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Diagnosis and genetic testing analysis of limb-girdle muscular
dystrophy type 2U caused by a compound heterozygous mutation
in the ISPD gene
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Abstract: Limb-girdle muscular dystrophy (LGMD), a rare group of non-congenital inherited muscle diseases,
is characterized by a progressive reduction in muscle tone and force of the proximal limbs. The clinical manifestations and
genetic patterns of LGMD are heterogeneous. This study reported on a 10-year-old male patient with LGMD type 2U who
experienced muscle weakness in the lower limbs after exercise. Upon admission, the patient's creatine kinase levels were
significantly elevated, and hydration and alkalinization therapy were ineffective. Using high-throughput sequencing,
muscular dystrophy-related genes were tested in the patient, his parents, and his sister. The patient was found to have a
heterozygous deletion of exon 9 of the ISPD gene and a heterozygous missense mutation ¢.1231C>T (p.Leu411Phe). The
patient's father carried the heterozygous missense mutation ¢.1231C>T (p.Leu411Phe) of the ISPD gene, while his mother
and sister carried a heterozygous deletion of exon 9 of the ISPD gene. These mutations have not been reported in existing
databases or literature. Conservation and protein structure prediction analyses of the mutation sites indicated that they are
highly conserved and located in the C-terminal domain of the ISPD protein, which may affect protein function. Based on
the above results and relevant clinical data, the patient was definitively diagnosed with LGMD type 2U. This study enriched
the spectrum of ISPD gene mutations by summarizing the patient's clinical characteristics and analyzing new ISPD gene

variations. This can aid in the early diagnosis and genetic counseling of the disease.

Keywords: limb-girdle muscular dystrophy type 2U; ISPD gene; gene mutation
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1.2 E£HEBFANFE
TR M A, . R SNE I 4~6 mL T
EDTA Hi#EE ., A ® DNA $2HGLH & db st

RARAACFHR A R 5] B 25 B8 N 58 B A BE 1 4
JE L 1 40 R 2 B DNA 3 pg B9 5L 2H DNA 4558

75 i R (Diagenode , LA ) 4b B 155 DNA R B,

K KAPA HTP Library Preparation Kit Illumina®
Platforms i 77 £ (KAPA Biosystems, &[E)dE, {#
A Hybridization capture of DNA libraries using xGen
® Lockdown® Probes and Reagents i & (IDT, 3£ [#)
HEAT 22 32 4l 3K, B J5 >R JH Novaseq6000/PE150
(Mumina, 2&E)#ATIF, WP EE 100,

1.3 Sanger Ul F3&iE

X E B AR | RIR RS DNA B T PCR
P, XA AL €.1231C>T(p.Leud11Phe)
54T Sanger WMIFFEUE, FrE A S RFEFINT
Forward 5-GTCATACCGAAGACGGCGAG-3', Re-
verse 5-TGCATCGAGCGGAAATCCAT-3',

14 EMEESREZEFEREN R (real time
guantitative polymerase chain reaction,
RT-gPCR)

MR G Je k37 0 e 5 B L AR S X8k, R HG
P I EH XS HREN ST sk X
Chr7:16255690-16255822 . ISPD %t A 5| ¥ .
Forward 5 -GTGGGTAAGATATGAGAAGCCC-3',
Reverse 5 -TTTCCATTTTCTGACTGGGAGGT-3',, fii

FFEER K ABI 7500 SEAT 9 E = PCR R4, Xt
WEH M HAC B Rk Ik DNA ¥EA 34T RT-gPCR #6:3] ,
o P AR T A B i A R ik .
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gov/) {8 R W58 o BT U S i L B R T A, T
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RIE 4 %, R{d. (RESKEAE . ARTERE, KRN
A, EELLE, EEFLAERAER, X R, O
JilRE S A R B, DU LER T RS UG, X BB R
A1, WJT 5 9, IR L RXE, BUT B s
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2% 45 (American College of Medical Genetics,
ACMG) I EARME, ISPD LK AR T 9 4 A ik
AT RE SO PE (likely pathogenic, LP)fHER AR 5,

NCBI GRCh37 reference:

G TATG G GCCCAT iy C
Sanger sequence: i

G ATATG G CC € AT AT -

AN A AW

C NCBI GRCh37 reference:

GATATG G GCC CAT T C
Sanger sequence: J
GATATGA G GCC CATA T C

VN A AWV A

B 1 Sanger MFELER
Fig. 1 Sanger sequencing result
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PVS1): FEAFMNE Tk (2) 7 S5 uEdE (pathogenic-
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R i B (B B P 35 A% s PRI ) o 3 87 53 B
/R ISPD 2 [H ¢.1231C>T 78 57+ 5 80U L R HH B4
A5 5 (p.Leud11Phe), i'E 411 M- E R AR N AR
BN, MR ACMG HIERRED, 12738 S o & X
B (variants of uncertain significance, VUS)3&
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HEALSEHET ISPD HE[H ¢.1231C>T(p.Leud11Phe)
MG AR5, BBk SR IR #E T I1SPD A Ak
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6 R R s e (8 1, A~D).

2.3 RT-gPCR WiE 4R

SEUEH . FUEHZAL . SBIEEZ R SRIEEZ
Tk, sEHE PCR SLERZE M 2 Y1518 052,
1.02. 0.52. 0.58, HPSEiE#E . k& 2Bk, Seibs
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ISPD JE KM g+ 9 1E% (& 2).

NCBI GRCh37 reference:

G TA TG G GCcCcC T T. C
Sanger sequence: i

G TA TG G ccCcc T T. C

ANV A AN

D NCBI GRCh37 reference:
G T G

TAT G GCCCATAT c
Sanger sequence: i}
GATAT GA G GCCCATA T c
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A: FEiiE# (c.1231C>T B 5R); B: FEIEHEICEWENE); C: SBIEH R AA); D: JeilbH IkIk(EFER).
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Fig. 2 Verification results of RT-qPCR for loss of
heterozygosity in exon 9 of the ISPD gene of the
patient and his family members
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XoF 2 L DI RE 7 AR 5

=
o

3 iWie

JHc s B LA AN RAE by 57 DU R S5 DL 1 3 A% L
VIR, HARRAE SRy A7 A 30 s FB s UL IR TG 77 o
T2 I R ATt DL T (AR S R ) 380 B AT e 40
ANEE, ILTE T it R B AR 22 S D B s A% e I
M, JLEIG R R0 | PR i s A\ 2 B A
Xt B A2 PR R UL SRR RO, AR SRR
e 1 1SPD 3 PR AR S S 300 B RS A8
RURE R, S Ak g R, oK Hif PR R A2 K
i LGMD2u 281

ISPD JEH A F A Gk 7p21, Falith & A 2 5%
TRAEREMIER A B A T, IES o-DG 1 O-H %
WALV S B A XM, o-DG RALE A R &K

400 4z 430

A . )\bSHomompfem I HFLDFKLVPPSQ. .xﬁnino?nxrﬁxivﬁzn SYPQDDQKLQESLRQRGATI . ........ II
fa i (Macaca mulatta) 1. HFLDFKLVPPSQ. . KMENLMQIKEFSKKVKER SYPQDKG.FRNTLK. . ... ........ Iz
il & ‘allithrix jacchus) I HFLDFKLVPPSQ. . KMENLMQIREFAKEVEKR) SYPQLEQ.QQWSGQDLLQ. .. ...... vQ
¥FF (Bos taurus) T HFLDYESVPLGQ. .KMEKVMQIREFAKEAKKR) YFPQEEQKLRESLRQGTT. .. ...... II
I (Equus caballus) T HFLDYKLVPFGQ. . KMEHLMQIKEFAKEVEKR] YYPQYFHRMGP . LERTSPISGVTKTKPWR
S0 (Oryetolagus cuniculus) T YFLDFKSVPLGQ. . KMESLMWIREFAKEVEKR) CYPQDEQTLQESLKQGAA
é* (Ailure, melanoleuc) v ¥FLDYKSVPFDQ. . KMENLMQIRDYAKEVEKKR| YYPQDEQKELQASLRQGAT. .
El g&g\ Loxodonta africana) I FLDYNSVPFGE . . KMENLLQIREFAKEVEKR,| YYPQDELKLQESLRQGAA. .
(Rartus norvegicus) L, HCFDFTVVELAQ. . KMENLVWIRELAKEAKGR NHSQDEQKELQESLVQSARA, .
\g BL (Mus musculus) L| HCFDFTSVPLAQ. . KMESLVWIRGLAKEVKER| NYSQDEQKLQESLGQSAA. .. ...... II
JIEERE (Myotis lucy v HFLDYKSVHFDH. . KMENLMQIRELAKEVEK YYPQDEQKLQDSLRQGAT. .. ... ... II
=il (Gasterosteus aculeatus) B WSDSDELLGGRAAAAAAAAVITDLSSAAK HQSKDSERWERSVSKVAE, ........ IA
I io rerio) R LSKTKQSADSQ. .n:r:|. .|.EFMALASEVEK DHSKELEQWQRSLERLGQ . .. ...... IT
I (Xenopus tropicalis) T HLTTEDSS...... SGNKLSGVRKLAKEAH NIDQQTEMCNA.IGAVLS. .. ..
(Dromas ardeola) 1| HLDASENISFSI,..GMEELTRLKKFAREVEK
FERERE 5  (Cnemophilus loviae) L HLDISENNSFSI..GMEDLTTIKKFAR
(,mggmmmus L HLDISENISFSTI..GMEELTRIKNFAREVEK
i % (Poecile atricapillus) L. HLDSSENNSFSI..GMEDLTTIKKFARETEK
lyPwVw! . Vh. ... .. Voie e me.l..i...a. k
B 379 389Q 399 40
A (Homo sapiens) 1 FLDFKLVPPSQ . .KMENLMQIREFRAK
fd o[ #¢ (Macaca mulatta) T FLDFKLVPPSQ. . KMENLMQIKEFSK
VWl (Callithrix jacchus) T FLDFKLVPPSQ . . KMENLMOIREFAK
HIBEFFF (Bos taurus) 1 FLDYESVPLGQ . . KMEKVMQIREFAK
g D (Equus caballus) 1 FLDYKLVPFGQ..KMEHLMQIKEFAK
U4 (Orvetolagus cuniculus) T FLDFEKSVPLGQ . . KMESLMWIREFAK
ék Ailurg, melanoleuc) v FLDYKSVPFDQ. . KMENLMQIRDYAK
E(27T) g;Laxodmma,frimna I UNFLDYNSVPFGE. . KMENLLQIREFAKEV
i, (Rattus norvegicus) L. CFDFTVVPLAQ KMENLVWIRELAK
\g%ﬂ(Musmwm‘us L \HCFDFTSVPLAQ KHES'LVNIRGLAK
AR (Myotis lucifugus) v \JHFLDYKSVHFDH. . KMENLMQIRELAK
=44 (Gasterosteus aculeatus) B J/JCWSDSDELLGGRAAAAAARAAVITDLSS
P48 (Danio rerio) Rl WOLSKTKQSADSQ. .ETD|.|. . EFMALAS !
FHF T (Xenopus tropicalis) T \JHLTTEDSS...... SGNKLSGVREKLAKEA
Dromas ardeola) L| WHLDASENISFSI GMEELTRLKKFAR|
AR 5 % (Cnemophilus loriae) L HLDISENNSFSI..GMEDLTTIKKFARET
@H!(ﬁ&aeﬂtﬂyﬂnﬂm L \JHLDISENISFSI..GMEELTRIKNFAR
SRR A4 (Poecile atricapillus) L \4HLDSSENNSFSI..GMEDLTTIKKFARET)
LlyPwVw! Vho oo oo, V... me.l..1...a.a.

3

ISPD EAE R ARTEST

Fig. 3 Conservative analysis of ISPD protein mutation sites
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Fig. 4 Structure simulation and prediction analysis of ISPD protein
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S, WHEAE 12 Z PR RATERR ), i WLRR BE G
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Wit A7, (HBR T8 IH25 8 LGMD2V () Ji DL 4 i 5
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REJAIT 5% 1 BB e ot R AR IR IS
R IR IRy Al s BT s sh Uige . BB AP AT
P [ ol R AT R I | e = 8 E 2 A 3 ) S
35 57 RN SRR B T W AR BLL A AT g
BRI ETRIT T R OCHE , ARk, BEE DRI IR
A S FIRYT AT IR R o G T i T o
B0, Turan 225 BB AT A 0IA S Z R8T 4121
IE T 5 LGMD2B #H 3% 1) DYSF P Jo X 48
5+ ¢.5713C>T(p.R1905X) A5 LGMD2D AH5&H) a- il
B PRAE YR R €.229C>T(p.R77C), WAk, 4
HIBAE S F - ILRBE G = JE (LGMD2D) i) S K iR 7
Foafinyr, BEBENEIRES GWiDihe,
L 7E A S 52 56 v B — s s 2

ASCHIE T 149 10 # B ¥ LGMD2U 4, %8
BB HE R Iy, JHEAEUIRR CK K
SEFE, ERTATAATE , JORR S A RS e
A FHN PR T B E AL 1ISPD A
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BRI IR LA 25%HE 5K H FAH R 9590 o
P, R 7 FRR AR UR A A2 ik AL 5 i, e
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