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Linkage analysis in an 
autosomal dominant 
'zonular nuclear 
pulverulent' congenital 
cataract, mapped to 
chromosome 13q 11-13 

Abstract 

Purpose To determine by linkage analysis the 

chromosomal locus responsible for autosomal 

dominant congenital cataract (ADCC) in a 

four-generation Welsh pedigree. 

Methods The family pedigree was traced 

through two members of the family attending 

the hospital for treatment of their cataracts. 

Twenty-five members of the family were 

examined ophthalmologically and blood was 

collected with consent for genetic linkage 

analysis. 

Results Fifteen members of this family were 

known to have bilateral congenital cataracts, 

of whom 11 had a cataract extraction prior to 

examination. The youngest member of the 

pedigree was 5 years old and the oldest was 78 

years old. Four children, unoperated at the 

time of this study, had a phenotypically 

identical morphology of their zonular 

pulverulent congenital cataracts. The known 

loci for congenital cataract were excluded. 

Significant lod scores for markers in the 

13ql1-13 region were detected with a Zmax of 

3.59 D13S1236 (8 = 0.00). 
Conclusions We report linkage of an ADCC of 

the zonular pulverulent type to chromosome 

13ql1-13 in a four-generation family. 
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Congenital cataracts are a significant cause of 
visual handicap. The prevalence of congenital 
cataract varies between 1 and 6/10 0001,2 live 
births and approximately 25% of these have a 
genetic basis? Although all three types of 
inheritance have been described, autosomal 
dominant transmission is the most frequently 
reported.4 The morphological description of the 
various forms of inherited cataracts is based on 
the location of the opacities in the lens. 
Accordingly they may be classified as: 
(a) zonular, where the opacity occupies a 
discrete zone of the lens (i) nuclear, (ii) lamellar, 
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(iii) sutural, (iv) capsular; and (b) polar where 
the opacities occupy either the anterior or 
posterior pole of the lens in the subcapsular 
cortex.5 Eponymous labels have been used to 
classify various inherited cataracts. These either 
represent the family name of the pedigree in 
which they were first described (as in the 
Coppock cataract6), the author who described 
the morphology of the cataract (for example the 
Marner catarace) or the description of the 
morphology of the cataract itself (as in the 
cerulean cataracts). 

There are now about 10 loci for autosomal 
dominant cataract that have been mapped, 
reviewed recently by Hejtmancik9 (Table 1). 
Linkage to chromosome 2q is associated with a 

Coppock-like cataract, which was originally 
described as a 'disc like opacity deep in the lens' 
with occasional triradiate pattern of greater 
density.lO The Marner cataract, described as 
finely dispersed opacities in the embryonic 
nucleus with condensations at 10, 2 and 6 
0

' clock, with additional peripheral zonal dots 
and peripheral 'riders', has been linked to 
chromosome 16q22? A mutation on the 
CRYBB2 gene in chromosome 22q has been 
associated with a cerulean cataract, which is a 

blue and white dot cataract scattered 
concentrically throughout the lens with 
occasional central opacities arranged radiallyY 

Armitage et aZY have also described a similar 
phenotype linked to chromosome 17q24. A 
zonular sutural opacity which consisted either 
of a dense opacity affecting both the anterior 
and posterior lens sutures, or of a series of dots 
forming a hazy cloud along the sutures, has 
been linked to chromosome 17ql1-12, with beta 
A3/ A1 

crystallin a possible candidate geneY 
Mutations have been identified in genes for 

lens crystallins and for gap junctional proteins 
(connexins). Lens crystallin gene mutations 
have been identified on 22q, 11 17q13 and 2q.1O 

Mutations in a gap junction protein gene, 
connexin 50, were identified on 1q14 and most 
recently in the connexin 46 gene15 on 
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Table 1. Autosomal dominant cataract genetic linkage 

Morphological description of cataract 

Progressive central zonular opacity including the lens sutures 
Zonular pulverulent (Coppock) 
Posterior polar 
Polymorphic 
Zonular pulverulent 
Posterior polar progressive zonular 
Anterior polar 
Blue dot (cerulean) 
Zonular and sutural 
Peripheral blue and white dots (cerulean) 

chromosome 13q, responsible for a zonular pulverulent 
cataract in two families of British lineage. 

Linkage analysis was performed to determine the 
possible locus of a central zonular pulverulent (powdery) 
cataract with anterior and posterior cortical snowflake­
like opacities in a four-generation Welsh family showing 
autosomal dominant transmission. 

Patients and methods 

Twenty-five members of a Welsh family were contacted 
through the two index cases followed up in our hospital 
for their cataracts. A detailed clinical and 
ophthalmological history was obtained on all patients. 
Clinical examination included an assessment of the 
visual acuity, slit-lamp assessment of the lens after 
pupillary dilation and fundus examination. Where the 
cataract was still present a slit-lamp photograph of the 
lens was attempted. A general physical examination of 
the affected family members was also carried out to rule 
out any associated systemic abnormalities. 

Twenty millilitres of blood was collected in EDT A 
tubes for DNA isolation. After the DNA was extracted, 
using a conventional phenol/ chloroform method, 
genotyping was performed using 46 fluorescently 
labelled polymorphic microsatellite markers. Using a 
three-step polymerase chain reaction protocol the 
markers were separated on polyacrylamide gels and 
analysed using the Genescan and Genotype software 
(Rees MI et aI., Hum Genet, in press). Haplotype analysis 
was performed using the MegaBA5E database program. 
In the linkage analysis lad scores were calculated using 
the MLINK program, FA5TLINK.16 MultipOint analysis 
on regions with a positive two point lod score, utilised 
the LINKMAP program.17 

Informed consent was obtained in all patients and 
ethics approval for the study was granted by the local 
ethics committee at the University Hospital of Wales. 

Results 

A four-generation Welsh family of 25 members with a 
fully penetrant congenital zonular pulverulent cataract 
were examined. Pedigree analysis is consistent with 
autosomal dominant inheritance of bilateral congenital 
cataracts (Fig. 1). Fifteen members of the family had 

Chromosomal linkage 

1p36 
1q 
1p 
2q33-35 
13qll 
16q22 
17p 
17q24 
17ql1-12 
22 

Authors 

Eiberg et al. (1988)21 
Renwick and Lawler (1963)25 
Ionides et al. (1997l6 
Rogaev et al. (1996F 
Mackay et al. (1997)22 
Eiberg et al. (1998)28 
Berry et al. (1996)29 
Armitage et al. (1995)12 
Padma et al. (1995)13 
Kramer et al. (1996)8 

bilateral cataracts of whom 11 had had cataract surgery 
and were aphakic or pseudophakic at the time of the 
study. The age range in this family was 5-78 years. The 
mean age at diagnosis was 5.6 ± 4.6 years (range: from 
birth to 10 years). The mean age at the time of cataract 
surgery was 12.4 years ± 4.6 years (range: 5-20 years). 
All the affected members of the pedigree who were 
operated on had a best-corrected visual acuity of 6/12 or 
better. 

A similar morphological form of cataract was seen in 
all the four children who were examined. The cataract 
was bilateral and consisted of a central pulverulent (dust­
like) opacity affecting the embryonal, fetal and infantile 
nucleus of the lens. This was surrounded by a varying 
density of snowflake-like opacities in the anterior and 
posterior cortical region of the lens with a posterior 
subcapsular element (Fig. 2). The ocular examination in 
all affected members of the family was otherwise normal 
with normal corneal diameters. There were no associated 
systemic abnormalities detected. 

Linkage analysis identified four markers with positive 
lod scores in the 13q11-13 region with a Zmax of 3.59 at 
01351236 (0 = 0.00). A multipOint analysis yielded a Zmax 

of 5.11 (0 = 0.00) (Rees MI et aI., Hum Genet, in press). 

Il 

1II 

IV 

• Female with bilateral cataracts 0 Unaffected female 

• Male with bilateral cawaclS DUnllfec'edmale 

.o.,ceasc:dmale":ithbl1ateraIC81I1111cts 

Fig. 1. Pedigree of a family with autosomal dominant zonular 
pulverulent cataracts. 
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FIg. 2. A slit-lamp photograph of a patient's cataract. It consisted of a 
central pulverulent (dust-like) opacity, surrounded by a varying 
density of snowflake-like opacities in the anterior and posterior cortical 
region of the lens with a posterior subcapsular element. 

Discussion 

Genetic linkage for a number autosomal dominant 
cataracts has previously been reported (Table 1). It is 
seen that clinically identical morphological forms of 
cataract may be assigned to different loci.18,19 

Zonular pulverulent cataracts, phenotypically 
described a number of fine dots occupying the 
embryonic and fetal nucleus, have been associated with a 
mutation in the human connexin 50 gene on chromosome 
1q.14 More recently Mackay et al.IS have described 
mutations in connexin 46 on chromosome 13q associated 
with zonular pulverulent cataract, described as coarse 
granular opacities towards the central fetal nucleus and 
fine dust-like opacities in the juvenile cortex. 

Clinical presentation of the patients with cataract 
demonstrates that this was not visually disabling in the 
first years of life, as evidenced by the good visual acuities 
in those operated on. Visual disability was caused by the 
progression of the cataract towards the end of the first 
and in the second decade of life. Though an intrafamilial 
heterogeneity in the phenotypic expression of ADCC has 
been reported,20 the zonular pulverulent cataract with 
peripheral white snowflake-like opacities and a posterior 
subcapsular element was symmetrical and bilateral in the 
4 patients in this pedigree who were unoperated at the 
time of examination. 

The cataract in this pedigree bears some resemblance 
to those described in other studies. These have been 
linked to chromosome 1q,14 1p3621 and 17ql1-12Y The 
locus in this study was identified after a report of a 
cataract of a similar description, but with variability as to 
the zonular location, linked to a new locus 13q,22 and a 
mutation in a gene for a gap junction protein known as 
connexin 46 (GJA3) in two families of British descent.IS 

Connexins are structural proteins of intercellular 
channels that comprise the gap junctions; they are 
essential in allowing intercellular communication. This 
communication is especially important in the vascular 
lens, where the channels allow the lens cells to form a 
functional syncytium which in turn will allow ions, 

second messengers and metabolites to be shared,z3 Apart 
from the lens epithelium, the lens fibre cells do not have 
cellular organelles and cannot support oxidative 
phosphorylation or an active metabolism. It has hence 
been hypothesised that the gap junctions allow the 
maintenance of intercellular ionic conditions necessary to 
prevent the precipitation of the lens crystallins and the 
formation of a cataract.24 

To our knowledge our study is only the second report 
of linkage of zonular pulverulent cataract to chromosome 
13ql1-13 in an unrelated family. The cataract locus in 
this family is now being further characterised and the 
analysis of candidate genes in this region is under way; it 
is possible that a similar mutation in the gap junctional 
protein gene as reported by Mackay et a/.IS will be 
identified. 
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