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VIII  Biology and Human 

Welfare: Chapter – 8 and 

10  

14  

IX  Biotechnology and its 

Applications: Chapter – 11 

and 12  

11  

X  Ecology and Environment: 
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VIII  Biology and Human 

Welfare: Chapter – 8 and 

10  

14  

IX  Biotechnology and its 

Applications: Chapter – 11 

and 12  

11  

X  Ecology and Environment: 

Chapter – 13 and 15  

10  

TERM - II 

Unit-VIII Biology and Human Welfare  

Chapter-8: Human Health and Diseases  

Pathogens; parasites causing human diseases (malaria, dengue, chikungunya, filariasis, ascariasis, 

typhoid, pneumonia, common cold, amoebiasis, ring worm) and their control; Basic concepts of 

immunology - vaccines; cancer, HIV and AIDS; Adolescence - drug and alcohol abuse.  

 

 

Pathogens; parasites causing human diseases (malaria, dengue, chikungunya, filariasis, ascariasis, 

typhoid, pneumonia, common cold, amoebiasis, ring worm) and their control; Basic concepts of 

immunology - vaccines; cancer, HIV and AIDS; Adolescence - drug and alcohol abuse. 

                                                                                                Removed from The Syllabus 

                                                                                                Removed from The Syllabus 

                                                                                                Removed from The Syllabus 



 
 

 

 

Chapter-10: Microbes in Human Welfare  

Microbes in food processing, industrial production, sewage treatment, energy generation and 

microbes as bio-control agents and bio-fertilizers. Antibiotics; production and judicious use.  

 

 

Unit-IX Biotechnology and its Applications  

Chapter-11: Biotechnology - Principles and Processes  

Genetic Engineering (Recombinant DNA Technology).  

 

 

Chapter-12: Biotechnology and its Application  

Application of biotechnology in health and agriculture: Human insulin and vaccine production, stem 

cell technology, gene therapy; genetically modified organisms - Bt crops; transgenic animals; 

biosafety issues, biopiracy and patents.  

 

 

Unit-X Ecology and Environment  

Chapter-13: Organisms and Populations 

 Organisms and environment:  Habitat and niche, population and ecological adaptations; population 

interactions - mutualism, competition, predation, parasitism; population attributes - growth, birth 

rate and death rate, age distribution.  (commensalism) 

 

 

 

 

Chapter-15: Biodiversity and its Conservation  

Biodiversity - Concept, patterns, importance; loss of biodiversity; biodiversity conservation; hotspots, 

endangered organisms, extinction, Red Data Book, Sacred Groves, biosphere reserves, national parks, 

wildlife, sanctuaries and Ramsar sites. 

 

 

 

Microbes in food processing, industrial production, sewage treatment, energy generation and 

microbes as bio-control agents and bio-fertilizers. Antibiotics; production and judicious use. 

Genetic Engineering (Recombinant DNA Technology). 

Application of biotechnology in health and agriculture: Human insulin and vaccine production, stem 

cell technology, gene therapy; genetically modified organisms - Bt crops; transgenic animals; 

biosafety issues, biopiracy and patents. 

Organisms and environment: Habitat and niche, population and ecological adaptations; population 

interactions - mutualism, competition, predation, parasitism; population attributes -growth, birth 

rate and death rate, age distribution. 

Biodiversity - Concept, patterns, importance; loss of biodiversity; biodiversity conservation; 

hotspots, endangered organisms, extinction, Red Data Book, Sacred Groves, biosphere reserves, 

national parks, wildlife, sanctuaries and Ramsar sites. 



 
 

 

 

PRACTICALS Max. Marks: 15 for each Term 

Max. Marks: 15 for each Term Evaluation Scheme  

TERM - I  TERM - II  MARKS  

Part A  

One Major Experiment  Experiment No. – 1  Experiment No. - 3  4  

One Minor Experiment  Experiment No. - 2  Experiment No. – 4, 5  3  

Part B  

Spotting  

(3 Spots of 1 mark each)  

B.1, 2, 3, 4, 5  B.6, 7, 8  3  

Practical Record + Investigatory Project 

&Record + Viva Voce  

5  

Total  15  

A. List of Experiments  

TERM - I:  

1. Isolate DNA from available plant material such as spinach, green pea seeds, papaya, etc.  

2. Prepare a temporary mount to observe pollen germination.  

TERM - II:  

3. Prepare a temporary mount of onion root tip to study mitosis.  

4. Collect water from two different water bodies around you and study them for pH, clarity and 

presence of any living organism  

5. Collect and study soil from at least two different sites and study them for texture, moisture 

content, pH and water holding capacity. Correlate with the kinds of plants found in them.  

B. Study/observation of the following (Spotting)  

TERM - I:  

B.1 Flowers adapted to pollination by different agencies (wind, insects, birds).  

B.2 Identification of stages of gamete development, i.e., T.S. of testis and T.S. of ovary through 

permanent slides (from grasshopper/mice).  

B.3 Meiosis in onion bud cell or grasshopper testis through permanent slides.  

B.4 T.S. of blastula through permanent slides (Mammalian).  

B.5 Prepared pedigree charts of any one of the genetic traits such as rolling of tongue, blood 

groups, ear lobes, widow's peak and colour-blindness.  

 

TERM – II:  

B.6 Common disease - causing organisms like Ascaris, Entamoeba, Plasmodium, any fungus 

causing ringworm through permanent slides, models or virtual images. Comment on symptoms of 

diseases that they cause.  

B.7 Two plants and two animals (models/virtual images) found in xeric conditions. Comment 

upon their morphological adaptations.  

B.8 Two plants and two animals (models/virtual images) found in aquatic conditions. Comment 

upon their morphological adaptations. 
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Chapter no 8:  Human Health and Diseases 

 

Health is a state of complete physical, mental and social well-being and not merely 

the absence of disease or infirmity. 

Factors affecting Health: 

Genetic Factors – e.g. Sickle cell anaemia 

Life style-e.g. Obesity 

Infections-e.g. Influenza 

TYPES OF DISEASES: 

I. Infectious (communicable) -e.g. Leprosy, common cold. 

Transmitted by - air, water, physical contact, animals 

Causative agents – viral, bacterial, fungal, worms, protozoan 

Control methods – balanced diet, good personal hygiene, awareness about diseases, 

vaccination, hygienic food and water. 

II. Non-Infectious (non-communicable) - e.g. High blood pressure, Cancer, Heart diseases. 

Causes– stress, no/less physical activity, genetic, unsuitable diet, wrong life style, exposure to 

carcinogens. 

Control measures – stress management, physical exercise, balanced diet, avoiding drugs, 

alcohol and tobacco. 

Pathogenic diseases:  
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Diseases Caused by Worms 

Ascariasis 

 Pathogen − Round worm, Ascaris lumbricoides 

 Spreads through − Water, vegetables, fruits contaminated by faeces of 

infected person 

 Symptoms − Internal bleeding, muscular pain, fever, anaemia, blockage of 

intestinal passage 
Elephantiasis(filariasis) 

 Pathogen − Wuchereria (W. malayi and W. bancrofti) 

 Spreads through − Bite of female mosquito vector 

 Symptom − Chronic inflammation of the organs, usually the lymphatic 

vessels of lower limb 
 

Life Cycle of Plasmodium 

✓ Plasmodium requires two hosts to complete its life cycle  

✓ As female Anopheles mosquito bites a healthy human being, it releases 

Plasmodium, which lives in its body as sporozoite (infectious form). 

✓ The parasites multiply (asexual reproduction) in the liver cells and finally burst 

the liver cells. Sporozoites are released in blood. 

✓ Parasites enter RBCs and further multiply (asexual reproduction) here and 

finally burst RBCs also. 

✓ Bursting of RBCs is accompanied by release of a toxic substance called 

hemozoin (associated with fever and chills). 

✓ In the RBCs, only sporozoites change into gametocytes (sexual stage) 

Gametocytes multiply. 

✓ When the diseased person is bitten by a female Anopheles mosquito, 

gametocytes are introduced into the mosquito. 

✓ Gametocytes fertilise and develop inside the intestine of mosquito to form 

sporozoites. 

✓ Sporozoites are stored in the salivary glands of mosquito and are released into 

the healthy person who is bitten by this mosquito. 
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Immunity- 

The ability of body to fight the diseasecausing organisms is called immunity. 

Types of immunity 

Immunity is of two types − innate immunity and acquired immunity. 

Innate immunity− It is present from the time of birth. It is nonspecific. It consists of 4 

kinds of barriers. 

 Physical barriers − Skin and mucus coating of respiratory, gastrointestinal, 

and urogenital tract prevent entry of microbes into body. 

 Physiological barriers − Acid in stomach, saliva in mouth, tears from eyes 

 Cellular barriers − Blood has leukocytes such as polymorphonuclear 

leukocytes, monocytes, etc. and tissue has macrophages which phagocytose 

the microbes. 
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 Cytokine barriers − Special proteins called interferons are secreted by 

virusinfected cells that prevent the further spread of viral infection. 

Acquired immunity − It is acquired, which means that it is produced in response to 

an encounter with a pathogen based on memory. It is pathogen specific. 

If a pathogen for the first time infects a person, low intensity immune response is 

generated (primary response)-Amnestic Response. 

If the same pathogen attacks again, intensified immune response in generated, 

thereby preventing the occurrence of disease (secondary response) Anamnestic 

Response. 

Acquired immunity involves two types of cells 

-Blymphocytes and T lymphocytes. 

Blymphocytes − Secrete proteins called 

antibodies in response to pathogens 

Antibodies are specialized proteins with 4 

peptide chains (2 light and 2 heavy), hence 

denoted as H2L2. IgA IgM,IgE, etc. are 

examples of some of the antibodies. They 

generate humoral immune response(found in 

blood). 

 

Tlymphocytes − They help Bcells to produce antibodies. They generate cell 

mediated immune response. This response helps the body to differentiate between 

‘self’ and ‘nonself’ as occurs in case of graft rejection. 

 

Active and Passive immunity. 

                       Active Immunity                              Passive Immunity 

• This is the naturally acquired 
immunity produced in the host 
body in response to an antigen. 

• Immunization and body naturally 
getting immune to a microbe that 
had caused infection previously 
are examples of active immunity. 

• When readymade antibodies are 
provided to an individual to 
protect against foreign agents. 

• Colostrum present in mother’s 
milk contain IgA. Also, the foetus 
gets antibodies from mother 
through placenta. 

 

How does vaccination help? 

● Vaccines are nothing but inactivated pathogens. 

● These inactivated pathogens when introduced in the body produce a primary 

immune response and antibodies are produced against the pathogen. 

● Memory B and Tcells are produced. 
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● Now when the pathogen again attacks the person, memory B and Tcells generate 

a massive immune response and the pathogen is killed. 

 

 

Problems of immune system 

Allergies 

Exaggerated immune response to certain antigens present in environment 

Allergens − Substances in response to which allergy is produced E.g., dust, pollen, 

etc. 

Antibodies involved − IgE type 

 

During allergic reactions, chemicals such as histamines and serotonins are released. 

Symptoms − Sneezing, watery eyes, difficulty in breathing, etc. 

Allergy test − Patient is injected with small doses of allergens to monitor his response. 

Antihistamines, adrenalins, and steroids may be given so that the symptoms of 

allergy subside. 

 

Auto immunity 

✓ In autoimmunity, body generates immune response against its own cells. 

✓ Reasons − Genetic and other unknown reasons 

✓ Example − Rheumatoid arthritis is an autoimmune disease. 

 

Human immune system 
Lymphoid organs are of two types − primary lymphoid organs and secondary lymphoid 

organs. 

● Primary lymphoid organs consist of bone marrow and thymus. Here, immature 

lymphocytes are differentiated to form antigen sensitive lymphocytes. 

○ Bone marrow − Here, all blood cells including lymphocytes are produced. 

○ Thymus − It is responsible for maturation of T-Lymphocytes. This lobed organ is 

situated near the heart and keeps on reducing in size as the age increases. 

● Secondary lymphoid organs − Lymphocytes migrate here after attaining maturity. 

It includes spleen, lymph nodes tonsils, Peyer’s patches, and appendix. 

○ Spleen − Large bean shaped organ containing lymphocytes and phagocytes, which 

acts as a filter for blood. 

○ Lymph nodes − Located at different points throughout the immune system, they trap 

the antigens present in lymph or tissue fluid, and these antigens cause activation of 

lymphocytes and generation of immune response. 

● MALT (Mucosal associated lymphoid tissue) − Lines major tracts 

(respiratory, digestive, urogenital, etc); constitutes 50% of lymphoid tissue in body. 



 

 
 

13 

 

KVS RANCHI REGION 

AIDS (Acquired Immuno Deficiency Syndrome) 

Caused by HIV (Human Immunodeficiency Virus) HIV is a retrovirus (RNA virus)] 

Transmission of HIV occurs through: 

○ Sexual contact with infected person 

○ Sharing infected needles (as in case of intravenous drug abusers) 

○ Transfusion of contaminated blood 

○ Infected mother to child through placenta 

● Time lag between infection and appearance of symptoms – Few months to many 

years (510 years) 

 How does AIDS infection spread? 

✓ Virus enters the body of a person and enters macrophages. 
✓ Here, virus replicates (viral RNA reverse transcribes to viral DNA, which gets 

incorporated into hosts DNA and subsequently new viral particles are 
produced). 

✓ Macrophages become a virtual HIV factory. 
✓ Thereafter, HIV enters helper T lymphocytes, replicates, and produces 

progenies. 
✓ As the progenies are released, they attack other T lymphocytes. 
✓ Therefore, T lymphocytes start decreasing in number and immune response 

of the person becomes weak. 
✓ Even infections which could be overcome easily start aggravating. 

● Diagnosis of AIDS − By ELISA (Enzyme Linked Immuno Sorbent Assay) 

● Treatment −No permanent cure; antiretroviral therapies can prolong the life of 

patient. 

Prevention of AIDS 

✓ Ensuring use of disposable syringes. 
✓ Screening blood from blood banks. 
✓ Advocating safe sex. 
✓ NACO (National AIDS Control 

Organization) and many NGOs are 
doing a lot to create awareness among 
people. 
 

 

Replication of Retrovirus inside an animal cell. 

 

 



 

 
 

14 

 

KVS RANCHI REGION 

Cancer 

● The process of development of cancer is called oncogenic transformation. 

● Normal cells have the property of contact inhibition (stoppage of growth on coming 
in contact with other cells), but cancer cells lose this property. 

● As a result, cancer cells divide continuously to give rise to mass of cells (tumours). 

Tumours are of 2 types − Benign and Malignant. 

● Benign tumours − Remain confined to their original location and do not spread 

● Malignant tumours− These exhibit metastasis i.e., the cells sloughed from such 
tumours reach distant sites and wherever they reach, new tumour is formed. 

● Malignant tumours actually represent cancer. The cells actively divide, grow, and 
starve the normal cells of vital nutrients. 

 

Causes of cancer 

○ Carcinogens − Physical, chemical, and biological agents that cause cancer , 

Example  ionizing radiations (Xrays and gamma rays), nonionizing radiations (UV). 

○ Oncogenic (cancer-causing) viruses− They have viral oncogenes (cancercausing 

genes). 

○ Sometimes normal genes in our body called protooncogenes get converted into 

cellular oncogenes that cause cancer. 

Diagnosing cancer 

○ Biopsy and histopathological studies 

○ Biopsy− Suspected tissue is cut into thin sections and examined microscopically 

○ Radiography, CT scan (computed tomography), and MRI (Magnetic resonance 

imaging) are techniques of diagnosing cancers. 

○ C T Scan− 3D imaging of internals of an organ is generated by Xrays. 

○ MRI Scan− Pathological and physiological changes in a living tissue are detected 

by using magnetic fields and nonionizing radiations. 

○ Immunological and molecular biological diagnostic techniques can all be used to 

detect cancers. 

○ Identifying certain genes, which make an individual susceptible to cancers, can help 

to prevent cancers. 

Treatment of cancer 

Radiotherapy − Tumour cells are irradiated to death. Also, proper care is taken for 

protecting surrounding normal tissues. 

Chemotherapy − Drugs specific for particular tumours are used to kill cancer cells. 

They have side effects such as hair loss, anaemia, etc. 
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Immunotherapy− Biological response modifiers such as α-interferons are used. They 

activate the immune system of patient and helps in destroying the tumour. 

Commonly Abused Drugs 

Name of the 
drug 

Source Part of the 
plant 

Mode of 
intake 

Effect Ex. 

Opioids Papaver 
somniferum 

Latex Snorting/ 
injection 

Binds with opioid 
receptors in the CNS & GI 
tract. 
 Depressant –slows body 
function 

Diacetyl 
morphine 
Heroin 
(smack) 

Cannabinoids Cannabis 
sativa 

Inflorescence, 
flower tops, 
resins, leaves 

Inhalation/ 
orally 

- Affects 
Cardiovascular system. 
- Binds with receptors in 
the brain . 

Marijuana 
Hashish 

Coca Alkaloid Erythroxylum 
coca 

 snorting -Stimulates CNS 
-Sense of euphoria 
/Increased energy 
-Interferes with transport 
of neurotransmitter -
dopamine 
-Excess- cause 
hallucinations 

Coke/crack 

Barbiturates, 
amphetamines, 
benzodiazepines, 
morphine 

   Cope up with mental 
illness like depression 
, insomnia 

 

Nicotine 
/alkaloid 

Tobacco leaves Smoking, 
chewing 

-Stimulates 
adrenal gland to release 
adrenaline and nor-
adrenaline 
- Raises BP and heart rate 
-Increases risk of cancer 
of throat, lung, etc 
-Bronchitis, emphysema, 
CHD, 
- CO content in blood 
increases and reduces 
haem bound oxygen 
-Addictive 

 

LSD FUNGI   HALLUCINATIONS  

 

 

Addiction and Dependence: 

• Addiction is a psychological attachment to certain effects –such as 

euphoria and a temporary feeling of well-being – associated with drugs and 

alcohol. 
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• Withdrawal syndrome: if regular dose of drugs/alcohol is abruptly 

discontinued. This is characterised by anxiety, shakiness, nausea and sweating, 

which may be relieved when use is resumed again. 

 

Prevention and Control 

• Avoid undue peer pressure 

• Education and counselling 

• Seeking help from parents and peers 

• Looking for danger signs 

• Seeking professional and medical help 

 

 

Revision through Question-Answer 

2 marks Questions. 

Qn.No.  Question and Answers 
  
 

1. 
 
 
 

Ans- 

 (a) Name the infective stage of Plasmodium which Anopheles mosquito 
takes in along with the blood meal from an infected human. 
(b) Why does the infection cause fever in human 

(a) The infective stage of Plasmodium which Anopheles mosquito takes in 
along with the blood meal from an infected human is gametocyte 
(b) Malaria is characterized by fever at intervals, sudden 
acute chillness accompanied by shivering followed by rise in temperature. 
Peak fever is 41.1°C which persists for 3-6 hours. After 2-4 hours of fever, 
there is profuse sweating which lowers the body temperature to near normal. 

 
2 
 
 
 
 
 

Ans- 

Given below are the pathogens and the diseases caused by them. Which 
out of these pairs is not correct matching pair and why? 
(a) Wuchereria –Sleeping sickness 
(b) Microsporum -Ringworm 
(c) Salmonella -Common Cold 
(d) Plasmodium-Malaria 

 Wuchereria –Sleeping sickness is not a matching pair 
Salmonella : Common cold is not a matching pair 
 

3 
 
 
 

Ans- 

Municipal corporation has deputed personnel to check for mosquito in 
your school. 
i) Which are the places they should check for mosquitoes & their larvae? 
ii) Name two diseases which are spread by mosquitoes and their larvae? 

i) Places like water tanks, flower pots, stagnant water 
ii) Dengue, malaria, filariasis, chikungunya 
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4 
 
 

Ans 

A boy of ten years had chicken-pox. He is not expected to have the same 
disease for the rest of his life. Mention how it is possible. 

He has developed memory and antibody for the chicken pox. It is an example 
of active immunity. Hence, he will not contract Chicken pox 
 

5 
 
 
 
 
 
 

Ans : 

A young boy when brought a pet dog home started to complain of watery 
eyes and running nose. The symptoms disappeared when the boy was 
kept away from the pet. 
(a) Name the type of antibody and the chemicals responsible for such a 
response in the boy. 
(b) Mention the name of any one drug that could be given to the boy for 
immediate relief from such a response. 

(a) Such a response in the boy is called allergy which occurs due to production 
of IgE antibodies and chemicals 
like histamine and serotonin from the mast cells. 
(b) Anti-histamine could be given to the boy for immediate relief from such a 
response 

6 
 
 

Ans- 

Name the type of immunity that the colostrum provides to a new born 
baby. Write by giving an example where this type of immunity should be 
provided to a person. 
Colostrum provides passive immunity from a lactating mother to a new born 
baby.It contains the antibody IgA. 
 
The insertion of antibodies or antitoxins directly produce quick immune 
responses e.g.,in tetanus preformed antibodies are directly injected. 
 

7 
 
 
 

Ans- 

Name two drugs obtained from poppy plant. “These drugs are medically 
useful but are often abused. Taking the mentioned examples justify by 
giving reasons. 
 
Heroin / smack, morphine; morphine obtained from latex of unripe capsules 
of poppy plant (Papaver somniferum) is an effective pain killer and sedative. 
Heroin (a derivative of morphine) is used as drug. 

If these drugs are taken for the purpose other than medicinal or taken in larger 
doses, that may impair the physical and mental state of a person, then it is 
said to be abused. 

8 
 
 
 
 

Ans - 

(a) Name a drug used (i) as an effective sedative and painkiller (ii) for 
helping patients to cope with mental illnesses like depression, but often 
misused. 
(b) How does the moderate and high dosage of cocaine affect the human 
body? 

(a) (i) Morphine (ii) Barbiturates 

(b) Cocaine taken in low dose induces sense of well being and pleasure and 
delays fatigue, but in high dosage, it causes hallucinations. 
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9 
 
 
 

Ans- 

 
Answer the following with respect to Cancer. 
(a) How does a cancerous cell differ from a normal cell 
(b) Benign tumor is less dangerous than malignant tumor. Why? 
 
a) In normal cells, growth and differentiation is highly controlled and regulated 
(contact inhibition). The cancerous cells have lost the property of contact 
inhibition, hence continue to divide giving rise to masses of cells(tumors). 
 
(b) The benign tumor remains confined in the organ affected as it is enclosed 
in a connective tissue sheath and does not enter the metastatic stage. 
 
 
 

10 
 
 
 
 
 

Ans : 

(i) Name the drug used 
(a) As an effective sedative & pain killer. 
(b) For helping patients to cope with mental illness like depression but 
often misused. 
(ii) How does the moderate and high doses of cocaine affect human body 
 
a) Morphine, which is obtained from the latex of the poppy plant is used as an 
effective sedative and pain killer. 
(b) LSD (Lysergic acid dimethyl amide) or Barbiturates are used to help the 
patients to cope with mental illness like depression. 
LSD is a hallucinogenic substance, 
(ii) Cocaine is a powerful addictive stimulant drug. The source of cocaine is 
coca leaves (Erythroxylum coca). It can alter brain structure and function if 
used repeatedly. 
Effect of moderate doses of cocaine: 
1. Feeling of euphoria and increased energy. 
2. Increased in heartbeat, respiration rate and 
blood pressure. 
3. Dilated pupils. 
4. Feeling of wellness and increased confidence. 

 

  3 marks questions 

Qn.No.                              Question and Answers 
  

1 
 
 
 
 
 
 

Two children, A and B aged 4 and 5 years respectively visited a hospital 
with a similar genetic disorder. The girl A was provided 
with enzyme replacement therapy and was advised to revisit 
periodically for further treatment. The girl B was, however, given a 
therapy that did not require revisit for further treatment. 
(a) Name the ailments the two girls were suffering from? 
(b) Why did the treatment provided to girl requires repeated visits? 
(c) How was the girl B cured permanently? 
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Ans- a. Adenosine deaminase (ADA) deficiency  
(b) In Enzyme Replacement Therapy functional ADA is introduced to the 
patient (by injection), this therapy is not completely curative as enzyme can 
act only for a limited time period. 
(c) As there is no permanent cure at the age of Five. 
 

2 
 
 
 
 

Ans 

If a patient is advised anti-retroviral drug, name the possible infection 
he/ she is likely to be suffering from. Name the causative organism. 
(b) How do vaccines prevent subsequent microbial infection by the 
same pathogen? 
(c) How does a cancerous cell differ from a normal cell? 
 
a) AIDS is caused by the HIV (Human Immuno Deficiency Virus).  
(b) Vaccines prevent microbial infections by initiating production of antibodies 
against these antigens to neutralize the pathogenic agents during later actual 
infection.  
The vaccines also generate memory – B and T-cells that recognize the 
pathogen quickly on subsequent exposure.  
(c) Normal cells show a property called “contact inhibition” by virtue of which 
contact with other cells inhibits their uncontrolled growth. Cancer cells appear 
to have lost this property 
 

3 
 
 
 

Ans 

i).It is generally observed that the children who had suffered from 
chickenpox in their childhood may not contract the same 
disease in their adulthood. Explain giving reasons on the basis of such 
immunity in an individual. Name this kind of immunity. 
ii) What are interferons? Mention their role. 
 
(i) The first infection of chickenpox produces a primary response and 
antibodies are generated against the chickenpox virus, 
subsequent encounter with the same virus elicits a highly intensified 
secondary response, due to the memory cells formed 
during the first encounter, (active immunity). 
 (ii) Proteins secreted by virus infected cells, which protects non-infected cells 
from viral infection / when a – interferon is given to 
cancer patient (it activates immune system), destroys tumour.  

4 
 
 
 
 
 
 
 
 

Ans: 

Certain attributes of innate immunity are given in the table below. 
Identify A, B, C, D, E and F respectively in it             

Sr. 

No. 

Type of 

barrier 

Example of the 

barrier 
Function 

(i)  A  B  
Prevent microbial 

growth 

(ii)  C  
Polymorpho 

nuclear leucocytes 
D 

(iii)  Cytokine  E  F 
 

A. Physiological barrier. 
B. Acid in Stomach/Saliva in mouth/Tears. 
C. Cellular Barrier. 
D. Phagocytose / Destroy microbes. 
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E. Interferons. 
F. Protect non-infected cells from virus attack 

 
5 

 
Ans: 

State the three characteristics of Acquired Immunity. List the different 
ways by which it can be attained by humans. 
Characteristics of Acquired Immunity: 
Pathogen specific / characterized by memory / Acquired after birth / are of 
two types: Active and passive/humoral and cell mediated/includes primary 
response and secondary response. 
Way by which it can be attained by humans: Active Immunity by encountering 
a pathogen /virulent microbe/suffering from contagious disease.  
Passive Immunity through immunization / readymade antibodies. 

6 
 
 
 
 

Ans: 

(a) List any two situations when a medical doctor could recommend 
injection of preformed antibodies into the body of a patient. Name this 
kind of immunization and mention its 
advantages. 
(b) Name the kind of immunity attained when instead of antibodies, 
weakened antigens are introduced into the body. 
(a) If a person is infected with some deadly microbes to which quick immune 
response is required as in tetanus, we need to directly inject the preformed 
antibodies or antitoxin. 
Even in the cases of snakes bites the injection which is given to the patients, 
contain preformed antibodies against the snake venom. This type of 
immunisation is called passive immunisation. It provides immediate relief. 
 
(b) In vaccination, a preparation of antigenic proteins of pathogens or 
inactivated weakened pathogens are introduced into the body. This produces 
immune response and the type of immunity is called active immunity. 

7 
 
 
 
 
 
 

Ans: 
 

Identify A, B and C in the schematic diagram of an antibody given above 
and answer the questions 
a) Identify the parts A,B,C. 
(b) Name the cells that produce antibodies in 
humans. 
(c) Mention the type of immune response 
provided by an antibody. 

 
(a) A-Heavy chain ,B-Light Chain ,C-Antigen 
binding site. 
(b) B-cells produce antibodies. 
(c ) Humoral immune response is an antibody mediated immune response. 

 
   8 

Ans : 

 

How does the HIV breakdown the immune system of the AIDS patients? 

 
(i) Virus enters in macrophages. 
(ii) RNA genome replicates to form viral DNA with help of reverse 
transcriptase. 
(iii) Viral DNA gets incorporated into host cells DNA to produce virus particles. 
(iv) HIV enters into helper ‘T’ lymphocytes and produces progeny virus. 
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(v) These are released in the blood and attack another helper ‘T’ 
lymphocytes. 
(vi) This leads to progressive decrease in the number of helper ‘T’ 
lymphocytes and the person starts suffering from infections (loss of immunity) 
 

   9 

 

 

 

 

Ans: 

 

During a school trip to ‘Rohtang Pass’, one of your classmates 
suddenly developed ‘altitude sickness’. But she recovered after some 
time. 
(a) Mention one symptom to diagnose the sickness. 
(b) What caused the sickness? 
(c) How could she recover by herself after some time? 

 
 
(a) Nausea / fatigue / heart palpitation. 
(b) Low atmospheric pressure at high altitude, 
body deprived of O2 

(c) Increase in RBC, decreases binding capacity 
of hemoglobin, increased breathing rate, get acclimatized.  

 
   10 

 

(i) Name the type of lymphoid organs spleen and lymphoid nodes are. 
Explain the role played by them in causing immune response. 
(ii) Differentiate between innate immunity and acquired immunity. 
(i) Spleen: They act as sites for interaction of lymphocytes with the antigen 
and cause immune response. 
Function: 
Spleen: Trap blood-borne micro-organisms and worn-out RBCs, thus filters 
blood. 
Lymph nodes: Trap the micro-organisms / antigens (which happen to get into 
the lymph and tissue fluid). The trapped antigens activate lymphocytes and 
cause immune response. 
ii. 

Innate Immunity Acquired Immunity 

Non-specific type of 

response. 

Pathogen-specific 

defence. 

Present at the time of 

birth. 

Acquired by the body 

after birth. 

Provides a barrier to the 

entry of foreign agents 

into our body. 

Characterised by 

memory. 
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Case Based Questions (5 marks) 

Qn.No.         Question and Answers 
    
    1 
 

 
The process of development of cancer is called oncogenic transformation. 
Normal cells have the property of contact inhibition (stoppage of growth on 
coming in contact with other cells), but cancer cells lose this property. 
● As a result, cancer cells divide continuously to give rise to mass of cells 
(tumours).Tumours are of 2 types − Benign and Malignant. 
● Benign tumours − Remain confined to their original location and do not 
spread 
● Malignant tumours− These exhibit metastasis i.e., the cells sloughed 
from such tumours reach distant sites and wherever they reach, new 
tumour is formed. Malignant tumours actually represent cancer. The cells 
actively divide, grow, and starve the normal cells of vital nutrients. 
 
(a) Cancer is one of the most dreaded diseases of humans. Explain 
‘Contact inhibition’ and ‘Metastasis’ with respect to the disease.  
(b) Name the group of genes which have been identified in normal cells 
that could lead to cancer and how they do so?  
(c) Name any two techniques which are useful to detect cancers of internal 
organs.  
(d) Why are cancer patients often given α-interferon as part of the 
treatment?  
 
Ans. (a) Contact inhibition is the property of normal cells in which contact 
with other cells inhibits their uncontrolled growth. Metastasis is the 
property in which tumour cells reach distant sites in the body, through 
blood.  
(b) Proto oncogenes or Cellular oncogenes. These genes when activated 
under certain condition could lead to oncogenic transformation of the cells.  
(c) Biopsy/radiography/CT/MRI (Any two)  
(d) a-interferon activates immune system and destroys the tumour 

     2 You have attended a birthday party hosted by one of your classmates. 

You found some guests at the party sitting in a corner making a lot of noise 

and consuming ‘something’. After a while one of the boys from the group 

started screaming, behaving abnormally and sweating profusely. On 

enquiry you found that the group members were taking drugs.  

(a) Would you inform your parents/school authorities? Yes/No. Give 

reasons is support of your answer.  

(b) Prepare a note to be circulated amongst the schoolmates about the 

sources and dangers of any two drugs.  

(c) Write any two ways that you will suggest to your school principal so as 

to promote awareness amongst the youth against the use of these drugs.  
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Ans. (a) Yes, so that it does not become a habit by repeated use. 
Consumption of drugs may cause harmful effects. 
b. 

Drug   Source Danger 

Cocaine  Erythroxylum coca  Affects central 
nervous system and 
interferes with 
transport of 
dopamine. 

Opioids/ 
Heroin/Smack  

Latex of Papaver 
somniferum (poppy 
plant)  

Slows down body 
functions. 

Cannabinoids  Cannabis  sativa Affects 
cardiovascular system 

 
 
(c). (c) Awareness can be promoted by organising poster making 
competitions, street plays, talks by experts and interviews of experts.      
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Chapter no-10:    Microbes in Human Welfare 

 

Microbes in Household products 

Lactobacillus and others commonly called Lactic Acid Bacteria (LAB) grow in milk 

and convert it to curd. During growth, the LAB produces acids that coagulate and 

partially digest the milk proteins.  

It also improves its nutritional quality by increasing vitamin B12.  

LAB play very beneficial role in checking disease causing microbes in Stomach. 

The dough, which is used for making bread, is fermented by using baker’s yeast 

(Saccharomyces cerevisiae). 

 “Toddy”, a traditional drink of some parts of Southern India is made by fermenting sap 

from palms. 

Cheese, is one of the oldest food items in which microbes were used. The large holes 

in ‘Swiss cheese’ are due to production of a large amount of CO2 by a bacterium 

named Propionibacterium sharmanii. The ‘Roquefort cheese’ is ripened by growing 

a specific fungus on them for a particular flavour. 

Microbes in Industrial products: 

Production on an industrial scale requires growing microbes in very large vessels 

called Fermenters. 

a) Fermented Beverages: 

The yeast Saccharomyces cerevisiae used for bread making and commonly called 

brewer’s yeast, is used for fermenting malted cereals and fruit juices to produce 

ethanol. Wine and beer are produced without distillation whereas whisky, brandy and 

rum are produced by distillation of the fermented broth. 

 

b) Antibiotics: 

Antibiotics are chemical substances, which are produced by some microbes and can 

kill or retard the growth of other disease-causing microbes. Penicillin was the first 

antibiotic to be discovered and it was a chance discovery. Alexander Fleming while 
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working on Staphylococci bacteria, once observed a mould growing in one of his 

unwashed culture plates around which Staphylococci could not grow. He found out 

that it was due to a chemical produced by the mould and he named it Penicillin after 

the mould Penicillium notatum. Later, Ernest Chain and Howard Florey made its 

full potential effective antibiotic. 

c) Chemicals, Enzymes and other Bioactive Molecules: 

Chemicals 

 Aspergillus niger (fungus) – Citric acid 

 Acetobacter aceti (bacterium) – Acetic acid 

 Clostridium butylicum (bacterium) – Butyric acid 

 Lactobacillus (bacterium) – Lactic acid 

Saccharomyces cerevisiae – Ethanol 

 

Enzymes: 

Lipase – used in laundry detergents 

Pectinase and protease – used in bottled juices 

Streptokinase (Streptococcus bacterium) – used as clot buster (to remove clots) 

 

Bioactive molecules: 

Cyclosporin A (Trichoderma polysporum fungi) – used as immunosuppressive 

agent (for organ transplant patients). 

 Statins (Monascus purpureus yeast) – used as blood cholesterol lowering agents. 

Microbes in Sewage Treatment: 

Treatment of waste water is done by heterotrophic microbes naturally present in the 

sewage. This treatment is carried out in two stages; 

Primary treatment / Physical treatment: It involves physical removal of particles 

from the sewage through filtration and sedimentation. 

Sequential filtration – to remove floating debris 

Sedimentation – to remove grit (soil and small pebbles) 

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 / Biological treatment: 

The primary effluent is passed into large aeration tanks, this allows vigorous growth of 

aerobic microbes into flocs. While growing, these microbes consume the major part of 

the organic matter in the effluent. This significantly reduces the BOD (biochemical 
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oxygen demand) of the effluent. BOD is a measure of the organic matter present in 

the water. The greater the BOD of waste water, more is its polluting potential. 

Once the BOD of sewage water is reduced significantly, 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 this 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. During this digestion, bacteria produce a mixture of gases 

such as methane, hydrogen sulphide and carbon dioxide. These gases form biogas. 

The effluent from the secondary treatment plant is generally released into natural 

waterbodies like rivers and streams. 

Microbes in Production of Biogas: 

Biogas is mixture of gases produced by the microbial activity and which may be used 

as fuel. Certain Methanobacterium (present in gut of ruminants) which grow 

anaerobically on cellulosic material, produce large amount of methane along with CO2 

and H2. A lot of cellulosic material present in the food of cattle is also present in the 

rumen. Cellulose is broken down and converted later into biogas. Thus, the 

excreta(dung) of cattle, commonly called Gober, is rich in these bacteria. Dung can be 

used for generation of biogas commonly called Gober gas. 

Biogas Plant:  

The biogas plant consists of a concrete tank in which bio-

wastes are collected and slurry of dung is fed. A floating 

cover is placed over the slurry, which keeps on rising as 

the gas is produced in the tank due to the microbial 

activity. 

The biogas plant has an outlet, which is connected to a 

pipe to supply biogas to nearby houses. The spent slurry 

is removed through another outlet and may be used as 

fertilizer. The biogas thus produced is used for cooking 

and lighting. 

Microbes as Biocontrol Agents: 

Biological control of pests and diseases: 

Lady bird – to control aphids 

Dragon fly – to control mosquitoes 

Bacillus thuringiensis (Bt Cotton) – to control wide range insects 

Trichoderma (fungi) – protects root system and control plant pathogens. 

Baculoviruses (Nucleopolyhedrovirus) – to attack insects and other arthropods. 

 

Microbes as Biofertilizers:  
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Biofertilizers are organisms that enrich the nutrient quality of the soil. The main 

sources of biofertilizers are bacteria, fungi and cyanobacteria. 

Bacteria: 

Symbiotic Bacteria – Rhizobium with root nodules of leguminous plants 

Free living (in the soil) – Azotobacter and Azospirillum. 

Fungi: 

Symbiosis – Mycorrhiza with root system of genus Glomus and absorb phosphorus 

and water from the soil for the plant growth. 

Cyanobacteria: 

Symbiosis – Anabaena in Azolla 

Free living – Nostoc, Oscillatoria and Blue green algae. 

 

Some important Diagram(s) 

 

                                    Sewage water treatment process 
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                                  Revision through Question-Answer 

2 marks Questions  

Q No.       Question and Answers 
1 
 
 
 

Ans: 

Your advice is sought to improve the nitrogen content of the soil to 
be used for cultivation of a non-leguminous terrestrial crop. 
(a) Recommend two microbes that can enrich the soil with nitrogen. 
(b) Why do leguminous crops not require such enrichment of the 
soil? 
a) Azospirillum/ Azotobacter/ Anabaena/ Nostoc / Oscillatoria /Frankia 
(Any two correct names of microbes). 
 
(If cyanobacteria mentioned=½, but if along with cyanobacteria-anabaena 
/ Nostoc / Oscillatoria mentioned then no mark on cyanobacteria). 
(b) They can fix atmospheric nitrogen, due to presence of Rhizobium/N2 
fixing bacteria in their root nodules. 
 

2 
 
 
 
 

Ans : 

Name the microbes that help the production of the following products 
commercially: 
(i) Statins 
(ii) Citric acid 
(iii) Penicillin 
(iv) Butyric acid 
(i) Monascus purpureus 
(ii) Aspergillus niger 
(iii) Penicillium notatum 
(iv) Clostridium butylicum 
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3 
 
 

Ans 

Name a genus of baculovirus. Why are they considered good 
biocontrol agents? 

 
Nucleopolyhedrovirus 
Species specific, narrow spectrum insecticidal application, no negative 
impact on non-target organisms 

 
4 
 
 
 
 
 

Ans: 
 
 
 

 

 
Mention a product of human welfare obtained with the help of each 
one of the following microbes. 
(i) LAB 
(ii) Saccharomyces cerevisiae 
(iii) Propionibacterium shermanii 
(iv) Trichoderma polysporum 
 
(i) Milk to curd  

(ii) Bread / ethanol / alcoholic drinks / whisky / brandy/ beer/ rum 

(iii) Swiss cheese  
(iv) Cyclosporin A 

 

5 
 
 

Ans: 

Distinguish between the roles of flocs and anaerobic sludge 
digesters in sewage treatments. 
 

Sl. 
No.  

Flocs  Anaerobic Sludge Digester 

(i)  
Breakdown organic 
matter aerobically. 

Breakdown organic 
matter anaerobically. 

(ii)  

Breaks down 
organic 
matter present in 
primary effluent. 

Breaks down organic 
matter present in 
secondary effluent. 

(iii)  
They do not 
produce 
biogas. 

They produce biogas 
(mixture of methane, 
H2S and CO2) 

 
 
 

  

 

6 
 

Ans : 

Explain the different steps involved during primary treatment phase 
of sewage 
Physical removal of particles (large and small), by filtration and 
sedimentation, forming primary sludge / sedimented solids, forming 
effluent (supernatant) for secondary treatment. 
 

7 
 

Ans : 

How does Bacillus thuringiensis act as a biocontrol agent for 
protecting Brassica and fruit trees? Explain 
Bacterium Bacillus thuringiensis (Bt) are available in sachets as dried 
spores, mixed with water and sprayed onto vulnerableplants, these are 
eaten up by the insect larvae, the toxins are released in the gut and 



 

 
 

30 

 

KVS RANCHI REGION 

larvae 
gets killed. 

8 

 

 

Ans: 

Your advice is sought to improve the nitrogen content of the soil to 

be used for cultivation of a non-leguminous terrestrial crop. 

(a) Recommend two microbes that can enrich the soil with nitrogen. 

(b) Why do leguminous crops not require such enrichment of the 

soil? 

(a) Azotobacter and Azospirillum. 

(b) Leguminous crops have symbiotic nitrogen fixing bacteria such as 

Rhizobium that live in the root nodules of these plants. These bacteria 

obtain food and shelter from the plant and in return they trap nitrogen 

directly from the atmosphere which they provide to the plant 

9 

 

 

 

Ans: 

What is biochemical oxygen demand (BOD) test? At what stage of 

Sewage treatment this test is performed? BOD level of three samples 

of water labelled as A, B and C are 30 mg/ L, 10mg/L and 500 mg/L 

respectively. Which sample of water is most polluted? 

 

The BOD test measures the rate of uptake of oxygen by microorganisms 
in a sample of water.  
Biological treatment or Secondary treatment. 
Sample C is most polluted because it has highest BOD level among the 

three samples of water. 

10 a. You have observed that fruit juice in bottles bought from the market 
is clearer as compared to those made at home. Give reason. 
b. Mention any two other functions of LAB that are useful to humans. 
a. Bottle juices are clarified by the use of pectinase and proteases. 
b. i) LAB in human intestine synthesizes VitaminB12. 
   (ii) LAB in human stomach checks the growth of harmful microbes 

 

 

 

3 marks Questions  

Qn. No.       Question and Answers 

1 

 

 

 

Ans : 

(a) Organic farmers prefer biological control of diseases and pests 

to the use of chemicals for the 

same purpose. Justify. 

(b) Give an example of a bacterium, a fungus and an insect that are 

used as biocontrol agents. 

a.i)Reduce dependence on chemicals like pesticides and germicides. 
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ii)Harms not only target organisms but also non target organisms. 

iii)Use of biocontrol methods maintain biodiversity. 

b.Bacteria-Bacillus thuringiensis 

Fungus-Trichoderma species 

Insect-Dragonfly 

2 

 

 

Ans: 

(a)Write the scientific name of methanogen bacteria. Where are 

these bacteria generally found? Explain their role in biogas 

production. 

(b) Name the components of biogas. 

(a) The scientific name of methanogens: 

Methanobacterium. 
Methanobacterium is found in the anaerobic sludge and rumen of cattle 
(for cellulose digestion). A lot of cellulosic material present in the food of 
cattle is also present in the rumen. In the rumen, these bacteria help in 
the breakdown of cellulose and play an important role in the nutrition of 
cattle. Thus, the excreta (dung) of cattle, commonly called Gober, is rich 
in these bacteria. Dung can be used for the generation of biogas 
commonly called Gober gas. 
(b) Biogas contains methane (CH4), CO2 and H2 

3 

 

 

 

Ans: 

How does the activity of each one of the following help in organic 

farming ? 

(a) Mycorrhiza 

(b) Cyanobacteria 

(c) Rhizobium 

(a) Mycorrhiza: The fungal symbionts in these association absorb 

phosphorous from soil and pass it to plant. Plants also show resistance to 

root borne pathogens, tolerance to salinity / drought, an overall increase 

in plant growth and development  

(b) Cyanobacteria: Serve as an important biofertilizers by fixing 

atmospheric nitrogen, also add organic matter to the soil, and increase its 

fertility.  

(c) Rhizobium: Fix atmospheric nitrogen into 

organic forms, which is used by plant as nutrient / increase soil fertility / 

symbiotic association in root nodules of leguminous plants. 

 

4 

 

Effluent from the primary treatment of sewage is passed for 

secondary treatment. Explain the process till the water is ready to be 

released into natural water bodies. 



 

 
 

32 

 

KVS RANCHI REGION 

Ans: During treatment (after adding a small amount of inoculum) primary 

effluent is constantly agitated mechanically in (large) aeration tanks and 

the air is pumped into it, this allows the vigorous growth of useful microbes 

into flocs, the microbes consume the major part of the organic matter in 

the effluent, it reduces the BOD of the effluent, the effluent is then passed 

into a settling tank where the bacterial flocs are allowed to sediment, 

major part of the activated sludge is pumped into aerobic sludge digester 

and the remaining water is released into natural water bodies. 

5 

Ans: 

“Determination of Biological Oxygen Demand (BOD) can help in 

suggesting the quality of a water body.” Explain. 
High BOD in a water body indicates more number of micro-organisms in 
water, resulting in bad quality of water / death of aquatic creatures, more 
polluting potential. 
Lower BOD of water body indicates less number of micro-organisms in 
water, good quality of water / aquatic life flourishes / less polluting 
potential 

 

 

6 

Ans: 

Explain Microbe as Biocontrol agents. 

Biocontrol means the use of biological methods for controlling plant 
diseases and pests. 
(i) Biological control of pests and diseases: In this method, natural 
predation methods are used rather than the use of chemicals. Example: 
(a) Ladybird, a beetle with red and black markings, is used in controlling 
aphids. 
(b) Dragonflies, are used to get rid of mosquitoes. 
(c) Gambusia fishes are used to kill the larvae of mosquitoes. 
(d) Bacillus thuringiensis (Bt) is a microbial agent, which is used to control 
butterfly caterpillars. 
(e) Transgenic plants are used in agriculture 
which are resistant to attack by insect pests. e.g., BT cotton. 
(f) Trichoderma species are free living fungi, they are effective against 
several plant pathogens. 
(g) Baculoviruses are pathogens that attack insects and other arthropods. 
(h) Biopesticides are used to destroy the weeds as well as the insect 
pests. They are of two types bioherbicides and bioinsecticides. 
l. Bioherbicides : It involves the biological control of weeds by some living 
organisms e.g., Weed Control by Opuntia, Cactoblastis cactorum 
II. Bioinsecticides : They are living organisms or their products, which are 
used to kill or repel specific insect. e.g., Nicotine from tobacco, 
Azadirachtin from neem leave are natural insecticide. 

7 

Ans: 

What are statins? Name the microorganism that produces this 
substance. How is it medically important? 
Statins are cholesterol reducing agents. 
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They are produced by Monascus purpureus (Yeast) They act by 
Competitively inhibiting the enzymes responsible for synthesis of 
cholesterol and are used as blood cholesterol lowering agents. 

8 

 

 

 

 

 

 

 

 

Ans: 

 
Fill in the blanks spaces a, b, c, d, e, and f given in the following 
table 

S. 
No.  

Name of 
Organism  

Commercial 
Product  

Application 

1  
Penicillium 
notatum  

Penicillin  (a) 

2  (b)  Lactic acid  Making Curd 

3  Streptococcus  Clot buster enzyme  (c) 

4  
Trichoderma 
polysporum 

(d)  
Immuno 
suppressive agent 

5  
Saccharomyces 
cerevisiae 

Ethanol  (e) 

6  (f)  Swiss cheese  Food Product 
 

a) to kill disease causing bacteria 

(b) Lactobacillus 

(c) remove clots from blood vessels 

(d) Cyclosporin A 

(e) Beverage 

(f) Propionibacterium sharmanii 
 

9 

 

 

Ans: 

How does primary sludge differ from activated sludge? What type of 

changes in the sludge is carried out in anaerobic sludge digester? 

Give the composition of biogas produced in the wage treatment 

plant. 

Primary sludge is all solids like soil, small pebbles that settle down in 
settling tank during primary treatment of sewage. Activated sludge is the 
sediment of bacterial ,flocs, in settling tank during biological treatment. 
Flocs are masses of bacteria held together by slime and fungal filaments. 
A part of activated sluge is used as inoculum in aeration tank and 
remaining is passed into a large tank called anaerobic sludge digester. In 
this tank, other kind of bacteria which grow an aerobically, digest the 
bacteria, fungi and biomass in the sludge. Biogas that produced in 
Sewage treatment plant is a mixture of methane, hydrogen and Carbon 
dioxide. 

10 

 

 

 

Ans: 

Choose any three microbes, from the following which are suited for 
organic farming which is in great demand these days for various 
reasons. 
 Mention one application of each one chosen. Mycorrhiza; 
Monascus; Anabaena; Rhizobium; Methanobacterium; Trichoderma 
 

Mycorrhiza : Fungal symbiont of the association/ absorb phosphorus from 

soil. 

Anabaena : Fix atmospheric nitrogen / Adds organic matter to the soil. 
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Rhizobium : It is a symbiotic root nodule bacterium which fixes 

atmospheric nitrogen (in leguminous plants) in organic form which is used 

by plant as nutrient. 

Methanobacterium : They digest cellulosic material and the product / 

spent slurry can be used as fertilizer. 

Trichoderma: Biocontrol agent for several plant pathogens 

 

5 marks questions  (Case Based Questions) 

Qn. No.       Question and Answers 

     1 

 

 

 

 

 

 

 

Ans 

Yeast and certain bacteria play a key role fermentation to breakdown 
carbohydrates into ethanol and carbon dioxide which then further 
used to prepare acetic acid with the help of bacterium Acetobacter 
aceti. Alcoholic 
fermentation in anaerobic process, but the conversion of alcohol to 
acetic acid is aerobic one. Fermented nutrient medium used differs 
based on products. 
a. Name the gas which is released during fermentation. 
b.Why is it advised to drink fresh fruit juice? 
c……….. is an alcoholic drink, made by fermenting flower sap from 
palms by bacteria. 
d.Name the yeast which is used in brewing industry. 
e.Give a name of:  
 i)an alcohol which is produced by distillation. 
ii)an alcohol which is produced without distillation. 
a.Carbon dioxide  
b.Microbes act on the juice and convert it into alcohol. 
c.Toddy 
d. Saccharomyces cerevisiae 
e.i) Whisky, Brandy and Rum 
ii) Wine and Beer 

 

      2 

 

 

 

 

 

 

 

 
Villagers in a place near Chambur started planning to make power 
supply for agricultural purposes from cow dung. They have started 
a biogas plant for the purpose. Biogas is produced by microbial 
activity. Indian Agricultural Research Institute (IARI), Khadi and 
Village Industries Commission (KVIC) developed the technology of 
biogas production in India. 

 
a. Name the components of Biogas. 
b. The most important microbes involved in production of biogas 
are……... 
c. Name the component present in the Cattle dung on which bacteria 
acts. 
d. What is a Biogas plant? 
e. Give two uses of biogas 



 

 
 

35 

 

KVS RANCHI REGION 

Ans  

a.50 – 70% methane (CH4), 30 – 40% CO2, 1 – 5% H2, traces of O2 and 

N2 and H2S. 
b. Methanogens 
c. Cellulose. 
d.Biogas is commercially produced inside the biogas plants. Each biogas 
plant consists of a deep (10 – 15 ft) concrete tank covered by floating lid. 
It is fed with a mixture of dung (commonly called Gober) and water (1: 1). 
e. Biogas is used as fuel for heating, cooking and lighting. 

  

 

 

 

 

 

 

 

 

 

Chap no 11:           BIOTECHNOLOGY: PRINCIPLES AND PROCESS 

EFB  (European Federation of Botechnlogist )defines Biotechnology as    :  ‘The integration of 
natural science and organisms, cells, parts thereof, and molecular analogues for products and 
services’. 

Two core techniques that enabled birth of modern biotechnology 

 
Genetic engineering 

Techniques to alter the chemistry of genetic material (DNA and 
RNA), to introduce these into host organisms and thus change the 
phenotype of the host organism. 
 

 
Chemical 
Engineering 

Maintenance of sterile (microbial contamination-free) ambience in 
chemical  engineering processes to enable growth of only the 
desired microbe/eukaryotic cell  in large quantities for the 
manufacture of biotechnological products like antibiotics, vaccines, 
enzymes, etc. 
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Steps in producing recombinant 
DNA 
 

 

 

 

 

 

 

 

 

 

 

 

Recombinant DNA Technology  

 
 
 
 
 
 
 
 

Discovery of a first restriction enzyme Hind II in the 
bacterium Haemophilus influenza by Nathans, Arber  & 
Smith and award Nobel Prize. 

                                                    

 

 

Restriction enzymes 
Naming : EcoRI 

E co R I 

Escherichia coli RY 13 1 
1st Letter of 
Genus in capital 

Two letters of 
species in lower 
case 

First letter 
of Strain 

Order in which the 
enzymes were isolated 
from that strain of 
bacteria. 

 

1. The required gene is cut from a DNA 

molecule using a Restriction enzyme. 

2. A bacterial plasmid is isolated and cut 

with the same restriction enzyme. This 

ensures cut ends are complementary 

(same base sequence) to the ends of the 

required gene. 

3. The required gene is joined to the 

plasmid using the enzyme DNA ligase in a 

process called ligation.  

4. The resulting recombinant plasmid is 

returned to the bacterial cell.  

5. The bacteria reproduce and the required 

gene is cloned. 

 

Procedure:   
    - Isolation  

    - Digestion  
    - Fractionation  
    - Purification of the TARGET fragment  
    - Cloning into vectors  
    - Transformation of host cell and selection  
    - Replication  
    - Analysis  

 

Introduction of recombinant DNA into 
host cells: 
 Some commonly used procedures: 

1. Transformation 
2. Transfection 
3. Electroporation 
4. Biolistics or Genegun 

Agrobacterium mediated gene transfer 

Methyl groups are 
added to C or A 
nucleotides in 
order to protect 
the bacterial host 
DNA from 
degradation by its 
own enzymes  
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Restriction enzymes recognise a specific short nucleotide sequence ( Pallindromes) 
  

 
 

Types :  
Exonucleases remove nucleotides from the ends of the DNA whereas, 
Endonucleases make cuts at specific positions within the DNA. 

 
DNA fractionation 
Separation of DNA fragments in order to isolate and analyse DNA cut by restriction enzymes  

 

 

 
 

GEL ELECTROPHORESIS :  

  

Separation and isolation of DNA fragments: 
(i) The cutting of DNA by restriction endonucleases 
results in the short fragments of DNA, which can be 
separated by a technique known as gel 
electrophoresis. 
(ii) The DNA fragments are negatively charged and 
they can be separated by forcing them to move 
towards the anode under an electric field through a 
medium/matrix. 
(iii) Commonly used matrix is agarose, which is a 
natural linear polymer of D-galactose and 3, 6-
anhydro-L-galactose which is extracted from sea 
weeds. 
(iv) The DNA fragments separate (resolve) out 
according to their size through sieving effect provided 
by the agarose gel. Hence, the smaller the fragment 
size, the farther it will move. 

This is known as a Restriction Site The 

phosphodiester bond is  cleaved 
between specific bases, one on each 
DNA strand  
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Recombinant DNA technology:  

 
Recombinant DNA: Plasmids, cloning 

What is DNA cloning? 

DNA cloning is the isolation of a fragment or fragments of DNA from an organism and placing in a 
VECTOR that replicates independently of chromosomal DNA. The RECOMBINANT DNA is propagated 
in a host organism, the resulting CLONES are a set of genetically identical organisms which contain the 
recombinant DNA  

  
 
 
 
 
Cloning and Expression Vectors 
Isolated DNA is cloned into VECTORS for long term storage, propagation of the DNA and for 
production of protein from gene(s) encoded in the DNA  

What are cloning vectors? 
Cloning vectors are extra-chromosomal 'replicons' of DNA which can be isolated and can replicate 
independently of the chromosome.  

 

 
 
 
 
Components of Cloning Vector 

 
 
 
 

 

 

 

Characteristics of a Cloning Vector 

 
Origin of replication 

(ORI) 

 

This process marks autonomous replication in vector. ORI is a specific sequence of 
nucleotide in DNA from where replication starts. When foreign DNA is linked to this 
sequence then along with vector replication, foreign (desirable) DNA also starts replicating 
within host cell. 

(v) The separated DNA fragments can be visualized 
after staining the DNA with ethidium bromide 
followed by exposure to UV radiation (orange band). 
(vi) The separated bands of DNA are cut out and 
extracted from the gel piece, this step is called elution. 
(viii) The purified DNA fragments are used to form 
recombinant DNA which can be joined with cloning 
vectors.  

Three main purposes for cloning DNA 
1) DNA sequencing 

2) Protein production 

3) Engineering animals/plants/proteins 
 

Commonly used vector systems  
Bacterial plasmids  
Bacteriophages  
Cosmids  
Yeast artificial chromosomes (YACs)  
Ti plasmid (plants)  
Eukaryotic viruses such as  
baculovirus (insect cells),  
SV40 virus and retroviruses. 
 

(a) ori: It is a sequence from where replication starts and any piece of DNA when linked 
to this sequence can be made to replicate within the host cells. It is also responsible for 
controlling the copy number of the linked DNA. 
(b) ampR : The ligation of alien DNA is carried out at a restriction site present in any 
antibioticresistance gene. 
(c) rop: It codes for the proteins involved in the replication of the plasmid. 
 

PLASMID 
(autonomously 

replicating circular 
extra-chromosomal 

DNA) 
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Selectable Marker 

Characteristics of  Selectable marker: 
A gene whose expression allows one to identify cells that have been transformed or 
transfected with a vector containing the marker gene. 
A marker gene is used to determine if a piece of DNA has been successfully inserted into 
the host organism. Gene usually encoding resistance to an antibiotic. A selectable 
marker will protect the organism from a selective agent that would normally kill it or 
prevent its growth.  

Restriction sites 

 

Allow cleavage of specific sequence by specific Restriction Endonuclease. Restriction 
sites in E.coli cloning vector pBR322 include HindIII , EcoRI , BamHI , SalI, PvuI, PstI, 
ClaI  etc. 

 
A Cloning Vector that Works with Plant Cells 
Most commonly used plant cloning vector "Ti" plasmid, or tumor-inducing plasmid. Found in cells of 
the bacterium known as Agrobacterium tumefaciens, normally lives in soil. Bacterium has ability to 
infect plants and cause a crown gall, or tumorous lump, to form at the site of infection.  
Ti plasmid - called T DNA - separates from the plasmid and incorporates into the host cell genome. This 
aspect of Ti plasmid function has made it useful as a plant cloning vector (natural genetic engineer).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Heat shock method Micro-injection Gene gun/Biolistics 

DNA is treated with a specific 

concentration of a divalent cation, such 

as calcium, which increases the 

efficiency with which DNA enters the 

bacterium through pores in its cell wall. 

The rDNA is forced into the cell by 

incubating the cell with rDNA on ice, 

followed by placing them briefly at 42°C 

rDNA is directly 

injected into the 

nucleus of an animal 

cell. 

cells are bombarded 

with high velocity 

micro-particles of gold 

or tungsten coated with 

DNA. 

 

Competent Host (For Transformation with Recombinant DNA) 
(i) DNA being a hydrophilic molecule, cannot pass through cell membranes. 
(ii) The bacteria should be made competent first, to accept the DNA molecules by treating them with a specific 
concentration of a divalent cation like calcium (Ca++) which increases the efficiency with which DNA enters the 
cell through the pores in its cell wall. 
(iii) Recombinant DNA can be forced into such cells by incubating the cells on ice, followed by placing them 
briefly at 42°C (heat shock) and then putting them back on ice. This facilitates the entry of recombinant DNA 
in the bacterial cell. 

 

Insertional Inactivation 
In insertional inactivation, a recombinant DNA is inserted 

within the coding sequence of an enzyme β-galactosidase, 

which results into inactivation of the enzyme. 

The bacterial colonies having inserted plasmid, show no 

colouration while those without inserted plasmid show 

blue colour. Based on colour production in the presence 

of chromogenic substrate, the recombinants and non-

recombinants can be differentiated. 
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(heat shock) and then putting them 

back on ice. 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

PCR (Polymerase Chain Reaction): 

PCR is a technique for the in vitro amplification of a desired sequence of DNA. PCR allows the 

generation of a large quantity of DNA product  from only a few starting copies. It has been shown that 

PCR can be used to generate a detectable quantity of DNA from only one starting target (or template) 

molecule. PCR developed in the mid-1986 by Kary Mullis.  

Isolation of DNA 

1. Treating the bacterial cells/plant or 
animal tissue with enzymes such as 
lysozyme (bacteria), cellulase  
(plant cells), chitinase (fungus). 

2. The RNA can be removed by 
treatment with ribonuclease 
whereas  

3. Proteins can be removed by 
treatment with protease.  

4. Other molecules can be removed by 
appropriate treatments  

5. Purified DNA ultimately precipitates 
out after the addition of chilled 
ethanol.  

This can be seen as collection of fine threads 
in the suspension 
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Discovery of a thermostable DNA polymerase 

The breakthrough came with the discovery of the thermostable DNA polymerase Taq polymerase, 
from the thermophilic bacterium, Thermus aquaticus, which lives in hot springs.Taq polymerase 
enzyme can resist high temperatures required to melt the template DNA apart without denaturation 
(loss of activity) and works best at high temperatures (72°C).  

 Bioreactor: It is a large vessel having many controls and is mainly used for : 
 (i) processing large volumes of culture 
(ii) large scale production of recombinant proteins 
(iii) biologically converting raw materials into specific products.  
 
A stirred-tank reactor is usually cylindrical or with a curved base to facilitate the mixing of the 
reactor contents. The stirrer facilitates even mixing and oxygen availability throughout the 
bioreactor. Alternatively, air can be bubbled through the reactor. If you look at the figure closely 
you will see that the bioreactor has an agitator system, an oxygen delivery system and a foam 
control system, a temperature control system, pH control system and sampling ports so that small 
volumes of the culture can be withdrawn periodically. 
 
Downstream processing 
It refers to the recovery and purification of biosynthetic products, particularly 
pharmaceuticals, from natural sources such as animal or plant tissue or fermentation broth 
Stages in Downstream Processing 

A widely recognized heuristic for categorizing downstream processing operations divides 
them into four groups which are applied to bring a product from its natural state as a 
component of a tissue, cell or fermentation broth through progressive improvements in 
purity and concentration. 

PCR is carried out in the following three steps: 
(a) Denaturation 

✓ The double-stranded DNA is denatured by applying 
high temperature of 95°C for 15 seconds. Each 
separated single stranded strand now acts as 
template for DNAsynthesis. 

 
(b) Annealing 

✓ Two sets of primers are added which anneal to the 3′ 
end of each separated strand. 

✓ Primers act as initiators of replication. 
✓ It is done at temperature of 620 C for around 20 s 

 
 
(c) Extension (72 0 C for 20 s) 

✓ DNA polymerase extends the primers by adding 
nucleotides complementary to the template provided 
in the reaction. 

✓ A thermostable DNA polymerase (Taq polymerase) is 
used in the reaction which can tolerate the high 
temperature of the reaction. 

✓  All these steps are repeated many times to obtain 
several copies of desired DNA. 
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Removal of insolubles           Product Isolation           Product Purification            
Product Polishing   

Some important Diagram(s) 
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Revision through Question-Answer 

2 marks Questions  

1 What are the two principal core techniques that gave rise to modern 

biotechnology? 

Ans- - Genetic Engineering  

- Bioprocess Engineering 

 

2 Name the technique that creates recombinant DNA? List the steps 

involved in it. 

Ans- Genetic Engineering or Recombinant DNA Technology.  

The Key Steps are: 

✓ Creation of recombinant DNA 

✓ Gene cloning 

✓ Gene transfer into host organism 

3 The first recombinant DNA was created by joint effort of Boyer and 

Cohen. How did they create the r-DNA?  
Ans- Stanley Cohen and Herbert Boyer created rDNA in 1972 by isolating the 

antibiotic resistance gene by cutting out a piece of DNA from a plasmid using 

restriction enzymes. The cut piece of DNA was then linked with the plasmid 

DNA. These plasmid DNA act as vectors to transfer the piece of DNA 

attached to it. 
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4 a. How can DNA be visualised after separation using gel 

electrophoresis? 

b. In the given process of separation and isolation of DNA fragments, 

some of the steps are missing, Complete the missing steps – 

A: Digestion of DNA fragments using restriction endonucleases 

↓ 

B: .............................................................. 

↓ 

C: Staining with ethidium bromide 

↓ 

D: Visualisation in U.V. light 

↓ 

E: ............................................................. 

↓ 

F: Purification of DNA fragments. 

 

Ans- a. The DNA is stained with Ethidium Bromide is placed under UV Chamber 

(Transilluminator). The DNA is seen as orange band. 

b. At step B the process of Gel Electrophoresis takes place while at step E 

the process of Elution occurs. 

 

 

5 What do you understand by Insertional inactivation? 

Ans- In recombinant DNA technology, insertional inactivation is a technique 

utilised. In this process, a bacteria carrying recombinant plasmids or a 

fragment of foreign DNA is made to insert into a restriction site inside a gene, 

causing the gene to become non-functional or inactivated and so resistant to 

antibiotics. 

                                                                          Or 

The insertional inactivation is the process of insertion of the recombinant DNA 

into the coding Sequence of enzyme such as  B– galactosidase leading to 

the inactivation of the enzyme. An example is when the insert is absent in the 

plasmid of bacteria then it will lead to the insertional inactivation leading to 

the production of colourless colonies instead of blue-colored colonies due to 

the presence of chromogenic substrate. 

6 Why is coding sequence of an enzyme Beta-Galactosidase a preferred 

selectable marker in comparison to antibiotic resistances (ampR and 

tetR) ? 

 

Ans- The selection of recombinants due to inactivation of antibiotics is a difficult 

process and requires simultaneous plating on two plates having different 

antibiotics.  The enzyme β- galactosidase  is preferred as a selectable marker 

as when the recombinant DNA is inserted into the coding sequence of the 
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enzyme β-galactosidase, it leads to the inactivation of the enzyme and hence 

in the presence of a chromogenic substance the recombinants do not give 

coloured colonies, while the non-recombinants produce blue colonies. Thus, 

no separate plating is required. 

 

7 What will happen if there are many recognition sites in a cloning vector? 

Ans- If the restricition enzymes have more than one recognition site in a vector, then the 

vector itself will get fragmented on treatment on treatment with the restriciton 

enzyme . Restriction enzymes should not have more than one site of action in the 

cloning site of a vector. 

 

8 State what happens when an alien gene is inserted at Sal I and Pvu I site 

of pBR322 Plasmid? 

Ans- If an alien gene is ligated at the Pvu I site of ampicillin resistance gene in the vector 

pBR322 the recombinant plasmids lose ampicillin resistance due to insertion 

for the foreign DNA. 

 

9 Describe how is DNA isolated from a cell for recombinant DNA 

technology ? 

Ans- Isolation of DNA from the organism:  

i. The cells are lysed using detergent mixtures, which creates pores 

in the plasma membrane.  

ii. Then the mixture of cell contents is treated with protease and 

RNAase enzymes. The enzyme protease destroys the proteins 

present in the mixture and the enzyme RNAase destroys the RNA 

molecules present in the mixture.  

iii. Then the mixture is centrifuged and the supernatant containing the 

DNA is transferred into a clean test tube and , 

iv. the DNA precipitated with the addition of ethanol. 

 

 

10 Mention two classes of restriction enzymes. Suggest their respective 

roles. 

 

Ans- Ans: Exonucleases and endonucleases are two classes of restriction 

enzymes. 

The function of Exonucleases is to remove the nucleotides from the ends of 

the DNA while the Endonucleases play a major role in cutting the DNA at 

specific sites between the ends of DNA. 
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3 marks Questions (10 questions) 

1 An enzyme discovered from bacteria was found to cut the DNA of virus. 

What was the term used to for such Enzymes? How are these enzymes 

named? Explain using an example.  

Ans- Such Enzymes are called Restriction enzymes. 

Naming : EcoRI 

E co R I 

Escherichia coli RY 13 1 
1st Letter of 

Genus in capital 

Two letters of 

species in lower 

case 

First letter 

of Strain 

Order in which the enzymes were 

isolated from that strain of 

bacteria. 

 
 

2  

 
Identify A,D, B and C and explain their roles in cloning a vector. 

Ans- A- Ampicillin Resistance 

B- ORI 

C- ROP 

D- Tetracycline Resistance 

A, D- are used as selectable Marker in rDNA technology 

B- ORI is a specific sequence of nucleotide in DNA from where replication 

starts. When foreign DNA is linked to this sequence then along with vector 

replication, foreign (desirable) DNA also starts replicating within host cell. 

C- ROP - It codes for the proteins involved in the replication of the plasmid. 

 

3 What do you understand by down streaming process? Explain the steps 

involved in it and give its significance.   
Ans- Downstream processing : The processes include separation and purification 

are collectively referred to as downstream processing. It refers to the recovery 

and purification of biosynthetic products, particularly pharmaceuticals, from 

natural sources such as animal or plant tissue or fermentation broth. 

Steps in Downstreaming Process:  

Removal of insoluble            

Product Isolation            

Product Purification             

Product Polishing   



 

 
 

47 

 

KVS RANCHI REGION 

The steps are necessary to make products ready for marketing as a 

finished product. 

 

4 A vector is engineered with three features which facilitate its cloning 

within the host cell. List the three features and explain each one of them. 

Ans- Characteristic Feature of Cloning Vector: 

 

Origin of replication (ORI) :This process marks autonomous replication in 

vector. ORI is a specific sequence of nucleotide in DNA from where 

replication starts. When foreign DNA is linked to this sequence then along 

with vector replication, foreign (desirable) DNA also starts replicating within 

host cell. 

Selectable Marker: A gene whose expression allows one to identify cells that 

have been transformed or transfected with a vector containing the marker 

gene. A marker gene is used to determine if a piece of DNA has been 

successfully inserted into the host organism. Gene usually encoding 

resistance to an antibiotic. A selectable marker will protect the organism from 

a selective agent that would normally kill it or prevent its growth.  

 

Restriction sites : Allow cleavage of specific sequence by specific Restriction 

Endonuclease. Restriction sites in E.coli cloning vector pBR322 include 

HindIII , EcoRI , BamHI , SalI, PvuI, PstI, ClaI  etc. 

5 What is a bioreactor? Draw a labelled diagram of a sparged stirred-tank 

bioreactor. How does simple stirred type bioreactor differs from 

sparged stirred tank bioreactor?  

Ans- 

Bioreactor: It is a large vessel having many controls and is mainly used for: 

 (i) processing large volumes of culture 

(ii) large scale production of recombinant proteins 

(iii) biologically converting raw materials into specific products 
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In the simply stirred tank bioreactor the stirrer facilitates the even mixing and 

the oxygen availability throughout the process, whereas for proper mixing 

throughout the reactor in the case of sparged stirred-tank bioreactor the air is 

found to be bubbled. 

6 Expand PCR. Mention its important steps. 

 

Ans- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

7 What are various ways to transfer Gene into host without using vector? 

Name a method that is used to transfer gene in Animal Cell. 

 

Ans- various ways to transfer Gene into host without using vector 

I. Heat shock method : DNA is treated with a specific concentration 

of a divalent cation, such as calcium, which increases the efficiency 

with which DNA enters the bacterium through pores in its cell wall. 

The rDNA is forced into the cell by incubating the cell with rDNA on 

ice, followed by placing them briefly at 42°C (heat shock) and then 

putting them back on ice. 

II. Micro-injection : rDNA is directly injected into the nucleus of an 

animal cell.  

III. Gene gun/Biolistics : cells are bombarded with high velocity micro-

particles of gold or tungsten coated with DNA. 

PCR or POLYMERASE CHAIN REACTION 
is carried out in the following three steps: 
(a) Denaturation 

✓ The double-stranded DNA is 
denatured by applying high 
temperature of 95°C for 15 seconds. 
Each separated single stranded 
strand now acts as template for 
DNAsynthesis. 

(b) Annealing 
✓ Two sets of primers are added which 

anneal to the 3′ end of each 
separated strand. 

✓ Primers act as initiators of 
replication. 

✓ It is done at temperature of 620 C for 
around 20 s 

(c) Extension (72 0 C for 20 s) 
✓ DNA polymerase extends the 

primers by adding nucleotides 
complementary to the template 
provided in the reaction. 

✓ A thermostable DNA polymerase 
(Taq polymerase) is used in the 
reaction which can tolerate the high 
temperature of the reaction. 

✓  All these steps are repeated many 
times to obtain several copies of 
desired DNA. 
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Microinjectiuon technique is used to transfer gene into Animal Cell. 

 

8 The following Illustrates linking of 

DNA Fragments 

(i) Write the name of A and B.   

(ii) Complete the palindrome, which is 

recognised by Eco RI. 

(iii) Write the name of the enzyme that 

can link the two DNA fragments. 

 

Ans- i. A-Vector DNA, B-Foreign DNA 

ii. GAATTC(Pallindromic Recognition Sequence of Enzyme ECORI ) 

iii. DNA Ligase 

9 Rearrange the following in correct sequence to accomplish an 

important biotechnological reaction 

a). Invitro synthesis of copies of DNA of Interest 

b).Chemically synthesised oligonucleotide 

c).Enzyme-DNA Polymerase 

d).Complementary region of DNA 

e).Genomic DNA Template 

f).Nucleotides provided 

g).Primers 

h)Thermostable DNA Polymerase from (Thermus aquaticus) 

i).Denaturation of dsDNA. 

Ans- The correct sequence of the steps involved in biotechnological reaction is 

e. Genomic DNA template  

i. Denaturation of ds-DNA 

g. Primers 

f. Nucleotides provided 

h. Thermostable DNA polymerase (from Thermus aquaticus)  

c. Enzyme DNA polymerase  

b. Chemically synthesised oligonucleotides 

d. Complementary region of DNA 

a. In vitro synthesis of copies of DNA of interest 

10 Observe the given sequence of nitrogenous bases on a DNA fragment 

and answer the following question 

5  ́- CAGAATTCTTA - 3  ́

3  ́- GTCTTAAGAAT - 5  ́

(a) Name a restriction enzyme that can recognize this DNA sequence. 

(b) Write the sequence after digestion. 

Ans- Ans: a.EcoRI is the name of a restriction enzyme that helps in the recognition 

of various sequences of DNA. 
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b.  

 

5 marks questions (Case Based Questions) 

1 Some restriction enzymes break a phosphodiester bond on both the DNA 
strands, such that only one end of each molecule is cut and these ends 
have regions of single stranded DNA. BamH1is one such restriction 
enzyme which binds at the recognition sequence, 5’-GGATCC- 3’and 
cleaves these sequences just after the 5’- guanine on each strand.  
 
a. What is the objective of this action?  

b. Explain how the gene of interest is introduced into a vector.  

c. You are given the DNA shown below.  

5’ ATTTTGAGGATCCGTAATGTCCT 3’  
3’ TAAAACTCCTAGGCATTACAGGA 5’ 
 If this DNA was cut with BamHI, how many DNA fragments would you 

expect? Write the sequence of these double-stranded DNA fragments with 

their respective polarity.  

d. A gene M was introduced into E. coli cloning vector PBR322 at BamH1 

site. What will be its impact on the recombinant plasmids? Give a possible 

way by which you could differentiate non recombinant to recombinant 

plasmids 

Ans a. The two different DNA molecules will have compatible ends to recombine.  

b. Restriction enzyme cuts the DNA of the vector and then ligates the gene of 

interest into the DNA of the vector.  

c. 2 fragments  

5’ ATTTTGAG 3’5’GATCCGTAATGTCCT 3’  

3’ TAAAACTCCTAG 5’.3’GCATTACAGGA 5’  

d. BamH1 site will affect tetracycline antibiotic resistance gene, hence the 

recombinant plasmids will lose tetracycline resistance due to inactivation of the 

resistance gene.  

Recombinants can be selected from non-recombinants by plating into a medium 

containing tetracycline, as the recombinants will not grow in the medium because 

the tetracycline resistance gene is cut.  

2 POLYMERASE CHAIN REACTION (PCR) stands for Polymerase Chain 

Reaction. In this reaction, multiple copies of the gene (or DNA) of interest are 

synthesised in vitro using two sets of primers (small chemically synthesised 
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oligonucleotides that are complementary to the regions of DNA) and the enzyme 

DNA polymerase. The enzyme extends the primers using the nucleotides 

provided in the reaction and the genomic DNA as template. If the process of 

replication of DNA is repeated many times, the segment of DNA can be amplified 

to approximately billion times, i.e., 1 billion copies are made. Such repeated 

amplification is achieved by the use of a thermostable DNA polymerase (isolated 

from a bacterium, Thermus aquaticus), which remain 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 . 

 

a.What are the three steps involved in PCR ? 

b. How is it possible for DNA polymerase to work at high temperature in 

PCR ? What is the source of such thermostable DNA polymerase? 

c. What are Primers? List its uses 

 .(a) The three steps involved in polymerase chain reaction (PCR): 

(i) Denaturation of double stranded DNA (dsDNA) at high temperature. 

(ii) Annealing of two sets of primers.  

(iii) Extension of primers to form dsDNA by Taq polymerase and 

deoxynucleotides.  

(b) Source of organism is the bacterium Thermus aquaticus. This enzyme is 

heat tolerant and repeatedly amplifies DNA at high temperatures. 

(c). Primers are artificially synthesized oligonucleotide strand that are 

complementary to the regions of DNA. They anneal to both the strands of DNA 

which are then extended using nucleotides. 
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Chapter no 12-  BIOTECHNOLOGY & ITS APPLICATION 

Biotechnology is making Genetically modified organisms-microbes, plants, animals 

for industrial production of Biopharmaceuticals and other useful products.  

Applications –  

i) Diagnostic & therapeutic                                          ii) Genetically modified crops     
iii) Waste treatment                                                     iv) Energy production  
v) Food processing                                                      vi) Bioremediation  
 

Application in AGRICULTURE  

Genetically modified organisms (GMO)-Plants, bacteria, fungi, animals whose genes 

are altered by manipulation.  

Transgenic crops (GMO) -Crops contain or express one or more useful foreign 

genes.  

Advantages -i) More tolerant to stresses (heat, cold, draught).  

                          ii) Pest resistant GM crops, reduce the use of Chemical pesticides. Eg- BT-Cotton  

                       iii) Reduced post-harvest losses.  Eg- Flavr savr tomato. 

                       iv) Enhance nutritional value of food. eg.- Golden Rice (Vitamin A enriched).  

                       v) Increased efficiency of mineral use.   

 

PEST RESISTANT PLANTS 

BT COTTON 
 Some strains of Bacillus thuringiensis 

produce proteins that kill some insects 
like lepidopterans (tobacco budworm, 
armyworm), coleopterans (beetles) 
and dipterans (flies, mosquitoes). 

 B. thuringiensis forms protein crystals 
which contain a toxic insecticidal 
protein. 

 Bt toxins are initially inactive protoxins 
but after ingestion by the insect their 
inactive toxin becomes active due to 
the alkaline pH of the gut which 
solublise the crystals. 

 The activated toxin binds to the surface 
of midgut epithelial cells thus creating pores which causes cell swelling and lysis, 
further leading to death of the insects. 
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 Specific Bt toxin genes obtained from Bacillus thuringiensis are used in several crop 
plants like cotton. 

 The toxin is coded by a gene called cry which is of various types. For example, proteins 
encoded by the genes cryIAc and cryIIAb control the cotton bollworms and that of 
cryIAb control corn borer. 

 Bt tobacco was first cultured to kill hornworm (Manduca sexta). 

 

Protection of plants against nematodes – 

The nematode Meloidegyne incognitia infects tobacco 
roots leading to reduction in the yield. To prevent this 
infestation, a strategy based on the process of RNA 
interference (RNAi) was adopted. 

 Using Agrobacterium vectors, nematode-specific 
genes were introduced into host plants.  

 This DNA produced both sense and anti-sense 
RNA in the host cells. These two RNAs being 
complementary to each other, formed a double 
stranded (dsRNA) RNA.  

 The specific mRNA of the nematode binds to 
dsRNA and thus prevents its translation 
(silencing).  

 The parasite could not survive in a transgenic host 
expressing specific interfering RNA. And the 
transgenic plant is thus, protected. 

 

In medicine- GENETICALLY ENGINEERED INSULIN 

 rDNA technology was applied in therapeutic application by generating genetically 

engineered insulin for man.  In 1983, Eli Lilly, an American company prepared 2 DNA 

sequences coding for chains A & B.  

 Human insulin consists of 

two short Polypeptide 

chains A & B being linked 

by disulphide bridges. In 

man, Insulin secreted as 

Prohormone containing C 

peptides that is removed 

during maturation. 

 From the human cell, DNA containing insulin 
gene is isolated. The two DNA sequences 
corresponding to A and B, chains of human insulin 
is introduced into the plasmids of E. coli to produce 
insulin chains A and B. The extracted chain A and 
B were combined by creating disulfide bonds to 
form human insulin (humulin). 
 
Advantage: The insulin prepared by rDNA technology 
does not produce sensitive allergic reactions and 
immunological reactions whereas those used earlier 

produced allergic reactions and other complications to the foreign protein as earlier extracted 
from pancreas of slaughtered cattle or pigs. 
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GENE THERAPY 

 Gene therapy involves correction of the gene defects in child or embryo.  

 Adenosine deaminase deficiency is a kind of immuno-disorder caused by deletion of 

gene coding for ADA.  

  It can be cured by bone marrow transplantation or enzyme replacement therapy. 

 A functional ADA-cDNA(through Retrovirus vector) is introduced in lymphocyte 

culture for genetic infusion and transfered to the patient body for normal functioning.It 

is temporary relief as patient needs periodic infusion of genetically engineered 

lymphocyte. 

 

 

 

 

MOLECULAR DIAGNOSIS  -- 

• Early & accurate detection of diseases substituting conventional 

diagnostic tecniques may be done by following methods:  

•  PCR (Polymerase chain reaction): Short stretches of pathogenic genome 

is amplified for detection of suspected AIDS, Cancer or genetic disorder. 

• ELISA  (Enzyme Linked Immunosorbent Assay)  used to detect AIDS 

based on detection of antibodies produced against antigen of pathogen. 

 

TRANSGENIC ANIMALS 

Animals with manipulated genes or a foreign gene to be expressed are called as 

transgenic animals. They are useful- 

1. To know how genes contribute to development of disease. 

2. To use proteins for treatment of disease. 

3. To verify vaccine and chemical safety. 

 

LIST OF TRANSGENIC ANIMAL & ITS USES 

 Transgenic Animal Application 

1 ROSIE Cow Milk containing Human alpha Lactoalbumin, 2.4 g/kg 

2 TRACY sheep human protein (α-1-antitrypsin) used to treat emphysema 

 

LIST OF TRANSGENIC PLANTS & ITS USES 

 

 

Sl. 
No. 

Transgenic 
plants 

Application 

01. Bt Cotton Pest resistant(Cotton bollworm) , Herbicide tolerant, High yield 

02. Flavr Savr  Tomato Improved nutrient quality(Increased solid nutrient) 

03. Potato Increased nutritional quantity(Starch content) 

04. Brassica napus Hirudin protein prevents blood clotting 

05. Golden Rice Enriched in Vitamin-A(B-carotene) 

06. Wheat Herbicide resistant 

07. Maize Herbicide resistant 

08. Corn Insecticide resistant 
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LIST OF TRANSGENIC MICROORGANISMS & ITS USES 

Sl. No. Transgenic microorganisms Application 

01. Bacillus thuringiensis Produces cry protein as plant insecticide 

02. Escherichia coli Produces human insulin, interferons, interleukin 

03. Pseudomonas fluorescence  Prevents frost damage of fruits 

04. Pseudomonas putida Scavenging of oil spillage. 

05. Rhizobium meliloti Nitrogen fixation by Nif gene 

06. Trichoderma  Biocontrol of fungal diseases in plants. 

07. Tramates Removal of lignin from wood pulp. 

 

BIOPIRACY -- Some organizations and multinational companies exploit or patent 

bioresources of other nations without proper authorization. Indian patent bill is there to prevent 

such unauthorized exploitation. 

GEAC-Genetic Engineering Approval Committee 

✓ Validity of GM research and the  

✓ safety of introducing GM organism. 

 

PATENT 

✓ A set of exclusive rights granted by a state (national government) to an inventor or their 

assignee for a limited period of time in exchange for a public disclosure of an invention. 

✓ Patents are supposed to satisfy three criteria of: Novelty, non-obviousness, and Utility.  

✓ Novelty implies that the innovation must be new. It cannot be part of ‘prior art’ or 

existing knowledge.  

✓ Non-obviousness implies that it may not be documented but is  otherwise well known. 

The product should be of a particular use for the human beings. 

 

CONTROVERSIES IN INDIA REGARDING PATENT AND BIOPIRACY 

Turmeric:   
✓ In May, 1995 the US Patent Office granted to the University of Mississippi Medical Centre a  

patent for “Use of Turmeric in Wound Healing.” 

✓ Consider the implication of ‘turmeric patent’. If an Indian in America sprinkles turmeric powder 

– just as her ancestors in India have done for centuries – on her child’s scrape, she would in 

fact be infringing US patent laws and would be open to prosecution. 

✓ Dr. R A Mashelkar, an Indian scientist is awaken India to Intellectual property Rights issues 

results  The patent was revoked.  

 

Neem:  
✓ In 1996, Vandana Shiva challenged the patent ranted to the firm of W.R. Grace & Co.  by the 

European Patent Office, Munich for ‘fungicidal uses of neem oil’.  

✓ Vandana Shiva and Ajay phadke, who had researched neem in India, flagged ancient Indian 

texts to point out that there was on ‘novelty’ factor in neem’s magical properties, finally it was 

overturned in 2005. 

 

Basmati Rice: 
✓ In September 1997, a Texas company called Rice Tec won a patent on “basmati rice lines 

and grains.” The patent secured lines of basmati and basmati-like rice and ways of selecting 

that rice for breeding. Rice Tec, owned by Prince Hans-Adam of Liechtenstein, international 

outrage over allegations of biopiracy.   
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✓ It has also caused a brief diplomatic crisis between India and United   States with India 

threatening to take the matter to WTO (World Trade Organization) as a violation of TRIPS 

(trade -related aspects of intellectual property rights) which could have resulted in a major 

embarrassment for the United States.  

✓ Both voluntarily, and due to review decisions by the United States patent Office, Rice Tec lost 

most of the claims of the patent. 

Revision through Question-Answer 

2 Marks Question  

1 

 

GEAC is one of the organizations set up by Indian Government. Write 
its full form. What are the major objectives served by GEAC?  

Ans. GEAC – Genetic Engineering approval committee. Objectives of GEAC 
as below: 
(i) To make decisions regarding validity of GM research. 
(ii) Safety of introducing GMO for public use. 

 

2 “Industrialized nations are exploiting the bioresources of under 
industrialised nations. Justify the statement with a suitable example. 
 
Ans. Industrialised nations are collecting and patenting the genetic resources 
of under industrialised country like India. An American Company got patent 
rights on Basmati rice.  
  
Valuable biomolecules obtained from bioresources are patented and used for 
commercial purposes 

 

3 What are the advantages of molecular diagnostics over conventional 
methods? 
Ans. In conventional methods, presence of pathogen is normally suspected 
only when pathogen has produced a disease symptom. By this time the 
concentration of pathogen is already very high in Body which could be harmful 
but with molecular diagnostics, small amount of pathogen could be detected 
by amplification by PCR. 

 

4 What are genetically modified organisms? Name two factors on which 
their behavior depends?  
Ans. Those organisms whose genes have been altered by manipulation, are 
called genetically modified organism or transgenic organism. The two factors 
on which their behavior depends: - 

i)proper insertion of gene of interest. 
ii) Proper harvesting of Genetically modified organisms to produce desired 
product. 
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5 What do you mean by “Biopiracy” Give an example? 
  
Ans. Biopiracy refers to the use of bio-resources lay multinational companies 
& other organizations without proper authorizations from the countries & 
people concerned e.g., Basmati rice grown in India is distinct for its unique 
flavor & aroma but an American company got patent rights on Basmati through 
US patent. 

 

 

6 Give any two examples of products, how transgenic animals can be used 
to produce biological compounds? 
  
Ans. i) Alpha-1-antitrypsin – a protein that is used to treat emphysema. 
ii) Alpha – lactalbumin – protein – rich milk that is more nutritionally balanced 
product for human babies. 

 

 

7 Why did Bacterial toxin do not kill the bacteria but only the insects? 
 
Ans. Bacterial toxin does not kill the Bacillus because. But toxic protein exists 
as inactive protoxin but once an insect ingests the inactive protoxin it is 
converted into active form of toxin due to alkaline pH of gut which solubilizes 
the crystal. The activated toxin binds to surface of midgut epithelial cells & 
create pores that cause cell swelling &lysis. 

 

8 Why is recombinant Insulin produced by genetic engineering need to be 
processed? 
 
Ans. Recombinant Insulin produced by Genetic engineering need to be 
processed because insulin which is produced as proinsulin contains an 
additional C-peptide apart from A & B -chain of insulin so, to make an active 
insulin vaccine; a peptidase enzyme is added to proinsulin to cleave C 
peptide& rejoining of A & B chain to form active Insulin. 

 

 

9 Why is the introduction of genetically engineered lymphocytes into an 
ADA deficiency patient not a permanent cure? Suggest a possible 
permanent cure.  
 
Ans. Introduction of genetically engineered lymphocytes into an ADA 
deficiency patient is not a permanent cure because these cells are not 
immortal and the patient requires periodic infusion of such genetically 
engineered lymphocytes.  
A possible permanent cure can be isolating the gene producing adenosine 
deaminase (ADA) from bone marrow cells and introducing it into cells at early 
embryonic stages 
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10 ELISA technique is based on the principles of antigen and antibody 
interaction. Can this technique be used in the molecular diagnosis of a 
genetic disorder, such as phenylketonuria? 
 

Ans: Yes. One can use antibody against the enzyme (that is responsible for 

the metabolism of phenylalanine) to develop ELISA-based diagnostic 
technique. The patient in which the enzyme protein is absent would give 
negative result in ELISA when compared to normal individual. 

 

 

 

3 marks Questions 

1 Some multinational companies and other organizations are using 
bioresources for commercial benefits, without proper authentication 
and compensation to concerned authorities. 
(a) Give the term for this unauthorized act.  
(b) Suggest any two ways to get rid of this. 
  
Ans. (a) Biopiracy  
(b) (i) Benefits of bioresources should be shared between developed and 
developing nations 
(ii) Laws should be developed to prevent unauthorized exploitation of them 
bioresources. 
 
 

2 Bacterium Bacillus thuringiensis produces a toxic protein named ‘cry 
protein’ that is lethal to certain insects but not to bacterium  
(a) Why this toxin does not kill the bacteria?  
(b) What type of changes occur in the gut of insects on consuming this 
protein?  
(c) How has man exploited this protein for his benefit?  
Ans. (a)Toxin are Produced in inactive form as Prototoxins.so it does not 
affect bacteria.  
(b) Prototoxin becomes active toxin in alkaline pH of gut of insects. Toxins 
bind to surface of midgut and cause perforation, swelling, lysis of cells 
ultimately leading to death. 
    (c) Specific Bt toxin genes isolated from Bacillus thuringiensis and 
incorporated into several crop plants such as cotton and corn which become 
pest resistant against certain insects.  
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3 Given below is an incomplete 
flow chart showing the process 
of production of nematode 
resistant tobacco plants based 
on RNAi technique. 
(i) Write the missing steps in 
proper sequence 
(ii) At which level RNAi silences 
the gene?  
Ans. (i) (b) Using Agrobacterium 
as a vector, introduced into 
tobacco 
(d) dsRNA (double stranded RNA)
  
(f) Silenced specific mRNA of the 
nematode  
(g) Parasite could not survive.  
(ii) RNAi silences the gene at 
translation level 
 
 

4 Describe with example, why transgenic animals are produced? 
Ans. Transgenic animals are produced for following purposes: - 

1. To allow the study of how genes are regulated & how they affect 
normal function of body & its development eg. information obtained 
about biological role of insulin like growth factor. 

2. To increase our understanding on how genes contribute to 
development of diseases. 

3. To produce useful biological compounds by introducing a portion of 
DNA that codes for that product from other organisms, e.g. α-1 
antitrypsin, a protein used to treat emphysema. 

4. For testing the safety of vaccine eg. polio vaccine in transgenic mice. 

5. To test the toxicity of drugs. 

 
5 Describe how nematode – resistant transgenic plants have been 

obtained? 
 
Ans. A nematode Meloidogyne incognita infects tobacco plant &reduces its 
yield. The specific genes from parasite are introduced into plant using 
Agrobacterium. The genes are introduced in such a way that both sense & 
Antisense RNA are produced. Since these two RNAs are complementary, 
they form a double stranded RNA (ds RNA). This neutralizes the specific RNA 
of nematode by a process called RNA interference as a result, the parasite 
cannot live in transgenic host & plant is protected from the pest. 
 
 



 

 
 

60 

 

KVS RANCHI REGION 

6 What are Cry proteins? Name an organism that produces it. How has 
man exploited this protein to his benefit? 
  
Ans. The soil bacterium Bacillus thuringiensis produces crystal proteins called 
cry proteins that are toxic to larvae of insects like tobacco budworm, beetles 
& mosquitoes. The cry proteins exist as inactive protoxin& gets converted into 
active toxin when ingested lay the insect, as the alkaline pH of gut Solubilizes 
the crystal. The activated toxin binds to surface of epithelial cells of midgut& 
create pores this causes lysis of cells leading to death of insects. The genes 
encoding this protein are isolated from bacterium & incorporated into crop-
plant to make them insect – resistant. 
 

7 Write an account on the production of human insulin in transgenic 
organisms. 
Ans. Human insulin consists of two short polypeptide chains: chain A & B 
linked by disulfide bonds. Insulin is secreted as prohormone which has to be 
processed before it becomes a mature & functional hormone. The 
prohormone contains another polypeptide called C-peptide which is removed 
during maturation. Using genetic engineering, the two DNA sequences coding 
for chains A & B of human insulin are introduced into plasmid of E – coli – to 
produce insulin. The two chains produced are extracted & combined by 
creating disulfide bridges. 
 

9 Compare & contrast the advantages & disadvantage of production of 
Genetically modified organisms? 
  
Ans. ADVANTAGES OF PRODUCING GMOs. 

1. GM crops produce desired phenotypic traits in crop plants. 
2. The genes responsible for production of specific proteins are 

inserted into GM crops. These crops then produce that specific 
protein. 

3. Transgenic crops synthesize new end product of specific 
biochemical pathway. 

4. These crops also help in preventing expression of existing native 
Gene. 

DISADVANTAGES OF PRODUCING GMOS: 

1. Transgenic crops may endanger wild & native species. 
2. GM crops may cause health problems by supplying allergens. 

3. GM crops may damage to the natural environment. 

 
10 What are the steps involved in synthesis of genetically engineered 

insulin? 
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Ans. Steps involved in Insulin production are: - 

1. For synthesis of Insulin, RNA is extracted from β−β−cells of islets 
of Langerhans of pancreas. 

2. With the help of enzyme Reverse transcriptase, single stranded 
DNA complementary to mRNA is synthesized second strand of 
DNA complementary to first is synthesized with enzyme DNA 
polymerase. 

3. The two strands of copy DNA are joined to plasmid by using an 
enzyme called terminal transferase. 

4. The two ends of DNA get annealed by enzyme called ligase thus 
ends of inserted DNA & plasmid are sealed & a new circular 
plasmid is formed. This is a molecule of recombinant DNA. 

5. This recombinant DNA is then inoculated in a new bacterial cell of 
E-coli & inserted in a bacterial gene after having cut by restriction 
enzyme. 

6. After proper expression of genes, the bacterial cells of both 
cultures are lysed with appropriate chemicals. The fragments of 
insulin are then separated from enzyme by cyanogen bromide. 

 

5 Marks Question  
 

1 The clinical gene therapy is given to a 4 years old patient for an enzyme which is 

crucial for the immune system to function.  

 
Observe the therapeutical flow chart and give the answer of the following: 

(a) Complete the missing steps (B) and (D)   

(b) Identify the disease to be cured.  

(c) Why the above method is not a complete solution to the problem?  

(d) Scientists have developed a method to cure this disease permanently. 

How?  
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Ans. (a) Step (B) : Lymphocytes are grown in culture medium. Step (D) : Infusion 

of genetically engineered lymphocytes into patients.  

(b) Adenosine deaminase (ADA) deficiency.  

(c) As genetically engineered lymphocytes are not immortal, the patient requires 

periodic infusion of cells.  

(d) If the gene isolated from bone marrow cells producing ADA is introduced into 

cells at early embryonic stages, it could be a permanent cure. 

 

2 In the given figure, Agrobacterium is utilized for the production of a 
transgenic crop. Explain the steps a, b, c, d and e shown in the figure. 

 
 

Ans. Step (a) Plasmid is removed and cut open with restriction endonuclease. 
Step (b) Gene of interest is isolated from another organism and amplified using 
PCR 
Step (c) New gene is inserted into plasmid 
Step (d) Plasmid is put back into Agrobacterium 
Step (e) Agrobacterium based transformation. 

 

3 In the given figure, Form (A) and Form (B) 
represents different forms of a proteinaceous 
hormone secreted by pancreas in mammals. 

(a) What type of bonding is present between 
chains of this hormone? 
(b) What are this form (A) and form (B). How these 
forms differ from each other? 
(c) Explain how was this hormone produced by 
Eli Lilly, an American company, using rDNA technology.  
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Ans. (a) Disulphide bonds  
(b) Form (A) – Proinsulin  
Form (B) – Mature insulin. Proinsulin contains an extra stretch called C peptide 
which is absent in mature insulin.  
(c) Eli Lilly company prepared two DNA sequences corresponding to A and B 
peptide chains of human insulin and introduced them in plasmid E. coli to produce 
insulin chains. Chains A and B were produced separately, extracted, and combined 
by creating disulphide bonds to form insulin. 
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Chap no 13:              Organisms and Population 

 

 

Ecology is basically concerned with four levels of biological organisation – 
organisms, populations, communities and biomes. In this chapter we explore 
ecology at organismic and population levels. 
Biome  
Biome: the largest ecological regions 
distinguishable by characteristic plants 
and animals.  
There are six: tundra, conifer, 
deciduous forest, grassland, tropical, 
and desert. 
Biomes are subdivided into associations 
made up of societies. 
 
 
 
 
Environment simply means the 
surrounding  
  Environment  
 
 
 
  Abiotic factors Biotic factors 
  Temperature, soil,  Microorganisms, plants,  
  water, light                   Animals  
Temperature  

 Average temperature varies seasonally  
 Organisms may be Eurythermal or Stenothermal  

Water   
 Influences life of organisms. No life without water.  
 Productivity and distribution of plants are water dependent.  

 Organisms may be Euryhaline or Stenohaline.  

Light  

• Photosynthesis and release of oxygen light dependent.  

• Sciophytes need to use diurnal and seasonal light intensity of forage, migration 
and reproduction.  

Soil  

• Nature and proportion of soil in a place depends on climate, weathering process 
and types of soil.  

• Soil composition, grain size and aggregation determine percolation and water 

Eurythermal- wide range of 

temperature tolerance 

Stenothermal-Narrow  range 

of temperature tolerance 

 
 

Euryhaline- Wide range 

of salinity tolerance 

Stenohaline- Narrow 

range of salinity 

tolerance. 
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holding capacity of soil.  

• Physical and chemical properties determine type of plants and Animals that survive 
in a habitat.  

 
 

 
 

Graph showing abundance of species - low and high limits of abiotic factor e.g. 
temperature or salinity etc. 

 
Response to environmental condition 
 

                                             Regulation  

 

 

 

 

Suspension                  Organism                      Conformation  

 

 

 

Migration                   Adaptation  

 

        Regulation  

Organisms maintain homeostasis achieved by 

physiological and behavioural means   Thermo 

regulation and osmoregulation. 

Conformation  

# Cannot maintain constant internal 

Environment    

# Body temperature and osmotic 

concentration of body changes with ambient 

temperature and concentration of medium. -

Thermo conformer and osmo conformer.  
 

Migration  

# Organism moves away temporarily to another habitat in stressful condition.  

e.g.- Migratory birds like Siberian crane 
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Suspension  

# Organisms suspend their metabolic activities during stressful condition  

# Resume their function at the return of favourable conditions.  

E.g., Hibernation (winter sleep) of Frog, Reptiles, Polar Bear etc             

# Aestivation (summer sleep) in Snail and Fish. 

Adaptation  

Morphological, physiological and behavioural changes that enable organisms to 

adjust to the ever changing environment. 

E.g. Kangaroo rat survives in desert conditions through internal oxidation of fat, 

removing concentrated urine of limited quantity.  

 

# ALLEN‘S RULE-cold climate mammals have shorter ears and limbs to minimize heat 

loss. 

# Polar mammals like seals have blubber to prevent heat loss.  

# Burrowing habit to escape from heat  

# Higher count of RBC, Hb(haemoglobin) at high altitudes.  

 

Population attributes  

*Birth Rate – Number of individuals born per thousand per year.  

*Death Rate – Number of individuals die per thousand per year.  

*Sex Ratio – Ratio of male-female in the population.  

 

Population density. - the number 

of individual organisms per unit 

area (appropriate measure – total 

number-sometimes difficult to 

determine or meaningless because 

4 factors N+I-M+E are concerned 

w.r.t habitat concerned 
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Age pyramids  

# Three ecological ages:   

# Pre-reproductive, Reproductive and Post-Reproductive  

# High proportion pre-reproductive individuals occur in Expanding population  

# Pre-reproductive individuals are uniform in Stable population.  

# Pre-reproductive individuals are less in Declining population. 

 

 
POPULATION GROWTH 
 
Factors that affect the size of population: Food availability, Weather, Predation 
pressure, Competition. Density of population at any time at a given place depends 
on Natality, Mortality, Emigration Immigration      
 
 
 
POPULATION GROWTH MODELS 
               
 
 

 

 

 

 

 

The characteristics of populations are shaped by the interactions between 

individuals and their environment 

• Populations have size and geographical boundaries. 

– The Density of a population is measured as the number of individuals 

per unit area. 
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– The Dispersion of a population is the pattern of spacing among 

individuals within the geographic boundaries. 

• WAYS TO MEASURE POPULATION DENSITY: 

Population size, more technically called population density (designated as N), need 
not necessarily be measured in numbers only. Although total number is generally the 
most appropriate measure of population density, it is in some cases either 
meaningless or difficult to determine.  

 In an area, if there are 200 Parthenium plants but only a single huge banyan tree with 
a large canopy, stating that the population density of banyan is low relative to that of 
Parthenium amounts to underestimating the enormous role of the Banyan in that 
community. In such cases, the per cent cover or biomass is a more meaningful 
measure of the population size.  

 Total number is again not an easily adoptable measure if the population is huge and 
counting is impossible or very time-consuming. The size of Bacterial Colony gives idea 
of Population Density.  

 Relative densities serve the purpose equally well. For instance, the number of fish 
caught per trap is good enough measure of its total population density in the lake. 

 Indirect estimation, without actually counting them or seeing them. The tiger census in 
our national parks and tiger reserves is often based on pug marks and fecal pellets. 
 

MEASURING DENSITY 

• Density – Number of individuals per unit of area. 

• Population will grow if B+I > D+E 

• Population will shrink if B+I < D+E 

• Population will be in equilibrium if B+I=D+E  

 

 

(1) Population 
(a) A population in an ecological sense is a group of organisms, of the same 
species, which roughly occupy the same geographical area at the same time 
 
(2) Population size 
 
(a) A population's size depends on how the population is defined 
(b) If a population is defined in terms of some degree of reproductive isolation, then 
that population's size is the size of its gene pool 
(c) If a population is defined in terms of some geographical range, then that 
population's size is the number of individuals living in the defined area 
 
 
(3) Population density 
(a) Given that a population is defined in terms of some natural or arbitrarily 
defined geographical range, then population density may be defined as simply the 
number of individual organisms per unit area 
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(4) Patterns of dispersion 
(a) Individual members of populations may be distributed over a geographical area 
in a number of different ways including 
(i) Clumped distribution (attraction) 
(ii) Uniform distribution (repulsion) 
(iii) Random distribution (minimal interaction/influence) 

 
 
 

Types of population interactions 
 

INTERACTION SPECIES “ a” SPECIES “ b” 

Mutualism + + 

Predation + - 

Parasitism + - 

Commensalis
m + 0 

Competition - - 

Ammensalism - 0 

 

      Mutualism Both species benefited.  

Eg Lichens Relationship between Non-photosynthetic Fungi and 
photosynthetic Algae or Cyanobacteria. 

✓ Mycorrhiza Asociation between Fungi and Higher Plants like Pinus.  
✓ Plants and insects for pollination  
✓ Orchid ophrys and male bee a good example for co-evolution of plants 

and animals. 
 

PREDATION :One species gets benefited and the other harmed.  

✓ Tiger and Deer   
✓ Snake and Frog  
✓ Herbivores and plants   

Competition: Both the species are harmed.  

• Flamingos and resident  fishes compete for the common food zooplankton in 

South American lakes. 

• Abington Tortoise and goats in Galapagos Islands for food. 
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Competitive Release: 
A species whose distribution is restricted to a small geographical area because of the 
presence of a competitively superior species, is found to expand its distributional range 
dramatically when the competing species is experimentally removed.  
Connell’s elegant field experiments showed that on the rocky sea coasts of 
Scotland, the larger and competitively superior barnacle Balanus dominates the 
intertidal area, and excludes the smaller barnacle Chathamalus from that zone. 
 
Gause’s  Competitive Exclusion Principle -Two closely related species competing 
for the same resource cannot co-exist indefinitely and the competitively inferior one will 
be  eventually eliminated.  
McArthur Resource Partitioning : If two species compete for the same resource, they 
could avoid competition by choosing, for instance, different times for feeding or 
different foraging patterns. Eg. five closely related species of warblers living on the 
same tree were able to avoid competition and co-exist due to behavioural differences 
in their foraging activities 
 

PARASITISM  

One species gets benefit and the other is harmed.  

Parasites 
 
 
 
 
Endoparasites                             Ectoparasites                            Brood parasites  
Liver fluke, Plasmodium                 lice, ticks                                                  Koel  
 

Adaptations of parasites  
# Loss of sense organs  
# Presence of adhesive organs or suckers  
# Loss of digestive system   
# High reproductive capacity. 
 
 
Cuscuta, a parasitic plant that is commonly found 
growing on hedge plants, has lost its chlorophyll and 
leaves in the course of evolution. It derives its nutrition 
from the host plant which it parasitises.  
 
Brood parasitism in birds is a fascinating example of 
parasitism in which the parasitic bird lays its eggs in the 
nest of its host and lets the host incubate them. During 
the course of evolution, the eggs of the parasitic bird 
have evolved to resemble the host’s egg in size and 
colour to reduce the chances of the host bird detecting 
the foreign eggs and ejecting them from the nest. Eg : 
the cuckoo (koel) and the crow . 
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Amensalism  
* One species hurts the other but the other is not affected.  
* Penicillium secretes Penicillin and kill Bacteria but by this Penicillium does not benefit.  
* Algal bloom leads to death of fishes, but the death of fishes is of no use to the 
algal bloom.  
 
Commensalism  
* One species benefit and the other neither harmed nor benefited.  
* The cattle egret catches the insects disturbed by moving cattle, but the cattle neither 
harmed nor benefited.            
   * Clown fish gets protection from predators by close association with sea anemone, 
but the sea anemone is not affected. 
 
Orchids show a bewildering diversity of floral patterns many of which have evolved to 

attract the right pollinator insect (bees and bumblebees) and ensure guaranteed 

pollination by it. Not all orchids offer rewards. The 

Mediterranean orchid Ophrys employs ‘sexual deceit’ to 

get pollination done by a species of bee. One petal of its 

flower bears an uncanny resemblance to the female of the 

bee in size, colour and markings. The male bee is 

attracted to what it perceives as a female, 

‘pseudocopulates’ with the flower, and during that 

process is dusted with pollen from the flower. When this 

same bee ‘pseudo copulates’ with another flower, it 

transfers pollen to it and thus, pollinates the flower.  

 

Here we find how co-evolution operates. If the female bee’s colour patterns change 

even slightly for any reason during evolution, pollination success will be 

reduced unless the orchid flower co-evolves to maintain the resemblance of its 

petal to the female bee. 
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Revision through Question-Answer 

  

2 marks Questions (10 questions) 

 

1. In certain seasons we sweat profusely while in some other season we 
shiver. Explain.  

Ans. Human beings maintain a constant body temperature of 37°C. O In 
summers: The outside temperature is much higher than our body temperature. 
Therefore, we sweat profusely. This results in evaporative cooling and our body 
temperature is brought down to normal (37°C). O In winters: The outside temperature 
is much lower than our body temperature. Therefore, we start to shiver; this action (of 
shivering) is a kind of exercise (work) that produces heat and raises the body 
temperature 

 

2. Why are small birds like humming birds not found in polar regions? 
Explain.  

Ans. Small animals like humming birds have a large surface area relative to their 
volume. So they tend to lose body heat very fast when it is cold outside. Then, these 
animals have to use their energy (generated by metabolic reactions) to generate body 
heat. That is the reason why small sized animals are rarely found in the polar regions 

3. Some organisms suspend their metabolic activities to survive in 
unfavourable conditions. Explain with the help of any four examples.  

Ans. (i) Polar bear: They hibernate during winter to escape the cold weather.  
(ii) Snails/fishes: They go into aestivation during summer to avoid heat related 
problems and desiccation.  
(iii) Seeds of higher plants/spores of bacteria/fungi: They become dormant in 
unfavourable conditions and in case of Amoeba cyst formation takes place.  
(iv) Some species of zooplankton: They undergo diapause. 
 

4. How does a desert plant adapt to the dry, warmer environmental 
conditions?  

Ans. Adaptations of a desert plant:  
(i) Leaf surface has a thick cuticle.  
(ii) Stomata are situated in deep pits.  
(iii) Stem is flattened and performs photosynthesis.  
(iv) Leaves are modified into spines as in Opuntia.  
 

5. Mention how plants develop mechanical and chemical defense against 
herbivores to protect themselves.  State with an example.  
Ans. Several plants has evolved various mechanisms both morphological and 
chemical to protect themselves against herbivores. 
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Morphological defense mechanisms  
(i) Cactus plants (Opuntia)are modified into sharp spines to deter herbivores from 
feeding on them. 
(ii)Sharp thorns along with leaves are present in Acacia to deter herbivores. 
Chemical defence mechanisms.  
(i)All parts of Calotropis weeds contain toxic glycoside, which can prove to be fatal if 
ingested by herbivores. 
(ii)Chemical substance such as nicotine, caffeine, quinine and opium are produced in 
plants as a part of self-defence. 
 
6. How is normal human body temperature maintained during (i) summer 
and (ii) winter explain. 
Ans. Human beings maintain a constant temperature of 37'C. 
In summer, the outside temperature is much higher than our body temperature. 
Therefore, we sweat profusely. This results in evaporative cooling and our body 
temperature is reduced to normal. 
In winters, the outside temperature is much lower than the body temperature. 
Therefore we shiver, which is a kind of exercise,  which produces heat and raise the 
body temperature. 
 

7. Differentiate between the expanding age pyramid and the stable age 
pyramid. 
Ans. Expanding age Pyramid - Population of pre- reproductive age is greater than 
population of reproductive age. 
Stable age Pyramid- Population of pre reproductive age equals the population of 
reproductive age.  
 

8. Apart from being a part of food chain, predators play other important 
roles. Mention any two such roles supported by examples. 
Ans.(i) Predators act as conduits for energy transfer across trophic levels. 
(ii) They keep prey population under control. 
(iii)They help in maintaining species diversity in a community by reducing intensity of 
competition among competing prey species. 
(iv) An efficient predator may cause extinction of prey species. 
 
9. Why do people suffer from altitude sickness after reaching high altitude 
regions? How does the body acclimatize after a couple of days. 
 
Ans. 'Altitude sickness' is because of low atmospheric pressure at high altitude , the 
does not get sufficient oxygen. 
The body compensates low oxygen availability by increasing RBC production , 
decreasing the binding capacity of haemoglobin, by increasing breathing rate. 
10. Mention special adaptation evolved in parasite and list possible reason 
for such evolution? 

Ans. Parasitic adaptations are  
(i) Absence of locomotor organs-they need not move in search of food. 
(ii) Presence of cuticle- is to protect them from harmful effects of digestive enzymes. 
(iii) Presence of adhesive organs or suckers- this helps parasite to cling to the host. 
(iv) Small in size- intracellular parasites are very small in size so easy entry. 
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3 marks Questions (10 questions) 

Qn. No.  
 

1 
 

The graph given below represents the organism’s response to temperature as an 
environmental condition. 

 
 
(i) Which one of the two lines represents conformers? 
(ii) What does the other line in the graph represent? 
(iii) How do these organisms differ from each other with reference to 
homeostasis? Mention the category to which humans belong. 
i) a = conformers                             

ii) b-regulator 
iii)Conformers cannot maintain homeostasis / constancy of internal environment by 
physiological means whereas Regulators  maintain homeostasis by physiological 
means / capable of thermoregulation 
Humans are regulators. 

2 
 
 
 
 
 
 
 

Ans: 
 

i) Different organisms are found in different habitat. They have evolved 
themselves to survive in that particular environment. What is the adaptation 
shown by –a) whales, b) kangaroo rat, c) polar bear? 
ii) a. Why do cold regions not have small animals? 
b. Mammals from colder climates generally have shorter ears and limbs to 
minimize heat loss.Name the rule. 
 
 
a) Blubber a layer of fat to prevent heat loss from the body. b)The animal needs 
only the metabolic water to survive 
c) Hibernation in polar bears  
ii) a.They lose heat faster than the rate of production as their surface area is large 
compared to its volume. 
b.Allen’s rule 

 
3 
 

 
The graph given below shows the distribution of 
biomes. 
(a) What do the ‘X’ and ‘Y’ axes represent? 
(b) Identify the ‘grassland’ and ‘coniferous 
forest’ biomes, from the above figure. 
(c) Why is ‘F’ located at the given position in 
the graph? 
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Ans :(a) ‘X’ axis–Mean annual precipitation (cm) 
‘Y’ axis–Mean annual temperature (0°C) 
(b) Grassland – B 
Coniferous forest – E             
(c) The mean annual temperature ranges from – 12 to 20°C (error accepted ± 2) 
and mean annual precipitation ranges from 10 – 125 cm, these are the optimum 
conditions in Tundra biome. 
 

4 
 
 
 
 

Ans 
 

i) Plants have devised various mechanisms to protect themselves against 
their predator. Explain any two of them. 
ii) If 18 individuals in a population of 80 butterflies die in a week, calculate the 
death rate of population of butterflies during the period. 
 
(a) Thorns are (morphological) means of defence. 
(b) Plants may produce / store chemicals such as nicotine, strychnine etc. for 
defence which inhibit digestion / disrupts reproduction / kill the predator / 
Calotropis produces highly 
poisonous cardiac glycosides / plants may produce chemicals such as nicotine/ 
caffeine/quinine/ strychnine/ opium are produced as defence. 
ii) Death rate = 18/80 = 0.225 therefore, death rate percentage will be = 0.225 × 
100 = 22.5% butterfly death per week 

5 
 
 
 
 
 
 
 

Ans 

Interspecific interactions arise from the interaction 
of populations of two different species. They could 
be beneficial, detrimental or neutral (neither harm 
nor benefit) to one of the species or both. 
 
(i) Identify the interactions. 
(ii) Explain any one of them. 
 
 
i) (a) = Amensalism 

(b) = Parasitism/Predation 
(c) = Competition 
(d) = Mutualism 
(e) = Commensalism 
ii) Any one definition from points in notes. 
 

6 
 

In nature, animals, plants and microbes do not and cannot live in isolation 
but interact in various ways to form a biological community. Name the type 
of interaction. 

a. when Koel lays eggs in crow’s nest. 
b. interaction that exists between barnacles and whale. 
c. Between Cactus and moth. 
d. Balanus and Chathamalus 
e. the mycorrhizae are associations between fungi and the roots of 

higher plants. 
f.    interaction between Penicillium and bacteria. 

Ans a. Brood parasitism  
b. Commensalism 
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c. Predation 
d. Parasitism 
e. Symbiosis/Mutualism 
f. Amensalism 
 

7 
 
 
 
 
 

Ans: 
 

Growth of population takes place according to the availability of food, habitat 
condition and presence of other biotic and abiotic factor. 
i) Name the two growth models that represent population growth and draw the 
respective growth curves they represent. 
(ii) State the basis for the difference in the shape of these curves. 
 
i) (a) Exponential growth               (b) Logistic Growth 
 

 
 
ii) 

Exponential growth Logistic Growth 

When the resources are 
unlimited, population 
tends to grow in an 
Exponential pattern. 

When the resources are 
limited leading to 
competition between 
individuals and survival of 
fittest, the population tends 
to grow logistically. 

 
 

8 
 
 
 
 

Ans: 
 

i) Different animals respond differently to changes in their surroundings in 
different ways. Taking one example each, explain some animals undergo 
aestivation while some others hibernation”. 
ii) How do fungi respond to adverse climatic conditions? 

i.a.Aestivation to avoid summer-related problems (heat and desiccation) e.g., 
snails / fish. 
b.Hibernation to avoid winter-related problem (extreme cold) e.g., polar bear 
ii) Fungi form thick-walled spores and suspend their activities to respond to 
adverse climatic condition. 
 

9 
 
 

Ans: 
 

Parasites have evolved in various forms to for survival in their host’s body. 
Mention the special adaptations evolved in them. 

a. Presence of adhesive organs / suckers / hooks, to cling to the host.  
b. Loss of digestive system, to absorb (digested) food from the host body.  
c. High reproductive capacity to survive inside host’s body. 
d.  Presence of adhesive organs or suckers 
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e.  Many parasites are host-specific in such a way that both host and parasite tend 
to co-evolve 
f. Loss of chlorophyll & leaves (Cuscuta), to derive its nutrition from the host plant 
which it parasitize.  
 

10 
 
 

“The population of a Metro city experiences fluctuations in its population 

density over a period of time.” 
(a) When does the population in a metro city tend to increase? 
(b) When does the population in metro city tend to decline? 
(c) If ‘N’ is the population density at the time ‘t’, write the population density 
at the time ‘t + 1’ 
 
(a) Population in a metro city will tend to increase when natality and immigration 
will be higher. 
(b) Population in metro city will tend to decline when mortality and emigration will 
be higher. 
 
(c) The equation Nt+1 = Nt + [(B + I) – (D + E)] 
represents the population density at time t + 1. 
Here, 
N t+1 = Population density at time t+1. 
Nt = Population density at time t. 
B = Natality 
I = Immigration 
D = Mortality 
E = Emigration 
 

 

 

5 marks questions (Case Based Questions) 

1.In an aquarium two herbivorous species of fish are living together and feeding on 

phytoplankton. As the time passes by they are expected to follow Gause's principle. It 

has been observed that certain species coexists and avoids competition. 

(a)Explain Gause’s principle. 

(b)Give possible reasons, if the species are not affected by the Gause’s principle. 

(c) What is Resource Partitioning? Who gave it? 

 

Ans(a) Gause’s principle states that when two species compete for the same 

resources, one species survives while the other is eliminated or they cannot exist in 

the same area at the same time. 

(b)The species facing intraspecific competition may evolve a mechanism to co -

existence rather than exclusion. This can also be done by a method known as 

‘resource partitioning’. 
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(c) Resource Partitioning is sharing of resources to avoid competition. MacArthur 

proposed this concept giving example of Warblers. The 5 related species of Warblers 

avoided competition by changing foraging time. 

 

2. If N is the population density at time t, then its 

density at time t +1 is Nt+1 = Nt+ [(B + I) – (D + E)]. 

(a) Which of the above represents the increase 

or decrease of population?  

(b) If N is the population density at time t, then 

what would be its density at time (t+1)? Give the 

formula.  

(c) In a barn there were 30 rats. 5 more rats enter the barn and 6 out of the total 

rats were eaten by the cats. If 8 rats were born during the time period under 

consideration and 7 rats left the barn, find out the resultant population at time 

(t+1).  

(d) If a new habitat is just being colonized, out of the four factors affecting the 

population growth, which factor contributes the most? 

Ans :  (a) a and d represents increase of population and b and c represent decrease 
of population.  

(b) Nt+1 = Nt + [(B + I) – (D + E)]  

(c) Here, Nt = 30; I = 5; E = 7 ; D = 6; B = 8 Putting the value in Nt+1 = Nt + [(B + I) – 
(D + E)] Nt+1 = 30 + [(8 + 5) – (6 + 7)] = 30 + [13 – 13] = 30 + 0 = 30 rats  

(d) Immigration contributes the most. 
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Chap no 15:   Biodiversity and Conservation  

  

Biodiversity is defined as the totality of genes, species and ecosystems of a given region, It is the 

variety and variability of life form (all animals, plants and microbes on earth) and the ecological 

complexes in which they occur. The term was first coined by Walter G. Rosen (1985), however 

the term was popularized by the American sociobiologist Edward Wilson (1988) 

 

BIODIVERSITY AND CONSERVATION 

• Biodiversity: the term biodiversity refers to the totality of genes, species, and 

ecosystems of a region. 

• Types of biodiversity described by Edward Wilson: 

Genetic diversity: A single species might show high diversity at the genetic level over its 

distributional range. 
✓ Medicinal plant Rauwolfia vomitoria of Himalayan range produces active chemical reserpine shows 

genetic variation. 

✓ India has more than 50000 different strain of rice. 

✓ 1000 varieties of mango. 

Species diversity: different species of a single animal like frog. 

Ecological diversity: diversity in the ecosystem level like desert, rain forest, mangroves, coral 

reef, wetlands, estuaries etc. 

How many species are there on Earth and How many in India? 
 According to IUCN (2004), 1.5 million of plants and animals are in our biosphere. 

 Robert May places global species diversity at about 7 million. 

 More than 70 percent of all the species recorded are animals. 

 All plants constitute about 22 percent. 

 Among animals insects constitute 70 percent. 

 India has only 2.4 percent of the world’s land area; its share of global species diversity is 

impressive 8.1 percent. 

 India is considered one of the mega diversity countries of the world. 

Pattern of Biodiversity: 

Latitudinal gradients: 

• Species diversity decreases as we move away from the equator towards the pole. 

• Tropic (23.5o N to 23.5o S) harbors more species than temperate and pole 

• The largely tropical Amazonian rain forest in South America has the greatest 

biodiversity on earth: 

• 40,000 species of plants. 

• 3000 species of fishes. 

• 1300 of birds. 

• 427 amphibians 
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• 378 reptiles 

• More than 1, 25,000 invertebrates. 

Why tropical rain forest has greater biodiversity: (Three Hypothesis) 

 Unlike temperate regions subjected to frequent glaciations in the past, tropical latitudes 

have remained relatively undisturbed for millions of years and thus, had a long 

evolutionary time for species diversification. 

 Tropical environments. Unlike temperate ones, are less seasonal, relatively more constant 

and predictable, promotes niche specialization and lead to greater species diversity. 

 There is more solar energy available in the tropics, which contribute to higher 

productivity. 

 

Species area relationship: 
 ALEXANDER  VON  HUMBOLDT  observed  within  a  region  species  richness  i

ncreased  with  increasing  explored area but only up to a limit. 

 The relation between species richness and area for a wide variety of taxa turns out to 

be a rectangular hyperbola. 

 On a logarithmic  scale the relationship is a straight line describe by the 

equation  LogS = logC +Z log A 

  

Where S= species richness, A = Area, Z = slope of the line (regression coefficient), C = Y- intercept. 
• It has been noted that regardless of the taxonomic group or region the slope of 
the regression line is amazingly similar.  However, for a very large area 
like  the  entire  continent  the  slope  of  the  line  is steeper. 

 

Ecologists have discovered that the value of Z lies in the range of 0.1 to 0.2, regardless 
of the taxonomic group or the region (whether it is the plants in Britain, birds in 
California or molluscs in New York state, the slopes of the regression line are 
amazingly similar). But, if you analyse the species-area relationships among very large 
areas like the entire continents, you will find that the slope of the line to be much 
steeper (Z values in the range of 0.6 to 1.2). For example, for frugivorous (fruit-eating) 
birds and mammals in the tropical forests of different continents, the slope is found to 
be 1.15. 

Importance of species diversity to the Ecosystem: 
 Community with more species generally tends to be more stable than those with 

less species. 
 A stable community should not show too much variation in productivity from year 

to year; it must be resistant or resilient to occasional disturbances (natural or 
man-made) 

 Stable community must be resistant to invasion by alien species. 
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David Tillman’s long-term field experiment finds that: 

o Plots with more species showed less year-to-year variation in 

biomass 

o Increased diversity contributed to higher productivity. 

The rivet popper hypothesis: 

 In an airplane (ecosystem) all parts are joined together by thousands of 

rivets (species). 

 If every passenger starts popping a rivet to take home (species extinct), it 

may not affect flight safety initially but as more and more rivets are removed 

the plane becomes dangerously weak. 

 Further more which rivet is removed may also be critical. 

 Loss of rivets on the wings (key species) is obviously a more serious threat 

to flight safety than loss of a few rivets on the seats or windows inside the 

plane. 

Loss of Biodiversity: 

• The IUCN Red List (2004) documents the extinction of 784 species. 

• Recent extinction includes: 
✓ Dodo (Mauritius). 
✓ Quake (Africa) 
✓ Thylacine (Australia) 
✓ Stiller’s cow (Russia) 
✓ Three subspecies of tiger (Bali, Java, Caspian). 

• Since the origin and diversification of life on earth there were five 

episodes of mass extinction of species. The sixth mass Extinctions in 

progress now. 

How the’ sixth Extinction’ is different from the previous five extinctions. 

• The current extinction rate is 100 to 1000 times faster. 

• All others are pre-human period, this one is anthropogenic. 

 

Effect of biodiversity loss: 

 Decline in plant production. 

 Lowered resistance to environmental perturbations such as drought. 

 Increased variability in certain ecosystem processes such as plant 

productivity, water use, and pest and disease cycle. 
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CAUSES OF BIODIVERSITY LOSS: 

• The present loss is all due to human activity (anthropogenic) 

• There are four major causes “The Evil Quartet” are as follows: 

Habitat loss and fragmentation: 

 Most important cause driving animals and plants to extinct. 

 The tropical rain forest reduced to 6 % from 14 % of earth land surface. 

 The Amazonian rain forest is called as ‘lungs of the planet ‘is being cut cleared 

for cultivating soya beans. 

 Degradation of many habitat by pollution is also threatens the loss of diversity. 

 Large areas are broken into figments also the cause of diversity loss. 

Over-exploitation: 

 When ‘need’ turns to ‘greed’ it leads to over-exploitation of natural resources. 

 Many species extinctions in the last 500 years (Stiller’s cow, passenger pigeons) 

were due to over-exploitation. 

 Many marine fish populations around the world are over harvested. 

Alien species invasion: 

 The alien species became invasive and cause decline or extinction of indigenous 

species. 

 Nile perch introduced into Lake Victoria in east Africa led to extinction of 200 

species of cichlid fish in the lake. 

 Parthenium, (carrot grass), Lantana, and water hyacinth (Eichhornia) posed a 

threat to indigenous species. 

 African cat fish Clarias gariepinus for aquaculture purposed is posing a threat to 

indigenous catfishes in our rivers. 

Co-extinction: 

 When a species becomes extinct, the plant and animal species associated with it 

an obligatory way also become extinct. 

 Extinction of Host species leads to extinction of the parasite also. 

 Co-evolved plant-pollinator mutualism where extinction of one invariably lead to 

the extinction of the other. 

 

BIODIVERSITY CONSERVATION: 

Why should we conserve Biodiversity? 

Reason for conservation biodiversity is grouped into three categories. 

• Narrowly utilitarian. 

• Broadly utilitarian 
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• Ethical 

Narrowly utilitarian: 

 Human derive countless direct economic benefits from nature- 

 Food (cereals, pulses, fruits), firewood, fiber, construction material. 

 Industrial products (tannins, lubricants, dyes, resins, perfumes) 

 Products of medicinal importance. 

 Bioprospecting: exploring molecular genetic and species-level diversity for 

products of economic importance. 

 

Broadly Utilitarian 

 Amazonian forest along produce 20% of oxygen during photosynthesis. 

 Pollinator layer: bees, bumblebees, birds and bat that pollinate the plant without 

which seed cannot be produced by plants. 

Aesthetic pleasure we get from the biodiversity. 

 

How do we conserve biodiversity? 

In situ conservation: 

• When we conserve and protect the whole ecosystem, its biodiversity at all 

level is protected – we save the entire forest to save the tiger. This approach is 

called in situ (on site) conservation. 

• Biodiversity hot spot: regions with very high levels of species richness 

and high degree of endemism.(species confined to that region and not found 

anywhere else) 

• Hot spot in biodiversity is also regions of accelerated habitat loss. 

• Out of 34 hot spot in the world, three hot spot located in India: 
Western Ghats and Srilanka     Indo-Burma        Himalaya. 

✓ Other protected area under in situ conservations are: 

• 14 biosphere reserve 

• 90 national park 

• 448 wild life sanctuary 

 

Sacred groves: tract of forest were set aside, and all the trees and wildlife within 

were venerated and given total protection. 

Ex situ conservation: 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 Park. 
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• Botanical garden 

• Wildlife safari. 

• Conservation of gamete by cryopreservation. 

• Genetic strains are preserved in seed bank. 

Convention on Biodiversity: 

“The earth Summit” held in Rio de Jeneiro in 1992 called upon all nations to take 

appropriate measures for conservation of biodiversity and sustainable utilization of its 

benefits. 
World Summit on Sustainable development held in 2002 in Johannesburg, South Africa, 

190 countries pledged their commitment to achieve by 2010 a significant reduction in the 

current rate of biodiversity loss at global, regional and local level. 

 

 

The Ramsar Convention on Wetlands 

 

The Convention on Wetlands of International Importance holds the unique distinction of being 
the first modern treaty between nations aimed at conserving natural resources. The signing 
of the Convention on Wetlands took place in 1971 at the small Iranian town of Ramsar. Since 
then, the Convention on Wetlands has been known as the Ramsar Convention  
The Ramsar Convention's broad aims are to halt the worldwide loss of wetlands and to conserve, 
through wise use and management, those that remain. This requires international cooperation, policy 
making, capacity building and technology transfer. 

What are Ramsar wetlands? 

Under the Ramsar Convention, a wide variety of natural and human-made habitat types ranging from 
rivers to coral reefs can be classified as wetlands. Wetlands include swamps, marshes, billabongs, 
lakes, salt marshes, mudflats, mangroves, coral reefs, fens, peat bogs, or bodies of water - whether 
natural or artificial, permanent or temporary. Water within these areas can be static or flowing; fresh, 
brackish or saline; and can include inland rivers and coastal or marine water to a depth of six metres at 
low tide. There are even underground wetlands. The Ramsar Convention encourages the designation 
of sites containing representative, rare or unique wetlands, or wetlands that are important for conserving 
biological diversity. Once designated, these sites are added to the Convention's List of Wetlands of 
International Importance and become known as Ramsar sites. In designating a wetland as a Ramsar 
site, countries agree to establish and oversee a management framework aimed at conserving the 
wetland and ensuring its wise use. Wise use under the Convention is broadly defined as maintaining 
the ecological character of a wetland. Wetlands can be included on the List of Wetlands of as 
international Importance because of their ecological, botanical, zoological, limnological or hydrological 
international Importance because of their ecological, botanical, zoological, limnological or hydrological 
importance. 
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Revision through Question-Answer 

2 marks Question 

1.Differentiate between in situ and ex situ approaches of conserving 
biodiversity. 

 Ans. 

In situ Conservation Ex situ Conservation 

a. It is the conservation of 
endangered species in natural 
habitat.  
b. The endangered species are 
protected from predators. 
c. The depleting resources are 
augmented. 
d. The population recovers in the 

natural environment.  

a. It is the conservation of endangered 
species outside natural habitat.  
b. The endangered species are 
protected from all adverse factors  
c. They are kept under human 
supervision and provide all the essentials. 
d. Offspring produced in captivity 
breeding are released in natural habitat for 
acclimatization. 

 

2.What is the IUCN red list? Give any two uses of it. 

Ans. IUCN red list a catalogue of taxa facing risk of extinction.  
The two uses of this list: 
(i) It provides awareness to the degree of threat to biodiversity. 
(ii) It is useful in identification and documentation of species which are at a high risk of 
extinction. 
 

3.Where would expect more species Biodiversity in tropics or in polar regions? 
Give reasons in support of your answer. 

Ans. Tropics have more biodiversity than the polar regions because of favourable 
environmental conditions as compared to the polar regions where harsh conditions 
are prevalent.  
The reason behind maximum biological diversity of tropical regions are : 
(i)High productivity - there is more solar energy available which contributes to higher 
productivity and greater diversity.  

(ii)Prolonged evolutionary time - speciation is generally a function of time, unlike 
polar regions subjected to frequent glaciation remains relatively undisturbed for 
millions of years thus had a long evolutionary time for species diversification.  
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4.Mention the kind of Biodiversity more than a thousand varieties of mangoes 
represent. How is it possible? 
Ans. More than thousand varieties of mangoes - exhibit genetic diversity. Genetic 
diversity represents the diversity in number and the types of genes as well as 
chromosomes present different species and variation in genes and their allele in some 
species. 
 
5.Why are sacred groves highly protected? 
Ans. Sacred groves are forest patches around places of worship held in high esteem 
by tribal communities. They are mostly undisturbed forest patches. Not a single branch 
is allowed to be cut from these forests and as a result many endemic species which 
are rare or have become extinct elsewhere can be seen to flourish here e.g., Jaintia 
and Khasi hills in Meghalaya. 
 
6.Justify with help of an example where a deliberate attempt by humans has led 
to the extinction of a particular species. 
Ans. Extinction of species due to human activities is known as anthropogenic 
extinction. Various human activities have led to extinction of particular species. The 
most common example is Nile perch, a large predator fish introduced in Lake Victoria 
for commercial purposes turned out to be problematic species. It started feeding the 
native fish cichlid fish, which resulted in extinction. 
 

7. What does the term genetic diversity refer to? What is the significance of large 
genetic diversity in a population?  

Ans. Genetic diversity is the measure of variety in genetic information contained in the 
organisms.  
Significance of large genetic diversity are as follows: 
 (i) Larger genetic diversity provides adaptability at the time of environmental changes 
and helps the species in surviving.  
 (ii) Larger genetic diversity is also useful in the evolution of species.  
 
8.Sometimes introduction of an exotic species upsets natural species of the 
ecosystem. Substantiate the state with 2 examples from India.  
 
Ans. Exotic species have become invasive and drive away the local species. Water 
hyacinth was introduced in Indian waters to its aesthetic value. However, it has logged 
the water bodies resulting in the death of several aquatic plants and animals. 
Eupatorium odoratum has reduced the population of Tectona grandis in North - East.  
 

9.Eichhornia crassipes is an alien hydrophyte introduced in India. Mention the 
problem posed by this plant.  
Ans. Eichhornia crassipes, an alien hydrophyte was introduced in Indian waters due 
to aesthetic value but it turned out to be a problematic species. It has clogged water 
bodies resulting in the death of aquatic plants and animals. 
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10. How is the presently occurring species extinction different from the earlier 
mass extinctions?  
  
Ans. Species extinction occurring at present is due to anthropogenic or man-made 
causes whereas the earlier extinction was due to natural causes. Present extinction is 
occurring at 100 – 1000 times fast rate. 
 
 
3 marks Question 
 
1. It is advocated that biodiversity be conserved? List any two ethical 

arguments in its support.  
Ans. The biodiversity should be conserved because of the following reasons:  
(i) Narrowly utilitarian arguments for deriving direct economic benefit from nature.  
(ii) Broadly utilitarian arguments as biodiversity plays a major role in many 
ecosystem services. (iii) Ethical reasons: There is a need to realise that every 
species has an intrinsic value and we need to pass on our biological legacy to 
future generations. 
 
 

2. Alien species are highly invasive and are a threat to indigenous species. 
Substantiate this statement with any three examples.  
Ans. Exotic species are defined as species that have been introduced from 
another geographic region to an area outside its natural range. For example,  
Parthenium, Lantana and Eichhornia are the exotic species of plants that have 
invaded the native species of India and caused environmental damage.  
Introduction of African catfish Clarias gariepinus for aquaculture purpose is posing 
threat to many indigenous catfish.  
Nile perch introduced into lake Victoria in East Africa led to the extinction of cichlid 
fish. 
 

3. Explain ‘rivet popper’ hypothesis. Name the ecologist who proposed it.  
Ans. Paul Ehrlich proposed the rivet popper hypothesis. This hypothesis states 
that in an airplane (ecosystem) all parts are joined together using thousands of 
rivets (species). If every passenger travelling in it starts popping a rivet to take 
home (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 over a period of time. Also, which rivet is 
removed may also be critical like loss of rivets on the wings (key species) is more 
serious threat to flight safety than loss of few rivets on the seats or windows inside 
the plane. 
 
 

4. The given graph alongside shows species–area 
relationship. Write the equation of the curve ‘a’ and 
explain.  
Ans. The equation of the curve ‘a’ is S = CAZ. (i) Within a 
region, species richness increases with increasing 
explored area but only up to a limit. (ii) Relationship 
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between species richness and area for a wide variety of taxa turns out to be 
rectangular hyperbola. 
 
 

5. Explain the effect on the characteristics of a river when urban sewage is 
discharged into it.  
Ans.  
—Rise in organic matter, leads to increased microbial activity/growth of microbes.  
—It results in decrease in dissolved oxygen/rise in Biochemical Oxygen Demand.  
—Leads to fish mortality/algal bloom/colour change/foul odour/increase in toxicity. 
 
 

6. Explain, giving three reasons, why tropics show greatest levels of species 
diversity.  
Ans. (i) Tropical latitude have remained relatively undisturbed and had a long 
evolutionary time for species diversification.  
(ii) Tropical environments have less seasonal variations, more constant and 
predictable environmental conditions. This promotes niche specialisation for 
greater species diversity. There is more availability of solar energy which 
contributes to higher productivity. 
 
 

7. What is the association between the bumble bee and its favourite orchid 
Ophrys? How would extinction or change of one would affect the other? 
Commensalism because Ophrys employs sexual deceit to get pollination by 
species of bee as petal of its flower bears resemblance to female of the bee in 
size, colour and markings and so male bee is attracted to what it perceives as 
female; pseudo copulates with the flower and thus pollinates it. If the female bee’s 
colour patterns change even slightly due to any reason during evolution, 
pollination success will be reduced unless the orchid flower co-evolves to maintain 
the resemblance of its petal to the female bee. 
 
 

8. Many plant and animal species are on the verge of their extinction because 
of loss of forest land by indiscriminate use by the humans. As a biology 
student what method would you suggest along with its advantages that can 
protect such threatened species from getting extinct? 
Ans : Ex situ conservation method can be used. 
This approach involves placing threatened animals and plants in special care units 
for their protection.  
India has 35 botanical gardens and 275 zoological parks where animals which 
have become extinct in wild are maintained.  
By using cryopreservation (preservation at –196°C) technique, sperms, eggs, 
animal cells, tissues and embryos can be stored for long period in genes banks, 
seed banks, etc.  Plants are propagated in vitro using tissue culture methods 
(micropropagation).  
 

9. What are sacred groves? What is their role in conservation? 
Ans. Sacred groves are forest patches for worship in several parts of India. All the 
trees and wildlife in them are venerated and given total protection. They are found 
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in Khasi and Jaintia Hills in Meghalaya, Western Ghat regions of Karnataka and 
Maharashtra, etc. Tribals do not allow anyone to cut even a single branch of tree 
in these sacred groves, thus sacred groves have been  
free from all types of exploitations. 
 

10. The species diversity of plants (22 per cent) is much less than that of animals 
(72 per cent). What could be the explanations to how animals achieved 
greater diversification?  
Ans. Animals have achieved greater diversification than plants due to following 
reasons:  
(i) They are mobile and thus can move away from their predators or unfavourable 
environments. On the other hand, plants are fixed and have fewer adaptation to 
obtain optimum amount of raw materials and sunlight therefore, they show lesser 
diversity.  
(ii) Animals have well-developed nervous system to receive stimuli against 
external factors and thus can respond to them. On the other hand, plants do not 
exhibit any such mechanism, thus, they show lesser diversity than animals. 
 
 
 
 
 
Case Based Question: 
 
The graph shows species-area relationship:  
(a) If b denotes the relationship on log scale-  
(i) Describe a and b.  
(ii) How is slope represented? Give the normal 
range of slope.  
(iii) What kind of slope will be observed for 
frugivorous birds and mammals in a tropical forest? (b) Species diversity of 
plants (22%) is much less than that of animals (72%). Analyse the reasons 
for greater diversity of animals as compared to plants. 
 
 
Ans :(a) (i) a is S = CAZ b is log S = log C + Z log A  
    (ii) Slope is Z (regression coefficient). Its normal value ranges from 0.6 to 1.2.  
    (iii) In frugivorous birds and mammals, value of Z=1.15  
(b) Reasons for greater diversity of animals are:  
(i) Animals are mobile and can avoid predator or unfavourable event.  
(ii) Well developed nervous system to receive stimuli against external factors and 
respond to them. 
 


