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Exclusion of one pedigree affected by adult
onset primary open angle glaucoma from
linkage to the juvenile glaucoma locus on
chromosome 1 q2 1 -q3 1

Dimitris Avramopoulos, George Kitsos, Effrosini Economou-Petersen,
Maria Grigoriadou, Dimitris Vassilopoulos, Constantinos Papageorgiou,
Konstantinos Psilas, Michael B Petersen

Abstract
A locus for autosomal dominant juvenile
onset primary open angle glaucoma
(POAG) was recently assigned to chro-
mosome region lq21-q31. In the present
study, a large Greek family with autosomal
dominant adult onset POAG was in-
vestigated using microsatellite markers.
Exclusion of linkage of the adult onset
POAG gene to the region DlS194-DlS191
was obtained in this pedigree. Therefore,
the data provide evidence that juvenile and
adult onset POAG are genetically distinct
disease entities.
(JMed Genet 1996;33:1043-1044)
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Glaucoma is a leading cause ofblindness world-
wide. It is a heterogeneous group of disorders,
the majority of which are associated with an
open, normal appearing anterior chamber
angle with normal trabecular meshwork and
are termed primary open angle glaucoma
(POAG).1 The relatively late age at onset of
most forms of POAG has complicated the
efforts to identify the mode of inheritance,
but autosomal dominant inheritance has been
described in families with juvenile2" as well as
adult onset POAG.2 5-8

A locus for juvenile onset POAG (GLC IA)
was recently assigned to the long arm of chro-
mosome 1 in a large family with autosomal
dominant inheritance,9 and confirmed in other
families of juvenile onset.'" 1 The candidate
region DlS194-D1S191 covers 23 cM at 1q21-
q3 1. Analysis of recombinant haplotypes in the
families reported improved the localisation
of the gene responsible to a 10cM region
(D1S196-D1S218).9-11 A huge pedigree has
been reported with autosomal dominantPOAG
of either juvenile or adult onset, and the same
haplotype between loci D1S196 and D1S212
was recognised in all affected subjects, sug-
gesting a common locus for the juvenile and
adult forms of POAG.12

In the present study, blood samples were
collected from 50 members of one large pedi-
gree identified in Epirus, Greece (fig 1).8 The
clinical findings in affected subjects were con-
sistent with adult onset POAG, including char-
acteristic glaucomatous changes of the optic
disc and visual field, increased cup to disc ratio,
intraocular pressure commonly more than
30 mmHg at the time ofdiagnosis, and no other
signs of congenital or secondary glaucoma. The
age at diagnosis was 30 years and older. The
POAG in this family appears to be transmitted
in an autosomal dominant fashion. Forty six
people above 30 years of age were children of
affected patients and therefore at 50% risk of
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Figure I Adult onset primary open angle glaucoma segregating in a family from Epirus, Greece. Filled symbols indicate
affected subjects. Only people above 30 years of age are shown. An asterisk indicates that the person was genotyped and
used for linkage analysis.
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Table 1 Pairwise lod scores between adult onset POAG and chromosome Iq21-q31
microsatellites

Locus Lod scores at recombination fraction

0.00 0.01 0.05 0.10 0.20

Penetrance = 1.00
DIS194 -4.17 -1.54 -0.66 -0.32 -0.12
DIS196 -x -5.19 -2.73 -1.71 -0.79
D1S218 -x -7.75 -4.46 -3.03 -1.37
D1S191 -x -3.27 -1.69 -1.01 -0.39
Penetrance= 0.78
DIS194 -0.27 -0.25 -0.19 -0.14 -0.09
DIS196 -2.58 -1.78 -1.07 -0.72 -0.36
D1S218 -3.09 -2.90 -2.21 -1.56 -0.71
DIS191 -1.71 -1.62 -1.29 -0.98 -0.55

Table 2 Three point linkage analysis between adult onset
POAG and chromosome lq21-q31 microsatellites

Recombination distances Lod scores under penetrance

1.00 0.78

DlS194-POAG-DIS196
0.000 0.030 - 8.45 -2.60
0.006 0.024 - 7.87 -2.62
0.012 0.018 -7.83 -2.69
0.018 0.012 -8.09 -2.81
0.024 0.006 -8.81 -3.05
0.030 0.000 - x -3.99
DIS196-POAG-DIS218
0.000 0.090 - -2.84
0.021 0.072 - 10.09 -2.79
0.040 0.054 - 9.98 - 2.78
0.058 0.036 -10.55 -2.81
0.075 0.018 - 11.74 -2.96
0.090 0.000 - x -3.64
D1S218-POAG-DlS 191
0.000 0.100 - x -2.73
0.024 0.080 - 7.80 - 2.41
0.045 0.060 -6.16 -2.27
0.065 0.040 - 5.43 - 2.23
0.083 0.020 - 5.28 -2.32
0.100 0.000 -x -2.43

having inherited the disease causing mutation.
Eighteen of these were found to be affected,
which gives a calculated penetrance of 78%
above 30 years of age.

Oligonucleotides flanking microsatellite
DNA polymorphisms on human chromosome
1 were as published elsewhere.'3 PCR am-

plification was performed according to a pre-
viously published protocol.'4 Linkage between
POAG and microsatellites was analysed using
the computer program package LINKAGE ver-

sion 5.1,15 assuming autosomal dominant in-
heritance with a disease allele frequency of 0.01,
and using locus distances from the published
genetic map of human chromosome 1.13 Only
people above 30 years of age were included in
the analysis (37 of 50 subjects) (fig 1). Lod
scores were calculated under two models. The
first model assumed full penetrance. The sec-

ond model assumed a fixed penetrance of 0.78
above 30 years of age.

Pairwise lod scores between POAG and chro-
mosome 1 microsatellites are shown in table 1.
Locus DlS218, which was completely linked
in the three previous reports of juvenile onset
POAG,9-" shows exclusion of linkage in our

pedigree both under a model assuming full
penetrance and under a model assuming a fixed
penetrance of 0.78 above 30 years of age. The
exclusion distances for each marker under the

full penetrance model was 15 cM (D1S218),
7cM (D1S196),3 cM (D S19 1), and less than
1 cM (Dl S194). Analysis of marker-marker
linkage within the family was consistent with
the published genetic linkage map'3 (data not
shown). The results of three point analysis are
shown in table 2. The subregions DlS194-
D1S196, DlS196-DIS218, and DlS218-
D lS191 are excluded in our family under both
models. The data indicate that the POAG gene
in our pedigree is highly unlikely to lie in
the entire critical region on chromosome 1
(D1l196-DlS218) and suggest that genetic
heterogeneity exists within the autosomal dom-
inant form of POAG, providing evidence for
at least one other autosomal locus.

In light of the distinct clinical features be-
tween juvenile onset and adult onset POAG,
genetic heterogeneity as the cause of an eye
disorder such as POAG is to be expected.
Additional locus heterogeneity might be ex-
pected from reports consistent with autosomal
recessive inheritance. 16-18 It is hoped that fur-
ther linkage analysis in this and other families
will eventually result in the identification of the
disease causing genes and thereby elucidate the
pathogenesis of all types of POAG.

The primers flanking microsatellite markers were kindly sup-
plied by Dr Claes Wadelius, University of Uppsala (supported
by the Council of the Nordic Ministers).
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