
Case Study

cDNA Sequencing for 

Isoform Detection

cDNA Sequencing for Isoform Detection



Case Study

Summary
Long-read cDNA sequencing enables isoform-level resolution of transcriptomic changes 

that are not accessible with short-read methods. In this study, Oxford Nanopore 

Technologies (ONT) long-read sequencing was applied to whole-blood samples to 

evaluate its ability to detect treatment-associated splice variants and characterize 

transcriptome-wide expression changes. Results demonstrate the utility of full-length 

transcript sequencing for identifying isoform-level biomarkers and supporting 

translational applications in therapeutic development.

Introduction
Short-read RNA-seq provides robust gene-level expression but is limited in resolving full-

length transcripts and splice variants. Long-read sequencing addresses these limitations 

by capturing complete isoforms, enabling direct interrogation of transcript structure and 

isoform-specific changes.

To evaluate the impact of long-read sequencing in a translational setting, ONT cDNA 

sequencing was applied to pre-characterized patient samples and compared to a 

standard short-read RNA-seq approach.

Study Objectives
The current study assessed whether long-read cDNA sequencing improves the detection 

of treatment-associated transcriptomic changes with isoform-level resolution. 

Specifically, it aimed to:

Detect a therapy-associated splice variant hypothesized to mediate treatment 

response


Compare ONT long-read and Illumina short-read sequencing performance across 

standard QC and transcriptomic metrics


Replicate differential expression and pathway enrichment across key treatment groups 

(high dose vs. placebo, low dose vs. placebo, and age-stratified cohorts)
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Methods

Study Subjects and Sample Preparation
Patients with a rare genetic disease were stratified into two age-based cohorts (Cohort 1, 

Cohort 2) and received high-dose therapy, low-dose therapy, or placebo. Whole blood 

samples were collected using standard clinical protocols. Total RNA was extracted, 

reverse- transcribed to cDNA, barcoded, and sequenced using Illumina NovaSeqX 10B and 

Oxford Nanopore Technologies PromethION platforms.

Figure 1A - Replicate Distributions (sample-level): Per-molecule telomere-length 

distributions for each replicate (N=3 per line), aggregated across all chromosome arms.

Illumina Oxford Nanopore Technologies

Read Trimming: Raw FASTQ files were

processed with cutadapt to remove adapter

sequences and low-quality bases.

Read Alignment: Trimmed reads were

aligned to the GRCh38 human reference

genome using HISAT2.

Transcript Quantification: Gene-level

expression was quantified with featureCounts.

--

Differential Expression Analysis: Gene-level

differential expression (DE) between treatment

groups was computed with DESeq2.

Gene Set Enrichment Analysis (GSEA): DE-ranked gene 
lists were analyzed using GSEA 4.3.3 on Windows 11 with 
MSigDB GO gene sets to evaluate enrichment of 
biological processes, cellular components, and 
molecular functions.

--

Read Alignment: Long-read sequences were

aligned to the human reference genome

GrCh38 with Minimap2.

Transcript Quantification: Gene-level

expression was quantified with featureCounts.

Transcript Isoform Analysis: Aligned BAM

files were manually inspected in IGV

to identify splice junctions consistent

with the target isoform.

Differential Expression Analysis: Gene-level

differential expression (DE) between treatment

groups was computed with DESeq2.

Gene Set Enrichment Analysis (GSEA): DE-ranked gene 
lists were analyzed using fgsea with MSigDB GO gene 
sets to evaluate enrichment of biological processes, 
cellular components, and molecular functions.
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Key Findings

Illumina vs. ONT: QC and Read Performance
Both platforms generated high-quality cDNA data with distinct performance 

characteristics reflecting their underlying technologies (Figure 1, Table 1). Illumina 

produced more aligned reads (58.3M) due to short 150 bp paired-end sequencing and 

PCR amplification (Figure 1A). In contrast, ONT generated fewer reads (33.3M) but 

substantially longer fragments, yielding a higher total number of aligned bases (26.6 Gb 

vs. 17.4 Gb) (Figure 1B).

Alignment rates were similarly high for both platforms (Illumina 96.3%, ONT 96%), 

indicating strong mapping confidence despite increased read complexity in ONT data 

(Figure 1C). ONT achieved average read lengths >800 bp compared to ~150 bp for Illumina 

(Figure 1D), preserving full transcript structure and enabling improved isoform resolution.

In summary, Illumina provides higher read counts, while ONT captures more bases per 

read and supports more complete transcript reconstruction. This is critical for studies of 

alternative splicing, rare isoforms, and full-length transcripts.

A B

C D

Figure 1. Illumina vs. ONT cDNA QC and read performance metrics, including primary aligned reads (A),

primary aligned bases (B), primary alignment rate (C), and average read length (D). mRNA was extracted

from whole blood samples from patients, reverse transcribed to cDNA, and sequenced on Illumina’s

NovaSeqX 10B (n = 18) or ONT’s PromethION platform (n = 12).
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Key Findings

Metric Illumina ONT p-value

Primary Aligned Reads

Primary Aligned

Bases Sequenced

Primary Alignment Rate

Avg Read Length

Isoform Resolution

58.3 M

17.4 Gb

96.3%

149.2 bp

Limited

33.3 M

26.6 Gb

96%

803.2 bp

High

1.97E-09

2.82E-07

0.65

8.77E-33

-

Isoform Transcript Analysis
No evidence of the hypothesized isoform was detected in ONT long-read datasets from 

either high-dose or placebo samples (data not shown). This absence may reflect low 

expression in whole blood or context-dependent splicing restricted to specific tissues, 

cell types, or timepoints not captured in this study.

Despite this, ONT enabled high-confidence splice junction mapping and full-length 

transcript resolution, supporting validation of complex isoforms beyond the capabilities of 

short-read sequencing. A representative IGV plot of a ubiquitously expressed transcript 

demonstrates complete exon coverage (Figure 2).

Long-read transcriptome profiling also supported robust downstream analyses of 

treatment- associated expression changes across cohorts (Figure 3), enabling differential 

expression and gene set enrichment analyses of therapeutic response.
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Key Findings

Figure 2. Representative Integrative Genome Viewer (IGV) visualization of ONT long-read cDNA 
sequencing. This representative transcript, unrelated to the therapy-targeted isoform, illustrates how ONT 
long reads span multiple exons in a single read to enable direct isoform reconstruction and splice junction 
resolution that is not possible with traditional short-read RNA-seq platforms.

Differential Expression & Pathway Analyses
ONT-based analysis replicated core differential expression and GSEA results observed 

with Illumina, confirming cross-platform reproducibility while providing enhanced 

transcript- level resolution. Given the consistency, ONT results are highlighted to 

demonstrate the added value of long-read sequencing.

Volcano plots show significant gene expression differences across treatment groups 

(Figure 3A–B). A greater number of differentially expressed genes were observed in 

Cohort 1 (Figure 3B–C), suggesting a potential age-dependent treatment response.

GSEA did not identify significantly enriched pathways, likely due to limited sample size 

(Figure 4). However, the data demonstrate that long-read cDNA sequencing supports 

robust pathway-level analysis while preserving isoform-level resolution and capturing 

broader, cohort-specific transcriptomic trends.
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Key Findings

A B

Cohort 1 High Dose v Placebo Differential ExpressionB

ONT Top 20 Upregulated Genes

ONT Top Downregulated Genes

Figure 3. Differential expression analysis in patients treated with therapy vs. placebo. Volcano plots 
show transcript-level differences for high-dose vs. placebo (A) and high-dose vs. placebo in Cohort 1 (B), with 
more differentially expressed genes observed in Cohort 1 (n = 3 per group). Gene lists of top up- and down-
regulated genes are included in (C).
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Key Findings

Cohort 1 High Dose v Placebo Gene Set Enrichment Analysis

ONT Upregulated Pathways (Top 20, Not Statistically Significant)

ONT Upregulated Pathways (Top 20, Not Statistically Significant)

Figure 4. Gene Set Enrichment Analysis (GSEA) of Cohort 1 (Treatment vs. Placebo). GSEA was performed 
using fgsea with MSigDB gene ontology sets to evaluate pathway-level transcriptional differences in Cohort 1 
(n = 3 per group). While no pathways reached statistical significance in this pilot dataset, the GSEA framework 
successfully demonstrated analytical feasibility, revealing transcriptomic trends that may be further explored 
in larger cohorts.
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Conclusion
This pilot study demonstrates the advantages of long-read cDNA sequencing for 

transcript-level analysis beyond the capabilities of short-read platforms. Despite lower 

read counts, ONT generated longer, more information-rich reads, enabling more complete 

transcript reconstruction and isoform-level resolution.

Although the targeted splice variant was not detected, full-length coverage supported 

confident negative reporting and accurate splice junction mapping. Downstream analyses 

further showed that ONT data enables robust transcriptomic profiling, including detection 

of potential age-dependent treatment responses.

Unlock the full potential of your research with Renew
Renew integrates high-quality long-read sequencing with expert 
bioinformatics to support complex, high-throughput 
transcriptomic studies with reproducible, decision-ready data.

Visit renewbt.com

Contact us at info@renewbt.com
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