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 Congenital cataract, a clinically and genetically highly
heterogeneous eye lens disorder, is one of the significant causes
of visual impairment or childhood blindness. Inter- and intra
familial phenotypic variation is quite significant in congenital
cataract and various types and sub types have been reported
[1-3]. Nearly one third of the cases exhibit a positive family
history and autosomal dominant is the most frequent mode of
inheritance [3,4]. At least 35 loci have been linked with vari-
ous forms of congenital and developmental cataracts, and
mutations in at least 15 genes have been identified for iso-
lated congenital cataracts [5].

Connexins (Cx) encode gap junction channel proteins that
mediate intercellular transport of small biomolecules like ions,
metabolites, and secondary messengers of less than 1 kDa in
various cell types [6-9]. At least twenty connexins, catego-
rized into three families, with molecular mass ranging between
25-62 kDa, have been identified in humans [10]. Three
connexins that belong to the α-connexin family are expressed
in the human lens: Cx43, encoded by GJA1, in the epithelial
cells while Cx46 and Cx50, encoded by GJA3 and GJA8, re-
spectively, in the terminally differentiated fibers [11-13]. Cx46
and Cx50 are responsible for joining the lens cells into a func-
tional syncytium. Lens fibers are connected to the epithelial
cells via gap junctions and are dependent on metabolically
active epithelium for maintaining intracellular ionic conditions,

necessary to prevent precipitation of crystallins and hence
cataract formation [14]. At least nine mutations in Cx46 and
six mutations in Cx50 have been reported for human
cataractogenesis. Defects in Cx46 and Cx50 have also been
reported to result in cataract in mice [15-20].

Lens sutures are the lines at anterior and posterior poles
of the embryonic lens nucleus where growing secondary fiber
cells from the equator migrate and meet. Sutures start to ap-
pear during the eighth or ninth week of fetal life. The addition
of more cell layers, until birth, forms the suture plane with a
symmetrical Y-pattern and a symmetrical inverted Y-pattern
at the anterior and posterior portion of the lens, respectively
[21]. Abnormal development of sutures has been reported in
association with specific types of cataracts [22]. Sutural cata-
ract may occur as an isolated type of cataract [23] or in asso-
ciation with opacities involving other lens regions as well
[24,25].

We identified a three generation family having bilateral
congenital cataract. The cataract phenotype appeared like a
“full moon”. The opacities involved both the Y-sutures as well.
A genome-wide scan by linkage analysis and haplotype analy-
sis placed the cataract locus between markers D1S221 and
D1S498 on chromosome 1q21, close to GJA8. Upon sequence
analysis of GJA8 we identified a heterozygous change result-
ing in the missense mutation valine to leucine at codon 79
(V79L). The change cosegregated completely with the dis-
ease phenotype, thus suggesting this as the disease causing
mutation in the present family. This is a novel mutation not
reported previously with congenital cataract.
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METHODS
Family description:  The proband, a 12-year-old child, was
diagnosed as having bilateral cataract that gave the appear-
ance of a “full moon” (Figure 1). Y-sutural opacities were also
observed. The detailed family history revealed 15 living af-
fected members in three generations (Figure 2). Detailed oph-
thalmic examination that included slit lamp examination and
photography of affected lenses, carried out on 23 members of
the family, confirmed 15 members affected with bilateral cata-
ract and 8 individuals (including 3 spouses) as unaffected.
Some affected individuals had cataract extraction in their early
childhood.

Phenotype description:  In the unoperated affected indi-
viduals, the cataract phenotype gave the appearance of a “full
moon”. Opacities were also seen around the Y-sutures (Figure
1A). Apart from sutural opacities, the embryonal nucleus ap-
peared clear and showed no opacities. Optical section of the
lens revealed very fine white opacities in the fetal nucleus
immediately surrounding the embryonal nucleus, giving it a
granular appearance (Figure 1B).

Genotyping and linkage analysis:  This study was ap-
proved by our institutional review board. Written informed
consent was obtained from each individual studied. Blood was
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Figure 1.  Lens photograph of a 12-year-old patient (IV-3). A:Cataract
phenotype exhibits the appearance of full moon with both the Y-su-
tures being affected. B: Optical section showing lens opacities in
patient IV-3. The optical section of lens showing absence of opaci-
ties in the embryonal region. The fetal nucleus surrounding the em-
bryonal nucleus shows very fine white granular opacities.

Figure 2.  Haplotype analysis of the
cataract family with chromosome
1 markers. Sequence of markers is
from centromere to telomere.
Haplotypes segregating with the
disease are indicated in the shaded
boxes. Inferred haplotypes are
shown in italics. Recombination
events seen in III-4, III-12, IV-7,
and IV-9 place the disease gene
locus between markers D1S221
and D1S498.
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drawn and DNA isolated by standard methods. A genome-
wide search with nearly 400 microsatellite markers (Genethon
linkage map) [26] was performed on the DNA samples of all
23 ophthalmologically examined individuals following meth-
ods and conditions described elsewhere [23]. Autosomal domi-
nant inheritance with a disease gene frequency of 0.0001 was
assumed. A reduced penetrance of 98% and a phenocopy rate
of 0.5% were considered. Recombination frequencies were
considered equal between males and females. Two point and
multipoint linkage analyses were carried out with the LINK-
AGE program package [27] and GeneHunter [28], respectively.

Mutation analysis:  Primer sequences used to amplify the
exonic region of GJA8 (GenBank U34802 and P48165) were
from Shiels et al. [29]. Genomic DNA from two affected and
one unaffected individuals were amplified in a 25 µl reaction
volume following conditions described elsewhere [23]. PCR
products were purified and sequenced bidirectionally follow-
ing conditions as detailed elsewhere [30]. Sequencing results
were assembled and analyzed using the SeqMan II program
of the Lasergene package (DNA STAR Inc., Madison, WI).

RESULTS
Linkage analysis:  In a genome-wide scan using nearly 400
microsatellite markers, we obtained a positive two point lod
score of 2.91 at θ=0.000 with marker D1S221. Further analy-
sis with more markers in this region on chromosome 1 gave
significant positive lod scores, indicative of linkage. A maxi-
mum two point lod score of 5.45 at θ=0.000 was obtained
with marker D1S534. Multipoint analysis carried out with
analyzed markers from this region also supported the linkage
with the same maximum lod score of 5.45 at D1S534 (data
not shown).

Haplotype analysis:  Haplotypes were constructed for the
markers analyzed on chromosome 1 (Figure 2). Recombina-
tion events were detected in four affected individuals (III-4,
III-12, IV-7, and IV-9). Individuals III-4 and IV-7 showed a
recombination event at the most proximal marker,
GATA124C08. Individual III-12 was recombinant at markers
proximal to D1S1675 as well distal to D1S2344, the latter
recombination probably inherited from his mother (II-6). In-
dividual IV-9 was also found to be recombinant at markers
distal to D1S2344. Cosegregation was observed in all affected
individuals for markers D1S1675 to D1S2344. The cataract
locus was thus mapped to the 14.1 cM region between D1S221
and D1S498, which corresponds to a region on chromosome
1q21.1.

Mutation screening:  Sequencing of the complete coding
region of GJA8 in two affected (II-2 and IV-7) and one unaf-
fected individuals (III-3) showed a heterozygous change G>C
(Figure 3) at position 235 (c.235G>C) from the transcription
start site in patients. This was the only change seen in all the
15 affected individuals of this family. The alteration was nei-
ther seen in any unaffected family member nor in 180 unre-
lated control subjects (360 chromosomes) from the same
Northern Indian population, tested by bidirectional sequence
analysis (data not shown). This nucleotide substitution replaces

an evolutionarily highly conserved valine with leucine at amino
acid position 79 (V79L) in the α-helical transmembrane do-
main 2 (M2) of Cx50.

DISCUSSION
 The present study describes the identification of a novel V79L
substitution in Cx50 segregating solely in 15 affected mem-
bers of a three generation family, having “full moon”-like cata-
ract with Y-sutural opacities. The observed V79L substitution
lies within the second transmembrane domain (M2) of Cx50
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Figure 3.  DNA sequence of a part of GJA8 in an affected and unaf-
fected individual. Electropherogram showing a part of the sequence
of GJA8 in an affected and an unaffected family member (forward
strand; individuals II-2 and III-3, respectively). A heterozygous change
G>C at the first base of codon 79 (GTG-C/GTG) resulting in substi-
tution of valine 79 by leucine (V79L) in the affected individual’s
sequence is indicated by an arrow.

Figure 4.  A multiple alignment of amino acid sequences of Cx50 in
different species and in different human α-type gap junction pro-
teins. Alignment data indicate that valine at position 79 is highly
conserved in different species (A) and in different α-type gap junc-
tion proteins in humans (B).
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and represents a conservative amino acid change as both va-
line and leucine belong to the same group of uncharged non-
polar amino acids with an aliphatic functional group under
physiological conditions. Valine-79 is well conserved in the
second transmembrane domain of connexin 50 in different

species (Figure 4A) and also in different human α-type gap
junctional proteins (Figure 4B). The V79L mutation may in-
fluence the correct transport of proteins into the plasma mem-
brane. Polyakov et al. [31] have also reported a conservative
change Ile247Met in Cx50 in a Russian family with zonular
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TABLE 1.

Amino
 acid      Location/      Cataract                                 Origin of
change    GJA8 domain       type         Phenotype description      Family     Reference
------   -------------   -----------   -------------------------   ---------   ---------
R23T     Cytoplasmic     Congenital    Progressive, dense          Iranian     [39]
         N-terminal      nuclear       nuclear (fetal/
                                       embryonal)

V44E     First           Congenital    Total lens opacification    Indian      [40]
         transmembrane   cataract
         domain (M1)     and
                         microcornea

E48K     First           Zonular       Non-progressive, fine       Pakistani   [41]
         extracellular   nuclear       dust-like opacities, more
         loop (E1)       pulverulent   dense throughout the
                                       nucleus. Several cortical
                                       riders in the zonular
                                       region.

V79L     Second          Full moon     Stationary cataract both    Indian      Present
         transmembrane   like with     Y-sutures affected. No                  study
         domain (M2)     Y-sutural     opacities in embryonal
                         opacities     nucleus, fine granular
                                       white opacity outside the
                                       embryonal nucleus in the
                                       fetal nuclear region.

P88S     Second          Zonular       Non-progressive,            English     [29]
         transmembrane   pulverulent   innumerable powdery
         domain (M2)                   opacities located in the
                                       nuclear and lamellar
                                       zones. Affects both the
                                       embryonic and fetal
                                       nucleus: “total nuclear
                                       cataract.”

R198Q    Second          Cataract      Posterior subcapsular       Indian      [40]
         extracellular   and
         loop (E2)       microcornea

I247M    Cytoplasmic     Zonular       Progressive, non            Russian     [31]
         C-terminus      pulverulent   homogeneous opacity
                                       consisting of opaque
                                       particles of different
                                       sizes, most of these very
                                       small, distributed
                                       unequally in a disc of 5
                                       mm in diameter in the
                                       center of the lens. Also
                                       a slightly cloudy
                                       inhomogeneous area of 2
                                       mm at posterior pole.

Mutation spectrum of Connexin 50 and cataract phenotypes in different congenital cataract families.
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pulverulent cataract (Table 1). The mutation V79L identified
by us lies very close to a previously reported mutation P88S,
which is associated with autosomal dominant zonular pulveru-
lent cataract in an English family (Table 1). Proline at codon
88 has a function in voltage gating of gap junctions in Cx26
[32]. The P88S mutant connexin abolishes gap junction chan-
nel function and acts in a dominant negative manner [33].

Mutations in Cx46 and Cx50 have been found in associa-
tion with congenital cataracts in man and mice. In man previ-
ously at least six mutations have been reported in Cx50 (GJA8)
in six different families (Table 1). Four of these families have
been reported to have either a zonular or zonular pulverulent
cataract (CZP1; OMIM 116200). Similarly, at least nine mu-
tations have been reported in Cx46 (GJA3) at 13q11-q12, of
which seven were associated with nuclear or zonular pulveru-
lent cataract. Zonular pulverulent cataract, also known as
Coppock cataract, was first described by Neetleship and
Ogilvie [34] as pulverulent disc-like opacity involving the
embryonal and fetal nucleus with many tiny white dots in the
lamellar portion of the lens. It has also been referred to as
“total nuclear” cataract [35]. It is larger, 4 mm in diameter,
and differs from the Coppock-like cataract. The Coppock-like
cataract is limited to the embryonic nucleus, is 2 mm in diam-
eter [36], and has been reported to be caused by mutations in
γC- and βB2-crystallin genes [37,38]. The phenotype seen in
our Indian family differs from the previously reported pheno-
types associated with GJA8, as the Y-sutural opacities were
present in all of the unoperated affected individuals. Upon
optical section no opacity was seen in the embryonal nucleus
and very fine opacities were observed in the fetal nucleus only.

So far, at least seven congenital cataract families have
been linked with GJA8 but significant inter-familial pheno-
typic variability has been observed in these cases (Table 1).
Thus, it seems that in cataract, one major gene is involved but
variants in other genes, involved in lens development, growth,
and maintenance, might cause phenotypic variability.

In summary, we describe a novel heterozygous V79L mu-
tation in Cx50 in an autosomal dominant congenital cataract
family of Indian origin. As the phenotype observed in this fam-
ily showed marked variability from the previously reported
phenotypes linked with GJA8, the present findings further
expand the genotypic-phenotypic heterogeneity of congenital
cataract.
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