Section - A (Objective Type Questions)

1. NCBI stands for — 1. National Center for Biotechnology Information
RTEH g Aeiient e by

2. Is sickle cell anaemia a hereditary disorder? — A. Yes &

3. Example of a transgenic plant genetically modified with male sterility — 4. Barnase-
Barstar Tobacco (Classic example using Barnase-Barstar system)
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4. Father of genetic engineering — 1. Paul Berg (Created first recombinant DNA
molecules)
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5. Full form of RFLP — 1. Restriction Fragment Length Polymorphism
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6. Plant organ culture involves the in vitro growth of isolated — 1. Anther (Organ culture

typically uses organs like anther, ovary, etc.)
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7. How many copies of DNA produced after one cycle of PCR? — B. 2

8. Which is not a biodegradable plastic? — 4. Polyvinyl Chloride (PVC)
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9. DNA fragments attached to the solid surface in microarray technology are known as —
2. Probes

(9]

qrsq

10. Downstream processing refers to — Purification and recovery of the product after
fermentation/bioprocessing.
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11. Artificial seeds — Encapsulated somatic embryos or shoot tips in a protective coating

(usually alginate) that can be stored and sown like natural seeds.
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12. Most common cause of foaming in microbial culture medium — High protein content /
presence of surfactants / vigorous aeration. Problems: Overflow, contamination risk,

reduced oxygen transfer.
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13. Assertion-Reason A: True, R: False — Proteins have diverse functions (structural,
transport, defence, etc.), but not all are enzymes.

14. Assertion-Reason A: True, R: False — Mutation selection is used; mutations can be
induced by irradiations (e.g., UV, X-rays).

15. Assertion-Reason A: True, R: False — Air must be sterilized in fermentation to

prevent contamination. Filter sterilization (HEPA) is commonly used.

Section - B (Very Short Answer Type)
16. Yeast Artificial Chromosomes (YACs)
* Large cloning vectors (100-1000 kb) that behave like natural yeast chromosomes

(contain ARS, CEN, TEL).

+ Disadvantage: High instability / chimerism / difficult to handle / low transformation
efficiency.
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17. Biolistics

» Method of gene transfer using high-velocity microprojectiles (gold/tungsten particles)

coated with DNA, shot into cells (gene gun).



* Applications: Transformation of plants (especially monocots), organelles, animal cells.
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18. Single Nucleotide Polymorphisms (SNPs)

* Single base-pair variations at a specific position in the genome.

* Applications: (1) Genetic mapping / disease association studies, (2)
Pharmacogenomics / personalized medicine, (3) Forensic identification.
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19. Metagenomics

* Study of genetic material recovered directly from environmental samples (without
culturing organisms).

 Importance: Explores microbial diversity, discovers novel genes/enzymes, understands
unculturable microbes.
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20. Differences between Organ culture and Callus culture

» Organ culture: Growth of isolated plant organs (e.g., root, shoot, anther) — maintains
organ identity.

* Callus culture: Undifferentiated mass of cells — used for regeneration, somaclonal
variation
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21. Nutritional requirements for microbial culture

Carbon source, nitrogen source, minerals (P, S, Mg, K, etc.), growth factors (vitamins),

water, and specific requirements (e.g., oxygen for aerobes).
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Section - C (Short Answer Type)

22. Basic steps of rDNA technology

1. Isolation of desired gene, 2. Cutting with restriction enzymes, 3. Ligation into vector, 4.

Transformation into host, 5. Selection & screening, 6. Expression & purification.
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23. Mass spectrometry

Technique to measure mass-to-charge ratio of ions for identifying molecules.
Applications: Proteomics, metabolite profiling, drug discovery, protein identification.
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24. Protein fingerprinting

Technique (e.g., peptide mass fingerprinting using MALDI-TOF) to identify proteins by
their unique peptide patterns.

Importance: Protein identification, disease biomarker discovery, proteomics.
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25. Edible vaccines
Vaccines expressed in edible plants (e.g., banana, potato, tomato).

Advantages: Cheap ( They are inexpensive to cultivate in large quantities,)easy
administration (oral), no need for cold chain, better mucosal immunity (Oral consumption
stimulates both systemic and mucosal immunity)
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26. Procedures used in rDNA Technology

» Transformation: Uptake of naked DNA by competent cells (chemical/electroporation)
* Microinjection: A direct physical method where DNA is injected directly into the nucleus
of an animal cell or embryo using a fine glass micropipette. It is highly effective but

requires specialized equipment and is done manually under a microscope.



* Biolistics: A method where microscopic gold or tungsten particles are coated with DNA
and "shot" directly into target cells at high velocity. It is widely used for plant cells and
tissues that have tough cell walls.
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Section - D (Long Answer Type)

27.

* Herbicide tolerance: Gene for enzyme that degrades herbicide (e.g., EPSPS for
glyphosate/Roundup Ready crops). Benefit: 1. Weed control without harming crop

2. Simplifies weed management, significantly reduces the need for manual weeding, and
allows broad-spectrum control.

gfiITge (MeBTEN) STeTelierd ST wu & AeNfer bl @t a8 fewar 2, T BRer 5 R
TRYTAR RIS I BT DIs THE &l Tsal | BIA! H QAT S STell STl & Sit G faRy Uoired
IUH Rl 8, R et RIENT I&<h 8 3R dhael @it BRUTAR % 81 S & |

BT T B¥Iel Y JhHT by famT aifsd SRUTIR ;R A E |

OR

* Delayed fruit ripening: Antisense RNA / RNAI of polygalacturonase or ACC oxidase
gene (e.g., Flavr Savr tomato). Method: Reduce ethylene production or cell wall
degradation.
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28.

Stem Cell Technology: Use of stem cells (embryonic, adult, iPS) for regenerative

medicine.

Applications: 1.Treatment of Parkinson’s,
2. spinal cord injury, diabetes (beta cells),
3. heart repair,

4. tissue engineering,

5. drug testing.
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PCR steps: Polymerase Chain Reaction (PCR) is a technique used to amplify a specific
DNA segment. The process has three main steps:

1.Denaturation (94°C): The reaction is heated to high temperatures to break the
hydrogen bonds between the DNA strands, separating the double helix into single

strands.

2.Annealing (50-60°C): The temperature is lowered so short DNA sequences called
primers can bind (or anneal) to complementary target sequences on the single-stranded
DNA.

3. Extension (72°C): The temperature is raised to the optimal level for an enzyme called

DNA polymerase (often Taq polymerase), which builds a new, complementary DNA



strand by adding nucleotides to the primers.
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29.

RFLP: RFLP is a molecular technique used to detect variations in DNA sequences. It
operates by utilizing restriction enzymes that act as "molecular scissors" to cut DNA at
specific recognition sequences. Polymorphisms (variations in DNA sequences) can alter
these sites, resulting in DNA fragments of varying lengths that are separated by gel

electrophoresis and visualized using the Southern Blot Procedure.
The Core Principle of RFLP:

1. Enzyme Digestion: Specific bacterial proteins called restriction endonucleases scan

and cut DNA at exact, highly specific nucleotide sequences (usually 4 to 6 base pairs
long).

2. Fragment Variation: If a genetic mutation occurs within or between these recognition

sites, the enzyme will fail to cut the DNA in that region or will cut at a different position.

3. Length Polymorphism: This alters the number and length of the resulting DNA
segments. Because these differences are unique to individuals (or species), they act as

distinct genetic markers.

Applications: 1.Genetic Mapping: Identifies and locates specific genes on chromosomes
by analyzing how these fragment markers are inherited.Disease 2.Diagnosis: Detects
genetic mutations or disorders (such as sickle cell anemia) by identifying the loss or gain

of restriction sites.



3.Forensics: Analyzes DNA profiles from crime scenes for individual identification and
DNA Fingerprinting.
4. Paternity Testing: Compares fragment banding patterns between a child, mother, and

alleged father to establish biological relationships.
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Hybridoma technology is a laboratory method used to produce identical, highly specific
monoclonal antibodies (mAbs). It works by fusing antibody-producing B-cells (from an
immunized animal) with immortal myeloma cells (cancer cells). The resulting hybrid cells
(hybridomas) multiply indefinitely while continuously secreting large amounts of that
single, specific antibody.

Steps for production of monoclonal antibody production are as follows:

1. Immunization: An animal (usually a mouse) is injected with a specific antigen. The
animal's immune system recognizes the antigen as foreign and triggers an immune
response, producing B-lymphocytes that generate antibodies against that specific

antigen.



2. Isolation of B-cells: The animal's spleen is surgically removed, and the B-cells (plasma
cells) are extracted to create a cell suspension. While these cells produce the desired

antibody, they are short-lived and will naturally die in a culture after a few days.

3. Cell Fusion: To make these cells immortal, the isolated B-cells are fused with myeloma
cells (immortal cancerous B-cells). This fusion is facilitated by a fusogenic agent like

polyethylene glycol (PEG) or by applying pulsed electrical fields (electrofusion).

4. Selection of Hybridoma Cells: The fusion process creates a mixture of cells: unfused
B-cells, unfused myeloma cells, and fused hybrid cells (hybridomas). The mixture is
transferred into a selective HAT medium (containing Hypoxanthine, Aminopterin, and
Thymidine):Unfused B-cells die because they are mortal and have a limited lifespan in
culture.Unfused Myeloma cells die because they lack the necessary enzyme (HGPRT) to
survive in HAT medium.Hybridoma cells survive and proliferate because they inherit the
HGPRT enzyme from the B-cell (allowing nucleotide salvage) and immortality from the

myeloma cell.

5. Screening and Cloning: The surviving hybridoma colonies are screened to identify
which ones produce the specific monoclonal antibody desired. This is typically done

using an ELISA (Enzyme-Linked Immunosorbent Assay). Once identified, the positive
hybridoma cells are isolated and cloned (often using limiting dilution) to create a pure

culture.

6. Mass Production and Purification: The selected hybridoma clones are then cultured in
vitro (in flasks or bioreactors) or in vivo (in mice) to multiply. They are mass-produced to
secrete large volumes of identical monoclonal antibodies, which are then harvested and
purified for various applications.
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30.

Physical environment required for culturing animals cells:

The following exact parameters are required for optimal cell growth and division:

1. Temperature: Cultured mammalian cells require a strict temperature of (37°C matching
normal physiological body temperature.

2. pH (7.2-7.4): Maintaining a stable physiological pH is essential for cell survival and is

usually controlled using a bicarbonate-based buffer system alongside a CO, incubator.



3. Osmolarity: The culture medium must be isotonic to the cells (typically around 290—

300 mOsmol/kg) to prevent the cells from swelling or shrinking due to osmosis.

4. CO; Levels (5%): A 5% carbon dioxide atmosphere is commonly used in incubators to
keep the (pH) of the culture media balanced.

5. O Levels: While atmospheric oxygen levels are acceptable for many cell lines, some
sensitive or specialized cells require reduced oxygen levels to mimic conditions in
specific tissues.

6. Sterility: All procedures require strict aseptic techniques (like using laminar flow hoods)
to prevent contamination from bacteria, fungi, and mycoplasma.Surface for Attachment:
Anchorage-dependent (adherent) cells require a solid, specially treated surface (e.g.,
tissue-culture-treated plastic) to attach and proliferate.
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Genetic engineering also known as genetic modification (GM) , is a branch of
biotechnology that involves artificially altering (manipulating) the DNA or genome of an

organism (plant, animal, or human. applications:
* Medical: Insulin, vaccines, gene therapy, monoclonal antibodies.

* Agriculture: Bt crops, that are high in nutrients. herbicide-tolerant crops, golden rice,

drought-resistant plants .
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