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	Course Educational Objective

	CEO1: To provide the practical oriented theory on plant tissue culture CEO2: To have knowledge on gene transfer to plants

	EO1: To provide the practical oriented theory on plant tissue culture CEO2: To have knowledge on gene transfer to plants

	Course outcomes: At the end of the course, the student will be able to

	CO1
	Acquire knowledge in various types of plant tissue culture techniques and various components of plant tissue culture media

	CO2
	Understand the importance of Micro propagation and somatic hybridization.

	CO3
	Learn the technology of plant transformation including vector and vector less gene transfer methods.

	CO4
	Know the importance of germplasm and their conservation techniques

	CO5
	Have idea on importance of genetically modified crops

	CO6
	Acquire knowledge in biosynthesis of plant primary and secondary metabolites and their importance



UNIT 01
1. Who proposed the concept of totipotency?
a) Haberlandt
b) White
c) Murashige
d) Skoog
Answer: a) Haberlandt 
2. The first successful plant tissue culture was achieved by:
a) Haberlandt
b) White
c) Steward
d) Braun
Answer: b) White 
3. Totipotency refers to:
a) Cell division
b) Ability to form roots
c) Ability to regenerate the whole plant
d) Photosynthesis
Answer: c) Ability to regenerate the whole plant 
4. Plasticity in plant cells means:
a) Rigid structure
b) Ability to change form/function
c) No division
d) Death of the cell
Answer: b) Ability to change form/function 
5. The most commonly used culture medium is:
a) White’s medium
b) MS medium
c) Knop’s medium
d) Gamborg medium
Answer: b) MS medium 
6. MS medium was developed by:
a) White
b) Murashige and Skoog
c) Braun
d) Steward
Answer: b) Murashige and Skoog 
7. Agar is used in a medium for:
 a) Nutrition
 b) Solidification
 c) Sterilization
 d) Hormone supply
Answer: b) Solidification 
8. Which of these is a cytokinin?
a) IAA
b) GA₃
c) BAP
d) ABA
Answer: c) BAP 
9. Auxins promote:
a) Shoot growth
b) Root formation
c) Flowering
d) Senescence
Answer: b) Root formation 
10. Autoclaving is done at:
a) 100°C
b) 121°C
c) 80°C
d) 150°C
Answer: b) 121°C 
11. Laminar airflow provides:
a) Heat
b) Sterile air
c) Light
d) Pressure
Answer: b) Sterile air 
12. Surface sterilization is achieved using:
a) Agar
b) Ethanol
c) Sucrose
d) Vitamins
Answer: b) Ethanol 
13. Explant refers to:
a) Medium
b) Plant tissue used for culture
c) Chemical
d) Equipment
Answer: b) Plant tissue used for culture 
14. Callus is:
a) Organized tissue
b) Unorganized mass of cells
c) Root
d) Leaf
Answer: b) Unorganized mass of cells 
15. Callus culture is induced by:
a) Hormones
b) Light
c) Temperature
d) Pressure
Answer: a) Hormones 
16. Suspension culture is grown in:
a) Solid medium
b) Liquid medium
c) Soil
d) Sand
Answer: b) Liquid medium 
17. Single cell culture assists in:
a) Whole plant growth
b) Genetic studies
c) Root growth
d) Leaf growth
Answer: b) Genetic studies 
18. Agitation in suspension culture is done to:
a) Kill cells
b) Provide aeration
c) Reduce growth
d) Increase contamination
Answer: b) Provide aeration 
19. Callus formation is due to:
a) Dedifferentiation
b) Differentiation
c) Respiration
d) Transpiration
Answer: a) Dedifferentiation 
20. Organogenesis means:
a) Cell death
b) Formation of organs
c) Cell division
d) DNA replication
Answer: b) Formation of organs 
Two-Mark Questions (with Answers)
1. Define totipotency.
Ans: The ability of a single cell to regenerate into a whole plant. 
2. What is plasticity?
Ans: The ability of plant cells to change their developmental fate. 
3. Name two pioneers of plant tissue culture.
Ans:  Haberlandt and White 
4. What is MS medium?
Ans:  A nutrient medium developed by Murashige and Skoog. 
5. Name two plant growth regulators.
Ans: Auxin and Cytokinin 
6. What is agar?
Ans:  A solidifying agent used in culture media. 
7. Define explant.
Ans:  Plant part used to initiate culture. 
8. What is a callus?
Ans:  Unorganized mass of cells. 
9. What is sterilization?
Ans:  Removal of microorganisms. 
10. Name one sterilizing agent.
Ans: Ethanol 
11. What is autoclaving?
Ans:  Sterilization using steam under pressure. 
12. What is suspension culture?
Ans:  Cells grown in a liquid medium. 
13. Define single cell culture.
Ans:  Culture of isolated single plant cells. 
14. What is organogenesis?
Ans:  Formation of organs in culture. 
15. What is dedifferentiation?
Ans: Cells lose specialization and divide. 
16. What is redifferentiation?
Ans:  Formation of specialized cells from callus. 
17. Name one auxin.
Ans: IAA 
18. Name one cytokinin.
Ans:  BAP 
19. What is contamination?
Ans:  Growth of unwanted microorganisms. 
20. What is laminar airflow?
Ans:  Equipment providing sterile working conditions. 
Short Answer Questions (with Answers)
1. Explain the concept of totipotency.
Ans:  Totipotency is the ability of plant cells to regenerate into a complete plant under suitable conditions. 
2. Describe plasticity in plant cells.
Ans:  Plant cells can alter their structure and function in response to environmental conditions. 
3. Write a note on MS medium.
Ans:  MS medium contains macro, micro nutrients, vitamins, and hormones for plant growth. 
4. List components of tissue culture media.
Ans: Macronutrients, micronutrients, vitamins, carbon source, agar, hormones. 
5. Role of plant growth regulators.
Ans:  Control cell division, elongation, and differentiation. 
6. Explain sterilization techniques.
Ans:  Includes autoclaving, filtration, and chemical sterilization. 
7. Describe autoclaving.
Ans: Uses steam at 121°C and 15 psi to sterilize media. 
8. What is explant preparation?
Ans:  Selection, cutting, and sterilization of plant tissue. 
9. Explain callus culture.
Ans: Growth of unorganized cells on a nutrient medium. 
10. Write about suspension culture.
Ans:  Cells grown in a liquid medium with agitation. 
11. What is single-cell culture?
Ans:  Culture of isolated cells for genetic studies. 
12. Advantages of tissue culture.
Ans:  Rapid propagation, disease-free plants. 
13. Limitations of tissue culture.
Ans:  Costly, contamination risk. 
14. Explain dedifferentiation.
Ans:  Mature cells revert to the meristematic state. 
15. Explain redifferentiation.
Ans:  Formation of specialized tissues from callus. 
16. Importance of aseptic conditions.
Ans:  Prevent contamination. 
17. Role of sucrose in media.
Ans:  Provides energy. 
18. Define organogenesis.
Ans:  Formation of shoots and roots. 
19. Write the steps in the culture initiation.
Ans:  Explant selection → sterilization → inoculation. 
20. Explain contamination control.
Ans:  Sterilization, aseptic handling, clean environment.
UNIT 02
1. Microspore culture produces:
a) diploid plants
b) haploid plants
c) triploid plants
d) polyploid plants
Answer: b) haploid plants 
2. Anther culture is used for:
a) Root formation
b) Haploid production
c) Shoot elongation
d) Callus formation
Answer: b) Haploid production 
3. Embryo rescue is useful in:
a) Normal fertilization
b) Interspecific hybridization
c) Vegetative propagation
d) Photosynthesis
Answer: b) Interspecific hybridization 
4. Organogenesis refers to:
a) Callus formation
b) Organ formation
c) Cell death
d) Meiosis
Answer: b) Organ formation 
5. Somatic embryogenesis involves:
a) Zygotic embryos
b) Somatic cells forming embryos
c) Pollen grains
d) Seeds only
Answer: b) Somatic cells forming embryos 
6. Artificial seeds are made from:
a) Zygotic embryos
b) Somatic embryos
c) Pollen
d) Ovules
Answer: b) Somatic embryos 
7. Micropropagation is:
a) Seed germination
b) In vitro clonal propagation
c) Pollination
d) Fertilization
Answer: b) In vitro clonal propagation 
Protoplast Technology
8. A protoplast is:
a) Cell with a wall
b) Cell without a wall
c) Dead cell
d) Nucleus
Answer: b) Cell without a wall 
9. Enzymes used for protoplast isolation:
a) Amylase
b) Cellulase and pectinase
c) Protease
d) Lipase
Answer: b) Cellulase and pectinase 
10. Somatic hybridization involves:
a) Sexual reproduction
b) Fusion of protoplasts
c) Seed formation
d) Pollination
Answer: b) Fusion of protoplasts 
11. PEG is used for:
a) Sterilization
b) Fusion of protoplasts
c) Growth
d) Nutrition
Answer: b) Fusion of protoplasts 
12. Electrofusion uses:
a) Heat
b) Electric current
c) Light
d) Pressure
Answer: b) Electric current 
13. Cybrids contain:
a) Nuclear DNA from both parents
b) Cytoplasmic DNA from one parent
c) Cytoplasm from both, nucleus from one
d) No DNA
Answer: c) Cytoplasm from both, nucleus from one 
14. Haploids are important for:
a) Hybrid vigor
b) Genetic purity
c) Mutation
d) Growth
Answer: b) Genetic purity 
15. Embryo culture helps in:
a) Preventing embryo abortion
b) Pollination
c) Fertilization
d) Respiration
Answer: a) Preventing embryo abortion 
16. Somatic embryos resemble:
a) Roots
b) Zygotic embryos
c) Leaves
d) Callus
Answer: b) Zygotic embryos 
17. Protoplast culture requires:
a) High osmotic pressure
b) Low nutrients
c) Soil
d) Sand
Answer: a) High osmotic pressure 
18. Somatic hybrids combine:
a) Only cytoplasm
b) Only nucleus
c) Genetic material of two species
d) No DNA
Answer: c) Genetic material of two species 
19. Selection of hybrids is done using:
a) Morphology
b) Biochemical markers
c) Molecular markers
d) All of these
Answer: d) All of these 
20. Artificial seeds are coated with:
a) Agar
b) Sodium alginate
c) Sugar
d) Protein
Answer: b) Sodium alginate 
21. Microspore develops into: Haploid plant 
Ans: Haploid
22. Callus induction requires hormones 
Ans: Auxin & cytokinin
23. Embryo rescue prevents hybrid failure 
Ans: Yes
24. Organogenesis can be direct or indirect 
Ans: Yes
25. Somatic embryos form a bipolar structure 
Ans: Yes
26. Protoplast viability tested by FDA stain 
Ans: Yes
27. Fusion frequency increased by PEG 
Ans: Yes
28. Cybrids used for cytoplasmic traits
Ans: Yes
29. Somatic hybridization bypasses sexual incompatibility
Ans: Yes
30. Micropropagation ensures clonal uniformity 
Ans: Yes
Two-Mark Questions 
1. Define microspore culture.
Ans:  Culture of isolated pollen grains to produce haploids. 
2. What is another culture?
Ans:  Culture of anthers to produce haploid plants. 
3. Define embryo rescue.
Ans:  In vitro culture of embryos to prevent abortion. 
4. What is organogenesis?
Ans:  Formation of organs from tissues. 
5. Define somatic embryogenesis.
Ans:  Formation of embryos from somatic cells. 
6. What are artificial seeds?
Ans:  Encapsulated somatic embryos. 
7. Define micropropagation.
Ans:  Rapid clonal multiplication in vitro. 
8. What is a protoplast?
Ans: A cell without a cell wall. 
9. Name enzymes for protoplast isolation.
Ans:  Cellulase, pectinase. 
10. Define somatic hybridization.
Ans:  Fusion of protoplasts from different species. 
11. What is PEG?
Ans:  Chemical used for protoplast fusion. 
12. Define cybrids.
Ans:  Cytoplasmic hybrids. 
13. What is electrofusion?
Ans:  Fusion using an electric field. 
14. What is a haploid plant?
Ans:  Plant with a single set of chromosomes. 
15. What is embryo culture?
Ans:  Growth of embryos in vitro. 
16. Define callus.
Ans:  Unorganized mass of cells. 
17. What is the selection of hybrids?
Ans:  Identifying desired fused cells. 
18. What is an osmotic stabilizer?
Ans:  Maintains protoplast integrity. 
19. Name one application of somatic hybridization.
Ans:  Crop improvement. 
20. What is an FDA test?
Ans:  Viability test for protoplasts. 
 Short Answer Questions 
1. Explain microspore culture.
Ans:  It involves culturing pollen grains to produce haploid plants useful in breeding. 
2. Describe the anther culture.
Ans:  Whole anthers are cultured to produce haploid embryos. 
3. Explain embryo rescue.
Ans:  Embryos from incompatible crosses are cultured to survive. 
4. Describe organogenesis.
Ans:  Formation of shoots and roots either directly or via callus. 
5. Explain somatic embryogenesis.
Ans:  Somatic cells develop into embryos under hormonal control. 
6. Write a note on artificial seeds.
Ans: Somatic embryos encapsulated in gel for storage and sowing. 
7. Steps of micropropagation.
Ans:  Initiation → multiplication → rooting → acclimatization. 
8. Explain protoplast isolation.
Ans:  Enzymatic digestion removes the cell wall. 
9. Culture of protoplast.
Ans:  Maintained in an osmotic medium for regeneration. 
10. Explain somatic hybridization.
Ans:  Fusion of protoplasts to combine traits. 
11. Methods of fusion.
Ans:  PEG method and electrofusion. 
12. Applications of somatic hybridization.
Ans:  Disease resistance, stress tolerance. 
13. Explain cybrids.
Ans:  Hybrid cells with the nuclear genome of one parent. 
14. Screening of hybrids.
Ans: Using markers and morphology. 
15. Advantages of micropropagation.
Ans:  Rapid multiplication, disease-free plants. 
16. Limitations of protoplast culture.
Ans:  Low regeneration efficiency. 
17. Role of growth regulators.
Ans:  Control differentiation. 
18. Importance of haploids.
Ans:  Genetic purity and breeding. 
19. Explain embryo culture stages.
Ans: Globular, heart, torpedo stages. 
20. Applications of artificial seeds.
Ans:  Germplasm conservation.
UNIT 03
1. Genetic transformation refers to:
a) Mutation
b) Transfer of foreign DNA into an organism
c) Cell division
d) Hybridization
Answer: b) Transfer of foreign DNA 
2. The most commonly used natural vector is:
a) Virus
b) Agrobacterium tumefaciens
c) E. coli
d) Yeast
Answer: b) Agrobacterium tumefaciens 
3. The Ti plasmid is found in:
a) Virus
b) Fungus
c) Agrobacterium
d) Plant
Answer: c) Agrobacterium 
4. T-DNA stands for:
a) Transfer DNA
b) Terminal DNA
c) Transcription DNA
d) Target DNA
Answer: a) Transfer DNA 
5. Viral vectors are useful because they:
a) Kill cells
b) Replicate inside the host
c) Reduce genes
d) Stop transcription
Answer: b) Replicate inside the host 
6. The gene gun method is also called:
a) Microinjection
b) Biolistics
c) Electroporation
d) Transformation
Answer: b) Biolistics 
7. Electroporation uses:
a) Heat
b) Electric pulses
c) Pressure
d) Chemicals
Answer: b) Electric pulses 
8. Microinjection involves:
a) DNA uptake by diffusion
b) Injection using a needle
c) Chemical treatment
d) Heat shock
Answer: b) Injection using a needle 
9. Gene gun uses particles made of:
a) Iron
b) Gold or tungsten
c) Copper
d) Silver
Answer: b) Gold or tungsten 
10. Electroporation creates:
a) Heat
b) Temporary pores in the membrane
c) DNA damage
d) Cell death
Answer: b) Temporary pores 
11. Promoter tagging is used to:
a) Destroy genes
b) Identify gene expression
c) Kill cells
d) Stop growth
Answer: b) Identify gene expression 
12. Activation tagging leads to:
a) Gene silencing
b) Overexpression
c) Mutation
d) Deletion
Answer: b) Overexpression 
13. Herbicide resistance genes help plants to:
a) Grow faster
b) Survive herbicides
c) Produce seeds
d) Increase size
Answer: b) Survive herbicides 
14. Bt toxin gene is derived from:
a) Virus
b) Fungus
c) Bacillus thuringiensis
d) Algae
Answer: c) Bacillus thuringiensis 
15. Bt crops are resistant to:
a) Fungi
b) Insects
c) Viruses
d) Bacteria
Answer: b) Insects 
16. Disease resistance genes protect against:
a) Heat
b) Pathogens
c) Light
d) Water
Answer: b) Pathogens 
17. Terminator technology prevents:
a) Growth
b) Seed germination
c) Photosynthesis
d) Fertilization
Answer: b) Seed germination 
18. Golden rice is enriched with:
a) Protein
b) Vitamin A
c) Iron
d) Calcium
Answer: b) Vitamin A 
19. Golden Rice contains:
a) Beta-carotene
b) Protein
c) Lipids
d) Fiber
Answer: a) Beta-carotene 
20. Bt cotton is resistant to:
a) Bacteria
b) Bollworm
c) Virus
d) Fungus
Answer: b) Bollworm 
21. Flavr Savr tomato was developed for:
a) Taste
b) Delayed ripening
c) Size
d) Color
Answer: b) Delayed ripening 
22. Ti plasmid modified removes tumour genes 
Ans: Yes
23. Viral vectors used for transient expression 
Ans: Yes
24. Gene gun suitable for monocots
Ans: Yes 
25. Electroporation used in protoplasts 
Ans: Yes
26. Microinjection is labour-intensive 
Ans: Yes
27. Promoter tagging uses reporter genes 
Ans: Yes
28. Activation tagging uses enhancers 
Ans: Yes
29. Bt toxin forms pores in the insect gut 
Ans: Yes
30. Flavr Savr uses antisense RNA
Ans: Yes
Two-Mark Questions 
1. Define genetic transformation.
Ans:  Introduction of foreign DNA into a host organism. 
2. What is Agrobacterium?
Ans:  Soil bacterium used as a gene transfer vector. 
3. What is the Ti plasmid?
Ans:  Tumor-inducing plasmid used in transformation. 
4. Define T-DNA.
Ans:  DNA segment transferred into the plant genome. 
5. What are viral vectors?
Ans: Viruses used to transfer genes. 
6. Define gene gun.
Ans:  Method using particles to deliver DNA. 
7. What is electroporation?
Ans:  DNA transfer using electric pulses. 
8. Define microinjection.
Ans:  Direct injection of DNA into a cell. 
9. What is promoter tagging?
Ans:  Identifying gene expression using reporter genes. 
10. Define activation tagging.
Ans:  Overexpression of genes using enhancers. 
11. What is herbicide resistance?
Ans:  Ability to survive herbicide exposure. 
12. What is Bt gene?
Ans:  Gene producing insecticidal toxin. 
13. What is disease resistance?
Ans:  Protection against pathogens. 
14. Define terminator technology.
Ans:  Technology produces sterile seeds. 
15. What is Golden Rice?
Ans: Rice enriched with vitamin A precursor. 
16. What is Bt cotton?
Ans:  Cotton is resistant to insect pests. 
17. What is Flavr Savr tomato?
Ans:  Tomato with delayed ripening. 
18. What is antisense RNA?
Ans:  RNA inhibiting gene expression. 
19. What is a reporter gene?
Ans: Gene used to monitor expression. 
20. What is a selectable marker?
Ans:  Gene used to select transformed cells. 
C. Short Answer Questions 
1. Explain genetic transformation.
Ans: It is the stable introduction of foreign genes into the plant genome to express desired traits. 
2. Describe Agrobacterium-mediated transformation.
Ans:  Uses the Ti plasmid to transfer T-DNA into plant cells. 
3. Explain viral vectors.
Ans:  Viruses deliver genes for transient expression in plants. 
4. Describe the gene gun method.
Ans:  DNA-coated particles are shot into cells. 
5. Explain electroporation.
Ans:  Electric pulses create pores for DNA entry. 
6. Describe microinjection.
Ans: DNA is injected directly into the nucleus. 
7. Explain promoter tagging.
Ans:  Reporter genes identify gene expression patterns. 
8. Describe activation tagging.
Ans:  Enhancers activate nearby genes. 
9. Explain herbicide resistance.
Ans: Genes allow plants to survive chemical herbicides. 
10. Describe insect resistance.
Ans:  Bt gene produces toxin killing insects. 
11. Explain disease resistance.
Ans:  Genes protect against pathogens. 
12. Write a note on Terminator technology.
Ans:  Prevents seed germination to protect intellectual property. 
13. Explain Golden Rice.
Ans:  Genetically engineered rice producing beta-carotene. 
14. Describe Bt cotton.
Ans: Cotton expressing the Bt toxin for pest resistance. 
15. Explain the Flavr Savr tomato.
Ans:  Delayed ripening via antisense technology. 
16. Advantages of genetic transformation.
Ans:  Improved yield, resistance traits. 
17. Limitations.
Ans:  Ethical concerns, biosafety issues. 
18. Role of selectable markers.
Ans:  Identify transformed cells. 
19. Importance of reporter genes.
Ans:  Monitor gene expression. 
20. Comparison of vector vs direct methods.
Ans: Vector is biological; direct is physical/chemical.
UNIT 04
1. Genetic transformation involves:
a) Mutation
b) Transfer of foreign DNA
c) Cell division
d) Hybridization
Answer: b) Transfer of foreign DNA 
2. The most widely used biological vector is:
a) Virus
b) Agrobacterium tumefaciens
c) Yeast
d) Algae. 
Answer: b) Agrobacterium tumefaciens. 
3. The Ti plasmid is present in:
a) Virus
b) Bacteria
c) Plants
d) Fungi
Answer: b) Bacteria 
4. T-DNA is transferred into:
a) Cytoplasm
b) Nucleus
c) Cell wall
d) Mitochondria
Answer: b) Nucleus 
5. Viral vectors are mainly used for:
a) Stable transformation
b) Transient expression
c) Cell division
d) Mutation
Answer: b) Transient expression 
6. Gene gun is also known as:
a) Electroporation
b) Biolistics
c) Microinjection
d) Transduction
Answer: b) Biolistics 
7. Electroporation uses:
a) Heat
b) Electric pulses
c) Chemicals
d) Light
Answer: b) Electric pulses 
8. Microinjection involves:
a) DNA diffusion
b) Needle injection
c) Chemical uptake
d) Heat shock
Answer: b) Needle injection 
9. Gene gun uses particles of:
a) Iron
b) Gold/tungsten
c) Copper
d) Zinc
Answer: b) Gold/tungsten 
10. Electroporation creates:
a) Permanent pores
b) Temporary pores
c) Cell death
d) DNA damage
Answer: b) Temporary pores 
11. Selectable markers help in:
a) Killing transformed cells
b) Identifying transformed cells
c) Increasing growth
d) DNA replication
Answer: b) Identifying transformed cells 
12. Example of selectable marker:
a) GFP
b) Antibiotic resistance gene
c) DNA polymerase
d) Chlorophyll
Answer: b) Antibiotic resistance gene 
13. Screenable marker example:
a) Antibiotic gene
b) Green Fluorescent Protein
c) Auxin
d) Cytokinin
Answer: b) Green Fluorescent Protein 
14. Screenable markers help in:
a) Selection
b) Visualization
c) Killing cells
d) DNA replication
Answer: b) Visualization 
15. Herbicide resistance helps plants to:
a) Grow faster
b) Survive herbicides
c) Increase seeds
d) Produce toxins
Answer: b) Survive herbicides 
16. Bt gene is obtained from:
a) Virus
b) Fungus
c) Bacillus thuringiensis
d) Algae
Answer: c) Bacillus thuringiensis 
17. Bt toxin acts on:
a) Plant cells
b) Insect gut
c) Soil
d) Water
Answer: b) Insect gut 
18. Disease resistance genes protect plants from:
a) Light
b) Pathogens
c) Heat
d) Water
Answer: b) Pathogens 
19. Terminator technology results in:
a) Sterile seeds
b) Larger seeds
c) Faster growth
d) More fruits
Answer: a) Sterile seeds 
20. Golden Rice contains:
a) Iron
b) Beta-carotene
c) Protein
d) Fiber
Answer: b) Beta-carotene 
21. Golden Rice is developed to prevent:
a) Diabetes
b) Vitamin A deficiency
c) Cancer
d) Obesity
Answer: b) Vitamin A deficiency 
22. Bt cotton is resistant to:
a) Virus
b) Fungus
c) Bollworms
d) Bacteria
Answer: c) Bollworms 
23. Flavr Savr tomato shows:
a) Early ripening
b) Delayed ripening
c) Increased size
d) More seeds
Answer: b) Delayed ripening 
24. The Ti plasmid is disarmed before use 
Ans: Yes
25. Viral vectors replicate in the host 
Ans: Yes
26. Gene gun is useful for monocots 
Ans: Yes
27. Selectable markers confer survival 
Ans: Yes
28. Screenable markers give visible traits 
Ans: Yes
29. Bt toxin forms pores in the insect gut 
Ans: Yes
30. Flavr Savr uses antisense RNA
Ans: Yes
Two-Mark Questions 
1. Define genetic transformation.
Ans: Introduction of foreign DNA into a host genome. 
2. What is Agrobacterium?
Ans:  A bacterium used as a vector for gene transfer. 
3. What is the Ti plasmid?
Ans:  Tumor-inducing plasmid used in plant transformation. 
4. Define T-DNA.
Ans:  DNA region transferred into the plant genome. 
5. What are viral vectors?
Ans:  Viruses used for gene delivery. 
6. What is a gene gun?
Ans:  DNA delivery using metal particles. 
7. Define electroporation.
Ans:  DNA transfer using electric pulses. 
8. What is microinjection?
Ans:  Direct DNA injection into cells. 
9. What are selectable markers?
Ans:  Genes used to select transformed cells. 
10. What are screenable markers?
Ans:  Genes that produce visible signals. 
11. Example of selectable marker.
Ans:  Antibiotic resistance gene. 
12. Example of screenable marker.
Ans:  GFP. 
13. Define herbicide resistance.
Ans:  Ability to survive herbicides. 
14. What is the Bt gene?
Ans:  Gene encoding insecticidal protein. 
15. What is disease resistance?
Ans:  Protection against pathogens. 
16. Define terminator technology.
Ans: Produces sterile seeds. 
17. What is Golden Rice?
Ans:  Rice enriched with beta-carotene. 
18. What is Bt cotton?
Ans: Insect-resistant cotton. 
19. What is Flavr Savr tomato?
Ans:  Tomato with delayed ripening. 
20. What is antisense RNA?
Ans:  RNA that blocks gene expression. 
 C. Short Answer Questions 
1. Explain genetic transformation.
Ans:  It is the introduction of foreign genes into plants to express desired traits. 
2. Describe Agrobacterium-mediated transformation.
Ans:  Uses the Ti plasmid to transfer T-DNA into the plant genome. 
3. Explain viral vectors.
Ans:  Viruses deliver genes for temporary expression. 
4. Describe the gene gun method.
Ans:  DNA-coated particles are shot into plant cells. 
5. Explain electroporation.
Ans:  Electric pulses create pores allowing DNA entry. 
6. Describe microinjection.
Ans:  DNA is injected directly using a micro-needle. 
7. Explain selectable markers.
Ans:  Allow only transformed cells to survive. 
8. Describe screenable markers.
Ans: Produce visible signals like fluorescence. 
9. Explain herbicide resistance.
Ans:  Enables plants to tolerate herbicides. 
10. Describe insect resistance.
Ans:  Bt gene produces a toxin harmful to insects. 
11. Explain disease resistance.
Ans: Genes protect plants from pathogens. 
12. Write a note on Terminator technology.
Ans:  Prevents farmers from reusing seeds. 
13. Explain Golden Rice.
Ans:  Engineered to produce beta-carotene to combat vitamin A deficiency. 
14. Describe Bt cotton.
Ans:  Produces Bt toxin to kill insect pests. 
15. Explain the Flavr Savr tomato.
Ans:  Uses antisense RNA to delay softening. 
16. Advantages of genetic transformation.
Ans:  Improved yield, resistance, nutritional value. 
17. Limitations.
Ans:  Ethical, ecological concerns. 
18. Role of selectable markers.
Ans:  Identification of transformants. 
19. Role of screenable markers.
Ans:  Easy visualization of gene expression. 
20. Compare vector and direct methods.
Ans:  Vector = biological; direct = physical/chemical.
UNIT 05
1. Primary metabolites are:
a) Non-essential compounds
b) Essential for growth
c) Waste products
d) Toxic compounds
Answer: b) Essential for growth 
2. Secondary metabolites are:
a) Directly involved in growth
b) Not directly involved in growth
c) Always toxic
d) Always proteins
Answer: b) Not directly involved in growth 
3. Example of primary metabolite:
a) Alkaloid
b) Protein
c) Tannin
d) Terpene
Answer: b) Protein 
4. Secondary metabolites are mainly involved in:
a) Photosynthesis
b) Defense
c) Respiration
d) Growth
Answer: b) Defense 
5. Alkaloids contain:
a) Oxygen
b) Nitrogen
c) Sulfur
d) Hydrogen only
Answer: b) Nitrogen 
6. Terpenoids are derived from:
a) Amino acids
b) Isoprene units
c) Sugars
d) Lipids
Answer: b) Isoprene units 
7. Phenolics include:
a) Alkaloids
b) Flavonoids
c) Proteins
d) Lipids
Answer: b) Flavonoids 
8. Glycosides contain:
a) Sugar moiety
b) Protein
c) Lipid
d) DNA
Answer: a) Sugar moiety 
9. Alkaloids are:
a) Basic compounds
b) Acidic compounds
c) Neutral compounds
d) Proteins
Answer: a) Basic compounds 
10. Example of alkaloid:
a) Glucose
b) Morphine
c) Starch
d) Cellulose
Answer: b) Morphine 
11. Alkaloids are mainly used in:
a) Food
b) Medicine
c) Construction
d) Fuel
Answer: b) Medicine 
12. Secondary metabolites can be produced in:
a) Soil
b) Tissue culture
c) Water
d) Air
Answer: b) Tissue culture 
13. Callus culture is useful for:
a) Growth
b) Metabolite production
c) Respiration
d) Photosynthesis
Answer: b) Metabolite production 
14. Suspension culture helps in:
a) Dry growth
b) Large-scale production
c) Root formation
d) Seed formation
Answer: b) Large-scale production 
15. Bioreactors are used for:
a) Small-scale production
b) Large-scale production
c) Drying
d) Storage
Answer: b) Large-scale production 
16. A stirred tank reactor provides:
a) Heat
b) Mixing
c) Light
d) Pressure
Answer: b) Mixing 
17. Airlift bioreactor uses:
a) Mechanical stirring
b) Air bubbles
c) Heat
d) Chemicals
Answer: b) Air bubbles 
18. Temperature affects:
a) DNA
b) Enzyme activity
c) Cell wall
d) Water
Answer: b) Enzyme activity 
19. pH affects:
a) Color
b) Enzyme function
c) Size
d) Shape
Answer: b) Enzyme function 
20. Light influences:
a) Structure
b) Metabolite synthesis
c) DNA
d) Water
Answer: b) Metabolite synthesis 
21. Elicitation involves:
a) Killing cells
b) Stimulating metabolite production
c) Drying
d) Cooling
Answer: b) Stimulating metabolite production 
22. Precursor feeding:
a) Removes nutrients
b) Adds metabolic precursors
c) Kills cells
d) Stops growth
Answer: b) Adds metabolic precursors 
23. Immobilization of cells helps in:
a) Death
b) Stability
c) Drying
d) Reduction
Answer: b) Stability 
24. Secondary metabolites include terpenoids 
Ans: Yes
25. Alkaloids are nitrogenous 
Ans: Yes
26. Bioreactors control environment 
Ans: Yes
27. Suspension culture increases yield 
Ans: Yes
28. Elicitors can be biotic/abiotic 
Ans: Yes
29. Precursor feeding enhances yield 
Ans: Yes
30. Immobilization improves productivity 
Ans: Yes
 Two-Mark Questions 
1. Define primary metabolites.
Ans:  Compounds essential for growth and development. 
2. Define secondary metabolites.
Ans:  Compounds not directly involved in growth. 
3. Give two examples of primary metabolites.
Ans:  Proteins, carbohydrates 
4. Give two examples of secondary metabolites.
Ans:  Alkaloids, terpenoids 
5. What are alkaloids?
Ans:  Nitrogen-containing basic compounds. 
6. Name one alkaloid.
Ans:  Morphine 
7. What are terpenoids?
Ans:  Compounds derived from isoprene units. 
8. What are phenolics?
Ans:  Compounds with phenol groups. 
9. Define glycosides.
Ans:  Compounds with sugar and non-sugar parts. 
10. What is callus culture?
Ans:  Unorganized cell mass culture. 
11. What is suspension culture?
Ans:  Cells grown in a liquid medium. 
12. What is a bioreactor?
Ans:  Device for large-scale culture. 
13. Name one type of bioreactor.
Ans:  Stirred tank reactor 
14. What is elicitation?
Ans:  Inducing metabolite production. 
15. What is precursor feeding?
Ans:  Adding metabolic precursors. 
16. What is immobilization?
Ans:  Fixing cells in a matrix. 
17. What is pH?
Ans:  Measure of acidity/alkalinity. 
18. What is the temperature effect?
Ans:  Influences enzyme activity. 
19. Role of light?
Ans:  Affects metabolite synthesis. 
20. Importance of oxygen?
Ans:  Required for respiration. 
 C. Short Answer Questions 
1. Differentiate primary and secondary metabolites.
Ans:  Primary: essential; Secondary: non-essential but functional (defense, signalling). 
2. Classify secondary metabolites.
Ans:  Alkaloids, terpenoids, phenolics, glycosides. 
3. Explain alkaloids.
Ans:  Nitrogen-containing compounds with medicinal properties. 
4. Importance of alkaloids.
Ans:  Used as drugs (analgesics, anticancer). 
5. Production of secondary metabolites via tissue culture.
Ans: Callus and suspension cultures produce metabolites under controlled conditions. 
6. Explain callus culture in metabolite production.
Ans:  Undifferentiated cells synthesize metabolites. 
7. Describe suspension culture.
Ans:  Liquid culture for large-scale production. 
8. Explain bioreactor-based production.
Ans:  Controlled environment for mass production. 
9. Types of bioreactors.
Ans:  Stirred tank, airlift, bubble column. 
10. Factors affecting metabolite production.
Ans:  Temperature, pH, light, nutrients. 
11. Role of nutrients.
Ans:  Provide precursors for biosynthesis. 
12. Role of oxygen.
Ans:  Essential for respiration and metabolism. 
13. Explain elicitation.
Ans:  Use of stress factors to enhance production. 
14. Types of elicitors.
Ans:  Biotic and abiotic. 
15. Explain precursor feeding.
Ans:  Supplying intermediates to boost synthesis. 
16. Describe the immobilization technique.
Ans:  Cells fixed in gel for stability. 
17. Advantages of tissue culture production.
Ans:  Controlled, independent of climate. 
18. Limitations.
Ans:  Costly, requires expertise. 
19. Industrial importance.
Ans:  Production of pharmaceuticals. 
20. Applications.
Ans:  Drugs, Flavors, fragrances.
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