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Abstract 

Worldwide, individuals and families are affected by genetic illnesses that arise from anomalies in embryonic 
development, which pose a substantial clinical and scientific challenge. This abstract examines the wide range of genetic 
conditions caused by abnormalities in the embryonic development, such as spina bifida, neural tube defects, Down 
syndrome, congenital heart problems, cleft lip and palate, and cystic fibrosis. The paper explores into the molecular 
mechanisms that underlie these illnesses and highlights the significance of transcriptional factors, signalling pathways, 
and genetic regulation in the regulation of embryonic development. The brief summary further emphasizes the 
difficulties that come with prenatal genetic testing and counselling, such as moral dilemmas, difficult to understand 
results, and psychological effects on expectant parents. Lastly, it emphasizes how new methods and technology in the 
field of embryonic development research have the potential to improve Our understanding of hereditary illnesses and 
provides the door to improved therapeutic, preventative, and diagnostic methods in the field of embryology.  
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1. Introduction

The process through which a single fertilized egg develops into a multicellular organism is known as embryonic 
development (1), and it involves multiple successive phases. The process starts with fertilization, in which an egg cell is 
penetrated by a sperm cell, forms a zygote. The zygote goes through two phases(2): Blastulation, which creates a fluid-
filled chamber inside the morula and results in the formation of a blastocyst, and cleavage, which is a fast cell division 
that produces a solid mass of cells termed the morula.  Then Gastrulation occurs, which is  cellular differentiation and 
rearrangements that define the ectoderm, mesoderm, and endoderm—the three germ layers. After neurulation, the 
ectoderm forms into the neural tube, which is the ancestor of the central nervous system(3). The next step is 
organogenesis, in which distinct tissues and organs arise from the differentiation of the germ layers. The exact control 
of gene expression, cell signalling pathways, and intercellular connections determines the temporal and spatial 
organization of structures throughout the embryonic development(4). Congenital illnesses and anomalies in 
development might result from any disturbances in these systems. Determining the underlying mechanisms of these 
illnesses and creating effective treatments require an understanding of the complex systems underlying embryonic 
development.  

During embryogenesis, genetic regulation is crucial because it guarantees the accurate control of gene expression 
patterns that are necessary for healthy development(5). Different tissues and organs are formed by the activation or 
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repression of particular genes, which control cellular differentiation, proliferation, and morphogenesis(6). The intricate 
regulatory networks that control embryonic patterning and tissue specification are crafted by transcription factors, 
signalling molecules, and epigenetic changes. Genetic regulation during embryogenesis is crucial, as dysregulation of 
these genetic processes can lead to congenital diseases and anomalies in development. Comprehending the molecular 
processes that underlie genetic control offers valuable perspectives on the origins of these illnesses and shapes 
approaches for identifying and managing the anomalies or genetic dysfunctions (7). Furthermore, the clarification of 
the genetic pathways entailed in embryonic development advances our understanding of developmental biology and 
evolutionary processes, providing prospects for advances in tissue engineering and regenerative medicine. Thus, 
studying genetic control in embryogenesis is crucial for therapeutic applications in developmental biology and 
embryology as well as basic science research. 

The significance of comprehending genetic abnormalities in the development of the embryo is critical to embryology 
for several of reasons: 

• Early Detection and Intervention: Prenatal screening and diagnosis are made possible by knowledge of 
genetic disorders, which enables the early identification of anomalies during embryonic development (8). The 
effects of these disorders can then be lessened, and the outcomes for those who are affected can be improved, 
by using early intervention and treatment measures. 

• Understanding Genetic changes: Researching genetic changes sheds light on the molecular processes that 
underlie embryonic development. Researchers can find new therapeutic targets and create viable congenital 
disease treatments by clarifying how genetic abnormalities impair normal developmental processes (9). 

• Genetic counselling: For families who may inherit or carry genetic mutations, knowing the genetic basis of 
embryonic illnesses makes genetic counselling easier. Genetic counsellors can educate people on the benefits, 
drawbacks (10), and accessible methods of reproductive planning so they can make well-informed decisions. 

• Technological and Scientific Advancements: Research into genetic diseases during embryonic development 
is a driving force behind the development of technologies like gene therapy, stem cell therapy, and genome 
editing. With the potential to revolutionize the field of reproductive medicine, these technologies show promise 
for the creation of creative methods to prevent or fix genetic defects in embryos (11).  

• Evolutionary Perspectives: Researching genetic abnormalities during the development of the embryo offers 
insights into the mechanisms of evolution and the genetic foundation of species variety. Our understanding of 
evolutionary biology and developmental evolution is deepened by comparative investigations across species 
that reveal conserved genetic pathways and developmental mechanisms. 

2. Genetic Regulation in Embryonic Development 

2.1. Genetic pathways and signalling molecules involved in embryology 

Embryonic development is characterized by complex genetic pathways and signaling molecules that coordinate cellular 
activities, tissue differentiation, and morphogenetic events. Several important signalling molecules and genetic 
pathways involved in embryology are as follows: 

• Hedgehog (Hh) Signalling Pathway : During embryonic development, the Hedgehog (Hh) signalling Pathway 
controls cell differentiation, proliferation, and patterning. Key components include Sonic Hedgehog (Shh), 
Indian Hedgehog (Ihh), and Desert Hedgehog (Dhh) (12). 

• Wnt signalling Pathway: Essential for organogenesis, tissue polarity, and determining cell fate. Intracellular 
signalling cascades, comprising both canonical (β-catenin-dependent) and non-canonical pathways, are 
triggered by wnt ligands (13). 

• Notch signalling Pathway: Facilitates communication between cells and controls decisions about the fate of 
individual cells, including the segmentation and differentiation of neurons during development (14).   

• Bone Morphogenetic Protein (BMP) Signalling Pathway: this regulates the development of organs, tissue 
patterning, and cell differentiation, especially in the skeletal and neurological systems (15). 

• Growth Factor-beta Transforming (TGF-β) signalling Pathway: Controls tissue homeostasis, 
differentiation, and cell proliferation. TGF-β receptors and ligands carry messages that affect different stages 
of development (16).  

• Fibroblast Growth Factor (FGF) signalling Pathway: Critical for cell migration, proliferation, and 
differentiation during the development of the embryo, including the creation of the limbs, organs, and nervous 
system (17). 
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• Nuclear Factor Kappa B (NF-κB) signalling Pathway: it controls tissue morphogenesis and differentiation 
during embryonic development, as well as cell survival, inflammation, and immunological responses (18). 

• Retinoic Acid (RA) signalling Pathway: Acts as a morphogen and controls patterns of gene expression that 
are essential for embryonic patterning, especially in the development of the anterior-posterior axis and the 
limbs (19). 

• Homeobox (HOX) genes: These genes encode transcription factors that regulate the anterior-posterior axis 
throughout development, controlling segmental identity. They are essential for the patterning of structures like 
the limbs and the spinal column (20). 

2.2. The role of regulatory genes and transcription factors 

Gene expression patterns that are essential for embryonic development are determined by transcription factors and 
regulatory genes, which control processes like organogenesis, tissue patterning, and cell differentiation. They perform 
essential functions in determining cell destiny and directing morphogenetic processes by binding to DNA sequences 
and activating or suppressing target genes (21). For example, homeobox genes supply positioning data along body axes. 
Developmental defects are caused by the dysregulation of these variables. Comprehending their roles contributes to 
fundamental investigations and practical uses, delivering perspectives on the development of embryos and opening 
doors for the identification and management of birth defects (22). Therefore, transcription factors and regulatory genes 
play a crucial role in embryology, influencing the development of the embryo from fertilization to birth. 

2.3. Epigenetic modifications and their impact on gene expression 

Gene expression is dynamically influenced during embryology by epigenetic alterations such as histone 
modifications(23), DNA methylation, and non-coding RNA control (24). These changes control the shape of the 
chromatin, which impacts DNA accessibility to transcription factors and RNA polymerase (25). They are essential for 
the creation of new cells, the expression of genes specific to particular tissues, and the processes of gastrulation and 
neurulation (26). During embryonic development, epigenetic modifications are crucial for cellular identity and lineage 
specification. Disease and developmental abnormalities can result from dysregulation of epigenetic processes. Knowing 
about epigenetic alterations offers possible targets for therapeutic interventions in congenital illnesses as well as 
insights into the molecular mechanics of development (24). 

3. Mechanisms of Abnormalities in Embryonic Development 

3.1. Genetic mutations and their consequences 

Genetic mutations, alterations in DNA sequences, whether inherited or spontaneous, are pivotal for embryonic 
development. They disrupt normal developmental processes by impeding essential cellular functions such as migration 
and division (27). Consequently, structural anomalies in tissues and organs lead to congenital malformations like neural 
tube defects and cardiac abnormalities (28). Furthermore, mutations in genes encoding developmental proteins alter 
their functionality, influencing tissue and organ development (29). A spectrum of developmental issues, ranging from 
single-gene disorders like cystic fibrosis to chromosomal abnormalities such as Down syndrome, stem from these 
mutations (30). Additionally, they heighten embryo susceptibility to external stimuli, increasing the likelihood of 
developmental defects following teratogen exposure (31). 

3.2. Chromosomal abnormalities and their effects on development 

Chromosome abnormalities, which can have a significant impact on embryonic development, are changes in the number 
or shape of chromosomes. During cell division, mistakes like nondisjunction, translocations, deletions, or duplications 
frequently cause these anomalies. Chromosome abnormalities have the following consequences on embryological 
development: 

• Miscarriage: A number of chromosomal disorders cause early miscarriage or foetal death because they are 
incompatible with life. 

• Birth Defects: A wide range of birth defects and developmental diseases, such as Turner syndrome (monosomy 
X), Patau syndrome (trisomy 13), Edwards syndrome (trisomy 18), Down syndrome (trisomy 21), and 
Klinefelter syndrome (XXY), can be caused by chromosomal abnormalities. 

• Intellectual Disability: As a result of aberrant brain development, people with chromosomal abnormalities 
frequently experience developmental delays and intellectual disability. 
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• Physical Abnormalities: Heart defects, facial dysmorphisms, skeletal abnormalities, and genitourinary 
malformations are only a few examples of the structural abnormalities that can result from chromosomal 
abnormalities in different organs and systems.  

• Reproductive Problems: A few chromosomal abnormalities can impair fertility and reproductive function, 
making it harder to conceive or bring a pregnancy to term. 

• Increased Risk of Health Issues: People who have chromosomal abnormalities may be more susceptible to 
heart disease, autoimmune diseases, and several types of cancer throughout their lives (30). 

Table 1 Common Genetic Disorders Resulting from Abnormal Embryonic Development 

Disorder Description Importance 

Neural Tube 
Defects 

abnormalities such as spina bifida and 
anencephaly brought on by the neural 
tube's imperfect closure during 
embryonic development. 

Preventive measures like as folic acid supplements, 
prenatal screening for early identification, and surgical 
intervention to reduce problems and enhance quality of 
life are crucial (32). 

Down 
Syndrome 
(Trisomy 21) 

caused by an additional copy of 
chromosome 21; manifested as 
intellectual impairment, 
developmental delays, and health 
problems. 

Early diagnosis is crucial for proper medical care, as is 
assistance for impacted people and their families, as well 
as campaigning for inclusive education and social 
integration (33). 

Cleft Lip and 
Palate 

Genetic conditions brought on by an 
imperfect fusion of the face's 
structures that can cause issues with 
speech, eating, and teething. 

In order to address functional problems and improve 
quality of life, prompt surgical repair, speech therapy, and 
psychological support are important (34). 

Congenital 
Heart Defects 

cardiac structural defects that impair 
blood flow and cause heart failure, 
breathing problems, and 
developmental delays. 

The key components are early identification by prenatal 
screening, fast medical attention to avoid problems, and 
continuing care to maximize heart health and function 
(35). 

Cystic Fibrosis Genetic illness impacting the 
reproductive, digestive, and 
respiratory systems that produces 
thick, sticky mucus. 

Early diagnosis for individualized care, symptom 
management to enhance quality of life, and continuous 
research for novel treatments and possible solutions are 
all crucial (36). 

Spina Bifida Defective neural tube that causes the 
spinal column to close partially, 
impairing movement and causing 
nerve injury. 

Prenatal screening for early identification, 
multidisciplinary treatment for functional and medical 
requirements, and assistance for individuals and families 
to maximize results are all included in the concept of 
importance (32). 

4. Molecular Insights into Genetic Disorders 

4.1. Advances in genetic testing and prenatal diagnosis  

Understanding the genetic factors in embryology is critical for determining how our bodies develop and what causes 
birth abnormalities. The development of organs, the formation of tissues, and the specialization of cells are all influenced 
by genes. Thanks to developments in biology and genetics, scientists are now able to identify particular genes and 
variations in them that are connected to developmental issues. This information aids in the development of medicines, 
parent counselling, and prenatal genetic screening. These developments have revolutionized prenatal care by making 
it possible to identify genetic issues in babies at an early age. The likelihood of better outcomes for infants and their 
families is increasing because to the accuracy and accessibility of tests like genetic sequencing and chromosomal 
analysis. 
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Table 2 Potential therapeutic interventions and management strategies 

Intervention                         Description            Characteristics 

Gene Editing 
Technologies 

Utilizes tools like CRISPR-Cas9 to precisely modify 
genetic material, correcting mutations causing 
congenital disorders. 

Precision, specificity, potential 
for targeted correction (37). 

Stem Cell Therapy Uses pluripotent stem cells for tissue repair and 
regeneration, addressing organ malformations or 
damage during embryonic development. 

Versatility, regenerative 
potential, tissue-specific 
differentiation (38). 

Pharmacological 
Interventions 

Develops drugs targeting molecular pathways in 
embryogenesis to correct or mitigate genetic 
abnormalities. 

Diverse targets, potential for 
systemic or localized effects, 
variable efficacy. 

InUtero Treatments Administers foetal surgery or medications to address 
structural anomalies or prevent further harm to the 
foetus (39). 

Precision, early intervention, 
potential risks to mother and 
foetus. 

Assistive Technologies Implements devices and technologies to improve 
quality of life for individuals with developmental 
disabilities. 

Adaptability, customization, 
accessibility. 

Prenatal Screening and 
Genetic Counseling 

Employs advanced screening techniques for early 
detection of genetic disorders, coupled with 
counselling for informed decision-making. 

Early detection, risk assessment, 
personalized guidance(40). 

Reproductive 
Technologies 

Utilizes IVF with preimplantation genetic testing to 
select embryos free of specific genetic abnormalities. 

Selectivity, genetic screening, 
ethical considerations (41). 

Patient and Family 
Support Programs 

Establishes comprehensive support systems for 
affected individuals and families to manage 
challenges associated with developmental disorders. 

Holistic care, education, 
community resources 

Research and Clinical 
Trials 

Engages in active participation in research and trials 
to explore novel interventions and therapeutic 
strategies. 

Innovation, evidence-based 
practice, collaboration. 

5. Ethical and Social Implications 

5.1. Challenges in Prenatal Genetic Testing and Counselling and Impact on Families 

Prenatal genetic testing and counselling in embryology present challenges due to resolving emotionally charged 
situations involving pregnant parents, appropriately interpreting test results, navigating complicated ethical concerns, 
and guaranteeing fair access to services. Concerns about informed consent, privacy, and the possibility of discrimination 
based on genetic information are among the ethical factors to take into account. counselling also needs to strike a 
delicate balance between giving parents all the information they need and preserving their autonomy and emotional 
health(42). 

In embryology, genetic diseases have significant effects on individuals and families, leading to physical disabilities, long-
term health issues, delayed development, and a lower standard of living. People may experience difficulties with daily 
tasks, schooling, work, and social relationships, which can cause them to feel alone and frustrated. Emotional distress, 
financial strain, and disturbances in family dynamics are all experienced by families. In order to lessen the effects of 
genetic illnesses and improve outcomes for afflicted individuals and their families, it is essential to have access to the 
right kind of treatment, education, and support services. To properly address these issues, social support, thorough 
medical care, and ethical oversight are necessary. 

5.2. Ethical considerations in genetic research and treatment 

Informed permission, privacy, and the possibility of genetic information being misused are among the ethical concerns 
in genetic research and embryology therapy. The principles of beneficence and nonmaleficence must be upheld by 
researchers, guaranteeing that genetic treatments put people's welfare first and honour their right to autonomy. To 
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avoid healthcare inequities, concerns about equity and access to genetic technologies must also be addressed. The 
application of gene editing technologies should be guided by ethical principles that strike a balance between the need 
to reduce dangers and preserve social values and the advancement of science. All things considered, ethical supervision 
is essential for negotiating the murky ethical waters of genetic research and treatment in embryology(42). 

6. Future Directions 

Our understanding of early life processes is revolutionized by new tools and methods in the study of embryonic 
development. Unprecedented resolution in cellular diversity and lineage trajectories is obtained through single-cell 
RNA sequencing. Organoid culture methods allow for the in vitro modelling of organogenesis and illness by replicating 
the architecture of tissues. Genome editing with CRISPR-Cas9 provides accurate genome alteration to clarify gene 
function and regulatory networks. Optogenetics enables spatiotemporal regulation of biological functions, clarifying 
dynamic signalling cascades. To understand molecular pathways, multi-omics integration combines transcriptomic, 
proteomic, and genomic data. Simulating intricate developmental processes through computational modelling 
facilitates the creation of hypotheses and the interpretation of data. Accurate control of microenvironments and high-
throughput experiments are made possible by microfluidics and lab-on-a-chip technologies. Molecular dynamics and 
subcellular architecture in living embryos can be seen using advanced imaging modalities. Using single-molecule 
imaging, regulatory dynamics and molecular interactions can be seen. By expanding our knowledge of embryonic 
development, these technologies have the potential to pave the way for developments in tailored therapies, disease 
modelling, and regenerative medicine in the future (43).  

7. Conclusion 

In conclusion, the complex interactions between genetic variables and developmental processes are highlighted by 
genetic illnesses that arise from defects in embryonic development. These conditions, which range from congenital 
heart anomalies to neural tube deformities, emphasize how crucial it is to comprehend the molecular processes 
controlling embryogenesis. While there is optimism for better results due to advancements in genetic testing, prenatal 
diagnosis, and therapeutic interventions, there are still difficulties in interpreting test results, negotiating ethical issues, 
and offering complete support to afflicted individuals and families. Furthermore, new methods and technology for 
researching embryonic development have the potential to clarify the intricacies of early life processes and provide 
guidance for the diagnosis, prevention, and treatment of genetic abnormalities. We may work to improve the lives of 
those who are impacted by genetic illnesses by tackling these issues and utilizing innovative research and attaining new 
heights in the scientific field of embryology. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References 

[1] O’Farrell PH. Growing an embryo from a single cell: a hurdle in animal life. Cold Spring Harbor perspectives in 
biology. 2015;7(11):a019042. 

[2] Muhr J, Ackerman KM. Embryology, gastrulation. 2020. 

[3] O'Rahilly R, Müller F, editors. Neurulation in the normal human embryo. Ciba Foundation Symposium 181‐Neural 
Tube Defects: Neural Tube Defects: Ciba Foundation Symposium 181; 2007: Wiley Online Library. 

[4] Miller CJ, Davidson LA. The interplay between cell signalling and mechanics in developmental processes. Nature 
Reviews Genetics. 2013;14(10):733-44. 

[5] Xu R, Li C, Liu X, Gao S. Insights into epigenetic patterns in mammalian early embryos. Protein & cell. 
2021;12(1):7-28. 

[6] Hogan BL. Morphogenesis. Cell. 1999;96(2):225-33. 

[7] Claussnitzer M, Cho JH, Collins R, Cox NJ, Dermitzakis ET, Hurles ME, et al. A brief history of human disease 
genetics. Nature. 2020;577(7789):179-89. 



International Journal of Science and Research Archive, 2025, 15(02), 1568–1575 

1574 

[8] Delhanty JD. The origin of genetic defects in the human and their detection in the preimplantation embryo. 
Human Reproduction Update. 1995;1(3):201-15. 

[9] Assou S, Boumela I, Haouzi D, Anahory T, Dechaud H, De Vos J, Hamamah S. Dynamic changes in gene expression 
during human early embryo development: from fundamental aspects to clinical applications. Human 
reproduction update. 2011;17(2):272-90. 

[10] Besser AG, Mounts EL. Counselling considerations for chromosomal mosaicism detected by preimplantation 
genetic screening. Reproductive BioMedicine Online. 2017;34(4):369-74. 

[11] Maeder ML, Gersbach CA. Genome-editing technologies for gene and cell therapy. Molecular therapy. 
2016;24(3):430-46. 

[12] Briscoe J, Thérond PP. The mechanisms of Hedgehog signalling and its roles in development and disease. Nature 
reviews Molecular cell biology. 2013;14(7):416-29. 

[13] Sokol SY. Wnt Signaling in Embryonic Development: Elsevier; 2011. 

[14] Borggrefe T, Oswald F. The Notch signaling pathway: transcriptional regulation at Notch target genes. Cellular 
and molecular life sciences. 2009;66:1631-46. 

[15] Wang RN, Green J, Wang Z, Deng Y, Qiao M, Peabody M, et al. Bone Morphogenetic Protein (BMP) signaling in 
development and human diseases. Genes & diseases. 2014;1(1):87-105. 

[16] Li G, Khateeb K, Schaeffer E, Zhang B, Khatib H. Genes of the transforming growth factor-beta signalling pathway 
are associated with pre-implantation embryonic development in cattle. Journal of dairy research. 
2012;79(3):310-7. 

[17] Thisse B, Thisse C. Functions and regulations of fibroblast growth factor signaling during embryonic 
development. Developmental biology. 2005;287(2):390-402. 

[18] Lappas M, Rice G. The role and regulation of the nuclear factor kappa B signalling pathway in human labour. 
Placenta. 2007;28(5-6):543-56. 

[19] Rhinn M, Dollé P. Retinoic acid signalling during development. Development. 2012;139(5):843-58. 

[20] Mark M, Rijli FM, Chambon P. Homeobox genes in embryogenesis and pathogenesis. Pediatric research. 
1997;42(4):421-9. 

[21] Davidson EH. Genomic regulatory systems: in development and evolution: Elsevier; 2001. 

[22] Lodish HF. Molecular cell biology: Macmillan; 2008. 

[23] Bird A. Perceptions of epigenetics. Nature. 2007;447(7143). 

[24] Feinberg AP, Tycko B. The history of cancer epigenetics. Nature Reviews Cancer. 2004;4(2):143-53. 

[25] Strahl BD, Allis CD. The language of covalent histone modifications. Nature. 2000;403(6765):41-5. 

[26] Wolffe AP, Matzke MA. Epigenetics: regulation through repression. science. 1999;286(5439):481-6. 

[27] Vissers LE, Gilissen C, Veltman JA. Genetic studies in intellectual disability and related disorders. Nature Reviews 
Genetics. 2016;17(1):9-18. 

[28] Garg V, Kathiriya IS, Barnes R, Schluterman MK, King IN, Butler CA, et al. GATA4 mutations cause human 
congenital heart defects and reveal an interaction with TBX5. Nature. 2003;424(6947):443-7. 

[29] Biesecker LG, Spinner NB. A genomic view of mosaicism and human disease. Nature Reviews Genetics. 
2013;14(5):307-20. 

[30] Hassold T, Hunt P. To err (meiotically) is human: the genesis of human aneuploidy. Nature Reviews Genetics. 
2001;2(4):280-91. 

[31] Nik-Zainal S, Kucab JE, Morganella S, Glodzik D, Alexandrov LB, Arlt VM, et al. The genome as a record of 
environmental exposure. Mutagenesis. 2015;30(6):763-70. 

[32] Copp AJ, Adzick NS, Chitty LS, Fletcher JM, Holmbeck GN, Shaw GM. Spina bifida. Nature reviews Disease primers. 
2015;1(1):1-18. 

[33] Bull MJ, Genetics Co. Health supervision for children with Down syndrome. American Academy of Pediatrics Elk 
Grove Village, IL, USA; 2011. p. 393-406. 



International Journal of Science and Research Archive, 2025, 15(02), 1568–1575 

1575 

[34] Wehby G, Cassell CH. The impact of orofacial clefts on quality of life and healthcare use and costs. Oral diseases. 
2010;16(1):3-10. 

[35] Van Der Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA, Takkenberg JJ, Roos-Hesselink JW. Birth 
prevalence of congenital heart disease worldwide: a systematic review and meta-analysis. Journal of the 
American College of Cardiology. 2011;58(21):2241-7. 

[36] Ehre C, Ridley C, Thornton DJ. Cystic fibrosis: an inherited disease affecting mucin-producing organs. The 
international journal of biochemistry & cell biology. 2014;52:136-45. 

[37] Li H, Yang Y, Hong W, Huang M, Wu M, Zhao X. Applications of genome editing technology in the targeted therapy 
of human diseases: mechanisms, advances and prospects. Signal transduction and targeted therapy. 2020;5(1):1. 

[38] Wobus AM, Boheler KR. Embryonic stem cells: prospects for developmental biology and cell therapy. 
Physiological reviews. 2005;85(2):635-78. 

[39] Suskin B. Fetal Interventions. 2020. 

[40] Chen Y, Lai Y, Xu F, Qin H, Tang Y, Huang X, et al. The application of expanded noninvasive prenatal screening for 
genome-wide chromosomal abnormalities and genetic counseling. The Journal of Maternal-Fetal & Neonatal 
Medicine. 2021;34(16):2710-6. 

[41] Hollestelle MJ. The Mediating Powers of Reproductive Technologies: An ethical technology assessment of 
Preimplantation Genetic Diagnosis, Non-Invasive Prenatal Testing, Sperm sorting and CRISPR/Cas9 2019. 

[42] Than NG, Papp Z. Ethical issues in genetic counseling. Best Practice & Research Clinical Obstetrics & Gynaecology. 
2017;43:32-49. 

[43] Shahbazi MN, Zernicka-Goetz M. Deconstructing and reconstructing the mouse and human early embryo. Nature 
cell biology. 2018;20(8):878-87. 


