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In order to understand how viruses are capable of conducting their life cycles and manipulating host 
immune system it is important to know their gene expression pattern. Existing high-throughput, Short-

Read Transcriptome Sequencing Methods (SRS), such as Illumina sequencing have limitations in capturing all 
possible mRNA isoforms produced by a virus. We circumvent those difficulties by using Long-Read Sequencing 
(LRS) and found many new, hitherto unknown viral mRNAs in a variety of length among the members of 
Herpesviruses [1–4]. The Herpesvirus genomes, like other viral genomes consist of complex, gene-dense 
structures, which can be explained by the parsimonious evolution of viruses, which also enables their high 
coding capacity. For SRS is difficult, unless it is unable to distinguish these complex transcriptomic structures, 
however LRS can detect length isoforms of mRNAs very well, especially in overlapping transcriptomic regions 
[5]. Albeit, many newly found transcript isoforms of Herpesviruses remained unevaluated, due to the low level 
of abundance, or uncertain detection of transcriptional start and end positions [6,7]. Therefore, the reanalysis 
of transcriptomic data is in demand. A new integrative elaboration of SRS and LRS transcriptomic analysis of 
transcriptomic data can resolve the hiatus of Herpesvirus transcriptome annotation. With this new approach, 
we were able to reconstitute - to our knowledge - the most precisely annotated lytic transcriptome of Varicella 
Zoster Virus. 

Results: We have collected transcriptomic data from the NCBI GenBank, which represented all of the uploaded 
VZV SRS and LRS raw files up to date. Altogether more than 2.5 Billions of reads were used from the results 
of seven different research groups. We have used Illumina HiSeq, as well as Next Seq CAGE data files and 
compared them to the downloaded data files of Oxford Nanopore Technologies (ONT) MinION cDNA as 
well as dRNA sequencing libraries, including Cap-selected, polyA-selected cDNA and dRNA. To enhance the 
statistical variability of samples for the detection of transcription start (TSS) and end positions (TES) as well as 
intron positions we re-sequenced the lytic VZV transcriptome. Viruses were propagated in MRC-5 cells and 
whole transcriptome was sequenced using a random, a targeted and a Terminator treated library preparation 
protocol on ONT MinION platform. 

In our bioinformatics pipeline raw reads were treated according their sequencing platform. SRS reads have 
been trimmed and quality checked by using Trimgalore and FastQC prior to mapping by STAR aligner to 
the reference genome of VZV (NC_001348.1), thereafter intron-donor/acceptor positions were determined. 
Furthermore, mapped Illumina reads were re-analyzed by using CAGEfightR to determine TSS positions. Raw 
LRS data have been re-basecalled by Guppy and mapped by minimap2 to the reference genome of VZV. The 
LoRTIA tool - developed by our team [8] - was used to access TSS, TES and intron positions from LRS data. 
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Conclusion: By using our integrative analysis, the majority of previously described TSS, TES and intron 
positions were confirmed and several new, hitherto unknown, intron isoforms and 5’ UTR or 3’ UTR length 
isoforms of viral transcripts were detected. Our data support the hypothesis, that viral transcription can be 
analyzed with base-precision by using high coverage SRS, however there is a 2-5 nt uncertainty within 10 nt 
window within the same sample using different software for TSS determination. We were able to determine at 
least forty new TSSs, twenty new TESs and thirty new introns in the VZV transcriptome.

Importance of Research: We have used a multiplatform and integrative approach of independent transcriptomic 
data to obtain a detailed transcriptional landscape of transcriptional positions of lytic VZV transcriptome 
combining both ONT MinION and Illumina sequencing techniques. Solely short read sequencing is impaired 
to reconstruct overlapping transcript isoforms unlike long read sequencing techniques; however LRS can fail to 
detect intron isoforms in low abundance. Combining methods, we utilized the advantages of the two different 
sequencing platforms and revealed a complex mesh of viral RNAs in VZV transcriptome
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