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Novel Non-contiguous Duplications in the DMD Gene in Five Patients with Duchenne
Muscular Dystrophy
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Background: Muscular dystrophy is an X-linked recessive disorder caused by mutations in the DMD gene. Muscular dystrophy is classified into 2
types; Duchenne muscular dystrophy (DMD), which has severe clinical symptoms, and Becker muscular dystrophy (BMD), which has much milder
clinical symptoms. Phenotypic progression to either DMD or BMD can be predicted by analyzing mutations in DMD by using the reading frame rule.
Methods: Of 88 patients with mutations in DMD, which were detected using Multiplex Ligation-dependent Probe Amplification DMD test kit
(MRC-Holland, The Netherlands), medical records of 5 patients with non-contiguous duplications were reviewed. These rare non-contiguous dupli-
cations in DMD were compared with those reported previously.

Results: We identified 3 novel non-contiguous duplications in DMD that included exons 2-7 and 45-51, exons 5-37 and 50-59, and exons 52-53
and 56-61. The 5 patients with these non-contiguous duplications showed the phenotypic features of DMD. Especially, duplication of exons 52-53
and 56-61 was observed in a family, i.e., 2 DMD-affected brothers and their carrier mother.

Conclusions: Prediction of phenotypes associated with complex non-contiguous duplications by using the reading frame rule is difficult because
the duplications affect the expression of DMD together. Because most patients with non-contiguous duplications showed the phenotypic features
of DMD, the reading frame rule should be interpreted cautiously. This study provides important insights on the non-contiguous duplications in DMD
for understanding genotype-phenotype correlations and for developing dystrophin for therapeutic purposes.

Key Words: Duchenne muscular dystrophy, DMD gene, Non-contiguous duplication, Multiplex ligation-dependent probe amplification (MLPA)
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A 9o ZEAfskE S Hago] of2f x|, T 30T o
ol 3FFAI AR AN H= S50l HA
&(Becker muscular dystrophy, BMD)-> DMDEC} S-A4fo| Zu|s}
of Friaoz &2 volof Uasm, 23y ofio] ekl
whebx] DMD/BMD7} 94l = SRkl Al DMD 72F AAR= %1
ol o5 o Sof FAQl -2 FHe3].

DMD 574212] o] T /72 A& (deletion)o] A FA}
9] 55-65%& 7} E5hm[4], ZE (duplication)& F 5-10% [3], L}
HZ| 20-30%+= F&AHo](point mutation), H]A|A<=(microdele-
tion), B]AJAF)(microinsertion) 0] 1TH6]. o213 DMD 8- HA}
EAM0IE A& A B2 v SRR AAM
S-(multiplex PCR), A& AJEE-3(quantitative Southern blotting),
FBAIAFRICFISH), 211 A71AE &4 (sequence analysis)
5°] 314, |- Multiplex Ligation-dependent Probe Amplifica-
tion (MLPA) ®H{0] DMD/BMD 32} W o] HQIA} Zchof| -4
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2 Qabe] 2jolel FEE ol2o0] 7153tk Monaco 58 v
2 e FAES o5 4 e SN reading
frame ruley & AXIBIGAL, ol HAIA] AkEAe] 83171 4
S5 IOl 7] ek A<t Ei S 297} mRNAC] W
3= & (translational reading frame)S o] FAIA 7-$-(out-of-
frameoli= A7} 2710] % AJeA) Hh 5 tlAE 2 e
0] FA} 2elo] S430] A1k DMD7} ehlelA) Sk vt
A2 HelEEo] BE(inframe)== Ad, $52] 79
Aol 27U ulAHel ealo] AAEo] ZA3o] vl
BMD7} weigchs Zolk of SEEHAe A Fad
Leiden ZTAE 21 E¢Ho] dloJgH]|o] A (http:/www.dmd.
nl/)e} vt AS: w, 92%2] HeHeE Holw, 53] RNA Ta7}
A aHSHH 2= 7} 995%7HA] 3= RRIeH10l. DMD R-721e] 2
£ Soluto]o] 7 9ol S S Aot 44 Aueke] AT
o] o] AL, & FUMo|S] Aol BEof Hlsh RNA
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Table 1. Clinical features of the 5 patients examined in this study

2. MLPA ZA}

$hato] Brzgol o 2 HE] QlAamp DNA Blood Mini Kit (QIA-
GEN Inc, Hildern, Germany)& ©]-83}¢] DNAS F&313ith
MLPA+ MLPA DMD test kit (MRC-Holland, Amsterdam, The
Netherlands)E ©]-&3}9t) X190 DNAS 22 H S3HE (034
(DMD 9114~ 1-10, 21-30, 41-50, 61-70), 035 (DMD <l1<> 11-20, 31-40,
51-60, 71799t 1Aste] AJAT] & PCR F-E-& 51321, PCR
HH8-2 95°CollA] 30, 60°COlA] 30, 72°CollA] 14 353] 5
S, wlAote] 72°ColA] 2057 FEAZT POR 5 AHES
Applied Biosystems 3,500 X L system (Applied Biosystems, Foster
City, CA, USA) 0. & B3}tk DMD -7} o 9] B4 Soft-
genetics MLPA 3 & TI3(GeneMarker 1.70)& ©]-&5}o] ufj A&of
Ao] izt §H3at Hlaste] EAlskglom], AehAQl Tgkol

075 olafeld 2 13 ool 550 2 msjc

2 I

SEAL 1.2 184 EAl A2 Hef ol 5 H7sl] Hsf 3A|ef Al
SZAHAA) TUAEZE AdE ek o] ARx] 9

g oFglR 9] 2]l Hajo] oA sgAfEo] ast
AFEN7} Elof 9JAFA o 2 DMD Atk jigkon 3% AchS: 9
3| Alegt MLPA AAMS DMD 574 A4 2-7 F 919} ol 4551

’ Age at the . . .. Chronic respiratory  Creatine kinase
Patient Sex Symptoms of onset/age st o Ambulation Cardiac involvement  Scoliosis rehabilitation ik
1 Male Gait disturbance/ 20 yrold Impossible Normal Yes Yes 3,063
3yrold

2¢ Male  Delayed development/ 24 yrold Impossible  Dilated cardiomyopathy Yes Yes 1,829
5yrold

3t Male  Delayed language development/ 16 yrold Impossible Normal Yes Yes 1016
4yrold

4t Male  Delayed language development/ 14 yr old Impossible Mild cardiomyopathy Yes Yes 1,486
2 yrold

5t Female  Lower limb weakness/ 38 yrold Possible Normal No Yes 1,350
24 yrold

*Family study was not performed; *Family members; *Level of creatine kinase was measured at the time of diagnosis.
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919 EH&A] FHo] WHERICHFg V. 440 FE2 BF
=HA0 2 inframe 2 2 9| ZE| Tk

A 2= SAlof] g Ao = AJRYEh A
E RS Zlehiron, 10478 S 2Q1 d/Ago] ofzigf &
Alofoll A BRIt o] % 2040 5 oFStem TEAgo] o
sto] Aot Adhe 918 MLPA HARS Al edae=
DMD7} SAIE]o] AIa HAF 22 DMD 34 O 537 3
9fe} el 50-59 F-97F S HEI o] % 71249 T 2R =
£ AdsF3l o HE ST (scoliosis)o] XY= 2 Al
Z(dilated cardiomyopathy) &740] IHAE| QI Eol ZJrhg35 4
A%k Hol AREA o 2 Aol Xk Ato] WA= ITh 212t
O] 2H O = =HA O F inframe o & o] =E|iTh

3} 33} B3} 4 GAolo] ol B B Hag e
sho] Alggh &2 AAAMY 5 (myopathy) & 21T
w55k 712 Slol AT} - oA, AISEE] s % oFoi o
Rkl gl Brhsa A 2 o] sl 6d F 2l

A AN s
el

E =)o) B4 AtS 18§24 AAS AT MLA
ZAM B2 33 B 4olA] B DUD §A4] Ot 52.53 5:9)
SFe 561 91 14 401 A, B 324
4] ofulfel 8 sk 244]0] A} oFS @K} H B4 T

T

&5 (winged scapula)& Hof T AE 20| 2 ot et 2k}
50 A %= A MLPA 74/\}/“ DMD S AR} Al 52.53 Ho]ol ol

56-61 TH#% 7l ol o] g A W FAlet ofmY

oA T3 EHLA 011_4\__4 ZEo| AEEQr) Z17te] 2 H o

"1_1 e

in-frame, out-of-frame -0 & o ZE|Qjch
=}

L |

FAWTIA DMD SRR} & F9)o] Bo4:7] ZEo| i3t 28 =

2 57 tollAl 8] A7 F HALERIaL =EA Al el thigt
ESAEH Tt T8 Eil= lrk(Table 2) [12].
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. 1. Results of MLPA analysis for patient 1 (non-contiguous duplication of exons 2-7 and 45-51).
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Table 2. A summary of the identified non-contiguous duplications in DMD

Patient Phenotype Frame of the first duplication Frame of the second duplication Country Reference

P1 DMD Exon 2-7/In frame Exon 45-51/In frame Korea This study

P2 DMD Exon 5-37/In frame Exon 50-59/In frame Korea This study

p3* DMD Exon 52-53/In frame Exon 56-61/0ut of frame Korea This study

p4* DMD Exon 52-53/In frame Exon 56-61/0ut of frame Korea This study

p5* DMD carrier Exon 52-53/In frame Exon 56-61/0ut of frame Korea This study

p1 DMD Exon 45-48/In frame Exon 54-55/In frame Germany Neurogenetics (2005)

p2 NA Exon 5-19/0ut of frame Exon 38-41/In frame Multicenter Human Mutation (2006)

p3 NA Exon 45-55/In frame Exon 65-79/0ut of frame Multicenter Human Mutation (2006)

p4 DMD Exon 45-48/In frame Exon 55-63/0ut of frame Japan Journal of Human Genetics (2008)
p5* DMD Exon 2-7/In frame Exon 50-55/In frame Spain Journal of Neurogenetics (2008)
p6* DMD Exon 2-7/In frame Exon 50-55/In frame Spain Journal of Neurogenetics (2008)
p7* DMD carrier Exon 2-7/In frame Exon 50-55/In frame Spain Journal of Neurogenetics (2008)
p8 IMD Exon 1/Undetermined Exon 42-43/0ut of frame Mexico Journal of Genetics (2014)

**Family members.

Abbreviations: DMD, Duchenne muscular dystrophy; IMD, intermediate muscular dystrophy; NA, not available.
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