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Probable Genetic Linkage between Autosomal Dominant Retinitis
Pigmentosa (RP) and Amylase (4MY2): Evidence of an RP Locus

on Chromosome 1
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Retinitis pigmentosa (RP) is a group of retinal dystrophies with similar clinical
manifestations which shows three forms of inheritance: X-linked, autosomal dominant,
and autosomal recessive. The autosomal dominant form of inheritance occurs in
3% - 15% of the cases [1, 2]. Sporadic cases of RP have been reported, and atypical RP
occurs as a component in at least one rare syndrome [1].
Gene linkage studies in which several families are pooled have been reported for

both the autosomal dominant [2] and X-linked [3-5] forms of the disease; none of
these studies detected a linkage. In the present study, we examined a large pedigree
with the typical autosomal dominant form of retinitis pigmentosa. The results indicate
a close linkage to the serum amylase locus, AMY2, which is on chromosome 1.

METHODS

The general clinical features of retinitis pigmentosa which occur in this family include
nightblindness appearing in the late teens or early twenties, followed by severe visual difficulties
in the mid-thirties or early forties, and total blindness by the late forties to early sixties. In
addition, posterior subcapsular cataracts are a consistent finding. Recent generations have shown
an earlier progression of symptoms, a finding not uncommon in diseases with a late onset.

Individuals were categorized on the basis of past medical history with confirmation by direct
ophthalmoscopy. A few members of the family had thorough examinations, including visual
fields, electroretinograms, and fundus photographs which documented the disease in those
members. Specific clinical details will be presented elsewhere (J. R. Heckenlively, in
preparation).
Red blood cell and serum gene markers were analyzed by standard techniques [6- 1]. Serum
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amylase was determined using the method of Merritt et al. [12]. In addition, secretor status was
recorded as indicated by the Lewis antigen typing [7]. Ability to taste phenylthiocarbamide was
determined by use of the standard threshold solution for Caucasians [13].
Lod scores, as defined by Morton [14, 15], were computed using a modified version of the

LIPED computer program developed by Ott [16, 17]. The pedigree (fig. 1) was divided into two
sections for analysis. The left branch, referred to as B in table 1, contains 49 individuals of
whom 36 were examined for gene markers. The right branch, denoted C in table 1, contains 30
individuals of whom 18 were studied. An additional 10 individuals constitute the pedigree
denoted A. The relationship of A to B and C could not be specified, and it was analyzed
independently. When there was any doubt concerning the diagnosis, the status of unknown was
used during the analysis. Correction for age of onset was not undertaken in these studies since
only one individual in the youngest generation remained doubtful.

RESULTS

The lod scores for the two branches of the large pedigree are given in table 1 for the
RP locus and the markers on chromosome no. 1. The lod score z with serum amylase is
3.9023 at a recombination fraction 0 of .01. This is highly significant and well above
the level of z = 3.0 suggested by Morton [14] for the acceptance of linkage. Linkage
could be excluded at values of 0 = .05 or less for RP and PGM1. The lod scores are
less than the value z = -2.0 which was suggested by Morton [14] for the exclusion of
linkage.
A summary of lod scores for the RP locus and 23 additional autosomal loci is given

in table 2. Linkage with 6 < .2 can be excluded forACP1, 0 < .1 forABO and MNSs,
o < .05 for GPT and Hp, and 0 < .01 for Lu, ADA, Gc, Pi, and Se.
Lod scores were also computed among the marker loci on chromosome no. 1. The

results of these analyses are presented in table 3.

DISCUSSION

Retinitis pigmentosa occurs as both an autosomal and X-linked trait. The large
pedigree in this study demonstrates male-to-male transmission of RP, and it is clear
that the disorder is the result of an autosomal dominant allele.
The lod scores for serum amylase (AMY2) and RP are statistically significant. There

were no recombinants and seven nonrecombinants in cases where recombination could
be clearly discerned. The most likely estimate of recombination between these two loci
is 0 c .01; male and female recombination frequencies being equal. AMY2 has been
located on chromosome no. 1 [18]. The lod scores between RP and other loci on
chromosome no. 1 do not achieve statistical significance. The scores indicate,
however, that RP may be relatively close to Duffy (Fy) with the maximum lod score, z
= 1.23 at 0 = .01, and may be relatively further from Rh, z = 2.4989 at 0 = .1, and
PGM1, z = 0.4175 at 0 = .3

The most likely order of loci on chromosome no. 1 has been suggested as Fy,
centromere, AMY2, PGM1, Rh, and 6PGD [19]. The results from this family for
linkage with RP indicate, instead, an order of AMY2, Rh, and PGM1. The scores for
Fy, as shown in table 3, result in the same order. The data within this pedigree are
consistent, and some other reported studies also differ from the suggested order [19]. It
is not surprising that AMY2 and RP give the same results since there are no crossovers
between the two loci. The consistent nature of the results among the other loci support
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the hypothesis that the locus for RP is on chromosome no. 1. It is clear that even the
large studies do not completely agree on the order of the loci on no. 1 [20], and it is not
unreasonable that the sampling from this single family produces results different from
the suggested order, although, given the confidence interval of the estimates, our
results are not incompatible with the suggested order for no. 1.
The data for this linkage are restricted to a single pedigree where the RP allele is

apparently in coupling with the AMY2A allele. The hypothesis of association for these
two alleles cannot be tested with the data, but there is no a priori reason to suggest a
cause and effect relationship. The findings are compatible with the positive lod scores
reported by Hussels-Maumenee et al. [2] for RP and Fy. Their study did not analyze
serum amylase.
The consistent pattern among the gene markers on chromosome no. 1 and the level

of statistical significance of the lod score forRP and AMY2 suggest that the RP locus is
on the no. 1 chromosome close to the AMY2 locus. This is the ninth autosomal
dominant disorder mapped to a specific chromosome. Since the relative position of the
centromere is not known, the RP locus cannot be assigned to a specific chromosome
arm. It remains to be seen if other families with the autosomal dominant variety will
map to the same area, but a tight linkage with AMY2 should make it possible to test for
genetic heterogeneity in relatively small families. Confirmation of the close linkage
would also make it possible to predict relatively accurately those individuals at risk
prior to onset of symptoms. Examinations of these individuals may lead to a better
understanding of the disease process, and the information available from the linkage
may eventually be applied in prenatal detection of affected individuals.

SUMMARY

A linkage analysis is reported for three branches of a single family segregating for
autosomal dominant retinitis pigmentosa. A statistically significant lod score of 3.9 is
obtained for the RP locus and AMY2 at a recombination frequency of 1%. This linkage
indicates that the RP locus is on the no. 1 chromosome since the AMY2 locus has been
placed on the short arm of 1. Lod scores are reported for four other loci on
chromosome 1; none of these achieve statistical significance. Analyses are reported for

FIG. 1.-This is UCLA research pedigree RPOI. 0 = unaffected; U affected; El= individuals
presumed to have had the trait; EI = individuals whose status is currently unknown.
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23 additional autosomal markers and close linkage with RP can be excluded for a
number of these.
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Postdoctoral fellowship in human biochemical genetics available immediately for Ph.D.
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Postdoctoral fellowships in human genetics available starting July 1978 under the
National Institutes of Health Training Program in Medical Genetics (GM-0751 1).
Individuals should be U.S. citizens or permanent residents. Send curriculum vitae and
two letters of reference to Dr. W. J. Mellman, Director, Human Genetics Center,
University of Pennsylvania School of Medicine, 110 Richards Building/G4, Philadel-
phia, Pa. 19104.

Research training positions for M.D.'s or Ph.D.'s are now available for individuals with
immunologic background to study cell surface antigens on somatic cell hybrids and with
biochemistry background to characterize biochemical variations in human cells and
populations. Send curriculum vitae and two letters of reference to Dr.
W. J. Mellman, Director, Human Genetics Center, University of Pennsylvania School
of Medicine, 110 Richards Building/G4, Philadelphia, Pa. 19104.

1 This service is offered free of charge to members of the American Society of Human Genetics. To place
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