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ABSTRACT

Objective: To find out the mutation in gene SLC25A12, rs2292813 (T>C) single nucleotide polymorphic is a cause
of autism spectrum disorder.

Study Design: Experimental study

Place and Duration of Study: This study was conducted at the Thi-Qar Autistic Center in Nasiriya city in Thi-Qar
Governorate from 15° November 2022 to 15™ of June 2023.

Methods: Ninety six patients were diagnosed as cases of autism spectrum disorder by pediatric psychiatry were
enrolled and age range was 3 to 13 years. The apparent healthy control group is consisting 96 of children with ages
range was 3-13 years. The polymerase chain reaction-tetra-ARMS method was conducted using a commercially
available polymerase chain reaction master mix according to the instructions and special primers were designed to
detect rs2292813 (T>C) single nucleotide polymorphic mutation.

Results: The heterozygous genotype (CT) is observed in 10 (10.4%) of samples and homozygous genotype (CC) is
observed in 84 (87.5%) of samples while homozygous genotype (TT) is observed in 2 (2.08%) of samples. For
control group the heterozygous genotype (CT) is observed in of samples 26 (27.1%) and homozygous genotype
(CC) is observed in 69 (71.8%) of samples while homozygous genotype (TT) is observed in 1 (1.04%)

Conclusion: There is statistical association between SLC25A12 single nucleotide polymorphism and autism
spectrumdisorders.
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INTRODUCTION

Autism spectrum disorder (ASD) is a group of
neurodevelopmental disorders that affect social
interaction and communication with repetitive and
stereotyped behaviour.® Most ASD effective genes are
recognized to participate in development of fetal

These genetic factors include sex chromosomal
aneuploidies which are present in 2-5% of autistic
patients. High levels of autistic features are found in
Klinefelter syndrome (47, XXY), and Turner syndrome
(45, X)2 Males with Y chromosome aneuploidy
(47XYY and 48XXYY) are 20 times more likely to
have a diagnosis of ASD than males in the general

nervous system especially in synaptic generation ,
neuronal generation and differentiation of nervous
cells and migration of neurons.? Many of researches
on twins and relatives show high heritability with a
concordance degree for monozygotic twins of 60-95%
compared 0-30% for dizygotic twins for ASD.*
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population.

Copy number variations (CNVs) are molecular
phenomenon proposed that the sequences of the genetic
material are repeated, and the quantity of repeats differs
between individuals of the same species.® Duplications,
deletions, translocations, and inversions are examples
of the submicroscopic structural abnormality which
known CNVs.° About 5-10% of ASD conditions carry
CNVs and most CNVs condition rise spontaneously or
de novo, although they can also be hereditary in
families, and at least 90 pathogenic CNVs have been
informed for ASD.”

Monogenic Autism, is recognized genetic causes and it
is existing in the general population at a frequency of
<1% and it is categorized by dysmorphic traits and an
equal male to female rate.® Fragile X syndrome is an
instance of monogenic autism who is caused by
magnification number of repeats of triplet CGG in
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promoter region of FMRIlgene causing lack of
transcription and production of protein of the gene® and
21-50% of affected persons have ASD.*°

Single nucleotide polymorphism (SNPs) area genomic
abnormality at a single base position in the DNA which
comprise exchanges, deletions or insertions. These
variants are significant since they modify the action of
the gene production. Polymorphisms, is changes with a
slight allele frequency of at least 1% in population.**
The common of ASD-associated SNPs are located
within the non-coding components of the genome in
regulatory elements that modify gene express.'? For
instances is the mutations in the SHANK3gene of
chromosome 22 in Phelan-McDermid syndrome in
which autism is a projecting features.

Epigenetic mechanisms are the molecular factors that
produce complexes at controlling areas of DNA to
effect genetic action without altering the prime DNA
sequence. Such factors are typically hereditary.™®
Epigenetic alteration act by dysregulation of DNA or
histone methylation, DNA acetylation, chromatin
transformation or RNA-based mechanisms**, mutations
in HIST1 H1A gene which encoding H1 histone linker
protein and this mutation perform lesser protein
expression and can  cause ASD or other social
difficulties.®

METHODS

This study was performed in Thi-Qar Autistic Center in
Nasiriya city in Thi-Qar Governorate. A total of 96
patients were diagnosed as cases of ASD by pediatric
psychiatry were enrolled. The ages range was 3 to 13
years. The control group is consisting of 96 apparently
healthy children with ages range was 3-13 years. The
newly diagnosed cases of ASD before start intake
treatment and the control group were apparently healthy
children and meet the same age range were included.
Children with schizophrenia, cerebral palsy, children
with cardiac disease, children with asthma, infection or
inflammatory condition (increase ferritin), and patient
with iron supplement were excluded.

DNA extraction from blood is done by use special kit
and protocol by AddBio company -south Korea .The
amounts of double-stranded DNA (dsDNA) in a
purified samples are measured by QuantusFluorometer
System that contains a fluorescent DNA-binding dye
that can sensitively quantitate small sample amount of
dsDNA and it is sensitive in a range of 0.2-400 ng/pl of
dsDNA.'

The most effective way of separating DNA fragments
of varying sizes ranging from 100 bp to 25 kb.!’
Agarose polymers form a network of bundles whose
pore sizes determine a gels molecular sieving
properties. Figures 1 and 2 showed DNA agarose gel
electrophoresis image for patients group and controls
group.

Primers were shipped in a lyophilized state. The units
of a lyophilized primer were given as a mass in
Picomoles. To create a stock of primers, one would
reconstitute the primer in free nuclease deionized water.
The company supplied the amount of free nuclease
deionized water to be added to each primer to obtain
master stock that would be used again to obtain a
working stock. A specific mutation was selected from
the National Center for Biotechnology Information
(NCBI) that shows the loci of the mutation as in the
following:

SLC25A12 SNP: (rs2292813) (T>C)

Position in chromosome: chr2:171787719

(GRCh38.p14)

For the purpose of detection this mutation, a specific
Polymerase chain reaction (PCR) technique known as
Tetra-ARMS PCR was carried out as a simple, highly
precise and efficient more cost-effective choice that
requires fewer reagents and less time. This was
achieved by designing specific primers targeting the
homozygous and heterozygous genotype (Table 1).
QuantusFluorometer System that contains a fluorescent
DNA-binding dye was used for measurements the
concentration of dsDNA for patient s group that mean
was 9.4 ng/uL with a range (3.69-16 ng/ul ) and for
control group was 10.2 ng/uL with a range (5-16
ng/uL). The lower accepted concentration of dsDNA is
0.2 ng/uL.
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Figure No. 1: Agarose gel electrophoresis image
(1.5%) shows the extracted genomic DNA from
patient group. M is molecular marker from Gene
Direx (South Korea)
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Figure No. 2: Agarose gel electrophoresis image (1.5
%) shows the extracted genomic DNA from control
group. M is molecular marker from Gene Direx
(South Korea)

The data was analyzed using Software Package for
Social Science (SPSS-22 version). t- test have been
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used to determine the significant difference between the
groups.. Utilizing the odd ratio and Chi-square (y2) test,
genetic analysis was carried out. Significant difference
p<0.05, very significant p<0.01 and high significant
p<0.001.

RESULTS

The mean age was 7+2.65 years of ASD group and the
patients were divided into male and female subgroup
and also divided into two age subgroups G1 (3-8 years)
subgroup and G2 (9-13 years) subgroup. The mean was
6.5+2.55 years of control group. There were no

significant differences in age (P>0.05) between patient
with autism and apparent healthy control groups. There
were no patients seen below 3 years in this study. The
number of patients who visit the center with age 3 years
as a first visit from about 9.6% of patients (10/96) while
the most frequent age of visit was 6 years which form
about 19.2% (20/96) of total patients. There were no
patient’s age seen above 13 years (Table 2).

Twenty one patients were females (22%) of total
patients and 75 were males (78%) of total patients and
male to female ratio was 3.54:1 (Fig. 3).

Table No. 1: The primer used for SLC25A12 gene mutation (rs2292813) and their loci, properties and the

expected size for genotyping

Primer Sequence ‘5->3’ Start End TmC Genotype Size
Forward CATAAGTGACCAAGGT- 111,665 111,693 67°C

outer AACACCAAACTGG In both 160
Reverse ACGACATACAGIGGTG- 111,434 111,461 67°C

outer TCATCGACTGTT

Inner TTGAAACCAGGACAAA- 111,588 111,612 64°C C-allele 180
forward TGTGGTAAATAC

Inner CGTCCTCCCCTGTGACTC- 111,560 111,582 70°C T-allele 134
Reverse AGTGGATA

SLC25A12 genotyping: Conventional PCR was used
for amplification of target DNA of SNP rs2292813,
(T>C) mutation by using four designed primers in
single PCR reaction to amplify the target DNA region.
The two outer primers amplify a larger regions that
include the SNP or mutation while to inner primers are
designed to specifically amplify the mutant or wild
(normal) alleles .The PCR product is illustrated in
figure 4 which represent the SLC25A12 gene
polymorphic site bands that can be visualized by using
agarose-gel electrophoresis, these bands were 260 for

homozygous genotype (CC) is observed in 84(87.5%)
of samples while homozygous genotype (TT) is
observed in 2 (2.08%) of samples. For control group the
heterozygous genotype (CT) is observed in 26 (27.1%)
of samples and homozygous genotype (CC) is observed
in 69 (71.8%) of samples while homozygous genotype
(TT) is observed in 1 (1.04%) with statistical summary
for patients and control groups (Tables 3-6).

Table No. 2: Comparison of age according to
patients and control groups

both C and T- alleles and 180 bp for C-allele and 134 - Group Age (years) P value
bp for T-alleles (Fig. 4). The heterozygous genotype Patients 7+2.65 >0.05
(TC) is observed in 10 (10.4%) of samples and Controls 6.5+2.55
Table No. 3: Genotyping and alleles frequency of SLC25A12 gene polymor phism
Group Genotype Allele frequency
No. 1T TC cC T allele C allele
Patients 96 2(2.08%) 10(10.4%) 84(87.5%) 14(7.3%) 178(92.7%)
Control 96 1 (1.04%) 26 (27.1%) 69(71.8%) 28(14.5%) 164(85.5%)
Table No. 4: SLC25A12 gene polymorphism characterization in patients and control groups genotype
Genotype Patients Control x2 P- value 0Odd Ratio Cl (95%) P-value
TT 2 1 0.82 0.11-5.98 P>0.05
TC 10 26 8.91 (P<0.05) 2.6 0.32-21.04 P>0.05
CC 84 69 1.0 reference

Table No. 5: SLC25A12 gene polymorphism characterization in patients and control Alleles frequency

Alleles frequency Patients Control

x2 P- value

Odd Ratio Cl (95%) P-value

T alleles 14 28
C alleles 178 164

8.240 (P<0.05)

0.46
1 reference

0.23-0.90 P<0.05
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Table No. 6: SLC25A12 gene polymorphism characterization in patients and control in inheritance dominant

and recessive

Alleles frequency | Patients | Control | y2P-value | OddRatio | CI (95%) | P-value
Dominant

TT 2(2.08%) 1(1.04%) 8.339 2.0 [ 0182267 | P>0.05
CT &CC 94(97.92%) 95(98.98) (P>0.05) 1 reference

Recessive

TT 84(87.5%) 69(71.8%) 8.752 3.19 [ 144770 | P<0.05
CT & CC 12(12.5%) 27(28.12%) (P<0.05) 1 reference
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Figure No. 4: Agarose gel electrophoresis image
(1.5%) shows genotypes of SLC25A12 gene
(rs2292813) (T>C). 260 for both C and T-alleles and
180 bpfor C-allele and 134 bp for T-alleles. NC is
referred to negative control in which similar PCR
conditions were used except H,O was added instead
of DNA. M is molecular marker from Gene Direx
(South Korea)

22%

78%

® Male

® Female

Figure No. 3: The percentage of male and female in
autism spectrum disorder

DISCUSSION

The cause of division of patients and control groups
into two age subgroups is that the age subgroup G2 (9-
13 yrs) represent the age of beginning of hormonal
changes of puberty’® that may effect on autism
development. There were no significant differences in
age (P>0.05) between patients with autismand apparent
healthy control group (Table 1). This ages matching
helps to eliminate in the variation of results which may
originate from the variation in ages.

Although the clinical picture of disease may start in
2yrs or below.'® There were no patients seen below 3

years in this study which may be attributed to low
awareness of parents to the disease especially in low
socioeconomic population or hope of parents to
spontaneous improvement of their children with
increase age. In this study the number of patients who
visit the center with age 3 years as a first visit from
about 9.6% of patients (10/96) because in this age the
symptoms of disease become prominent while the most
frequent age of visit was 6 years which form about
19.2% (20/96) of total patients and this may be
attributed to the 6 years is the age of school attendance
so the parents aware that the child is unfit for teaching
so start medical consultation also the routine medical
examination for students to acceptance in school may
refer some cases to the autistic center. There were no
patients age seen above 13 years this may be due to this
group of patients consult adult psychiatrist instead of
pediatric psychiatrist.?

The male number is higher than female in multiple
times and the possible explanation of this is a result of
intrauterine life fetal exposure of testosterone can
causes sex difference in autistics features?® and another
study® explain the high male to female ratio as a result
of higher threshold of genetic liability is required for
females or higher genetic load was required in females
to reach the threshold for a diagnosis as compared with
males; thus, this is known as the “female protective
model” or as result the clinical presentation of disease
is different between males and females and a portion of
girls with higher cognitive and language abilities are at
risk if not being identified until later in life?* and male
to female ratio was 3.54:1. The M:F ratio was 4:1 in
studies of Catherine et al*® in Global study. While in
study of Antonio et al®® they found a range of M: F ratio
from 2:1 to 5:1 in different autistic centers and another
study the ratio was 3:1 by Rachel et al.?* In all above
studies the male is higher than female incidence of
ASD.

There were statically significant association of the
rs2292813 (T>C) SNP of SLC25A12 gene with ASD
(p<0.05) [Tables 34] also there is statistically
significant (p<0.05) with high frequency of (C) alleles
in patients group in compare with the control group
while low frequency of (T) alleles in patient group in
compare with control group (Table 5). It can be seen
the model of penetrate if recessive or dominant, and it
was recessive type of inheritance (P<0.01).
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Aspartate Glutamate Carrier (AGC 1) protein, is
encoded by SLC25A12 gene, which is involved in
mitochondrial function, since the physiological function
of neurons depends greatly on energy supply, any
alteration in mitochondrial function or the level of ATP
in the cell could lead to corresponding changes in
special neurons and can cause autism.*® SLC25A12
gene in have a role in  myelination of nerves.
Demyelination causes decreased connectivity, a
phenomenon that might account for some of the
behavioral observations in ASD and participate in
pathophysiology of ASD.?® Although (rs2292813) is
intronic polymorphism, SLC25A12 gene presented in
significant statistical association with ASD risk, so It
can be suggest that these non-coding SNPs may directly
modulate SLC25A12 expression or splicing leading to
alternated coding mRNA or abnormal levels of RNA
expression.?” This result of significant association
between SLC25A12 gene mutation and ASD agree with
studies of Jun et al?® and studies of Nicolas et al*® who
found significant association between autism and
mutation in the gene 152292813 (T>C) SNP of
SLC25A12 but disagree with study of Raquel et al?°
and studies of Wei-Hsien et al®® in which there was no
significant association between this SNP and ASD.

CONCLUSION

There is statistical association between SLC25A12
single nucleotide polymorphism and autism spectrum
disorders.
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