Molecular Analysis of the Region for X-linked
Bulbospinal Muscular Atrophy Using Linkage
Study and Pulsed Field Gel Electrophoresis
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Abbreviations : ¢cM, centimorgan ; EDTA, disodium ethylene-diaminetetraacetate+2H,0 ; kb,
kilobase ; PBS, phosphate-buffered saline; PFGE, pulsed field gel electrophoresis; RFLP,
restriction fragment length polymorphism ; SDS, sodium dodecyl sulfate ; SSC, 150mM NaCl,
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BARYSEE 1004 g/ml 1272 3 £ 5 ZhIZ , 37CT6057
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Fig.1. Pedigrees of bulbospinal muscular atrophy families used in this study. Circles, females;

circles with dots, obligate carrier females; open squares, unaffected males; filled squares, males
with bulbospinal muscular atrophy ; asterisks, persons from whom DNA samples were obtained.

15mM sodium citrate (pH 7.0) ; SSPE, 150mM NaCl, 10mM NaH,PO, 1mM EDTA (pH
7.4) : TBE, Tris-borate electrophoresis buffer; TE, 10mM Tris-HCl, lmM EDTA (pH 8.0)
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104 g © DNA % HIREER Taql £7:43 HindIIl (£
S, S CTYML, 0.4~0.8%7 # o —R 5L
CEf® DNA iH QRS U T 4 ~126H, B
wEEB IR VA Ae—Hh—LLTF7LS
77— DNA (£#Ei5) @ Hindll HLBF 2/
f. 7HE—RAF L&D P4 o (Phamacia-LKB,
Uppsaia, Sweden) ~D H ¥ > + 5 ¥ A7 7 —i&
Vacuum blotting system (Pharmacia-LKB) % > 7z,
NIV AT y—Lic A o v EILE RS, ENHRE S
AEEE L DNA a8,

3. 7u—7DIER

v — 71 American Type Culture Collection
(ATCC) L hiEE &N 792 3 F &AL (#&1).
EANLHBBERETS SR L Feylit, EBRET
#o—2x (BRL, Gaithersburg, USA) TESKEIL B
mr+5 DNA Wi 2¥I0 L7z, TE BRI EHEER
T2 /=N 8 ) — kL, TE B&IZ 5
ng/pl 2% B & D LI, 7272 L DXYSL &0
75 A3 FREBERCLIDRACESD DNA B
T Es Nz D YLE 7RI FE2Z202E 7S
g—7rLTHWVwE. Fu—7074Y —7EH
[a-%P] 4%y CTP (F~v—¥ v 4, HE) 2H
W, IVFTITA L TRY YT o Fy b (T
Yy h) T2.0~5.0x10%cpm/ug OHIEEEFEL S
o—7 %175,

L. N4 TV T4 ¥ - ar

Sambrook 5 DFE™ZHE>7:. DNA 2EE L2+
4o s 6XSSC (1xSSC it 150mM NaCl, 15mM
sodium citrate (pH 7.0)), 5% Denhardt #&# (1 X &K
130.02% 7 v ME7 V72>, 0.02% RV E=—n
o) Ry, 0.02%7 4 2—1), 0.5% SDS, 100x g/
ml BE MY T DNA, 50% KL AT I Kok s
TeNnA 7N 4 ¥ -y a3l 5~10ml L& b2 7
FAFy 7Ny FTHRTLLCT2R- AL 4 7 54
¥—-varvi{Thot. PLnA47VF¥4¥—ar
WERSICHY B W2, 6 XSSC, 0.5% SDS, 100

wg/ml B 7 FEF DNA, 50% R VAT I FHhd
BENATY IS4y 3 I 5 ~10ml iZE@E AN
F U — 7 R BERRICNA, 42°C (DXYSL 155°C)
TL2~2EEANA 7Y F A ¥ —v a3 » 2fTR-7. /N
A7V 4 ¥ -y artk, 4o EE 2 XSSC,
0.5% SDS T5#AMER T, DV T2 xXSS8C,
0.1% SDS T155FA=IR, 0.1xSSC, 0.5% SDS T
3033 7°CT¥E-7-. & 5120.1XSSC, 0.5% SDS T
3043fE58°CTH¥E » 7218, 0.1xSSC THERFEIZE - 7.
FAOVEEYT L Ty LA A —80°CTL8~T20F
MA—bo92F 7774 —%TF827.
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1. RMMEMR» QT A a—R - 71y 7 ER

van Ommen 5 D FEC I -7z, KB 5 Hik
1 X ERICoBEL - HImiks PBS T2 EEHE, ¥
72 X10E/ml % % X5z PBS (nFHEE ¥/,
IRl %ERET Yo — R E50°CTREMZ. 0
CTE® %, £ 5mm AD 7oy 7 gD L.
2{E8»0.5M EDTA (pH 8.0), 1% SDS, Yu 74
F—¥ K (0.5mg/m)) EH I AN 128ME5°CTHREL
2. 10280 TE BB C4ARHMER T2 HEY
phenylmethylsulfonyl fluoride (0. 04mg/ml) (Sigma,
St. Louis, USA), TE ¥ T50°CT304H# 2 EfRIE L
7-. TE B CERTI5oM2E @k >%%, 0.5M
EDTA (pH 8.0) Iz A#L 4 CTREL 7.

2. &IFREEE Sfil 12 X 5 DNA iy

THr—2 7oy 7% TEHBRTIHMERT?2
Bl¥E -7, Sfil RIGHKIZ 4 CTL2EERR L 2. RIS
WhET7Ho—R 7oy 7 1{#EIC SHL LHFL v
RIS %Nz & T200p 112U, 37°CT 8 BFEI{RIR L
7z, Sfil 13H L 4 BEBICEE T O TI0~158
fINA 2. RIEH%, 65°C TR LikEh 7 viziRmL
7z

3. PFGE

LKB-Pharmacia #t D S 4 — 7 x —BERK k& =
=y b (B4 VEER) FRO. KBS MIE L%

Table 1. X chromosome markers used in this linkage study

Locus Source Location Alleles(kb) Frequencies
DXS1 Bruns Xql1-13 15, 9 0/1.0

DXS72 Schmeckpeper Xq21.1 72, 0.7 0.81/0.19
DXYS1 Page Xq21.31 11.8, 10.6 0.57/0.43

Frequencies were calculated from restriction fragment length polymorphisms of seven

families in this study.
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THO—A%, Ny 7 7—1213 0.5XTBE &E#®
(Tris-borate electrophoresis buffer) (45mM Tris-
borate, ImM EDTA) £ B\ 7z, @iz, SL R 1 A
50%;, BR300V, 10°C, 20/§IT 2 7. 4 X v —
H—r LTA—RA bFEMEEK (Saccharomyces cerevisia-
e)? L5 L7 7»—3Y DNA EHE{E (1 concatemer)
(LKB-Pharmacia) 2 w3 /2. 9> b 7> A7 7—&
NATVFLE=y 3L i3FEl LRBICTE 7.

4. FAurBoOEFER

—IgNA TV E—> a v B{TRoF A0V
i Sambrook & DHEIZH - T T -7 REELR
BEFEEL:. ERsehuEScLirA o Er
50% R VA7 2 F, 2 XSSPE ## (LXSSPE i
150mM NaCl, 10mM NaH,PO, 1mM EDTA (pH
7.4) AR 1 65 CARIB L 72 IZ0.1XSSPE iz
TERTTERLE- R, A3 F 757 4~

TR > TRELRREREL 2.
5. #rEHLE

oy RR27OEEIE Morton DEHHBRE B %
Buwi.

B #
I. RFLP (=& 5 @R
DXYS1
A

kb
14.6-

11.8-
10.6-

1. DXYS1

DXYS1 7o — 72 &k 0, #IREERE Taql iz & - 7y
WL 7TRR2LZ2ANOBETH 2 RE L. B
14.6kb DM % HBIZFRY 21T, 11.8kb & 10.6
kb OWFhr—FOW A EHRE L. Tl 118
kb £ 10.6kb D LW Fh—FOMK (K %) 2 3FHH
OWiR (~7u) 2 L. DA, D, GO 3I%KZE
TRENFIREERACO2VWTATOTH-L (¥
2).

2 . DXS72

DXS72 Yu—7wz &b, FIREER Hndlll iz k-7
YL 7 TRE20AORETHE 2HE L. Bic
137.2kb X 0.7kb OWFhh—FOMF 2D . &
ETIEOThr—F O £2IZE SO 2REL
7. ®®B, D, ED 3 RACTRBELHIRERWE
DNTATOTH-iz (H3).

3. DXS1

DXS1 Fu—7w kb, HIRER Taql KL oTH
WrL7: TRRAVAORETH R ZRE L. Bak
EHIZ 9kb OETROAEMEL L (K4).

4. oy FRa7

Morton O 7126 > ¢ DXYS1 & DXS72 izxtd 2
oy FRI7EHELL ($2). DXYSL wowTi

Fig.2. Autoradiogram of hybridization of DXYS1 to Taql-digested DNAs from family A, D and G.
All males exhibited the 14.6-kb fragment in addition to either the 10.6- or 11.8-kb fragment.
Three females had both the 10.6- and 11.8-kb fragments. The mother of family D was supposed
to be heterozygous because the sons exhibited the different X-linked (10.6- and 11. 8 -kb)

fragments.
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DXS72

O MW O U M m m O O

kb
7.2-

Fig.3. Autoradiogram of hybridization of DXY72 to Hind Ill-digested DNAs from family B, D and
E. The mother of family B exhibited both the 7.2- and 0.7-kb fragments. The other females had
only the 7.2-kb fragment. The mothers of family D and E were supposed to be heterozygous to
DXS72 from the hybridization pattern of the family members.

DXS1
C D E

" e

Fig.4. Autoradiogram of hybridization of DXS1 to Tagl-digested DNAs of family C, D and E. All
members exhibited only the 9-kb fragment.
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8 =0.20lBWTEKAIE0.07TERL 72, DXS72 122D
BT 8 =0.00I2 BV TERAMED.OETRL.

II. PFGE

1. DXYS1

DXYS1 7u—7ic& b, #EEBETIZHIGKD &
#250kb D 2 ROW A ERIH L. Thizn L THEE
LTI 150kb OWE DA 2R ELIZHIOR
ZZET 5 3 BIOBREHEHERETIE, VThE
B - FEREIZHI150kb & #9250kb. DB &R L 7z
(6).

2. DXS1

DXS1 Fu—7ick v, HEHEEHERE 3 SIIE
Ed ) FRI#I100kb O 2RE L B&7).

Table 2. Lod scores for DXYS1 and DXS72

3. DXS72

DXS72 Yu— 7R3 HRERUHEFEIL - BER
P E B ITHI100kb BIFIZIE A 7Y 4 X LT (|
8).

4. DXYS2

DXYS?2 7u—712 & 1, HEMEHEEE 3 flu
s B r FIREIT #0220k D¥TE B L 7 (R9).

5. PLP

PLP Yu—7ic kv, BREMEHEEE IR
& Bk - FREICHI90KD M R L7 (10).

* %®
BEEERTRRBEGTE LS 2AELEOELE

6=0.00 0.05 0.20 0.30 0.40
DXYS1 — o0 —0.21 0.07 0.05 0.02
DXS72 0.90 0.77 0.40 0.40 0.05

The lod score for DXYS1 was maximal at a recombination fraction of 0.20 with a
score of 0.07. That for DXS72 was maximal at 0.00 with a score of 0.90

kb

600-

450-

250-

7 8 9

10 11

Fig.5. Ethidium bromide staining of a gel after PFGE. Lanes 1 and 11, yeast
chromosomes ; lane 6, concatemers of the A genomes, successive bands differ in
size by about 49 kb; lanes 2~5 and 7~10, Sfil-digested human DNA samples.
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kb
250- e

150- alil

Fig.6. Autoradiogram of hybridization of DXYS1
to Sfil-digested DNAs after PFGE. Lanes A
and C, unaffected males; lanes B, a male with
bulbospinal muscular atrophy. All males exhibit-
ed both the 150- and 250-kb fragments.

kb

100-

Fig.7. Autoradiogram of hybridization of DXS1
to Sfil-digested DNAs after PFGE. Lanes A
and C, unaffected males ; lanes B, a male with
bulbospinal muscular atrophy. All males exhibit-
ed the 100-kb fragments.

A B o]
kb

100-

Fig.8. Autoradiogram of hybridization of DXS72
to Sfil-digested DNAs after PFGE. Lanes A
and C, unaffected males; lanes B, a male with
bulbospinal muscular atrophy. All males exhibit-
ed a diffuse hybridization up to about 100 kb.

STHZBETH, FTEMENFEEA 2 LI
£ D LR - REZEZH - RETEVOREST
BB o HBIIEESL DO THESNT L 229,
FHESERETEH YA a7 — (Fay =2 3 H
/Ry —B) ORREAETHZ2YA a7 4>0
HREP BZOREHEFTHY, REBEELHT,
RFLP iz & 2 EHBRE?, KABECFREBHNO
PFGE i S EERDBEFOMBIIRE LT
BAL7:. ARFRCRAL S HEESUEEEERTH 2
KEWEMBEBEICOVWTTHRD RFLP it Lk 2#
HHME L BE 3 PFGE 4% TS5 2 iz kD
EREDOBGTFHHEOROEZBL I L.
BEMREOBGTREORYIORAT v 73 BETF

A B Cc

kb

220-

Fig.9. Autoradiogram of hybridization of DXYS2
to Sfil-digested DNAs after PFGE. Lanes A
and C, unaffected males ; lanes B, a male with
bulbospinal muscular atrophy. All males exhibit-
ed the 220-kb fragments.

A B Cc

Fig.10. Autoradiogram of hybridization of PLP to
Sfil-digested DNAs after PFGE. Lanes A and
C, unaffected males; lanes B, a male with
bulbospinal muscular atrophy. All males exhibit-
ed the 90-kb fragment.
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BEREDORBEIHINERET LS IETHEH, £
HEHHECRBOSEIEERTESXREHKEIH
B3ZLIZEBETHY, Lad, XEEEKEIEEEZTO
FIABLELD DNA Yuo—7nEEanTED,

M EUNREERBI T RAMEE/L Z L0 TE
T, B XRaEonThro 7o —-7E0
HE A TE S L AR T W5 ®, Fischbeck %1%,

HEWEUEHEME T X2 o OREEZ LB L TXRE
htD8EEO~Y—# — XguMEE (Xp22) - RC8
(DXS9) (Xp22) - p754 (DXS84) (Xp2l)+ L1.28

(DXS7) (Xpll) - DXYS! (Xq21.31)- pl9-2 (DXS3)
(Xq21-22) » DX13 (DXS15) (Xq27)+ Stl4 (DXS52)
(Xq28) & RFLP i X 2 EHRE 21Tk -72. 2D
3% DXYSLiZ 2T 8 =0.0512 84> THRANES.53
LEEOEEE, pl92 DL TIHe =0.10Ic80 T
BAME0.O1E W 3 WEH, i 7 u—7IzownTiEn
FTheEOERE. K5 DFHE I L DXYS1 7
0= 70V T DI EERMEIL 6 =0.01~0.20TH
D, E+OBREETEHI=0.01=1E>FELST Y
(centimorgan, cM)=10°%kb & 3" #.1X*, DXYS1 o —
Th 5B & Z1000~20,000kb D & I B I HRBEHULD
EREDEGFESH D LHEREELS. XEEEDOE
X8 £ #200,000kb THD ¥, XHEER LA
WLIE>TRE*EDTLIVWEEZLONS . 50,

RFLP i & 2 E#ERE 12 DXYS1 ft, 2EED 7
u— 7 DXS1 & DXS72 #F w7z . DXS1, DXS72,
DXYSL i3 X Betath R (L 312 2 QIR B iR i+
(centromere) 2> 5 K (telomere) AMRIC{EL , in
situ N FYF 4 ¥ —va>rikick b DXSL i
Xqll-13, DXS72 iz Xq21.21, DXYS! i¥ Xq21.314Z
Ty FERTVL RN, HEERE» o 13 DXS1, DXS72,
DXYS] o X Rtaiki@hAm» > DI TN EL B
X #95.2cM, 106.8cM, 107.2cM r#iEE L TV
5%, PRISEERIBE « MR - B e LA
THEETLRRZT, Xq2l.1 OWHO R ANK EH
WESAh TN, TORKDOBEHFOD DNA &
DXS72, DXYS1 ¢ A4 7V ¥4 X $, EMD
PGK, #Io) DXS3 kg4 7V ¥4 XT3 &
D DXS72 & DXYS] iz DR EEECH 2 &
EZohTwd. &, XEEERBLIAMEIZ/IRE
b OBBIOFHEIHER O TEDENRED S,

DXS72 & DXYS1 OEfIcH 2 Z LB ESINLTH
3%, —fiz RFLP B AT L2 b B80psasns Z
EHBY, AECBWTESERE LB u—-7T
b, KETIZ RFLP 214 5 W 3 BEFENICRIZIT
TWIrEbHN S5, DXYSI i3 Page 52 L »T

SEsheX - YHRREECHRRS 2L B8y
u—-7Thd. BHEOEE, FIREE Taql Uik X
DY etk 14.6kb DA Of, XREEHEE
D 10.6kb & 7-1311.8kb DRTHF BFRDH 5L 5™, 34
bbb X§fEET 10.6kb £ 11.8kb © RFLP ®#RL,
Lesko » 13 # 1 #N60% + 40%* Zonana % 1365% -
B DHEETH oIt HREL TS . SHORRT
BFENRZEFNL3% +57T%THD, BFTBLTH
DXYS] 3 E#ERECHERE 0 —-7Th2 Z tith
27z, DXS72 3 HIFREER HindIIYIMTIC & D X &
£ 0.7kb & 7.2kb @ RFLP %L * Lesko »i3#
L7 N55% + 45%*, Zonana »1346% * 54%“ DK
FHREL TS, SREIORBTIIENFNIIY% - 81%
THORFIZB LT Y DXST2 REHEREICERL 7
O—-7ThHBI LHbhroiz. DXS1 3HIBRER
Taql 71z & D X FEMET 9kb & 15kb @ RFLP %
RT?. Lesko o3 #NnFN12% - 88U DHEE » 8B &
LTwaH, SEADKRETIH TRRTRTIEBLT
9kb DT LR s ko7, DXS1Liz2nTix
KBTS RFLP IR TE T, BREFHER%
B3 TERMLoI.

S HAREEBICB L TEMRE RSB IR
Iz, RAEZETH 2 BEMSBEHSHIZDOBTAT
OTHBIENLETHS. SEHORRZATIIBLT
BITRROD B4 RRTEROREL/ LN Eb o
28, DXYS1 T 2RHK (AG) TEEI~70TH
D, o 15K% (D) TFD RFLP & b BERA~AFOT
HDLWETERL. A DEFRTIE DXYS] LHEH
UHEREOEGTEIEHEL T2 L E2ZoN0]
2, GRRJETCRPEABEI8E LTIz, Morton DE
EREEEZHAVWTHEEL ey A2 716 =0.201
BOWTEKEOITH 7. DXST2 2V TR 1K
% (B TRENATOTHD, O 2K% (DE) TF
@ RFLP LW EBEB~TOTHBEEHBLE. 0T
NDORZ (B-DE) iz Td DXS72 LEREHMHE
EECERCTFEIEHEL W EEZ >N, oy F
2271360 =0.00l2B8 VL THEAE.OTH 7. — K
oy FRI7IE3.0UECEEOEBETHLY L &
N, SEORZHFTE>NERVTRS ZOEE
BLZOVY, SBRBEORRMEZ VL DHIMAS
IR X HVEEHEDEREORGFEOME IOV
THFLVLHES BN EE LN D,

WD T H T —AY VESKEIETIER20kb £T
DA EEDDNA L»5rEEL 2 7% 2 - 728, Schwartz
5907 & > THI% &S hi: PFGE 11#12000kb & TH#
L5 2 DNA Ok &2 £kl , BEREELHTE
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W AEOF vy TRED S ik L GEEFES
nTwa. HEHE DNA O, Mt (E
BE7 A O—ACEELTE Zal, EX DNA Bk
»ELOREMLOLZOHIRERELAVZLEY
55. SEMV-HIREESR SHl X 8 HELFML , W
LETHAF SN THB Z L% I s hiz
WYY ST CBENEE S V2D PFGE
MFZRERESNTLEY Sl FIFIC L > TEL
% DNA WiH OFHRIK & 2134390kb TH2 2. &
B PFGE (V7 70— 713 X B ek = B a0 34
fir&+ % DXS1, DXS72, DXYS1, DXYS2, PLP @ 5 &
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Abstract

Bulbospinal muscular atrophy (BSMA) (Kennedy-Alter-Sung syndrome) is an X-linked recessive
disorder which causes degeneration of the lower motor neurons resulting in atrophy of the limb and
bulbar muscles. Recently the gene responsible for BSMA has been mapped to the proximal part of
the X-chromosome long arm based on the results of linkage analyses of seven American and
European families. In the present study, linkage analyses of seven Japanese families were performed
using three different DNA probes of the region. A restriction fragment length polymorphism (RFLP)
analysis with the probe DXS72 was informative in three out of seven families. No recombination
was shown. Another probe DXYS1 gave informative results in three families, but one of them
showed a recombination. A probe DXS1 did not show any RFLP. The lod score for DXS72 was 0.90
being maximal at a recombination fraction of 0.00. The score for DXYS1 was 0.07, maximal at a
recombination fraction of 0.20. These probes, DXS72 and DXY'S1, are useful for further RFLP anal-
ysis of BSMA. In an attempt to detect change in the size of relatively large DNA fragments in the
region, the pulsed field gel electrophoresis (PFGE) was applied. The DNA of three patients and con-
trols were digested by a rare-cutting enzyme Sfil in agarose blocks and were subjected to the PFGE
and southern transfer. Hybridization with the probes DXS1, DXS72, DXYS1, DXYS2 and PLP did
not demonstrate any difference in size of hybridized fragments between patients and controls. Thus
large deletion of DNA in the region of these probes was unlikely in these cases.




