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 Congenital cataract is one of the significant causes of
visual impairment in infants. It is clinically and genetically a
highly heterogeneous lens disorder with autosomal dominant
inheritance being most common. Congenital cataract can oc-
cur as an isolated anomaly or associated with other ocular or
developmental anomalies. Its incidence is estimated to be be-
tween 2.2 and 2.49 per 10,000 live births [1,2]. In one-third of
the cases, congenital cataract has been reported as a familial
trait [3,4]. At least 35 loci and mutations in 15 genes have
been identified to be involved in the pathogenesis of various
forms of congenital and developmental cataracts [5].

The eye lens, an avascular organ, has developed an ex-
tensive cell to cell communication system via gap junction
channels, which are encoded by connexin genes. The gap junc-
tion channels facilitate the exchange of ions, metabolites, sig-
naling molecules, and other molecules with a molecular weight
up to 1 kDa between adjacent cells [6]. In humans, more than
20 genes that code connexins of varying molecular mass, rang-
ing between 25 and 62 kDa, have been identified. Three of
these (connexin 43, connexin 46, and connexin 50; all belong
to the α-connexin family) are expressed in the lens. Muta-
tions in specific connexin genes have been associated with
several diseases including genetic deafness, skin disease, pe-
ripheral neuropathies, heart defects, and congenital cataract
[7]. Mutations in either connexin 46 or in connexin 50 have

been linked with congenital cataract in humans [8,9] and mice
[10-13]. In the present study, we detected linkage of finely
granular embryonal cataract with the connexin 46 (GJA3 gene,
GenBank NM_021954) on chromosome 13q11 in a four-gen-
eration autosomal dominant congenital cataract (ADCC) fam-
ily of Indian origin. Upon sequence analysis of GJA3, we iden-
tified a heterozygous G98T change resulting in the substitu-
tion of a highly conserved arginine by leucine at codon 33
(R33L) in the affected individuals of this family. This is a novel
mutation not previously reported in congenital cataract.

METHODS
Patient ascertainment and collection of genetic material:  A
four-generation family (CC-644) with autosomal dominant
bilateral cataract was investigated at the Dr. Daljit Singh Eye
Hospital, Amritsar, Punjab (India). Both affected and unaf-
fected individuals underwent detailed ophthalmic examina-
tion including Snellen visual acuity, A-scan ultrasonography,
and slit-lamp examination with dilated pupils. The phenotype
was documented using slit-lamp photography. Twenty-five
members of this family participated in the study and 15 of
them were diagnosed as affected. The study protocols adhered
to the tenets of the Declaration of Helsinki and were approved
by the Institutional Review Board of the Guru Nanak Dev
University, Amritsar. After informed consent, 5-10 ml venous
blood was collected from affected and unaffected members of
this family and DNA was extracted for subsequent molecular
genetic analysis.

Phenotype description:  All unoperated affected family
members showed bilateral cataract characterized as a band of
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Figure 1. Slit-lamp photograph of affected individual 3-2.  A: Oblique illumination showing a finely granular opacity in the embryonal
nucleus. B: Optical section showing a slit-like or hollow discus-like clear area surrounded by a thick, finely granular opacity.

Figure 2. Haplotype analysis of a portion of family CC-644 using chromosome 13 single nucleotide polymorphic markers.  Eight affected (2-
3, 2-10, 3-2, 3-6, 3-17, 4-1, 4-3, and 4-8) and two unaffected (3-10 and 3-16) family members were analyzed. Recombination events were
observed in three affected individuals (2-3, 3-6, and 4-1) at SNP_A-1508817 as inherited from father (2-3) to his daughter (3-6) and then to his
grandson (4-1) placing the disease locus between SNP_A-1516595 and SNP_A-1508817. Red bars indicate the affected haplotypes.
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numerous granular opacities involving the embryonal nucleus.
The central biconvex area of the lens appeared to have no opac-
ity. The edges of the granular band of opacity appeared to be
diffused on either side. The optical section showed a slit-like
or hollow discus-like clear area surrounded by a thick, finely
granular opacity (Figure 1). The equatorial periphery of the
lens showed many grey and blue dot opacities. The width and
density of the opacity increased with age. Apart from cataract,
there was no family history of other ocular or systemic abnor-
malities in the affected individuals.

Linkage analysis:  A high density single nucleotide poly-
morphic (SNP) genome scan was performed using a whole

genome sampling analysis approach [14] with the GeneChip
Human Mapping 10K Array, version 2 (Affymetrix, Santa
Clara, CA). This whole genome sampling comprised of 10,204
SNP markers with an average heterozygosity in Caucasians
of 38% and a mean intermarker distance of 258 kb, equivalent
to 0.36 cM. DNA samples from eight affected (2-3, 2-10, 3-2,
3-6, 3-17, 4-1, 4-3, and 4-8) and from two unaffected (3-10
and 3-16) family members (Figure 2) were analyzed follow-
ing the Affymetrix protocol. Genotypes were called by the
GeneChip® DNA Analysis Software version 2 (Affymetrix,
Santa Clara, CA). Data was analyzed using the ALOHOMORA
program [15]. Regions of potential linkage delimited by the
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Figure 3. Graphical view of additive LOD score calculations of genome-wide single nucleotide polymorphism.  The highest peak on chromo-
some 13 (indicated by red arrow) with lod score value of 2.56 indicates the region of potential linkage.

TABLE 1. TWO-POINT LOD SCORES FOR LINKAGE BETWEEN THE DISEASE LOCUS AND CHROMOSOME 13 MARKERS

                                                 LOD scores at θ=
           Position   ----------------------------------------------------------------------
 Marker      (cM)     0.000    0.001   0.010   0.050   0.100   0.150   0.200   0.300   0.400
--------   --------   ------   -----   -----   -----   -----   -----   -----   -----   -----
D13S1236     4.2      -0.087   0.948   1.856   2.301   2.273   2.104   1.864   1.255   0.537
D13S175      7.4       3.894   3.887   3.824   3.539   3.170   2.787   2.390   1.552   0.674

This table summarizes the two-point LOD scores for chromosome 13q11 markers close to GJA3. The highest LOD score 3.894 at θ=0.000 was
obtained for marker D13S175. Position of the markers is based on the Genethon linkage map [16].
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Figure 4. Haplotype analysis of the cataract family.  Haplotypes segregating with the disease are indicated in the shaded boxes. Recombination
events were observed in three affected individuals (2-3, 3-6, and 4-1) at D13S1236. Squares and circles symbolize males and females, respec-
tively and filled symbols denote affected individuals. Proband (2-2) is indicated with a black arrow.

Figure 5. A portion of GJA3 DNA sequence in an affected and an unaffected individual.  A: DNA sequence electropherogram (forward strand)
showing the heterozygous 98G>T transversion that replaces arginine by leucine at codon 33 in the affected individual (2-7). B: DNA sequence
electropherogram of an unaffected individual (2-1) showing wild type G at position 98. The position of mutated (G>T) and wild type nucle-
otide G in an affected and an unaffected individual (2-7 and 2-1, respectively) is indicated with pink arrows.
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Figure 6. Schematic diagram of the connexin 46 polypeptide and locations of identified mutations.  The connexin 46 polypeptide (435 amino
acids) has nine structural domains including a cytoplasmic amino terminal, four transmembrane domains (M1-M4), two extracellular loops
(E1, E2), a cytoplasmic loop, and a cytoplasmic carboxy terminal (figure modified from Bennett et al [33]). The location of R33L mutation
observed in the present family (as highlighted in red) and other already known mutations associated with congenital cataract are indicated.

SNP markers was further analyzed in 25 individuals of this
ADCC family including 15 affected and 10 unaffected through
the use of fluorescently labeled microsatellite markers
(Genethon linkage map) [16] following the methods and con-
ditions described [17]. Electrophoresis of PCR products was
carried out on an ABI PRISM 3730 automated DNA sequencer
(Applied Biosystems, Foster City, CA) and data were ana-
lyzed by GeneMapper software version 3.5 (Applied
Biosystems). Autosomal dominant inheritance with complete
penetrance of the trait and a disease gene frequency of 0.0001
were assumed. Recombination values (θ) were considered to
be equal between males and females. Two-point linkage analy-
sis was carried out with the LINKAGE program package [18].

Mutation screening:  The coding region of GJA3 was
bidirectionally sequenced using previously published primer
sequences [19]. Genomic DNA from two affected members
and one unaffected member of the family were analyzed. PCR
and sequencing reactions were performed following condi-
tions detailed elsewhere [20]. Electrophoresis of the sequenc-
ing reaction products was performed on 5% urea-polyacryla-
mide gels on the ABI Prism 377 DNA sequencer (Applied
Biosystems). The data were analyzed using the sequence analy-
sis software version 3.4.1 (Applied Biosystems).

RESULTS
Linkage and haplotype analysis:  In a genome-wide scan, a
region of potential linkage with a maximum LOD score of
2.56 was identified on chromosome 13 (Figure 3) between
the SNP markers SNP_A-1516595 (rs1947012) and SNP_A-
1508817 (rs725600). This region on chromosome 13 harbors
connexin 46 (GJA3), earlier reported to be linked with con-
genital cataract. SNP haplotype analysis showed three affected
individuals (2-3, 3-6, and 4-1) to be recombinant at SNP_A-
1508817 thus placing the disease locus between SNP_A-
1516595 and SNP_A-1508817. Further microsatellite marker
analysis was carried out on 15 affected and 10 unaffected
members of this family with markers D13S1236 and D13S175
in the mapped interval on chromosome 13q11. A maximum
lod score of 3.894 at θ=0.000 was obtained with marker

D13S175 (Table 1). Haplotype analysis with analyzed mark-
ers D13S1236 and D13S175 showed three affected individu-
als (2-3, 3-6, and 4-1) to be recombinant at marker D13S1236
(Figure 4). Individual 3-6 inherited this from her father (2-3)
and then passed it onto her son (4-1).

Mutation analysis:  By direct sequencing of the entire
coding region of GJA3, a novel heterozygous G>T transver-
sion at nucleotide position 98 (c. 98G>T) was detected in two
affected members of this family (Figure 5). This transversion
leads to the replacement of a highly conserved arginine with
leucine at codon 33 (R33L). This substitution resulted in the
gain of a SfaNI restriction site. Analysis of all other members
of this family showed cosegregation of this change with the
disease phenotype in the affected individuals only. Further
sequence analysis of fifty unrelated control subjects (100 chro-
mosomes) from similar ethnic background showed only a wild
type G at nucleotide position 98 (data not shown).

DISCUSSION
 In the present study in a genome-wide screening, we identi-
fied a locus on chromosome 13 in an ADCC family of Indian
origin having finely granular embryonal cataract. Further, we
report a novel change (R33L) in GJA3 in association with
congenital cataract in this family. This change seems to be
disease causative as it segregated completely with the disease
phenotype and was absent in unaffected individuals in this
family and in the 50 unrelated controls from a similar ethnic
background.

GJA3 consists of a single exon encoding a 435 amino
acid protein in humans and is predominantly expressed in lens
fiber cells. All connexins have four transmembrane domains
(M1, M2, M3, and M4), two extracellular loops (E1 and E2),
and cytoplasmic NH

2
- and COOH-termini (Figure 6). Thir-

teen mutations in GJA3 involving the different domains have
so far been reported to be associated with ADCC in humans
(Table 2). Of these, seven mutations have been linked with
nuclear or zonular pulverulent cataract that is mainly charac-
terized as having dust-like opacities in developmental zones
of the lens.
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TABLE 2. MUTATIONS IN HUMAN CONNEXIN 46 (GJA3)

Amino
 acid                        Cataract                                                  Family
change       Location          type                Phenotype description               origin     Reference
------   ----------------   -----------   ----------------------------------------   ----------   ---------
D3Y      NH2-terminal       Zonular       Progressive zonular pulverulent cataract   Hispanic       [34]
         cytoplasmic loop   pulverulent
L11S     NH2-terminal       Ant-egg       Lamellar cataract with dense ant-egg       Danish          [8]
         cytoplasmic loop                 like structures imbedded in the lens,
                                          primarily confined to the perinuclear
                                          layers and to lesser degree in the fetal
                                          nucleus
V28M     First              Variable      Variable cataract types like total,        Indian         [24]
         transmembrane                    anterior capsular cataract with
         domain                           posterior cortical opacities in
                                          different individuals
F32L     First              Nuclear       Punctate opacities in the central zone     Chinese        [26]
         transmembrane      pulverulent   of the lens limited to the embryonal
         domain                           nucleus
R33L     First              Finely        A band of opacities formed by numerous     Indian        Present
         transmembrane      granular      granular opacities with diffused edges                    study
         domain             embryonal     on either side involving embryonal
                                          nucleus. Optical section of the lens
                                          shows slit like or hollow discus like
                                          clear area surrounded by thick finely
                                          granular opacity
W45S     First              Nuclear       Progressive nuclear cataract               Chinese        [35]
         extracellular
         loop
P59L     First              Nuclear       Coarse punctate opacities located in the   American       [33]
         extracellular      punctate      central or nuclear region of the lens
         loop
N63S     First              Zonular       Coarse and granular opacities in the       Caucasian      [19]
         extracellular      pulverulent   central zone of the lens. Fine dust-like
         loop                             opacities predominated in the peripheral
                                          zone of the lens.
R76G     Boundary of        Total         Total lens opacification                   Indian         [24]
         first
         extracellular
         loop and second
         transmembrane
         domain
R76H     Boundary of        Nuclear       Faint lamellar nuclear opacity             Australian     [36]
         first              pulverulent   surrounding pulverulent nuclear
         extracellular                    opacities, some with fine gold dots or
         loop and second                  haze and some with needle-like
         transmembrane                    peripheral riders
         domain
T87M     Second             Pearl box     A bunch of white spots in the embryonal    Indian         [37]
         transmembrane                    nucleus. The central white spots
         domain                           distributed in a radial manner. The
                                          space between the surface opacity and
                                          central white spots was optically empty
P187L    Second             Zonular       Central dust-like opacity affecting the    Caucasian      [38]
         extracellular      pulverulent   embryonal, fetal and infantile nucleus
         loop                             of the lens surrounded by snowflake-like
                                          opacities in the anterior and posterior
                                          cortical region of the lens
N188T    Second             Nuclear       Progressive, central pulverulent opacity   Chinese        [39]
         extracellular      pulverulent   affecting the embryonal, fetal and
         loop                             infantile nucleus of the lens
S380fs   COOH-terminal      Zonular       Coarse and granular opacities in the       Caucasian      [19]
         cytoplasmic loop   pulverulent   central zone of the lens. Fine dust-like
                                          opacities predominated in the peripheral
                                          zone of the lens

Reported mutations in GJA3 associated with different congenital cataract phenotypes in different families.

1662



The 98G>T substitution observed in the present study re-
sulted in the replacement of a polar amino acid (arginine) to a
nonpolar amino acid (leucine) at codon 33 (R33L), localized
in the first transmembrane domain (M1) of the GJA3 polypep-
tide (Figure 6). A multiple amino acid sequence alignment
showed that arginine at position 33 in the first transmembrane
domain (M1) of the connexin 46 is phylogenetically conserved
in different species (Figure 7A) as well as in different human
α-connexins (Figure 7B). This suggests that arginine may play
a key role in connexin function. In connexin 26 (GJB2), lo-
calized at 13q12, two corresponding mutations (R32C and
R32H) in the first transmembrane domain have been reported
to be associated with deafness [21,22]. Replacement of an argi-
nine with leucine (R21L) in CRYAA, associated with con-
genital cataract and macular hypoplasia, has been reported by
Graw et al. [23] in a German family. They further observed
that this exchange alters the isoelectric point slightly and en-
hances the hydrophobicity significantly in the mutant. Simi-
larly, substitution of arginine by the uncharged amino acid
glycine at codon 76 (R76G) in the first extracellular loop of
GJA3 has been reported in total congenital cataract [24]. Yeager
and Nicholson [25] hypothesized that this might alter the
charge on the surface of the extracellular loop thereby affect-
ing the connexon docking. In connexin 46, two heterozygous
mutations (V28M and F32L) are located within the first trans-
membrane domain (M1). These mutations, V28M and F32L,

have been reported to cause variable [24] and nuclear pul-
verulent cataract [26], respectively (Figure 6). The transmem-
brane domains of the connexins are proposed to participate in
the oligomerization into connexon hemichannels and are also
essential for the correct transport of the protein into the plasma
membrane [27]. It has been reported that residues in the first
transmembrane domain are essential for the formation of the
pore lining and therefore channel permeability [28]. Although
the effect of the R33L mutation observed in the affected indi-
viduals of this ADCC family on the activity of connexin 46
has not been directly tested, we speculate that like P88S in
GJA8 and other dominantly transmitted mutations in differ-
ent connexins, R33L may also result in inappropriate associa-
tion of connexins and alter the function of wild-type connexins
in a dominant negative manner.

Apart from humans, defects in the connexin 46 and the
connexin 50 genes have also been reported to be linked with
cataract in mice. A missense mutation (Glu42Lys) in the
connexin 46 gene has been reported to be associated with con-
genital cataract in rats [10]. Point mutations (G22R, D47A,
and V64A) in the connexin 50 gene have also been reported to
result in dominant cataracts in mice [11-13]. Gong et al. [29]
reported that mice homozygous for disrupted α3 connexin
developed nuclear cataracts which resulted from proteolysis
of γ-crystallin proteins and their conversion into insoluble
forms, while connexin 50 knockout mice had abnormal lens
and eye growth along with nuclear cataract [30,31]. Targeted
replacement of connexin 50 with the connexin 46 coding re-
gion in mice demonstrated that connexin 50 is required for
normal lens and eye growth whereas connexin 46 is essential
for maintenance of lens transparency [32].

The cataract phenotypes that have been reported to be
linked with GJA3 mutations share genotype-phenotype simi-
larities to some extent but also exhibit some differences with
respect to the appearance and location of opacities within the
lens. The phenotype in the present family resembles to some
extent with other cataracts linked to GJA3 as having granular
opacities (Table 2). However, the appearance and shape of the
opacity, which is like a hollow discus (Figure 1B), differs from
the other reported cataract types. The difference in the mor-
phologies of cataract phenotypes associated with mutations
in the GJA3 may be attributed to the action of modifier genes
or environmental factors that could affect the expression of
connexin 46.

In conclusion, we describe a novel heterozygous R33L
mutation in GJA3 in an autosomal dominant congenital cata-
ract family of Indian origin. These findings thus expand the
mutation spectrum of GJA3.
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Figure 7. A multiple sequence alignment of a section of connexin 46
amino acids in different species and in different human α-connexins.
Alignment data indicate that arginine at position 33 marked in red is
highly conserved in different species (A) and in different human α-
connexins (B)

1663



REFERENCES
 1. Rahi JS, Dezateux C, British Congenital Cataract Interest Group.

Measuring and interpreting the incidence of congenital ocular
anomalies: lessons from a national study of congenital cataract
in the UK. Invest Ophthalmol Vis Sci 2001; 42:1444-8.

2. Wirth MG, Russell-Eggitt IM, Craig JE, Elder JE, Mackey DA.
Aetiology of congenital and paediatric cataract in an Australian
population. Br J Ophthalmol 2002; 86:782-6.

3. Lund AM, Eiberg H, Rosenberg T, Warburg M. Autosomal domi-
nant congenital cataract; linkage relations; clinical and genetic
heterogeneity. Clin Genet 1992; 41:65-9.

4. Vanita, Singh JR, Singh D. Genetic and segregation analysis of
congenital cataract in the Indian population. Clin Genet 1999;
56:389-93.

5. Zhang Q, Guo X, Xiao X, Yi J, Jia X, Hejtmancik JF. Clinical
description and genome wide linkage study of Y-sutural cata-
ract and myopia in a Chinese family. Mol Vis 2004; 10:890-
900.

6. Kumar NM, Gilula NB. The gap junction communication chan-
nel. Cell 1996; 84:381-8.

7. Gerido DA, White TW. Connexin disorders of the ear, skin, and
lens. Biochim Biophys Acta 2004; 1662:159-70.

8. Hansen L, Yao W, Eiberg H, Funding M, Riise R, Kjaer KW,
Hejtmancik JF, Rosenberg T. The congenital “ant-egg” cataract
phenotype is caused by a missense mutation in connexin46. Mol
Vis 2006; 12:1033-9.

9. Vanita V, Hennies HC, Singh D, Nurnberg P, Sperling K, Singh
JR. A novel mutation in GJA8 associated with autosomal domi-
nant congenital cataract in a family of Indian origin. Mol Vis
2006; 12:1217-22.

10. Yoshida M, Harada Y, Kaidzu S, Ohira A, Masuda J, Nabika T.
New genetic model rat for congenital cataracts due to a connexin
46 (Gja3) mutation. Pathol Int 2005; 55:732-7.

11. Chang B, Wang X, Hawes NL, Ojakian R, Davisson MT, Lo
WK, Gong X. A Gja8 (Cx50) point mutation causes an alter-
ation of alpha 3 connexin (Cx46) in semi-dominant cataracts of
Lop10 mice. Hum Mol Genet 2002; 11:507-13.

12. Steele EC Jr, Lyon MF, Favor J, Guillot PV, Boyd Y, Church RL.
A mutation in the connexin 50 (Cx50) gene is a candidate for
the No2 mouse cataract. Curr Eye Res 1998; 17:883-9.

13. Graw J, Loster J, Soewarto D, Fuchs H, Meyer B, Reis A, Wolf
E, Balling R, Hrabe de Angelis M. Characterization of a muta-
tion in the lens-specific MP70 encoding gene of the mouse lead-
ing to a dominant cataract. Exp Eye Res 2001; 73:867-76.

14. Kennedy GC, Matsuzaki H, Dong S, Liu WM, Huang J, Liu G,
Su X, Cao M, Chen W, Zhang J, Liu W, Yang G, Di X, Ryder T,
He Z, Surti U, Phillips MS, Boyce-Jacino MT, Fodor SP, Jones
KW. Large-scale genotyping of complex DNA. Nat Biotechnol
2003; 21:1233-7.

15. Ruschendorf F, Nurnberg P. ALOHOMORA: a tool for linkage
analysis using 10K SNP array data. Bioinformatics 2005;
21:2123-5.

16. Dib C, Faure S, Fizames C, Samson D, Drouot N, Vignal A,
Millasseau P, Marc S, Hazan J, Seboun E, Lathrop M, Gyapay
G, Morissette J, Weissenbach J. A comprehensive genetic map
of the human genome based on 5,264 microsatellites. Nature
1996; 380:152-4.

17. Vanita V, Singh D, Robinson PN, Sperling K, Singh JR. A novel
mutation in the DNA-binding domain of MAF at 16q23.1 asso-
ciated with autosomal dominant “cerulean cataract” in an In-
dian family. Am J Med Genet A 2006; 140:558-66.

18. Lathrop GM, Lalouel JM. Easy calculations of lod scores and
genetic risks on small computers. Am J Hum Genet 1984;

36:460-5.
19. Mackay D, Ionides A, Kibar Z, Rouleau G, Berry V, Moore A,

Shiels A, Bhattacharya S. Connexin46 mutations in autosomal
dominant congenital cataract. Am J Hum Genet 1999; 64:1357-
64.

20. Vanita V, Hejtmancik JF, Hennies HC, Guleria K, Nurnberg P,
Singh D, Sperling K, Singh JR. Sutural cataract associated with
a mutation in the ferritin light chain gene (FTL) in a family of
Indian origin. Mol Vis 2006; 12:93-9.

21. Prasad S, Cucci RA, Green GE, Smith RJ. Genetic testing for
hereditary hearing loss: connexin 26 (GJB2) allele variants and
two novel deafness-causing mutations (R32C and 645-
648delTAGA). Hum Mutat 2000; 16:502-8.

22. Mustapha M, Salem N, Delague V, Chouery E, Ghassibeh M,
Rai M, Loiselet J, Petit C, Megarbane A. Autosomal recessive
non-syndromic hearing loss in the Lebanese population: preva-
lence of the 30delG mutation and report of two novel mutations
in the connexin 26 (GJB2) gene. J Med Genet 2001; 38:E36.

23. Graw J, Klopp N, Illig T, Preising MN, Lorenz B. Congenital
cataract and macular hypoplasia in humans associated with a de
novo mutation in CRYAA and compound heterozygous muta-
tions in P. Graefes Arch Clin Exp Ophthalmol 2006; 244:912-9.

24. Devi RR, Reena C, Vijayalakshmi P. Novel mutations in GJA3
associated with autosomal dominant congenital cataract in the
Indian population. Mol Vis 2005; 11:846-52.

25. Yeager M, Nicholson BJ. Structure of gap junction intercellular
channels. Curr Opin Struct Biol 1996; 6:183-92.

26. Jiang H, Jin Y, Bu L, Zhang W, Liu J, Cui B, Kong X, Hu L. A
novel mutation in GJA3 (connexin46) for autosomal dominant
congenital nuclear pulverulent cataract. Mol Vis 2003; 9:579-
83.

27. Leube RE. The topogenic fate of the polytopic transmembrane
proteins, synaptophysin and connexin, is determined by their
membrane-spanning domains. J Cell Sci 1995; 108:883-94.

28. Kronengold J, Trexler EB, Bukauskas FF, Bargiello TA, Verselis
VK. Single-channel SCAM identifies pore-lining residues in the
first extracellular loop and first transmembrane domains of Cx46
hemichannels. J Gen Physiol 2003; 122:389-405.

29. Gong X, Li E, Klier G, Huang Q, Wu Y, Lei H, Kumar NM,
Horwitz J, Gilula NB. Disruption of alpha3 connexin gene leads
to proteolysis and cataractogenesis in mice. Cell 1997; 91:833-
43.

30. White TW, Goodenough DA, Paul DL. Targeted ablation of
connexin50 in mice results in microphthalmia and zonular pul-
verulent cataracts. J Cell Biol 1998; 143:815-25.

31. Rong P, Wang X, Niesman I, Wu Y, Benedetti LE, Dunia I, Levy
E, Gong X. Disruption of Gja8 (alpha8 connexin) in mice leads
to microphthalmia associated with retardation of lens growth
and lens fiber maturation. Development 2002; 129:167-74.

32. White TW. Unique and redundant connexin contributions to lens
development. Science 2002; 295:319-20.

33. Bennett TM, Mackay DS, Knopf HL, Shiels A. A novel missense
mutation in the gene for gap-junction protein alpha3 (GJA3)
associated with autosomal dominant “nuclear punctate” cata-
racts linked to chromosome 13q. Mol Vis 2004; 10:376-82.

34. Addison PK, Berry V, Holden KR, Espinal D, Rivera B, Su H,
Srivastava AK, Bhattacharya SS. A novel mutation in the
connexin 46 gene (GJA3) causes autosomal dominant zonular
pulverulent cataract in a Hispanic family. Mol Vis 2006; 12:791-
5.

35. Ma ZW, Ma Z, Zheng JQ, Zheng J, Yang F, Li J, Ji J, Li XR, Li X,
Tang X, Yuan XY, Yuan X, Zhang XM, Zhang X, Sun HM, Sun
H. Two novel mutations of connexin genes in Chinese families

©2007 Molecular VisionMolecular Vision 2007; 13:1657-65 <http://www.molvis.org/molvis/v13/a185/>

1664



with autosomal dominant congenital nuclear cataract. Br J
Ophthalmol 2005; 89:1535-7. Erratum in: Br J Ophthalmol.
2006; 90:125.

36. Burdon KP, Wirth MG, Mackey DA, Russell-Eggitt IM, Craig
JE, Elder JE, Dickinson JL, Sale MM. A novel mutation in the
Connexin 46 gene causes autosomal dominant congenital cata-
ract with incomplete penetrance. J Med Genet 2004; 41:e106.
Erratum in: J Med Genet. 2005; 42:288.

©2007 Molecular VisionMolecular Vision 2007; 13:1657-65 <http://www.molvis.org/molvis/v13/a185/>

37. Guleria K, Vanita V, Singh D, Singh JR. A novel “pearl box”
cataract associated with a mutation in the connexin 46 (GJA3)
gene. Mol Vis 2007; 13:797-803.

38. Rees MI, Watts P, Fenton I, Clarke A, Snell RG, Owen MJ, Gray
J. Further evidence of autosomal dominant congenital zonular
pulverulent cataracts linked to 13q11 (CZP3) and a novel muta-
tion in connexin 46 (GJA3). Hum Genet 2000; 106:206-9.

39. Li Y, Wang J, Dong B, Man H. A novel connexin46 (GJA3) mu-
tation in autosomal dominant congenital nuclear pulverulent
cataract. Mol Vis 2004; 10:668-71.

1665

The print version of this article was created on 11 Sep 2007. This reflects all typographical corrections and errata to the article through that
date. Details of any changes may be found in the online version of the article. α


