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Background: RNA splicing in eukaryotes
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RNA splicing in eukaryotes: alternative splicing
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Alternative splicing events can be identified and quantified by
mapping short-read data to the reference genome
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Pan et al. Trends Pharmacol. Sci., 2021




Alternative splicing events can be identified and quantified by
mapping short-read data to the reference genome
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Short-read RNA-seq is inherently limited in its ability to discover
and quantify transcript isoforms
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Advantages and challenges of long-read data in full-length
iIsoform analysis
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Table 1. Evaluation of junction accuracy on 2D ONT reads

GMAP  minimap2 SpAln STAR
Run time (CPU min) 631 15.9 2076 33.9
Peak RAM (GByte) 8.9 14.5 3.2 29.2
# aligned reads 103669 104 199 103711 26479
# chimeric alignments 1904 1488 0 0
# non-spliced alignments 15854 14798 17033 10545
# aligned introns 692275 693 553 692945 78603
# novel introns 11239 3113 8550 1214
% exact introns 83.8 94.0 87.9 55.2
% approx. introns 91.8 96.9 92.5 82.4

Li et al. Bioinformatics, 2018




How to know whether a putative SJ is reliable or not?

Putative SJ by aligner Putative SJ by aligner
(perfectly aligned) (imperfectly aligned)
perfect match Incorrect SJ: mismaich Incorrect SJ:
; ' ' ior inde : ' ‘ '

| I | —! | I |

10nt 10t 10 nt

Gao et al. Science Advances, 2023
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Correction of splice junctions for full-length isoform analysis

Raw alignments and putative SJs
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ESPRESSO (Error Statistics Promoted Evaluator of Splice Site
Options): full-length transcript isoform analysis of long reads

Transcriptome annotation Updated transcriptome annotation
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BroCOLI: a fast and lightweight solution for full-length analysis of bulk,
single-cell and spatial transcriptomic data
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HELIX: Al model for regulation of splicing and full-length isoforms
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Fungen: clustering and correcting long-read metatranscriptomic data for
exploring eukaryotic microorganisms

Stage 1: Clustering
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A special form of alternative splicing: circRNA
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Prevalence and functions of circRNAs
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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
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CIRI-AS: alternative splicing within circRNA

Cirexon
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CIRI3: scalable and accurate detection and quantification of
circular RNAs in extremely large RNA-seq datasets
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Q

BSJ ratio is a useful metric for circRNA regulation
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ClIRlonco: diagnostic potential of circRNAs in cancer
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CIRI-Deep: a deep learning model for analysis of circRNAs
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Schematic framework of CIRI|-deep
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0.75

CIRI-deep accurately predicts differentially-spliced circRNA

Test data Leave-out data
(split by sample pair) (split by sample pair)
- - = |
Leave-out sample pairs (n = 100) AUROC = 0925 : 50 AUROC = 0.908 |
! 2000 | 40 |
Training sample pairs (n = 39896) | |
' l - 1500 L a0 |
Sample pair 1 Sample pair 2 § ' !
O 1000 | 20 :
. } ! | |
1 10
Training events Test events Leave-out events 500 ' :
[
Training events (25M) : Test events (0.2M) = 99:1 0L | | I 0 |
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
AUROC
circRNA .
E F Poly (A)-derived reads CIRIdeepA
B - e 050 I e S S
0.9 0 . — : @
) 3 X 115% 126% || Ry 82% 84%
—2 0.8 : 8 085 = : |
_'I_, 63% ) ) S | i A Densit G>J ) .
° c o Y | -
'—L— <07 : S ) Y o | RYRSA 23.2% 12.1% 62.8% [REREA
: _ Q 180 , Bw o
0.6 . £ Alpsi g / 30 <L |
] B3 Flat model 5 ’ 200 2
R 3 CIRl-deep < 7 l c
| 05 s 3 Info model 075/ - 100 = I XX 14.2% . I 24.6% 10.1% KEA
Flat  Info 5M 15M 25M 075 080 085 0.90 ©
model model Depth AUROC (flat model)

M No difference WA M 23



|dentify significant tissue-specific cis and trans features
with integrated gradients
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Calculating circRNA index for junction ratio map

Section 16
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