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Analysis on Restriction Fragment Length Polymorphisms of Duchenne
Muscular Dystrophy Gene for the Diagnosis of Carrier in Korean
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Seong Woong Kang*®®*, and Jas Ho Moorn***
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Department of Rehabilitation Institute of Muscle Dissase, Yonsel University™, Seoul;
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Background : Duchenne muscular dystrophy (DMD) is a severe X-linked recessive
digease and cloned probes recognize genetic variations of restriction endonuclease sites
(restriction fragment length polymorphisms(RFLPsl}. These RFLPs may be inherited
together with nearby genes and can be useful for the diagnosis of carrier.

Methods @ We cbtaind peripheral blood from unrelated individuals for the analysis
of 51-78 X-chromsomes in number and from 27 members of seven DMD families.
DMNA was isclated from white blood cells and RFLP analysis were performed using
pERT series of probes(87-1, 87-8, 87-15), which detects a BstNI, Tagl and Xmnl
RFLF, respectively. Allelic frequencies and heterczygosity rates were caleulated to
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assess the diagnostic usefulness and linkage analysis was performed to observe the
informativeness in DMD families.

Results : The allele frequencies of three intragenic pERT probes were (.49/0, 51,
0.69/0. 31 and 0.49/0.51 among 87-1/BstNI, 87-8/Tagl, and 87-15/Xmnl, respectively.
Among the three polymorphic sites, calculated and observed heterozygosity rates of
B7-1/BstMNI and B7-15/Xmnl were higher than those of 87-8/Tagl. The total informa-
tiveness in seven DMD families could be as high as 86% in our patient population,

Coneclusions : By using three intragenic pERT probes, different genotypes could
be determined and the heterozygosity was high enough to be effective in carrier
diagnosgis. The combined use of linkage analysis based on pERT RFLPs and deletion
analysiz by cDNA or rapid multiplex pelymerase chain reaction can provide a
irmproved method for carrier detection and prenatal diagnosis of DMD{Korean J Clin

Pathol 1996;16(5):760~70).

Key Words : Duchenne muscular dystrophy, carrier diagnosis, RFLP

N o=

FAE 2oAERD(Duchenne Muscular Dyst-
rophy: DMD) & 4 €44« o& 44 f3Ade =
Ao zA Az 3500-4000 2] 4 dobF 1
Hal vizz dhalghe}l], el E3 364 2%
HtEE F22 s YAFA7E vebie 33 1Y
Hej 204 oA A Alddte AHY Fo|oh2),
ol Azgl Al B3Eln Hals 5 A
g4 g wfF f2)p A9le] fH4d g 28
FH 7ISES] A3, FAHEH FEE o|F ¥ F
g}, oels "dA2A9 Ads HEe Al Y 2
Aoln] ol AHEF fale] 2cheld] {2 AHEAA
o HRlAl F4 9@ dAAGE FHMwe] gk
chaieE] T BapEEE o] wEsEe] DNA 4
wle] o) # Belal 9 dAzcke] sHgEld] gelen of
Hy DNA 24de 2 X 49494 2345« DMD
fAAE 549 rlate] sle fradabe] oEg 24 g
#rh o|F #8he] €77 Harper F[3)& wW=lelst
v frA e 23 A1 FE4 ARk (linkage) 0
FEE T DNA AERCE 9 L1 28) =] 4% Agh
A v Ao (restriction fragment lengh poly-
morphism:RFLF) 4% Fa 8% fHAAE
(genotypel & F3E + &S Bag 4 9k 2

Felz oz AF2lEe 28 /&8 RFLF 24 4
# DMNA 547k probe) 2 Flde] AH£Ee] S} (4-6].
o] Fel|lM= DMD FA2 S8ufiel] TAsa] <k 4-6%
g recombination YEE vehlE pERT &7 Al2l=
(DX¥S164: 87-1, 87-8, 87-15) 2 A&« 5 En
7t Zha @eb7-110. o)< FHAEL A #5444
heterozygosity 3 2 i@ 955 =AREE
o A4z DMD #2} Ay Belata] 34 rhe
A& raele] Hiie

W= 3

M2 g5 FA7) gl B4 #5919 (F X 44
My 51-T8) & diadez DMD AR w4l
(intragenic probel?l 3 F7F2 pERT A2l =(87-1,
a7-8, §7-15)5 <& #% I A§HEL BatNL
Tagl, ¥ XmnlE AMHE3k] DNA AfEL 9 3o
# (Restriction Fragment Length Polymerphism
REFLP) #4& dAlEsan oF B 2 =%
2] i@ elzl Y= (allele frequency) # <83 &
(heterozygosity ratel & FA1Elgch =3 A2
i JedEgs Wy JoefeiE 2 858 A
T4 £58 DMD 82 7HAE 7 AP 27
)& 4o dlo pERT Al2l2¢ did Fa32
FaA faatgch, A4 FHAE] DMD #izls 25 dEt
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24 7} 7HAF 19elsien A" DMD 454
g & ¥F creatine kinase 2] 443 24 3
ARE DMDe 43]5s o] a8E By,

Genomic DNAE EDTA #4485 AMed 22y
@ (10-20mL) =248 phenol/chloroform ¥ [121&
ol &5t SEF9Ch 2 102 genomic DNAS &
el sl Zge] AMPEL (5 Ug = 28l A
7 ¥ 0.8-1.2% agarcse gelsl 20-30VE 2F 18413k
Fet #7) S84 Ethidium bromides 20571
ddale] Ateldstels shA Be4E =g F owy
o {0, 6M NaOH, 1.5M NaCliel gel$ 2=} 33
3 ESEA 4587 PEAAT SRFE geld A3
g F S84 (M NaCl, (L5M Tris-HCl: pH
72044 308 E¥ @b zicth #8449 genomic
DMAE Southern blotting=l] 2]8 203 S5C &9«
4 Hybond-N+ membrane (Amersham)2® =]#
A7l F membraned 424 P43 ok 80T
I e e e e

pERT 87 ®4z2H= 87-1, 8 15 =ubcloneSe] 4kl
H plasmid vectorS 243 E. coli HE101 host cell
= American Type Culture Collection{ATCC:
Reckville, Maryland, USA)225E 98l A=
et &, LB media<l subeulture 8 thE mini A
(1322 plasmids 2384 A9t ProbeEg
R U R S T e = W g R B
F Jetswrb Gel Extractiom Kit (Genomed Inc.,
Research Trisngle Fark, N, C. USAIE <8k 3
g T =2E ZHHUY. ProbeS S random
primed DNA labelling kit (Boehringer Mannheim)
& °|§3td [«"PldCTP (3000 Ci/mmol, Amer-
sham} 2 labelling A7 & AR&akedd,

Membrane2 HEFAFEA 65X 35C, 1%
SDS, 1X Denhardt’s solution (Ficoll 400, poly-
vinylpyrrolidone, bovine serum albumin: 0, 2w
gimL)el4] BSTE 143 o]4 £S5 & o} 1§
Freelel 0.75M NaCl, 20mM Tris-HCI (pH &0),
2.5mM EDTA, 1% SDS, 1X Denhardt’s solu-
tion, S0gg/mL denatured salmon testes DNA
{Sigma), denatured radiolabelled probe(Table 1)
of GotellM SR EEHA HAlE Foch feg 2
F AAR F membraned 4h&elM 23X 380, 0.1%

S08 Ede 1023 T4l M2stE, ole)a] 1K 830,
0.1% SDs 24 a5t 308z 18] A4g T
0.2 55C, 0.1% SDS &9 65esis 1083k 13
HAHasEeh Membrane® AH2dd #AE:AZ F de
2 4 oF Hyperfilm™-MP film{Amersham) 2
intensifying screens @83k -T2 24-4843F &
& F Hiee "=E FdEdelsich

2
1. pERT 87-1/BstNI RFLP &4 23}

Mz 22847 ge Fd #5923 X 244
7870 (&=l 289 oAk 2550 E dl4te® sled pERT
87-1/BstNI RFLF ¥4& 3% @ 3.1 kbip) <
2.45/0.65 kbig) HHE= F% A9 (constant
bandl 91 0.7 kbs} #] fE=EFeo, zk2) (409
0.512] HEHFHA U=E bl d4 o) 2
o A 3kl oa) 25 14 (56%) A £ oY
1aLE 25 B&§ o33 §499 (heterozygosity) o
o] #EHo0 o] 23 (pM2pgigi=1) Aldke 2@
S0 sk frAtel BabE BsivhiTable 2).

2, pERT 87-8/Taql RFLP &4 &1}

M2 Hd8A e A 859 gy K A5
5170 (2=l 20%; «7F 11%)& dide= sle pERT
B7-8/Taql RFLP #4& ¢ Zs, & a#4d
1.0kb A#=} #7 2.7/1.10 kbip) £ 3.80 kbig)
AHEe] 747} 0,31, 0,699 digRa vleg gas)
Ak A= el Y A #1390 ozl 11H3 5
T i46%) el M F dFiAE BT Rid o Ba
(heterozygosity) $lo] TEsslem o2 A4 2
F 43% 5 fA19 FEhE 2ddoh(Table 2,

3. pERT 87-15/Xmnl RFLF &4 ZH1}

A2 FA3A7 gle 3 8290 g X 2494 6170
(&4t 25%; o# 184) & dide= sjo] pERT &7-
15/Xmnl RFLF #4& & 3, 28 kb(p) < 1.6/1.2
kbig) E#Ee] 22} 0,49, 0,519 d@fH= =2 §
ZEgch A4 el ZEE FHa =9 o) 188E
1279 (672%) M 7 didgzs 25 553 o &g
{heterosyvgosity) 9ol #EEslon] o223 Hude) 28
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Table 1, Characteristics of probes used in this study

ATOC Mo,
Probe name Size (kb Bact, Probe RFLF enzyme Polymorphic size
Fhapge DMNA
pERTET-1 1.25 59406 59407 Intragenic BatNI 3. 10/2. 45+, 65
¥p DES164
pERTE7-8 1.30 50408 50400 Intragenic Taaql 3.80/2, 701, 10
Hp DXS164
pEETET-15 1.50 59410 a9411 Intragenic Xmnl 2, 80/1. 60H1. 20
Hp D564

Table 2. The pERT &7 polymorphisms of the Duchenne muscular d;.rstrnpl_i}r gene in Korean population

Allele length {kh)

Allele frequency Heterozygosity (%)

Polymorphisms calculated obsarved
P q P q b
(0™ in**
pERT 87-1/BsthI 3.10 2. 45+). 65 0.49 0.51 &0 (78) 56 (14/25)
pERT 87-8/Taql 2. T0+1. 10 3. 80 0.31 0.69 43 (81} 45 ( 5/11)
pERT 87-15/Xmnl 2,80 1. G0+, 20 0.49 0.51 a0 (610 67 (12/18)

* Moo of ¥ chromosomes caleulated.
** No. of heterozygotes/No. of females observed

0%l ¥lal thi 2 ArhE Bivh(Table 2).

4, DMD &2} ZHHIlAMS] 2217 ZH4Y 2
1) EE HZE (informativeness)

DMD a7l &3 &= 7 7HA 0d=F 159, 974 14
ey Belald 7ol e HAEE FHLE &
Az 23 AL AP A, 5 7HA (T1%) AA
pERT 87-15/Xmnl RFLP ¥4e el nelap st
o] zhsstgich. dol= 27HAlel diEld pERT &7-
1/BstNI RFLP T pERT 87-§/Tagl RFLP ¥4%&
Zrlz AAg Az 1 7RG E HA) B9 e
7HeElkurh

Axi@ ez pERT 87-15/Xmnl, pERT 87-
1/BstMl, pERT 87-8/Taql RFLP £4& §% 24l
At AgE T7HEE 671H0M 7ieste 86%2] AHEA
FEE et 2y e 1 A A A
Az el thEide] $adEA ol Bz Add {8
#ARE 4& & glsio.

2) #ol2| oiSAMe| SeIxt ZIEt 71E0(DMD 1)

fAA 3 £4& AT SHHE 3 pERT 87-
15/¥mnl RFLP £4& 53 23l=} Fgte] 7lgdld
FAAIE(DMD ) 2 f348e Fig. 1.3 2oh 9
FEE 104 DMD gebll-1 (23 creatine kinass
3): 12,662 TU/LIS < FAl=] dizf 2z} AeE A
z3lgel. pERT 87-15/Xmnl RFLP 4% 4%
Az} fele] ooy p (2.8 kb) ¥ g (1.6 kb+ L2
kb2 & dygfHaaE D% 2he heterozygotes]H,
[[-12] 29 g F#H} p (28 kb E Bf3 HAo=
veht Holald Aez s, $F9 fHele] o F
4 -2 fe} 11-1¢] Hasi# AE F32 p (28 kb
de= ol g A F42(16 kb 1.2 kbl E % 52
=RE fAve Aoz veht Eedapl ofd Rem
At gk Fig, 1.

3) #oto] 0|20Me] IR TEE IES0 (OMD #2)

#HA #4 $48 4A% 7HE F pERT 87
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Fig 1. A family(DMD #1) informative for carrier detection by the pERT 87-15/Xmnl RFLP analysiz,
The X chromosome with the asterisk carries the Duchenne muscular dystrophy locus, Daughter

II-2 is demonstrated to be a noncarrier,

15/Xmnl RFLP £4& Fa 22z} 2] shsgd
A =(DMD #2) 9 ##a8E Fig. 2 ¢ %l o
Az, fels] ojoju(1I-2) 8 <|2(I-3)& 2F p
(2. 8kb) 2 q (1.6 + 1.2 kbl g ¥ 7] fFazxS 2
= heterozygote®ien], o F g dig frzlz) #e)
8 HAqHe FAENEE o 5 gk maly om
(-3 RAAY 7Hsde] goemz &% Jug @
A5 Azl oiye] @ $ Ak =, eols) @At
2l A% Feleg) 2o 16 kb Uy s3zlE e
Aol th# RFLP 242} g Sholdls] 2o o=

Hé&(deletion) & o} ¥ T gue) s
A & ¢ gl Aelvh 2@y o el 2= (-
29 5 X #4947} p/p homozygote=A §hole] g
Y FHAE 242 g2 Az Jelgd o ol
defst FHEA g2 Adizts faRs #w e
= Hop FdetA B4sle] fEle o slAle] e
pERT 87-1/BstN I RFLP # pERT 87-8/Tag I
RFLFP 24& Fria 4ot o 29, 122 5
aEe] 22} 3.1 kb, 3.8 kb24 2% homozy-
gosity Helo]fied, 11-2¢ [1-3& = FHalde] 4
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Fig. 2. A family(DMD #2) with a possible carrier (-3} whose X chromesome with
the asterisk was not inherited from the maternal groudmother,

EFEIL 2Tkh 24 28] 5 X |44 F o= 2 FAHASE Fig. 8.3 2L o] 7= #olg] o]
A= [1-2 E2 [1-34 A== g2 ez Bedzich 9l 3+ s 2elzl Aks A=sialoy fele] o
ol AW 56 =pdzes g Q2 898 w9i-2)st ]2 (-3}7F 332 pERT 87 RFLPs #
o] 4eelAY germline mosaicism] 7He-d& el 4 F, 25 homozygote 224 F X H434F o
isic. L #ea] gel{II-1)« A= € 57k gt =2t
u A R A7 2EEA g8 o ARELE ek

4) HOIX} ZIC0| E7138IE IS0 (DMD £3) 2719e2 pERT 87-1/Xmn I, pERT 87-8/BstN
A7 S8 #8548 71EE pERT 87 RFLE I pERT 87-15/Tag I¢l dl#lM= RFLP £4& 4
ooz ¥olz Ade] #rp5dd A= DMD #3)  #sigded 2% ol3rlA2 homozygosity & e
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Fig. 3. A family(DMD #3) noninformative for all the tested pERT &7 polymorphisms. The ¥ chromo-
somes of [-2 and [-3 could not be differentiated from one ansther by RFLPs studied owing to

the homozygosities,

] noninformativeness A=E s3iv)
&

T4l E Zr]~E25 (Duchenne muscular dystro-
phy: DMD} = vl 23 Z3 f3 dfloza Faialel
AEYe] gl AAZME A IS 55 o
Bel H4de] dbdelr), <& 5l DMD cDNA &
genomic cloned o8-8 Bl Fad T ge A

F7F A& ik Helx) A9E g g AEE
de =8 FH7F glav(3, 14-16), X 42 d44
(Xp21.218 dystrophin &3z fa< #335s
intragenic probe3! pERT 87-1, 87-8 &7-15% 4%
el A@Ea (BetM [ BstX [ Tag I Xmn IS
o] & RFLP £4o] 713 2@alsl 2ula|ci(11], <]
= AFeMqE #4523 pERT 87-1/BstNI,
pERT 87-8/Tagl, pERT &7-15/¥mnl & =&l
A d==A g g f3as =8 heterozygos-
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Table 3. Comparizon of allelic frequencies of Duchenne muscular dystrophy gene by the restriction frag-

Allele frequency

Pelymorphisms Allele lengthlkh)
Koreans Chinese* Caucaszians™"

pERT £7-1/BstNI 3,10 0, 49 053 0.67
2, 45H), 65 .51 0,47 0. 33
pERT 87-8/Tagl 3, 80 (.69 0. 62 081
2,70+1, 10 0.3 0. 38 0. 69
pERT 87-15/Xnml 2, 80 . 49 0. 52 0,46
1, B0%1, 20 .51 0. 48 0, 54

* Data from reference (28)
** Data from reference (110

ity ¥l=& ZAstael stech

oAz, ek el ol dig faee] o
A& Caucagian®] 759 dlmste fA05 ohEldE
viEhlglent g faa) vz gojdes o 3elE
HelthTable 3). & 4 7Y o84 3 pERT &7-
1/BstNIg] A%, Caucacian 4% restriction site
2] Hgatd vl g RGalrl Be uin fiagle] He
= 7o Wle=g vlEelsith E£4 pERT 87-8/Taqlel
A4, Cavcacian = restriction sites] W]Ef-}<]
vla] BEAEEE B b @] FHfe o) iR
restriction site HfalEveE ¥]E i) $7) g2%
& & ¢tk 2 pERT 87-15/Xmnlg] #F4$<le
g gl=l vlEe] g vihtez Basdo(11),

wlakd o] M olEYe] #wE linkage analysis2]
£48 5Fe] des) elErA 2 DD AHE= dAdE
A EF5E 3 7 iE A2E AREY 59 4 ¥
F M= pERT 87-15/Xmnlg] Af-ele 4+ o2
A B heterozygosity Y157 the §HAHpERT
B87-1/BatNI, pERT 87-8/Tagl =l 45-56%< s
BT%2 weol $HHe2 47 £ l& ez Y7t
gt ¢l DMD 8271 3% 7 7S E A 2
A3 dat, 5 7HA(T1%) el A o] FAaLE o] &3 Bl
Z A4q FEEE H9% 4 U0t uiEs Bz
AGE sl #4302 o FHAFE HEANT £
homezygote®24 noninformativenessel #id & 3
4 23 o2 pERT 87-1/BstNI, pERT 87-8/Tagl
= HEge| g1kl

g3 o2 intragenic probe® e HEals
AS 5-8% <ME FEE o (deletion) o] L=
e Aez 117 ® oo 219 #FE homezvgosity S
YEllE DMD ZHA41 2] 97t hybridization band
2 ZHE (intensity) & TEFoEd B3 A5E
FHEeR At R ilE ez A%Ed F 3F
= Southernblot B4 22 gene dosaged dHelalte]
ZE7F 50%E g FfeE Bl g shgst
18], & d7A ohdd e =&e] =H3] gt
g 71 (DMD #3)¢] Z$= ol e et F
24 ET FHELSANE (polymerase chain
reaction: PORI 28 DMD Salells] s 78 & o
6085019, 200< 2FtEg Fdée] #Helg #@alMs] 2
glat A4 E POR 4HE 2] dosage B4 (2118 28
T4 gld Aoz gudd

ol #zte] ®rkA] DNA 34 4o} dosage &
Mol a3 zlehE 9§ Belat Pale] fag A2 A
Holi} DMD F3H=l) o & =22 ol e ST e
842 crossover?t PHEEER vty pHe W
A 27 glE3E Felgel she[12] o) T FHARY
#A;EFE (intragenic recombination ratel= 2F 5 %
2 Hag o) qlch22], olgez iy BAE E
wylal A AfHe e 71 T4 do e
falefMg] Y=g EHdHe]new mutation)s] 2S5
7t gich21), 442 DMD $82ie] < 1732 FHEE e
glo] fatefMuk S (isolated case) 24 | fEHE
Aeog R3] v ogle] FRAEA olFE B &
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A= delsith. £ dF4=E Fig. 2.8 DMD #2 7}
Al Felel2le] 71F+= DMD #2371 2o spo-
radic mutation® FHsde] E7) o B Bglal] &
A WEFE Poly| o|B(II-3) el M2 kAT gt
Taqdd #Bilde =8 47 A 19009
Claustres(24]= o3 #d 44& Jehles ¢
DMD ZhA| ol #ele] Rz falele ] 3483
RFLFP et glddel=| 2588 a8 germinal
mosaicism ¢S T Eag ub 3ok o|HH famil-
ial DMD #<= %&£ sporadic cases] 2
germline mosicisme] T BEn[25-27]7 e ),
=9l DMD 7HIdAE g7} old 3E Aoz
FEHEEE IF olof o Hxo] d77t WA Ao
2 Az

2 o

Wi : FAE SoaEgga ¥ G ddes &
el Ao ns, @S o idld HPHL: DA
Aotd g makd = gl oled APES de g
HRFLP & 988 #3as § fagez 2oa
£ Axtsted fEaiAl AHER = o)

U : E 7 Pl 27 E didem slslen, 2y
o] ehd AFEREE e wEddes] ¥ owass)
51-78 #1218 E43iech. DNAE 22d«s] HEgs
A4 FEsHen, Zzt BstNI, Tagl, ¥mnl
RFLPE ##d 4+ gle pERT 92124 (87-1, 87-8,
A7-15) 5 AMesle AFES oy FulEs Basiy
o, e fEd 984 £4E #4 agaa oy
=5t o HFHES Al

i 3N fHahl pERT B2la)ed alg gzl
At MI=EE 87-1/BstNI, 87-8/Taql 2Elm &7-
15/Xmnl Alel<lA 2zt 0,49/0.51, 0.69/0. 31,
.45/, 5121505 3402 o3l fHaleld Aade Aap
87-1/BstNIZF 87-15/Xmnl2] «| 83 8-&e] 87-8/Tagl
BHrl 38 oA 8 By, UF 748 2dsERT 7
HellM HA PE A FEE G6% =R ok,

gE ¢ 3702 AEAR pERT $4aE o] &3 4t
ol FF FHAEE & £ glden, HelaE agdd 5
g A=e 288 22 o|PHTE S BEE 5+ 94
ot. pERT EFLP< 7|&8 4§49 243 DNA =

i Sx)AERd ¥9la) 2l —

= rapid multiplex PCRel 2]§ f#2) da 242
B HelA e B2 5% SdAsEsvs M
A &2 & 4 gk

#n=H
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