The Medical Journal of Tikrit University (2026) 32 (1): 38 - 46
DOI: http://dx.doi.org/10.25130/mjotu.32.1.5

IRROI

Academic Scientific Journals
ISSN: 1813-1638
MJTU
The Medical Journal of Tikrit University The Medical Journal of
%ﬂf«-:” Tikrit University

Available online at:www.mjtu.tu.edu.iq

An Overview of Mutation Identification Techniques for Genetic Disorders
Alyaa Fadhil Abbas', Rana Nasser Abdul Hameed? , Sarab Dalaf Khalaf3, Tiba Badr

Saber Alrifaie*

Keywords: Cytogenetics, DNA

sequence, Mutation, Chromosome,

DNA , RNA, Fluorescence in situ
hybridization.

ARTICLE INFO

Article history:

Received 01/02/2026
Accepted 08/05/2026
Available online 30/06/ 2026

© 2026 TIKRIT UNIVERSITY,

COLLEGE OF MEDICINE (TUCOM).

THIS IS AN OPEN ACCESS
ARTICLE UNDER THE CC BY
LICENSE

http://tikrit-medicine.tripod.com/ id10.html

Citation

Corresponding author E mail:
Aliaafadhil321@gmail.com

ABSTRACT

A brief overview of chromosomal diseases is also provided, along with a revie
the distinctive characteristics of inheritance patterns. The genetic identificatic
juvenile genetic illnesses is also discussed, including the use of molecular
cytogenetic techniques as well as different kinds of mutations. The objective
teach pediatricians how to use cytogenetic and molecular techniques and tool
genetic diagnosis. Single-gene, chromosomal, and multifactorial disorders ar
three main types of genetic diseases. Autosomal dominant (AD), autosc
recessive (AR), X-linked recessive (XR), X-linked dominant, and Y-li
(holandric) diseases are examples of single gene or Mendelian disorders that :
from mistakes in a gene's DNA sequence. Numerical and structural damage
examples of chromosomal abnormalities that cause chromosomal diseases. Gei
mutations that cause diseases have been found using cytogenetic and molec
approaches. Correct disease diagnosis is necessary for patient therapy, gei
counseling, and preventative measures.
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INTRODUCTION

The study of how chromosomes connect
with cell behavior, especially during
mitosis and meiosis, is the focus of
cytogenetics, It is both a subdivision of cell
biology/cytology (a branch of human
anatomy) and principally an area of
genetics [1]. Among the methods employed
include molecular cytogenetics such as
karyotyping, analysis of G-banded
chromosomes, genomic
hybridization (CGH), fluorescence in situ
hybridization (FISH), and other cytogenetic
banding methods. In order to find
mutations—differences in the structure or
sequence of DNA—cytogenetics examines

comparative

chromosomes. Cytogenetics studies both
(point mutations) and large
(chromosomal abnormalities) alterations
using methods like karyotyping and
fluorescence in situ hybridization (FISH)
[2]. In order to diagnose genetic disorders
and malignancies caused by extra or absent
chromosomes, Cytogenetic studies are

tiny

crucial for identifying structural changes
such as deletions, duplications, and
translocations. Findings about abnormal
chromosomes or chromosome number were

made rapidly after methods for
straightforward chromosome counting
were developed. Cytogenetics of the

constitution: Cytogenetics identified the
type of chromosomal abnormality in some
congenital  conditions, such  Down
syndrome: a "simple" trisomy. One parent
or the fetus may have cells that are
aneuploid (have complete chromosomes
added or deleted) due to anomalies brought
on by nondisjunction events [3]. Lejeune
found in 1959 that people with Down
syndrome have an extra copy of a
chromosome. Trisomy 21 is another name
for Down syndrome [4]. Current
developments in molecular cytogenetics
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include automated systems for tallying the
outcomes of common FISH preparations
and virtual karyotyping methods such
single nucleotide polymorphism arrays,
comparative genomic hybridization arrays,
and CGH. In all male germ-cell sas
previously studied by specific-locus
testing, the chemical has been shown to be
detrimental, particularly in early spermatids
[5]. Of the 24 different locus mutations
found, two examined

only were

molecularly, cytogenetically, or
genetically. Only one mutation out of seven
retrieved from stem-cell or differentiating,
but at least 12 of the 15 examined mutations
recovered from -sts showed signs of being
delons or other rearraets [6]. Consequently,
melphalan-induced mutations validate the
pattern of genetic reliance on germ-cell
stage that had been  previously
demonstrated for other medications. The
current study's findings demonstrate the
value of combining genetic, cytogenetic,
and molecular investigations to describe the
characteristics of specific-locus The
availability of genetic reagents, especially
deletion complexes, generated in specific-
locus examinations over decades has
dramatically altered the precise structural
molecular makeup of large regions
surrounding specific loci [7]. The specific-
test's capacity to qualitatively
examine mutations is so significantly
improved by enabling a  more
comprehensive investigation of the kinds of
lesions brought on by germ cell exposures
that result in mutations. Proof of lesion type
is also provided by cytogenetic and genetic
research, which is useful in areas where
molecular analysis of mutations is currently

locus

not feasible. Like chlorambucil, mdphalan
can induce a high number of mutations, a
considerable fraction of which are
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accompanied by additional rearrangements,
making it beneficial for creating mutations
(at any position) susceptible to mecular
access [8].

MUTATION

A process known as mutation results in a
gene or chromosome that is different from
its wild counterpart. Changes on the gene or
the chromosomal structure itself may cause
the mutation. Therefore, a general mutation
could be a gene mutation in which a gene's
allele changes. The modification of
individual chromosomes, entire
chromosomes, or sets of chromosomes is
known as chromosomal mutation. [10].

DIFFERENT MUTATION TYPES

Different types of mutations are classified
using different techniques. Depending on

[11]:
A. THE TYPE OF CELL INVOLVED

1. Somatic mutations
Mutations in the organism's somatic tissues.

Offspring do mnot inherit mutations.
Whether a mutation 1is recessive or
dominant determines how much of

physiological consequence it has (dominant
mutations often have a stronger effect). The
timing of a mutation determines how much
of an impact it has on phenotype (early
anomalies  have  larger influence)
throughout development. [12].
2. Germinal mutations

Changes in the organism's germ tissues.
Children can inherit these mutations. When
a mutation happens, dominant mutations
are seen in the first generation. The male
will exhibit the mutant phenotype if a
female gamete with an X-linked mutation is
fertilized. Recessive mutations may go
undetected for many generations since they
are only identified when they marry
someone who carries the recessive allele
[13].

40

B. MODE OF ORIGIN

1. Spontaneous mutations
Spontaneous changes happen abruptly and
without apparent reason in nature. They are
also known as "background mutations," and
they have been discovered in a wide range
of animals, including mice, humans,
Drosophila, bread  molds,
Oenothera, and microbes (viruses and
bacteria) [14].

2. Induced mutations
In addition to
mutations, biological organisms can be
purposefully made to undergo mutations by
subjecting them to aberrant environmental
factors including radiation, specific
physical conditions (like temperature), and
chemical [15].

C. DIRECTION OF MUTATION

maize,

naturally  occurring

A number of kinds of mutation have been
identified based on their direction of travel:

1. Forward mutations
Mutations that cause an organism to go
from its wild type to an abnormal
phenotype are known as forward mutations.
Most mutations are of the forward-type
[16].

2. Reverse or back mutations
Error-correcting mechanisms frequently fix
forward mutations, transforming aberrant
phenotypes into wild-type phenotypes [17].

1. Point mutation
"Heritable modifications which take place
in a single nucleotides or nucleotides pair—
a very tiny component of the DNA
molecule—are referred to as" point
mutations. The following categories of
subnucleotide changes in DNA can result in
point mutations and RNA. A deletion
mutation is a kind of point mutation that
happens when one nucleotide pair in a
gene's or cistron's triplet codon is
eliminated [18]. Mutation via insertion or
addition. Point mutations known as
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"insertion mutations" occur when a gene or
cistron acquires one or more
nucleotides. When individual nucleotides
are added or removed, the rest of the

extra

message downstream is read out of
sequence, This is referred to as a frameshift
mutation. Substitution mutation is a type of
point mutation that happens when one
nucleotide in a triplet is swapped out for
another [19].
2. Multiple
mutations.
These mutations are referred to as gross
mutations when they affect multiple
nucleotide pairs or the entire gene. The
severe mutations are caused by changes in
the order of genes within the genome. Gene
rearrangement can occur within a gene, thus
it might be [20]. Depending on whether
they occurred in the trans or inverted
location, in the same

mutations or gross

two mutations
functioning gene may have distinct effects.
Due to gene rearrangement, the overall
number of chromosomes per chromosome
change. phenotypic
consequences in animals may result from
various quantities of gene replicas on the
same chromosome. Gene locus migration
can result in new phenotypes, especially if

may various

the gene is shifted near heterochromatin.
Gene loci might migrate as a result of the
next mechanism, translocation. The
migration of a gene to a distantly related
chromosomal is referred to as translocation.
The movement of a gene inside the same
chromosome is known as inversion [21].

E. PHENOTYPIC EFFECTS

Mutations  affecting an  organism's
externally observable characteristics are
known as morphological mutations (e.g.,
curling ears in cats). Mutations that impact
an organism's ability to survive are known
as lethal mutations (e.g. Manx cat).
Mutations known as conditional mutations
occur when the mutant allele only produces
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the mutant phenotype under specific
conditions, also referred to as restrictive
conditions [22]. The phenotype becomes no
longer mutant under the
circumstance. For instance, a mutation in
the Siamese cat's allele results in an albino
phenotype in the majority of the body,
However, the body's temperatures are lower
in the extremities. Mutations that may not
be apparent or impact a particular
morphological trait but may have a broad
impact on the capacity to develop or

permissive

multiply are known as biochemical
mutations [23].

For instance, because they are able to
generate  tryptophan, the  bacteria
Escherichia coli does not require it to grow.
On the other hand, certain E. coli mutants
carry trp gene mutations. Tryptophan must
be given to the nutrient medium for these
mutants to thrive because they are
auxotrophic [24]. A missense mutation
One codon is changed into another via a
base change. Because the encoded amino
acid sequence stays the same or the amino
acid change is mild enough to not impair
enzyme action, many missense
substitutions are silent. Significantly
affecting missense mutations frequently
occur in the critical region or seriously
impair protein structure [25]. .

Mutation that makes no sense a nucleotide
mutation that turns a codon become a stop
codon inside the coding sequence.
Remember that a single nucleotide can only
convert a limited number of sense codons to
stop codons. Null mutations result in a
truncated protein product. Early in the gene
sequence, nonsense mutations will render
the gene totally inactive. Late-located
nonsense mutations in the genome's
sequence can occasionally not impair gene
function [26].

Frameshift mutation shifting the coding
sequence out of register by adding or
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removing a base or bases. Keep in mind that
there is no frameshift when a multiple
number of bases is added or removed.
Missense codons will be translated up to the
stopping codon following the
interaction with the frameshift mutation.
Frameshift mutations typically result in
total gene inactivation, just like nonsense
mutations do [27].

initial

CYTOGENETICS AND
MOLECULAR CYTOGENETICS

Conventional Karyotyping: Infertility or
multiple miscarriages, stillbirth, cancer,

sexual disorders, multiple congenital
anomalies and/or developmental
retardation, and undiagnosed learning

disabilities are among the conditions in
which chromosome studies are
recommended [28]. During metaphase,
compacted chromosomes are usually
examined under a microscope at a
magnification of about 1000. To generate a
visible karyotype, dividing cells are
stopped at the metaphase stage by a
microtubule polymerization inhibitor, such
as colchicine [29]. Giemsa dye (Gbanding)
is then used to stain the cells after they have
been spread out on a glass slide. Research
on chromosomes involves creating a visual
or digital image, then putting the
chromosomes together. Human
chromosomes are classified according to
the location of their centromeres:
metacentric chromosomes (chromosomes
1, 3, 16, 19, and 20) have the centromere in
the center; the centromere is at one end of
the acrocentric chromosomes
(chromosomes 13, 14, 15, 21, 22, and Y);
and it is toward one end of submetacentric
chromosomes. The centromere-derived
region number, band, sub-band, and sub-
sub-band numbers, such as 12q13, are used
to characterize the chromosomal arms.The
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number 12 in q, 1, 3, point, 1, 2 indicates
chromosome 12 long arm, region 1, band 3,
sub-band 1, sub-sub-band 2. Prior to the
chromosomes  becoming  completely

compacted, high resolution banding must

be addressed. The G- (Giemsa), R-
(reverse), C- (centromere), and Q-
(quinacrine) bands are the practical

chromosomal banding techniques [30].

FLUORESCENCE IN SITU
HYBRIDIZATION (FISH):

FISH, or fluorescence in situ hybridization,
is a method for pinpointing the precise
location of genes on chromosomes. With
some probes, trisomies and microdeletions
can be quickly detected. To promote
sequence-specific hybridization, a
denatured probe is often introduced to a
metaphase chromosomal spread and
incubated overnight. The site of the gene of
interest is marked as being in situ once the
unbound probe has been removed and the
bound probe is visible due to its
fluorescence under UV light. [32].
Trisomies, microdeletion syndromes, and
other illnesses can be studied using this
method. Comparative genomic
hybridization, or CGH, is a unique FISH
method that uses two probes to look for any
genetic abnormalities. Comparing the full
genomic DNA of the sample (including
tumor DNA) with the total genomic DNA
of cells that are normal is the fundamental
step in the procedure. Usually, two distinct
fluorescent dyes are used to mark the same
quantity of tumor and normal DNA. The
mixture is then hybridized on a standard
metaphase  slide  for  lymphocytes.
Evaluation is done using a fluorescence
microscope that has a CCD camera and an
image processing system. Several CGH
publications have included technical
specifics. Evaluation software determines
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the copy number of genetic material (gains
and losses) [33].

MOLECULAR DIAGNOSTICS

Identifying DNA variants may disclose
therapy choices or a person's predisposition
to a disease, in addition to the genetic
causes of illnesses. A way to assess an
individual's genetic makeup is through
molecular diagnostics, which combines
medical laboratory science and using
molecular biology to create analytical
techniques based on DNA/RNA to track
human diseases [34]. Mutations have been
found wusing a variety of methods.
Techniques for known mutations as well as
approaches for unknown mutations are the
two types of molecular methods used to
identify the mutations that cause disease.
To choose a suitable strategy, nevertheless,
a number of conditions must be met; for
example, the following factors should be
considered: amount of mutations, specimen
type (blood, tissues, etc.), nucleic acid type
(DNA or RNA), and procedure
dependability. In order to give the patients
an appropriate diagnosis, the doctors must
be noticed when they prescribe these tests
[35].

NEXT GENERATION SEQUENCING

Next-generation sequencing (NGS) refers
to the newer technologies that have
emerged in recent years for bulk DNA
sequencing. Genome sequencing projects
can be finished NGS technology allows for
great speed and throughput of qualitative as
well as quantitative sequence data in a
matter of days [36]. NGS technology can do
transcriptome  sequencing, methylome
sequencing, whole-genome sequencing
(WGS), whole exome sequencing (WES),
and other sequencing methods. The coding
sequences comprise about 1% (30Mb) of
the genome. Over 95% of the exons are
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covered by WES, while 85% of the
mutations that result in Mendelian illnesses
are found in coding regions. Therefore, the
mutations  that
monogenic disorders of genes as well as
contributing variants in common diseases
and cancer may be discovered by
sequencing the complete exome (coding
regions) [37].

cause rare, mostly

CONCLUSION

Any change to the sequence of DNA that
affects the physiological pathways of the
cell in an abnormal way could be
detrimental. In order to offer an accurate
diagnosis, the genetic foundation of the
disease must be described. A sensitive and
effective  technique for  amplifying
minuscule amounts of DNA is PCR. This
method has been used to detect genetic
problems at the DNA level and has multiple
applications in different branches of
biology. DNA examination would reveal
alterations in the genetic material that might
lead to illness. Molecular diagnostics of
genetic diseases 1is the process of
identifying dangerous mutations in DNA
and/or RNA samples. It might make the
prognosis, treatment, and fine
subclassification of illnesses
Pediatricians must be knowledgeable about
genetic testing procedures and how these
tests are used in clinics in order to obtain an
appropriate diagnosis, as the majority of
people

easier.

hereditary  problems
throughout their youth.

impact
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