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ABSTRACT

Background: The genetic stability and production of diversity depends on chromosomes during mitosis and meiosis. These
are highly varied in their ways of chromosome pairing, segregation and recombination processes in different organisms.
Objective: This research will focus on making a comparative study of chromosomal dynamics between mitotic and meiotic
divisions in a variety of different model organisms, including yeast, plants and mammals.

Methodology: Florescence microscopy and FISH studies together with sequencing studies were used to study the behavior
of chromosomes. The accuracy of segregation and recombination frequency were measured and evaluated in organisms and
division types.

Findings: Mitosis had an accurate segregation rate with a 97-99 percent range of organisms and this guaranteed the stability
of genome. On the other hand, slightly lower accuracy during meiosis (88% -92) was observed but higher recombination rates
were observed with yeast the highest (65%), plants (55%), and mammals (45%). These variations show the functional roles
of each process-stability in mitosis and diversity in meiosis.

Conclusion: The comparative study points out common and different qualities of chromosome behavior in species. Whereas,
with mitosis, genetic diversity is less favored due to the importance of chromosome segregation, genetic diversity in meiosis
is facilitated by recombination and homologous segregation, aiding in evolutionary plasticity.

KEYWORDS: Mitosis, Meiosis, Chromosome behavior, Recombination, Segregation accuracy, Model organisms, Genetic
diversity

1 INTRODUCTION

Mitosis and meiosis are the key aspects of cell division that regulate the separation of chromosomes and provide the survival
of genetic data over generations. The generation of genetically identical daughter cells is ensured by mitosis- and this sustains
genomic stability in tissues that are related to the soma. Conversely, meiosis is a special division process that involves
reduction of the number of chromosomes by half and a homologous recombination and independent assortment, which bring
genetic variation [1,2]. Such mechanistically related processes have different behaviors of chromosomes crucial to the life
cycle, reproduction, and evolution of an organism.

There are dynamics of chromosomes during the process of mitosis including chromatin condensation, lining up of the sister
chromatids at the metaphase plate, and equal distribution of the sister chromosomes into mother cells. Cell cycle control
mechanisms and spindle assembly are highly controlled to maintain high fidelity, and segregation is accurate in many
organisms, typically greater than 99% [3]. Mitochond chromosome segregation may be subject to errors, which result in
aneuploidy, which is characteristic of a large portion of cancers and inherited diseases [4].

By comparison, meiosis follows 2 consecutive divisions- meiosis I and 11, without the intermittent round of DNA replication
between them. A unique characteristic of meiosis is the homologous assortment of the chromosome pairs and development
of synaptonemal complexes, which promote crossing over and recombination [5]. These mechanisms create genetic variation,
which is critical in evolution and adaptation. Nevertheless, the intricacy of the behavior of meiotic chromosomes further
enhances the probability of segregation errors, leading to other conditions including infertility and chromosomal abnormality
like trisomy [6].
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Comparative analysis of a variety of model organisms, such as the yeast (Saccharomyces cerevisiae), plants (Arabidopsis
thaliana), and mammals has shown similar and divergent aspects of chromosome behavior. Yeast has long been used as a
potent model to study the molecular pathways of recombination and pairing of chromosomes because it is genetically easy to
manipulate [7]. Plant systems have helped understand crossover regulation and chromosomal organization, and mammalian
systems have prompted to consider the complexity of meiotic regulation in higher eukaryotes [8,9]. Such comparative studies
are also crucial to determining general principles of chromosome biology and evolutionary species adaptations.

New imaging methods, including fluorescence, microscopy and live-cell imaging, and next-generation sequencing (NGS)
have greatly increased our capacity of observing chromosome dynamics at high levels [10]. These can be used to observe the
movement of chromosomes in real time, events of recombination and patterns of segregation to get an in depth understanding
of how mitosis and meiosis works.

In spite of these developments, there are several questions which are still unanswered as to how the behavior of chromosomes
can be coordinated across organisms and the various types of divisions. The mechanisms are of great importance in
understanding the reasons behind the process of chromosomal instability, and in the development of therapeutic interventions
against associated diseases. Thus, a comparative study of meiotic and mitotic chromosome behavior can provide a lot of
information about basic biology as well as clinical practice [11].

2 LITERATURE REVIEW

Recent research has contributed greatly to the current studies of the behavior of the chromosomes during mitosis and meiosis
in different model organisms. Comparative genomic and cytological studies have defined that though general processes of
chromosome segregation are evolutionary universal, species-specialized differences impact the frequency of recombination,
the dynamics of the spindle as well as chromosome structure [12]. These observations bring out the need to consider cross-
species data to generatively comprehend chromosome biology.

The latest studies have focused on the molecular control of meiotic recombination, specifically the method by which
recombination hotspots, and chromatin organization influence crossover frequency. Yeast and plant models have shown that
epigenetic changes and chromatin accessibility can have a large effect on recombination landscapes [13]. PRDM9 and other
proteins that govern hotspots localization are tightly linked to recombination in mammals, acting to promote genetic diversity
[14].

Recent developments in live-cell analysis and super-resolution microscopy have made it possible to observe the dynamic
behaviour of chromosomes in real-time, offering an in-depth view of how spindles are assembled, how chromosomes align
and segregate [15]. Such technologies have revealed various variations in the formation of the mitotic spindle among different
organisms, especially in acentrosomal organisms such as plant cells and oocytes.

The behavior of chromosomes has also been studied further not only through the use of single-cell sequencing methods which
in turn have enabled the recombination events and mistakes in segregation to be detected on the basis of a single cell [16].
They have found this application especially in the investigation of errors in meiosis that lead to infertility and aneuploidy.
Also, computational modeling and artificial intelligence are being more and more applied to make predictions about the
behavior of chromosomes and detect regulatory networks in cell division [17].

Although these developments have occurred, there are still issues with complete comprehension of the coordination of mitotic
and meiotic processes. Recent studies stress the importance of integrative methods that merge imaging, genomics and
computational biology as a way of dealing with these complexities [18].

3. MATERIALS AND METHODS

3.1 Model Organisms Studied

This experiment used three popular model systems that allow us to compare the behavior of the chromosome in mitosis and
meiosis yeast (Saccharomyces cerevisiae), the plant model (Arabidopsis thaliana) and mammalian cells (mouse and human
cell lines). Cells of yeast were grown under controlled conditions in standard YPD medium whereas Arabidopsis cells were
grown under regulated environmental chambers indicated in table 1. Proper culture media were used in keeping mammalian
cells which were added with fetal bovine serum. They were chosen because they have well-characterized genetic systems and
applications in evolutionary and biomedical research [19].

Table 1: Model Organisms and Experimental Conditions

Organism Cell Type Division Type Studied | Culture Conditions
Yeast Haploid/Diploid Mitosis/Meiosis YPD medium
Arabidopsis thaliana | Plant tissue Mitosis/Meiosis Growth chamber
Mammalian cells Somatic/germ cells | Mitosis/Meiosis CO: incubator (37°C)

3.2 Experimental Workflow
There was a standardized protocol of the experimental process regardless of the model organism. First, the cells and tissues
wereready and cultured in the best conditions. Cell division occurred naturally or by use of synchronization methods in order
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to capture mitotic and meiotic cell divisions. Visualization of chromosomal structures was done through chromosome staining
that was conducted with fluorescence dyes and probes.
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Fig.1. Experimental workflow

Fluorescence microscopy and time-lapse imaging were used to observe the dynamics of chromosome alignment, pairing, and
segregation with the use of high resolution images. To analyse recombination, the genomic DNA was purified, and it was run
through next-generation sequencing (NGS) in order to identify instances of crossover and the pattern of mutation. The
information gathered by imaging and sequencing was analyzed and compared in different organisms to find out the conserved
and divergent chromosomal behaviors. To make it reproducible and accurate, quality control was used throughout the process
[14,20].

3.3 Techniques Used

A cytogenetic/molecular combination method was used:

a. Fluorescence Microscopy: Application: Used to visualise the structure and segregation of chromosomes during mitosis
and meiosis.

b. Fluorescence In Situ Hybridization (FISH): Allowed tracking of locus-specifically the positioning of chromosomes and
the pairing of homologs.

c. Time-Lapse Imaging: Could be used to observe dynamically the movement of chromosomes and formation of a spindle
during cell division.

d. Next-Generation Sequencing (NGS): Permitted high-resolution studies of the frequency of recombination and mutation
patterns.

Table 2: Summary of Techniques

Technique Purpose Output Type Key Advantage
Fluorescence Microscopy | Chromosome visualization Microscopy images | High spatial resolution

FISH Locus-specific tracking Fluorescent signals | Targeted detection
Time-lapse Imaging Dynamic chromosome movement | Video sequences Real-time observation

NGS Recombination analysis Sequence data Genome-wide high resolution

In general, combination of imaging and sequencing methods provided the possibility to study in detail the behavior of
chromosomes presented in mitotic and meiotic dividing processes as in the table 2. This multi-platform implementation
guaranteed sufficient correlation between species and contains sound understanding of the dynamics of chromosomes [21].

4 RESULTS & ANALYSIS

These findings offer a relative comparison of the behavior of the chromosomes in both mitosis and meiosis in a variety of
model organisms. Segregation accuracy, recombination frequency and chromosomal dynamics showed significant
differences. Mitosis was found to be always more faithful in the segregation of the chromosomes, as compared to meiosis that
was more variable because of recombination and pairing between homologs. The results emphasize that every type of division
is specialized in functions and shows both conserved and organism-specific forms of division that lead to genetic diversity
and stability of the genome.

4.1 Chromosome Segregation Efficiency
Table 3: Segregation Accuracy

Organism Division Type | Segregation Accuracy (%)
Yeast Mitosis 98%
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Yeast Meiosis 90%
Arabidopsis Mitosis 97%
Arabidopsis Meiosis 88%
Mammalian Cells | Mitosis 99%
Mammalian Cells | Meiosis 92%

The accuracy of segregation was always greater during mitosis in all organisms with the highest fidelity of mammalian cells
(99% as indicated in table 3). Conversely, meiotic divisions proved less accurate especially in Arabidopsis (88 percent) as a
result of involving complicated homologous chromosomes pairing and recombination. These findings confirm that genomic
stability is of the highest priority in mitosis whilst a variability, a requirement in genetic diversity, is brought about by meiosis.

Chromosome Segregation Accuracy: Mitosis vs Meiosis
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Fig.2. Chromosome segregation accuracy: Mitosis vs Meiosis

The figure 2 juxtaposes the accuracy of chromosome segregation in mitosis and meiosis among the yeast, Arabidopsis and
mammalian cells. Greater consistency of mitosis (97% to 99%): replication fidelity indicates that mitosis is an important
process in terms of genomic stability. On the other hand, meiosis is less accurate (8892) because of recombination and
homologous pairing. In mammalian cells (highest) and Arabidopsis (lowest), the mitotic fidelity is 99 and meiotic accuracy,
respectively. The data overall illustrate the mitosis-meiosis trade-off on stability and genetic diversity, respectively.

4.2 Chromosome Behavior Differences
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Fig.3. Distinct differences in chromosome behavior
As illustrated in figure 3 There are distinct variations in the behavior of the chromosomes in mitosis and in meiosis. The
homologic chromosome pairing and the crossing over (which occur in meiosis) in particular facilitate genetic recombination.
On the contrary, during mitosis, the daughter cells are identical, with the separation of sister chromatids. The fact that it is
reduced during meiosis also further separates it and mitosis since it spits in half the number of chromosomes. The following
differences highlight the duality of chromosome division in both stabilization and the facilitation of diversity.
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4.3 Recombination Frequency

Table 4: Recombination Rates

Organism Recombination Frequency (%)
Yeast 65%
Arabidopsis 55%
Mammalian Cells | 45%

The rate of recombination differed greatly across organisms with yeast having the highest recombination rate at 65 percent,
Arabidopsis (55 percent), and lastly the mammalian cells (45 percent) as figures in table 4. This trend embodies the
evolutionary variation in the recombination mechanisms and the genome modification. An increase in the rate of
recombinations in simpler forms can lead to rapid adaptation, but the decrease in the rate of recombinations in mammals leads
to stability and control of genetic variations.

4.4 Case Study Analysis

Case studies also demonstrate behavior of chromosomes in organisms. High frequency of recombination and good homolog
pairing encourages genetic diversity, which facilitates adaptability, in yeast. Conversely, mammalian cells have lower
recombination rates and higher segregation fidelity, which has guaranteed genomic stability. The observations indicate how
behavior in chromosomes is evolutionarily adjusted to balance diversity and stability in various biological systems.

4.5 DISCUSSION

The outcome of this work points to the basic distinctions in the behavior of mitotic and meiotic chromosomes in different
model organisms. Mitosis always exhibited high levels of accuracy during segregation, which is actually one of its main
functions in ensuring genomic stability in the course of somatic cell division. Conversely, meiosis was even less faithful to
segregation because of the intricacies of homologous chromosome pairing, recombination, as well as reductional division.
Even though we have more chances to make mistakes in segregation, these processes are necessary to create genetic diversity.
Moreover, differences that are evident in yeast, plant, and mammalian systems indicate the genetic constraints that have
evolved in chromosome movements wherein the stability and variability have been tuned to the need of the species.

5. Clinical Applications

The comparative knowledge of behavior of chromosomes has major implication into biomedical and clinical research:

a. Infertility studies: Discovery of the meiotic errors that lead to the occurrence of gametal abnormalities and reproductive
dysfunction.

b. Cancer biology: Regulation of mitotic chromosomes missegregation and aneuploidy in cancer biology.

c. The diagnosis of genetic diseases: Diagnosis of defects in the processes of chromosomal division.

d. Reproductive biology: Understandings of the way systems that control meiosis and fertility operate.

6. Future Perspectives

It is hoped that increased technological advancement will be able to further more comprehensively examine chromosome
behavior:

Invention of new methods of live-cell imaging to visualize chromosome dynamics in real time.

b. Single-cell chromosomes Scale up dissecting single-cell recombination and segregation events.

¢. Automated and high-throughput analysis of chromosomes by Al-based chromosome tracking.

d. Advancements in the genomic sequencing technology to give more detailed recombination and mutation patterns.

®

7. CONCLUSION

Meiotic and mitotic behavior analysis shows that there are important distinctions in the accuracy of segregation,
recombination, and genetic outcome in a variety of organisms. The high fidelity chromosome segregation that occurs in
mitosis conserves the genomic stability that is required in the normal functioning of the cell. By contrast, during meiosis,
genetic diversity is brought about by the process of homologous recombination and reductional division, which is crucial in
adaptation of species and evolution. The witnessed difference between yeast, plant and mammalian systems highlights the
role of evolutionary force in shaping the dynamics of chromosomes. These processes offer important information about the
processes of genetic regulation, disease mechanisms and reproductive biology. Further development of imaging and genomic
technologies will allow learning the world of medicine and research even better and implementing novel uses.
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