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Segment 1: Easy Level 
Part A: 20 Multiple Choice Questions (Easy) 

1.​ Which of the following describes asexual reproduction?​
A) Requires two parental gametes​
B) Results in high genetic variation​
C) Produces offspring from a single parent​
D) Involves meiosis exclusively 

2.​ Hydra commonly reproduces asexually by which of the following mechanisms?​
A) Binary fission​
B) Budding​
C) Spore formation​
D) Fragmentation 

3.​ What are the individual, genetically identical organisms produced from asexual 
reproduction called?​
A) Gametes​
B) Clones​
C) Hybrids​
D) Zygotes 

4.​ In which part of the human female reproductive tract does fertilisation typically occur?​
A) Ovary​
B) Uterus​
C) Fallopian tube​
D) Cervix 

5.​ The process of releasing a mature egg from the ovary is known as:​
A) Fertilisation​
B) Menstruation​
C) Ovulation​
D) Implantation 

6.​ Which plant reproduces through vegetative propagation using its leaves?​
A) Potato​
B) Ginger​
C) Bryophyllum​
D) Rose 

7.​ A single-celled fungus like yeast reproduces asexually by:​
A) Budding​
C) Spore formation​
B) Regeneration​



D) Fragmentation 
8.​ How many parents are involved in sexual reproduction?​

A) One​
B) Two​
C) Three​
D) None 

9.​ The male gamete in flowering plants is located inside the:​
A) Ovule​
B) Stigma​
C) Pollen grain​
D) Filament 

10.​Transfer of pollen grains from the anther to the stigma of a flower is called:​
A) Fertilisation​
B) Pollination​
C) Germination​
D) Fragmentation 

11.​Animals that lay eggs are categorized as:​
A) Viviparous​
B) Oviparous​
C) Omnivorous​
D) Herbivorous 

12.​The single cell formed right after the fusion of sperm and ovum is the:​
A) Embryo​
B) Fetus​
C) Zygote​
D) Bud 

13.​Which of the following is a mechanical barrier method of contraception?​
A) Condom​
B) Tubectomy​
C) Copper-T​
D) Oral pills 

14.​The structure that connects the human fetus to the uterine wall for nutrient exchange is 
the:​
A) Fallopian tube​
B) Placenta​
C) Cervix​
D) Ovary 

15.​The monthly cycle of shedding the uterine lining when fertilisation does not occur is 
called:​
A) Ovulation​
B) Gestation​
C) Menstruation​
D) Puberty 

16.​Asexual reproduction in Rhizopus (bread mould) occurs primarily via:​
A) Binary fission​
B) Regeneration​
C) Spore formation​
D) Vegetative propagation 

17.​Which organ produces sperms in human males?​
A) Prostate gland​
B) Testis​



C) Vas deferens​
D) Urethra 

18.​What is the process called when an embryo attaches itself to the inner lining of the 
uterus?​
A) Ovulation​
B) Implantation​
C) Parturition​
D) Fertilisation 

19.​Flowers that contain both male and female reproductive structures are called:​
A) Unisexual​
B) Bisexual​
C) Apetalous​
D) Sterile 

20.​Which biological process ensures the continuous existence of a species on Earth over 
generations?​
A) Respiration​
B) Digestion​
C) Reproduction​
D) Excretion 

MCQ Answer Key (Easy Segment): 
1-C, 2-B, 3-B, 4-C, 5-C, 6-C, 7-A, 8-B, 9-C, 10-B, 11-B, 12-C, 13-A, 14-B, 15-C, 16-C, 17-B, 
18-B, 19-B, 20-C 

Part B: 20 Subjective Questions (Easy) 

1.​ Define reproduction and explain its core significance for life on Earth. 
2.​ Distinguish between asexual and sexual reproduction based on the number of parents 

involved. 
3.​ What are clones? Why are they produced in asexual reproduction? 
4.​ Describe how yeast cells reproduce through budding. 
5.​ Give two examples of plants that can reproduce through stem cuttings. 
6.​ What is vegetative propagation? Mention one natural example. 
7.​ How does Bryophyllum reproduce when its leaves fall on moist soil? 
8.​ Define pollination and list two common agents that facilitate it. 
9.​ What is fertilisation in the context of sexual reproduction? 
10.​What happens to a human egg cell if it is not fertilised by a sperm? 
11.​State the function of the testes in the male reproductive system. 
12.​State the function of the ovaries in the female reproductive system. 
13.​What is the difference between oviparous and viviparous animals? Give one example of 

each. 
14.​Define ovulation. At what approximate point in a standard human menstrual cycle does it 

happen? 
15.​Why does the menstrual cycle stop during a human pregnancy? 
16.​What is a contraceptive method? Why are they used? 
17.​Name one surgical method of contraception used in males and one used in females. 
18.​Explain the role of the placenta in supporting a developing human embryo. 
19.​Define the term 'puberty' and mention one common physical change observed during this 

stage. 
20.​Why do organisms like Rhizopus produce millions of single-celled spores? 



Segment 2: Moderate Level 
Part A: 20 Multiple Choice Questions (Moderate) 

1.​ Why does asexual reproduction limit long-term evolutionary adaptation compared to 
sexual reproduction?​
A) It occurs too slowly to adapt.​
B) It lacks the mechanism to introduce significant genetic variation.​
C) It requires too much metabolic energy.​
D) It always produces defective chromosomes. 

2.​ A piece of Planaria is cut into three cross-sectional blocks. What is the expected 
biological outcome?​
A) All three pieces decay and die.​
B) Only the piece containing the original head survives.​
C) Each piece grows missing body parts to form three independent organisms.​
D) They fuse back together to form the original organism. 

3.​ Arrange the following stages of plant sexual reproduction in the correct developmental 
sequence:​
(i) Zygote formation, (ii) Pollination, (iii) Pollen tube growth through the style, (iv) Embryo 
development.​
A) (ii) → (iii) → (i) → (iv)​
B) (iii) → (ii) → (i) → (iv)​
C) (ii) → (i) → (iii) → (iv)​
D) (i) → (ii) → (iii) → (iv) 

4.​ Why are night-blooming flowers like Jasmine typically white and heavily scented?​
A) To maximize photosynthesis at night​
B) To repel nocturnal predators​
C) To attract nocturnal insect pollinators like moths in low-light conditions​
D) Because pigments cannot synthesize without direct sunlight 

5.​ In human males, the testes are situated outside the abdominal cavity within the scrotum. 
What is the physiological reason?​
A) To protect the testes from mechanical pressure of internal organs​
B) To maintain a temperature 2–2.5°C lower than the core body temperature for sperm 
production​
C) To facilitate direct connection with the urinary bladder​
D) To allow faster movement of mature sperm cells 

6.​ A certain plant species always encloses its stigma and stamens tightly within its petals, 
preventing external pollen entry. This plant demonstrates:​
A) Obligate cross-pollination​
B) Obligate self-pollination​
C) Parthenocarpy​
D) External fertilisation 

7.​ What is the correct pathway of sperm travel in the human male reproductive system 
during ejaculation?​
A) Testis → Urethra → Vas deferens → Epididymis​
B) Testis → Epididymis → Vas deferens → Urethra​
C) Epididymis → Testis → Vas deferens → Urethra​
D) Vas deferens → Testis → Epididymis → Urethra 



8.​ If the vas deferens of a man is surgically blocked, what will be the composition of his 
ejaculated fluid?​
A) No fluid will be ejaculated at all.​
B) The fluid will contain normal sperms but no seminal secretions.​
C) The fluid will contain seminal secretions but no sperms.​
D) The fluid will contain blood cells instead of seminal fluid. 

9.​ A human somatic cell contains 46 chromosomes. How many chromosomes are present in 
a human sperm cell and a human zygote respectively?​
A) 23 and 23​
B) 46 and 46​
C) 23 and 46​
D) 46 and 23 

10.​Which of the following describes the mechanism of action of an Intrauterine 
Contrapceptive Device (IUCD) like the Copper-T?​
A) It stops ovulation completely by suppressing hormones.​
B) It acts as a mechanical barrier preventing sperms from entering the cervix.​
C) It creates a local inflammatory response in the uterus, preventing implantation.​
D) It surgically cuts the fallopian tubes. 

11.​Why do aquatic animals undergoing external fertilisation release vast quantities of eggs 
and sperms simultaneously?​
A) Because most gametes are consumed as food by the parents themselves​
B) To offset heavy losses from environmental currents and predators, ensuring fertilisation 
success​
C) Because external gametes are smaller and require less energy to make​
D) To increase the genetic variation within a single mating pair 

12.​What would happen next in a Hibiscus flower right after the pollen tube successfully 
reaches the ovule?​
A) The petals expand further to attract more insects.​
B) The male gamete fuses with the female gamete to accomplish fertilisation.​
C) The style detaches from the ovary immediately.​
D) The pollen tube reverses direction back up the style. 

13.​Which of the following components does NOT contribute fluid or nutrients to the semen 
traveling through the male tract?​
A) Prostate Gland​
B) Seminal Vesicle​
C) Ureter​
D) Cowper's Gland 

14.​Vegetative propagation by grafting combines a 'scion' and a 'stock'. Which part is the 
scion?​
A) The rooted base plant that absorbs water​
B) The detached shoot section containing desirable traits to be joined​
C) The protective structural tape wrapped around the joint​
D) The central seed coat from which roots emerge 

15.​If a woman's regular menstrual cycle is exactly 28 days long and her last period began on 
March 5, around which date is ovulation most likely to occur?​
A) March 9​
B) March 12​
C) March 19​
D) March 26 

16.​What type of cell division is directly responsible for growth, tissue repair, and identical 
clone production in asexual reproduction?​



A) Meiosis​
B) Mitosis​
C) Binary fission only​
D) Reductional division 

17.​The legal prohibition of prenatal sex determination tests under Indian law primarily aims to 
address:​
A) Overpopulation concerns​
B) High maternal mortality rates​
C) Female foeticide and skewed gender ratios​
D) Spread of sexually transmitted infections 

18.​How does the chromosome number remain constant across successive generations in 
sexually reproducing species?​
A) DNA duplication occurs twice before every cell division.​
B) Gametes undergo reductional division (meiosis) to become haploid before fusion.​
C) Zygotes eject half of their chromosomes immediately after fertilisation.​
D) Parental somatic cells split into quarters. 

19.​When a farmer uses tissue culture to mass-produce orchids, what is a distinct 
disadvantage of this technique?​
A) It takes several years to generate plantlets.​
B) It introduces sudden, unpredictable variations in flower color.​
C) The entire crop shares identical genetic vulnerabilities, making them prone to 
single-disease wiping.​
D) It cannot be performed for ornamental flowering plants. 

20.​Which method of contraception provides the dual benefit of preventing pregnancy and 
protecting against Sexually Transmitted Infections (STIs)?​
A) Oral hormonal pills​
B) Copper-T (IUCD)​
C) Surgical vasectomy​
D) Mechanical barrier (Condom) 

MCQ Answer Key (Moderate Segment): 
1-B, 2-C, 3-A, 4-C, 5-B, 6-B, 7-B, 8-C, 9-C, 10-C, 11-B, 12-B, 13-C, 14-B, 15-C, 16-B, 17-C, 
18-B, 19-C, 20-D 

Part B: 20 Subjective Questions (Moderate) 

1.​ Why do multi-cellular, highly complex organisms like humans or trees fail to reproduce via 
simple fragmentation or regeneration? 

2.​ Explain why variation is advantageous to a species over long evolutionary timelines, even 
if it doesn't benefit an individual organism's day-to-day survival. 

3.​ A student accidentally cuts a culture of Spirogyra filaments into small fragments. Predict 
the outcome and explain the underlying biological process. 

4.​ Compare the reproductive advantages of self-pollination versus cross-pollination in 
flowering plants. 

5.​ What specific physical changes occur in the lining of the human uterus in anticipation of 
receiving a fertilised zygote? 

6.​ Explain how the pollen tube navigates all the way down from the stigma to the precise 
entry point of the ovule. 

7.​ Describe the agricultural significance of vegetative propagation. Why do commercial 
banana farmers prefer it over seed planting? 

8.​ Why is the scrotum located outside the pelvic cavity in human males? What would 
happen to sperm production if they failed to descend? 



9.​ Distinguish between the terms 'pollination' and 'fertilisation' using specific operational 
differences. 

10.​How does a hormonal contraceptive pill work inside a woman's body to prevent unwanted 
pregnancies? 

11.​What is the primary operational difference between a vasectomy and a tubectomy? Do 
these procedures alter the production of gametes? 

12.​Why do organisms that reproduce via external fertilisation need to coordinate their 
gamete release precisely with seasonal or environmental cues? 

13.​Describe the structural adaptation of a human sperm cell that enables it to complete its 
mechanical journey to the egg. 

14.​Analyse why the health of a mother during the gestation period directly affects the 
physiological parameters of the fetus via the placenta. 

15.​What would happen to the chromosomal consistency of a species if gametes were formed 
by standard mitosis instead of meiosis? 

16.​Explain why individual variations accumulate much faster in a population of sexually 
reproducing beetles than in a population of asexually reproducing amoeba. 

17.​A plant breeder cuts off the anthers of an immature bisexual flower to prevent 
self-pollination. What is this technique called, and what step must be taken next to 
achieve a desired cross? 

18.​Define the terms haploid and diploid. Identify which state applies to a human primary skin 
cell versus a mature ovum. 

19.​Why are mechanical barrier methods considered unique compared to chemical or surgical 
methods of birth control? 

20.​Discuss the socio-economic impacts of unchecked population growth and explain how 
family planning measures act as a mitigation strategy. 

Segment 3: Difficult Level 
Part A: 20 Multiple Choice Questions (Difficult) 

1.​ A researcher inhibits the process of DNA copying during the interphase preceding 
asexual binary fission in an Amoeba culture. What is the immediate direct consequence?​
A) The cell splits normally but gives rise to enucleated daughter cells.​
B) The cell expands indefinitely without undergoing cytokinesis, preventing reproduction.​
C) The cell undergoes normal division but the daughter cells contain zero chromosomes.​
D) The division axis shifts from random to strictly longitudinal. 

2.​ A mutation alters the structural glycoproteins on the surface of pollen grains of a tomato 
plant, preventing chemical recognition on its own stigma. What reproductive failure 
occurs?​
A) The anther fails to dehisce and release pollen.​
B) Pollination fails because insects refuse to carry the mutated pollen.​
C) The pollen grain lands on the stigma but fails to germinate a pollen tube.​
D) Double fertilisation occurs normally but the endosperm fails to form. 

3.​ A clinical condition involves the congenital blockage of both Fallopian tubes in a patient, 
while her ovaries and uterus function perfectly. Which reproductive process remains 
entirely unaffected?​
A) In vivo fertilisation of the ovum by sperm​
B) Cyclical ovulation and normal production of ovarian hormones​



C) Natural migration of the zygote to the uterine cavity​
D) Normal internal implantation of a naturally fertilised egg 

4.​ If the secretion of the prostate gland is artificially neutralized or blocked from entering the 
male reproductive tract, what effect will it have on fertilisation capacity?​
A) Sperms will lose their primary energy source, which is glucose.​
B) Sperms will become highly susceptible to the acidic environment of the female 
reproductive tract, reducing motility.​
C) Sperms will fail to mature within the testes.​
D) The semen will coagulate instantly inside the vas deferens, blocking ejaculation. 

5.​ In a controlled laboratory experiment, the ambient temperature surrounding a mammal's 
scrotum is raised and held constant at 37°C for several weeks. Analysis of the semen will 
reveal:​
A) A massive increase in normal, hyperactive sperms​
B) Normal sperm count but complete loss of seminal plasma fluid​
C) Severe oligospermia or dead, malformed sperms due to heat-induced cellular stress​
D) Immediate conversion of testicular cells into ova 

6.​ Consider a plant species that exhibits self-incompatibility. If pollen from flower X lands on 
the stigma of flower X on the same plant, what happens?​
A) A lethal zygote forms and drops off early.​
B) Biochemical blocks prevent pollen germination or tube growth, ensuring outcrossing.​
C) The flower undergoes rapid self-fertilisation to save metabolic energy.​
D) The flower transforms into a vegetative leaf bud. 

7.​ A patient takes a high-dose synthetic progesterone pill daily. How does this maintain 
effective contraception at the ovarian level?​
A) It mechanically covers the ovary surface like a plastic wrap.​
B) It exerts negative feedback on the brain, suppressing the hormonal spikes required for 
ovulation.​
C) It physically destroys existing mature follicles by chemical toxicity.​
D) It forces the ovaries to release four eggs at once, exhausting the egg reserve. 

8.​ Why do the offspring of a single self-pollinating bisexual plant still show minor phenotypic 
variations, even though no foreign pollen was introduced?​
A) Because self-pollination is actually a form of asexual fragmentation.​
B) Due to random chromosome alignment and crossing over during gamete formation via 
meiosis.​
C) Because environmental factors change the DNA sequence of the pollen while floating 
in air.​
D) Due to error-free, perfect replication of mitochondrial plasmids. 

9.​ What would happen if the microenvironment within the human fallopian tube becomes 
highly acidic instead of maintaining its typical alkaline pH?​
A) Sperm cells will swim much faster due to acid stimulation.​
B) The structural integrity of sperm membranes is disrupted, drastically lowering 
fertilisation rates.​
C) The egg cell will divide instantly via parthenogenesis.​
D) Implantation will occur directly inside the fallopian tube walls instantly. 

10.​The inner lining of the uterus (endometrium) thickens considerably during the 
post-ovulatory phase. If fertilisation fails, what triggers its rapid breakdown?​
A) A sudden, steep drop in circulating progesterone levels due to degeneration of the 
empty follicle structure.​
B) A massive surge of mechanical pressure from the unfertilised egg pushing against the 
wall.​
C) Direct chemical digestion of the tissue by incoming alkaline sperm secretions.​



D) Absolute depletion of maternal oxygen supply to the pelvic region. 
11.​An experimental drug selectively blocks the formation of the placenta during early 

embryonic development in mice. What is the immediate developmental cause of 
embryonic death?​
A) The embryo cannot undergo its first mitotic division.​
B) The embryo fails to receive nutrients, cannot exchange gases, and suffers metabolic 
waste toxicity.​
C) The embryo runs out of its own internal yolk supply within the first 5 minutes.​
D) The maternal immune system treats the embryo as a benign bacterial infection. 

12.​Which of the following scenarios would directly result in a child inheriting an altered 
genetic sequence that can be passed down to their future offspring?​
A) A radiation-induced mutation occurring in the mother's skin cells prior to conception.​
B) A chemical mutation occurring in a germline cell during meiosis in the father's testes.​
C) Extreme physical exercise by the mother during the third trimester of pregnancy.​
D) The mother consuming a diet low in iron during the lactation period. 

13.​What biological limitation explains why an individual organism can live out a full, healthy 
life without reproducing, whereas a species cannot survive without it?​
A) Individual metabolism depends directly on reproductive output.​
B) Natural selection eliminates non-reproducing individuals within 24 hours.​
C) Somatic lifespans are finite; without reproduction, the death of existing individuals 
leads to species extinction.​
D) Unreproduced gametes turn into highly toxic metabolic waste inside somatic organs. 

14.​A specific plant pathogen destroys the vascular tissue connecting the vegetative parts of 
a potato plant to its underground tubers. What impact does this have on its reproductive 
strategies?​
A) It enhances spore formation on its leaves.​
B) It completely prevents vegetative propagation because starch reserves cannot be 
stored in tubers.​
C) It shifts the plant to obligate binary fission.​
D) It forces the plant to undergo regeneration via its root hairs. 

15.​Why does the fusion of a haploid sperm and a haploid egg restore exact diploidy, rather 
than creating a triploid or tetraploid cell?​
A) The egg membrane undergoes rapid electrical and chemical changes to block 
additional sperms immediately upon first entry.​
B) Excess sperms voluntarily disintegrate upon seeing a occupied egg.​
C) The uterus filters out all but one sperm from entering the pelvic zone.​
D) The zygote expels extra sets of paternal chromosomes through its cell wall. 

16.​A scientist mixes human sperm cells with a chemical that completely disables the 
mitochondria in the sperm's midpiece. What is the observed behavioral result?​
A) The sperms can still penetrate the egg but cannot fuse their nuclei.​
B) The sperms become entirely immotile because they cannot generate ATP for flagellar 
movement.​
C) The sperms turn into round, non-functional gametes without genetic material.​
D) The sperms begin dividing rapidly via binary fission. 

17.​What is a fundamental biochemical risk associated with an error in the DNA copying 
process during gametogenesis?​
A) The daughter cells will lack a lipid cell membrane.​
B) It can introduce non-functional structural proteins, leading to non-viable or altered 
phenotypic traits in the offspring.​
C) It forces the cell to revert from a eukaryotic state to a prokaryotic state.​
D) It completely halts the laws of thermodynamics within the cell matrix. 



18.​In some species of lizards, only females exist, and they lay eggs that develop into healthy 
daughters without any male intervention. This specific reproductive phenomenon is known 
as:​
A) Budding​
B) Parthenogenesis​
C) Vegetative fragmentation​
D) Cross-fertilisation 

19.​A primary difference between binary fission in Amoeba and binary fission in Leishmania 
is:​
A) Amoeba requires two parents while Leishmania requires one.​
B) Amoeba divides along a specific longitudinal plane due to its flagellum, while 
Leishmania divides randomly.​
C) Amoeba can divide along any random plane, whereas Leishmania divides in a definite 
orientation relative to its whip-like flagellum.​
D) Leishmania forms a hard spore coat before division while Amoeba does not. 

20.​Why are barrier contraceptives (like condoms) strongly recommended globally over 
chemical methods for individuals with multiple sexual partners?​
A) They are 100% effective at stopping ovulation.​
B) They are the only category that physically blocks fluid exchange, preventing 
transmission of STIs like HIV.​
C) They permanently alter the genetic structure of viral pathogens.​
D) They work retroactively after a pregnancy has already occurred. 

MCQ Answer Key (Difficult Segment): 
1-B, 2-C, 3-B, 4-B, 5-C, 6-B, 7-B, 8-B, 9-B, 10-A, 11-B, 12-B, 13-C, 14-B, 15-A, 16-B, 17-B, 
18-B, 19-C, 20-B 

Part B: 20 Subjective Questions (Difficult) 

1.​ Deduce what would happen to an Amoeba cell if it completes nuclear division 
(karyokinesis) but is exposed to a chemical that entirely halts cytoplasmic division 
(cytokinesis). 

2.​ Analyse why the structural fidelity of DNA copying must be highly accurate, yet 
mathematically imperfect enough to allow a minimal rate of replication errors. 

3.​ Explain the precise biochemical and physiological chain of events that leads to the onset 
of menstruation when an ovulated egg cell fails to meet a functional sperm cell. 

4.​ A unique mutant plant produces pollen grains that lack a functional pollen tube nucleus 
but possess normal generative nuclei. Predict the exact stage at which reproduction will 
fail. 

5.​ Differentiate between regeneration as seen in Planaria versus tissue regeneration seen in 
a healing human skin wound. Why is one considered reproduction and the other is not? 

6.​ Analyse how the structure of the placenta acts as a highly selective biological barrier. 
Name two substances allowed to pass through and two structural elements blocked. 

7.​ A mature follicle releases an egg into the pelvic cavity. Describe the anatomical 
mechanism that ensures this passive egg is captured and guided into the fallopian tube. 

8.​ Explain why surgical birth control methods (vasectomy/tubectomy) are highly effective at 
preventing conception but completely ineffective at preventing the transmission of 
fluid-borne STIs. 

9.​ Evaluate the physiological impact on sperm parameters if the alkaline secretions from the 
seminal vesicles are significantly reduced. 

10.​A tissue culture laboratory notices that all plantlets derived from a single callus show a 
sudden phenotypic susceptibility to a specific root fungus. Trace this back to the nature of 



their reproduction. 
11.​Explain why cross-pollination requires a substantially higher expenditure of metabolic 

energy and structural resources by a plant compared to self-pollination. 
12.​A geneticist discovers a woman with a structural mutation that makes the zona pellucida 

(outer layer of the egg) completely impermeable to sperm binding. Explain the exact 
clinical consequence. 

13.​How do modern chemical contraceptives (hormonal pills) disrupt the normal delicate 
feedback loop between the pituitary gland and the ovaries to guarantee anovulation? 

14.​Why does external fertilisation typically require an aquatic medium, even for 
terrestrial-dwelling amphibians like frogs? 

15.​An individual plant experiences a mutation that completely deletes the genes responsible 
for producing a style, leaving only the stigma sitting directly on top of the ovary. Explain if 
fertilisation can still occur. 

16.​Contrast the long-term survival prospects of a highly uniform clonal crop population 
versus a wild, highly varied cross-pollinated population during an extreme multi-year 
drought. 

17.​Explain how a single zygote, which is just a single cell, systematically orchestrates its 
early divisions to transform into a multi-layered, specialized embryo without increasing its 
overall initial mass. 

18.​Why are prenatal diagnostic techniques strictly monitored by legislative frameworks, and 
what is the underlying ethical dilemma balancing scientific knowledge against social 
misuse? 

19.​Analyse the physiological consequences if a human zygote mistakenly undergoes 
implantation inside the narrow lumen of the Fallopian tube instead of the uterine cavity. 

20.​Explain the biological rationale behind why the numbers of chromosomes must be strictly 
halved during gametogenesis, citing what would happen to cell volume and DNA mass 
over just three generations if this did not happen. 

Segment 4: Olympiad Level 
Part A: 20 Multiple Choice Questions (Olympiad) 

1.​ An experimental botanist sets up four setups of isolated Hibiscus flowers to test 
pollen-stigma compatibility. If pollen grains from a distantly related generic family land on 
the Hibiscus stigma, what molecular block prevents intergeneric hybridisation?​
A) The foreign pollen grains instantly burst due to extreme turgor pressure differences.​
B) A lack of matching complementary surface receptor-ligand interactions fails to trigger 
the enzymatic signaling required for pollen tube germination.​
C) The foreign pollen tube grows but gets lost and exits through the flower petals.​
D) The foreign male gametes fuse with the style cells instead of traveling to the ovule. 

2.​ A unique strain of yeast possesses a temperature-sensitive mutation where mitosis 
operates normally at 25°C but fails at 35°C, while general cellular growth remains 
unaffected. If a culture at 35°C is observed, what cellular phenotype will dominate?​
A) Tiny, fragmented cell pieces containing no metabolic enzymes.​
B) Exceptionally large parent cells with multiple growing buds that fail to receive a 
separated nucleus, preventing independent survival.​
C) Immediate transformation into multicellular filament networks.​
D) Spontaneous differentiation into male and female gametes. 



3.​ During a precise micro-injection study, the acrosome of a human sperm cell is surgically 
removed without damaging its tail or nuclear DNA. This sperm is then placed directly next 
to a healthy mature human oocyte in vitro. What is the outcome?​
A) The sperm swims away from the egg due to loss of chemical sensing.​
B) The sperm binds normally and fertilises the egg without any delay.​
C) The sperm fails to penetrate the protective outer investments (zona pellucida) of the 
oocyte because it lacks the necessary lytic enzymes.​
D) The sperm undergoes binary fission next to the egg. 

4.​ A patient exhibits a rare genetic condition where her cilia within the epithelial lining of the 
oviducts are entirely non-motile. Her hormonal profiles, ovulation cycles, and uterine 
structure are perfectly normal. What is the primary reproductive challenge she faces?​
A) Complete failure of the ovaries to mature primordial follicles into eggs.​
B) Inability of the sperm to swim from the cervix up into the uterine cavity.​
C) High risk of ectopic pregnancy or complete failure of the passive egg/zygote to reach 
the uterine cavity for implantation due to lack of ciliary propulsion.​
D) Immediate destruction of the endometrium by her own immune system. 

5.​ A specific species of plant produces flowers that are strictly dichogamous—specifically 
protandrous, meaning the anthers mature and shed pollen days before the stigma of the 
same flower becomes receptive. This physiological design actively optimizes:​
A) High rates of self-pollination to preserve parental purity​
B) Obligate cross-pollination by ensuring temporal separation of male and female phases​
C) Asexual propagation via adventitious leaf buds​
D) Complete suppression of pollen tube growth pathways 

6.​ A researcher treats a dividing cell culture with a drug that specifically destabilizes the 
mitotic spindle apparatus. Which of the following reproductive processes would be directly 
and immediately halted by this treatment?​
A) Passive transport of pollen grains by wind currents​
B) The regular enzymatic breakdown of the uterine lining during menstruation​
C) The cellular division phase of binary fission in Amoeba and early cleavage of a zygote​
D) Chemical chemo-attraction of sperms towards the ovum 

7.​ In a comparative study of reproductive energetics, Species A produces 5 large viviparous 
offspring per year, while Species B releases 5,000,000 pelagic eggs via external 
fertilisation. Which statement accurately reflects their reproductive trade-offs?​
A) Species A expends less total energy on reproduction than Species B.​
B) Species A allocates massive metabolic energy per individual offspring to ensure high 
post-birth survival, whereas Species B allocates minimal energy per gamete, relying on 
high numbers to beat extreme mortality.​
C) Species B provides higher parental care than Species A through chemical signaling.​
D) Both species exhibit identical individual offspring survival rates. 

8.​ What is the ultimate evolutionary biological purpose behind the highly complex "DNA 
copying with variation" mechanism observed across all living lineages?​
A) To ensure that every single offspring is identical to the original ancestral cell.​
B) To balance structural and functional continuity of the species while providing the raw 
genetic diversity necessary for natural selection to act upon during environmental shifts.​
C) To deliberately generate defects that shorten the lifespan of individual organisms.​
D) To eliminate the need for cellular membranes over evolutionary time. 

9.​ A plant is discovered to be a triploid (3n) organism due to an ancestral chromosomal 
mishap. When it attempts to undergo sexual reproduction, it fails to produce viable seeds. 
However, it thrives across fields. What explains this?​
A) Triploidy enhances standard binary fission in plant tissues.​
B) Meiotic separation of three sets of chromosomes results in highly unbalanced, 



non-viable gametes, making sexual reproduction fail; its survival depends entirely on 
highly efficient asexual vegetative propagation.​
C) The plant uses its root hairs to absorb pre-formed seeds from other species.​
D) Triploid plants do not require water or sunlight to form seeds. 

10.​A chemical blocks the function of the corpus luteum (the structure left behind in the ovary 
after ovulation) within the first week post-ovulation. If an egg was successfully fertilised, 
what is the direct physiological result?​
A) The zygote undergoes accelerated division into a multi-cell blastocyst.​
B) Progesterone levels crash immediately, causing the uterine endometrium to slough off, 
leading to failure of implantation and early termination.​
C) The fallopian tubes expand to double their normal size.​
D) The maternal immune system produces antibodies that accelerate placenta growth. 

11.​Why do self-incompatibility (SI) alleles in flowering plants represent an elegant 
biochemical mechanism?​
A) They allow the plant to switch to binary fission when insects are absent.​
B) They systematically recognize and reject pollen carrying identical genetic markers 
matching the pistil tissue, preventing inbreeding depression and enforcing genetic 
outcrossing.​
C) They physically cause the petals to close tightly when foreign pollen arrives.​
D) They speed up the mechanical speed of wind pollination by ten times. 

12.​An experiment isolates the fluid of the human female reproductive tract and removes all 
trace amounts of bicarbonate ions, rendering the tract slightly acidic. When normal 
sperms are introduced, they fail to undergo "capacitation"—the process where sperms 
gain hypermotility and egg-penetrating capacity. This demonstrates:​
A) The female tract plays a passive mechanical role with no chemical influence on 
sperms.​
B) Crucial physiological triggers within the female reproductive microenvironment are 
mandatory to chemically activate sperm functionality for fertilisation.​
C) Sperms can only fertilise eggs if they are kept at freezing temperatures.​
D) Bicarbonate ions act as a direct toxic agent to egg survival. 

13.​A molecular biologist extracts the mRNA from the cells of a growing regeneration 
blastema in a sliced Planaria. The data shows intense up-regulation of genes responsible 
for cell signaling and undifferentiated division. This implies that regeneration:​
A) Is a purely mechanical stretching of existing old cells without new cell production.​
B) Relies on highly orchestrated reactivation of developmental pathways and 
stem-cell-like proliferation to reconstruct missing anatomical structures.​
C) Is triggered by the complete absence of DNA molecules in the cut pieces.​
D) Always converts the flatworm into a single-celled amoeba. 

14.​A plant breeder notices that a structural mutation causes a species of wildflower to 
produce pollen grains with an exceptionally thick, unyielding exine (outer wall) that 
completely lacks any germ pores. What is the operational bottleneck?​
A) The pollen grain cannot be lifted by wind currents.​
B) The pollen tube cannot physically break through or emerge from the rigid outer wall 
during germination on the stigma, rendering the pollen completely sterile.​
C) The pollen grains dissolve instantly when exposed to moisture.​
D) The male gametes escape through the filament instead of the anther. 

15.​What would be the evolutionary consequence if a species of soil bacteria evolved a 
mechanism for 100% error-free DNA replication under extreme, highly fluctuating 
chemical conditions?​
A) The bacteria would evolve into complex animals within a week.​
B) The population would become highly adaptable to any sudden new antibiotic 



introduction.​
C) The absolute lack of genetic variations would leave the entire clonal population highly 
vulnerable to extinction if an environmental shift exceeds their fixed physiological 
tolerance.​
D) The bacteria would cease dividing and shift to sexual spore production exclusively. 

16.​Why is the process of double fertilisation in flowering plants highly resource-efficient 
compared to animal reproduction strategies?​
A) It produces four functional embryos inside a single ovule simultaneously.​
C) It allows the plant to skip the pollination phase entirely.​
B) It couples the formation of the embryo with the simultaneous development of a 
nutrient-rich food storage tissue (endosperm) only when a successful fertilisation event 
occurs, preventing resource wastage on unfertilised ovules.​
D) It utilizes wind energy to fuse gametes inside the soil. 

17.​A developmental defect prevents the fusion of the pair of primordial horizontal structural 
plates that form the uterus during human female embryonic development, resulting in a 
completely split double uterus. If ovulation occurs normally in adult life, what is the 
impact?​
A) The patient will release four eggs every month instead of one.​
B) Ovulation and hormone synthesis continue normally, but each uterine cavity has 
reduced structural volume, increasing the risk of mechanical complications during 
embryonic gestation.​
C) The menstrual cycle shifts from a 28-day cycle to a 5-day cycle.​
D) The ovaries convert permanently into accessory adrenal glands. 

18.​An individual animal is exposed to localized abdominal radiation that severely mutates the 
DNA of its intestinal lining cells. What is the probability that these specific mutations will 
be passed on to its future offspring?​
A) 100%, because all mutations are automatically systemic.​
B) 50%, following standard Mendelian ratios.​
C) 0%, because alterations in somatic body cells do not affect the germline cells 
(sperms/eggs) responsible for transferring genetic material to the next generation.​
D) 25%, but only if the offspring is male. 

19.​A certain plant pathogen secretes an enzyme that selectively digests the callose and 
carbohydrate signals within the style of a flower. If a compatible pollen grain lands on the 
stigma, what is the expected result?​
A) The pollen grain will transform into a leaf.​
B) The pollen tube will lose its directional guidance cues and fail to navigate effectively 
down the style to the micropyle, preventing fertilisation.​
C) The ovary will expand into a fruit without any fertilisation.​
D) The style will immediately undergo binary fission. 

20.​Analyse the mechanism of action of surgical tubectomy. Why does this procedure provide 
absolute contraceptive protection without altering the patient's secondary sexual traits or 
menstrual timing?​
A) It stops the production of estrogen and progesterone from the ovaries completely.​
B) It physically blocks the structural pathway for sperm-egg encounter within the fallopian 
tubes, while leaving the vascular connectivity of the ovaries intact, allowing hormones to 
circulate normally through the bloodstream.​
C) It removes the uterus and ovaries entirely from the body cavity.​
D) It chemically neutralizes the alkaline secretions of the vagina. 

MCQ Answer Key (Olympiad Segment): 
1-B, 2-B, 3-C, 4-C, 5-B, 6-C, 7-B, 8-B, 9-B, 10-B, 11-B, 12-B, 13-B, 14-B, 15-C, 16-B, 17-B, 
18-C, 19-B, 20-B 



Part B: 20 Subjective Questions (Olympiad) 

1.​ Critically evaluate the molecular and cellular bottlenecks that prevent a highly 
differentiated specialized cell, such as a mature human cardiac muscle cell, from 
undergoing independent asexual reproduction or fragmentation to regenerate a whole 
organ. 

2.​ Design an elegant hypothesis to explain why organisms that rely heavily on asexual 
reproduction (like certain aphids or plants) often switch to a sexual reproductive mode 
when environmental conditions become highly stressful or unpredictable. 

3.​ A unique species of deep-sea worm can reproduce via fragmentation. Investigators notice 
that fragments obtained from the middle section regenerate a head and tail significantly 
slower than fragments obtained closer to the original head. Analyze this phenomenon 
using the concept of morphogenetic gradients. 

4.​ Trace the precise physiological, cellular, and physical pathway that a single human sperm 
cell must navigate from the moment it enters the vaginal lumen until its nuclear envelope 
fuses with that of the oocyte. Highlight every structural barrier it overcomes. 

5.​ Explain why the presence of an error-correcting (proofreading) mechanism during DNA 
replication is a fundamental requirement for the continuity of life, yet explain the 
evolutionary hazard if this proofreading mechanism achieved absolute 100% 
mathematical perfection. 

6.​ A mutant individual of an angiosperm plant species produces anthers where the tapetum 
(the innermost nutritive layer of the microsporangium) undergoes premature programmed 
cell death before the microspores complete meiosis. Predict the structural and functional 
fate of the pollen grains. 

7.​ Analyse the biochemical mechanism of self-incompatibility (SI) in plants. How does a pistil 
precisely distinguish between a "self" pollen grain and a "cross" pollen grain when both 
land on the same stigma simultaneously? 

8.​ Explain the physiological mechanism of "polyspermy block" in animal fertilisation. Why is it 
absolutely vital for the survival of the zygote that the entry of a second sperm is blocked 
within milliseconds of the first sperm's contact? 

9.​ A clinical study evaluates individuals using hormonal contraceptive implants. These 
devices release low, continuous doses of synthetic progestins into the capillary bed. Detail 
the exact multi-level feedback loops on the hypothalamus and anterior pituitary that 
culminate in the prevention of follicle maturation. 

10.​Contrast the evolutionary and metabolic trade-offs of internal fertilisation versus external 
fertilisation. Focus your analysis on gamete production costs, parental energy 
expenditure, fluid-medium requirements, and relative embryo survival indices. 

11.​A botanical experiment involves growing pollen grains in a synthetic liquid media 
containing sugar and calcium ions. The investigator adds a metabolic toxin that 
specifically binds to and blocks the actin cytoskeleton inside the elongating cell. Predict 
and explain the structural effect on pollen tube mechanics. 

12.​Analyse the complex physiological role of the human placenta as an endocrine organ. 
How do the hormones it secretes actively modify maternal physiology to maintain the 
pregnancy and prevent the uterus from undergoing premature contractions? 

13.​Deduce why a single-celled organism like Amoeba undergoing binary fission is 
considered biologically immortal in terms of its lineage, whereas a multicellular organism 
undergoing sexual reproduction accumulates aging somatic damage that leads to 
inevitable individual death. 

14.​Explain how the tracking of individual variations within a stable population of a species 
provides empirical evidence for the mechanism of evolution as postulated by modern 
biology. 



15.​A young child is diagnosed with a congenital defect where the lymphatic drainage of the 
scrotum is impaired, leading to chronic fluid accumulation and elevated local hydrostatic 
pressure and temperature. Evaluate the long-term impact on germinal epithelium 
differentiation at puberty. 

16.​A unique bisexual flower is structurally engineered such that its stamens are 5 
centimeters shorter than its elongated style, and the flower hangs upside down. 
Determine how these specific mechanical and spatial arrangements alter the statistical 
probability of self-pollination versus cross-pollination. 

17.​Explain why the metabolic and physiological consequences of an unintended pregnancy 
are far more energetically demanding on the female organism than on the male organism 
in mammalian species, utilizing concepts of gestation and placental resource allocation. 

18.​Analyse the structural and functional differences between the embryonic development of 
an oviparous reptile (inside a shelled egg) and a viviparous mammal (inside a uterus), 
focusing on how metabolic waste management and gas exchange are handled by each. 

19.​A researcher isolates a mutant mouse strain whose sperm cells produce non-functional 
acrosin and hyaluronidase enzymes due to targeted gene knockouts. Describe the 
precise biochemical step where fertilisation will completely stall during a natural mating 
encounter. 

20.​Evaluate how legislative frameworks regulating reproductive technologies (such as the 
ban on prenatal sex selection) intersect with demographic stability, public health ethics, 
and the preservation of balanced ecosystem dynamics within human societies. 
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