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Congenital cataract in children is a leading cause of reversible blindness around the Globe. The majority
of cases in childhood congenital cataracts are hereditary. A congenital hereditary cataract is linked to
several distinct gene mutations. Finding and identifying these genes, as well as mutations in them, can
better help researchers to understand the genetic basis of disease. Aim of current research was to
identify genetic mutations in CRYAA containing the exon 2 gene in a different region of Pakistan from
four families affected with congenital cataracts. A minimum of two generations' family history and full
medical history were taken and pedigree was drawn to identify the pattern of inheritance. Family
members with affected traits were enlisted for the study. Blood samples from four selected families were
collected for DNA analysis and DNA was extracted using the chloroform phenol technique. The DNA
was taken and utilized as a templet for the amplification of a gene of about 350bp fragments amplifying
exon 2 of the CRYAA gene. After PCR amplification, the samples were sequenced using sanger
sequencing. The sanger sequence results was then compared to the NCBI reference sequence for exon
2 of the CRYAA gene. MUSCLE and Eugene tools were used to further analyze the sequence. There
were no mutation identify in exon 2 of the CRYAA gene, according to the analysis. Childhood Congenital
cataract has an autosomal recessive inheritance pattern. Exon 2 of the CRYAA gene is not responsible
for congenital cataracts in the selected families, according to the findings. Other important genes for
congenital cataracts could be investigated to determine that which gene is responsible for the disease in
the research region. These findings show that no mutation in the CRYAA of Exon 2 protein cause it to
function inaccurately, broadening the range of disease-linked mutations in rare cases of children with
congenital cataract and allowing for better diagnosis and therapy.

Keywords: Childhood Congenital Cataract, Alpha crystallin, Autosomal dominant, Axial length, Nuclear cataract,
Nystagmus

INTRODUCTION common cause of blindness in the globe. The
Cataracts of the eye lens are the most presence of total or partial lens opacification
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within the first year of life is known as congenital
cataracts (Bermejo et al. 2020). Childhood
Congenital cataract is especially dangerous since
it can obstruct vision development. Childhood
Congenital cataracts affect 6.3 out of every
100,000 people, with 30% of cases being
hereditary (Haargaard et al. 2015; Shiels et al.
2010).

Childhood Congenital cataracts are a clinically
and genetically varied lens condition (Huang and
He, 2010). Congenital cataracts are divided into

numerous  subtypes according to their
morphology, including entire lens, nuclear,
lamellar, cortical, polar, sutural, pulverulent,

cerulean, and coralliform (Reddy et al. 2012).
Although autosomal recessive and X-linked
inherited variants have been documented,
autosomal dominant inheritance (ADCC) is the
most common method of transmission genetically.
To date, more than 40 genes in the human
genome have been linked to various kinds of
congenital cataracts, including at least 26 genes
linked to autosomal dominant or autosomal
recessive congenital cataracts. Crystallin and
connexin genes appear to be the most frequently
linked to congenital cataracts, about half of the
mutations identified in crystalline genes (CRYAA,
CRYAB, CRYBA1/A3, CRYBB1, CRYBB2,
CRYBA4, CRYGC, CRYGD, and CRYGS) and a
quarter in connexin genes (GJA3 and GJAS8)
(Hejtmancik, 2008).

Crystallin proteins, which make up to 90% of
soluble proteins in the lens, are divided into three
groups, a-, B- and y- crystallins (Reddy et al.
2012). a -crystallin is a member of the small heat
shock protein (sHSP) family that prevents partially
unfolded proteins from aggregating (Hejtmancik,
2008). The a -crystallin protein family is made up
of two proteins: aA-crystallin, which is encoded by
the CRYAA gene, and aB-crystallin, which is
represented by the CRYAB gene (World Medical
Association Declaration of Helsinki, 2013). In the
CRYAA gene, there have been a total of 26
mutations discovered thus far. Previous research
has linked CRYAA gene mutations to congenital
cataracts, either alone or in combination with
other clinical diseases such microcornea and
microphthalmia (Beyer et al. 2013). This indicated
that aA-crystallin plays a critical function in the
lens formation.

More than half of childhood congenital
cataract cases are accompanied by other visual

abnormalities as  nystagmus,  strabismus,
microcornea or  microphthalmia, persistent
hyperplastic ~ primary  vitreous,  congenital

glaucoma, morning glory syndrome, and
persistent pupillary membrane (Song et al. 2014).
This study includes four Pakistani families with
four-generation of childhood congenital cataracts
with different morphology such as Amblyopia,
nystagmus and microphthalmia and corneal
opacity were found. By directly screening the
candidate gene, we have found no mutation in aA-
crystallin (CRYAA) of exon 2. The effects of no
mutation on the aA-crystallin were further studied.

MATERIALS AND METHODS

Subjects Clinical Examination

We screened four families from a different
regions of KPK, Pakistan with four-generation
diagnosed with autosomal recessive congenital
cataract (ARCC) and various ocular anomalies
were observed in family 1 such as Amblyopia,
nystagmus in family 2, microcornea in family 3
and corneal opacity in family 4 which were
recruited at the Hayatabad Medical Complex,
Peshawar. To confirm the affected status and
identify whether there were any other ocular
abnormalities, all the affected family members that
participated in this study underwent complete
ophthalmic examinations, including visual acuity,
slit-lamp biomicroscopic fundus examination with
dilated pupils, B-scan ultrasonography and axial
length. The phenotype of the proband was
recognized by ophthalmic operating microscope
photography. A non-affected subject with their
families of childhood congenital cataracts was
also recruited. Written informed consent was
obtained from all the participants enrolled in our
study or from their guardians.

Extraction of Genomic DNA and Mutation
Analysis

The genomic DNA of the participants was
extracted from peripheral blood using Thermo
fisher DNA Blood Mini Kit. CRYAA Exon 2 and
flanking regions of ARCC gene (accompanied
ocular anomalies such as Amblyopia, nystagmus,
microphthalmia and corneal opacity) of CRYAA,
was amplified by genomic polymerase chain
reaction (PCR). The functional candidate gene
was determined from the Online Mendelian
Inheritance in Man (OMIM) database). The primer
for CRYAA_ex2 NM_000496 was F
5CTTGGTGTGTGGGAGAAGAGG 3 (Forward)
and 5 CTTCAACCCTGGGAGAGGGA 3
(Reverse). Each reaction mixture (25ul) contained
2yl of genomic DNA, 3ul of Mgclz, 3ul of 10X
buffer, 2.5yl of dNTPs, 2ul of Forward and
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Reverse primer, 0.5ul of Taq Polymerase and 12
ul of water taken in each tube and mixed. The
following PCR condition was used for DNA
amplification: 95°C for 5 min; followed by 35
cycles at 94°C for 40 sec, 57°C for 30 sec
(annealing temperature difference according to
primer), 72°C for 45 sec, and a final extension at
72°C for 7 min. The PCR products of the parents,
probands from each family and one unaffected
member were sequenced. The sequencing results
were analyzed using Chromas 2.33 and were
compared with the reference sequence in the
NCBI database (http://www.nchi.nlm.nih.gov/)
(Ahmad and Khan, 2021; Zafar and lIftikhar, 2021;
Shah and Khan, 2021). Bioinformatics use in-
Silico approaches to identify the location or
specific gene (Bashir and Ahmad, 2021; Jan, and
Ahmad, 2021; Jan and Khan, 2021; Bashir and
Ullah, 2021), therefore we screened the mutations
in the CRYAA from the family members and
unaffected members to confirm the mutation.

RESULTS

The slit-lamp examination revealed
polymorphic cataracts in Family 1 (Fig. 2A). The
proband in this family 1 showed opacities
involving the nucleus and peripheral cortex, and
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the image of individual IV:2 represented a bilateral
nuclear cataract in the central lens and opacities
involving the peripheral cortex. The images of
individual IV:5 revealed a nuclear cataract. The
phenotypes of the two individuals denoted
Amblyopia. The slit lamp image of the proband in
Family 2 revealed congenital zonular cataracts
with sutural opacities (Fig. 2B). All affected
individuals (1V:1 and 1V:2) in this family exhibited
congenital zonular cataracts with sutural opacities
and the ocular abnormality of the patient was
associated with microphthalmia . The proband in
family 3 presented opacities involving the bilateral
posterior polar cataract and the slit lamp image of
individual 1V:1 and IV:2 revealed a bilateral
posterior polar cataract. The phenotypes of the
two individuals were the same and associated
with corneal opacity. The slit lamp image of the
proband in Family 3 revealed a posterior polar
cataract (Fig. 2C). The image of the proband in
Family 4 shows nuclear cataracts (Fig. 2D). All
affected individuals (IV:1 and 1V:2) in this family
exhibited nystagmus, and the B-scan
ultrasonography examination of the proband in
this family revealed nuclear cataracts in the left
and right eyes.
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Figure 1: Four Pakistani families with Autosomal recessive cataracts. Family 1, 2,3 and 4 showing
four generations of pedigrees. The arrow indicates the proband in each family and affected.
Circles denote females and squares denote males. Black squares and circles indicate family
members exhibiting congenital cataracts and white squares and circles are unaffected individuals.

i

Figure 2: Different types of cataracts. A: Nuclear cataract: The eye picture shows the opacity of
both lenses in one of the patients. B: Zonular with sutural cataract in one of the patients. C: Polar
cataract phenotype shown by one of the patients. D: Nuclear cataract phenotype found in one
patient

Reference sequence of Exon 2 CRYAA gene
GTTCGATCCGACCGGGACAAGTTCGTCATCTTCCTCGATGTGAAGCACTTCTCCCCGGAGGACCTCA
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CCGTGAAGGTGCAGGACGACTTTGTGGAGATCCACGGAAAGCACAACGAGCGCCAG
Affected Individuals of family 1 and 2
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Figure 3: Partial genome sequence of CRYAA Exon 2. Sequences of an affected family member of
families 1 and 2. The sequence indicates no mutation.

Bioscience Research, 2021 volume 18(4): 2946-2953 2950



Hussain et al. Mutation analysis of families with childhood congenital cataract of CRYAA Exon 2 gene

Affected Individuals of family 3 and 4

'CCGAC\,GﬁGGAC}.AGTTCGTCS&TCTECCT-’.‘GATGTG?—_EGC_‘—_CTT
| PR il i fi
fl A i fi hA |I f‘ A I| I o P I
| no f | | M I 0o | 1
f |"| lll' In f II|| WA / fi |Il A ", I| II |I | |'I II| |I' || || HIF) ""l ot .'. |I |III 2y I|
Iy I| \ | f II||.“||I|| Ay L |||||I|I||II Iﬁllll |.I| | .I |
| | .I |/ '| \l II | IU-\,I AIRNYATARNAYA l,"'!\\ AT RIAAI |/ 1A |I |I| | 1A || | ,: | |."| | || If
|| || ' | WV BYERIERTA YA T | 1l R THY | \ i |
LY f VVV LT VY Y O Y ,l_

N34 115 158 117 013 119 120 129 122 123 124 125 128 127 128 129 130 131 132 133 124 135 135 137 136 939 M0 141 142 143 144 145 145 147 143 14D 150 151 152 153 154 155156
T CCEACCGEEACADKGTTCETCATCTTOCOTCEATETSEAMNEEGECRKRCTT

IV:1 (Affected)
T T CAT CTT CCT CEATGT GABAGCEAGCTHT
I 1 |
VoA Ak . | 1] il H
A A | I /
VYR s A A ll'l."lllI
I ' II I|||||||I|||||| |I.' Ill.fllll"IJI III',
I Illr.ll JLNATY II| \ III| TR Ihl.'r‘lI|II V1 |/ YATRu |\ T
\ S'8'BUAD 5\ i ) )It ’I\ A L iDAD'ED! ,:E l"\ A

N34 ME 16 D17 1B 198 130 120 1ER 1IN 12 128 128 1 138 129 130 130 132 123 132 135 135 130 1D 138 140 181 9&2 183 14s 145 155 187 el 1ed 150 181 152 153 158 15Sa%E
T € C 6 ACCG GG ACAABAMTGTT CG T C T C T T C G T &6 T G A A G C A C T T

IV:2 (Affected)

T CCGEACCE BE ACAAGTT CGTCATCTTCCTCEATETGARGCACTT C
il | fl fl I.|
Il i 1 | I fl i o
[\ | i i f i
A il | | || 1 |‘| i i ||| R ||'I [} [l nA A I nH |||
a Ll | ||| .-|| ] i VLT i i ANARAN
VLS Wiga il il EEARANANEI |/ A\ Al
APV AR .| .-|| fi Nl LY A LY |.|'|| [1)1]
Y |/ I| | J .||| A |||||II||||”|||"| ||.||\ IIIII I|'|"|||I II|||
|"l| 'I ALY TRNAR] |II |,/||| If |/ W FATRY | |

IRYRIRYAT | o | ."r"- | f
A AN Y S A

H4NE HE MT 116 NS 120 121 122 123 124 120 125 127 128 128 130 1M 932 133 134 135 136 137 135 130 140 180 182 143 144 185 155 147 148 140 150 151 182 153 14 155 156 1ETIER
TCCGACCGGGACAAGTTCGETCATCTTCCTCOCGATTGTGAAGCARTCTTC

IV:1 (Affected)

T g TCAT CTTCOCT CGATEGET GAAGOCARARCTT

fl
|I I| h .', I!.II | Il f
I A | III Il
||||In|' |||"'|I |

|

|

FRYERIA II,'I'|||||,I v VTR ',lI
VLUV Q?hki“

WL 13 16 77 1@ 1% 120 121 122 123 124 125 128 127 128 123 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 143 150 951 152 151 154 15813
T ¢ ¢ 6 ACCGGGATCABGTTOCGTCATTCTTOCOOT CGEATGTGEARBMOGTC ROCTT

IV:2 (Affected)

Figure 4: Partial genome sequence of CRYAA Exon 2. Sequences of an affected family member of
family 3 and 4. The sequence indicates no mutation.

front surface, and fiber cells, which make up the

DISCUSSION bulk of the organ, make up the lens. Crystallins

The lens is an avascular organ that depends are tiny soluble proteins found in high

on continuing transparency to allow the normal concentrations in lens fiber cells, which develop

light transmission to focus images on the retina. from epithelial cells during the life cycle of the

Epithelial cells, which form a single layer along the organism. The majority of the metabolic, synthetic,
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and active transport machinery in the lens is
located to the surface cells, and mature fiber cells
have modest metabolic activities. To establish and
maintain lens transparency, lens crystallin and a
complex cell-cell communication mechanism are
required. Damage to the lens cells and/or proteins
can produce opacities, which can cause vision
loss and finally blindness (Beyer et al. 2013).

Crystallin is a key structural protein found in

the lens of vertebrates, accounting for 90-95
percent of water-soluble crystalline. The lens gets
its transparency and diopter from proteins that are
organized in a regular pattern. Human lens
crystallins are classified into three families: alpha,
beta, and gamma, with beta and gamma
crystallins being superfamily. Alpha crystallins are
made up of two gene products: alpha-A and
alpha-B, which stand for acidic and basic
crystallins, respectively. Alpha crystallins can be
produced by heat shock, which belongs to the
small heat shock protein family. They function as
molecular  chaperones, but unlike real
chaperones, they do not renature proteins and
release them. Instead, they hold the proteins in
huge soluble aggregates made up of 30-40
subunits, with the alpha-A and alpha-B subunits
arranged in a 3:1 ratio (Graw, 2009).
The CRYAA gene has a unique position on
chromosome 21g22.3 (Hawkins et al. 2015;
Ahmad and Qadus et al. 2020), which comprises
3 exons and encode the alpha crystalline, a
protein composed of 251 amino acids consisting
of 9% of water-soluble crystalline. A total of 13
mutations of the CRYAA gene have been defined,
which the most common are missense or
nonsense mutations. Some a-A crystallin
mutations have been reported previously,
consisting of R12C, R21W, R21L, R49C, G98R,
R54C, R116C and R116H (13-20). Concerning
secondary and tertiary changes of structure, all
the mutants of the CRYAA gene identified show
variable degrees of secondary and tertiary
structural changes, which can be central to protein
unfolding/misfolding and later to the formation of
protein aggregates (Raju and Abraham, 2011).

In the present study, four families were
studied from different regions of KPK, Pakistan
and screened with CRYAA Exon 2, but they found
no mutation. It may be possible that these families
were not responsible to identify the mutation in
CRYAA Exon 2 gene for this targeted region and
cannot carry the pathogenic variation along with
their family background. Thus, the genetic
investigation of these families and their
recruitment combined with other associated

additional families can provide a further and a
better description of the pathophysiology of the
disease as well as provide additional information

for better use of generating therapeutic
procedures for the identification of other
responsible genes for childhood congenital

cataract disease.

CONCLUSION

The sequence analysis of CRYAA exon 2 in
patients and control subjects showed no mutation
in these families. The results of this study may
establish a phenotype-genotype correlation and
help to detect a more precise and accurate
prognosis or diagnosis, carrier screening for the
transfer of congenital cataracts within families
vertically as well as horizontally and also in
making the effective approaches for genetic
counseling in this regard.
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