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Figure S1, part 1

Supplementary Figure S1. A, number of raw reads per sample, with non duplicated reads in red, and dupli-
cate reads (about 10-20% in most samples) in petrol. B, percentages of kaiju assignements to bacteria/eu-
karyota/viruses/archaea, as well as the percentage of reads that could not be assigned to a taxonomy. C, 
Principal component analysis (PCA) of all samples based on the 16082 taxonomies after initial filtering, with 
outlier samples labeled, and the top three contributors to PC1 and PC2, respectively, labelled with red arrows 
as well as taxonomy ID and name. D, barplot with the number of reads assigned to the outlying annotations 
(Methods). E, heatmap depicting abundance of the top 20 families for viruses, eukaryotes and bacteria, and 
14 families for archeae in the total RNA sequening data. Reads are shown as log10 transformed counts per 
million reads from the kaiju metagenomics pipeline, aggreated per month as indicated in the bottom. The 
bottom panel shows 0-1 normalized signal for four specific viruses. F, as in Fig. E but for virus families. G, As 
in E, but not aggregated per month (i.e. individual sequencing libraries). H, total number of reads mapping to 
astrovirus genomes from the individual Berlin samples. Shown is the totality of mapped reads when the raw 
sequencing reads files were mapped to all 643 individual astrovirus genomes (petrol), or when the raw 
sequencing reads files were mapped to the joint 9 astrovirus genomes shown in Fig. 1. I, heatmap depicting 
abundance of PMMV, crAssphage and astroviruses over time in the individual Berlin total RNA sequencing 
libraries. Reads are shown as log10 transformed mapped per million. J, heatmap depicting abundance of the 
astroviruses over time in the California samples. Reads are shown as log10 transformed mapped per million. 
K, phylogenetic tree of the genomic sequences used for mapping from taxonomy ID 568715, astrovirus MLB1. 
Indicated on the right is the percent identity of the sequences closest to the predominant sequence from 
MT766325. 
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Supplementary Figure S2. Profiling of individual nucleotide chang-
es in sewage samples. A, sewage sequencing data from the Berlin 
samples was merged by month as indicated, and the percent mutation 
per position indicated on the right was calculated in respect to the 
reference sequence (MN510439.1 human astrovirus 1). The color scale 
is indicated on the right of the figure.
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Figure S3, part 1

Supplementary Figure S3. A-C, heatmap depicting abundance of enteroviruses (A), noroviruses (B) and 
adenoviruses (C) over time in the Berlin RNA samples. Reads are shown as log10 transformed mapped per 
million. D, heatmap depicting abundance of selected viruses from the xHyb enrichment. Reads are shown as 
log10 transformed mapped per million, aggreated per month as indicated in the bottom, and summed over all 
parts for segmented genomes. E, for selected viruses from the German clinical virology network, shown are 
log10 transformed percent test positivity per month. F, direct comparison for four viruses, with for each virus 
the log10 transformed number of reads mapped per million from wastewater on top (labelled wastewater), and 
log10 transformed percent test positivity (bottom, labelled clinical). G, upper part: Ct values of RT-qPCR 
assays on selected target transcripts before and after ElementZero enrichment. Lower part, sequencing reads 
in absolute and relative numbers for SARS-CoV-2 and TBRV before and after enrichment. H, RNA-sequenc-
ing coverage profiles before and after ElementZero enrichment. For both SARS-CoV-2 and TBRV, shown are, 
for a selected sample, from top to bottom, the coverage before and after enrichment, and the position of the 
enrichment probes.    
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Supplementary Figure S4. A, Multiple sequence alignment of the region around most conserved motifs A, B 
and C of the viral RdRp for a selected set of novel and reference viruses. Two catalytic residues of motifs A 
and C and one residue of motif B involved in nucleotide selection are marked by diamond symbols. B, abun-
dance of four novel bunyaviruses in the RNA sample time course. C, Known RdRp sequences were taken from 
the metagenomics virus discovery studies of Edgar et al., Zayed et al. and Neri et al. For each study, the Lenar-
viricota RdRp sequences were retrieved and clustered at 90% amino acid sequence identity. The three 
sequence sets were then joined and clustered again at 90% amino acid sequence identity to remove possible 
redundancy between studies. This formed the “known” set of RdRp sequences. The Lenarviricota RdRps from 
the wastewater RNA data were clustered with the known set to keep only those that have less than 90% amino 
acid sequence identity to any known RdRp, forming the “novel” set. For both sets, Palmscan was used to 
extract the well-conserved motif ABC region of the RdRp; RdRps without full motif ABC were discarded. This 
resulted in a total of 90376 RdRps of which 81312 are known and 9064 are novel. Finally, the total RdRp set 
was clustered at 50% amino acid sequence identity and this clustering was visualized using the igraph library 
in Python. Nodes representing known RdRps are colored in light blue, novel RdRps in red. Clusters with more 
than 1000 sequences are labelled with the number of sequences in the cluster.
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C

B

A

D

Supplementary Figure S5. A, heatmap depicting abun-
dance of the top genera for the three superkingdoms 
and viruses in the Berlin total wastewater DNA sequenc-
ing data. Reads are shown as log10 transformed counts 
per million reads from the kaiju metagenomics pipeline, 
aggregated by day as indicated. “Can” = Candidatus. B, 
abundance of human adenovirus and adeno-associated 
virus types, and crAssphage over time in the Berlin DNA 
samples. Reads are shown as log10 transformed 
mapped per million. C-G, abundance of a subset of 
novel parvoviruses in the Berlin RNA samples (C), 
California samples (D), India samples (E), Baseline 
samples (F), and Berlin DNA samples (G). Those 
labelled in green are detected across multiple datasets. 
Different thresholds have been applied, so the sequenc-
es shown here are only the most abundant ones in the 
samples.
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Figure S6, part 1
Supplementary Figure S6. A, Phylo-
genetic tree of the protein sequences 
of a random subset of 400 from the 
more than 40000 TnpBs in the NCBI 
protein database, and the 298 TnpB 
sequences, detected in the assembled 
sequence contigs from the both total 
RNA and DNA sequencing data, which 
have less than 90% identity to the 
closest relative in the NCBI protein 
database. The database sequences 
are colored in black and contain 
accession number and species. The 
wastewater sequences are colored in 
red and contain the contig name, the 
closest relative in the database, and 
the percent identity. The selected six 
clusters are labelled along with the 
average identities of the sequences in 
the cluster. In addition, the cluster of  
sequences coming from E. coli, is 
marked. About one fourth of TnpB 
sequences in the database come from 
E. coli. B, phylogenetic tree of TnpB 
DNA sequences. Sequence contigs 
were selected which extended more 
than 200 bp both upstream and down-
stream of the TnpB gene. Then, the 
DNA sequences of the TnpB genes 
together with 200bp both upstream 
and downstream were used for 
clustering. Sequences are colored by 
the cluster identified from A. 
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WP 011660323.1 RNA−guided endonuclease TnpB family protein [Burkholderia ambifaria]
WP 124555453.1 RNA−guided endonuclease TnpB family protein [Burkholderia cenocepacia]
WP 012338831.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Burkholderia cepacia complex]
WP 059866935.1 RNA−guided endonuclease TnpB family protein [Burkholderia ubonensis]
WP 089454079.1 RNA−guided endonuclease TnpB family protein [Burkholderia aenigmatica]

TRINITY RNA DN7355 c0 g1 i6 part3 1 RNA 351 WP 210826612.1 82.102
WP 119810108.1 RNA−guided endonuclease TnpB family protein [Massilia cavernae]

WP 159658128.1 RNA−guided endonuclease TnpB family protein [Methylicorpusculum oleiharenae]

WP 106592419.1 RNA−guided endonuclease TnpB family protein [Marinobacterium halophilum]

TRINITY DNA DN33848 c0 g1 i6 2 DNA 410 WP 147913391.1 88.669

WP 180077144.1 RNA−guided endonuclease TnpB family protein [Acinetobacter sp. YH12251]
TRINITY DNA DN65131 c0 g1 i1 2 DNA 409 NBY28452.1 79.598

TRINITY DNA DN51627 c3 g1 i3 1 DNA 354 WP 029526149.1 83.569
WP 115247172.1 RNA−guided endonuclease TnpB family protein [Moraxella lacunata]
WP 062333106.1 RNA−guided endonuclease TnpB family protein [Moraxella osloensis]

WP 075294658.1 RNA−guided endonuclease TnpB family protein, partial [Histophilus somni]
WP 147611117.1 RNA−guided endonuclease TnpB family protein [Histophilus somni]

WP 136121582.1 RNA−guided endonuclease TnpB family protein [Histophilus somni]
WP 012031625.1 RNA−guided endonuclease TnpB family protein [Dichelobacter nodosus]
WP 074202570.1 RNA−guided endonuclease TnpB family protein [Nitrosomonas cryotolerans]

WP 106425246.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]
WP 106121235.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]
WP 202211801.1 RNA−guided endonuclease TnpB family protein [Aeromonas caviae]
WP 162920058.1 RNA−guided endonuclease TnpB family protein, partial [Klebsiella pneumoniae]

WP 063517610.1 RNA−guided endonuclease TnpB family protein [Vibrio parahaemolyticus]

WP 001368019.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]
WP 136763532.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

MBB6975225.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

WP 135280200.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]
WP 111526147.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

EGD6877834.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

WP 162991313.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]

WP 102765756.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]
WP 139596436.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

TXQ00281.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
WP 024194710.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

QHR36262.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

WP 202848204.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]

WP 137591050.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]
WP 096174175.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

WP 099357633.1 RNA−guided endonuclease TnpB family protein, partial [Escherichia coli]
HAG5947154.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

WP 073456088.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein, partial [Enterobacteriaceae]
WP 112366194.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Enterobacteriaceae]

EEU5556111.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
EEW0898806.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

KAA9706453.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
EFD6611261.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

KAA9724569.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
TXR43565.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

WP 001250866.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]
QEP72273.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]

TNX82151.1 IS200/IS605 family element transposase accessory protein TnpB [Shigella sonnei]

WP 174563969.1 RNA−guided endonuclease TnpB family protein [Escherichia coli]

HBA8502741.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
QIJ52313.1 IS200/IS605 family element transposase accessory protein TnpB [Proteus mirabilis]

WP 124743886.1 RNA−guided endonuclease TnpB family protein [Proteus mirabilis]

WP 044886143.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Frankia]
WP 131974226.1 RNA−guided endonuclease TnpB family protein [Actinomadura sp. 6K520]

WP 030367148.1 RNA−guided endonuclease TnpB family protein [Streptomyces roseoverticillatus]
WP 072572665.1 RNA−guided endonuclease TnpB family protein [Granulibacter bethesdensis]

WP 078255977.1 RNA−guided endonuclease TnpB family protein [Moraxella canis]
TRINITY DNA DN44419 c0 g2 i3 11 DNA 376 WP 201537500.1 80.4

TRINITY DNA DN72944 c0 g2 i11 1 DNA 392 MBP8782428.1 57.6

TRINITY DNA DN10929 c2 g1 i13 1 DNA 357 WP 140623418.1 69.208
TRINITY DNA DN343419 c0 g2 i1 1 DNA 382 MCF8339743.1 71.625

TRINITY DNA DN56416 c0 g3 i1 1 DNA 393 MCF8339743.1 67.263
TRINITY DNA DN56858 c0 g1 i10 1 DNA 366 GIV43997.1 68.466

TRINITY DNA DN75290 c1 g1 i2 1 DNA 398 MBP8782428.1 68.262
TRINITY DNA DN9195 c0 g1 i1 13 DNA 400 MBR4407576.1 70.902
TRINITY DNA DN277 c1 g1 i11 5 DNA 400 DAE32960.1 84.073

TRINITY DNA DN2434 c1 g1 i25 2 DNA 404 WP 123135660.1 51.467
TRINITY DNA DN118646 c0 g1 i10 2 DNA 404 MBP8782428.1 51.781

TRINITY DNA DN21385 c1 g5 i1 1 DNA 406 WP 089867859.1 49.459

WP 079343210.1 RNA−guided endonuclease TnpB family protein [Helicobacter pylori]
WP 115636070.1 RNA−guided endonuclease TnpB family protein [Campylobacter upsaliensis]

TRINITY DNA DN15750 c0 g1 i23 1 DNA 371 MCK5521003.1 65.693
TRINITY DNA DN1263 c0 g1 i27 2 DNA 394 MCK5521003.1 66.441

TRINITY RNA DN7565 c0 g1 i19 part7 1 RNA 387 NCB03792.1 88.991

TRINITY DNA DN90765 c0 g1 i14 2 DNA 405 MCB1713048.1 78.333
TRINITY DNA DN9535 c0 g1 i17 1 DNA 378 NBW23133.1 83.182

TRINITY DNA DN102454 c1 g1 i7 1 DNA 374 MCK9446952.1 52.381
TRINITY DNA DN3759 c2 g1 i8 2 DNA 411 MCK9446952.1 51.958

TRINITY DNA DN2101 c1 g1 i19 2 DNA 427 EKF53807.1 87.5
TRINITY DNA DN6623 c0 g1 i9 2 DNA 366 MBT9137688.1 75.472

TRINITY DNA DN1414 c0 g1 i8 8 DNA 429 WP 215652710.1 59.799
TRINITY DNA DN9259 c0 g4 i2 1 DNA 374 GIV44004.1 56.627

TRINITY DNA DN2903 c4 g1 i2 1 DNA 417 WP 123135498.1 50.82
TRINITY DNA DN528135 c1 g1 i1 2 DNA 378 MBQ2175953.1 87.859

EHH7927602.1 IS200/IS605 family element transposase accessory protein TnpB [Escherichia coli]
EDX9486324.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica]
TRINITY DNA DN1133 c0 g2 i7 8 DNA 391 TMO20638.1 78.857

TRINITY DNA DN73031 c0 g1 i5 2 DNA 392 MBA3954763.1 55.696
TRINITY DNA DN73031 c0 g1 i11 2 DNA 402 MBA3954763.1 55.471
TRINITY DNA DN724069 c0 g1 i2 3 DNA 384 MBT6053105.1 56.085

TRINITY DNA DN40996 c0 g1 i7 11 DNA 385 MBT6053105.1 66.931
TRINITY DNA DN1094827 c2 g1 i7 4 DNA 397 MBW4460473.1 51.187

MBD1878263.1 IS200/IS605 family element transposase accessory protein TnpB [Coleofasciculus sp. FACHB−T130]
WP 300503347.1 RNA−guided endonuclease TnpB family protein [Crocosphaera sp.]

WP 292832342.1 RNA−guided endonuclease TnpB family protein [Nostoc sp. JL33]
TRINITY DNA DN3104 c1 g2 i9 1 DNA 399 MCO6428178.1 78.141

WP 197036144.1 RNA−guided endonuclease TnpB family protein [Fischerella sp. PCC 9605]
TRINITY DNA DN13239 c1 g1 i8 1 DNA 445 MCK9520115.1 56.776

TRINITY DNA DN331796 c1 g1 i1 1 DNA 360 MCI0713466.1 62.745

WP 184948048.1 RNA−guided endonuclease TnpB family protein [Planomonospora venezuelensis]
WP 179837063.1 RNA−guided endonuclease TnpB family protein [Actinomadura citrea]

WP 090066497.1 RNA−guided endonuclease TnpB family protein [Lentzea flaviverrucosa]
WP 060952722.1 RNA−guided endonuclease TnpB family protein [Streptomyces hygroscopicus]

KAB5989784.1 IS200/IS605 family element transposase accessory protein TnpB [Bifidobacterium adolescentis]
NEO89393.1 IS200/IS605 family element transposase accessory protein TnpB [Moorena sp. SIO3G5]
WP 070391589.1 RNA−guided endonuclease TnpB family protein [Moorena producens]

TYM68701.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica subsp. enterica serovar Typhimurium]
TYN28890.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica subsp. enterica serovar Typhimurium]
EHG8443627.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica subsp. enterica serovar Typhimurium 1137958]
EDT0138702.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica]
EDG9409297.1 IS200/IS605 family element transposase accessory protein TnpB [Salmonella enterica subsp. enterica serovar Tennessee PNUSAS012725]

WP 081194458.1 RNA−guided endonuclease TnpB family protein [Halomonas sp. BC1]
WP 089168400.1 RNA−guided endonuclease TnpB family protein [Azotobacter chroococcum]

UVK71113.1 IS200/IS605 family element transposase accessory protein TnpB [Proteus mirabilis]
TRINITY DNA DN22283 c0 g2 i2 2 DNA 368 WP 199367236.1 88.828

WP 141275972.1 RNA−guided endonuclease TnpB family protein, partial [Halomonas meridiana]
TRINITY DNA DN2137 c0 g1 i5 5 DNA 380 MCK9370134.1 79.683

TRINITY DNA DN15075 c0 g1 i14 1 DNA 380 MCK9370134.1 77.045
TRINITY DNA DN14374 c2 g1 i7 1 DNA 380 WP 217964088.1 83.024

WP 116501224.1 RNA−guided endonuclease TnpB family protein [Streptomyces sp. AcE210]
KAB1138937.1 IS200/IS605 family element transposase accessory protein TnpB [Streptomyces luteolifulvus]

WP 143651792.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [unclassified Streptomyces]
WP 169175748.1 RNA−guided endonuclease TnpB family protein [Actinoplanes sp. TBRC 11911]
WP 277306085.1 RNA−guided endonuclease TnpB family protein [Spongiactinospora sp. TRM90649]

TRINITY DNA DN17607 c5 g1 i6 2 DNA 382 WP 260290910.1 89.501
WP 293118216.1 RNA−guided endonuclease TnpB family protein [Moorena sp. SIO4G3]

WP 131218305.1 RNA−guided endonuclease TnpB family protein [Bifidobacterium longum]

TRINITY DNA DN73113 c0 g1 i9 2 DNA 385 WP 156881740.1 67.801
TRINITY DNA DN471939 c0 g1 i29 2 DNA 383 WP 156881740.1 68.783

TRINITY DNA DN699 c0 g3 i1 2 DNA 385 WP 156881740.1 75.718
TRINITY DNA DN2137 c0 g1 i16 3 DNA 385 WP 092847295.1 68.28

TRINITY DNA DN13196 c1 g2 i2 10 DNA 419 WP 062340626.1 54.642
TRINITY DNA DN13196 c1 g2 i9 2 DNA 384 KAH8391704.1 63.59
WP 051849325.1 RNA−guided endonuclease TnpB family protein [Thiomonas sp. FB−Cd]

WP 090067230.1 RNA−guided endonuclease TnpB family protein [Lentzea flaviverrucosa]
WP 093595151.1 RNA−guided endonuclease TnpB family protein [Lentzea waywayandensis]

TRINITY DNA DN4108 c0 g1 i2 1 DNA 410 WP 074809616.1 46.556
TRINITY DNA DN7837 c1 g1 i24 2 DNA 430 WP 020561245.1 45.879

TRINITY DNA DN4908 c0 g1 i4 1 DNA 440 WP 234876901.1 42.44

TRINITY DNA DN58786 c1 g1 i4 4 DNA 377 EKD22673.1 45.225
TRINITY DNA DN79511 c1 g4 i1 1 DNA 380 MBT9133087.1 47.5

TRINITY DNA DN14391 c0 g1 i35 3 DNA 401 MBS6503725.1 44.624
TRINITY DNA DN90056 c0 g6 i2 1 DNA 378 ALS22211.1 43.516

TRINITY DNA DN1575 c0 g1 i16 2 DNA 417 SKA59419.1 47.403
TRINITY DNA DN1575 c0 g1 i11 3 DNA 414 WP 199416548.1 46.07

TRINITY DNA DN426720 c0 g1 i1 2 DNA 421 CAE6728230.1 42.715
TRINITY DNA DN14391 c0 g1 i8 1 DNA 415 WP 075881830.1 44.932

TRINITY DNA DN2033 c0 g6 i1 1 DNA 393 MCK9234871.1 44.687

TRINITY DNA DN10233 c1 g1 i4 1 DNA 352 ULG01476.1 59.218
TRINITY DNA DN7596 c3 g1 i4 1 DNA 387 ULG01476.1 61.918

TRINITY DNA DN1141139 c0 g1 i2 1 DNA 418 WP 094271707.1 48.67

TRINITY DNA DN841328 c0 g1 i11 2 DNA 395 DAY42073.1 54.907
TRINITY DNA DN101586 c0 g3 i4 1 DNA 409 DAN76300.1 55.968

TRINITY DNA DN2113419 c2 g1 i2 2 DNA 394 DAY42072.1 60.459
TRINITY DNA DN25335 c0 g1 i9 2 DNA 402 DAK15745.1 78.571

TRINITY DNA DN19563 c1 g1 i3 1 DNA 422 MCK9543837.1 51.587
TRINITY DNA DN3423 c1 g2 i16 1 DNA 411 DAY42072.1 58.394

TRINITY DNA DN10755 c1 g1 i20 1 DNA 364 DAU08628.1 44.565

TRINITY DNA DN7861 c0 g2 i1 1 DNA 383 QNO43337.1 50.97

WP 237996599.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Nostoc sp. UHCC 0870]
WP 219907548.1 RNA−guided endonuclease TnpB family protein [Aphanothece hegewaldii]

WP 010886824.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Deinococcus radiodurans]
WP 010886824.1

MCE4902489.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
WP 107586856.1 IS200/IS605 family element RNA−guided endonuclease TnpB, partial [Clostridioides difficile]
WP 077712592.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
MCV2256538.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]

MCR1381782.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
WP 077745588.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]

MCP3378037.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
WP 032543980.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
MDI2842284.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]

MDI6061428.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
MCR1591556.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]
UAK95498.1 IS200/IS605 family element transposase accessory protein TnpB [Clostridioides difficile]
MDM9749268.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]

MCR1429814.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridioides difficile]

TRINITY DNA DN2540 c0 g1 i4 1 DNA 366 DAF85463.1 77.41
TRINITY DNA DN1608 c0 g1 i11 6 DNA 366 DAE25352.1 73.224

TRINITY DNA DN448 c3 g1 i1 1 DNA 368 UVX82544.1 80.654
WP 099958846.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Fusobacterium pseudoperiodonticum]
TRINITY DNA DN10233 c0 g1 i16 1 DNA 368 WP 196592643.1 64.674

WP 226907656.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Flavonifractor plautii]
TRINITY DNA DN14948 c0 g1 i12 2 DNA 371 DAG69035.1 79.459

TRINITY DNA DN3821 c0 g1 i17 15 DNA 372 CAB1252142.1 72.237
TRINITY DNA DN111813 c1 g1 i2 2 DNA 372 WP 216496584.1 72.162

TRINITY DNA DN50727 c0 g2 i2 1 DNA 373 WP 196037643.1 73.585

TRINITY DNA DN398 c0 g1 i22 1 DNA 370 CAB1252142.1 73.854
TRINITY DNA DN56894 c0 g1 i6 1 DNA 370 CAB1252142.1 69.542
TRINITY DNA DN17922 c0 g1 i12 2 DNA 372 CAB1252142.1 72.507

USK99831.1 IS200/IS605 family element transposase accessory protein TnpB (plasmid) [Bacillus tropicus]
WP 275400268.1 IS200/IS605 family element RNA−guided endonuclease TnpB, partial [Enterococcus faecium]

WP 113837046.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Enterococcus cecorum]
WP 192183940.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Enterococcus faecium]

WP 126991307.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Kurthia sp. 3B1D]

WP 206905925.1 IS200/IS605 family element RNA−guided endonuclease TnpB, partial [Bacillus thuringiensis]
WP 189339995.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus cereus]

WP 109103061.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus cereus]

WP 071151730.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus mycoides]
WP 168387997.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus toyonensis]
WP 098204087.1 IS200/IS605 family element RNA−guided endonuclease TnpB, partial [Bacillus wiedmannii]

WP 098159035.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus pseudomycoides]
WP 290909893.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Anoxybacillus sp.]

WP 201249971.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Peribacillus sp. TH27]
WP 111945450.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridium perfringens]
WP 283696854.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridium perfringens]
WP 283675891.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridium perfringens]

WP 113021377.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Paenibacillus sp. YN15]
TRINITY DNA DN14724 c0 g1 i2 1 DNA 369 WP 143452024.1 73.362

TRINITY DNA DN1417 c0 g1 i9 3 DNA 366 WP 118033319.1 85.205
WP 078929359.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Succinivibrio dextrinosolvens]

TRINITY DNA DN108213 c1 g1 i8 1 DNA 360 WP 075443241.1 77.716
TRINITY DNA DN50727 c0 g1 i27 1 DNA 368 DAY54165.1 70.38

MDD6705101.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Olsenella sp.]

TRINITY DNA DN35007 c0 g3 i1 1 DNA 372 MCL2083619.1 52.575

WP 003684310.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Lactobacillaceae]
WFA01276.1 RNA−guided endonuclease TnpB family protein [Limosilactobacillus fermentum]
WP 103205542.1 RNA−guided endonuclease TnpB family protein [Limosilactobacillus fermentum]

QEY00399.1 IS200/IS605 family element transposase accessory protein TnpB [Limosilactobacillus fermentum]
WP 205755840.1 RNA−guided endonuclease TnpB family protein [Limosilactobacillus fermentum]

WEV58112.1 RNA−guided endonuclease TnpB family protein [Ligilactobacillus acidipiscis]
WP 003706745.1 RNA−guided endonuclease TnpB family protein [Ligilactobacillus salivarius]

TRINITY DNA DN24137 c0 g1 i5 1 DNA 418 MCI5566779.1 78.897
TRINITY DNA DN12349 c1 g1 i1 1 DNA 441 MCI5566779.1 71.942

QFQ68279.1 IS200/IS605 family element transposase accessory protein TnpB [Lactobacillus kefiranofaciens subsp. kefiranofaciens]
WP 110535036.1 RNA−guided endonuclease TnpB family protein [Lactobacillus helveticus]

WP 085719334.1 RNA−guided endonuclease TnpB family protein [Limosilactobacillus reuteri]
TRINITY DNA DN303054 c0 g1 i10 1 DNA 432 WP 098047065.1 75.065

WFR89031.1 RNA−guided endonuclease TnpB family protein [Limosilactobacillus fermentum]

MBT9821864.1 IS200/IS605 family element transposase accessory protein TnpB [Clostridium sp. MCC328]
TRINITY DNA DN299 c0 g1 i12 1 DNA 370 MCB6806854.1 78.049

TRINITY DNA DN56464 c2 g1 i7 1 DNA 364 DAN17622.1 69.508
TRINITY DNA DN36688 c0 g1 i2 3 DNA 363 MBQ3601915.1 88.858

TRINITY DNA DN5400 c1 g3 i1 1 DNA 379 HHX66640.1 77.151

MBS6503725.1 IS200/IS605 family element transposase accessory protein TnpB [Clostridium sp.]
TRINITY DNA DN5400 c0 g1 i11 1 DNA 363 DAF89775.1 85.083
WP 124045437.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Clostridium perfringens]

WP 076153922.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Paenibacillus sp. FSL R7−0337]
TRINITY DNA DN5400 c2 g1 i9 25 DNA 358 WP 231165504.1 82.736

WP 088092357.1 IS200/IS605 family element RNA−guided endonuclease TnpB, partial [Bacillus wiedmannii]
WP 106102179.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Bacillus wiedmannii]

TRINITY DNA DN5709 c0 g1 i8 3 DNA 356 WP 066823150.1 77.374

TRINITY DNA DN25914 c0 g1 i6 3 DNA 358 WP 038261200.1 78.711
TRINITY DNA DN84048 c1 g1 i3 5 DNA 358 WP 038261200.1 76.471

TRINITY DNA DN5709 c0 g1 i4 2 DNA 363 HHW90829.1 69.553
WP 091266368.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Alkalibacterium thalassium]

TRINITY DNA DN3874 c0 g1 i1 2 DNA 369 DAW05599.1 57.851

WP 271134187.1 IS200/IS605 family element RNA−guided endonuclease TnpB [Psychrobacter sp. ANT H3]

WP 173602267.1 RNA−guided endonuclease TnpB family protein [Bacillus pacificus]
WJE65280.1 RNA−guided endonuclease TnpB family protein [Bacillus mycoides]
WP 025149135.1 RNA−guided endonuclease TnpB family protein [Bacillus sp. H1a]

WP 164514211.1 RNA−guided endonuclease TnpB family protein, partial [Bacillus sp. 2A33]
TRINITY DNA DN2033 c2 g1 i7 7 DNA 380 WP 066324587.1 63.947

TRINITY DNA DN264767 c0 g4 i1 1 DNA 364 MCL2517378.1 70.755
TRINITY DNA DN548 c0 g1 i11 7 DNA 375 HBS59062.1 83.422

TRINITY DNA DN17034 c0 g1 i2 1 DNA 358 TGY66616.1 69.034
TRINITY DNA DN1825 c0 g1 i4 3 DNA 357 NLJ40353.1 73.876

TRINITY DNA DN5447 c0 g2 i4 3 DNA 364 DAF48929.1 78.237
TRINITY DNA DN5447 c0 g1 i5 1 DNA 373 MCL2517378.1 63.323
TRINITY DNA DN3874 c0 g1 i10 2 DNA 380 TGY66616.1 62.842

TRINITY DNA DN43121 c0 g1 i15 2 DNA 365 WP 196611074.1 75.549
TRINITY DNA DN69006 c0 g3 i3 1 DNA 378 MCI7199264.1 68.579
TRINITY DNA DN680702 c0 g3 i1 1 DNA 369 WP 232501477.1 67.622

TRINITY DNA DN51287 c0 g1 i16 2 DNA 378 DAG27536.1 61.559
TRINITY DNA DN8933 c4 g1 i1 1 DNA 355 WP 215659102.1 81.726

WP 117890832.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Mediterraneibacter]
WP 070122949.1 RNA−guided endonuclease TnpB family protein [Bifidobacterium adolescentis]

TRINITY DNA DN329378 c1 g2 i2 1 DNA 381 WP 029070810.1 62.032
TRINITY DNA DN86069 c0 g1 i9 2 DNA 381 MBQ9200702.1 83.2

TRINITY DNA DN104830 c0 g1 i20 1 DNA 375 WP 019892850.1 77.005

TRINITY DNA DN189812 c0 g1 i7 2 DNA 406 NSK75521.1 78.025
TRINITY DNA DN54 c1 g4 i1 1 DNA 408 WP 117419880.1 78.818

TRINITY DNA DN51529 c0 g1 i10 1 DNA 402 WP 242834295.1 64.889

WP 146963839.1 RNA−guided endonuclease TnpB family protein [Leptotrichia wadei]

TRINITY DNA DN1553238 c0 g1 i4 2 DNA 383 HHT97410.1 69.039
TRINITY DNA DN65936 c0 g1 i1 1 DNA 358 HBN11069.1 55.402

TRINITY DNA DN10929 c0 g1 i14 4 DNA 411 MCK9577643.1 70.854

MBD3227087.1 IS200/IS605 family element transposase accessory protein TnpB [Candidatus Lokiarchaeota archaeon]
UOX75786.1 RNA−guided endonuclease TnpB family protein (plasmid) [Borreliella burgdorferi N40]

TRINITY DNA DN82668 c0 g1 i6 9 DNA 355 WP 147809046.1 52.247

TRINITY DNA DN3874 c1 g1 i10 1 DNA 405 AUR92323.1 54.791
TRINITY DNA DN30149 c0 g1 i6 2 DNA 403 AUR92323.1 56.11

TRINITY DNA DN101450 c1 g1 i3 7 DNA 412 AUR92323.1 49.231

TRINITY DNA DN381 c1 g1 i1 2 DNA 361 BAP54460.1 54.017
TRINITY DNA DN1168861 c0 g4 i1 2 DNA 369 DAS26882.1 49.864

TRINITY DNA DN4619 c0 g5 i5 1 DNA 380 GIU70111.1 68.074
TRINITY DNA DN4619 c0 g5 i1 2 DNA 386 GIU70111.1 78.036

TRINITY DNA DN9125 c0 g1 i3 2 DNA 378 DAM17124.1 56.274
TRINITY DNA DN81382 c0 g4 i2 1 DNA 377 GIU70111.1 50.852

TRINITY DNA DN5580 c0 g1 i8 1 DNA 405 QMP83492.1 63.377
TRINITY DNA DN141457 c0 g1 i1 2 DNA 409 QMP83492.1 62.745

TRINITY DNA DN309249 c0 g1 i1 1 DNA 422 CAB4129959.1 58.537
TRINITY DNA DN13983 c0 g1 i19 1 DNA 433 CAB4129959.1 57.385
TRINITY DNA DN115888 c1 g2 i1 2 DNA 402 CAB4129959.1 57.75
TRINITY DNA DN4424 c0 g1 i8 1 DNA 428 CAB4129959.1 53.301

WP 054981198.1 RNA−guided endonuclease TnpB family protein [Pseudoalteromonas sp. P1−9]
TRINITY DNA DN46047 c1 g1 i20 2 DNA 396 WP 055080609.1 43.836

TRINITY DNA DN287612 c0 g1 i1 1 DNA 395 MCA9495546.1 58.803
TRINITY DNA DN561476 c0 g2 i1 1 DNA 399 MCA9495566.1 56.555

TRINITY DNA DN708714 c0 g1 i30 1 DNA 378 QMP82921.1 51.754
TRINITY DNA DN19592 c0 g2 i5 1 DNA 400 OIP72557.1 43.802

TRINITY DNA DN1332 c3 g1 i3 1 DNA 387 NLY09201.1 87.151
TRINITY DNA DN98405 c0 g2 i1 1 DNA 362 MBW6484394.1 44.258

MDE0671232.1 RNA−guided endonuclease TnpB family protein [Caldilineaceae bacterium]
WP 283607818.1 RNA−guided endonuclease TnpB family protein [Mycolicibacterium poriferae]

WP 049872620.1 IS607 family element RNA−guided endonuclease TnpB [Mycobacterium tuberculosis]
QDO55681.1 IS200/IS605 family element transposase accessory protein TnpB [Streptomyces sp. RLB3−5]

QSG86566.1 IS607 family element transposase accessory protein TnpB [Bifidobacterium longum subsp. suillum]
KAB7112497.1 IS200/IS605 family element transposase accessory protein TnpB [Bifidobacterium longum]
WP 070726822.1 IS607 family element RNA−guided endonuclease TnpB [Actinomyces sp. HMSC065F12]

TRINITY DNA DN2186 c0 g1 i11 1 DNA 444 WP 174694987.1 46.133

WP 096828995.1 RNA−guided endonuclease TnpB family protein [Tychonema bourrellyi]
NJK74667.1 IS200/IS605 family element transposase accessory protein TnpB [Microcoleus sp. SU 5 6]

MBO1056932.1 IS200/IS605 family element transposase accessory protein TnpB [Dolichospermum sp. JUN01]
NJM23381.1 IS200/IS605 family element transposase accessory protein TnpB [Richelia sp. SM1 7 0]

TRINITY DNA DN66495 c0 g1 i3 1 DNA 408 WP 262712455.1 62.83
TRINITY DNA DN13204 c1 g1 i3 2 DNA 385 TAG06709.1 64.365

WJI92197.1 RNA−guided endonuclease TnpB family protein [Helicobacter pylori]
WP 284077449.1 RNA−guided endonuclease TnpB family protein [Campylobacter coli]

TRINITY DNA DN2691608 c0 g1 i7 1 DNA 408 HHC11092.1 75.254

WP 284626887.1 RNA−guided endonuclease TnpB family protein [Kingella negevensis]
TRINITY DNA DN47843 c0 g1 i6 1 DNA 384 WP 078273673.1 79.124

TRINITY DNA DN80927 c0 g1 i39 3 DNA 371 WP 200759172.1 52.989
TRINITY DNA DN14213 c0 g1 i2 2 DNA 406 MBF0260179.1 52.676

TRINITY DNA DN33588 c0 g1 i4 2 DNA 401 SPJ17025.1 71.39
TRINITY DNA DN11192 c0 g3 i1 1 DNA 403 WP 243849580.1 74.609

TRINITY DNA DN2642 c0 g1 i5 2 DNA 355 RLI55289.1 56.497
TRINITY DNA DN183138 c1 g1 i2 1 DNA 365 RLI55289.1 57.91
TRINITY DNA DN183138 c1 g1 i1 2 DNA 365 RLI55289.1 56.438
TRINITY DNA DN287 c0 g3 i13 6 DNA 386 RLI55289.1 56.021

TRINITY DNA DN52006 c0 g3 i3 1 DNA 421 RMD58256.1 52.022
TRINITY DNA DN9064 c0 g1 i5 1 DNA 419 RMD58256.1 55.738

TRINITY DNA DN63545 c0 g1 i2 8 DNA 362 WP 153985210.1 46.114

TRINITY DNA DN307173 c0 g1 i5 2 DNA 388 WP 013034513.1 57.865
TRINITY DNA DN42609 c0 g4 i6 2 DNA 465 WP 200285108.1 60.63

TRINITY DNA DN72492 c0 g1 i7 1 DNA 412 WP 221913940.1 84.848
TRINITY DNA DN507470 c0 g3 i1 1 DNA 370 MBV5310743.1 67.117

TRINITY DNA DN10228 c0 g1 i23 1 DNA 361 WP 105074331.1 47.238

TRINITY DNA DN261691 c0 g3 i1 1 DNA 385 WP 190479599.1 40.65
TRINITY DNA DN2779 c1 g1 i7 1 DNA 385 NES25860.1 42.508

TRINITY DNA DN55748 c0 g1 i21 2 DNA 364 MBW2011820.1 46.479
TRINITY DNA DN550417 c0 g3 i4 1 DNA 396 MBF0229453.1 50.97

TRINITY DNA DN2679 c0 g1 i6 3 DNA 429 MBW2011820.1 45.777

TRINITY DNA DN75904 c0 g1 i3 1 DNA 443 MBR2088821.1 70.261

TRINITY DNA DN210653 c0 g1 i19 2 DNA 440 MBQ8804737.1 41.292
TRINITY DNA DN5896 c1 g2 i2 2 DNA 417 OQY52971.1 42.857

WP 097966343.1 RNA−guided endonuclease TnpB family protein [Bacillus thuringiensis]
WP 098901775.1 RNA−guided endonuclease TnpB family protein [Bacillus thuringiensis]
WP 098280120.1 RNA−guided endonuclease TnpB family protein [Bacillus cereus]
WP 140969111.1 RNA−guided endonuclease TnpB family protein [Bacillus sp. (in: firmicutes)]
WP 098765741.1 RNA−guided endonuclease TnpB family protein [Bacillus cereus]

WP 168933208.1 RNA−guided endonuclease TnpB family protein [Dorea formicigenerans]
WP 195196780.1 RNA−guided endonuclease TnpB family protein [Coprococcus comes]

TRINITY DNA DN3477 c1 g1 i9 3 DNA 389 MBS4893720.1 77.261
TRINITY DNA DN1366 c1 g1 i9 1 DNA 389 NLS45758.1 61.68

TRINITY DNA DN1366 c1 g1 i3 1 DNA 381 NLS45758.1 81.72
TRINITY DNA DN194789 c1 g1 i3 1 DNA 390 MBS4893720.1 62.434

TRINITY DNA DN5509 c0 g1 i22 3 DNA 388 MCI7737992.1 62.895

TRINITY DNA DN121 c5 g1 i19 18 DNA 372 WP 258922250.1 69.377
TRINITY DNA DN129863 c0 g1 i3 2 DNA 373 YP 238637.1 69.377

TRINITY DNA DN10991 c0 g2 i3 7 DNA 375 WP 212380002.1 75.815
TRINITY DNA DN3868 c0 g1 i15 5 DNA 372 WP 212380002.1 77.446

TRINITY DNA DN87514 c2 g1 i4 2 DNA 360 WP 044297481.1 81.337
TRINITY DNA DN21619 c0 g1 i6 2 DNA 374 WP 073013018.1 89.916
TRINITY DNA DN65074 c0 g1 i2 2 DNA 373 KUO78833.1 87.062
TRINITY DNA DN39810 c0 g2 i8 1 DNA 379 YP 008854063.1 64.247
TRINITY DNA DN57354 c0 g2 i2 1 DNA 377 WP 002173946.1 59.409

TRINITY DNA DN4876374 c0 g1 i1 1 DNA 373 WP 048569633.1 62.234
TRINITY DNA DN20738 c2 g2 i1 1 DNA 376 WP 099190250.1 77.128

TRINITY DNA DN12985 c1 g1 i10 1 DNA 363 DAH32600.1 61.983
TRINITY DNA DN314334 c0 g1 i1 1 DNA 368 DAH32600.1 62.398

TRINITY DNA DN334589 c0 g2 i1 12 DNA 379 WP 129600935.1 44.8
TRINITY DNA DN295236 c1 g1 i1 1 DNA 383 MBO8435028.1 44.18
TRINITY DNA DN7725 c0 g3 i2 2 DNA 404 MCF2638706.1 45.025

TRINITY DNA DN1607 c1 g1 i9 1 DNA 385 QXE21254.1 44.152
TRINITY DNA DN431 c0 g1 i30 3 DNA 395 WP 183861863.1 44.389

TRINITY DNA DN42390 c0 g1 i10 1 DNA 395 WP 215633342.1 45.845

TRINITY DNA DN15794 c1 g1 i4 4 DNA 377 MCR5631967.1 58.356

TRINITY DNA DN240265 c1 g1 i2 1 DNA 373 YP 009600988.1 47.619

TRINITY DNA DN25632 c0 g4 i2 1 DNA 397 TAH45289.1 72.779
TRINITY DNA DN155999 c0 g1 i1 4 DNA 393 TAH45289.1 59.659

TRINITY DNA DN31725 c0 g1 i7 50 DNA 413 MCL2099963.1 57.52

TRINITY DNA DN782001 c1 g1 i3 1 DNA 395 WP 206459438.1 41.73
TRINITY DNA DN6574 c2 g1 i11 2 DNA 377 WP 258241881.1 50.538

WP 001978684.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Bacillus]
WP 141295518.1 RNA−guided endonuclease TnpB family protein [Brevibacillus centrosporus]

TRINITY DNA DN18688 c0 g1 i20 1 DNA 389 MBO1265667.1 75.773
TRINITY DNA DN44799 c0 g2 i2 1 DNA 390 MBO1265667.1 72.938
WP 061415923.1 RNA−guided endonuclease TnpB family protein [Clostridium perfringens]

TRINITY DNA DN51100 c2 g1 i2 1 DNA 387 MBP2651262.1 73.316
TRINITY DNA DN103865 c0 g1 i1 2 DNA 387 DAW20541.1 67.008

TRINITY DNA DN1366 c0 g1 i14 2 DNA 393 DAW20541.1 82.143

TRINITY DNA DN82953 c0 g1 i1 1 DNA 396 KUO74795.1 60.204

TRINITY DNA DN210447 c0 g1 i26 1 DNA 394 MCI7539171.1 75.987
TRINITY DNA DN1965 c0 g1 i23 2 DNA 372 WP 131438193.1 73.37

TRINITY DNA DN5283 c0 g1 i6 9 DNA 379 MBR1592641.1 50.39
TRINITY DNA DN235971 c0 g1 i4 3 DNA 379 DAO64278.1 52.208

TRINITY DNA DN27475 c0 g1 i1 14 DNA 391 AJE13202.1 43.073

WP 174645430.1 RNA−guided endonuclease TnpB family protein, partial [Lacticaseibacillus rhamnosus]
TLQ26141.1 IS200/IS605 family element transposase accessory protein TnpB [Lacticaseibacillus rhamnosus]

WP 096772416.1 RNA−guided endonuclease TnpB family protein, partial [Lactobacillus acidophilus]
WP 099202317.1 RNA−guided endonuclease TnpB family protein [Lactobacillus amylovorus]
WP 127835553.1 RNA−guided endonuclease TnpB family protein [Lactobacillus johnsonii]

WP 086201069.1 RNA−guided endonuclease TnpB family protein [Ligilactobacillus salivarius]
WP 155797832.1 RNA−guided endonuclease TnpB family protein [Loigolactobacillus bifermentans]

WP 201782566.1 RNA−guided endonuclease TnpB family protein, partial [Agrilactobacillus composti]

TRINITY DNA DN3013 c0 g1 i33 1 DNA 368 QXN67982.1 70.279
TRINITY DNA DN39218 c1 g1 i5 1 DNA 370 QXN67982.1 68

TRINITY DNA DN41798 c0 g3 i1 2 DNA 381 QXN67982.1 52.121
TRINITY DNA DN41798 c0 g4 i2 4 DNA 365 QXN67982.1 44.304

TRINITY DNA DN155969 c4 g4 i1 1 DNA 380 QXN67982.1 44.776
TRINITY DNA DN11886 c0 g1 i2 1 DNA 364 QXN67982.1 42.813

TRINITY DNA DN87374 c0 g1 i9 2 DNA 356 WP 158411004.1 45.098
TRINITY DNA DN41798 c0 g1 i1 1 DNA 403 WP 196266936.1 39.3

TRINITY DNA DN239974 c0 g1 i4 1 DNA 383 KRN26280.1 40.887
TRINITY DNA DN300 c0 g1 i15 4 DNA 402 BDH16509.1 51.716

TRINITY DNA DN35435 c0 g2 i3 4 DNA 383 BDH16505.1 53.59

TRINITY DNA DN134379 c0 g4 i3 14 DNA 388 BDH16505.1 53.766
TRINITY DNA DN35435 c0 g1 i1 10 DNA 391 BDH16505.1 50.758

TRINITY DNA DN274598 c0 g1 i1 4 DNA 388 BDH16505.1 50.765

TRINITY DNA DN9040 c0 g6 i1 1 DNA 391 BDH16505.1 74.359
TRINITY DNA DN38391 c0 g2 i3 1 DNA 393 BDH16505.1 50.253
TRINITY DNA DN101288 c1 g1 i2 1 DNA 393 BDH16505.1 51.889

TRINITY DNA DN32449 c0 g3 i1 1 DNA 386 QQO92585.1 46.803
TRINITY DNA DN5237 c0 g1 i6 1 DNA 411 QQO92585.1 37.469

TRINITY DNA DN1190 c0 g2 i15 1 DNA 392 QQO92585.1 36.386

TRINITY DNA DN22880 c1 g1 i1 1 DNA 406 MBQ5630158.1 75.591
TRINITY DNA DN1517 c0 g3 i10 10 DNA 401 MCK9576588.1 71.93
TRINITY DNA DN41749 c0 g1 i4 1 DNA 445 MCK9577360.1 62.676

TRINITY DNA DN21119 c0 g1 i2 1 DNA 427 MCK9576947.1 78
TRINITY DNA DN151139 c0 g1 i10 1 DNA 427 MBQ3759863.1 51.852

TRINITY DNA DN62744 c0 g2 i1 2 DNA 423 MBR0167413.1 61.364
TRINITY DNA DN1519063 c0 g1 i4 2 DNA 429 MBQ7215334.1 52.419

TRINITY DNA DN1113944 c0 g1 i1 2 DNA 380 MCB0801715.1 50.746
TRINITY DNA DN4310 c0 g1 i7 5 DNA 414 HHH41344.1 61.735

TRINITY DNA DN2709656 c0 g1 i1 1 DNA 463 MCK9428618.1 58.537
TRINITY DNA DN6010 c1 g1 i4 29 DNA 446 MCK9428618.1 61.111

TRINITY DNA DN61580 c0 g1 i5 2 DNA 443 MCK9428618.1 62.299
TRINITY DNA DN132980 c0 g2 i2 1 DNA 439 MCQ2123252.1 58.784

TRINITY DNA DN338614 c0 g1 i1 4 DNA 395 MCK9166171.1 41.53

TRINITY DNA DN1859 c0 g1 i6 2 DNA 407 DAR00854.1 42.507

TRINITY DNA DN91876 c0 g2 i1 1 DNA 352 NLK00098.1 50.575
TRINITY DNA DN91876 c0 g2 i7 2 DNA 384 MBR5172465.1 54.396

WP 101002142.1 RNA−guided endonuclease TnpB family protein [Helicobacter pylori]

TRINITY DNA DN92654 c0 g1 i9 1 DNA 359 MBQ1918151.1 81.337
TRINITY DNA DN1043 c0 g1 i9 1 DNA 372 MBQ1918151.1 72.162

TRINITY DNA DN1021866 c0 g1 i5 1 DNA 359 WP 225069936.1 88.169
TRINITY DNA DN6376 c0 g1 i25 1 DNA 374 MCH3959109.1 77.174

TRINITY DNA DN87545 c0 g1 i3 1 DNA 369 MCI5567901.1 86.104
TRINITY DNA DN21874 c1 g2 i1 1 DNA 393 MCH3959109.1 75.07

TRINITY DNA DN33796 c0 g1 i1 1 DNA 369 WP 249068219.1 71.223
TRINITY DNA DN33796 c0 g2 i5 2 DNA 369 WP 249068219.1 68.478
TRINITY DNA DN13196 c1 g1 i1 1 DNA 379 NLD88064.1 67.2

TRINITY DNA DN35568 c0 g1 i4 1 DNA 368 OUO36732.1 80.392
TRINITY DNA DN66587 c0 g1 i2 2 DNA 380 WP 124888497.1 86.016

TRINITY DNA DN28092 c0 g1 i9 13 DNA 378 WP 259317172.1 59.667
TRINITY DNA DN95813 c0 g1 i11 21 DNA 365 MRR55417.1 68.306

TRINITY DNA DN4817 c1 g1 i7 2 DNA 415 MCQ2124248.1 61.202
TRINITY DNA DN161039 c0 g2 i1 1 DNA 375 MBS6375087.1 65.395

TRINITY DNA DN13442 c0 g1 i7 2 DNA 376 WP 091535129.1 69.149
TRINITY DNA DN13442 c0 g1 i18 2 DNA 376 WP 091535129.1 70.213

TRINITY DNA DN277 c4 g1 i15 1 DNA 381 WP 004338459.1 81.977
TRINITY DNA DN6763 c0 g1 i1 1 DNA 352 WP 061315591.1 82.67

TRINITY DNA DN1115630 c0 g1 i1 1 DNA 398 DAJ22441.1 51.523
TRINITY DNA DN6763 c4 g1 i9 1 DNA 396 UVY07053.1 53.061

TRINITY DNA DN357210 c0 g1 i1 2 DNA 367 NCU40090.1 72.131

TRINITY DNA DN1517 c0 g2 i26 15 DNA 407 HCY05714.1 56.164

WP 026722478.1 RNA−guided endonuclease TnpB family protein [Fischerella sp. PCC 9431]
WP 021832380.1 RNA−guided endonuclease TnpB family protein [Crocosphaera watsonii]

WP 075900697.1 RNA−guided endonuclease TnpB family protein, partial [Moorena bouillonii]
WP 070395211.1 RNA−guided endonuclease TnpB family protein [Moorena producens]

WP 071103315.1 RNA−guided endonuclease TnpB family protein [Moorena producens]
WP 023176132.1 RNA−guided endonuclease TnpB family protein [Gloeobacter kilaueensis]

NER06265.1 IS200/IS605 family element transposase accessory protein TnpB [Okeania sp. SIO3C4]

WP 161699711.1 RNA−guided endonuclease TnpB family protein [Streptomyces boluensis]
TRINITY DNA DN131753 c1 g1 i6 2 DNA 370 GFP44046.1 58.099

TRINITY DNA DN77687 c0 g1 i1 2 DNA 388 WP 199232019.1 50
TRINITY DNA DN6934 c0 g1 i11 6 DNA 375 VVB63796.1 77.665

TRINITY DNA DN9217 c0 g2 i13 1 DNA 375 WP 015325092.1 86.364
TRINITY DNA DN166148 c0 g3 i1 2 DNA 381 NLH78686.1 72.404

TRINITY DNA DN137696 c0 g1 i3 3 DNA 367 WP 013718144.1 83.288
TRINITY DNA DN510035 c0 g2 i6 3 DNA 374 MCC4770999.1 88.235

TRINITY DNA DN392672 c0 g1 i2 1 DNA 369 WP 245320954.1 47.176
TRINITY DNA DN28206 c0 g1 i5 2 DNA 383 NYT01352.1 82.88

TRINITY DNA DN35007 c0 g1 i5 1 DNA 390 SHL08216.1 48.097
TRINITY DNA DN64367 c0 g1 i1 1 DNA 355 HDL15821.1 49.829

TRINITY DNA DN60668 c3 g1 i1 1 DNA 423 SMK62937.1 42.52
WP 131247822.1 RNA−guided endonuclease TnpB family protein [Bacillus mycoides]
WP 144572570.1 RNA−guided endonuclease TnpB family protein [Bacillus paramycoides]
WP 284680680.1 RNA−guided endonuclease TnpB family protein [Aceticella autotrophica]

NYT09706.1 IS200/IS605 family element transposase accessory protein TnpB [Methanosarcinales archaeon]
TRINITY DNA DN28342 c0 g1 i2 5 DNA 386 WP 243670844.1 55.14

WP 012714043.1 RNA−guided endonuclease TnpB family protein [Sulfolobus islandicus]
WP 149799030.1 RNA−guided endonuclease TnpB family protein [Halorubrum xinjiangense]

WP 129755052.1 RNA−guided endonuclease TnpB family protein [Haloarcula hispanica]
WP 190548296.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Calothrix]

WP 015205050.1 RNA−guided endonuclease TnpB family protein [Crinalium epipsammum]
WP 185237385.1 RNA−guided endonuclease TnpB family protein [Microcystis aeruginosa]

WP 151757700.1 RNA−guided endonuclease TnpB family protein [Dictyobacter vulcani]

WP 002759610.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Microcystis]

WP 217127666.1 RNA−guided endonuclease TnpB family protein [Streptomyces sp. AC558 RSS880]
WP 181647195.1 RNA−guided endonuclease TnpB family protein [Streptomyces sp. WAC00263]

WP 070393054.1 RNA−guided endonuclease TnpB family protein [Moorena producens]
TRINITY DNA DN133825 c0 g3 i6 1 DNA 523 MCK9319447.1 66.092
TRINITY DNA DN29738 c1 g1 i9 6 DNA 368 MCE5317854.1 65.537

WP 049911322.1 RNA−guided endonuclease TnpB family protein [Halorubrum lipolyticum]
WP 007543872.1 RNA−guided endonuclease TnpB family protein [Haloferax larsenii]

WP 049889024.1 RNA−guided endonuclease TnpB family protein [Natronorubrum tibetense]

WP 036502864.1 RNA−guided endonuclease TnpB family protein [Nitrosococcus oceani]
WP 019841414.1 RNA−guided endonuclease TnpB family protein [Ferroplasma acidarmanus]

WP 014449470.1 RNA−guided endonuclease TnpB family protein [Leptospirillum ferrooxidans]
WP 226540671.1 RNA−guided endonuclease TnpB family protein [Bacillus carboniphilus]

QDO35598.1 IS200/IS605 family element transposase accessory protein TnpB [Streptomyces sp. S1A1−3]
WP 141303124.1 RNA−guided endonuclease TnpB family protein [Streptomyces gardneri]
WP 194737808.1 RNA−guided endonuclease TnpB family protein [Actinomadura sp. RB99]

WP 144289004.1 RNA−guided endonuclease TnpB family protein [Rhodococcus sp. WB9]
WP 011429658.1 RNA−guided endonuclease TnpB family protein [Synechococcus sp. JA−3−3Ab]
WP 011432854.1 RNA−guided endonuclease TnpB family protein [Synechococcus sp. JA−2−3B'a(2−13)]

WP 048736043.1 RNA−guided endonuclease TnpB family protein [Levilactobacillus koreensis]
WP 094130981.1 RNA−guided endonuclease TnpB family protein [Ligilactobacillus agilis]

WP 066414877.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Sutcliffiella]

WP 000084193.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Bacillus]
WP 131231489.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Bacillus cereus group]

WP 206600205.1 RNA−guided endonuclease TnpB family protein [Enterococcus villorum]

WP 051340007.1 RNA−guided endonuclease TnpB family protein [Planktothrix agardhii]
WP 105219470.1 RNA−guided endonuclease TnpB family protein [Gloeocapsopsis dulcis]

WP 074043123.1 RNA−guided endonuclease TnpB family protein [Geobacillus proteiniphilus]

WP 000159719.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Bacillus]
WP 151617055.1 RNA−guided endonuclease TnpB family protein [Bacillus cereus]
WP 108994712.1 RNA−guided endonuclease TnpB family protein [Paenibacillus agaridevorans]

WP 149883375.1 RNA−guided endonuclease TnpB family protein [Anaerostipes hadrus]

WP 164825152.1 RNA−guided endonuclease TnpB family protein [Lactobacillus iners]
WP 081535655.1 RNA−guided endonuclease TnpB family protein [Ligilactobacillus salivarius]

WP 046662298.1 RNA−guided endonuclease TnpB family protein [Microcystis aeruginosa]
NET14895.1 IS200/IS605 family element transposase accessory protein TnpB [Okeania sp. SIO1H6]

WP 139545649.1 RNA−guided endonuclease TnpB family protein [Helicobacter pylori]
WP 079332094.1 RNA−guided endonuclease TnpB family protein [Helicobacter pylori]

MTJ10658.1 IS200/IS605 family element transposase accessory protein TnpB [Anabaena sp. UHCC 0204]
NCR89427.1 IS200/IS605 family element transposase accessory protein TnpB [Microcystis aeruginosa G13−10]

MBD2362669.1 IS200/IS605 family element transposase accessory protein TnpB [Anabaena minutissima FACHB−250 FACHB−250]

WP 211613594.1 RNA−guided endonuclease TnpB family protein [Leptotrichia sp. oral taxon 218]
WP 171660815.1 RNA−guided endonuclease TnpB family protein [Geobacillus sp. BMUD]

WP 098296718.1 RNA−guided endonuclease TnpB family protein [Bacillus cereus]
WP 015593562.1 RNA−guided endonuclease TnpB family protein [Bacillus sp. 1NLA3E]

WP 013403956.1 RNA−guided endonuclease TnpB family protein [Caldicellulosiruptor hydrothermalis]

WP 188787850.1 RNA−guided endonuclease TnpB family protein [Halobellus salinus]
WP 114584281.1 RNA−guided endonuclease TnpB family protein [Haloplanus rubicundus]
WP 142860442.1 RNA−guided endonuclease TnpB family protein [Salinigranum halophilum]

WP 170095065.1 RNA−guided endonuclease TnpB family protein [Halomicrobium mukohataei]
WP 136717745.1 RNA−guided endonuclease TnpB family protein [Halorientalis salina]
WP 006114947.1 RNA−guided endonuclease TnpB family protein, partial [Halorubrum coriense]
WP 071403302.1 RNA−guided endonuclease TnpB family protein [Natrialba sp. SSL1]
AXG08884.1 IS200/IS605 family transposon protein TnpB [Haloplanus rubicundus]

WP 006091734.1 IS200/IS605 family transposon protein TnpB [Natronorubrum tibetense]
WP 144263660.1 RNA−guided endonuclease TnpB family protein [Haloglomus irregulare]

WP 089098215.1 RNA−guided endonuclease TnpB family protein [Parageobacillus galactosidasius]
WP 094048292.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [unclassified Cohnella]

WP 014511712.1 RNA−guided endonuclease TnpB family protein [Saccharolobus solfataricus]

TRINITY DNA DN41404 c2 g1 i5 1 DNA 356 RPI56458.1 78.31

TRINITY DNA DN14266 c1 g1 i2 1 DNA 382 DAS00058.1 45.789

WP 221708418.1 RNA−guided endonuclease TnpB family protein [Desmonostoc muscorum]

WP 226006690.1 RNA−guided endonuclease TnpB family protein [Natrinema salinisoli]

NSY27165.1 IS200/IS605 family element transposase accessory protein TnpB [Blautia sp. MSK.20.85]
WP 078991105.1 RNA−guided endonuclease TnpB family protein [Clostridium botulinum]

TRINITY DNA DN4522 c0 g2 i5 4 DNA 405 TJX52104.1 36.364

WP 211344217.1 RNA−guided endonuclease TnpB family protein, partial [Deinococcus radiopugnans]

WP 132130928.1 MULTISPECIES: RNA−guided endonuclease TnpB family protein [Methanohalophilus]

WP 217054729.1 RNA−guided endonuclease TnpB family protein [Bifidobacterium longum]

TRINITY DNA DN705097 c0 g2 i3 1 DNA 469 WP 041275129.1 55.556

WP 077390260.1 RNA−guided endonuclease TnpB family protein [Bifidobacterium longum]

WP 075164584.1 RNA−guided endonuclease TnpB family protein [Ktedonobacter racemifer]
WP 141305891.1 RNA−guided endonuclease TnpB family protein [Lactobacillus delbrueckii]

TWU28675.1 IS2 transposase TnpB [Bythopirellula polymerisocia]
NP 709539.1 IS2 transposase TnpB [Shigella flexneri 2a str. 301]
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Figure S6, part 2
B

TRINITY DNA DN14213 c0 g1 i2 2 DNA 406 MBF0260179.1 52.676
TRINITY DNA DN80927 c0 g1 i39 3 DNA 371 WP 200759172.1 52.989

TRINITY DNA DN287 c0 g3 i13 6 DNA 386 RLI55289.1 56.021
TRINITY DNA DN9064 c0 g1 i5 1 DNA 419 RMD58256.1 55.738

TRINITY DNA DN2679 c0 g1 i6 3 DNA 429 MBW2011820.1 45.777

TRINITY DNA DN1168861 c0 g4 i1 2 DNA 369 DAS26882.1 49.864
TRINITY DNA DN9125 c0 g1 i3 2 DNA 378 DAM17124.1 56.274
TRINITY DNA DN4619 c0 g5 i1 2 DNA 386 GIU70111.1 78.036
TRINITY DNA DN118646 c0 g1 i10 2 DNA 404 MBP8782428.1 51.781
TRINITY DNA DN277 c1 g1 i11 5 DNA 400 DAE32960.1 84.073
TRINITY DNA DN1263 c0 g1 i27 2 DNA 394 MCK5521003.1 66.441
TRINITY DNA DN44419 c0 g2 i3 11 DNA 376 WP 201537500.1 80.4
TRINITY DNA DN7861 c0 g2 i1 1 DNA 383 QNO43337.1 50.97
TRINITY DNA DN14391 c0 g1 i35 3 DNA 401 MBS6503725.1 44.624

TRINITY DNA DN7837 c1 g1 i24 2 DNA 430 WP 020561245.1 45.879
TRINITY DNA DN58786 c1 g1 i4 4 DNA 377 EKD22673.1 45.225

TRINITY DNA DN28092 c0 g1 i9 13 DNA 378 WP 259317172.1 59.667
TRINITY DNA DN66587 c0 g1 i2 2 DNA 380 WP 124888497.1 86.016

TRINITY DNA DN33796 c0 g1 i1 1 DNA 369 WP 249068219.1 71.223
TRINITY DNA DN33796 c0 g2 i5 2 DNA 369 WP 249068219.1 68.478

TRINITY DNA DN91876 c0 g2 i7 2 DNA 384 MBR5172465.1 54.396

TRINITY DNA DN235971 c0 g1 i4 3 DNA 379 DAO64278.1 52.208
TRINITY DNA DN5283 c0 g1 i6 9 DNA 379 MBR1592641.1 50.39

TRINITY DNA DN103865 c0 g1 i1 2 DNA 387 DAW20541.1 67.008

TRINITY DNA DN1965 c0 g1 i23 2 DNA 372 WP 131438193.1 73.37

TRINITY DNA DN1366 c0 g1 i14 2 DNA 393 DAW20541.1 82.143

TRINITY DNA DN27475 c0 g1 i1 14 DNA 391 AJE13202.1 43.073

TRINITY DNA DN121 c5 g1 i19 18 DNA 372 WP 258922250.1 69.377

TRINITY DNA DN5509 c0 g1 i22 3 DNA 388 MCI7737992.1 62.895
TRINITY DNA DN1366 c1 g1 i3 1 DNA 381 NLS45758.1 81.72

TRINITY DNA DN129863 c0 g1 i3 2 DNA 373 YP 238637.1 69.377

TRINITY DNA DN15794 c1 g1 i4 4 DNA 377 MCR5631967.1 58.356

TRINITY DNA DN3477 c1 g1 i9 3 DNA 389 MBS4893720.1 77.261
TRINITY DNA DN3868 c0 g1 i15 5 DNA 372 WP 212380002.1 77.446

TRINITY DNA DN25632 c0 g4 i2 1 DNA 397 TAH45289.1 72.779
TRINITY DNA DN31725 c0 g1 i7 50 DNA 413 MCL2099963.1 57.52

TRINITY DNA DN35435 c0 g1 i1 10 DNA 391 BDH16505.1 50.758
TRINITY DNA DN35435 c0 g2 i3 4 DNA 383 BDH16505.1 53.59
TRINITY DNA DN101288 c1 g1 i2 1 DNA 393 BDH16505.1 51.889

TRINITY DNA DN274598 c0 g1 i1 4 DNA 388 BDH16505.1 50.765
TRINITY DNA DN134379 c0 g4 i3 14 DNA 388 BDH16505.1 53.766

TRINITY DNA DN32449 c0 g3 i1 1 DNA 386 QQO92585.1 46.803
TRINITY DNA DN5237 c0 g1 i6 1 DNA 411 QQO92585.1 37.469
TRINITY DNA DN1190 c0 g2 i15 1 DNA 392 QQO92585.1 36.386

TRINITY DNA DN63545 c0 g1 i2 8 DNA 362 WP 153985210.1 46.114

TRINITY DNA DN426720 c0 g1 i1 2 DNA 421 CAE6728230.1 42.715

TRINITY DNA DN307173 c0 g1 i5 2 DNA 388 WP 013034513.1 57.865
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Supplemental Note: Enrichment using the VirBaits panel  

Two processed wastewater samples (20-22 and 22-0) were additionally handled with 

another enrichment protocol. Samples were frozen in liquid nitrogen and disintegrated using 

the cryoPREP impactor (Covaris, Brighton, UK) as described (Wylezich et al. 2018). RNA was 

extracted using the RNAdvance tissue kit (Beckman Coulter, Germany). Complementary DNA 

(cDNA) was prepared from 82 and 169 ng total RNA of 20-22 and 22-0, respectively, using 

the SuperScript IV first-strand cDNA synthesis system (Invitrogen, Germany) and the 

NEBNext Ultra II nondirectional RNA second strand synthesis module (New England Biolabs, 

Germany). Sequencing libraries for generic metagenomics sequencing (Ion Torrent) were 

prepared from cDNA as detailed described (Wylezich et al. 2018) with some modifications 

(Pfaff et al. 2022). A part of the libraries was sequenced on an Ion Torrent S5XL instrument 

using Ion 530 chips and chemistry for 400-bp reads (Thermo Fisher Scientific, Germany). 

Another part (14 µl) of the libraries was treated with a VirBaits 2.0 panel (extended VirBaits 

panel, Wylezich et al. 2021) based on myBaits (Daicel Arbor Biosciences (Ann Arbor, USA) 

with a hybridization temperature of 65°C for 24 h according to the standard protocol 

(myBaits manual v.5.00, September 2020) and sequenced. VirBaits 2.0 contains 

oligonucleotide baits (80-nt) for different epizootic and zoonotic viruses as given in Wylezich 

et al. (2021, VirBaits panel) and supplemented with baits for Hepatovirus A, Hepatitis B virus, 

Hepacivirus C, Orthohepevirus A, infectious pancreatic necrosis virus, Zika virus, Usutu virus, 

Japanese encephilitis virus, Yellow Fever virus, Kyasanur forest disease virus, Tick-borne 

encephalitis virus, Dengue virus, Enterovirus C, Measles virus, Mumps virus, Salmonid 

novirhabdovirus, viral hemorrhagic septicemia virus, Marburg, Sindbis virus, Chikungunya 

virus, Rubella virus, Rustrela virus, La Crosse virus, Lassa mammarenavirus, 

Orthohantaviruses, Betacoronaviruses (VirBaits 2.0 one health panel). Datasets of both 

approaches (generic and VirBaits 2.0 treated) were analyzed using the RIEMS metagenomics 

analysis pipeline to taxonomically assign all individual read sequences of the obtained 

datasets (Scheuch et al. 2015). 

As typical for libraries from low-input material and enriched samples, obtained datasets 

were quite small (Table).  

Table: Overview of samples sequenced with generic libraries (original) and VirBaits-treated libraries (enriched) 
and dataset size.  

Sample 20-22 22-0 

Approach  generic VirBaits 2.0 generic VirBaits 2.0 

Library number L5724 L5838 L5725 L5839 

Reads obtained 57,369 1,052 82,004 662 



Regarding virus reads detected with the generic approach, the majority of reads belongs to 

viruses that are associated with plants (e.g. Virgaviridae) and fungi but also viruses of 

invertebrate hosts (protists, arthropods) and bacteriophages. The amount of reads for that 

groups is given in the Figure. These viruses are depleted after the VirBaits-treatment since 

no target baits for them are included in the bait panel which may be beneficial when 

focussing on clinically relevant pathogens. The same is true for Astroviridae, a group that 

was quite abundant in generic datasets but was not enriched due to missing baits specific for 

them. In contrast, reads belonging to the Picornaviridae are enriched for both samples since 

the VirBaits 2.0 panel contains baits for Foot-and-mouth disease virus and Enterovirus A, B 

and C, namely Human hepatitis A virus, Swine vesicular disease virus, and Human poliovirus, 

respectively.  

 

Figure: Overview of the amount of reads for the different virus groups detected in datasets before and after 
enrichment with the VirBaits 2.0 panel. 

In conclusion, the VirBaits approach using myBaits custom capture kits is in principal well-

suited to enrich reads for desired taxonomic groups especially viruses that are typically 

represented by only a few reads in complex datasets as seen here for Picornaviridae. The 

applied VirBaits 2.0 panel, however, is not optimal composed and adapted to wastewater 

samples since the panel do not cover all respiratory and gastrointestinal viruses (e.g. baits 

for Adenoviridae, Astroviridae, Caliciviridae, and Rotavirus are missing). Thus, for application 

with wastewater samples, a custom-designed wastewater myBaits panel needs to be 

created. This might be advantageous regarding cost reduction through smart panel design 



considering the quite low identity that is prerequired between baits and target viruses. With 

the VirBaits panel based on RNA baits it is possible to enrich far related sequences and to 

obtain full genomes for virus taxa that are only about 72-74% related to the oligonucleotide 

bait sequences, and at least detection is possible with low identities of 36-46% (Wylezich et 

al. 2021). As also confirmed by Furtwängler et al. (2020), baits consisting of RNA perform 

better than the ones consisting of DNA. In addition, with the generic metagenomics 

sequencing is it possible to detect novel viruses also in not-enriched datasets as already 

shown (Bennett et al. 2020). 
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