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Abstract

Objective: Complement factor I (FI), encoded by the CFI gene, is an important serine protease regu-
lating the complement system, and its functional defects have been associated with a wide range of
diseases. However, the pathogenic mechanisms of many mutations have not been fully elucidated.
This experiment aims to verify the effect of CFI gene mutation on mRNA splicing through minigene
experiments, which will provide new ideas to explain the pathogenic mechanism and discover ther-
apeutic targets. Methods: In this study, the target mutation was first screened out from the human
gene database by bioinformatics software, and the gene fragment containing the mutation site was
introduced into the vector. Subsequently, the constructed plasmids containing wild-type and mu-
tant were transfected into human embryonic kidney cells (HEK293T) respectively, and the changes
in their mRNA products were analyzed by RT-PCR and sequencing. Results: Compared with wild-
type exon 5, the ¢.772G>A mutation resulted in a complete exon skipping, producing an aberrant
splicing product. This aberrant splicing may lead to defects in the functional domains of the result-
ing FI proteins, thus affecting their protease activity or binding to other complement factors. Con-
clusion: In this study, we successfully constructed a minigene experimental system for the CFI gene
and confirmed that the c.772G>A mutation could lead to abnormal mRNA splicing. This provides an
essential experimental basis for the in-depth understanding of the pathogenic mechanism of CFI
gene mutation and also provides a new target for the genetic diagnosis and treatment of aHUS dis-
ease.
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1. 5|8
1.1. fARE=

RNA BYHZ R HAZ AR N FRA AR 1 — A QD IR, B 2R R R I HTR mRNA (pre-mRNA)H
WS TIIVIBRAMAN G 7 FERE,  He A A S RNA (MRNA). X — IR 1 5 R 2RI RAS B 1
EAEKEE, PFOYEAMT OBk HAE BT IS K g b5 2 R I 2 AL, ISR A A R
HORIEEEAER] TR, BEE D TAEMEBORKEEE, RNA TR 7T L] S AR B HTZ
(&) -
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RNA BYFZIRE I 1 R0 2 ARV 2 B 2 Fh DK 3R 1A%, XSGR 32 QG 3447 sUK P B RE e 1t BT A
M5 ThEE, LR Z P A oo AR s R R B W AR F o RNA B4 3 B2 e B B AL 5E B, BY
PR — N ERH 0 THLES, B2 M IMEREZ & A B0k (snRNPs) A4 B R A 41 & i8R pre-mRNA
(BT REAT f (S BT EAL S GT FEAI. 3BT S 1) AG BRI 32 5), HEALPIANFERS S, B A& T
B K A E R OR[1]. AMNE T BT B 5R T (ESE) R/ & T BY R 0T ER 7 (ESS) & i =04 i e pF it 5
BURRARAHOCE A A BLAE A B O R A 438 o [ AR R, (3G B 422 (A1 (W1 SF1. U1 snRNP
Z5)F1 RNA 4546 8 A (W0 SR B A KA hnRNP 25 (A 5K0%), @il 5IEH o4&, W7 87807 51
PR AN BT RN AR

B A DGk DR 9 A T DA Jok 5 M) B 27 hURH/ BB R4 o T S 8RBz, e AR R B )
RESEH AR T, AT 51 R ATk, BEAEJE I FHER IR T, BRI 2 (1 B AR O TR AR
e ok, PR SRR ST SRt 1R A HE A,

aHUS, SRRl A4 M JRFF LA E, I PRARAE G FE i 5 P 8 ik 32 0, af /AR 9D DA R Stk
W5[2]. AR B ERIUNTE ML M/ MR/ LDH JHE - AL R T B ohhe s (iR« A K.
VB FH =0 55), e 3 S FL A s B I T DL IR RORER, R K B T I BB . S0 WX, B
P RGN L ROIR AT . B R, RO I RGN IO IR M. H B — 50 2 75 HEkR
TTP JHAh4k & KIZR[2].

aHUS (R RHLH S HMA R A R FBIEE I, 248 S0%M B & A EAMAMSCIEH R4, Hitd
W15 aHUS B K4 A < FEHE 645 CFH. CFI. CD46. CFB. C3. THBD. DGKE. CFHR 3£, H i CFI
FERRAL) T aHUS B 1) 5%~10%. CFL 5] aHUS BRIRAEZRNE 552 1[3].

CFI SR 7 T etk 4925 &, &K 61kb, H 13 NMMEFUER, i —Fh&a 583 MNMEIERIILE
FREE FAMG[3] [4]o FI EZHHAHMG Ao, fE2Faurh ik, SR, B, WM.
PR AR RN AT AP, S 5 AMAZIBE I N[5 [6]. ‘& BIRT R I3 DIE 77 &8 38 kDa Al 50 kDa [$%
BEMERE, H AR ST - REE A T, RN S RIS 7). KA RASLE
AU, IXPIAASEET M4 S R R R (. e@ V) B FMA C3b 1 C4b, fHHLRIE,
HBEIMRZM C3 F1 CS FALBRMITE AR, AT AMAZ M. BEEE R BRI R (4]0 FIAILARRR S, & 56
FALRAERIG IR S 40 T AMAS,  ORA B S 20 R 40 i A1 G, 52 MASIO IR RE R3]

aHUS BERE G R 2 2RISR, MERN ]G A . TR RIA 65%M) B B E ik, JIf
BRSO IE R, BEIZIE 1 ENAETI[2]. HRTIAYT 7 %8 S5 B MK B RV K R B, (R AT
RIPEZ MR B iy T B, JLk R AL ESRD FIBET: [ A A k> . 7E3%7T CFI SR g, I
B BIATT IR AR 25% [8][9]. aHUS HBH MBS REZE, 40%% 70%1 B#H B2 B R
Ja KA aHUS ZR[3]. BRI R T A MA SR R RAR 3T BUVR 7 7 2 AR A 5 1. AT 72 H 1
Sl ARG B TR CFT RN 2AF, @it BRAREE DR 56 11F o2 75 5 M pre-mRNA B EEEFE, Ak
SR FE R TT SR AT It T R

1.2. SERF5IK

1.2.1. EFERTHIFESTR

TENHE R AR H A B (HGMD) AT Clinvar 204 2 (T 2024 4 6 A Ui i) R R BT aHUS A1 48 57
W, 207 AN CRAREUE URAR, 12 ANBYEEALARAE, 10 AR, 6 N/MEN, 6 AMEEGK. R
ATVE R B AT X978 |5 T 225 1 86% (207/241). {EARK S, FATT% HGMD Al Clinvar %¢
I 2 R s AR S AT T AEME BT, IR T R 7 AR R AT R AR R RS I AN A ) T R TR
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FRAE DL BRI B vT RE A A8

1. RAFAMNE T Sumek 3uhbhir. W& T EAEFESE — MRS — W& )N T A48 4
A M) 20 bp JEHEIN, BRI GT/AG 4SBT A1

2. RARVTRE R EOUU AN HT B BT m BOROE — AN B By N

3. 2 LET A S A TR & A AR L. (BDGP ¥4 FF% > 0.2 8¢ Mobidetail ¥4 > 0.2)

Xof i DR R AR (1) i 44 T TGEAE 1O\ 83k K 2 AR S % 2% (http://varnomen.hgvs.org) [ bR . ##E CFI
(NC_000004.12)[1] cDNA 75347 DNA RG0S5 . N T PPk EE OB ARXS BYEAL S B2, AR A
T HIELAYE B THAN TRINELE, DO EA TR AT mRNA 3P 52mT . TR SE R 1.

- Human Splicing Finder (HSF): FH T-#fi 7€ By 4% 7 SIIAEAE, T VPAl BT 2045 527 (ESAS/ESSs) A8
ST LERZ A o

- BDGP 1 Mobidetails: FH T TR 578 %5 28 S BT B2 007 25 (1 520 LK T BY B0 20 P AR BOios . e dle
AT 5B 3 T Y SR AT

- SnapGene: X} T2 523630 1IE o] U AR 7 BY B2 0047 £, BATTRI B Z 3055t Bl 15 HE AR A R 5 1 2
JOR SR B AT T 43 AT o

- VulExMap: T4/ CFI B 4R T B, VRG2S 5 K AR BT AR 1 B ARSI T

- DEEPCLIP: FI-T¥ilJll RNA 587440251 RNA 4544 ((2 hnRNPAT F1 SRSF1) )45 & 550 .

1.2.2. H¥REEANHESESIFE

AW PCR ¥ 34 HAR, FIHRE RIS SY, § i aE HAR/ME 71 DNA B, HW
M43 A4 29 50-200 MRFEE AR TR NS TR H o XL 58t 51 N T Xhol F1 Nhel B il 4 B U147
Ri(Xhol: CCGCCTCGAG; Nhel: CTAGACTAGC), VLMEH DNA J Bt rifE 2 8iHe 8k 4k pSPL3, WLIE 1. 5l
Y 5iEd Primer BLAST F2/F1it, HARF I 1.

BiJ5, {1 L T4 DNA M4 (Takara, Japan), 7E 16°CAAF TR AL DNA Jy Bk, JFH
% DHSo BZA KT EMIE. K 200 pL 05 M E SRR 5RA T S AR TS5 H XM Luria-
Bertani [E FRB AR I, T 37°CH5F% 14 /0] o S8 I 1F )R 7] 51 90568 BH P 5 B 26470 /77, 377 FH SnapGene
AR AT A L 0 M. 52, K H Pure Plasmid Mini Kit (Cwbio, China)$ 5 8 55 [ B V& T 1Bk .

1.2.3. HEK 293T pghsEf

B J5 B AR 293T (HEK 293T)4HMU7E &4 DMEM 15 9:3E . 10%A54- IfLi&(FBS). 100 U/L 5% £ A
100 mg/L BEFF R it 195, BT 37°C. 5% CO 554 BHEBa i fe & 12 FLIB IR, 2440
ML AE R R P EKE 70%~80%/5, # ] Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)$% &
VLR PRI T e, 43 95 Y23 H AR (pSPL3-control, EV). ¥ 2E 7 (pSPL3-WT) 15845 7 (pSPL3-Mutation) ik
PRIER . By 48 /NG, {# ] TRIzol k77 (Invitrogen, USA)HZHLE RNA, FFF|H PrimeScript 1% Strand
cDNA Synthesis Kit (Takara, Japan)it{7ii%45% PCR(RT-PCR)LAE K ¢cDNA. 514 SD6 (IEH 54 5'-
TCTGAGTCACCTGGACAACC-3")f1 SA2(Jx 71514 5'-ATCTCAGTGGTATTTGTGAGC-3")%f cDNA 4|
BT Y. B, Wi IRREAER BUK S PCR M7, FHEH Imaged 3AEXS & 24 AT € =40
fro FHETEA S FELAXCREE/(FHERE + BHEE)) x 100%iH 55 H .

FIH] SnapGene #1444 5256 rH3RAFHIFE K FF 415 GenBank 335 H A 2% 7 53T ELX 0 b . 45
HEK 293T #1 Hela 4l 1 [ 8y 45 205 M7 AR YRR BE RIAAAE 22 5, A 9288 v B i A5 =46 1 5l

W 5 AN T 1) B AR BRI AR Ay B i Pspl3 #A [ Xhol 1 Nhel 7 fUERERIEifA b, TERET A
HUFN AR Y Pspl3 i A

DOI: 10.12677/acm.2025.1551472 1112 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1551472
http://varnomen.hgvs.org/

T
&

SD6 HArINEF SA2

Xhol Nhel

( sps | sa2 |

Figure 1. Mechanism of mini-gene construction plasmid

1. ERIREFE D BRI BLE

2. R
2.1. ERREFESCIRER

BAVELHEA X Clinvar 20 FE g CFT BRI 9848 3H4T 704, AT & AT 0t BT 42 ) ] Re i
Wi, HARKIENE 1. HEEENL, BAIEELR K 7 DG, B AN c.772G-A) G805 . —4
FEAR (c.804G>A) [ TN &5 AR B J& , 'EHIE S A [R] LA, BDGP A1 HSF #5012 9848 i) fg 520 B 42,
SR Clinvar s 26 H 0208 RYE .

Table 1. Screened CFI gene mutations and their predicted results
2 1. fHikHAY CFI EERT R EHFUNEER

Mobi

RAZ (VA= AW BDGP IS oo HSF Clinvar
CA8246CST WET 4 ) 0.36 — 0.40DG No s1gn1ﬁcant'1mpact on splicing Benign
0.83 signals
. New Acceptor splice site: Activa- . .
CASH6C>A AET 4 - 0905 025DL tion ofa cryptic Acceptor site. Po-  DCTENLIKEY
) tential alteration of splicing (HSF) &
e 036 — No significant impact on splicing .
c482+8C>T WET 4 - 0.16 0.36DG signals Benign
Broken WT Donor Site; most proba- Patho-
cI2G>A  HMET 5  (p.Ala258Thr) 0.72 — 0 0.81DL ; » MOstp genic/Likely
bly affecting splicing .
pathogenic
CIT3ICST  HWET6 ) 043 — 027AL No s1gn1ﬁcant.1mpact on splicing Unc.ertaln sig-
0.49 signals nificance

089 — New Acceptor splice site: Activa-
c.804G>A  HMET 6 (p.Ser268=) ’ 0.19 0.17AL  tion of a cryptic Acceptor site. Po- Benign
’ tential alteration of splicing

1 — 0.88 No significant impact on splicing ~ Benign/Likely

A~
c.1534+5G>T W& T 13 (0.9 %) 0.28DG signals benign

PRI R S0 5 B R BT AR 3 S 4RE T PCR SR A —4 154 bp %61, G14% SD6 1 SA2 13
SHEFEMFN. AT 4 5SHET LR c.482+6C>T KA 5'8IHEAL A1) BDGP ¥E/ M 0.36 ETF
% 0.83,. HSF MIFM% FRAZ R 8422 H o2 o 30 4 5 TR -G S S (R T-PCR) R 7N 1% 58 A% R IR AR Jik R A7 AE
—N 154 bp IZ5HF . T4 R K, HAFESIY) SD6. SA2 i1 3 S4ME T HIFH, 5EFARILE R,
1X 5 HSF il i) 8y 4245 5 TR MAHRT . WLIE 2A
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Figure 2. Gel electrophoresis results of CFI gene mutations
[ 2. CF1 EERITE A IKLEGR

c.482+6C>A [FIFERALT 4 5N E T EIRAS, BAEA SBIFEAL A% BDGP W50 M 0.36 FFE2 0.15.
HSF T % RAL W] LS B08T (1 52 A4 BY AL sl HFB0E , v e s BYHe I #2 . M 5 SR B sz R AR 7Y 5 Y
RPN 25, #e 8 SD6 Al SA2 13 SAMNE FIAMF, KN 154 bp. W 2A.

c.A82+8C>T WRAIT 4 SNE T LHI5AE, BDGP Tl 587447 55 I3 M 0.36 FFEZ 0.16. SR
HSF FHl % RASKS BUFE I TR0 . PCR 45 5078 1 R AR BRI B A= B 265 4 B R BUM [R], e 45 5L
TNZ IR R B A BRI P45 R —3, ISR WA 2A.

5 5 HMEF PCR 45 5L WA AN R LUK 67, R BHAEE ) mRNA Fl—ANEDES 5 5 40
TS mRNA, S8 B E 20 % N 28.9% (96,328/333,564), WK 2B. ¢.772G>A fi T 5 S4BT I,
ZFRARELG S BDGP P40 M 0.72 FFEZE 0. HSF FUMZ 5848 2 i UR B A 7 () Y 2 (AR A7 45,
TR R ML BY e FE . PCR &5 RAFSE T iX — . BT PCR P28 K 114 bp %64, 4 SD6.
SA2 Al 5 SAMNE PR IR PCR PN B R AE BT R 724, 5 SN T . WK
2B.

AT 6 SHET L ¢.773-3C>T %4 BDGP Tl o] G 2> 5 3'8y4%47 ivF4r HH 0.43 EFHZ 0.49. [
i 6 ‘FAMe+ FEEES 3BYHEAT AT 67 bp HIAL B HPE5r 4 0.82. HSF WITill % 538 0t 8y 4521 #2 o5, PCR
SEOUIESE 7 HSF BRI Es 5. AR ST AR B = R, 39405 SD6. SA2 Al 6 SAME T 741, XiER
XA IR B B R, R BAMEEE R, LI 2C,

c.804G>A 2N T 6 FAHMNE T LIFE IR, BiFAEYE B 5 T R INIL BA #utt, BDGP il
ZRAGAT S BIHEAL STE A 0.89 RFEZE 0.19, HSF TH%Z 48 £ SBUBLE 2 AT 5 0%, AT BEXT
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YRR A AR R . AR Clinvar K41Z 407 5 70 2 R M998 . PCR 45 5L 7R L 58 7Y =) ) B A B = 4y
TE -, ¥NEE SD6. SA2 Al 6 SHMNE TRIFRE TS, WIE 2C,

c.1534+5G>T ML T 13 S &7 LZR4E, HSF P % 5 5 72 0 B 2% 520 . BDGP il s
BSRLRPEI AN 1 N B 0.88, RIS T — A BTEAL AL AL T, 1ES R 0.9, MIFPSE R ERIZRA
FEAE R R B AR A S, BN SD6. SA2 Al 13 S 4ME TR N 368bp IS . WLIE 2D,

2.2. ValexMap 3T R

VulexMap &k & N FE I A BT VTP T Bt FAEYME B T TR, S i 5 & 5L R 4 A
PG BERAL PP MRS ALERE, AN B o AR A BT N =R g SRS T
FAPEANE T BAUSNE T SR, CFIZENR 3 5. 55, 6 5. 12 SR THINES /N T,
XL IR AP R R 0 BT mRNA B 420 B R v] e 4 . WL 3.

exonl2 exon6 exonS exon3

Inclusion (PSI) l i l l . “
100%
0% ; SE: 0 0 e

M Alternative

CFI (- - - - .
( ). [ Resilient

Figure 3. Exon map predicted by VulexMap
& 3. VulexMap FUMSNE T Bl

2.3. DEEPCLIP E&FiNl45 R

DEEPCLIP J&—Ffi#tht RNA 454 1 (RNA-binding proteins, RBPs)5 RNA 43 [ (A HAE HI Az
MR AEDE B TR . R BATIERE T H AT A ABTHAEC M RNA 45468 A (SRSF1 Al
hnRNP) B RIS, T 1 032 HE 1) 7 AN AR 7E BY Bt A S X Al R (I 45 & (R mT R, DLk 2,

Table 2. Prediction results from DEEPCLIP
%% 2. DEEPCLIP FulI4E 58

AR SRSF1 hnRNP
C.482+6C>T 0.516 0.391
C.482+6C>A 0.516 0.391
C.482+8C>T 0.516 0.391

¢.772G>A 0.194 0.559
¢.773-3C>T 0.128 0.081
c.804G>A 0.172 0.064
¢.1534+5G>T 0.699 0.215

A FE—45UKIE N marker; 55 454 HEK293T 4 =5 8 mikhi 45 5, 55 = 2% 4 HEK293T 40l CFI 2 [H
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1) 3 SAMNETs ZBPU T /N265 38 HEK293T 4 ¢.482+6C>A ¢.482+6C>T. c.482+8C>T 45 H .
B 25— 2%IKI1E 4 marker; 25258 HEK293T 2 8IRI45 s 38 — 2% HEK293T 4/l CFI KK (1) 5
SHMNE T U HEK293T 4iffiH ¢.772G>A 45 R, C 3 —2%UKIE N marker; 2 %% HEK293T
YT 7S BRI A s 28 = 4508 HEK293T 41iiid CF1 K 6 S 475 250U, F454> 8 HEK293T 41
H1¢.773-3C>T. ¢.804G>A 45 H . D 55— IKIE N marker; 25 25N HEK293T 4 =S # ki 4h R 28
— 2% HEK293T 4Hfid CFI JEHf 12 ‘SAME+; FPUAN HEK293T 4 ¢.1534+5G>T HI45 R .

3. g
3.1. EFEME BT

BT mRNA e85 B4 70 5k R 3R A R ) B 11 5 1) 2 AR PPl 5 O BE D, T AR B B KRR B
MIEREMEBTHE[10] [11]. &/ 70%MIFERIE S A B 7 IE B BT B A 2 A0 mRNA, XKML & T #4
SRR B E12][13], BRbiE M eTs:, TR A b e PRk, WS PRSI R E . Hara
KPAH =02 —PHEREB RSN TR & %65 F(PTC), W@ L XA S AZ(NMD)f mRNA
BEff o IXFPERR T BE 2 B R AE[10]. SRR 2 B N B — P AR, IX U BHAE 24— 3B e 8 1
B R R AR T KT B, T R R B S B RS 14]

H AT AR I & AR I B B e AN E T K E 28 3n, X SEETEI R B s & AR TAS S
AR AL [15]. IS A 5T B ERIE S5 55 1) 5'FN 3 BY R A R B A R [15]0 ASLIG R A= e e Y
Bl 5 SAMNET, KEEN 114 bp, A 3 HIREEL HEMRA S5 R EBINRA, X5 R BHAT
B Ho 3BIEAL R BDGP vF4r N 0.94, VFEGE, T SBIEALRITE A 0.74, TR, IXEEEF AT
FB CFI £ A 5 54ME T O R A BT

VulexMap Fitlll CFI £:[X 3. 5. 6. 12 SHMRFIAMIIINE T, H B R AR RASE ) w8 41 78
A, T 7 SR RTINS, S KA BRI . TR AR T RIS T BV 2 R R
YesE , 40 ESE &b . GC & &=ARLA KA EF M & T, /M 755 5 KA 8T8 R AR 16].
H AT AR N PR 3365 bp, TN T GC & & 13920 41% [17]. FATKIL CFI EEH 1 7
SHNETH GC FEN 48%. H EHFN S T 2486 bp, RIS T 5259 bp. IX—4MNETHI GC & &
s, TN & TR, YNGR A B RAR s R 26 o ATRE 2, FRATHISEIR HE R 7 5
HMEF SRR RAR, B SR IR — S R R B T R AR RAT .

3.2. SPERFRE

Ay B I 58RI HE A RS T IR SR AR AR 15T Bh BEE BRI, SR TR I e L, A
T I RA W] M BT HGS RE . ASLIG BT TN AME T RAR, e ¢ 772G>A AT L 4 Y S R R
M7t GCA 22/ ACA, X W 2 5 IR R AL 9 b 74 2 IR AR P MR o 171 AT TP AR i R S B 8l R 1% R
AFE S AR T AR, X PE 114 bp FIBRIEERE, AIERAEIRAE, (HX R AR B35
Wi, JXATRERE HTZRABALT 5 SN T RGNk, A0 B R AR KT RERZ I M R BT (0 45
T BT EGS R A . AEWME B2 TN 45 RAESE 73X — g, HSF Wiz R A2 S EE AR
PARLL R (Donor Site) IR . BDGP Hilili% A7 s 2L S'BYRAL fiVF /0 B35 TR, M 0.72 FEEZ 0, X
I IR I TR 1 1% R W] RE A B H A0 MR BT R Ay s U AR, AT S BOOM B 1 BTk R

¢.804G>A RALZAEAFH S Tt AGC 22/ AGU, IZX P i 1-5% W 4 1) F) S SRR P N 42 R, IXAE
W% RAKE [F) URAL o (R SCRAR AR AN IE SR SR IR 1A AL, (B HL T Rt 5 min s i1 doe DIE A i e o 3
JEAI AR B ) mRNA IR EPE[12] [18]o [FIRTRTFTUERT, 351l [ PSR Ja ) 36 2 (R A S
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[19] [FIR AR T BI85 T RYTER AL TAMNE T b, 5 ST 9 BT B3 67 05 AR A, 24 30k 2B [H) S
FRARNT, WG SR BT AR AI[20] [21]. FRULF R BABUR R AR T A, HEX mRNA 1z
PE R BT A ORI P E RS T e s BT B . RIS ¢.804G>A BN T 6 FAHMNE T HEEE 357
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