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Abstract

Summary: Nanopore direct-RNA sequencing (DRS) provides the direct access to native RNA
strands with full-length information, shedding light on rich qualitative and quantitative properties of
gene expression profiles. Here with NanoTrans, we present an integrated computational framework
that comprehensively covers all major DRS-based application scopes, including isoform clustering
and quantification, poly(A) tail length estimation, RNA modification profiling, and fusion gene detec-
tion. In addition to its merit in providing such a streamlined one-stop solution, NanoTrans also shines
in its workflow-orientated modular design, batch processing capability, rich tabular and graphic report
outputs, as well as automatic installation and configuration support. Finally, by applying NanoTrans to
real DRS datasets of yeast, Arabidopsis, as well as human embryonic kidney and cancer cell lines,
we further demonstrated its utility, effectiveness, and efficacy across a wide range of DRS-based
application settings.

Availability and implementation: NanoTrans is written in bash, Perl, and R. It is free for use under
the MIT license, available at https://github.com/yjx1217/NanoTrans. The key raw data are uploaded
to the Research Deposit public platform (www.researchdata.org.cn), with the approval RDD number
of RDDXXXXXXXXXXXX.

Contact: zhangli@sysucc.org.cn; lijing3@sysucc.org.cn; yuejiaxing@gmail.com

Supplementary information: Supplementary data are available at Bioinformatics online.

of chromosome-level telomere-to-telomere (T2T) genome assemblies for
diverse organisms (including human) (Yue et a., 2017; Jiao and

1 Intr ion
troductio Schneeberger, 2020; Nurk et al., 2022). Likewise, long-read-based RNA

The recent years have witnessed a rapid advancement of long-read se-
quencing technologies such as PacBio and Oxford Nanopore in terms of
both read length and read accuracy. Combined with their single-
molecular nature, this opens up exciting opportunities for many applica-
tions in both basic and applied biomedical research. For example, long-
read-based DNA sequencing has become the go-to-choice for most ge-
nome sequencing projects nowadays, empowering the recent production

sequencing, best represented by Oxford Nanopore's direct RNA se-
quencing (DRS), has also become increasingly popular, offering rich
biological information while avoiding reverse transcription and amplifi-
cation biases (Garalde et al., 2018). Accordingly, a number of dedicated
bioinformatic tools have recently been developed for anayzing
Nanopore DRS data with emphasis on specific applications, such as
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Mandalorion (Byrne et a., 2017) and Flair (Tang et a., 2020) for full-
length isoform clustering, NanoCount (Gleeson et a., 2022) for expres-
sion quantification, nanopolish (Loman et al., 2015) and tailfindr (Krause
et al., 2019) for poly(A) tail length estimation, EpiNano (Liu et al., 2019)
and Xpore (Pratanwanich et a., 2021) for RNA modification, LongGF
(Liu et a., 2020) and JAFFAL (Davidson et al., 2022) for gene fusion
detection. While these tools greatly facilitated the Nanopore DRS data
analysis in their corresponding application scope, the lack of a unified
framework that combines the power of these different tools prevents the
broader research community to take full advantage of the Nanopore DRS
technology. Furthermore, some of these tools are relatively challenging
to set up and run, which imposes a significant technical barrier for gen-
eral users. Motivated by such practical needs, we developed NanoTrans,
an easy-to-use one-stop solution for general users to perform compre-
hensive Nanopore DRS data analysis along with a streamlined workflow.

2 Descriptions and highlights

NanoTrans is a Linux-based computational framework for automated
high-throughput Nanopore DRS data analysis. NanoTrans is self-
contained, with all dependencies automatically installed and configured
via a pre-shipped installer script. The design of NanoTrans is workflow-
orientated, with a series of task-specific modules numbered according to
their processing order (Figure 1). Briefly, NanoTrans first performs
Nanopore reads basecalling and reference genome preprocessing with its
two starting modules numbered with “00". The basecalling step here can
be processed either in GPU or CPU mode. Regarding the reference ge-
nome setup, NanoTrans supports all organisms with reference genome
and annotation retrievable via Ensembl (https://www.ensembl.org) or its
sister sites (e.g., Ensembl Fungi, Ensembl Plants, Ensembl Protists, and
Ensembl Metazoa). The basecalled fastq reads are subsequently mapped
to the preprocessed genome in a splicing-aware manner (module “01"),
after which isoform clustering and quantification are further performed
accordingly (module “02"). Based on the clustered and quantified
isoforms, NanoTrans can perform different application-specific analyses
such as isoform expression and splicing comparison (module “03"),
isoform RNA modification identification (module “04"), isoform
poly(A) tail length profiling (module “05"). In addition, reference-based
gene fusion detection (module “06") can be applied as well. A user-
defined master sample table is used for specifying sample list, experi-
mental design, and reads locations, based on which automatic batch
processing and between group comparison are natively supported.

3 Application demonstration

To demonstrate the application of NanoTrans in real case scenarios, we
applied it to four different public Nanopore DRS datasets from the bud-
ding yeast Saccharomyces cerevisiae, the mustard plant Arabidopsis
thaliana, the human embryonic kidney cell line (HEK293), and the hu-
man lung adenocarcinoma (A549) and leukemia (K562) cancer cell lines,
respectively (Tudek et al., 2021; Parker et al., 2020; Gewartowska et al.,
2021; Chen et al., 2021). These datasets were selected to demonstrate the
performance of different functional modules of NanoTrans across differ-
ent application settings. For each dataset, raw Nanopore fast5 reads were
retrieved according to the sequencing run accession of the original study
and fed into NanoTrans for basecalling and downstream analysis (Sup-
plementary Note). With the yeast dataset, we quantified the expression
level and poly(A) tail length of each isoform and replicated the observa-
tion from the original study showing a negative correlation between
RNA abundance and poly(A) tail length. With the Arabidopsis dataset,

we examined differential expression, differential splicing, and RNA
modification. With the human embryonic kidney cell line dataset, we
verified the finding of the original study that TENT5A is responsible for
elongation the poly(A) tail of mMRNA molecules. Finally, with the human
cancer cell lines, we identified a list of gene fusion alterations for the
A549 and K562 cell lines respectively, highlighting the frequent chro-
mosomal rearrangementsin cancer genomes.
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Fig. 1. The framework design and application demonstration of NanoTrans. The
names of third-party tools employed in each step are denoted in italics.

4 Conclusions

We developed NanoTrans, an integrated and versatile computational
framework that supports comprehensive transcriptome analysis based on
Nanopore DRS data. Starting with raw fast5 reads, NanoTrans automates
the full workflow of DRS data analysis and covers a wide range of appli-
cations settings including isoform clustering and quantification, differen-
tial expression and splicing examination, RNA modification identifica-
tion, poly(A) tail length profiling, and gene fusion detection. Given the
increasing adoption of Nanopore DRS technology, we believe
NanoTrans will become a highly useful tool to help researchers to fully
explore the power of this exciting technology with rich biological in-
sights obtained.
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