International Journal of Science and Research Archive

eISSN: 2582-8185
Cross Ref DOI: 10.30574/ijsra

IJ S RA Journal homepage: https://ijsra.net/

(REVIEW ARTICLE) W) Check for updates

Cytogenetic techniques for examining insect chromosomes

Safa Salah Salman ¥, Dhefaf Radhi Mahdi and Marwah Isam Sulaiman Musa

Department of Biology, College of Science. Tikrit University, Iraq.

International Journal of Science and Research Archive, 2023, 10(01), 008-013

Publication history: Received on 14 July 2023; revised on 28 August; accepted on 31 August 2023

Article DOI: https://doi.org/10.30574/ijsra.2023.10.1.0680

Abstract

The chromosome is the genetic blueprint for all living things, from plants to animals to even individual cells, and is
responsible for passing on traits from parents to offspring. DNA in chromosomes determines how offspring will
look.Some insects just deposit their eggs wherever they happen to be, whereas others choose to hide them, such as in
tree trunks or dead animal tissues, or even to attach them to the male's posterior after mating. And the eggs of
cockroaches and grasshoppers are encased in a spongy material; And just a few of insect species may reproduce without
fertilization; in these cases, the females nonetheless reproduce and develop normally despite having only half as many
chromosomes as viable eggs. typical of aphids and other small insects that feed on juice. In the spring, when food juice
is plentiful, plants produce offspring asexually; in the summer, when food is short, they reproduce sexually. In
conclusion, it is safe to assume that most bug species place their eggs in close proximity to a food supply.
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1. Introduction

The list of species by chromosomal number discusses the chromosome or numbers of chromosomes in the cells of
plants, animals, pioneers, and several other creatures [1]. By examining the chromosomes under a microscope, one may
determine both the total number of chromosomes in a cell and their physical appearance, which together make up what
is called the nuclear pattern. Its length, centromere location, range pattern, sexual chromosomal variations, and other
physical aspects are analyzed in great detail [2, 3]. A major focus of cellular genetics is the generation and study of
nuclear patterns [4]. Genetic polymorphism is the term molecular biologists use to explain variations in DNA sequence,
whereas biological diversity describes how several phenotypes may arise from the same genotype. Genotypes, like
nucleotide polymorphisms, are a kind of genetic information that does not necessarily correspond with phenotype. The
Role of Polymorphism Polymorphism is perhaps the most prevalent example of in diversity, but other examples include
different similarities between various butterfly and insect species and the many blood types of humans [5,6].
Maintaining a rich range of organismal forms in a wide-ranging ecological system is often connected with a high level of
biological diversity, genetic diversity, and adaptability.The theory of evolution states that polymorphism, like other
aspects of a species, arises from a variety of evolutionary processes; it is fundamentally a genetic approach; it undergoes
evolution via natural selection; a person's genes dictate his physical appearance; and the development of more than two
variants in a trait's phenotype (its structure and function) is what polymorphism refers to.However, the term "morph"
or "polymorphism" is often incorrectly applied to differences in geography and space; while differences in geography
may lead to variation in formal characteristics, true polymorphism occurs within single clusters, and is thus concerned
with forms in which the difference is binary and clear.[7,8] .

While the term "multiple forms" was originally used to describe observable morphological differences, it is now also
used to describe those that are invisible to the naked eye but can be detected through laboratory analysis, such as blood
type. A formal characteristic must have a sufficiently enough frequency for it to be produced by new mutations before
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it can be categorized as having numerous forms, which rules out the possibility that infrequent differences or genetic
mutations might be responsible for the trait.

2. Definition of Cytogenetic

Cytogenetics) is a subfield of genetics that examines chromosomes and their role in cell activity (particularly during
mitosis and meiosis) using optical microscopy rather than DNA extraction [11, 12]. Fluorescent in situ hybridization
(FISH) and comparative genomic hybridization (CGH) are examples of molecular cellular genetics techniques[13]. Other
methods include stereotyping of cellular nuclei, study of G-banded chromosomes, and others.

2.1. Scientific classification

Insects, glove-tailed arthropods, silverfish with two thorns, and conical-headed arthropods make up the four major
groupings of the six-legged division, with the last three belonging to the "inner jaw" group (in Latin: Entognatha) due to
the interior location of their mouthparts [14,15]. This categorization has undergone radical revisions due to the advent
of research in genetics and the improvement of techniques for tracing the evolutionary history of animals. One emerging
explanation posits that hexapods are multiracial, with one set of endopods seemingly following a distinct evolutionary
route than insects [16].

Some insects are shown in Figure -1 [17]. This includes the dancing fly, the long-beaked fruit weevil, the mole cricket,
the German wasp, the imperial gum moth, and the shrew bug.

Neoptera, Orthoptera, and Hemipteroida are all examples of the exopterygote (Latin: exopterygote) class [18]. The
exopteryoid and exopteroid are two more names for it. About 5,000 species make up the order Odonata (Latin:
Odonata), while there are 2,000 different kinds of mantis, 20,000 different kinds of grasshoppers and related insects,
170,000 different kinds of butterflies and moths, 120,000 different kinds of flies, 82,000 different kinds of "true bugs,"
360,000 different kinds of beetles, and 110,000 different kinds of bees. as well as ants. Instead of utilizing terms like
"class," "upper rank," and "suborder" when categorizing insects, it's advisable to stick to the ranks, given that most of
the historical scientific classifications of various individuals have been shown to be multi-ethnic in actuality. The
following is the most comprehensive and widely accepted scientific list of insects that has been compiled to date.[19,20]

2.2. Molecular Genetics and Heredity

Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are the two nucleic acids found in the chromosome, along with
specific proteins. Chromosomal and chromatid fracture and chromosomal segments, annular chromosomes, and other
forms of chromosomal defects all grow in frequency as the number of sex cells, the size of the nucleus, and the central
assembly of the chromosomes all rise.

It's important to distinguish between two types of chromosomal abnormalities: (A) autosomal [21] and (B) sex-specific
[21]

According to their underlying cause, numerical chromosomal abnormalities and structural chromosomal abnormalities
are further subdivided into two distinct categories in each of these two groups.[22]

Whereas In 1949, Canadian scientist Murray Barr unintentionally discovered the nuclear follower, a nuclear body within
insect neurons that is only found in female cells [23]. This body proved valuable for identifying male and female cells.
Barr gave sex-chromatin as the name of the nuclear dependant in 1951, and Par's particle was afterwards given the
same honor. After further investigation, it was discovered that a bar particle was present in the cells of many different
kinds of tissues. The female sex chromatin, or what is described as a positive particle Barr minus, is positioned near to
the inner surface of the nuclear membrane and reaches a diameter of approximately one micron, making it easily visible
via swabs obtained from human skin or the mucous layer of the lining of its mouth. No matter how many X chromosomes
are in a cell, only one will be functional at any one time[24]. As a result, the phenotypic differences between people with
an aberrant sex chromosome number and those with a normal sex chromosome number are caused by the early, active
involvement of additional chromosomes. It is worth mentioning that the Parasome may be one of the X-chromosomes,
indicating that it can originate either from the father or the mother and is ineffectual from a genetic standpoint [25]. X-
chromatin tests are highly important in the area of identifying abnormalities of the sex chromosomes.
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2.3. Cytogenetic Variants

Previous cytogenetic studies on males of two flour beetle species, castaneum. T and confusum, have shown interesting
similarities between the two species. The nuclear footprint was disclosed by the letter T, and elucidated the physical
and sexual chromosome forms of these insects. The number of squares filled by a certain chromosome was used as a
unit of measurement after being cut out and placed onto a piece of graph paper. It was pasted onto the graph paper to
show the chromosome's length in millimeters; from there, the micrometer m (the actual chromosomal length) was
calculated [26, 27, 28]. In the family Tenebrionidae, the Y chromosome is noticeably smaller than the sex X chromosome,
demonstrating the evident existence of the sex chromosomal size difference. No matter how many X chromosomes are
present in a cell, only one will be functional at any one time [29]. Therefore, the activity of additional chromosomes
prior to their inactivity accounts for the modest phenotypic variations between people with sexual chromosomal
number abnormalities and normal individuals [30]. Although X-chromatin tests are very helpful in the area of
identifying sex chromosomal problems, it is important to remember that the Parasome might originate from either
parent and is thus genetically ineffective [31].

2.4. Interbreeding of different species

Non-sexual gene transfer and crossover research organisms is useful for understanding genetic alterations since it is
the only source to trace genetic transmission via binding and crossing over in a single cell. In both sexual and asexual
species, somatic cells may undergo direct mitosis, a kind of cell division that occurs during the S phase of the cell cycle.
The fact that crossing over may result in the expression of recessive or asymmetric genes in a single individual has
significant implications for cancer research and the study of recessive lethal genes[32,33].

After replication (but before cell division), sister chromatids often undergo homologous linking or crossing over; this
pattern of homologous crossing is typically genetically quiet (i.e., recessive characteristics)[34]. Crossing over occurs
more often between sisters chromatids during the direct division stage than between unrelated chromatids [35]. This
twofold detection or mosaic was first discovered in the Drosophila bug (D. melanogaster) in early In 1925 AD, but it
wasn't until Dr. Curt Stern in 1936 AD that the phenomena of genetic crossing over was fully described as a consequence
of direct division. Before Dr. Styron's discovery, scientists assumed that point mutations resulted from the fact that some
genes possess the capacity to eliminate the chromosome in question. However, several investigations conducted in the
wake of Dr. Styron's finding shed light on the mechanics of the phenomena of transit and genetic linkage[36], as well as
what may occur during direct division in the cell cycle.

Homologous recombination as seen in Figure -2 of an individual asymmetric chromatid.[37]

Individuals that exhibit phenotypic diversity provide convincing evidence that A crossover may occur at any time during
mitosis. If chromosomes from different parents switch places during meiosis, then at a certain place, chromosomes that
are identical to one another are called "Homologous." will be chromatids containing the combination of environmental
influences and inherited characteristics that determine a phenotype. traits contained in those genes at that position will
be modified by the crossing over. phenotype is dependent on the alignment of the chromosomes in the interphase stage
soon before division [38]. Chromatids with opposite alleles on opposite sides of the same row are possible. Even though
crossing over occurs in the chromatin, the resulting cells are heterogeneous and therefore undetectable. However, The
resultant cells will be genetically uniform if sister chromatids are aligned on the same side., leading to the discovery of
a point mutation where one of his cells displays the recessive phenotype. When one daughter cell has the point mutation
and the other has the wild-type phenotype, and both continue to divide and reproduce, the phenomenon of the point
mutation will persist in the cell. Mo, which causes a novel phenotype called heterogeneous phenotype [39]. Natural
genetic crossover or mutations have been seen in the fruit fly Drosophila, as well as in sexually reproducing fungus and
human cells, which may pave the way for preparation of the cell for division and the expression of recessive and
carcinogenic genes tumor development. It's cancerous, and that always ends in the same way [40].

2.5. Genetic Control

Insects have been managed via the use of genetic techniques, albeit most of these strategies are still in the research and
development stages; Primitive uses of genetic information include elimination of the contemporary international
whirlwind flight [41,42]. The male population was sterilized under this program. through gamma irradiation and then
released at rates higher than the number of natural, non-radioactive males in the local clan. This allowed the sterile
males to compete with the natural males for several generations, and ultimately reduced the reproductive the maximum
number of insects that may fit in a wild by an amount proportional to the percentage of sterile males released[43]. If
sterile male insects were completely competitive and there were only natural male insects, the reproductive capability
of insects in the wild would drop by half. The ability of insects in nature to reproduce would be cut in half if the ratio
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was 9: 1. The fact that the female on Curagao only had one child after using this method suggests that it is effective. The
term for this method is "sterile male release.[44] "

This promising outcome raises the possibility of extending the research to include the treatment of other insect pests,
such as those prevalent in healthcare and veterinary facilities. Both the sarcophaga meat fly and the chrysomya cypress
fly [45,46]. Researchers examined examples from other clans in manage in order to find out how many male steriles
may be discharged, as well as genetic alterations to breed nonstop male-producing strains and continually male-
producing strains. incorporate cytoplasmic sterility elements. Male sterility is caused owing to a preponderance of
dominant mutations that cause death, which are modifications or mutations in the nucleus that kill the zygote [47, 48].
Since these changes take place in the germ cell that communicates with the other germ cell during fertilization, the result
is an abnormal zygote. Most of the time, these mutations don't stop the affected cell from becoming a gamete or the
gametes from becoming the zygote, but they do slow the zygote's development until it dies. reaches maturity. Unlike
recessive lethal mutations, dominant lethal mutations kill the zygote but not the treated cells [49]. A lot of embryos
don't make it through the cleavage and blastoderm phases. All studies concluded that the dominant lethal mutation is
the result of a chromosomal break and the subsequent inability of the broken pieces to fuse [50]. However, sperm that
has been exposed to radiation during sterilization will either go dormant or cease producing [51, 52].

3. Conclusion

Insect cytogenetics is now in the survey phase of research. The taxonomy of many different families of organisms needs
further in-depth examination of nuclear patterns. Classical chromosomal procedures are still used today as one of the
means of gathering information useful to the field of systemic entomology. These technologies provide a boost to the
karyological research of certain insect populations, particularly those that have a significant effect on humankind.
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