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Abstract . Carrier detection and prenatal diagnosis of hemophilia A have been perfor-
med accurately by restriction fragment length polymorphisms (RFLPs). However, a single
intragenic DNA polymorphism with two (4 and —) alleles can be informative for no more
than 50 9 of women and this approach is time-consuming.

The dinucleotide repeat sequence of varying length known as (dC-dA)n s (dG-dT)n,
hereafter designated (CADn, within intron 13 of the factor VIl gene was analyzed in Japanese
subjects by the polymerase chain reaction (PCR). The investigation of this variable
number of tandem repeat (VNTR) in 110 X chromosomes from 70 healthy subjects (30
males and 40 females) revealed five different allelic fragments, i. e. 20 (59.1%), 21
(23.79%), 22 (3.6 %), 23 (11.8 %) and 25 (1.8 %) repeats. Nineteen (47.5 %) out of the
40 females analyzed were heterozygous for this VNTR. These findings suggest a strategy
for providing a highly informative marker available for factor VIl gene tracking studies in
hemophilia A kindreds in a quicker and easier way.
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MLI1A
5—-TGCATCACTGTACATATGTATCTT - (GDn =« o s o e e e e e e e
AR S (CAn - - - CCGAATAAGTATACATTAAACC-Y
ML2A
A)
ML1IA 5-TGCATCACTGTACATATGTATCTT-3 24mer
ML2A 5'~CCAAATTACATATGAATAAGCC-3’ 22mer
HM1 5—TTTGCATCACTGTACATATGTATC-3’ 24mer
HM2 5'— TACCAAATTACATATGAATAAGCC-3 24mer
HM4 5'—GATACCAAATTACATATGAATAAG-3’ 24mer
B)
primer pairs fragment size (bp)
GT-strand CA~—strand
ML1A MIL2A X
ML1A HM2 X+2
ML1A HM4 X+4
HM1 HM4 X+6

Fig. 1. Sequences of primers and amplified fragment sizes of (CA)n repeat within intron 13 of factor VIl gene.
A) ML1A and ML 2 A (Lalloz et al, 1991). HM 1, HM 2 and HM 4 were designed to generate longer

products.

B) X=the fragment size (bp) amplified by the primer pair of ML1A and ML2A. X-+2=the
fragment size that is 2 bp larger than X. Only GT-strand primer (ML 1 A or HM 1) was end-labeled

to recognize the size of (CADn repeat.
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VRS T, Lied 5 C, lane 6 TiX23 ) v —
b, lane 7 TE21 V¥ — b DO~NIEEKEZ 2 ORI,
#fl(lane 1 ~5)IcB\~Clane 1 I/ ED A v Fpd
20V E—rDORBEHD, 2BEUED Y F i3RI
BENELL-THED, 20V E— DAV FAHELT
WHEE220) -t DrEEAKLEE 2 bR lane
21 FBELIBEDOAVIERELSLoTED, 202
RKOAYVIEREREDO AV FEZZ 2B I —E23 )Y
—rDO~TrEAKEE 2D N lane3 X 1FEF D <
VIEAEL 22 V¥ — DR EESEEE 2 bR lane
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Primer(ML1A)

2’

5~ TGCATCACTGTACATATGTATCTTtttaaaaaaatct
J-acgtagtgacatgtatacatagaaaaatttttttasga

} ! i

ggatggecttcaagectectttactttgatttTGTGTGTG
cctaccgaagttcgagaaatgaaactaaaACACACAC

TGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGt ta
ACACACACACACACACACACACACACACACACACaat

ctttggcattctctaggcttattcatatgtaatttgeg-3
gaaaccgt aagagatCCGAATAAGTATA’CATTAAACC—5’

Primer(ML2A)

Fig. 2. Sequence of (CA)n repeat region within intron 13 of factor VI gene.
Five insertions and two transitions were observed compared with the

sequence by Lalloz et al.

| tinsertion, _ : transition (C—G)

Table 1. (CA)n repeat frequencies of isolated plasmid DNA

clones
(CA)n Number of clones Name of plasmid DNA
male 1 male 2
(CA) s 7 (MH).s
(CA)», 2 (MH).,
(CA), 1 (MH).,
(CA) sz 6 (MH) 2,
(CADys 3 (MHD;o
(CA) 1 (MH),s

The amplified fragments of two male genomic DNAs by non-radio
-labeled primer pair of ML 1 A and ML 2 A were cloned, respectively.
The plasmid DNA clones showed three different (CA)n repeats by
sequence analysis. The plasmid DNA which (CA)n repeat has been 23

is named (MH),s, etc.

40 30 alleles & % 40 & @ 80 alleles D 110 alleles
DCAVE-MIE 259 —1t 2alleles (1.89%), 23
Jye— 1+ 13alleles (11.8%), 22 V £¥—
3.6%), 21V Ee—1+ 26alleles (23.7%), 20 V & —
b 65alleles(59.1 %) THot. TDI51IC25 Y ¥ —
FB 20V E— P GHAL, 5EED allele BFRD B
n, 5H20 VYV E—- OHEENEbEIoT. E, L
AD~T rEAEEEERIT L AT 19 AUT.5%)TH
o 7.
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2.8XVO3.THLNICAIE - ERT 7572
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v+ OBEKIKEYBRIIER R v ¥ BRI 5 T,

ZZTEAVIFRERT Y b A+ ) — 12T ODses % il

ELi(Fig. 4. Enb1FHOAAYFEALL, 2,
3KIV4FZEEREERB, CEIUDEL, £V FOEE
ELxott>%H B/A,C/BEIUVD/CEZRDI. ~
BAGTHLBEHAFg 4B L 0Lk e gEaEk
HI(Fig. 4 @)D B/A OFEERTFh, 0.54,0.54 TH
D, THETL Y E— bEVWDO~T v BEEEF(Fig. 43)
D B/A OFHEL1.46 THhoTe. Eie, BHEGIR I O%
R BEAEF DO C/BRD/CxERFhFEH0.55

0.32 THBHDITKL, 2V E— FEWD~T v BELSEKHF]
(Fig. 4@)D C/B23F#52.01, 3V ¥ — b ELWD~TF
rEAEFI(Fig. 4®) D D/C 134 3.6 TH - 7. Fig.
SIRLC I BIEELETA L CrY — 27050 B/
A1%0.73, C/B1x2.01, D/C1%0.61 THhote. Lo
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Mz2: Mes lelz Mz M2o M1ts

(CA)24—> “«—(CA)z4
CAY2s—> “«(CA)zs
(CA)22—> <« (CA)z2
(CA)z:1—> «—(CA)z21
(CA)z0—> <« (CA)20
€A 1s—> <« (CA)1s

Fig. 3a. (CA)n markers.
M., M,, and M;smarkers are the amplified fragments of plasmld DNA
(MH),;, (MH),, and (MH),, (see Table 1), respectively, by the primer pair
of ML1A and ML 2 A. M., My; and M,, markers are the amplified frag-
ments of plasmid DNA same as above, respectlvely, by the primer pair of
HM 1 and HM 4 (see Fig. 1).

(CA)25—>
(CA) 24— <« (CA)zs
(CA)zs—> <« (CA)24
(CA) 22— <« (CA)zs
CA)21—> <« (CA)z22
CA)2z0—> < (CA)z21
< (CA)zo0
Genotype 20 25 22 21 23 23 21

20 23 2 2 20
Fig. 3b. Genotypes for the (CA)n repeat in seven unrelated Japanese females (1-5) and
Japanese males (6-7). (CADn repeats are indicated on the sides. Individual
genotypes are listed below the gel.

> T, ABRPEEOZELTT Vb2 ) —2bd A VI/VWEOERIK X hThhTEi. HECIX, EBEH
ECO~T rEEER LKW LT, : . 12, BE1969 F)OREVIR FREESEERE L I VI
2 = 66 %75, K \C 1978 4E4EHOAF VIl: C/vWF : Ag It

= X DH90 %2, S, EVRF VI Ag/vWE : Ag

MEH A OREEZWEAER L D RRROERIC L H & likelihood ratio ™M A X b # 90 %A LK ATEE
HEFJATICIN 2 TEWMER T /von Willebrand BFF  THHERELTE . LoLiand, FALIEERN
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Table 2. Allele frequencies for intron 13 (CADn repeat in 3 reports
(CA)n Number of alleles
Morimoto (1995)®  Lalloz et al (1991)®  Wang et al (1993)®
(CA)25 2 (1.8%) 0 0
(CA)24 0 2 (1.3%) 0
(CA)23 13 (11.8%) 8 (5.0%) 2 (1.7%)
(CA)22 4 (3.6%) 17 (10.7%) 0
(CA)21 26 (23.7%) 47 (29.6%) 25 (21.7%)
(CAd20 65 (59.1%) 71 (44.7%) 86 (74.8%)
(CAD19 0 12 ( 7.5%) 2 (1.7%)
(CA>18 0 1 C0.6%) 0
(CcMA17 0 0 0
(CA)16 0 1C0.6%) 0
Total 110 159 115
a) all Japanese
b) >50% white Europeans, 40% Asian Indians, <10% Afro-Caribbean
¢) all Chinese
Heterozygosity in females is 47.5% in Japanese, 91% in white Europeans, Asian
Indians and Afro-Caribbean and 53% in Chinese, respectively.
5
.
4
L
3 L
3]
b
s
[Ted
8
a
o
2
1 M+SD
M
'8 o ] * { M-SD
s 0 3
s ¥
0
O @ @ @& 6 O @ @ @& 6 O @ @ @ 6
B/A C/B D/C

Fig. 4. ODses ratio of each electlophoretic ladder band demonstrated by densitometric scan.
®=male (n=30), @=homozygous females (n=21), @, @ and ®=heterozygous
females. Size differences between alleles of @ is 2bp (n=9), that of @ is 4bp (n=
5) and that of ® is 6 bp (n=4), respectively.
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EnbHBET 2HERREYRE, HSETHETHDY,
HEREPERE L TCOBHITERNEVWIRARD > e,
1984 LD EBVIR FEETF cDNA OBEELIKE, MAH A
REEZECRIETENOBMPIGE IS X 5 1Kie?,
ZOIEMIIRENCH EL, ThbiZkEZHNCHF
FASh5 X dicisoic. BIETHTIC X 5 MAR A OF
REZECRIBZHICI, 42 0FRRCRTHEEER
FoEEMT RELP 17 X 5 B8R Thh T 5.

B x, 1994 FHAERK 2RI T IR 580 KR TR
ERETHEBEIN TN B9, BEOREML <A 2R%
B DA TLAERR TR, B%, BE» A
WHBRTETKWS. Lrl, ¥9Fv 7 my bEIRLS
RFLP 3FH 1 EH#c > 2, ¥V A 2B ThrbiERY
B5E CREMPET Y. ThbOREALRH DR
SETUE, Bl ziE, Bell £Y 74 RA(A Y b rv18)
WarE PCRIFIC X DR L, HIRERERIGEESIKE
L, B{b=5o 9 2 CRELTERTEAAY N4 X%
BETHHEDIGHAIRTLEY, ZoFEIERERYE
BETORMAEL, Ti, HSERMETEYERLR

R TCX W EDFIER DB, LL, TORTIEIERN
FoERIG Lishotch, DNAD2VE I 5 —>a Vv
TR X BB FOHBER S X 2BZROFREM D
BRI TW5., i, V¥ 7 ey FERTREICS B
b3, PCREW®D Xbal BV EL7 4 RA(4 VbR
v 22) 1% pseudogene D FIED 1= DTG AR RE T H
A0 LRESD B 5.

FHFv ey bEER LS RFLP TO HAALHED ~
TrEAEEERYZBE, B [RYEAT7 4 R AR
63%THb, ¥z, Xbal L DA T T0 Y13 ~T =
BAEOLLD, AR A OFKRZECFIAMEE SR
TWw5b. BRAKATOBH TR Bl AV L7 4 X200
~T R EAEIT 42 %P, Xbal BY EAL T 4 RADFER
1348 %2, F iz, MEDOHATIX64 %P LT LEE
~F n EAKHBER TR, T, REAPEEA/E
BADOBCl IRY) €L 7 4 RAD~T v ESEREEREI
#9 30 %9 & B A ANRERIZIR L.

&, HLWSEMEDNA =—# —& LT VNTR »
EBEFENCFIHEI R TE TS, VNTRIZ, H5—F

band ODses ! 0D ratio

A 02

B 222 B/A 0.73

C 448 /B 2.01

W D 216 D/C 0.6
ik E 16 E/D 0.42

| | i I !

A B C DE

Fig. 5. Densitometric scan of the electrophoretic ladder bands corresponding to amplified (CA)n repeat
fragment of a Japanese female and ODses ratio (B,/A, C/B, D,/C, and E/D). The ladder bands are
named according to electrophoretic mobility to the left of the gel, the slowest band=A, the second=
B, etc. This female is heterozygous for A and C bands.
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FAIFDNATHh- CHRAFTH-7Z L XD
pseudogene #ERQTPCR Lcd DTV EE XD
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