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Abstract—The current study examines the single-nucleotide
polymorphism of the GUCY2D gene in blind patients with inherited
Leber congenital amaurosis (LCA) from a molecular, medical, and
genetic perspective. The study involved 33 patients with blindness
and 11 healthy controls in Erbil Province, Kurdistan Region, Iraq.
LCA is the most severe phenotype of inherited retinal diseases,
marked by genetic and clinical heterogeneity. The goal of this work
was to confirm and identify the underlying mutations. The visual
evoked potentials (VEPs) test, fundus photography, and ophthalmic
examination were the foundation for clinical studies. Each
participant’s genomic DNA was extracted to ascertain the frequency
of mutations in the Kurdish nation. Primers were designed for
the GUCY2D gene, encompassing exons 15, 16, and part of 17,
with introns situated between those exons. Potentially pathogenic
mutations were detected using Sanger sequencing analysis of the
GUCY2D gene. Sequence data were analyzed to identify known,
unknown, or novel mutations using FinchTV, BioEdit, and
databases from the National Center for Biotechnology Information,
including BLASTN, BLASTX, and ClinVar, along with Mutation
Surveyor and MaxEntScan. Three novel splicing mutations have
been found in the GUCY2D of blindness patients. These mutations
are: ¢.3043+11C>T, ¢.3044-7G>T, and ¢.3043+20G>C. The patients
have included nystagmus, abnormal VEPs, photophobia, hyperopia,
and early infantile onset of vision loss. The three new mutations in
the GUCY2D of Kurdish blind patients are associated with LCA
disease. A family history of blindness or the presence of affected
relatives may represent important risk factors for LCA, supporting
its inherited genetic basis.

Index Terms—Early-onset severe retinal dystrophy,
GUCY2D gene, Leber congenital amaurosis, Single
nucleotide polymorphism, Visual evoked potentials test.

1. INTRODUCTION

On a global scale, visual impairment and blindness continue
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to pose significant public health burdens. As of 2020, among
an estimated global population of 7.79 billion, approximately
49.1 million individuals were affected by blindness (Asimadu,
Okeke and Onyebueke, 2023). Notably, around 90% of the
world’s blind population resides in developing countries,
underscoring the disproportionate global burden (Wolfram,
et al, 2019). Epidemiological analyses reveal that, on
average, for every blind individual, 3.4 persons experience
low vision, though this ratio varies across regions, ranging
between 2.4 and 5.5. The prevalence of childhood blindness
is also significant, with an estimated 1.4 million children
aged 1-14 years living with blindness globally (Hussain,
et al., 2019). Leber congenital amaurosis (LCA) is regarded
as the most severe clinical entity of inherited retinal diseases
(Cideciyan and Jacobson, 2019) and includes early-onset
severe retinal dystrophy and a class of hereditary retinal
illnesses (Xu, et al., 2020). It is recognized as the gravest form
of retinal dystrophy (Michaelides et al., 2006), with blindness
developing by the completion of the first year of life, and it is
characterized by significant vision impairment or blindness at
birth (Georgiou, Fujinami and Michaelides, 2021).

There are 28 common causal genes causing LCA in all
(Shukla, Kannabiran and Jalali, 2012; Chacon-Camacho
and Zenteno, 2015; Coussa, Lopez Solache and Koenekoop,
2017; Weisschuh, et al., 2018; Bouzia, et al., 2020; Kumaran,
et al., 2017, Varela, et al., 2022; Zhang and Xu, 2025). The
mutations in these genes account for roughly 70-80% of LCA
patients (Xu, et al., 2020), Some genes, such as GUCY2D,
CEP290, NMNATI, and AIPL1, have been identified as being
very likely to be linked to LCA, as well as mutations in other
genes, including RDH12, RPEG6S, and LRAT (Kumaran, et al.,
2017). GUCY2D is also the first gene related to LCA-1, and
it is one of the most famous, contributing to roughly 10-20%
of cases (Bouzia, et al., 2020). The LCA-1 phenotype
becomes much more severe, with loss of photoreceptor
function and blindness occurring very early in life (Zobor,
et al., 2023).

An early onset of severe visual impairment is a
characteristic of a class of inherited retinal disorders known
as LCA (Daich Varela, et al., 2022). Usually, it appears
at birth or soon after (Hahn, et al., 2022). Its onset age
ranges from 1 to 5 years (Kumaran, et al., 2017). LCA is
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characterized by blindness or severely reduced vision, with
severe visual loss after birth or during labor (Kumaran,
et al., 2017; Bouzia, et al., 2020), and the visual evoked
potentials (VEPs) test is abnormal (Mohammed, Mossallam
and Allam, 2021; Ibrahim and Hidayat, 2021). Other
observed features comprised amaurotic pupils, sensory or
wandering nystagmus, and fundus appearance that was
either unremarkable or demonstrated pigmentary retinopathy,
occasionally accompanied by macular atrophy (Georgiou,
Fujinami and Michaelides, et al., 2020).

The retinal guanylyl cyclase 1 (GCl), often referred
to as photoreceptor guanylate cyclase 2D in the retina, is
encoded by guanylate cyclase 2D (Wimberg, et al., 2018).
Guanylate cyclase 2D enzyme, found in photoreceptors, is
responsible for the intracellular transport of photoreceptor
excitation. This enzyme has a critical function in the
recovery phase of phototransmission and is involved in the
resynthesis of cyclic guanosine monophosphate (cGMP).
Guanylate cyclase-activating proteins serve as the primary
modulators of its regulation (Vinberg, et al., 2018). In
mammal phototransduction, cGMP, an intracellular second
messenger, is naturally regulated by GCI. It is considered
that GC1 is found in the innermost segments and nucleus of
rod and cone photoreceptor cells (Coussa, Lopez Solache and
Koenekoop, 2017). Evidence indicates that GC1 functions
as a calcium-modulated domain, intricately associated with
phototransduction processes and retinal synaptic signaling,
which are triggered by a reduction in the cell’s Ca*" levels
(Rehkamp, et al., 2018).

The current study aimed to identify the mutation
profile, including novel mutations and single-nucleotide
polymorphisms (SNPs), in the GUCY2D gene associated
with Leber congenital amaurosis (LCA). Using Sanger
sequencing, exons 15, 16, part of exon 17, and their flanking
intronic regions were screened to detect genetic variants
and evaluate their potential pathogenicity. The analysis
identified three novel splicing mutations in the GUCY2D
gene: ¢.3043+11C>T, ¢.3044-7G>T, and ¢.3043+20G>C.
These mutations were detected in patients presenting with
clinical features including nystagmus, abnormal visual
evoked potentials (VEPs), photophobia, hyperopia, and early-
onset vision loss. To the best of our knowledge, this is the
first study to investigate the molecular genetics and clinical
characteristics of Kurdish patients with GUCY2D-associated
LCA in the Kurdistan Region and Iraq.

II. MATERIALS AND METHODS

Ethical approval for this study was obtained from several
authorities: the Ministry of Higher Education and Scientific
Research — Salahaddin University, Erbil (Directorate of
Postgraduate Studies, (No. 3/1/7491, issued 05/10/2020); the
Ministry of Labor and Social Affairs, General Directorate of
Development and Social Welfare (No. 1149, issued October
05, 2020); the Directorate of Handicapped Care — Erbil
(No. 449, issued October 18, 2020); and the Union of Blind
and Visually Impaired Kurdistan — Higher Commission,
Erbil, Kurdistan Region, Iraq. In addition, written informed
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consent was obtained from patients and their parents. All
procedures were conducted in accordance with ethical
principles to ensure the dignity, rights, safety, and well-being
of the participants before initiating the study.

A. Samples

Patients group

The study included 33 individuals (male and female)
registered with the Union of Blind and Visually Impaired
Kurdistan—Higher Commission in Erbil, Kurdistan Region
of Iraq. Participants ranged in age from 5 to 53 years. All
patients had been clinically evaluated and confirmed as
blind by a specialized ophthalmic committee. Before blood
collection, informed consent was obtained from patients or
their legal guardians. Each participant completed a structured
questionnaire, which was administered through both written
forms and direct interviews.

Control group

To match the patient group with the control group, 11
healthy persons of different sexes, ranging in age from 21 to
33, were randomly selected from the Erbil community as a
control group.

B. Collection of blood samples

Using a sterile disposable syringe, roughly 3 mL of blood
was drawn from the veins of the (11) control group and the
(33) patient group who had been diagnosed and associated
with LCA disease. The specimens were collected in sterile
vacutainer tubes containing ethylenediaminetetraacetic acid
as an anticoagulant. Samples were initially preserved in an
icebox at a temperature below +10°C, and upon arrival, all
samples were stored under appropriate conditions (4°C) until
further processing.

C. DNA Isolation

Genomic DNA was extracted from whole blood using the
AddPrep Genomic DNA Extraction Kit (AddBio, Korea), in
strict adherence to the manufacturer’s standardized protocol.
The extraction process was conducted at the Immunogene
Center in Erbil, Kurdistan Region, Iraq.

Quantitative and qualitative analysis of the extracted DNA

Thermo Fisher USA’s NanoDrop was utilized to analyze
the quantity and quality of isolated DNA at the IMUNOGENE
CENTER in Erbil, Kurdistan Region, Iraq. About 2 uL of
isolated DNA was utilized in the absorbance technique.
This device calculates the DNA sample’s light absorbance at
particular frequencies. The wavelengths at which absorbance
is measured are 260 and 280 nm. DNA purity can be
estimated using the absorbance quotient (260/280). A decent
absorbance quotient value is defined as 1.8 < ratio (R) < 2.0
and is regarded as being excellent (Ghatak, Muthukumaran
and Nachimuthu, 2013).

DNA storage

Following the completion of the genomic DNA extraction
process, the eluted DNA was kept at —20°C to prevent
degradation (Rohland, et al., 2018).
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D. Sanger Sequencing

The GUCY2D gene was subjected to direct (Sanger)
sequencing of exons 15, 16, part of 17, and their flanking
intronic regions, based on the amplified polymerase chain
reaction (PCR) products. Primers were chosen and designed
based on a medical case report that used next generation
sequencing (Ibrahim and Hidayat, 2021). The GUCY2D
reference sequence (GenBank: NM _000180.4) was retrieved
from the National Center for Biotechnology Information
(NCBI), and primers were manually designed using primer
design software. Primers were manually designed using
primer design software. The primer design was performed
using the NCBI database as a reference for the GUCY2D to
identify the exact target region. The reverse primer sequence
was generated using the Compute Reverse Complement of
the Nucleotide Sequence tool (https://www.bioinformatics.
org/sms/rev_comp.html), and primer characteristics were
evaluated using the Oligo calculator tool (https://mcb.
berkeley.edu/labs/krantz/tools/oligocalc.html). Target DNA
amplification was carried out using Gradient PCR (Applied
Biosystems) with assistance from the IMUNOGENE
CENTER in Erbil, Kurdistan Region, Iraq. The sequencing
was done in Iran. They used the 3130 genetic analyzer
(Applied Biosystems, Hitachi High-Technologies, Tokyo,
Japan) to sequence all PCR products in both directions. The
primer sets designed for this study are presented in Table I.

E. Bioinformatics Analysis

To find known, unknown, or novel mutations, the
sequence findings were analyzed using various applications,
such as FinchTV, BioEdit, NCBI (BLASTN, BLASTX,
and ClinVar), Mutation Surveyor, and MaxEntScan. The
GenBank reference sequences [NM_000180.4] were utilized
to name the mutation. The Human Genome Variation
Society’s (HGVS; http://www.hgvs.org) nomenclature was
followed when naming and referring to the sequence variants
in the text.

III. RESULTS AND DISCUSSION

A. Clinical Description

Under the guidance of a professional medical team,
the individuals underwent clinical investigation, and the
ailment was identified as blindness at the time of the
beginning of their lives. All affected individuals had a

TABLE I
PRIMER SETS FOR AMPLIFICATION OF GUCY2D CODING SEQUENCES
Reference genome Chrl7:
8,002,615-8,020,342
Positions NM 000180.4

Exon (s) covered 15-16 and a part of 17

Primers Forward (5'-3") (20 bp)  Reverse (5'-3") (23 bp)

Sequence 5’-GGCAATCGCT 5’-CAAGTTCACGTG
TCGTGTACTC-3' GATGCGGTAAG-3'

Annealing Temperature 60°C

Polymerase chain 622 bp

reaction output

http://dx.doi.org/10.14500/ar0.12651

diverse presentation of conditions, including photophobia,
dyschromatopsia, nyctalopia, retinal degeneration, retinal,
and vascular attenuation based on clinical manifestations and
electrophysiological findings. During this study, a number of
factors that influence blindness were identified and analyzed.
These factors included age, gender, the age at which
blindness first manifested, parent relatives, cases of blindness
in the family, cases of blindness in patient relatives, the
health of the mother during pregnancy, and the ages of the
mother and father. In this investigation, a questionnaire form
was employed with the consent of the patients.

B. Bio-statistical Analysis

Following molecular genetic testing, the statistical software
package version 12 (Stata) was utilized to evaluate data from
the patient or case group as well as the control group. Of
the 44 participants who were investigated, 33 were blind
patients, and 11 were controls, as stated in Table II.

Furthermore, the majority of participants (both the patients’
group and the control group) are young, with 61% of patients
being between the ages of 21 and 40 (Fig. 1).

C. Molecular Genetic Screening

In Erbil City, blood was drawn for DNA extraction from
33 patients diagnosed and associated with LCA disease and
11 controls. The GUCY2D gene’s coding sections and their
flanking intronic regions, which comprised exons 15, 16, and
part of exon 17, were analyzed to check for mutations.

Quantitative and qualitative evaluation of DNA

Using a NanoDrop spectrophotometer, the amounts of
the extracted DNA were determined to be sufficient for the
ensuing PCR reactions. Treated all 44 participants as one
combined group and reported the DNA concentration and
purity together; they had an average DNA concentration of
31.67 ng/uL, ranging from 20.40 to 91.70 ng/uL, and the
mean DNA purity ranged from 1.84 to 1.93.

Gel electrophoresis of PCR product

Amplification of specific GUCY2D gene sections was
done using primers and PCR on forty-four samples. PCR
amplification was successful for all samples. Agarose gel
electrophoresis revealed single, specific bands at the expected
size (~622 bp). The intensity of the PCR products was
sufficient for subsequent Sanger DNA sequencing Fig. 2.

Mutational analyses

Three variations in the GUCY2D gene were found by
Sanger sequencing. The sequence data were examined using
several software tools and databases to identify known,
unknown, or novel mutations. These included FinchTV,

TABLE II
INDICATE THE GENDER PROPORTION AND PARTICIPATION RELATIONSHIP
Gender Participants Total
Patients group Control group
Female (%) 13 (72.22) 5(27.77) 18 (100.00)
Male (%) 20 (76.92) 6(23.07) 26 (100.00)
Total (%) 33 (75) 11 (25) 44 (100.00)
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BioEdit, and resources from the NCBI, such as BLASTN,
BLASTX, and ClinVar, as well as Mutation Surveyor and
MaxEntScan. They were present in 7 out of 33 patients, as
shown in Table III. There are seven autosomal mutations
in the positive (mutant) result. Three variations that impact
splicing or protein coding were found in the total number of
patients that were studied. They are novel splicing mutations
that were present in the mutant patients and observed; 60.60%
of males have blind patients, whereas 40.40% of females
have blind patients. The ages ranged from 5 to 53 years.
Genetic analysis revealed novel splicing mutations within
intron 16 of the GUCY2D gene among several Kurdish
patients. Variants were identified in patients (1, 8, 13, 25,
and 31) aged 32, 19, 28, 23, and 26 years, respectively,
each exhibiting (c.3043+11C>T). In addition, patient (3) is

Case 18 61 21
Control 100
T T T T T
0 20 40 60 80 100
percent
[ ] 120 | | 21-40 [ 40 and above

Fig. 1. The participant’s age.
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37 years old (c.3044-7G>T), whereas patient (10) is 47 years
old (c.3043+20G>C). These findings are summarized in
Table IIT and illustrated in Fig. 3. By altering RNA splicing,
those new splicing mutations may potentially have an impact
on GUCY2D function.

The patients had a 100.00% autosomal recessive mode of
inheritance. The result confirms the earlier finding that the
condition is similar to our result in the Netherlands (Hahn,
et al., 2022).

Recent research has highlighted growing interest in genomic
variants in the form of SNPs positioned within regulatory or
other non-coding sequences. Notably, approximately 93% of
functional SNPs cataloged in the GWAS database are situated
in these non-coding sequences (Tak and Farnham, 2015 and
Rwandzy, Hidayat and Sulaiman, 2024). Because they have
an impact on post-transcriptional gene expression or gene
regulation, these are known as regulatory SNPs (rSNPs)
(Guo, et al., 2013). These rSNPs can affect gene regulation
at several levels, influencing transcription factor binding and
gene splicing, for example, to affect a cell’s biological activity.
These are also present in non-coding RNA’s enhancer and
promoter regions. By affecting messenger RNA (mRNA) half-
life, they can reduce protein products that result in mRNA-
microRNA interactions (Xue, et al., 2014).

According to this study, the percentage of positive (mutant)
test results is extremely low. Table IV illustrates this, showing
that the majority of patient test results are negative.

The results of this investigation confirmed that GUCY2D
mutations are present in LCA instances. However, 71.4%

34,35, 36,37, 38, 39, 40, 41, 42 43, 44

Fig. 2. Agarose gel electrophoresis of polymerase chain reaction-amplified GUCY2D fragments and 100 bp ladder. (a) Primer optimization showing a
622 bp band at 60°C, (b) Patient samples (lanes 1-33), and (c) control samples (lanes 35-44) all display the expected 622 bp amplicon.
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Fig. 3. The sequencing shows mutations identified in the GUCY2D gene. (a) In patients number 1,8,13,25, and 31, (b) Gene in patient number 3,

and (c) Gene in patient number 10.

TABLE III
SNP VARIATIONS IN THE Gucy2p GENE WERE FOUND IN PATIENTS WITH KURDISH BLINDNESS
No of Mode of Causative variations and coexisting variations' Molecular Type of  Molecular method Mutation
patients inheritance Nucleotide sequence consequence mutation of searching state (at the
nucleotide exon/ Kurdish
NC _000017.11:  NC_000017.10: NG_009092.1: NM_000180.4: intron variants nation level)

1,8, 13, Autosomal g. 8015852C>T g.7919170C>T g. 18183C>T  c¢.3043+11C>T Intron Splicing  Sanger sequencing ~ Novel
25,and 31 recessive variant
3 g. 8015920G>T g.7919238G>T g. 18251G>T  c. 3044-7G>T
10 2. 8015861G>C g.7919179G>C g.18192G>C «c.

3043+20G>C
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of the variations in the positive cases originate from the
¢.3043+11C>T variant, as shown in Table V.

The outcomes of the relationship between the variables
in the Chi-square test. Table VI indicates that there is no
significant correlation between the age group and the test
result, as indicated by the p-value exceeding 0.05.

The positive results were obtained by roughly 42.86%
of the male participants and 57.14% of the female
participants. As observed from Table VII, there is also no
correlation between gender and the test result because the
p-value is over 0.05. The gender of the patients has no
relation or effect on the test results; in fact, this result is
comparable to that of the result has been mentioned by
(Elmadina, et al., 2019).

According to Fig. 4, the average age of patients who
experience blindness is 30.6 months or about 2.5 years.
Either complete blindness or significantly reduced vision
is found at birth or in the first several months of life. The
mean age at which a patient experiences blindness in terms
of months, based on test results. The average age of results
that are positive and negative differs. The two samples’

151 Median = 28.0 Mean = 30.6

AgeP

Fig. 4. The histogram displays the average age (months) at which patients
experience blindness.

TABLE IV
THE NUMBER AND RATIO OF MUTATIONS

Test result Frequency %
Negative (normal) 37 84.09
Positive (mutant) 7 15.90
Total 44 100.00

TABLE V

THE PERCENTAGE OF VARIANT MUTATIONS

Mutation Frequency Percent Cum.
c. 3043+20G>C 1 143 14.3
c. 3043+11C>T 5 71.4 85.7
c. 3044-7G>T 1 14.3 100.00
Total 7 100.00 -
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independent t-tests (p = 0.86) showed no statistically
significant differences between them, as shown in Table VIII.
The box plot also shows that there are no outliers.

It was discovered that 22.73% of the participants’ parents
were not consanguineous to one another, whereas 77.27%
of the participants’ parents were consanguineous to one
another. Table IX shows that nearly all of the participant’s
consanguineous patients had positive results.

We have discovered that there is no statistical relationship
between test results and parent relationships in the
current study. The LCA disease is unaffected by a parent’s
relationship or consanguinity. This result has been reported
by (Hanein, et al., 2005; Shawky, et al., 2013). However,
the high rate of parents’ consanguinity was positive. This
result is the same as the result presented by (Lotery, et al.,

TABLE VI
CHI-SQUARE ANALYSIS OF AGE GROUP AND TEST RESULTS
Age group (years) Test Result Total
Normal (—) Mutant (+)
n (%) n (%)
1-20 5(83.3) 1(16.7) 6
21-39 26 (83.9) 5(16.1) 31
40 + 6(85.7) 1(14.3) 7
Total 37 (84.1) 7 (15.9) 44

Pearson %2 (df=2)=0.018, p=0.991, Exact test (Fisher Freeman Halton), two-sided
p=1.000

TABLE VII
CHI-SQUARE TEST RESULTS SHOW THE RELATIONSHIP BETWEEN TEST SCORES
AND GENDER

Test Result Gender Total
Male Female
Positive (mutant) 3 4 7
% 42.86 57.14 100.00
Negative (normal) 23 14 37
% 62.16 37.84 100.00
Total 26 18 44
% 59.09 4091 100.00
Pearson x° (1)=0.907, Pr=0.34
TABLE VIII

THE AGE OF THE PATIENT AT WHICH THEY EXPERIENCE BLINDNESS IN
RELATION TO THE TEST RESULT

Group Mean Standard Deviation T-test p-value
Positive 30.6 9.4 0.1771 0.86
Negative 29.5 10.1
TABLE IX
QUANTITATIVE AND PROPORTIONAL ANALYSIS OF PARENT RELATIVES
Test result Parent relationship Total
Parent consanguinity Parent non-consanguinity
Positive 7 0 8
% 100.0 00.00 100.00
Negative 27 10 36
% 73.0 27.0 100.00
Total 34 10 44
% 77.27 22.73 100.00
(p=0.118)
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Fig. 5. A pedigree chart showing the segregation of GUCY2D gene mutations (autosomal recessive inheritance) in the patient’s family history with
Leber congenital amaurosis.

TABLE X
DESCRIBES THE PARENT/S CONSANGUINITY AND TEST RESULTS

Test results of the patient group Parent consanguinity Total
1% cousin 2" cousin 31 cousin 2" nephew Non-consanguinity

Positive (Mutant) 4 2 0 1 0 7

% 57.14 28.57 00.00 14.29 00.00 100.00

Negative (Normal) 16 9 2 0 10 37

% 43.24 24.32 5.41 00.00 27.03 100.00

Total 20 11 2 1 10 44

% 45.45 25.00 4.55 227 22.73 100.00

TABLE XI TABLE XII
PROPORTIONAL BREAKDOWN OF CASE RELATIVES IN PATIENT FAMILIES OVERVIEW OF MOTHER’S HEALTH STATUS IN PREGNANCY

Case relative in family patient Test result Total Healthy statue Pregnancy
Positive Negative Healthy (%) 5(71.43)
(Mutant) (Normal) Psychiatric condition (%) 2 (28.57)

Both Sides [Father and Mother] (%) 0 (0.00) 2 (7.69) 2(6.07) Total (%) 7(100.00)

Father Side (%) 2(28.58)  9(34.62) 11 (33.33)

Mother Side (%) 0(0.00) 5(19.23) 5(15.15) L. . . .. .

Non-relative (%) 5(7142)  10(3846) 15 (45.45) In individuals W.lth blindness LCA, a posnlye test finding

Total (%) 7@21.21)  26(78.79) 33(100.00)  serves as confirmation of the genetic relationship between the

2000). These results stand in disagreement with the evidence
presented by (Liu, et al., 2020).

parents. Table X illustrates the high percentage of first-degree
cousins and the low percentage of third-degree cousins and
non-consanguinity. To determine test results and parent
consanguinity, we employed Chi-square analysis. The parent
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TABLE XIIT
LoaisTic REGRESSION ANALYSIS OF RisK FACTORS FOR INHERITED LEBER CONGENITAL AMAUROSIS

Variable B (Coefficient) SE zZ p-value Odds ratio (OR) 95% confidence interval for OR
Number of blindness in 2.605 1.088 2.29 0.022 13.53 1.61-113.65

family

Cases in relatives —2.303 1.151 -2.00 0.045 0.10 0.010, 0.953

Constant —2.631 1.109 —2.37 0.018 0.072 0.008, 0.633

relationship and test results do not statistically correlate, as
we have discovered (p = 0.226). Furthermore, the family
pedigrees are shown in Fig. 5, including the patients present
with the LCA.

In blind patients with LCA, the kind of parent relationship
indicated by the positive test result was that 28.57% were
second-degree cousins, 57.14% were first-degree cousins, and
14.29% were second-degree nephews. An almost identical
result was recorded by (Elmadina, et al., 2019).

As shown in Table XI, it was discovered that 28.58% of
the father’s side and 71.42% of the non-relatives had positive
findings about the case relative among family patients.

The percentage of affected patients with a family history
of blindness (28.58%), which is almost identical to the Israeli
population’s result (19%) (Lazar, et al., 2014) and in Europe
and the USA (23%) (Kohl, et al., 2012), is lower than the
results of a study carried out in Europe (40%) (Kitiratschky,
et al., 2008), and in China (47%) (Jiang, et al., 2015).

As for the mother’s health, it was discovered that 28.57%
of them had a psychiatric condition and 71.43% of them were
fit during their pregnancies, as stated in Table XII. This result
agrees with the result that has been registered by (Elmadina,
et al., 2019).

It has been described that certain familial factors are
associated with hereditary LCA patients. Patients with a
higher number of blind individuals in their family had
significantly higher odds of testing positive, with an odds
ratio (OR) of 13.53 (95% CI: 1.61-113.65, p = 0.022). This
indicates that for each additional blind family member, the
odds of a positive result increased more than thirteenfold. In
this study, we investigated the possibility that having cases
among family members and relatives influences the likelihood
of receiving positive test results, as shown in Table XIII.

IV. CoNncLUSION

This study provides the first retrospective research of the
genetic and clinical analysis of Kurdish blind patients in
Iraq with the GUCY2D mutation. The identification of three
new splicing variations (c.3043+11C>T, ¢.3044-7G>T,
¢.3043+20G>C) suggests that these variants are likely
associated with LCA disease in the GUCY2D gene of blind
patients in this community. A high proportion of cases of
blindness in family members or relatives supports a hereditary
pattern and risk factor; they can increase the likelihood of
receiving positive test results, even though there was no
significant correlation between mutation status and age,
gender, or consanguinity. These results broaden the range of
known GUCY2D mutations and emphasize the significance
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of molecular diagnostics for early identification, genetic
counseling, and upcoming gene-based treatment approaches.

ACKNOWLEDGMENT

We kindly thank all blind patients and healthy participants
for their patience during this study.

REFERENCES

Asimadu, I.N., Okeke, S., and Onyebueke, G.C., 2023. Vision-related quality of
life amongst patients with low vision and blindness in a resource-limited country.
International Ophthalmology, 43, pp.1291-1302.

Bouzia, Z., Georgiou, M., Hull, S., Robson, A.G., Fujinami, K., Rotsos, T.,
Pontikos, N., Arno, G., Webster, A.R., Hardcastle, A.J., and Fiorentino, A.,
2020. GUCY2D-associated Leber congenital amaurosis: a retrospective natural
history study in preparation for trials of novel therapies. American Journal of
Ophthalmology, 210, pp.59-70.

Cideciyan, A.V., and Acobson, S.G., 2019. Leber congenital amaurosis (LCA):
Potential for Improvement of vision. Investigative Ophthalmology and Visual
Science, 60, pp.1680-1695.

Chacon-Camacho, O.F., and Zenteno, J.C., 2015. Review and update on the
molecular basis of Leber congenital amaurosis. World Journal of Clinical
Cases, 3(2), p.112.

Coussa, R.G., Lopez solache, I., and Koenekoop, R.K., 2017. Leber congenital
amaurosis, from darkness to light: an ode to Irene Maumenee. Ophthalmic
genetics, 38, pp.7-15.

Daich varela, M., Cabral de guimaraes, T.A., Georgiou, M., and Michaelides, M.,
2022. Leber congenital amaurosis/early-onset severe retinal dystrophy: current
management and clinical trials. Br J Ophthalmol, 106, pp.445-451.

Elmadina, A., Elrahman, N., Ahmad, M., Qureshi, M., Elawad, M., and Bhatti, A.,
2019. Role of inheritance and causes of childhood blindness: A multicenter study
in Sudan. Sudanese Journal of Ophthalmology, 11, pp.8-13.

Georgiou, M., Fujinami, K., and Michaelides, M., 2020. Retinal imaging in
inherited retinal diseases. Annals of Eye Science, 5, p.25.

Georgiou, M., Fujinami, K., and Michaelides, M., 2021. Inherited retinal diseases:
Therapeutics, clinical trials and end points-a review. Clinical and Experimental
Ophthalmology, 49, pp.270-288.

Ghatak, S., Muthukumaran, R.B., and Nachimuthu, S.K., 2013. A simple method
of genomic DNA extraction from human samples for PCR-RFLP analysis.
Journal Of biomolecular Techniques: JBT, 24, p.224.

Guo, L., Du, Y., Chang, S., Zhang, K., and Wang, J., 2013. rSNPBase: A database
for curated regulatory SNPs. Nucleic Acids Research, 42, pp.D1033-D1039.

Hahn, L.C., Georgiou, M., Almushattat, H., Van schooneveld, M.J.,
De Carvalho, E.R., Wesseling, N.L., Ten brink, J.B., Florijn, R.J., Lissenberg-
Witte, B.IL., Strubbe, I.,... & Van Cauwenbergh, C., 2022. The natural history of
leber congenital amaurosis and cone-rod dystrophy associated with variants in
the GUCY2D Gene. Ophthalmology Retina, 6(8), pp.711-722.

Hanein, S., Perrault, I., Gerber, S., Tanguy, G., Hamel, C., Dufier, J.L., Rozet,
J.M., and Kaplan, J., 2005. Leber Congenital Amaurosis: Update on Genetic



http://dx.doi.org/10.14500/ar0.12651

Heterogeneity and Clinical Definition. Journal Fran¢ais d’Ophtalmologie, 28,
pp-98-105.

Hussain, A.E., Ferdoush, J., Mashreky, S.R., Rahman, A.F., Ferdausi, N., and
Dalal, K., 2019. Epidemiology of childhood blindness: A community-based
study in Bangladesh. PLoS One, 14, p.e0211991.

Ibrahim, H.I., and Hidayat, H.J., 2021. Case Report: A GUCY2D Gene Mutation
in Kurdish Nation with Leber Congenital Amaurosis-1 Disease, pp, 14049-14054.
Available from: https://annalsofrscb.ro/index.php/journal/article/view/4552 [Last
accessed on 2026 Jun 08].

Jiang, F., Xu, K., Zhang, X., Xie, Y., Bai, F., and Li, Y., 2015. GUCY2D mutations
in a Chinese cohort with autosomal dominant cone or cone—rod dystrophies.
Documenta Ophthalmologica, 131, pp.105-114.

Kitiratschky, V.B.D., Wilke, R., Renner, A.B., Kellner, U., Vadala, M.,
Birch, D.G., Wlssinger, B., Zrenner, E., and Kohl, S., 2008. Mutation analysis
identifies GUCY2D as the major gene responsible for autosomal dominant

progressive cone degeneration. Investigative Ophthalmology and Visual Science,
49, pp.5015-5023.

Kohl, S., Kitiratschky, V., Papke, M., Schaich, S., Sauer, A., and Wissinger, B.,
2012. Genes and mutations in autosomal dominant cone and cone-rod dystrophy.
Advances in Experimental Medicine and Biology, 723, pp.337-343.

Kumaran, N., Moore, A.T., Weleber, R.G., and Michaelides, M., 2017.
Leber congenital amaurosis/early-onset severe retinal dystrophy: Clinical

features, molecular genetics and therapeutic interventions. British Journal of

Ophthalmology, 101, pp.1147-1154.

Lazar, C.H., Mutsuddi, M., Kimchi, A., Zelinger, L., Mizrahi-Meissonnier, L.,
Marks-Ohana, D., Boleda, A., Ratnapriya, R., Sharon, D., Swaroop, A., and
Banin, E., 2014. Whole exome sequencing reveals GUCY2D as a major
gene associated with cone and cone-rod dystrophy in Israel. Investigative
Ophthalmology and Visual Science, 56, pp.420-430.

Liu, X., Fujinami, K., Kuniyoshi, K., Kondo, M., Ueno, S., Hayashi, T.,
Mochizuki, K., Kameya, S., Yang, L., Fujinami-Yokokawa, Y., Arno, G.,
Pontikos, N., Sakuramoto, H., Kominami, T., Terasaki, H., Katagiri, S.,
Mizobuchi, K., Nakamura, N., Yoshitake, K., Miyake, Y., Li, S.,
Kurihara, T., Tsubota, K., Iwata, T., and Tsunoda, K., 2020. Clinical and
genetic characteristics of 15 affected patients from 12 japanese families
with GUCY2D-associated retinal disorder. Translational Vision Science
and Technology, 9, p.2.

Lotery, A.J., Namperumalsamy, P., Jacobson, S.G., Weleber, R.G., Fishman, G.A.,
Musarella, M.A., Hoyt, C.S., Héon, E., Levin, A., Jan, J., Lam, B., Carr, R.E.,
Franklin, A., Radha, S., Andorf, J.L., Sheffield, V.C., and Stone, E.M., 2000.
Mutation analysis of 3 genes in patients with leber congenital amaurosis. Archives
of Ophthalmology, 118, pp.538-543.

Michaelides, M., Hardcastle, A.J., Hunt, D.M., and Moore, A.T., 2006.
Progressive cone and cone-rod dystrophies: phenotypes and underlying molecular
genetic basis. Survey of Ophthalmology, 51, pp.232-258.

Mohammed, M.A., Mossallam, E., and Allam, Y., 2021. The role of the flash
visual evoked potential in evaluating visual function in patients with indirect
traumatic optic neuropathy. Clinical Ophthalmology, 15, pp.1349-1355.

Rehkamp, A., Ténzler, D., Iacobucci, C., Golbik, R.P., Ihling, C.H., and Sinz, A.,
2018. Molecular details of retinal guanylyl cyclase 1/GCAP-2 interaction.

365

Frontiers in Molecular Neuroscience, 11, p.330.

Rohland, N., Glocke, I., Aximu-Petri, A., and Meyer, M., 2018. Extraction
of highly degraded DNA from ancient bones, teeth and sediments for high-
throughput sequencing. Nature Protocols, 13, pp.2447-2461.

Rwandzy, H.L.1., Hidayat, H.J.H.H.J., and Sulaiman, S.H., 2024. Micro-satellite
dna associate with diseases and cancers. Qalaai Zanist Scientific Journal, 9,
pp.1477-1495.

Shawky, R.M., Elsayed, S.M., Zaki, M.E., El-Din, S.M.N., and Kamal, F.M.,
2013. Consanguinity and its relevance to clinical genetics. Egyptian Journal of
Medical Human Genetics, 14, pp.157-164.

Shukla, R., Kannabiran, C., and Jalali, S., 2012. Genetics of Leber congenital
amaurosis: an update. Expert Review of Ophthalmology, 7, pp.141-151.

Tak, Y.G., and Farnham, P.J., 2015. Making sense of GWAS: using epigenomics
and genome engineering to understand the functional relevance of SNPs in non-
coding regions of the human genome. Epigenetics and Chromatin, 8, pp.1-18.

Varela, M.D., De Guimaraes, T.A.C., Georgiou, M., and Michaelides, M.,
2022. Leber congenital amaurosis/early-onset severe retinal dystrophy:
Current management and clinical trials. British Journal of Ophthalmology,
106, pp.445-451.

Vinberg, F., Peshenko, I.V., Chen, J., Dizhoor, A.M., and Kefalov, V.J., 2018.
Guanylate cyclase—activating protein 2 contributes to phototransduction and
light adaptation in mouse cone photoreceptors. Journal of Biological Chemistry,
293(19), pp.7457-7465.

Weisschuh, N., Feldhaus, B., Khan, M.1., Cremers, F.P., Kohl, S., Wissinger, B.,
and Zobor, D., 2018. Molecular and clinical analysis of 27 German patients with
Leber congenital amaurosis. PLoS One, 13, p.0205380.

Wimberg, H., Lev, D., Yosovich, K., Namburi, P., Banin, E., Sharon, D., and
Koch, K.W., 2018. Photoreceptor guanylate cyclase (GUCY2D) mutations
cause retinal dystrophies by severe malfunction of Ca2+-dependent cyclic GMP
synthesis. Frontiers in Molecular Neuroscience, 11, p.348.

Wolfram, C., Schuster, A.K., Elflein, H.M., Nickels, S., Schulz, A., Wild, P.S.,
Beutel, M.E., Blettner, M., Miinzel, T., and Lackner, K.J., 2019. The prevalence
of visual impairment in the adult population: INSIGHTS from the gutenberg
health study. Deutsches Arzteblatt International, 116, p.289.

Xu, K., Xie, Y., Sun, T., Zhang, X., Chen, C., and LI, Y., 2020. Genetic and
clinical findings in a Chinese cohort with Leber congenital amaurosis and early
onset severe retinal dystrophy. Br J Ophthalmol, 104, pp.932-937.

Xue, M., Li, X., Wu, W., Zhang, S., Wu, S., Li, Z., and Chen, W., 2014.
Upregulation of long non-coding RNA urothelial carcinoma associated 1 by
CCAAT/enhancer binding protein o. contributes to bladder cancer cell growth
and reduced apoptosis. Oncology Reports, 31, pp.1993-2000.

Zhang, P., and Xu, Z., 2025. The advancements in precision medicine for Leber
congenital amaurosis: Breakthroughs from genetic diagnosis to therapy. Survey
of Ophthalmology, 70, pp.1205-1219.

Zobor, D., Brithwiler, B., Zrenner, E., Weisschuh, N., and Kohl, S., 2023.
Genetic and clinical profile of retinopathies due to disease-causing variants in
Leber congenital amaurosis (LCA)-associated genes in a large German cohort.
International Journal of Molecular Sciences, 24, p.8915.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



