
Detection and prediction of splicing regulation 
and full-length transcript isoforms
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Background: RNA splicing in eukaryotes

Lewin's GENES X
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RNA splicing in eukaryotes: alternative splicing

Lewin's GENES XWang et al. Brief. Bioinform., 2023Lewin's GENES X
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Alternative splicing events can be identified and quantified by
mapping short-read data to the reference genome

Pan et al. Trends Pharmacol. Sci., 2021 

4

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



Alternative splicing events can be identified and quantified by
mapping short-read data to the reference genome

Percent-splice-in (PSI) in rMATS:

Pan et al. Trends Pharmacol. Sci., 2021 
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Short-read RNA-seq is inherently limited in its ability to discover 
and quantify transcript isoforms

Trapnell et al. Nat. Biotechnol., 2010 Steijger et al. Nat. Methods, 2013 
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Advantages and challenges of long-read data in full-length 
isoform analysis

van Dijk et al. Trends Genet., 2018 

Li et al. Bioinformatics, 2018 
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How to know whether a putative SJ is reliable or not?

8Gao et al. Science Advances, 2023 
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Correction of splice junctions for full-length isoform analysis
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ESPRESSO (Error Statistics Promoted Evaluator of Splice Site 
Options): full-length transcript isoform analysis of long reads

Gao et al. Science Advances, 2023
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BroCOLI: a fast and lightweight solution for full-length analysis of bulk, 
single-cell and spatial transcriptomic data

Unpublished data

https://github.com/gyjames/BroCOLI
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HELIX: AI model for regulation of splicing and full-length isoforms

12Unpublished data
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Fungen: clustering and correcting long-read metatranscriptomic data for 
exploring eukaryotic microorganisms

13Zhang et al. Science China Life Sciences, 2025 
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A special form of alternative splicing: circRNA

Jeck et al. RNA, 2013 Wilusz et al. Science, 2013 
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Prevalence and functions of circRNAs

Liu et al. Cell, 2022 Wang et al. PLoS One, 2014
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CIRI: circular RNA identifier

• CIRI
• paired chiastic clipping signal
• de novo detection
• applicable to all 2nd Gen. 

sequencing read lengths

• CIRI2
• maximum likelihood estimation 

based on multi-seed matching
• higher reliability
• faster

Back-splicing
junction read

A typical 
circRNA

Region 1 Region 2

Situation 1

Situation 2

True False

circRNA

? ?

Region 2Region 1

TrueFalse

mRNA

? ?

Region 1Region 2

?

Gao & Wang et al. Genome Biol., 2015 

Gao et al. Brief. Bioinform., 2018 
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CIRI-AS: alternative splicing within circRNA
• Four types of AS events can 

be detected within circRNA
• Diversity of circRNAs

• Alternative back-splicing
• Alternative splicing

Gao et al. Nat. Commun., 2016 
Gao et al. Trends Genet., 2018 
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CIRI3: scalable and accurate detection and quantification of 
circular RNAs in extremely large RNA-seq datasets

Zheng et al. Nature Biotechnology, 2025https://ngdc.cncb.ac.cn/bit/ciri3

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



BSJ ratio is a useful metric for circRNA regulation

19
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CIRIonco: diagnostic potential of circRNAs in cancer 

20Zheng et al. Nature Biotechnology, 2025https://ngdc.cncb.ac.cn/cirionco/browse/
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CIRI-Deep: a deep learning model for analysis of circRNAs

21Zhou et al. Advanced Science, 2024 
https://ngdc.cncb.ac.cn/bit/ciriDeep
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Schematic framework of CIRI-deep 

22Zhou et al. Advanced Science, 2024 
https://ngdc.cncb.ac.cn/bit/ciriDeep
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CIRI-deep accurately predicts differentially-spliced circRNA

23
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Identify significant tissue-specific cis and trans features 
with integrated gradients

24
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Prediction of differentially spliced circRNA between scRNA-seq 
clusters
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Calculating circRNA index for junction ratio map
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