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SEMESTER-III 

COURSE 6: PRINCIPLES OF GENETICS 

LEARNING OBJECTIVES 

 To provide the background knowledge on the history of genetics and the importance of Mendelian 

principles. 

 To provide the required knowledge on the gene interactions 

 To acquaint the students, distinguish between polygenic, sex-linked, and multiple allelic modes of 

inheritance and extrachromosomal inheritance. 

 To understand the principles of sex determination in animals with a reference to human being, and sex-

linked inheritance 

 To understand the human karyotyping and the concept of pedigree analysis basics. 

 

LEARNING OUTCOMES: By the completion of the course the graduate should able to – 

 To understand the history of genetics, gain knowledge basic terminology of genetics 

 To acquire knowledge on interaction of genes, various types of inheritance patterns existing in animals 

with reference to non-Mendelian inheritance. 

 To acquire knowledge on chromosomal inheritance 

 Acquiring in-depth knowledge on various of aspects of genetics involved in sex determination, 

 Acquiring in-depth knowledge on human karyotyping, pedigree analysis and chromosomal disorders 

concepts of proteomics and genomics 

 

SYLLABUS 

UNIT-I: 

1.1 History of Genetics- Concepts of Phenotype, Genotype, Heredity, Variation, Pure lines and Inbreed 

Lines 

1.2 Mendelian Principles on Monohybrid cross, back cross and Test cross 

1.3 Mendelian Principles on Dihybrid cross 

Activity: Assignment /Students Seminar/Quiz/Project/Peer teaching/Report writing after watching any 

video on the above/Problem solving on Mendelian principles 

Evaluation: Instructor supposed to prepare a detailed Rubrics for the evaluation of the above activity 

 

UNIT-II: 

2.1 Linkage - Definition, Types of linkage-complete linkage and incomplete linkage, Significance of 

linkage. 

2.2 Crossing over - definition; Mechanism of crossing over: Chiasma Interference and coincidence 

2.4 Gene Interactions: Incomplete dominance, codominance, Pleiotropy 

2.5 Gene Interactions: Lethal alleles, Epistasis, Non- Epistasis 
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Activity: Assignment /Students Seminar/Quiz/Project/Peer teaching/Report writing after watching any 

video on the above/Model preparation of linkage/crossing over 

Evaluation: Instructor supposed to prepare a detailed Rubrics for the evaluation of the above activity 

 

UNIT-III: 

3.1 Polygenes (General Characteristics & examples) 

3.2 Multiple Alleles (General Characteristics and Blood group inheritance) 

3.3 Rh inheritance erythroblastosis foetalis 

3.4 Extra chromosomal inheritance- Kappa particles in Paramecium and Shell coiling in snails 

Activity: Assignment /Students Seminar/Quiz/Project/Peer teaching/Report writing after watching any 

video on the above/Case study on Rh/ Erythroblastosis foetalis 

Evaluation: Instructor supposed to prepare a detailed Rubrics for the evaluation of the above activity 

 

UNIT-IV: 

4.1 Sex determination- Chromosomal theory and Genic Balance theory 

4.2 Sex determination- Hormonal, Environmental and Haplo-diploidy types 

4.3 Sex linked inheritance: X-linked inheritance 

4.4 Sex linked inheritance: Y-linked & XY-linked inheritance 

Activity: Assignment /Students Seminar/Quiz/Project/Peer teaching/Report writing after watching any 

video on the above/ Preparation of animated model /chart on sex determination methods 

Evaluation: Instructor supposed to prepare a detailed Rubrics for the evaluation of the above activity 

 

UNIT-V: 

5.1 Human karyotyping, Pedigree Analysis(basics) 

5.2 Autosomal Recessive disorder-Sickle cell anaemia – causes, treatment, inheritance pattern, modes of 

testing and prevention 

5.3 Autosomal Dominant disorder- Huntington disease 

5.4 Basics on Genomics and Proteomic 

Activity: Assignment /Students Seminar/Quiz/Project/Peer teaching/Report writing after watching any 

video on the above/ Case study of a family for pedigree analysis 

Evaluation: Instructor supposed to prepare a detailed Rubrics for the evaluation of the above activity 

Co-curricular activities (Suggested) 

 Observation of Mendelian / Non-Mendelian inheritance in the plants of college botanical garden or local 

village as a student study project activity 

 Observation of blood group inheritance in students, from their parents and grandparents 

 Karyotyping and preparation of pedigree charts for identifying diseases in family history 

 Charts on chromosomal disorders 
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SEMESTER-III 

COURSE 6: PRINCIPLES OF GENETICS - PRACTICALS 

 
LEARNING OBJECTIVES 

To acquire practical knowledge on the importance of Mendelian principles by solving the problems. 

To provide the required knowledge on the gene interactions 

To acquaint the students on Human karyotype & pedigree analysis basics 

To understand the various genetic concepts through Virtual labs 

 

SYLLABUS: 

 

1. Study of Mendelian inheritance using suitable examples/Problems 

2. Study of linkage recombination, gene mapping using the data 

3. Study of human karyotypes 

4. Blood grouping and Rh in humans 

5. Demonstration of prenatal diagnosis (Virtual lab). 

6. Amniocentesis demo or virtual lab 

7. Demonstration of Ultrasonography (Virtual lab). 

8. Scoring dysmorphic features in syndromic patients 

9. Genetic Counselling methods based on case history 

10. Construction and analysis of Pedigree 

 

RFERENCE WEB LINKS: 

 https://www.iitg.ac.in/cseweb/vlab/anthropology/Experiments/Mendels%20law/index.html 

 https://learn.genetics.utah.edu/content/labs/ 

 https://virtuallabs.merlot.org/vl_biology.html 

 https://blog.praxilabs.com/2020/06/30/dna-extraction-virtual-lab/ 

 https://jru.edu.in/studentcorner/lab-manual/agriculture/Fundamentals%20of%20Genetics.pdf 

 https://academicworks.cuny.edu/cgi/viewcontent.cgi?article=1008&context=ny_oers 

 https://sjce.ac.in/wp-content/uploads/2018/04/Cell-Biology-Genetics-Laboratory-Manual-17- 18.pdf 

 https://www.rlbcau.ac.in/pdf/Agriculture/AGP%20113%20%20Fundamentals%20of%20Genetics.pdf 

 https://coabnau.in/uploads/1610707528_GPB3.2PracticalManual-Final.pdf 

 

 

 

https://sjce.ac.in/wp-content/uploads/2018/04/Cell-Biology-Genetics-Laboratory-Manual-17-
https://coabnau.in/uploads/1610707528_GPB3.2PracticalManual-Final.pdf
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UNIT-I 

1.1. Concepts of Phenotype, Genotype, 

Heredity, Variation, Pure lines and Inbreed 

Lines 

Understanding genetics involves several 

fundamental concepts, including phenotype, 

genotype, heredity, variation, pure lines, and inbred 

lines. Here's a detailed look at each of these 

concepts: 

1. Phenotype 

Definition: The observable physical or 

physiological traits of an organism, which result 

from the interaction of its genotype with the 

environment. 

Examples: Flower color in pea plants (purple or 

white), height, eye color in humans. 

Importance: Phenotypes are the traits that are 

actually expressed and can be seen or measured, 

making them crucial for studying inheritance and 

evolution. 

2. Genotype 

Definition: The genetic makeup of an organism; 

the set of alleles that an individual has. 

Examples: In pea plants, the genotype for flower 

color could be PP (homozygous dominant), Pp 

(heterozygous), or pp (homozygous recessive). 

Importance: The genotype determines the 

potential traits an organism can pass on to its 

offspring and is the basis for understanding 

inheritance patterns. 

3. Heredity 

Definition: The process by which traits are passed 

from parents to offspring through genes. 

Mechanisms: Involves the transmission of genetic 

material (DNA) from one generation to the next, 

typically through sexual or asexual reproduction. 

Importance: Heredity is the fundamental process 

that enables the continuity of genetic information 

and the inheritance of traits from parents to 

offspring. 

4. Variation 

Definition: The differences in phenotypes and 

genotypes among individuals within a population. 

Sources: 

Genetic Variation: Caused by mutations, genetic 

recombination during sexual reproduction, and 

gene flow between populations. 

Environmental Variation: Differences caused by 

environmental factors such as climate, diet, and 

lifestyle. 

Importance: Variation is essential for evolution, 

as it provides the raw material for natural selection 

to act upon. 

5. Pure Lines 

Definition: A group of genetically identical 

individuals that, when self-pollinated or bred with 

each other, produce offspring that are all 

genetically identical to the parents. 

Creation: Achieved through several generations of 

self-pollination or inbreeding, ensuring 

homozygosity at all loci. 

Importance: Pure lines are crucial for genetic 

research and plant breeding, providing a stable 

genetic background for studying specific traits. 

6. Inbred Lines 

Definition: Lines produced by mating closely 

related individuals over several generations, 

leading to an increase in homozygosity. 

Process: Inbreeding involves the breeding of 

siblings, parents with offspring, or close relatives. 

Consequences: 

Positive: Can help in stabilizing desirable traits, 

producing uniform populations for research or 

agriculture. 

Negative: Can lead to inbreeding depression, 

where harmful recessive traits become expressed, 

reducing the overall fitness of the population. 

Importance: Inbred lines are valuable for genetic 

studies, as they reduce genetic variability, allowing 

researchers to focus on specific traits. 
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1.2.1 Mendelian Principles on Monohybrid 

cross 

A monohybrid cross examines the 

inheritance of a single trait with two alleles. 

Gregor Mendel's experiments with pea plants 

provided the foundation for understanding 

how traits are inherited from one generation to 

the next. Here are the key Mendelian principles 

as they apply to monohybrid crosses: 

Mendelian Principles 

1. Law of Segregation: 

* Each individual has two alleles for a given 

trait. 

* These alleles segregate (separate) during 

gamete formation. 

* Each gamete (sperm or egg) carries only one 

allele for each trait. 

Dominance and Recessiveness: 

One allele can be dominant over the other, 

which is recessive. 

The dominant allele masks the expression of 

the recessive allele in heterozygous 

individuals. 

Example of a Monohybrid Cross 

Consider a trait in pea plants such as flower 

color, where:  

 Purple flowers (P) are dominant. 

 White flowers (p) are recessive. 

Parent Generation (P): 

 Homozygous purple flowers (PP) 

 Homozygous white flowers (pp) 

First Filial Generation (F1):  

All offspring are heterozygous (Pp) and exhibit 

the dominant purple phenotype. 

 

 

Second Filial Generation (F2):  

When F1 plants (Pp) self-pollinate, the 

resulting F2 generation exhibits a 3:1 

phenotypic ratio and a 1:2:1 genotypic ratio. 

 

 

Punnett Square for F1 Cross (Pp x Pp): 

 P p 

P PP Pp 

p Pp pp 

Analysis: 

1. Genotypic Ratio: 

 1 PP (homozygous dominant) 

 2 Pp (heterozygous) 

 1 pp (homozygous recessive) 

 Ratio: 1:2:1 

2. Phenotypic Ratio: 

 3 purple (PP and Pp) 

 1 white (pp) 

 Ratio: 3:1 

Mendel’s work with monohybrid 

crosses illustrated the fundamental principles 

of genetic inheritance, emphasizing the 

segregation of alleles and the dominance-

recessive relationship, which are crucial for 

understanding basic genetics. 
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1.2.2. Back Cross and Test Cross: 

Mendelian Principles 

Back crosses and test crosses are 

important genetic tools used to determine the 

genotype of an organism and to study 

inheritance patterns. Both types of crosses rely 

on Mendel's principles of inheritance. 

1. Back Cross 

A back cross involves crossing an F1 

hybrid (heterozygous) with one of the parental 

genotypes. This can help determine if the traits 

in the F1 generation are segregating according 

to Mendel’s laws. 

Types of Back Crosses 

1. Cross with Homozygous Dominant 

Parent (PP x Pp): 

* All offspring show the dominant phenotype. 

* Offspring genotype: 50% PP (homozygous 

dominant), 50% Pp (heterozygous). 

2. Cross with Homozygous Recessive Parent 

(pp x Pp): 

* Results in a 1:1 phenotypic ratio (1 

dominant: 1 recessive). 

* Offspring genotype: 50% Pp (heterozygous), 

50% pp (homozygous recessive). 

Example: 

Trait: Flower Color (Purple is dominant, 

White is recessive) 

* F1 Generation (Pp): Purple flowers 

* Back Cross with Homozygous Recessive 

(pp): 

 

 

 

Punnett Square: 

 P p 

p Pp pp 

p Pp pp 

 

Results: 

 50% Pp (Purple flowers) 

 50% pp (White flowers) 

2. Test Cross 

A test cross is used to determine the 

genotype of an individual exhibiting a 

dominant phenotype by crossing it with a 

homozygous recessive individual. 

Purpose of a Test Cross: To determine 

whether the individual with the dominant 

phenotype is homozygous dominant (PP) or 

heterozygous (Pp). 

Procedure: 

1. Cross the individual with the dominant 

phenotype (unknown genotype) with a 

homozygous recessive (pp) individual. 

2. Analyze the offspring: 

If all offspring display the dominant 

phenotype, the unknown genotype is 

homozygous dominant (PP). 

If the offspring display a 1:1 ratio of dominant 

to recessive phenotypes, the unknown 

genotype is heterozygous (Pp). 

Example: 

Trait: Flower Color (Purple is dominant, 

White is recessive) 

* Individual with Dominant Phenotype 

(Unknown Genotype): Could be PP or Pp 
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* Homozygous Recessive Individual (pp): 

White flowers 

i. Test Cross with PP (Unknown Dominant): 

Punnett Square: 

 p p 

P Pp Pp 

P Pp Pp 

 

Results: All offspring are Pp (Purple flowers). 

ii. Test Cross with Pp (Unknown 

Heterozygous): 

Punnett Square: 

 P p 

p Pp pp 

p Pp pp 

Results: 

 50% Pp (Purple flowers)  

 50% pp (White flowers) 

 

 

 

 

 

 

 

 

 

 

 

 

1.3. Mendelian Principles on Dihybrid cross 

Gregor Mendel's principles of 

inheritance, formulated in the 19th century 

through his experiments with pea plants, laid 

the foundation for our understanding of genetic 

inheritance. When it comes to dihybrid 

crosses, which involve tracking the inheritance 

of two different traits simultaneously, 

Mendel's principles can be applied as follows: 

1. Law of Segregation 

This principle states that an individual 

possesses two alleles for each gene, and these 

alleles segregate (separate) during the 

formation of gametes (egg and sperm), so each 

gamete carries only one allele for each gene. 

2. Law of Independent Assortment 

For dihybrid crosses, Mendel's second 

law is particularly important. It states that 

alleles for different genes assort independently 

of one another during the formation of 

gametes. This means the inheritance of one 

trait (e.g., seed shape) does not affect the 

inheritance of another trait (e.g., seed color), 

assuming the genes are on different 

chromosomes or far apart on the same 

chromosome. 

Example of a Dihybrid Cross 

Consider a classic example where Mendel 

looked at two traits in pea plants: seed shape 

(round, R, is dominant over wrinkled, r) and 

seed color (yellow, Y, is dominant over green, 

y). 

* Parent Generation (P): Mendel crossed two 

true-breeding plants: 

Round and yellow seeds (RRYY) 

Wrinkled and green seeds (rryy) 
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* First Filial Generation (F1):  

All offspring from this cross are heterozygous 

for both traits (RrYy) and exhibit the dominant 

phenotypes (round and yellow). 

* Second Filial Generation (F2):  

Mendel then allowed the F1 plants to self-

pollinate, leading to a dihybrid cross (RrYy × 

RrYy). To predict the F2 generation, Mendel 

used a Punnett square. 

Punnett Square for Dihybrid Cross 

Each parent can produce four types of gametes 

(RY, Ry, rY, ry). The Punnett square for the F2 

generation would have 16 boxes, as shown 

below: 

 RY Ry rY ry 

RY RRYy RRYy RrYY RrYy 

Ry RRYy RRyy RrYy Rryy 

rY RrYY RrYy rrYY rrYy 

ry RrYy Rryy rrYy rryy 

Phenotypic Ratio: From the Punnett square, 

we can determine the phenotypic ratio in the F2 

generation: 

 Round and yellow (R_Y_): 9/16 

 Round and green (R_yy): 3/16 

 Wrinkled and yellow (rrY_): 3/16 

 Wrinkled and green (rryy): 1/16 

Thus, the phenotypic ratio of the F2 generation 

in a dihybrid cross is typically 9:3:3:1. 

Mendel's work with dihybrid crosses 

demonstrated the predictability of genetic 

inheritance and the independent assortment of 

genes, which are foundational concepts in 

genetics. 
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UNIT-II 

2.1. Linkage: Definition, Types, and 

Significance 

Linkage refers to the phenomenon where 

genes that are located close to each other on the 

same chromosome tend to be inherited together. 

This concept was first introduced by Thomas Hunt 

Morgan in the early 20th century through his work 

with fruit flies (Drosophila melanogaster). 

Definition: The tendency of genes that are close 

together on the same chromosome to be inherited 

together during meiosis because they are less likely 

to be separated by recombination (crossing over). 

Types of Linkage: Linkage is of two types. 1. 

Complete Linkage, 2. Incomplete Linkage 

1. Complete Linkage: Occurs when genes are so 

close to each other on a chromosome that they are 

always inherited together and never separated by 

recombination. 

Characteristics: 

* No recombination occurs between the linked 

genes. 

* The parental combinations of alleles are always 

passed to the offspring. 

* Rare in natural populations because 

recombination, although less frequent, usually still 

occurs. 

Example: In some cases of laboratory-controlled 

genetic experiments, certain very closely linked 

genes can exhibit complete linkage. 

2. Incomplete Linkage: Occurs when genes are 

close to each other on a chromosome but can 

occasionally be separated by recombination during 

meiosis. 

Characteristics: 

* The closer the genes are, the less likely they are 

to be separated by recombination, but separation is 

still possible. 

* Produces both parental and recombinant types in 

offspring, but parental types are more frequent. 

* The frequency of recombination between two 

genes can be used to determine the physical 

distance between them on the chromosome 

(measured in map units or centiMorgans). 

Example: In Drosophila, genes for body color and 

wing type show incomplete linkage. If a fruit fly 

heterozygous for gray body (G) and normal wings 

(N) (on one chromosome) and black body (g) and 

vestigial wings (n) (on the homologous 

chromosome) is test-crossed, both parental (GN 

and gn) and recombinant (Gn and gN) types appear 

in the progeny, with parental types being more 

frequent. 

Significance of Linkage 

i. Genetic Mapping: Linkage helps in the creation 

of genetic maps, which are diagrams that show the 

relative positions of genes on a chromosome based 

on recombination frequencies. Geneticists can 

determine the order of genes and the distances 

between them. 

ii. Understanding Inheritance Patterns: Linkage 

explains why certain traits are inherited together 

more often than would be expected by independent 

assortment. It helps in predicting the inheritance of 

traits, especially those that are closely linked. 

iii. Breeding and Agriculture: Knowledge of 

linkage can be used in plant and animal breeding 

programs to select for desirable traits that are 

closely linked. It helps breeders to develop new 

varieties with beneficial combinations of traits. 

iv. Medical Genetics: Identifying linked genes can 

help in locating genes associated with genetic 

disorders. Linkage analysis is used in studying 

hereditary diseases to find genes that contribute to 

diseases and conditions. 

v. Evolutionary Biology: Linkage and 

recombination frequencies provide insights into 

evolutionary processes. Studying linkage patterns 

helps in understanding the genetic structure of 

populations and the evolutionary relationships 

between species. 
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2.2. Crossing Over: Definition, Mechanism, 

and Related Concepts 

Crossing over is a crucial process during 

meiosis that results in the exchange of genetic 

material between homologous chromosomes. 

This leads to genetic variation in the gametes. 

Definition: The process during meiosis where 

two homologous chromosomes exchange 

segments of their genetic material, resulting in 

a new combination of alleles. This occurs 

during prophase I of meiosis. 

Mechanism of Crossing Over 

Crossing over involves several stages and 

is facilitated by the formation of a structure 

called the synaptonemal complex. The key 

steps in the mechanism include: 

i. Synapsis: 

* Homologous chromosomes pair up along 

their lengths. 

* This pairing is facilitated by the formation of 

the synaptonemal complex. 

ii. Formation of Chiasmata: 

* The chromatids of homologous 

chromosomes intertwine and physical 

exchanges of chromosome segments occur. 

* Points of crossover are visible as X-shaped 

structures called chiasmata (singular: 

chiasma). 

iii. Recombination: 

* Genetic material is exchanged between non-

sister chromatids at the chiasmata. 

* Enzymes like recombinases play a critical 

role in the cutting and rejoining of DNA 

strands. 

iv. Resolution: 

* The chiasmata are resolved, meaning the 

chromosomes are separated but now have 

exchanged segments. 

* This results in new combinations of alleles 

on each chromosome. 

v. Chiasma, Interference, and Coincidence 

Chiasma: The visible manifestation of 

crossing over, where two homologous 

chromatids are physically connected. 

Interference and Coincidence: These 

concepts are related to the distribution and 

frequency of crossing over events along the 

chromosome. 

Chiasma Interference:  

Definition: Chiasma interference refers to the 

phenomenon where the occurrence of one 

crossover event reduces the probability of 

another crossover occurring nearby on the 

same chromosome. 

Importance: Interference helps ensure that 

crossover events are spaced out along the 

chromosome, which is crucial for proper 

chromosome segregation during meiosis. 

Measurement: 

* Interference is measured using a value called 

the interference coefficient (I), which is 

calculated as 𝐼=1−𝐶I=1−C where 𝐶C is the 

coefficient of coincidence. 

* An interference value of 1 means complete 

interference (no double crossovers), while a 

value of 0 means no interference (crossover 

events occur independently). 

Coefficient of Coincidence 

Definition: The coefficient of coincidence (C) 

is the ratio of observed double crossovers to 

the expected number of double crossovers. 
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Calculation: 

𝐶=Observed number of double crossoversExp

ected number of double crossoversC=Expecte

d number of double crossoversObserved num

ber of double crossovers 

* If 𝐶C is less than 1, positive interference is 

present (fewer double crossovers than 

expected). 

* If 𝐶C is greater than 1, negative interference 

is present (more double crossovers than 

expected). 

Significance of Crossing Over 

i. Genetic Diversity: * Crossing over produces 

new combinations of alleles, contributing to 

genetic variation in a population. This 

variation is essential for evolution and 

adaptation. 

ii. Genetic Mapping: * The frequency of 

crossing over between genes on the same 

chromosome can be used to create genetic 

maps. These maps show the relative positions 

of genes based on recombination frequencies. 

ii. Chromosome Segregation: Proper 

segregation of homologous chromosomes 

during meiosis I requires at least one crossover 

per chromosome pair. It ensures genetic 

stability and reduces the risk of aneuploidy 

(abnormal number ofchromosomes). 

 

 

 

 

 

 

 

 

2.3. Gene Interactions: Incomplete 

Dominance, Codominance, and Pleiotropy 

Gene interactions can result in a variety 

of inheritance patterns beyond the simple 

dominant-recessive relationships described by 

Mendel. Here are detailed explanations of 

incomplete dominance, codominance, and 

pleiotropy: 

1. Incomplete Dominance 

Definition: Incomplete dominance occurs 

when the heterozygous phenotype is an 

intermediate blend between the two 

homozygous phenotypes. 

Example: Flower Color in Snapdragons 

* Homozygous Dominant (RR): Red flowers 

* Homozygous Recessive (rr): White flowers 

* Heterozygous (Rr): Pink flowers 

Mechanism: 

In incomplete dominance, neither 

allele is completely dominant over the other. 

As a result, the heterozygous condition 

produces a third phenotype that is a mix of the 

two homozygous phenotypes. 

Punnett Square: 

 R r 

R Rr Rr 

r Rr rr 

 

Phenotypic Ratio (F2 Generation): 

 1 Red (RR) 

 2 Pink (Rr) 

 1 White (rr) 
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2. Codominance 

Definition: Codominance occurs when both 

alleles in the heterozygous state are fully 

expressed, resulting in a phenotype that shows 

both traits simultaneously without blending. 

Example: ABO Blood Types in Humans 

* Alleles: IA (Type A), IB (Type B), i (Type 

O) 

* Codominance: IA and IB are codominant. 

When both are present (IAIB), the individual 

has Type AB blood, expressing both A and B 

antigens. 

Mechanism: 

In codominance, each allele produces a distinct 

and detectable trait in the heterozygote, and 

neither allele masks the other. 

Punnett Square: 

 IA IB 

IA IAIA IAIB 

i IAi IBi 

Phenotypic Ratio (for IAi x IBi cross): 

 1 Type A (IAIA or IAi) 

 1 Type B (IBIB or IBi) 

 1 Type AB (IAIB) 

 1 Type O (ii) 

 

 

 

 

 

 

3. Pleiotropy 

Definition: Pleiotropy occurs when a single 

gene influences multiple phenotypic traits that 

are seemingly unrelated. 

Example: Marfan Syndrome 

* Gene: FBN1 (Fibrillin-1) 

* Traits Affected: 

    Skeletal system (tall stature, long limbs) 

    Cardiovascular system (aortic aneurysm) 

    Ocular system (lens dislocation) 

Mechanism: 

A single gene produces a protein that is 

involved in multiple biological functions or 

developmental processes. Mutations in this 

gene can thus affect various systems in the 

organism. 

Significance: 

Pleiotropy is common in genetics 

because many proteins and enzymes function 

in multiple pathways and tissues. 

Understanding pleiotropy helps in diagnosing 

and treating genetic disorders. 

 

 

 

 

 

 

 

 

 

 

 



Zoology (H) SEM 3: PRINCIPLES OF GENETICS  K HARISH BABU 

PSGDC: PENUKONDA: SRI SATYASAI DT - 515110                                                                                               14 
 

2.4. Gene Interactions: Lethal Alleles, 

Epistasis, and Non-Epistasis 

Gene interactions can lead to various 

inheritance patterns and phenotypic 

expressions. Here, we'll discuss lethal alleles, 

epistasis, and non-epistasis. 

1. Lethal Alleles 

Definition: Lethal alleles are alleles that cause 

the death of an organism when present in a 

certain genotype, typically homozygous. 

Example: Manx Cats 

* Alleles: M (Manx, no tail), m (normal tail) 

* Genotypes: 

    * MM: Lethal (embryonic death) 

    * Mm: Manx (no tail) 

    * mm: Normal tail 

Mechanism: 

A mutation in an essential gene can 

lead to a nonfunctional protein that is crucial 

for survival. Homozygous individuals (e.g., 

MM) do not survive, while heterozygous 

individuals (Mm) exhibit the trait associated 

with the allele. 

Punnett Square (Mm x Mm): 

 M m 

M MM Mm 

m Mm mm 

 

Genotypic Ratio: 

 1 MM (lethal) 

 2 Mm (Manx) 

 1 mm (normal) 

Phenotypic Ratio (excluding lethals): 

 2 Manx: 1 normal 

 

2. Epistasis 

Epistasis occurs when the expression 

of one gene (the epistatic gene) masks or 

modifies the expression of another gene (the 

hypostatic gene). 

Types of Epistasis: Recessive Epistasis & 

Dominant Epistasis 

i. Recessive Epistasis 

Example: Coat Color in Labrador Retrievers 

Genes: 

* B (black pigment) and b (brown pigment) 

* E (pigment deposition) and e (no pigment 

deposition) 

Genotypes: 

 B_E_: Black 

 bbE_: Brown 

 __ee: Yellow (regardless of B or b) 

Punnett Square (BbEe x BbEe): 

 BE Be bE be 

BE BBEE BBEe BbEE BbEe 

Be BBEe BBee BbEe Bbee 

bE BbEE BbEe bbEE bbEe 

be BbEe Bbee bbEe bbee 

Phenotypic Ratio: 

 9 Black (B_E_) 

 3 Brown (bbE_) 

 4 Yellow (__ee) 
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ii. Dominant Epistasis 

Example: Fruit Color in Summer Squash 

* Genes: 

   W (white) and w (colored) 

   Y (yellow) and y (green) 

* Genotypes: 

   W_: White (regardless of Y or y) 

   wwY_: Yellow 

   wwyy: Green 

Punnett Square (WwYy x WwYy): 

 WY Wy wY wy 

WY WWYy WWYy WwYY WwYy 

Wy WWYy WWyy WwYy Wwyy 

wY WwYY WwYy wwYY wwYy 

wy WwYy Wwyy wwYy wwyy 

Phenotypic Ratio: 

 12 White (W_) 

 3 Yellow (wwY_) 

 1 Green (wwyy) 

 

 

 

 

 

 

 

 

 

3. Non-Epistasis 

Definition: Non-epistasis describes a situation 

where genes independently affect a phenotype, 

without one gene masking or modifying the 

effect of another gene. 

Example: Seed Shape and Seed Color in Pea 

Plants (Mendelian Inheritance) 

* Genes: 

 R (round) and r (wrinkled) 

 Y (yellow) and y (green) 

Punnett Square (RrYy x RrYy): 

 RY Ry rY ry 

RY RRYy RRYy RrYY RrYy 

Ry RRYy RRyy RrYy Rryy 

rY RrYY RrYy rrYY rrYy 

ry RrYy Rryy rrYy rryy 

 

Phenotypic Ratio (9:3:3:1): 

 9 Round Yellow (R_Y_) 

 3 Round Green (R_yy) 

 3 Wrinkled Yellow (rrY_) 

 1 Wrinkled Green (rryy) 
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UNIT-III 

3.1. Polygenes: General Characteristics and 

Examples 

Polygenes, also known as quantitative trait loci 

(QTLs), are sets of multiple genes that interact to 

produce a continuous variation in a trait. Unlike 

Mendelian traits controlled by a single gene, 

polygenic traits are influenced by the combined 

effects of multiple genes, each contributing to the 

phenotype in a cumulative and additive manner. 

Here are the general characteristics and examples 

of polygenes: 

General Characteristics of Polygenes: 

1. Multiple Genes: 

* Polygenic traits are controlled by two or more 

genes, each contributing a small effect to the 

overall phenotype. 

* These genes may be located on different 

chromosomes or on the same chromosome (but not 

necessarily linked). 

2. Continuous Variation: 

* Polygenic traits exhibit a wide range of 

phenotypic variation across a population, forming 

a bell-shaped distribution curve (normal 

distribution). 

* Phenotypes are not limited to discrete categories 

but rather show a continuous spectrum of 

expression. 

3. Additive Effects: 

* The effects of each gene involved in a polygenic 

trait are additive, meaning that each allele 

contributes to the overall phenotype in a 

quantifiable manner. 

* The more alleles an individual possesses that 

contribute to the trait, the greater the expression of 

that trait. 

4. Environmental Influence: 

* Environmental factors also play a role in shaping 

the phenotype of polygenic traits. 

* Environmental conditions such as nutrition, 

temperature, and exposure to toxins can interact 

with genetic factors to influence trait expression. 

Examples of Polygenes: 

Human Height: Height in humans is a classic 

example of a polygenic trait.  

It is influenced by the combined effects of multiple 

genes involved in skeletal growth, such as those 

regulating bone length, density, and growth 

hormone production. 

Skin Color: Skin color is determined by the 

interaction of multiple genes involved in the 

production and distribution of melanin, the 

pigment responsible for skin coloration.  

Variations in skin color across populations are the 

result of different combinations of alleles at these 

polygenic loci. 

Eye Color: Eye color is controlled by several 

genes involved in the production and distribution 

of pigments in the iris.  

The inheritance of eye color follows a polygenic 

pattern, with variations ranging from blue to 

brown, depending on the combination of alleles 

inherited from parents. 

Intelligence: Cognitive abilities, including 

intelligence, are polygenic traits influenced by the 

combined effects of multiple genes involved in 

brain development, synaptic function, and 

neurotransmitter regulation.  

While genetics plays a significant role, 

environmental factors also strongly influence 

intelligence. 

Disease Risk: Many common diseases, such as 

diabetes, heart disease, and certain types of cancer, 

have a polygenic basis.  

Multiple genetic variants contribute to an 

individual's susceptibility to these diseases, along 

with environmental factors such as diet and 

lifestyle. 
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3.2. Multiple Alleles (General 

Characteristics and Blood group 

inheritance) 

Multiple alleles refer to the existence of more 

than two alternative forms of a gene, each 

occupying the same locus (position) on a 

chromosome. Unlike the simple Mendelian 

inheritance of two alleles for a given gene, 

multiple alleles can result in a variety of 

phenotypic outcomes. Let's explore their 

general characteristics and how they relate to 

blood group inheritance: 

i. General Characteristics of Multiple 

Alleles: 

1. Multiple Options: 

* Instead of just two alleles (as in Mendelian 

inheritance), multiple alleles provide several 

alternative forms of a gene at a specific locus. 

* Each individual can carry only two alleles, 

but the population as a whole may have more 

than two alleles for a particular gene. 

2. Incomplete Dominance and 

Codominance: 

* Multiple alleles can exhibit patterns of 

incomplete dominance or codominance, where 

the heterozygous phenotype shows an 

intermediate phenotype or expresses both 

alleles, respectively. 

3. Graded Phenotypic Expression: 

* With multiple alleles, the phenotype often 

shows a range of expressions rather than 

distinct categories, leading to a graded 

phenotypic spectrum. 

4. Complex Inheritance Patterns: 

* Inheritance patterns involving multiple 

alleles may be more complex than simple 

Mendelian inheritance, involving interactions 

between multiple alleles and environmental 

factors. 

ii. Blood Group Inheritance: 

The ABO blood group system is a classic 

example of multiple allele inheritance in 

humans. This system is determined by three 

alleles located on chromosome 9: 

1. Allele IA: Codes for the A antigen on 

red blood cells. 

2. Allele IB: Codes for the B antigen on 

red blood cells. 

3. Allele i: Codes for the absence of A 

and B antigens (recessive to IA and 

IB). 

ABO Blood Group Genotypes and 

Phenotypes: 

 IAIA or IAi: Type A blood (expresses 

A antigen). 

 IBIB or IBi: Type B blood (expresses 

B antigen). 

 IAIB: Type AB blood (expresses both 

A and B antigens). 

 ii: Type O blood (does not express A or 

B antigens). 

Inheritance Pattern: 

* Codominance: Both alleles IA and IB are 

codominant, so individuals with both alleles 

express both A and B antigens (Type AB 

blood). 

* Incomplete Dominance: Neither allele IA 

nor IB is dominant over the other, so the 

heterozygous genotype IAIB exhibits the AB 

blood type. 
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3.3. Rh inheritance erythroblastosis foetalis 

Rh inheritance plays a crucial role in the 

condition known as erythroblastosis fetalis, 

also called hemolytic disease of the newborn 

(HDN). This condition occurs when there is a 

mismatch between the Rh factor of the mother 

and the fetus, leading to maternal antibodies 

attacking the fetal red blood cells. Here's how 

Rh inheritance contributes to erythroblastosis 

fetalis: 

1. Rh Factor Inheritance: 

* The Rh factor is determined by the presence 

or absence of a specific antigen, known as the 

Rh antigen, on the surface of red blood cells. 

* Individuals who have the Rh antigen are Rh-

positive (Rh+), while those who lack the 

antigen are Rh-negative (Rh-). 

* The Rh factor is inherited in an autosomal 

dominant manner, with the Rh-positive allele 

(D) being dominant over the Rh negative allele 

(d). 

2. Rh Incompatibility: 

* Erythroblastosis fetalis occurs when an Rh-

negative mother carries an Rh-positive fetus. 

* In this situation, if fetal blood enters the 

maternal circulation (e.g., during childbirth or 

pregnancy complications), the mother's 

immune system may recognize the Rh antigen 

as foreign and produce antibodies against it. 

3. Sensitization: 

* The first exposure to the Rh antigen typically 

does not cause immediate harm to the fetus. 

However, it sensitizes the mother's immune 

system, leading to the production of anti-Rh 

antibodies (IgG antibodies) in future 

pregnancies. 

 

4. Subsequent Pregnancies: 

* In subsequent pregnancies with Rh-positive 

fetuses, maternal anti-Rh antibodies can cross 

the placenta and attack the fetal red blood cells. 

* This leads to hemolysis (destruction) of the 

fetal red blood cells, resulting in anemia and 

other complications for the fetus, including 

jaundice, hepatosplenomegaly, and 

erythroblastosis (increased production of 

immature red blood cells, erythroblasts). 

5. Prevention and Treatment: 

* Rh incompatibility and erythroblastosis 

fetalis can be prevented and managed through 

Rh immunoglobulin (RhIg) injections. 

* RhIg is administered to Rh-negative mothers 

during pregnancy and postpartum to prevent 

sensitization to the Rh antigen. 

* In cases where erythroblastosis fetalis 

occurs, treatment may involve intrauterine 

blood transfusions for the fetus and other 

supportive measures. 
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3.4.1. Kappa particles inheritance in 

Paramecium  

In Paramecium, the inheritance of kappa 

particles is a fascinating example of non-

Mendelian or extra-chromosomal inheritance. 

Kappa particles are symbiotic 

extrachromosomal elements found within 

Paramecium cells. They are known to confer 

resistance to certain bacterial strains, providing 

Paramecium with a survival advantage in 

environments where these bacteria are present. 

Here's how the inheritance of kappa particles 

occurs in Paramecium: 

1. Cytoplasmic Exchange during 

Conjugation: 

Conjugation is a sexual process in 

Paramecium, during which two mating cells 

exchange genetic material. The steps involved 

in conjugation are as follows: 

i. Pairing: Two Paramecium cells of 

compatible mating types come into contact and 

form a temporary union, known as a 

conjugation bridge. 

ii. Nuclear Exchange: The micronuclei of the 

mating cells undergo meiosis to produce 

haploid micronuclei, which are then 

exchanged between the cells through the 

conjugation bridge. 

iii. Fusion: The exchanged micronuclei fuse 

with the existing micronuclei in the recipient 

cell, restoring diploidy. 

2. Transfer of Kappa Particles: 

Along with the exchange of micronuclei, 

cytoplasmic contents, including kappa 

particles, are also exchanged between the 

mating cells. This results in the transfer of 

kappa particles from one Paramecium cell to 

another. 

3. Integration into the Recipient Cell: 

Once transferred, the kappa particles become 

integrated into the cytoplasm of the recipient 

cell. They replicate along with the host cell's 

cytoplasmic contents and are subsequently 

passed on to daughter cells during cell 

division. 

4. Maintenance of Kappa Particles: 

Kappa particles are not integrated into the 

nuclear DNA of Paramecium but exist 

independently within the cytoplasm. They 

replicate autonomously and are stably 

maintained within the cell's cytoplasm from 

one generation to the next. 

5. Genetic Variation and Adaptation: 

The presence or absence of kappa particles in 

Paramecium populations contributes to genetic 

diversity and ecological adaptation. Cells 

containing kappa particles have a survival 

advantage in environments where bacterial 

strains targeted by the kappa particles are 

present, leading to the spread of kappa particle-

carrying Paramecium cells in those 

environments. 
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3.4.2. Shell coiling in Snails Extra 

chromosomal inheritance 

The inheritance of shell coiling in snails is a 

classical example used to illustrate the concept 

of extra-chromosomal inheritance, which 

involves the transmission of genetic traits that 

are not located on the chromosomes. In some 

species of snails, the direction of shell coiling 

(whether the shell coils to the left or right) is 

determined by a factor known as maternal 

inheritance or cytoplasmic inheritance, which 

is controlled by extrachromosomal elements 

inherited from the mother. Here's how it 

works: 

1. Cytoplasmic Inheritance: 

In many snail species, the direction of shell 

coiling is determined by the chirality 

(handedness) of certain proteins that play a role 

in shell formation. These proteins are encoded 

by genes located in the snail's nuclear DNA, 

but their expression and transmission are 

influenced by extrachromosomal factors 

present in the cytoplasm. 

2. Maternal Inheritance: 

During snail reproduction, the egg cell 

contains not only nuclear DNA but also 

cytoplasmic contents, including organelles 

such as mitochondria and extrachromosomal 

elements. These cytoplasmic contents are 

inherited primarily from the mother. 

3. Transmission of Shell Coiling: 

The direction of shell coiling in snails is 

influenced by the presence of certain 

extrachromosomal elements, such as 

mitochondrial DNA or other cytoplasmic 

factors, inherited from the mother. These 

elements are responsible for determining the 

chirality of the proteins involved in shell 

formation. 

4. Pattern of Inheritance: 

Since the extrachromosomal elements 

responsible for shell coiling are inherited 

primarily from the mother, the pattern of 

inheritance follows maternal inheritance or 

cytoplasmic inheritance. Offspring will 

typically exhibit the same direction of shell 

coiling as their mother. 

5. Examples: 

* In some species of snails, individuals with 

left-coiling shells (sinistral) always produce 

offspring with left-coiling shells, while 

individuals with right-coiling shells (dextral) 

produce offspring with right-coiling shells. 

* This pattern of inheritance is consistent with 

the transmission of extra chromosomal factors 

from the mother to her offspring. 
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UNIT IV 

4.1.1 The chromosomal theory of sex 

determination 

The chromosomal theory of sex determination 

in animals is a well-established biological 

principle explaining how sex is determined by 

specific chromosomes. According to this 

theory, the sex of an organism is determined by 

the presence or absence of particular sex 

chromosomes. Here are the main types of 

chromosomal sex determination mechanisms 

observed in animals: 

1. XX-XY System 

Common in: Mammals (including humans), 

some insects (like Drosophila), some reptiles, 

and some fish. 

Mechanism: 

* Females have two of the same kind of sex 

chromosome (XX). 

* Males have two different sex chromosomes 

(XY). 

* The presence of the Y chromosome 

determines maleness due to the SRY gene, 

which triggers male development. 

* Example: In humans, females are XX and 

males are XY. 

2. ZZ-ZW System 

Common in: Birds, some reptiles (like some 

species of snakes), some amphibians, and 

some fish. 

Mechanism: 

* Males have two of the same kind of sex 

chromosome (ZZ). 

* Females have two different sex 

chromosomes (ZW). 

* The W chromosome determines femaleness. 

* Example: In chickens, males are ZZ and 

females are ZW. 

3. XX-XO System 

Common in: Many insects, including 

grasshoppers and some arachnids. 

Mechanism: 

* Females have two sex chromosomes (XX). 

* Males have only one sex chromosome (XO), 

where 'O' denotes the absence of a second sex 

chromosome. 

* Example: In grasshoppers, females are XX 

and males are XO. 

4. Haplodiploidy 

Common in: Hymenoptera (bees, ants, and 

wasps). 

Mechanism: 

* Females develop from fertilized eggs and are 

diploid (having two sets of chromosomes). 

* Males develop from unfertilized eggs and are 

haploid (having one set of chromosomes). 

* Example: In honeybees, workers and queens 

(females) are diploid, while drones (males) are 

haploid. 
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4.1.2 The genic balance theory 

The genic balance theory in Drosophila 

melanogaster was proposed by Calvin Bridges 

in the early 20th century. This theory explains 

sex determination in fruit flies based on the 

ratio of X chromosomes to sets of autosomes 

(non-sex chromosomes). Here's an overview: 

1. Sex Chromosomes in Drosophila: 

Drosophila melanogaster has an XX/XY sex 

determination system, where females have two 

X chromosomes (XX) and males have one X 

chromosome (XY). 

2. Autosomes: Drosophila melanogaster has 

three pairs of autosomes (non-sex 

chromosomes), making a total of six 

autosomes. 

3. X-to-Autosome Ratio: According to the 

genic balance theory, sex determination in 

Drosophila is influenced by the ratio of X 

chromosomes to sets of autosomes (X:A ratio) 

during a critical period of development.  

4. Male Development: In Drosophila, males 

develop from fertilized eggs, where the 

presence of one X chromosome (X0) results in 

maleness. The X chromosome carries genes 

necessary for male development, including 

those involved in fertility and other male-

specific traits. 

5. Female Development: Females, on the 

other hand, develop from eggs fertilized by 

sperm carrying an X chromosome (XX). The 

presence of two X chromosomes (XX) in the 

zygote results in femaleness. The double dose 

of X-linked genes in females leads to the 

development of female-specific traits and 

functions. 

6. Imbalance and Intersex Individuals: 

According to the genic balance theory, an 

imbalance in the X:A ratio can lead to intersex 

individuals, which exhibit characteristics of 

both sexes. For example, if a male fruit fly 

carries an extra X chromosome (XXY), it may 

exhibit characteristics of both males and 

females due to the influence of X-linked genes. 

7. Regulation of Sex-Specific Genes: The 

X:A ratio also influences the expression of sex-

specific genes during development, 

particularly those involved in sexual 

differentiation and reproductive functions. 

8. Regulation of X Chromosome Dosage 

Compensation: In addition to sex 

determination, the X:A ratio also plays a role 

in dosage compensation mechanisms that 

balance the expression of genes on the X 

chromosome between males and females. 

 The genic balance theory 

provides insights into the genetic mechanisms 

underlying sex determination and sexual 

differentiation in Drosophila melanogaster. It 

highlights the importance of gene dosage and 

the interactions between sex chromosomes and 

autosomes in determining sexual phenotypes 

in fruit flies. 
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4.2. Sex determination: Hormonal, 

Environmental and Haplo-diploidy types 

Sex determination in organisms can occur 

through various mechanisms, including 

hormonal, environmental, and haplodiploidy 

types. Here's an overview of each: 

1. Hormonal Sex Determination: 

Definition: Hormonal sex determination 

involves the influence of hormones on the 

development of sexual characteristics. 

Examples: 

* In mammals, including humans, sex 

determination is largely hormonal. The 

presence or absence of certain hormones 

during critical periods of development 

influences the differentiation of gonads into 

testes or ovaries. 

* In reptiles, such as alligators and turtles, the 

temperature at which the eggs are incubated 

influences the production of sex hormones, 

thereby determining the sex of the offspring. 

2. Environmental Sex Determination 

(ESD): 

Definition: Environmental sex determination 

refers to the influence of environmental 

factors, such as temperature or social 

conditions, on the determination of an 

organism's sex. 

Examples: 

* Many reptiles, including certain species of 

turtles, crocodiles, and some lizards, exhibit 

ESD. The temperature at which the eggs are 

incubated during a critical period of 

development can determine the sex of the 

offspring. 

* Some fish species, such as the peacock 

blenny, exhibit sequential hermaphroditism, 

where environmental factors trigger changes in 

sex over the lifespan of the individual based on 

social dynamics within the population. 

3. Haplodiploidy Sex Determination: 

Definition: Haplodiploidy is a sex 

determination mechanism found in some 

groups of organisms, where males develop 

from unfertilized haploid eggs and are 

therefore haploid, while females develop from 

fertilized diploid eggs. 

Examples: 

* Haplodiploidy is characteristic of certain 

insect groups, particularly Hymenoptera (ants, 

bees, and wasps). In these species, unfertilized 

eggs develop into haploid males (drones), 

while fertilized eggs develop into diploid 

females (queens and workers). 

* This system ensures that females are more 

closely related to their sisters (75% 

relatedness) than to their own offspring (50% 

relatedness), leading to the evolution of 

cooperative behavior and eusociality in these 

insects. 

Each of these mechanisms represents different 

evolutionary strategies for sex determination 

and has implications for population dynamics, 

evolution, and behavior within species. 
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4.3. Sex linked inheritance: X-linked 

inheritance 

X-linked inheritance, also known as sex-linked 

inheritance, refers to the inheritance pattern of 

genes located on the X chromosome. Since 

males have one X chromosome and one Y 

chromosome (XY), while females have two X 

chromosomes (XX), X-linked traits often show 

different inheritance patterns between males 

and females. Here's an overview of X-linked 

inheritance: 

Characteristics of X-Linked Inheritance: 

1. Males are Hemizygous: 

* Since males have only one X chromosome, 

they are hemizygous for X-linked genes. 

Therefore, they express any X-linked trait, 

whether dominant or recessive, present on their 

single Xchromosome. 

2. Females may be Homozygous or 

Heterozygous: 

Females have two X chromosomes, so they 

may be homozygous or heterozygous for X-

linked genes. Their phenotype depends on 

whether the alleles are dominant or recessive 

and whether they are homozygous or 

heterozygous for the trait. 

3. Father-to-Son Transmission: 

X-linked traits cannot be passed from father to 

son because sons inherit their Y chromosome 

from their father, not their X chromosome. 

4. Carrier Females: 

Heterozygous females for X-linked recessive 

traits are called carriers. They usually do not 

express the trait themselves but can pass it on 

to their offspring. 

 

Examples of X-Linked Traits: 

1. Color Blindness: 

Red-green color blindness is a common X-

linked recessive trait. Affected individuals 

have difficulty distinguishing between red and 

green colors. 

2. Hemophilia: 

Hemophilia is another X-linked recessive 

disorder characterized by impaired blood 

clotting. Affected individuals may experience 

prolonged bleeding even from minor injuries. 

3. Duchenne Muscular Dystrophy (DMD): 

DMD is an X-linked recessive disorder that 

leads to progressive muscle weakness and 

degeneration. It primarily affects males, while 

carrier females may show milder symptoms. 

4. X-Linked Dominant Disorders: 

Some traits, such as Rett syndrome and fragile 

X syndrome, are X-linked dominant. In these 

cases, inheritance can occur from either parent, 

and affected individuals may have more severe 

symptoms if they inherit the affected X 

chromosome from their mother. 

Genetic Counseling and Testing: 

Understanding the inheritance patterns of X-

linked traits is crucial for genetic counseling 

and testing. Carrier testing for X-linked 

recessive disorders is often recommended for 

females with a family history of the condition 

to assess the risk of passing on the trait to their 

children. 
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4.4. Sex linked inheritance: Y-linked & XY-

linked inheritance 

Sex-linked inheritance involves the 

transmission of genes located on the sex 

chromosomes, the X and Y chromosomes. 

While X-linked inheritance is more common 

and well-known, Y-linked inheritance and 

XY-linked inheritance also play roles in 

genetic transmission.  

1. Y-Linked Inheritance: 

Characteristics: 

* Genes located on the Y chromosome are 

inherited in a Y-linked manner. 

* Y-linked traits are passed exclusively from 

father to son, as daughters inherit an X 

chromosome from their father, not a Y 

chromosome. 

Examples: 

* Y-linked traits are relatively rare compared 

to X-linked traits. 

* Examples include Y-linked disorders such as 

Y chromosome infertility (azoospermia factor) 

and some forms of male-pattern baldness 

(androgenetic alopecia). 

Inheritance Pattern: 

Y-linked traits are transmitted directly from 

father to son without any involvement of 

females. 

2. XY-Linked Inheritance: 

Characteristics: 

* XY-linked inheritance refers to traits that are 

influenced by genes on both the X and Y 

chromosomes. 

* Since males have one X and one Y 

chromosome (XY), they inherit both X-linked 

and Y-linked traits. 

Examples: 

Male fertility is an example of XY-linked 

inheritance. While the Y chromosome carries 

genes important for sperm production, genes 

on the X chromosome can also influence 

fertility. 

Inheritance Pattern: 

XY-linked traits can exhibit various 

inheritance patterns depending on the specific 

genes involved. They may show dominant, 

recessive, or other inheritance patterns. 
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UNIT IV 

5.1. Human karyotyping, Pedigree Analysis 

(basics) 

i. Human Karyotyping: 

Definition: Human karyotyping is a laboratory 

technique used to visualize and analyze the 

chromosomes of an individual. It involves 

arranging the chromosomes into a characteristic 

pattern based on their size, shape, and banding 

patterns. 

Procedure: 

1. Sample Collection: Cells are collected from a 

patient, typically through a blood sample, amniotic 

fluid, or tissue biopsy. 

2. Cell Culturing: The collected cells are cultured 

in a laboratory to stimulate cell division and 

growth. 

3. Chromosome Harvesting: Once cells have 

divided, they are treated to arrest them in 

metaphase, a stage of cell division where 

chromosomes are most condensed and visible. 

4. Chromosome Staining: Chromosomes are 

stained to highlight the banding patterns, making 

them easier to visualize. 

5. Imaging and Analysis: Chromosomes are 

photographed using a microscope equipped with a 

camera, and the images are analyzed to arrange the 

chromosomes into a karyotype. 

Applications: 

* Diagnosis of chromosomal abnormalities, such as 

Down syndrome (trisomy 21), Turner syndrome 

(monosomy X), and Klinefelter syndrome (XXY). 

* Prenatal screening for genetic disorders and 

abnormalities. 

* Forensic analysis and identification. 

 

 

ii. Pedigree Analysis: 

Definition: Pedigree analysis is a method used to 

study the inheritance patterns of traits within 

families over multiple generations. It involves 

constructing a family tree, or pedigree chart, to 

trace the transmission of genetic traits. 

Basic Concepts: 

1. Symbols: 

* Square: Male 

* Circle: Female 

* Shading: Affected individual 

* Half-shading: Carrier (for X-linked traits) 

2. Generations: 

Roman numerals (I, II, III, etc.) are used to denote 

generations, with each successive generation 

labeled with a new numeral. 

3. Relationships: 

Lines connect individuals to indicate parentage, 

with horizontal lines representing mating and 

vertical lines representing offspring. 

4. Trait Transmission: 

Patterns of trait transmission are analyzed to 

determine whether the trait is autosomal dominant, 

autosomal recessive, X-linked dominant, X-linked 

recessive, or multifactorial. 

Applications: 

 Understanding the inheritance of genetic 

traits within families. 

 Predicting the risk of inherited diseases 

and disorders. 

 Genetic counseling and family planning. 

 Studying the genetic basis of complex 

traits and diseases. 
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5.2. Autosomal Recessive disorder-Sickle 

cell anemia – causes, treatment, inheritance 

pattern, modes of testing and prevention 

i. Sickle Cell Anemia: 

Causes:  

Sickle cell anemia is a genetic disorder caused by a 

mutation in the HBB gene, which encodes the beta-

globin subunit of hemoglobin. This mutation 

results in the production of abnormal hemoglobin 

called hemoglobin S (HbS), which causes red 

blood cells to become rigid and sickle-shaped 

under certain conditions, leading to various 

complications. 

Inheritance Pattern:  

Sickle cell anemia follows an autosomal recessive 

inheritance pattern, meaning that individuals must 

inherit two copies of the mutated HBB gene (one 

from each parent) to develop the disorder. 

Individuals who inherit only one mutated copy are 

carriers of the trait (heterozygotes) and typically do 

not show symptoms but can pass the trait to their 

offspring. 

Symptoms and Complications: 

* Anemia (due to the destruction of sickled red 

blood cells). 

* Episodes of pain (vaso-occlusive crises) due to 

blocked blood flow. 

* Increased risk of infections. 

* Organ damage, including damage to the spleen, 

kidneys, and lungs. 

* Stroke and other neurological complications. 

* Delayed growth and development (especially in 

children). 

Treatment: 

* Pain Management: Analgesic medications are 

used to manage pain during vaso-occlusive crises. 

* Hydroxyurea: This medication can increase the 

production of fetal hemoglobin (HbF), which can 

improve symptoms and reduce complications. 

* Blood Transfusions: In severe cases, blood 

transfusions may be necessary to treat anemia and 

prevent complications. 

* Bone Marrow Transplant: In some cases, a 

bone marrow transplant may be considered as a 

potential cure for sickle cell anemia. 

Modes of Testing: 

* Hemoglobin Electrophoresis: This laboratory 

test separates different types of hemoglobin based 

on their electrical charge, allowing for the 

identification of HbS and other hemoglobin 

variants. 

* Genetic Testing: Molecular genetic testing can 

identify mutations in the HBB gene associated with 

sickle cell anemia. 

* Newborn Screening: Many countries have 

newborn screening programs to identify infants 

with sickle cell disease early, allowing for early 

intervention and treatment. 

Prevention: 

* Genetic Counseling: Individuals with a family 

history of sickle cell disease should consider 

genetic counseling to understand their risk of 

passing the trait to their children. 

* Prenatal Testing: Prenatal testing, including 

chorionic villus sampling (CVS) and 

amniocentesis, can be performed to diagnose sickle 

cell disease in the fetus during pregnancy. 

* Education and Awareness: Education about the 

risks of sickle cell trait carriers and the importance 

of genetic testing can help prevent the transmission 

of the disorder. 
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5.3. Autosomal Dominant disorder - 

Huntington disease 

Huntington's Disease (HD): 

Causes:  

Huntington's disease is a neurodegenerative 

disorder caused by a mutation in the HTT gene, 

located on chromosome 4. This mutation leads 

to the production of an abnormal form of the 

huntingtin protein, which gradually damages 

neurons in certain regions of the brain, 

particularly the basal ganglia. 

Inheritance Pattern:  

Huntington's disease follows an autosomal 

dominant inheritance pattern. This means that 

an affected individual has a 50% chance of 

passing the mutated gene to each of their 

offspring, regardless of the offspring's sex. 

Therefore, each child of an affected parent has 

a 50% chance of inheriting the disorder. 

Symptoms and Progression: 

* Early symptoms often include subtle changes 

in mood, cognition, and motor function. 

* As the disease progresses, individuals may 

experience involuntary movements (chorea), 

cognitive decline, psychiatric symptoms (such 

as depression and anxiety), and loss of motor 

control. 

* Symptoms typically manifest in adulthood, 

usually between the ages of 30 and 50, but can 

appear earlier or later in life. 

Diagnosis: 

* Diagnosis of Huntington's disease is based 

on clinical symptoms and genetic testing. 

* Genetic testing involves analyzing the HTT 

gene for the presence of the mutation 

associated with Huntington's disease. 

* Counseling and support are often provided 

before and after genetic testing to help 

individuals understand the implications of the 

test results. 

Treatment: 

* There is currently no cure for Huntington's 

disease, and treatment focuses on managing 

symptoms and improving quality of life. 

* Medications may be prescribed to manage 

movement disorders, psychiatric symptoms, 

and other aspects of the disease. 

* Physical therapy, occupational therapy, 

speech therapy, and other supportive 

interventions can help individuals maintain 

function and independence for as long as 

possible. 

Research and Clinical Trials: 

* Ongoing research is focused on 

understanding the underlying mechanisms of 

Huntington's disease and developing potential 

treatments to slow or halt its progression. 

* Clinical trials are underway to evaluate the 

safety and efficacy of various therapeutic 

approaches, including gene silencing 

therapies, stem cell therapies, and targeted 

medications. 

Psychosocial Support: 

* Huntington's disease can have a profound 

impact on affected individuals and their 

families, both emotionally and socially. 

* Support groups, counseling services, and 

educational resources are available to help 

individuals and families cope with the 

challenges of living with Huntington's disease. 
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5.4. Basics on Genomics and Proteomic 

i. Genomics: 

Definition: Genomics is the study of an 

organism's entire genome, which includes all 

of its genes and DNA sequences, as well as 

their interactions and functions. It 

encompasses a wide range of research areas, 

including genome sequencing, gene 

expression analysis, genetic variation, and the 

functional analysis of genes and their products. 

Key Concepts: 

1. Genome Sequencing: Genomic sequencing 

involves determining the complete nucleotide 

sequence of an organism's DNA, providing a 

comprehensive map of its genetic information. 

2. Gene Expression: Genomics investigates 

how genes are expressed and regulated in 

different cell types and under various 

conditions. This includes the study of 

transcription, RNA processing, translation, 

and post-translational modifications. 

3. Genetic Variation: Genomics explores 

genetic variation within and between 

populations, including single nucleotide 

polymorphisms (SNPs), insertions/deletions 

(indels), copy number variations (CNVs), and 

structural variations. 

4. Functional Genomics: Functional 

genomics aims to understand the biological 

function of genes and non-coding regions of 

the genome, including regulatory elements, 

non-coding RNAs, and epigenetic 

modifications. 

Applications: 

* Medical Genomics: Genomics is used in 

medical research and clinical practice for 

disease diagnosis, risk assessment, drug 

development, and personalized medicine. 

* Agricultural Genomics: Genomics is 

applied in agriculture for crop improvement, 

livestock breeding, and the development of 

genetically modified organisms (GMOs). 

* Evolutionary Genomics: Genomics 

provides insights into the evolutionary history 

and relationships between species, 

populations, and individuals. 

Technologies: 

* Next-Generation Sequencing (NGS): NGS 

technologies enable rapid and cost-effective 

sequencing of whole genomes, exomes, 

transcriptomes, and other genomic regions. 

* Microarray Analysis: Microarrays allow 

for the simultaneous analysis of gene 

expression, genetic variation, and DNA-

protein interactions. 

* Bioinformatics: Computational tools and 

algorithms are used to analyze, annotate, and 

interpret genomic data, facilitating large-scale 

genomic studies and data integration. 

ii. Proteomics: 

Definition: Proteomics is the study of the 

entire complement of proteins expressed by an 

organism, tissue, or cell at a given time. It aims 

to characterize the structure, function, 

localization, interactions, and regulation of 

proteins within biological systems. 

Key Concepts: 

1. Protein Identification: Proteomics 

identifies and quantifies proteins present in 

biological samples, allowing for the 

comprehensive profiling of cellular proteomes. 

2. Protein Structure: Proteomics investigates 

the three-dimensional structure of proteins, 

including their folding, conformational 

changes, and interactions with ligands and 

other molecules. 
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3. Protein Function: Proteomics elucidates 

the biological functions of proteins, including 

enzymatic activities, signaling pathways, and 

regulatory roles in cellular processes. 

4. Protein Interactions: Proteomics studies 

protein-protein interactions, protein 

complexes, and protein networks to understand 

the organization and dynamics of cellular 

systems. 

Applications: 

* Biomarker Discovery: Proteomics 

identifies candidate biomarkers for disease 

diagnosis, prognosis, and therapeutic 

monitoring. 

* Drug Discovery: Proteomics is used in drug 

development to identify drug targets, 

understand drug mechanisms of action, and 

evaluate drug efficacy and safety. 

* Systems Biology: Proteomics integrates 

with other omics technologies (e.g., genomics, 

transcriptomics, metabolomics) to study 

complex biological systems and networks. 

Technologies: 

* Mass Spectrometry (MS): MS is the 

primary tool used in proteomics for protein 

identification, quantification, and 

characterization. 

* Two-Dimensional Gel Electrophoresis 

(2D-GE): 2D-GE separates proteins based on 

their isoelectric point and molecular weight, 

enabling the analysis of complex protein 

mixtures. 

* Protein Microarrays: Protein microarrays 

allow for high-throughput screening of 

protein-protein interactions, protein binding 

assays, and protein function analysis. 

 


