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SECTION - A
 1. Gametogenesis and pollination.
 2. Filiform apparatus helps to guide the path of pollen tubes into synergid.
 3. (a)   Explanation : Both assertion and reason are true. Reproduction is the process in which an organism  

       produces young ones like itself which is important for the continuity of the species.
 4. (a) Each primary spermatocyte will undergo meiosis-I and meiosis-II which will result in 4 spermatozoa 300 

million/4= 75 million.
  (b) Since replication has occurred by this stage 46 × 2 = 92 chromatids.
  (c) Meiosis—I is completed by  this time 96/2 = 46 chromatids.
  (d) (ii) Primary spermatocytes divide by mitotic cell division.
  (e) (iii) Secondary oocyte.

SECTION - B
 5. Flower A is chasmogamous flower having exposed anthers and stigma whereas B is a cleistogamous flower that 

does not open at all.
 Cleistogamous flowers produce an assured seed set.               1+1
       6. There are three cells enclosed in the male gametophyte of angiosperms out of which two are male gametes and 

one is tube cell or vegetative cell. The two male gametes are small, round and surrounded by a little cytoplasm.
 They are situated towards the proximal part of the pollen tube, whereas the tube cell or vegetative cells are 

irregular in outline and is present in the distal part of the pollen tube. Two male gametes are functional and take 
part in double fertilization whereas the tube cell/vegetative degenerates after the growth off the  pollen tube.   2

SECTION - C
 7. Spermatogenesis is under the control of endocrine hormones. In the human male reproductive system, 

spermatogenesis starts at the age of puberty due to significant increase in the secretion of gonadotropin 
releasing hormone by the hypothalamus. The increased level of GnRH then acts on the anterior pituitary gland 
and stimulates the secretion of the two luteinzing hormone (LH) and follicle stimulating hormone (FSH). LH 
acts on leydig cells and stimulates the synthesis and secretion of androgens like testosterone which stimulates 
spermatogenesis. FSH acts on the Sertoli cells and stimulates secretion of some factors which help in the process 
of spermiogenesis. Excess of testosterone inhibits the secretion of LH and GnRH. A glycoprotein called inhibin 
suppresses FSH synthesis. Thus the normal release of testosterone is under negative feedback control.
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       8. (i)  Since the reproductive processes such as pollination and fertilization are independent of water, seed formation 
is more dependable.

  (ii)  Seeds have better adaptive strategies for dispersal to new habitats and help the species to colonise in other 
areas.

  (iii)  As they have sufficient food reserves, young seedlings and nourished until they are capable of photosynthesis 
on their own.

  (iv)  The had seed coat protects to the young embryo.
  (v)  Being products of sexual reproduction they generate new genetic combinations/variations.
  (vi)  Dehydration and dormancy of mature seeds are crucial for survival under adverse conditions.         

                 (Any three)3

      9. (i) The contraceptive pills contain little amounts of hormones like progesterone or a combination of progesterone 
and oestrogen. They act bringing about the inhibition of ovulation and implantation.

  They also act by altering the quality of cervical mucus to prevent or retard entry of sperms.
 (ii) These pills have to be taken regularly for 21 days starting within the first five days of menstruation, to be 

repeated after a gap of seven days.                     3

SECTION - D
      10. (i) (a) Autogamy : Pollination is achieved within the same flower. Transfer of pollen grains from the anther 

to the stigma of the same flower. Autogamy in flowers requires synchrony in pollen release and stigma 
receptivity.

 (b) Geitonogamy : Transfer of pollen grains from the anther of one flower to the stigma of another flower on the 
same plant. Although geitonogamy is functionally cross-pollination involving pollinating agents, genetically, 
it is similar to autogamy since the pollen grains come from  the same plant.

 (c) Xenogamy : Transfer of pollen grains from the anther to the stigma of a different plant i.e., cross pollination. 
This is the pollination that brings genetically different types of pollen grains to the stigma.

 (ii) Pollen-pistil interaction :
  (a) It is a dynamic process involving pollen recognition followed by promotion and inhibition of the pollen.
  (b) This interaction takes place through the chemical components produced by them.
  (c) If the pollen is compatible, then the pistil accepts it and promotes post-pollination events.
  (d) The pollen grain germinates on the stigma to produce a pollen tube through one of the germ pores.
  (e) The contents of the pollen grain move into the pollen tube.
  (f) The pollen tube grows through the tissues of the stigma and style and reaches the ovary.
  (g) If the pollen is incompatible then the pistil rejects the pollen by preventing pollen germination on the 

stigma or the pollen tube growth in the style.
  (h) In some plants, the pollen grains are shed at the two-celled stage, the generative cell divides and forms 

the two male gametes during the growth of the pollen tube on the stigma.
  (i) The plants which shed pollen in the three-called stage, the pollen tube carries two male gametes from 

the beginning.
  (j) The pollen tube, after reaching the ovary, enters the ovule through the micropyle, chalaza/integument 

and then enters one of the synergids through the filiform apparatus.
  (k) The filiform apparatus present at the micropylar part of the synergids guides the entry of the pollen 

tube.
  (l) A plant breeder can manipulate pollen-pistil interaction, even in incompatible pollination, to get desired 

hybrids.              1 × 3 + 2 = 5
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SECTION - A
 1. Change indicates that new mutations have been introduced into the population.
 2. Components : Nitrogen base Adenine (a purine) + Deoxyribose sugar.
  Linkage : N-glycosidic linkage [C—N—Cl] ½+ ½
  3. Dryopithecus/Ramapithecus.
 4. (c)  Explanation : Assertion is true, but reason is wrong as Francis Crick has proposed the central dogma.

SECTION - B
 5. Haemophilic females can be produced only in the homozygous condition i.e. when the genes for haemophilia are 

present on both of the X chromosomes (XhXh). Marriage between a haemophilic man (XhY) and carrier woman 
(XhX) will produce a haemophilic female (XhXh) but however, this condition is lethal and therefore haemophilic 
female dies in the foetus state. Thus, the possibility of a human female suffering from haemophilia is rare.

  6. Coding strand–  5' TACGTACGTACGTACGTACGTACG 3’
 mRNA strand– 5' UACGUACGUACGUACGUACGUACG 3’   1 + 1

     7. The two factors responsible for conferring stability to double helix structure of DNA are:
 (i) Stacking of one base over another
 (ii) H-bonding between the nitrogenous base  1 + 1

Detailed Answer :
 Factors conferring stability to double helical structure of DNA are :
 (i) Complementarity of the two strands of DNA due to complementary nitrogenous bases which form strong 

hydrogen bonds with each other. Adenine forms two hydrogen bonds with thymine and cytosine form 3 
hydrogen bonds with guanine.

 (ii) The base pairs are stacked with their planes one over the other in the double helical structure which provides 
extra stability.

 Also, DNA is less reactive due to the absence of reactive —OH group at 2’ carbon. Evolution of a process of repairs 
which prevents their degradation and presence of thymine instead of uracil being more stable as nitrogenous 
base also provide stability to double-helical structure of DNA. 1+1=2

SECTION - C

     8. (a) Short statured / small round head / furrowed tongue / partially open mouth / palm is broad / physical 
development retarded / psychomotor development retarded / mental development retarded. ½

 (b) both / male and female   ½
 (c) Klinefelter's syndrome   ½
 (d) male  ½
 (e) sterile ovaries / rudimentary ovaries, lack of secondary sexual characters. ½
 (f) female.  ½

 9. (i)  5'—AUGCAUGCAUGCAUGCAUGCAUGCAUG —3'
  (ii) By density gradient centrifugation.
  (iii) Polarity of DNA strand a–b is 3'→5' & c–d has polarity 5'→3'.  1 × 3 = 3

SECTION - D
 10. (a) Meselson and Stahl demonstrated semi- conservative mode of replication of a DNA molecule.
 (b) Centrifugation in a CsCl density  gradient.
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 (c) Since E. coli divides every 20 minutes, the DNA extracted after 20 minutes of experiment had a hybrid density 
(14N15N).

  The DNA extracted after 40 minutes had equal amounts of hybrid and  light densities (i.e. 50% hybrid 14N15N, 
50% light 14N14N).

 (d) If Meselson and Stahl's experiment is continued for four generations in bacteria, the ratio of 15N/15N : 15N14N 
: 14N/14N containing DNA in the fourth generation would be 0 : 1 : 7. After third generation (60 min.) bacteria 
contains 25% hybrid (15N14N) in 1 : 3 ratio. After 4th generation (80 min.) bacteria contains 12.5% hybrid and 
87.5% light DNA in 1 : 7 ratio.

 (e) (ii) Meselson and Stahl experimentally proved semi-conservative replication of DNA in E. coli.
  11. (i) Mendelian disorders are mainly determined by alteration or mutation in the single gene, chromosomal 

disorders are due to absence / excess / abnormal arrangement of one or more chromosomes. ½ + ½
  (ii)  Turner's syndrome, Klinefelter's syndrome, Down's syndrome.  (Name any two) 1+1=2
  (iii)  (a) Turner's syndrome : Such a disorder is caused due to the absence of one of the X chromosomes i.e. 44 with 

XO, Such females are sterile as ovaries are rudimentary besides other features including lack of other 
secondary sexual characters.

   (b) 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. Such an individual has overall masculine 
development, however, the feminine development (development of breast i.e. Gynaecomastia) is also 
expressed. Such individuals are sterile.

   (c) Down’s syndrome : The cause of this genetic disorder is the presence of an additional copy of 
chromosome number 21 (trisomy of 21)

    This disorder was first described by Langdon Down (1866).
    The affected individual is short-statured with a small round head, furrowed tongue and partially open 

mouth. Palm is broad with characteristic palm crease. Physical, psychomotor and mental development is 
retarded. 2
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SECTION - A
 1. Both are obtained from a plant ‘Papaver somniferum’. Heroin is related to morphine as it is obtained by acetylation 

of the latter. Morphine is a sedative while heroin is a depressant.
 2. Addiction is the state of succumbing and becoming dependent on a drug, alcohol or tobacco usage, becoming 

physically and psychologically attached to it resulting in euphoria and a temporary feeling of well being.
 3. Pancreatitis, alcoholic hepatitis and liver cirrhosis. 
 4. (a)
 5. (i) (b)
  (ii) (a) 
  (iii) (d)  
  (iv) (c) 
  (v)  (a)

SECTION - B
 6. The genus Nucleopolyhedrovirus include baculoviruses which are insecticidal and therefore used as biocontrol 

agents. They have narrow spectrum, insecticidal application (IPM). they have no negative impact on plants/
mammals/birds/fish/even non target insects. They are desirable in integrated pest management programme

 7. Pure line :
  (i) A pure line of animals is raised through inbreeding. It is a progeny of single,   self-fertilized homozygous 

individuals.
  (ii) A similar strategy is used for developing pure lines in cattle as was used in the case of peas. Inbreeding 

increases homozygosity. Thus, inbreeding exposes harmful recessive genes that are eliminated by selection.
  (iii) It also helps in the accumulation of superior genes and the elimination of less desirable genes. The selection 

increases the productivity of an inbred population.

SECTION - C
 8. (i)  Increases the yield of animal and improves the desirable qualities of the produce.
  (ii) Importance : 
   (a)  Increases homozygosity which is necessary to evolve pure line in any organism.
   (b) helps to expose harmful recessive genes.
   (c) helps in the accumulation of superior genes.
   Limitation :
    Continuous inbreeding among cattle causes inbreeding depression. It decreases the fertility and even 

productivity of an animal. It can be overcome by applying outbreeding, in which mating is done between 
different breeds or individuals of the same breed but having no common ancestors. Outbreeding includes 
out-crossing, cross-breeding and interspecific hybridisation. 1

  (iii) Jersey / Hisardale - a new breed by crossing Bikaneri ewes and Marino rams (cattle) and white Leghorn 
(poultry). 1

SECTION - D
       9. Main steps involved in breeding a new genetic variety of a crop are :
  (i) Collection of variability / germplasm collection and preservation of all different wild varieties, species and 

relatives of cultivated species / entire collection of plants.
  (ii) Evaluation and selection of parents to identify plant with desirable combination of character / purelines are 

created.
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  (iii) Cross hybridization among selected parents: cross hybridizing the two parents to produce hybrids with 
genetically combine desired characters in one plant.

  (iv) Selection and testing of superior recombinants: selection among the progeny of the hybrids that have desired 
character combinations, superior to both the parents / self pollinated for several generations till they reach 
the state of uniformity and they do not segregate in the progenies.

  (v) Testing, release and commercialisation of new cultivars, newly selected lines are evaluated for yield / other 
agronomic traits of quality / disease resistance by growing them in research fields followed by testing the 
material in farmers fields for atleast three growing seasons at different agroclimatic zones.

  (vi) Release of new variety : The variety evaluated is selected, certified and released as new variety.
 10. Following efforts must be put in mainly to improve health, hygiene an milk yield of cattle in dairy farm : 
  (i) The cattle should be housed well in well-ventilated sheds with adequate water supply.
  (ii) There must be cleanliness and hygiene of both the cattle as well as the handlers while milking and transport.
  (iii) Regular visit by veterinary doctors must be ascertained to keep the cattle healthy and disease-free.
  (iv) Feeding should be carried out in a most scientific manner with special emphasis on quality and quantity of 

fodder and hygienic conditions.
  (v) Breeding is necessary for improving the milk yield.
  (vi) Selection of high yielding and disease resistant breed should be arranged.
  (vii) Regular inspection and keeping updated record of all the activities of dairy is necessary.
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SECTION - A
 1.  Plasmids are commonly used to multiply or express particular genes and act as vectors to transfer a piece of 

foreign DNA attached to them. 
 2. The source of the RNA gene could be from an infection by viruses having RNA genomes or mobile genetic 

elements (transposons) that replicate via an RNA intermediate. 
 3. Insulin is the first human hormone produced by recombinant DNA technology.
 4. (a)
 5. (i) Urine and serum analysis.
  (ii) Enzyme Linked Immuno Sorbent Assay.

  (iii) (a).
  (iv) (d).  
  (i) (c) Assertion (A) is true, but reason (R) is false.
  Explanation-: ELISA test is helpful to detect antibodies formed against any infection in the body. 1

SECTION - B
 6. Restriction endonuclease cut DNA at specific sites. Exonuclease cuts DNA at the ends, endonuclease cuts at a 

specific position within DNA. 1
 Restriction endonuclease cuts the DNA at a specific palindromic sequence. 

 7. Restriction enzymes cut the strands of the DNA, a little away from the centre of the palindromic sites, but between 
the same two bases on opposite strands. ½ × 3 = 1½

 These overhang stretches are called as sticky ends.
 They form hydrogen bonds with their complementary cut counterparts. ½
 8.  It is like a proenzyme or prohormone. It contains an extra stretch of C-peptide. It needs to be processed to become 

fully mature and functional hormone like insulin. 2

SECTION - C
 9. The plasmids the a boon to biotechnology. It is a good vector in the production of human insulin. It has a specific 

restriction site, where restriction endonuclease enzymes make a cut and a segment of DNA that codes for 
human insulin is inserted the. The recombinant plasmid so formed is introduced into E. coli and host cell where 
it replicates and produces insulin in a large amount. The plasmid has many origin of replication (ori) where 
replication starts.  3

  10. Tools are enzymes, vehicle DNA, passenger DNA.
  Recombinant DNA technology involves the following steps : 
  (i) Isolation of DNA.
  (ii) Fragmentation of DNA by restriction endo-nucleases.

  (iii) Isolation of the desired DNA fragment.

  (iv) Amplification of the gene of interest.

  (v) Ligation of the DNA fragment into a vector using DNA ligase.

  (vi) Transfer of recombinant DNA into the host.

  (vii) Culturing the host cells on a suitable medium on a large scale.

  (viii) Extraction of the desired product.

  (ix) Downstream processing of the product as a finished product ready for marketing. 3
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SECTION - D
 11. (i) (a) Identifying the restriction endonuclease that recognises the palindromic nucleotide sequence of the 

desired gene. 
   (b) The restriction endonuclease inspects the DNA sequences – finds and recognizes the site. 
   (c) Cuts each of the double helices at the specific point – a little away from the centre of the palindromic 

site – between the same two bases on the opposite strand. 
   (d) Makes the overhanging stretch single stranded portion as a sticky end.
  (ii) (a) By PCR / Polymerase Chain Reaction. 
   (b) Desired gene is synthesised in vitro. 
   (c) DNA is denatured – Annealed using two sets of primers.
   (d) Thermostable Taq polymerase extends the primers using nucleotides (provided in the reaction and 

genomic DNA as template). 
   (e) Amplified fragments are ligated. 
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SECTION - A
 1. R’ represents the loss of biomass due to respiration. 1

 2.  Stratification is the formation of different layers (strata where vegetation is dense such as tropical rain forest). It 
represents the vertical distribution of species at different levels.

  There may be many strata such as long trees, medium trees, short trees, shrubs, herbs and ground flora, etc. Trees 
occupy vertical strata, shrubs the second layer and herbs / grasses occupy the bottom layers. 1

 3. (a) Mammals  (b) Amphibians                                 1
 4. (a)       1
 5. (i)     (a) 
  (ii) (b)
  (iii) (d)
  (iv) (d)
  (v) Ultra-violet.    1

SECTION - B
  6. The pyramid of energy is always upright because there is a gradual decrease in the energy contents in successive 

trophic levels from producers to consumers of various order. According to Lindeman’s 10% law, only 10% of the 
total energy is available to the next higher trophic level. 2

 7.  Two sources of e-wastes are : televisions and computers.
  They can be disposed of by :
  (i) Land filling : Soil is excavated from the trenches and waste material is buried in it, which is covered by a 

thick layer of soil.
  (ii) Recycling : Recycling is the practice of reusing items that would otherwise be discarded as waste.  1 + 1

SECTION - C
  8.  (i) It is an example of ex situ conservation (off–site conservation). In this approach, threatened plants and 

animals are taken out of their natural habitat and placed into suitable settings and given special care.
  (ii) Cryopreservation and tissue culture are two ways that help in ex situ conservation.
  In cryopreservation, gametes of threatened species are preserved in viable and fertile
  conditions at subzero temperatures, which helps in preserving these cells for longer periods.
  In tissue culture, plants are propagated from a small mass of tissue called callus. 3
 [CBSE Marking Scheme, 2014]

SECTION - D
 9. (i) El Nino effect : El Nino is a severe atmospheric and oceanic disturbance in the Pacific Ocean that occurs 

every seven to fourteen years. It is called El Nino, meaning ‘the Christ Child’, because it usually appears near 
the Christmas season. Warm surface waters flow from the central Pacific towards the eastern Pacific.

   El Nino effects are thought to be potentially more damaging on a global scale, as they may cause floods and 
mudslides in Latin America.

  (ii) The three measures that we as an individual would take to reduce environmental pollution are :
   (a)  Turning off the air conditioners when not in use.
   (b) Planting more and more trees.
   (c) Reducing the use of plastics.
   (d) Composting biodegradable kitchen waste.      (Any three) 2 + 3 = 5
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 10. (i)  Primary productivity : Amount of biomass / organic matter produced per unit area over a time period by the 
plant during photosynthesis.

   Factors : availability of nutrients / quality of light available / availability of water / temperature of the given 
place / type of plant species of the area / photosynthetic capacity of the plants.

  (ii) Oxygen increases rate of decomposition. 
   Decomposition is an oxygen consuming process. It takes place under aerobic conditions i.e. in presence of 

oxygen.
   Chemical decomposition is slow when chitin and lignin are present and fast when cellulose and water 

soluble substances are present. [CBSE Marking Scheme, 2014] 5
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