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Neuromuscular Disorders in Childhood

Jong Hee Chae, M.D. and Yong Seung Hwang, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea
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AL BT BEo], Aot o] F %!
of 53] <5539 =(muscular dystrophy, MD), &
Z(spinal muscular atrophy, SMA) #oke] 4 A3}
o A el & oW A AAZ I @A &
71421 wdo] S ¥ ol 7|Ee] Azl

B AANA FdA e 22 S Wl A%
AAZY A2 AL E AVE vidsth wet
ko] o] o] MEAJA Wl dAF 24

(electromyography, EMG) 2 <47 52 o Wyo=
FaAo Qo AFH AXNE A HATE I {FHH
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flexia), 29, A5 ol 2 HF 5& TF AAA oldg g4
SHAl sk Adolw o]yt 4 A A EHE F IS
&2 X (serum creatinin kinase) 59 HAF 27 2 I3 A
7SS mHste] Hwke] Fee Aol dwkdelt), 1y o
frol B Aol A5 ek wAdol Qi gl ©@E A B
ATt o] FoXA] gkol AAEA HAF H A FHE HA 5

5141 51 S o

Foolge Gohly] oele A%t Ae F e
p=d

A & A7 25 2F2 Table 10 Aelstaith o] & Aol
A oA S92 gl WA ARzt g

ZSE|I#2|=(Muscular Dystrophy)

CEH Y Fold AP s Holw A E
5 (dystrophy)e] £7; <47 2719 oh4sHfiber size vari-
ation), A} 2 A} A(necrosis and regeneration of muscle
fiber), 7F27d3}H(interstitial fibrosis)E Hole w44 73

ot} 7bd i<l A3 Duchenne/Becker muscular dys-

Table 1. Major Neuromuscular Disorders in Childhood

Muscular dystrophies
Dystrophinopathy (DMD/BMD)
Sarcoglycanopathy
Congenital muscular dystrophy
Myotonic dystrophy

Glycogen storage disease

Degenerative muscle
disease

Metabolic myopathy
Acid maltase deficiency
Myophosphorelase deficiency
Mitochondrial myopathy
Carnitine deficiency
Congenital myopathy Nemaline myopathy
Central core disease
Myotubular/centronuclear myopathy
Periodic paralysis
Acquired disorders Dermatomyositis
Polymyositis
Viral myositis
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trophy(DMD/BMD) 9] 34 ez 1987d 2 el
dystrophin % I 37} HAE olF IHEHPHF W
AEE oldlsh=tl Aol 71X HFS A HAU &
o] 4 e FEol weE BREe] gd ARAAESE Y
Z(limb girdle muscular dystrophy, LGMD), @#o7/|Z=5
% 3 9] = (facioscapulohumeral muscular dystrophy), %A
55 39 Z(congenital muscular dystrophy) 52 H3Eo]

dystrophin &8 9 ©@9(dystrophin related muscle mem-
brane protein) F+& ##A ¥ (nuclear related protein)l 4
Lol 9Jgte] HAF WE XA =L FAlol positional cloning S
B3 KA Aol A olFA dAAlE dd HHA * 2

[s)

AEQ 71T A S wet ole] AW fHA &
F7F 7Fss A HAtk(Table 2). Al QM= 2 A f3
A e 9 BE deEs Bxg ke WY 24 ghst oA
(immunohistochemistry) S Sall 254 23 Fejss
or Wy FFE dFes P dd FHAE HER ge
DNA AAPF %2 ooz ezt vt

1. Duchenne/Becker muscular dystrophy(DMD/
BMD)

E4 ol oF 3300-3500%00 199 TAES Holn {4
o5 Agke]l oF 90%ol HFEE X A¥A muscular dystro-

Table 2. Genetic Classification of Muscular Dystrophy

phyelth 44 ¥49 A5l wet Duchenne muscular dys-
trophy(DMD) % Becker muscular dystrophy(BMD)Z Y71
DMD2] % B2 FolA %7] &% Wdo] =¥ 18/1E7A
59 BYgs XYY ASE Holi, HF 4544 A5 HoH
Av AAEE AAY B Ads SEPb] dEvE 4ol
Uebdth itk kAol A vl B9 ZHAd H i (peudohyper-
trophy)& X.°lH °] 2 3HA ] FFeA Al FSEaL
& Aot we) Gt 10/‘1]730“ 59 mago] BrhssA =ol
wheel chairell o]<&3sh= Qltt. BMD<] -?— )
g Dx] iy ¥ E E}ookO}O:]

i3 g
°ﬂ vla) =g]al vhgsiet DMD/BMDJ LAl %ZJX}OJ dys-
trophine AA7MA L&z 9dd 23 /A4 F
2,500,0007H¢] @71& o]Fox] glom 797K Ol/‘c}-J exono &
Hole 2= 50-60%7F dystrophin -2}
Aol ot YA 40-50%= H EAMO] splice °], W
A AE FE 5ol YgdoE IHA gtk g lojM =
<+ multiplex PCRS ©]83}4 dystrophin f3#Fe] A4S
olslE Ex2F FAEA zdo] 71 $HAHo=w A]%g},]x]ﬂ]» A
DMD/BMD 2 & 50-60% X AosEmz 1 Aol
Atk wWERA] DNA 24 A3 5490 #4538 7HHe] fle=

dob B

Inheritance Muscular dystrophy Nomenclature Gene location Protein
X-linked Duchenne/Becker MD DMD/BMD Xp21 Dystrophin
Dysrophinopathy
Emery-Dreifuss MD EDMD, EMD Xq28 Emerin
AD-LGMD Limb-girdle MD type 1A LGMDI1A 5q31 Myotilin
Limb-girdle MD type 1B LGMDI1B 1ql1-21 Laminin
Limb-girdle MD type 1C LGMDIC 3p25 Calveolin 3
Limb-girdle MD type 1D LGMDI1D 6q23 ?
Limb-girdle MD type 1E LGMDIE 5q31 ?
Limb-girdle MD type 1F LGMDIF 7q ?
AR-LGMD Limb-girdle MD type 2A LGMD2A 15q15 Calpain3
Limb-girdle MD type 2B/ LGMD2B/MM 2p13 Dysferlin
Myoishi myopathy
a —sarcoglycanoapathy LGMD2D/SCARMD?2 17q21 a —sarcoglycan
B —sarcoglycanoapathy LGMD2E 4q12 B —sarcoglycan
7 —sarcoglycanoapathy LGMD2C/SCARMD1 13q12 y —sarcoglycan
d —sarcoglycanoapathy LGMD2F 5q33 d —sarcoglycan
Limb-girdle MD type 2G LGMD2G 17q11-12 Telethonin
Limb-Girdle MD type 2H LGMD 2H 2033 Tripartite-motif-protein 32
Limb-Girdle MD type 21 LGMD 21 19¢q13 Fukutin related protein
AR-CMD Merosin—negative congenital MD Merosinopathy 6q22 Laminin a 2
Fukuyama congenital MD FCMD 9q31 Fukutin
Integrin—negative congenital MD 12q13 Integrina 7
AD Myotonic dyatrophy DM 19q13 Myotonin protein kinase
Facioscapulohemeral MD FSHD, FHS 4q35 unknown
Oculopharymgeal MD OPMD 14q11 PolyA binding protein2

Abbreviations : MD, muscular dystrophy; AD, autosomal dominant; AR, autosomal recessive; LGMD, limb-girdle muscular dys-

trophy; CMD, congenital muscular dystrophy
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Zobat s A 46 A A2 3 20039

M Pt. C Pt. C

Pt. C M Pt. c M

Fig. 1. Multiplex PCR in diagnosis of dystrophinopathy. Patient shows deletions
between exon 45 and 52. Asterisks represent deleted exons. Set A :exon 45, 48,
19, 17, 51, 8, 12, 44, 4, 46. Set B-1:exon 43, pm, 13, 47, 60, 2. Set B-2:3, 50, 6.
Set C:pb, exon 49, 16, 41, 32, 42, 34. Abbreviations : M, marker; C, control, Pt,

patient.

tlo
)
o
M
i
_O|L
rr

Bzte] A g-ql AAS Aldste] dystrophin
Western blot analysis %= dystrophin ®¢ =7 3g A
(immunohistochemical staining)S &3 FE|gHd o] g
3t} Dystrophin #3Ae] U5 g
PCRS AF7H4 4zl d¢ 39 & 7 &3 exonES =
st 22k Z a1 FE fFE <
Felshes WHoR FE 26719 exon(HA A i@r }-4 95%7}
°] 2671 exon & U<
2 J3h(Fig. 1). Multiplex PCRS ©]83F 3% X2
o= Ao
1] semiquantitative multiplex PCR %+ Southern
blot analysisso]l H1A} et o] &¥THFig. 2). Dystrophin
o] WMol 27 &3 e A4 Novocastra oA 440
2 AZE dystrophinel gk FA(NCL-DYSI, rod; NCL-
DYS2, C-terminal; DYS3, N-terminal)E& ©|&3dto] Alads}H
DMD®| 7A5-d A3 wd=A ¥e FFoZ BMD A5
EA AR AAEAY B AN Frr) ofstA HdsE e &
A4S ®Belt) Dystrophin® 2@ %S HE WHoRE o] B
o= “Al ¥+ &l (monoclonal antibody)E AFHE-3l= Western
olgHth HZde 53 ZHEHYAF U
o2 47 o8 7FA] sarcolemma/non-sarcolemma protein
of thek ©AHZ Al (monoclonal antibody) cocktails A&
3= multiplex Western blot assay 59 WHS o437 =
gl Western blot assay 4% 2% DMD #zbe] 45 44
dystropin 2] 5% w"RFe] WEHES Holx ZHFe DMD HE+
%9 BMD9 #A§ 5-20%, 4% % F5% BMD 39|
A9 20% oo LEES

A B0l NGB WA FA

sAA o] Q)

blot analysis7F

2. MX|HHZKSE[#ML|F(limb-girdle muscular
dystrophy, LGMD) ¥ CIE {89 ZIEIH

Hu

1) LGMD
LGMD®] 75 ZaaA 44 Ee= $4 s Holn

Family 1 Family 3

PN W50

Family 2

R R . — 1.6

» of st ae A el * -_— 1.2

A - — —— -

Fig. 2. Southern Blot analysis of 3 families for diagnosis of
carrier. [ ]:normal male, I : affected male, ® :carrier female,
O :normal female. ‘represents the deleted band in the patients.
o :represents the decreased band signals in female.

o

A o2 DMD/BMD%HE thao] Apol& HolARtk 94 &
o= gy E oyt wekbA] 4822 dystrophin DNA
a3 ]633}04 dystrophinoapthy ¢l 7FsA<& A3 & v}
Az 288 AdsA g §8 DNA 74A}HP<>:1 dys-
trophmopathy# 7FedEs 100% AT & givh SA4H1S
T AL x4 2= alpha, beta, gamma, delta sarcoglycan,

oo 2o

dystrophin, dystroglycan, merosin®l that &AE o] &3le] W

o 24 3 AL AYF F Sol AW Bk 2249 Y
B 2ol X ol melAw, 47)e] DNA AA % W

22 33t JMo A S Hole A9 Aol weEl cal-
pain-3, dysferlin, telethionin®] ©]/del ¢J3 <SHPH=A 7}t
A4S wEsta dool wet HAE Attt xde] wAA
A FAH o o]f 7lFe H wuAd g dAE 7t

7} Fig. 3% Table 3°1 Azlaith
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2) Emery-Dreifuss® ZRE|I#MRIZ(Emery-Dreifuss

muscular dystrophy, EDMD)

EDMD+= X @44 ddd 2 ZEAA ddd 77 25
deA glem Z$%Fo] humeroperoneal XS HO|HA AA
s £33 z7le] ZEA B #Eo HFo] sNtye

A

al
Hox yge] A% g7t Furarh dury

———+—— nomal
Absent or Normal

abnormal bt a-sarcoglycan
reduced | - .
Absant Abnommal Nonnal
o reddueed L
| |
Laminin o2 | |(_':ul :nin}l
Abeent  Arbmormal | P
o reduced [ . 1
Abnormal Al al
. " Normal Normal
Abnorms ,
Absent reduced A
v
v
DMD  BMD o-SG ¢ -35G v .
R “[.’. SG worpor v CMD Dysferlin ] Calpaincpathy
5G

Fig. 3. Diagnostic flow in muscular dystrophy.

Table 3. Antibodies Routinely Used in Analysis of Muscle
Biopsies

Protein On blots or Type Commercial
sections designation
Dystrophin(N-term) Sections M NCL-DYS3
Dystrophin(rod) Blots M NCL-DYS1
Dystrophin(C-term) Both M NCL-DYS2
a —sarcoglycan Both M NCL-a-SARC
B —sarcoglycan Sections M NCL-b-SARC
7 —sarcoglycan Both M NCL-c-SARC
§ —sarcoglycan Sections M NCL-d-SARC
Calpain 3(exon 1) Blots M NCL-CALP-12A2
Calpain 3(exon 8) Blots M NCL-CALP-2C4
Dy sferlin Both M NCL-DYSF
Laminin 2 chain Blots M MAB1922"
(80 kDa)
Laminin @ -2 chain Sections M NCL-MHCt
(300 kDa)
Calveolin 3 Sections M €38320"
Emerin Sections M NCL-EMERIN
B —Spectrin Sections M NCL-SPEC1
B -Dystroglycan Both M NCL-b-DG
Laminin @ -5 chain Sections M MAB1924
Laminin A -1 chain Sections M MAB1921"
Laminin 7 -1 chain Sections M MAB1920

All antibodies from Novocastra except ‘Chemicon and 'Trans-
duction laboratories
Abbreviation : M, monoclonal

3) UZ{MBZKE|MRIS(Facioscapulohumeral muscular

dystrophy, FSHD)

Az o) 7B 55 8 9] 5 (facioscapulohumeral muscular dys-
trophy : FSHD)E DMD$F 57175 8 9] S-(myotonic dystro-
phy) Tho® &3 ZHEYPLFo 2 Faa4 ¢4 Fd 43
ojm {9 Aok AT EAAR & S HolER 9

oA ek B WAL F2 ]
7

some 4q35We] D4Z4 A9 genetic arrangement®] ©]4-F
2 3.3 kb repeated DNA elements deletion-°] 92lo]2&
AR ko] shgaAw Qe {FAx AL ofzr LA 9l

A %

3. MMM ZE2E|M=(congenital muscular dystrophy,

CMD)

CMDi= Zd4A 4 frde ste dfom d4, fd4
O R ofF Y THwolgty & £ gk vEHoE &4 A
Ee ol R7IFE ANbARl 5 ofs} 8l A 1T HolH
oI 2] 2y Aspr o SFsleith A 2-3A137H= &
A A RTE 2 okl tha 3REE Kol HolXwk 1 o F
wE oFElrl JAystwA 27)e] o] FHo] vehhs Aol 5
44 = F7FARE oL el

ot

5
- T
thol7k & FolellM= =4 e A7t o ¥tk
22l H 3 F(dystrophy) 2] ¥ Holw 53
37k 27198 AlskAl UEhde o] 5A A

Table 4. Congenital Muscular Dystrophy : Clinical and Genet-
ic Heterogeneity — Proposed Classification -

Clinical classification Locus Gene
CMD without significant
mental retardation
CMD with absent merosin 6q2 LAMA?2
CMD with reduced merosin LAMA2
Primary merosin deficiency MDC1B
Secondary merosin deficiency ?
CMD with normal merosin and 1p3 RSMD1
rigidity of the spine
CMD with normal merosin and 21q Collagen VI
distal joint laxity
Intigrin alpha 7 deficiency 12q Integrin a 7
Other
CMD with mental retardation
Fukuyama CMD 9q3 Fukutin
Walker-Warburg sydnrome ?
Muscle eye brain disease 1p3 ?
CMD with other manifestation ?
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dystrophin &2 A oltl T o f14 9lo] ¥

al
HA Wele] tigh ola) 9 1 BR{IF AASE L At Table 4).

rx
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Z(Congenital Myopathy)

AAA THSS A9 Aol o8 FAT] Fesky o)y
o7 WAEE 2§ FFo|th FA Al EE dHor|FE 4l
o ZgE At W 2 $oFo] YElE dnkH oz o]
Z71eel wel nEgA e olF WA Jyste AHE
Aot R Folu &F Foles TwEA He AU B o
dAow Al A% R A}, 2ukAE As, 295 2 4
P o] F(dysmorphic face), % 718, #HF Fvh 157
(high arched palate)$} 22 o] 4FeE Hole FFHo] Stk

ARE 25 d83 FFSE central core
WZ  myotubular(centronuclear) W%, myofibrillar(3
desmin related) W ol & 7]sE o] Qar 1Hel| < W
Aol w FeeAel B9 FFE thdsith

AF7HA dEW F417 Q9910 2= centronuclear %ol
9] MTM1 %%k nemalin ©+%¥ %2 NEM1, NEM2, NEM3,
NEM4 %A} central core disease® Ryanodine receptor -
AZHRYRDZE 459 7HAlolA 1 fraAE deis v 4
Al Kkl o] &HE DNA AAMEE ob4 gle AAoltk(Table

ok
jo]
@
8
=
=
@

t
Brorlr o rl s

oo

o

=
1 2% 2HdAe] Fesy 542 Bashs Aol

N AV Fea,

Azel glo] @AM PPHoE F8¢ AR PUS e
AelAR ofe] AR Ropel WS Ba B AAAL el
A woli £9L AFSE o] Fastth F HA® 4
AT R A AR BE A9 o, AU 24 BE 5
# FgyFel dx L 27 w4, ol g Ay FPelrel 99
of WiE AAe Y, 1wk A mead 2 4EeRg

Table 5. Congenital Myopathies and Identified Gene Loci

B
o
o

s Al46E A 25 20039

2 B9 44 AR S F4& FE Ao Bagy,
H+2R2|=(Spinal Muscular Atrophy, SMA)

HEZFHASS o GfrofelA vz wE A7|d] AbEE
Z 3t S AIEA E(motor neuron)?] A4 WA Hgholth

% FE 9 Iy A7lel w3744 3 - Wer-
dnig-Hoffmann disease(Infantile SMA, severe SMA
SMA type I), SMA type II, Kugelberg-Welander disease
(SMA type IID -2 et FFHez 7 T3¢ SMA
type 19 A =4 AIFH A A Ak 2 A 1SS B
ol THAF A4dEo] 9la s < 5 (tongue fascicula-
tion)e] A wEEW QY A w g AT 1-24d dl9
AbEe] 75-95%¢° o]&th 1990l FHAF A¥ AL Sl
T {FAR AATE WA 7] A o]% dAAle dAA 5913
o A8 telomeric SMN % 2Htelomeric survivor motor
neuron gene; SMN1)7F 72 Q1 FAAd o] LA vk AA
SMA 3#F2] 90-100%°14 SMN1 222l homozygous de-
letion®] 21 “defe]rt. SMNI FdxHE 20 kb A= =7]
2 9] exono® FAE ] 9l2m SMN2(centromeric SMN
gene)2H= 99% homologyE 7FAIAIRE exon?, exon8 -0l A]
single strand conformational polymorphism % PCR 2tz
AgE FEaol ofgh - el Afolrt o] o]E Xtk o] &gk
o HEd ddHeR SMAYE AlEE A, e A A
WA= SMN ke fadAk HARIZAE 95%)01H o] HA
oA A4d A9 EMG 3 28HE A

At #A4ole,

i
E=

e
g o

O(})(;r‘
ol
ol
rlr
)
9

4

T
2
re

Metabolic myopathy including
mitochondrial myopathy

1. CHAIY Z2EHME(metabolic myopathy)

A 25 S 9949 <3S (glycogen myopathy), A4

Disorders Gene Protein Gene loci Inheritance
Nemaline myopathy NEMI1(TPM3) a - tropomyosin 1g22-q23 AD
NEM2 Nebulin 2q21.2-ql1 AR
NEM3(ACTAL) Skeletal m. @ —actin 1g42.1 AR/AD/sporadic
NEM4(TPM2) B —tropomyosin 19q13.2 AD
TNNT 1 Troponin 1 19q13.4 AR
? ? 15¢21-q24 AD
Central core disease RYRI1 Ryanodine receptor 19q13.1 AD
Myotubular myopathy MTM1 Myotubularin Xq28 X-linked
Desmin related or CRYAB a B-Crystalin 11q22 AD
Myofibrillary myopathy DES Desmin 2035 AD and AR
? ? 2q24-31 AD
? ? 10g22.3 AD
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A 59 S(mitochondrial myopathy), A% A} Z2k(lipid
metabolism disorder) & T&d Wl o, &5 =4
(exercise intolerance), =4 ® 5°] UEh}E LoloA F2 9
A g Qlvh Ty 2 4 ol vt &5 Al YERt
P B A, AEshs ksl 2 Aol x7]e] 4
325 2 s Busle 29 o2 T3 A
o] yeld 4 2t} Acid maltase A3 (Pompe disease), myo-
phosphorelase 23 (McArdle’s disease), carnitine 23, phos-
phofructokinase 29 ol 7 &3t & fsixe oF
zZA A B4 1Y AstAY 250l &

FE acid

ro e

[e]

Rl 4k o1 &

=]
D,
o+
5]
w
¢
i)
i)
o
T
o
o
=]
E.
(=4
=
¢
i)
Junc)
o
lo
jaal
é\t
[
2o
o
uj

2. AIEA| 28% S (mitochondrial myopathy)

o

ool o

10 od ¢
ox Joorlf =
>
>
)
2
)
ot
tlo
1o
>,

o} polyplasmy, heteroplasmy, threshold effect, mitochon-
drial segregation and maternal inheritance®t #2 AFHA
DNA 39 5o 7IQlgtt} el ojM® g 3 F
7ol Aatite g Hdstr] ofEfng 7EES XFT 24
gk 9 B A AdE btg o AsEEHH HAl, ek A
ol ZHwWol|Ae FHtel FQTtHFig. 4).
A Ags Agst=d doA M fFE35HA
#49 A=A, 24 94 A4 2 AR

225} 2o Fesd g, 24

A4

= o
Ab FHA AL

N, Jo
b
>
=z
rr
>
=

ro o ol
h!

A AgHew u
2l

=)
o,
n\
N
>
il
offt
o o

flo

N

I

. +Blood(CK level, Lactate, Glucose)
+Urine{Organic acid and aminoacid
analysis)
i «CSHProtein, lactate)
«CXR, EKG +/- EchoCG

investigation

*EEG/EMG
ﬂ «Brain MR
Specific point mutation syndrome 7
eg. MELAS ( A3243G, T3271C >> A3260G) | vy | PCR/RFLP
Leigh ( T8993G/C) — | analysis
MERRF ( AS3HG, T8356C) of blood
LHON ( G117784)
[l No Negative
Morphology
(including ENM) chain

& Histochemistry | 4+
(CCO/Gomori/SDH)

Mt DNA
quantification

Molecular genetic analysis

reamangements
PCR/RFLP for common p.m
Mt DNA antomated sequencing

Fig. 4. The investigation of mitochondrial disorders.

o] Wi, 25 o83 AEAS AstetE Al 9 AFEA DNA

-3t F43 AAE AT 5 Ak ol
< 71=skith

1) SHESH ZIEHH @ g4hx43etd A Bl [ dv)A

D modified Gomori trichrome

@ Succinate dehydrogenase(SDH)

@ Cytochrome C oxidase reaction

@ Electron microscope

2) EXFEA AL

(1) PCR amplification and RFLP analysis for

diagnosis of common point mutation
A Bl §5-E A 9% e r H EdWeTt

JAE = 97 fAE EFsHE DNA 248 °F 200-350 bp
= k-

el
%Y PCR AR 4 Ao/l e 97 Solat Al

u:

2o g

2!
T3271C, A3260G, protein encoding genes 52 T2
AME Zdske Aol dubAolt), dels Fa FHA HAR
ANLA o2 {RNA genes(MELAS ¥ MERRF)9 &AW
, NARPY LHONZ %< protein encoding mtDNA gene
AF-o] EAMo] 183l Pearson 5w 22 ©d A
Agtell= 90% AEe] gk e sE Btk 12y A3243G
Arlold o MELAS #Ate] 4% 7I£e] &9 DNAE &
polymerase chain
length polymorphism(RFLP)9] ZHAIZ 209W & 1H2 v
2 F Qo Rl goevg 8oA FE3 DNAC o3
AAPE & o dustal gege A4 Hdarea @ 4 Qloh

(2) Long PCR amplification and Southern blot

analysis for diagnosis of DNA rearrangements

Q]

o it 1o of O o

reaction(PCR)/restriction fragment

= .
JN DNA FALE SalMe AdER] gonz Zfox &
¥ DNAE &3¢ #44 HA7h B4tk Long PCR ampli-
fication® common deletion site® ¥¢#% mtDNA ZE& &
¥Z 112 kb A%E2 DNAZE Long acting taq polymeraseZ
o]-g3te] FEste WHOR FHA Ado]l de AF 112 kb
B} e 2do] FEHua M AApL 7bssitt olgA &
(Bam HI, Hind III, Xba D&
B Ade §A 9 O AVE 49

w
N
3
=
I
2
=)
ol
B
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of d7] 953 ¥ membranedl Zo] AlA mtDNAS d#=

probeZ A2k mtDNA 7] ¥ 4= 3Qlsh= Wyolch

ZIE HMAI(Fig. 5)

PWS methylation analysis
_+ Normal — withiwithout FISH

Neurologic examination <
H Mormal
Muscle biopsy

Clinical history

Serum CK
EMGINCS
Muscle CT

T
““Abnormal —
with immunohistochemical st.

with adequate gene test

Fig. 5. Diagnostic stratagty of neuromuscular disorders in in-
fancy & children.
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