolate reductase DE[LLAY..AKDIP .EDIYVS[EESRITFQALL. .PE. . TKI|IWRT[L/ID . . AEFEGD)
UTT44570 E. aurantiacum plasmid dfrE [ERAFNL..LQQE. .DE|[IF IA[ElGE|IYKES[L|. . PF. . ADR[I[Y|LT|I|I[E . . KEYEG]N|
GVMAG-M-3300023174-193, dfrA1 RKTLEK..YQKT..KKIFLI[EEREIYDLLF|..DY..CEIFHITLV|N..AEPEG
GVMAG-S-1026894-48, dfrA3 [ET[VIES..LKHE..DEVFII[HgSSILYKKAMMHPL. .CSE[LYLTV[V[V..SKCEC]
GVMAG-S-1101181-91, dffA8 KA. ...... . INDAIAF..CEAAKYDE[LWII[eSRIYNDFLNTYCDKINRV|Y|IT|C[V|C..SNHDC|D
GVMAG-M-3300024261-42, dffA19 NENITIEYCLNDTYI MYALNYINFNNNVFGE[IWVI[ESSIYDTAIELNL. . VNK/I|YLT|Y[V[K..KQYNCD)
NM tailings.bin 2 fa, dfrA20 TOLG.EV.PEEVIV MS|GLRLLEGRTLPLGRAFVI[HESS|IYKAALIDLPOQ. . TNR/ILLT[R/I|S . . KEYDCJD)
GVMAG-M-3300009149-34, dffA20 KPVFSDT .NDTPIW [KE|SIKY..CKERHISQTWII[EEIILYKTALNNVD. . IDN|I[Y|IT[R/I[D..NDFTCPD
GVMAG-S-3300013093-118, dffA21 WSQSNDY . .PDTYF DKALGL.NVPNCKINRRFVI[EEKLY|CEAIQHPR. . CKE[L{I|IN/I[I[CDVNEISC]D)
GCA.003233935.1. ASM323393v1, dffA22 GADT..Y .PEGVLY, DEALNM. . VAHA . . EKVFVI[gAQWV YADAV|IHPA . . CAG|I|WV T|QI[TNLDYPEA]
GVMAG-M-3300007236-6, dffA24 KKMKNEVDNDNTTV| QEAINHL .NRTDSIEN|GF I I[eJeJSOIL YNEC[LIKKNLDKIKY|V|Y|[LS|I|I[FD.KNYKCD
GVMAG-8-1091232-186, dffA26 YQAE...... GASYV| AEALDA..VGAD..GELWVI[EPSTYEAFR. .DI..VDTWV|/ITRE[D..KAYFCT
ERX552261.44.dc, dffC DSKFDEYRKTENLF) DEFMTK..YTSNQRDDMFVI[ESEII IKLF[K . .PL. . IRE|IHVTRV[F..GDFQCPD)
GVMAG-S-1101165-81, dffC SNKE. .. .. SNVVY CTITIKK..LNMSD.KKVFII[8SQI YKLE[L|. .HT..CKK[I|H[IT|Y[I]D. .AFFEGD]
GX.Thins.17.fa, dffE QEEH. .. .. PDIGYV| GEALVGL.SNMKSFDEWVF IMEEEQT YAEATRDYMY LCKK[I|Y\VT[K[F|K . . NDYDCJD)
ERX556315.47.dc, dffE NSDO. .. .. EGAHF| DDALNN. .IGD. ..QKAFII[EGRILYKEALDHPG. . CEKLF|ITHAN. .IRLP VD
GVMAG-M-3300023174-188, dffF MQNN. .. .HHNVIF HAALDNI.SRRKNIERWVFVI[EEI|LYNDAIRDSN . . CKE[L[F|[IN[E[I]A . VNNVEC/D)
ERX552270.62.dc, dffKk FDYT... .. INNNI [ELLI|SF..LYLKKYSEIWII[ETSIYNLF[LITSDVIKINE|I|[Y|IT|Y|ID..IEYTCPD
ERX556019.13.dc, dffG Y- - -« -« ... GVLC] DE[VLRNY . ENDKDVEN|[IFVI[EAMLYNEAIKHPM. . CEK|/I|Y|INR|I[N. .EDYIC[D
GVMAG-S-1101173-83, dffG IDNL. .. .. DCKNT [EDLEDF . . VKLKNYSELWII[YAEI VELFLNNYKKNINEII[ITY[L)D. . TEFEC]D

* Trimethoprim binding sites
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