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Evaluation of Multiplex PCR Assay Using Dual Priming Oligonucleotide System for Detection
Mutation in the Duchenne Muscular Dystrophy Gene
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Background : Exon deletions of Duchenne muscular dystrophy (DMD) gene account for most of
the alterations found in DMD and Becker muscular dystrophy (BMD). This study was to evaluate
the usefulness of dual priming oligonucleotide multiplex PCR (DPO PCR) in detection of exon dele-
tions of DMD gene.

Methods : Thirty-seven DMD or BMD patients who had known exon deletions detected by conven-
tional multiplex PCR (conventional PCR) and nine control subjects were enrolled in this study. When
a discrepancy was shown between the results of conventional PCR and DPO PCR, the multiplex
ligation-dependent probe amplification (MLPA) technique was performed as a confirmation test.

Results : The same deletions previously identified by conventional PCR in 32 out of 37 subjects
were also detected by DPO PCR. For the five subjects (13.5%) showing discrepant results between
the conventional PCR and DPO PCR, MLPA was performed and its results were found to correlate
better with those of DPO PCR. The discrepancies were due to false positive or false negative results
of the conventional PCR.

Conclusions : DPO PCR shows a high agreement of results with the conventional PCR and is con-
sidered an adequate method to be used as a primary genetic test for the diagnosis of DMD. Because
of an improved accuracy, especially for determining the boundaries of DMD gene deletions, DPO
PCR can be very useful as a supplement to the conventional PCR. (Korean J Lab Med 2008,28:386-91)

Key Words : DMD gene, Deletion, Multiplex PCR, Dual priming oligonucleotide PCR, Multiplex
ligation-dependent probe amplification
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Ayshe | o]3kE skl 30ty o) Ao TFHEAo AlRHo T
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DMD %Xd }% 2.4 Mb, 79711¢] Q|02 = o] 9l= 7
okt AR AT ol W El= 14 kbl mRNAS HAL
SHH3, 4], DMD 3A+2] 4H&<] dystrophin 427 kDa =
719] % Ad} thil(sarcolemmal protein) .2 A|E 2] vjgHA
(extracellular matrix)¥} A|ZZZ2E4 (cytoplasmic cytos—
keleton) Ato]€] Zgto]l rofRths, 6]. DMD E+= BMD 4t
o) A= DMD %A} 4221 dystrophin®] 23 E= {F4E o]
Q= Zo| EXo|onz L8 AAZRZ ] WAsEIIM S E3
dystrophin®] 2329} & HAfsto] Zcho|| o854 Hrt 1
elu S AlEkA] ol & o AlEA gl Y oS
o] 7FsRt ek o] et wpet -2 Ed o] HAk= DMD
2! BMD o]l B2 FHapHo] 3Ith2, 7, 8l.

DMD 77 &¢Holo] 7hg &35t Feol Bids] A4S
DMDe} BMD k212 F 60-70%°llA =99, 10] AHE
Fo] DMD A4 A zeks SAshe 7P A2 Wow
ARGEO] gttt ey AHERS AN} =EE o] auTE T
of A 4 A= T PCR (multiplex PCR, ©]s}
AEA ts PCR)O] 71 de] ARgEo] @i Qirt, HE4]
T}& PCRE 44 H]E7} 2 hot spotZ Aol F&35}
Aol 5 HAEste o= A A4 oF 90-98%F A=
T e mEa EHLZ—*. Al os Hrhwa QIeh2, 1], =
oJ4l= DMD ¥ BMD &Atoll A %5231 thg PCRE 54l
oF 50% 7hae] A4S A&tk B SicHi2l,

2 AtellAl= DMD f4Ae] 24 4Rl HES flskd]
7H8FE dual priming oligonucleotide (DPO)H= ©]-8-31 th5
PCR 7|EE %7}5}214} 319t} DPO s PCRE 5 Zo]] 18-
25 FEHLEE, 3 £ 6-12 72 Q=9 Zo|7} thE A]
A E o]&5te] PCR HH5-2] Bolesd FdAZ 4 Qe 7=
2 235 8} 9JoH13].

AAEES DPO ths PCRY} A%549] th5 PCR A& H]aL
skl B2 23S Kol - T97h ol digt At B
0] 7538t multiplex ligation—dependent probe ampli—
fication (MLPA)WC.2 2elsto[14] DMD 314+ 24 &%
Ho| A&S 93k DPO ts PCRY G848 H7lstuAt 8t
AL

= o gt o
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2 of] YLs DMD E+= BMD 4} 5 AF4 Q1 th5 PCR
ol 24 Selviol7t AE Y 3790 Bt} 9o T 7
AS ooz s9iek ix AR MLPA B4 A% 24

| o1 2wk ol Ao Tt oy Bl

N

MEXol CkS PCRED, 11, 15]

55| AAEE 187) A&(3, 4, 6, 8, 12, 13, 17, 19, 43, 44,
45, 47, 48, 49, 50, 51, 52, 60) B LR IE F 915 FE53ich

7} ZZH90] tigh A%l E 242t Abbs—5 ~set (ZRME, 3,
4, 6, 8, 13, 19), Abbs—3 —set (43, 47, 50, 51, 52, 60), Cham—
berlain—set (12, 17, 44, 45, 48), Beggs—set (49)5 13}
t}, PCR &3S PCR 2=H(50 mM KCI, 2.5 mM MgCl,
10 mM Tris—HC1 pH 8.3)°] ANTP Z} 0.25 mM#4] Y3l geno—
mic DNA 2 xL, Taq DNA polymerase 1 unit (Perkin—Elmer,
Foster City, CA, USA)Z A|Z3}%.2H GeneAmp PCR Sys—
tem 9700 (Applied Biosystems, Foster City, CA, USA)&
0|85t} 94°Coll A 227+ A 23t & the WhS-94°Coll Al 10%,
62°ColA] 10%, 72°CollA] 15%)& 403] REE8}aL 72°Coll 4] 5&
b A skeleh PCR 5% AHa2 1795 Fdlf =lst
th

N

jas

3. DPO Ct& PCR

SeeGene®] DMD multiplex PCR kit (SeeGene, Seoul,
Korea)E ]85t A& Ao ufet ZA48k¢it}. DPO t%
PCR2 1871 &1<=(8, 4, 6, 8, 12, 13, 17, 19, 43, 44, 45, 46, 47,
48, 50, 51, 52, 60) ¥ ZILE RS FE3I on t}-23t
2ol Al o &2 o] 248t 172 94 8 (701 bp), Pm
(571 bp), 13 (424 bp), 12 (351 bp), 4 (261 bp), 3 (198 bp), 27+
2 44 (661 bp), 6 (559 bp), 45 (447 bp), 60 (351 bp), 43 (305
bp), 19 (215 bp), 3w 48 (716 bp), 52 (564 bp), 51 (470 bp),
50 (403 bp), 47 (325 bp), 17 (252 bp), 46 (198 bp)= FEAME
of A710f| whe} 7} &S FHEste] Ay BASITE PCR &
L 2x master mix®] ZF A5t Eo] DPO ALA|2} dT15—
ACP2 (SeeGene)& 01831 94°ColA 15687 A]gt 3 94°C
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oA 30%, 60°CollA 90%, 72°ColA 90x
72°CoA 1087 A Bkt PCR & AHe2 A7]9

2 53 SIskley,

Table 1. Concordant results between conventional multiplex

S 453] HHas}

al
=
5

PCR and DPO multiplex PCR
Deleted exons Frame
No. case .
Conventional PCR DPO PCR shift
1 19 19 Yes
2 45 45 Yes
3 50 50 Yes
4 50 50 Yes
5 51 51 Yes
6 52 52 Yes
7 12,13 12,13 Yes
8 13,17, 19 13,17, 19 Yes
9 3,4 34 No
10 3,4 34 No
1 3,4,6,8 3,4,6,8 No
12 43,44, 45 43,44, 45 Yes
13 43, 44, 45 43, 44, 45 Yes
14 44,45,47,48, 49,50 44,45, 46, 47, 48,50 Yes
15 45,47 45, 46, 47 No
16 45,47 45, 46, 47 No
17 45, 47 45, 46, 47 No
18 45, 47 45, 46, 47 No
19 45,47, 48, 49 45, 46, 47, 48 No
20 45, 47, 48, 49, 50 45, 46, 47, 48, 50 Yes
21 47 46, 47 Yes
22 47,48, 49, 50, 51 46, 47, 48, 50, 51 Yes
23 47,48,49,50,51,52  46,47,48,50,51,52  Yes
24 48, 49, 50 48, 50 Yes
25 50, 51, 52 50, 51, 52 Yes
26 49, 50, 51, 52 50, 51, 52 Yes
27 51,52 51,52 No
28 8,12,13,17,19 8,12,13,17,19 No
29 45, 47 45, 46, 47 No
30 45,47, 48 45, 46, 47,48 No
31 8 8 Yes
32 49, 50 50 Yes

Abbreviation: DPO, Dual priming oligonucleotide.

4. MLPAH

MLPA DMD test kit (MRC—Holland, Amsterdam, The
Netherlands)& ©1-8-8F1ct. 20-500 ng®] DNAS ©¥ 71
O & U= 3 SALSA Z2H 33HE 034 (DMD 21 1-10, 21-
30, 41-50, 61-70), 035 (DMD 9+ 11-20, 31-40, 51-60,
71-79)2k s F2F 60°CollA widste] A 1
54°CellAl 1547t ligases #12]8t3Att PCR 5352 50] SALSA
FAM PCR AEAIE ol&st] Alsiglnt. S5 ABI
PRISM 310 Genetic Analyzer (Applied Biosystems) 2.2 &
Haiert,
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Table 2. Results of MLPA performed on the five cases that produced discrepant results between conventional-multiplex PCR and
DPO multiplex PCR

Deleted exons

No. case MLPA
Conventional PCR DPO PCR
33 45, 47, 48, 49, 50, 51, 52 44,45, 46, 47, 48, 50, 51 44, 45, 46, 47, 48, 49, 50, 51
34 49 48 48, 49
35 49 48 48, 49
36 12,13 12,18, 17 10, 11,12, 13, 14, 15, 16, 17
37 51 51,52, 60 51,52, 53, 54, 55, 56, 57, 58, 59, 60

Abbreviations: DPO, Dual priming oligonucleotide; MLPA, Multiplex ligation-dependent probe amplification.
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Fig. 1. Multiplex ligation-dependent probe amplification (MLPA), conventional-multiplex PCR, and dual priming oligonucleotide (DPO) mul-
tiplex PCR of case 34. (A) Deletion of exons 48 and 49 of the DMD gene (arrows) in MLPA. (B) Deletion of exon 49 in lane 2 and presence of
exon 48 band in lane 1 of conventional-multiplex PCR. (C) Deletion of exon 48 in group 3 DPO multiplex PCR. M, the 100-bp-size marker.
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& DMD 3-%12ke] 2
odhe o) HuAs EEado] tigh

of Zpo|= FHI 4 93 M| ol 2 A} FH 2 6l

14,

EYUx ]% HAE 59|(case 33-37) % 4%(case 33, 34, 35,
37+ reading frame rule[19]0] 23t £8F oASZ2A7} Al
AAF B dRskoint, ey 361 FH|e] -9 MLPA ZAxket
A&t PCRY 79 out—of —frame Z2A 2 oSH vhd
DPO t5 PCRY] ¢ in—frame AAlof| g3ttt MLPA
w4 Ak A2 & 100RE 1770l B R 17T ot
A =% DPO t5 PCRe| A4 BAE A&sh=tl 3ol o
et Ao R Hriek 4= ok, Iol® 6kl 28y oS
Ae] #polE 3t Z12 HEA<Q t5 PCRY DPO ths
PCROJIA EA4=]= hot spot F-¢Joll 108 == 111 2ljo] 3
o] A 7] el Ao Bz, & ok 1041 E
17TH7HA] AA = A9 frameshift7} B85 H=| hot spot 5
Qloll taA Rt EA4S AR A5 129 o)A 1797kA] A4 o]
EAe= ALR FAEEZ frameshift’} e 2R o=
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9l8to] 7iekEl dual priming oligonucleotide (DPO)E ©]4
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multiplex ligation—dependent probe amplification (MLPA)
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