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[Abstract] Objective: To identify key splicing regulatory sites within introns of the F9 gene (the causative gene for hemophilia B)
through the characterization of splice site consensus motifs and systematic screening for pathogenic variants in these regions. Methods:
Based on the variations documented in the Factor X Variant Database, we primarily focused on intronic variations that may influence
pre-mRNA splicing. These variations were filtered through a comparative analysis based on sequence conservation and were associated
with the severity of the disease. Variations located within highly conserved loci that were linked to severe hemophilia were selected as

target variations and subjected to subsequent splicing predictions using three independent tools separately. The prediction results were
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then validated through minigene splicing assays, and specific splicing patterns were further investigated using denaturing capillary
electrophoresis. For those in-frame aberrant splicing products, we assessed protein expression, protein secretion, and in wvitro
coagulation activity by Western blot and activated partial thromboplastin time. Results: We identified 15 variants located near the
splicing site of exon 4 in the F9 gene as target variants through sequence and variant analysis. Minigene splicing assay confirmed that
14 of these variants could lead to abnormal splicing. In comparison with the bioinformatic prediction results , we further established that
computational predictions exhibited limitations and could not accurately predict specific splicing patterns or their proportions. The
classic GT-AG splice site on the intron was confirmed to be conserved. Additionally, we observed that +5G at the donor end facilitated
correct recognition of the splicing site, whereas the relatively conserved +7A did not play a significant regulatory role in this recognition
process. Furthermore, deep intronic variants mimicking the classic splice donor “AG” motif caused misalignment of splice site
recognition; significantly increasing the proportion of abnormal splicing. Results from protein expression and activity analyses indicated
notable differences in antigen synthesis and in wvitro coagulation activity status between the two abnormal splicing variants of
p-D93-G125delinsG and p.G94-D131del and those of the wild-type FIX (P < 0.01). Conclusion: The splice site (GT-AG) is pivotal in
determining precise splicing. The less conserved +5G at the consensus region of the splice donor site in the intron 4 of the F9 gene also

has a regulatory effect on splicing. Summarizing the differences in splice patterns caused by diverse variations can provide a solid

theoretical basis for big data analysis and improve the accuracy of bioinformatics predictions.
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Table 1 Specific primer sequences of minigene splicing vector

Primer sequence(5'—3")

Variant
[3-¢.278-1G>T Forward
Reverse
[3-¢.278-1G>C Forward
Reverse
[3-¢.278-1G>A Forward
Reverse
13-¢.278-2A>T Forward
Reverse
[3-¢.278-3A>G Forward
Reverse
[4-¢.391+1G>C Forward
Reverse
[4-¢.391+1G>A Forward
Reverse
[4-¢.391+1G>T Forward
Reverse
[4-¢.391+7A>G Forward
Reverse
E4-¢.391delG Forward
Reverse
14-C.391+1insT Forward
Reverse
14-C.391+2T>A Forward
Reverse
14-C.391+2T>C Forward
Reverse
14-C.391+5delG Forward
Reverse
14-C.391+5G>A Forward

Reverse

TCTCAAATATG GAGATCAGTG TGAG
ATCTCCATAT TTGAGATAGG TTAAG
TCTCAAACATG GAGATCAGTG TGAG
ATCTCCATGT TTGAGATAGG TTAAG
TCTCAAAAATG GAGATCAGTG TGAG
ATCTCCATTT TTGAGATAGG TTAAG
ATCTCAATGATG GAGATCAGTG TGA
TCTCCATCAT TGAGATAGGT TAAGA
TATCTCAGAGATG GAGATCAGTG TG
CTCCATCTCT GAGATAGGTT AAGAA
GAATTA GCTAAGTAACTATTTTTTG
GTTACTTAGC TAATTCACAG TTCTT
GAATTA GATAAGTAACTATTTTTTG
GTTACTTATC TAATTCACAG TTCTT
GAATTA GTTAAGTAACTATTTTTTG
GTTACTTAAC TAATTCACAG TTCTT
GGTAAGTGACTATTTTTTGAATACT
AAAATAGTCA CTTACCTAAT TCACA
GTGAATTAGTAAGTAACTATTTTTT
TTACTTACTAATTCACAGTTCTTTC
GAATTAGTGTAAGTAACTATTTTTT
TTACTTACACTAATTCACAGTTCTT
AATTAGGAAAGTAACTATTTTTTGA
AGTTACTTTCCTAATTCACAGTTCT
AATTAGGCAAGTAACTATTTTTTGA
AGTTACTTGCCTAATTCACAGTTCT
TTAGGTAATAACTATTTTTTGAATA
AATAGTTATTACCTAATTCACAGTT
TAGGTAAATAACTATTTTTTGAATA
AATAGTTATTTACCTAATTCACAGT

R2 REHERFRIESIYFT

Table 2 Specific primer sequences of expression vector

Primer sequence(5'—3")

Vector
F9-E4-del96bp Forward
Reverse
F9-E4-skipping Forward

Reverse

GTATGTTGGAAAGAACTGTGAATTAGATGTAAC
GTTCTTTCCAACATACTGCTTCCAAAATTCAGTT
GTATGTTGATGTAACATGTAACATTAAGAATGGC
TGTTACATCAACATACTGCTTCCAAAATTCAGT

WAL E , BEJEFF cDNA P934 42 22 pMD18-T # A%,
e NI 25 A, PRERC A 7 2 1 9 22 PCR Bk Jim it
1T Sanger M /5« 188 FH DNAMAN B4 00 7 25 SR 5
B A= Y PR B BEAT EEXS 2307 5 RN, SR 2O hRe 514
(SD6: 5’ -TCTGAGTCACCTGGACAACC-3";SA2: 5'-

ATCTCAGTGGTATTTGTGAGC-3") %} ¢DNA 7= 4 i3k
1T BAE BIK B, AR AS B B R0 (1) v BOR /N
JUETAR, 58 BT HE & B = 1 Ll
1.2.7 Western blot

Yok 2 g FE AR B M 0 B R AR S
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PEFIATFENE
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FAMSTREA 1656, P < 0.05 NZERAG Giit2m Lo

2 # R

2.1 F9 2 B 3 BAx AR T 7 09 4 A2 A

F9 S [K 4 33.5 kb, HH 8 AN AR TR 7 AN 7
T4 8. FIH WebLogo 7E £k A= W15 B 2% T K6t 3
PRS2 A AT R 1 AT (B 1ALBD , 45 SR BR
BT R SE 1 GT-AG B4 s 4b , BY B AEAR AT 55
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I OR ST RRAE , YO0 At R A0 R < A A XL
Ko X —RIIEIR, BYBAL s A% O X 35 DL AP 5845
A BE T pre-mRNA [ IEH 89z
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2
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1
s A a-_TA
0+ —
Q . —~ = a o ~
I I + o+ o+ +
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¥

4
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c.391

l +14243 45 +7 Intron 4

.. .tgccaattcaatttcttaacctatctcaaag| ATGGAGATCA...TGAATTAG | gtaagtaactattttttgaatactcatggttc. . .

S
[T

7S 2828 1S 1Mo
1Mo

NN

delG T/C/A/insT A/C A/delG G

o L

2Mo
3 s My,
1Mo

A, B: Conservative analysis of acceptor(A) and donor(B) sequences of F9 gene. The horizontal axis represents the base position, and the vertical

axis represents the information entropy. The height of each letter represents the conservatism and variability of the base at that position. The higher the

information entropy (lower conservation) ; the smaller the symbol height; the lower the information entropy Chigh conservatism) , the greater the symbol

height. C: Schematic diagram of base variants distribution and patient information. Intronic and exonic sequences are represented by lowercase and up-

percase letters, respectively. S: severe; Mo: moderate; NA: no available data.

1 ET FOEREBRM A FTIRTFIERIEA 15 BIRRE

Figure 1 Fifteen targel variants were screened based on sequence conservation of F9 splice sites
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22 A TFTAMEEFITHE T L5 pre-mRNA ¥ 469
-0

b6 A B2 EE AN R R, A TR A
PR R AS [R] 55925 T (HSF I MES) X A1 2 7 4 S FoA
B HEAE BT R SOEAT RGP, H A Rl ) &5

BT s RS R B BAE BB 2 iR . 1F 4
SRR, WT BIHE 248 7 51 92343 3l R 78.35 (HSF)
1 5.14(MES) , ¥ K T H A AN Ba 1 35 42 324K,
T WT B 32 (A% 75 51 (1) VF 23 23 ) 9 98.49 CHSF) Al
9.66(MES), B & i F Bt By B2 bR (R 3) . 1IX— K

Donor 2

93.78/8.94 (skip)

agcctaaggatctttgtitggotogctittagaaactcaggaagacaggagceatcatatgectataggeagetggcettccaggicagtagttttgetctgacectaaaat

c.278
cagaclccecateccaatgagtatetacaggggaggacegggeattctaageagtitacgtgecaatteaatttettaacctatctcaaagATGGAGATCAGTGTGA
WT acceptor Donor 4
78.35/5.14 80.4/6.96(del 102 nt)

GTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAA

c.391

Acceptor 3
81.29/6.07(del 96 n)

CTGTGCAATTAGgtaagtaactatttittgaatacteatggticaaagtitcectetgaaacaagtigaaactggaaaatgeaatattggtgtateataatttttcttaaaa

\\ VIV (l(?l]ﬂl'
98.49/9.66

acatacctttgatgcttataaacaiticatiigtagtgatagttttcaggatatgagttcaagaagctacattaaaatcaataacaatatitggtaacta

Acceptor 2
86.05/6.37 (skip)

Donor 3
82.72/4.27(ins 193 nt)

The picture shows exon 4 and the sequences of the intron upstream and downstream of it. Capital letters represent exon, and lowercase letters repre-

sent intron. Predicted splice site sequences are shown in italics, with splice donors in blue and splice acceptors in red.
E2 E£MEEFIEMNMIELSSH

Figure 2 Splice site distribution predicted by bicinformatics tools

3 EMERETATN ST

Table 3 Splice site score predicted by bioinformatics tools

Site Splice site sequence HSF MES
Accepter WT cctatctcaaagAT 78.35 5.14
Accepter 1 tttcatttgtag TG 86.05 6.37
Accepter 2 ttggatttgaagGA 81.29 6.07
Donor WT TAGgtaagt 98.49 9.66
Donor 1 CAGgtcagt 93.78 8.94
Donor 2 TTGgtaact 82.72 4.27
Donor 3 AGTgtgagt 80.4 6.96

The scoring range for HSF is zero to 100, The scoring range for

MES is zero to 10.

PHRIR, N7 3 1 BY 452 52 4R TT BE A7 10 B M B 42
I, A% IR & 6 1T A JE it o5 A B e i 5 ok ) &5
AR T R BT A . AKHE AT P 15 AN BUR SR AR
B0 T By B 4 A X By, L 13 AR AR
(86.7%) 5 i L EEL EE HB A%, 3 /M R4%(20.0%) 2
PEERRM R M. @4 HSF.MES ATRDDC
1% 3 T ERF IR IR 15 /> FAL 1 B 42 Tt 45 2R, A I
Bk c.391+7A>G #b, HoAx 14 A8 57 (93.3%) ¥4 4 Tl

250 pre-mRNA BY 4%, HE— D0k i, i 258
AR ] R I LN AL S SO R R A B
AF R s VO BRItk BY 67 s BT BT i . B
PRTRIN 25 HRVE WA 4
2.3 BRI DR AR ) PR G My R R T A AT

RS UE T AL T 45 SR ) ST, AR AT AT
TR R B R AR . O AN R T 4 R
BIFH(NEFIMAE T4, %29450 bp) b 2
pSPL3 #i A4 H, Sanger I /57 56 1F W'T 45 42 4 8 1) 17
PECEI3A) . Bl 5, B 577 514 A FastCloning 4%
ARAIHE 15 N FAF IR . N5 A6 7 R T 1 24k 4331
YL 203T 40, 5555 48 h J5 2B RNA, 4 e #%
3K Ja AT PCR 3, 55 5 38 3 29 53¢ IR W 458 e H Uik
ST BT R . SIS U B pSPL3 # A AR S B X
R BT = AL 7 2T 4, 9 258 bp, WT #i 44
PEBA TR R, R AR T A, 5 A BT 4, TR
N372 bp.

BT 45 B OR, ¢.278-3A>G Ml ¢.391+7A>G
FRAR PR A B R 5 WT K /NHAL(372 bp) , #2758
XA FEAE T GE AR pre-mRNA [ 1E 5 Bi#z. 24
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Table 4 Clinical patient information and bioinformatics prediction as well as minigene splicing assay results corresponding

to variations

FIX variant database

In silico analysis

Minigene assay

Mutation Domain Case Severity FIX:C FIX:Ag HSF(%) MES(%) RDDC Transcript ~ Protein change
¢.278-1G>T  Intron3 2 2S <1 NA  SA broken SA broken  Insert 168 nt  Exon skipping p.G94-D131del
(=35.57) (-167.32) intron 3 96 nt deletion p-D93-
Exon skipping of exon 4 G125delinsG
¢.278-1G>C  Intron3 1 1S <1 <1~ SA broken SA broken Insert 168 nt  Exon skipping p.G94-D131del
(-35.57)  (=157) intron 3 96 nt deletion p-D93-
Exon skipping of exon 4 G125delinsG
¢.278-1G>A Intron3 2 IMo  -3—- NA  SAbroken SA broken Insert 168 nt  Exon skipping p.G94-D131del
(=35.57) (-170.23) intron 3 96 nt deletion p.D93-
Exon skipping of exon 4 G125delinsG
¢.278-2A>T Intron3 2 28 <1 NA  SA broken SA broken Insert 6 ntintron 3 Exon skipping p.G94-D131del
(-35.57) (-162.84) Exonskipping 96 nt deletion p-D93-
of exon 4 G125delinsG
¢.278-3A>G Intron3 8 7S,1Mo <1 NA New SA New SA  Insert 2 nt intron 3 2 nt retention ~ p.D93{sTer12
(+55.07) (+227.53)  Exonskipping of intron 3
No SA broken
(-147.08>
¢.391delG Exon4 1 IMo 204 NA New SA New SA WT premature  WT premature p.D131MfsTer2
(+122.42) (+131.98)  Exon skipping Exon skipping p.G94-D131del
New SA No
(+67.78)  SA broken
SA broken (-241.51D)
(=74.9
¢.391+1G>T Intron4 6 6S <0-1 NA  SD broken SD broken NT Exon skipping p.G94-D131del
(=27.56) (-85.61)
c¢.391+1G>A Intron4 3 3Mo 1-1.2 <1  SD broken SD broken Insert4 ntintron4 Exon skipping p.G94-D131del
(-27.56) (-87.99)  Exonskipping
NT
¢.391+1G>C Intron4 4  2S,1Mo -0.8— 27  SD broken SD broken Insert 4 ntintron 4 Exon skipping p.G94-D131del
(=27.56) (-84.68)  Exonskipping
NT
¢.391+1insT Intron4 1 1S <1 NA  SD broken SD broken No WT premature p.D131VfsTer5
(-318.13) (-154.06) Exon skipping p.G94-D131del
¢.391+2T>A Intron4 1 NA NA NA  SD broken SD broken Insert 4 ntintron 4 Exon skipping p.G94-D131del
(-27.56) (-84.68)  Exonskipping
NT
¢.391+2T>C Intron4 4 3Mo 8-20 NA  SD broken SD broken NT Exon skipping p.G94-D131del
(=27.56) (-80.23)
¢.391+5G>A Intron4 3 IMo -5- NA No SD broken NT Exon skipping p.G94-D131del
(=31.47) NT WT
¢.391+5delG Intron4 1 NA NA NA  SD broken No NT Exon skipping p.G94-D131del
(-12.56)
¢.391+7A>G Intron4 7  5S5,2Mo <1-4 <1-3 No No NT Exon skipping p.G94-D131del

NT WT

S indicates severe; Mo indicates moderate; NA indicates no available data; SA indicates splice acceptor; SD indicates splice donor. Numbers repre-
sent changes relative to the original score; “~"denotes a decrease and“+”denotes an increase. NT indicates normal transcript; WT indicates wild-type;

del indicates deletion; fs indicates frameshift; “No”indicates no effect on splicing.

1M c.391delG F1 ¢.391+ 1linsT RAZ = A4 7 M sk FRESMNE FEEER (258 bp) I G . HABFEE K2, H
A —FE WT RK/PMFRLGBT2 bp), A —FERATRE R 1L ARAE(73.3%) 724 7 B — (1) 7 0 B 4 7=
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W, K E E BRI R RS A RN T4
(RIBEER (258 bp), UESE | BN 1L RAL XS pre-mRNA
BYEER R B2 s (I 3B) .

24 Sanger591']%"}%7]‘?4%%’&%3%7]‘%5{.
JURE TR AL T 10 e 5 BT X, AN
Xt PCR Y38 7= W ik 47 44k IF 7 B 22 pMD18-T £ 44¢,

A c.391+2T>A/C
©278-2A>T ¢391+1G>T/A/C/ins T a— ‘:'39“5,2’;?: (;j\l(;(,
¢.278-3A>G [ ¢.278-1G>T/C/A c.391delG ] %
Intron 3 | Exon 4 Intron 4

SN NSNS NN EE S NN SNENEEEEESSEEEEEE LR SR LR LRI EEENEREELEREERESNRERY,
P A a TTAGIGTAARGT a

a i fl T |' "\\' i A
\\'I|"\|II‘I|||||IH| ﬂll‘llﬂll"“\l‘l |||||| Hll'lm"

'II'II--'II'I'll'|"||||'I'||”||""'| 'll‘l'“H"ll |IIII\|‘II"I‘IIIﬂHI Wll l\‘”'n‘lllM ‘|I\'|‘ ||| (| ""|||I'|‘I" |lul\ I|'III‘I |||| lllH,,'.'H' |I\‘|IH
P i S A

I
\ |'\'.|

446 bp

ho 1 Intron 3 Intron 4 BamH 1
SD6 = ﬂ <« SA2
Splice donor ——————  MCS ‘Splice accepter
pSPL3 plasmid
SV40 promoter Amp gene SV40 LPAS
B A . .
cceptor site Donor site
S S N X
(’7&(,7 (;7,:}»& (’ (_,, \(3 i(_,, x(\‘ &7 q§7 656 ‘307:?‘
& AD N \ \ NV NS
bp D q%‘z@ WA 'f\ RGNS “9”9 KOG “9 “9 S
2 000
1 000
750
500 372 bp Exon 4 Normal splicing
250
258 bp Exon 4 skipping

100

A: Schematic diagram of minigene splicing detection vector and target variants. SD6 and SA2 are amplification primers, and arrows indicate PCR
amplification directions. The position of the site-directed variant is shown above. B: Agarose gel electrophoresis of in vitro splicing assays for exon 4.
The pSPL3 vector was used as a negative control, and its splicing product did not contain exon 4. The WT vector served as a positive control, and its ma-
ture transcript contained exon 4, showing normal splicing.

3 ZRZEXf pre-mRNA BTHERY 2200
Figure 3 Effects of variants on pre-mRNA splicing

L AL VK PCR % 5 31T Sanger M F AL . 45 ¢.391delG Fl ¢.391+1insT E IR IR T 28 M B 32407 £,

FEIR, BRAME T 4 BRER AL, 104 5 AR R S
B A DANE T 4 R B2k 96 nt E@E“ﬁﬁ%
A QW T 3 24K 0 2 e R B 1) 7 B
KA CE4A) o RN TR, ¢.278-1G>T. ¢.278-
1G>Cc.278-1G>A Fl ¢.278-2 A>T RAS M 1T IR 4
BYRAUALT 5 P EMNE T 4 BRER, [FII SIS AM 2 T 4
P (1) B 1 B 2 LA AT A5, 7 A 3 0 A S T 4 A Bty R
96 nt LKA . EAFHERENZ, ¢.278-3A>C KA
SHANE T 322 nt KRR, B RAE,
HLHITT A5 ¢.278-3A>G 5245 J5 5 -4 i A 2 /& 32 1A
Ui = PR S “AGY P B 9% o R T AR g R AT

R AH G B SR AT AR 8 M S A DD R AL AT
- 1GEBT R b B A PR, BT 444 32 2R it
AL INE TR . ¢.391+5G>A Fll ¢.391+5delG
PER W B FARGR S AL 5 2878, [FIAE S BN T Bk
B, UE B T AR LR 57 AL i 1) 9 AR X BY B2 4 1 HE
Wi o A S DN RAE (391 + 1G5T ¢.391 + 1G>A.
¢.391+1G>C.c.391+2T>A « ¢.391+2T>C) #4138 i A R
WEFRFA S SEIEF4BER. EHEEREN
T, ¢.391+TA>G A2 ME— R B2 (1) AL, $rmizAhin
RO S R R B S IR U AR A . il
Xf HE IR e TAR (AR S BT S T 25 3R (R 4, K
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IAEYE B AT e N — E F2 B b e e 58785 %) 5Y Tff 5C4E Sanger M| 77 FE At I, R 2 ehrid 51045 &

B2 RS, AR AN [F) 5092 11 46 S BRI B 155 400 473 A7
A8 i 25, i B I S T AR TR SE bR is
Ja BRAE

Ty Ak, I o b 3 b R B e S AR R S
s 9% A %t B 1 4 R R 65 A4 3 1) 2 R (T 4B ©), K
Bl AT T 4 BEIR FEFIX 5 (A 6k 38 MR LR
(EGF1 5 #3237 MR LR , EGF2 45 4 Bk 2k
1 NEEER) s Q4N & T 4 4K 5 B 2k 96 nt T 5
EGF1 5t 3k 2% 32 N2 FE R, H{ 93 fi 2 FE R K
A B AW & T 3 20 IR 2 nt 7E EGF1 45 1435
FINBRAT A LT, REEAREE .. FEMES
RS2, ¢.391delG Al ¢.391+1insT 5378 HL A5 XL H 5
PR, PR L BURMLRI AT BE K Z R R . XLk
RILGEY T 5 BT A [F) B s A B A7) ot i) B 250
ML B 2
25 THEMERIKEESNFTE T TR

ORGSR TR R s AR L, 4

A c.278 c.391 C

Exon 4 SA

srranesrannnnd CETIT =TI TTIITIT

WT splicing | |1 H“ ‘H ‘“H‘u““‘"l{l ”Hﬁhl‘llj \‘w M!ﬂ M wl\h F"M\M MU “\‘u HH‘J‘IW .‘”u“u“
Exon 4
SD sklppmg_ SA

Exon 4 skipping ‘\‘ “\‘H“ ‘H"‘ |ﬁl“ “H‘ ‘llﬂ il N‘MH \‘\HU
(R

96 nt del
SD of exon 4 SA

. N -ﬁ TP
96 nt deletion of exon 4 | I T \H H‘ A I W |
"f' A “‘J J\J“\ ww
Pscudocxon
2 nt ins of
SD intron 3 Exnn 4 SA
. . r i I| TR
2 nt retention of intron 3 w‘t‘,“f )\I‘I“I‘w’\”\l“ |‘ U ,\ H‘ J‘I \“l l‘\i\\ Il |l” w“‘ “I‘ \HI“ ‘/\

81 91 101 111 121 131

wT TERTTEFWKQ YVDGDQCESN PCLNGGSCKD DINSYECWCP FGFEGKNCEL DVTCNIKNGR

Exon 4 skipping !
pG94_D 13 ldel TERTTEFWKQYVD....... .......... ... 5

Deletion 96 nt
p-D93_G125delinsG
Insert 2 nt
p-D93EfsTer12
¢.391delG
p-D131MfsTer2
¢.391+insT
p.D131VfsTer5

,,,,,,,,, - VICNIKNGR
TERTTEFWKQYVG....... ... . . KNCEL DV TCNIKNGR
TERTTEFWKQ YV EMEISVSP [HV

TERTTEFWKQ YVDGDQCESN PCLNGGSCKD DINSYECWCP FGFEGKNCEL M

TERTTEFWKQ YVDGDQCESN PCLNGGSCKD DINSYECWEP FGFEGKNCEL VO
Gla EGF1 EGF2

B E IR AR AT = R RN . A
ARIREAT 3 VM Sr AT S DA OR 4 SR AT SR

B 40 LK 45 SR UE S Sanger M 7 1 R B, H AR
B A S PR . B BT BN, WT AR A7
TR/ 5 (3.82%) AT T 4 B ER IV 7 0 BY el o AR, 12
TRAZAL 5 AT BEAF R SEAh AKCT 1 R B B . ([HARE
B, ¢.391+7A>C FAZ B A X 5 WT AL, i
— AIE 2% AR AL pre-mRNA f1IEH 0 1. A
b2 N B2 4R o AR (¢.278-1G>T ¢.278-1G>C.
¢.278-1G>A.¢.278-2 A>T AR FEAE (¢.391+1G> Ty
¢.391+1G>A.c.391+1G>Cc.39142T>A¢.391+2T>C-
¢.391+5G>A Fll ¢.391+5delG) T £ 57 % BY % ) EE 7
5 100% (£ 5) o ¢.278-3A>G 848 3@ 1 A5 400 35 )
TR IF A, T 8097.4% 0 % 5 AR 52 AR i - BH 2 nt (1)
N T 3. KT c.391delG Ml ¢.391+1insT 2748, 435
il 21 35.80%F1 17.73% IR S AR e AL, ok
AN T ABER (E S B S) . XERIIAVIESZ T

I Exon 4
c.278

|

c.253 ACTGAATITTGGAAGCAGTATG’[TC

Exon 3 [ Exon5 MIntron 3

85aaT E FW K YVDGD CESNPCL
WT coding sequence

NGGSCKDDINSYECWCPFG
c.420

FEGKNCELDVTCNI KNG R.
c.391

Exon 4 skipping ACTGAATITTCGAAGCAGTATGTTGATGTAACATCTANCATTAAGAATCGOAGA = Y

TE FWKQYVDV T TCNIKNGR

ACTGAATTTTGE AAGCAGTATGTT G SRARGARGTCT GANTIAGAT GIAAGATCT|

Deletion 96 nt T E FWKﬁYVCKN CELDVTC

N EKNGR

ACTGAATTTTG6AAGCAGTATGTTG [N GAGATGAGHGICAGHCOANTCONTGH|

TEFWKOYV EMEI SV S P I H\
Insert 2 nt

acrearrice AGcaG TG OGN CRTGRBTOTOACTOCRTCCITOTTT

T E FW K
¢.391delG

NGGSCKDDINSYECWCPFG

YV DG D CESNPCL

FEGKNCELM

ACTGAA'['ITTGGAAGCAGTATG’[TG_

TEFWKOQYVDGD CES NPCL
¢.391+1insT

NGGSCKDDINSYECWCPFG

FEGKNCEL\CVM

A: Comparison of wild-type splicing patterns with three aberrant splicing transcripts. B: Impact of aberrant splicing transcripts on protein-coding.

C: Damage to protein functional domains by coding sequence changes.

4 SETERERANENIRIGEN S

Figure 4 Detection and coding ability analysis of abnormal splicing transcripts
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Table 5 Proportion of different splicing patterns (%,% +5)

Variant wT Exon 4 skipping 96 nt deletion 2 nt insert Frame shift
Eoxn 4 96.18 +2.90 3.82+2.90 0.00 = 0.00 0.00 = 0.00 0.00 +0.00
¢.278-1G>T 0.00 + 0.00 97.09 +2.61 291 +2.61 0.00 = 0.00 0.00 +0.00
¢.278-1G>C 0.00 + 0.00 97.69 +2.05 231 +2.05 0.00 = 0.00 0.00 + 0.00
¢.278-1G>A 0.00 + 0.00 96.56 + 0.47 3.44 +£ 047 0.00 = 0.00 0.00 + 0.00
¢.278-2A>T 0.00 + 0.00 92.63 +1.28 7.37+1.28 0.00 = 0.00 0.00 + 0.00
¢.278-3A>G 2.60+0.12 0.00 = 0.00 0.00 = 0.00 97.40 £0.12 0.00 = 0.00
¢.391delG 0.00 = 0.00 64.20 +5.43 0.00 = 0.00 0.00 + 0.00 35.80 +5.43
¢.391+1G>T 0.00 + 0.00 100.00 + 0.00 0.00 + 0.00 0.00 = 0.00 0.00 = 0.00
c.391+1G>A 0.00 = 0.00 100.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00 £ 0.00
¢.391+1G>C 0.00 +0.00 100.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00 +0.00
¢.391+1insT 0.00 = 0.00 82.27 £ 6.72 0.00 = 0.00 0.00 = 0.00 17.73 £ 6.72
c.391+2T>A 0.00 = 0.00 100.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00 £ 0.00
¢.391+2T>C 0.00 +0.00 100.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00 £ 0.00
c.391+5G>A 0.78 + 1.35 99.22 +1.35 0.00 + 0.00 0.00 £ 0.00 0.00 +0.00
¢.391+5delG 0.00 +0.00 100.00 + 0.00 0.00 + 0.00 0.00 £ 0.00 0.00 +0.00
c.391+7A>G 98.38 + 0.54 1.62 + 0.54 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00

96 nt deletion of exon 4

2 nt insert of intron 3 ™M@ Frameshift mutation

~ 110 7 WT == Exon 4 skipping
5
100 7 * = - = ==
£ i
E 90
Ed 80 1
=70 1
a 60
=
£ 50 A
=
= 40 A
B 30 1
=
=}
1 20_
=1
=3
2 10 A
=}
-
& o =
+ = U = = O v = = O = < o = o o
= A A A A A < N N A z N A N I A
= o O Q = < =t Q & &) = = = &) 5=t <
3 = = = al o = = = = = a & el v =
2 £ @» & o3 o:r x ¥ ¥ T ¥ % ¥ %
8§ 8§ 8§ 9 § < & & 3 & 3 2 2 2 32
S R R R R R T
Acceptor site Donor site

5 HRAPRETEEANEE AT (n=3)

Figure 5 Quantification of different splicing patterns in transcripts(n=3)

BY $2 07 11 58 X} pre-mRNA 1 L1 32 3 521, 38 46
N T AR RAR G S 57 W B R R = 7, R
HB KR 73 AL SR i 1 E SR .
2.6 FE WA R AGIRIN R KA R B AT
N F 4 i) B S i e s AN FIX R B RIS A RE
(52, A A SR T FIX WT A FhoAE Py 55 BY
PG SR (Hh 7 4 AR i R 2K 96 nt FNAR 2 - 4 Bk
BRO F AN R AR B A o K BT A S P 288 K B )
293T 41, 5557 48 h SR A0 L A A _E R 73
A TALI FIX A AN 73 . Western blot 25 H i

7, 4N WT FIX7E 55 kDa 52 BURFAEPE U647, 42
/N REAEAE R AR S AL (B 6A) . HILTE
JORF LR 2, RAR Y FIXAAS U 3 B — SR ok, B
ST EHEMTHARFIX, X 58 A gD
BRI EE E 7 T RECMEYI G . S350, EARERER
F&, S A WT FIXAE 72 kDa 4b H B A 2 45717, B 25
KT A FIX, A YR T 0 W6 1 A2 v 1) 25 b 2
Mio 283 AL M Geit or br R BH, R Fih 58 A8
B FIX 2 [ : p.D93-G125delinsG Fl p.G94-D131del 55
WT FIXAHEE, J N SRR K P 8 35 B (P <
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0.01). FENMWKT E, p.D93-G125delinsG i 2 FEIK
(P < 0.000), 1 p.G94-D131del & B & 45 {b (
6B) . ALVl AR FIX (T fE, R A ek
B AR ISR A REA, 42 AR R SRR I
BEIMAETE . 45 R 7R, WM S AZ AL FIX R 44 S MEE I
WEYES R FEK T WT FIX (P <0.001, K 6C) . ixit
RIUAAESE T BT i RAS X FIX 3 [ Rk A L)
RE B3 Som, oV HE AR HB Rm MLk FR gt 7 B2
() LB o

3 1 iR

AR, B HB 27 /KT I de v, KE R R
ARG R I o X LEHOR R AW LR AT RE.
WAV R AL EE TR . g IX RN
P R B 2 —, BT R R
> B 4 i X 2 A, Al 4 i) X 59 28 [ o T 3 300
TP H R, BT RAR RN, 22 R A R
TR XS pre-mRNA BIHZ A RZM =), (E R BRI B

A B
Q 1.207 ¢ 1.20 1
=]
cIC - = 1007 cx 10
= = SE ok £ £ 080
IS ) 5+ 0.801 g
5 = ER ok g 20.60-
- <+ v .2 0.60+ sk v .2 0.40
= & 3 = £ 0401 3 £020
B 4 & < & v 2010
~100 kDa © 0.201 =g 0.05 1 sk ok
Anti-FIX -~ :Z% IEB: Secreted protein 011l L . . . 0 =1
B -72 kD= T 2 T 2 T @
A - =
Anti-FIX =55 kDa S g 3 g 3
| —43 kDa RN R > )
_55 kDa Cell lysate § - § ~ § -
Anti-B-actin s s - —43 kDa 2 s 2
=33 kDa

Cell lysate ~ Secreted protein

A, B: Relative expression and secretion of FIX antigen from two aberrant splicing expression vectors (p.D93-G125delinsG and p.G94-D131deD)in

293T cells. C: Relative coagulation activity of aberrant splicing expression vector antigens. "P < 0.01 and ""P < 0.001.
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Figure 6 In vitro analysis of FIX antigen expression and activity for aberrant splicing transcripts
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TRAF B B AE , A D9 BY 42 67 i S AN 38 5 51 1 R
A7 ] e 18 i 52 M BY 12 10 45 1 48 pre-mRNA [1) 1E
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¢.278-1G>A 55 )i i 14 o favE By 4467 s R A, 51k
B A0 - 4 K 96 nt FER K, ¢.278-3A>G JE i A1
BT BT AL R BN S 3 52 A G 2 nt R B E
BIVER A, AT GT-AG 5915 55 M 6 VL HE 1
TR H AR BT B 5. 9 R OR A% R A i R
(11 ¢.391+5G>A Fl ¢.391+5delG) i 35 Al I 22 M i 2
PR, FEANE T 4 BRER, T R O 57 BY B AL AT R AR
(41 ¢.391+1insT Al ¢.391delG) AHXF N & 1k 35 /& 1E
R X — RILBR R A e i) BT R A,
ERRSE A ey PR AT

H AT, BY 42 67 5503 B 1) 20 7 WL i R 58 4 )
B, SRR BY 42 17 41 1) 22 A PR IE T 22 B 15 (A SR
hnRNP 56 (1) 9 [F] 4 F >k S 30 BY 42 3 1R K 28 1
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