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Abstract

Background: Metagenomics is a promising approach to discovering novel sequences of microorganisms in
environmental samples. A recently published RNA-Seq data of Solanum tuberosum from China was used for a
metavirome study.

Methods: RNA-seq data of a BioSample project of S. tuberosum containing sequence read archive (SRA) of six plant
samples were imported into the Galaxy server. Transcriptome data were de novo assembled for viral sequences with
rnaviralSPAdes. The contig files were further organized by VirHunter and Kraken tools. Raw SRA data were trimmed
and assembled for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome by coronaSPAdes. The
scaffolds were arranged by pairwise alignment against the SARS-CoV-2 reference genome (NC_045512.2). Coronavirus
Typing Tool, Nextstrain, and Pangolin platforms were used to further investigate the SARS-CoV-2 genotype,
phylogenetic analysis, and mutation estimations.

Results: Several environmentally related non-intact virus sequences reads from forest animals, moths, bacteria, and
amoeba were detected. Further investigation resulted in non-indigenous sequences of SARS-CoV-2 genomes of lineage
B with novel substitutions. Three polymorphisms, including A22D and A36V in the envelope protein, and Q498H in the
spike (S) glycoprotein that were recently reported from a mice-adopted strain of SARS-CoV-2 with enhanced virulence
were detected in all samples. Further novel substitutions at ORF1ab were also uncovered. These were L1457V, D4553N,
W6538S, 11525T, D1585Y, D6928G, N3414K, and T3432S. Two unexpected frameshifts, ORFla:2338-4401 and
ORF1a:3681-4401, were also detected.

Conclusion: The findings of the presented study highlight the threats of the emerged potentially severe genotypes of
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SARS-CoV-2 bearing substitutions that are not yet clinically reported.

Highlights:

‘What is current knowledge?

The virosphere is a valuable resource for studying viral population genetics,
microbial evolution, and the discovery of novel sequences.

Metagenomics, including high-throughput sequencing (HTS), has made the virome
accessible and revolutionized virology by detecting unknown viruses.

‘What is new here?

The presence of SARS-CoV-2 in the potato samples raises questions about the
source of contamination and the potential for environmental persistence of the virus.

Introduction

The virosphere, the largest community of genetically diverse viruses, is a
valuable source of studying viral population genetics and dynamics, microbial
evolution, and the discovery of novel sequences (1). It offers the development of
unique technologies for life science, industrial, medical, and diagnostic
applications. These populations of viruses constitute the virome of different
ecosystems or organisms. The development of different advanced next-
generation sequencing technologies, such as high-throughput sequencing (HTS)
that was exploited by metagenomics, made the virome pretty accessible (2).

Metagenomics, including deep-sequencing or HTS of RNA or DNA,
provides transcriptome or genomic data for unhinging the complexity of a certain
virome. De novo assembly of the virome of different metagenomic data
revolutionized the field of virology by providing evidence for the detection of
unknown viruses. In this regard, Yin et al. discovered two new RNA viruses with
metagenomic analysis of symptomatic marigold plants (3). Furthermore, a recent
metagenomic study by Lappe et al. uncovered novel RNA viruses belonging to
the Betaflexiviridae, Tombusviridae, and Geminiviridae families (4). A different
geographical region may possess genetically diverse sequence reads of viruses.
Accordingly, a study assessed 73 grape samples for novel RNA viruses with HTS
in Russia. The study revealed two novel RNA and DNA viruses namely grapevine
umbra-like virus and grapevine pararetrovirus, respectively.

Application of metagenomics in clinical specimen vector-borne viruses (5,
6), respiratory viral infections (7), and blood-borne viruses have been studied (8).
However, despite the potential of metagenomics studies in the discovery of novel
viruses and revealing the hiding nods of the viral evolution, its robustness for
surveillance on emerging and reemerging viral outbreaks, and bioterrorism
remain mostly untouched. Because of the strength of the metagenomic studies in
identifying novel viral sequences and the growing open-access data on
biosamples in sequence read archive (SRA) depository, the present study aimed
to hunt viral reads and make assemblies with accurate contigs to introduce novel
viral intact sequences. Unexpectedly, the findings of the present study
demonstrated the role of metagenomics investigations on plant specimens to
uncover viral contaminations with potential public health threads.

Methods
Obtaining SRA data

RNA-Seq data of a BioSample project (SAMN32036489) of Solanum tuberosum
raw sequence reads from a study in Qinghai University, Xining, China were
obtained from NCBI’s SRA database. RNA-Seq data have been generated by
Illumina NovaSeq 6000 instrument by pair-end sequencing strategy. The
BioSample project consisted of six samples namely sample B3 (SRX18492426),
sample B2 (SRX18492425), sample Bl (SRX18492424), sample A3
(SRX18492423), sample A2 (SRX18492422), and sample A1 (SRX18492421).

Genome assembly and virome detection

As the BioSample data consisted of transcriptome data of plant stolon samples of
S. tuberosum, it was thought that it might provide some evidence of novel plant
virome in the organism. For this, SRA data were retrieved by using the Galaxy
platform (9). Paired-end sequence assembly of each. fastq data of samples was
performed by de novo assembler for transcriptomes, metatranscriptomes, and
metaviromes (rnaviralSPAdes) package v3.15.3 (10-12). The assembled contigs
generated by rnaviralSPAdes were further classified by a deep learning method
that uses convolutional neural networks and a random forest classifier to identify
viruses in datasets, named VirHunter (13). Kraken v1 package (14) was used to
assign taxonomic labels for sequence reads after classifying viral reads by
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virHunter. Briefly, the fasta scaffolds of each assembled genome of the plant
samples were selected separately, and labels were assigned based on the
viral 2020 database. Further options were kept at default.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
genome assembly

Surprisingly, a signature of SARS-CoV-2 was observed among sequencing reads.
Therefore, it was aimed to uncover whether it was belonging to an intact virus or
not. For this purpose, fastq files were trimmed for low-quality reads and further
adaptors with Trimmomatic tools (15). In addition, the genome of S. tuberosum
was mapped out in each sample with bowtie2 v2.5.0 (16, 17). Unaligned reads of
mapping were further assembled by the SARS-CoV-2 de novo genome
assembler, coronaSPAdes (10-12, 18). All the assembler options were kept as
default. The resulting sequence reads in each scaffold were classified by Kraken
package v1.1.1 (14). In this regard, classified reads were selected for further study
as the main output based on the viral 2020 Kraken database. The matching query
cover for each contig was also double-checked by NCBI’s Nucleotide BLAST
tool. For this purpose, the megablast algorithm was selected and a query of
contigs was aligned to the SARS-CoV-2 (taxid: 2697049) database.

Genotyping and mutation analysis of SARS-CoV-2

The scaffolds of each sample were arranged based on the reference SARS-CoV-
2 Wuhan-Hu-1 (NC_045512.2) with RagTag (19). Accordingly, the operation
mode was set as homology-based misassembly correction. Coronavirus Typing
Tool was used to further investigate the SARS-CoV-2 genotype, phylogenetic
analysis, and mutation estimations among samples (20). The lineage and
distribution of samples were determined by Nextstrain
(https://clades.nextstrain.org/) or Pangolin (https://cov-
lineages.org/resources/pangolin.html) web servers (21-24).

Results

The RNA sequencing data of S. tuberosum stolon samples were used to detect
viral RNA reads. This could be attributed to viral RNA genome or DNA viral
transcripts. Accordingly, the contigs of the assembled genome were scavenged
by the maviralSPAdes package. A range of sequence reads was assigned to
different viral taxonomic classes.

The virome of S. tuberosum

A combined reads of six S. tuberosum stolon specimen are shown in Figure 1.
From the Caulimoviridae family and the order Ortevirales, the tobacco vein
clearing virus was the only detected species. Other plant-associated viruses were
dahlia mosaic virus and Cavemovirus. In the next frequent taxonomic rank,
Nucleocytoviricota phylum, BeAn 58058 virus, which was originally isolated
from a wild forest rodent was the most prevalent species. Further members of this
phylum were constituted of the Megaviricetes class that mainly infects free-living
amoeba. In addition, Naldaviricetes class was the third most frequent viral
taxonomic rank. Choristoneura fumiferana granulovirus was the most frequent
species in this rank followed by Thysanoplusia orichalcea nucleopolyhedrovirus
and Spodoptera frugiperda granulovirus, which all infect moths.

Table 1: Coronavirus genotyping results
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Further investigation demonstrated a vast number of bacteriophages Figure
2, all belonging to the Heunggongvirae kingdom. In this rank, the Lambdavirus
species was the most frequent (52% of the kingdom sequence reads). The
assessment of the transcriptome reads of the Orthornavirae kingdom revealed
further plant- and insect-associated viral species, including pepper chlorotic spot
orthotospovirus and Himetobi P virus, respectively. Bat-associated circovirus 4
reads (100% reads) in the genus Circovirus was the other finding of the viral
transcriptome analysis of potato samples.

Further interesting findings were related to the finding of the sequence reads
of bat coronavirus BM48-31/BGR/2008, which comprised 2% of the classified
viral reads. Concerning the current pandemic of SARS-CoV-2, the study aimed
to reassemble the S. tuberosum transcriptome in a reference-sequence-based
manner.

Signs of SARS-CoV-2 genome in potato

The fingerprints of the SARS-CoV-2 genome were found in all six samples.
However, only partial genomic contigs were managed to construct. Accordingly,
the range of SARS-CoV-2 query coverage of the sample contigs with the viral
reference genome is shown in Table 1.

Genotyping of SARS-CoV-2 contaminations
specimens

among potato

The assembled data consisted of low contigs coverage but reliable information
on the SARS-CoV-2 genome. Accordingly, all samples were clustered in the
international A_B diversity. Furthermore, all samples belonged to lineage B and
Clade 19A. The results also demonstrated some nucleotide mutations in all
samples. Accordingly, Sample Al contained nine substitutions including,
C3264T (ORF1lab: T1000I), T4634G (ORFlab: L1457V), C11152A, C13019T,
C18888T, A21917C (S: 1119L), A23056C, C26309A (E: A22D), and C26351T
(E: A36V). Unexpectedly, an unknown frameshift was observed at ORF1a:3681-
4401, leading to deleted codon range. Additional mutations were observed in
Sample A2. Accordingly, four protein mutations, including GI13921A
(ORF1ab/ORFb: D4553N/D152N), C25609T (ORF3: L73F), C26309A (E:
A22D), and C26351T (E: A36V) were detected. Also, three protein mutations
were detected in Sample A3. These were an unexpected premature stop codon at
G21082T (ORF1lab/ORF1b: E6940*/E2539%), and C26309A (E: A22D) and
C26351T (E: A36V).

Further results on Sample Bl demonstrated two protein mutations at
G19877C (ORF1ab/ORF1b: W6538S/W2137S) and C26351T (E: A36V). More
mutations were also observed in the genomic data of Sample B2 with 12
mutations containing both codon and protein mutations. The mutations were
G943A, (C3264T (ORFlab/ORFla: T1000I), T4839C (ORFlab/ORFla:
11525T), G5018T (ORFlab/ORFla: D1585Y), A10126T, A20895G, A21047G
(ORF1ab/ORF1b: D6928G), T21847C, A23056C (S: Q498H), C23997G (S:
P812R), C26309A (E: A22D), and C26351T (E: A36V). Moreover, nine
nucleotide substitutions were found in Sample B3 including C3264T
(ORFlab/ORFla: T1000I), C10507A (ORFlab/ORFla: N3414K), A10559T
(ORF1lab/ORFla: T3432S), C18888T, G22817A (S: A419T), A23056C (S:
Q498H), C23997G (S: P812R), C26309A (E: A22D), and C26351T (E: A36V).
Furthermore, a deletion 22814 22816delATT (I418del) was detected in the S
coding sequence. Similar to the above-mentioned results, an unexpected
frameshift was observed in the same position (ORF1a:2338-4401), leading to a
deleted codon range.
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The phylogenic analysis (Figure 3) of the SARS-CoV-2 assembled genome isolate Wuhan-Hu-1 (NC_045512). Further isolates, Sample A2, Sample B3,
revealed an origination of the Sample Al to the Netherlands 19 sequence that Sample A3, Sample B2, and Sample B1 were slightly distant genetically from
both are genetically associated closely to the reference sequence, SARS-CoV-2 the origin.

!

=

oristoneura fumiferana granulovirus

Inovirus  0.3% .
Ichnovirus  0.1% .

[other Viruses] 0.3% I:I

Figure 1: Krona pie chart on combined viral seq reads. The reads are taxonomically arranged in different viral groups. The order of Ortevirales comprised 46% of viral reads.
The reads from Nucleocytoviricota phylum, Naldaviricetes class, and Heunggongvirae kingdom with 23%, 10%, and 10% frequency were the next important viral reads

Heunggongvirae

£ Bl
o o
s e &

Figure 2: Krona pie chart of the kingdom of Heunuggongvirae. Different bacteriophage transcriptome is identified among the stem samples of S. tuberosum.
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Figure 3: Phylogenetic tree representing sub-clustering S. tuberosum samples. Sample_A1 with the fewest gaps in the genome assembly characterizes close genetic distance with the

origin of the SARS-CoV-2

Discussion

Metagenomic studies of plants, animals, and environmental samples are
always enriched with virosphere containing undiscovered viruses. In the
present study, a bioproject of six biosamples of the transcriptome of S.
tuberosum stolon specimen was assessed for viral sequences. Investigation of
the plants' virome revealed sequence reads of the viruses infecting mainly the
plant itself or other passing through organisms like moths, forest rodents, and
bacteriophages infecting widespread bacteria. Since stolon is a part of the plant
growing outside the ground, it is exposed to virus-bearing organisms, and it
would be a good source of unknown viral sequences. Further investigation of
the transcriptome of the S. tuberosum did not result in finding any intact viral
genome. Although successful mapping of different contigs of the
transcriptome to the bacteriophage reference genome was expected, no intact
viral genomes were obtained (data are not shown).

One of the interesting findings of the present study was the contamination
of the samples with bat viruses, including bat coronavirus BM48-
31/BGR/2008 and bat-associated circovirus 4. Since the sampling was recent,
it was decided to serendipitously map the transcriptome with the human
SARS-CoV-2. Surprisingly, all six samples contained different-sized scaffolds
with SARS-CoV-2 genome contigs. The contigs were arranged based on the
SARS-CoV-2 Wuhan isolate to see the exact overlapping of the contigs to the
full-length viral genome. The reason for masking the SARs-CoV-2 sequence
reads in the taxonomic classification could be the Kraken viral database (Viral-
2020) that may not contain enough information on SARS-CoV-2. However,
the results demonstrated relatively full overlaps of the SARS-CoV-2 genome
with assemblies of Sample A1 (22379 nt) and Sample B2 (16202 nt). Some
gaps were observed in the genomes, which is might be due to the low coverage
or degradation of some parts of the genome owing to the sampling or
environmental nucleases.

It is well known that the SARS-CoV-2 genome might endure in outdoor
environments for days. Unfortunately, I am not aware of the sampling time
and the sequencing, or the process of sample preparation to correctly decide
whether the samples were infected during sampling by the researchers or

whether the viral genome was present before sampling. The former hypothesis
might be true as the samples were collected from China, and this country still
suffers from the coronavirus disease 2019 pandemic. Moreover, all six
genomes of SARS-CoV-2 were belonging to lineage B, which is one of the
two original haplotypes of SARS-CoV-2 that were recorded in late 2019.
Additionally, the phylogenetic analysis demonstrated that Sample A1, which
contained the largest intact genome, had a close genetic distance from the
firstly discovered viral isolates. These results may support that the earlier
quasispecies of SARS-CoV-2 are still in circulation. On the other hand, the
distribution of genomic mutation of the SARS-CoV-2 genome in the samples
was not identical, indicating that there was no cross-contamination either
during the sampling and experimental process or through contaminated
sequencing instruments.

Since the contigs were strongly accurate, the investigation for genetic
changes was performed. The alignment resulted in some protein-coding and
codon mutations only at ORFlab, ORFla, ORFIb, S, ORF3a, and E.
Accordingly, amino acid substitution A36V (26351C>T) in E was observed in
all samples (6/6), and it was followed by A22D (26309C>A) (5/6). One more
frequent substitution was T10001 at ORF1ab/ORF1a (3/6). Two substitutions
at the E coding sequence are novel and recently reported by a study in China
due to the several passages of a laboratory strain of two lethal mouse-adapted
SARS-CoV-2 variants (25). This finding is very important due to the current
severity of SARS-CoV-2 in China. The authors also reported the association
of these two mutations with an elevated level of virus severity in mice. Here,
it can be suggested that the serial passage of the earlier isolate of SARS-CoV-
2 (Wuhan) has led to the development of a more severe strain of the virus
bearing two important substitutions at E protein. This also implies the leak of
an animal-adopted strain of SARS-CoV-2 since the Q498H substitutions were
recognized in Sample Al and Sample B3. Accordingly, Yan et al. reported
Q498H at the receptor-binding domain of S protein is necessary for receptor
switching from human angiotensin-converting enzyme 2 (ACE2) to mice
ACE2, and it also grows the virulence of the virus due to the increased affinity
of the viral ligand to its cognate receptor. Another mutation at the S protein
was I119L, which co-existed with the Q498H in Sample A1, which has not
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been reported before, and for the first time, it is found in an environmental
sample. It may also contribute to the severity of the virus, as its incidence
coincided with Q498H. Further study is required to fully uncover the role of
I119L in the S protein. One deletion, 1418del (22814 _22816delATT) in the S
protein was observed in Sample B3. It is reported that 1418 is involved in the
virus interaction with the ACE2 receptor (26, 27). However, there is no
knowledge of the deletion at this position on the SARS-CoV-2 genome. In this
study, L73F was the only amino acid substitution at the ORF3a and envelope
protein, which was found in Sample A2. This substitution is involved in the
stabilization of viral protein due to a higher number of interactive atoms (28).
This deletion was associated with three more amino acid substitutions in
Sample B3, including A419T, Q498H, and P812R. Again, A419T has not
been reported before; however, P§12R was also developed due to the passage
of the virus in Vero cells at the S2’ cleavage site (29, 30).

Due to the overlapping frames of ORFlab in SARS-CoV-2 with ORFla
and ORF1b, I only present the amino acid changes based on the amino acid
position at ORF1ab and the position at the overlapping frames present between
parentheses. The T10001 that was observed in three samples along with
L1457V in Sample A1, D4553N in Sample A2, E6940* (ORF1b: E2539%),
in Sample_A3, W6538S (ORF1b: W21378S) in Sample B1, 11525T, D1585Y,
and D6928G (ORF1b: D2527G) in Sample B2, and N3414K in Sample B3
have not been reported before. Only T3432S in Sample B3 was reported in an
Omicron sub-lineage isolate in Ecuador (31). Interestingly, two novel
unknown frameshifts were detected in two samples, including ORF1a:2338-
4401 and ORF1a:3681-4401, both leading to a deleted codon range in ORF1a.
Unfortunately, I was not able to investigate the role of these frameshifts in
viral protein size changes, but it is warranted to study these novel genetic
changes in SARS-CoV-2.

Conclusion

This study was designed to computationally investigate the virome of potatoes
to discover an intact viral genome that led to the finding of potentially lab-
leaked SARS-CoV-2 sequence reads. This was also confirmed by the
phylogenic investigation and finding of two substitutions, A22D and A36V,
which were developed in mice. The laboratory strains were developed in
Changchun, China, while the potato samples were from Xining. Since there
was no report of such substitutions, it is hard to conclude if the virus strain
having both mutations emerged as an evolutionary incidence. However, more
studies are required for uncovering the role of introduced novel mutations in
the virus. Furthermore, contamination of environmental raw materials such as
plants with SARS-coV-2 still poses a threat to public health.
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