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Abstract

Alternative splicing and transcript boundary variation contribute substantially to transcriptome
complexity in mammalian genomes. PrxI2b (Peroxiredoxin-like 2B), also known as prostaglandin F
synthase (PGFS), encodes an enzyme with both antioxidant and prostaglandin-metabolizing activities.
The protein catalyzes the conversion of prostaglandin H2 (PGH2) to prostaglandin F2a (PGF2a) and
prostamide H2 to prostamide F2a, thereby contributing to prostaglandin and prostamide biosynthesis,
inflammatory signaling, reproductive processes, and cellular redox homeostasis. Despite its important
biological functions, the transcript architecture of PrxI2b across mouse tissues remains incompletely
characterized. In this study, publicly available ENCODE long-read RNA-seq datasets generated using
PacBio sequencing technology were analyzed to characterize PrxI2b expression patterns and transcript
architecture.

The reads were aligned to the mouse reference genome (mm10), and transcript models were
reconstructed using IsoQuant and validated using FLAIR-based transcript annotation. Gene expression
was quantified using transcripts per million (TPM) across multiple mouse tissues and cell types,
including cerebral cortex, hippocampus, gastrocnemius muscle, and the C2C12 immortalized mouse
myoblast cell line. Genome browser visualization was performed using IGV to evaluate exon connectivity
and transcript boundaries.

Expression analysis revealed marked tissue-specific variation in PrxI2b, abundance with expression
detected predominantly in a subset of tissues and cell types. Transcript reconstruction consistently
identified the canonical transcript ENSMUST00000030935.9 across independently analyzed datasets.
Comparative analysis with GENCODE annotations demonstrated strong agreement in exon—intron
organization and splice junction usage. Long-read evidence additionally suggested variation in transcript
boundaries, particularly at the 5' region, while preserving the overall coding structure of the annotated
transcript.

These findings demonstrate the utility of long-read RNA sequencing for accurate characterization of
PrxI2b transcript architecture and provide a refined view of its expression landscape across mouse
tissues.

1. Introduction

Identified over four decades ago, alternative splicing (AS) has emerged as a fundamental mechanism
enabling extensive proteomic diversity from a limited set of genes (Alt 1980).

Most eukaryotic genes produce multiple transcriptional isoforms, with recent studies showing that a
typical protein-coding gene harbors about 11 exons and yields an average of 5.4 distinct mRNA
transcripts (Piovesan et al. 2016). Aberrant alternative splicing can activate oncogenes or inactivate
tumor suppressors, thereby promoting tumorigenesis (Bashyam et al. 2019). One mechanism proposed
to partially explain this apparently contradictory effect is the differential usage of transcript isoforms,
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commonly referred to as isoform switching (IS). This regulatory phenomenon has been shown to exert
substantial biological effects across diverse biological contexts, driven by the functional diversity of the
different isoforms (Vitting-Seerup & Sandelin 2017).

PGFS enzymes such as AKR1C3 convert intermediates to PGF2a, promoting inflammation and cancer
progression through FP receptor signaling. PTGDS-related synthases exhibit comparable roles in
tumorigenesis, with genomic analyses identifying multiple copies that modulate stress responses
(Bertrand et al. 2021). Studies document indirect effects of PG synthases on gene networks but
underscore the need for systems biology approaches to comprehensively map downstream targets and
pathways—aligning with the rationale that no direct genome-wide PGFS analyses exist. Closest
approximations involve PTGS2 expression driving angiogenesis through PGE2/VEGF signaling,
suggesting parallel unexplored networks for PGFS enzymes (Yang et al. 2022). PrxI2b catalyzes NADPH-
dependent reduction of prostamide H2 to prostamide F2a and prostaglandin H2 to PGF2a, connecting it
to prostaglandin biosynthesis and fatty acid metabolism. This peroxiredoxin-like FAM213 family member
localizes to cytosol, extracellular, exosomes, and mitochondria (Yoshikawa et al. 2010). In mammals,
splicing is mediated by the spliceosome, which recognizes consensus sequences at exon—intron
boundaries, while cis-regulatory elements (such as exonic or intronic enhancers and silencers) and
trans-acting factors, including SR proteins, modulate exon selection. Major alternative-splicing patterns
include cassette exons (accounting for approximately 30% of events), mutually exclusive exons, intron
retention (often occurring in untranslated regions), and alternative 5'/3' splice-site usage, which are
regulated by chromatin modifications, DNA methylation, and diverse RNA-binding proteins (Chen &
Manley 2009).

Splicing generates novel isoforms with altered coding potential—such as truncated proteins, gain or loss
of functional domains, or nonsense-mediated decay (NMD)-sensitive transcripts—enabling tissue-
specific expression and fine-tuned responses to cellular stimuli (Tao et al. 2024). Furthermore, this
regulatory landscape supports the coordination of tissue-specific protein synthesis during development,
as coordinated splicing networks facilitate organ maturation and tissue identity (Baralle & Giudice 2017).

Given the extensive isoform diversity generated by alternative splicing, accurately capturing and
quantifying these transcript variants remains a major challenge in transcriptome studies. In
transcriptome studies such as RNA-seq, alternative splicing complicates quantification, as isoform-
specific alignment and differential-splicing tools (e.g., IMATS, MAJIQ) are required to distinguish genuine
splicing events from technical noise, thereby influencing differential-expression calls and downstream
functional annotation (Mazin et al. 2021).

Key platforms include Pacific Biosciences (PacBio) SMRT sequencing, which produces highly accurate
long HiFi reads via circular consensus sequencing, and Oxford Nanopore Technologies (ONT), which
enables direct RNA sequencing to detect RNA modifications such as m®A without reverse transcription.
Long-read RNA-seq (LR-RNA-seq) unambiguously assigns full-length isoforms, reveals novel transcripts,
fusion genes, and alternative-splicing events (such as cassette exons) without de novo assembly,
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thereby improving accuracy in repetitive regions and quantification of lowly expressed isoforms.
Particularly well suited for mammalian splicing analysis, LR-RNA-seq captures end-to-end transcript
structures for novel isoform discovery (for example, in genes such as PrxI2b), enhances cell-
differentiation studies by profiling dynamic isoform switches, and supports disease research through
precise mapping of transcriptome complexity (Ament et al. 2024; Chen et al. 2025).

The ENCODE (Encyclopedia of DNA Elements) Project is a comprehensive public resource that maps
functional elements in the human and mouse genomes, including extensive transcriptomic data
generated by RNA-seq. Launched in 2003 by the NHGRI, ENCODE integrates short- and long-read RNA-
seq across diverse cell lines, tissues, and developmental stages to annotate genes, promoters,
enhancers, and non-coding RNAs, revealing that over 80% of the genome exhibits detectable
biochemical activity (Abascal et al. 2020). ENCODE4’s long-read RNA-seq dataset (PacBio, > 1 billion
reads from 81 samples) captures full-length isoforms, novel transcripts—including 40% new exon chains
—and diversity-generating mechanisms such as promoter, splicing, and polyA-site shifts, complementing
short-read data for precise isoform quantification using STAR/RSEM pipelines (Park et al. 2012).

In this study, we analyzed publicly available PacBio long-read RNA sequencing datasets from the
ENCODE project to investigate the expression patterns and transcript architecture of the mouse PrxI2b
gene across multiple tissues and cell types including cerebral cortex, hippocampus, gastrocnemius
muscle, and the C2C12 immortalized mouse myoblast cell line. By integrating transcript quantification,
long-read transcript reconstruction, and genome browser visualization, we aimed to characterize PrxI2b
expression, evaluate transcript structure, and assess the extent to which long-read sequencing can refine
current transcript annotations. Particular attention was given to transcript boundary variation and the
validation of reconstructed transcript models using independent long-read datasets. This integrative
approach effectively bridges the gap between fragmented short-read transcriptome assemblies and the
actual physical isoforms present in diverse biological samples (Reese et al. 2023).

2. Materials and Methods
2.1 Data Acquisition and Reference Annotation

Publicly available mouse long-read RNA sequencing datasets were obtained from the Encyclopedia of
DNA Elements (ENCODE) project (Luo et al. 2020). A total of 80 PacBio full-length transcriptome
datasets were selected to investigate PrxI2b expression and transcript architecture across diverse
biological contexts. The analyzed datasets included neural tissues (hippocampus and cerebral cortex),
skeletal muscle tissues (gastrocnemius muscle and embryonic forelimb), cardiac tissue, adrenal gland,
cultured C2C12 myoblasts and differentiated myotubes, embryonic stem cell-derived lines, and nuclear-
fraction transcriptomes. The inclusion of both tissue-derived and cellular transcriptomic datasets
enabled evaluation of PrxI2b transcription across multiple developmental stages, physiological states,
and cellular environments. Detailed information regarding ENCODE project accessions, biosample
descriptions, sequencing files, developmental stages, and tissue sources is provided in Supplementary
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Table S1. The mouse reference genome assembly (mm10) and GENCODE release M25 annotation were
used as reference resources for all downstream analyses.

2.2 Quality Assessment and Long-Read Alignment

Raw PacBio long-read RNA sequencing datasets were initially assessed using NanoPlot to evaluate
sequencing characteristics, including read-length distribution and overall sequencing quality. Long-read
sequences were subsequently aligned to the mouse reference genome (mm10) using Minimap2 (Li
2018) implemented through the Galaxy platform. Alignment was performed using parameters optimized
for spliced alignment of PacBio Iso-Seq reads, enabling accurate mapping of full-length transcripts
across exon—intron boundaries.

The resulting alignments were generated in BAM format and served as the basis for downstream
transcript reconstruction, transcript quantification, and visualization analyses.

2.3 Transcript Reconstruction and Quantification Using
IsoQuant

Transcript discovery, reconstruction, and abundance estimation were performed using IsoQuant
(Prjibelski et al. 2023). Long-read alignments were analyzed to identify expressed transcript models and
generate both gene-level and transcript-level expression estimates. Expression abundance was
normalized as transcripts per million (TPM), allowing direct comparison of transcript expression across
biological samples.

Gene-level TPM values corresponding to PrxI2b (ENSMUSG00000029059.9) were extracted from
IsoQuant output files and used for comparative expression analysis. Transcript-level TPM values were
additionally examined for the annotated PrxI2b transcript isoforms ENSMUST00000030935.9 (PrxI2b-
201), ENSMUST00000123513.1 (PrxI2b-202), and ENSMUST00000132281.1 (PrxI2b-203) to evaluate
their relative contribution to overall PrxI2b expression. Gene-level and transcript-level TPM values are
provided in Supplementary Tables S2.

2.4 Independent Transcript Reconstruction Using FLAIR

To independently assess transcript architecture, Minimap2-generated BAM alignments were converted
into 12-column BED (BED12) format using Galaxy. The resulting BED12 files, which preserve exon—intron
structures and splice-junction information, were used as input for the FLAIR workflow.

Transcript correction was performed using FLAIR-correct with the mouse reference genome (mm10) and
GENCODE release M25 annotation. This step refined splice-junction coordinates and improved transcript
structure accuracy using reference-guided correction. Corrected reads were subsequently processed
using FLAIR-collapse to generate high-confidence full-length transcript models representing consensus
transcript structures supported by long-read sequencing evidence.
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Transcript models reconstructed by FLAIR were compared with IsoQuant-derived transcript models and
GENCODE reference annotations to evaluate exon—intron organization, splice-junction usage, transcript
length, and transcript boundary positions. Transcript structures consistently identified by both
reconstruction approaches were considered high-confidence transcript models.

2.5 Comparative Annotation Analysis

To investigate transcript architecture at the PrxI2b locus, reconstructed transcript models were
systematically compared with GENCODE vM25 reference annotations. Particular attention was given to
transcript boundary positions, exon composition, splice-junction usage, and transcript length.
Differences between reconstructed transcript models and reference annotations were evaluated to
identify potential annotation refinements supported by long-read sequencing evidence.

2.6 Validation of Transcript Structures

Transcript structures identified through computational reconstruction were validated through direct
visualization of long-read alignments using the Integrative Genomics Viewer (IGV) (Robinson et al.
2011). Independent ENCODE datasets were examined to assess read coverage, splice-junction support,
and transcript boundary consistency across the PrxI2b locus. Validation analyses focused particularly on
transcript boundary variation observed at the 5' region of the gene. Read-level evidence from multiple
independent datasets was used to evaluate the reproducibility of reconstructed transcript structures and
transcript boundary extensions.

2.7 Expression Analysis

PrxI2b expression patterns were evaluated across all analyzed datasets using IsoQuant-derived TPM
values. Samples exhibiting detectable expression were included in comparative analyses and graphical
visualization. Gene-level TPM values were used to assess tissue-specific expression patterns, whereas
transcript-level TPM values were examined to determine the relative abundance of annotated transcript
isoforms and identify the predominant transcript contributing to overall PrxI2b expression.

2.8 Data Visualization

Genome-scale transcript architecture visualizations were generated using pyGenomeTracks (Lopez-
Delisle et al. 2021). Reconstructed transcript models, long-read coverage profiles, and reference
annotations were visualized simultaneously to facilitate comparison of transcript structures and
transcript boundary positions. Manual inspection of genomic regions of interest was performed using
IGV. Expression plots and summary visualizations were generated using R software (R Core Team 2024).

3. Results
3.1 Expression Profiling of PrxI2b Across Mouse Tissues
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Gene expression analysis using IsoQuant-derived TPM values revealed tissue-specific expression of
PrxI2b across the analyzed ENCODE long-read RNA sequencing datasets. Detectable expression was
observed in a subset of tissues, whereas several samples showed little or no measurable transcription.
Comparative analysis of expressing tissues demonstrated substantial variability in transcript abundance,
indicating differential regulation of PrxI2b expression across biological contexts (Fig. 1).

The expression distribution suggests that PrxI2b is not constitutively expressed at equivalent levels
across all tissues but instead exhibits tissue-dependent transcriptional activity. These findings are
consistent with previous reports implicating PrxI2B in redox regulation and cellular stress-response
pathways.

3.2 Reconstruction of Prxl2b Transcript Architecture

Transcript reconstruction performed using IsoQuant identified ENSMUST00000030935.9 as the
predominant expressed PrxI2b transcript. Comparison with GENCODE vM25 annotations demonstrated
extensive agreement in exon organization and splice-junction structure. Independent transcript
reconstruction using FLAIR generated highly similar transcript models, providing additional support for
the reconstructed exon—intron architecture. Comparative visualization of transcript models and long-
read alignments showed that the major transcript structure detected across independent datasets
closely matched the annotated reference transcript (Fig. 2). No evidence for major exon-skipping events
or extensive alternative exon usage was observed. Instead, transcript variation was primarily associated
with differences in transcript boundary positions.

3.3 Identification of Transcript Boundary Variation

Detailed examination of reconstructed transcript models revealed variation at the 5' boundary of the
PrxI2b transcript relative to the current reference annotation. Long-read-supported transcript models
extended beyond the annotated transcript start site while maintaining the canonical exon organization of
ENSMUST00000030935.9.

The observed extension was supported by full-length transcript models generated independently by
IsoQuant and FLAIR, suggesting that the extended transcript boundary reflects genuine transcriptional
variation rather than an assembly artifact. Importantly, the coding structure and exon connectivity of the
transcript remained largely unchanged, indicating that the variation is most likely associated with
transcript boundary definition rather than the generation of a distinct protein-coding isoform.

Discussion

In this study, we performed a comprehensive analysis of the mouse PrxI2b gene using publicly available

ENCODE long-read RNA sequencing datasets to investigate its expression profile and transcript

architecture across multiple tissues and cell types. By integrating IsoQuant-based transcript

quantification, FLAIR transcript reconstruction, comparative annotation analysis, and genome browser
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validation, we provide a refined view of PrxI2b transcription and demonstrate the value of long-read
sequencing for transcript annotation refinement.

Expression analysis revealed substantial variability in PrxI2b abundance across the analyzed datasets.
While several tissues exhibited relatively high levels of expression, others showed little or no detectable
transcription. This pattern suggests that PrxI2b is subject to tissue-dependent regulation and may
participate in biological processes that vary according to cellular context. Such variability is consistent
with the reported involvement of PrxI2b in oxidative stress responses, redox homeostasis, and
prostaglandin-related pathways, which are known to exhibit context-specific activity.

Transcript reconstruction consistently identified ENSMUST00000030935.9 as the predominant
expressed PrxI2b transcript across the analyzed datasets. Transcript-level quantification revealed little or
no detectable expression of other annotated transcript models, indicating that the canonical transcript
accounts for the majority of PrxI2b transcription in the examined samples. These findings suggest that
although multiple transcript annotations exist within current reference databases, only a subset may
contribute substantially to the expressed transcriptome under the analyzed conditions.

A major observation of this study was the identification of transcript boundary variation at the 5' end of
PrxI2b. Comparative analysis of reconstructed transcript models and GENCODE annotations indicated
the presence of an extended transcript boundary upstream of the annotated transcription start region.
Importantly, this extension was supported by independent transcript reconstruction approaches and by
direct visualization of long-read alignments in multiple ENCODE datasets. Despite this boundary
variation, the overall exon—intron organization and splice-junction structure remained highly consistent
with the canonical transcript model.

The observed transcript extension is most consistent with the presence of an alternative transcription
start site or an extended 5' untranslated region rather than the generation of a distinct protein-coding
isoform. Transcript boundary variation represents an important but often underappreciated source of
transcript diversity and may influence transcript stability, translational efficiency, RNA secondary
structure, or interactions with regulatory proteins. Long-read sequencing technologies are particularly
well suited for identifying such transcript features because they capture full-length transcript structures
without requiring transcript assembly from short sequencing fragments, enabling accurate transcript
reconstruction and isoform characterization (Prjibelski et al. 2023).

Our results also highlight the importance of combining computational transcript reconstruction with
manual inspection of long-read alignments. Initial transcript predictions may suggest the presence of
transcript diversity; however, validation using genome browser visualization is essential to distinguish
genuine transcript structures from reconstruction artifacts. The strong concordance observed between
IsoQuant, FLAIR, and IGV-supported read alignments increases confidence in the transcript models
reported in this study.
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Several limitations should be acknowledged. First, the analysis relied exclusively on publicly available
transcriptomic datasets and therefore reflects only the biological conditions represented within those
experiments. Second, although long-read sequencing provides strong evidence for transcript structure, it
does not directly establish the functional significance of transcript boundary variation. Experimental
approaches such as 5' RACE, CAGE sequencing, promoter mapping, or functional assays would be
required to precisely define transcription start sites and determine the biological consequences of the
extended transcript region.

In conclusion, this study provides a comprehensive characterization of PrxI2b expression and transcript
architecture using long-read RNA sequencing data. Our findings support the predominance of the
canonical PrxI2b transcript while revealing evidence for transcript boundary variation at the 5' region.
These results demonstrate the utility of long-read transcriptomics for refining gene annotations and
contribute to a more accurate understanding of PrxI2b transcriptional organization in the mouse
genome.

Conclusion

Using publicly available ENCODE long-read RNA sequencing datasets, we characterized the expression
profile and transcript architecture of the mouse PrxI2b gene. Expression analysis revealed tissue-specific
variation in PrxI2b abundance, while transcript reconstruction consistently identified
ENSMUST00000030935.9 as the predominant expressed transcript. Comparative analysis of
reconstructed transcripts and reference annotations revealed evidence for a 5' transcript boundary
extension supported by independent long-read datasets and IGV validation. Collectively, these findings
refine the current annotation of the PrxI2b locus and highlight the utility of long-read RNA sequencing for
improving transcript structure characterization and gene annotation. Future investigations should
prioritize the integration of orthogonal data and replicates to further validate these findings, as
increasing read quantity alone does not guarantee the resolution of transcript complexity (Pardo-
Palacios et al. 2024). Furthermore, the application of randomized primers in future studies may address
potential limitations associated with internal oligo priming, thereby enhancing the detection of rare or
structurally complex transcript variants (Uapinyoying et al. 2020). Ultimately, shifting toward such
comprehensive annotation strategies is essential for addressing the persistent gaps in our existing
reference models (Adams & Vollmers 2024, Lagarde et al. 2017). These efforts, combined with high-
throughput polling of transcription start and termination sites, provide a robust framework for mapping
the extensive regulatory variation inherent in mammalian genomes (Carninci et al. 2005).

Building upon this, the utilization of emerging long-read platforms like the PromethlON will likely
facilitate deeper sequencing coverage, further improving the identification and precise quantification of
such unannotated transcript features (Sessegolo et al. 2019).
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Figure 1

PREL2G Counts

Expression profile of PrxI2b across ENCODE long-read RNA sequencing datasets. Gene-level expression
of PrxI2b (ENSMUSG00000029059.9) was quantified using IsoQuant and normalized as transcripts per
million (TPM). Only samples with detectable expression were included in the visualization. Expression
levels varied substantially among tissues and cell types, indicating tissue-dependent regulation of PrxI2b
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transcription. TPM values were derived from long-read RNA sequencing datasets aligned to the mouse
reference genome (mm10) and quantified using IsoQuant.
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Figure 2

Long-read alignments and transcript models reconstructed from ENCODE datasets were compared with
GENCODE vM25 and RefSeq annotations. The predominant transcript identified by IsoQuant and FLAIR
corresponded closely to the annotated PrxI2b transcript ENSMUST00000030935.9, showing concordant
exon organization and splice-junction usage. No major exon-skipping events or extensive alternative
exon utilization were detected, with transcript variation primarily limited to transcript boundary
differences.
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Figure 3

Zoomed visualization of the PrxI2b transcription start region showing long-read alignments and
transcript models reconstructed by IsoQuant and FLAIR. Both reconstruction approaches identified
transcript models extending upstream of the annotated GENCODE transcript ENSMUST00000030935.9
while preserving canonical exon connectivity and coding structure. The observed variation is consistent
with alternative transcript boundary definition rather than the generation of a distinct protein-coding
isoform.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e supplementaryfile.docx

Page 15/15


https://assets-eu.researchsquare.com/files/rs-9953807/v1/a3b4b8b2bc75890c4289a9b7.docx

