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SOLUTION

SECTION - A
 1. (A) Each testis has about 250 compartments called testicular lobules

(B) Bulbourethral glands produce a substance for lubrication of urethra and penis and also 
neutralizes the acidity of urethra.

  Related Theory
  Each lobule contains one to three highly coiled seminiferous tubules in which sperms are produced. Each seminiferous 

tubule is lined on its inside by two types of cells called male germ cells (spermatogonia) and Sertoli cells.

 2. Wuchereria (W. bancrofti and W. malayi), the filarial worms cause filariasis.

  Related Theory
  The filarial worms cause a slowly developing chronic inflammation of the organs in which they live for many years, 

usually the lymphatic vessels of the lower limbs.
  The genital organs are also often affected, resulting in gross deformities. The pathogens are transmitted to a healthy 

person through the bite by the female mosquito vectors.

 3. After implantation, the inner cell mass (embryo) differentiates into an outer layer called ectoderm 
and an inner layer called endoderm. A mesoderm soon appears between the ectoderm and the 
endoderm. These three layers give rise to all tissues (organs) in adults.

  Related Theory
  The inner cell mass contains certain cells called stem cells which have the potency to give rise to all the tissues and 

organs.

 4. Males-‘vasectomy’ 
In vasectomy, a small part of the vas deferens is removed or tied up through a small incision on 
the scrotum.
Female-‘tubectomy’
In tubectomy, a small part of the fallopian tube is removed or tied up through a small incision in 
the abdomen or through vagina.

  Related Theory
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 5. (A) EST- Expressed Sequence Tags
(B) BAC- Bacterial Artificial Chromosomes

 6. Blue-green algae act as a biofertiliser. They help in enriching the soil with Nitrogen as they are 
Nitrogen fixers. They improve soil fertility.

 7. Causative organism- Salmonella typhi
Diagnostic test- Widal test

  Related Theory
  Salmonella typhi is a pathogenic bacterium which causes typhoid fever. These pathogens generally enter the small 

intestine through food and water contaminated with them and migrate to other organs through blood. 
  Sustained high fever (39° to 40°C), weakness, stomach pain, constipation, headache and loss of appetite are some of 

the common symptoms of this disease. Intestinal perforation and death may occur in severe cases.

 8. In mammals, including humans, insulin is synthesised as a pro-hormone which contains an extra 
stretch called the C peptide.
This C peptide is not present in the mature insulin and is removed during maturation into insulin.

  Related Theory
  Like a pro-enzyme, the pro-hormone also needs to be processed before it becomes a fully mature and functional 

hormone.
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 9. DNA fragments are negatively charged molecules they can be separated by forcing them to move 
towards the anode under an electric field through a medium/matrix. Nowadays the most commonly 
used matrix is agarose which is a natural polymer extracted from sea weeds. The DNA fragments 
separate (resolve) according to their size through sieving effect provided by the agarose gel.

 10. The gene gun method is suitable for plant cells. In this method, plant cells are bombarded with high 
velocity micro-particles of gold or tungsten coated with DNA.

  Related Theory
  This method is also known as Biolistics.

 11. (d) Both assertion and reason are false.
Explanation: Each testis has about 250 compartments called testicular lobules. Each lobule contains 
one to three highly coiled seminiferous tubules in which sperms are produced. The glandular tissue 
of each breast is divided into 15-20 mammary lobes containing clusters of cells called alveoli. The 
alveoli open into mammary tubules. The tubules of each lobe join to form a mammary duct. Several 
mammary ducts join to form a wider mammary ampulla which is connected to lactiferous duct 
through which milk is sucked out.
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OR
(a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: The signals for parturition originate from the fully developed foetus and the placenta 
which induce mild uterine contractions called foetal ejection reflex. This triggers release of 
oxytocin from the maternal pituitary. Oxytocin acts on the uterine muscle and causes stronger 
uterine contractions, which in turn stimulates further secretion of oxytocin. The stimulatory reflex 
between the uterine contraction and oxytocin secretion continues resulting in stronger and stronger 
contractions.

  Related Theory
  The above process leads to expulsion of the baby out of the uterus through the birth canal – parturition. The 

mammary glands of the female undergo differentiation during pregnancy and starts producing milk towards the end 
of pregnancy by the process called lactation. This helps the mother in feeding the new- born. The milk produced during 
the initial few days of lactation is called colostrum which contains several antibodies absolutely essential to develop 
resistance for the new-born babies.

 12. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: In addition to ‘ori’, the vector requires a selectable marker, which helps in identifying 
and eliminating non- transformants and selectively permitting the growth of the transformants. 
Transformation is a procedure through which a piece of DNA is introduced in a host bacterium (you 
will study the process in subsequent section). Normally, the genes encoding resistance to antibiotics 
such as ampicillin, chloramphenicol, tetracycline or kanamycin, etc., are considered useful selectable 
markers for E. coli. The normal E. coli cells do not carry resistance against any of these antibiotics.

 13. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: Vallisneria is a submerged aquatic plant. It exhibits water pollination. The female 
flowers are submerged in water to receive pollen grains.

  Related Theory
  In Vallisneria, the female flower reach the surface of water by the long stalk and the male flowers or pollen grains are 

released on to the surface of water. They are carried passively by water currents, some of them eventually reach the 
female flowers and the stigma.

 14. (b) Both assertion and reason are true, but the reason is not the correct explanation of the assertion.
Explanation: Camouflage is a defence mechanism which involves mixing with the surrounding to 
avoid detection, while using poison works as both, a defence as well as attack mechanism.

  Related Theory
  Poisonous golden arrow frog:

 15. (A) (c) Specific palindromic nucleotide sequence
Explanation: All restriction endonucleases recognise a specific palindromic nucleotide sequence in 
the DNA. There is a specific palindromic nucleotide sequence for each restriction endonuclease. A 
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palindrome in DNA is a sequence of base  pairs that meets that reads the same  on the two strands 
when orientation of reading is kept the same. For example:
5’————————GAATTC————————-3’
3’————————CTTAAG————————-5’
(B) (b) Away from the centre of the palindrome site but between the same two bases on the 

opposite strands.
Explanation: Restriction enzymes cut the strand of DNA a little away from the centre of the 
palindrome sites, but between the same two bases on the opposite trends. This leaves single 
stranded portions at the ends. A palindrome in DNA is a sequence of base pairs that reads the 
same on the two strands when orientation of reading is kept the same.
(C) (d) All of these.
Explanation: Restriction enzymes cut that strand of DNA a little away from the centre of the 
palindrome sites, but between the same two places on the opposite strengths. This leaves single 
standard portions at the ends. There are overhanging stretches called sticky ends on each of these 
strands. These are named so because they form hydrogen bonds with their complimentary cut 
counterparts. The stickiness of the ends facilitates the action of the Enzyme DNA LIGASE.

  Related Theory
  If cut by the same restriction enzyme, the resultant fragments form sticky ends with complementary sequences and, 

these can be joined together by DNA LIGASES. 
(D) (d) 5’————————GAATTC————————-3’
         3’————————CTTAAG————————-5’
Explanation: All restriction endonucleases recognise a specific palindromic nucleotide sequence 
in the DNA. There is a specific palindromic nucleotide sequence for each restriction endonuclease. 
Option (a)
5’————————CCCGGG————————-3’
3’————————GGGCCC————————-5’ is the recognition sequence for the restriction 
endonuclease SmaI which originates from Serratia marcescens.
Option (c)
5’————————GGATCC————————-3’
3’————————CCTAGG————————-5’ is the recognition sequence for the restriction 
endonuclease Bam HI which originates from Bacillus amyloliquefaciens.
Option (b)
5’————————CGATCG————————-3’
3’————————GCTAGC————————-5’ is the recognition sequence for the restriction 
endonuclease Pvu I which originates from Proteus vulgaris.
(E) (a)  Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: The restriction enzymes belong to a larger class of enzymes called nucleases. They 
are of two types- Exonucleases and Endonucleases. Exonucleases removed nucleotides from the 
ends of the DNA whereas endonucleases make cuts at specific positions within the DNA. The 
cutting of DNA by restriction endonucleases results in the fragments of DNA.
DNA Ligases join the overhanging STICKY ENDS, thus helping in the formation of recombinant 
DNA. 

 16. (A) (b) 20%
Explanation: According to Chargaff, Purines (Adenine and Guanine) and Pyrimidines (Cytosine and 
Thymine) are present in DNA in an equal ratio. Also, Purines and Pyrimidines are complementary 
in a polynucleotide chain. It means that the number of Adenine molecules should be equal to the 
number of Thymine molecules and the number of Gunanine molecules should be equal to the 
number of Cytosine molecules.
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% (A) = % (T), % (G) = % (C)
Now, the dsDNA has 30% THYMINE. It means that it would also have 30% ADENINE.
The percentage of (A)= percentage of % (T)= 30%.
Hence, % of A + T = 60%.
 % of G + C = (100-60)% = 40%
Now, % (G) = % (C)= 40/2%
 % (G) = % (C)= 20%
 GUANINE = 20%.
(B) (d) 3’-GACTGACTGACTGACTGACT-5’
Explanation: DNA strands are always complementary to each other w.r.t. bases. Also, a purine will 
always come opposite to a pyrimidine.
Hence, if 3’-AGTCAGTCAGTCAGTCAGTC-5’ is one of the two complementary strands, the other 
would be:
               5’-TCAGTCAGTCAGTCAGTCAG-3’
Now, we will reverse it to get the strand in 3’-5’ direction:
               3’-GACTGACTGACTGACTGACT-5’
(C) (d) Ketone group.
Explanation: The basic unit of DNA is a nucleotide which has three components:
(1) A nitrogenous base
(2) A pentose sugar
(3) A phosphate group
The ketone group is not present in a nucleotide.

  Related Theory
  There are two types of nitrogenous bases:
  Purines (Adenine and Guanine) 
  Pyrimidines (Cytosine, Uracil and Thymine)
  A nitrogenous base is linked to a pentose sugar through a N-glycosidic linkage to form a nucleoside, such as adenosine/

deoxyadenosine, guanosine or deoxyguanosine, cytidine or deoxycytidine, uridine/deoxyuridine. When a phosphate 
group is linked to the 5’ OH of a nucleoside through Phosphoester linkage, a corresponding nucleo- or deoxynucleotide 
is formed. Two nucleotides are joined through a 3’-5’ phosphodiester linkage to form a dinucleotide.

(D) (a)  Double, An anti-parallel polarity
Explanation: The two chains have an Anti-parallel polarity. If one chain has the polarity 5’-3’, the 
other will have 3’-5’.
(E) (b) 20
Explanation: Purines (Adenine and Guanine) and Pyrimidines (Cytosine and Thymine) are present 
in DNA in an equal ratio. Also, Purines and Pyrimidines are complementary in a polynucleotide 
chain. It means that the number of Adenine molecules should be equal to the number of Thymine 
molecules and the number of Gunanine molecules should be equal to the number of Cytosine 
molecules.
 % (A) = % (T), % (G)= % (C)
Now, the dsDNA has 30% ADENINE. It means that it would also have 30% THYMINE.
The percentage of (A) = percentage of % (T) = 30%.
Hence, % of A + T = 60%.
 % of G + C = (100 – 60)% = 40%
Now, % (G) = % (C)= 40/2%
 % (G) = % (C)= 20%
 CYTOSINE = 20%. 
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SECTION - B
 17. Sporopollenin is the most resistant organic material in nature. It is present in the exine (outer 

covering) of pollen grains. It provides protection to the pollen from unfavourable conditions or 
chemicals (acids, enzymes and high temperature).

 18.

   

Template DNA

(parental strands)

Discontinuous

synthesis

Newly synthesised

strands

Continuous

synthesis

5’ 3’

5’

3’

3’

5’

5’

3’

 

  Related Theory
  Since the two strands of DNA cannot be separated in its entire length (due to very high energy requirement), the 

replication occurs within a small opening of the DNA helix, referred to as replication fork.
  The replication is continuous on one strand, while on the other (the template with polarity 5' → 3'), it is discontinuous. 

The discontinuously synthesised fragments are later joined by the enzyme DNA ligase.

 19. Baculoviruses attack arthropods. These are considered as good biocontrol agents because they are 
species-specific, narrow spectrum insecticides which do not harm plants and other fauna.
Nucleopolyhedrovirus is a genus of baculoviruses.

OR

Gas-holder

(CH + CO + -----)4 2 SludgeDung Water

Digester

 20. Based on the given data, river Ganga wasmore polluted in the rainy season than  in the winter 
season.
Higher the BOD levels, lesser the dissolved oxygen level, more will be the organic matter , more 
polluted will be the water!
BOD stands for Biochemical Oxygen Demand. It is amount of oxygen needed by aerobic organisms 
to break down organic waste in water.

  Related Theory
  BOD refers to the amount of the oxygen that would be consumed if all the organic matter in one liter of water were 

oxidised by bacteria. The sewage water is treated till the BOD is reduced. The BOD test measures the rate of uptake of 
oxygen by micro-organisms in a sample of water and thus, indirectly, BOD is a measure of the organic matter present 
in the water. The greater the BOD of waste water, more is its polluting potential.
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 21. ELISA is based on the principle of antigen-antibody interaction. Infection by pathogen can be 
detected by the presence of antigens (proteins, glycoproteins, etc.) or by detecting the antibodies 
synthesised against the pathogen.

  Related Theory
  ELISA or the enzyme linked immune-sorbent assay plays a major role in diagnosing diseases like cancer.

 22. The different steps in primary treatment of sewage are:
(1) Removal of floating particles (large and small) by sequential filtration through wire mesh 

screens.
(2) The grit (heavy particles like pebbles) is removed by sedimentation in settling tanks.
(3) The sedimented solids form the primary sludge. The supernatant forms the effluent for 

secondary treatment.
OR

Source of smack: Papaver somniferum (poppy plant). 
Effects: It is a depressant and slows down body functions.

  Related Theory
  Opioids are the drugs, which bind to specific opioid receptors present in our central nervous system and gastrointestinal 

tract. Heroin, commonly called smack is chemically diacetylmorphine which is a white, odourless, bitter crystalline 
compound. This is obtained by acetylation of morphine, which is extracted from the latex of poppy plant Papaver 
somniferum.

 23. A vector molecule carrying a foreign DNA from other organism is called as recombinant vector. 
Only one type of restriction endonuclease is required for creating recombinant vector because 
cutting by the same enzyme ensures that the DNA fragments and the vector have the same sticky 
ends, which helps in ligation by DNA ligase.

 24. Geitonogamy:  It is the transfer of pollen grains from the anther of one flower to the stigma of 
another flower of the same plant. Male and female gamete have same genetic composition as they 
have same parent plant.
Xenogamy: It is the transfer of pollen grains from the anther of one flower to the stigma of another 
flower of the same species. Male and female gametes have different genetic composition as they 
are from different plants.

  Related Theory
  Geitonogamy maintains purity of characters as the genetic composition of male and female gametes is same. They 

both originate from same plant hence no variations.

 25. (A) STREPTOKINASE: Streptokinase produced by the bacterium Streptococcus and modified by 
genetic engineering is used as a ‘clot buster’ for removing clots from the blood vessels of 
patients who have undergone myocardial infarction leading to heart attack.

(B) STATINS: Statins produced by the yeast Monascus purpureus have been commercialised as 
blood-cholesterol lowering agents. It acts by competitively inhibiting the enzyme responsible 
for synthesis of cholesterol.

SECTION - C
 26. In-situ conservation: When we conserve and protect the whole ecosystem,  all of its biodiversity 

gets protected. This approach in which we conserve and protect the whole site is called in-situ 
conservation. 
Ex situ Conservation: In this approach, threatened animals and plants are taken out from their 
natural habitat and placed in special setting where they can be protected and given special care. 
Zoological parks, botanical gardens and wildlife safari parks serve this purpose.
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Western Ghats and Sri Lanka, Indo Burma and Himalaya are the primary biodiversity hotspots 
which cover our country.

  Related Theory
  There are many animals that have become extinct in the wild but continue to be maintained in zoological parks. In 

recent years ex situ conservation has advanced beyond keeping threatened species in enclosures. Now gametes of 
threatened species can be preserved in viable and fertile condition for long periods using cryopreservation techniques, 
eggs can be fertilised in vitro, and plants can be propagated using tissue culture methods. Seeds of different genetic 
strains of commercially important plants can be kept for long periods in seed banks.

 27. (A) a- Exponential growth (Unlimited food and resources), b- Logistic growth (Limited food and 
resources)

(B) The curve ‘b’ as after some degree of exponential growth, resources will become limited and 
the prey population will stop growing exponentially.

(C) The dotted line denotes the carrying capacity of nature. The growth is not possible beyond a 
limit as the resources and space are limited. 

 28. 
This can be shown as
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In this case, There are 2 tall plants having genotype Tt and two dwarf plants having genotype tt. 
Thus, the progeny would be 50% tall and 50% dwarf, that is tall and dwarf plants will be obtained 
in equal ratios.

  Related Theory
  Monohybrid cross- A monohybrid cross is one in which both parents are heterozygous (or a hybrid) for a single (mono) 

trait. When conducting crosses, the first generation is called P (or P0), the second generation is F1 (F is for filial), and the 
subsequent generation is F2.

 29. (A) Satellite DNA is the DNA sequences in which large portion of gene is tandemly repeated. It is 
important in the DNA fingerprinting technique because
(1) They do not code for any proteins.
(2) They form large part of the human genome.
(3) They show high degree of polymorphism and are specific to each individual.

(B) The primary transcripts contain both the exons and the introns and are non-functional. Hence, 
it is subjected to a process called splicing where the introns are removed and exons are joined 
in a defined order.

  Related Theory
  In eukaryotes, the monocistronic structural genes have interrupted coding sequences – the genes in eukaryotes are 

split. The coding sequences or expressed sequences are defined as exons. Exons are said to be those sequence that 
appear in mature or processed RNA. The exons are interrupted by introns. Introns or intervening sequences do not 
appear in mature or processed RNA.
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OR
(A)

 

Transcription start site
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3'
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(B) Transcribed RNA
 5’ - U A C G U A C G U A U G – 3’

  Related Theory
  A transcription unit in DNA is defined primarily by the three regions in the DNA: 

(1) A Promoter.
(2) The Structural gene.
(3) A Terminator.

 30. (A) The doctor injected Tetanus antitoxins/antibodies in the patient’s body.
(B) This injection was given against tetanus and it provides passive immunity. When ready-made 

antibodies are directly given to protect the body against foreign agents, it is called passive 
immunity.

(C) The tetanus antitoxin has antibodies against its causative organism. When injected, it will act 
on the pathogen immediately to provide protection by fighting the pathogens.

  Related Theory
  Tetanus is an infection caused by bacteria called Clostridium tetani. 
  When the bacteria invade the body, they produce a poison (toxin) that causes painful muscle contractions. Another 

name for tetanus is “lockjaw”. It often causes a person’s neck and jaw muscles to lock, making it hard to open the 
mouth or swallow.

SECTION - D
 31. (A)

 

(i) Epidermis

(i) Endothecium

(i) Middle layers

(ii) Microspore

mother cells

(i) Tapetum

(B) Epidermis: It is protective in nature.
 Endothecium: It helps in dehiscence and has protective nature.
 Middle layer: It helps in dehiscence and is protective in nature.
 Tapetum: It nourishes the developing pollen grains.
 (Write any one)
(c) (i) Pollen grains have thick outer exine which is made up of a highly resistant organic substance 

called as sporopollenin. Sporopollenin can withstand high temperatures and strong acids 
and alkalis. Therefore, they are well preserved as fossils.

 (ii) Pollens are rich in nutrients, therefore, they are taken in the form of tablets.
OR

(A) Fertilisation process in angiosperms is called double fertilization because fusion of male 
gametes takes place twice. On reaching synergids, pollen tube releases the two male gametes 
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into the cytoplasm of synergids. One of the male gamete fuses with egg nucleus to form a 
diploid zygote. This process is called syngamy. The other male gamete fuses with polar nuclei 
to form a triploid primary endosperm nucleus (PEN). This is process is termed as triple fusion. As 
syngamy and triple fusion take place simultaneously in the embryo sac, it is termed as double 
fertilisation.

(B) (i) Area 4 has more respiratory patients. It might be possible that there is an extensive 
presence of Parthenium in Area 4. Pollen grains of it can cause respiratory ailments and 
pollen allergy.

 (ii) Pollen grains are rich in nutrients. It has become a fashion in recent years to use pollen 
tablets as food supplements. In western countries, a large number of pollen products in 
the form of tablets and syrups are available in the market. Pollen consumption has been 
claimed to increase the performance of athletes and race horses.

  Related Theory
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 32. (A) The process happening in the diagram is called translation.
  The initiation process of translation includes three steps:

(1) Activation of amino acid: Amino acids bind to aminoacyl tRNA synthetase enzyme in 
presence of ATP (adenosine triphosphate, energy molecule) to form an amino acid-enzyme 
complex. 

(2) Transfer of amino acid to tRNA: Each amino acid-enzyme complex reacts with their 
specific tRNA molecule to form aminoacyl-tRNA complex and the enzyme is separated.  

(3) Assembly of ribosomal subunits: The smaller ribosomal sub-unit binds to the initiator 
mRNA at the cap region such that the initiator codon (AUG) lies at the P-site. The initiator 
methionyl tRNA binds to the codon at the P-site. The larger sub-unit of ribosome assembles 
itself along the smaller subunit to complete the P-site and A-site.

(B) In eukaryotes DNA replication takes place in the S phase of the life cycle. If cell division is 
not followed after DNA replication there will be increase in the cell content and result in cell 
expansion.

  Related Theory
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OR
(A) It’s a nucleosome.
(B) Structural formation of a Nucleosome:
 In eukaryotes, the nucleosomal organisation involves a set of positively charged, basic proteins 

called histones. A protein acquires charge depending upon the abundance of amino acids 
residues with charged side chains. Histones are rich in the basic amino acid residues lysine and 
arginine. Both the amino acid residues carry positive charges in their side chains. Histones are 
organised to form a unit of eight molecules called histone octamer.

 The negatively charged DNA is wrapped around the positively charged histone octamer to 
form a structure called nucleosome.

(C) Nucleosomes constitute the repeating unit of a structure in nucleus called chromatin .
(D) The packaging of chromatin at higher level requires additional set of proteins that collectively 

are referred to as Non-histone Chromosomal (NHC) proteins. In nucleus, some region of 
chromatin is loosely packed (and stains light) and is referred to as euchromatin. The chromatin 
that is more densely packed and stains dark is called as Heterochromatin.

  Related Theory
  Euchromatin is said to be transcriptionally active chromatin, whereas heterochromatin is inactive.  

 33. Stability is one of the most important aspects for any biological community. It is primarily concerned 
with maintaining the adequate number of individuals to reproduce and keep the population stable. 
Biodiversity is the core foundation that maintains this stability. David Tilman performed some 
outdoor plot experiments to show that increased and stable biodiversity contributes to higher 
productivity.
Tilman found that plots with more species showed less year-to-year variation in total biomass. He 
also showed that in his experiments, increased diversity contributed to higher productivity.
Rivet popper hypothesis used by Paul Ehrlich:
If in an airplane (ecosystem), all parts are joined together using thousands of rivets (species) and 
every passenger starts popping a rivet (causing a species to become extinct), it may not affect flight 
safety (proper functioning of the ecosystem) initially, but as more and more rivets are removed, the 
plane becomes dangerously weak. Furthermore, which rivet is removed may also be critical. Loss of 
rivets on the wings (key species that drive major ecosystem functions) is obviously a more serious 
threat to flight safety than loss of a few rivets on the seats or windows inside the plane.

OR
(A) There are two types of approaches for biodiversity conservation:

(1) In situ conservation (On site conservation): In this method plant and animal species are 
protected in their natural habitats. For example, national parks, biosphere reserves, wildlife 
sanctuaries, etc. 

(2) Ex situ conservation (Off-site conservation): In this method threatened plant and animal 
species are protected in habitats different from their natural habitat. In these habitats 
conditions are made to resemble their natural habitats. For example, botanical gardens, 
zoological parks, wildlife safari, gene banks, etc.

(B) Bumble bee and Ophrys exhibit commensalism. In this association the orchid gets pollinated by 
the bee. The flower orchid has appearance of a female bee in colour, size and structure. So, the 
male bee perceives it as female bee and pseudocopulates with the flower, in turn pollinating it.

 If the female bee’s colour patterns change even slightly the rate of pollination will be reduced 
unless the orchid flower co-evolves and maintain its resemblance with the female bee.

  Related Theory
  Another example of commensalism is the interaction between sea anemone that has stinging tentacles and the clown 

fish that lives among them. The fish gets protection from predators which stay away from the stinging tentacles. The 
anemone does not appear to derive any benefit by hosting the clown fish.
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SOLUTION

SECTION - A
 1. Agarose gel is used as the matrix for gel electrophoresis.

  Related Theory
  Agarose is a polysaccharide polymer derived from a seaweed. It can be bought as a white powder, which can be used 

to cast gels for DNA electrophoresis.
To prepare an agarose gel, a weighed amount of agarose powder is added to TAE buffer (tris-acetate-EDTA) and 
heated until the powder dissolves. Then, a very small amount of ethidium bromide is added to the hot solution. This 
solution is then poured in a tray, with a comb to create wells. As the solution cools, it thickens and forms a gel.
This gel is then immersed in the same TAE buffer that was used to cast the gel, in an electrophoresis tank.

 2. The phenomenon responsible for occurrence of more than one embryo in a seed is called as 
Polyembryony.
Explanation: Polyembryony may happen due to formation of more than one embryo sac in the 
ovule or presence of more than one egg.

  Related Theory
  In orange seeds the nucellar cells, synergids or integumental cells divide and protrudes into the embryo sac to develop 

into embryos. Hence, each ovule contain several embryos and the condition is called polyembryony.
  In such embryos parental characters are maintained hence they are genetically similar.

 3.	 Commensalism	is	the	interaction	in	which	one	species	benefits	and	the	other	is	neither	harmed	nor	
benefited.
Example: The cattle egret and grazing cattle. The egrets always forage close to where the cattle 
are	grazing	because	the	cattle,	as	they	move,	stir	up	and	flush	out	insects	from	the	vegetation	that	
otherwise	might	be	diff	icult	for	the	egrets	to	find	and	catch.

 4. RNA Interference takes place in all eukaryotic organisms as a method of cellular defense.
Explanation: This	method	 involves	 silencing	of	a	 specific	mRNA	due	 to	a	 complementary	dsRNA	
molecule that binds to and prevents translation of the mRNA (silencing).

  Related Theory
  The source of this complementary RNA could be from an infection by viruses having RNA genomes or mobile genetic 

elements (transposons) that replicate via an RNA intermediate.
In order to produce pest resistant plants, using Agrobacterium vectors, nematode-specific genes were introduced into 
the host plant. The introduction of DNA was such that it produced both sense and anti-sense RNA in the host cells. 
These two RNA’s being complementary to each other formed a double stranded (dsRNA) that initiated RNAi and thus, 
silenced the specific mRNA of the nematode. The consequence was that the parasite could not survive in a transgenic 
host expressing specific interfering RNA. The transgenic plant therefore got itself protected from the parasite.

 5. In ZIFT, The zygote or early embryos (with upto 8 blastomeres) could be transferred into the fallopian 
tube (ZIFT–zygote intra fallopian transfer) for further development which proves to be a boon for 
childless couples who couldn’t conceive.
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  Related Theory
  In vitro fertilisation (IVF–fertilisation outside the body in almost similar conditions as that in the body) followed by 

embryo transfer (ET) is one of the methods to help childless couple conceive. In this method, popularly known as test 
tube baby programme, ova from the wife/donor (female) and sperms from the husband/donor (male) are collected 
and are induced to form zygote under simulated conditions in the laboratory.

 6. Lactic acid bacteria (LAB) improves the nutritional quality of milk (curd) by increasing the amount 
of	 vitamin	B12.	 In	our	 stomach	 too,	 the	LAB	play	very	beneficial	 role	 in	 checking	disease	causing	
microbes.

 7. Cells sloughed from Malignant tumors reach distant sites through blood, and wherever they get 
lodged in the body, they start a new tumor there. This property is called as metastasis and the 
cancer caused due to these tutors is also called metastatic cancer.

  Related Theory
  In our body, cell growth and differentiation is highly controlled and regulated. In cancer cells, there is a breakdown 

of these regulatory mechanisms. Normal cells show a property called contact inhibition by virtue of which contact 
with other cells inhibits their uncontrolled growth. Cancer cells appears to have lost this property. As a result of this, 
cancerous cells just continue to divide giving rise to masses of cells called tumors.

  Tumors are of two types: benign and malignant. Benign tumors normally remain confined to their original location 
and do not spread to other parts of the body and cause little damage. The malignant tumors, on the other hand are 
a mass of proliferating cells called neoplastic or tumor cells.

 8.  

 

(A) Stigma

(B) Syncarpuos

ovary

  Related Theory
  The gynoecium represents the female reproductive part of the flower. The gynoecium may consist of a single pistil 

(monocarpellary) or may have more than one pistil (multicarpellary). When there are more than one, the pistils may 
be fused together (syncarpous) or may be free (apocarpous). Each pistil has three parts, the stigma, style and ovary. 
The stigma serves as a landing platform for pollen grains.

 9. ELISA (Enzyme Linked Immuno Sorbent Assay) is based on the principle of antigen-antibody 
interaction. Infection by pathogen can be detected by the presence of antigens (proteins, 
glycoproteins, etc.) or by detecting the antibodies synthesised against the pathogen.

 10. It is an act of Biopiracy.
Explanation: Biopiracy is the term used to refer to the use of bio-resources by multinational 
companies and other organisations without proper authorisation from the countries and people 
concerned without compensatory payment.

  Related Theory
  Basmati rice is distinct for its unique aroma and flavour and 27 documented varieties of Basmati are grown in India. 

There is reference to Basmati in ancient texts, folklore and poetry, as it has been grown for centuries. In 1997, an 
American company got patent rights on Basmati rice through the US Patent and Trademark Off ice. This allowed 
the company to sell a ‘new’ variety of Basmati, in the US and abroad. This ‘new’ variety of Basmati had actually 
been derived from Indian farmer’s varieties. Indian Basmati was crossed with semidwarf varieties and claimed as an 
invention or a novelty. The patent extends to functional equivalents, implying that other people selling Basmati rice 
could be restricted by the patent.
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 11. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: Oral administration of small doses of either progestogens or progestogen–estrogen 
combinations is another contraceptive method used by the females. They are used in the form of 
tablets and hence are popularly called the pills. Pills have to be taken daily for a period of 21 days 
starting	preferably	within	the	first	five	days	of	menstrual	cycle.
After a gap of 7 days (during which menstruation occurs) it has to be repeated in the same pattern 
till the female desires to prevent conception. They inhibit ovulation and implantation as well as alter 
the quality of cervical mucus to prevent/retard entry of sperms.

OR
(a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.

  Related Theory
  As long as the mother breast-feeds the child fully, chances of conception are almost nil. However, this method has 

been reported to be effective only upto a maximum period of six months following parturition. As no medicines or 
devices are used in these methods, side effects are almost nil. Chances of failure of this method are also high.

 12. (c) Assertion is true but the reason is false
Explanation: The malarial parasites initially multiply within the liver cells and then attack the red 
blood cells (RBCs) resulting in their rupture. The rupture of RBCs is associated with release of a toxic 
substance, haemozoin, which is responsible for the chill and high fever recurring every three to four 
days whereas Amoebic dysentery is caused by Entamoeba histolytica, a protozoan parasite in the 
large intestine of human beings. It is transmitted from the faeces of the infected person, making the 
stool test a valid candidate for its testing.

  Related Theory
  Symptoms of Amoebic dysentary include constipation, abdominal pain and cramps, stools with excess mucous and 

blood clots. Houseflies act as mechanical carriers and serve to transmit the parasite from faeces of infected person 
to food and food products, thereby contaminating them. Drinking water and food contaminated by the faecal matter 
are the main source of infection.

 13. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: When you ligate a foreign DNA at the BamH I site of tetracycline resistance gene in 
the vector pBR322, the recombinant plasmids will lose tetracycline resistance due to insertion of 
foreign DNA but can still be selected out from non-recombinant ones by plating the transformants 
on tetracycline containing medium. The transformants growing on ampicillin containing medium 
are then transferred on a medium containing tetracycline. The recombinants will grow in ampicillin 
containing medium but not on that containing tetracycline. But, non- recombinants will grow on the 
medium containing both the antibiotics.

  Related Theory
  In order to link the alien DNA, the vector needs to have very few, preferably single, recognition sites for the commonly 

used restriction enzymes. Presence of more than one recognition sites within the vector will generate several 
fragments, which will complicate the gene cloning.

 14. (c) Assertion is true but the reason is false.
Explanation: In barrier methods, ovum and sperms are prevented from physically meeting with 
the help of barriers. Diaphragms, cervical caps and vaults are also barriers made of rubber that are 
inserted into the female reproductive tract to cover the cervix during coitus. They prevent conception 
by blocking the entry of sperms through the cervix.

  Related Theory
  The hormone releasing IUDs (Progestasert, LNG-20) increase phagocytosis of sperms within the uterus and the Cu 

ions released suppress sperm motility and the fertilising capacity of sperms.
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 15. (A) (a) Vas deferens and Bulbourethral gland.
Explanation: Locations of various parts of the male reproductive system.

Ureter

Seminal
vesicle

Prostate

Urethra

Testis

Foreskin

Testicular lobules

Rete testis

Vas deferens

Epididymis

Vasa efferentia

Glans penis

Urinary

bladder

Bulbourethral

gland

(B) (d) Secretion of a Penis lubricant.
Explanation: Bulbourethral glands produce a mucus secretion which-provides a lubrication media 
to the urethra and penis, helps in taking out any residue of urine, dead cells through urethral meatus 
aiding ejaculation, removes acidity in the urethra as its secretions are alkaline.
(C) (d) Scrotum
Explanation: Scrotum is a sac like structure which contains the testis. It maintains a lower 
temperature (2-2.5 degree celsius lower than the body temperature) for spermatogenesis.
(D) (d) All of them.
Explanation:	All	of	 them	serve	different	 functions	which	 lead	 to	a	collective	assistance	 in	 storing	
the spermatozoa and transport them outside during ejaculation.
(E) (c) Assertion is true but the reason is false.

 16. (A) (a) Natality
Explanation: Natality refers to the number of births during a given period in the population that 
are added to the initial density.
(B) (b) Emigration
Explanation: Emigration is the number of individuals of the population who left the habitat and 
gone elsewhere during the time period under consideration.
(C) (d) [(B+I)–(D+E)]
Explanation: If N is the population density at time t, then its density at time t +1 is Nt + 1 = Nt+ [(B + I) 
– (D + E)] You can see from the above equation that population density will increase if the number 
of births plus the number of immigrants (B + I) is more than the number of deaths plus the number 
of emigrants (D + E).
(D) (c) Immigration, more
Explanation: Colonisation of an area without any habitation generally means more people moving 
into the region. It mostly trumps the new births.
(E) (b) The population will rise in region one.
Explanation: The region which experiences an increase in birth rate and a decline in death rate, an 
increase in immigration and a decline in emigration will obviously show an increase in population.

SECTION - B
 17. Insulin was earlier produced from an animal source, causing some patients to develop allergic 

reactions to the foreign protein. Insulin consists of two short polypeptide chains: A and B.
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In mammals, insulin is synthesised as a pro-hormone and needs to be processed before it becomes 
a	functional	hormone,	deficient	of	an	extra	stretch	called	the	C	peptide.
An American company prepared two DNA sequences corresponding to A and B, chains of human 
insulin and introduced them in plasmids of E. coli. Chains A and B were produced separately, 
extracted and combined to form human insulin.

  Related Theory
  

  

Proinsulin

s
s

s

s

s s

s s

s

s
s

s

+

A peptide

B peptide

Insulin

Free C peptide

DISULPHIDE BRIDGES

OR
Genetic	 modification	 of	 organisms	 can	 have	 unpredicatable	 results	 when	 such	 organisms	 are	
introduced into the ecosystem.
GMOs	could	affect	those	with	allergies,	certain	type	of	diseases	in	highly	unpredictable	ways.
They might lead to ecosystem collapse in the long run.

 18. (A) FALLOPIAN TUBE: Site of fertilization/connects ovary and uterus.
(B) OVARY: Produces egg or ovum/secretes progesterone and estrogen.

  Related Theory
  Each fallopian tube is about 10-12 cm long and extends from the periphery of each ovary to the uterus, the part closer 

to the ovary is the funnel-shaped infundibulum. The edges of the infundibulum possess finger-like projections called 
fimbriae, which help in collection of the ovum after ovulation. The infundibulum leads to a wider part of the oviduct 
called ampulla. The last part of the oviduct, isthmus has a narrow lumen and it joins the uterus.

 19. Ribosomes have two sites – A site and P site. These sites act as placements (locations) for two 
charged aminoacylated tRNA. A peptide bond is formed between the carboxyl group of amino acid 
at P site and amino group of amino acid at A site by the enzyme peptidyl transferase. ATP facilitates 
the reaction by providing energy.

  Related Theory
  The ribosome consists of structural RNAs and about 80 different proteins. In its inactive state, it exists as two subunits; 

a large subunit and a small subunit. When the small subunit encounters an mRNA, the process of translation of the 
mRNA to protein begins. There are two sites in the large subunit, for subsequent amino acids to bind to and thus, be 
close enough to each other for the formation of a peptide bond. The ribosome also acts as a catalyst (23S rRNA in 
bacteria is the enzyme- ribozyme) for the formation of peptide bond.

 20. Haemophilia is an X-chromosome linked recessive disorder. In the given pedigree chart, the female in 
the	first	generation	is	affected	(Xh Xh)	but	the	male	is	unaffected	(XY).	So,	the	next	generation	female	
will only be a carrier of the gene inherited from the mother. In the third and fourth generations, the 
disorder reappears because males only need a single gene for the defect which has been inherited 
from the carriers.
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 21.	 (A)	 Pectinases:	The	bottled	juices	are	clarified	by	the	use	of	pectinases	and	proteases.
(B) Cyclosporin A: It is used as an immunosuppressive agent in organtransplant patients.
(C) Lipases: Lipases are used in detergent formulations and are helpful in removing oily stains from 

the laundry
(D) Statins: Statins have been commercialised as blood-cholesterol lowering agents.

OR
The spleen is a large bean- shaped organ. It mainly contains lymphocytes and phagocytes. It acts 
as	a	filter	of	the	blood	by	trapping	blood-borne	microorganisms.	Spleen	also	has	a	large	reservoir	
of erythrocytes.

  Related Theory
  After maturation the lymphocytes migrate to secondary lymphoid organs like spleen, lymph nodes, tonsils, Peyer’s 

patches of small intestine and appendix. The secondary lymphoid organs provide the sites for interaction of 
lymphocytes with the antigen, which then proliferate to become effector cells.

 22. ELISA (Enzyme Linked Immunosorbent Assay) and PCR (Polymerase Chain Reaction) are used in the 
diagnosis of cancer.

 23. Many fungi belonging to the genera Microsporum, Trichophyton and Epidermophyton are 
responsible for ringworms infections. Appearance of dry, scaly lesions on various parts of the body 
such as skin, nails and scalp are the main symptoms. These lesions are accompanied by intense 
itching. Heat and moisture help these fungi to grow, which makes them thrive in skin folds such as 
those in the groin or between the toes. Ringworms are generally acquired from soil or by using 
towels, clothes or even the comb of infected individuals.

 24. (A) LSD is a semisynthetic hallucinogen because it has both natural and synthetic components. 
Diethylamide	 is	 LSD's	 synthetic	 ingredient.	 LSD's	 hallucinogenic	 effects,	 however,	 come	 from	
lysergic acid, which is found in morning glory seeds and more commonly in an ergot fungus 
called Clavica pupurea	that	grows	on	rye	and	certain	other	grains.	It	has	hallucinogenic	effects.

(B) Cocaine is obtained from coca plant Erythroxylum coca. It interferes with the transport of the 
neuro-transmitter dopamine. It has a potent stimulating action on central nervous system, 
producing a sense of euphoria and increased energy.

  Related Theory
  Excessive dosage of cocaine causes hallucinations. Other well-known plants with hallucinogenic properties are Atropa 

belladona and Datura. These days cannabinoids are also being abused by some sportspersons.

 25. In localised stressful conditions, organisms opt for the following ways:
Migration: Some animals avoid stressful habitats by temporarily migrating to a more favourable 
location e.g. migratory birds of Siberia moving to areas near equator to escape tough Siberian 
winters.
Suspend: Some organisms slow down or suspend their metabolic processes to avoid stressful 
conditions. E.g. spores of fungi form thick walls, snails go into aestivation and zooplanktons enter 
diapause.
Regulate: Some organisms are able to maintain homeostasis by physiological (sometimes 
behavioural also) means which ensures constant body temperature, constant osmotic concentration, 
etc. All birds and mammals, and a very few lower vertebrate and invertebrate species are indeed 
capable of such regulation (thermoregulation and osmoregulation).
(Write any two points)
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SECTION - C
 26. (A) (i) Ovary, (ii) Isthmus, (iii) Ampulla, (iv) Infundibulum.

(B) Oviduct.
(C) Fimbriae are present at the edges of the Infundibulum. They help in collection of Ovum after 

Ovulation.

 27. GM (Genetically	modified)	plants	have	been	useful	in	many	ways.	Genetic	modification	has:
(1) Made crops more tolerant to abiotic stresses (cold, drought, salt, heat).
(2) Reduced reliance on chemical pesticides (pest-resistant crops).
(3) Helped to reduce post harvest losses.
(4)	 Increased	effciency of mineral usage by plants (this prevents early exhaustion of fertility of soil).
(5) Enhanced nutritional value of food, e.g., golden rice, i.e., Vitamin ‘A’ enriched rice. 
(Write any three points)

  Related Theory
  GM has been used to create tailor-made plants to supply alternative resources to industries, in the form of starches, 

fuels and pharmaceuticals.

 28. (A) These are the symptoms of Down’s Syndrome. The cause of this genetic disorder is the presence 
of an additional copy of the chromosome number 21 ( trisomy of 21).

(B) These are the symptoms of Turner’s Syndrome. It is caused due to the absence of one of the X 
chromosomes, i.e., 45 with X0.

(C) These are the symptoms of Klinefelter’s Syndrome. This genetic disorder is also caused due to 
the presence of an additional copy of X- chromosome resulting into a karyotype of 47, XXY.

  Related Theory
  The total number of chromosomes in a normal human cell is 46 (23 pairs). Out of these 22 pairs are autosomes and 

one pair of chromosomes are sex chromosome. Sometimes, though rarely, either an additional copy of a chromosome 
may be included in an individual or an individual may lack one of any one pair of chromosomes. These situations are 
known as trisomy or monosomy of a chromosome, respectively. Such a situation leads to very serious consequences 
in the individual. Down’s syndrome, Turner’s syndrome, Klinefelter’s syndrome are common examples of chromosomal 
disorders.

 29.	 The	blood	sample	can	be	used	for	DNA	fingerprinting	to	identify	the	criminal.
Procedure:
(1)	 DNA	is	isolated	from	the	sample	and	is	amplified	by	polymerase	chain	reaction.
(2)	 Amplified	DNA	is	cut	into	fragments	with	restriction	endonucleases	and	separated	by	agarose	

gel electrophoresis.
(3) The separated DNA fragments are visualised by staining and irradiation by UV rays.
(4) The DNA fragments are transferred to nitrocellulose or nylon membrane. (Southern blotting 

procedure).
(5)	 VNTR	probes	are	added	to	the	membrane	which	binds	to	complementary	DNA	for	identification.	

(Hybridisation process)

 30. Colour Blindness is a sex-linked recessive disorder caused due to defect in either red or green cone of 
eye resulting in failure to discriminate between red and green colour. This defect is due to mutation 
in certain genes present in the X chromosome. It occurs in about 8 per cent of males and only 
about 0.4 per cent of females. This is because the genes that lead to red-green colour blindness 
are on the X chromosome. Males have only one X chromosome and females have two. The son of 
a woman who carries the gene has a 50 per cent chance of being colour blind. The mother is not 
herself	colour	blind	because	the	gene	 is	recessive.	That	means	that	 its	effect	 is	suppressed	by	her	
matching dominant normal gene. A daughter will not normally be colour blind, unless her mother 
is a carrier and her father is colour blind.
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OR
(A) Nitrogenous base/Pentose sugar.
(B) Pentose sugar/Nitrogenous base.
(C) N-glycosidic linkage.
(D) Phosphate group.
(E) Phosphodiester linkage.
(F) 3’-5’ phosphodiester linkage.

SECTION - D
 31. (A) Lactose is the substrate for the enzyme beta-galactosidase and it regulates switching on and 

off	of	the	operon.	Hence,	it	is	termed	as	inducer.
(B) The lac operon consists of one regulatory gene (the i gene – here the term i does not refer to 

inducer, rather it is derived from the word inhibitor) and three structural genes (z, y, and a). The i 
gene codes for the repressor of the lac operon. The z gene codes for beta-galactosidase (β-gal), 
which is primarily responsible for the hydrolysis of the disaccharide, lactose into its monomeric 
units, galactose and glucose. The y gene codes for permease, which increases permeability 
of the cell to β-galactosides. The a gene encodes a transacetylase. Hence, all the three gene 
products in lac operon are required for metabolism of lactose.

  Related Theory
  The repressor of the operon is synthesised (all-the-time – constitutively) from the i gene. The repressor protein binds 

to the operator region of the operon and prevents RNA polymerase from transcribing the operon. In the presence 
of an inducer, such as lactose or allolactose, the repressor is inactivated byinteraction with the inducer. This allows 
RNA polymerase access to the promoter and transcription proceeds. Essentially, regulation of lac operon can also be 
visualised as regulation of enzyme synthesis by its substrate.

OR
(A) A is the DNA dependent DNA polymerase as its average rate of polymerisation is approximately 

2000 bp per second.
(B) DNA replication basically involves the following steps :

(1) Initiation of DNA replication :	Starts	at	a	definite	site	called	the	ORIGIN	OF	REPLICATION	
(Ori). Eukaryotes have several Ori.

(2) Unwinding of Helix : Unwinding of the double helix is done by an enzyme called helicase 
resulting in Y-shaped replication fork. These exposed strands are stabilised by SSB (Single 
strand binding protein). The supercoiling developed at the opposite end is released by 
Topoisomerase.

(3) Formation of Primer strand : DNA polymerase III is the true replicase but is unable to 
deposit	the	first	first	nucleotide	in	the	daughter	strand	(Initiation).	Primase	does	the	job	by	
synthesising the short primer strand.

(4) Elongation of new strand : Synthesis of daughter strand occurs continuously across the 
upper strand but the lower strand is synthesised in pieces which are later joined by DNA 
Ligase.

  Related Theory
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 32. (A) The principle of immunisation or vaccination is based on the property of ‘memory’ of the 
immune system. In vaccination, a preparation of antigenic proteins of pathogen or inactivated/
weakened pathogen (vaccine) are introduced into the body. The antibodies produced in the 
body against these antigens would neutralise the pathogenic agents during actual infection. 
The vaccines also generate memory – B and T -cells that recognise the pathogen quickly on 
subsequent exposure and overwhelm the invaders with a massive production of antibodies.

(B) Active: When a host is exposed to antigens, which may be in the form of living or dead microbes 
or other proteins, antibodies are produced in the host body. This type of immunity is called 
active	 immunity.	 Active	 immunity	 is	 slow	 and	 takes	 time	 to	 give	 its	 full	 effective	 response.	
Passive: When ready-made antibodies are directly given to protect the body against foreign 
agents, it is called passive immunity. It elicits a faster response.

  Related Theory
  Do you know why mother’s milk is considered very essential for the new- born infant ? The yellowish fluid colostrum 

secreted by mother during the initial days of lactation has abundant antibodies (IgA) to protect the infant. The foetus 
also receives some antibodies from their mother, through the placenta during pregnancy. These are some examples 
of passive immunity.

OR
(A) With our present day life styles environmental pollution is a major cause of concern. The 

use of the chemical fertilisers to meet the ever-increasing demand of agricultural produce 
has	 contributed	 significantly	 to	 this	 pollution.	We	have	now	 realised	 that	 there	are	problems	
associated with the overuse of chemical fertilisers and there is a large pressure to switch to 
organic farming – the use of biofertilisers. Biofertilisers are organisms that enrich the nutrient 
quality of the soil. The main sources of biofertilisers are bacteria, fungi and cyanobacteria.

(B) Bt cotton is resistant to any kind of infestation by pests. This entails minimum loss of crop due 
to any external factors. Hence, the farmer gets more biomass in case of usage of Bt cotton. It 
is also resistant to a number of plant diseases.

  Related Theory
  Specific Bt toxin genes were isolated from Bacillus thuringiensis and incorporated into the several crop plants such as 

cotton. The choice of genes depends upon the crop and the targeted pest, as most Bt toxins are insectgroup specific. 
The toxin is coded by a gene cryIAc named cry. There are a number of them, for example, the proteins encoded by 
the genes cryIAc and cryIIAb control the cotton bollworms, that of cryIAb controls corn borer.

 33. (A)
Post-reproductive

Expanding Stable Declining

Reproductive

Pre-reproductive

(B)	 The	age	pyramids	show	the	distribution	of	different	age	groups	in	a	population.	Through	analysis	
of the age pyramids, the policy-makers can have a proper planning for health, education 
and infrastructure of the region. Better employment schemes and transport systems can be 
managed. The age pyramids give an insight into the requirements of the population.

OR
(A) A population growing in a habitat with limited resources show initially a lag phase, followed by 

phases	of	acceleration	and	deceleration	and	finally	an	asymptote,	when	the	population	density	
reaches the carrying capacity. A plot of N in relation to time (t) results in a sigmoid curve. This 
type of population growth is called Verhulst-Pearl Logistic Growth (Figure 13.6) and is described 
by the following equation:

 
Where

 

dN
dt  = rN 

{(K – N)}
K

  N = Population density at time t
  r = Intrinsic rate of natural increase K = Carrying capacity
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(B) Commensalism:	This	 is	 the	 interaction	 in	which	one	species	benefits	and	the	other	 is	neither	
harmed	nor	benefited.	E.g.	The	cattle	egret	and	grazing	cattle	 in	close	association.	The	egrets	
always forage close to where the cattle are grazing because the cattle, as they move, stir up 
and	flush	out	insects	from	the	vegetation	that	otherwise	might	be	diff	icult	for	the	egrets	to	find	
and catch.

 Mutualism:	This	interaction	confers	benefits	on	both	the	interacting	species.	Lichens	represent	
an intimate mutualistic relationship between a fungus and photosynthesising algae or 
cyanobacteria. Similarly, the mycorrhizae are associations between fungi and the roots of 
higher plants. The fungi help the plant in the absorption of essential nutrients from the soil 
while the plant in turn provides the fungi with energy-yielding carbohydrates.
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12
SOLUTION

SECTION - A
 1. The embryonic stage which gets implanted in the uterine wall of a human female is Blastocyst.

Explanation: The morula divides continuously to form a large mass of cells called blastocyst.  It 
has an outer layer called the trophoblast and inner cell mass. The trophoblast gets attached to the 
endometrium and the inner cell mass develops into the embryo.

  Related Theory
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 2. The stage of Plasmodium that gains entry into the humans, when bitten by an infected female 
Anopheles mosquito is the Sporozoite stage.

  Related Theory
  Plasmodium enters the human body as sporozoites (infectious form) through the bite of infected female Anopheles 

mosquito. The parasites initially multiply within the liver cells and then attack the red blood cells (RBCs) resulting in 
their rupture. The rupture of RBCs is associated with release of a toxic substance, haemozoin, which is responsible 
for the chill and high fever recurring every three to four days. When a female Anopheles mosquito bites an infected 
person, these parasites enter the mosquito’s body and undergo further development. The parasites multiply within 
them to form sporozoites that are stored in their salivary glands.

 3. Exonucleases remove nucleotides from the ends of the DNA whereas, endonucleases make cuts at 
specific positions within the DNA.
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  Related Theory
  Each restriction endonuclease functions by ‘inspecting’ the length of a DNA sequence. Once it finds its specific 

recognition sequence, it will bind to the DNA and cut each of the two strands of the double helix at specific points 
in their sugar-phosphate backbones. Each restriction endonuclease recognises a specific palindromic nucleotide 
sequences in the DNA.

 4. PERISPERM
(1) It is the residual, persistent nucellus present in a seed.
(2) For example it is present in black pepper and beet 
PERICARP
(1) The wall of the ovary develops into the wall of fruit called pericarp. 
(2) The fruits may be fleshy as in guava, orange, mango, etc., or may be dry, as in groundnut, and 

mustard, etc. (Any one difference) 

 5. (A) AUG codon – AUG has dual functions. It codes for the amino acid Methionine (met) , and it also 
act as initiator codon.

(B) UAG codon – It is a stop codon/terminates the process of translation. 

  Related Theory
  UAA,UAG,UGA are stop / terminator codons.

 6. After the completion of electrophoresis, the separated bands of DNA are cut out from the agarose 
gel and extracted from the gel piece. This step is known as elution.

  Related Theory
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7.

   
CHROMOSOMES GENES

(1) Independent pairs segregate independently of 
each other.

One pair segregated independently of 
another pair.

(2) A single chromosome comprises of many genes. A single gene is a locus on a chromosome.

(3) Chromosomal mutations lead to chromosomal 
abnormalities such as deletion, duplication, etc.

Gene mutations lead to point mutations 
and frameshift mutations.

(Write any two points)
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  Related Theory
  Sutton and Boveri argued that the pairing and separation of a pair of chromosomes would lead to the segregation 

of a pair of factors they carried. Sutton united the knowledge of chromosomal segregation with Mendelian principles 
and called it the chromosomal theory of inheritance.

 8. (A) One invasive plants pecies in India- Parthenium (Carrot grass).
(B) One invasive animal species in India- Clariusgariepinus (African catfish). 

 9. In biolistics, cells are bombarded with high velocity micro-particles of gold or tungsten coated with 
DNA.

 10. Tilman hypothesised that in his experiments, increased diversity contributed to higher productivity.

 11. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion. 
Explanation: Each testis has about 250 compartments called testicular lobules. Each lobule contains 
one to three highly coiled seminiferous tubules in which sperms are produced. Each seminiferous 
tubule is lined on its inside by two types of cells called male germ cells (spermatogonia) and Sertoli 
cells. The male germ cells undergo meiotic divisions finally leading to sperm formation, while Sertoli 
cells provide nutrition to the germ cells. 

  Related Theory
  

Visceral peritoneum

Tunica albuginea
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Seminiferous
tubule
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Germinal
epithelium
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Spermatocytes
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Interstitial

cells

Section view of seminiferous tubule of human male

OR
(a) Both assertion and reason are true, and the reason is the correct explanation of the assertion. 
Explanation: Parturition is induced by a complex neuroendocrine mechanism. The signals for 
parturition originate from the fully developed foetus and the placenta which induce mild uterine 
contractions called foetal ejection reflex. This triggers release of oxytocin from the maternal 
pituitary. Oxytocin acts on the uterine muscle and causes stronger uterine contractions, which in 
turn stimulates further secretion of oxytocin. The stimulatory reflex between the uterine contraction 
and oxytocin secretion continues resulting in stronger and stronger contractions. This leads to 
expulsion of the baby out of the uterus through the birth canal – parturition.
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 12. (c) Assertion is true but the reason is false.
Explanation: Surgical intervention blocks gamete transport and thereby prevent conception. 
Sterilisation procedure in the male is called ‘vasectomy’ and that in the female, ‘tubectomy’. In 
vasectomy, a small part of the vas deferens is removed or tied up through a small incision on the 
scrotum whereas in tubectomy, a small part of the fallopian tube is removed or tied up through 
a small incision in the abdomen or through vagina. These techniques are highly effective but their 
reversibility is very poor. 

  Related Theory
  

Vas deferens

Vasectomy Tubectomy

Fallopian tube

 13. (c) Assertion is true but the reason is false.
Explanation: DNA Helicase plays a role in unwinding the double helical parental molecule so that 
its internal bases are available to the replication enzymes.

  Related Theory
  The DNA polymerases on their own cannot initiate the process of replication. Also the replication does not initiate 

randomly at any place in DNA. There is a definite region in E. coli DNA where the replication originates. Such regions 
are termed as origin of replication. It is because of the requirement of the origin of replication that a piece of DNA 
if needed to be propagated during recombinant DNA procedures, requires a vector. The vectors provide the origin of 
replication.

 14. (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: The flowers form the core component in plants for carrying out the process of 
sexual reproduction. The fusion of gametes post the pollination events between male and female 
reproductive parts in the flowers which involve the transfer of pollen grains from the anther to the 
stigma form the baseline of the process of sexual reproduction in flowering plants.

 15. (A) (a)  DNA contains Phosphorous but not Sulphur.
Explanation: The function of DNA could only be found by labelling it with a radioactive tracer. DNA 
contains Phosphorous but not Sulphur. DNA has a Sugar-Phosphate backbone.

  Related Theory
  When nucleotides are incorporated into DNA, adjacent nucleotides are linked by a Phosphodiester bond. A covalent 

bond is formed between the 5’ phosphate group of one nucleotide and the 3’-OH group of another. In this manner, 
each strand of DNA has a Sugar-phosphate “backbone”.

  The backbone has a 5’ end (with a free phosphate) and a 3’ end (with a free -OH group).

(B) (b) The protein coat consists of Sulphur.
Explanation: Proteins are formed of amino acids. A lot of amino acids like Methionine and Cysteine 
contain Sulphur. There is no presence of Phosphorous in the amino acids/proteins. The bacteriophage 
coat is entirely made up of proteins.
As stated earlier, DNA has a sugar-phosphate backbone and hence it doesn’t contain sulphur.
(C) (a) Inside the Bacterial cells.
Explanation: DNA carries all the genetic information and therefore, only DNA can enter the 
bacterial host. It won’t be present in the medium as it was taken up by the bacterial cells. The 
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radioactive DNA labelled with P32 was hence detected inside the bacterial cells while there was 
no trace of the Bacteriophage protein coat, labelled with S35.
The radioactive protein coat labelled with S35 appeared outside, in the medium.
(D) (a) Yes.
Explanation: DNA is the genetic material which is passed on to the future generations. Hence, if the 
parental DNA is radioactively tagged, it will pass to the future generations during multiplication of 
the bacterial cells. Also, radioactive decay will stay for at least a couple of generations as it a but 
slow as compared to the rate of multiplication of bacterial cells. Radioactive decay is subject to the 
type of radioactive isotope/material used in the experiment.

  Related Theory
  Radioactivity is present in certain types of matter. It basically involves spontaneous emission of energy and subatomic 

particles. It is an attribute of individual atomic nuclei. Generally, it is a result of nuclear instability.

(E) (a) Both assertion and reason are true, and the reason is the correct explanation of the assertion.
Explanation: Only the DNA enters the bacterial host. It carries the genetic information to the next 
generation. It contains all the data for protein synthesis. Hence, it is passed on to the upcoming 
generations and is the infective part.

 16. (A) (c) Chitinase
Explanation: It is required to break open a cell to release DNA along with other macromolecules 
such as RNA, proteins, polysaccharides, lipids, etc. From this mixture, DNA is isolated and purified. 
A release of DNA from a cell is achieved by treating the cells or tissues with enzymes such as 
lysozyme (bacteria), cellulose (plant cells), chitinase (fungus), etc. Since the fungal cell wall is made 
up of chitin, isolation of DNA requires the use of enzyme Chitinase.

  Related Theory
  The genes are located on the long molecules of DNA intertwined with protein such as histones. The RNA  can be 

removed by treatment with ribonuclease whereas proteins can be removed by treatment with protease. Other 
molecules can be removed by appropriate treatments and purified DNA ultimately precipitates out after the addition 
of chilled ethanol. This can be seen as collection of fine threads in the suspension.

(B) (b) Two
Explanation: Primers, which are small chemically synthesised Oligonucleotides that are 
complimentary to the regions of DNA, are generally 10 to 18 nucleotides long. They hybridise to 
the target DNA region, one to each strand of the double helix. Two primers are required, oriented 
with their ends facing each other allowing synthesis of the DNA towards one another.
(C) (d) Thermus aquaticus
Explanation: DNA synthesis needs to be carried out by a polymerase which is stable at high 
temperatures.
The polymerase which is generally used in PCR reactions or polymerase chain reaction is known as 
Taq polymerase. It is isolated from a bacterium called Thermus aquaticus.
Other thermostable polymerases can also be used.
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Thermus aquaticus

  Related Theory
  If the process of replication of DNA is repeated many times, the segment of DNA can be amplified to approximately 

1 billion times that is more than 1 billion copies will be made. Such repeated amplification is achieved by the use of 
a thermostable DNA polymerase which remains active during the high temperature induced denaturation of double 
stranded DNA. The amplified fragment, if desired can now be used to ligate with a vector for further cloning.

(D) (a) Denaturation ® Annealing ® Extension
Explanation: A single PCR (polymerase chain reaction) amplification cycle involves three basic 
steps Denaturation, Annealing and Extension.
(1) Denaturation: The target DNA is heated to a high temperature (usually above 94°C), resulting 

in the separation of the two strands. Each single strand of the target DNA then acts as a 
template for further DNA synthesis.

(2) Annealing: The two oligo-nucleotide primers anneal (hybridise) to each of the single stranded 
template DNA since the sequence of the primers is complementary to the 3' ends of the 
template. This step is carried out at a lower temperature and varies with the length and 
sequence of the primers.

(3) Primer Extension or Polymerisation: Taq DNA polymerase from a thermophilic bacterium 
Thermusaquaticus) carries out the DNA synthesis at high temperatures. Primers, which are 
small chemically synthesised Oligonucleotides that are complimentary to the regions of DNA, 
are generally 10 to 18 nucleotides long. They hybridise to the target DNA region, one to each 
strand of the double helix.

(E) (c) Chitinase
Explanation: The fungal cell wall is a complex and flexible structure composed basically of chitin, 
α - and β - linked glucans, glycoproteins, and pigments. Chitinase can hence help in DNA isolation 
in the aforementioned case.

SECTION - B
 17. Plants like potato and sugarcane can produce new plants by vegetative propagation. They reproduce 

by the vegetative parts. Potato develops from the vegetative bud in the tuber and sugarcane 
develops from the stem. Few other examples include Bougainvillea which develops from vegetative 
buds in leaf margins and garlic and onion develop from the bulb, which is a modified stem.

  Related Theory
  Although seeds, in general are the products of fertilisation, a few flowering plants such as some species of Asteraceae 

and grasses, have evolved a special mechanism, to produce seeds without fertilisation, called apomixis. Apomixis is a 
form of asexual reproduction that mimics sexual reproduction.

 18. VNTR stands for variable number of tandem repeats. VNTR are short nucleotides repeated many 
times in the genome and vary from person to person. On the other hand, probe is an artificially 
synthesized short nucleotide sequence specific to VNTR sequences.
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  Related Theory
  The VNTR belongs to a class of satellite DNA referred to as mini-satellite. A small DNA sequence is arranged tandemly 

in many copy numbers. The copy number varies from chromosome to chromosome in an individual. The numbers 
of repeat show very high degree of polymorphism. As a result the size of VNTR varies in size from 0.1 to 20 kb. 
Consequently, after hybridisation with VNTR probe, the autoradiogram gives many bands of differing sizes. These 
bands give a characteristic pattern for an individual DNA.

OR

   

H1 histone

Histone
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DNA

Core of histone molecules

Nucleosome

  Related Theory
  Histones are organised to form a unit of eight molecules called histone octamer.
  The negatively charged DNA is wrapped around the positively charged histone octamer to form a structure called 

nucleosome). A typical nucleosome contains 200 bp of DNA helix. Nucleosomes constitute the repeating unit of a 
structure in nucleus called chromatin, thread- like stained (coloured) bodies seen in nucleus. The nucleosomes in 
chromatin are seen as ‘beads-on-string’ structure when viewed under electron microscope (EM).

 19. Innate immunity is non-specific type of defence, present in a person from birth. Cellular barrier is 
provided by the white blood cells (WBCs) and macrophages. These cells are phagocytes and kill 
microbes in the blood. Cytokine barrier is provided by interferons. These are chemicals released by 
virus-infected cells to protect the other non-infected cells.

  Related Theory
  Innate immunity consist of four types of barriers. These are:

(1) Physical barriers: Skin on our body is the main barrier which prevents entry of the micro-organisms. Mucus 
coating of the epithelium lining the respiratory, gastrointestinal and urogenital tracts also help in trapping 
microbes entering our body.

(2) Physiological barriers: Acid in the stomach, saliva in the mouth, tears from eyes–all prevent microbial growth.
(3) Cellular barriers: Certain types of leukocytes (WBC) of our body like polymorpho-nuclear leukocytes (PMNL-

neutrophils) and monocytes and natural killer (type of lymphocytes) in the blood as well as macrophages in 
tissues can phagocytose and destroy microbes. 

(4) Cytokine barriers: Virus-infected cells secrete proteins called interferons which protect non-infected cells from 
further viral infection.

 
20.

  

Opioids Cannabinolds

(1) Opioids are the drugs, which bind to spe-
cific opioid receptors present in our cen-
tral nervous system and gastrointestinal 
tract.

Cannabinoids are a group of chemicals which 
interact with cannabinoid receptors present 
principally in the brain.

(2) Many of them are extracted from poppy 
plant Papaver somniferum.

Natural cannabinoids are obtained from the 
inflorescences of the plant Cannabis sativa.

(3) E.g. Heroin E.g. Marijuana
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21.

 

Benign tumour Malignant tumour

(1) It is non-cancerous. It is cancerous.

(2) It is less fatal to body. It can be highly fatal to body.

(3) It does not exhibit the property of metas-
tasis and is non-invasive in nature.

It exhibits the property of metastasis and is in-
vasive in nature.

(4) It does not return once removed. It can return even after being removed

(5) It has limited growth. It has indefinite growth.

  Related Theory
  In our body, cell growth and differentiation is highly controlled and regulated. In cancer cells, there is breakdown 

of these regulatory mechanisms. Normal cells show a property called contact inhibition by virtue of which contact 
with other cells inhibits their uncontrolled growth. Cancer cells appears to have lost this property. As a result of this, 
cancerous cells just continue to divide giving rise to masses of cells called tumors.

OR
Wuchereria (W. bancrofti and W. malayi), the filarial worms cause a slowly developing chronic 
inflammation of the organs in which they live for many years, usually the lymphatic vessels of the 
lower limbs and the disease is called elephantiasis or filariasis. The genital organs are also often 
affected, resulting in gross deformities. The pathogens are transmitted to a healthy person through 
the bite by the female mosquito vectors.

 22. (A) Exine.
(B) Intine.
(C) Vegetative cell.
(D) Generative cell.

  Related Theory
  Pollen grains have a prominent two-layered wall. The hard outer layer called the exine is made up of sporopollenin 

which is one of the most resistant organic material known. Exine has prominent apertures called germ pores where 
sporopollenin is absent. 

The inner wall of the pollen grain is called the intine. It is a thin and continuous layer made up of cellulose and pectin. 
The cytoplasm of pollen grain is surrounded by a plasma membrane. When the pollen grain is mature it contains 
two cells, the vegetative cell and generative cell. The vegetative cell is bigger, has abundant food reserve and a large 
irregularly shaped nucleus. The generative cell is small and floats in the cytoplasm of the vegetative cell. It is spindle 
shaped with dense cytoplasm and a nucleus. In over 60 per cent of angiosperms, pollen grains are shed at this 
2-celled stage. In the remaining species, the generative cell divides mitotically to give rise to the two male gametes 
before pollen grains are shed (3-celled stage).

 23. African catfish Clarias gariepinus.
Event - Alien species invasion.

  Related Theory
  When alien species are introduced unintentionally or deliberately for whatever purpose, some of them turn invasive, 

and cause decline or extinction of indigenous species. The Nile perch introduced into Lake Victoria in east Africa led 
eventually to the extinction of an ecologically unique assemblage of more than 200 species of cichlid fish in the lake.

 24. The life cycles of parasites often involve one or two intermediate hosts or vectors to facilitate 
parasitisation of its primary host.
The malarial parasite needs a vector (mosquito) to spread to other hosts. Since only the parasite 
i.e. the Plasmodium transferred by mosquito and the mosquito itself derived benefit from the host 
(humans), it justifies the given argument.
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  Related Theory
  Plasmodium enters the human body as sporozoites (infectious form) through the bite of infected female Anopheles 

mosquito. The parasites initially multiply within the liver cells and then attack the red blood cells (RBCs) resulting in 
their rupture. The rupture of RBCs is associated with release of a toxic substance, haemozoin, which is responsible 
for the chill and high fever recurring every three to four days. When a female Anopheles mosquito bites an infected 
person, these parasites enter the mosquito’s body and undergo further development. The parasites multiply within 
them to form sporozoites that are stored in their salivary glands. When these mosquitoes bite a human, the sporozoites 
are introduced into his/ her body, thereby initiating the events mentioned above. It is interesting to note that the 
malarial parasite requires two hosts – human and mosquitoes – to complete its life cycle; the female Anopheles 
mosquito is the vector (transmitting agent) too.

 25. (A) Tubectomy.
(B) Surgical intervention blocks gamete transport and thereby prevent conception. In tubectomy, a 

small part of the fallopian tube is removed or tied up through a small incision in the abdomen 
or through vagina.

SECTION - C
 26. The sex determining mechanism in case of humans is of XY type. Out of 23 pairs of chromosomes 

present, 22 pairs are exactly same in both males and females; these are the autosomes. A pair 
of X-chromosomes are present in the female, whereas the presence of an X and Y chromosome 
are determinant of the male characteristic. During spermatogenesis among males, two types of 
gametes are produced. 50 per cent of the total sperm produced carry the X-chromosome and 
the rest 50 per cent has Y-chromosome besides the autosomes. Females, however, produce only 
one type of ovum with an X-chromosome. There is an equal probability of fertilisation of the 
ovum with the sperm carrying either X or Y chromosome. In case the ovum fertilises with a sperm 
carrying X-chromosome the zygote develops into a female (XX) and the fertilisation of ovum with 
Y-chromosome carrying sperm results into a male offspring.

  Related Theory
  It is evident that it is the genetic makeup of the sperm that determines the sex of the child. It is also evident that in 

each pregnancy there is always 50 per cent probability of either a male or a female child. It is unfortunate that in our 
society women are blamed for giving birth to female children and have been ostracised and ill-treated because of this 
false notion.

 27. (A) Spleen is a large bean- shaped organ. It mainly contains lymphocytes and phagocytes. It acts 
as a filter of the blood by trapping blood-borne micro- organisms. Spleen also has a large 
reservoir of erythrocytes. 

(B) Normal cells show a property called contact inhibition by virtue of which contact with other 
cells inhibits their uncontrolled growth. Cancer cells appears to have lost this property. As a 
result of this, cancerous cells just continue to divide giving rise to masses of cells called tumors. 

OR
(A) BOD refers to the amount of the oxygen that would be consumed if all the organic matter 

in one liter of water were oxidised by bacteria. The BOD test measures the rate of uptake of 
oxygen by micro-organisms in a sample of water and thus, indirectly, BOD is a measure of the 
organic matter present in the water. The greater the BOD of waste water, more is its polluting 
potential.

(B) Biofertilisers are organisms that enrich the nutrient quality of the soil. The main sources of 
biofertilisers are bacteria, fungi and cyanobacteria. They can enrich the nutrient content of the 
soil without any harmful effect and thus offer a great alternative to chemical fertilisers. Hence, 
they play a key role in organic farming.

  Related Theory
  Cyanobacteria are autotrophic microbes widely distributed in aquatic and terrestrial environments many of which can 

fix atmospheric nitrogen, e.g. Anabaena, Nostoc, Oscillatoria, etc. In paddy fields, cyanobacteria serve as an important 
biofertiliser. Blue green algae also add organic matter to the soil and increase its fertility.
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 28. (A) (i) Corpus luteum is illustrated by ‘G’. 
(ii) Ovulation is illustrated by ‘F’.

(B) Luteinising hormone influences its formation.
(C) ’D’ is the developing tertiary follicle and ‘E’ is the matured tertiary follicle.

  Related Theory
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 29. (A) Snails- Suspension- They undergo aestivation (is a state of animal dormancy, similar to 
hibernation, although taking place in the summer rather than the winter) to avoid summer–
related problems-heat and dessication.

(B) Bears- Suspension- Bears going into hibernation (An inactive state resembling deep sleep 
in which certain animals living in cold climates pass the winter. In hibernation, the body 
temperature is lowered and breathing and heart rates slow down. Hibernation protects the 
animal from cold and reduces the need for food during the season when food is scarce).

(C) Fungi- Spore production/ Suspension of growth during unfavourable period.
(D) Seeds- Suspension- Reduce their metabolic activity and undergo a period of dormancy.
(E) Zooplanktons-Suspension- Under unfavourable conditions many zooplankton species in lakes 

and ponds are known to enter diapause, a stage of suspended development.
(F) Bacteria- Biochemical adaptations.

  Related Theory
  Some organisms show behavioural responses to cope up with variations in their environment. Desert lizards lack the 

physiological ability that mammals have to deal with the high temperatures of their habitat, but manage to keep 
their body temperature fairly constant by behavioural means. They bask in the sun and absorb heat when their body 
temperature drops below the comfort zone, but move into shade when the ambient temperature starts increasing. 
Some species are capable of burrowing into the soil to hide and escape from the above-ground heat.

 30. (A) German naturalist and geographer Alexander von Humboldt. He observed that within a region 
species richness increased with increasing explored area, but only up to a limit. In fact, the 
relation between species richness and area for a wide variety of taxa (angiosperm plants, birds, 
bats, freshwater fishes) turns out to be a rectangular hyperbola.

(B) (i) When the value of Z is between 0.1 and 0.2 the slope of regression is similar when 
unaffected distribution in an area is analysed.

(ii) When the value of Z is between 0.6 and 1.2 the slope of regression is steeper when we 
analyse the species area relationship among very large areas like entire continent. Z stands 
for the regression coeffcient.

(C) The slope will become steeper when species richness increases.
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  Related Theory
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  On a logarithmic scale, the relationship is a straight line described by the equation 

log S = log C + Z log A
  where
  S = Species richness A = Area Z = slope of the line (regression coeffcientt)
  C = Y-intercept.

SECTION - D
 31. (A) Sanskrita was performing a test cross. In a typical test cross an organism showing a dominant 

phenotype (and whose genotype is to be determined) is crossed with the recessive parent 
instead of self-crossing. The progenies of such a cross can easily be analysed to predict the 
genotype of the test organism.

(B) The figure below shows the results of typical test cross where violet colour flower (W) is 
dominant over white colour flower (w).

Homozygous

recessive

Homozygous

recessive

ww ww

w w w w?

WW Ww

Dominant Phenotype

(Genotype unknown)

w

w

w

w

Ww Ww

Ww Ww

Ww Ww

ww ww

Result

Interpretation

All flowers are violet

Unknown flower

is homozygous dominant

Half of the flowers are violet and

half of the flowers are white.

Unknown flower is heterozygous

OR
ABO blood groups are controlled by the gene I. The plasma membrane of the red blood cells has 
sugar polymers that protrude from its surface and the kind of sugar is controlled by the gene. 
The gene (I) has three alleles IA, IB and i. The alleles IA and IB produce a slightly different form of 
the sugar while allele i does not produce any sugar. Because humans are diploid organisms, each 
person possesses any two of the three I gene alleles. IA and IB are completely dominant over i, in 
other words when IA and i are present only IA expresses (because i does not produce any sugar), and 
when IB and i are present IB expresses. But when IA and IB are present together they both express 
their own types of sugars: this is because of co-dominance. Hence red blood cells have both A and 
B types of sugars. Since there are three different alleles, there are six different combinations of these 
three alleles that are possible, and therefore, a total of six different genotypes of the human ABO 
blood types.
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  Related Theory
       Table 5.2: Table Showing the Genetic Basis of Blood Groups in Human Population

Allele from Parent 1 Allele from Parent 2 Genotype of
offspring

Blood types of 
offspring

IA IA IAIA A

IA IB IAIB AB

IA i IAi A

IB IA IAIB AB

IB IB IAIB B

IB i IAi B

i i i i O

 32. (A) A-ampR

 Ampicillin resistance.
 B-tetR

 Tetracycline resistance.
 C- Bam H1 Restriction site.
(B) Steps :

1. Finding an Origin of replication (ori)
2. Using a selectable marker to identify and eliminate Non-transformants.
3. Finding the single cloning site.
4. Selection of recombinants.

(C) Based on given figure, you can ligate a foreign DNA at the BamH I site of   tetracycline resistance 
gene in the vector pBR322. The recombinant plasmids will lose tetracycline resistance due to 
insertion of foreign DNA but can still be selected out from non-recombinant ones by plating 
the transformants on tetracycline containing medium. The transformants growing on ampicillin 
containing medium are then transferred on a medium containing tetracycline. The recombinants 
will grow in ampicillin containing medium but not on that containing tetracycline. But, non- 
recombinants will grow on the medium containing both the antibiotics.

  Related Theory
  Selection of recombinants due to inactivation of antibiotics is a cumbersome procedure because it requires 

simultaneous plating on two plates having different antibiotics. Therefore, alternative selectable markers have been 
developed which differentiate recombinants from non-recombinants on the basis of their ability to produce colour in 
the presence of a chromogenic substrate. In this, a recombinant DNA is inserted within the coding sequence of an 
enzyme, β-galactosidase. This results into inactivation of the gene for synthesis of this enzyme, which is referred to 
as insertional inactivation. The presence of a chromogenic substrate gives blue coloured colonies if the plasmid in the 
bacteria does not have an insert. Presence of insert results into insertional inactivation of the β-galactosidase gene 
and the colonies do not produce any colour, these are identified as recombinant colonies.

OR
(A) The cutting of DNA by restriction endonucleases results in the fragments of DNA which can 

be separated by a technique known as gel electrophoresis. DNA fragments are negatively 
charged molecules and can be separated by forcing them to move towards the anode under 
an electric field through a medium/matrix. The smaller the fragment size, the farther it moves. 
The separated DNA fragments can be visualised only after staining the DNA with a compound 
known as ethidium bromide followed by exposure to UV radiation.resulting in bright orange 
coloured bands of DNA. The separated bands of DNA are cut out from the agarose gel and 
extracted from the gel piece. This step is known as elution.
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(B) Restriction enzymes cut the strand of DNA a little away from the centre of the palindrome 
sites, but between the same two bases on the opposite strands. This leaves single stranded 
portions at the ends. There are overhanging stretches called sticky ends on each strand. They 
form hydrogen bonds with their complementary cut counterparts.

 When cut by the same restriction enzyme, the resultant DNA fragments have the same kind of 
‘sticky-ends’ and, these can be joined together (end-to-end) using DNA ligases.

  Related Theory
  Diagrammatic representation of recombinant DNA technology

     

Foreign DNA

Same restriction enzyme cutting both foreign
DNA and vector DNA at specific point

Vector
DNA

(plasmid)

Ligases join foreign
DNA to plasmid

Transformation

E.coli
Cells divide

Diagrammatic representation of recombinant DNA technology

 33. (A) Pond 1, as the biological oxygen demand is increasing with time. Greater the BOD, greater will 
be the amount of organic matter.

(B) Primary treatment: It basically involves physical removal of particles from the sewage through 
filtration and sedimentation. These are removed in stages; initially, floating debris is removed by 
sequential filtration. Then the grit (soil and small pebbles) are removed by sedimentation. All 
solids that settle form the primary sludge, and the supernatant forms the effluent. The effluent 
from the primary settling tank is taken for secondary treatment. 

 Secondary treatment: The primary effluent is passed into large aeration tanks where it 
is constantly agitated and air is pumped into it allowing vigorous growth of useful aerobic 
microbes into flocs. While growing, these microbes consume the major part of the organic 
matter in the effluent reducing the BOD (biochemical oxygen demand) of the effluent. The 
sewage water is treated till the BOD is reduced. The greater the BOD of waste water, more is 
its polluting potential. The effluent is then passed into a settling tank where the bacterial ‘flocs’ 
are allowed to sediment. This sediment is called activated sludge. A small part of the activated 
sludge is pumped back into the aeration tank to serve as the inoculum. The remaining major 
part of the sludge is pumped into large tanks called anaerobic sludge digesters. Here, other 
kinds of anaerobic bacteria, digest the bacteria and the fungi in the sludge.The effluent from the 
secondary treatment plant is generally released into natural water bodies.

  Related Theory
  During this digestion, bacteria produce a mixture of gases such as methane, hydrogen sulphide and carbon dioxide. 

These gases form biogas and can be used as source of energy as it is inflammable. Flocsare masses of bacteria 
associated with fungal filaments which form mesh like structurest).
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(1) Biocontrol refers to the use of biological methods for controlling plant diseases and pests. 

It is a sustainable alternative to the use of harmful chemical based insecticides, weedicides, 
pesticides in agriculture which pollute soil and water resources.

(2) An important part of the biological farming approach is to become familiar with the various 
life forms that inhabit the field, predators as well as pests, and also their life cycles, patterns 
of feeding and the habitats that they prefer. This will help develop appropriate means of 
biocontrol. 

(3) For e.g. The Ladybird, and Dragonflies are useful to get rid of aphids and mosquitoes, respectively. 
An example of microbial biocontrol agents that can be introduced in order to control butterfly 
caterpillars is the bacteria Bacillus thuringiensis(often written as Bt ). These are available in 
sachets as dried spores which are mixed with water and sprayed onto vulnerable plants such 
as brassicas and fruit trees, where these are eaten by the insect larvae. In the gut of the larvae, 
the toxin is released and the larvae get killed. The bacterial disease will kill the caterpillars, but 
leave other insects unharmed.

  Related Theory
  Baculoviruses are pathogens that attack insects and other arthropods. The majority of baculoviruses used as biological 

control agents are in the genus Nucleopolyhedrovirus. These viruses are excellent candidates for species-specific, 
narrow spectrum insecticidal applications. They have been shown to have no negative impacts on plants, mammals, 
birds, fish or even on non-target insects. This is especially desirable when beneficial insects are being conserved to aid 
in an overall integrated pest management (IPM) programme, or when an ecologically sensitive area is being treated.
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