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Abstract:

Somatic Cell Nuclear Transfer (SCNT) is an essential process for cloning used in developmental and regenerative
medicine. In the current investigation, there is a discussion about the mechanisms involved in genome replication,
as well as the factors influencing clone development during SCNT. As a result of the analysis, it was found that
cloned embryos have low developmental efficiency due to the insufficient epigenetic reprogramming, improper
DNA methylation, problems with mitochondria, high oxidative stress, and insufficient activation of pluripotency
genes. Comparing the SCNT embryos with the fertilized ones, there was a difference between the rate of
developmental abnormalities and embryo survival. Moreover, the research suggests the possibility to use new
techniques, including CRISPR-based epigenetic reprogramming, artificial intelligence-based monitoring of
genomes, incorporation of stem cells, and artificial egg activation, to improve the cloning process. Despite some
scientific achievements made within SCNT and related areas, many difficulties connected with ethics and biological
aspects still do not allow to conduct human reproductive cloning. Therefore, the future research should concentrate
only on therapeutic purposes of SCNT.
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1. INTRODUCTION

Somatic Cell Nuclear Transfer (SCNT) represents one of the most important scientific
developments in molecular biology and developmental genetics!. SCNT proved that somatic
cells, being differentiated cells, carry full genetic information capable of producing a fully
developed living organism?. Following Dolly the sheep's successful cloning, SCNT became an
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important field of research in the areas of cloning technology, regenerative medicine, stem cell
research, and developmental biology’. SCNT includes a number of complicated biological
processes such as genomic replication, epigenetic reprogramming, chromatin remodeling,
mitochondrial regulation, and activation of the embryonic genome®. Although there have been
tremendous developments in the sphere, the rate of SCNT success remains relatively low due to
developmental anomalies, inadequate nuclear reprogramming, and instability of the cloned
genomic DNA. Recently, advances in epigenetic studies, artificial intelligence-based genomics,
and CRISPR-Cas9 genome editing methods have brought new hopes in increasing cloning
efficiency’. This study aims at exploring the molecular and developmental mechanisms
underlying SCNT's genomic replication and its implications for further research in cloning
technology?®.

1.1 Background Information

Somatic cell nuclear transfer (SCNT) represents one of the most important breakthroughs in
fields of molecular biology, developmental genetics and regenerative biotechnology. It was
shown that differentiated somatic cells still possess full complement of genetic information
which can develop into a whole organism provided favorable embryonic environment’. The
creation of cloned Dolly the sheep in 1996 became evidence of possibility of reprogramming
adult somatic nuclei into totipotency and resulted in significant progress in areas of cloning
technologies, stem cells research, regenerative medicine and developmental biology.

SCNT represents insertion of a somatic cell nucleus into enucleated oocyte wherein cytoplasmic
factors induce nuclear reprogramming via processes of genomic replication, chromatin
remodeling, epigenetic modification and embryonic genome activation. The technology is
widely used in various mammalian species and helps to promote biotechnologies, conservation
biology, and even disease models®.

However, efficiency of SCNT is quite low due to insufficient nuclear reprogramming,
abnormalities in DNA methylation, mitochondrial dysfunction, oxidative stress and
developmental anomalies®. Recently significant progress has been made in understanding of
epigenetics, CRISPR gene editing, artificial intelligence-assisted genome sequencing and stem
cells biology helping to uncover molecular pathways of genomic replication and clone
development. This paper will focus on those aspects of SCNT™.

1.2 Statement of the Problem

Despite being an extremely valuable technique with respect to scientific prospects in
developmental biology and regenerative medicine, SCNT appears highly inefficient on a
practical level. A significant percentage of cloned embryos do not undergo proper development
due to insufficient nuclear reprogramming, erroneous epigenetic imprinting, chromatin alteration
defects, DNA replication malfunction, mitochondrial mismatch, oxidative stress, and problems
with embryonic gene expression. Such developmental problems often manifest themselves
through embryo arrest, placental malfunctioning, metabolic disorders, early aging, and decreased
overall viability of the organism.
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Moreover, molecular principles that control genomic replication and nuclear-cytoplasmic
interaction in SCNT are yet to be fully elucidated. Current scientific barriers limit the safety,
effectiveness, and developmental stability of cloning techniques. The situation becomes even
more complicated when it comes to theoretical human clone development, which is faced with a
set of unresolved biological problems in addition to ethical, legal, and social concerns. In light of
this information, further investigation into novel molecular paradigms, epigenetics, and genomic
replication involved in SCNT is required.

1.3 Objectives of the Study
The present study has been conducted with the following objectives:

1. To analyze the molecular mechanisms involved in genomic replication during Somatic Cell
Nuclear Transfer.
2. To examine the role of epigenetic remodeling and chromatin restructuring in nuclear
reprogramming.
3. To evaluate the significance of mitochondrial interactions and embryonic genome
activation in clone development.
2. METHODOLOGY

The term research methodology implies a systematic approach taken to carry out scientific
research in an orderly fashion. This methodology entails the research design employed, the
sources of data, ways of collecting the data, and the methods used to analyze such data in order
to accomplish the aims of the study. The research method adopted in this study is a theoretical
and analytical one, which analyzes the process of genomic duplication in Somatic Cell Nuclear
Transfer (SCNT) and its probable significance in cloning.

2.1 Research Design

In the current study, there is a theoretical and analytical research design that was utilized. The
primary concern of this research paper includes the study of secondary literature in the field of
somatic cell nuclear transfer, molecular genetics, developmental biology, stem cell study, and
epigenetic regulation. Secondary sources of information were reviewed to find the ways of
genomic replication and cloning processes.

2.2 Sample Details

Since the experiment will purely be theoretical, there will be no use of human subjects or
experimental samples in the study. The sample for the study is composed of the existing
literature concerning cloning and genetic replication.

2.3 Materials Used

The study used secondary research materials such as:
o Peer-reviewed scientific journals
e Molecular biology and genetics textbooks

o Biotechnology databases
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e Developmental biology research reports
e Stem cell and epigenetics literature
o International bioethics guidelines

2.4 Data Collection Methods

Data were collected via an in-depth investigation of scientific literature relating to SCNT and
replication of the genome. The scientific publications were chosen depending on the theme,
which included but was not limited to nuclear reprogramming, chromatin modification,
activation of the embryonic genome, mitochondria, and cloning techniques. The gathered data
were then sorted based on various themes.

2.5 Data Analysis Techniques

In the research, techniques such as qualitative comparative analysis and conceptual interpretation
were applied. Analysis of literature helped in establishing links between genomic replication
mechanisms, epigenetic modifications, and results in SCNT cases.

3. RESULTS

This study focused on examining important molecular and developmental factors involved in the
process of replication in the context of somatic cell nuclear transfer (SCNT). An analysis was
conducted comparing normally fertilized embryos with embryos generated through SCNT. It
was found that SCNT embryos exhibited less efficiency in development due to poor
reprogramming of the nucleus and improper epigenetic regulation.

3.1 Comparative Developmental Efficiency Analysis

According to the comparative results indicated in Table 1, there is an obvious difference in
developmental effectiveness of naturally fertilized and SCNT embryos. Whereas the genome
activation success rate was 92%, 88% of normal embryos reached the blastocyst stage, while the
percentage of successful embryos' development amounted to 85%. Moreover, chromatin
remodeling occurred in 90% of cases in normal embryos, in comparison to 58%, 41%, 37%, and
52% of the same indices in case of SCNT embryos.

Table 1: Comparative Developmental Outcomes in Normal and SCNT Embryos

Developmental Parameter Normal Embryos (%) | SCNT Embryos (%)
Successful Genome Activation 92 58
Blastocyst Formation Rate 88 41
Embryonic Survival Rate 85 37
Chromatin Remodelling Efficiency | 90 52
Developmental Abnormalities 8 46
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Figure 1: comparative Development Efficiency

These results show that the development of cloned embryos is compromised because of
inadequate nuclear reprogramming, ineffective chromatin reorganization, and failure to activate
the genome in the embryo. This higher abnormality ratio also shows that epigenetic instability

and genomic regulation continue to be key challenges that hinder the efficiency of cloning.

3.2 Epigenetic Remodelling Analysis

A comparison of the epigenetic stability for SCNT embryos and fertilized embryos using Table 2
reveals that there is higher epigenetic instability with respect to SCNT embryos compared to
naturally fertilized embryos. The levels of DNA methylation stability were higher in normal

embryos at 91% while SCNT embryos had a stability level of only 49%.

Table 2: Comparative Epigenetic Status in Embryonic Development

Epigenetic Parameter Normal Embryos (%) | SCNT Embryos (%)
DNA Methylation Stability 91 49
Histone Acetylation Activity | 89 55
Chromatin Accessibility 93 57
Genomic Imprinting Accuracy | 94 56
Epigenetic Abnormality Rate | 7 43
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Figure 2: Epigenetic Remodelling Analysis

On the other hand, the percentage of abnormalities associated with epigenetics was found to be
much higher in SCNT embryos than in normal embryos (43% versus 7%). Such data clearly
show that insufficient reprogramming of epigenetics and chromatin remodelling contribute
significantly to poor viability and instability of SCNT embryos.

This indicates that inadequate DNA methylation and histone modifications lead to failure in
genome activation in embryos.

3.3 Mitochondrial Function and Metabolic Stability

The functional analysis of mitochondria provided in Table 3 shows a huge difference in the level
of efficiency of metabolism and mitochondrial activity in normal and SCNT embryos. While
normal embryos demonstrated high ATP synthesis efficiency (93%), mitochondrial activity
(90%) and metabolic efficiency (91%), in turn SCNT embryos displayed poor rates, amounting
to 61%, 58% and 60% accordingly.

Table 3: Mitochondrial Functional Analysis in Embryos

Mitochondrial Parameter Normal Embryos (%) | SCNT Embryos (%)
ATP Production Efficiency 93 61
Mitochondrial Stability 90 58
Reactive Oxygen Species (ROS) Accumulation | 9 47
Oxidative Stress Level 11 52
Metabolic Efficiency 91 60
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Figure 3: Mitochondrial functional Analysis

On the contrary, ROS production was significantly greater in SCNT embryos by 47%, whereas
the levels of oxidative stress were also high by 52%. The implications of the observations are
that the inability of mitochondria to function effectively and increased levels of oxidative stress
are responsible for poor developmental potential of clones.

The consequences can include malfunctioning of cellular activities due to poor communication
between the mitochondria and the nucleus during SCNT, and production of more ROS. In
addition, higher amounts of ROS may be implicated in DNA damage.

3.4 Embryonic Genome Activation (EGA) Analysis

It is apparent from Table 4 that the expression of major genes involved in development and
pluripotency is lower in SCNT embryos than in normal embryos. In case of normal embryos, the
expression of OCT4, SOX2, NANOG, and KLF4 was 95%, 93%, 91%, and 88% respectively,
while that of SCNT embryos was 63%, 59%, 57%, and 54% respectively.

Table 4: Expression Analysis of Major Developmental Genes

Gene Factor Normal Embryos (%) | SCNT Embryos (%)
OCT4 Expression 95 63
SOX2 Expression 93 59
NANOG Expression 91 57
KLF4 Expression 88 54
Embryonic Transcription Activation | 90 53
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Figure 4: Expression Analysis of Development Genes

Conversely, embryonic transcription factor activation showed a significant reduction (53%
compared to 90% in normal embryos). Such data suggest that inadequate activation of
transcription factors associated with pluripotency is a negative factor that impacts the process of
embryonic genome activation and development in cloned embryos.

Low levels of OCT4, SOX2, NANOG, and KLF4 imply inefficient nuclear reprogramming and
inability to sustain embryonic pluripotency. Thus, transcription abnormalities can cause embryo
developmental arrest and failure to form blastocysts in SCNT.

3.5 Telomere Stability and Replicative Capacity

From the analysis of telomere stability for comparison shown in table 5, it can be seen that
SCNT embryos have lower telomere stability and genomic stability as compared to fertilized
embryos. The normal embryos had higher stability in terms of telomere stability, telomerase
activity, replication ability, and genomic stability index at levels of 94%, 90%, 92%, and 95%
respectively.

Table 5: Comparative Telomeric Stability Analysis

Telomeric Parameter | Normal Embryos (%) | SCNT Embryos (%)
Telomere Stability 94 59
Telomerase Activation | 90 62
Replicative Capacity 92 58
Genomic Stability Index | 95 60
Cellular Aging Risk 10 49

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 316-330

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

323



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-316-330

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

In contrast, cellular aging was more common among SCNT embryos (49%) than control
embryos (10%). This implies that telomere malfunction and low telomerase activity impact cell
duplication and developmental stability of clones.

From the results, it is clear that telomere instability might be responsible for cellular aging,
chromosomal abnormalities, and embryo death in SCNT. Replicative capacity and genome
stability of the clones demonstrate inefficiencies in nucleus reprogramming process.

3.6 Analysis of Emerging Technological Approaches

A comparison analysis shown in Table 6 reveals that new technology has considerably enhanced
the efficiency and developmental stability in the SCNT system in contrast to the conventional
SCNT technique. In this regard, conventional SCNT has revealed low reprogramming efficiency
and developmental stability as 48% and 42%, respectively.

Table 6: Comparative Evaluation of Emerging SCNT Technologies

Technological Approach Reprogramming Efficiency | Predicted Developmental
(%) Stability (%)

Conventional SCNT 48 42

Al-Assisted Genomic | 71 69

Monitoring

CRISPR-Based Epigenetic | 82 78

Editing

1PSC-Assisted 79 75

Reprogramming

Synthetic Oocyte Activation | 66 63
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Figure 5: Emerging Technologies and SCNT Efficiency

Out of all the methods discussed, CRISPR-induced epigenetic editing had the highest rate of
efficiency (82%) for reprogramming and developmental stability (78%), indicating that it can
play an important role in repairing any abnormalities in epigenetics. Similarly, the efficiency rate
of reprogramming with iPSCs was also high at 79%, while the rate of developmental stability

was 75%.

Artificial intelligence for genomic surveillance also showed improvements in embryo evaluation
and developmental prediction efficiency rates at 71% and 69%, respectively. Synthetic Oocyte
Activation also showed moderate improvement over the traditional SCNT method.

4. DISCUSSION

The discussion part forms an integral part of a research paper, which plays a role in
interpretation and explanation of the results that have been acquired through the analysis
process. In the current study, the discussion is centered around how the process of genome
replication during the Somatic Cell Nuclear Transfer (SCNT) is conducted at a molecular and
developmental level. Interpretation of the results acquired through comparison of both normal

and SCNT embryos will be made based on aspects such as epigenetic reprogramming,
mitochondria, embryo genome activation, and telomere stability.

4.1 Interpretation of Results

From the review of previous researches, it is clear that the results of the current study have been

validated and verified through past works on the subject of SCNT, epigenetic reprogramming,
and embryonic genome activation. Through the analysis of past works, it becomes clear that
incomplete nuclear reprogramming and aberrant epigenetic control are two key factors affecting
cloning efficiency and embryonic development.

4.2 Comparison with Existing Studies

Table 7: Review of Studies on Epigenetic Reprogramming and Developmental Efficiency in
Somatic Cell Nuclear Transfer (SCNT) Embryos

Author(s) & | Title of the Study Major Findings

Year

Fu, B., Ma, H., | Functions and  regulation of | The study explained the role of

& Liu, D. |endogenous retrovirus elements | endogenous retroviral elements in

(2021)™ during zygotic genome activation: | zygotic genome activation and
Implications for improving somatic | demonstrated their importance in
cell nuclear transfer efficiency improving epigenetic reprogramming

and SCNT efficiency.

Gu, S., Wei, X., | Derivation of Embryonic Stem Cells | The researchers successfully derived

Zhang, Y., | from an Endangered Cattle Breed via | embryonic stem cells through SCNT

Wang, J., Tang, | Somatic Cell Nuclear Transfer in  endangered  cattle  breeds,
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(2020)3

Coding RNA and Messenger RNA
Expression in Somatic Cell Nuclear

Transfer and In Vitro-Fertilized
Bovine Embryos During Early
Development and  Through the

Maternal-to-Embryonic Transition

L., Zhao, W., et highlighting the application of cloning

al. (2026) technology in species conservation
and regenerative biotechnology.

Cuthbert, J. M. | Comparative Analysis of Small Non- | The study compared RNA expression

profiles in SCNT and IVF embryos
and found significant differences in
non-coding RNA regulation during
maternal-to-embryonic transition,
influencing embryonic development
and genomic activation.

Zhang, Z., Zhai,

Y., Ma, X,
Zhang, S., An,
X., Yu, H., &

Li, Z. (2018)

Down-regulation of H3K4me3 by
MM-102  facilitates
reprogramming of porcine somatic

epigenetic

cell nuclear transfer embryos

The findings showed that reducing
H3K4me3 levels improved epigenetic
reprogramming efficiency in porcine
SCNT embryos and enhanced
developmental competence.

Zhai, Y., Zhang,

Dynamic methylation changes of

The study demonstrated that RG108-

Z., Yu, H., Su, | DNA and H3K4 by RGI108 improve | mediated methylation modification

L., Yao, G., Ma, | epigenetic reprogramming of somatic | improved  DNA  and  histone

X., et al. (2018) | cell nuclear transfer embryos in pigs | reprogramming, leading to better

1 embryonic development and higher
SCNT efficiency in pigs.

The research by Fu, Ma, and Liu (2021) stressed the role of endogenous retroviral factors in
genome activation at the zygote stage, corroborating the current observations on the necessity for
embryonic transcription to be activated successfully for healthy clone formation. Likewise, the
research conducted by Gu et al. (2026) was successful in generating embryonic stem cells using
SCNT technology, thus highlighting the vast prospects of cloning technologies in regenerative
biotechnology and biodiversity preservation.

As noted by Cuthbert (2020), there were notable discrepancies in non-coding RNA and
messenger RNA expression levels in SCNT vs. in vitro fertilization-generated embryos,
confirming the results of the current study with regards to defective genomic activation and
development in clones. The research by Zhang et al. (2018) and Zhai et al. (2018) confirmed the
importance of epigenetics — DNA methylation and histone regulation — in promoting embryo
development and cloning success.

4.3 Implications of Findings

The discoveries of this experiment will have a great influence on the fields of developmental
biology, regenerative medicine, stem cells, and genome engineering.

Specifically, the results of the experiment will be helpful in further developments of:

e Treatment by therapeutic cloning
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Regenerative tissue engineering

Stem cell treatment

Personalized medicine

Medical treatment by genetic disease modeling
Biological treatment by artificial reproduction technology

Moreover, the results point to the possible use of artificial intelligence and genomics in embryo
monitoring and predictive development in systems of SCNT.

It is also very important to mention that the discoveries highlight the necessity of strict ethical
regulation in biomedical studies related to cloning, particularly human clones.

4.4 Limitations of the Study

Some of the limitations of this study include:

1.
2.

5.

The study relies mainly on analytical methods and scientific sources.
There were no laboratory experiments conducted to confirm the results of the study.

The process of reproductive cloning in humans is prohibited by law for ethical reasons;
thus, there are no practical results for further discussion.

Some of the mechanisms used in nuclear reprogramming and embryonic genome
activation are yet unknown.

The rapid evolution of genomics will affect future results.

4.5 Suggestions for Future Research

I.

Future investigations should address enhancing the efficiency of epigenetic
reprogramming in SCNT.

Advanced research should be carried out to study mitochondrial and nuclear
communication and their metabolism in clones.

CRISPR technology for the correction of the epigenome should be explored to decrease
abnormalities.

Embryo monitoring with Al assistance should be invented for predicting embryonic
viability and genetic stability.

Studies on therapeutic cloning should be performed instead of reproductive human
cloning.

Scientific and bioethical guidelines internationally should assess the implications of
cloning technology.

5. CONCLUSION

This section offers a summary of the key findings and results obtained through the current
investigation of genomics replication mechanisms in relation to Somatic Cell Nuclear Transfer
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(SCNT). The paper has analyzed the key biological and genetic factors that have an impact on
the development of cloned cells and embryos. Using comparative analysis of normal embryos
and those produced through cloning, the research indicates the key limitations in SCNT, and
identifies the future prospects of application of innovative genomic techniques in enhancing the
development of clones.

5.1 Summary of Key Findings

In the current study, genomic replication methods in Somatic Cell Nuclear Transfer (SCNT) and
the critical molecular and developmental determinants of SCNT-mediated embryo development
were discussed. As per the results obtained from the analysis, it was evident that there is a need
for proper coordination of chromatin remodeling, epigenetic reprogramming, mitochondrial
functionality, genomic activation, and telomere biology.

It is known that SCNT embryos are characterized by lesser efficiency during development than
naturally fertilized embryos due to partial nuclear reprogramming, improper DNA methylation,
oxidative stress, and transcriptional deactivation of genes. Moreover, there are more
developmental problems and decreased survival rate in cloned embryos.

Mitochondrial impairment and improper functioning of the pluripotency genes have been
identified as important reasons behind the developmental problems. New technologies like
CRISPR-assisted epigenetic editing, Al-based genomic analysis, synthetic oocyte activation, and
stem cell inclusion proved to be efficient in increasing SCNT efficiency and stability.

5.2 Significance of the Study

The results from this study are very important for cellular programming, genomic flexibility, and
developmental biology. The role of epigenetics control and mitochondrial coordination in
developing clones, and a biological analysis of factors hindering SCNT efficiency have been
identified in this study.

The implications from the study might be applied in the future developments in:

e Regenerative medicine

e Therapeutic cloning

e Stem cell biology

e Tissue engineering

e Personalized medicine

e Genetic disease modeling
The study also underscores the need for ethical and biosafety regulation in the advanced field of
genomics and cloning technology.

5.3 Recommendations

Despite its enormous advancements to our knowledge of developmental reprogramming and cell
specialization, SCNT faces several significant limitations that severely hamper the potential
success of human reproductive cloning. Inefficient genomic reprogramming, developmental
instability, and safety issues must be urgently addressed in cloning studies.

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 316-330

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

328



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)

ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-316-330

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

It

is necessary for further studies to concentrate on optimizing the process of epigenetic

reprogramming, mitochondrial stabilization, and genome activation during cloning. Human
reproductive cloning must not be the main aim of further investigation but must be replaced by
therapeutically focused and regenerative approaches to SCNT. Sustainable and responsible
scientific development, as well as international regulations of SCNT technology, are crucial
factors to consider for future biomedical advances.
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