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SUMMARY

We reported earlier complete linkage between cystic fibrosis and an
RFLP of the met proto-oncogene revealed by the probe pmetH. An-
other clone, pmetD, detects another polymorphism with the TaqI re-
striction enzyme. Further linkage studies, now involving 22 families,
have confirmed the tight linkage of cystic fibrosis to the MET and
D7S8 loci. Significant allelic association was found between CF and
allelic series defined by the pmetH probe.

INTRODUCTION

Recent linkage findings in cystic fibrosis (CF) are summarized in the accom-
panying joint paper [1]. We had already reported [2] very tight linkage between
CF and a genetic marker defined by a cloned DNA fragment of the met proto-
oncogene, pmetH [3, 4]. Twelve of the 13 families tested were informative for
linkage; a maximum lod score of 8.65 was obtained at a recombination value of
zero, the confidence upper-bound on the latter estimate being .05. We have
since identified another clone at the MET locus, pmetD, which detects a poly-
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morphism with the TaqI restriction enzyme. We now report linkage data ob-
tained on an extended sample set with several DNA clones: pmetH and pmetD
at the MET locus; pJ3.11 [5], defining the D7S8 locus; phage 6, defining the
D7S11 locus [6]; and COLlA2 [7]. Loose linkage between CF and the latter
marker had been reported earlier [5, 8].

MATERIALS AND METHODS

An enlarged panel of 22 families, each having at least two sibs affected with CF, was
constituted through the Utah Cystic Fibrosis Research Center. Our earlier report on
linkage between CF and pmetH in 13 families [2] documented the methods used in
preparing the samples and performing the Southern experiments. In the extended stud-
ies reported here, we included a new clone, pmetD, a 1. 1-kilobase (kb) EcoRI restriction
fragment of the met proto-oncogene previously described [3]. It detects polymorphic
TaqI fragments at approximately 6.0 kb and 4.4 kb, with frequencies of .78 and .22,
respectively (fig. 1). The samples were also screened with two other DNA clones as-
signed to chromosome 7: COLlA2 and the arbitrary DNA sequence phage 6 (D7S 1I).
Data for the COLlA2 polymorphisms were collected with the restriction enzymes
EcoRI and MspI; those for phage 6 were collected with HindIII.

Linkage analysis was performed with the LINKAGE programs [9, 10]. Haplotypes were
constructed by studying the distribution of alleles in affected siblings and their parents in
families without recombination events. Allelic associations were investigated by stan-
dard log-linear models [11].

RESULTS

The probe pmetH detects a diallelic polymorphism with both the Taql and
MspI restriction enzymes. However, these two allelic series are in strong link-
age disequilibrium, revealing a third haplotype only in the family (1402/1407)
segregating a rare, 5.0-kb MspI allele detected with the probe pmetH. How-
ever, the diallelic system revealed by pmetD with the enzyme TaqI shows
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FIG. 1. -Segregation of the TaqI polymorphism detected with pmetD. Autoradiogram of a DNA
blot of TaqI-digested DNA samples of individuals in a multigeneration Utah pedigree (above),
hybridized with 32P-labeled pmetD. Molecular weight standards (m) are indicated in kilobases.
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TABLE 1

PAIRWISE LOD SCORES IN 22 CF FAMILIES

Loci Recombination Confidence limits Lod score

CF .... MET .010 .00-.05 16.82
CF .... D7S8 .014 .00-.07 10.85
CF .... COLIA2 .500 .12-.50 0.00
CF .... D7S11 .500 .15-.50 0.00
MET .. D7S8 .012 .00-.05 15.41

much less linkage disequilibrium and therefore contributes additional informa-
tion. These three polymorphisms were combined into haplotypes to generate a
single allelic series. The same operation was performed to combine the two
polymorphic systems revealed by the enzymes TaqI and MspI with the probe
pJ3.11 into a single allelic series at the D7S8 locus. A similar operation was
carried out with the EcoRI and MspI data for the COLlA2 locus.

Linkage Analysis
After construction of haplotypes, four loci were investigated in our families:

MET, D7S8, COL1A2, and D7S1l. The results extended the observation of
tight linkage between the CF, MET, and D7S8 loci but detected no support for
tight linkage between the CF, COL1A2, and D7S1 1 loci. Pairwise lod scores,
recombination estimates, and their one-lod-unit confidence limits are reported
in table 1. Only one recombinant was observed for each pair of loci, CF-MET
and CF-D7S8. The families in which these events occurred are documented in
figure 2. In family 1076, a recombination event between the CF and MET loci
must have occurred from a haplotype received from the father in one of the two
affected offspring tested. Unfortunately, the information available at the D7S8
locus does not allow us to address the issue of gene order. This family, which
belongs to the Camden cell repository, has also been investigated by others [1],
with similar results. In family 1380, individual 8920 exhibits a recombination
event between the CF and D7S8 loci in the haplotype received from his father.
This individual is also informative with respect to MET, and it appears that the
recombination event did not involve the MET locus, a result confirmed by
resampling and retesting all family members. On the basis of this unique obser-
vation, the present data provide the least support for the order CF-D7S8-MET.
The two alternative orders are supported with odds of 61:1 against the least
favored order, but cannot be resolved with the present data.

Allelic Associations
In our earlier report [2], allelic association between CF and MET reached

marginal significance. Our enlarged dataset now yields significant evidence
of allelic association between CF and the two allelic series pmetH-TaqI (X2
= 9.27) and pmetH-MspI (X2 = 8.71), which are themselves in very strong
linkage disequilibrium; other tests of association, particularly with the locus
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D7S8, were not significant. Data and results are presented in the accompanying
joint report [1].

CONCLUSION

Tight linkage between CF and both the MET and D7S8 loci supports the
notion that the vast majority of cystic fibrosis cases result from mutation at a
single locus. Whether a variety of molecular defects at this locus can lead to
cystic fibrosis must await the characterization of the CF gene. The available
genetic markers are already of value for medical diagnosis, however, and they
will be of major significance in progress toward eventual identification of the
CF gene.
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