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All families, but one (8801), appeared to be fully
informative either with the use of one marker or with
the combination of two partly informative markers, as
discussed elsewhere (Vasseur et al., 1988). Among the
families tested with probes at the MET, D7S8 and
D7S18 loci, one (8703) raised a problem of accuracy.
Patient 12 of family 8703 was aiready pregnant as she
was seen for a prenatal diagnosis of CF. The
pregnancy was too advanced for chorion villi sampl-
ing (CVS), and foetal DNA was extracted from culti-
vated amnion cells. As shown in figure 1 seven
RFLP's defined by the available probes, were used.
Phase could be determined with two partly informa-

RFLPs TIGHTLY LINKED WITH CYSTIC FIBROSIS

TABLE l. - Haplotypes of 9 families presenting an affected child with cystic fibrosis. pJ3.11: pJ3.11/Mspl,
KM19: KM19/Pstl, XV2c: XY2c/Taql, met H: met H/Mspl or Taql, met D: met D/Taql or met D/Banl,

7C22:7C22lEcoRl. (a) alleles in brackets could not be attributed because of a crossing over in the family.
Nl : not informatif - NT: not tested.

l9

tive markers:7C22/EcoRI and met HlMspl or TaqI
or metDlBanl. Despite its 5 0/o recombination fraction
versus CF,lC22lEcoRI was the only marker able to
type the paternal mutated chromosome (associated
with allele 2). In order to improve accuracy in prenatal
diagnosis, recently described probes at the D7S23
locus (Estivill et al., 1987) were requested. Family
8703 was typed again as shown in figure 2 and phase
could be determined. Foetal DNA was analyzed with
these probes and showed (fig. 2) an affected foetus.
The parents did not wish termination of pregnancy :

the child is now born and his CF status has been con-
firmed.

Family Probe Parents
(-/+) (-/+)

Affected
Children Foetuses

lJnatfected children

8705
(a)

8706

8801

8802

pJ3.1 1

met H
met D

7C22

pJS.1 1

met H

met D

7C22

pJ3.1 1

KM19
XV2c
met H

met D

7C22

pJ3.1 1

KM1 9

XV2c
met H

met D
7C22

pJ3.1 1

KM 19
XV2c
met H

met D

7C22

pJ311
KM19
XV2c
met H
met D

7C22

pJS.11
KM19
XV2c

pJ3.1 1

KM19
XV2c

pJ311
KM 19

XV2c

12 22
12 12

NI
21

11 12
11 21
12 11

NI

12
21
12
11
11
11
12
21
11
21
21

zt
21
1a

12
12
21
22
22
12
11
21

NI

NI

2221
12 11
22 21
2221
21 11
12 12
2221
11 12
(2 1) (2 1)
(1 1) (1 2)
(1 2) (1 2)

NI
21 22
21 12
22 21
22 21
22 11
12 12
21 11
12 22

11

22
11
12
11

NI

12
,C
't1
11
11
12
21

11
12
22

NI

NI

'1 
1

22
22
12
11
22
11

11
(1 2)

NI

12
22
11
11

NT

NI

11
22

NT

NT

22
1C

22
22
12
11
12

12
11
21

NI

11
21
12
12

11
22
12
12
11
11

NI

11
21
12
12
12
11

12
21
12
(2 2)(1 1)
(1 2)

NI
2221
22 11

12 12
11 21
22 12

12'1 
1

22

12
11
22
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Fig. 1. - Haplotypes of family 8703 with probes at the
MET (met H, met D), DTSB (pJ3.11) and D7S18 (7C221
loci.

DISCUSSION

Unlike family 8701 previously described (Fontaine
et al., 1988), prenatal diagnosis of CF in family 8703 is
an example of a disadvantageous situation, i.e. a fami-
lial configuration in which no unaffected sib could be
typed in order to detect a recombination event. The
use of two partly informative markers (MET, D7Sl8),
and a relative high recombination fraction (5 0/o) for
one of them, hampered both family typing and prena-
tal diagnosis accuracy.

Assuming the recombination value for MET and
D7S18 as d for maximal lod score, respectively 0,01
(White et al., 1986) and 0,05 (Scambler et al., 1986),
accuracy would have been 0,884 (odds 7,6: l) in case
of an affected foetus. If the recombination value is
taken at the lower limit of the confidence interval
accuracy falls to 0,549. Recent figures given by
Lathrop et al., (1988), i.e., maximal lod score with
0:0,023 for MET and 0,052 for D7S18, do not
significantly modify our value (0,857).
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Fig. 2. - Haplotypes of family 8703 with probes at the
D7S23 locus (XV2c and KM19), and of the foetus ll, show-
ing his GF status.

Reliability of prenatal diagnosis was greatly
improved with the use of KM19 and XV2c in family
8703. Assuming a recombination fraction of 0,0001 for
KM19 to CF (R. Williamson, personnal communica-
tion) and XV2c being about 40 kb away from KM19,
and supposing that recombination is a linear function
of genetic distance, a 100-fold improvement in accu-
racy was reached with probes of the D7S23 locus, with
a likelihood of 0,9988 (odds 832 :1).

Linkage disequilibrium between the CF mutation
and markers at the D7S23 locus (Estivill et al., 1987,
1988) is ofgreat interest in prenatal diagnosis and car-
rier detection of CF because most families become
informative.

In our data, haplotype KM19 allele 2/W2c allele 1

was found associated with 11 out of 14 CF chromo-
somes and only with one normal chromosome. All,
except one family, appeared to be fully informative.
With probes at the MET D7S8 and D7S18, 67 0/o of
families are fully informatives (Farrall et al., 1986a,
Novelli et al., 1987). Additional typing with probes at
the D7S23 locus renders more than 90 0/o of families
fully informative (Estivill et al., 1988).

Linkage disequilibrium may also be used to estim-
ate the risk of an individual to be carrier or not,
according to the presence or absence of the « risk »
haplotype as discussed by Estivill et al., (1988). This
estimation may be of importance for the decision of
prenatal diagnosis by use of microvillar enzymes
testing (Brock, 1983, 1985) in couples with a prior risk
less than 1:4.
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