M.Sc. in Reproductive & Developmental Biology 2 Years (4 Semesters)

Overview: The M.Sc. in Reproductive & Developmental Biology is a specialized
postgraduate program that focuses on the biology of reproduction, from fertilization to the
development of the embryo and beyond. The program aims to provide students with a deep
understanding of the molecular, cellular, and genetic mechanisms that regulate reproduction
and early development. It also explores how environmental factors, diseases, and genetic
mutations can influence reproductive health and development.

This program integrates knowledge from molecular biology, genetics, physiology, and
developmental biology, making it an ideal choice for those interested in pursuing careers in
reproductive medicine, developmental biology, and biomedical research. Graduates of this
program can contribute to advancements in fertility treatments, stem cell research, genetic
counseling, and the study of developmental disorders.

Affiliated Institution: School of Medical Sciences and Technology, Malla Reddy
Vishwavidyapeeth (Deemed to be University)** The minimum eligibility for M.Sc. in
Reproductive & Developmental Biology is a pass in B.Sc. with at least 50% marks in
qualifying exam.

Key Highlights:

> In-depth Knowledge of Reproductive Biology: Students will gain comprehensive
knowledge of the biological processes involved in human reproduction, including
gametogenesis, fertilization, embryogenesis, and early development.

> Developmental Biology Focus: The program also covers key topics in developmental
biology, such as stem cell differentiation, organogenesis, and the molecular
mechanisms that regulate growth and development.

» Molecular and Cellular Mechanisms: Emphasis on the molecular and cellular basis
of reproduction and development, including gene regulation, signaling pathways, and
epigenetics.

» Research-Oriented Program: The curriculum is heavily research-focused, with
opportunities for students to engage in cutting-edge research projects and laboratory
work.

> Applications to Reproductive Medicine: Students will learn how to apply
knowledge in reproductive biology to assist in fertility treatments, genetic screening,
and the management of reproductive health.

» Ethical and Social Implications: Study the ethical, legal, and social issues
surrounding reproductive technologies, genetic screening, and prenatal diagnostics.

» Advanced Techniques in Biology: Practical training in laboratory techniques such as
gene editing (CRISPR), cell culture, tissue engineering, and molecular diagnostics.

Course Curriculum:



The M.Sc. in Reproductive & Developmental Biology is typically a two-year program, with a
mix of core modules, practical laboratory sessions, and research projects.

Year 1:

Core Modules:

»

Introduction to Reproductive Biology: An overview of the physiology of human
reproduction, including male and female reproductive anatomy, reproductive cycles,
and the cellular processes involved in gametogenesis and fertilization.

Molecular Developmental Biology: Study of the molecular signals and genetic
pathways that regulate the development of organisms, including stem cells, signaling
molecules, and gene expression during development.

Gametogenesis and Fertilization: Detailed exploration of the formation of eggs and
sperm, the process of fertilization, and early embryonic development.

Genetics of Development and Reproduction: Focus on the role of genetics in
reproduction, including genetic disorders, gene regulation, and mutations that can
affect fertility and development.

Hormonal Regulation of Reproduction: Study of the role of hormones such as
estrogen, progesterone, and testosterone in regulating reproduction, gamete
maturation, and pregnancy.

Environmental and Epigenetic Factors: Investigate how environmental factors such
as diet, pollutants, and lifestyle can affect reproductive health and development, and
the role of epigenetics in inheritance and gene expression.

Practical Training:

»

>

Laboratory sessions in cell culture, DNA/RNA extraction, PCR techniques, and basic
embryological techniques.

Hands-on experience with developmental biology techniques, such as gene expression
analysis, stem cell culture, and in vitro fertilization (IVF).

Year 2:

Advanced Modules:

»

Stem Cell Biology and Regenerative Medicine: Exploration of stem cell types
(embryonic, adult, induced pluripotent) and their potential in regenerative medicine,
fertility preservation, and tissue engineering.

Embryonic Development and Organogenesis: Detailed study of early embryonic
development, including the formation of the major organ systems and the molecular
mechanisms behind organogenesis.

Assisted Reproductive Technologies: Study of ART procedures such as IVF, ICSI,
egg freezing, and genetic screening, with an emphasis on their applications in clinical
settings.

Reproductive Health and Disorders: Focus on common reproductive health issues,
such as infertility, polycystic ovary syndrome (PCOS), endometriosis, and male
infertility.



Preimplantation Genetic Diagnosis (PGD) and Screening (PGS): Study the
techniques of genetic screening and testing of embryos for inherited diseases before
implantation in assisted reproduction.

Developmental and Reproductive Toxicology: Investigate how exposure to
environmental toxins, drugs, or infections can affect reproduction and fetal
development, as well as the long-term implications.

Ethical, Legal, and Social Issues in Reproductive Biology: Study the ethical
considerations surrounding reproductive technologies, including embryo handling,
gene editing, and genetic screening.

Research Project/Dissertation:

»

Students will undertake a research project in a specific area of reproductive and
developmental biology. This could involve experimental work, literature reviews, or
clinical studies, and culminates in a dissertation.

Projects may focus on reproductive health, stem cell therapy, genetic testing,
developmental disorders, or the molecular mechanisms of early embryonic
development.

Career and Academic Opportunities:

Career Opportunities:

Graduates of the M.Sc. in Reproductive & Developmental Biology have diverse career
opportunities in academia, healthcare, and the biotechnology and pharmaceutical industries.
Potential career roles include:

>

>

Clinical Embryologist: Work in IVF clinics or fertility centers to assist with ART
procedures, including embryo culture, sperm preparation, and embryo transfer.
Reproductive Scientist: Conduct research on human reproduction, fertility
preservation, or reproductive disorders, with applications in clinical settings or
biotechnology.

Genetic Counselor: Specialize in providing genetic counseling for couples
undergoing ART, genetic screening, or prenatal testing.

Fertility Researcher: Engage in research focused on improving fertility treatments,
understanding infertility causes, and developing novel therapies for reproductive
health.

Stem Cell Biologist: Conduct research in stem cell biology, exploring their potential
applications in reproductive medicine, fertility preservation, and tissue regeneration.
Toxicologist in Reproductive Health: Work in assessing the effects of
environmental toxins, drugs, and lifestyle factors on reproductive health and fetal
development.

Regulatory Affairs Specialist in Reproductive Medicine: Ensure that reproductive
technologies, ART procedures, and genetic screening practices comply with ethical,
legal, and regulatory standards.

Pharmaceutical/Biotech Industry Professional: Contribute to the development of
pharmaceutical products, reproductive health drugs, or diagnostic tools used in ART
and fertility treatments.



Academic Opportunities:

Graduates may pursue further academic qualifications in the field, including:

» Ph.D. in Reproductive Biology or Developmental Biology: Specialize in areas such
as stem cell biology, genetic manipulation of embryos, or reproductive health
research.

» Postdoctoral Research: Engage in advanced research, particularly in areas like stem
cell therapy, embryo development, or reproductive health.

Research Prospects:

» Reproductive Medicine Research: Investigating novel treatments for infertility,
including improving ART techniques, sperm and egg preservation, and embryo
selection.

» Stem Cell Research in Reproductive Biology: Exploring the potential of stem cells
to treat infertility, restore fertility, and regenerate damaged reproductive tissues.

» Genetic Testing and Screening: Focusing on preimplantation genetic testing and
screening to reduce the risk of inherited disorders in offspring, improving ART
outcomes.

> Developmental Biology Research: Understanding the molecular mechanisms
involved in early development, including gene regulation during embryogenesis and
organ formation.

» Toxicology in Reproductive Health: Investigating the impact of environmental
factors, pollutants, and lifestyle choices on reproductive health and development.

Professional Opportunities:

» Certified Clinical Embryologist: Certification programs for embryologists and ART
professionals are offered by organizations like the European Society of Human
Reproduction and Embryology (ESHRE) and the American Society for Reproductive
Medicine (ASRM).

> Fertility Specialist: Clinical roles in fertility clinics or reproductive medicine
practices, where professionals work with couples to diagnose and treat infertility.

» Medical Science Liaison in Reproductive Health: Working as a liaison between
researchers, doctors, and pharmaceutical companies to communicate advances in
reproductive health and developmental biology.

» Reproductive Toxicologist: Work in regulatory bodies, pharmaceutical companies,
or research institutions to study and assess the impact of environmental and chemical
exposures on reproductive health.

Higher Education and Research Prospects:

» Ph.D. in Reproductive & Developmental Biology: Students may choose to pursue a
Ph.D. to further specialize in reproductive science, developmental biology, or a
related field, contributing to cutting-edge research.

» Postdoctoral Fellowships: Engage in specialized research in areas like stem cell
therapy, ART technologies, or genetic counseling for reproductive health.



Conclusion:

The M.Sc. in Reproductive & Developmental Biology offers students the opportunity to
gain comprehensive knowledge in the fields of reproduction, embryology, and early
development. With a strong emphasis on molecular and cellular biology, genetics, and the
latest research techniques, this program provides a solid foundation for careers in
reproductive medicine, biomedical research, and biotechnology.

Graduates of this program will play a key role in advancing fertility treatments,
understanding genetic disorders, and contributing to the development of new technologies in
reproductive healthcare. Given the growing demand for expertise in reproductive health and

developmental biology, this program offers excellent career and research prospects for those
interested in these fields.

Labs

1. Gametogenesis & Germ Cell Biology Lab
» 0ogenesis & Spermatogenesis Studies
v In vitro differentiation of germ cells
v Follicular development & ovarian function assays
v’ Spermatogenesis analysis (testicular biopsy, seminiferous tubule culture)

» Germ Cell Epigenetics & Reprogramming

v" DNA methylation profiling of gametes
v Histone modification studies in sperm & oocytes

2. Embryology & Early Development Lab
» Zygote & Blastocyst Development Analysis

v" Time-lapse imaging of early embryogenesis
v Transcriptomic profiling of developing embryos

» Embryo Culture & Manipulation

v In vitro fertilization (IVF) & ICSI techniques
v’ Laser-assisted hatching & embryo micromanipulation

3. Molecular Genetics of Reproduction Lab
» Preimplantation Genetic Testing (PGT) & Embryo Screening
v" PGT-A (Aneuploidy), PGT-M (Monogenic diseases), PGT-SR (Structural

rearrangements)
v" CRISPR-based gene editing in embryonic models



» Single-Cell RNA Sequencing for Embryonic Gene Expression

4. Developmental Biology & Organogenesis Lab
» Stem Cell-Derived Models of Early Development

v Organoids mimicking early embryonic development
v 3D culture models for implantation studies

» Morphogen Signaling Pathways in Development

v' Wnt, BMP, Hedgehog, and Notch signaling in embryo formation

5. Endocrinology & Reproductive Hormone Research Lab
» Hormonal Regulation of Fertility & Development

v" ELISA & LC-MS for hormone profiling (FSH, LH, estrogen, progesterone)
v HPA & HPG axis interactions in reproductive health

6. Epigenetics & Environmental Reproductive Biology Lab
» Epigenetic Programming of Germ Cells & Embryos

v" DNA methylation & histone modification in early development
v’ Effects of parental age & environmental exposures

» Endocrine Disruptors & Developmental Toxicology

v Impact of BPA, phthalates, and pollutants on embryo development

7. Fertility Preservation & Regenerative Medicine Lab
» Cryopreservation Techniques for Gametes & Embryos

v’ Vitrification vs. slow freezing
v Ovarian tissue cryopreservation & transplantation

» Stem Cell Applications in Reproductive Biology

v Induced pluripotent stem cells (iPSCs) for gametogenesis
v Uterine & endometrial regeneration therapies

8. Placental & Fetal Development Lab
» Placental Biology & Maternal-Fetal Interactions

v" Placental vascularization & trophoblast invasion studies
v"In vitro placental barrier models



» Fetal Programming & Long-Term Health Impacts

v Epigenetic modifications affecting fetal development
v' Developmental origins of health & disease (DOHaD)

9. Ethics, Policy & Clinical Applications Lab

> Ethical Considerations in Reproductive Technology
» Genetic Counseling & Assisted Reproductive Technology (ART) Regulations
> Stem Cell Research & Human Developmental Studies Compliance

PROGRAM OUTCOMES (POs)

PO Program Outcomes

PO-1 | Gain in-depth knowledge of human reproductive physiology and developmental biology.

PO-2 | Study gametogenesis, fertilization, and early embryonic development.

PO-3 | Apply molecular and cellular biology techniques to reproductive research.

PO-4 | Conduct research on reproductive disorders and developmental anomalies.

PO-5 | Follow ethical guidelines in reproductive and developmental biology studies.

PO-6 Contribute to advancements in reproductive health, contraception, and fertility
preservation.




COURSE STRUCTURE - M.Sc. Reproductive & Development Biology

SEMESTER -1
Contact
Sl Course . ) ]
Broad Category Name of the Subject/Practical hours/week | Credits
No. Code
L T P
Fundamentals of Human Reproductive
1 MSRDB101 u 2 1 0 3
Anatomy and Physiology
Human Embryology — Gametogenesis,
1. ] MSRDB102 o _ 2 1] 0 3
Major (Core) Fertilization &Embryonic Development
2. MSRDB103 | Endocrinology of Reproduction 2 1 0 3
Assisted Reproductive Technology
3. MSRDB104 2 0 2 3
(ART)
1. Stem Cell Biology & Regenerative
Minor Medicine
Select any two 2. Genetics & Epigenetics in 2 0 2
minor courses, Development
each worth 3 3. Reproductive Immunology
4. credits, fora | MSRDB105| 4. Environmental & Lifestyle Impacts 6
maximum of 6 on Fertility
credits per 5. Cryopreservation & Biobanking in
semester Reproduction 2 0 2
6. Research Methodology &
Biostatistics
1. Microscopy & Morphological Analysis 5 N A
Skill of Gametes
5. MSRDB106 _ ' _ 2
Enhancement 2. Laboratory Technigues in Reproductive 0 0 )
Courses Biology (I'VF, Micromanipulation, etc.)
Total | 12 3 10
20
Total Contact Hours 25




Course outcome for M.Sc. Reproductive & Development Biology MAJOR

| Course Name

|

Course Outcomes

Fundamentals of Human
Reproductive Anatomy
and Physiology

- Understand the anatomical structures and functions of the male
and female reproductive systems.- Explain the physiological
processes involved in puberty, gametogenesis, fertilization,
pregnancy, and menopause.- Analyze the hormonal regulation of
reproductive cycles and their impact on fertility.- Evaluate
reproductive health disorders and their effects on conception and
pregnancy.- Apply anatomical and physiological knowledge to
reproductive healthcare and fertility treatments.

Human Embryology —
Gametogenesis,
Fertilization &
Embryonic Development

- Understand the processes of spermatogenesis and oogenesis.-
Explain the molecular and cellular events of fertilization,
cleavage, and blastocyst formation.- Analyze key stages of
embryonic and fetal development, including implantation and
organogenesis.- Evaluate the genetic and environmental factors
affecting early embryonic development.- Apply embryological
concepts in ART, prenatal diagnostics, and reproductive
medicine.

Endocrinology of
Reproduction

- Understand the hormonal regulation of reproductive functions
in males and females.- Explain the role of key hormones such as
GnRH, LH, FSH, estrogen, progesterone, and testosterone.-
Analyze the feedback mechanisms controlling the ovarian and
testicular functions.- Evaluate endocrine disorders affecting
reproduction, including PCOS, hypogonadism, and infertility.-
Apply hormone-based therapeutic approaches in fertility
treatments and reproductive endocrinology.

Assisted Reproductive
Technology (ART)

- Understand the principles and applications of ART in
infertility management.- Explain techniques such as in vitro
fertilization (IVF), intracytoplasmic sperm injection (ICSI), and
embryo transfer.- Analyze factors influencing ART success,
including ovarian stimulation, embryo selection, and
implantation.- Evaluate advancements in ART, including
cryopreservation, preimplantation genetic testing (PGT), and
surrogacy.- Apply laboratory techniques for gamete handling,
embryo culture, and fertility preservation.




Course outcome for M.Sc. Reproductive & Development Biology MINOR

Course Name

Course Outcomes

Stem Cell Biology &
Regenerative
Medicine

- Understand the fundamental concepts of stem cell biology,
including types and properties of stem cells.- Explain the role of
stem cells in reproductive biology and regenerative medicine.-
Analyze the applications of stem cell therapy in treating infertility
and reproductive disorders.- Evaluate ethical and clinical
challenges in stem cell research and reproductive medicine.- Apply
stem cell-based techniques for tissue engineering, regenerative
therapies, and fertility preservation.

Genetics &
Epigenetics in
Development

- Understand the genetic and epigenetic mechanisms regulating
embryonic development.- Explain the role of gene expression,
DNA methylation, histone modifications, and non-coding RNAs in
reproduction.- Analyze the impact of epigenetic modifications on
fertility, embryogenesis, and pregnancy outcomes.- Evaluate
epigenetic alterations in ART, prenatal development, and inherited
disorders.- Apply genetic and epigenetic screening techniques in
reproductive medicine and developmental biology.

Reproductive
Immunology

- Understand the immune system’s role in reproductive health and
pregnancy.- Explain immune tolerance mechanisms in
implantation and maternal-fetal interactions.- Analyze
immunological factors contributing to recurrent pregnancy loss,
preeclampsia, and infertility.- Evaluate immunotherapies for
reproductive disorders and transplantation in ART.- Apply
immunological assays in diagnosing and managing reproductive
immunological conditions.

Environmental &
Lifestyle Impacts on
Fertility

- Understand the influence of environmental toxins, endocrine
disruptors, and pollutants on reproductive health.- Explain how
lifestyle factors, including diet, exercise, and stress, affect fertility
and pregnancy outcomes.- Analyze the impact of smoking, alcohol,
and drug use on gamete quality and reproductive function.-
Evaluate preventive strategies and interventions for optimizing
reproductive health.- Apply epidemiological and clinical research
methods to assess environmental and lifestyle factors in fertility.

Cryopreservation &
Biobanking in
Reproduction

- Understand the principles and techniques of cryopreservation for
gametes, embryos, and reproductive tissues.- Explain the role of
biobanking in fertility preservation, ART, and reproductive
research.- Analyze factors influencing cryosurvival rates and post-
thaw viability in reproductive cells.- Evaluate ethical and
regulatory considerations in reproductive biobanking.- Apply
cryopreservation methods in ART laboratories for fertility
preservation and reproductive medicine advancements.

Research
Methodology &
Biostatistics

- Understand the principles of scientific research design,
hypothesis formulation, and data analysis.- Explain methodologies
for clinical and laboratory-based reproductive research.- Analyze




| Course Name | Course Outcomes

statistical tools used in reproductive biology, embryology, and
ART research.- Evaluate the validity, reliability, and interpretation
of data in reproductive medicine.- Apply biostatistical software
(SPSS, R, Python) for data analysis and visualization in
reproductive science.

M.Sc. in Reproductive & Developmental Biology — Course Structure &
Syllabus

Course Duration: 2 Years (4 Semesters)
Total Credits: 80-100

Total Teaching & Training Hours: ~3,600

Total Teaching Hours Distribution

Theory Classes: ~1,200-1,500 hours

Laboratory Training & Practical Sessions: ~800-1,000 hours
Clinical & Research-Based Training: ~800-1,000 hours
Research Project & Dissertation: ~300-500 hours

Wb

Assessment Methods

Weightage

Assessment Component Details
b (%)
Continuous Internal Includes internal exams, assignments,
Assessment (CIA) 40% presentations, case studies, and practical
performance

End-Semester Examination 600 Divided into theory (40%) and practical
(ESE) 0 (20%)

20% (Part of

CIA) Two internal tests per semester

Mid-Semester Exams

. . 5% (Part of ||Research-based assignments, literature
Assignments & Case Studies CIA) reviews, clinical case reports




Assessment Component

Weightage

Details

(%)
. : 5% (Part of ||Oral/poster presentations on diabetes
Seminars & Presentations CIA) management
Practical Performance & 5% (Part of . . .
Clinical Evaluation CIA) Skill-based assessments in labs/hospitals
[0)
Attendance & Participation gﬁ\)(Part of Regularity in theory & practical sessions
o . 40% (Part of ||Structured written paper covering subject
Theory Examination (Final) ESE) knowledge
. N : 20% (Part of |Includes viva, skill demonstration, case
Practical Examination (Final) ESE) handling
. . | Evaluated in the final year by internal &
Dissertation/Research Project Mandatory SR P o
Clinical Internship/Training ||Pass/Fail paghoo e TEETCvaluation with hospital

mentor review

Marking System & Grading

<50 (Fail) |F (Fail)

o

|IFail (Re-exam Required)

Marks Grade Point (GPA/CGPA S
(%) Grade Equivalent) Classification
@) First Class with
90 - 100 (Outstanding) U Distinction
First Class with
80 - 89 A+ (Excellent) |9 Distinction
70-79  ||A (Very Good) |8 |First Class |
60-69 |B+(Good) |7 |First Class |
50 -59 | B (Satisfactory)|6 |Second Class |

Pass Criteria:

>  Minimum 50% marks in each subject (Theory & Practical separately).
> Aggregate of 55% required for progression to the next semester.
> No more than two backlogs allowed for promotion to the final year.

Exam Pattern for Theory & Practical

A. Theory Examination Pattern




Total Marks: 100 (Converted to 40% for End-Semester Assessment)
Duration: 3 Hours

. . No. of Marks per Total
Section Question Type Questions Question Marks
iectlon Short Answer Type (SAQ) |10 (Attempt all) |2 20
aectlon Long Answer Type (LAQ) i)(Attempt any o 40
Section |Case-Based/Clinical 3 (Attempt any
g 15 30
C Scenario 2)
%ectlon MCQs/Objective Type 10 (Compulsory) (|11 10
Total | I [100
Weightage:
» Reproductive Physiology & Endocrinology — 40%
» Embryology & Developmental Biology — 30%
» Research & Case Studies in Reproductive Biology — 20%
» Assisted Reproductive Technology (ART) & Ethics — 10%
Passing Criteria: Minimum 50% (50/100 marks)
B. Practical Examination Pattern
Total Marks: 100 (Converted to 20% for End-Semester Assessment)
Duration: 4-6 Hours
Marks
Companegt Distribution
Clinical Case Presentation & Developmental Biology Assessment 130

OSCE (Objective Structured Clinical Examination) — Skill
Demonstration

25

\Gametogenesis, Embryogenesis & Developmental Biology Techniques HZO

Lab-Based Examination (Embryo Culture, Microscopy, Molecular & 15
Genetic Testing)

\Record Work (Logbook & Assignments)

110

Total

100

OSCE (Skill-based Assessment) includes stations on:




YV V V VYV

Gamete Isolation, Handling & Fertilization Techniques

Embryo Culture & Developmental Staging

Molecular & Cytogenetic Analysis (PCR, Karyotyping) in Developmental Biology
Interpretation of Genetic & Epigenetic Factors in Reproduction

Passing Criteria: Minimum 50% (50/100 marks) in practicals.

Recommended Books & E-Resources

Textbooks
» ""Human Reproductive Biology" — Richard E. Jones
» "Essential Reproduction' — Martin H. Johnson
> "Developmental Biology'* — Scott F. Gilbert
» "Clinical Gynecologic Endocrinology and Infertility* — Leon Speroff

E-Resources & Journals

YV YV VY

Human Reproduction (Oxford Academic Journal)

Reproductive Biology and Endocrinology (BMC Journal)

Society for Reproductive Biology Resources

National Center for Biotechnology Information (NCBI) — Developmental Biology

Career Opportunities after M.Sc. in Reproductive &
Developmental Biology

YVVYYVY

Clinical Embryologist in IVF & Fertility Centers

Reproductive Biologist in Research Labs & Universities

Genetic Counselor in Prenatal & Genetic Testing Center

Stem Cell Research Scientist in Regenerative Medicine Institutes
Medical Educator in Allied Health & Medical Sciences
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