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Supplementary Table 1. Assembly summary of soil giant viruses. Genomes are

visually compared in Supplementary Fig. 2. * These viral genomes were excluded from further analysis
due to low genome completeness based on presence/absence of conserved NCVOGs ' (Supplementary
Fig. 1). **Partial genomes were deposited at https://bitbucket.org/berkeleylab/forestsoil-gv

Name Assembly Size [bp] Genes GC [%] Contigs (>2 kb) N50 [bp] Accession (NCBI)
3300020774-4* 376,227 440 30 47 12,269 *

3300020905-1* 231,229 244 37 31 8,947 *=

3300020918-1* 597,079 568 36 55 13,574 =

Barrevirus BAV1 604,913 587 32 44 20,887 MKO71998-MK072041
Dasosvirus DSV1 301,586 304 31 24 35,562 MKO72042-MKO72065
Edafosvirus EDV1 1,255,552 1311 28 66 35,172 MKO72066-MKO072131
Faunusvirus FNV1 812,113 838 31 67 18,668 MKO72132-MK072193
Gaeavirus GAV1 549,019 512 32 44 18,526 MKO72199-MKO072242
Harvfovirus HAV1 1,553,620 1,586 36 89 23,970 MKO72243-MKO072331
Homavirus HOWV1 456,650 451 29 51 11,209 MKO0O72332-MKO072382
Hyperionvirus HYV1 2,377,404 2,454 37 54 69,817 MKO72383-MKO072436
Satyrvirus SAV1 904,917 928 31 52 27,026 MKO72437-MKO72488
Solivirus SOV1 276,500 282 37 9 70,714 MKO72489-MKO72497
Solumvirus SMV1 316,086 279 35 9 47,043 MKO72498-MKO72506
Sylvanvirus SYV1 940,362 853 36 45 34,512 MKO72507-MKO072551

Terrestrivirus TEV1 1,790,239 1,652 29 19 251,584 MKO71879-MKO71997



https://paperpile.com/c/z1u5Wi/hPCs

Supplementary Table 2. Naming considerations. Proposed names and etymology for the thirteen
novel giant viruses with the most complete genomes. * Not affiliated with existing viral lineages on the
genus, subfamily and family level. Naming of the here discovered metagenomic viruses is in accordance
with the Consensus Statement on “Viral Taxonomy in the Age of Metagenomics” 2.

Proposed Name

Viral Lineage

Etymology

Barrevirus
Dasosvirus
Faunusvirus
Edafosvirus

Gaeavirus

Harvfovirus

Homavirus

Hyperionvirus
Satyrvirus

Solivirus
Solumvirus
Sylvanvirus

Terrestrivirus

Klosneuvirinae
Klosneuvirinae
Mimiviridae

Klosneuvirinae

Klosneuvirinae

Klosneuvirinae

Klosneuvirinae

Klosneuvirinae
Megamimivirinae

Megavirales*
Megavirales*
Megavirales*

Klosneuvirinae

N. L. n. Barre- referring to the Barre Woods long-term experimental
warming site from which the soil samples were collected.

Gr. n. Dasos-, forest

L. n. Faunus- referring to the Roman horned god of the forest,
plains, and fields.

Gr. n. Edafos-, terrain

Gr. n. Gaea-, referring to the ancient Greek goddess representing
the personification of earth

N. L. n. Harv- referring to Harvard, -fo- referring to forest, denoting
the site from which the soil samples were collected.

N. L. n. Homa-, referring to the tree of life
G. n. Hyperion-, referring to the world's tallest known living tree..

Gr. n. Satyr- referring to the ancient Greek deities of the woods and
mountains.

L. adj. Soli-, soil
L. adj. Solum-, soil
L. n. Sylva- , timber

L. n. Terrestri-, from latin terrestrius, earth



https://paperpile.com/c/z1u5Wi/k5nq

Supplementary Table 3. Metadata summary of samples used for bulk- and mini-metagenomics and
metatranscriptomics. *These viral genomes were excluded from further analysis due to low genome
completeness.

Metagenome Accession (IMG) GOLD ID Treatment Soil Type Giant Virus Identified

3300020974 Ga0206957 Heated Organic Sylvanvirus
3300020918 Ga0207107 Heated Mineral 3300020918-1*
3300020905 Ga0207100 Heated Mineral 3300020905-1*
3300020904 Ga0207088 Heated Mineral Homavirus
3300020831 Ga0207143 Heated Mineral Dasosvirus
3300020823 Ga0207075 Heated Mineral Solumvirus
3300020795 Ga0206962 Heated Organic Barrevirus
3300020774 Ga0206948 Heated Organic 3300020774-4*
3300020767 Ga0206992 Control Mineral Satyrvirus
3300020765 Ga0207047 Control Mineral Harvfovirus
3300020757 Ga0206990 Control Mineral Hyperionvirus
3300020744 Ga0207027 Control Mineral Gaeavirus
3300020659 Ga0206851 Control Organic Solivirus
3300020651 Ga0206911 Heated Organic Edafosvirus
3300020631 Ga0206834 Control Organic Terrestrivirus
3300020581 Ga0210399 Control Mineral Faunusvirus




Supplementary Table 4. Regions in genome assemblies with low read coverage. Positions (start,
stop) of regions (300 bp) with an average read coverage of 3 or less are indicated and the average contig
read coverage. Contig edges (500 bp) were not taken into account.

Contig Contig size [bp] Start  Stop Coverage Contig coverage
Barrevirus_14 15494 2101 2400 3 20
Barrevirus_19 11371 6301 6600 2 12
Barrevirus_23 9093 6301 6600 3 10
Dasosvirus_14 4840 901 1200 3 e
Dasosvirus_2 38788 17701 18000 2 26
Dasosvirus_22 2767 601 900 3 5
Dasosvirus_6 14703 3001 3300 3 17
Edafosvirus_24 14887 12901 13200 2 15
Edafosvirus_25 14139 2401 2700 3 13
Edafoswirus_41 6708 601 900 3 10
Edafosvirus_51 3824 1201 1500 3 9
Edafosvirus_56 3532 2701 3000 3 22
Edafoswirus_6 51907 50101 50400 3 82
Edafosvirus_61 3038 1501 1800 3 7
Edafosvirus_8 38472 13801 14100 3 22
Gaeavirus 16 11195 9301 9600 3 41
Handovirus_5 50546 45001 45300 3 144
Hanvfovirus_65 7756 3601 3900 3 12
Hanvfovirus_66 7588 6301 6600 3 38
Homavirus_16 9845 6301 6600 2 14
Homavirus_39 4225 2401 2700 3 9
Hyperionvirus_20 44408 41401 41700 3 348
Hyperionvirus_32 24307 1501 1800 3 26
Hyperionvirus_34 22059 19801 20100 3 26
Satyrvirus_25 13848 9801 9900 3 21
Satyrvirus_30 11419 2401 2700 3 14
Satyrvirus_37 8727 5401 5700 1 12
Solivirus_4 38098 37201 37500 3 56
Sylvanvirus_14 25196 24301 24600 3 28
Sylvanvirus_33 7479 6001 6300 3 61
Sylvanvirus_4 46678 13501 13800 2 24
Terrestrivirus_3 271924 61201 61500 3 178




Supplementary Table 5. Recovery of soil giant virus genes in metatranscriptomes. Giant virus
genes which could be assembled from the metatranscriptomes (MTT).

Gene MTT assembled Average fold coverage Identity [%] Covered [bp] Product

3300020905-1_1_49 Ga0242656_1223623 3.2172 99.6 295 hypothetical protein

3300020905-1_1_103 Ga0242662_10892879 1.8634 100 322 AEX62687.1 hypothetical protein mv_L482 [Moumouvirus Monve]
3300020918-1_1 17 Ga0242662_ 10127587 1.9281 100 751 AGD92382.1 capsid protein 1 [Megavirus Iba]
3300020918-1 1 18 Ga0242662_ 10190859 3.2172 100 129 hypothetical protein

3300020918-1 1 196 Ga0242662 10164121 1.9838 99.7 681 AGF85257.1 hypothetical protein glt_00448 [Moumouvirus goulette]
Barrevirus_7_8 Ga0242670_1014965 2.0751 100 165 hypothetical protein

Barrevirus_7_10 Ga0242670_1286930 3.2226 100 125 hypothetical protein

Solumvirus_3_10 Ga0242655 10912936 1.7335 100 319 hypothetical protein

Solumvirus_5_25 Ga0242678_ 1214968 10.9477 100 215 hypothetical protein

Terrestrivirus_4 114  Ga0242668_1460315 1.142 97.8 187 hypothetical protein




Supplementary Table 6. Taxonomic classification of eukaryotic 18S rRNA gene sequences
extracted from bulk metagenomes. From mini- and bulk metagenomes, 18S rRNA gene sequences
were identified using Infernal cmsearch with a covariance model of the eukaryotic 18S ribosomal RNA
(RF01960) 4. Hits were extracted and searched against the SILVA database (v132)° using blastn &. The
table shows only hits to protists with an alignment length of at least 1200 bp. In addition to hits against
Apicomplexa, Ciliophara and Cercozao there were 63 hits against fungi and 25 hits against metazoa. No
eukaryotic 18S ribosomal RNA gene sequences of any length were detected in the mini-metagenomes
which contained the giant viruses.

Contigname (IMG) Position  Best hit (SILVA) Identity [%] Length [bp] Taxonomy of best hit

Ga0210397_10010074 1022 2808 GQ330636.1.1435 99.168 1443 SAR Alveolata;Apicomplexa; Conoidasida;Gregarinasina; Archigregarinorida; Selenidium;uncultured Coccidia
Ga0210387_10010255 1474 3260 GQ330636.1.1435 99.168 1443 SAR Alveolata;Apicomplexa; Conoidasida;Gregarinasina; Archigregarinorida; Selenidium;uncultured Coccidia
Ga0210385_10003826 1014 2800 GQ330636.1.1435 99.168 1443 SAR Alveolata;Apicomplexa;Conoidasida;Gregarinasina; Archigregarinorida; Selenidium;uncultured Coccidia
Ga0210387_10036899 683_2458 EF024928.1.1761 99.001 1761 SAR;Alveolata;Ciliophora;intramacronucleata; Spirotrichea;Hypotrichia; Gonostomum;uncultured Oxytrichidae
Ga0210387_10034108 1_1294 FPLS01020493.8.1436 97.98 1287 SAR:Rhizaria;Cercozoa;Thecofiloseauncultured; metagenome

Ga0210408_10074274 351_2127 EF024338.1.1850 96.82 1761 SAR;Alveolata;Apicomplexa;Conoidasida;Gregarinasina; Eugregarinorida;unculiured Eimeriidae

Ga0210404 10018451 299 2075 EF024338.1.1850 96.82 1761 SAR;Alveolata;Apicomplexa;Conoidasida;Gregarinasina; Eugregarinorida;unculiured Eimeriidae

Ga0210385 10009821 1721 3526 AF411281.1.1803 94.539 1813 SAR;Rhizaria;Cercozoa;imbricatea; Spongomonadida; Spongomonas; Spongomonas minima

Ga0210393 10102083 991 2284 FJ865354.1.1748 85.453 1313 SARAlveolata;Apicomplexa; Conoidasida;Gregarinasina; Eugregarinorida;Psychodiella; Psychodiella chagasi

Ga0210387_10109362 1027 2321 FJ865354.1.1749 84.932 1314 SAR;Alveolata;Apicomplexa;Conoidasida;Gregarinasina; Eugregarinorida;Psychodiella; Psychodiella chagasi



https://paperpile.com/c/z1u5Wi/oiGi+CYuF
https://paperpile.com/c/z1u5Wi/7916
https://paperpile.com/c/z1u5Wi/scts

Supplementary Table 7. Taxonomic classification non viral metagenome assembled genomes
(MAGSs) in the minimetagenomes. Taxonomy of MAGs was assigned with genome taxonomy database
(GTDB) classifier (https://github.com/Ecogenomics/GTDBTK).

Accession (IMG) Taxonomy (GTDB)

3300020651-2
3300020651-3
3300020651-4
3300020651-5
3300020651-6
3300020659-1
3300020659-2
3300020659-3
3300020659-5
3300020659-6
3300020744-2
3300020744-3
3300020744-4
3300020744-5
3300020757-1
3300020757-2
3300020757-3
3300020757-4
3300020765-2
3300020765-3
3300020765-4
3300020765-5
3300020767-1
3300020767-2
3300020767-3
3300020767-4
3300020767-6
3300020774-1
3300020774-2
3300020774-3
3300020774-5
3300020774-6
3300020774-7
3300020795-1
3300020795-2
3300020795-3
33000207954
3300020795-6
33000207957
3300020823-1
3300020823-2
3300020831-1
3300020831-2
3300020831-3
3300020904-1
3300020904-2
3300020904-3
3300020904-4
3300020904-5
3300020904-6
3300020904-7
3300020905-2
3300020905-3
33000209054
3300020918-2
3300020918-3
3300020918-4
3300020918-5
3300020974-1
3300020974-2
3300020974-3
3300020974-5

d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Chitinophagales;f__LD1
d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__ Pedosphaerales;f Pedosphaeraceae
d__Bacteria;p__Elusimicrobia;c__Elusimicrobia;o__ 2-01-FULL-59-12;f 2-01-FULL-59-12;g  2-01-FULL-59-12
d__Bacteria;p__Oligoflexaeota

d__ Bacteria;p__Acidobacteria;c__Acidobacteriia;o__ Acidobacteriales;f _Acidobacteriaceae;g__KBS-89
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__ AKYH767.f__b-17BO
d__Bactena;p__Verrucomicrobia;c__Verrucomicrobiae;o__Chthonicbacterales

d_Bacteria;p _Bacteroidetes;c_ Bacteroidia;o _ Chitinophagales;f__ Chitinophagaceae;g_ UBAB621

d Bacleria;p Acidobacteria;c Acidobacteriia;o  Acidobacteriales;l  Acidobacteriaceae
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Chitinophagales;f__Chitinophagaceae;g__ UBABG21
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o_Chitinophagales;f _Chitinophagaceae;g__Ferruginibacter
d__Bacteria;p__Proteobacteria;c_Gammaproteobacteria;o UBAS5158;f UBAS5158

d__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o_ AKYH767
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Sphingobacteriales;f__Sphingobacteriaceae;g__Mucilaginibacter
d__Bacteria;p__Proteobacteria;c__Gammaprotecbacteria;o__UBA5158;f _UBA5158;g__2-12-FULL-45-12
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__ AKYH767;f__b-17B0
d__Bacteria;p__Acidobacteria;c__Acidobacteriia;o__Acidobacteriales

d__Bacteria;p__Bacteroidetes

d__Bacteria;p__Acidobacteria;c__Acidobacteriia;o__Acidobacteriales
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Chitinophagales;f__Chitinophagaceae
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Sphingobacteriales;’__Sphingobacteriaceae;g__Mucilaginibacter
d__Bacteria;p__Proteobacteria;c__ Gammaproteobacteria;o__Betaproteobacteriales;f _Burkholderiaceae
d_ Bacteria;p_Acidebacteria;c_ Acidobacteriig;o  20CM-2-55-15

d_Bacteria;p__ Proteobacteria;c__ Alphaproteobacteria

d__Bacleria;p__Proteobacteria;c__ Gammaproteobacteria;o _Betaproteobacteriales;f _Burkholderiaceae
d__Bacteria;p__Acidobacteria;c__Acidobacteriia;o__Acidobacteriales;f _Acidobacteriaceae;g__Silvibacterium
d_Bacteria;p _Cyanobacteria;c_Melainabacteria;o  Obscuribacterales;f _ Obscuribacteraceae
d__Bacteria;p__Dependentiae;c__Babeliae;o__Babeliales;f _Vermiphilaceae
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f _Midichloriaceae
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Micavibrionales;f__Micavibrionaceae
d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Pedosphaerales;f__Pedosphaeraceae
d__Bacteria;p__Ammatimonadetes;c__Fimbriimonadia;o__Fimbriimonadales;f__Fimbriimonadaceae;g__55-13
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Tistrellales;f__Tistrellaceae
d__Bacteria;p__Proteobacteria;c__ Alphaproteobacteria;o__Micavibrionales;f__UBA1247
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__ AKYH767;f__b-17BO
d__Bacteria;p__Bacteroidetes;c__Bacteroidia

d_Bacteria;p__Proteobacteria;c_ Gammaproteobacteria;o  UBAS5158;f  UBA5158

d_Bacteria;p Acidobacteria;c_ Acidobacteriia;o Acidobacteriales;f Acidobacteriaceae

d_ Bacteria;p__Proteobacteria;c__Alphaproteobacteria
d__Bacteria;p__Dependentiae;c__Babeliae;o__Babeliales;f _RVW-14

d_ Bacleria;p__Proteobacteria;c_ Gammaproteobacteria;o HT99;f _HT99

d_ Bacteria;p__Proteobacteria;c_ Gammaproteobacteria;o  UBAS5158;f  UBAS5158
d__Bacteria;p__Proteobacteria;c__Garmmaproteobacteria;o_ UBAS5158;f UBAS5158
d__Bacteria;p__Verrucomicrobia;c__Chlamydiia;o__Chlamydiales;f _Simkaniaceae
d__Bacteria;p__Acidobacteria;c__Acidobacteriia;o__Acidobacteriales;f__Koribacteraceae
d__Bacteria;p__Verrucomicrobia;c__Chlamydiia;o__Chlamydiales
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Sphingobacteriales;f__Sphingobacteriaceae;g__Mucilaginibacter
d__Bacteria;p__Bacteroidetes
d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Chitinophagales;f__Chitinophagaceae;g__Ferruginibacter
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__ HT99
d__Bacteria;p__Dependentiae;c__Babeliae;o__Babeliales;f RVW-14;g UASB124

d_ Bacteria;p__Elusimicrobia;c__ Elusimicrobia;o  2-01-FULL-59-12

d_ Bacteria;p__Bacteroidetes

d__Bacteria;p__Acidobacteria;c__Acidobacteriia;o__Acidobacteriales;f _Koribacteraceae
d__Bacleria;p__Acidobacteria;c__Acidobacteriiz;o_ UBA754Lf _UBA7541

d Bacteria;p _ Proteobacteria;c  Gammaproteobacteria;o HT99
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria
d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria
d__Bacteria;p__Omnitrophica;c__koll11;0__UBA10015
d__Bacteria;p__Bacteroidetes;c__Bacteroidia,o__AKYH767;f _b-17B0O



https://github.com/Ecogenomics/GTDBTk
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Supplementary Fig. 1. Genome features and genome completeness estimate of novel soil giant
viruses. Nucleocytoplasmic large DNA virus (NCLDV) maximum likelihood tree (Fig. 2), with novel giant
virus genomes described in this study highlighted in red. Branches are collapsed if support was low (<50),
support values are not indicated in case of full support (100). The tree is rooted at the Poxviridae. As
measure for genome completeness and contamination the copy number of 20 ancestral NCVOGs ', total
number of unique ancestral NCVOGs and their duplication level (total number of ancestral NCVOGs
divided by total number of unique ancestral NCVOGs) are indicated. Presence/absence and copy
numbers of ancestral NCVOGs featured in the new genomes are similar to closely related previously
published genomes. The only outlier Bodo saltans virus with 20 copies of NCVOG0023 is displayed in the
heatmap as 10. More details on copy number of ancestral NCVOGs provided in Supplementary Fig. 4.
Bars on the very right indicate the total number of genes in paralogous gene families unique to the
respective viral genomes. The scale bar represents substitutions per site.
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Supplementary Fig. 2. Circular representation of novel soil giant virus genomes. Each plot shows
from outside to inside: Filled circles depict location of encoded tRNAs and aminoacyl-tRNA synthetases
(aaRS). The second ring displays positions of genes (gray) either on the minus or the plus strand. The
next track illustrates GC content in shades of gray. The fourth track shows color-coded origin of proteins
with best blastp hits (evalue 1e-5) to cellular homologs, best hits against viral proteins are indicated in
white and if possible, further broken down based on their taxonomic origin color-coded on the most inner
track. Finally, lines in the middle of the plot connect paralogs (gray) and nearly identical repeats (orange).
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Supplementary Fig. 3. Taxonomic breakdown of genes encoded by novel soil giant viruses. Pie
charts summarizes percentage of genes with and without cellular homologs, which are further broken

down based on taxonomic affiliation of best blastp hits (evalue 1e-5).
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Supplementary Fig. 4 Duplication level of ancestral NCVOGs. As measure for genome completeness
and contamination copy numbers for each of the 20 ancestral NCVOGs ' are indicated. Copy numbers of
ancestral NCVOGs in the new soil giant virus genomes are similar to other previously published NCLDV
genomes. The only exception is NCVOG1117 (mRNA capping enzyme large subunit), for which Ca.
Edafosvirus has an additional copy compared to previously published NCLDV genomes. Center lines of
boxplots represent the median, bounds of boxes the lower and upper quartile, whiskers extend to points
that lie within 1.5 interquartile range of the lower and upper quartile.
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Supplementary Fig. 5. Benchmarking of the mini-metagenomics approach and metagenomic
binning. Mini-metagenomics benchmarking based on randomly sorting of 10 cells from a bacterial mock
community consisting of five different bacterial isolates, Eco: Escherichia coli K12, Evi: Echinicola
vietnamensis DSM 17526, Son: Shewanella oneidensis MR-1, Ppu: Pseudomonas putida F1; Mru
Meiothermus ruber. Mru was not recovered with our approach. a Box plots indicating number of
nucleotides which could be aligned to reference genomes and nucleotides in the respective MAG which
mapped to another reference organism (“contaminant”) present in the same mini-metagenome.
Furthermore, the number of identical genes found in each MAG (indicator for chimeric sequence
duplication) is indicated and the average number of duplicated (100% identity) genes per MAG. b An
alternative view of the number of nucleotides in each MAG which could be aligned to the correct
reference genome or to contaminants. In summary, the benchmarking experiment showed only a very low
rate of binning-derived contamination: 1-2 contaminant contigs in 18 out of 109 total bins, affecting less
than 2% of sequence information contained in the respective MAG. More importantly, the contamination
was derived from wrong binning and there was not a single case in which MDA gave rise to true chimeric
sequences (sequences patched together from different microbes on a single contig). Center lines of
boxplots represent the median, bounds of boxes the lower and upper quartile, whiskers extend to points
that lie within 1.5 interquartile range of the lower and upper quartile.
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Supplementary Fig. 6 Simulation of metagenomic binning. a Binning of a simulated mock community
consisting of 12 giant viruses, each a representative of a subfamily or family in the Megavirales.
Alignment fraction of in total 12 MAGs to reference genomes is shown. Only one MAG (Bodo saltans
virus) was affected by contamination, containing a single contaminant contig (from Megavirus chilensis,
size < 20kb, ~1.5% of the total MAG size). b Binning of mock community simulated from the 13 most
complete soil giant virus genomes discovered in this study. Two out of 11 MAGs were chimeric, both
consisting of more than one closely related virus (highlighted in red). As measure for genome
completeness and contamination the copy numbers of 20 ancestral NCVOGs ' and their duplication level
(total number of ancestral NCVOGs divided by total number of unique ancestral NCVOGs) are indicated.
Chimeric MAGs can be detected using this approach. ¢ A detailed view of copy numbers for each of the
20 ancestral NCVOGs for simulated MAGs (b) compared to other Megavirales genomes. Chimeric MAGs
can be detected using this approach. Center lines of boxplots represent the median, bounds of boxes the
lower and upper quartile, whiskers extend to points that lie within 1.5 interquartile range of the lower and
upper quartile.
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Supplementary Fig. 7. Phylogenomic placement of novel viral lineages based on single protein
phylogenies. a Summary of phylogenetic placement of each of the five core NCVOGs selected for the
concatenated species tree (Fig. 2, Supplementary Fig. 1, Supplementary Fig. 7): DNA polymerase
elongation subunit family B (NCVOGO0038), D5-like helicase-primase (NCVOG0023), packaging ATPase
(NCV0OG0249), Poxvirus Late Transcription Factor VLTF3-like (NCVOG0262), and DNA or RNA
helicases of superfamily Il (NCVOGO0076). Phylogenetic affiliation to reference lineage is color coded, with
lineage-specific colors indicated in the schematic representation of the NCLDV species tree shown in the
right panel. * indicates basal position of the respective gene, e.g. the selected copy of NCVOG0249 in Ca.
Sylvanvirus groups basal to its counterparts in Cafeteriavirus, Megamimivirinae and Klosneuviriniae. Grey
color indicates a potential gene replacement or divergence after duplication, i.e. the respective gene was
affiliated with a different NCLDV lineage than in the species tree (Fig. 2, Supplementary Fig. 1). b
Detailed inspection of taxonomic affiliation of the genes on contigs which harbor a NCVOG which has
potentially been subject to gene replacement or divergence after duplication. Each of the affected contigs
is of viral origin based on gene content and can be attributed to the correct NCLDV lineage.

17



Pandoravirus salinus NCO22098 Pasa_Pasa_1 604
"'{ dlli’a'!dl:lrawrusirv::[.)ir\et\,rr\ MCD26440 Pain_Pain_1_Z082
Pandoravirus quercus MGO11689 Paqu MGO11689 566
'[{Pa"dnrawrus dulcis NC021858 Padu_Padu_1 571
Pandoravirus pampulha OFAQ10000G1 Pam OFAJ01000008 510
F’andn avirus braziliensis SL2 LT972217 Pabr LT972217 1197
pandoram ‘us macleodensis MGO11601  Pama_MG011691_499
Panduravlr.‘s massiliensis BZ&1 OFAID1000001 Pass OFAI0I000004 1077
PandOrOVH us neocaledonia MGO11690  Pane_MGO11690_570
3 tauri virus otv5 NC 010191 Ost5 Ost5_I 166
. lucimarinus virus 7 olv? NCO28093 0509 0s09 1 160
’[ . lucimarinus virus OIVS HO632627 0s08_0s08_1 83
Micromonas sp. ree1109 virus mpyl NCO14767  Micr Micr 1 169
Dalhycn((us sp. rec1105 virus bpvl NCO14765 Bavi_Bavi_1_168
Yellowstone lake phycodnavirus 2 NCO28110 Yel3_Yel3 1 113
Yellowstone lake phycodnavirus 1 NC028112 Yel2_ Yc\? ]

Ye\luwstune ake phycodnavirus 3 NCO28108 Yeld_Yeld_1 79
m -A. turfacea Chlorella virus WIDEDE |X997187 Ar227A(2271725
P. bursaria Chlorella virus CWA-1 |X997164 Pad9 Pa09 1 303

“[P bursaria Chlorella virus NY2A NCODSB98  Pabd_Pabd_1_287
P. bursaria chiorella virus 1 NCODOB52 Pabu_Pabu 1 249
E—UOL:}I’I)US siliculosus virus 1 NCOD2B8B7 Ecsi_NC_002687_134
[Felamannia species virus NC011133 Fesp Fesp_1_37
Felmnanndnreg\ldﬂb virusa Feir_Feir_15_115
Mallivirus sibericum pl0B4t NCO27867 Mosi_Mosi 1 408
Sylvanvirus  Sylv_Sylv_1_57
owpox virus strain Brighton Red, AF482758 Poxi AF482758 114
Raccoonpox virus NCO27213 Racv_Racv_1 107
[ Skunkpox virus strain Wa, KU749310 Foap KU749310_111
\fn\epnx virus strain CA, KU749311 Poao KU749311 111
) [\‘r‘ka poxvirus NCO15960 Yoka_Yoka_1_90
NY_014 poxvirus strain 2013, MFO01305 Poas MFOOL305_104
<[Deerpox wirus W-848-83, AY689436  Poxz_AYB89436_94
Swinepox virus isolate 17077-99, AF410153 Poxk AF410153 81
10 wflyXoma virus strain Lausanne, AFL70726 Poxq AF170726_85
..[ Rabbit fibroma virus, AF170722 Poxv_AF170722_B5
Lumpy skin disease virus NI-2490 isalate Neethling 2490, AF325528 Poxj AF325528 B3
[*aba-like disease virus (YLDV], AJ293568 Poxu_AJ293568_35
Yaba menkey twmor virus, AY386371  Poxt AY386371 77
_1Co[ia virus SPAN232, HQ647181 Poae_HQ647181 103
BeAn 58058 virus, KY094066 Poag_KY094066_113
Eptesipox virus strain Washington, KY747497 Poaw_KY747497 91
Squirrelpox virus Berlin_2015, MF503315 Poau_MF503315_89
Squirrel poxvirus strain Red squirrel UK, HEGO1699 Poaf HEGD1899_79
Parapoxvirus red deer/HLS53 strain HL953, KM502564 Poaj KM502564 68
. '{ Seal parapoxvirus isolate AFK76s1, KY382358 Poar_KY382358 65
4 ”B[’ [wc{f;eudncowpox virus strain VR634, GQ329670 Poac_GQ328670_72
rf virus strain OV-5A00, AY3B86264 Poxs_AY386264_66
{ Bovine papular stomatitis virus strain BV-AR02, AY386265 Poxr_AY386265 67
Molluscum contagiosum virus subtype 1, UG0315 Poxp_UB0315_94
2o PLErOpOX virus strain Australia, KU980965 Poan KU980965 B5
N Sea otter poxvirus strain ELK, MH427217 Pobc_MH427217_80
Nile crocedilepox virus, DO356948 Poaa DQ356948 114
Turkeypox virus strain TKPY-HU1124/2011, KP728110 Poam_KP728110 39
‘{m{rnw\pnx virus, AF198100 Poxg_AF198100_60
1L Pigeonpox virus isolate FePZ, KJE01920 Pdah KJBO1920 62
“anarypox wirus strain ATCC VR-111, AY318871 Poxn_AY318871_61
Salmon gill poxvirus, KT159937 Poal KT159937_95
Anamala cuprea entomopoxvirus DNA, APD13055 Poag APO13055 178
r Erl-‘lythlmna separata entomopoxvirus 'L', HF679134 Poxc HFE79134 118
honmai L, HF679131 Poxb HFG79131 90
Melanoplus sanguinipes entomopoxvirus, AF063866 Poxf AF063866 81

£, huxleyl virus 201 JF474311 EmZ5_Em35_1 414
mtonnur) biennis entomopaxvirus 'L, HF679132 Poxa _HFE75132 3

)| Lua

1

”ll:edratw us All CeAl BQ3484 301
,{ ICedratvirus lausannensis Cela BQ9231_D0303
Brazilian cedratvirus IHUMI-27.7 LT994651 BCed BCed 1 478
arman\nru: A23 Pacm_BOW72 gpld9

- frican swine fever virus Malawi LIL 201 AYZ61361 Af23 Af23 1 87
\Wirican swine fever virus BAT1V NCOO1659 Af22_Af22 1_66

o Faustevirus D3 KUS56803 Faul Faul 1 369
Faustovirus LCY CZDJ02000001 Flcd_Flco_3_304
Fau;tcv rus D5A KU702950 Fau2 Fau2 1 114
Lo Kﬂumtebdwlus solate Sc Kaum_BNJ_00133
umvi Solu_Solu & 245
OrpheuwuslHUMl LCCZ NC_036594 Orph_Orph_1_1316

. 1 mLP\[hnulrus LCB LT598838 Plc8_PlcB_4_115

Pithovirus sibericum p1084-t NCO23375 Pisi Pisi 1 15
Solivirus Soli_Soli_8_273
o Voumeavirus NMV1 NC033775 Noum_ Noum_1 346
Lausannevirus NCO15326 Laus_Laus_1_180
MLG[M[Brazman marseillevirus BH2014 NC029692 Brma Brma_1 197

-1 Tunisvirus fontaine2 UJ84 KFA83846 Tufe Tufe 1 81
2 olden Marsaillevirus NC_031465 Gold_Gold 1 124
m Melbournevirus NCO25412 Me06_Me06_1_178
Tokyovirus A1 NCO30230 Tokuv Tokv 1 211
herax quadricarinatus iridovirus CQIV-CNO1 MF197913  Chqi_Chqi_1_40
\rvcrte:)ratn iridovirus 22 NC021901 Inr2_Inr2 1 3
\nversebrate indovirus 25 NCD23613 |r|r4 \1r4 13
w‘lsnaua iridescent virus NCO15790 Wiir_\ W\r 1123
A wvulgare iridescent virus 31 NCO24451  Arvu Arvu 1 114
L vertebrate iridescent virus & NC003038 Inrl inrl 1
. JHeliothis virescens ascovirus 3f LD135790 KJ755191 Asc2 Asc2 1 132
.[ " MHeliothis virescens ascovirus 3e NCO09233  Asc5_Asc5_1_117
- 10 frugiperda ascovirus 1a NC_00B361 Spun spod 1 158
mrhnmum ascovirus Bb KY434117 Trin_Trin_1
Diadremus pulchellus ascovirus 4a NC_011335 “Diad Diad_1 115
r—« inese gianl salamander iridovirus CGSIV-HN1104 KF512820 Chgi_Chgi_1_81

ml
|

Supplementary Fig. 8a. Phylogenomic placement of novel viral lineages based on single protein
phylogeny of D5-like helicase-primase (NCVOG0023). Maximum-likelihood tree was generated with
IQ-tree using the best-fit model LG+F+R7 and 1000 ultrarapid bootstrap replications. The scale bar
represents substitutions per site.
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Supplementary Fig.8b. Phylogenomic placement of novel viral lineages based on single protein
phylogeny of DNA polymerase elongation subunit family B (NCVOG0038). Maximum-likelihood tree
was generated with 1Q-tree using the best-fit model LG+F+R7 and 1000 ultrarapid bootstrap replications.
The scale bar represents substitutions per site.
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Supplementary Fig. 8c. Phylogenomic placement of novel viral lineages based on single protein
phylogeny of DNA or RNA helicases of superfamily Il (NCVOG0076). Maximum-likelihood tree was

generated with 1Q-tree using the best-fit model LG+F+R8 and 1000 ultrarapid bootstrap replications. The
scale bar represents substitutions per site.
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Supplementary Fig. 8d. Phylogenomic placement of novel viral lineages based on single protein
phylogeny of packaging ATPase (NCVOG0249). Maximume-likelihood tree was generated with |Q-tree
using the best-fit model LG+F+R5 and 1000 ultrarapid bootstrap replications. The scale bar represents
substitutions per site.
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Supplementary Fig. 8e. Phylogenomic placement of novel viral lineages based on single protein
phylogeny of Poxvirus Late Transcription Factor VLTF3-like (NCVOG0262). Maximum-likelihood tree
was generated with 1Q-tree using the best-fit model LG+F+R6 and 1000 ultrarapid bootstrap replications.
The scale bar represents substitutions per site.
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Supplementary Fig. 9. Average fold read coverage and completeness of MAGs derived from the
mini-metagenomes in which the novel soil giant viruses were discovered. a Average fold
mini-metagenome read coverage of MAGs in mini-metagenomes which contained giant virus MAGs. In
most data sets the highest average read coverage was found in the giant virus MAGs and/or putative
bacterial endosymbionts (MAGs affiliated with the microbial phylum Dependentiae or the bacterial order
Legionellales or Rickettsiales), suggesting the presence of multiple identical viral particles or cells as
template for multiple displacement amplification b Completeness estimate for giant virus MAGs (gv)
based on total number of different conserved NCVOGs compared to related NCLDV genomes
(Supplementary Fig. 1). Completeness of free-living microbes (microbe) and putative microbial symbionts
(symb) provided by CheckM 7, which uses universally conserved genes to estimate completeness.
Genomes of giant viruses and microbial endosymbionts which had the highest average MAG coverage
tended to be the more complete than genomes of other microbes. ¢ Summary of average fold read
coverage of all MAGs contained in the mini-metagenomes in which the giant viruses were discovered.
Center lines of boxplots represent the median, bounds of boxes the lower and upper quartile, whiskers
extend to points that lie within 1.5 interquartile range of the lower and upper quartile.
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