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Exome sequencing discovered a novel splice donor mutation in dystrophin gene
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[ Abstract] Objective To detect subtle mutations in the dystrophin gene by exome capturing using second-generation
sequencing technique. Methods Exome capturing using second-generation sequencing technique was used to detect mutations of
dystrophin gene in a patient with typical clinical manifestations of Duchenne muscular dystrophy (DMD) , but without deletions
or duplications in the dystrophin gene. The mutations were verified by Sanger sequencing, and bioinformatics was employed to
predict its influence on the coding. The patient’s mother and 100 healthy volunteers were taken as controls. Results A base
change in the first base of intron 50 (G>C) was found in dystrophin gene of the patient, and his mother was heterozygosis at
the same site. Bioinformatics predicted that the 5" donor splicing site of intron 50 would disappear due to this base change,
which would alter the amino acid sequence at the C terminal of corresponding peptide and result in the appearance of premature
termination codon. Sanger sequencing confirmed that the base change was a novel pathogenic mutation in the dystrophin gene,
and it was absent in normal controls. Conclusion It is demonstrated that exome sequencing technique can effectively detect the
subtle mutations in the dystrophin gene, which may contribute to better molecular diagnosis of DMD.

[Key words] Duchenne muscular dystrophy; dystrophin gene; exome sequencing; bioinformatics

[Acad J Sec Mil Med Univ,2013,34(5) :493-497]

LS F2 A K 4E (Duchenne muscular dystro- BUAL AT BEAS , AT PR B L TG o A A0 AR K, 1t 37 AL
phy. DMD; MIM 300377) /&2 i % Wiy X Qi RE  MRMEEKFENE S TIEFMHE. ZE 20 % A4
FOOCHE 2 WA B, R R ALE B2 Pl 12, Dystrophin He 8 7 76 N G4 6 4K Xp2l. 2
FEHE A IEE (dystrophin) WRZ SERE =Y & . K 2.4 Mb, EV & FH 79 B F
AR RER AR, DMD 8 R B EH (NG_012232. 1 G1:256355061) , 5 H Hil & 1 5 K Y
BRI RN 1/3 500, BE —MAE 3 Z i AZEER ., Dystrophin B M (Gene 1D: 1756) &%

[KFBH] 2013-03-10 [(#EZHH] 2013-05-04

[EEEN] FEmWMH. W4, E-mail: 108108qiu@163. com; A1, £ Ifi. E-mail: 116235639@qq. com
ASLEEE —{E# (Co-first authors).

* B {F1E# (Corresponding author). Tel: 0591-22859617, E-mail: 116235639(@ qq. com



e 494 -

B OFEEKRF¥M 2013455 AL 4 B

A 8 AT Y H LR TR B R 2 A 2 R IERS
Bk, 29 75% 8 DMD BEFHE— DB Z A4 5T
R Brife e o i 52 L A% BB O AR AR SN AR
/N AR A /B R g AR A L FRATTRI A
LR ANE 2 AR P B AR 7E 1 B 2 A A DMD Iifs
PRI AH A A 21 4h 8 2k sk &2 1 BOE R &
AR TR A ST,

1 X&H*

1.1 % BENIEFR L. 7T OIS TT
B0 L SR AT 1 TR UL TIC 0 Al B R it 7 UL TR U4 it
B T (6292 U/L) UL H ARG A s AL I 44 458 403
o BT R R OULER ) 25 A LT A IR s I RN 4
G VT WA 2 W DMD,  HB O A RE R i,
IR ASHEC, IEH X AR 100 44, 30k A 3R BE AR A
PRKLIE® # B 2o 50 4,

1.2 A B4 DNA 69423 BH R IHACH: I &
5 U B A0 JE B BE 1 42 3 70 & (18 [ Qiagen A HD)D
i BB 40 DNA, UL AE W% . DNA 4l &
I B 35 7F A% 2 %2 it AL (f [ Eppendoff 24 #]) I
il

1.3 % TEBRBEIRA T 3 (MLPA) # K44
dystrophin X B PR FH X RETHL KA MLPA
FHARD AT dystrophin B H AL 7 Bk o E K
W, ARG & (SALSA MLPA Kit P034/035, fif
2 MRC-Holland 2% &) 7™ i) W #4728 1 | 28 28 %
H: fl PCR R, PCR JZ#7E 3100-Avant %5t % 43
X (G2 ABL A ) b b 47 6 4048 o vk L Jor A5 50808
I GeneScan 4 47 4 3, H] Coffalyser V9. 4
BAFIEATEE A0 0T L 90 5 18 5 I A BRECHE AR L
1.4 2 FAHKAESF 2 K DNA 53 &
A DNAFEARE LA 9 TR A R A] LW A Sure-
Select Human All Exon {7 & (3£ Agilent A H],
G3362B-XT) il £ 4h & F 41 SCE . f# ] Genome Ana-
lyzer Il x(Illumina) I J¥ 5 48 X Sb i 40 IX 4l 47
e A A, RS AR A O R A A 4% B8 S
B RISV LA B A% 28 S5 W SC P ] AL 8 T Ge-
nome Analyzer [ x ¥ REHRMAINE TIFIIGER.
i | SAMtools 0. 1. 16 A4 43 il Il ot 58 48 (4
16 A TR S S R BRI  F T B A Al AR
HEAT AT SRk 0k, W A B A9 NCBI B R £ 48

PE(SNP) $0HE 22 (build 135) F1T- A 3 P 241 35 B4
FE (R B A, HE 5% 5 B SRR S b AN [R) A 2 A8 R4 RN
HERR R F 1 %8924 CF 3 H UCSC 1 Common
SNPs, http://hgdownload. soe. ucsc. edu/golden-
Path/hgl9/snpl35Mask/) , T i 9 25 VE o 1% 55
1.5 Dystrophin A B A H i E&EFow  FIH
NCBI f#7 19 SNP £ 4 (build 135) Fl & [ s%
DMD %€ 75 () 5% £ (UMD-DMD France mutations
database; http://www. umd. be/DMD/W _DMD/
index. htmD Xt dystrophin F Y SNP 145+ 48 5
S0 e, M AR T H Cheep// fruitfly. org/
seq_tools/splice. huml)"™ Xt 575 J5 #y ¢ 41) T i) K Bif
DIHER A 2 S T RE Y — 2ETh Bk A

1.6 REAZEBIE R Primer 5. 0 B AF it
PCR 514, HA™ 38 7 BObi 5 58 38 98 A i 7e A 0, 13l
SIS K. 5'-TTTTATGGTTGGAGGAAG-3',
TSI 5 . 5'-AATAACCTAATGGGCA-
GA-3', PCR R &M 94°CHIAEE 5 min; 94°C 30
$,59°C 30 s,72°C 30 s, 4t 35 DEH; 72°C LA 7
min, PLIEF A RE ML BRI 4] DNA R
PG5 L Al Ak ) B 2k TR YA Rk DR B 5 B 2 A T
Sanger W43 #7 .

2 & R

2.1 Dystrophin AR X RE LK XF
dystrophin 2R 5 , BEHAAAE 1 D8 UL, BERAFAE
2 A DL IEE B X IAATE 1 A $ 0L, MLPA 4y
Mras R oon . BEME—1 DMD % {7 5 B & & I 5
Bk ol A HoRE 3R DMD %5 (37 56 DR AR o K I 1) dple 2k
o (A5 .

2.2 Sh2Faam AR FAHE 2 RWFF G
BERL R BRI SE W) dystrophin 3 AN 5 F 1714
INGEAR Gy, A S AL SR X (paired-end,
PE) Ml FF £ A AN P 524K 115 bp, 77 A4 1Y A6
I Py B G 28 00 3k 0 L B 23R4 ST 31 052 466 453U
Uit 751 L O 2% BRE o 57 F 4 2R X300 B R R E 2
1 2.69 G VLB AR R ITE 5400 LA b, D) 4 55 )
10 A5 A DX 38 5 4 3 DX 0B K B 1 L T 35 90 %%,
ZYH 700 N R R BRI, H AP LT dystro-
phin FHPHHEA 14, TVS50+1 G>C, W F%L



55 5 1. ML RN A AM T2 I A T L A A S PR ARG U B — A ) B A R R * 495 -

WESHIEFN LTS R ER . BEILA 68 4%
BRI E R FH) (reads) B35 T %A E A ST HIE
B 7L S 58 R HRE SR TR % A DN R B 4R
HRE, HIEF] DMD & X % 8 Bk 1L %, H &
HE2 R LA E B R 4k K T %
i RAE

2.3 REAZEGEIE BHE BEREKIEW AR
ARIX 3 R W Il Sanger Ml 5 45 R — 3, MR E 7E L
(5" B P15 I C Al AR BB R C/
G A2 A RS IE 5 X BN O 1E 5 Bl G, &840 )y
ZERULIE 1. bR T HRRRIZ R AR R 2 S AL
SR REYE L X 100 44 TE H N #EAT 1% 9 48 AL 5
JP 53 AT 235 ARG D 3192 7 05 40 45 TR 4 A 28 A8 (5 2R
&) .

2.4 AMEZEF oM L DMD-209 % 5% AN i,
o AT & B DMD-209 BN & F A7 (dystro-
phin BRI NG _012232.1 G1:256355061, 17 85 4~
HMLT A A 47 BN T 500 A Y 55
PINESIH R, XTRe s FE 3 Fas . A TR &
(intron retention) | & X HE B9 46K {7 £ Calternative
donor site) B & #h i F Bk BK (exon skipping)™, X
3 Tl S % AT BE M AR UG n L Ah S Bk BR AT A8 M 0
KR BHANETFRE NS T A7 A, A
Z5E AR B R TR 5T U0 A A L
J&i 39 bp Ab£xil b IR RS T, BT R AR AT L
A N A 1 AR A7 L T8 T8 S i 0 A5 B 1 I
AT B U1 AR 7 A 5 U0t A L 5 R i 95 bp
b 38 AR T B ik 1 BT U)LY UD AL iR
Jit1 866 bp) . 2K 11 B 128 ik B 14 2 76 JL 0 U] 4K 47 5
J& 39 bp Ab i I 21k B B AR AT Ak A
HAN T BRER NS T 46 B9 5 BT U1 A5 RT PN - 47
M 3" 8y Ul s A AT 35 U, 47 540 BT gk
(KR 47 SHNE TR 148 bp, 3k 3 %0, S 8UR
A 1 g P HE RS L, 7E B X 5E 46 bp JE 43l b
LAEE T AEYE BT dystrophin K
AR ILE 2, B UEA: YA B B O Y 45 5L L
T8 FH 2 Fofr /s 356 R 85 4323 39 Chybrid minigene spli-
cing assay)'?), 4 5L 3¢ B 58 A8 A5 T AE (1) BY 32 A0 45 1
SEVE R IR BUN F 7O B AR A A A AL R
B(H5RmE)

3 i

&

WFFERWIAE L 25 % ~30% 19 DMD 3% A7 1E
dystrophin 3P [ /N 28 28110 G, ISR R
I R 2 B A AH R BB 1 dystrophin FEPR AN+
0 ok 2 B AL 1V B JE AT diystrophin HE DR R R
AT BE. &4 1k, A 500 £ Fh R A2 B E
(http://www. hgmd. cf. ac. uk/ac/index. php) ,
AL R A S0 SO R S A A L T AT R A 1Y) 26 Y
F434i 5 DMD ) 2 8™ 8 8% B2 2 DI AR O,

A, 78 1 ] DMD H 3% dystrophin 5 H
B BTHE AR AL fL R A G=>C 2878, 1% 58 78 3 LR AT
M 5" B H A 2R R, DA S OHR 17 A 1 5T B R 1Y B
AR, A B [ N AR SCHR KA G T BUHE R R AT G
T dystrophin K TVS50+1 G>C RS A IE .
XA SR BAIRATE dystrophin 55 Y 4 i X, {1
HNE TR 1 A0, B 5 5y 5 R £ a0, W] B %
RN T IO R AU S AL S T S A
T BRER A 1 G0 Y A2

R, SZ PR A5 A K Y 20008 DMD K &
TCERI , B dystrophin He A7 TE 1 8 K A2 5748
2 HATHEFE I — AN e R H AR A R I 58
SR A 5 AL FRLBE A B 22 25 M 43 BT (single-strand
conformation polymorphism,SSCP) " A5 4 44 & %
J& L VK (denaturing gradient gel electrophoresis,
DGGE)"™  Z H PCR™" Sanger I JF"* 48 1 & 4%
W AH 4 7% 7% (denaturing high-performance liquid
chromatography, DHPLC)™ | MLPA™" 1 fif f %]
Mo % 2 [ 2H 24 38 (array-based comparative genomic
hybridization,array-CGH) V4% | 5 4F K, bifi % A 45
VAL T 18 4 s DR A A 3 S A S I A st
1955 43 512 W U P R ke R R Ok Y — T R T 4
A XA G 1) — R A M O BT R Y
(97 S ASE N TESa

AW FENG SN I o A A AR B e i
R 2 b /N A B e a6 1 T SR dystrophin SR
Tl /NG AR B ez I B M58 L I e BT O BB ) BT 4%
PO R RS UE %7 AT A K I dystro phin
BN AR REE— P 58 % DMD 4y T2 Wik &,
IR DMD X & 4843 B 58 B | nl 58 et % 5 00



. 496 - B OFEEKF¥M 2013455 AL 4 B

First Second Third
r 1 r 1 I 1
Forward sequencing ~ Reverse sequencing Forward sequencing Reverse sequencing Forward sequencing Reverse sequencing
40 50 60 50 60 40 50 50

60
AGCAAGTCAAGIGITAATTTTAT GAAAATAAAATTA.CTTGACT AGCAAGTCAAG.TAATTTTA AATAAAATTA.CTTGACTTGC CAAGTCAAG[GITAATTTTATT TAAAATTA[CCTTGACTTGC

ol bl

40 160 170 160 170
AGTCAAGEITAATTTTATTTT T/\/\AATT/\@CTTGA(‘TTGC TC/\AGIEIT/\/\TTTTATTTTCT TAAAATTAGICTTGACTTGCTC AGTCAAGIEITAATTTTATTTTC TAAAATTAIGICTTGACTTGCTC

e

100 110 220 230 100 70 90 100
3CAAGTCAAGIGITAATTTTAT ATAAAATTAQCTTGACTTGCTCA CAAGTCAAG TAATTTTATT AAATAAAATTA CTTGACT GCAAGTCAAG TAATTTTAT AAATAAAATTARICTTGACT

B 1 RIS E R F SR

Fig 1 Bi-directional DNA sequencing results of mutation site

A: The mother had a heterozygous mutation with “C” and “G” ; B: The patient had a homozygous mutation “C”; C: Normal

person had a homozygous “G”

No.46 exon No.46 intron No.47 exon No.47 intron No.48 exon
148 bp { 150 bp |— A
36 111 by 2334 b
b Donor site Stop b
codon

mutation TAA
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— —
39bp .
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— -
Stop
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2 EUEEREMNA dystrophin ERERF R
Fig 2 The predicted transcripts of dystrophin gene from the patient
The border between blue line and green squares represents the position of donor site mutation, the border between red line and
green squares represents the position of stop codon. A: Normal alternative spliced product of dystrophin gene;B: Intron retention;

C: Use nearest alternative donor site; D: Use strongest alternative donor site; E: Alternative spliced product with exon skipping
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