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Viruses of the kingdom Orthornavirae are the causative agents of many
diseases in humans, animals and plants and play an important role in the
ecology of the biosphere. Novel orthornaviral viral sequences are constantly
being discovered from environmental datasets, but generating high-quality and
comprehensive phylogenetic trees of Orthornavirae to resolve their taxonomic
and phylogenetic relationships is still a challenge. To assist microbial ecologists
and virologists with this task, we developed OrViT (OrthornaVirae Tree), a
pipeline that integrates and updates published methods and bridges various
public software to generate a global phylogenetic tree of the RNA-dependent
RNA polymerase (RdRp) encoded by all orthornaviral genomes. The pipeline
can infer the phylogenetic relationships between RdRp sequences extracted
from the RefSeq viral database and the users’ own assembled contigs or protein
datasets. The results from OrViT can be used for the taxonomic identification of
novel viruses and suggest revisions of the existing phylogeny of RNA viruses.
OrViT includes several Perl and Bash scripts assembled into a Makefile, making
it portable between different Linux-based operating systems and easy to use.
OrViT is freely available from https://github.com/chengdonggiang/OrViT.

KEYWORDS
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Introduction

RNA viruses are essential components of the earth ecosystem (1). All RNA viruses are
a part of the realm, Riboviria (2) which includes two kingdoms. Kingdom Pararnavirae
contains the RNA viruses encoding for a reverse transcriptase (RT). Kingdom
Orthornavirae contains the RNA viruses that replicate with a RNA-dependent RNA
polymerase (RdRp) and may have one of three genome types: positive-strand (+) ssRNA
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viruses, negative-strand (-) ssRNA viruses, and double-stranded
dsRNA viruses. With the proliferation of massive environmental
genome surveys, new Orthornavirae viruses are constantly being
discovered (3-8). However, their evolutionary relationships and
classification remains challenging. In fact, the only available tool
to identify the DNA and RNA viruses is VirSorter2 (9), but the
results are hampered by low sensitivity and high false-positive
rate. Therefore, the most accurate identification method still
relies on high-quality multiple-sequence alignment
and phylogeny.

Here we report the development, validation and usage of
OrViT, a pipeline that integrates and improves on two published
approaches (the Starr method (5) and the Wolf method (4)) and
bridges various public software (Prodigal (10), HMMER
(hmmer.org), JAligner (11), Mafft (12), Usearch (13),
MUSCLE (14), HHsuite (15), PHYLIP (16), Modeltest-ng (17),
IQ-TREE 2 (18), and Taxonkit (19)) to generate a global
phylogenetic tree of all Orthornavirae with minimal input
from the user.

OrViT is based on the fact that all orthornaviral genomes
encode a universal molecular marker RdRp. The issue is that the
diversity and limited aminoacid conservation of RARp sequences
results in poor quality multiple sequences alignments and
phylogenetic trees that are error-prone and subjective.
Nevertheless, using sequence alignments, Kamer and Argos
first reported a conserved Asp-Asp (DD) motif from 8
different plant and animal (+) ssRNA viruses in 1984 (20).
Olivier et al. first reported the four conserved motifs A, B, C,
and D among the RdRps in 1989 (21). In 1999, the first complete
structure of an RdRp, the HCV RdRp, was reported (22-24).
With the identification of these conserved features, a structure-
based superposition of RdRps was developed to aid in their
alignment, because distantly related RdRps are more structurally
conserved than their sequence (25, 26). Yet, even with the
structural conservation, it is still challenging to get a high
quality sequence alignment of all orthornaviral sequences.

The OrViT pipeline overcomes these limitations by initially
extracting the RdRp core domains from the RefSeq sequences
and from the user-assembled contigs. Then, it employs a high-
quality sequence alignment and tree reconstruction for accurate
placement of the users’ sequences on the global RefSeq
tree backbone.

Pipeline
OrViT performs the following steps (Figure 1):

1. Search for viral RARp sequences. The pipeline
automatically downloads the latest release of the
RefSeq viral protein database from NCBI
(ftp.ncbi.nih.gov/refseq/release/viral/). Genes from the
user’s assembled contigs are predicted using Prodigal
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v2.6.3 (10) with default translation table and the “-p
meta” option. The RdRp homologs are searched using
hmmsearch in HMMER v3.3.2 (hmmer.org) as
described by Starr et al. (5) with an e-value cutoff of
0.01. The available Hidden Markov Models (HMM:s) of
RdRp which Starr employed from PFAM database are
downloaded. Those HMMs of RdRp include:
Mononeg_RNA_pol [PF00946], RARP_5 [PF07925],
Flavi_NS5 [PF00972], Bunya_RdRp [PF04196],
Mitovir_RNA_pol [PF05919], RARP_1 [PF00680],
RARP_2 [PF00978], RARP_3 [PF00998], RARP_4
[PF02123], RVT_1 [PF00078], RVT 2 [PF07727], and
Birna_RdRp [PF04197]. One additional HMM profile of
Cystoviridae RdRp is downloaded from the figshare
repository (5).

. Excise the RARp core domain sequences. The full length

RdRp sequences may contain accessory domains in
addition to the core domain, which must be isolated
to produce accurate multiple sequence alignments
(MSA). To achieve this, six distantly-related protein
structures from PDB database are selected as reference
templates (Figure 2). The PDB IDs are 1RA6
(Pisuviricota RdRp), 6V85 (Negarnaviricota RdRp),
4GZK (Duplornaviricota RdRp), 2XI2 (Kitrinoviricota
RdRp), 4R71 (Lenarviricota RdRp) and IMU2 (Reverse
Transcriptase). The RdRp core domain of 1RA6
comprises residues 139 to 404 of chain A (1RA6:
A:139-404) based on the GenBank annotation. Other

RefSeq viral proteins database

user owned assembled contigs|

[
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[ predicted protein sequences
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FIGURE 1
Flowchart of the OrViT pipeline.
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FIGURE 2
Template references used to excise the RdRp core domain. (A) Pairwise flexible structure alignments showing the sequences alignments of the
conserved motifs A, B and C. (B) Pairwise flexible structure alignments of the RdRp core domain using FATCAT.

core domains are with pairwise flexible structure
alignments of each structure to 1RA6:A:139-404 using
FATCAT methods v2.0 (Figure 2) (27) with the
following resulting residue-ranges: 6V85:A:527-851,
4GZK:A:236-537, 2XI12:A:116-398, 4R71:B:202-422
and 1MU2:A:18-234. Each full length sequence is then
aligned to the six reference templates with JAligner (11)
and assigned to the reference template with the highest
JAligner Smith-Waterman score. JAligner is an open-
source Java implementation of the Smith-Waterman
algorithm to perform local pairwise sequence
alignment with default parameters (the scoring matrix
used was BLOSUMS62, with open gap penalty of 10, and
extend gap penalty of 0.5). The core domain is finally
excised after pairwise alignment against its best template
using Maftt v7.490 (12), which improved the quality of
the global pairwise alignment for latter core domain
excision. Because the full length RdRp candidates are
longer than their best template, if there are more than 30
gaps at both ends of the alignment, these sites are treated
as the excision sites. When performing RdRp core
domain excision, we did not consider the domain
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shuffling or sequence recombination. For example, the
family birnaviridae has been reported to include
permuted RdRp motifs in C-A-B pattern (28). Here
we assumed that the most conserved single core domain,
which are critical for the function of RdRp, must
maintain the A-B-C order in motifs.

. Calculate high-quality MSA using RARps from the RefSeq

database. OrViT employs two rounds of iterative
hhalign with improved sensitivity and specificity
compared to the original Wolf's approach (4). The
first round uses strict filtering parameters to produce a
high-quality MSA used as anchor. The second round
uses looser parameters that increase the sensitivity with
a larger number of homologs. The empirically
determined strict filtering parameters exclude
sequences with JAligner Smith-Waterman score below
200 for RT (1MU2) templates and 100 for other RARp
templates. After that, the first round of iterative hhalign
is performed. Clusters are obtained using Usearch v11.0
with a similarity threshold of 0.5 (13). Each cluster is
aligned to the MSA using MUSCLE v5.1 (14). All pairs
of clusters are aligned using HHsuite v3.3.0 hhalign
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command (15). The hhalign scores (S, ) for a pair of
clusters (A and B) are converted to distances as: dj,
p=log[ss p/min(sa a, sgp)]. The neighbor command in
PHYLIP (Felsenstein, 2005) is used on the matrix of
pairwise distance to generate a UPGMA (Unweighted
Pair Group Method with Arithmetic mean) tree.
Iterative hhalign is performed based on the UPGMA
tree progressively replacing each pair of closest leaves
with their parental node until one MSA is produced.
Partial RARp core domain sequences are omitted from
the MSA if they contain gaps at first conserved aspartic
acid (D) of motif A (DXXXXD) or at the last conserved
aspartic acid (D) of motif C (GDD). Alignments with e-
value less than 0.01 and spanning the full conserved
motif A, B, and C are preserved for a less stringent and
more sensitive second round of hhalign. The final MSA
is checked for gaps at the two most conserved locations.

4. Align the user’s RARps sequences to the RefSeq RARps.
Individual RdRp sequences extracted from the user’s
contigs are aligned to the final reference MSA generated
in (3) with hhalign scores sorted from high to low. The
final MSA is checked to exclude incomplete sequences if
gaps are present at the two most conserved sites.

5. Build the global phylogenetic tree. The evolutionary
model is selected by modeltest-ng v0.2.0 (17). The
Maximum Likelihood (ML) tree is computed using
IQ-TREE 2 (18).

6. Annotate the tree leaves. Annotated sequences from the
RefSeq database can be used as references in the global
tree. Each RefSeq protein ID is assigned to its
corresponding taxon ID. The taxon ID is assigned its
taxonomic rank using Taxonkit v0.10.1 software (19).

10.3389/fviro.2022.981177

Validation

Depending on the usage mode, OrViT generates two
phylogenetic trees: OrViT.refseq.tre (Supplementary Figure S1
and Supplementary Figure S2) and OrViT.ownseq_refseq.tre
(Supplementary Figure S3) that can be edited and collapsed
(Figures 3, 4) using the iTOL webserver (29). In the
phylogenetic tree, most of the major clades of Orthornavirae
viruses were partitioned consistently with the manually-curated
phylogeny of Wolf, etal. (4). After comparing the two separate
trees, OrViT.refseq.tre and OrViT.refseq_ownseq.tre, it is clear
that the placing of some clades remains uncertain:
Duplornaviricota (Reoviridae), Duplornaviricota (Cystoviridae),
and Negarnaviricota (Qinviridae). These topologically unstable
clades and other unclassified clades are potential new
orthornaviral groups. The motif logos of each major clade of the
tree (i.e. the three conserved motifs of the RdRp) are consistently
aligned as further validation of the robustness and accuracy of the
pipeline (Figures 5, 6) (30, 31).

The performance of the pipeline was tested using nine
samples from the Tara Oceans (TO) and Tara Oceans
Polar Circle (TOPC) expeditions (8, 32, 33). The test samples
were chosen to encompass the widest geographic coverage
(Supplementary Table SI), were assembled with MEGAHIT
v1.2.9 (34) and analysed with the OrViT pipeline resulting in 48
RdRps that could be assigned to 5 different RNA groups (Table 1).

The pipeline was further tested using the protein datasets
from the assembly of 483 samples (more than half of the total
samples) from the TO/TOPC expeditions. The RdRp protein
candidates were de-replicated 90% sequence identity using CD-
HIT (35). OrViT identified 1442 RdRps (Supplementary Figures
S4, S5 and Supplementary Table S2).
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The motif logo generated for all the RdRp core domain sequences searched by OrViT from the RefSeq viral proteins database. Sites 104-115 are the
conserved motif A. Sites 175-189 are the conserved motif B. Sites 223-234 are the conserved motif C.

Usage

The pipeline consists of Perl and Bash scripts, assembled
into a Makefile. The GNU parallel shell was applied for
executing multiple command jobs at the same time (36). It
was tested on a HPE ProLiant DL380 Gen9 Server running
Linux (Ubuntu 22.04 LTS) but should be portable with minimal
modifications to any Linux-based operating system. The
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following software dependencies must be installed and made
available in the path: curl, wget, hmmer, parallel, mafft, usearch,
muscle, hhalign (with -all option), phylip (neighbor), modeltest-
ng, iqtree2, taxonkit. The Java software JAligner is included in
the src directory.

A global tree based on sequences from both user’s assembled
contigs and the RefSeq viral proteins database can be
obtained by:
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TABLE 1 Identified Orthornavirae viruses RdRps (n=48) from 9 samples of TO and TOPC expeditions.

Sample Sequence ID Clade

ID

S1 TARA_B100000422_k119_88428_1 Duplornaviricota(chryso/megabirna/quadri/toti)

S7 TARA_N010000578_k119_1253069_1 Duplornaviricota(chryso/megabirna/quadri/toti)

S1 TARA_B100000422_k119_167691_1  Lenarviricota(botourmia/duin/fiers/levi/mito/narna/steitz)

S1 TARA_B100000422_k119_169693_1  Lenarviricota(botourmia/duin/fiers/levi/mito/narna/steitz)

S1 TARA_B100000422_k119_32758_1 Lenarviricota(botourmia/duin/fiers/levi/mito/narna/steitz)

S1 TARA_B100000422_k119_76195_1 Lenarviricota(botourmia/duin/fiers/levi/mito/narna/steitz)

S9 TARA_NO010000610_k119_162369_1  Lenarviricota(botourmia/duin/fiers/levi/mito/narna/steitz)

S7 TARA_N010000578_k119_1096996_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S7 TARA_N010000578_k119_1411733_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S7 TARA_N010000578_k119_1483284_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S7 TARA_N010000578_k119_1572847_2 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S7 TARA_N010000578_k119_395947_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S7 TARA_N010000578_k119_665551_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S8 TARA_N010000582_k119_1337547_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S8 TARA_N010000582_k119_1650746_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S8 TARA_N010000582_k119_1938914_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S8 TARA_N010000582_k119_57098_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S8 TARA_N010000582_k119_787887_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_12134_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_125358_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_160868_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_170214_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_20400_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_215273_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)
S9 TARA_N010000610_k119_219945_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

(Continued)
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TABLE 1 Continued

10.3389/fviro.2022.981177

Sample Sequence ID Clade

ID

S9 TARA_N010000610_k119_257940_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S9 TARA_N010000610_k119_259162_1  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S9 TARA_N010000610_k119_273481_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S9 TARA_N010000610_k119_49569_1 Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S9 TARA_N010000610_k119_63177_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S9 TARA_N010000610_k119_70408_2  Pisuviricota(astro/calici/dicistro/fusari/hypo/ifla/marna/picorna/polycipi/poty/seco/solinvi)

S1 TARA_B100000422_k119_149282_1  Pisuviricota(amalga/curvula/partiti/picobirna)

S1 TARA_B100000422_k119_193073_1  Pisuviricota(amalga/curvula/partiti/picobirna)

S1 TARA_B100000422_k119_26666_1 Pisuviricota(amalga/curvula/partiti/picobirna)

S1 TARA_B100000422_k119_63093_1 Pisuviricota(amalga/curvula/partiti/picobirna)

S7 TARA_N010000578_k119_1810913_1 Pisuviricota(amalga/curvula/partiti/picobirna)

S9 TARA_N010000610_k119_140321_1  Pisuviricota(amalga/curvula/partiti/picobirna)

S9 TARA_N010000610_k119_179089_1  Pisuviricota(amalga/curvula/partiti/picobirna)

S9 TARA_N010000610_k119_201736_1  Pisuviricota(amalga/curvula/partiti/picobirna)

S9 TARA_N010000610_k119_83468_1 Pisuviricota(amalga/curvula/partiti/picobirna)

S9 TARA_NO010000610_k119_89611_1 Pisuviricota(amalga/curvula/partiti/picobirna)

S4 TARA_N000002171_k119_27724 1 Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S5 TARA_N000002175_k119_535797_1  Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S8 TARA_N010000582_k119_1034043_1 Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S9 TARA_N010000610_k119_102273_2  Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S9 TARA_N010000610_k119_215213_1  Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S9 TARA_N010000610_k119_247178_1  Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/
matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

S9 TARA_N010000610_k119_61980_1 Kitrinoviricota(alphaflexi/astro/beny/betaflexi/bromo/carmotetra/clostero/deltaflexi/endorna/flavi/hepe/kita/luteo/

matona/mayo/noda/sinhali/toga/tombus/tymo/virga)

The placement within the major clades is listed here. The major clades are based on the phylogenetic tree generated by OrViT (OrViT.ownseq_refseq.tre) and shown in Figure 4.

~$git clone https://github.com/chengdongqiang/OrViT.git

~$cd OrViT/src
~$make CONTIGS=/path/to/your/contigs.fasta
Or user’s input contigs as protein sequences by:

~$make CONTIGS=/path/to/your/contigs.fasta SEQTYPE=pro

running task.

Results and discussion

The global tree based on sequences only from the RefSeq

multiplexer such as ‘screen’ to ensure the completion of the long-

viral proteins database can be obtained by:

~$git clone https://github.com/chengdongqiang/OrViT.git

~$cd OrViT/src

~$make refseq

The outputs will be available in OrViT/results directory.
OrViT.refseq.aln and OrViT.ownseq_refseq.aln contain the
multiple sequence alignments of the RdRp core domain.
OrViT.refseq.tre and OrViT.ownseq_refseq.tre are the
phylogenetic trees based on these alignments.

The execution time is approximately 4 days using 50 threads
(Makefile with the default option CPU=50) with each thread
running at 2.0 GHz. We recommend the use of a terminal
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The novel aspect of OrViT is the ability to identify the RdRp
core domain using sequences that are distantly related making use
of high-quality pairwise structural alignments. By excising the RdRp
core motifs, the pipeline successfully achieves high-quality sequence
alignments and phylogenetic trees. Additionally, the integrated
pipeline greatly simplifies the challenges in the analysis of
orthornaviral taxonomy.

In 2018, Wolf et al. used an iterative hhalign method of 4617
RdRps to obtain a global orthornaviral phylogenetic tree
for the first time that determined the identity of the
Lenarviricota, Pisuviricota, Kitrinoviricota, Duplornaviricota and
Negarnaviricota phyla (4). Subsequently, by mapping an aquatic
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virome to the backbone of this global tree, they identified
more than 4500 distinct novel members of the Orthornavirae,
doubling the previously known diversity (6). Edgar et al. performed
a sequence alignment (singular on sequence) based data mining of
5.7 million biologically diverse samples (10.2 petabases) and
discovered more than 100,000 novel RNA viruses (37).
Neri et al. performed data-mining on 5150 metatranscriptomes
and identified about 330,000 novel RdRps, their findings also
identified two putative new phyla and numerous novel classes
and orders (7). Finally, Zayed et al. analysed 771 Global Ocean
metatranscriptome samples (28 terabases) and characterised novel
phyla as the Taraviricota, Pomiviricota, Arctiviricota,
Paraxenoviricota, Wamoviricota (8). The reanalysis of a subset of
483 samples of this data, corroborated the discovery of novel
taxonomic groups of Orthornavirae (Supplementary Figures S3,
S4). However, only three sequences after de-replication at 90%
sequence identity (TARA_N000000269_k119_138062_2,
TARA_N000001754_k119_849460_1, and TARA_N000001941_
k119_504_1) could be assigned by OrViT to novel taxonomic
groups of Orthornavirae. On the contrary, most of the novel TARA
sequences grouped into clades located inside the closely-related
outgroups of Artverviricota, Nucleocytoviricota, and Uroviricota.
This apparent discrepancy suggests that more research,
targeted at the isolation, host-specificity and characterization
of the whole genomes harboring environmental RdRps will be
needed to establish stable phylogenetic relationships between
newly discovered viral groups. Nevertheless, by automating the
process of RdRp extraction, core domain alignment and
phylogenetic construction, we envision that OrViT will help to
expand our understanding of the diversity of Orthornavirae.
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SUPPLEMENTARY FIGURE 1
Complete phylogenetic tree (OrViT.refseq.tre) of the Orthornavirae based
on sequences from the RefSeq viral proteins database.

SUPPLEMENTARY FIGURE 2
The collapsed phylogenetic tree (OrViT.refseq.tre) with phylum and class
rank labelled.

SUPPLEMENTARY FIGURE 3
Complete phylogenetic tree (OrViT.ownseq_refseq.tre) showing the
Orthornavirae identified from 9 samples of the TO and TOPC expeditions.

SUPPLEMENTARY FIGURE 4

The collapsed phylogenetic tree showing potential novel clades of
Orthornavirae based on the protein sequences after de-replication at 90%
sequence identity. The de-replicated protein sequences were extracted
from 483 sample assemblies from the TO and TOPC expeditions.

SUPPLEMENTARY FIGURE 5
The full phylogenetic tree of the Orthornavirae viruses based on the
protein sequences after de-replication at 90% sequence identity.

SUPPLEMENTARY TABLE 1
List of 9 selected samples from the TO and TOPC expeditions. These 9
samples were used to test the OrViT pipeline with DNA sequences as input.

SUPPLEMENTARY TABLE 2

List of the 438 samples from the TO and TOPC expeditions. These 438
samples were used to test the OrViT pipeline with protein sequences as input.
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