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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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Figure S2
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Position in reference genome MN510439.1 Human astrovirus 1
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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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from top to bottom,

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-gPCR
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 TBRY, shown are,

for a selected sample
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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Figure S5 part 2 Log10 (mapped reads per million)
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Figure S6, part 1 i

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 E
are colored in black and contain
accession number and species. The m
wastewater sequences are colored in "“Lq = =
red and contain the contig name, the |, = —8
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 ﬁ%@

cluster 1
74%

cluster 2
60%

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.

cluster 3
67%

cluster 4
65%

cluster 5
42%

E. coli

cluster 6
75%




Figure S6, part 2
B

TRINITY DNA DN91876 c0 g2 i7 2 DNA 384 MBR5172465.1 54.396
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 g2 i5 2 DNA 369 WP 249068219.1 68.478
TRINITY DNA DN33796 c0 g1 i1 1 DNA 369 WP 249068219.1 71.223

TRINITY DNA DN307173 c0 g1 i5 2 DNA 388 WP 013034513.1 57.865

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

TRINITY DNA DN287 c0 g3 i13 6 DNA 386 RLI155289.1 56.021

TRINITY DNA DN9064 c0 g1 i5 1 DNA 419 RMD58256.1 55.738

TRINITY DNA DN80927 c0 g1i39 3 DNA 371 WP 200759172.1 52.989

TRINITY DNA DN14213 c0 g1 i2 2 DNA 406 MBF0260179.1 52.676

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

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 DN101288 c1 g1 i2 1 DNA 393 BDH16505.1 51.889

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

TRINITY DNA DN35435 ¢c0 g1 i1 10 DNA 391 BDH16505.1 50.758

TRINITY DNA DN1190 c0 g2 i15 1 DNA 392 QQ092585.1 36.386

TRINITY DNA DN5237 c0 g1 i6 1 DNA 411 QQ0O92585.1 37.469

TRINITY DNA DN32449 c0 g3 i1 1 DNA 386 QQ0O92585.1 46.803

TRINITY DNA DN27475 ¢0 g1 i1 14 DNA 391 AJE13202.1 43.073

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 DN1366 c0 g1 i14 2 DNA 393 DAWZ20541.1 82.143

TRINITY DNA DN103865 c0 g1 i1 2 DNA 387 DAWZ20541.1 67.008

TRINITY DNA DN31725 ¢0 g1 i7 50 DNA 413 MCL2099963.1 57.52

TRINITY DNA DN25632 c0 g4 i2 1 DNA 397 TAH45289.1 72.779

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

TRINITY DNA DN3868 c0 g1 i15 5 DNA 372 WP 212380002.1 77.446

TRINITY DNA DN3477 ¢1 g1 i9 3 DNA 389 MBS4893720.1 77.261

TRINITY DNA DN1366 c1 g1 i3 1 DNA 381 NLS45758.1 81.72

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

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

TRINITY DNA DN121 ¢5 g1i19 18 DNA 372 WP 258922250.1 69.377

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

TRINITY DNA DN7837 c¢1 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 DN14391 c0 g1 i35 3 DNA 401 MBS6503725.1 44.624

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

TRINITY DNA DN44419 c0 g2 i3 11 DNA 376 WP 201537500.1 80.4

TRINITY DNA DN1263 c0 g1 i27 2 DNA 394 MCK5521003.1 66.441

TRINITY DNA DN277 ¢1 g1i11 5 DNA 400 DAE32960.1 84.073

TRINITY DNA DN118646 c0 g1 i10 2 DNA 404 MBP8782428.1 51.781

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

Irlll';llr

TRINITY DNA DN1168861 c0 g4 i1 2 DNA 369 DAS26882.1 49.864
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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 Il nondirectional RNA second strand synthesis module (New England Biolabs,
Germany). Sequencing libraries for generic metagenomics sequencing (lon 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 lon Torrent S5XL instrument
using lon 530 chips and chemistry for 400-bp reads (Thermo Fisher Scientific, Germany).
Another part (14 pl) 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.
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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 Furtwangler 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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