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Application of Polymerase Chain Reaction in Hemophilia A
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Background : The polymerase chain reaction(PCR} which is used for the analysis of
restriction fragment length polymorphism (RFLF) in the factor VIII gene and prenatal sex
determination, is thought to be a useful tool for the diagnosis of hemophilia A, And thus,
for carrier detection and menatal disenesiz in hernonhilia &L wae attempted @ ftrial of
application of PCR to analysizs of Xbal- and Bell-RFLE in the factor VI gene and to
amplify the sequence specific for Y-chromosome.

Methods : The samples were composed of peripheral blood from 120 kindreds(46 males
and B4 females including 41 hemophilic patients) of hemophilia A families, In the PCR of
Bell-EFLE, eligonucleotide pairs for intron 18 in factor VI gene were used as primers.
After digestion of 142 bp amplified products with Bell, two alleles were identified by neg-
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ative allele{142 bp! and positive allele(®® and 43 bpl, In the PCR of Xbhal-RFLE oligonu-
clectide pairs for infron 22 in factor VI gene were ussd as primers. After digestion of 96
bp amplified products with Xhal, two allels were identified negative allele(96 bp) and pos-
itive allele (68 and 28 bp). In the PCR of sequence specific for ¥ chrormosome, the samples
composed of 27 amniotic fluids and 9 abortus of which sex was determined by chromo-
some analysis, were amplified using Y1.0 and Y2, 0 primers

Results : Frequencies of Boll negative allele and Bell positive allele were 18 0% and
82 0% respectively, and female heterozypgosity rate was 36.5%. Frequencies of Xbhal nega-
tive allele and Bell positive allele were 63, 5% and 36, 5% respectively, and fernale het-
erozygosity rate was 51.1%. [t was shown that among 72 females tested 54075 0% were
heterozygote Boll- and/or Xbal-RFLE In the PCR of sequence specific for ¥ chromosome
for evaluation of prenatal sex determination, amplified products of 154 bp fragments were
detected in all 18 amniotic fluids and fetal tissues of which karyotypes were confirmed as
male by cvtogenetic method,

Conclusions @ These results suggested that the PCR-based analysis of the Bell- and
the XEal-RFLE and sex determination provides very useful tools for carrier detection and

prenatal diagnosis in hemophilia A (Horean J Clin Pathol 1995;15(3):341~52).

Key Words : PCR, Hemophilia A, factor VIII gene, RFLE Y-specific repeat
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A% B5HE | of TEE gl Gl w9
wAlFal 2= 8 O linked  recessive disorder) 224 #A
" gmela fAale] e we delematdrt o
Hgleln] AgHA-EuAtE FoiFgoRy ays] 7FFs)
oi1-30, 2y AsEdsnglale) Sode 4495 57
FHYUHFERFF viole] s 2SS AAAR gHa) 5
& AgES g ntal gauals] ddea 99 Sae] Y
dl7l e 4 glees Bolale] Ad gl H9d go)
g dHAgE B9 o] Fa4 Hh

AY Hed dchivioz Agddends) Uz
(factor VIII procoagulant activity), 88«20
A4l (factor VIII antigen) & ZAlsls ZHE 24
{phenotypic analysigio] wlony, ®olals 5-20%E
He] ErHFeta, HHEAEE M B2 2] o}
"eflo] aEEoz 94l Z27|¢lE PBA7F BrRsE
[3,4), weps] sk Fesin A5 duige Ty
DNA 248 Z6 448 B4 genotypic analysis) ©|

Aes 3 gled, Msddeaal fARe] B g
DNAZ] ch4dE #ab3he f3l3 sy 24 (genctic
linkage analysisie] 9493 48492 &£ Fes 2
=R Uoh(5-15). PCR« =% Bell RFLP(7-11),
Xhal RFLP(11] ¥ (CA)n repeat VNTR[14,15 F
4] AgEAgnelzl DNA o34 B4e g8 =
7] Fgke] 7Hgdta HEAFTE] Ern #@rsEn gle
™, Peake(13)< 28k 913q) o}2} 2} DNA o842
dEEd Bz 9 AE fejaded 2ot slckn sigle
B glFe obE Sl gyl gaspta Apadd)
ofdfl Aahs gl=iele] A% W] fAE Ba6 9
i ASAAE Hgslr] $¢ e YUMoz PCRE
olfdle] 4@t 2 o AATAHE Bell ® Xhal
RFLP2 z digdlde] vies Z.jzle] oY @2dg)
shAzict 5l HelalHde) Pl aala e o &slmal shdch

M= = W

PCR+& o] Bell RFLP#H Xbal RFLP 45 4
st ARdigia He, dddsa g9 9@ AEdiEia
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Byl F Oieaed 39 dEdeed 558 41902 A% g
S 7l -9 1200 (419 e WSsElE E2Eg 3
A 4673k 2} T4e] gEH S e s Seion
=3t PCRe 2§ Hel 43hEE #ste] S84 =)=
SlA =] HasHAE 22| 27 8] ok 9 oefe
eebE e e sk

PCRE 9% A9 Axa)s T2 ag fojgle]
FE )¢ 35 mLE #3E Ficoll Hypaque (SG
1077, Sigmath, 0¥ gdos oHlTs Helsisla,
ek 2l fale]oli= REMI-1640 817 (Gikeotl, P1E1 2
AHF g DNAS 22k 23z 2ot Bds)
Heble, 17, #HA2 5e DNAEEE Chaotropic
agent silicatd (189 Fabwien|, AP DNANE #
g #elElr] ek fglobin F34ke] PORE ohaa)
22 ez dasioi(19). PCRel Mg ahe
hot-air thermocyclersl FTC-200000 #hef o] 2hi3), 7+
)& ol alsian], vhidrle ZATI0 ML volume
at 2 inch, Idaho*h, BI=)& AHESIcH20). whe-EE
E2 1 48 9357 DNAS 719 10 A7} =5 8
of Z}2} (L5 pniE] AlEH PCO4 9 GH20, 005 units2]
Tag polvmerase Promegash, v, 500 mM Tris-
HCl(pH & 31, 3 mM MgCl, 500 g/l 5583 25
HiSigmasl, Y13 2= 0.2 mbe] dNTRsdATE,
dGTF, dCTR, dTTPI7F @§RE=S aisick wezg
S R F98ld EF¥om dEE B oE,
elM 1023 pre-denaturation® 2482 denatu-
ration (947, 13)-annealing (55%, 13} -elongation
(721, 202 FEE 408 YEF O post-elongation
£ T2dlM 2023 dAsEch SEAE 10 L8 Hsl
o AF|EEFE LT F 268 bp DNAS FE £55
Eglatgoh @lof DNA size marker2% 100 bp DNA
ladder (GibenAl, 0= & AHeSks el

Hegd$nat A2 Bl 252 PCRE 2zt
0.5 shd2] Al 8 106°-TAA AAG CTT TAA ATG
GTC TAG GC-377 8205-TTC GAA TTC TGA
AAT TAT CTT GTT C-37& ~H&-8le f-globin 3
2] PCRa} 2 sgi=ls dalsls] 142 bpel DNA
FEHTE ERUsiRHE]). Bell RFLPE #4371 §
ghe MEEFEL 5 48 THEES flElel 30 AL
HER dle] 22} 5 mMe] NaCl, 1 mM Tris-HCl{pH
7.9, 1 mh MeCls, 0.1 mM DTT(Gibeorl, o] 5) 2

1 unit®] Bell A#EAE (Koscorl #5571 SRS ES &
o 55%¢elAM 241 wEAN F ACIYESRA Bell
RFLPE #asiec)

e g2t 4718l intron 22 998 Xhal £
#2] PCRE zhz} (.5 svf=] A8 7.1('-CAC GACG
COTC TOC ATC TGA ACA TG-3713 T1006-G00G
CTG CaG GGG GGG GGG ACA ACA G378 AF
£aled, 47 5¢HM 1323 HAAFE annealing TS
A< g 71ete] AL Boll f37l PCRY 48 24
ol HAleka, 96 bp 2712 Xhal $4]2] PCR &34
e #lsiecl, Xhal RFLPS 242 yhgE§HEa] 5
i8] SEHRE 7lEld 30 dot EES sk 22 150
mhd MaCl, 6 mM Tris-HCUHpH 7.9, 6 mbd MgCls,
1 mM DTT$ 5 units®) Xhal #|§EALE 7kEle] 37.5
el 1243 g e, #r)s Baéle] Xhal RFLP
= zharslE)

Holg] dEE A7 4407344 Rooneys(22]9)
el FEalgen, o F239 o FEEHIE
& Aztste 31 F24)2] WEeR trypsin Felglel
Wright #deg G-¥9& dAsige). Az #%
2 A e w938 (international  committee
for chromosomal nomenclature, TSCN)2] 2)5el o}
gk 2070 elate] FRMESE el 39 oide] FUe
3 o|4beli} 27 ol4he] FA olide] Y= AL F
A Walz lAEsEe, =9 Y-specific repeat®] POR
& Z 0.5 a2 A Y1L106-TCC ACT TTA
TTC CAG GOC TGT CC-3773 YL2(5-TTG AAT
GGA ATG GOA ACG AAT GG-30 S Albesle), Bell
FAzle] PCRT} U8 22 AAEla] 154 bp 27
2] PCR FE48& folar,

g4 o

Chaotropic agent-silica®=f 2% DNA BASS
#alslr] gl fglobin #8721k PCRE 443 43,
e 120e sk ok P fibelol 360 mRelH 268
bp2| DNA w8 T84 ¢ g9 Fia, 1),

EBell RFLE ¥4 A2z 142 bpe) d@d3e] gl 99
g7t negative allele, @13t Bell(-)1%} 99 bps) 43 bp=
Aerel d@A2} positive allele, 134 Bell(+]7F Ttz
wetiFig. 2, 3, 5 dEglale] g s B gad
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Fig, 1. Gel electrophoresis of the PCR
products of #-globin gene. Lane 1
to 5 268 bp PCR products from
varicus hemophiliac blood, lane
6. DA size marker (repeats of a
100 bp DNA).

—-—142

Fig. 2. Gel electrophoresis of the PCR products
of Bell site in intronld of facor WIII
gene, Lane 1 to 70 142 bp POR prod
ucts from various hemophiliac blood,
lane & DNA size markerirepeatz of a
10 bp DIMAL,

Table 1, Allele frequency of Bell RFLP

I\]I_::u. of Mo, of allales

chromosomes - Heterozymosity
Pogitive  MNegative

14 1568200 350800  27/74(36.5)

* Mumbers in parenthesis are percentage.

7HA TA 12078 (=) 46T, o2} Tanie] & 1044
XA Belli) & 15970182, 0% 92 Belli-12 35
18 0% ok 4R AzF o HHIME BAF o
B 279 (36 5%) 219 Table 1),

Xbal RFLP £4 %2 96 bpel dvbde] 9e d@

—_—142
— o9
—_— 43

Fig 3. Gel electrophoresis of the digested PCR
products with Bell. Lane 1@ 142 bp DNA
from male with Boll negative allele, lane
20 99 and 43 bp DMAs from male with
Bell positive allele, lane 30 142, 99 and 43
bp DNAs from female heterosyoote with
both Befl alleles, 4 lane 4-T: 142 bp DNA
from female homogygote with Bell negative
alleles, lane 8: DNA size marker (repeats of
a 100bp DINA).

Fig. 4, Gel electrophoresis of the
PCR products of Xhal sile in
intron 22 of facor VI gene.
Lane 1 to 4: 96 bp PCR pro-
ducts from various hemophil-
iac blood, lane 5@ DNA size
marker (repeats of a 100bp
DA,

N2 negative allele, =13k Xhall-)]12F 68 bpst 28 bp
2 #HeH o@el A pesitive allele, 215 Xhal(#]7F 3
AL Fig. 4. 5). Xbal RFLP #4& A =4 1204
2] #F7F PCRIM <3 558 299 34 (&=} 19,
o7 el A=le] 5] Erledld ARl A
slagen, AR Flestd 11739 @da}id=l-45
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o, o7 729 dig gEllale] dEues 1Y F
189702 X-d4Ax% Xbal(+) & 6971(36. 5%) ¢z
Belli-)& 12070 (63, 5% Hon], 725e] ofz13 o g4
#E RAE de 448 61 1%) 21%icHTable 2),

Bell ¥ Xbal RFLPE| 2} haplotypeSe] HI=E B
W Belli)/Xbal (2] Hl=e @587k FA9E o
o8 2447 ZEeEleld 1075 3 akida) 42, ==t
6miel F 17270e X-d4H4F 57033 1% 5 eH,
Table 17} 2l AlGHE A= 30 0% 9k Bell(d/
Xbali-12] wl=e 8671 (50.0%), Ade 32 52.0%
otk Belll-)/Xbal(#2] ¥1=& 574(2.9%), Add &
e BB%AC. Bell(-)/Xbali-) 2l W== 247

—_— g
— o

Fig 5 Gel electrophoresis of the digested PCR
products with Xbal. Lane | and 2@ 96 bp
DA from male with Xhbal negative allele,
lane 4: 96 bp DNA from female homozyv
gote with Xhel negative alleles, lane 5@ 68
and 28 bp DNAs from male with Xbal
positive allele, lane 6 68 and 28 bp DMNA=
from fomale homeozvgote with Xbal posi
tive alleles, lane 7: 96, 68 and 28 bp
DAz from fernale heterogyvgote with both
Xbal alleles, lane 8 DNA =zize marker
trepeats of a W00bp DNAJ.

Table & Allele frequency of Xbal RFLP

(33.1%), A4tE $2%E 11.4%3}(Table 3).

Y-specific repeat®] i§ PCRE HA18 H3} 364
98| sk @ fibe|olE A AL AT Y- 497 L
¥l 18a] ESela iRk g Halen, Y-HaHE 8
AT F gsi 20912 fatelobsila 154 bpel DNASZ
F¥%o] Ba=YoFig, 6., Table 4).

Bell RFLE 2 Xbal RFLPE 24% #2 oj4ds] ¢
AN A = AR 2F A FE (diag-
nostic vield) & 29 (A% H4H Hlzlgl «4ds] =4)
staztie RELPY ol o833y 75 #aa
el Bajel elzl Wowe] wolzlHal 9l Aldzch)
7Fest=s, zh RFLPY <49 «|¥3#d BfHses
7} RFLPe #da|F&a SU3 Bell RFLP 2472
A% A5 Table 194 Add F3E 31 3%A2H
HAZ3e 37.0%% 2w, Xbal RFLP E4jubg A%

Table 3, Distribution of the Bell and Xbal EFLP

haplotypes
Haplotype Mumber o5 Caleulated %@
Bl Xbal (3) a7 3.1 30,0
Bell i+ /Xhal(-) a6 50.0 52.0
Bell(-}/ X bal () 5] 2.9 6.6
Belli-) /X bali-) 24 14.0 11.4
1008 1000

Total 172

#Caloulated from frequency of each Bell and Xbal
allele in Table and 2 as 2pg = 100 e g for the
Belli+)/ Xhal{t} the rate was 2 x 0,820 x (L3656 =
0. 00%), These represent the distribution expected in
the absence of linkage disequilibrium.

Table 4, Comparison of fetal sexing by POR of Y-
apecific sequences with cytogenetic study

Mo, of Mo, of alleles

chromozomes - ——  Heterceygosity
Positive MNegative

159 G9(36.5) 120053 5) 44/7T2(6L 1)

T MUmbers 1N pArenlnesis are percentage

Results of Mo, of alleles
cytogenetic study = —  Total
Positive Megative

46, XY 17 ] 17

47, XY, + 18 1 0 1

46, XX 2 15 17

47, XK, 22 1] 1 1

m.oL-1 [=a] 1L Ealad

— 345 —



"'.._:.
ol
14

—154

Fia 6 el electrophoresis of the POR products
of Y-specific repeat. Lane 1! 154 bp PCR
products from normal male blood, lane 2
absence of 154 bp PCR products from nor-
mal female blocd, lane 3 and 4@ 154 bp
PCR products from amniotic fluid that has
been confirmed as male by cytogenetic
study, lane 5§ and 6@ absence of 154 bp
PCR products from amnictie fluid that has
been confirmed as female by cytopenetic
study, lane 8! DNA size marker(repeats
of a 100 bp DMNA).

Table 5, Ethnic variation in female heterceygosity of
Eell and Xhal RFLP=

Ethnic group Bl Xbal  Bofl+Xhal
White 42 49 A2-ThH
American black 29-32 - -
Aglan/Indian 42-44 - -
Chinese 20-38 49 =
Japanese 4% 48 =
Malay 33 - =
Polymesian 49 50 7
Maori 44 49 =
a0 o849 BA. 8

Chur data (Eorean)

FF Table 2=14 Al4bd £alE 47 4% H o] d23)=
58.9%%, Bofl RFLPSt Xbal& S40e #4931 A2
Table 3¢4] A4bE $3)E 62 1%51on H23)=
B8, B2 glchFig, 7).

-

A% WPEe sedEeibE vad 9 A8
o shizA tiPst A8A9e] FPYel sHE wx

e fleld FHALd ] 25—

(%)

B0 + |ECalculated 75
70 4 |mObserved B1.1 62.1°

6O + :

EO =

6.6
29.2%

40 1

Bl Xhal

Bl I+ Xhal

Histogram showing expected and observed
diagnostic yield from indicated permuta
tions of Bell and Xbal RFLFs,

&, Caleulated from Belli®) and Befl(-) and
Bell=) allele frequencies in Table 1 as fol
lows: 2pg o 100 = 2 = 0820 « 0,180 = 29,2
(%), & Caleulated from Xbalit) and Xhal
i) allele frequencies in Table 2 as follows:
Zpg ox 100 = 2 x 0,365 x 00635 = 46.4(%).
", Caleulated from Bell and Xbal RFLE
hapletypes in Table 3 as follows: 2 x [0.30
x (0.520+ 0068 + 0.114) + 0,520 x {0,066 +
0,104 + 0066 x 0.114) = 100 = 62 1i%),
These represent the distribution expected
in the absence of linkage dizequilibrium,

T 100459 g9t 84 +u78 Fojile &
W-gmglalel BEE pAde 2 Hoid flals Al
T EUe eEE A 5 A 9ol e 2o
AR 5] Aol Al=E Mg snglabs FH4g
H29E T= vlela ASE AGNT #Hge] lm
A7 A nAE T Fe ARy}
o] g daglaje] A4dgloa dujee} 2a Gz} 4
A 5 glon, AgHdsnoals 288 BLos A
H g9l Fa ARG A3 2UHRAE ¥E
ch, whebsd BEelzkda 9 el glofpe] gL B
g B2 o] Fas8

A¥ R Bolalga 9 shaighe) s e #RE
HEnlz B, AsHdgnelal P 9 Euuay
=903t B gal 55 B9 mdale] EEE B4 4)
T} A egmglat FAAkle] DNA F& FHae)e
4 DNAS diet #3% ¥de= QEg 5 2dE-
15,25-36], FHY B« =% geue] Hazpdyqe
6-20% H=e| 228o] gojs], HI2d BxjyEeln v
el =g ¥ §40) Al=sz glvh Asgdens]
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b Ak K- ] Uede] #313T gle 186
kbs] Adigh fmabzs] Wogala)] dele] o 1%F A
#ri(7-15). MsEA-EmA FHAE 26702 exon®h
25712] intron22 FUE exend] F 932 0 kb A
Eo|H introng] $ @32 177 kb B=olch(2). AW €@
SHE olSle fraale) e So)g ke |
e = e = e e e S S B R e
g #alel] mbE Aglalelrt skl HaATR] wER
Eddels] FHE 29 802 FHdEdds], aeds
DNA A, 7#2 32 DNAS 24 2 gdde 2
DNAL HAF wlf s, F4EdeE e
o] (missense mutation) = #&¥Ealale] =
7t FaHebal Easte A S2E Rele v, o
Al 2EH¥e] (nonsense mutation) & Agd«-2ng
2] FH=7 5ol 552 SHE Hels o= Haro]
o121,

#3%E £4e ohal APE B s-28T 3
EAE(T-13 22 FEE 5 ook 2A3Edye 97
#hle] HAasdde] 9 DNAS 45 faa) 48
#AE AfEie) S8 ol &Sl FHF P F e
W e2a A% Hie) gk sl gl gy
ale}, 28 A¥ H9HE ofr|dhe Sclo] Scie]r]
gla, Agglelgmslal fdabs Ad fasenz fl9
o] Hi SdWs|E pudlr)d £old o] opiER 2t
FHidyel g4y FEde] o A BLEE sy
alg-32la} FAAp e e fAale]e] DNAL oA
& 2R A% A Sy EYdess 12 279
RFLP2} 2 572 VNTRe] Z2i4 gich7-13), <=
DNA oh4 Sl ladb=el &= 507 F
M 2t ONA clEdite] d48my ggela) 84 9
£ Alold njE ARAEE ® DNA AT 55 2
B4 34 52 chde] HuE MeEs)er g2 &
2 B} HilEo|n A= Er] & AL We] Radz]e)
Aef gtk A7) 14572 DNA oE4F sl4d3eg of
£ WEr) Eabd AE Aggdeanozl fEhge
Befl, Xbal, BamHII % Bgll RFLP%# intron 13
F=e] VNTRY (Caln repeat, 221 #|3d<-En9
2t fAzakele] D852 VTR, DXNS15 RFLPSS S
T aeh frHEke s DNA oREAgl DXSE2 VNTRT
DXS15 RFLPS& DNA 2% 2/ 5% dxe @
e wrtElEhd(n), A% "Sws sl o fEe

RFLP= 2 Fogdla o384 (diallelic polymor-
phism) o] 22 §F7e RFLPS 24 3% <49 o]
B BAEE o|BHegE 50%E 9 2o,
et AEATEE Eol7] fl8lMe RFLP A3k
dAfEHEe] Hgel 2 2ETHe) RFLPE FAl¢l &2
Hehe o] digtz g5, 8). 2% DNA AZHFH 2
AdfEsidel 2@ #A7 22 RFLPEE f3zhAs
Ecll RFLP< Xbal RFLPEE & &+ gler] <] 5 &
FE Aol Bdshs e Ada) AAs 58 Aes
7l DNA chad 242 sl dubEel Ay
£ DNA AME Fasd DNA 238 o] 8dls AHEEs
o] M2 71239 o2l g B AR k] U7
ol 2ol AR ol 87 E HolEtR] Geoby A
= PCRel 22 DNA o4 Baje] A=€a oj(7-
15]. PCR& ©| &4 Bcll RFLPS Xhal RFLPE 54
e ohEeh 2 g4 &1l g gheo] «lalEch A
A, F oEgels dAEEEe] glens AR e
BelabAde gle] =& FUE AFE £ glen Pap
| g A7te] ApEele) o Fecl 4, PORES o4
@ PAleloe sge) B oziuteld Has @
£ F glojd 27194 A17] AbRglah e Abazige)
Fheshe] Ee diolol it AR £05 AHE A
el 2eiEe S8 A28 ¢ 4 9osn d
o

B o] Bell RFLPE 483l Belli+) dlgelz)
2] =2} 82, 0% Bell(-) tiglate] ¥l=s 18 0%
24 #7195 9008060 Hls Bell(y gl
WlE) Zsheh B APl o4g) o) HHEH BiE
F B 36 5%E4, TRYURAT o) da ExE He
tHe FlElelA] Table 1904 495 29, 289 ) m#)
HakE o) «ds] AgEd-snclzl fazte] Bl RFLE
e ol¥FAN Afrt FEAEH 2o MEdS
@ 4 2lgickFig. 8. =4 9F wE o4ds] o8y
i BARE Bigad] el #EE 5 diied 5
R1(3002] 29-38% W21(13,31)3 YRA(3D] 40% B
Telels1(338] 33%ehe FAME AEE Byley v=
E21(34,35)8) 20-32% Erhe dtm Eavlalel2l[36)
2] 49% 9 wle2|g1[33)2] 44%e djE e B s
Hav),

2 A78 Xhal RFLP £4 #3, Xbal(®) d@slat
2] =7t 36.6%9 S Xbal(-) widelaie] viEs
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63.5%EA Ao 2 57 W=0013) vl Xbal(-) HiH
I I e s B [ e B T R B |
HfEE 29 61 1%24, SFAHaRE o dE8]e] &
EE H9che RSl Table 28 71222 Al
46, %2} v ws] BehE o) 4] Aadddnat #3

2] Xbal RFLP=E= <1831 3571 53EHA
Bt e viE dhg g o 5= ok £391, 99,
WEal Zoulalelgl W@ oleelql £E& ooz Xhal
RFLP| digt o2 =234 Sfileg 248 2
2 B (30-36] 48-50% 224 Bell RFLPH| vl#) 913
Zhl| Saigh ale|E welx] gabed, 2 972 61 1%
= oeld vla] 52 AE By

WoaApaa] BEell/Xbal haplotyvpes] fl=8 BW
Bell(#)/Xbal(-)7} 50.0% Bell(+)/Xhal (+1 7} 33.1%
Bell{-)/Xbal(# 7} 2.9% Bell(-)/Xbal(+)7} 14,088 =
w, <& z} d#@AE 4R B2 Edeke 7H
Shefl4] Table 12 28] 2t diglglabE o8k A4t
haplotypeS2] #l=sh o)ms] Bkg o) 2 2)e|7) glsl
288 Bell RFLP2 Xhal RFLF Alelel= A5 %
o] gl Aog QziEe] ols Moodie T2 Bael
da]slgich =3k of el sleis Bell RFLP 22 Xbal
RFLPE ol= 3ht o]4¢e] chAdd] dig <42 <53
4 EHEs T 0%EA Wl gde® 7 Wadelius
F(11)8] 62%EC =¢teng @9l 5194 Bell
RFLP# Xbhal RFLP 242] =%ho] A% ®5e] 21
chof] o4 F89 Asa Ad2pgc

AY Fede waldd s E W EA Rz ge]
o P AAE fEide e e F
A4 =led 2 AFode Yospecific repeats] diF
PCRE AAgkdei21). 3602 <5 2 Fiefelg o
2 2 Y-specific repeate] e PCRE dAsla <&
A4 Ha geld 2 A3 24 E AEas 2 Y
g £PE Bglen, BUAE B9 24 fitE
ofe] Fleg gaAdA 2] de Y544 felel
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AhiE] =2 PORE $ekdem ¥r|e #EC,

o4te] AM=A PCRE 18T & 8 ¥d2x0A
#A#12] Boll RFLE, Xbal RFLP £42 Y-specific
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2 o i3t wEE Pg seld 2R e

Part A<lA <473 A% ®5347HHe PCRe 2%
Xbal RFLP ¥4 (Part BI® #ie} 443bd (Part C) =4
AT #ewe] gglalgdd 9 dbzivs] shpdl o249
Biuaas | AT e Xbally) HHEAE B
falm glw A% "5 EHelA daaEsle] ofmy
2 W) Xbal chde] o|dFEaoln] &5l
o =) {1 W)= Xhal(-) HYNAE Eista ez,
Held] os &8 AgHY-En= FHAlels Xbal
i+ digelalzh B4 fHaEs Xball-) H3l=t 2t
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Hie|m g o] 5713 RFLE £4 ftege & A3
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B F&o] iF & diiEAA o84 (multiallelic
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2} A2 intron 13 992] VNTRS! (CAln repeat
7t PCRE o] &8 4= falstan <4g] =545 =2
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7l (6], THRIRAYL Fig. 8 < o] B8 7
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T4 germline mosaicism E-2 mutation=l] =28
29l @54 sporadic case) 2] AHE B7PEEr] OFEo|
o} MNayler $(26)2 PCRE o83t gy do
o AgEYLuela 442 m-RNAE SE8ln
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Fig B, Genetic prediction of hemophilia A by PCR-based format,

A Pedigree of hemophilia A © Symbols denote as follows: O, normal male; B, hemophiliac mals;
2, normal females @, female carriers <, fetus

B. Xbal RFLF : The amplified DNAs of the Xhal region by using primer 7.1 and 7.10 were
digested with Xhbal. The 96 bp fragment corresponds to Xhal negative allele, and 68 and 28
bp fragments corresponds to Xbal positive allele,

C. Fetal sex determination by amplification of Y-specific repeat ; The blood TNA(lane 1-6) and
fetal DNA (lane T} were amplified with primer ¥.1 and ¥.2. The 154 fragment corresponds to

Y -specific sequence,

The amplified and digested DAz in Part B and C were run on agarase gel and has been stained
with ethidium bromide. The lane 1-7 in Part B and C corespond to the pedigres numbers in Part
A, and lane 8 in Part B and C DMNA size marker (vepeats of a 100 bp DNA), For explanation of
the logics of carrier detection and prenatal diagnoesis see dizcussion,

2 o

HEE : A% H-5e] Eah A4 9 bz gl
M AdEtm &g Fapyoza DNg £498 57
FHE 24 (genotypic analysisie] Al=Ha gledE,
PCRE o847 A8 sngl=le] Boll 9 Xhal A%
A A o8 (restriction fragment. length poly-
morphism, ©|8 RFLE) 245 slopdibde] ofat=g)
840 & Aeg driEln glooz o ¥l
g YIS Falale] ghiqle] A¥ Wgode] ARG 9

Helatzia e Alzxadng o fafaal sk

HHY © Bell 9 Xhal #42 41¢l=] A% &54717
2] A9 1207 4178 §54BAE T8 37 467
B ozl 749§ dezR AHaddenelzl #azlg
intron 1899 BelF45 Algd 8.1 9 8284,
intron 22 992 Xbala] Al 7.1 2 710224 2}
zZ} PCRE 448ln Algkis Bollst Xhalez zhat 3
olatgch wel A ALE #ale] p7e] ki 1l 0o
2 fitelols A& Y-specific repeate] wi#t PCR
ot Gl dAbE dalslsich

3} Boll RFLP &4 3} fgads] gls 142 bp2
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