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Splicing Mutation and Single Gene Inheritance Disease
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Abstract pre-mRNA splicing is a key step in eukaryotic gene expression. Correct pre-mRNA splicing is highly
dependent on the correct recognition of exons by spliceosomes, which is regulated by “cis” action elements and “trans”
action factors involved in splicing. Splicing mutations can cause skipping or fragment loss of exons in mRNA and inclu-
sion of intron fragments or pseudo exons. Therefore, studies suggest that splicing mutations are associated with many
monogenic genetic diseases. This article reviews the interaction mechanism between cis-acting elements and trans-acting
factors during splicing, analyzes the causes of monogenic genetic diseases caused by different types of splicing mutations,
and summarizes the current verification methods and treatment methods for monogenic genetic diseases caused by splic-
ing mutations. The in-depth study on the pathogenic mechanism of splicing mutation is of great significance for the clinical
diagnosis of single gene inheritance disease and the research and development of targeted therapeutic drugs.
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RHEEEFHRZ —. HFFERH, pre-mRNAB 1
P 5 W B 2 b B R DR s A 5, A 0 U
PRZE WL LA S ph 22 3R AT PR 55 1, IR R 7R BY
P A T B B 2 e R AH O L R 0 1) K
AL . ASCREIELRR T H A8y 3 R B K8 K
HXF pre-mRNABTIZ R R, 254 T4l 3 ) 5 R (]
WAL, Ao T AP 2 R T B4 R AR I B
WAL, SgE T BRI AR HOET 5k U7 v B Ak
X} BY iz AL By S0 I 23 T R R, R T
Gy T A AR R A R HME R, DU v i 3
PR AE IR R T 2 W 2 IE 9Bt R A RV 9T 2454
SR 7M.

1 pre-mRNABIIZHEIA

pre-mRNABY 22 /& FAZ 5 R R I8 ) S A D IR
BRI L BR ARG S X, JF0 2 A X3 12y il
mRNA, XL BN, pre-mRNABY 42
— MBS A R BT AR B BT Y AR R A
5 P2 A ) pre-mRNA U R A2 3% 20 Rl M BY 421X — Fh
77 AT BT B, = AR —F 24 mRNA 71, A
WP —MEAN, HXLERBEAREEDRA
IRV BRI AR R A kA, DRI ke N S ) R LR
2 B B B AT R AR T BRI B
S A i 55 Ja 7K1 1 I AS [F) 1 BY 422 7 200 2k R 3R IA
HEAT AR, f#15 pre-mRNA = A2 2 RO [H] 1)
BCAMRNABY 4 S fg A, AT B tH HL A AN [R5 4
AT fe B E BT H A B 42 e R e a4 21
R SR B B BURE R I R IA 5 pre-mRNA |
()R 78 B TR 25, Ao 15 e 3 M B 45 R 20 R
P B PR A LR Y RO AT R T ol i e e R
FORB ORI, B — i PR E T >95%
MNEZ IR FEEE RO HAEMEA RG0S
Mo S ) Dscam 155 R 2 e #E VBT 452 (1 — Mk
U5, B RT Bl 44N A0 B AR 0 B R BY B
A2 38 016 A [F] 1 BY 42 7 ) 44 A1 i 1 o I L 10T
DRI, SR R BT R 3G hn 1 R A AR B A
M Z e, JF R | 2R an 72, R ki
PEBY R B AR Rk, T2 56K & A5
KM i Bt BY 4 A G A B A B
Phid. WE TR BRI SRR R
3EFEVER B W AR 4G A - BY 4 AN 0] AR R i
AT A B UE 7L

2 FRRETE

BY 422 ok B v B A T BT 2 A G A B 1 O
IR A . BYEZR I B 5 /MZ RNAs(small nuclear
RNAs, snRNASs)FIEE FlAS [7] 1) 85 3 57 45 256111 1k
FINMZIZPERZ A A %) (snRNPs, Ul U2, U4-
U6), 7] A R R 5] pre-mRNA A HI 48 F - &
TG BYS R RS A Rl T — RS
RNA-RNA. RNA-H [ 5 A8 5 -4 5 A B
PERRIAFE I M, BRI IX 285y Tig 3y, i
N — RV E IR BB NS T I A0 B 7 i 4
R, SAETE5NETIURA —mERT
A0, AE RBEERAE 5, RIFE N & 110 5 8m A1 3 by
A GT-AGZ ML (¥ BY B A7 11 (98.7%), ULAMEAFAE
1.20% 11 GC-AGH10.06%[1] AT-ACLA /2 0.09% 113
LM BT R M N T 5 37 R Sy () BT A
(DR ST 17 30 53 ol U 4808 4 1) AR A 550 (57 ss) 5 32 44
i 15 (3'ss), A& BTHEMT M " Te 4, T4 snRNAs IR
A, FRCHE AN RNA-RNAR A9 05, i oot Bk
T A MBI R AR SN, IR BT 5 ST
& (branch point, BP)HIZ BEE 7 41 (polypyrimidine
tract, PPT)SE{R5F 741, 1T LR T BY 4R il 43 S pre-
mRNA Z [8] (AR FLAE U9, BP o2 — /NI £/ 57 7
H), AL E B S ARAL ST U 10~50 A% 5 R 2 [A] 1
RRFFHRIE, T PPTH 15~20 M8 nE % H R ALk, £
BYEESZARAL AU B S~OMN T IR 2 R U7 BR T
2P B S S, IEE AN T B R T
(exon splicing enhancer, ESE). 4N 7B #2708 T
(exon splicing silencer, ESS). W& - By FZ 14 58 1
(intron splicing enhancer, ISE)AI N & 7 B #U0 BR
“F(intron splicing silencer, 1SS)%54# Bl yoft:, Aeid
g8 e AR FH DR U8 1 BY 42 4k 22k 5% M 450 FH BT 42 7
RUBRE S U0 R R B A R 1 B R 32
BRI R T4 S A BE A% B ) (heterogeneous
nuclear ribonucleoprotein, hnRNP)FI & & 22 & R Al
MR E R (SREH ). HA hnRNPJE F 21
FOAPER T, 5 BSSEISSE: & 5, Wi A HLAE H v
O] BY 40 B B R AAO0T B 3 B A7 AR ) R
ESERIISE# % 8 — BURTHIFF51,5 SREEFA 45 &
J& , PR R BY A0 B T B A SRR ), AT A
L T S A DA A B A R o A R = o 1
NEEE R ) o S At e g R, & 13
Ui /7 £ GGAGAAZL T, & 1] fig e — NI 78 1 1 o



1964 223K -
pre-mRNA 5'ss BP PPT 3ss RNA
B o[
'U2\ A Intron

vy

Complex E Us
T Step 2

Complex A

Complex B

[step 1

Complex B*

Ell pre-mRNABIZHIIRZARYES E SCRA(20]1820)
Fig.1 The process of pre-mRNA splicing (modified from the reference [20])

Touft, M SRSFIENHAGMREMEK SREHZ —,
AJ DR )12 38 58 1 7 470 9 12 a3E B 02 4 o 1% 1 o 1
BT B B2 A s R

RNABY AL 55 — DR AN B 7 & T %
Ab PR BTREAL i, 55 8 NS I E BRSNS R i
IEERER, %%, Ul snRNPIR ) I 45 & T AR 8T 3%
7 55(5'ss), U2 snRNPIE i 5BPZS A 2K 15 3 ss .
U1 snRNPXT5"ss 1R 5] [ [ s 3 ] 38 i #4540 557 R A
B AR AR 3E3 ssH iR Y, fE S EAZ A HBPE
22 5840 1B Ak, R X602 snRNPHHE 55 75 35 22 Fldl
A7, o B 2 ) B R 1 2 — U2 B R 1
(U2 auxiliary factor, U2AF), & HU2AF65F1U2AF35
WS . HFRU2AF65T] 5PPTHE &5 A1), [H] i
U2AF651] 5 SF1£ 1 AH HAE F 9 ¥ B)SF1 25 1 5 BP
Shidr. WAb, BTRER T U2AF35 S 2 AR AL S 45 4,
T R IABT AR R S IE. B, SIS S WEH
[FISF1HU2 snRNP# AT M43 S s B B, HH G
BT A S WIA. U4/5/6 Tri-snRNPE) In A f# &
BVIAT R S50 R A B, 3BT R R (5'ss 3'ss
oy 32T p) R E B — 2, X G 1ABTF LU R
ZIE BRI I — R R A, FEUTHIU4
snRNPJF i, U6 snRNP5U2 snRNPj#H ik snRNPFL
Xf, T ipre-mRNASFICH &4k, TERNABY L 2
W RAE T IR AS 3 RN o B — IR TR SR B 5'ss

5003 T s R, VIJFRNABEIL B R, 5 —IRFERS
RIS Y) T A7 Bdi3'ss, 15508 Fi%
F2 TV B FImRNA, A 51 DLEE 3R 45 0 1l e T %
fiE(E1).

3 AEIEBMFEERTSBERIEER
B FEM L 5T 2, HLOCHR A A 1) AR 218 B
BYFEAL R B A RN . BT R — R R K AEAE
AR F oA b A R A (WA H R B 4 . 4l AN AN Bk
K)o ZIAZAFL pre-mRNAZR & 1 A1 4 25 1 (1)
IERR A, SRR, AT MCE mRNAST
FIS5EARMEEK, i A RN Ee. @E, 5
FERAZRE T LUK AAE N & it m] UK A AE A 21
W TR I BT R, PR AR B B A A, BR
PO SR 1 BY FR A7 A . RS R R AR A AT DA
BY$2 1 50 FYTER 5 mRNASF & [X 381 45 A 5k
22 mRNA ) 4, M BELLE i BY oo fF
5erATBHERTNE S, FEmRNASNE 78B4
B BRER PO W SRR ER AR AT mRNATFF R AE RS
£7, MImRNAFIEA BRI 8 E R, 25 F I8 T AE
AL, W mRNAT]§E 5] APEHT 2 11 %8S (premature
termination codon, PTC), /= L84 H & L/ 7 41 5
WA . H2, B AH PTCHfAALEEH = 7
O XA F HImRNA [ f# (nonsense-mediated mRNA
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decay, NMD)IX —id B HI I, B 53 B mRNA RIS %
fifk, M T BEL BT 12 £ 1 ) A B 20

B4 SR ] LG K AR AR 2 LB A ) RAR
(BI2A). s2m BY 4214 N 25 1 5 A8 (1 2B) Al g2 i) BY 422
[P HME T AL IR RAZ(EI2C) . B4 RAL n] F HUE
AN B P BRERER AN 2 B R, BA N BT ElUE
A AL a5 AP BPERPPT 41 o ) 3 K] 58 A%
AT LAsE A B AAO0 A0 T I R A, S8R T
BkEX, 41 RBPECPPTH (1) Jk [A 58 A% 5 HUHT [1)3/ss 7™
A, JUIHET B3 ss i BT AR R i 2 S BT R, &
N OR B (G B Bl )
3.1 ZHERRRIRE
3001 B SRR ML SR
IRBTHEA R RAR, 2 RMm BIAAR R A B N & 1
A FHRGN , HOK 2 BB 45 RAT AR 2 AE 4 JUBT 4 Ar
MR B B, Hrp 2 IR BT R AT S R AR L 5
B2 R L2528, A BT BRER e 40 BB BT A AR
SEN AR W AR, HARRGIR, [F—f 1)
B RAZ A] DL AR — AN B AN R BRER I 7 BY
PR AR P 2A) . S34b, IR SUBTRAT R R
AR 1 AR A B BT T R R B 1 B
YA L, (E1F BRI AN BT BN & F BT A RO
AL R T B A2, WA Re = BN &1 B
A5 BAN T B £ BR B0 il A ORI AT 3 A

(A) Splicing mutations within the canonical splice sites

3'ss 5'ss
- _*ExonZ***— Exon3

Branch point
Polypyrimidine tract

(B) Intron variation affecting splicing

(C) Exonic mutations affecting splicing mutations

¥

RO, BBy i BT 5 B S BT A s AR B
()74, TR N5 ss 7 41 R P 45 SRR B, fEGU
AR 1) —3 28 +S XS A% R 7 518 = 9 0002
AN, BB U R B e 5 e A R AR ST AR 22,
XA BB s U G B A PR ), BY R
WA [X 43 0 28 BC S BY 2 07 i S BR M B B 2
%6, 5'ssBIHEAL A 3% +567 5 Ul snRNAM+4 % +11
PR R BRI, 74 BAMAE R, 5 UT snRNP
SEO SRR, A B S ss H 2 T A
W, BT R 5'ss 5 U1 snRNARY 5'5 FE 51 Be 6 B AR
PEAF XL 55 B0, A 1SR 1) 5 st BT H2 A 2 XN BLSEE
(BTN Ao BY R R BRI B S ss, R R 2
TEAEU AR B HE ] HOWEE(5'ss: U1 snRNA) I FEE
PEE, ST LB ARE G A 5'ss S HET #5031, H
R, WEFE R BN 1 B i) 5 ss G FE g 5 3L 3 1
TN T 3 ss I EE B B B A T IR B AU DG,
D] b A/ S - A B AT B S BY B A R B ) —
AN BY, T S AR BYREA 55 B IE R L P e T
FHE (P AEAA B 2 067 A PR T A R B2

FEBYHGE AR, M MBTHRA SURAERAS, B
AT TR A B AU, 24N S Tl Sk
IF (B EARIERE N — N BT ), AR MR 2
— BRI B SAEAERIIB LT, B 210
NZBYHAL R 4, BYEAL R A0 i 3P 4]

- Exon3
- Exon2

New splicing enhancers
- Exon2 . Exon3

* Splicing mutation

* Creating new splice sites

* Mutation produces

Exon2 ~ —  Exon3 —)- PE Exon2 Exon3

Fragment
- EXOHZ Exon3
Exon3
- Exons

E2 SRR AR
Fig.2 Splicing mutation types
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g4z SO A BT HE R, WISRAThnRNPEE . Efa
TEREE(S'ss:Ul snRNA)KJUICE [, 7E BTk 4 %
BRI 5 IR BOR AR TG US snRNPHRE S 14 25
Prp8P 1S5 S IR FE AR A, 123 SN BT 4000 A
B A 15 ss i 1B,

312 £#iis SR LB P AR EEm  PRUNEI
RAZ & FHLEMEIBAT IR —Foi R, 8%
BRI AR R B RS, R DN ST
G I A0 o 5 T 25 I PR B o 3000 P SR S E 3 A7 A
PRUNEI ¢.521-2A>GE 5, %8 AN & 44
B3R 55 9848 | 1% PRUNEI ¢.521-2A>G 1] B 4%
M) B2 B B0 A 2 RS2 A R i B
AR XA A TS 7R ) mRNAF=Y), BY
Bere LR T AMNE T SEANE T 4RI S, AT SH
R ERF T mRNA I EEHE, mRNAFH & NEW & A
HELF ARIAMNE 7 SEI BT 2 R mRNAT BAE, &
AT 61 B SEHERE A7 I 5] A PTCPY, SLC25442
B DR 2 R G MR AT B AR IS B 1, IR R R ] &
HEHIWKRBAN . KEE%. ARRT =
FIIR, JeilF R R ISLC25442 ¢.380+2T>A, %48
FIE R R N T S BT B AR AL A, RIS
W& SRR BT AL i, PP T RSN E T
SH BRI SR B A BT R 1 g B Ik e
289 (hereditary neuropathy with liability to pressure
palsies, HNPP) & —Fh i e to f4 B Mgt A& i, mf
HPMP22IE R AR 5|, H RN TIw I ERME.
Sk YER BE R R A, W] R EURAR . UL TG R 2
gaBY, fE—JeuEE & B RIMPMP22 ¢.179-1G>A, %
A S N BRSO, FEURE ) PMP22J: A
(LA B AN T 459, IRk 76 55— HNPP i
ARG B PMP223E K ¢.178+2T>CAL 53, 14745 Sl
T B A B AT R R S e B 1OV 3 A s
PERCRE & — P B IR IR Kt A% m i s & R 4t
WAL, RINGEIZ I I RN R TG 77 S 2R 1k
WE. TEZEIEE A IS REEPT ¢.303+2T>A%E 5K
W& T 4B ARAL S RAR | R F RN T 41
BRER IR NS, JRIEAMNE 75 5] APTC, JEIINMDf#
FRREEP I 55 A /b1

32 REEAESFHINTEERT

3201 ASTHHERZOMME RNEGTIRBFRME
AT DU 7 A IS0 B i BY B2 47 A, TR ) 55 4
HBTFRA S AU, B2 pre-mRNARIBY 2. Rl 8Y

7 5 IS AT R A TE LA 28 M BT BT i B, A
M52 w400, FEMAFEFAPAENE T HE,
R Ra e /1 & 1 BB A R BhAk, W R
DR SR AR W] = AR B 42 38 0, BB IR BY AR T 7 41,
M A2 33E BY B A X 12 AR A0 B 7 IR, S 80 iR BY
FL(E2B). AT RSN TR T I 5
AR, A2 O B R — 548, AR A IR
AMETF 5NN TPTC, AR B % s AR ] B 2>l i
NMD#H% gt
322 AL THPHTEREHELARTER NS
T IRAR T N 2 2 K DR 55 PR Rl 2 —
R BT I N B T AR IR R AT IR B R K
EE, R T I R AT 00 P R 45 A B
A2 LA P A ) mRNA AT #5293, £ T POLR34
5 TR P TR A T R AR s TR A 1 o P AR A )
i A R SR R ) WL IR o E — S E 3 POLR3AN
W& T IEAE A8 €. 1909+22G>A, 1% 5878 v] 4
R R BT 07 A, - F BN T 1410807 Bog
BRI EFEAR T . R, WAE TR
ATV B BT AL, TE G A IR 2 b R AN
o, BT B SRR LA S 2 R T AR A,
I H BB BT AU BoR TR SH AR AMRE
B BOA DG B, DU JylERg . ALK 198 aE AR AE
Cohen Zi&1iE (Cohen syndrome, CS)/& H & Ak 3
P AE MO, 5 ARSI VPSI3BE N N & T &
AT ¢.3446-23T>GRAE, FEUL T I Bk 55 4%
AN SEE A, 15 mRNABS TN ST
22 bpHIBEEE B, AR, K ZHIRE NS TR
W B A2 IR 5] NPTCT 3 1 NM D4 e,
Becker/Jl’& 7= AN RAE (Becker muscular dystro-
phy, BMD)& H 4 i3 LE 72 A K & H (dystrophin)
DMD3E R 9745 5 2 i) X3E B B vk st AL 17, fF—
i BMD 2 % th R I DMD 3[R 265 N & T 55 548
€.3603+2053G>CIE ik T — #5587 € LH
RITESERL i, 147 s rT LS SREE A2 4, i1l
I S B AR OR AR R AN B 1R A, AT AE
AN T 2681272 [8]46 A 80 bphidt, 45 R -5 FUH 1K
HME TN B mRNAF . X4 N (K 5878 2 4143 # i
7K, 1X80 bpHli LK iE T DMDEER A1 & 726 T i HI4r
& (c.3603+2033 3603+2112). fEDMD ¢.3603+2031
WA —A 5'ss(GT), 7E DMD ¢.3603+211344H —4
3'ss(AG), M i A (1) 80 bp ikt BY 424 K )
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HN—MEAMNE T,

Biti 5 4= 2 A ZH 1 ¥ (whole-genome sequencing,

WGS)EH], C&RI T VNS TR, XA
WS008 S AR AT J3 MTIT, 2% R RE R BT 07 s, AT
HE— X S A TR, R EUR PR N & 1A
FHAZTFN, H AL L FEO™ 5 1) fa SR A i . R,
4 ANE T 2HI P (whole-exome sequencing, WES)ANfig
WM R (R B0 A8 e I, N T T S 92 A DR S R 7
W& T2 ROSARgAS X (IR E N & 1) R A E R
WESTRMER AN B, 752258 1 WGSiE— DA it
3.3 REAEIINBEFHAITIERET
331 SMRFHFBRRRNMAE SR TRFIER
BN D938 I AR R BY 2 38 0 - 3 SO e Ao SR B4
AL R BRI i 2 PRI, 3 A B R ER, AT 5
pre-mRNAMN o SR, FH R FRAZ R A8 S ] LA
TR 7 AR T ) BY R R B R i B B R A T 2
5 uiHd A2, T 8pre-mRNA (1) B 52 575 F1H 73w
A Z R (E2C) .
332 SMEFHERTHKLAR R R Jh iy A
WUE 724N R (limb girdle muscular dystrophy, LGMD)
(R REAIE A2 JiE 505 0 23 s JEEE S AL PR 2 R AT P T ) 0 22
Yo i o- LR B SGCARE R RAZ AT A X ER (A
hfgress, SHLGMDP, E—fl LGMD & # His
M SGCA ¢ 157G>ARA , 73BT HNAh a7 BT 5%
A RAGNT EONANE T 2 e — AN, 1%
TEON LT 20 BEER BN R T 2 3 BEER . Max-
EntScan 7 #1410 1 SGCAHM ¥ 217 5'ss ) it
fE, KILSGCA ¢.157G>AMIRAL K KFEAK T 5'ss
SRJE O, FEEPENLZEEE (spinal muscular atrophy,
SMA) & LA #l 7 A odz 3l #0418 46 28 M 5 30
WLTE 77 R L 46 9 = i RAFAE I 905 , 2 ) L ast
L WLA D RE Rt B WA ZE T BRI . 95% ) SMA
BB SMNIERAFAESN BT 720G 62k, {154
FI8 82 J6ER A (survival of motor neuron, SMN)
Bz B2, A SMNTHE R B 740 81 1 57 W AR S
(c.863G>T) 1] 521 SMN 14N T 78Sz, 12581
T AR T TH I ESE, 1SR ESER) 20 1
Tra2B15 5 ESERAH AR EES , FE mRNAF
AR TR EREY,

4 BIERTHINE
B R AR R BRI R LT R

R, RIEFE IR A HEL R, TR
—PIGUENT . SR, 1E2R BB AR GUAN SZ AR £
AGH) A% BRI 5 2 A1) FEAZ (1) B0 AT AN
e, BT DARR EdE— P IS UE e AN By s . L
HRE BT R IR SR R B AT SE T AR T
ZEREKAE S TR AL (B A A L 7k
IR RS Y ik, Bl X He2H 23 Bl A i SR AL 7 1
ANAT DA T 2 R8T 41 B (induced pluripotent stem
cells, iPSCs)Hi75 F Hi k.
4.1 EEISWERAK

T 5 P 126 7% S5 A2 153 5 Vie) BY 2 1) e ] B8R e A
B 73252 4 B MAAH O B8 3 R0k B ) JE TR 4H 24
B2 FR AT AR A0 3R B B mRN A, P8 g 0 10
SR A BFEE I B (RT-PCR) J&5 ) RNA/cDNA#E47 31
J¥, BT LABSUE P ife A% 7 o2 75 5 M mRNAFF 41, {HIX
J7 210 1) 2 A7 £ NMD I ] g i B0 X AH 4538 7E
(1) BY 45 AR (1) 5 M AR 25 5y 4 20, O Tl i dX — ik
R, AT ARINMD 7 Ab 3, BHIERNARE AR, FFEAT
cDNAJI B,
4.2 HEHFUNTE

T TR BRI T R 8 B A R —
Wik — ekt B4R A ST T B AR T BY
TN i ) 6 TN HCBBURR A X TR e
X IRATE LS 5 B TH L HDIREX IR (K 1).
AR RE 7 5 T AN R AR e AN B, U B 3 e
G3WTAG I BY R IR (A FE I, A8 2 Fh i TR
T H o T B R Af P o 5 L5 I ) A R [ 1)
SN SZAE 3 — 2 W Dh e e AT 580 .
43 SIRERTHIINEE AT

minigenese — PN FIRISR AR INR AL R 48, 7]
FHRAGADL I 73 A M LM BYOGVE3RA% (U 7E H I ZH 21
2 i Hh a2 0 R O 25 DRI AR e A ) BY 2 e R ) 52 )
TEARSN , FIH minigene By AR 8 & A 2 D548 57467 0
AT I P95 T I TORE B8R, g LG g &8 B 4
Jf2, iz H] RT-PCR A 3 P50 Fr 50 AR 7 B 3k P13 7 %o
mRNA 7 HI G20 i R N H 56 I 4 ik
FSCET 2 2 i o A 2k (1) 2 DR AT B B R AR 40y POV
minigene4h J 1] B3 A1 BY 420 B8 rh B BT H A7 fUH
TLBE , AL FBUH AN B B ER BN &+ B B
FLEEE, HEAR minigene R G145 B EEH T B A=<
I PRI B R IR, (EZ i A 45 R AR e 255
7T B B ZH B BT R 1 D
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Table 1 Some prediction tools and websites

TH T e s X 4k Ak

Tools Function or region Websites

SpliceView 5'ss, 3'ss http://bioinfo.itb.cnr.it/oriel/splice-view.html

MaxEntScan 5'ss, 3'ss http://hollywood.mit.edu/burgelab/maxent/Xmaxentscan_
scoreseq.html

SVM-BP Finder BP, PPT http://regulatorygenomics.upf.edu/Software/SVM_BP/

IntSplice BP, PPT https://www.med.nagoya-u.ac.jp/neurogenetics/IntSplice
v1.0/index.php

ESE Finder ESE http://krainer01.cshl.edu/cgi-bin/tools/ESE3/esefinder.
cgi?process=home

FAS-ESS ESS http://hollywood.mit.edu/fas-ess

EX-SKIP ESE, ESS https://ex-skip.img.cas.cz/

SpliceAid ESE, ESS, ISE, ISS http://www.introni.it/splicing.html

CRYP-SKIP Exons and their flanking intron sequences https://cryp-skip.img.cas.cz/

Spliceman Mutation sites and flanking nucleotides http://fairbrother.biomed.brown.edu/spliceman/

pFold RNA sequence http://daimi.au.dk/~compbio/pfold/

UNAFold RNA sequence http://unafold.rna.albany.edu/?q=mfold

Human Splicing Finder Splice element, splice site

Sroogle Splice element, splice site

Alamut Visual Software Prediction of variant pathogenicity

FSPLICE Prediction of splice isomers generated by variation
SpliceGrapher Identify the authenticity of splicing sites
NetGene2 Neural networks

SPANR Effect of predicted variation on splicing

http://www.umd.be/HSF3/

http://sroogle.tau.ac.il/
http://www.interactive-biosoftware.com
http://www.softberry.com/berry.phtml?topic=fsplice&grou
p=programs&subgroup=gfind

http://SpliceGrapher.sf.net
http://www.cbs.dtu.dk/services/NetGene2
http://tools.genes.toronto.edu/
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