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1. What is mitotic apparatus? 

The mitotic apparatus refers to the complex and dynamic structure that orchestrates the process 

of mitosis, the cell division mechanism responsible for the distribution of genetic material to 

daughter cells. It consists of several key components: 

 

1. Spindle Fibers: Microtubules that form the spindle apparatus, dividing the cell into two 

halves during mitosis. They attach to the chromosomes at the kinetochore. 

2. Centrosomes: Microtubule-organizing centers, consisting of two centrioles, that play a 

crucial role in the assembly of the mitotic spindle. 

3. Kinetochore: A protein structure on the centromere of each chromatid where spindle fibers 

attach, ensuring proper chromosome segregation. 

4. Astral Microtubules: Extend from the centrosomes towards the cell periphery, helping to 

position the spindle apparatus. 

5. Polar Microtubules: Overlapping microtubules from opposite spindle poles that contribute to 

spindle stability. 

 

2. Name six multifactorial diseases. 

Multifactorial diseases are complex conditions influenced by a combination of genetic, 

environmental, and lifestyle factors. Here are six examples: 

 

1. Coronary Artery Disease (CAD): Atherosclerosis, a buildup of plaque in the coronary 

arteries, is influenced by genetics, diet, physical activity, and other environmental factors. 

2. Type 2 Diabetes: Genetic predisposition, along with factors like obesity, sedentary lifestyle, 

and diet, contributes to the development of type 2 diabetes. 

3. Cleft Lip and Palate: Genetic factors, combined with environmental factors such as 

maternal nutrition and exposure to certain substances during pregnancy, contribute to these 

congenital anomalies. 

4. Alzheimer's Disease: Genetic factors, aging, and environmental factors may contribute to 

the development of Alzheimer's disease, a neurodegenerative disorder. 
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5. Bipolar Disorder: Both genetic and environmental factors, such as stress and substance 

abuse, play a role in the development of bipolar disorder, a mental health condition 

characterized by mood swings. 

6. Neural Tube Defects (e.g., Spina Bifida): Genetic susceptibility, maternal nutrition 

(especially folic acid intake), and environmental factors contribute to the development of 

neural tube defects in the developing fetus. 

3. Differentiate between Northern, Southern and Western blotting. 

Northern Blotting: 

- Targets RNA molecules. 

- Involves electrophoresis to separate RNA based on size. 

- After separation, RNA is transferred to a membrane and probed with a labeled RNA or DNA 

probe. 

 

Southern Blotting: 

- Targets DNA molecules. 

- Electrophoresis separates DNA fragments by size. 

- Transfers DNA to a membrane, followed by hybridization with a labeled DNA probe. 

 

Western Blotting: 

- Targets proteins. 

- Involves electrophoresis to separate proteins based on size. 

- Proteins are transferred to a membrane and probed with a labeled antibody specific to the 

protein of interest. 

 

4. Write short note on Giemsa stain. 

Giemsa stain is a histological dye commonly used to stain blood cells and microorganisms 

for microscopic examination. It is a mixture of azure, eosin, and methylene blue dyes, 

facilitating the differentiation of cell types. Widely applied in microbiology and cytology, 

Giemsa stain helps identify blood cell components and detect parasites, aiding in the 

diagnosis of various diseases. The staining procedure involves treating specimens with 

Giemsa stain solution, revealing distinct cellular features under a microscope. 

 

5. What is erythrocytes lysis in RNA purification? 

Erythrocyte lysis in RNA purification refers to the process of breaking down or lysing red 

blood cells (erythrocytes) to release their contents, including hemoglobin, and facilitate the 

isolation of RNA from other cellular components. This step is particularly relevant when 

working with blood samples, as red blood cells can be a significant source of interference in 

RNA extraction. 

 

The presence of intact red blood cells can complicate RNA purification procedures, as they 

contain high levels of ribonucleases (RNases) and can release hemoglobin, which can degrade 
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RNA. Therefore, it's essential to lyse the erythrocytes to release the nucleated cells and 

minimize potential RNA degradation. 

Commonly, erythrocyte lysis is achieved using a lysis buffer that disrupts the red blood cell 

membranes, leading to the release of hemoglobin and other cellular components. Following 

lysis, the remaining nucleated cells (such as leukocytes) can be collected, and RNA 

purification can proceed on these cells. 

 

6. What are causes of polyploidy? 

Polyploidy can be caused by the following reasons: 

- Errors in cell division, both mitotic and meiotic 

- Hybridization between different species 

- Chemical induction, often through substances like colchicine 

- Exposure to ionizing radiation 

 

7. Differentiate between mitosis and meiosis. 

Mitosis: 

Mitosis is a type of cell division that occurs in somatic cells, contributing to growth, repair, 

and maintenance of tissues in multicellular organisms. The process results in the formation of 

two genetically identical daughter cells, each with the same number of chromosomes as the 

parent cell (diploid). Mitosis consists of stages such as prophase, metaphase, anaphase, and 

telophase. Its primary function is to produce cells for routine functions and tissue 

replacement, ensuring the stability of the organism's genetic makeup. 

 

Meiosis: 

Meiosis is a specialized form of cell division involved in the formation of gametes (sperm and 

egg cells) for sexual reproduction. It consists of two successive divisions, resulting in four 

non-identical daughter cells, each with half the number of chromosomes as the parent cell 

(haploid). Meiosis introduces genetic diversity through processes like crossing over (exchange 

of genetic material between homologous chromosomes) and random assortment of 

chromosomes. This genetic variation is crucial for the adaptation and evolution of species. 

Meiosis is essential for maintaining the correct chromosome number across generations in 

sexually reproducing organisms. 

 

8. Define deletion and mutation. 

Deletion: 

Deletion is a type of genetic mutation where a part of a chromosome or a sequence of DNA is 

lost or removed. This can occur due to errors in DNA replication, recombination, or repair 

mechanisms. Deletions can vary in size, ranging from the loss of a single nucleotide to the 

removal of a large segment of a chromosome. The consequences of deletions depend on the 

extent of the genetic material lost and its location on the chromosome.  

 

Mutation: 
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A mutation is a heritable change in the DNA sequence of an organism. Mutations can occur 

through various mechanisms, including mistakes during DNA replication, exposure to 

mutagenic agents (such as certain chemicals or radiation), or spontaneous changes. Mutations 

can result in alterations to the structure or function of proteins, and they can have varying 

effects on an organism. While some mutations may be neutral or have minimal impact, others 

can lead to genetic disorders or contribute to evolutionary processes by introducing genetic 

diversity. Mutations are the raw material for natural selection and evolution. 

9. What are complications of inheritance pattern? 

Complications of inheritance patterns refer to deviations or variations from the typical 

Mendelian patterns of inheritance, which are the rules proposed by Gregor Mendel to describe 

the transmission of genetic traits from parents to offspring. Various factors and genetic 

mechanisms can lead to complications in inheritance patterns. Some of the common 

complications include: 

 

1. Incomplete Dominance: 

Neither allele is completely dominant, resulting in an intermediate phenotype in 

heterozygotes. Incomplete dominance is observed in flower color, such as when red and white 

flowers produce pink offspring. 

 

2. Codominance: 

Both alleles in a heterozygote are fully expressed, resulting in a phenotype that shows the 

characteristics of both alleles. Blood type in humans, where the AB blood type exhibits 

codominance of A and B alleles. 

 

3. Multiple Alleles: 

More than two alleles exist for a particular gene in a population. ABO blood group system 

with three alleles (A, B, O) determining blood types. 

 

4. Polygenic Inheritance: 

Multiple genes contribute to the expression of a single trait. Human height is influenced by 

the combined effects of several genes. 

 

5. Epistasis: 

One gene masks or affects the expression of another gene. Coat color in Labrador retrievers, 

where one gene determines pigment production, and another gene determines whether the 

pigment is deposited in the fur. 

 

6. Genomic Imprinting: 

The expression of a gene depends on whether it is inherited from the mother or father. 

Angelman syndrome and Prader-Willi syndrome result from the loss of function of genes due 

to genomic imprinting. 
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7. Environmental Influence: 

Environmental factors can interact with genetic factors to influence the expression of traits. 

The development of certain allergies may be influenced by both genetic predisposition and 

environmental exposures. 

 

 

 

10. What genes are used in drosophila genetic mapping? 

In Drosophila melanogaster, commonly known as the fruit fly, genetic mapping has been a 

powerful tool for understanding gene linkage and the arrangement of genes on chromosomes. 

The two main types of genetic maps used in Drosophila research are linkage maps and 

cytogenetic maps. 

 

1. Linkage Maps: 

Genes: Classical genetic mapping in Drosophila often involves the use of visible phenotypic 

markers, such as eye color mutations (e.g., white, scarlet) or wing mutations (e.g., vestigial). 

Techniques: These genes are located on specific chromosomes, and the distances between 

them are measured based on the frequency of recombination during meiosis. Recombination 

frequencies are used to create linkage maps. 

 

2. Cytogenetic Maps: 

Genes: Cytogenetic maps focus on the physical locations of genes on chromosomes. 

Techniques: Chromosomal features, such as polytene chromosome bands visible under a 

microscope, are used to map the relative positions of genes along the chromosome. The 

banding pattern can be correlated with specific genetic loci. 

 

3. Molecular Markers: 

Genes: With the advent of molecular biology techniques, researchers also use molecular 

markers, such as restriction fragment length polymorphisms (RFLPs) or simple sequence 

repeats (microsatellites). 

Techniques: These markers are scattered throughout the genome and can be used to create 

more detailed genetic maps based on molecular techniques like DNA sequencing or 

polymerase chain reaction (PCR). 

 

4. Balancer Chromosomes: 

Genes: Balancer chromosomes carry multiple inversions and suppress recombination, 

helping to maintain linked mutations in a stable form. 

Techniques: Researchers use balancer chromosomes to prevent recombination and facilitate 

the maintenance of specific genetic combinations. 

 

11. Differentiate between Hot Start PCR and Suicide PCR. 

Hot Start PCR: 
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Purpose: Hot Start PCR is a technique used to improve the specificity and sensitivity of 

polymerase chain reactions (PCRs) by reducing non-specific amplification during the initial 

stages of the reaction. 

   

 

 

Principle: In Hot Start PCR, the reaction mix is prepared with all components except the 

DNA polymerase. The reaction is then heated to an initial denaturation temperature before 

adding the DNA polymerase. This prevents the enzyme from being active at lower 

temperatures, minimizing non-specific amplification during the setup. 

 

Activation: The DNA polymerase is activated only after the initial denaturation step, which 

occurs at a higher temperature than the typical annealing temperature. This helps to reduce 

primer-dimer formation and nonspecific amplification. 

 

Applications: Hot Start PCR is widely used in various applications, including the 

amplification of specific DNA fragments for sequencing, cloning, and diagnostic purposes. 

 

 

Suicide PCR: 

 

Purpose: Suicide PCR, also known as touch-down or step-down PCR, is a method employed 

to increase the specificity of PCR reactions and reduce non-specific amplification. 

   

Principle: Suicide PCR involves using a series of annealing temperature steps in the initial 

cycles of the reaction. The annealing temperature is gradually decreased in subsequent cycles 

until reaching a stable temperature for the remaining cycles. This step-down approach 

enhances the specificity of primer binding and reduces nonspecific amplification. 

 

Temperature Cycling: The initial cycles of suicide PCR involve higher annealing 

temperatures, promoting specific primer-template binding. As the reaction progresses, the 

annealing temperature is gradually lowered, allowing more permissive conditions for primer 

binding. This strategy helps prevent the amplification of nonspecific products. 

 

Applications: Suicide PCR is useful for challenging PCR reactions where optimizing the 

annealing temperature is critical for obtaining specific and accurate results. 

 

12. What are insertion and duplication mutation and its effects? 

 

1. Insertion Mutation: 

An insertion mutation occurs when one or more nucleotide bases are added to the DNA 

sequence. This can happen during DNA replication, repair, or recombination processes. 
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Insertion mutations can lead to a frameshift in the reading frame of a gene, altering the entire 

sequence of amino acids in the resulting protein. This often results in a non-functional or 

partially functional protein. The severity of the impact depends on the location and size of the 

insertion. 

 

 

 

2. Duplication Mutation: 

A duplication mutation involves the addition of a segment of DNA, resulting in the presence 

of multiple copies of a particular gene or genomic region. Duplication mutations can have 

diverse effects. If the duplicated segment contains functional genes, it may contribute to 

genetic diversity and evolution. However, if the duplication affects a critical gene, it can lead 

to genetic disorders or diseases. 

 

13. Explain leading strand, lagging strand, gyrase, okazaki fragments and 

sister chromatids. 

1. Leading Strand: 

The leading strand is synthesized continuously in the 5' to 3' direction, moving toward the 

replication fork. DNA polymerase can synthesize this strand continuously as the replication 

fork opens, allowing for a smooth and uninterrupted process. It requires only one RNA primer 

to initiate synthesis. 

 

2. Lagging Strand: 

The lagging strand is synthesized discontinuously in the 5' to 3' direction away from the 

replication fork. DNA polymerase synthesizes short fragments called Okazaki fragments on 

the lagging strand. Multiple RNA primers are needed to initiate the synthesis of each Okazaki 

fragment. After the synthesis of Okazaki fragments, they are joined together by DNA ligase to 

form a continuous strand. 

 

3. Gyrase: 

Gyrase is a type of topoisomerase enzyme found in bacteria. It plays a crucial role in DNA 

replication by relieving strain in the DNA molecule ahead of the replication fork. Gyrase helps 

in unwinding the DNA double helix during replication by introducing negative supercoils into 

the DNA, allowing for the separation of the two strands. 

 

4. Okazaki Fragments: 

Okazaki fragments are short, discontinuously synthesized DNA fragments on the lagging 

strand during DNA replication. DNA polymerase synthesizes these fragments in the 5' to 3' 

direction away from the replication fork. Each Okazaki fragment starts with an RNA primer, 

which is later replaced by DNA. The fragments are subsequently joined together by DNA 

ligase to form a continuous strand. 

 

5. Sister Chromatids: 
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Sister chromatids are identical copies of a chromosome produced during DNA replication. 

They are held together by a structure called the centromere. Sister chromatids are formed when 

a chromosome duplicates during the S phase of the cell cycle. They remain attached until they 

are separated during cell division, with each chromatid going to a different daughter cell. 

 

 

14. Briefly describe Hot start PCR. 

Hot Start PCR: 

 

Purpose: Hot Start PCR is a technique designed to enhance the specificity and sensitivity of 

polymerase chain reactions (PCRs) by minimizing non-specific amplification during the 

initial stages of the reaction. 

 

Principle: 

1. Enzyme Inactivation: In Hot Start PCR, the reaction mix is prepared with all PCR 

components except the DNA polymerase. 

2. Initial Denaturation: The reaction is heated to an initial denaturation temperature, 

typically around 94–98°C, before the DNA polymerase is added. 

3. Enzyme Activation: The DNA polymerase is added after the initial denaturation step. This 

delay ensures that the enzyme is inactive at lower temperatures, reducing non-specific 

amplification during the setup. 

4. Specific Amplification: The DNA polymerase becomes active only after the initial 

denaturation step, which occurs at a higher temperature than the typical annealing 

temperature. This helps to minimize primer-dimer formation and non-specific amplification. 

 

Methods: 

Chemical Modifications: Some Hot Start PCR methods involve chemically modifying the 

DNA polymerase to inhibit its activity until specific conditions are met. 

Physical Separation: Physical barriers, such as wax or antibodies, can be used to physically 

separate the enzyme from the reaction mix until the initial denaturation step. 

 

15. What is deletion mutation and its effects? 

Deletion Mutation: 

A deletion mutation is a type of genetic mutation in which a segment of DNA is lost or 

removed during the replication or repair process. This loss can involve a single nucleotide, 

multiple nucleotides, or even entire genes or chromosomal regions. 

 

Effects of Deletion Mutation: 

 

1. Frameshift Mutations: 
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If the deleted segment is not a multiple of three nucleotides, it leads to a frameshift mutation. 

This alters the reading frame of the gene, causing a shift in the sequence of codons. 

Consequently, it can completely change the amino acid sequence of the resulting protein. 

 

2. Loss of Function: 

Deletion mutations can result in the loss of critical genetic information. If the deleted segment 

includes essential genes or regulatory elements, it may lead to the loss of protein function or 

the disruption of normal cellular processes. 

3. Genetic Disorders: 

Deletions in specific genes or regions of chromosomes can be associated with genetic 

disorders. For example, cri-du-chat syndrome is caused by a deletion on the short arm of 

chromosome 5, leading to developmental and intellectual disabilities. 

 

4. Reduced Fitness: 

Deletions may lead to a decrease in an organism's fitness, especially if the deleted segment 

includes important genes for survival, development, or reproduction. 

 

5. Unmasking Recessive Alleles: 

In diploid organisms, a deletion on one chromosome may unmask a recessive allele on the 

homologous chromosome, potentially leading to the expression of a previously hidden genetic 

trait. 

 

6. Chromosomal Instability: 

Large-scale deletions, especially involving chromosomal regions, can lead to chromosomal 

instability and may contribute to the development of cancer. 

 

16. What tests are performed for identification of genetic disorders? 

Various tests are employed for the identification of genetic disorders, depending on the 

specific disorder, its suspected genetic basis, and the information sought. Here are some 

common tests used for the identification of genetic disorders: 

 

1. Karyotyping: 

Karyotyping involves analyzing the number, size, and shape of chromosomes in a sample of 

cells. It is used to detect chromosomal abnormalities, such as Down syndrome, Turner 

syndrome, or Klinefelter syndrome. 

 

2. Fluorescence In Situ Hybridization (FISH): 

FISH is a molecular cytogenetic technique that uses fluorescent probes to target specific 

DNA sequences on chromosomes. FISH is useful for detecting specific chromosomal 

abnormalities, such as the presence or absence of particular genes. 

 

3. Polymerase Chain Reaction (PCR): 
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PCR amplifies specific DNA sequences, allowing the detection of genetic mutations or 

variations. PCR are helpful to identify point mutations, insertions, or deletions associated 

with various genetic disorders. 

 

4. DNA Sequencing: 

DNA sequencing determines the exact order of nucleotides in a DNA molecule. It identifies 

specific mutations in genes associated with genetic disorders. Next-generation sequencing 

(NGS) technologies allow high-throughput sequencing of entire genomes. 

5. Genomic Microarray Analysis: 

Microarray analysis detects chromosomal imbalances, such as deletions or duplications. It is 

helpful for identifying submicroscopic chromosomal abnormalities associated with 

developmental disorders. 

 

6. Biochemical Tests: 

They measure the levels of specific proteins or metabolites in blood, urine, or other tissues. It 

is used for conditions like inborn errors of metabolism where abnormal protein or metabolic 

product levels indicate a genetic disorder. 

 

7. Carrier Testing: 

It identifies carriers of genetic mutations associated with autosomal recessive disorders. This 

is commonly performed in individuals with a family history of specific genetic conditions or 

in certain ethnic populations. 

 

8. Prenatal Testing: 

They are performed during pregnancy to assess the risk of genetic disorders in the developing 

fetus. It includes tests like chorionic villus sampling (CVS) and amniocentesis. 

 

9. Newborn Screening: 

This screens newborns for certain genetic disorders that may not be apparent at birth. 

It helps to identify conditions like phenylketonuria (PKU) or hypothyroidism, allowing early 

intervention and treatment. 

 

17. Explain autosomal dominant, recessive dominant, X linked recessive and 

multifactorial. 

Certainly! These terms refer to different inheritance patterns of genetic traits: 

 

1. Autosomal Dominant: 

Autosomal dominant inheritance means that a trait or disorder is located on one of the 

autosomes (non-sex chromosomes) and only one copy of the gene is needed for the expression 

of the trait. If a person inherits one copy of the dominant allele from either parent, they will 

express the trait. Examples of autosomal dominant disorders include Huntington's disease and 

Marfan syndrome. 
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2. Autosomal Recessive: 

Autosomal recessive inheritance means that a trait or disorder is located on one of the 

autosomes, and two copies of the recessive allele (one from each parent) are required for the 

expression of the trait. Carriers, individuals with one copy of the recessive allele, are usually 

unaffected but can pass the allele to their offspring. Examples of autosomal recessive 

disorders include cystic fibrosis and sickle cell anemia. 

 

3. X-Linked Recessive: 

X-linked recessive inheritance involves genes located on the X chromosome. Males have one 

X chromosome, so they express X-linked traits more readily than females. If a male inherits 

one copy of the recessive allele on his X chromosome, he will express the trait, as there is no 

corresponding allele on the Y chromosome. Females need two copies of the recessive allele to 

express the trait, making them carriers unless they inherit the allele from both parents. 

Examples include color blindness and hemophilia. 

 

4. Multifactorial Inheritance: 

Multifactorial inheritance involves the interaction of multiple genes and environmental factors 

in the expression of a trait or susceptibility to a disorder. There is no clear-cut pattern of 

inheritance, as both genetic and environmental factors contribute to the phenotype. Common 

complex traits such as heart disease, diabetes, and some types of cancer often have 

multifactorial components. 

 

18. What is Chargaff’s rule? 

Chargaff's rule, named after biochemist Erwin Chargaff, describes the consistent pairing of 

nucleotide bases in DNA. The rule states that the amount of adenine (A) in a DNA molecule 

is roughly equal to the amount of thymine (T), and the amount of guanine (G) is roughly equal 

to the amount of cytosine (C). This base-pairing specificity is fundamental to the structure of 

DNA and played a crucial role in the discovery of the DNA double helix by Watson and 

Crick. The rule ensures the complementary pairing of bases and contributes to the stability 

and integrity of the DNA molecule. 

 

19. What are structural abnormalities? 

Structural abnormalities refer to alterations or abnormalities in the structure of chromosomes. 

Structural abnormalities can result from various changes to the chromosomes, including: 

 

1. Deletions: Loss of a portion of a chromosome. 

2. Duplications: Presence of an extra copy of a portion of a chromosome. 

3. Inversions: Reversal of the direction of a portion of a chromosome. 

4. Translocations: Movement of a portion of one chromosome to another non-homologous 

chromosome. 

5. Insertions: Addition of extra genetic material into a chromosome. 
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20. What are autosomal recessive diseases? 

Autosomal recessive diseases are genetic disorders caused by mutations in genes on non-sex 

chromosomes. To manifest the disease, an individual must inherit two copies of the mutated 

gene (one from each parent). Carriers, who inherit one mutated copy, typically do not show 

symptoms but can pass the mutation to their offspring. Examples include cystic fibrosis, 

sickle cell anemia, Tay-Sachs disease, and phenylketonuria (PKU). 

 

21. Write process of RNA purification. 

The process of RNA purification involves isolating RNA molecules from a sample, such as 

cells or tissues. There are several methods for RNA purification, and the choice of method 

depends on the specific requirements of the experiment. Here's a general overview of the 

RNA purification process: 

 

1. Sample Collection: 

Collect the biological sample containing RNA. This can be cells, tissues, blood, or any other 

source rich in RNA. 

 

2. Cell Lysis: 

Break open the cells to release the cellular components, including RNA. Common methods 

include mechanical disruption, enzymatic digestion, or using detergents. 

 

3. RNA Stabilization: 

To prevent degradation, add  RNase inhibitors to the lysate. 

 

4. Isolation of Total RNA: 

Separate total RNA from other cellular components. Common methods include phenol-

chloroform extraction or using commercial RNA purification kits based on spin columns or 

magnetic beads. 

 

5. DNase Treatment: 

If genomic DNA contamination is a concern, treat the RNA sample with DNase to remove 

any residual DNA. This step ensures that downstream analyses specifically detect RNA. 

 

6. RNA Precipitation: 

Precipitate RNA from the solution using alcohol (typically ethanol or isopropanol). This step 

helps concentrate the RNA. 

 

7. RNA Washing: 

Wash the RNA pellet to remove impurities and contaminants.  

 

8. RNA Resuspension: 
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Dissolve the purified RNA in a suitable buffer or RNase-free water. 

 

9. RNA Quantification: 

Measure the concentration and purity of the purified RNA using a spectrophotometer (e.g., 

UV absorbance at 260 nm). Assess the RNA integrity using techniques like gel 

electrophoresis or capillary electrophoresis. 

 

10. Storage: 

Store the purified RNA at -80°C or in liquid nitrogen for long-term preservation. 

22. Write 3 types of genetic disorders. 

 

1. Cystic Fibrosis: 

Cystic fibrosis is an autosomal recessive genetic disorder that affects the respiratory and 

digestive systems. It is caused by mutations in the CFTR gene, leading to the production of 

thick and sticky mucus in the lungs and digestive tract. This can result in respiratory 

infections and difficulty in absorbing nutrients. 

 

2. Hemophilia: 

Hemophilia is an X-linked recessive genetic disorder characterized by a deficiency of 

clotting factors in the blood. Individuals with hemophilia experience prolonged bleeding and 

have difficulty forming blood clots. Hemophilia is more common in males, as they have only 

one X chromosome. 

 

3. Down Syndrome: 

Down syndrome, also known as trisomy 21, is a chromosomal disorder caused by the 

presence of an extra copy of chromosome 21. Individuals with Down syndrome typically 

exhibit intellectual disabilities, distinctive facial features, and may have associated health 

issues such as heart defects and increased susceptibility to certain medical conditions. 

 

23. Define forward, reverse and neutral mutation. 

1. Forward Mutation: 

A forward mutation refers to a genetic change or alteration in the DNA sequence that leads to 

a new, different, or novel phenotype. This type of mutation results in the synthesis of a new 

gene product with potentially altered or enhanced functions compared to the wild-type 

(normal) phenotype. Forward mutations can contribute to genetic diversity and evolution. 

 

2. Reverse Mutation (Reversion): 

A reverse mutation, also known as reversion, occurs when a gene that has undergone a 

previous mutation reverts back to its original or wild-type state. In other words, it is a change 

in the DNA sequence that restores the normal function of the gene. Reverse mutations can be 

spontaneous or induced and may involve the correction of a previous error in the genetic code. 
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3. Neutral Mutation: 

A neutral mutation is a genetic change that neither confers a selective advantage nor a 

disadvantage to the organism. These mutations often occur in non-coding regions of the 

genome or in regions where the change in the amino acid sequence of a protein does not 

significantly affect its function.  

 

 

 

24. Explain with example how environment effects allelic expression in 

organism? 

The interaction between an organism's genes and its environment can influence the expression 

of alleles, a phenomenon known as gene-environment interaction. Environmental factors can 

affect how genes are turned on or off, leading to variations in phenotypes. Here's an example 

to illustrate how environmental factors can influence allelic expression: 

 

Example: Phenotypic Plasticity in Flowering Plants 

Consider a flowering plant species that exhibits phenotypic plasticity in response to 

environmental conditions, particularly in the timing of flowering. The flowering time may be 

influenced by multiple alleles of a specific gene responsible for flowering. 

 

1. Gene Variation: 

Let's assume there are different alleles of the flowering gene, each associated with a particular 

flowering time. These alleles may have evolved in response to varying environmental 

conditions over time. 

 

2. Environmental Influence: 

The timing of flowering can be influenced by environmental factors such as temperature, day 

length, and soil nutrient levels. For instance, in a favorable environment with optimal 

temperature and longer daylight hours, certain alleles may be more actively expressed, 

promoting early flowering. 

 

3. Phenotypic Outcome: 

In a less favorable environment with suboptimal conditions, different alleles may be favored, 

leading to a delay in flowering. The plant's ability to adjust its flowering time based on 

environmental cues demonstrates phenotypic plasticity. 

 

4. Adaptation to Environment: 

The genetic variation in the flowering gene allows the plant population to adapt to diverse 

environmental conditions. Over time, natural selection may favor alleles that confer an 

advantage in specific environments, contributing to the overall fitness and survival of the 

species. 
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25. Explain trisomy and its types. 

Trisomy is a type of chromosomal abnormality where there is an extra copy of a chromosome 

in the cells of an organism, resulting in a total of three copies instead of the usual two. This 

condition arises during the formation of gametes (sperm and egg cells) or during early cell 

divisions after fertilization. Trisomy can lead to various genetic disorders, and the severity of 

the condition often depends on the specific chromosome involved. 

 

 

The most well-known example of trisomy is Down syndrome, which is characterized by an 

extra copy of chromosome 21. However, trisomies can occur with other chromosomes as well. 

Here are a few examples: 

 

1. Trisomy 21 (Down Syndrome): 

Down syndrome is caused by the presence of an extra copy of chromosome 21. Individuals 

with Down syndrome often exhibit intellectual disabilities, distinctive facial features, and may 

have associated health issues such as heart defects and increased susceptibility to certain 

medical conditions. 

 

2. Trisomy 18 (Edwards Syndrome): 

Trisomy 18 involves an extra copy of chromosome 18. Individuals with Edwards syndrome 

typically have severe intellectual disabilities, multiple organ abnormalities, and a high 

mortality rate. Many affected pregnancies result in miscarriage or stillbirth, and those who 

survive birth may have a limited life expectancy. 

 

3. Trisomy 13 (Patau Syndrome): 

Trisomy 13 is characterized by an extra copy of chromosome 13. Patau syndrome leads to 

severe intellectual disabilities, facial abnormalities, and multiple organ defects. Like trisomy 

18, it is associated with a high rate of miscarriage and early mortality. 

 

4. Trisomy X (Triple X Syndrome): 

Trisomy X is a sex chromosome trisomy in females, where there is an extra X chromosome 

(47,XXX) instead of the typical XX. Many individuals with trisomy X have normal physical 

and intellectual development, but some may experience language or learning delays. 

 

5. Trisomy 8 (Warkany Syndrome 2): 

Trisomy 8 involves an extra copy of chromosome 8. It can result in various physical and 

developmental abnormalities, including intellectual disabilities, heart defects, and skeletal 

malformations. 

 

26. What are short range applications molecular markers. 

Short-range applications of molecular markers involve focused and specific uses in various 

fields: 
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1. Genetic Mapping: 

Molecular markers play a crucial role in constructing genetic maps, providing insights into the 

relative positions of genes or markers on chromosomes. This aids in understanding the genetic 

landscape within specific genomic regions. 

 

 

 

2. Linkage Analysis: 

Molecular markers are utilized in linkage analysis to identify genetic loci associated with 

particular traits or diseases. This approach involves studying the co-inheritance of markers 

and traits within families to pinpoint genomic regions linked to the trait of interest. 

 

3. Marker-Assisted Selection (MAS) in Agriculture: 

In agriculture, molecular markers contribute to marker-assisted selection. This short-range 

application involves using markers linked to desired traits to accelerate the breeding process. 

It enables the selection of plants or individuals carrying specific traits, improving efficiency in 

crop breeding programs. 

 

27. Explain methods of DNA quantification. 

DNA quantification is essential in molecular biology and genetics to determine the 

concentration of DNA in a given sample. Accurate DNA quantification is crucial for various 

applications, including PCR, DNA sequencing, and other molecular analyses. Several 

methods are commonly used for DNA quantification: 

 

1. UV Spectrophotometry: 

UV spectrophotometry measures the absorbance of UV light by DNA molecules. DNA 

absorbs UV light maximally at 260 nm. A spectrophotometer is used to measure the 

absorbance at 260 nm (A260). The concentration is determined using the Beer-Lambert Law 

and a known extinction coefficient for DNA. This method is quick but may be less accurate if 

the sample contains contaminants that absorb at 260 nm. The A260/A280 ratio is also used to 

assess protein contamination. 

 

2. Fluorometry using DNA-binding Dyes: 

Fluorescent dyes, such as PicoGreen or Qubit dyes, specifically bind to double-stranded DNA 

and emit fluorescence upon binding. The sample is mixed with the fluorescent dye, and 

fluorescence is measured using a fluorometer. The intensity of the fluorescence is 

proportional to the amount of DNA. This method is sensitive and specific for DNA. It is often 

used in conjunction with broad-range quantification assays. 

 

3. Quantitative PCR (qPCR): 
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Quantitative PCR measures the amount of DNA by monitoring the amplification of the target 

sequence during the PCR reaction. Known standards or a standard curve is used to relate the 

cycle threshold (Ct) values to the initial amount of DNA in the sample. qPCR is highly 

sensitive, specific, and allows for quantification of specific DNA sequences. It is commonly 

used for gene expression studies and absolute quantification. 

 

 

 

 

28. Define polyploidy and its types. 

Polyploidy is a genetic condition in which an organism possesses more than two complete sets 

of chromosomes. While most organisms, including humans, are diploid (having two sets of 

chromosomes, one from each parent), polyploidy involves additional sets. Polyploidy is a 

common phenomenon in plants and less common in animals. 

 

There are two main types of polyploidy: 

 

1. Autopolyploidy: 

Autopolyploidy involves having multiple sets of chromosomes derived from the same species. 

It often arises due to errors in cell division, such as nondisjunction during mitosis or meiosis, 

leading to the formation of cells with multiple chromosome sets. If a diploid organism 

doubles its chromosome number to become a tetraploid (4n), it is an autotetraploid. 

Autotriploids (3n), autotetraploids (4n), and so on, are examples of autopolyploids. 

 

2. Allopolyploidy: 

Allopolyploidy involves having multiple sets of chromosomes from different, but related, 

species. It typically results from hybridization between two different species, followed by 

chromosome doubling. The hybrid organism, with a combination of chromosomes from both 

parental species, becomes polyploid. Bread wheat (Triticum aestivum) is an allohexaploid 

(6n) that originated from the hybridization of a diploid wheat species (Triticum monococcum) 

with a diploid grass species (Aegilops tauschii). 

 

29. Write an example of each of the following traits in human as dominant 

and recessive phenotype: Eye color, hair, facial features, appendages. 

In humans, traits are often influenced by multiple genes and are not strictly governed by 

simple Mendelian inheritance patterns. Nevertheless, here are examples of traits related to eye 

color, hair, facial features, and appendages, considering them in the context of a simplified 

dominant and recessive phenotype: 

 

1. Eye Color: 

Dominant Phenotype: Brown eye color is often considered dominant. If an individual has at 

least one dominant allele for brown eyes (B), their eyes will appear brown. 
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Recessive Phenotype: Blue eye color is commonly considered recessive. An individual needs 

two recessive alleles (bb) to exhibit blue eye color. 

 

2. Hair Color: 

Dominant Phenotype: Dark hair color, such as black or brown, is often considered dominant. 

An individual with at least one dominant allele for dark hair (D) will have dark hair. 

Recessive Phenotype: Blonde or red hair is commonly considered recessive. An individual 

needs two recessive alleles (dd) to express these lighter hair colors. 

 

3. Facial Features: 

Dominant Phenotype: In the context of a simplified example, a straight nose (N) might be 

considered dominant. An individual with at least one dominant allele for a straight nose will 

have this trait. 

Recessive Phenotype: A concave or upturned nose (nn) might be considered recessive. An 

individual needs two recessive alleles to exhibit this facial feature. 

 

4. Appendages (e.g., Finger Length): 

Dominant Phenotype: Long fingers (L) might be considered dominant. An individual with at 

least one dominant allele for long fingers will exhibit this trait. 

Recessive Phenotype: Short fingers (ss) might be considered recessive. An individual needs 

two recessive alleles to express this trait. 

 

30. Explain the experiment performed by T. H. Morgan with example. 

Thomas Hunt Morgan conducted groundbreaking experiments in the early 20th century that 

provided strong evidence for the chromosome theory of inheritance. One of his most famous 

experiments involved working with the fruit fly Drosophila melanogaster. Here's a summary of 

Morgan's experiment: 

 

Experiment: Drosophila and Sex-Linked Inheritance 

 

Objective: To investigate the inheritance of traits in Drosophila melanogaster and provide 

evidence for the chromosome theory of inheritance. 

 

Procedure: 

1. Selection of Experimental Organism: 

Morgan chose Drosophila melanogaster (fruit fly) for his experiments due to its short 

generation time, large number of offspring, and easily observable traits. 

 

2. Wild-Type and Mutant Traits: 

Morgan selected a wild-type strain of Drosophila with normal characteristics, including red 

eyes (the typical eye color for fruit flies). He also identified a mutant trait in some male flies 

with white eye color, a characteristic not observed in the wild-type population. 
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3. Crossbreeding Experiments: 

Morgan performed controlled crosses between the wild-type females (having red eyes) and 

mutant males (having white eyes). The reciprocal cross was also carried out, involving wild-

type males and mutant females. 

 

4. Observation of Offspring: 

Morgan observed the eye color of the F1 (first filial) generation resulting from the crosses. 

Surprisingly, the F1 generation from the cross of wild-type females and mutant males had all 

red-eyed offspring. However, the reciprocal cross produced a different result, with the F1 

generation having all white-eyed offspring. 

 

5. F2 Generation Analysis: 

Morgan then allowed the F1 generation to interbreed. In the F2 (second filial) generation, he 

observed a 3:1 ratio of red-eyed to white-eyed flies, consistent with Mendelian inheritance. 

 

6. Conclusion: 

Morgan concluded that the gene for eye color is located on the X chromosome. He proposed the 

idea of sex-linked inheritance, where certain traits are associated with one of the sex 

chromosomes (in this case, the X chromosome). This experiment provided strong support for 

the chromosome theory of inheritance, which states that genes are located on chromosomes and 

are the units of heredity. 

 

31. Write about variation in autosomal dominant inheritance in reference of 

following terms: Penetrance, Expressivity, Pleiotropy. 

 

1. Penetrance: 

Penetrance refers to the proportion of individuals carrying a specific dominant allele who 

actually express the associated trait or phenotype. 

 

Variation: In autosomal dominant conditions, some individuals may carry the dominant allele 

but do not show any signs or symptoms of the trait. The trait is said to have incomplete 

penetrance when not all individuals with the allele express the phenotype. 

 

Example: If a dominant allele is associated with a disorder, such as neurofibromatosis, some 

individuals may have the allele but exhibit no symptoms, while others may develop tumors 

characteristic of the disorder. 

 

2. Expressivity: 

Expressivity refers to the degree or range of phenotypic expression of a genotype among 

individuals who carry the same dominant allele. 
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Variation: Even among individuals with fully penetrant autosomal dominant traits, there can 

be variability in the severity or features of the expressed phenotype. This is known as variable 

expressivity. 

 

Example: In the case of Marfan syndrome, caused by a dominant allele, individuals may 

exhibit a range of symptoms and severity, including variations in skeletal, ocular, and 

cardiovascular features. 

 

 

3. Pleiotropy: 

Pleiotropy refers to the phenomenon where a single gene influences multiple, seemingly 

unrelated, phenotypic traits. 

 

Variation: Some autosomal dominant genes can have effects on different organ systems or 

traits. Pleiotropy contributes to the complexity and diversity of phenotypes associated with 

certain dominant alleles. 

 

Example: Huntington's disease, an autosomal dominant disorder, not only affects motor 

function but also has cognitive and psychiatric manifestations. The single gene responsible for 

Huntington's disease has pleiotropic effects on various aspects of an individual's health. 

 

32. Write five applications of VNTR. 

Variable Number Tandem Repeats (VNTRs) are repetitive DNA sequences in which the 

number of repeated units varies among individuals. VNTRs have various applications in 

molecular biology, genetics, and forensic science. Here are five applications of VNTRs: 

 

1. DNA Fingerprinting: 

VNTRs are extensively used in DNA fingerprinting or profiling for individual identification. 

The unique patterns of VNTR alleles in an individual's genome serve as a highly specific 

genetic fingerprint. This application is crucial in forensic investigations, paternity testing, and 

establishing genetic relationships. 

 

2. Population Genetics and Evolutionary Studies: 

VNTR analysis is employed in population genetics to study the genetic diversity within 

populations. By examining the distribution of VNTR alleles in different populations, 

researchers can infer patterns of migration, genetic drift, and evolutionary relationships 

among human populations or other species. 

 

3. Genetic Disease Diagnosis and Linkage Analysis: 

VNTRs can be used in the diagnosis of genetic diseases and linkage analysis to identify the 

genetic loci associated with specific disorders. By examining the inheritance patterns of 
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VNTR markers within families, researchers can identify the chromosomal regions linked to 

disease genes. 

 

4. Genetic Mapping and Marker-Assisted Selection (MAS) in Agriculture: 

In genetic mapping studies, VNTR markers are used to create linkage maps and identify the 

positions of genes on chromosomes. In agriculture, VNTRs and other molecular markers are 

employed for marker-assisted selection, aiding in the breeding of crops with desirable traits 

such as disease resistance, improved yield, or specific nutritional content. 

 

 

5. Population Identification and Ancestry Testing: 

VNTRs are utilized in population identification and ancestry testing. By analyzing the 

patterns of VNTR alleles, researchers can infer the genetic ancestry or geographic origin of 

individuals. This application is commonly used in anthropological studies and has gained 

popularity in direct-to-consumer genetic testing services. 

 

33.  


