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circular RNAs are formed through back-splicing
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unique circRNA feature: backsplice junction (BSJ)
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circRNAs have the potential to serve as cancer 
biomarkers

circ-zeb1.33 is upregulated in 
hepatocellular carcinoma

tissue and serum

Gong et al. Cancer Cell Int (2018) 18:116 3marieke.vromman@ugent.be



circRNA detection based on RNA sequencing data

• step 1: mapping
• step 2: circRNA detection in unmapped reads
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which algorithm to use for circRNA detection? 
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• > 40 circRNA prediction tools Þ lack of extensive orthogonal validation
• differences in 

• mapping tool
• candidate-based VS segmented read-based approach
• filtering
• …
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large-scale collaborative RT-qPCR benchmarking study of 
circRNA prediction tools

cancer
cell lines 

(HLF, NCI-H23, 
SW480)

deep paired-end
total RNA sequencing

(270-320 M reads)

RT-qPCR and 
RNase R validation 

of predicted 
circRNAs

circRNA 
detection by 
collaborators

(n = 16)
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circRNA
selection
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different tools predict a 40-fold difference in nr of circRNAs

HLF cell line

58,032

1,372

7marieke.vromman@ugent.be



different circRNA count distributions and filtering for different 
tools
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HLF cell line
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circRNA selection

• random selection of 100 circRNAs per tool
• 20 circRNAs with BSJ count < 5
• 80 circRNAs with BSJ count ≥ 5

• 1560 seleted circRNAs
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tool 9 does not report raw BSJ counts, but only reports TPMs
Þ 100 circRNAs were choosen randomly
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step 1: qPCR validation
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all (86% - 99%) count < 5 (75% - 100%) count ≥ 5 (89% - 100%)
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step 2: RNase R validation
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• validate that the qPCR target is a true circRNA, and not linear RNA
• RNase R degrades linear RNAs
• validation = Cqtreated – Cquntreated > 3

Vromman et al., Current Protocols in Molecular Biology, 2021

Cq increase of 8.17 (SD = 1.42) Cq increase of 0.49 (SD = 0.43) Cq increase of 5.3 

marieke.vromman@ugent.be



step 2: RNase R validation
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validation = Cqtreated – Cquntreated > 3

all (84% - 100%) count < 5 (71% - 100%) count ≥ 5 (81% - 100%)
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combination of qPCR and RNase R validation rates
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going back to the first slide

16

HLF cell line

58,032

1,372
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extrapolation to total nr of predicted circRNAs

HLF cell line

theoretical nr of true positive circRNAs = total nr of detected circRNAs * combined validation rate
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conclusions

• work in progress
• amplicon sequencing data-analysis
• overlap between tools
• combination of tools

• circRNA detection tools generate vastly different numbers of circRNAs
• RT-qPCR and RNase R validation rates are generally quite good
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