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TABLE 1. IDENTIFIED MUTATIONS IN HUMAN CRYGS ASSOCIATED WITH DIFFERENT TYPES OF CONGENITAL CATARACT.

Origin of the family

Chinese

South Indian

Reference

[14]

[15]

North Indian Present study

Amino acid change Location Cataract type/phenotype description
p.G18V Exon 2 Autosomal dominant progressive cortical cataract showing opacities
Motif 1; in the anterior, posterior and peripheral cortical regions. No opacity
Domain 1 in the fetal nuclear region. Intra-familial and intra-ocular phenotypic
variability observed in affected individuals.
p.S39C Exon 2 Autosomal dominant progressive juvenile onset cataract. Unilateral
Motif 1; sutural opacities in one affected individual, lamellar opacities in
Domain 1 another affected member. Phenotypic variation in the size, density
and position of opacities documented for other affected individuals
as well.
p.va2M Exon 2 Autosomal dominant congenital cataract. In the index case
Motif 1; opalescent type cataract. Central nuclear region denser as compared
Domain 1

cataract in their childhood.

to periphery. All other affected members were operated for bilateral

Reported mutations in human CRYGS associated with different types of congenital cataract are given. All three
mutations (p.G18V in the Chinese family [14], p.S39C in the South Indian family [15], and p.V42M in the present north Indian
family) are localized in domain 1 of CRYGS. Phenotypic variability has been observed in all these ADCC families.

family as the cataract is of opalescent type with the center
nuclear region denser than the periphery in both affected
lenses. It also differs from the south Indian family as no sutural
opacities were observed. Cataract onset in affected individuals
was in early childhood. Since all other affected individuals of
this family were already operated in the first decade of their
life, it was not possible to analyze the phenotypic variability.

Mutations in CRYGS have been reported to be associated
with mice cataractogenesis as well. Sinha et al. [16] have
reported a p.Phe9Ser substitution linked with inherited semi-
dominant progressive cataract whereas Bu et al. [17] reported
that p.Trpl63Stop in CRYGS lead to recessive nuclear
cataract.

Mutations in the y-crystallins tend to produce nuclear or
zonular cataract consistent with their high level of expression
in the lens nucleus, although the phenotype may vary
significantly as documented in various reports. Similarly,
mutations in BFSP2 are being linked with different

Figure 4. Amino acid sequence alignment of CRYGS. Multiple
alignment of partial amino acid sequences of CRYGS from different
Homo sapien y crystallins (y S,y A,y B, y C, y D) and from different
species indicate that valine at position 42 (red) is highly conserved.
The valine to methionine substitution at codon 42 (p.V42M) in y S
in the proband’s (I11:2) sequence is also highlighted (pink).
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phenotypes like juvenile-onset progressive cataract [18] and
pulverulent and spoke-like cortical opacities from birth [19].
At least four different mutations in CRYGC (T5P [Coppock-
like cataract], GlyfsX62 [zonular pulverulent cataract],
R168W [lamellar/nuclear cataract], and C109X [nuclear
cataract]) have been reported to be associated with different
phenotypes. Similarly, five different mutations in CRYGD
(R14C [juvenile-onset pulverulent cataract], P23T [cerulean
type and lamellar cataract], R36S [prismatic type cataract],
R58H [aceuliform cataract], and W156X [nuclear cataract])
have been reported to be linked with entirely different
phenotypes. Functional assay of R36S and R58H indicate that
these mutations do not alter the protein fold but alter the
surface characteristics of CRYGD, which lowers its solubility
and enhances the crystal nucleation rate of these mutants and
their precipitation in at least one case, forming crystals in the
lens [20]. On the other hand, R14C in CRYGD makes it more
susceptible to thiol-mediated aggregation [21].

More than a dozen mutations in GJAS8 have been linked
with different cataract phenotypes in different families with
diverse mutational mechanisms like a dominant negative
effect for p.P88S and p.P88Q [22-24] or a loss of function for
p-D47A, p.G22R, and p.R23T [25-27]. Even identical
mutations like Q155X in CRYBB2 lead to different cataract
phenotypes. The phenotypic differences could be attributed to
differences in the functional behavior of the different
mutations. Epigenetic factors may also have a role for the
observed phenotypic variability in different families.

The p.V42M substitution observed in the present cataract
family represents a conservative amino acid change as both
valine and methionine are uncharged non-polar amino acids.
The other two missense mutations, p.G18V and p.S39C, also
represent conservative amino acid changes. They are all
located in exon 2, which constitutes domain 1 of CRYGS, and
are obviously required for the maintenance of the tertiary
structure of the protein and the morphology of the cortical
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fiber cells [14,28]. Thus, replacement of the structurally
conserved valine-42 by methionine may disrupt the proper
folding of the CRYGS polypeptide, leading to lens opacity.
In vitro, yS-crystallin has an essential role in suppressing the
aggregation of other y-crystallin [29] and in interacting with
a-crystallin [30]. We are unable to establish a clear genotype-
phenotype correlation for the different mutations in y-S
crystallin linked with different cataract types. Functional
studies of these mutations may explain the observed
phenotypic differences.

In summary, we describe a novel missense mutation,
p-V42M, in CRYGS that causes congenital cataract in seven
members in a three-generation north Indian family. The
phenotype differs from that of two other mutations in the same
domain. Therefore, these findings further substantiate the
clinical and genetic heterogeneity of dominant congenital
cataract.
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