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Abstract

Background: X-linked Alport syndrome (XLAS) is a hereditary glomerular disease caused by patho-
genic variants in the COL4A5 gene. Splicing variants represent one of the key pathogenic mecha-
nisms underlying XLAS. Although synonymous variants do not directly alter the coding sequence,
they may disrupt splicing regulatory signals and interfere with normal pre-mRNA splicing, thereby
impairing gene expression. Nevertheless, determining the pathogenicity of such variants remains
challenging. Transcript analysis is required to characterize splicing patterns and evaluate clinical
significance, yet functional verification is not always feasible in routine practice. Methods: All syn-
onymous variants in the COL4A5 gene were retrieved from the ClinVar database. Bioinformatic tools,
including SpliceAl, BDGP, and HSF, were employed to predict the effects of these variants on canon-
ical splice sites and auxiliary splicing regulatory elements, followed by screening candidate splice-
altering variants. The impact of these variants on pre-mRNA splicing was further validated using
minigene assays. Finally, all identified splicing-related synonymous variants were reclassified ac-
cording to the American College of Medical Genetics and Genomics (ACMG) criteria and guidelines.
Results: Minigene assays confirmed that variants c.465G>A and c.3942G>A led to complete skipping
of their corresponding exons; variant c.4953C>T significantly increased the proportion of exon 25
skipping, while retaining a small amount of normal transcript; and variant c.1683A>T resulted in
partial deletion of exon 24. Based on the ACMG standards and guidelines, these four synonymous
variants were reclassified as pathogenic. Conclusion: This study combined bioinformatics analysis
tools with in vitro minigene assays to re-evaluate the pathogenicity of known synonymous variants,
providing a theoretical basis for variant interpretation and clinical diagnosis of XLAS.
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1. 5|

Alport ZEA1iE(Alport Syndrome, AS) & —Ff UL R . BEAT 1 B PR Thfe I8 E A 845 14 1 /N ek
BEICTRG e d B WAL B I, 000 B v A R ph e HL 22 L IR0 AR 55 B AR R IR [1]-[3] -
HEOFHLE T R LIV o3 ad. ab HE¥] COLAA3. COLAA4 Fil COLAAS 5K SUw AL 7 AT
o IXEE o FELLVRRE TR AR IR — SR A, X 4ERR B /INER IS 4584 5 I8 D RE 2R G B . PRI
BRMWIR = RIETE R, B a BELSHIGRIG . FEIRIENG 500 5 L, 28 51UR B D Rei 35 SO K B Ah I PR
FPI4] [5]. RAEBALRH, AS Al N: X EBT Alport £ A1 (X-linked Alport Syndrome, XLAS). 7 4
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ARErE Alport 45 &1iE (Autosomal Recessive Alport Syndrome, ARAS). et i i 1% Alport £ &1iF(Autosomal
Dominant Alport Syndrome, ADAS)FIXUE ] Alport A 1E[6]-[9]. A Hi COL4AS FE R 5848 5| L [ XLAS
FedH WA, 29 51%0 B B 85% [10] [11]. 537 XLAS B RATE A/ E, 2120 £ 30 RL
Ji& & 4K 1595 (End Stage Renal Disease, ESRD) [12]. H RTZA MARIAITIE, FHISH S TS S thfg
E R % B EERITHE I[13] . BUR MR R AR H R 2 WT AS R AEIESR[14] . UT R BE A kR A L
ARIGBEA RN 2 N, R 2 AR S e ar I EH R, (LR A e 1 S50 P4 5 AT SRAFAE B o

B MRNA BY4 B R TR T R I OGS, 32 3 2 AR F o5 B XA FE DR FRORS 2 4
W CIESE, BYHAR SR A Y BB R o SR S Tl I SR AR BT A, SIS e 2 TR
X\ BYHIG 5 BT A G o, TR IR BRI FE[15] [16] . [R] LA 5 AN L U i K 4
H, EREES TGS . BEIRETA mRNA fIEH BT R0 fE, AR R A IER RiE. BHTIX
AR AL H I B oM DL, FR A B 9 RNA DU P BRAA M B 42 526 DL Ay BY AR O VA5 728 e Bomi v,
EI ST AR IR PR Sz i rh I AR S RE R S [ 14] [16] . X, ASHFFe4s & 2B WM B T H SRR URIE R 20 M e
K, RGIRITCHRIE 1) COLAAS I [ 8] SCAR 065 A4 mRNA BYREE FEI2Mm, FRAkHh 55 [ B2 i f% 2% 5 5
[RI2H %% 2%2=(American College of Medical Genetics and Genomics, ACMG)F5 1 5 H5 B Wi LeAR 5 R B P 5
FrorK[17], BAEN Alport ZEA RIS JaIT7 . TG PPAl St & W ER I8 4% 4 15 E 4 «
2. MRFnTE
2.1 TRAVER

ASHIFFE T 54T () COLAAS 3 [KI(NM_033380.3) ] S 42 S 35 K IR ClinVar ¥ 122
(https://www.ncbi.nlm.nih.gov/clinvar/, 5 eI A]: 2024 4E 4 ). NPPAGIX S8R 55 BT I AE M, 3R
IR 2 R EY (S B2 T B BT 404 : ] SpliceAl (https://spliceailookup.broadinstitute.org/) Fiiil A%
S0} BY AR AL f L (DS) M SZ AL s (AS) IS s A FH A 5 B SR i B DR 2 1 Rl BY 43467 s Tt T AL (BDGP)
(https:/Awww.fruitfly.org/) ¥F i 22 S %t 85 42 A7 5058 B I 20 A8 s B N 28 BT 45 47 53 0 T A (HSF)
(https://hsf.genomnis.com/)iFE— 5 F1 i AR S 2% 75 B0 22 B BT 247 o5 B BT B s o [ AN T BT 5R T
(Exonic Splicing Enhancer, ESE)k B 4%/ 2k ¥ (Exonic Splicing Silencer, ESS)]. ffii&tnit: SpliceAl {4
AScore > 0.2, H.[FJIF 315G BDGP 5 HSF S RFIESE 138 R e g N Ak B 42 S db AT 3k — 2D b

TEB RS AR, SR & A1 hnRNPs 25 12 % O % 7, 38 0 ELRS BL, @it 45 4 a4k mRNA
RS, dorsb RTINS . SR BB 4 ASNE T LI ESE, PhBI BT U 55 1Y
e AL, TR HEBTHE . hnRNPs 2 1 U@ 353 40 5719 ESS BN &1 B ISS, (5 SR B A Tw 445
A AR RNA AL, RIEE I BT /E A o DR, A8 S vl s Al 55 SR 22 E1 5 RNA 454 808 58 hnRNPs
HHAYS RNA Mga, MIMsEm eyt s 27 iiRal, SO FBkik. Fit, A1 DeepCLIP
(https://DeepCLIP-web.compbio.sdu.dk/) 7 #7748 7%} 2 5 4h i1 4 SR HH & hnRNP 5 RNA 454
RE I AR [18]

2.2. RIFEH

HE[AIZH DNA RHIT Mk DNA Aifif 7] & (Promega A ], S5 s b5 22 didh 1i7) M Ak e N 41
M AR AR, BRSO . I8 PCR &84 60 & H ARSI &7 S M3 Py &5 XSk B
A TRREDR P B, ISR FH B 1k PN DDV A 55 e 700 L o o S iR R PR B Ak o (pSPLB), AT 3R A5 B A 77
EUREERM R . SR)E, DLZEFAERLR IR R i A R, ] PrimeSTAR RA2 15 & (Takara Bio,
HARE B B AT 2 RURAZ, SINHFRAES, ISR RAS R IR IR IE IR AR . JRRIEDR] pSPL3 A1 14l
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RBAABA B WK ST, P 38 53530 FH 91 P51 W 4e ST S2. K3 58 1l 1) BT A RR R R K] o e 1)
£ Sanger Wl J7564IE .

2.3. By

{8 Lipofectamine 2000 (Invitrogen, 3& 1= 7K #if EL480) 43 ks 2 L 7 AE 70 5 54 7 ol Rz g i) % U 22 HEK
293T 1 HeLa 40f. AT XA/ mRNA FEf#(NMD), 7EHEHC RNA 1T, K4if5 200 pg/mL "Er4 75
FHLEE 6 /N, By 48 /NS, f#F] RNeasy RNA 43 Bk 7 (Vazyme) S BUE RNA. HX 1 g & RNA, K
Fi Evo M-MLV Plus cDNA Synthesis 171 & 17 & #45% . PCR Fe4iiict 1.5%E g M Fvk 70 B8, X 4%
BT G 5 e AT (G Imaged X B AT E R, MR BB SR S (R R R AR oy
Lo = F Skl R B R AR SRS x 100%) . Fiih 2K H OriginPro 51 5e . BFAE AN 5 RAF AU M A ¥ 4t
THECECR FHAEEC AT Student’s t K3 4T . IR ZE SRR hnitEiR(n = 3). P <0.05 N EA SR X

3. &R

AR A, FTATRFIEARAE, RATREAIINT 4 ANF LA (c.465G>A. ¢.1683A>T. €.3942G>A,
C.4953C>T), Jiiide t 78 SR AiE B L AR 8 T B T 45 SR Ve W35 1o FRAT— LM T 4 ANEPAE B0 Bk
PRIER, J35H& COLAAS FEAI4ME T 8 (pSPL3 Ex8). #h i T 24 (pSPL3 Ex24). 41 T 44 (pSPL3 Ex44)
FIA R ¥ 52 (pSPL3 Ex52) . Fifi f5 18 58 s i AR H AR 5 NAHM. B fURAL, R AT A R IR IE R o ) R B )
(107 A 7R S R DR R S R R S8 AR R R R SE TR f) Sanger P4 LA S2. B2, ARAMBARIE R 5256 45 BAIE
S, A kAR S AN TRV RE B MU B 7 AR mRNA B IE & B RE, HAAHETE XA S mRNA BEff ;
RT-PCR By flG 5t % ik B S B A an 14 1 oo Sdh— B4R 08 S 0] 89 422 e U0 FH R 7 1R I =X 1
FoefERe Jatsgmn, FRATEAME T DeepCLIP #AFEAT /04T, 45 WA S3. thah, AT 7 ix Lk
B R E A TR RS 45 R0 T K 2.

Table 1. Characteristics and bioinformatic predictions of selected COL4AS5 variants in this study
= 1. AFRIAEAY COLAAS HETRAFEREMERETNER

ST BDGP
G AR e e Splice Al (B A R 5 — AR HSF
(K /bp) .y
PF41)
C.465G>A p.Lys155= Exon 8 (27 bp) -1 WT DS: 0.67 (DL) WT(?EODQ'E;) T A e 5
C.1683A>T Gly561= Exon 24 (192 b -97 V\gjglsz&zzégk) (‘\;\;Tlis‘);i) %EATE?EE?/}?&E
: p-Blys5L= (192 bp) * 06 SR DG 0.99 12 A% B (1B A 7
(0—0.99) HEARAL £
WT DS: DL 0.71
= _ - ; LR AT
€.3942G>A  p.GIn1314 Exon 44 (134) 1 WT DS: 0.66 (DL) (0.960.25) TR B AR R
WT AS: ns
(0.99—0.99)
_ B WT AS: 0.34 (AL) WT DSite: ns AR T B T
C4953C>T  p.Tyrlé51=  Exon52(173) 42 WrDS: 03 (DL) (0.92—092)  {f: AESES/ESSs=-6
RAKIH: AG 0.07
(0.64—0.71)
7E: COL4A5 FE[KZ %75 NC_000023.11, NM_000495.5. “=” FRIENFERGRAILMAKEDTIL, WFE TR, FRAHE:
“+7 FORFEANE T SERIIEEES, “—7 FoREEAMNE T 3URMIMEE . AL: ARG S HIEY; AG: ARG AR, DL: ARG A5,

DG: AR i3 as; WT: BFARY; DS: fRBYIEAT s AS SZARBYEAT 55 . ESEs: MR T BYEEM 38R T ESSs: AR T BYEAMH]F;
hn—> ESE /7 8> —A ESS 7 idoh 15 Mk, BER—AN ESE 2784 sli— A ESS #/7icy—1; AESES/ESSs #7x ESE il
ESS 234k 1) il
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PG =Fh A BT BT, 28 5F c.465G>A 1 ¢.3942G>A B 1 B A= AU AR BT 1% 467 5 (WT DS
ff) BDGP P340 % : 1.0 f£% 0.93. 0.96 [ % 0.25), M55 SR 15 ESE MI4s&r, MM AR 1 8T54k
X B A R BT R R SRS o RRAREE DR S8 1 — PR SR 5 ¢.465G>A Fil ¢.3942G>A 53 e A2 Bk ER
FHRIAMNEFo o, AR R c.465G>A SEABkER 8 S AME T (K 27 bp), FEUZIFIR 3 A fEE L, W]
AEIGEAE N AR . FHLLZ R, 85 ¢.3942G>A SEABEER 44 S MR T (K 134 bp). BT BEER A% HF R £
HAE=MREEL BOzAL 5ok S S i o e = A ki i e

HelLa

1000bpRs

750bp|ges
@ o ’ o 290bp

roloaalennlian, aloWoehlasylinn

N i 263D
Ho W JV\J‘J\/\“AM" P

SD6 Exon24 SA2

" 455bp
- [T PR I 1 100
P L T T
sD6 Exon2i SA2 30
R ; R 357bp _
Dot oafaashialins S
T 60
S
3
£
Qo
c 40
s
X
w
20
SD6 Exond4 SA2
e 307b ,
D 2V A P pSPL3 Ex52 .4953C>T
LW W A\ AT WA TR
2937
SD6 SA2
Lk : 263bp
LoV f“v’V\/\/\‘ Wi 100
=
80
g
5’ 60
E]
3
$
£ 40
2
T Y S Y SV Y PO oA By P u
P AJTL‘.“JLWJV\‘/\‘MJJ\/\“/\ I 436bp
20
[ YT YN T 263bp 0
Tl W VA AV VY pSPL3 Ex52 c.4953C>T
Hela

B C

A T A Y6 R R AR R PR AR FE R HEK 293 T A1 Hela 4 iR 58 3 A B IRl EE A VK 45 35 B AR N 3% A 5 B b2
TR B A Sanger I F45 H: C NEFAERISTIE pSPL3 Ex52 M A8 5 €.4953C>T ARIEH A2 T HERR R 48t 0
g SR AERCAT Student’s t A8 HAT . IR ZE KR ARARAER(N =3). "P<0.05; P <0.01; "P<0.001.

Figure 1. Minigene transcript analysis
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Table 2. Splicing outcomes and predicted protein effects of COL4A5 variants
7z 2. COL4AAS B E TRV HES R K TN & B 200

E3) MAF % PIEEER © UL BARW ACMG 4%
(HEK293/HeLa) - » 7~
N AMET 8 SEATBkER 2 JER IX e N
n
c.465G>A KA NP (100%/100%) p.Gly147_Lys155del O N B VUS—LP
. AT 24 1) 3Bk 98 bp _
I * s
c.1683A>T  KRAKIM  XLAS (100%/100%) p.Glus62Trp fs*5  #IEEHA VUS—P
. HMET 44 SEABRER .
N * s
€.3942G>A  RKI  XLAS (1009%/100%) p.Leu1271 BAEEA VUS—P
TEH e 542 (42.3%/11.7%)
= e 5 - -

(57.7%/88.3%)

H: XLAS, X &8 Alport ZE61E; MAF, B RSEAHEFESZE; NP, K44t LB, AragRPE; VUS, ®EUAH; LP,
ATRESON; P, BUR. CBIRRAER: 55 NRRER AR LS

A AR5t ¢.1683A>ST A7T 24 S4ME T 3 37 97 bp Abo %78 AR TN = e A 13 B 4k 2 e AR BT 4321
0 (HSF: AESES/ESSs=—12), fINEF A B A BT HEA7 S [SpliceAl 7¥43: 0.22 (DL)], FFAERALALE 4k
T GHT I BEAAR BT 247 55 [SpliceAl ¥4 : 0.94 (DG)]. DeepCLIP i7Ri%48 74> i Z P& SR & 45 ESE (1)
GEARE . BRI IR — R SE, 2R AR B A RIS, ARG 98 bp BRI SR, £
R I3 AR R, TINS5 A 5 A AR B

AR5 c.4953C>T b UM 2 B TG BT A 28 AR A BT 432 (57 ORI 52 A BT 067 R (10 R il 98 B2 [Splice Al V4324
0.34 (AL). 0.3 (DL)], LA ESES/ESSs Ltk (AESES/ESSs = —6). DeepCLIP {Z7rxiZ%A8 F7EFE (% SR
HHE ESE &4 88 1M AR I8 2535 0 hnRNPs 25 15 ESS 456 o MM IR IZE0 25 FIE S48 57 [F) i A
DUE IE 5 e AR 52 S A0 FRRR R FE A, HLANE FRRER LR B AR 70 B 25 (B geit 24 ).

A SEARBOR M I HER AL X AS i B E ., T BRI I BE I 1 4n A B . Bl b
A 15 B DL R R &5 o L PR 2% B0 (Genome AD #4f8 2, https://gnomad.broadinstitute.org/, 7 ] i
[f]: 2024 4 4 H), TANRIE ACMG trifE 58RI 1L 7 c.465G>A. c.1683A>T. €.3942G>A. c.4953C>T
HF I RABREL R
4. ¥1ig

X B Alport ZREAIE AL H COLAAS 5 PR B0 14748 7 51 kS ARt AL PR B /N BRI , /2 Allport ZR& 1k #
FEE R, 2 X ESBAR I, TP XLAS BE @ R E . s E Y, BRI S
FINEERAY - KA ICME[19] [20]. wTAR BT B2 CLPIE SE 5 0 AR S 3G Al 5, JEH A8 B T B w7
A BB 0 R AR A [21] 0 5 DR 48 A0 1 (1 R (R A 2 AR ML) AT RE A S B0 0 s A 5 1% 40 B
T, SRR AR LAOR B, AT AR AN ML A I T R . ARTE 2 S, TR R BA S B
JRF 5, AHA] RS BT R 45 o IR R A R OR B A, TR NS0 AR AR B AL R AR B e W AR 1)
A RHET . SR, KA R R TS I 5 e B T 5 B0 o A B P SR TN B — e AR
T T AR P9 5 S A T BAR AP D RESLER N CAR I o El T 5 A 4 2 (1 3 AR mT R AN e L@ 5 5 DA
AT, DRCEE i@ M AT . BbAh, ERSRSCT COLAAS #1 A I 1A 40 i 3R 55 S A OOl AR e AR
BT ARIE, (E 27 BT AR LS B2 % K 8 AT B 1 mRINA SRR 704 o AR AR AR JE DR BT e 52 56
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TR A TRE . AR e B e ) B AT VA [14] [22] [23]0 ASHH Fs i T e A A1 i 28 ik P 5
5, X COHRERFE R REAT RERAE, B E RS NSOR R R, IR T N B )
RERTREF=AE MR, A Aplort ZE & HE RIS T RIA TT $RAL 4 T84 22 UE R

H 2% & SR K IV BRI o % (al~a6), H COL4AAI~COLAAG R %t eI & 1T
AT IR : alala2. a3adab B ababab), M SRR PIRHEE M 25 450 . A, a3adab
IR B INER L R g T AR 0 6 R I P 2 A R o [24) - R IV UG R o BRI LS = AN R
B 7S AR JE S K3 L b R R R G5 AR (S Gly-X-Y BB FE I J % B X)) PA S R I i NC1 45/ 4K
= %% o FEIE I FR R il NCL 45 KAk (8] 1) — Bt ee 55 B e U e B AH BV FH , 5300 1) B Ge T2 RS e 1) = R AR [25]
LRI S (1) Ty R 5 e O B X kT FLAE B 1 B e R B R et T . 22 U R Y - R AAH SR PRI AL
WESE, HA A R T EUE N K 5 1 XLAS B3 b R EAME R B H R AR IRE, o (V)5
FEIR PR BIIG R R IVETE ab (IV)FERIE#H BN EM[12] . AL T IR IR 4538178 57 ¢.465G>A 511 8 5
HMRTTEABRER, I 27 bp I EHIRBR R, I OHE N SO, A R R R X ) A B, T Re AR B AR
15T A AR LA HE RN SCBRE IR NCL S5 M350, MTTTATY R 5 A TS XN A BRI o (IV) BRI IA e = 3R
LR, 225t ¢.4953C>T fE SIS 3] IR W e oA 5 40 B 1 R BRHE AR I SAF IR, dkdfs oy I 287
S A AR F AT D IR o5 (IV)EERIE . XFRA BB 8242, nlRE S AR e oh
SVEFIA K[16] [26] [27]. MHELZ R, AFR c.1683A>T il €.3942G>A it #h & T Bk IR/ 4> B2k S350 3
MBS HAZ B IR B R, G ROEEHER AL, MBI NIRATZ LSS, ENARENBREE . hRE
SO BURHLRIE T H 3 E0R 5 NC1 45 MM B &, 1& % o345 (IV) =R TR . 1Ak, EH1E
AT B3I T mRNA il TE S 1) mRNA FEE(NMD)IL, S AR M, e RA
UL I T R BN L o5 (1V)BE ) 58 4282 [20]

H AT GIRTT AS BIMRIG T, B 1 AER v B IR OR 697 4, BUW LR COL4AS U AKRIGST
WER TSR . BEE RNA SERYTERRE KR, UL TR(ASO) T IS 21 B ER HE g Ay 2 IE4F
SE A BB R AR AL TR IR YT T 1A . @ S HT A mRNA i OGS B s oA R e eSS A, 24K
BELWT S BU R A, 51 R BT AL D e 58 R KR B K R A, 3R TG A IR By 4k FA [ 28]
%SRS O 2 FhBAE N BTE 9T TR BUS S e R, g A FRWLE R AN BURE (DMD) HI 445 7. 4= (Eteplirsen)
J it B BE T DL ZE 46 5E (SMA) K% 78 845 499 (Nusinersen) 2 ASO  2447) CUFH 4k 357596 [ £ 5 24 o I B 7
J& (FDA)5 WK 24 i 2 B R (EMA) [ E[20] [29] [30]. 5 DMD 25181, 531 XLAS tH A7 7 BH fff (1) 32 [A] -
RAAARME, XK COL4AS K ASO 254 (1 JF K AR AR, I CAE /) BB A3 52 56 =5 By
Bk E[20]. oAk, B 4EM0SZE TR RNA LN A0S W E R B A 7 5 0 R i ik 25 ) 52 3|
T2 R 5 /N LI A5 A RNA S B R = AR PR 4 FH o R | 1 2% (risdiplam) (4 5 MR TT SMA
1/NG> T B EAB MR 3R FDA fit#E[31]. FIR M2 KA VR EH45 & SMN2 Bl 4k mRNA, {244 ki 4
LTI, ITTTKE SMN2 8 A 8. Bk, A 5T o R ) i) R e B 438 e 5 B ) 3070 B
R 52 28 T M B TR ) RNA TR Y7 SRS .

AT Tt T TR AR S5 DRI ) A 65 o A S ) T 5 B R I (5] SO e, AR T VAR AE 2 T R BR A - 1 5k
TR AR FE DR S50 P 45 SR TR SN SRS, vk e e BRI R AR AR BRER S s LR, IR IR DRI A A
N B FRINE T R MR N & T P8, SRIEFRHMEREEMFAELER; B=, IS EAETR
BRI RRAE, AR H S A0 B DR I RAAAE 22 R, T 5 BB HEAR X B G S A 5 L LA
Fetke B, BRAREER M IS RA — € SN G R 28 (HRE BRI E TR B0 IEH 20
e T e R A — e i 22, RAREE RIS SR 2 PR iR ) e o B e U R B A AT B, B 54
SRS A, AMUBEE TR S BUR AR e R T, (RIS 0 f5 B2 AR ) T 190 S s PR o At
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Figure S1. Schematic diagram of the minigene pSPL3 exon-trapping vector
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Figure S2. Representative Sanger sequencing results of wild-type and mutant minigene constructs
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Table S1. Primer sequences for amplifying target exons of COL4A5
= S1. 4718 COL4AS EFE BHrIMNEFHISIHFS

I TR S 51(5-3")
HMNEF 8 LS TGACGCTACAGCAGTCTACTCA
AT 8 NS GACTGTGACCTGATGCTTGAT
HMEF 24 BIESIN ACTTGATTCAGCCCTTTGTAC
HMET 24 RS GTGTTTATCTCAGCATCAGTCC
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HMET 44 BWEEIW
SN T 44 RIS
SR 52 BiEEIY
AN 52 TSI

TAGAAAGGGAATCAGCATAGG
GAAGGCTACTCAAATCCAAATA
TCTTACCTCTGGGCCTGTT

CTATCACAAACCAAACTCACCT

Table S2. Mutagenesis primers for COL4A5 variants
% 52. COLAAS ERTRMESFESY

ElEYEYN

5197 51(5-3")

C.465G>A L5
C.465G>A N5
C.1683A>T 514
C.1683A>T FiiF 514
€.3942G>A LiE5I¥)
€.3942G>A N5
¢.4953C>T L5140
€.4953C>T N5 4

GGATCCCAGGTATGAAAGTAAGCATCTCATTCTG
CAGAATGAGATGCTTACTTTCATACCTGGGATCC
GGGTGACAAAGGTGAGTTGGGTTCC
GGAACCCAACTCACCTTTGTCACCC
CACCAGGACTCCAAGTAGGAAATGGAAG
CTTCCATTTCCTACTTGGAGTCCTGGTG
CTATGCCAACTCCTATAGCTTTTGGCTGG

CCAGCCAAAAGCTATAGGAGTTGGCATAG

Table S3. DeepCLIP analysis of selected candidate splicing variants in COL4A5
F= S3. fifi& A9 COL4AAS EFERIETTHER) DeepCLIP 534

BT [ 1D W R Efff 55 55 FRIES AW
SRSF1 RNCMPT00106_RNCMPT CCCAGGTATGAAG 0.22 c.465G>A CCCAGGTATGAAA 0.24 0.02
SRSF1 RNCMPT00107_RNCMPT CCCAGGTATGAAG 0.74 c.465G>A CCCAGGTATGAAA 0.68 -0.06
SRSF1 RNCMPT00108_RNCMPT CCCAGGTATGAAG 0.45 c.465G>A CCCAGGTATGAAA 0.16 -0.29
SRSF1 RNCMPT00109_RNCMPT CCCAGGTATGAAG 0.63 c.465G>A CCCAGGTATGAAA 0.5 -0.13
SRSF1 RNCMPT00110_RNCMPT CCCAGGTATGAAG 0.26 c.465G>A CCCAGGTATGAAA 0.19 -0.07
SRSF1 RNCMPT00163_RNCMPT CCCAGGTATGAAG 0.51 c.465G>A CCCAGGTATGAAA 0.46 -0.05
SRSF2 RNCMPT00072_RNCMPT CCCAGGTATGAAG 0.72 c.465G>A CCCAGGTATGAAA 0.67 -0.05
SRSF7 RNCMPT00073_RNCMPT CCCAGGTATGAAG 0.13 c.465G>A CCCAGGTATGAAA 0.11 -0.02
SRSF9 RNCMPT00067_RNCMPT CCCAGGTATGAAG 0.25 c.465G>A CCCAGGTATGAAA 0.22 -0.03

HNRNPL RNCMPT00027_RNCMPT CCCAGGTATGAAG 0.13 c.465G>A CCCAGGTATGAAA 0.14 0.01

HNRNPA1 HNRNPA1_BRUUN CCCAGGTATGAAG 0.58 c.465G>A CCCAGGTATGAAA 0.4 -0.18

HNRNPA2B1 RNCMPT00024_RNCMPT CCCAGGTATGAAG 0.18 c.465G>A CCCAGGTATGAAA 0.13 -0.05
SRSF1 RNCMPT00106_RNCMPT  ACAAAGGAGAGTTG 0.99 c.1683A>T ACAAAGGTGAGTTG 0.12 -0.87
SRSF1 RNCMPT00107_RNCMPT  ACAAAGGAGAGTTG 0.99 c.1683A>T ACAAAGGTGAGTTG 0.66 -0.33
SRSF1 RNCMPT00108_RNCMPT  ACAAAGGAGAGTTG 0.98 c.1683A>T ACAAAGGTGAGTTG 0.34 -0.64
SRSF1 RNCMPT00109_RNCMPT  ACAAAGGAGAGTTG 0.97 c.1683A>T ACAAAGGTGAGTTG 0.71 -0.26
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SRSF1 RNCMPTO00110_RNCMPT  ACAAAGGAGAGTTG 0.96 C.1683A>T ACAAAGGTGAGTTG 0.58 -0.38
SRSF1 RNCMPTO00163_RNCMPT  ACAAAGGAGAGTTG 0.79 c.1683A>T ACAAAGGTGAGTTG 0.53 —0.26
SRSF2 RNCMPT00072_RNCMPT  ACAAAGGAGAGTTG 0.99 C.1683A>T ACAAAGGTGAGTTG 0.99 0
SRSF7 RNCMPTO00073_RNCMPT  ACAAAGGAGAGTTG 0.76 €.1683A>T ACAAAGGTGAGTTG 0.59 -0.17
SRSF9 RNCMPTO00067_RNCMPT  ACAAAGGAGAGTTG 0.93 c.1683A>T ACAAAGGTGAGTTG 0.57 —0.36
HNRNPL RNCMPT00027_RNCMPT  ACAAAGGAGAGTTG 0.82 €.1683A>T ACAAAGGTGAGTTG 0.64 -0.18
HNRNPA1 HNRNPA1_BRUUN ACAAAGGAGAGTTG 0.63 €.1683A>T ACAAAGGTGAGTTG 0.46 -0.17
HNRNPA2B1 RNCMPT00024_RNCMPT CCACCAGGACTCCAG  0.93 €.3942G>A  CCACCAGGACTCCAA 0.63 -0.3
SRSF1 RNCMPTO00106_RNCMPT CCACCAGGACTCCAG  0.99 €.3942G>A  CCACCAGGACTCCAA 0.99 0
SRSF1 RNCMPT00107_RNCMPT CCACCAGGACTCCAG  0.92 €.3942G>A  CCACCAGGACTCCAA 0.89 -0.03
SRSF1 RNCMPTO00108_RNCMPT CCACCAGGACTCCAG  0.98 €.3942G>A  CCACCAGGACTCCAA 0.97 —0.01
SRSF1 RNCMPT00109_RNCMPT CCACCAGGACTCCAG 0.78 €.3942G>A  CCACCAGGACTCCAA 0.72 -0.06
SRSF1 RNCMPTO00110_RNCMPT CCACCAGGACTCCAG  0.92 €.3942G>A  CCACCAGGACTCCAA 0.88 —0.04
SRSF1 RNCMPT00163_RNCMPT CCACCAGGACTCCAG 0.45 €.3942G>A  CCACCAGGACTCCAA 0.44 -0.01
SRSF2 RNCMPT00072_RNCMPT CCACCAGGACTCCAG  0.02 €.3942G>A  CCACCAGGACTCCAA 0.02 0
SRSF7 RNCMPTO00073_RNCMPT CCACCAGGACTCCAG 0.5 €.3942G>A  CCACCAGGACTCCAA 0.43 -0.07
SRSF9 RNCMPTO00067_RNCMPT CCACCAGGACTCCAG 0.87 €.3942G>A  CCACCAGGACTCCAA 0.86 -0.01
HNRNPL RNCMPT00027_RNCMPT CCACCAGGACTCCAG 0.5 €.3942G>A  CCACCAGGACTCCAA 0.62 0.12
HNRNPA1 HNRNPA1_BRUUN CCACCAGGACTCCAG 0.2 €.3943G>A  CCACCAGGACTCCAA 0.17 -0.03
HNRNPA2B1 RNCMPT00024_RNCMPT CCACCAGGACTCCAG  0.09 €.3944G>A  CCACCAGGACTCCAA 0.07 —0.02
SRSF1 RNCMPT00106_RNCMPT CTCCTACAGCTTTTGG 0.003  ¢.4953C>T CTCCTATAGCTTTTGG 0.002 —0.001
SRSF1 RNCMPT00107_RNCMPT CTCCTACAGCTTTTGG 0.006  ¢.4953C>T CTCCTATAGCTTTTGG 0.006 0
SRSF1 RNCMPT00108_RNCMPT CTCCTACAGCTTTTGG 0.005  ¢.4953C>T CTCCTATAGCTTTTGG 0.002 —0.003
SRSF1 RNCMPTO00109_RNCMPT CTCCTACAGCTTTTGG  0.02 €.4953C>T CTCCTATAGCTTTTGG 0.1 0.08
SRSF1 RNCMPTO00110_RNCMPT CTCCTACAGCTTTTGG 0.16 €.4953C>T  CTCCTATAGCTTTTGG 0.1 -0.06
SRSF1 RNCMPTO00163_RNCMPT CTCCTACAGCTTTTGG  0.32 €.4953C>T CTCCTATAGCTTTTGG 0.33 0.01
SRSF2 RNCMPT00072_RNCMPT CTCCTACAGCTTTTGG  0.05 €.4953C>T  CTCCTATAGCTTTTGG 0.1 0.05
SRSF7 RNCMPTO00073_RNCMPT CTCCTACAGCTTTTGG  0.63 €.4953C>T CTCCTATAGCTTTTGG 0.08 —0.55
SRSF9 RNCMPTO00067_RNCMPT CTCCTACAGCTTTTGG  0.15 €.4953C>T CTCCTATAGCTTTTGG 0.1 —-0.05
HNRNPL RNCMPT00027_RNCMPT CTCCTACAGCTTTTGG  0.59 €.4953C>T  CTCCTATAGCTTTTGG 0.21 -0.38
HNRNPAL HNRNPA1_BRUUN CTCCTACAGCTTTTGG  0.38 €.4953C>T CTCCTATAGCTTTTGG 0.59 0.21
HNRNPA2B1 RNCMPT00024_RNCMPT CTCCTACAGCTTTTGG 0.02 €.4953C>T  CTCCTATAGCTTTTGG 0.1 0.08
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