
 Molecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>
Received 31 August 2004 | Accepted 15 November 2004 | Published 17 November 2004

 Cataract is the leading cause of blindness in the world
[1]. Genetic causes are implicated in half of all congenital and
developmental cataracts [2]. To date, at least 35 loci in the
human genome have been reported to be associated with vari-
ous forms of congenital and developmental cataracts [3-38].
Among them, Mutations in 24 genes responsible for such cata-
racts have been identified [3,6-8,10,12-14,17-
20,24,25,27,28,30-32,34-38]. These genes can be grouped as
follows; (1) crystallins, the most abundant proteins in the lens
[7,8,18,27,34-36], (2) enzymes necessary for maintaining lens
metabolism [12,14,28,38], (3) membrane proteins [6,19,20,32],
(4) cytoskeletal proteins [10,11], (5) protein participating in
ion transport [31], (6) transcriptional factors [3,17,24,25,30],
and (7) genes with as yet undefined functions [13,37].

The lens sutures are specific regions where lens fiber cells
from opposite directions merge through complex overlapping
and interdigitation of the tips of their membranes [39]. Dur-
ing lens development, after formation of the lens vesicle, the
posterior lens cells elongate to form the embryonic nucleus.

Lens epithelial cells in a germinative zone lying just anterior
to the lens equator maintain the ability to undergo mitotic di-
vision throughout life. The daughter cells terminally differen-
tiate to form secondary lens fiber cells, which move posteri-
orly to the lens equator and elongate bidirectionally. The ante-
rior ends of the lens fiber cells progressively insinuate be-
tween the lens epithelium and the embryonic nucleus, whereas
the posterior ends progressively insinuate between the poste-
rior lens capsule and embryonic nucleus. Elongation contin-
ues until the fiber cell ends from opposing directions meet to
form the lens sutures. In humans, continuing growth of fetal
lens fiber cells form identical but inverted anterior and poste-
rior sutures overlying one another. These are visible as fine
anterior Y shaped and posterior inverted Y shaped figures on
slit lamp examination [40].

Sutural cataract is defined as an opacity affecting the
whole or part of the anterior or posterior suture of one or both
eyes. The shape and color may vary from patient to patient.
Most sutural cataracts have been reported to be congenital
without progression. Sutural cataracts are not uncommon, hav-
ing been detected in 1% of the population [41]. Y-sutural cata-
racts have been described as being inherited as both autoso-
mal dominant and X-linked traits [42,43], and an autosomal
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recessive dysmorphic syndrome associated with posterior Y
shaped sutural cataracts has been mapped to 14q13-q21 [22].
A linkage and mutational screening study has been carried out
looking at candidate loci in a family with autosomal dominant
isolated Y-sutural cataracts, but failed to establish linkage to
known dominant cataract loci [43]. In addition to isolated su-
tural cataracts, other types of cataracts in human beings, such
as nuclear or cortical cataracts, may have a sutural component
[4,10,11,22,23,35,42-50]. Currently, genes with mutations
associated with mixed sutural cataracts include βA1- and βB1-
crystallins [27,35], cytoskeletal proteins [10,11], transcription
factors [24], and Nance-Horan syndrome, a putative nuclear
protein with a regulatory function [37]. Mixed cataracts in-
clude the cataract-dental syndrome [37,45,47], autosomal

dominant zonular cataracts [27,49], Lamellar and Marner cata-
ract [46], Volkmann cataract [4], pulverulent cataract [35],
cerulean cataract [50], and congenital and juvenile onset cata-
racts [10,11].

Myopia is the most common visual problem in the world.
Both environment and genetics have been shown to contrib-
ute to myopia [51]. High myopia is usually transmitted as a
Mendelian trait but mild and moderate myopia is more likely
to be transmitted as a complex multifactorial disease. A num-
ber of lines of evidence suggest the importance of genetic fac-
tors in the development of myopia, although environmental
factors such as near work and a city lifestyle appear to have a
great impact on prevalence of myopia. Recent genome wide
linkage studies have provided evidence of susceptibility loci
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Figure 1. Pedigree and haplotype diagram of the family with Y-sutural cataracts and myopia.  Individuals with the upper half of their symbols
filled in black have Y-sutural cataracts and those filled in black on the lower half have myopia of -1.0 D or less. Individuals with totally filled
symbols have cataract and myopia. Refraction or axial length is unknown for individuals shaded on the lower left quarter only. Black bars
show the haplotype of affected individual 25 and parts of that haplotype shared by all affected individuals. Other haplotypes transmitted in the
family are encoded with different colors.
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for mild, moderate, and high myopia [51-53].
In this study, we report linkage of an autosomal dominant

isolated Y-sutural cataract in a large Chinese family to an 11.4
cM region on chromosome 3q22 between D3S3606 and
D3S1309 with a maximum lod score of 5.7 at θ=0 for
D3S1292. Sequence analysis of the beaded filament structural
protein 2 (BFSP2) gene, which lies in this interval, identifies
a c.697_699delGAA (E233del) mutation in exon 3. Myopia
in this family also maps independently to 3q21.3-q27.2, and
is associated with cataract in this family. Mutations in BFSP2
have previously been described in two families, a juvenile onset
progressive cataract in a family with an R287W mutation [10]
and congenital nuclear, sutural, and stellate or spokelike cor-
tical cataracts in a family with the same E233del mutation
[11]. However, isolated Y-sutural cataract such as those seen
here have not been identified in the previous reports, and in

neither case was myopia identified in affected individuals.

METHODS
Family and clinical data:  An isolated Y-sutural cataract was
identified in a Chinese family of Han ethnicity living in south-
ern China. This family contains 15 affected individuals in four
generations (Figure 1). Twenty four individuals, including 12
affected and 12 unaffected, participated in this study. Informed
consent conforming to the tenets of the Declaration of Helsinki
and following the Guidance of Sample Collection of Human
Genetic Diseases (National 863-Plan) by the Ministry of Pub-
lic Health of China was obtained from participating individu-
als prior to the study. Medical and ophthalmic history, visual
acuity, slit lamp, and funduscopic examinations were carried
out by ophthalmologists (XG, JY). Myopia was defined as
spherical equivalent refraction of -1.00 D or less. Genomic
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Figure 2. Photograph of the anterior eye with lens images.  A-C: Individual 34 at 4 years of age. Lens opacities were only observed at the
anterior Y and posterior inverted Y sutures. C: Photograph taken under retroillumination. D,E: Individual 31 at age 18 with corrected visual
acuity of 20/15 in both eyes. Lens opacity was only observed at the anterior Y and posterior inverted Y sutures, which show typical features of
the Y-suture cataract. The hazy appearance of the lens in D results from intense scatter lights used to visualize the sutural cataract. F,G:
Individual 30 at age 20 demonstrates the Y-suture cataract. The white lens opacity at each branch of the sutures looks like a feather duster. H,I:
Individual 23 at 29 years old showing Y-suture opacity combined with punctuate cortical opacities.
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TABLE 1. CLINICAL DATA OF AFFECTED MEMBERS IN THE FAMILY

              Age (age   Visual acuity   Age at
                 at      -------------    first                         Axial length
ID   Gender   surgery)    OD      OS     symptom    Cat    Refraction    OD/OS (mm)
--   ------   --------   -----   -----   -------   -----   ----------   ------------
 5     F      73 (68)     FC      FC       NA      Y, PC     myopia*     27.5/27.5
11     M      51         0.07     0.1       7      Y, PC       NA           NA
              31#        0.5      0.5
14     M      41         0.2      NLP       7      Y, PC     myopia*     30.2/NA
19     M      47 (44)    0.1      0.4       8      Y, PC       -3        27.1/26.6
20     M      44 (39)    0.6      0.6      13      Y, PC       -3        26.5/26
23     M      28         0.1      0.2       7      Y, PC       -7           NA
25     M      22         0.2      0.2       7      Y, PC      -10           NA
27     M      14         0.2      0.2       6        Y         -3           NA
30     F      20 (19)    0.4      0.5       7      Y, PC       -4        26.9/26.7
31     F      19         1.5      1.5     None       Y         -1.5         NA
32     F      17         0.3      0.3       8        Y         -5           NA
34     M       4         0.5      0.5     None       Y        2/1.5         NA

The visual acuity column(s) indicates the current visual acuity or visual acuity before surgery for those accepted for cataract surgery. Also in
this column, FC indicates finger counting and NLP indicates no light perception. In the age at first symptom, “NA” indicates not available and
“None” indicates the patient remains asymptomatic. In the Cat (cataract) column, “Y” refers to a Y-sutural cataract and “PC” refers to a
punctate cortical cataract. The sharp (hash mark) designates the visual acuity for patient number 11 at age 31 years old. The asterisks identify
a classification of myopia based on their obvious extended axial length.

TABLE 2. TWO POINT LINKAGE RESULTS FOR MARKERS AROUND THE CATARACT LOCUS ON CHROMOSOME 3Q22

              Position                    Lod score at θ=
          ---------------   -----------------------------------------------
Markers     cM       Mb     0.00   0.01   0.05   0.10   0.20   0.30   0.40    Zmax   θ[est]
-------   ------   ------   ----   ----   ----   ----   ----   ----   -----   ----   ------
D3S3606   146.00   128.68    -∞    2.04   2.38   2.22   1.52   0.63   -0.06   2.38    0.05
D3S1587   148.70   132.28   5.24   5.15   4.77   4.28   3.22   2.06    0.90   5.24    0.00
D3S1292   148.70   133.11   5.72   5.63   5.25   4.76   3.69   2.48    1.16   5.72    0.00
D3S3637   152.90   135.79   5.32   5.24   4.89   4.43   3.43   2.30    1.07   5.32    0.00
D3S3586   156.20   140.48   1.68   1.68   1.66   1.57   1.29   0.94    0.51   1.68    0.01
D3S1309   157.40   142.21    -∞    1.85   2.30   2.28   1.87   1.27    0.56   2.32    0.07

Three less informative markers (D3S1615, D3S1549, and D3S1576) without recombination between D3S3637 and D3S3586 are omitted
from this table, Table 1, and Figure 1. Position data from the Genethon database are listed in cM; position data from the NCBI (build 35.1)
database are listed in Mb.

DNA was prepared from venous blood as described previously
[54].

Genotyping and cataract linkage analyses:  Genotyping
and a genome wide scan by linkage analyses were carried out
as previous described [55]. The cataracts in this family were
analyzed as an autosomal dominant trait with full penetrance.
The cataract allele frequency was set at 0.0001.

Myopia linkage analysis:  Individuals meeting one of the
following three criteria were considered to be affected with
myopia; (1) Cycloplegic refraction of -1.00 D spherical equiva-
lent or lower in individuals <30 years of age, (2) manifest
refraction of -1.00 D spherical equivalent or lower in indi-
viduals 30 years or more of age, or (3) axial length >26 mm
(this is very stringent as the normal range of axial length in
Chinese is 23.5-24.5 mm. An extension of 1 mm would gen-
erally result in myopia of -3.00 D). Individual 18, a spouse of
individual 19, with visual acuity of 0.8 OD and 0.6 OS at 45
years old, was analyzed as myopic even though her exact re-

fraction data were unknown. This also resulted in power loss
rather than type I error in linkage analysis. Individual 34 was
set as unknown because of his age, as he may develop myopia
later although he had +2.00 D OD and +1.5 D hyperopia at
age of 4 years [52]. Linkage analysis of myopia in this family
was initially carried out with a penetrance of 0.9 and a pheno-
copy rate of 0.1 as described [52]. After the initial analysis
showed a significant positive lod score, fine mapping was re-
peated under an additional 80 models in order to identify the
range of penetrance and phenocopy values under which a lod
score equal to or larger than 3 was preserved. These models
used an affected allele frequency of 0.0133 [52] and combina-
tions of 10 penetrances (1, 0.99, 0.95, 0.9, 0.85, 0.8, 0.75, 0.7.
0.65, and 0.584) for the affected allele and eight phenocopy
rates (0.0, 0.01, 0.05, 0.10, 0.15, 0.20, and 0.25). Two point
linkage analysis was performed using the MLINK program of
the LINKAGE program package and maximum lod scores
were calculated using ILINK.
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Mutation analysis of BFSP2: Eight pairs of primers (se-
quence information available on request) were used to am-
plify the 7 exons and the adjacent intron sequences of the
BFSP2 gene (NCBI human genome build 34.3, NT_005612.14

for gDNA, NM_003571.2 for cDNA). Sequence analysis was
carried out as previously described [55].

Restriction endonuclease analysis:  Exon 3, in which the
3 bp deletion mutation lies, was amplified using a new pair of

©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

Figure 3. Sequence and RFLP analysis of the c.697_699 mutation.  A: Forward (left) and reverse (right) sequencing results of normal exon 3
of the BFSP2 gene. B: Heterozygous c.697_699delGAA mutation in exon 3. C: MboII digestion of the BFSP2-exon 3 PCR products (208 bp/
wt and 205 bp/mutant) from individuals just above each lane. DNA from individuals 1-4, 6, 9, 10, 16, 17, and 36 were not loaded on the gel.
The GAA deletion erases one of the three MboII sites in the amplicon. MboII cuts the wild type into 87 bp, 65 bp, 30 bp, and 26 bp fragments;
it cuts the mutant into 114 bp, 65 bp, and 26 bp fragments; and it cuts the heterozygous wild type and mutant into 114 bp, 87 bp, 65 bp, 30 bp,
and 26 bp fragments. The left lane (marked “M”) is a 50 bp ladder marker.

TABLE 3. TWO POINT LOD SCORES FOR MYOPIA

             Position                          Lod score at θ=
          ---------------   --------------------------------------------------
Markers     cM       Mb     0.00    0.01    0.05   0.10   0.20   0.30    0.40    Zmax
θ[est]
-------   ------   ------   -----   -----   ----   ----   ----   -----   -----   ----   -----
-
D3S3606   146.00   128.68   -0.80   -0.13   0.35   0.41   0.20   -0.05   -0.10   0.42    0.09
D3S1587   148.70   132.28    2.95    2.91   2.74   2.48   1.86    1.17    0.48   2.95    0.00
D3S1292   148.70   133.11    3.33    3.30   3.11   2.83   2.17    1.39    0.58   3.33    0.00
D3S3637   152.90   135.79    3.23    3.19   3.01   2.73   2.08    1.32    0.55   3.23    0.00
D3S3586   156.20   140.48    1.15    1.14   1.09   1.00   0.80    0.57    0.31   1.15    0.00
D3S1309   157.40   142.21    2.08    2.06   1.96   1.80   1.37    0.86    0.33   2.08    0.00
D3S1569   162.00   144.85    0.72    0.75   0.82   0.84   0.73    0.51    0.24   0.84    0.08
D3S1279   173.00   152.51    1.76    1.76   1.72   1.61   1.27    0.82    0.36   1.76    0.00
D3S1614   183.10   169.69    1.31    1.29   1.19   1.06   0.80    0.53    0.27   1.31    0.00
D3S1565   193.00   174.97    0.96    0.94   0.87   0.82   0.72    0.56    0.32   0.96    0.00
D3S1262   207.20   187.71   -0.20   -0.14   0.08   0.27   0.43    0.41    0.27   0.44    0.24

Two point linkage results for myopia on chromosome 3q21.3-q27.2 under a model with 90% penetrance and 10% phenocopy rate.
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primers (E3F: 5'-TCG AAA GGC GGC AGA AGA GGA-3'
and E3R: 5'-TTA TGA AGC ACA GGC AGA CAG ATG-3')
since the PCR products of affected and unaffected individuals
DNA amplified using the sequencing primers were not distin-
guishable after restriction enzyme digestion. PCR was con-
ducted at 94 °C for 8 min, followed by 5 cycle amplification
at 94 °C 30 s, 58 °C 30 s, and 72 °C 30 s; then 35 cycles at 94
°C 30 s, 56 °C 30 s, 72 °C 30 s; finally at 72 °C for 5 min. PCR
products (208 bp or 205 bp, 20 µl) were digested with 3 units
of MboII at 37 °C for 2 h and then separated on 2.5% agarose
gel electrophoresis.

RESULTS
 All 12 affected individuals in this family had bilateral iso-
lated Y shaped sutural cataract present in both the whole ante-
rior Y-suture and the posterior inverted Y-suture (Figure 2).
The white lens opacity is linearly superimposed on the branches
of the Y- and inverted Y-sutures, giving a feather duster ap-
pearance to each branch. In early childhood a mild opacity in
the anterior Y and inverted posterior Y-sutures are the only
signs of cataract leaving other parts of the lens clear, as shown
in a 4 year old boy in Figure 2A-C. At this age, the Y-sutural
opacity is obvious under retrotransillumination but was mild
under slit lamp examination. Affected children and their par-
ents were unaware of visual problems before 7 years of age.
Most patients experience decreased visual acuity around 7 to
8 years of age, although it is unclear whether this results from
the Y-sutural cataract or the accompanying myopia (Table 1).
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Figure 4. Three dimensional view of lod scores under different pen-
etrance and phenocopy rates.  Variation of the lod score with changes
in the inheritance model. Phenocopy rates and penetrances yielding
significant lod scores (>3) are shown by the projection of the blue
shaded region of the surface on the X and Y axes, respectively. Lod
scores are shown on the Z axis. The results shown here graphically
are taken from data shown in Table 4.

TABLE 4. VARIATION OF TWO POINT LOD SCORES FOR MYOPIA AT D3S1292 AND D3S3637 WITH PENETRANCE AND PHENOCOPY RATES

                      Maximum lod score for D3S1292/D3S3637 with phenocopy rate (dd) of
        ---------------------------------------------------------------------------------------------
Penet        0           0.01          0.05          0.10          0.15          0.20         0.25       Max with lod>3
-----   -----------   -----------   -----------   -----------   -----------   -----------   ---------   ----------------
1.00     3.69/3.33     3.71/3.34     3.78/3.38     3.73/3.33     3.53/3.13     3.26/2.86    2.92/2.52   0.23 [3.07/2.67]
0.99     3.54/3.39     3.60/3.38     3.72/3.39     3.69/3.33     3.49/3.13     3.22/2.85    2.88/2.50   0.23 [3.03/2.66]
0.95     3.17/3.37     3.30/3.37     3.52/3.38     3.52/3.30     3.34/3.08     3.08/2.80    2.73/2.44   0.21 [3.02/2.03]
0.90     2.89/3.28     3.04/3.30     3.31/3.33     3.33/3.23     3.17/3.00     2.90/2.71    2.55/2.33   0.18 [3.02/2.84]
0.85     2.69/3.18     2.85/3.21     3.13/3.25     3.17/3.14     3.00/2.91     2.73/2.60    2.37/2.21   0.15 [3.00/2.91]
0.80     2.53/3.08     2.68/3.12     2.98/3.17     3.01/3.05     2.84/2.81     2.57/2.49    2.18/2.08   0.11 [2.99/3.10]
0.75     2.39/2.99     2.54/3.03     2.84/3.09     2.87/2.96     2.69/2.70     2.40/2.34    1.99/1.93   0.08 [2.90/3.03]
0.70     2.27/2.90     2.42/2.95     2.72/3.01     2.73/2.86     2.54/2.58     2.23/2.22    1.79/1.76   0.05 [2.72/3.01]
0.65     2.12/2.85     2.30/2.85     2.61/2.93     2.60/2.76     2.39/2.46     2.05/2.07    1.58/1.57          -
0.584    2.02/2.72     2.17/2.77     2.47/2.82     2.44/2.61     2.19/2.28     1.79/1.83    1.27/1.28          -

Max         0.76          0.74          0.70          0.78          0.85          0.93
        [2.42/3.01]   [2.52/3.02]   [2.72/3.01]   [2.96/3.02]   [3.00/2.91]   [3.01/2.77]       -

The highest lod score of 3.79 for D3S1292 occurs with 100% penetrance and a 6% phenocopy rate. The “Penet” column indicates the
penetrance of the dD and DD genotype (gene carriers). The “Max with lod>3” column indicates the maximum phenocopy rate yielding a lod
score (inside brackets) greater than 3 under the different penetrances in each row. The “Max” (bottom of first column) indicates the lowest
penetrance yielding a lod score (inside the brackets in the next row down) greater than 3 under the different phenocopy rates in each column.
For each combination of penetrance and phenocopy rate, lod scores are given for both markers D3S1292 and D3S3637 as (lod for D3S1292/
lod for D3S3637).

The Y-sutural cataract became apparent in most patients
during their teenage years (Figure 2F,G). In addition to the
typical Y-sutural opacity, a small amount of punctuate corti-
cal opacity was observed in patients around the third decade
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and older (Figure 2H,I). The punctuate cortical opacity pro-
gressed very slowly after 30 years of age as patients 50 years
old or older had preoperative visual acuity comparable to pa-
tients around 30 years old (Table 1). One exception was a 19
year old girl (number 31 in Figure 1) whose cataract pheno-
type is similar to that of a 4 year old child (compare Figure
2A,B to Figure 2D,E). Her corrected visual acuity is 1.5 in
both eyes without any visual symptoms even though she has a
mild but typical Y-sutural cataract (Table 1, Figure 2D,E).
There was no other opacity in the nucleus or cortex of her
lenses under careful slit lamp examination. Her lens appears
somewhat cloudy in Figure 2D because stronger scatter lights
were used for that lens photograph. The Y-sutural opacity ap-
pears to be congenital, but the cortical punctuate opacity is an
adult onset event.

A genome wide scan of chromosomes 1 through 22 for
cataracts, gave lod scores above 1.5 only for markers D3S1292,
D12S326, and D12S1708. Fine mapping defined the cataract
locus around D3S1292 and excluded the regions around
D12S326 and D12S1708 due to closely linked flanking mark-
ers with large negative lod scores. The highest lod scores were
obtained with D3S1292 (Zmax=5.72 at θ=0), D3S3637 (Zmax
= 5.32 at θ=0), and D3S1587 (Zmax=5.24 at θ=0). D3S3606
and D3S1309 gave obligate recombinations while all markers
in between them gave positive lod scores without recombina-
tion, suggesting that the disease locus falls into this 11.4 cM
(13.5 Mb) region (Figure 1, Table 2).

Visual examination of haplotypes supports the localiza-
tion provided by linkage analysis (Figure 1). Obligate proxi-
mal recombinants occur at D3S3606 in affected individual 5,
supported by inheritance in affected individuals 19, 20, 30,
31, and 32, and recombinations with the proximal marker
D3S1267 (not shown). An additional proximal recombinant
is seen at D3S1267 in unaffected individual 13. Distal recom-
binants are seen at marker D3S1309 in affected individual 23,
also inherited by affected individual 34. These results con-
firm localization of the disease gene to the 13.5 Mb interval
flanked by D3S3606 and D3S1309. This region contains the
BFSP2 gene, mutations in which have previously been shown
to be associated with congenital and juvenile onset cataracts
[10,11].

Sequencing the 7 exons of the BFSP2 gene reveals a het-
erozygous 3 base deletion, c.697_699delGAA (reference se-
quence: NM_003571.2), in exon 3 resulting in deletion of a
glutamic acid residue, p.E233del (Figure 3). This mutation
cosegregates with the Y-sutural cataract throughout the fam-
ily and is present in all 12 affected individuals examined but
is absent in all 12 unaffected members in the family. The mu-
tation eliminates one of the 3 MboII restriction endonuclease
sites in exon 3 (Figure 3), allowing efficient population screen-
ing. It was not detected in 384 chromosomes from 192 unre-
lated controls of the same Han Chinese ethnic origin as the
family.

Myopia was present in 10 of the 12 affected individuals
studied, all but one showing a moderate or high degree of
myopia (Table 1). Information regarding refraction and axial
length was not available for a 51 year old affected male (indi-

vidual 11). A 4 year old affected male (individual 34) has mild
hyperopia (+2.0 D OD, +1.5 D OS). The myopia is more likely
to be of an axial nature rather than being secondary to lens
changes since ocular axial length was extended in the 5 af-
fected individuals for whom records are available (Table 1).
Among 8 unaffected siblings and offspring of cataract patients
in the family (individuals 7, 12, 13, 16, 26, 29, 33, and 35 in
Figure 1), only one (individual 33) has a mild degree of myo-
pia (-1.5 D OD, -1.0 D OS).

Linkage analysis of myopia independently of cataract,
mapped myopia to a 61.2 cM (59 Mb) region between
D3S3606 and D3S1262 on 3q21.3-q27.2 with a maximum lod
score of 3.33 at D3S1292 (Table 3, Figure 1) under a pen-
etrance of 0.9 and phenocopy rate of 0.1. As the penetrance
and phenocopy rate are varied, a maximum lod score of 3.79
is obtained for D3S1292 with full penetrance and a 6% phe-
nocopy rate (Table 4, Figure 4). For D3S1292, lod scores re-
main above 3 with phenocopy rates of up to 23% for a pen-
etrance of 1 and with a penetrances as low as 0.7 for a pheno-
copy rate of 5%. For D3S3637, the lod score remains above 3
with phenocopy rates above 15% for penetrances at or above
90% and with a penetrance at or above 0.7 with a phenocopy
rate of 0.05. Examination of the pedigree shows that of 18
offspring of individuals with Y-sutural cataracts and myopia,
10 had cataracts and myopia, 7 had neither, and one had myo-
pia alone. A single offspring of an individual without cata-
racts or myopia had myopia alone. While the family is rela-
tively small, these results are consistent with nearly full pen-
etrance for the affected allele. A genome wide scan of chro-
mosomes 1 through 22 for myopia alone using a 90% pen-
etrance and a phenocopy rate of 10% gave no lod scores above
2 other than those for markers between D3S3606 and
D3S1262.

DISCUSSION
 Here we report linkage of autosomal dominant Y-sutural cata-
racts in a large Chinese family to an 11.4 cM region on chro-
mosome 3q22 between D3S3606 and D3S1309 and identify a
697_699delGAA (E233del) mutation in exon 3 of the BFSP2
gene. Myopia in this family was independently mapped to
3q21.3-q27.2 between D3S3606 and D3S1262. There was a
significant association between cataracts and myopia in this
family in that, except for one young boy, all individuals with
cataracts also had myopia. Based on the genome wide linkage
scan, fine mapping on chromosome 3q22, sequencing of PCR
products for BFSP2, restriction endonuclease analysis and
analysis of control subjects, the Y-sutural cataract observed in
the Chinese family appears to be related to the p.E233del
mutation of the BFSP2 gene on chromosome 3q22. We have
also sequenced the exon and exon-intron boundary regions of
the BFSP2 gene in an additional patient from another unre-
lated Chinese family with a phenotypically similar Y-sutural
cataract accompanied with myopia but did not identify any
potentially causative mutations in that individual (data not
shown). Thus, taking into account the Y-sutural cataract re-
ported previously by Klopp et al. [43], there are two or more
genes associated with autosomal dominant isolated Y-sutural

©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

896



cataracts. As described previously, the glutamic acid residue
deleted as a result of the 3 bp deletion at codon 233 is situated
in the filament domain, highly conserved among intermediate
filament proteins. Deletion of this residue would drive a phase
shift of the succeeding residues, which may affect BFSP2 struc-
ture and its interaction with other filament proteins [11].

An R287W mutation in BFSP2 has previously been de-
scribed in a family with juvenile onset progressive cataracts
[10], and an identical E233del mutation has been identified in
a family with congenital nuclear, sutural, and stellate or
spokelike cortical cataracts [11]. The morphology of the cata-
racts in the family reported here is different from those in the
two previously reported families, and in neither case was
myopia identified in affected individuals. In the juvenile on-
set progressive cataract family with an R287W mutation [10],
cataract morphology was described in 8 cases, including lamel-
lar in 3 cases, cortical in 3 cases, nuclear in 2 cases, and a
prominent suture in 1 case. In the autosomal dominant con-
genital cataract family with an identical E233del mutation [11],
cataracts in the affected members were described as congeni-
tal nuclear, sutural, and stellate or spokelike cortical cataracts
that varied in severity among different individuals. The mild-
est expression consisted of spokelike anterior and posterior
subcapsular cortical opacities with a ground glass appearance
throughout the cataract and, most notably, radially oriented
fine vacuoles. There were insufficient data to evaluate myo-
pia in this family (Dr. Richard Weleber, personal communica-
tion).

In the family described here, Y-sutural opacity is the ear-
liest and the mildest sign, and is the most remarkable sign
present in every affected member. In the previously reported
family with an R287W mutation, the earliest reported find-
ings were a general haze with a prominent suture [10]. In con-
trast, the mildest expression of cataract, described as spokelike
cortical opacities with radially oriented fine vacuoles in the
previously reported family with the E233del mutation [11],
looks similar to a sutural opacity if their Figure 1 is compared
with the cataract in a patient of this study (Figure 2C). This
suggests that Y-sutural opacity in the lens is the common, char-
acteristic earliest and mildest sign of cataracts caused by mu-
tations in the BFSP2 gene.

The beaded filament structural protein encoded by the
BFSP2 gene is a highly divergent member of the intermediate
filament family. The BFSP2 protein is a major component of
beaded filaments which are abundant in lens fiber cells, the
only cells in which they are known to be expressed. These
cytoskeletal structures consist of a 7 to 9 nm backbone fila-
ment with 12 to 15 nm globular protein particles spaced along
it. The earliest signs of cataract in this family would suggest
that the BFSP2 protein plays an important role in distal fine
structure organization of lens fiber cells and infrastructure re-
modeling of cell-cell contact in the distal end of lens fiber
cells. This will be clarified as the molecular cell biology of
related gene products, including as localization and function
of the mutant BFSP2 protein is better studied.

The myopia associated with the cataracts in this family is
another interesting point. This myopia is unlikely to be a ran-

dom event as shown by the statistically significant associa-
tion between cataracts and myopia, even within this family
itself. The association might be even greater than it appears in
this analysis. Most of the members of this family live in the
countryside where myopia is rare compared to urban popula-
tions [51,56-59]. Except for hereditary high myopia, most
myopia begins to develop at school age [56]. Therefore, the
hyperopia seen in the 4 year old boy (individual 34) with Y-
sutural cataracts may change to myopia with age [52]. The
myopia observed in individual 33 without Y-sutural cataract
may just represent a random occurrence of myopia as seen in
the general population, especially as it is mild compared to
that seen in affected family members. An alternative but less
likely possibility is that this individual might represent a di-
vergent assortment of traits determined by two closely linked
but separate loci. For example, a myopia susceptibility locus
was suggested near this region by a genome wide scan of dizy-
gotic twins [53]. However, this region lies 20 cM distal to the
region identified in this family, suggesting these are discrete
loci. Finally and most importantly, a genome wide scan inde-
pendently linked the myopia in the family to 3q21.3-q27.2,
and this linkage is maintained under different models with
penetrances significantly lower that that suggested by the fam-
ily structure itself and phenocopy rates ranging from 0 to 0.23,
in or above the range of those suggested by previous studies
[51,56-59].

BFSP2 does not appear to be expressed in the sclera [60].
However, myopia is not necessarily related only to genes ex-
pressed in the sclera, as congenital stationary night blindness
accompanied with high myopia has been shown to be caused
by a retinally expressed gene (NYX) [61]. Conversely, the
myopia seen in patients with Y-sutural cataract may simply be
induced by blurred vision. Vision deprivation has been reported
to induce myopia in the chicken, mouse, and monkey [62-65].
However, this seems less likely in light of the absence of myo-
pia in other congenital cataracts, even those with a more se-
vere phenotype. Axial elongation has been observed in unilat-
eral cataract as opposed to bilateral cataract but contradicting
data also exist [66-69]. Aberrant development of the lens could
lead to abnormal development of the eyeball but this has not
been observed in lenses of other patients with BFSP2 muta-
tions, which generally are reported to cause isolated cataracts.

In summary, we report an autosomal dominant isolated
Y-sutural cataract associated with myopia in a Chinese fam-
ily. This cataract maps to an 11.4 cM region on chromosome
3q22 between D3S3606 and D3S1309 with a lod score of 5.7
at θ=0 for D3S1292, and is associated with a E233del muta-
tion in the BFSP2 protein. Studies of cataract phenotypes, es-
pecially in a larger group of patients with mutations of the
BFSP2 gene, will be very valuable in confirming the common
and typical signs of BFSP2-related cataract. Myopia in this
family also maps independently to 3q21.3-q27.2, although with
a larger linked interval. Analysis of BFSP2 gene variations in
populations with and without myopia would be very helpful
in elucidating the role of BFSP2 alterations in multifactorial
myopia.

©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

897



ACKNOWLEDGEMENTS
 This study was supported in part by the National 863 Plan of
China (Z19-01-04-02, to QZ), Department of Science and
Technology of Guangdong Province (99M04805G, to QZ),
Department of Education of Guangdong Province (49948, to
QZ), and 211 Key Subjects (98001 to QZ). The authors thank
all patients and family members for their participation, Dr.
Xiaodong Jiao and Dr. Huangxuan Shen for their assistance
in this study, and Dr. Richard Weleber for reviewing the records
of his patients reported in reference 11 for data regarding
myopia.

REFERENCES
 1. Congdon NG, Friedman DS, Lietman T. Important causes of vi-

sual impairment in the world today. JAMA 2003; 290:2057-60.
2. Francois J. Genetics of cataract. Ophthalmologica 1982; 184:61-

71.
3. Semina EV, Brownell I, Mintz-Hittner HA, Murray JC, Jamrich

M. Mutations in the human forkhead transcription factor FOXE3
associated with anterior segment ocular dysgenesis and cata-
racts. Hum Mol Genet 2001; 10:231-6.

4. Eiberg H, Lund AM, Warburg M, Rosenberg T. Assignment of
congenital cataract Volkmann type (CCV) to chromosome 1p36.
Hum Genet 1995; 96:33-8.

5. Ionides AC, Berry V, Mackay DS, Moore AT, Bhattacharya SS,
Shiels A. A locus for autosomal dominant posterior polar cata-
ract on chromosome 1p. Hum Mol Genet 1997; 6:47-51.

6. 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.

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

8. Stephan DA, Gillanders E, Vanderveen D, Freas-Lutz D, Wistow
G, Baxevanis AD, Robbins CM, VanAuken A, Quesenberry MI,
Bailey-Wilson J, Juo SH, Trent JM, Smith L, Brownstein MJ.
Progressive juvenile-onset punctate cataracts caused by muta-
tion of the gammaD-crystallin gene. Proc Natl Acad Sci U S A
1999; 96:1008-12.

9. Pras E, Pras E, Bakhan T, Levy-Nissenbaum E, Lahat H, Assia EI,
Garzozi HJ, Kastner DL, Goldman B, Frydman M. A gene caus-
ing autosomal recessive cataract maps to the short arm of chro-
mosome 3. Isr Med Assoc J 2001; 3:559-62.

10. 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 chro-
mosome 3q21-q22 is associated with a missense mutation in
the beaded filament structural protein-2. Am J Hum Genet 2000;
66:1426-31.

11. Jakobs PM, Hess JF, FitzGerald PG, Kramer P, Weleber RG, Litt
M. Autosomal-dominant congenital cataract associated with a
deletion mutation in the human beaded filament protein gene
BFSP2. Am J Hum Genet 2000; 66:1432-6.

12. Yu LC, Twu YC, Chou ML, Reid ME, Gray AR, Moulds JM,
Chang CY, Lin M. The molecular genetics of the human I locus
and molecular background explain the partial association of the
adult i phenotype with congenital cataracts. Blood 2003;
101:2081-8.

13. Azuma N, Hirakiyama A, Inoue T, Asaka A, Yamada M. Muta-
tions of a human homologue of the Drosophila eyes absent gene
(EYA1) detected in patients with congenital cataracts and ocu-
lar anterior segment anomalies. Hum Mol Genet 2000; 9:363-6.

14. Reichardt JK, Packman S, Woo SL. Molecular characterization
of two galactosemia mutations: correlation of mutations with
highly conserved domains in galactose-1-phosphate uridyl trans-
ferase. Am J Hum Genet 1991; 49:860-7.

15. Heon E, Paterson AD, Fraser M, Billingsley G, Priston M, Balmer
A, Schorderet DF, Verner A, Hudson TJ, Munier FL. A progres-
sive autosomal recessive cataract locus maps to chromosome
9q13-q22. Am J Hum Genet 2001; 68:772-7.

16. Seri M, Cusano R, Forabosco P, Cinti R, Caroli F, Picco P, Bini
R, Morra VB, De Michele G, Lerone M, Silengo M, Pela I,
Borrone C, Romeo G, Devoto M. Genetic mapping to 10q23.3-
q24.2, in a large Italian pedigree, of a new syndrome showing
bilateral cataracts, gastroesophageal reflux, and spastic para-
paresis with amyotrophy. Am J Hum Genet 1999; 64:586-93.

17. 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.

18. Vicart P, Caron A, Guicheney P, Li Z, Prevost MC, Faure A,
Chateau D, Chapon F, Tome F, Dupret JM, Paulin D, Fardeau
M. A missense mutation in the alphaB-crystallin chaperone gene
causes a desmin-related myopathy. Nat Genet 1998; 20:92-5.

19. Berry V, Francis P, Kaushal S, Moore A, Bhattacharya S. Mis-
sense mutations in MIP underlie autosomal dominant ‘polymor-
phic’ and lamellar cataracts linked to 12q. Nat Genet 2000; 25:15-
7.

20. 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.

21. Moross T, Vaithilingam SS, Styles S, Gardner HA. Autosomal
dominant anterior polar cataracts associated with a familial 2;14
translocation. J Med Genet 1984; 21:52-3.

22. Boyadjiev SA, Justice CM, Eyaid W, McKusick VA, Lachman
RS, Chowdry AB, Jabak M, Zwaan J, Wilson AF, Jabs EW. A
novel dysmorphic syndrome with open calvarial sutures and
sutural cataracts maps to chromosome 14q13-q21. Hum Genet
2003; 113:1-9.

23. Vanita, Singh JR, Sarhadi VK, Singh D, Reis A, Rueschendorf F,
Becker-Follmann J, Jung M, Sperling K. A novel form of “cen-
tral pouchlike” cataract, with sutural opacities, maps to chro-
mosome 15q21-22. Am J Hum Genet 2001; 68:509-14.

24. 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 associ-
ated with autosomal dominant lamellar and Marner cataract. Nat
Genet 2002; 31:276-8.

25. 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 fac-
tor, MAF, associated with cataract, ocular anterior segment dys-
genesis and coloboma. Hum Mol Genet 2002; 11:33-42.

26. Berry V, Ionides AC, Moore AT, Plant C, Bhattacharya SS, Shiels
A. A locus for autosomal dominant anterior polar cataract on
chromosome 17p. Hum Mol Genet 1996; 5:415-9.

27. Kannabiran C, Rogan PK, Olmos L, Basti S, Rao GN, Kaiser-
Kupfer M, Hejtmancik JF. Autosomal dominant zonular cata-
ract with sutural opacities is associated with a splice mutation
in the betaA3/A1-crystallin gene. Mol Vis 1998; 4:21 .

©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

898



©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

28. Stambolian D, Ai Y, Sidjanin D, Nesburn K, Sathe G, Rosenberg
M, Bergsma DJ. Cloning of the galactokinase cDNA and iden-
tification of mutations in two families with cataracts. Nat Genet
1995; 10:307-12.

29. Armitage MM, Kivlin JD, Ferrell RE. A progressive early onset
cataract gene maps to human chromosome 17q24. Nat Genet
1995; 9:37-40.

30. Varon R, Gooding R, Steglich C, Marns L, Tang H, Angelicheva
D, Yong KK, Ambrugger P, Reinhold A, Morar B, Baas F, Kwa
M, Tournev I, Guerguelcheva V, Kremensky I, Lochmuller H,
Mullner-Eidenbock A, Merlini L, Neumann L, Burger J, Walter
M, Swoboda K, Thomas PK, von Moers A, Risch N, Kalaydjieva
L. Partial deficiency of the C-terminal-domain phosphatase of
RNA polymerase II is associated with congenital cataracts fa-
cial dysmorphism neuropathy syndrome. Nat Genet 2003;
35:185-9.

31. Beaumont C, Leneuve P, Devaux I, Scoazec JY, Berthier M,
Loiseau MN, Grandchamp B, Bonneau D. Mutation in the iron
responsive element of the L ferritin mRNA in a family with
dominant hyperferritinaemia and cataract. Nat Genet 1995;
11:444-6.

32. Pras E, Levy-Nissenbaum E, Bakhan T, Lahat H, Assia E, Geffen-
Carmi N, Frydman M, Goldman B, Pras E. A missense muta-
tion in the LIM2 gene is associated with autosomal recessive
presenile cataract in an inbred Iraqi Jewish family. Am J Hum
Genet 2002; 70:1363-7.

33. Yamada K, Tomita H, Yoshiura K, Kondo S, Wakui K, Fukushima
Y, Ikegawa S, Nakamura Y, Amemiya T, Niikawa N. An auto-
somal dominant posterior polar cataract locus maps to human
chromosome 20p12-q12. Eur J Hum Genet 2000; 8:535-9.

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

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

36. 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 muta-
tion in the human beta-crystallin gene CRYBB2. Hum Mol Genet
1997; 6:665-8.

37. Burdon KP, McKay JD, Sale MM, Russell-Eggitt IM, Mackey
DA, Wirth MG, Elder JE, Nicoll A, Clarke MP, FitzGerald LM,
Stankovich JM, Shaw MA, Sharma S, Gajovic S, Gruss P, Ross
S, Thomas P, Voss AK, Thomas T, Gecz J, Craig JE. Mutations
in a novel gene, NHS, cause the pleiotropic effects of Nance-
Horan syndrome, including severe congenital cataract, dental
anomalies, and mental retardation. Am J Hum Genet 2003;
73:1120-30.

38. Attree O, Olivos IM, Okabe I, Bailey LC, Nelson DL, Lewis RA,
McInnes RR, Nussbaum RL. The Lowe’s oculocerebrorenal
syndrome gene encodes a protein highly homologous to inosi-
tol polyphosphate-5-phosphatase. Nature 1992; 358:239-42.

39.Brown NAP, Bron AJ. Lens Structure. In: Brown NAP, Bron AJ,
editors. Lens disorders: a clinical manual of cataract diagnosis.
Oxford: Butterworth-Heinemann, 1996. p. 53-133.

40.Kuszak JR, Clark JI, Cooper KE, Rae JL. Biology of the lens:
lens transparency as a function of embryology, anatomy, and
physiology. In: Albert DM, Jakobiec FA, Azar DT, Gragoudas
ES, editors. Principles and Practice of Ophthalmology, 2nd ed.
Philadelphia: W.B.Sauders; 2000.

41.Francois J. Varieties of congenital cataracts. In: Francois J, edi-
tors. Congenital Cataracts. Springfield, Ill.: Charles C. Thomas;
1963.

42. Krill AE, Woodbury G, Bowman JE. X-chromosomal-linked su-
tural cataracts. Am J Ophthalmol 1969; 68:867-72.

43. Klopp N, Heon E, Billingsley G, Illig T, Wjst M, Rudolph G,
Graw J. Further genetic heterogeneity for autosomal dominant
human sutural cataracts. Ophthalmic Res 2003; 35:71-7.

44. Fraccaro M, Morone G, Manfredini U, Sanger R. X-linked cata-
ract. Ann Hum Genet 1967; 31:45-50.

45. Nance WE, Warburg M, Bixler D, Helveston EM. Congenital X-
linked cataract, dental anomalies and brachymetacarpalia. Birth
Defects Orig Artic Ser 1974; 10:285-91.

46. Marner E, Rosenberg T, Eiberg H. Autosomal dominant congeni-
tal cataract. Morphology and genetic mapping. Acta Ophthalmol
(Copenh) 1989; 67:151-8.

47.Horan MB, Billson FA. X-linked cataract and Hutchinsonian teeth.
Aust Paediat J 1974; 10:98-102.

48. Graw J, Kratochvilova J, Lobke A, Reitmeir P, Schaffer E, Wulff
A. Characterization of Scat (suture cataract), a dominant cata-
ract mutation in mice. Exp Eye Res 1989; 49:469-77.

49. 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.

50. Vanita, Sarhadi V, Reis A, Jung M, Singh D, Sperling K, Singh
JR, Burger J. A unique form of autosomal dominant cataract
explained by gene conversion between beta-crystallin B2 and
its pseudogene. J Med Genet 2001; 38:392-6.

51. Feldkamper M, Schaeffel F. Interactions of genes and environ-
ment in myopia. Dev Ophthalmol 2003; 37:34-49.

52. Stambolian D, Ibay G, Reider L, Dana D, Moy C, Schlifka M,
Holmes T, Ciner E, Bailey-Wilson JE. Genomewide linkage scan
for myopia susceptibility loci among Ashkenazi Jewish fami-
lies shows evidence of linkage on chromosome 22q12. Am J
Hum Genet 2004; 75:448-59.

53. Hammond CJ, Andrew T, Mak YT, Spector TD. A susceptibility
locus for myopia in the normal population is linked to the PAX6
gene region on chromosome 11: a genomewide scan of dizy-
gotic twins. Am J Hum Genet 2004; 75:294-304.

54. Smith RJ, Holcomb JD, Daiger SP, Caskey CT, Pelias MZ, Alford
BR, Fontenot DD, Hejtmancik JF. Exclusion of Usher syndrome
gene from much of chromosome 4. Cytogenet Cell Genet 1989;
50:102-6.

55. Zhang Q, Zulfiqar F, Riazuddin SA, Xiao X, Ahmad Z, Riazuddin
S, Hejtmancik JF. Autosomal recessive retinitis pigmentosa in a
Pakistani family mapped to CNGA1 with identification of a
novel mutation. Mol Vis 2004; 10:884-9 .

56. Zhao J, Pan X, Sui R, Munoz SR, Sperduto RD, Ellwein LB.
Refractive Error Study in Children: results from Shunyi Dis-
trict, China. Am J Ophthalmol 2000; 129:427-35.

57. Wickremasinghe S, Foster PJ, Uranchimeg D, Lee PS, Devereux
JG, Alsbirk PH, Machin D, Johnson GJ, Baasanhu J. Ocular
biometry and refraction in Mongolian adults. Invest Ophthalmol
Vis Sci 2004; 45:776-83.

58. Kleinstein RN, Jones LA, Hullett S, Kwon S, Lee RJ, Friedman
NE, Manny RE, Mutti DO, Yu JA, Zadnik K, Collaborative
Longitudinal Evaluation of Ethnicity and Refractive Error Study
Group. Refractive error and ethnicity in children. Arch
Ophthalmol 2003; 121:1141-7.

59. Zhan MZ, Saw SM, Hong RZ, Fu ZF, Yang H, Shui YB, Yap
MK, Chew SJ. Refractive errors in Singapore and Xiamen,

899



©2004 Molecular VisionMolecular Vision 2004; 10:890-900 <http://www.molvis.org/molvis/v10/a107>

China--a comparative study in school children aged 6 to 7 years.
Optom Vis Sci 2000; 77:302-8.

60. Young TL, Scavello GS, Paluru PC, Choi JD, Rappaport EF, Rada
JA. Microarray analysis of gene expression in human donor
sclera. Mol Vis 2004; 10:163-76 .

61. Bech-Hansen NT, Naylor MJ, Maybaum TA, Sparkes RL, Koop
B, Birch DG, Bergen AA, Prinsen CF, Polomeno RC, Gal A,
Drack AV, Musarella MA, Jacobson SG, Young RS, Weleber
RG. Mutations in NYX, encoding the leucine-rich proteoglycan
nyctalopin, cause X-linked complete congenital stationary night
blindness. Nat Genet 2000; 26:319-23.

62. Smith EL 3rd, Hung LF, Kee CS, Qiao Y. Effects of brief periods
of unrestricted vision on the development of form-deprivation
myopia in monkeys. Invest Ophthalmol Vis Sci 2002; 43:291-
9.

63. Tejedor J, de la Villa P. Refractive changes induced by form dep-
rivation in the mouse eye. Invest Ophthalmol Vis Sci 2003;
44:32-6.

64. Wallman J, Gottlieb MD, Rajaram V, Fugate-Wentzek LA. Local
retinal regions control local eye growth and myopia. Science
1987; 237:73-7.

65. Wallman J, Turkel J, Trachtman J. Extreme myopia produced by
modest change in early visual experience. Science 1978;
201:1249-51.

66. Inatomi M, Kora Y, Kinohira Y, Yaguchi S. Long-term follow-up
of eye growth in pediatric patients after unilateral cataract sur-
gery with intraocular lens implantation. J AAPOS 2004; 8:50-
5.

67. Rasooly R, BenEzra D. Congenital and traumatic cataract. The
effect on ocular axial length. Arch Ophthalmol 1988; 106:1066-
8.

68. Zou Y, Chen M, Lin Z, Yang W, Li S. Effect of cataract surgery
on ocular axial length elongation in young children. Yan Ke
Xue Bao 1998; 14:17-20.

69. von Noorden GK, Lewis RA. Ocular axial length in unilateral
congenital cataracts and blepharoptosis. Invest Ophthalmol Vis
Sci 1987; 28:750-2.

900

The print version of this article was created on 17 Nov 2004. 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.


