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a b s t r a c t 

Long-read sequencing (LRS) approaches shed new light on 

the complexity of viral (Kakuk et al., 2021 [1] ; Boldogk ̋oi 

et al., 2019 [2] ; Depledge et a., 2019 [3] ), bacterial (Yan et al., 

2018 [4] ) and eukaryotic (Tilgner et al., 2014 [5] ) transcrip- 

tomes. Emerging RNA viruses are zoonotic (Woolhouse et al., 

2016 [6] ) and create public health problems, e.g. influenza 

pandemic caused by H1N1 virus in (Fraser et al., 2009 [7] ), 

as well as the current SARS-CoV-2 pandemic (Kim et al., 

2020 [8] ). In this study, we carried out nanopore sequenc- 

ing for generating transcriptomic data valuable for structural 

and kinetic profiling of six important human pathogen RNA 

viruses, the H1N1 subtype of Influenza A virus (IVA), the Zika 

virus (ZIKV), the West Nile virus (WNV), the Crimean-Congo 
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hemorrhagic fever virus (CCHFV), the Coxsackievirus [group B 

serotype 5 (CVB5)] and the Vesicular stomatitis Indiana virus 

(VSIV), and the response of host cells upon viral infection. 

The raw sequencing data were filtered during basecalling and 

only high quality reads (Qscore ≥ 7) were mapped to the 

appropriate viral and host genomes. Length distribution of 

sequencing reads were assessed and statistics of data were 

plotted by the ReadStat.4 python script. The datasets can be 

used to profile the transcriptomic landscape of RNA viruses, 

provide information for novel gene annotations, can serve 

as resource for studying the virus-host interactions, and for 

the analysis of RNA base modifications. These datasets can 

be used to compare the different sequencing techniques, 

library preparation approaches, bioinformatics pipelines, 

and to analyze the RNA profiles of viruses with small 

RNA genomes. 

© 2022 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

S

 

pecifications Table 

Subject Biological sciences 

Specific subject area Omics: Transcriptomics 

Virology 

Type of data Raw 

BAM files 

Figure 

Table 

How the data were acquired Sequencing – Oxford Nanopore MinION R9.4 SpotOn and Flongle Flow Cells 

Basecalling – Guppy 3.6 

Statistics – in house script ( https://github.com/moldovannorbert/seqtools ) 

Data format filtered data: after basecalling, reads were filtered based on quality score 

(Qscore ≥ 7) and passed mapped reads are stored in BAM files 

Description of data collection Various cell cultures were infected with six human pathogen RNA viruses. 

Total RNA was isolated from the infected cells at different time points after 

viral infection. Libraries were generated and then sequencing reactions were 

carried out on a MinION (Oxford Nanopore Technologies) device. Guppy 3.6 

was used for basecalling and minimap2 for aligning the raw reads to the viral 

and host genomes. 

Data source location Coxsackievirus (CVB5) 

• Institution: Public Health and Food Chain Safety Service of Government 

Office for Csongrád County, Laboratory Department 

• City/Town/Region: Szeged 

• Country: Hungary 

West-Nile virus 

• City/Town/Region: Vojvodina 

• Country: Serbia 

• 2013 

Influenza type A virus - subtype H1N1 

• Institution: National Center for Epidemiology 

• City/Town/Region: Budapest 

• Country: Hungary 

( continued on next page )

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://github.com/moldovannorbert/seqtools
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Vesicular stomatitis Indiana virus 

• Institution: Department of Medical Microbiology and Immunobiology, 

University of Szeged 

• City/Town/Region: Szeged 

• Country: Hungary 

Crimean–Congo hemorrhagic fever virus 

• City/Town/Region: Balkan Peninsula 

Zika virusInstitution: European Virus Archive 

Data accessibility The available BAM files containing the reads aligned to the reference genomes 

are available at ENA and can be used without restrictions. 

Repository name: European Nucleotide Archive (ENA) 

Data identification numbers: PRJEB46600 (H1N1), PRJEB46591 (CCHFV, WNV 

and ZIKV), PRJEB46598 (CVB5), PRJEB46127 (VSIV) 

Direct links to the dataset: 

https://www.ebi.ac.uk/ena/browser/view/PRJEB46600 

https://www.ebi.ac.uk/ena/browser/view/PRJEB46591 

https://www.ebi.ac.uk/ena/browser/view/PRJEB46598 

https://www.ebi.ac.uk/ena/browser/view/PRJEB46127 

Supplementary files are available at figshare: 

doi: 10.6084/m9.figshare.19228416 

Value of the Data 

• Regularly recurring epidemics and pandemics underlie the importance of the molecular anal-

ysis of RNA viruses. Understanding the molecular genetic mechanisms of these pathogens

is essential for developing a defense strategy against them. 

• Only a few LRS transcriptomic data of the RNA viruses have been generated so far, however

these studies focus on various protocols and techniques developed by the authors’ labora-

tories rather than the viruses itself [9 , 10] . Although the genomes of these viruses have pre-

viously been reported, their transcriptomic architectures have not been well-characterized.

They were also examined by short-read sequencing [11] , or by qRT-PCR [12] . The primary

aim of the generation of our datasets is its use for the characterization of the transcrip-

tomic architecture of H1N1, CCHFV, ZIKV, WNV, VSIV and CVB5 viruses. 

• This dataset can be used to profile the virus-host interactions and the global changes of

host gene expression. These data can also be included in meta-analyses to characterize the

host cell response to infection using various viruses. The uploaded BAM files can be further

analyzed, or LRS bioinformatics pipelines can be tested on it (most of them can be found at

LONG-READ-TOOLS [13] ). 

• This dataset can be used to profile the virus-host interactions and the global changes of

host gene expression. 

• Our data can be reused or reanalyzed and it can be compared with other datasets with the

aim to obtain a better reannotation of viral transcriptomes. Such type of integrative approach

has already been applied in Herpesvirus research [14] . In addition to the canonical RNAs, we

expect to obtain novel transcripts encoding unknown ORFs with fusion, deletion or frameshift

or novel RNA isoforms, by following meta-analytic approach. 

• Combining various short-read RNA-Seq and LRS techniques allow fine detailing of viral tran-

scriptome annotation [15] therefore this dataset is also useful for the gene expression dy-

namics profiling of H1N1, CCHFV, ZIKV, WNV, VSIV and CVB5 viruses. 

https://www.ebi.ac.uk/ena/browser/view/PRJEB46600
https://www.ebi.ac.uk/ena/browser/view/PRJEB46591
https://www.ebi.ac.uk/ena/browser/view/PRJEB46598
https://www.ebi.ac.uk/ena/browser/view/PRJEB46127
https://doi.org/10.6084/m9.figshare.19228416
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. Data Description 

Here we report the transcriptome datasets of six, important human pathogen RNA viruses,

he H1N1 subtype of Influenza A virus (IVA), the Zika virus (ZIKV), the West Nile virus (WNV),

he Crimean-Congo hemorrhagic fever virus (CCHFV), the Coxsackievirus [group B serotype 5

CVB5)] and the Vesicular stomatitis Indiana virus (VSIV), and their host cell’s transcriptome

n different time points of infection, obtained using long read sequencings ( Fig. 1 , Table 1 A,

upplementary Information). Table 1 . summarizes the characteristics of the examined viruses,

arameters of the experimental design and the mapped read counts of each viral and host cell

ranscriptomes. 

This article reports the dataset of transcriptome analysis of canine kidney (MDCK) cell line

nfected with H1N1 influenza viruses, the African green monkey kidney cell line (Vero) infected

ith ZIKV, WNV, CCHFV and CVB5 viruses. VSIV transcriptome analysis carried out on Vero and

98G human glioblastoma cell lines ( Table 1 B). Mock infected cells were also sequenced, as con-

rols. Barcode sequences, used to distinguish between the sequencing libraries of various sam-

les are listed in Supplementary Table 1. 

The MinION R9.4 type and Flongle flow cells from the Oxford Nanopore Technologies were

sed for long read sequencing. The bioinformatic pipeline included the basecalling and de-

arcoding of FAST5 raw files into FASTQ files, then mapping the reads to the appropriate

enomes and the generation of read distribution statistics by the ReadStat.4 tool. The experi-

ental design, the bioinformatic pipeline is depicted on Fig. 2 . Read length distributions in each

equencing libraries (PolyA-seq, random primed, Cap-Seq, PolyA-Seq and random primed com-

ined with ribodepletion and Cap-selection combined with ribodepletion) were calculated and

epicted on Fig. 3 . 

Sequencing data were deposited in compressed BAM files in the European Nucleotide Archive

ENA) and are publicly available under the accession numbers enlisted in Table 1 C. 

Altogether the experiments yielded 23,254,878 sequencing reads, of which 4,689,145 mapped

o the various viral and 18,565,733 to the host genomes ( Table 1 D). The average length for

he ONT 1D cDNA sequencing ranged between 566 and 1,369 bps, whereas the Cap-Seq library
Fig. 1. Classification of viruses examined in this study. 
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Table 1 

Details of the viruses, the experimental setup, the raw data statistics and ENA accession numbers A. Basic information of the examined viruses. B. Experimental conditions and 

summary statistics of the obtained dataset. Abbreviations: kb: kilobase, ss: single-stranded, MDCK: Madin-Darby canine kidney, Vero: kidney epithelial cells extracted from an African 

green monkey (Chlorocebus sabaeus), sp: species, MOI: multiplicity of infection C. European Nucleotide Archive (ENA) project accession numbers. D. GenBank IDs of viral and host 

reference genomes used for this study. 

A Viruses IVA ZIKV WNV CCHFV CVB5 VSIV 

Genome length 13.5 kb 10.8 kb 11.0 kb 19.2 kb 7.3 kb 11 kb 

Genome type (-)ssRNA ( + )ssRNA ( + )ssRNA (-)ssRNA ( + )ssRNA (-)ssRNA 

Number of segments 8 - - 3 - - 

Number of genes 11 1 1 3 1 5 

PolyA-tailed mRNA 
√ 

- - - 
√ √ 

5’-Cap 
√ √ √ √ 

- 
√ 

Vectors - Aedes mosquitoes Culex mosquitoes Ixodid (hard) ticks 

(Hyalomma sp) 

- Black flies (Simulium sp) 

Sand flies (Lutzomyia sp) 

Reservoirs Wild birds Monkeys, Human Wild birds Hard ticks Human Horse, cattle, pig 

B Viral strain H1N1 MR766 Own isolate, 

Serbia, 2014 

Kosova Hoti B5 

Host cell(s) MDCK Vero Vero Vero Vero Vero T98G 

Examined time points p.i. 1 h, 4 h, 7 h 24 h, 72 h 24 h, 72 h 24 h, 72 h 1h, 6h, 15h, 24h 1 h, 6 h, 15 h, 24 h 

V1 V2 G1 G2 

MOI 10 low low low low 5 5 5 5 

Transcript read counts 10916 592 21790 528 1508 193820 273882 289807 255610 

Average read lengths 812 634 491 683 630 805 954 1021 1122 

Maximum mapped read length 2.28 kb 2.59 kb 2.60 kb 1.86 kb 6.99 kb 4.45 kb 6.38 kb 5.83 kb 6.24 kb 

C Project ID (ENA) PRJEB46600 PRJEB46591 PRJEB46598 PRJEB46127 

D Virus reference genome ID GCF_001343785.1 NC_012532.1 NC_001563.2 NC_0 0530 0.2 AF114383 NC_001560.1 

Host reference genome ID GCA_0 0 0 0 02285.4 GCF_0 0 0409795.2 GCF_0 0 0409795.2 GCF_0 0 0409795.2 GCF_0 0 0409795.2 GCA_0 0 0409795.2 GCA_0 0 0 0 01405.28 



6 I. Prazsák, Z. Csabai and G. Torma et al. / Data in Brief 43 (2022) 108386 

Fig. 2. Schematic overview of the study and the bioinformatic pipeline. 

Fig. 3. Violin plots of read length distribution of the sequencing data. 
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preparation approach generated an average length of 725 – 1,092 bp. More statistical details can

be found in Supplementary Table 2. 

Supplementary Table 1. Details of library preparation. Experimental design, type of library

preparations, time point of infection, sequence of barcodes and amplification count 

Supplementary Table 2. Summary of mapped read statistics in each sequencing library sam-

ple after quality filtering. Read count, mean read length, minimum, maximum read length, me-

dian read length, and mapped read count, mapped mean read length, mapped minimum and

maximum read length and standard deviations (stdev) are listed in the table. 

Supplementary Information. More information on the viruses analyzed in this study. 

2. Experimental Design, Materials and Methods 

The data presented here have been obtained from cell cultures infected by ZIKV, CCHFV,

CVB5, VSIV, WNV and H1N1. The wet and dry lab workflows have been illustrated in Fig. 2 . 

2.1. Viruses and Cell Lines 

The Coxsackievirus was provided by Dr. Andrea Kátai (Public Health and Food Chain Safety

Service of Government Office for Csongrád County, Laboratory Department, Szeged, Hungary).

The WNV was isolated in Vojvodina, Serbia in 2013 [16] . The mouse-adapted influenza type A

virus of subtype H1N1 (A/Puerto Rico/8/1934) was kindly provided by the National Center for

Epidemiology (Budapest, Hungary). The VSIV was obtained from the collection of the Depart-

ment of Medical Microbiology and Immunobiology, University of Szeged (Szeged, Hungary). The

Kosova Hoti strain of CCHFV used in our experiments was isolated at the Balkan Peninsula [17] .

The African ZIKV, strain MR766 was obtained from the European Virus Archive. 

All laboratory manipulations associated with ZKV, WNV and CCHFV were performed in a BSL-

4 suite laboratory, at the Szentágothai Research Centre, University of Pécs. The CVB5, the VSIV

experiments, as well as the H1N1 laboratory works were carried out at BSL-2 laboratories at

University of Szeged and at the National Food Chain Safety Office, respectively. 

For the propagation of H1N1 virus, IVA stocks were prepared in 10-day-old embryonated

eggs, and the titer was determined by plaque assay on MDCK cells. Cells were infected with 1

ml influenza virus suspension using a multiplicity of infection (MOI) = 10 and the infection was

arrested 1, 4 and 7h p.i. VSIV was propagated on Vero and human glioblastoma cell line (T98G)

using MOI = 5. The infection was terminated at 1h, 6h, 15h and 24h p.i. CVB5 was cultured on

Vero cell line and the infection was arrested 1h, 6h, 15h, 24h p.i. ZIKV, WNV and CCHFV were

grown to high titers on Vero cells. Supernatants were aliquoted and then frozen at −80 °C. Cells

were infected with low titer (not determined) of viruses for this study. Cells were incubated for

24 and 72 h. Incubations were carried out at 37 °C in a humidified atmosphere containing 5%

CO2. 

2.2. RNA Extraction 

For the purification of total RNAs from the viral infected cells, the NucleoSpin® RNA

kit (Macherey-Nagel) was applied. Cells were collected by low-speed centrifugation, then ly-

sis was carried out with the addition of a chaotropic ion containing buffer solution and ß-

Mercapthoethanol in order to inactivate the RNase enzymes. The lysates were filtered by using

the NucleoSpin® Filter (Macherey-Nagel kit) and centrifuged at 11,0 0 0 x g for 1 min at room

temperature (RT). Filters were discarded and ethanol (70%) was used to wash the samples. The

lysates were loaded onto the NucleoSpin® RNA Column (Macherey-Nagel kit) and centrifuged

at 11,0 0 0 x g for 30 s, which enables RNA to bind to the RNA Column. Membrane desalting
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uffer and then rDNase (both from the Macherey-Nagel kit) were loaded onto the membrane

nd incubated at RT for 15 min to remove residual DNA. Samples were treated with wash buffer

Macherey-Nagel RNA kit) and then the RNAs were eluted from the membrane of the RNA Col-

mn in RNase-free water (Ambion). Total RNA samples were then treated with Ambion® TURBO

NA-free TM Kit (Ambion) to remove the potential DNA contamination. The protocols were car-

ied out according manufacturer’s instructions. 

.3. Library Preparation 

Our aim was to obtain full-length sequencing reads, therefore we used oligo(dT) primers for

everse transcription (RT) following the ONT’s 1D Strand switching cDNA by ligation method. A

ombination of a 5’-Cap selection protocol with the ONT’s 1D library preparation) was also used

o obtain the exact 5’-end of the RNAs, [18] . Random oligonucleotide primers were also used for

he RT reactions in order to detect potential non-polyA-tailed transcripts. 

.4. PolyA-Selection 

The polyA( + ) fraction of RNA was purified from half of the total RNA samples by using the

ligotex mRNA Mini Kit (Qiagen), following the “Spin Columns” method of the kit. 

.5. Ribodepletion 

Ribosomal (r)RNAs were removed from the other half of total RNAs by using the Ribo-Zero

agnetic Kit H/M/R (Epicentre/Illumina) according to the kit’s manual. 

.6. Polyadenylation 

Because some or all of the mRNAs of ZIKV, CCHFV and WNV are not polyadenylated

 Table 1 A), polyA-tails were attached to the rRNA-depleted samples using Escherichia coli

oly(A) Tailing Kit (Invitrogen; as described by the manual of the kit) in order to capture the

’-ends of RNAs. 

.7. Cap-Selection 

The Lexogen’s TeloPrime Full-Length cDNA Amplification Kit was used to generate cDNAs

rom the capped mRNAs ( Table 1 A). This method is based on specific double-stranded adapters,

hich ligates only to the first strand cDNAs if the inverted Gs of the cap structure are present.

he cDNAs were produced from total RNAs using oligo(dT) primers and RT enzyme following

he recommendations of the kit’s manual. The ligation step was carried out at 25 °C, overnight,

hen it was followed by the generation of the second cDNA strand using the forward PCR primer

nd the enzyme mix (both from the Lexogen kit). The following program was used: 1 cycle of

0 s at 95.8 °C, 60 s at 62 °C, 5 min at 72 °C. Finally, the double-stranded cDNAs were amplified

y PCR using PCR mix, both the forward and reverse PCR primers and enzyme mix (from the

exogen kit). Sixteen PCR cycles were performed according to the followings: 1 cycle of 95.8 °C
or 30 s, 50 °C for 45 s, 72 °C for 20 min, then 15 cycles of 95.8 °C for 30 s, 62 °C for 30 s, 72 °C for

0 min, and a final extension step at 72 °C for 20 min. 
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2.8. ONT 1D Library Preparation 

The strand switching cDNA by ligation library preparation approach was used to generate li-

braries by using the ONT’s Ligation Sequencing kit (SQK-LSK108). In brief, the first cDNA strand

was synthesed using SuperScript IV Reverse Transcriptase enzyme (Thermo Fisher Scientific) and

an anchored oligo(dT) [(VN)T20] or random primers. A 5 ′ strand-switching adapter (containing

three O-methyl-guanine RNA bases) was added to the mixture. The PCR reactions were per-

formed with Kapa HiFi DNA polymerase (Kapa Biosystems)/LongAmp Taq 2X Master Mix (New

England Biolabs), the end repair was carried out with NEBNext End repair/dA-tailing Module,

then the adapter ligation with NEB Blunt/TA Ligase Master Mix (New England Biolabs). The cD-

NAs were cleaned up between each step using Agencourt AMPure XP magnetic beads (Beckman

Coulter). Cap-Seq libraries were generated from the Cap-selected cDNAs with the addition of

ONT adapters using NEB Blunt/TA Ligase Master Mix. 

2.9. ONT Direct cDNA Sequencing 

Libraries were prepared from the VSIV samples (1, 6, 15 and 24 h pi) using the direct cDNA

(dcDNA) Sequencing Kit (SQK-DCS109, ONT) according to the manufacturer’s instructions. In

short, Poly(A) + RNA samples, the VN oligo(dT) primer from the ONT kit and dNTP were mixed

and incubated at 65 °C for 5 min. After this denaturation step, RT Buffer, RNaseOUT (Thermo

Fisher Scientific), and Strand-Switching Primer (from the ONT Kit) were added. The samples

were incubated at 42 °C for 2 min. Maxima H Minus Reverse Transcriptase enzyme was added

to the samples. RT and strand-switching reactions were performed at 42 °C for 90 min. It was

followed by heat inactivation step (85 °C, 5 min). RNase Cocktail Enzyme Mix (Thermo Fisher

Scientific) was added to remove the residual RNAs (37 °C,10 min). The purified (AMPure XP), and

amplified (LongAmp Taq Master Mix) cDNAs were end-repaired using the NEBNext Ultra II End

repair enzyme and buffer. The Adapter Mix was ligated to the end-prepped samples by using

the Blunt/TA Ligation Master Mix (NEB). 

2.10. Barcoding 

1D and Cap-Seq libraries were barcoded using PCR Barcoding Expansion 1-96 (EXP-PBC096)

kit, while the dcDNA samples with the Native Barcoding (12) Kit (ONT) following the manu-

facturer’s recommendations (Supplementary Table 1). Mock-infected samples, and samples from

the earlier time points (1 and 2 h p.i.) were sequenced separately from the later time point

samples in order to avoid potential ‘barcode hopping’ issue. 

2.11. Sequencing 

Library concentration was detected by using Qubit 2.0 Fluorometer and Qubit (ds)DNA HS

Assay Kit (Thermo Fisher Scientific). Samples were loaded and sequenced on ONT MinION R9.4

SpotOn or Flongle Flow Cells (Supplementary Table 1). 

2.12. Data Processing and Analysis 

Base calling was performed using Guppy 3.6, thereafter the high quality reads (Qscore ≥ 7)

of FASTQ files were aligned to the appropriate viral and host reference genomes using min-

imap2 ( Table 1 D). Statistical analysis of mapped reads was carried out by the readstat.py pro-

gram suite ( https://github.com/moldovannorbert/seqtools ). Mapped SAM files have been com-

https://github.com/moldovannorbert/seqtools
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ressed by samtools and all BAM files have been deposited in the European Nucleotide Archive

ENA) under the ENA project and sample accession numbers listed in Table 1 C. 

.13. Technical Validation 

The concentration of total RNA, polyadenylated RNA samples as well as the sequencing ready

ibraries were quantified by Qubit 2 Fluorometer and Qubit RNA Broad-Range, High Sensitivity

NA, and High Sensitivity dsDNA Assay Kits, respectively. The quality of the nucleic acids was

hecked by using the Agilent TapeStation 4150. RNA samples with RIN ≥ 9.0 were used for li-

rary preparation. Three or two replicates were used for sequencing the VSIV and CV samples,

espectively. Various library preparation methods were used in order to provide independent

ethods for the validation of novel transcripts. To monitor the effect of VSIV infection on host

ell transcriptome, mock-infected cells were also sequenced. 
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