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Abstract

Purpose The article presents DiscMycoVir, an elegant and user-friendly platform

for discovering mycoviruses in fungal transcriptomes. DiscMycoVir is a pipeline of
established tools for next-generation sequencing analysis and database searching,
incorporated in an interface that facilitates accessibility even for users that have

no programming skills and expertise. A comprehensive and detailed result report
enhances user experience. DiscMycoVir can be accessed online for reviewing purposes
at: https://discmycovirimslab.gr:8000 and the source code is located at https://github.
com/abompotas/DiscMycoVir. We recommend using the GitHub repository, as the
online platform may lack the necessary resources to ensure uninterrupted service
especially on large files.

Methods-results We employed state-of-the-art technologies in the design and
implementation phase of the platform. We present the application of the platform in
screening RNA-seq data from the yeast Candida auris for mycoviruses, demonstrating
its efficiency and simplicity in use.

Conclusions DiscMycoVir serves as a user-friendly platform for identifying mycoviruses
in RNA-seq data. Our tool was successfully implemented to discover mycoviruses in

a C. auris isolate and could be adapted to detect viruses in transcriptomes from other
organisms as well.

Keywords Mycovirus discovery, Sequence analysis, Pipeline, Docker

Background

Viruses are obligatory parasites infecting all living organisms, including fungi. Fungal
viruses or mycoviruses have been detected in most major taxa of fungi, including asco-
mycetes and basidiomycetes together with early diverging lineages [1]. Mycovirus infec-
tion often leads to phenotypic alterations in the fungal host, including but not limited
changes in morphology, pigment production, sporulation, growth, virulence, pathoge-
nicity and drug resistance [2]. In light of this, it is evident that mycovirus infection is
ecologically, medically and economically significant with impact in agricultural, medical
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and biotechnological settings. Therefore, mycovirus diagnostics to determine presence
of already known and/or novel mycoviruses in fungal isolates or populations is crucial.

Traditionally, mycoviruses are detected through the presence of double-stranded (ds)
RNA in the fungal host. The vast majority of mycoviruses have RNA genomes, there-
fore such dsRNA elements correspond to either the genome of a dsSRNA mycovirus or
the replication intermediate of a single-stranded (ss) RNA virus and are considered hall-
marks of mycoviral infection. However, the development of next-generation sequenc-
ing (NGS) technologies, such as RNA-seq, facilitated and accelerated discovery of novel
mycoviruses, particularly those with positive-sense (+) or negative-sense (—) ssRNA
genomes that may be present in low quantities below the detection limit of traditional
methods. Using bioinformatics to detect mycoviruses in fungal transcriptomes gener-
ated by RNA-seq is not uncommon amongst mycovirologists but requires substantive
computational knowledge and skills.

Access to comprehensive databases and repositories is crucial for bioinformatics
research. The National Centre for Biotechnology Information (NCBI) hosts a variety of
databases relevant to biotechnology and biomedicine, providing a wealth of informa-
tion for researchers. Of particular interest is the NCBI Sequence Read Archive (SRA),
the largest publicly available repository of high-throughput sequencing data from fungi
among other organisms together with metagenomic and environmental surveys. Evi-
dence of mycovirus infection may be detected in SRA files by examining reads that do
not originate from the genome of the fungus under study. Annotated genome sequences
for a range of fungi are publicly available in NCBI Genome, while Ensembl [3] and in
particular Ensembl Fungi is another valuable resource, offering a genome browser with
access to annotated genomes.

One of the primary areas in bioinformatics is sequence analysis. The NCBI Basic Local
Alignment Search Tool (BLAST) [4] is widely used for comparing nucleotide or pro-
tein sequences to sequence databases and identifying those that are significantly similar.
BLAST+, a suite of command-line tools to run BLAST, may be used to detect sequences
homologous to known (myco)viruses among those that do not have a fungal origin.
However, the process of reliably obtaining this information from raw data is complex
and requires either knowledge of computer programming or user-friendly platforms for
researchers without programming skills, such as Galaxy and SEquence DAtaset builder
(SEDA).

Galaxy [5] is the main web-based platform for omics data analysis, including genom-
ics and transcriptomics, but also proteomics and metabolomics. Galaxy provides a user-
friendly interface and supports the integration of various tools and resources, offering
versatility for numerous applications. Galaxy ensures reproducibility by tracking all
steps and parameters used, rendering it easy to replicate data analyses. Accessible from
anywhere with internet access, Galaxy is open-source and supported by a strong com-
munity and extensive documentation.

SEquence DAtaset builder (SEDA) [6, 7] is a cross-platform desktop application
designed to manipulate FASTA files containing nucleic acid or protein sequences. SEDA
features a user-friendly graphical interface that includes basic utilities like filtering, sort-
ing, and reformatting files, together with advanced tools such as BLAST, gene annota-

tion, protein domain annotation, and sequence alignment-capabilities often missing in
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similar software. SEDA facilitates efficient management of large datasets and offers easy-
to-install distributable versions, including a Docker image for Linux.

Despite their numerous strengths, Galaxy and SEDA exhibit significant complexity in
their installation and maintenance, requiring a level of technical expertise that may be
daunting for inexperienced users or those without a strong background in bioinformat-
ics or computer science. Despite their numerous strengths, Galaxy and SEDA exhibit
significant complexity in their installation and maintenance, requiring a level of techni-
cal expertise that may be daunting for inexperienced users or those without a strong
background in bioinformatics or computer science. The extensive range of tools and
options available may be overwhelming for inexperienced users, while understanding
the appropriate tools and workflows requires a steep learning curve. Another challenge
lies in their scalability, as handling large datasets or intensive computations may strain
server resources, leading to performance bottlenecks or slow processing times. More-
over, their dependencies on third-party tools and plugins may introduce compatibility
issues or vulnerabilities, potentially compromising data integrity or security

Our contribution Here we aim to provide a simple user-friendly platform for mining
viral sequences from transcriptomics data. We term our platform ‘Mycovirus Discovery’
or ‘DiscMycoVir’ since its initial use, described in the present article, is for discovering
mycoviruses in fungal transcriptomes. DiscMycoVir is purpose-built, ready-to-use and
accessible to users with no programming skills or expertise in RNA-seq data analysis,
emphasising on a comprehensive and detailed result-reporting experience. To the best
of our knowledge, this is the first and only publicly available platform for mycovirus

discovery.

Materials and methods

In this section, we present the resources and methodologies employed for developing
and applying the DiscMycoVir pipeline. We describe both the biological data processing
techniques and the technical components that enable automated mycovirus detection.

Bioinformatics software tools

FASTQC 0.12 [8] is used for quality control of the raw reads. FASTQC provides a com-
prehensive report in HTML format, which integrates seamlessly with various web devel-
opment frameworks, allowing for easy implementation within our pipeline. By offering
both summary statistics and detailed visualisations, FASTQC assists the user in identify-
ing potential issues in the data before proceeding with downstream analyses. Such issues
are addressed by Trimmomatic 0.36 [9] that processes raw reads as instructed by the
user, enhancing overall quality, and whose command line interface can be easily added
in our pipeline. The default processing includes clipping adapter sequences, trimming
low quality bases using a sliding window, and filtering short processed reads. However,
Trimmomatic is highly configurable, allowing the user to customise parameters accord-
ing to their specific needs.

Following quality control, Trinity RNA-seq 2.11 [10] is used for the de novo assem-
bly of contigs, representing transcripts, from the processed reads without the use of a
reference sequence. Subsequently, Burrows-Wheeler Aligner (BWA) [11] and specifi-
cally BWA-MEM v0.7.17 [12], which is optimised for high-quality sequences longer than
70 bp and exhibits superior speed, accuracy, and capacity to manage longer reads and
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higher error rates, is used to align the assembled contigs to a reference genome provided
by the user. SAMtools v1.13 is then used for selecting unaligned contigs that do not orig-
inate from the fungal genome

Finally, the BLAST+ algorithm [4] is implemented for accessing online databases to
compare these unaligned contigs against known sequences to identify regions of sim-
ilarity. For this study, we utilised the NCBI nt_viruses database [13], which is a com-
prehensive collection of nucleotide sequences specifically curated for viral research.The
default command-line arguments used for Trimmomatic, Trinity, BWA, SAMtools and
BLAST+ are summarized in Table 1

Application development technologies

In our development of a bioinformatics application for mycovirus discovery, several
robust technologies were employed to ensure efficiency, scalability, and user-friendli-
ness. Key among these technologies are Docker, Flask, Ionic, and Angular, each playing a
pivotal role in the system’s architecture and functionality.

Docker [14] is utilised for containerisation, enabling the application to run in isolated
environments and ensuring consistency across different stages of development, testing,
and deployment. Docker containers encapsulate the application along with all its depen-
dencies, allowing for seamless integration and eliminating compatibility issues. This
is particularly crucial in bioinformatics, where the software stack can be complex and
diverse. Docker enhances reproducibility, an essential aspect of scientific research, by
providing a stable and uniform environment for the application to operate.

Flask [15] acts as the back-end framework, providing a lightweight yet powerful plat-
form for developing the server side of the application. Flask’s simplicity and flexibility
make it ideal for handling the intricate data processing and computational tasks required
in virus discovery. It supports the integration of various bioinformatics tools and data-
bases, ensuring efficient data management and retrieval. Flask’s capability to handle
RESTful APIs facilitates smooth communication between the front-end and back-end
components, enabling real-time data exchange and updates.

Ionic [16] serves as the framework for developing the mobile and cross-platform
aspects of the bioinformatics application. Its hybrid nature allows the creation of a
single codebase that runs on multiple platforms, including iOS, Android, and web
browsers. Ionic’s robust set of components and plugins simplifies the development pro-
cess, enabling a responsive and visually appealing user interface. This is vital for the

Table 1 Standard software tool commands

Trimmomatic
ILLUMINACLIP:”. /Nextera.PE-PE.fa”:2:30:10
SLIDINGWINDOW:5:20
MINLEN:

Trinity —seqType <processed reads>

BWA-MEM bwa index

bwa mem <trinity output>

SAMtools samtools view -f 4 <BWA-MEM output>
BLAST+H blastn -db nt_viruses -query <SAMtools output>
-max_target_seqs 5 -remote

Arguments in green can be modified by user
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application’s usability, as it ensures that researchers and clinicians can access and inter-
act with the virus discovery tools seamlessly, regardless of the device they are using.

Angular [17] is employed for building the front-end web application. As a powerful
framework maintained by Google, Angular offers a comprehensive solution for develop-
ing dynamic and responsive user interfaces. It enables the creation of a sophisticated
and intuitive interface that allows the user to interact with complex bioinformatics data
effortlessly. Angular’s modular architecture and extensive library support facilitate the
integration of advanced features, such as real-time data visualisation and interactive
dashboards, which are essential for analysing viral sequences and conducting in-depth
research.

Together, these technologies accompanied by a simple MySQL [18] database, form
a cohesive and efficient system for mycovirus discovery. Docker ensures a reliable and
consistent environment, Ionic and Angular provide a responsive and user-friendly inter-
face, and Flask handles the complex data processing and server-side logic.

System design

In system design, we outline the complete system and pipeline architecture. We provide
a detailed discussion of the application architecture, emphasise the critical elements of
our implementation and illustrate how well-known frameworks were utilised to enhance
our design.

The process is initiated when the user submits information, including one or more files
containing raw reads from RNA-seq experiments, through the platform’s interface. The
reads in the submitted files first undergo quality control and the user is given the option
to perform trimming and clipping to remove low-quality and adapter sequences, ensur-
ing that only high-quality data is used for further analysis. Afterwards, the results are
reviewed, allowing the user to assess of the data once more.

Following quality control, the processed, the reads are used to produce contigs which
are then aligned to the reference genome of the fungus they are derived from, a cru-
cial step for discarding contigs of fungal origin. The non-aligned contigs, which may
potentially be originating from mycoviruses, are then subjected to BLAST+ queries to
identify and annotate sequences by comparing them against a comprehensive database.
Throughout the process, the system automatically notifies the user via email about the
progress of the analysis. These emails include links for parameter adjustments or to view
intermediate and final results. The whole process is shown in Fig. 1.

Figure 2 provides an overview of our application. The user, typically a researcher, inter-
acts with the platform through a web user interface, where they can submit the nec-
essary files and information. The system, in turn, updates the user on progress via an
automated email process. The content of these emails varies depending on the analysis
phase, but they always include a link to the relevant interface, allowing the user to either
modify parameters or view a report on the results.

Diving deeper into the application design, each analysis is divided into simpler jobs
stored in their respective queues. These queues are implemented with the help of a
relational database, which we name JobsDB, and is designed to manage the workflow
and metadata associated with virus discovery processes in a bioinformatics environ-
ment. It features a primary key (id) for unique experiment identification and timestamps
(submitted, started, completed) to track job submission and various stages of analysis
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Fig. 1 Analysis Process. Once the user creates a job by submitting the files containing the raw reads, a quality
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decides on how to improve the quality of the reads. Once the user is satisfied with the quality of the reads, they
submit the job for mycovirus discovery and are notified via email when the job is completed to review the results
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(e.g., quality control, read processing, assembly, alignment, BLAST+ query). Essential
metadata includes an email address for notifying the user about status changes dur-
ing the process, sample names and genome details. There are also fields to indicate the
format of the input files (FASTA or FASTQ), which may be compressed in.gz format
and whether the experiment includes single-end or paired-end sequencing data, while
additional information and parameters provided by the user, such as adapter sequences
and minimum sequence length, enhance customisation. The files that are uploaded for
analysis and those that are created by the system are stored outside the JobsDB in the OS
filesystem.

On the backend side of the application, a broker acts as an intermediary between the
experiment job analyser and the user via the web interface. This module handles com-
munication with the analyser, the primary component of experimenting. The broker
facilitates communication, coordination, and data exchange between the various system
components. It can be regarded as a middleware layer that orchestrates the individual
tasks, ensures the validity of the user’s inputs and formats the results in a way that is eas-
ily parsed by the application’s frontend.

However, the primary and most critical component of the backend is the analyser. It
parses the fields of each job in the JobsDB to carry out the appropriate phase of the nec-
essary analysis. After each analysis step, the module notifies the user via email about the
status of the analysis and provides a link for parameter adjustments. A significant chal-
lenge in such applications is the time required to conduct and complete the analysis. To
address this, our approach focuses on dividing the pipeline into independent phases that
can be executed asynchronously.

The broker as mentioned before is responsible for orchestrating the entire process,
ensuring that tasks are scheduled, executed, and monitored effectively. It consists of
three main components the Job Scheduler, the HTTP Rest API and the Result Parser.

+ Job Scheduler: This component manages the scheduling of jobs, ensuring that tasks
are queued and processed in the correct order.

« HTTP REST API: This API facilitates communication between the Broker and other
system components, allowing for data exchange and command execution through
HTTP requests.

+ Results Parser: After the analysis is completed, the Results Parser processes the
output data, extracting relevant information and preparing it for further use or
notification.

Considering that each analysis is time-consuming, we integrated separate queues to
manage the different stages of the analysis pipeline, instead of one queue for all experi-
ments. The jobs DB is a MySQL-dedicated storage system that contains the necessary
information about each job.

+ Analysis Queue: Jobs awaiting initial analysis are placed in this queue.

+ Processing Queue: After initial analysis, jobs are moved to this queue for processing
of raw reads, including trimming, clipping and filtering.

+ Alignment Queue: Once processing is complete, jobs proceed to this queue for
genome alignment.

+ BLAST+ Queue: Finally, jobs are placed in this queue for sequence alignment using
the BLAST+ algorithm.
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This architecture enables user to make further adjustments to the parameters at various
stages of the experiment. The most common adjustment occurs during the processing
stage, where user can review the FastQC reports on the raw and processed reads and
modify the parameters if necessary.

The File Storage is responsible for managing the various files used and produced dur-

ing the analysis. It is divided into three sections:

+ Uploads: this section stores the original genome files uploaded by researchers. Since
these files can be very large and only a few I/O operations are required directly on
them they can be stored on a cheap secondary memory.

+ Temporary Storage: temporary files generated during the analysis process are stored
here. It is recommended to utilise a fast secondary memory system like an SSD for
this storage for faster read/write operations. Those files are removed as soon as
possible for effective and efficient storage management.

+ Outputs: the final output files, containing the results of the analysis, are stored in
this section, which the user can download and review locally. Similar to the Uploads

storage a slower but cheaper storing method can be used.

Results and discussion

In this section, we present our web application design and implementation through the
lens of a typical biological problem, i.e., a mycovirus discovery case study. We highlight
the level of detail in the output presentation and offer guidelines for interpretation.

Use study: Candida auris

Candida auris [19] is a yeast and an emerging multidrug-resistant fungal pathogen that
has become a significant concern in healthcare settings worldwide due to its high mor-
tality rate and ability to cause outbreaks in hospitals. C. auris was first identified in 2009
in Japan from the ear canal of a patient. Infections caused by C. auris can range from
superficial (such as ear infections) to invasive (such as bloodstream infections), which
can be life-threatening, particularly in immunocompromised patients. The mortality
rate for invasive C. auris infections is high, partly due to the severity of infections in vul-
nerable patient populations and the pathogen’s resistance to anti-fungal treatments. C.
auris can form biofilms, which enhance its resistance to anti-fungal treatments, and sur-
vive on surfaces and medical equipment for extended periods, contributing to its ability
to cause outbreaks in healthcare settings. Given the presence of mycoviruses in other
yeasts and human pathogenic fungi, it is plausible that C. auris could harbour mycovi-
ruses. Mycoviruses may alter C. auris virulence and anti-fungal resistance profiles, for
example by affecting host metabolic pathways [2]. We will explore the presence of myco-
viruses which might contribute to the genetic diversity of C. auris populations, influenc-
ing their adaptability and evolution. Understanding the iterations between mycoviruses

and C. auris could open new avenues for therapeutic interventions.

Using the DiscMycoVir application

Figure 3 shows the user interface for the Mycovirus Discovery platform, which features
a straightforward form for submitting all required information. The user is prompted to
provide their email address, a sample name, the input format of the raw reads (FASTA
or FASTQ) the sequencing technology used (singe end, SE or paired end, PE) and a
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Fig. 3 Application Main Screen. The user provides an email address, a name for their analysis, the input format of
the raw reads, and the sequencing technology used. The latter determines whether one (single end) or two (paired
end) files of raw reads need to be uploaded together with the reference genome file

reference genome file. Once these details are filled out, the user clicks the “Submit” but-
ton to submit the job to the system for analysis and receives a link to the next phase
screen on their e-mail address. For the case study, single end raw reads generated by
[llumina HiSeq 250 using a cDNA library constructed from the transcriptome of clinical
C. auris (SRR11550480), together with the reference genome of C. auris strain B11221
(ASM3135756), were uploaded.

After the job is submitted and quality control of the reads is conducted, the report
screen, shown in Fig. 4, is displayed by following the generated link received in user’s the
e-mail. For the case study, only the ‘per base sequence content’ and the ‘sequence dupli-
cation levels’ were evaluated as very unusual (red cross) by FastQC, while all other mod-
ules were entirely normal (green tick). The former stems from non-completely random
binding of the random hexamer primers used for constructing the cDNA library from
RNA transcripts and the latter reflects the multiple copies of RNA transcripts originat-
ing from certain genes, as expected.

The user then decides whether to process the raw reads to improve their quality or
proceed with the next step of the pipeline. If the user is concerned with the quality of
the reads, they can modify the processing parameters of Trimmomatic at the bottom
of the screen based on the FastQC report. For instance, clipping adapter sequences is
facilitated by providing a file with the adapter sequences used for library construction;
trimming low-quality bases is performed employing a sliding window approach, where
the quality scores within a defined window are assessed and trimming occurs once the
average quality score within the window falls below a user-specified threshold; following
clipping and trimming, reads below a user-specified length are discarded. This process-
ing ensures that only high-quality portions of the reads are retained, which is crucial
for subsequent accurate sequence alignment. By clicking the “Process” button, quality
improvement using Trimmomatic is initiated. It is impor- tant to note that the user can
implement the quality improvement process on the raw reads until a satisfying report is
generated. If the user is satisfied with the quality of the reads, they can proceed to the
next stage of the pipeline by clicking the “Proceed” button. For the case study, clipping,
trimming and filtering was performed using the default Trimmomatic parameters.
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Fig.4 FastQCreport. A quality control report on the input file(s) of the raw reads is generated by FastQC and made
available to the user. The report includes information on basic statistics, per base sequence quality, per sequence
quality score, per base sequence content, per sequence GC content, per base N content, sequence length distribu-
tion, sequence duplication levels, overrepresented sequences and adapter content

Presentation and visualisation of findings

After processed reads are assembled into contigs by Trinity, the contigs are aligned on
the fungal genome by BWA and unaligned contigs are selected by SAMtools, an exter-
nal tool integrated into the system, BLAST+, is used to compare the non-aligned con-
tig sequences against a database of known sequences to identify potential matches. For
the case study, the NCBI nt_viruses database was used. Figure 5 shows the generated
reports. Each contig match is represented by a dropdown panel, which, when clicked,
displays a detailed report (Fig. 6).

In Fig. 6 the specifics of each query match are illustrated. The panel begins with a
graphical representation of the query alignment. In the hits section, the user can exam-
ine key statistical elements related to the matches. It features a table listing various hits,
with columns for title, length, score, bits, expect value, alignment length, gaps, identi-
ties, positives, strand, and details. Two examples are illustrated: a low scoring query
with a single match (top panel) and a high scoring query with numerous matches (bot-
tom panel). The former is a concise table reflecting minimal matches found for a 250
bp contig that aligns solely to the genome of a Caudiviricetes sp. bacteriophage with
moderate scoring as highlighted by the graphical summary. The latter is an extensive
table with multiple alignments above the significance threshold for a 427 bp contig that
aligns to numerous viral sequences, including cytomegalovirus-related Stealth virus 1, a
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Fig. 5 Application Results. A summary list of all contigs that generated an alignment to sequences in the user’s
database of choice is available for further investigation by clicking the dropdown panels

picobirna-like virus and bacteriophages. These viruses are not promising candidates for
infecting C. auris, since their known hosts are bacteria or animals, and may be the out-
come of sample contamination. Further investigation is required, and users can explore
individual matches in detail by clicking on the green “show” button.

In Fig. 7, the high-scoring pairs section presents detailed alignments for these pairs,
using colour-coded sequences to show matches and mismatches between the query
sequence and the subject sequence. This section provides a clear visual representation of
the alignment, highlighting similarities and differences. The alignment of the low scoring
query is localized to a small region of the subject sequence, indicating a weaker match
in green (top panel). The alignment of the high scoring query to the subject sequence
is more extensive Multiple well-aligned regions are shown between the query and
subject sequences, indicating a stronger match in red. Finally, the researcher can eas-
ily download all results in XML format via the “DOWNLOAD ALL” button, for further

exploration.

Conclusion and further research

In this section, we summarise the unique contributions of our approach, its limitations,
and areas for future exploration. DiscMycoVir successfully identified viral sequences
present in the RNA-seq data derived from the transcriptome of a C. auris isolate. In the-
ory, our pipeline can detect viruses from other organisms’ transcriptomes. Following a
potential match of the contig used as query to a viral subject, the user should investigate
further whether a replicating mycovirus is present in the C. auris isolate, and the match
did not arise from contamination of the original sample or inaccurate information in the
database used. Indications of a real mycovirus infection are multiple matches of contig
queries covering the full genome of the viral subject. The user is also advised to perform
an alignment of the processed reads to the viral subject. Our tool is limited in that can
only detect mycoviruses that are not integrated in the fungal genome or present in DNA
preparations used in genomic studies: RNA mycoviruses that undergo reverse transcrip-
tion and DNA mycoviruses will not be detected with our pipeline. Another limitation
stems from the RNA-seq data used and whether library preparation allows for inclusion
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(b) Detailed result view for a high-scoring query. The interface displays
query metadata, a graphical score summary with multiple alignments
above the significance threshold, and a tabular list of corresponding
BLAST hits with extensive statistics.

Fig. 6 Application Reports. For each contig, the query information, a graphic summary, and a list of hits with all
BLAST statistics, together with the percentage of match that shows the coverage of the match sequence by the
query sequence, are included. Top panel: result view for a low scoring query with a single match. Bottom panel:
result view for a high scoring query with numerous matches

of mycovirus sequences: for instance, processes that lead to discarding sequences with-
out poly(A) tails may result in a paucity of mycoviruses in the library.

Further development of our pipeline could involve refining the approach to include the
detection of reverse-transcribing RNA and DNA mycoviruses. By incorporating these
additional viral types, the pipeline would not only become more comprehensive but also
more versatile in identifying a wider array of mycoviruses. This enhancement would sig-
nificantly broaden the scope of biological research, potentially leading to new insights
into the detection and analysis of these complex viruses.

Page 12 of 14



Bompotas et al. BMC Bioinformatics (2025) 26:169

Mycovirus
Discovery

High Scoring Pairs

1MAG TPA

i o o

© o CECmCT
RN
.

o B o I o

ommE cmo e—c—e—e—

] ()
9

N ¢ ¢ oG o S ¢ ¢ BNCHNSTNE ¢

SIS ¢ ¢ o GERI o S o o
(T
16 A N NGRS ¢ ¢

< omomm

[ [

isolate ctHdgo, paria genome

CRNGIG ¢ N ¢ o AN © o
PITTTT  REE
CAmCTR s

[ TR B LT -

TS N G < 6 o O

¢ o C MG o oo

« o1 R o c B ©
;

clcAcAce
R R ]
c[Aclc[AcACC

GG_-

o SR o[ M oM< o0 —olololo o IS GG I
i | ;

Qra ey |
T B R R
jorery |

o oo o BN ¢ N ¢ -nln—nlno—elo oG] G ¢ W 6

15 o NN ¢ o o H c NN o _G-G o ¢ [N  INOIANONS) - [ o [N
[

R R S B ] [

I N

61 o I 6 6 B © —HGI [T

(a) Alignment view for a high-scoring hit. Multiple

well-aligned

regions are shown between the query and subject sequences, with
extensive matching and high coverage scores (mostly in red).

> Mycovirus
< Discovery

High Scoring Pairs

1 clone 3843

Coverage

Details

c
o oINS ¢ o ISNANGHANGNAI o o o G o KA o o N o NN o NNGRA o K o I o NG o I o N c [

COR T T N B N B S R T}

o o NGNS ¢ ¢ - INNANGNA & o I © G o KA ¢ N o NN o NNGR
Fr

aquery
‘o [EIANANS] ¢ 1M ¢ |8 ¢

cmece
L IR T T T B S S A A S

GHEEG G o

o ¢ o o NN c INGNONG] o [GNARANG ¢ 1 ¢ 8 ¢
s

[ N B R SR B

o IS o I o I o [ o I o

3

© [CTC I
TR T R U

auery
ol ¢ ¢ o c IIEENCENANNA ¢ c WESNGHS c 556 o o I o WA o 6N ¢ oM c cHc cl¢

[ cA
TR O Y T S S A
[ A

ol ¢ ¢ o ENREENCENANNA ¢ ¢ o HGH c S0 - N
Subject

Qquery

[ N N ]

o IR o [ ¢ oM c cHNNc cl¢c

6 6 o I o NG NENGHARA © ENCHONGNANN o ¢ CICTGHINAYG! o o o I o ¢ o ISENANGHANGEANS o I ¢ 6

T B B B RRBN

6 6 o I o NGl ENGHARA| © ENCHOINGHAN o ¢ CICIGNINAYG! o o o (M ¢ ¢ o IGMNANGHANGRANG ¢ I ¢ 6
S

coiic ol _GIG---GHI -Gﬂ-_
e [ R
oo Iﬂﬂlﬂ-f-lﬂﬂcv--_“l.-l“_

(b) Alignment view for a lower-scoring hit. The alignment is local-
ized to a small region of the subject sequence with lower scores
(mostly green), indicating a weaker match.

Fig. 7 Detailed Report For each contig, the application visualizes the alignment between the query and the sub-
ject sequence. Color-coded regions indicate scoring ranges, with red to yellow indicating high score and green to

blue representing lower score. Top panel: alignment view for a
for a high scoring query
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