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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 ​1​ (Supplementary 
Fig. 1). **Partial genomes were deposited at https://bitbucket.org/berkeleylab/forestsoil-gv 
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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​. 
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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. 
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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. 
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Supplementary Table 5. Recovery of soil giant virus genes in metatranscriptomes.​​ Giant virus 
genes which could be assembled from the metatranscriptomes (MTT). 
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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) ​3,4​. Hits were extracted and searched against the SILVA database (v132)​5​ using blastn ​6​. 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. 
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https://paperpile.com/c/z1u5Wi/oiGi+CYuF
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https://paperpile.com/c/z1u5Wi/scts


Supplementary Table 7.  Taxonomic classification non viral metagenome assembled genomes 
(MAGs) in the minimetagenomes. ​​Taxonomy of MAGs was assigned with genome taxonomy database 
(GTDB) classifier (​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 ​1​, 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 ​1​ 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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https://paperpile.com/c/z1u5Wi/hPCs


 
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 ​1​ 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. ​c ​​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 (NCVOG0038), D5-like helicase-primase (NCVOG0023), packaging ATPase 
(NCVOG0249), Poxvirus Late Transcription Factor VLTF3-like (NCVOG0262), and DNA or RNA 
helicases of superfamily II (NCVOG0076). 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.  
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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 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. 8c. Phylogenomic placement of novel viral lineages based on single protein 
phylogeny of DNA or RNA helicases of superfamily II (NCVOG0076). ​​Maximum-likelihood tree was 
generated with IQ-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). ​​Maximum-likelihood tree was generated with IQ-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 IQ-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.  ​c ​​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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