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PN b7 BEER O mRNA A4 5 S0
). WEFRE (N IR B TER mRNA 73+
H) L ATARRY SR 3 BT A (A A AN IR
—ANBYEEAE ) . ATAR(Y 5 B XORD 31 B R X
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B 22 % 0 A S mRNA FEAR (BT AR IR, A
B AR e AT . R 15128 T —Se ] T
SRELH YU ] A B

BRI R, W R S R A
= Wi (reverse transcription-polymerase chain
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T R AR IR BORRAE S 5T, X
FUBHER S WA & i —E H Bt T AR ERZEE
Gy AT SRR AR A B 2= BT ) — b Top-
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Table 1 Software for identifying alternative splicing in Transcriptome Data and their features
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STAR i, MR
2passtools El XK T, U 55

PSI-Sigma JEIIPSI (percent splicing index, BYEEF 73 ELIRED (EAL I BY B S+

Supersplat B si48 2R 120

tMATS %1% 5552 RN A 7 24t

SUPPA 4341 K 2 B A pheisk o 1
LeafCutter $i2 {5y R JE D8] e 1] 4%
DiffSplice KA 3+ B8 17 0ok M mT A8 3 B2
MARVEL F-T 540 ERNA N 5 £

https: //github.com/alexdobin/STAR/releases

https: //github.com/bartongroup/2passtools
https: //github.com/wososa/PSI-Sigma
http: //mocklerlab.org/tools/1/manual

rnaseq-mats.sourceforge.net/
https: //bitbucket.org/regulatorygenomicsupf/suppa
https: //github.com/davidaknowles/leafcutter
http: //www.netlab.uky.edu/p/bioinfo/DiffSplice
https: //cloud.rproject.org/web/packagessMARVEL/index.html
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FETE, — 2RI AN [R]85 4228 28 e S AR U
AR, A BB AR F o7 28 BRI e 5 ik
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T2 ¥ PROTEOFORMER ' #4  M Ribo-seq % &
BTG R0 AR, AT AU Y AR T AR A
RNC-Seq #l It Ribo-seq BB & I H25 2 HEBR T4,
Wu % ) fifi ] RNC-Seq il J¥* 2 R X} 5 4~ H %
mRNA ST M, B B 5 A BE T )
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AR Z
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SFOTEAT B Al S SRR DAY s SR De novo
e A e e A1) X B, Siniteyn 45 1 fi ] 6 AP iR
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SEAI[E P AUARRL, SR T AR B B AL . H AT
A B H A DN R A AU B T AR R Y, B
WP A S S AR R P8, IR A Fh
Y AR AT RE S e AN ok, DL R S Rl ik =
unique peptide (FUAFIREL) (R IG5 D 2 R]
23 X3 PRI . A ) 4 B Y X Tk X A AR
H BT VE R kBB E N2 21D HEE, B IRBCT
SRR L R AT 2

B0 P AR B A 1 P R Y 52 4 A [ A 2
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1 I
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Fig. 1 Flowchart of constructing sample—specific
databases to identify alternative splicing protein isoforms
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. | :
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Fig. 2 Algorithm for inferring alternative splicing protein isoforms
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AR H SRS, e R e SO kB4
S B R BE A 7 8 1 BT 1) 4 sl )

R T AERRBERIER 5T R HEWT T IR A R 53 e
L REL, A2 E 4R R IR B IS 2 BT 0T R
KRIAT A ™ R RAEE A, R B4
K f BRI PSR B 52 2 s oL, (b mT
DI TR e T, WAL B iR, X
Fh 7 S8 v AT S0 i i & Bk, H5 B
P& v 2 T T I HERR T

2010 4 Nature Biotechnology T8 T — 1 HF
B W 0 K BE 3 2548 (PeptideClassifier) 7/,
FETHFBIA (DNA FRE X 5) —& A7y —
EAEFHAST (EARID) ZEMLR, R
BRI T2 15T P 91 RN PR AR ) 135 8 5 Bl R B
R FERXELA T 1a 2SR 3R B BRI A A
BEABMTH]; 1o AR N 2 ME— Y 85 1
A — R8N , H AT e F R PSSR A R [R] 5
PSR A 2a R P UN — N R T4
KRB s 2b 28] AR i — 556 B 4 1) B A7 2 1
B 5 s 3a 26 22 KB A b U — 14 1 oL
JEA, JF H RO 18 A () 55 DR 8 1Y 22 A 5k PR A5 28 2
Bt 3b R R [ A [ 5 PR R Y 2 it 1) A W) 2 1 By
G o 38 XY 43 28 7 A S IR B i 2P X )
IF, AT la, 1bF13aZR(5 0 R B U, B LIE R
KRB —NREE R TS, 20 X AR R Y
SRR

FIH BSR4 765 45 7725, Dou 5§ 74 #tay
BT IR B-E A BB P OC R 1 —OrRIRE A, iR
VNG E AR R R v e S & (R 3TN
(structurally equivalent PEPtides, SEPEPs) 1f A&
537, SEPEPs %~ 7E — JG & (1) h &5 ¥ S A 1 —
2K, WA SEPEPs 5 =i [& Hr 4 1 B FLEE A i
FEFERI AT R 535 C1 2 C5 435 R L 7 A 7Y
SEPEP, 5% 4 IX %l ¥ SEPEPs, #f 7+ X 4
SEPEPs, i X 54 SEPEPs fll £ 3 [}l SEPEPs. &
1 PRSI AL 14 X6 7 DG 22 KBS 3oy 22 5 PRI X6 Iz JEk
BB R, B R R B T LIRSS 5 8 1 T
AR I G R 43 Ry L S A AR R B, (— I 11 SR 1 )
KBS Mz stk pkBe, Hoh 2 SR kB 3 AT L
53 R 5E A DO IR B . #53 IX IR B .l X e ik
Bro Bttt R Be At 28 1 5 1) 20 SR 7% B SEPEPs
M2, ZJ5TE SEPEPs /K- | &5 & 14 8 AN
MR B AR, 52 Ok B I TR A AT BE X 43 A
i S i A i) N = S O (E U 3E =N P 6 S

(A3 HH SEPEPs 7K - 1) 5 it He A% S0 50 o % 11 3k
PRI 7 5 % 5 5.8~33.8 i, b — 2L Jina T X AR 4 I
R FRAE

DAL R Ay Hh s 1) 4 2 4 B 5572 GpGrouper 7
FRER R 2 Mok ts AL Z RN e, X TR E
[l 2 (A L RR B A TINAR, 38 T B T 1 1Y)
WERPE . ER R vk i K B P 9 7 o A —
EFR, M ERtEAa T, JF HLB= X
RV 5T <

SR BRI 2 Tk e o R T T R R B A
B, REFAMILERBAAAE, 1R EMER
HER, X RRBEEAT 20 235 B 9838 Bl 4% 3] fe i
4 AR BbrrkEL .
3.2.2 R HIIRBOE AR SIS S 5 42 2 A

A PUE R RO AR — RO 2~ 2
FRAEAS R A BRZR Hp () o B R BRI, R 2 e i
AT LA B i DR B 15 ) S [ R, X R BEAH
S3HT T R DA A R A 2 R R R R AR Ak
P e R IRl NI

PQPQ " Wy I T—AME K, B —FEH
R 22 R ) e AR A T LA REAR (R AH BOCIE, A
) 2 1 T A 25 S BOR BOE S AN F G HE, JE
AR MG A R B ;. PeCorA 7% 460 ke 5
PR —H\E AR Z Iz B AR 2E 5, i iR
IR A R KB ) E AR, 4R R WO [R) 2
AR 25 o E BB, SRR A2 R
A R84k ; COPF ' S R 7E Jik B &4 46 b 12
AR PR ARAE R, AR R R 8 AR
TR IKB R BB 25 5 . IRl — B 1 B AR R 2 1 ik
BLEAR IR, RS RA8 EmES
JERASRZE, B A R _E A R BE A R
W2 AR AR TR [ AS R B D g & AT R GET
i, BRI R PR B E B S R, S22 AT
(FIE 45 FARAT

fiff P A BHEWT AR (10T, FEE i AN —BUn ik
BOEE T R IR R AR, XA TR B R
(R B AR R B B T iy U e
AR B . ST SREmE AY T EA Splice Vista ™
R H A £ JB T 5 i 22 i 1 JUR B 1) o i A
PRASLF o B KB SR ek i,
3.2.3 R HIMLAS = T HEWT BT e A

FEFHLRS > ik ] AT Bl e gk 25 13 I A HE DR
()R, I R Bk 2 o0 B I AR T Bl ke 5
H BB 3BT RN BB DL SR B = TAERICR A
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bk, HLaRF > A9 35 54D IR A 5 B A A 7 Ak
HORRERREL . BRI S YIS AR IEA RIS
N o 3 FF M & ML (support vector machine,
SVM) J&—flass= > ik, T2, BIEA
HiA 2% 3 {E %, T.H IsoSVM ® 5T SVM 432
av, JEE X R S T R S ORI W e T
A SRS AR, TR 3 X 50 SR AR R] Y 32 PR 8
JR R

o n] DUl AL 27 S AS R B tE e FH A8 R 5 45
PLak 2] & b ) % SR, A 3 b 57k Re-
Fraction "™ | & LIRS0 91 B B T 2
T, P I TR P Tk A3 RE A A 2 1 T 4 A5
o B Sz i AL I AR . 98 M MaxQuant 5 5
TG BT A AR AR BE , 180 B — e FUDH B ik
FRBE AR 25 i Bl WA 43, SRS 9053 R e 1Y
EAREEE (Fa., KA. IREBEE AR
J5) FRE, ff ] LibSVM Sz 43 [ B HLZE AL Sy >
AR S BRI RRIE , B2z m] DL T A4~
AR A5 s XA KB JLANE A
AT RSB, A FEBRTN A2 o B A L =2 ik
BOEG AR SO IR (H H BSAETE . BRIz iR
TRET B DR AR SRR, 2] E L2k
M DRATTC, 45 P — KB R b, 5
T S AR 1 S %) B AR A R [ U AR RO
U, SR T ORI e AR R Ak
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Abstract Alternative splicing is an important regulatory mechanism in organisms, influencing the expression of
genes involved in processes such as drug metabolism, pathway activation, and apoptosis. It refers to the process
of removing introns from precursor mRNA and joining the remaining exons to produce mature mRNA. During
this process, different combinations of exons can result in multiple mature mRNAs. This process is known as
alternative splicing. Alternative splicing allows the same gene to produce different transcript variants and protein
isoforms, increasing protein diversity and functional complexity. Transcriptomics and proteomics are two main
approaches for identifying alternative splicing events. Transcriptomics identifies alternative splicing by analyzing
differences between RNA sequencing data and reference sequences in databases. This method relies on the
development of modern sequencing technologies. It also depends on increasingly improved splicing identification
algorithms. Examples of these algorithms include alignment mapping and sequencing data quality control. The
other approach is proteomic data analysis, which identifies corresponding protein products. We consider
alternative splicing events more meaningful when they can be detected at the protein level. Alternative splicing
proteoforms can be identified using bottom-up proteomics based on mass spectrometry. Due to the high sequence
similarity between these alternative splicing proteoforms, general proteomic data analysis pipelines do not
achieve good discrimination between them. To improve the identification of proteoforms and obtain
differentiation information for different isoforms in proteomic data, two strategies have been developed for
improving data processing: the construction of special databases and targeted identification algorithms. We
believe that this potential protein isoform information may play a crucial role in life science research. In terms of

databases, it is not enough to only use ordinary public databases for searching. To ensure the discovery of as many
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isoforms as possible, the method of constructing sample-specific databases assisted by RNA sequencing data has
been widely used, which can increase the probability of detecting proteoforms. Another key strategy is the
improvement of protein identification algorithms. Traditional identification algorithms often struggle to
distinguish between highly similar or mutually inclusive proteoforms. To address the complex identification of
alternative splicing proteoforms, several inference algorithms have been developed, which are combined with
existing search engines to better characterize and detect alternative splicing proteoforms. These include peptide
grouping (PeptideClassifier, SEPepQuant, GpGrouper), peptide quantitative correlation (PQPQ, PeCorA, COPF,
SpliceVista), machine learning (IsoSVM, Re-Fraction, LibSVM), and major splice isoform theory (ASV-ID).
Such methods have shown promising results in focusing on alternative splicing proteoforms. When using these
algorithms, we should try different ones based on actual situations. Additionally, the performance of these
algorithms is limited by the quality of input data. To ensure reliable identification, it is also essential to perform
proper peptide identification and quality control at the front end. In general, the detection and differentiation of
spliced protein isoforms are still inadequate, requiring continued attention. This article reviews recent research
progress on alternative splicing and its biological functions, as well as the detection of alternative splicing at
different levels, and introduces the main methods for identifying alternative splicing proteoforms using bottom-up
proteomic data. Identifying different alternative splicing proteoforms helps us understand the comprehensive
functions of proteins and is of great significance for discovering related biomarkers and key drug targets.

Key words alternative splicing, mass spectrometry data analysis, protein identification algorithm, protein
sequence database
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