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Section A - General Biology and Core Concepts

Questions 1-30 carry 1 mark each.

Q.1 A critical aspect of double fertilization in angiosperms is the proper development of the endosperm,
which depends on a balanced contribution of maternal and paternal genomes. Genomic imprinting in the
endosperm plays a vital role in this balance.

Question:

In double fertilization, improper genomic imprinting in the endosperm most likely leads to:
A) Formation of a seed with reduced nutrient reserves

B) Overproduction of pollen grains

C) Complete failure of embryo development

D) Increased rate of seed germination

Answer:

A) Formation of a seed with reduced nutrient reserves

Explanation:

Genomic imprinting regulates gene expression based on parent-of-origin. In the endosperm, imbalances in
imprinting can disrupt nutrient allocation to the embryo, leading to seeds with inadequate nutrient reserves,
which may compromise seed viability and subsequent growth.

Q.2 In cases of male infertility, a common diagnostic indicator is an abnormal hormonal profile. For instance,
elevated FSH levels combined with low inhibin levels suggest dysfunction in Sertoli cell function.

Question:

An elevated FSH level in a man with infertility most likely indicates:
A) Overactive Leydig cells

B) Impaired Sertoli cell function leading to reduced inhibin production
C) Excess testosterone production

D) Increased sperm motility

Answer:

B) Impaired Sertoli cell function leading to reduced inhibin production
Explanation:

Sertoli cells produce inhibin, which normally exerts negative feedback on FSH secretion. Impaired Sertoli cell
function results in low inhibin levels, which removes the inhibitory effect on FSH, leading to its elevation—a
diagnostic marker for certain types of male infertility.

Q.3 Incomplete dominance in dihybrid crosses creates phenotypic ratios that deviate from classical
Mendelian ratios. For two traits each exhibiting incomplete dominance, the heterozygote phenotype
represents an intermediate state.

Question:

In a cross between two heterozygotes for two traits exhibiting incomplete dominance, what is the probability
of obtaining an offspring with the intermediate phenotype for both traits?

A) 1/16

B) 1/4

C)1/2

D) 9/16
Answer:

B) 1/4
Explanation:

For each trait showing incomplete dominance, the heterozygote (intermediate phenotype) appears in 50% of
the offspring (1:2:1 ratio). Since the traits are independent, the probability for both traits is 0.5 x 0.5 = 0.25
(or 1/4).
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Q.4 DNA replication fidelity is maintained by the proofreading activity of DNA polymerases and the
mismatch repair system.

Question:

Which enzyme’s 3’ to 5’ exonuclease activity is crucial for correcting errors during DNA replication?
A) DNA helicase

B) DNA polymerase

C) RNA polymerase

D) DNA ligase

Answer:

B) DNA polymerase

Explanation:

DNA polymerases possess 3’ to 5’ exonuclease activity, which allows them to remove incorrectly paired
nucleotides immediately during replication. This proofreading function significantly reduces the error rate and
maintains genomic integrity.

Q.5 Adaptive radiation in isolated ecosystems leads to rapid speciation driven by the exploitation of vacant
ecological niches.

Question:

Which factor is most instrumental in driving adaptive radiation in an island environment?
A) High levels of gene flow among populations

B) Geographic isolation leading to ecological niche differentiation

C) Uniform environmental conditions

D) Stabilizing selection across all populations

Answer:

B) Geographic isolation leading to ecological niche differentiation

Explanation:

Geographic isolation restricts gene flow, allowing populations to adapt independently to different niches. This
promotes diversification and rapid speciation, a process that is a hallmark of adaptive radiation in island
environments (e.g., Darwin’s finches).

Q.6 Mismatch repair deficiency in cells leads to microsatellite instability, which is a hallmark of certain
hereditary cancers.

Question:

Which syndrome is most commonly associated with defects in the mismatch repair system?
A) Li-Fraumeni syndrome

B) Hereditary nonpolyposis colorectal cancer (HNPCC)

C) Familial adenomatous polyposis

D) Turner syndrome

Answer:

B) Hereditary nonpolyposis colorectal cancer (HNPCC)

Explanation:

Defects in the mismatch repair system lead to microsatellite instability, a feature of HNPCC (Lynch
syndrome). This condition significantly increases the risk of colorectal and other cancers due to the
accumulation of replication errors.

Q.7 Agrobacterium-mediated transformation is a common method for introducing specific genes into plant
genomes to improve traits.

Question:

What is the primary advantage of using Agrobacterium tumefaciens in plant genetic engineering?
A) It produces a high frequency of random mutations

B) It enables the transfer of precise DNA segments into the plant genome

C) It exclusively enhances the plant’s photosynthetic rate
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D) It increases the plant’s natural mutation rate

Answer:

B) It enables the transfer of precise DNA segments into the plant genome
Explanation:

Agrobacterium tumefaciens is used in genetic engineering to transfer specific segments of DNA (T-DNA) into
the plant genome. This allows for the targeted introduction of genes that confer desirable traits, such as pest
resistance or increased yield.

Q.8 Probiotic bacteria can modulate the human immune system and enhance gut health by interacting with
the intestinal mucosa.

Question:
Which mechanism best explains the beneficial effects of Lactobacillus species on gut health?
A) They directly digest food particles in the stomach.

B) They produce bacteriocins that suppress pathogenic bacteria and stimulate anti-inflammatory cytokine
production.

C) They convert all dietary sugars into alcohol.
D) They increase the acidity of the blood.
Answer:

B) They produce bacteriocins that suppress pathogenic bacteria and stimulate anti-inflammatory cytokine
production.

Explanation:

Lactobacillus species improve gut health by producing bacteriocins that inhibit the growth of harmful
bacteria. Additionally, they stimulate the production of anti-inflammatory cytokines and strengthen the
intestinal barrier, contributing to overall immune modulation.

Q.9 Recombinant DNA technology is pivotal in producing therapeutic proteins such as insulin. Critical steps
include gene cloning, expression, and protein refolding.

Question:

In the production of recombinant insulin using bacterial systems, which step is essential to ensure that the
insulin is biologically active?

A) Cloning the insulin gene into a viral vector

B) Protein refolding to correct the misfolded polypeptides from inclusion bodies

C) Direct extraction of insulin from bacterial cells

D) Enhancing bacterial replication rates

Answer:

B) Protein refolding to correct the misfolded polypeptides from inclusion bodies

Explanation:

In bacterial expression systems, recombinant proteins like insulin often aggregate into inclusion bodies.
Proper protein refolding is essential to restore the native structure and biological activity of insulin before
purification and therapeutic use.

Q.10 Climate change and habitat fragmentation pose significant threats to global biodiversity, necessitating
integrated conservation strategies.

Question:

Which conservation strategy is most effective in mitigating the adverse effects of habitat fragmentation on
biodiversity?

A) Establishing extensive monoculture plantations

B) Creating wildlife corridors to reconnect isolated populations

C) Increasing urban development in rural areas

D) Reducing the size of protected areas

Answer:

B) Creating wildlife corridors to reconnect isolated populations
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Explanation:

Wildlife corridors provide a means for genetic exchange and migration between isolated populations, thereby
mitigating the effects of habitat fragmentation. This strategy helps maintain genetic diversity and enhances
ecosystem resilience.

Q.11 Apomixis is an asexual reproduction process observed in some flowering plants that bypasses meiosis
and fertilization. Which of the following best describes the significance of apomixis in agriculture?

A) It generates high genetic diversity in crop populations.

B) It produces genetically uniform offspring, ensuring stable trait expression.
C) It increases the need for hybrid seed production each generation.

D) It relies on cross-pollination to maintain seed viability.

Answer:

B) It produces genetically uniform offspring, ensuring stable trait expression.
Explanation:

Apomixis allows a plant to produce seeds asexually, leading to offspring that are clones of the mother plant.
This uniformity can be advantageous in agriculture for maintaining desirable traits without the variability
introduced by sexual reproduction.

Q.12 Self-incompatibility in flowering plants prevents self-fertilization and promotes outcrossing. Which
molecular mechanism is most commonly associated with self-incompatibility in the Brassicaceae family?

A) Gametophytic self-incompatibility mediated by S-RNases

B) Sporophytic self-incompatibility involving receptor-ligand interactions
C) Heterostyly resulting in different flower morphs

D) Mechanical barriers that prevent pollen germination

Answer:

B) Sporophytic self-incompatibility involving receptor-ligand interactions
Explanation:

In Brassicaceae, self-incompatibility is typically sporophytic. It involves the interaction between the pollen
ligand (SCR/SP11) and the stigmatic receptor (SRK). If the proteins are from the same S-haplotype, the
pollen is rejected, thus preventing self-fertilization.

Q.13 The hypothalamic-pituitary-gonadal axis plays a critical role in regulating human reproduction. Which
feedback mechanism primarily controls the secretion of gonadotropin-releasing hormone (GnRH)?

A) Positive feedback by testosterone in males

B) Negative feedback by estrogen and progesterone in females

C) Negative feedback by inhibin in both sexes

D) Positive feedback by luteinizing hormone (LH)

Answer:

B) Negative feedback by estrogen and progesterone in females

Explanation:

In females, rising levels of estrogen and progesterone after ovulation provide negative feedback to the
hypothalamus and anterior pituitary, thereby regulating the secretion of GnRH, LH, and FSH. While inhibin
also plays a role in negative feedback (primarily on FSH), estrogen and progesterone are the main
regulators of the GnRH pulse frequency in females.

Q.14 Epidemiological studies have linked nulliparity (having no pregnancies) with an increased risk of
ovarian cancer. Which of the following mechanisms is most commonly proposed to explain this association?

A) Increased lifetime exposure to gonadotropins
B) Decreased exposure to environmental toxins
C) Enhanced clearance of apoptotic ovarian cells
D) Reduced production of ovarian steroids
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Answer:
A) Increased lifetime exposure to gonadotropins
Explanation:

Nulliparous women typically experience more menstrual cycles over their lifetime, leading to higher and
prolonged exposure to gonadotropins. This increased stimulation of the ovarian epithelium is thought to
contribute to a higher risk of developing ovarian cancer.

Q.15 In a dihybrid cross involving two genes, one gene can mask the expression of another—a
phenomenon known as epistasis. If gene A is epistatic to gene B, what is the expected phenotypic ratio in
the F2 generation when both parents are heterozygous for both genes?

A) 9:3:4

B) 12:3:1
C)9:7

D) 9:3:3:1
Answer:

A) 9:3:4
Explanation:

In epistasis, the dominant allele of gene A can mask the expression of gene B. This typically results in a
9:3:4 ratio, where 9 represents individuals showing the dominant phenotype, 3 shows the intermediate
phenotype, and 4 shows the recessive phenotype (where gene A is homozygous recessive, unmasking gene
B's effect).

Q.16 Ultraviolet (UV) radiation causes bulky DNA lesions such as thymine dimers. Which repair mechanism
is primarily responsible for removing these lesions?

A) Base excision repair

B) Nucleotide excision repair
C) Mismatch repair

D) Homologous recombination
Answer:

B) Nucleotide excision repair
Explanation:

Nucleotide excision repair (NER) is the primary mechanism for removing bulky lesions like thymine dimers
induced by UV radiation. NER involves excising a short single-stranded DNA segment containing the
damage and resynthesizing the correct sequence.

Q.17 Genetic hitchhiking occurs when an allele changes frequency not because it is under selection, but
because it is linked to a nearby allele that is undergoing positive selection. What is a significant
consequence of genetic hitchhiking in a population?

A) Increased overall mutation rates

B) Reduction in genetic diversity around the selected locus
C) Complete elimination of deleterious alleles

D) Enhanced gene flow between populations

Answer:

B) Reduction in genetic diversity around the selected locus
Explanation:

Genetic hitchhiking can reduce genetic diversity in regions linked to the positively selected allele because
the selection of one allele “sweeps” along nearby linked alleles, reducing variation in that chromosomal
region.

Q.18 Molecular mimicry is a proposed mechanism for the development of autoimmune diseases. Which of
the following best describes how molecular mimicry can lead to autoimmunity?
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A) Host immune cells mistakenly recognize self-antigens as foreign due to structural similarity with pathogen
antigens.

B) Autoimmune diseases are caused solely by genetic mutations in immune cells.
C) Pathogens directly secrete toxins that destroy self-tissues.

D) Immune tolerance is enhanced by continuous exposure to self-antigens.
Answer:

A) Host immune cells mistakenly recognize self-antigens as foreign due to structural similarity with pathogen
antigens.

Explanation:

Molecular mimicry occurs when a pathogen’s antigens are similar enough to host proteins that the immune
response against the pathogen also targets the host’'s own tissues, leading to autoimmune disease.

Q.19 Genetic engineering for drought tolerance in crops often involves modifying root architecture. Which of
the following modifications is most likely to improve drought tolerance?

A) Increasing leaf surface area

B) Enhancing root depth and density
C) Reducing root biomass

D) Promoting early flowering
Answer:

B) Enhancing root depth and density
Explanation:

Deep and dense root systems allow plants to access water from deeper soil layers and increase water
uptake efficiency, making them more tolerant to drought conditions. Increasing leaf area or reducing root
biomass would likely increase water loss or decrease water uptake.

Q.20 CRISPR-based gene drives have been proposed as a tool for controlling vector-borne diseases by
altering mosquito populations. What is the most significant ecological risk associated with the use of gene
drives?

A) Complete elimination of the target species from an ecosystem

B) Increased mutation rate in non-target species

C) Unintended spread of modified genes into wild populations leading to unforeseen ecological impacts
D) Reduction in genetic diversity only in laboratory populations

Answer:

C) Unintended spread of modified genes into wild populations leading to unforeseen ecological impacts
Explanation:

Gene drives are designed to rapidly spread a genetic modification through a population. However, the risk is
that these modifications could unintentionally spread beyond the target population, potentially causing
unpredictable changes in ecosystem dynamics and affecting non-target species.

Q.21 Recent research has focused on enhancing the stability of mMRNA vaccines to improve their shelf-life
and reduce cold-chain requirements. Lipid nanoparticle (LNP) formulations have been optimized to protect
mRNA molecules from degradation.

Question:

Which modification in LNP formulations is most likely to enhance the stability of mMRNA vaccines?
A) Increasing the lipid tail length to reduce membrane fluidity

B) Decreasing the lipid concentration to allow for rapid release of mMRNA

C) Incorporating ionizable lipids that become positively charged at acidic pH

D) Eliminating cholesterol from the formulation

Answer:

C) Incorporating ionizable lipids that become positively charged at acidic pH

Explanation:
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lonizable lipids in LNPs improve mRNA encapsulation and protection by adopting a positive charge in the
acidic environment of endosomes, which enhances cellular uptake and endosomal escape. This feature
increases stability and efficiency of mMRNA vaccines, whereas options A, B, and D do not directly address
mRNA protection.

Q.22 Recent innovations in CRISPR technology, such as base editing and prime editing, have been
developed to minimize off-target effects and avoid double-strand breaks.

Question:

What is the primary advantage of prime editing over conventional CRISPR-Cas9 systems?
A) It induces random mutations across the genome to enhance diversity.

B) It enables precise nucleotide changes without creating double-strand DNA breaks.

C) It relies on non-homologous end joining to repair DNA.

D) It completely eliminates the need for guide RNAs.

Answer:

B) It enables precise nucleotide changes without creating double-strand DNA breaks.
Explanation:

Prime editing uses a fusion of Cas9 nickase and reverse transcriptase along with a specialized prime editing
guide RNA (pegRNA) to directly incorporate desired edits into the genome, reducing the risk of off-target
mutations and avoiding double-strand breaks. This precision is the key advantage over conventional
CRISPR-Cas9.

Q.23 Clinical studies have shown that immune checkpoint inhibitors, such as PD-1 blockers, have
transformed the treatment landscape for various cancers by enhancing T-cell mediated responses. However,
they also carry the risk of immune-related adverse events.

Question:

Which of the following best explains the occurrence of immune-related adverse events (irAEs) in patients
treated with checkpoint inhibitors?

A) They cause direct toxicity to non-cancerous tissues.

B) They non-specifically boost immune activity, leading to autoimmunity in normal tissues.
C) They suppress overall immune function, allowing infections to flourish.

D) They inhibit T-cell proliferation, reducing tumor surveillance.

Answer:

B) They non-specifically boost immune activity, leading to autoimmunity in normal tissues.
Explanation:

Checkpoint inhibitors remove the brakes on T cells, enhancing their activity not only against tumors but also
potentially against normal tissues, leading to autoimmune-like side effects known as irAEs. The mechanism
is an overactive immune response rather than direct toxicity or immune suppression.

Q.24 CAR-T cell therapy has shown significant promise in treating hematologic malignancies. A major
adverse event associated with this therapy is cytokine release syndrome (CRS).

Question:

Which cytokine is most prominently elevated during CRS, and which therapeutic intervention is typically
employed to mitigate this condition?

A) IL-2; high-dose corticosteroids

B) IL-6; IL-6 receptor antagonist (tocilizumab)
C) TNF-a; TNF inhibitors

D) IFN-y; interferon therapy

Answer:

B) IL-6; IL-6 receptor antagonist (tocilizumab)
Explanation:

IL-6 is a key mediator in CRS associated with CAR-T cell therapy. Tocilizumab, an IL-6 receptor antagonist,
is commonly used to treat CRS by blocking IL-6 signaling and reducing systemic inflammation.
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Q.25 Recent research has developed nanoparticles to deliver chemotherapeutic agents directly to brain
tumors by crossing the blood-brain barrier (BBB).

Question:

What is the primary strategy used to facilitate nanoparticle transport across the BBB?

A) Conjugation with transferrin to utilize receptor-mediated transcytosis

B) Increasing nanoparticle size to prevent renal clearance

C) Coating nanoparticles with polyethylene glycol (PEG) to enhance immune recognition
D) Using magnetic nanoparticles with external magnets to pull them across the BBB
Answer:

A) Conjugation with transferrin to utilize receptor-mediated transcytosis

Explanation:

Functionalizing nanoparticles with transferrin allows them to bind to transferrin receptors on the brain
endothelium, triggering receptor-mediated transcytosis that transports the nanoparticles across the BBB.
PEGylation (option C) is used for stealth properties but does not directly facilitate BBB transport.

Q.26 Artificial intelligence (Al) and deep learning algorithms are revolutionizing medical imaging by enabling
rapid and accurate diagnosis.

Question:

Which aspect of deep learning contributes most significantly to its success in medical imaging diagnostics?
A) Its ability to generate new images from scratch

B) Its capacity to learn and recognize complex patterns from large datasets

C) lts use of pre-defined rules for image interpretation

D) Its dependence on manual feature extraction

Answer:

B) Its capacity to learn and recognize complex patterns from large datasets

Explanation:

Deep learning algorithms excel at processing large volumes of imaging data and identifying subtle patterns
that may not be visible to the human eye. This ability to learn from data makes them highly effective for
diagnostic applications, such as identifying tumors or other anomalies.

Q.27 Recent advances in organoid technology have enabled the creation of patient-derived mini-organs for
personalized drug screening and disease modeling.

Question:

What is the primary benefit of using organoids in personalized medicine for cancer treatment?
A) They allow for the rapid cloning of entire organs for transplantation.

B) They recapitulate the tumor microenvironment, enabling precise drug response testing.

C) They eliminate the need for animal models in all research.

D) They guarantee 100% prediction accuracy of clinical outcomes.

Answer:

B) They recapitulate the tumor microenvironment, enabling precise drug response testing.
Explanation:

Organoids derived from a patient’s tumor cells mimic the architecture and microenvironment of the original
tumor, allowing for personalized drug screening and better prediction of treatment efficacy. This enhances
the ability to tailor therapies to individual patients.

Q.28 Single-cell sequencing (scRNA-seq) has emerged as a powerful tool to study tumor heterogeneity and
identify resistant subpopulations.

Question:

How does single-cell sequencing enhance our understanding of tumor biology compared to bulk
sequencing?

A) It reduces the cost of sequencing by pooling samples.
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B) It identifies the genetic profiles of individual cells, revealing rare subpopulations that contribute to drug
resistance.

C) It simplifies data analysis by averaging gene expression.
D) It exclusively detects epigenetic modifications.
Answer:

B) It identifies the genetic profiles of individual cells, revealing rare subpopulations that contribute to drug
resistance.

Explanation:

Single-cell sequencing provides high-resolution insights into the genetic and transcriptomic diversity within a
tumor. This technology can detect rare cell populations that might drive resistance to therapy, which are
often masked in bulk sequencing data.

Q.29 CRISPR-based gene drives are being developed to control populations of disease vectors like
mosquitoes.

Question:
What is the primary ecological concern associated with the deployment of gene drives in wild populations?
A) They might cause an increase in mutation rates across all species.

B) They could lead to the unintended spread of modified genes into non-target species, disrupting
ecosystem balance.

C) They require excessive energy inputs from the environment.
D) They guarantee the complete elimination of the target species without ecological consequences.
Answer:

B) They could lead to the unintended spread of modified genes into non-target species, disrupting
ecosystem balance.

Explanation:

Gene drives are designed to propagate a genetic modification rapidly through a population. The major
concern is that these modifications could spread uncontrollably into wild populations, potentially affecting
non-target species and altering ecosystem dynamics in unforeseen ways.

Q.30 Recent studies have highlighted the role of the gut microbiome in modulating the immune system and
influencing responses to immunotherapy.

Question:

Which mechanism best describes how gut microbiota can enhance the efficacy of cancer immunotherapy?
A) By increasing the production of pro-inflammatory cytokines that induce systemic inflammation

B) By generating metabolites that improve T-cell activation and modulate immune checkpoint pathways

C) By directly lysing tumor cells in the gastrointestinal tract

D) By inhibiting all immune cell functions to prevent autoimmunity

Answer:

B) By generating metabolites that improve T-cell activation and modulate immune checkpoint pathways
Explanation:

Certain gut microbes produce metabolites (e.g., short-chain fatty acids) that can modulate the immune
system, enhancing T-cell responses and potentially improving the efficacy of immunotherapy. This beneficial
interaction highlights the importance of a healthy microbiome in cancer treatment outcomes

Section B - Case Study

Questions 31-35 carry 1 mark each. Read the context carefully before choosing the best answer.

Q.31 An industrial accident releases sulfur dioxide (SO,) into the atmosphere, resulting in acid rain that falls
on a nearby forest. Over time, researchers observe that the leaves of dominant tree species exhibit reduced
chlorophyll content and lower photosynthetic rates. Concurrently, spectroscopic measurements indicate a
shift in the absorption spectrum of the leaves.

Question:
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Which combination of biological and chemical effects best explains the reduced photosynthetic efficiency in
these trees?

A) Acid rain increases the pH of leaf tissues, leading to enhanced chlorophyll degradation and a shift in the
absorption spectrum.

B) SO, in acid rain directly binds to chlorophyll molecules, altering their structure and impairing light
absorption while damaging cellular enzymes.

C) Acid rain lowers the pH of the leaf surface, accelerating the breakdown of chlorophyll and disrupting the
normal function of photosynthetic enzymes.

D) Acid rain promotes the formation of free radicals that enhance chlorophyll synthesis, yet the altered pH
interferes with light absorption.

Answer:

C) Acid rain lowers the pH of the leaf surface, accelerating the breakdown of chlorophyll and disrupting the
normal function of photosynthetic enzymes.

Explanation:

Acid rain (low pH) can damage plant tissues by breaking down chlorophyll molecules and affecting the
function of enzymes involved in the photosynthetic process. The resulting chemical changes alter the
absorption spectrum of leaves and reduce photosynthetic efficiency. Option B incorrectly implies direct
binding of SO, to chlorophyll, whereas Option C more accurately describes the acid-mediated degradation
process

Acid rain effect on photosynthesis

/7]

low pH -> chlorophyll loss

lower photosynthetic rate

Q.32 Aclinical research team is developing a nanoparticle-based drug delivery system to treat glioblastoma.
The nanoparticles are engineered with a specific surface coating to optimize their size and charge for
efficient transport across the blood-brain barrier (BBB). The formulation also includes a pH-sensitive
component that ensures drug release in the acidic tumor microenvironment.

Question:

Which integrated principle best explains how the nanoparticles achieve targeted delivery to brain tumors?

A) The nanoparticles use electrostatic repulsion to avoid clearance by immune cells, and their large size
prevents crossing the BBB until they reach the tumor.

B) The nanoparticle coating facilitates receptor-mediated transcytosis across the BBB, while the pH-sensitive
component triggers drug release only under acidic conditions typical of tumor tissues.

C) The nanoparticles are engineered to be hydrophobic, ensuring they dissolve in the lipid-rich environment
of the BBB, with drug release triggered by body temperature.

D) The nanoparticles rely solely on passive diffusion across the BBB, with drug release occurring gradually
over time regardless of pH.

Answer:

B) The nanoparticle coating facilitates receptor-mediated transcytosis across the BBB, while the pH-sensitive
component triggers drug release only under acidic conditions typical of tumor tissues.

Explanation:

The design of nanoparticles for brain tumor targeting often involves surface modifications (e.g., with ligands
like transferrin) to trigger receptor-mediated transcytosis across the BBB. Additionally, incorporating pH-
sensitive components ensures that the therapeutic payload is released specifically in the acidic
microenvironment of tumors, increasing targeting efficiency and reducing systemic side effects.
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Q.33 Following a nuclear accident, a group of researchers studies the effects of ionizing radiation on human
cell cultures. They observe a significant increase in DNA double-strand breaks (DSBs) and the formation of
thymine dimers. The cells activate repair pathways, including non-homologous end joining (NHEJ) and
nucleotide excision repair (NER).

Question:

Which pair of repair mechanisms is primarily responsible for addressing the two distinct types of DNA
damage observed, and what is a key difference between them?

A) NHEJ repairs thymine dimers while NER repairs DSBs; NHEJ is error-free, and NER is error-prone.

B) NHEJ repairs DSBs while NER repairs thymine dimers; NHEJ is error-prone, and NER is relatively
accurate.

C) Both NHEJ and NER repair DSBs; NHEJ is active in the S-phase, whereas NER functions only in the G1-
phase.

D) NHEJ and NER both repair thymine dimers; they differ in their energy requirements.

Answer:

B) NHEJ repairs DSBs while NER repairs thymine dimers; NHEJ is error-prone, and NER is relatively
accurate.

Explanation:

Non-homologous end joining (NHEJ) is the primary repair mechanism for DNA double-strand breaks but is
error-prone because it directly ligates broken ends without a template. Nucleotide excision repair (NER) is
responsible for removing bulky lesions like thymine dimers, and it generally provides a more accurate repair
by excising the damaged segment and resynthesizing it using the undamaged strand as a template.

DNA damage and repair pathway selection

UV thymine
—_ > NER exci§ excise +
XXXXXXXXX (relatively a

DSB -> NHE]
(error-prone}

Q.34 A study investigates the impact of a pesticide spill on a local amphibian population. Genetic analysis
reveals increased mutation rates and altered allele frequencies in the offspring of exposed individuals.
Chemical analysis shows that the pesticide degrades into reactive oxygen species (ROS) under sunlight.

Question:
Which integrated concept best explains the observed genetic changes in the amphibian population?
A) The pesticide directly acts as a mutagen by binding to DNA bases.

B) Reactive oxygen species generated from pesticide degradation cause oxidative DNA damage, leading to
increased mutation rates and altered allele frequencies.

C) The pesticide increases metabolic rates, causing enhanced DNA repair and reduced mutation rates.

D) The reactive oxygen species selectively eliminate mutated cells, thereby reducing overall genetic
variability.

Answer:
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B) Reactive oxygen species generated from pesticide degradation cause oxidative DNA damage, leading to
increased mutation rates and altered allele frequencies.

Explanation:

The degradation of the pesticide into reactive oxygen species (ROS) under sunlight results in oxidative
stress, which can damage DNA. This oxidative damage increases the mutation rate in exposed organisms,
leading to altered allele frequencies in subsequent generations. This integrated explanation combines
environmental chemistry (ROS generation) with molecular genetics (DNA damage and mutation).

Q.35 A recent clinical trial employs CRISPR-based gene editing to correct a point mutation in the beta-
globin gene responsible for sickle cell disease. The trial uses a viral vector to deliver the CRISPR
components to hematopoietic stem cells (HSCs). Post-treatment, patients exhibit increased levels of normal
hemoglobin and improved clinical outcomes.

Question:

Which physical-chemical principle is most critical in ensuring the success of this CRISPR-based therapy in
HSCs?

A) The high electrical conductivity of the viral vector ensures efficient gene transfer.

B) The specificity of the CRISPR-Cas9 complex, governed by precise base pairing between guide RNA and
target DNA, minimizes off-target effects.

C) The magnetic properties of the stem cells enhance viral uptake.

D) The irreversible binding of the CRISPR complex to all genomic loci ensures complete gene correction.
Answer:

B) The specificity of the CRISPR-Cas9 complex, governed by precise base pairing between guide RNA and
target DNA, minimizes off-target effects.

Explanation:

The success of CRISPR-based therapies relies on the high specificity of the CRISPR-Cas9 complex. The
guide RNA is designed to have perfect complementarity with the target sequence in the beta-globin gene,
ensuring precise cleavage and minimizing off-target mutations. This precision is essential for safely
correcting the mutation in hematopoietic stem cells.

Section C - Reason and Assertion

Questions 36-45 carry 1 mark each. Choose the option that correctly evaluates the assertion and reason.

Reason and Assertion Options

e A: Both Assertion and Reason are true, and the Reason is the correct explanation of the Assertion.

e B: Both Assertion and Reason are true, but the Reason is not the correct explanation of the Assertion.
e C: The Assertion is true, but the Reason is false.

o D: The Assertion is false, but the Reason is true.

Q.36 Assertion : mMRNA vaccines can be rapidly developed and manufactured in response to emerging
infectious diseases.

Reason : mRNA vaccines are produced through in vitro synthesis and do not require the cultivation
of live pathogens.

Answer: A

Explanation:

Both statements are true, and the fact that mRNA vaccines are synthesized in vitro without needing live
pathogens is the primary reason for their rapid development and scalable production.

Q.37 Assertion: CRISPR-Cas9 gene editing is revolutionizing agriculture by enabling the precise
introduction of beneficial traits into crops.

Reason: CRISPR-Cas9 allows targeted modifications in plant genomes with significantly lower off-
target effects compared to previous gene-editing methods.

Answer: A
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Explanation:

Both the assertion and the reason are true. The precision and efficiency of CRISPR-Cas9 in making targeted
modifications are key factors behind its revolutionary impact on agricultural biotechnology.

Q.38 Assertion: Immune checkpoint inhibitors have improved survival outcomes in several advanced
cancers.

Reason: These inhibitors work by blocking inhibitory receptors on T cells, thereby reactivating the
immune response against tumor cells.

Answer: A
Explanation:

Both statements are true. The mechanism described—blocking inhibitory signals (e.g., PD-1/PD-L1 or
CTLA-4)—directly explains how immune checkpoint inhibitors enhance T-cell mediated tumor destruction,
leading to improved survival.

Q.39 Assertion: Genome editing using CRISPR-Cas9 holds potential for correcting monogenic disorders in
humans.

Reason: The CRISPR-Cas9 system can be programmed to target specific DNA sequences with high
precision, reducing the risk of off-target mutations.

Answer: A
Explanation:

Both statements are true. The precision of CRISPR-Cas9—guided by specific RNA sequences—enables the
targeted correction of disease-causing mutations, which is fundamental to its potential in gene therapy for
monogenic disorders.

Q.40 Assertion: Some epigenetic modifications can be transmitted across generations, influencing the
phenotype without altering the DNA sequence.

Reason: DNA methylation patterns are completely reset during gametogenesis, ensuring that no
epigenetic marks are passed on to offspring.

Answer: C
Explanation:

The assertion is true; research has shown that some epigenetic modifications can escape reprogramming
and be inherited. However, the reason is false because while many methylation marks are reset, not all are
erased completely during gametogenesis.

Q.41 Assertion: Horizontal gene transfer (HGT) is a significant driver of rapid evolution and the spread of
antibiotic resistance among bacteria.

Reason: HGT enables bacteria to acquire genes, including those conferring antibiotic resistance,
from distantly related species via mechanisms such as conjugation, transformation, and
transduction.

Answer: A
Explanation:

Both statements are true. HGT is well documented as a mechanism that accelerates bacterial evolution by
allowing the transfer of resistance genes and other adaptive traits across species boundaries.

Q.42 Assertion: Mitochondrial dysfunction is a key contributor to the pathogenesis of several
neurodegenerative diseases.

Reason: Impaired mitochondrial function leads to excessive production of reactive oxygen species
(ROS), which causes oxidative damage to neurons.

Answer: A
Explanation:
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Both statements are true. Mitochondrial dysfunction results in increased ROS production, and the resulting
oxidative stress is a major factor in neuronal damage observed in conditions such as Parkinson’s and
Alzheimer’s diseases.

Q.43 Assertion: Exposure to endocrine disruptors can lead to transgenerational effects on reproductive
health.

Reason: Endocrine disruptors cause permanent genetic mutations in germ cells that are passed to
subsequent generations.

Answer: C
Explanation:

The assertion is true; endocrine disruptors have been shown to have transgenerational effects, primarily
through epigenetic modifications. However, the reason is false because these chemicals generally induce
heritable epigenetic changes—not permanent genetic mutations—in germ cells.

Q.44 Assertion: Stem cell therapy holds great promise for regenerative medicine in treating degenerative
diseases.

Reason: Adult stem cells are pluripotent and can differentiate into any cell type required for tissue
repair.

Answer: C

Explanation:

While the assertion is true—stem cell therapy is a promising avenue for regenerative medicine—the reason
is false. Adult stem cells are typically multipotent, not pluripotent. Pluripotency is characteristic of embryonic
stem cells. Therefore, the reason does not accurately explain the potential of adult stem cell therapy.

Q.45 Assertion: CRISPR-based diagnostic platforms offer rapid and sensitive detection of pathogens in
point-of-care settings.

Reason: These diagnostic systems utilize the collateral cleavage activity of Cas enzymes to amplify
detection signals from specific nucleic acid targets.

Answer: A

Explanation:

Both statements are true. The collateral cleavage activity of Cas enzymes (such as Cas12 or Cas13) is the
basis for CRISPR-based diagnostics, enabling rapid, sensitive, and specific detection of pathogens—making
them highly suitable for point-of-care applications.

Section D - Achievers Section

Questions 46-50 carry 2 marks each and test advanced interdisciplinary reasoning.

Q.46 In a personalized cancer treatment study, researchers integrate genomic and proteomic analyses to
develop tailored therapies. They identify unique mutations and protein expression profiles in a patient’s
tumor that indicate resistance to standard chemotherapy. Using this integrated data, the team designs a
combinatorial treatment strategy that includes targeted inhibitors and immunomodulatory agents.

Question:

What is the key advantage of integrating both genomic and proteomic data in developing personalized
cancer therapies?

A) It allows for the direct measurement of drug concentrations in the tumor microenvironment.

B) It enables the identification of both genetic mutations and altered protein pathways, providing a
comprehensive understanding of tumor behavior and drug resistance.

C) It eliminates the need for clinical trials by predicting treatment outcomes with complete accuracy.
D) It focuses solely on inherited genetic mutations, ignoring acquired mutations.
Answer:

B) It enables the identification of both genetic mutations and altered protein pathways, providing a
comprehensive understanding of tumor behavior and drug resistance.
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Explanation:

By integrating genomic data (which identifies mutations and genetic variations) with proteomic data (which
reveals changes in protein expression and signaling pathways), researchers gain a holistic view of tumor
biology. This comprehensive approach is critical for designing personalized therapies that target multiple
aspects of tumor resistance, ultimately improving treatment outcomes.

Q.47 A novel nanoparticle system is being designed for targeted drug delivery in patients with
cardiovascular diseases. The nanoparticles are engineered to navigate the bloodstream and release their
payload upon encountering low pH in ischemic tissues. Fluid dynamics simulations indicate that shear stress
and blood flow velocity significantly influence nanoparticle behavior.

Question:

Which interdisciplinary principle is most critical in ensuring effective nanoparticle delivery to ischemic
regions?

A) Maximizing nanoparticle size to avoid renal clearance

B) Engineering nanoparticles with surface modifications to respond to both hemodynamic forces and local
pH variations

C) Relying solely on passive diffusion for drug release
D) Increasing nanoparticle density to ensure sedimentation in blood vessels
Answer:

B) Engineering nanoparticles with surface modifications to respond to both hemodynamic forces and local
pH variations

Explanation:

Effective targeted drug delivery in cardiovascular diseases requires nanoparticles that can navigate the
complex hemodynamic environment. Surface modifications (e.g., targeting ligands and pH-sensitive
coatings) enable nanoparticles to withstand shear stress, avoid premature clearance, and release their
payload selectively in low pH, ischemic tissues. This approach combines principles from biomechanics,
cellular transport, and nanomedicine.

Q.48 A research team is developing a new diagnostic method for early cancer detection using Raman
spectroscopy. The technique involves analyzing the vibrational modes of biomolecules in tissue samples.
Preliminary studies show that malignant tissues exhibit distinct spectral signatures compared to healthy
tissues due to changes in molecular composition.

Question:

Which physical principle underlies Raman spectroscopy, and how does it aid in differentiating malignant from
healthy tissues?

A) Absorption of light at specific wavelengths; it measures tissue density

B) Inelastic scattering of photons; it detects molecular vibrations that reveal biochemical alterations
C) Reflection of light; it identifies surface morphology differences

D) Emission of fluorescence; it quantifies metabolic activity in cells

Answer:

B) Inelastic scattering of photons; it detects molecular vibrations that reveal biochemical alterations
Explanation:

Raman spectroscopy is based on the inelastic scattering of photons, which provides information on the
vibrational modes of molecules. Malignant tissues often have altered biochemical compositions, leading to
distinct Raman spectral signatures that can be used for early cancer detection.

Q.49 In an industrial region, long-term exposure to a heavy metal contaminant has led to observable
phenotypic changes in a local amphibian species. Genomic studies suggest that these changes are due to
the selection of alleles conferring resistance to heavy metal toxicity. Chemical analysis reveals that the
contaminant disrupts cellular processes by generating reactive oxygen species (ROS).

Question:
Which mechanism best explains the evolution of heavy metal resistance in this amphibian population?
A) Random genetic drift due to small population size
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B) Positive selection for alleles that enhance ROS detoxification mechanisms

C) Horizontal gene transfer from bacteria present in the environment

D) Increased mutation rates leading to random resistance without selection pressure
Answer:

B) Positive selection for alleles that enhance ROS detoxification mechanisms
Explanation:

The generation of ROS by heavy metal contaminants creates oxidative stress, which can be lethal unless
neutralized. Alleles that improve the efficiency of antioxidant defenses (e.g., increased expression of
superoxide dismutase or catalase) would be positively selected in this environment, leading to an increase in
resistance. This mechanism integrates environmental chemistry with evolutionary biology and toxicology.

Q.50 Researchers are developing a tissue-engineered construct for cardiac repair in patients with
myocardial infarction. The construct comprises a biodegradable scaffold seeded with induced pluripotent
stem cell (iPSC)-derived cardiomyocytes. Biomechanical testing shows that the scaffold must mimic the
elastic properties of native heart tissue to withstand cyclic stress, while biochemical cues are provided to
promote cardiomyocyte maturation.

Question:

Which interdisciplinary approach is most critical for optimizing the scaffold design for cardiac tissue
engineering?

A) Maximizing scaffold rigidity to prevent deformation

B) Utilizing materials with tunable elasticity and incorporating growth factors to promote cell maturation
C) Focusing solely on biochemical cues without regard for mechanical properties

D) Increasing the scaffold’s porosity to facilitate rapid degradation

Answer:

B) Utilizing materials with tunable elasticity and incorporating growth factors to promote cell maturation
Explanation:

For cardiac tissue engineering, it is essential to design a scaffold that replicates the biomechanical
properties (elasticity and strength) of native heart tissue while also providing biochemical signals (such as
growth factors) to support the differentiation and maturation of cardiomyocytes. This integrated approach
ensures both mechanical support and optimal biological function.

Cardiac tissue engineering scaffold

tunable elasticity

+ growth factors

-> maturation under cyclic stress
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Answer Key

Compact answer key for quick checking. Detailed answer text and explanations are included within each question
block.

1 A 11 B 21 Cc 31 Cc 41 A

2 B 12 B 22 B 32 B 42 A
3 B 13 B 23 B 33 B 43 Cc
4 B 14 A 24 B 34 B 44 Cc
5 B 15 A 25 A 35 B 45 A
6 B 16 B 26 B 36 A 46 B
7 B 17 B 27 B 37 A 47 B
8 B 18 A 28 B 38 A 48 B
9 B 19 B 29 B 39 A 49 B
10 B 20 Cc 30 B 40 C 50 B

Formatting and academic corrections applied

e Original guideline mismatch was corrected to 50 questions, 60 minutes, and 55 marks.

e Question-number labels were reduced to a compact left marker instead of a large block.

e Answer and explanation content was preserved and cleaned into a consistent academic layout.
e Useful figures are placed inside relevant question blocks, not in the question-number column.
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