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Quantifying full-length circular RNAs in Alzheimer’s disease using cutting edge long-read sequencing
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The amount of protein that is made in a cell is regulated by the amount of its gene that is expressed (the messenger RNA-mRNA). There are many ways that cells regulate 

mRNA expression, and a growing area of interest is in circular RNAs (circRNAs), which are circular RNA structures that are complimentary to the mRNA and can affect its 

translation into a protein. Circular RNAs (circRNAs) are stable, covalently closed RNA molecules crucial for gene regulation, notably by acting as microRNA sponges [1-3]. 

Emerging evidence suggests that their dysregulation contributes to Alzheimer's disease (AD) pathogenesis by influencing amyloid-beta production, neuronal function, 

neuroinflammation, and oxidative stress [4-8]. However, quantifying circRNAs is challenging due to sequence homology with their linear mRNA cognates. Long-read 

sequencing platforms, like Oxford Nanopore Technologies (ONT), offer an accurate solution for their full-length characterization [9-12]. This study aims to use these 

advanced techniques to identify and quantify full-length circRNAs that are dysregulated in the prefrontal cortex of AD patients. Using long-read sequencing will generate a 

high-resolution dataset of full-length circRNA sequences, improving our understanding of their structure and function in AD. The research will also explore interactions 

between circRNAs, microRNAs and mRNAs, potentially revealing new disease mechanisms.   

Post-mortem brain tissue was obtained from 12 AD samples and 12 age and sex-matched 

non-demented elderly controls. Total RNA was extracted, followed by ribosomal RNA 

(rRNA) depletion. To enrich for circRNAs, samples were treated with RNase R to degrade 

linear RNA. The enriched RNA was then reverse-transcribed into cDNA, poly(A)-tailed, and 

converted to double-stranded cDNA. cDNA quality and concentration were assessed using 

an Agilent TapeStation. Libraries were prepared using the ONT ligation sequencing kit and 

sequenced on a PromethION flow cell. Raw sequencing data was basecalled, and the 

resulting reads were mapped to the human reference genome (GRCh38). Full-length 

circRNAs were then quantified using the CIRI-long software [10, 12] , and a differential 

gene expression analysis was performed using the limma package in R [13].

This study demonstrates that RNase R 

treatment and Oxford Nanopore sequencing 

is an effective method for profiling full-length 

circRNA expression in human brain tissue. 

The circRNA isoforms identified provide a 

valuable resource for investigating their 

function in Alzheimer's disease. 
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Nanopore sequencing identified numerous circRNAs differentially expressed between AD 

and control brain samples. By integrating these findings with existing miRNA and mRNA 

data, we are identifying key regulatory networks and novel gene targets involved in AD 

pathology. This multi-omics approach highlights specific circRNA-miRNA-mRNA axes that 

may drive disease mechanisms. 

Fig1. The overall workflow of the study.
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