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Purpose: To identify the genetic defect associated with autosomal dominant congenital nuclear cataract in a Chinese
family.
Methods: Family history and clinical data were recorded. The genomic DNA was extracted from peripheral blood
leukocytes. All the members were genotyped with microsatellite markers at loci considered to be associated with cataracts.
Two-point logarithm of odds (LOD) scores were calculated by using the Linkage software after genotyping. Mutations
were detected by DNA sequence analysis of the candidate genes. Effects of amino acid changes on the structure and
function of proteins were predicted by bioinformatics analysis.
Results: Evidence of a linkage was obtained at markers D1S514 (LOD score [Z]=3.48, recombination fraction [θ]=0.0)
and D1S1595 (Z=2.49, θ=0.0). Haplotype analysis indicated that the cataract gene was close to these two markers.
Sequencing of the connexin 50 (GJA8) gene revealed a T>C transition at nucleotide position c.92. This nucleotide change
resulted in the substitution of highly conserved isoleucine by threonine at codon 31(I31T). This mutation co-segregated
with all affected individuals and was not observed in unaffected or 110 normal unrelated individuals. Bioinformatics
analysis showed that a highly conserved region was located at Ile31, and the mutation was predicted to affect the function
and secondary structure of the GJA8 protein.
Conclusion: A novel mutation in GJA8 was detected in a Chinese family with autosomal dominant congenital nuclear
cataract, providing clear evidence of a relationship between the genotype and the corresponding cataract phenotype.

Congenital cataract is a clinically and genetically
heterogeneous group of eye disorders that causes visual
impairment and childhood blindness. Its prevalence is up to 6
in 10,000 live births, causing about 10% of childhood
blindness worldwide [1-4]. Cataracts can be isolated or can
occur in association with a large number of different metabolic
diseases or genetic syndromes. Nearly one-third of the cases
show a positive family history. Although all three Mendelian
modes of inheritance have been observed for congenital
cataracts, autosomal dominant seems to be the most common
mode of inheritance [5].

To date, more than 30 independent loci and 18 cataract-
related genes have been identified as being associated with
isolated autosomal dominant congenital cataract (ADCC).
These genes can be divided into five groups, including: (1)
genes encoding crystallins: CRYAA, CRYAB, CRYBA1/A3,
CRYBA4, CRYBB1, CRYBB2, CRYGC, CRYGD, and
CRYGS [6-14]; (2) genes encoding membrane transport and
channel proteins: GJA3,GJA8, and MIP (also know as
AQP0) [15-17]; (3) genes encoding cytoskeletal proteins, such
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as BFSP2 [18]; (4) genes encoding transcription factors, such
as PITX3, HSF4, and MAF [19-21]; and (5) others:
CHMP4B [22] and EPHA2 [23]. The same mutation in
different families or even within a family can result in
drastically different morphologies and severity of lens
opacification. On the other hand, similar or identical cataract
presentation may arise from mutations of different genes.
These observations suggest that additional genes or modifying
factors, such as environmental regulators, could play
important roles in cataract onset, progression, and maturation.

In the present study we investigated a large Chinese
family with autosomal dominant congenital nuclear cataract
and detected a novel missense mutation in GJA8 that co-
segregated with the disease in the family.

METHODS
Clinical evaluation and DNA specimens: This study adhered
to the tenets of the Declaration of Helsinki and was approved
by the ethics committees for medical research at Capital
Medical University. A five-generation family with non-
syndromic congenital cataracts was recruited at the Beijing
Tongren Eye Center, Beijing Tongren Hospital (Capital
Medical University, Beijing, China). The study consisted of
30 members, including 12 affected individuals, 18 unaffected
individuals, originating from the province of Hebei, China.
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Clinical and ophthalmological examinations were performed.
There was no history of other ocular or systemic abnormalities
in the family. The mean age of the 13 women and 17 men was
41 years (range: 3 to 78 years). Informed consents were
obtained from all participants. Affected status was determined
by a history of cataract extraction or ophthalmologic
examination, including visual acuity, slit lamp, and fundus
examination. The phenotypes were documented by slit lamp
photography. A total of 110 unrelated control subjects with
no family history of congenital cataracts were also recruited.
They were given complete ophthalmologic examinations as
the study subjects of the cataract family and did not have eye
diseases except mild myopia and senile cataracts. Peripheral
venous blood was collected for genomic DNA extraction
using a QIAamp DNA kit (Qiagen, Valencia, CA) according
to the manufacturer’s instructions. A 200 µl aliquot of blood
sample was incubated with QIAGEN protease and buffer AL
at 56 °C for10 min. The lysate was applied to a QIAamp spin
column, and washed twice with buffer AW and finally eluted
with 200 µl of Buffer AE. The DNA was stored at -20 °C until
use.

DNA genotyping: PCRs were performed with microsatellite
markers close to candidate loci associated with autosomal
congenital cataracts. PCR products from each DNA sample
were separated from a 6% polyacrylamide gel and examined.
Pedigree and haplotype data were analyzed with Cyrillic
software (ver. 2.1; Cherwell, Scientific Ltd, United
Kingdom ). Exclusion analysis was performed by allele
sharing in affected individuals.

Linkage analysis: A two-point linkage was calculated with the
Linkage package (ver. 5.1; provided in the public domain by
Rockefeller University, New York, NY). The cataracts in this
family were analyzed as an autosomal dominant trait with full
penetrance and a gene frequency of 0.0001. The allele
frequencies for each marker were assumed to be equal in both
genders. The marker order and distances between the markers
were taken from the National Center for Biotechnology
Information (NCBI) database.

Mutation analysis: All coding exons and splice sites of
GJA8 were amplified by PCR using primer pairs shown in
Table 1. The PCR products were sequenced on an ABI3730
Automated Sequencer (PE Biosystems, Foster City, CA). The

data were compared with sequences from the NCBI GenBank
(GJA8: NM_005267.3).

Bioinformatics analysis: The possible functional impact of an
amino acid change was predicted by the PolyPhen
(Polymorphism Phenotyping) program. The prediction is
based on the position-specific independent counts (PSIC)
score derived from multiple sequence alignments of
observations. PolyPhen scores of >2.0 indicate the
polymorphism is probably damaging to protein function;
scores of 1.5–2.0 are possibly damaging; and scores of <1.5
are likely benign. The secondary structure of mutant and wild-
type amino acid sequences were analyzed by Antheprot 2000
ver. 6.0 software (IBCP, Lyon,France).

RESULTS
Clinical findings: We identified a five-generation Chinese
family with clear diagnosis of ADCC. The affected
individuals presented with bilateral congenital nuclear
cataracts that consisted of a central nuclear opacity affecting
the embryonic and fetal nucleus of the lens (Figure 1).
According to the history and medical records, all affected
individuals were diagnosed before the age of 2. The lens
opacity caused obvious vision loss, visual acuity ranging from
0.06 to 0.2. Nine of the 12 patients received cataract surgery
before the age of 20. There was no family history of other
ocular or systemic abnormalities.

Linkage and haplotype analysis: Allele-sharing analysis
excluded the linkage of the disease in the family with all
known loci of cataract except for GJA8. Haplotype analysis
showed that the affected individuals in the family shared a
common haplotype with markers D1S514 and D1S1595 at
1p12-q22 (Figure2). Significant evidence of linkage was
observed with microsatellite markers D1S514 (logarithm of
odds ]LOD] score [Z]=3.48, recombination fraction [θ]=0.0)
and D1S1595 (Z=2.49, θ=0.0) (Table 2). This suggested that
GJA8 in the region might be responsible for the disease.

Mutation analysis: Direct cycle sequencing of the amplified
fragments of GJA8 in 12 affected individuals identified a
single base alteration c.92 T>C in the exon of GJA8 (Figure
3), which resulted in a substitution of isoleucine to threonine
at codon 31 (p.I31T). The alteration was not seen in any of the
unaffected family members tested nor in the 110 unrelated

TABLE 1. PRIMER SEQUENCES FOR GJA8.

Amplicon Forward primer (5′→3′) Reverse primer (5′→3′)
1 CCGCGTTAGCAAAAACAGAT CCTCCATGCGGACGTAGT
2 GCAGATCATCTTCGTCTCCA GGCCACAGACAACATGAACA
3 CCACGGAGAAAACCATCTTC GAGCGTAGGAAGGCAGTGTC
4 TCGAGGAGAAGATCAGCACA GGCTGCTGGCTTTGCTTAG

Forward and reverse primer sequences were provided for each amplicon of GJA8 .
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control subjects from the same Northern Chinese population
(data not shown) but was confirmed in all affected individuals.

Bioinformatics analysis: The Polyphen score from Polyphen
analysis was 2.334, which means that this I31T GJA8  was
predicted with high confidence to be “possibly damaging.”
The secondary structure prediction showed that the mutation
I31T led to the replacement of an original helix by a turn, a

significant difference in coding position 31 of the secondary
structure    of   GJA8   (Figure 4).   The   place  where   the  
mutation occurred was located within a phylogenetically
conserved region by multiple-sequence alignment (Figure 5).

Figure 1. Slit lamp photographs of the
proband. The photograph of the proband
(V:3) shows that the opacity is a nuclear
cataract. Both the fetal nucleus and the
embryonic nucleus display white
opacities.

Figure 2. Cataract pedigree and haplotype analysis. Pedigree and haplotype analysis of the cataract family shows the segregation of two
microsatellite markers on chromosome 1p12-q22. Squares and circles indicate males and females, respectively. Blackened symbols and bars
denote affected status.
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DISCUSSION

The nuclear cataract characterized in this study was associated
with a mutation in the GJA8 gene encoding connexin 50, a
gap junction protein expressed in lens fiber cells. The lens is
an avascular structure, and lens fibers lose all intracellular
organelles during development. The lens has developed an
extensive cell–cell communication system using connexins to

maintain its transparency [24]. Gap junction intercellular
communication is an essential part of this system, which
facilitates the exchange of ions, metabolites, signaling
molecules, and other molecules with a molecular weight up
to 1 kDa [25].

Connexins are integral membrane proteins containing
four transmembrane domains, two extracellular loops, and an

TABLE 2. TWO-POINT LOD SCORES FOR LINKAGE BETWEEN THE CATARACT LOCUS AND 1P12-Q22 MARKERS.

Marker
LOD scores at recombination for value of θ.

 0.0 0.1 0.2 0.3 0.4 0.5
D1S514 3.48 2.82 2.10 1.32 0.53 0.00

D1S1595 2.49 1.96 1.40 0.83 0.31 0.00

Two-point LOD score for linkage in chromosome 1 markers. The maximum two-point LOD score (3.48) was achieved at D1S514
at θ=0.

Figure 3. DNA sequence
chromatograms. DNA sequence
chromatograms of the unaffected
members and affected members in an
autosomal dominant nuclear cataract
family. A single transition is observed at
position 92 (T>C) as a T/C double peak
(indicated by an arrow).

Molecular Vision 2009; 15:2813-2820 <http://www.molvis.org/molvis/v15/a297> © 2009 Molecular Vision

2816

http://www.molvis.org/molvis/v15/a297


intracellular loop with both the amino and carboxyl termini
located in the cytoplasm. The coding region of connexin 50 is
completely contained within one exon, which encodes a
polypeptide containing 432 amino acids with a molecular
weight of 48,171 Da. The observed p.I31T substitution is
located within the first transmembrane domain (M1) of
connexin 50 and replaces the highly conserved nonpolar
isoleucine by polar threonine at position 31 in association with
the congenital cataract in the present study. The
transmembrane 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. The pore lining
residues have been identified as lying in the first
transmembrane domain and are essential for the formation of
the pore, and therefore channel, permeability [26].

Isoleucine-31 is well conserved in the first
transmembrane domain of connexin 50 in different species by
multiple-sequence alignment. The I31T mutation is predicted
by Polyphen analysis to be possibly damaging, which
highlights the functional importance of this region of the
protein. The secondary structure of the mutant protein is

predicted, and the helix is replaced by a turn, which may be
the reason for the dysfunction of the mutant protein. The
mutation may influence the correct transport of proteins into
the plasma membrane. This would contribute to abnormal
intercellular communication in the lens and would result in
nuclear opacification of the lens.

Mutations in the GJA8 gene have been demonstrated to
be one of the most frequent reasons for isolated congenital
cataracts. Different mutations have been detected in GJA8,
and significant interfamilial phenotypic variability has been
observed (Table 3). To date, at least 18 congenital cataract
families have been linked with GJA8, and most mutations
detected affect the first half of the protein. The phenotypes in
most of the cases have been described as nuclear pulverulent
cataract. In the present family, the phenotype observed also
showed a marked nuclear cataract but without microcornea,
comparable with the mutations in M1 of GJA8, which are all
linked with cataract and microcornea in another two Indian
families (Table 3). Functional studies on the mutation of
GJA8 polypeptides have shown diverse mutational
mechanisms, such as a dominant negative effect and loss-of-
function of the mutant protein [27,30,35]. Functional

Figure 4. The predicted secondary structures of the mutant and the wild-type amino acid sequences. The predicted secondary structures of the
wild-type amino acid sequence (A) and the mutant amino acid sequence (B) is shown. The target sequences are labeled by a red circle, which
indicate that there is a helix in the wild type replaced by a turn in the mutant type. Blue, helix; yellow, sheet; green, turn; black, coin.

Molecular Vision 2009; 15:2813-2820 <http://www.molvis.org/molvis/v15/a297> © 2009 Molecular Vision

2817

http://www.molvis.org/molvis/v15/a297


implications of these mutations may account for the
phenotypic differences.

Cataractogenesis has been observed in both connexin 46
and connexin 50 knockout mice. In contrast to the connexin
46 knockout, the target ablation of connexin 50 mice resulted
in nuclear cataracts in combination with smaller lenses [42,
43]. Targeted replacement of connexin 50 with connexin 46
prevented cataract but did not restore normal ocular growth,
which suggests that connexin 46 cannot substitute for
connexin 50 in lens growth [44]. All these results clearly
reveal that the GJA8 gene plays an important role in lens fiber
cell development and maintenance of transparency.

In summary, we describe a novel heterozygous I31T
mutation in GJA8 in an autosomal dominant congenital
cataract family of Chinese origin. Our results further confirm

that GJA8 is important in the maintenance of optical clarity.
Further study is needed to elucidate the pathophysiological
consequences of this newly identified mutation in relation to
the pathogenesis of cataract.
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Figure 5. Multiple-sequence alignment in GJA8 from different species. A multiple alignment of partial amino acid sequences of GJA8 from
different species is shown. The alignment data indicate that isoleucine at position 31 (indicated by an arrow) is highly conserved in different
species in GJA8.

TABLE 3. SUMMARY OF IDENTIFIED MUTATIONS IN GJA8.

Mutation Amino acid
change

Location Cataract type Origin of
family

Reference

68G>C R23T NH2-terminus Progressive dense nuclear Iranian [27]
92T>C I31T First transmembrane domain (M1) Nuclear cataract Chinese Present study

131T>A V44E First transmembrane domain (M1) Cataract and microcornea Indian [28]
134G>C W45S First transmembrane domain (M1) Jellyfish-like cataract and microcornea Indian [29]
139G>A D47N First extracellular loop (E1) Nuclear pulverulent cataract English [30]
139G>T D47Y First extracellular loop (E1) Nuclear cataract Chinese [31]
142G>A E48K First extracellular loop (E1) Zonular nuclear pulverulent Pakistani [32]
191T>G V64G First extracellular loop (E1) Nuclear cataract Chinese [33]
235G>C V79L Second transmembrane domain (M2) Full moon like with Y-sutural opacities Indian [34]
262C>T P88S Second transmembrane domain (M2) Zonular pulverulent English [16]
262C>A P88Q Second transmembrane domain (M2) Lamellar pulverulent English [35]
262C>A P88Q Second transmembrane domain (M2) “Balloon-like”cataract with Y-sutural

opacities
Indian [36]

565C>T P189L Second transmembrane domain (M2) Nuclear cataract and microcornea Danish [37]
593G>A R198Q Second transmembrane domain (M2) Posterior subcapsular cataract and

microcornea
Indian [28]

670insA fs Second transmembrane domain (M2) Total cataract and nystagmus Indian [38]
741T>G I247M COOH-terminus Zonular pulverulent cataract Russian [39]
ins776G fs COOH-terminus Triangular nuclear cataract German [40]
827C>T S276F COOH-terminus Pulverulent nuclear cataract Chinese [41]

Shown are GJA8 gene mutations that have been identified in this and other studies.

Molecular Vision 2009; 15:2813-2820 <http://www.molvis.org/molvis/v15/a297> © 2009 Molecular Vision

2818

http://www.molvis.org/molvis/v15/a297


REFERENCES
1. Haargaard B, Wohlfahrt J, Fledelius HC, Rosenberg T, Melbye

M. Incidence and cumulative risk of childhood cataract in a
cohort of 2.6 million Danish children. Invest Ophthalmol Vis
Sci 2004; 45:1316-20. [PMID: 15111583]

2. Holmes JM, Leske DA, Burke JP, Hodge DO. Birth prevalence
of visually significant infantile cataract in a defined U.S.
population. Ophthalmic Epidemiol 2003; 10:67-74. [PMID:
12660855]

3. Rahi JS, Dezateux C. 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. [PMID: 11381045]

4. 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.
[PMID: 12084750]

5. Amaya L, Taylor D, Russell-Eggitt I, Nischal KK, Lengyel D.
The morphology and natural history of childhood cataracts.
Surv Ophthalmol 2003; 48:125-44. [PMID: 12686301]

6. Litt M, Kramer P, LaMorticella DM, Murphey W, Lovrien EW,
Weleber RG. Autosomal dominant congenital cataract
associated with a missense mutation in the human alpha
crystallin gene CRYAA. Hum Mol Genet 1998; 7:471-4.
[PMID: 9467006]

7. Berry V, Francis P, Reddy MA, Collyer D, Vithana E, MacKay
I, Dawson G, Carey AH, Moore A, Bhattacharya SS, Quinlan
RA. Alpha-B crystallin gene (CRYAB) mutation causes
dominant congenital posterior polar cataract in humans. Am
J Hum Genet 2001; 69:1141-5. [PMID: 11577372]

8. Kmoch S, Brynda J, Asfaw B, Bezouska K, Novak P, Rezacova
P, Ondrova L, Filipec M, Sedlacek J, Elleder M. Link between
a novel human gammaD-crystallin allele and a unique cataract
phenotype explained by protein crystallography. Hum Mol
Genet 2000; 9:1779-86. [PMID: 10915766]

9. Billingsley G, Santhiya ST, Paterson AD, Ogata K, Wodak S,
Hosseini SM, Manisastry SM, Vijayalakshmi P, Gopinath
PM, Graw J, Heon E. CRYBA4, a novel human cataract gene,
is also involved in microphthalmia. Am J Hum Genet 2006;
79:702-9. [PMID: 16960806]

10. Sun H, Ma Z, Li Y, Liu B, Li Z, Ding X, Gao Y, Ma W, Tang
X, Li X, Shen Y. Gamma-S crystallin gene (CRYGS)
mutation causes dominant progressive cortical cataract in
humans. J Med Genet 2005; 42:706-10. [PMID: 16141006]

11. Padma T, Ayyagari R, Murty JS, Basti S, Fletcher T, Rao GN,
Kaiser-Kupfer M, Hejtmancik JF. Autosomal dominant
zonular cataract with sutural opacities localized to
chromosome 17q11–12. Am J Hum Genet 1995; 57:840-5.
[PMID: 7573044]

12. Mackay DS, Boskovska OB, Knopf HL, Lampi KJ, Shiels A.
A nonsense mutation in CRYBB1 associated with autosomal
dominant cataract linked to human chromosome 22q. Am J
Hum Genet 2002; 71:1216-21. [PMID: 12360425]

13. Litt M, Carrero-Valenzuela R, LaMorticella DM, Schultz DW,
Mitchell TN, Kramer P, Maumenee IH. Autosomal dominant
cerulean cataract is associated with a chain termination
mutation in the human beta-crystallin gene CRYBB2. Hum
Mol Genet 1997; 6:665-8. [PMID: 9158139]

14. Heon E, Priston M, Schorderet DF, Billingsley GD, Girard PO,
Lubsen N, Munier FL. The gamma-crystallins and human
cataracts: a puzzle made clearer. Am J Hum Genet 1999;
65:1261-7. [PMID: 10521291]

15. 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. [PMID: 10205266]

16. Shiels A, Mackay D, Ionides A, Berry V, Moore A,
Bhattacharya S. A missense mutation in the human
connexin50 gene (GJA8) underlies autosomal dominant
“zonular pulverulent” cataract, on chromosome 1q. Am J
Hum Genet 1998; 62:526-32. [PMID: 9497259]

17. Berry V, Francis P, Kaushal S, Moore A, Bhattacharya S.
Missense mutations in MIP underlie autosomal dominant
'polymorphic' and lamellar cataracts linked to 12q. Nat Genet
2000; 25:15-7. [PMID: 10802646]

18. Conley YP, Erturk D, Keverline A, Mah TS, Keravala A, Barnes
LR, Bruchis A, Hess JF, FitzGerald PG, Weeks DE, Ferrell
RE, Gorin MB. A juvenile-onset, progressive cataract locus
on chromosome 3q21-q22 is associated with a missense
mutation in the beaded filament structural protein-2. Am J
Hum Genet 2000; 66:1426-31. [PMID: 10729115]

19. Semina EV, Ferrell RE, Mintz-Hittner HA, Bitoun P, Alward
WL, Reiter RS, Funkhauser C, Daack-Hirsch S, Murray JC.
A novel homeobox gene PITX3 is mutated in families with
autosomal-dominant cataracts and ASMD. Nat Genet 1998;
19:167-70. [PMID: 9620774]

20. Bu L, Jin Y, Shi Y, Chu R, Ban A, Eiberg H, Andres L, Jiang
H, Zheng G, Qian M, Cui B, Xia Y, Liu J, Hu L, Zhao G,
Hayden MR, Kong X. Mutant DNA-binding domain of HSF4
is associated with autosomal dominant lamellar and Marner
cataract. Nat Genet 2002; 31:276-8. [PMID: 12089525]

21. Jamieson RV, Perveen R, Kerr B, Carette M, Yardley J, Heon
E, Wirth MG, van Heyningen V, Donnai D, Munier F, Black
GC. Domain disruption and mutation of the bZIP
transcription factor, MAF, associated with cataract, ocular
anterior segment dysgenesis and coloboma. Hum Mol Genet
2002; 11:33-42. [PMID: 11772997]

22. Shiels A, Bennett TM, Knopf HL, Yamada K, Yoshiura K,
Niikawa N, Shim S, Hanson PI. CHMP4B, a novel gene for
autosomal dominant cataracts linked to chromosome 20q. Am
J Hum Genet 2007; 81:596-606. [PMID: 17701905]

23. Shiels A, Bennett TM, Knopf HL, Maraini G, Li A, Jiao X,
Hejtmancik JF. The EPHA2 gene is associated with cataracts
linked to chromosome 1p. Mol Vis 2008; 14:2042-55. [PMID:
19005574]

24. Goodenough DA. Lens gap junctions: a structural hypothesis
for nonregulated low-resistance intercellular pathways.
Invest Ophthalmol Vis Sci 1979; 18:1104-22. [PMID:
511455]

25. Sáez JC, Berthoud VM, Branes MC, Martínez AD, Beyer EC.
Plasma membrane channels formed by connexins: their
regulation and functions. Physiol Rev 2003; 83:1359-400.
[PMID: 14506308]

26. 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. [PMID: 12975451]

Molecular Vision 2009; 15:2813-2820 <http://www.molvis.org/molvis/v15/a297> © 2009 Molecular Vision

2819

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15111583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12660855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12660855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11381045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12084750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12084750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12686301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9467006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9467006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11577372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10915766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16960806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16141006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7573044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7573044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12360425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9158139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10521291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10205266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9497259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10802646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10729115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9620774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12089525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11772997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17701905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19005574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19005574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=511455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=511455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14506308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14506308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12975451
http://www.molvis.org/molvis/v15/a297


27. Willoughby CE, Arab S, Gandhi R, Zeinali S, Arab S, Luk D,
Billingsley G, Munier FL, Heon E. A novel GJA8 mutation
in an Iranian family with progressive autosomal dominant
congenital nuclear cataract. J Med Genet 2003; 40:e124.
[PMID: 14627691]

28. Devi RR, Vijayalakshmi P. Novel mutations in GJA8 associated
with autosomal dominant congenital cataract and
microcornea. Mol Vis 2006; 12:190-5. [PMID: 16604058]

29. Vanita V, Singh JR, Singh D, Varon R, Sperling K. A novel
mutation in GJA8 associated with jellyfish-like cataract in a
family of Indian origin. Mol Vis 2008; 14:323-6. [PMID:
18334946]

30. Arora A, Minogue PJ, Liu X, Addison PK, Russel-Eggitt I,
Webster AR, Hunt DM, Ebihara L, Beyer EC, Berthoud VM,
Moore AT. A novel connexin50 mutation associated with
congenital nuclear pulverulent cataracts. J Med Genet 2008;
45:155-60. [PMID: 18006672]

31. Lin Y, Liu NN, Lei CT, Fan YC, Liu XQ, Yang Y, Wang JF,
Liu B, Yang ZL. A novel GJA8 mutation in a Chinese family
with autosomal dominant congenital cataract. Zhonghua Yi
Xue Yi Chuan Xue Za Zhi 2008; 25:59-62. [PMID:
18247306]

32. Berry V, Mackay D, Khaliq S, Francis PJ, Hameed A, Anwar
K, Mehdi SQ, Newbold RJ, Ionides A, Shiels A, Moore T,
Bhattacharya SS. Connexin 50 mutation in a family with
congenital “zonular nuclear” pulverulent cataract of Pakistani
origin. Hum Genet 1999; 105:168-70. [PMID: 10480374]

33. Zheng JQ, Ma ZW, Sun HM. A heterozygous transversion of
connexin 50 in a family with congential nuclear cataract in
the northeast of China. Zhonghua Yi Xue Yi Chuan Xue Za
Zhi 2005; 22:76-8. [PMID: 15696487]

34. Vanita V, Hennies HC, Singh D, Nürnberg P, Sperling K, Singh
JR. A novel mutation in GJA8 associated with autosomal
dominant congenital cataract in a family of Indian origin. Mol
Vis 2006; 12:1217-22. [PMID: 17110920]

35. Arora A, Minogue PJ, Liu X, Reddy MA, Ainsworth JR,
Bhattacharya SS, Webster AR, Hunt DM, Ebihara L, Moore
AT, Beyer EC, Berthoud VM. A novel GJA8 mutation is

associated with autosomal dominant lamellar pulverulent
cataract: further evidence for gap junction dysfunction in
human cataract. J Med Genet 2006; 43:e2. [PMID: 16397066]

36. Vanita V, Singh JR, Singh D, Varon R, Sperling K. A mutation
in GJA8 (p.P88Q) is associated with "balloon-like" cataract
with Y-sutural opacities in a family of Indian origin. Mol Vis
2008; 14:1171-5. [PMID: 18587493]

37. Hansen L, Yao W, Eiberg H, Kjaer KW, Baggesen K,
Hejtmancik JF, Rosenberg T. Genetic heterogeneity in
microcornea-cataract: five novel mutations in CRYAA,
CRYGD, and GJA8. Invest Ophthalmol Vis Sci 2007;
48:3937-44. [PMID: 17724170]

38. Ponnam SP, Ramesha K, Tejwani S, Ramamurthy B,
Kannabiran C. Mutation of the gap junction protein alpha 8
(GJA8) gene causes autosomal recessive cataract. J Med
Genet 2007; 44:e85. [PMID: 17601931]

39. Polyakov AV, Shagina IA, Khlebnikova OV, Evgrafov OV.
Mutation in the connexin 50 gene (GJA8) in a Russian family
with zonular pulverulent cataract. Clin Genet 2001;
60:476-8. [PMID: 11846744]

40. Schmidt W, Klopp N, Illig T, Graw J. A novel GJA8 mutation
causing a recessive triangular cataract. Mol Vis 2008;
14:851-6. [PMID: 18483562]

41. Yan M, Xiong CL, Ye SQ, Chen YM, Ke M, Zheng F, Zhou X.
A novel connexin 50 (GJA8) mutation in a Chinese family
with a dominant congenital pulverulent nuclear cataract. Mol
Vis 2008; 14:418-24. [PMID: 18334966]

42. 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. [PMID: 9413992]

43. White TW, Goodenough DA, Paul DL. Targeted ablation of
connexin50 in mice results in microphthalmia and zonular
pulverulent cataracts. J Cell Biol 1998; 143:815-25. [PMID:
9813099]

44. White TW. Unique and redundant connexin contributions to
lens development. Science 2002; 295:319-20. [PMID:
11786642]

Molecular Vision 2009; 15:2813-2820 <http://www.molvis.org/molvis/v15/a297> © 2009 Molecular Vision

The print version of this article was created on 13 December 2009. 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.

2820

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14627691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14627691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16604058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18334946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18334946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18006672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18247306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18247306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10480374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15696487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17110920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16397066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18587493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17724170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17601931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11846744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18483562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18334966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9413992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9813099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9813099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11786642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11786642
http://www.molvis.org/molvis/v15/a297

