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915-¢] Duchenne# ©] % %3 (Duchenne muscular
dystrophy ; ©]3} DMD) ¢} gAle 7194 154719
Egypte] ¥3lo] A olv] AT glon 1868'd Du-
chenneo] o AW 153 & FA(Arch Gen Med)?l
gEes W ERH(Emery, 1987). DMDE ¢%
HAoz ANFEHY 2K ojFozE FT EXD
(gluteus medius) 2 2 EXZ(gluteus minimus)
o} of3lz Al oI f oz AFYj). J1E5Y
2.2+ DuchenneX 2] H.10)A 9] Meryon(1852) 2]
B17} olu] 9ller X-linked gAog2 fAFHE
A AW el A AUY. £ DMDe & o4 ¥
o] EF% proximal typel. ¥ EFHHE 1. 9

Table 1. X-linked dystrophies

Proximal

Duchenne

Becker

Others(Mabry, Emery-Dreifuss)
Scapuloperoneal
Quadriceps

Quadriceps myopathy

YL N E X 9449 @ Xp2D o 94X
3 (29 1) 2 mega bpH =S oFF & FAA I
(Chellys, 1988). 2717t §o2 Ql&jA F2zt9
A&ol} £ wolg do #go] Holx DMD
7V 1/38] AS-o A 24 A A3 {7t e &4
Wolg =# " rh(Bartletts, 1988), 28 TE
A AP 5 o] 7|3 x} Y53 ¥ 80100

/106¢] E9¥o]&(mutation rate) & Rolx ¢t

(& 2).

Table 2. Average estimates of mutation rates various
genetic disorders

Disorder Mutation rate (X107%)

Autosomal dominants

Achondroplasia 10
Retinoblastoma 8
Tuberous sclerosis 8
Polyposis coli 13
Neuroblastomatosis 70
Huntington’s chorea : 5
Myotonic dystrophy 10

Autosomal recessives

Albinism 28
Total colour blindness 28
Phenylketonuria 25

X-linked "recessives

Haemophilia A 3257
Haemophilia B 2—3
Duchenne muscular dystrophy 80—100

o] =g T A, DMDYL e 77 FRAA
Aol e E vHIE AR o}F Aeldle A
ol go] ofF &0 £FE). & 3 HolE o
ozl AL A AHE FA FH=H Z& DMD
JH e #e BFe] A Aol Bk (Dar-
rasT, 1988). Ed o] 0]99) glorE FHAY
A& B (duplication) ® AF miss-pairing: E-&
unequal cross-over F°] HEaoR FAAYG

*o] =R 1991EE AYUtE $FATH R FARY FAAETH ) 23t o}FoIHE
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Xg blood group
|Steroid sulphatase(lchthyosis)

Xp—-—f--l'—h

_i__11GGPD
|

r
l
1

r-- - H-Y antigen
, Chronic granulomatous disease
2 2 _ Ocular albinism
Retinoschisis

Duchenne muscular dystrophy
Becker muscular dystrophy

Retinitis pigmentosa
Testicular feminization

Anhidrotic ectodermal dysplasia
Phosphoglycerate kinase

Fabry's disease

Lesch-Nyhan syndrome
:Fragile site/Haemophilia B

colour blindness
 Haemophilia A

Fig 1. Simplified gene map of the X-chromosome and its banding pattern.

(Monacos, 1985).

DMD 442+ genomic DNAZL} ol =A% A4
B ¥ (expression) & exond 14kb A =™ 607}
HEE o] AUTH Chelly s, 1988). o] #H27}
18 HALE W dystophin B AE FAEH o] @
wlAe & A X U(intracellular membrane) 7
dazel Ayt "ok SHAENA AAEHE A
mRNAS] 0.02-012% & AAstd 2K thE A
Fof ula) 250008 He Bz IHAENAN E
o3l A BEHE FHAoIh

Dystrophin®] &4 X Wjute] #4842 4 DMD
Fabe] ZEAEANA Folg MEZEEo] WY 5
g-a Wby o 2 1 ¥ o] gl 2} (Carpenters} Karpati,
1984 ; Arahata’®s, 1988) <S4 ¥ 9] sarcoplasmic
reticulum®] o] (Samaha®} Congedo, 1977), &%
52 M3 (Cohens, 1982) 5o] Hixo] glo] o
EAo] Nxuto]e]e] A EA7]H(cell organelles) ol
5 93s F5 Ao FHH

A& DMD 71419 22 "o Juppor] 9y
(karyotype) & H418}a) XG4 A bande] HolE =
A}slil DMD#] genomic DNAS! pERT 87 probesE
A&t A Wole] R4} carrier® 418z}

B,
R

X2 : DuchenneX T o|gUFo g F o}Eo]
APgSE Al A 29 O Ad THE uides
28X &3 DNAE o] &34,

2

A 8l&d B4 (karyotyping) | T2¥ Y IsTE 10
% ¢33 o] & RPMI 1640 v R o] A 3 7} wl] &}o
G-band ¥ H-R(high resolution) band&}<] X344
o} WslE ZASIYTH

B. DNA =& : Matsumotos(1986) 9] i< 9
oto] AHE3t4Th Heparinel2 A2jd @xddY
10mlE conical 250ml polypropylene tubeol 7131,
o 7) o] 108 (100mD) 2] X}7}-¢ Trition X lysis buffer
(0.32M sucrose, 10mM Tris-HCI pH 7.5, 5mM MgCl,,
1% Triton X 1000& 7}3ted 5&F< ESH &
3 418F9 (2400 rpm, 10 min) MES isolation
A Z1e}, pellet2 9ml nuclei dropping buffer (0.075M
NaCl, 0.024M EDTA pH 8.0) & ©]&3}o] 50ml tube
S22 ARFAA 1mle 5% SDS(HFFE 05%)
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9} proteinase K (0.2mg/ml) & 410} M43 EEHA
37Col A 12—16A17F ¥l %7 F- F-F2] (10ml) equli-
brated phenold @0l 1NZtE¢H Hion Hed
2400rpm .2 2087 AAF 45 oI 2 tubes) &
711 2 %9 chloroform : isoamyl alcohol (24 : 1)
292 4o thA] YAFCH(2400rpm, 10min). 334
1/10%¢] 3M Na-acetate$} 1.581 2] 95% isopropa-
nol&# DNAE 3 A7t} 10ml TE buffer (10mM
Tris-HCI pH8.0, ImM EDTA pH 8.0) & thAl H91%
1/27%9¢] 75M NHd-acetates} 20 %o 7b& 7
alcohols ¥o] E5W DNAY 43& & F Stk

o] FL pasteur pipette® AR 95% etha-
nol® FA3 ¥ ethanole] FLHA ¢dF Iml TE
buffersl] 30]3L spectrophotometeroll 4] 260nm2] &
Fr g A3l DNAS F=E AA gk

C. §4%2| : Hind I1I(Takara A1) 42 37CA
overnight digestion3}$th.

D. M7|YS : minigel& digestiond #<18}3L ELFO
Stzhfjol A 0.8% agarose® H7|DE3AT (size
maker : Hind III digested Phage DNA, 20—40V).

E. Nylon membraned{ Southern transfer :

F. Plasmid amplification} probe production :
Cloning® pERT #A#} 7121 37}A (pERT 87—1,
pERT 87—8, pERT 87—30)& M—9 calcium ¥ A |
large scale P %X spectrophotometry 660nmel A

0D7} 043 =%" chloramphenicol(170 pg/ml) &
H7hsted 12— 16413 o W3t e AR D F(25,
000rpm, 20%) AHEL lysozymeX &l &L alkali-
SDS W o2 DNAS F&8lo) 3714 probed] 242
Kpnl/Sall, Xbal, Hind III 42 37Ce|A] overnight
w33 08% LMT gel(agarcose type VID)el A7)
4 E3le] gel 27H& Tris-HCI-EDTA 30 =4
X3} phenol @ PCI &% 2. & 1.35kb, 1.3kb, 1.8kb
DNA probe& DMD #3477} coding ¢ 31 371 ¢
pERT 87probe(Kunkel, 1986) 2 it

G. Probe labelling : DNA probe& 5%3t boiling
% 74217} —20Co) & denature A 71 F multiprime
kit(Amersham A]) 2 ¢ ¥p& DNA9| labelling A1 7] 3
sephadex G50 columnoll 3} A] A labelled probe¥H-&
£ 3hsch

H. PrehybridizationZ} hybridization : (D)8l 4]
gele] DNAE &7 baking¥® nylon membrane®l sal-
mon DNA(100—150 p)-& #& WH2Z  dena-
tureA|# prehybridization(65C, 5%) AlZF dena-
ture® 3P-probe DNA 0.6X10° cpm/laneg- 7} 65
CcollA overnight ¥t} hybridizationA AT,

I. Washing : 65C3}o M 2XSSC/0.1% SDSE 15
71 23 #A84

J. Autoradiography@} &{4f : —70Te| A 1-397L
x&3n S @A

Fig 2. One sample of karyotype; normal banding pattern of X chromosome(arrow).
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Fig 3. Provisional localization of various RFLPs around the Duchenne/Backer locus.

8 0N

83 4ol M G-band ¥ H-R band (Y 2)
22 Xd9A 9 Wale 488 & gk

24 49 7H=E= HI-13 [1-4 DMDe] 23
2.2 24z} 64, 1349 AMEE @9 FAA zolt}, o
A A Fzb 19, oz} 7He) dxPdo QuT
A DNAE %314 Hind llIZ2 DNAS Huhsld
nylon membrane®]] Southern blota} 32 A %) AFol) A
Xp21.1, Xp21.2, Xp21.3o] A 3l=(2¥ 3) pERT
87—1, pERT 87—8, pERT 87~302] genomic DNA
probeE hybridization§t A%} pERT 87—8 probe2}<]
hybridizationol| A f-2]§ 42-& AUk = 89 73]
AP eg FAFHY B/ o2 DMDe S4o] A
AR o] probeE o] &3 AHNA = Aol W&
BAvHAY 4). T1-7, -9, lI—-12, IV—3%A4&
(85/5.2)kboll Al A4 & hybridization bandE ¥ g
i, I-2, MI-5, IV-2, V40X (85/5.2/3.2)
kbol| 4] 0143} band& Btk & 112, [11-5,IV-2,
IV—4914 DMD f 323 7t 290l 4] DNAW o] 7}

pter

23,
22.
22.

22,

22,

22,
22

21.

PERT 87

11.

11.
11.

11.

33
32
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13
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Al
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11.21

11,
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Fig 4. The pedigree of a DMD family.



oj1g . A - LS - AFE - HY - HAF

Duchenne® 2 ©] g U4Z(DMD) 74 o)A 9] pERT 87-8 f- AR} wo)

doJLbA extra band(3.2kb) 7} VENE Roz Az
Hu olE BE carrier® AlRHET}

% LI Adie] A DMD 348 A3 291 871 817
o -2 M2 Hol(new mutation) & ALE
o}

o &

DMDe %&8-3, o} dgR e, 525, 9
g2 FE AzFEY o2 FEe FFFNR ol
A& Xlinked 94 FHAEoZAM AFoz A
Ht}, DMD f- Ak RFLP likage analysis(HofkerZ,
1985), A £ £ 784 A7 (BoydF, 1986) 52 & Xp
219 9XFo] dEA 2™, Mandel5(1989)&
DMD #3740 A 14kbe] DMD2] cDNA7} Fox
75704 exonoZ TAHY 2,300kb¢] genomic
DNA9 HAUTI Buss g} o] {3z &
3o 7 TAEE polypeptidexs &A X} whAd T
z9] 42 A5 dystrophino] & B & ol th(Hof-
fman’, 1987). 19417]9] oW §H3 AU& 713
AW 0.2 7tFE o] RuF 0] glom &4 Hole) 1/3,
500—4,0008] RI=E WAEE o] A U UL
A7 37kA 2 oE fch(Moser, 1984). A%, DNA
EA 2 918 misparing S-2 unequal crossing-over,
EA, F17e] AR d&Eog 2YHE AL oF
66—67% 2 Southern blot hybridization 7|"Jo.=2
Folbd 4= 9 th(Forrest, 1988). A&, = w4 &9
1/3& Aste 2oz 9 Wolst A Gardner-Me-
dwin, 1970). cl¢lel= FAA e AMER fEsHe
el glom 53] 4 G¥A F 11, 21, 3, 1, 5, 6,
9,2, 8 4, 5 156¥W1¢] AMA} XFHA ¢ AR=
gojule DMDS] Ba7t IvH(Zatz, 1981 5 Verel-
len-Dumoulin’g, 1984 ; Ray%-, 1985 ; Thompson &,
1986).

#AA e AEog 28 5HE DMDE ofF tge
FHE Ho DMD7HE Alxvitt AEAR 7} Folst
1} hot spot7} 9lo] FEAH L2 Jehe A& 1947}
912§ 5 : Koenigs, 1987). den Dunnen's (1987)
& DMD9] 50-70% = fAAte] ¥ AEoz ¢
ojuttiar 3lm, o] 173 cDNAE probe £ 3}o] RFLP
linkage analysis(Monacos, 1987)1} Southern blot
hybridization® & screen 3t A AHH AT Z hete-
rozygous carrier& Z'd & 4 U tH(Frankes, 1985,
Malhotra%, 1988 : Darras, 1988). 318 .0 & & exon)
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Fig 5. Schematic representation of the DMD locus
and cDNA.
;(@) cDNA fragments, (b) extension of 53 DMD
deletions relative to the ¢cDNA map,
(c) cDNA restriction map.

LRIl A< " A2 FAEHY dystrophing] AAAE ¢
BP0 R 2 o|gYFoRY 4FF FHol AF
e A= Ao] o) A HHE A% E AL
A8 Aoz oAAHNordenskjoelds, 1990), =
AEol dojunaE single intrond) A& AL
A3 ¥ ¥ (phenotype)S R2AHKoh%F, 19
87). o]l % carrier?] Z7A¥ &7} DMD o}
E& 717 ®o] 9} penetrance’} RiH7|E $r}
(Thompsons-, 1962 ; Williamss, 1983).

a8y §-3242] d4gle] mRNAY] alternative sp-
licingo] v}(Feener, 1989), dystrophing &4 ¥ 1}
A Fxol Eole v Ade] o] A}m 22 post-transla-
tional processing®] 2928 28 &% A} Che-
llys, 1988). o] 7$- DMD polypeptided] 342
e SHARE v TR Solft A&g WY
wgog Follo] FAY & gltHMostacoiuoloF,
1987).

EdWo)e) 94, postzygotic mitotic origins 2
M2 wol7b dojuim(Bakkers, 1987 ; Wood2}
McGillivray, 1988), 1 f-3AQl BAR o}F &
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# o] & (mutation rate) 2 HITHIE 2). & Halden
(1935)9) A wol& A (mr=1/3X 1(1—1) ;
I=incedence of disease, {=reproductive fitness of
affected individual) o] w2 2}% 1=240— 300X 10~
80 2 mr(mutation rate) 7} 80— 100X 10"® gene/ge-
neration® & AAtE o] & WAz ot} o] &
AEE Dujgtol o}5 kg Eduolzt dojuin)
FHA AE FAE ofF vheFdth 28y @ B
Aol HAE&Se FHANEIE dojuin agiz
AFE FEH 2 Ho BY JHAdAE BRL JdH =
H-A(transmittion) ©r}(Darras¥:, 1988). £ A
A= 8184 bande FEE FFoIuvt asy o
Ao WAL Fiel AR Welel combinationo]
oj® el A gtEA] B&4ste B Fo] DNAY
EAE Heksle dAE AYR AH(Thomson$,
1962 ; Vogel, 1983). LEjA Yoz AHAom:=
PCR(polymerase chain reaction)& °©]&3}l=d ch
8t (Hentemmanng, 1990). 1985 Saiki 5ol 4
¥ £ o] & Chamberlains(1988), Roberts%
(1988) ¢l o]28 & §8-& Ko traget specific pri-
mer(ZE oligonucleotide) & AM&-3}d )4+ DNA
%2} (dystrophin gene) & 5EA)# £ 4 glo] %9
DNAZ g2 #HAE & + 2™ blotting }4&
AXNA g3 ANGE doze F374 wWisE 3
2 ¢ glo} ¢ro 2ol DMD I PCRY| $-8-9]
A1) @ tH(Dulau®, 1989 ; Oudet, 1990 ; Reiss¥,
1990).

e o

DMD&E % 27} A3k 714l A 29} A&
AEg ez HYEY g FHAAHALE HAR
A3 AR(ZA) 94 DMDY 71&E54E HAY &
glom 2o 944 2% 9] Fol7l DMDRE F3HE
Agoz AIYS HFARA 8HY xPHoz
BE AEFHEE A7 EARAEE RAE 3
Aok ¥ B4 0 2= G-banding 2 high-resolution
banding #4202 BF A} JHE HAh B
A48ty A7 2, DNAE $%38}9 Hind 1II A%
E42 AE% DMDY genomic DNAS) pERT 871,
pERT 87—8, pERT 87—30 probeE &3t Sou-
thern blot hybridizationdt] 1 bandE ZA}8l$4T},
ol 7199 Hud AHP7 band(85/52 kb))t
O& extra-band® 717 Aoz that II-2, HI-5,

IV—2, IV-49lx 85/52/32kb&E UEIWT}, extra-
band®l 3.2kb bandt DMD H#=e] =4 o)q
7190% Aeg AlmEch

% a2

Ao
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= Abstract=
A Mutation of pERT 87—8 Gene in Duchenne Muscular Dystrophy

Ihn Hwan Lee, MD; Dae Kwang Kim, MD; Yong Wook Jeong, MD;
Hong Tae Kim, MD; Sung Ik Chang, MD; In Jang Choi, PhD

Department of Anatomy, Keimyung University,
School of Medicine, Taegu, Korea

Duchenne muscular dystrophy(DMD) is a severe human X-linked degenerative disorder of muscle with
fatal evolution before the end of third decade of life. It affects about 1 in 3500 live born males. The high
disease frequency correlates with the high rate of new mutations, estimated to represent one-third of all
DMD cases, because this gene is very large size. The DNA of a DMD-deletion patient was used to isolate
7 pERT clones that were absent from this patient’s DNA. One of these deletion specific clones, pERT(DXS
164), was found to be tightly linked to the DMD gene. We investigated DMD family in which 2 sons expired
from this disease. We used the pERT 87—1, pERT 87—8, pERT 8730 as genomic probes in Southern
blot hybrdization. The pERT 87 for a large gene is located in band Xp21 at DMD locus, sparing more than
2,000 kb of genomic distance. And we found abnormal bands, (8.5/5.2/5.3)kb, in Hind III/pERT 87— 8 combina-
tion of II—2, III—-5, IV—2, IV—4, that is, there was 3.2kb extra band. Those who have abnormal bands
are normal phenotypically. They are, probably carrier and the gene of mother's DMD locus(I—2) is new
mutation. In karyotyping, no chromosomal alteration was found in X chromosome of all cases.
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