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ABSTRACT  

Background: Chromosome dynamics during mitosis play a monumental role in the proper division of cells, as well 

as maintaining genetic stability. The abnormalities in these processes add to chromosomal instability (CIN) which is 

a characteristic of most cancers. 

Objective: This paper will focus on examining the molecular processes that govern mitotic condensation, alignment, 

segregation and cytokinesis of chromosomes and important regulatory factors including the cohesins, condensins, and 

components of the spindle assembly checkpoint. 

Methodology: The approach was a combination of an experimental and an analytical one where a comparative 

analysis between a normal and cancer cell line was carried out. Mitotic progression was evaluated using techniques 

like fluorescence microscopy, expression of proteins and cell viability tests. Analysis of the results was done 

statistically through ANOVA where a significance level that was considered was p < 0.05. 

Findings: It was found that the accuracy of chromosome segregation in normal cells was near to 95% and that of 

cancer cells was near to 70% revealing a higher level of chromosomal instability. Changes in the expression of mitotic 

proteins, such as decreased cohesin concentrations and higher checkpoint proteins were found. The segments were 

improved to about 85% with the interventions that were carried out in treatment. 

Conclusion: Mitochond chromosome dynamics regulation has to be correctly controlled to ensure genomic stability. 

These results indicate possible therapeutic focus points towards the prevention of chromosomal instability and enhance 

the outcome of the treatment in cancer management. 
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1.INTRODUCTION  

Mitosis is a highly controlled process that is part of the formation of genetic material being equally distributed between 

two cell daughter. It plays a vital role in genomic stability or repair, and growth of eukaryotic organisms. This process 

is separated into four greater phases, which include prophase, metaphase, anaphase and telophase each with a unique 

set of dynamics regarding the chromosomes and the cytoskeleton [1]. It is in the prophase that the chromosomes 

condense into small structures and thus they can be segregated easily. During the metaphase, the line of the 

chromosomes is formed at the metaphase plate which makes sure that the chromosomes attach to spindle microtubules 

appropriately. The process of anaphase is the process of separation of sister chromatids and then telophase which 

entails the reformation of nuclear envelopes about segregated chromosomes [2]. 

Correct chromosome segregation is reliant on stringent molecular processes. The cohesion complexes are very 

important in cohesion of the chromosomes of their sisters until anaphase, which causes separation to occur in sync 

[3]. In their turn, condensin complexes ensure the condensation of the chromosomes and their structuring, which 

makes the effective segregation at the mitosis stage possible [4]. The concerted efforts of these complexes is required 

in attaining the integrity of chromosomes and stopping structural abnormalities. 

Another important checkpoint mechanism is called spindle assembly checkpoint (SAC) and it regulates the 

correspondence of attachment between chromosomes to spindle microtubules. There are important checkpoint 

proteins, such as MAD2 and BUBR1 that assure that no anaphase is initiated until all the chromosomes are aligned 

and correctly attached [5]. This gateway helps to avoid an early separation of the chromatid and limit the chances of 

mailto:ganapathy@maher.ac.in
mailto:oshinpi@maher.ac.in
mailto:gowthamip@maher.ac.in
mailto:lokeswariv@maher.ac.in
mailto:ponazhagan@maher.ac.in


 

Genetics and Molecular Research 25 (2s): 2026                                        2 

missegregation of chromosomes. Chromosomal instability (CIN) relating to the frequent occurrence of chromosome 

missegregation events has been closely tied to disruption of SAC functioning [6]. 

Chromosomal instability is an early symptom of most types of cancers and is involved in the progression of tumors, 

drug resistance and poor clinical outcomes [7]. Mitotic regulators, including cohesins and condensins, can have defects 

which can cause aneuploidy and genomic imbalance [8]. Recent research findings have made strides to point out the 

contribution of mitotic errors to given genetic heterogeneity within the tumors, which complicate the treatment options 

even more [9]. 

The development of imaging technology and molecular biology has brought a lot in the learning of the mitotic 

chromosome dynamics. The analysis of chromosome behavior and spindle dynamics can now be visualized with high 

resolution and in real time using live-cell imaging and high resolution microscopy [10]. Moreover, the discovery of 

new regulatory pathways and post-translational modifications has broadened the information about the control in the 

course of mitosis [11]. 

Here, it is important to know how mitotic chromosome dynamics are mediated by molecular pathways, to determine 

how genomic stability and disease progression are mediated. These insights do not only improve our basic 

understanding of cell biology, but also may serve as pharmacologic targets to treat disease in cancer and other diseases 

that are linked to a chromosomal instability. 

 

2. LITERATURE REVIEW  

2.1 Mitotic Chromosome Dynamics 

The mitotic chromosome dynamics entail closely coordinated condensation, alignment, and segregation of the 

chromosomes in order to provide proper division of cells. Recent researches highlight how the condensin complexes 

( Condensin I and Condensin II ) contribute to the organization of chromosomal folds into compact and rods required 

to achieve effective segregation [12]. Also, the interactions between microtubules and kinetochore have been 

demonstrated to become dynamically regulated to stabilize chromosome congression and alignment at the metaphase 

plate. Current developments in live-cell imaging demonstrate that the oscillation of chromosomes and spindle forces 

play an important role in correcting the errors made during mitosis [13]. Interruption in these processes can result in 

misalignment and segregation errors, which emphasize their significance in the stability of genomes. 

 

2.2 Spindle Assembly Checkpoint 

The spindle assembly checkpoint (SAC) is an important surveillance system, which confirms that the correct 

chromosomes are correctly attached to the spindle microtubules before anaphase begins. Other proteins which are key 

in triggering the checkpoints and transduction of signals include, but are not limited to, MAD2, BUBR1, and MPS1 

[14]. Recent discoveries indicate that SAC and signaling are very flexible and sensitive to tension and attachment state 

at the kinetochores. Furthermore, arising studies show that SAC elements are also involved in time control of mitosis 

and inhibition of chromosomal instability in stressful situations [15]. The activation of SAC pathways via activation 

has received interest as a possible method of treatment of cancer. 

 

2.3 Chromosomal Instability 

Chromosomal instability (CIN) can occur as a consequence of mistakes in mitotic processes, such as inappropriate 

segregation of chromosome and the failure of the checkpoint. Recent reports indicate that CIN is precipitated by 

impairments in the connection of kinetochore-microtubules, loss of cohesion and deviant spindle behaviors [16]. The 

effects of CIN are aneuploidy, tumor heterogeneity and, enhanced adaptability of cancer cells are associated with 

disease progression and resistance to therapy [17]. Moreover, new data show that intermediate levels of CIN might 

facilitate tumor development whereas extreme instability can also result in cell death which demonstrates a 

multivariate interrelationship between CIN and cancer biology [18]. 

 

3. METHODOLOGY 

3.1 Study Design 

In this research, a comparative experimental design was used to consider the dynamics of mitotic chromosomes in 

normal and cancer cell lines. Epithelial cell lines in humans of normal (non-transformed) and cancer phenotype were 

grown in standardized laboratory conditions. The experiment was aimed at examining the process of chromosome 

condensation, alignment and segregation during various stages of mitosis. Time-resolved observations were conducted 

that compared the mitotic progression and detected abnormalities correlating to the chromosomal instability (CIN). 

They included both intact and perturbed experimentally (e.g., checkpoint inhibition) cells to measure differences in 

mitotic regulation viability [19]. 

 

 

 

3.2 Data Collection 
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The expression level in table 1 of major regulators of mitosis including cohesin, condensin, MAD2, and BUBR1 were 

profiled using publicly available datasets and confirmed through experimental experiments. Time-lapse fluorescence 

microscopy was used to gather live-cell imaging data so that real-time monitoring of chromosome dynamics and 

spindle behavior were possible. Comparative analysis was done and quantitative measures of the mitotic time, the 

ability to correctly align the chromosomes at metaphase and the fidelity of segregation were measured [20]. 

 

Table 1: Experimental Models and Data Parameters 

Cell Type Condition Data Collected Purpose 

Normal cells Untreated Gene expression, imaging Baseline comparison 

Cancer cells Untreated Segregation defects CIN assessment 

Cancer cells Treated Drug response, imaging Functional validation 

 

3.3 Experimental Techniques 

Mitoosis was observed using fluorescence microscopy to collaborate processes of chromosome movement and spindle 

formation using DNA-binding dyes and flourescently labeled proteins. Immunostaining was done to localize within 

the cell, mitotic proteins like cohesins, condensins and checkpoint regulators. The Western blot was also used to 

measure the level of protein expression and to validate the differences in their regulation in normal and cancer cells 

[21]. 

 

 
Figure 1: Core Experimental Techniques 

 

Figure 1 presents the main experimental methods of the paper, such as fluorescence microscopy to track the 

positioning of the chromosomes in real-time, immunostaining to identify the localization of the proteins, as well as 

Western blotting to analyze the expression, and presents a wholesome assessment of the processes involved in mitosis. 

 

3.4 Statistical Analysis 

Each of the experiments in table 2 was done three times and data were represented as mean standard deviation. One-

way analysis of variance (ANOVA) was used to statistically compare the mean of the normal and cancer cells, with 

post hoc tests provided where appropriate. The statistically significant differences were tested at p < 0.05. Measured 

quantities of variables (accurate chromosome segregation, mitotic time) were subjected to traditional statistical 

analyses [22]. 

 

Table 2: Statistical Parameters 

Parameter Method Threshold 

Group comparison ANOVA p < 0.05 

Replicates Triplicate — 

Data expression Mean ± SD — 

 

RESULTS & DISCUSSION 

In the findings, it is clear that there exists vast differences in the dynamics of mitotic chromosomes between normal 

and cancer cell populations. Quantitative data showed differences in chromosome segregation accuracy and protein 

expression levels that were related to mitotic control. These results prove that the changes in the major mitotic proteins 

are associated with the chromosomal instability and distorted cell division. In addition, potential therapeutic 
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interventions were demonstrated as partial recovery of the mitotic fidelity, and could be a sign of the possibility to 

target recovery of genomic integrity in cancer cells. 

 

4.1 Chromosome Segregation Accuracy 

The level of chromosome segregation of the two groups of normal cells and cancer cells showed different results; 

normal cells displayed high fidelity (~95%), and cancer cells displayed less fidelity (~70%), which would mean that 

there would be more chromosomal instability. 

 

Table 3: Chromosome Segregation Accuracy 

Cell Type Segregation Accuracy (%) Interpretation 

Normal Cells 95 Stable segregation 

Cancer Cells 70 High missegregation 

 

The decreased sensitivity to segregation in cancerous cells in table 3 indicates malfunctioning in spindle attaching and 

checkpoint regulating, which increases genomic instability. 

 

4.2 Protein Expression Analysis 

 

Table 4: Relative Protein Expression Levels 

Protein Normal Cells Cancer Cells Change 

Cohesin 1.0 0.6 ↓ Decreased 

Condensin 1.0 1.4 ↑ Increased 

MAD2 1.0 1.8 ↑ Increased 

 

The decrease in the levels of cohesin in table 4 can affect the level of cohesion between sister chromatides, whereas 

higher censed condensin and MAD2 levels indicate the changes of chromosome condensation and the activity of the 

checkpoint in cancerous cells. These distortions give rise to mitotic errors. 

 

4.3 Comparative Outcomes 

 

Table 5: Overall Mitotic Performance 

Group Segregation Accuracy (%) Effect 

Normal 95 Stable 

Cancer 70 Instability 

Treated 85 Partial recovery 

 

The accuracy of segregation in treatment in table 5 is enhanced to about 85%, corresponding to partial recovery of 

mitotic control and suggesting therapeutic opportunity. 

 

 
Figure 2: Mitotic Chromosome Segregation 

 

This figures 2 presents consecutive steps of mitosis, as condensation of chromosomes, alignment at the metaphase 

plate and segregation as anaphase. It emphasises the role of correct spindle binding and orchestrated movement of 

chromosomes that guarantee equality in distribution of genes. 
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Figure 3: Chromosomal Instability Mechanism 

 

This figure 3 illustrates that abnormalities in the mitotic processes, including inadequate spindle binding or broken 

checkpoints, cause chromosome mis segregation, which causes aneuploidy and genome instability with cancers. 

 

DISCUSSION 

The current research has shown the great significance of very accurate regulation of the dynamics of mitotic 

chromosomes in supporting genomic stability. Effective communication among condensing of chromosomes, 

attaching to spindle, and separation of chromosomes leads to proper cell division through the distribution of genetic 

material. The obtained decrease in segregation hit in cancer cells underscores the adverse effect of impairment of key 

regulatory proteins, including cohesins and spindle assembly checkpoint proteins. 

Disruptions to cohesin impair the cohesion between the sister chromatids, causing them to separate prematurely and 

cause missegregation of chromosomes. Likewise, mutations in control protein homologues like MAD2 and BUBR1 

weaken cell self-correction mechanisms concerning error detection in spindle attachments. Such dysfunctions all lead 

to chromosomal instability (CIN), which is a characteristic of cancer that facilitates tumor heterogeneity, progression 

and resistance to therapy. The results also show that in some cases therapeutic interventions can partially restore 

mitotic fidelity, implying that therapeutic approaches based on trying to correct mitotic regulators can be an effective 

approach at increasing genomic stability in cancer cells. 

 

6. Applications 

The experiences of this research have significant implications in the realms of biomedical and research: 

• Cancer diagnosis and treatment: Mitoic defects detected can be used as biomarkers to detect and treat cancer at an 

early stage.  

• Targeting of mitotic proteins in drug delivery: Cohesin, condensin or checkpoint proteins Inhibitors are developed 

to treat cancer.  

• Integration into the core cell biology research: Improved knowledge of mitosis regulation will aid in understanding 

the cell cycle.  

• Genetic stability experiments: The dynamics on chromosomes assists in understanding how genomes are maintained 

and prevented in mutation.  

 

8. CONCLUSION 

The mitotic chromosome dynamics are one of the key factors in the correct division of cells and ensuring the stability 

of the genome. The concerted efforts of the cohesin, condensin, and checkpoint proteins prevent aneuploidy and 

missegregation of chromosomes. Cancer formation and evolution are closely intertwined with hindrance in these 

processes. Ongoing studies of mitotic regulation and the related pathways can be promising in the future to help 

enhance the diagnostic methods and address specific therapeutic strategies. 

 

7. Future Scope 

The future research directions need to focus on developing mechanistic insight and technological innovation: 

• State of the art live-cell imaging: Real time high-resolution imaging of chromosomes.  

• Application: AI-assisted analysis of mitosis: Machine learning to detect and predict mitotic errors.  

• New mitotic inhibitors: Novel mitotic drugs against major mitotic regulators.  



 

Genetics and Molecular Research 25 (2s): 2026                                        6 

• Individualized cancer treatments: Customizing treatment plans on patient-specific genomic instability. 
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