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Environment is defined as the surroundings in which the organism lives. The 
environment may be the physical environment, the chemical envi~onment or the 

biological environment. Organisms are dependent on the environment to fulfill their 
needs; man is also constantly interacting with the environment in order to fulfill his 
needs. These needs include the basic needs of oxygen, food and shelter etc. The 
things that man requires for his survival and comfort are called the resources. The 
environment is a reservoir of resources. Maintaining the natural resources of the 
environment and their careful use is called conservation. The conservation of 
environment involves the conservation ·of the natural resources. A healthy 
environment is an absolute necessity for the well-being of all organisms, including 
man. All our needs, big and small are being met by the environment. However, man 
having reached the pinnacle of evolution is trying to bring about changes in the 
environment to suit his convenience. Unfortunately, this convenience is temporary. 
In the long run, man is losing out on a healthy environment. 

25.1 BIOGEOCHEMICAL CYCLES 

The flow of chemical elements and compounds between living organisms 
and the physical environment is called biogeochemical cycle. Chemicals absorbed 
or ingested by organisms are passed through the food chain and returned to the soil, 
air, and water by such mechanisms as respiration, excretion, and decomposition. As 
an element moves through this cycle, it often forms compounds with other elements 
as a result of metabolic processes in living tissues and of natural reactions in the 
atmosphere, hydrosphere, or lithosphere. Of the 92 elements produced in nature, 
only six are critical to the life of organisms: hydrogen, carbon, nitrogen, oxygen, 
phosphorus, and sulfur. Though these elements account for 95% of the mass of all 
living things, their importance extends far beyond the biosphere. Hydrogen and 
oxygen, chemically bonded in the form of water, are the focal point of the 
hydrosphere, while oxygen and nitrogen form the bulk of the atmosphere. All six are 
part of complex biogeochemical cycles in which they pass through the biosphere, 
atmosphere, hydrosphere, and aerosphere. These cycles circulate nutrients through 
the soil into plants, microbes, and animals, which return the elements to the earth 
system through chemical processes that range from respiration to decomposition. 
25.1.1 WaterCycle 

Water is an integral part of life on this planet. It is an odorless, tasteless, 
substance that covers more than three-fourths of the Earth's surface. Most of the 
water on Earth, 97% to be exact, is salt water found in the oceans. We can not drink 
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salt water or use it for crops because of the salt content. We can remove salt from 
ocean water, but the process is very expensive. Only about 3% of Earth's water is 
fresh. Two percent of the Earth's waler (about 66% of all fresh waler) is in solid form, 
found in ice caps and glaciers. Because it is frozen and so far away, the fresh water in 
ice caps is not available for use by people or plants. That leaves about 1 % of all the 
Earth's water in a form useable to ~mmans and land animals. This fresh water is found 
in lakes, rivers, streams, ponds, and in the ground (a small amount of water is found 
as vapor in the atmosphere). 

The hydrologic cycle begins with the evaporation of water from the surface of 
the ocean. As moist air is lifted, it cools and water vapour condenses to form clouds. 
Moisture is transported around the globe until it returns to the surfare as precipitation. 
Once the water reaches the ground, one of two processes may occur; l) some of the 
water may evaporate back into the atmosphere or 2) the water may penetrate the 
surface and bet.:ome gruun<lwater. Groundwater either seeps its way to in~o the 
ocea'ns, rivers, and streams, or is released back into the atmosphere through 
transpiration. 

Fig: 25.1 Water Cycle in nature. 

The balance of water that remains on the earth's surface is runoff, which 
empties into lakes, rivers and streams and is carried back to the oceans, where the 
cycle begins again. 
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25. l .2 The Nitrogen Cycle 
Various processes are responsible for recycling the chemicals necessary for 

life on Earth. The nitrogen cycle is the most complex of these. Carbon, sulfur and 
phosphorus are the other main cycles. We are going to explore how nitrogen is cycled 
and the important role of microbes in this cycle. 
Nitrogen: 

Nitrogen is required by all living organisms for the synthesis of organic 
molecules such as amino acids, nucleic acids and proteins. The Earth's atmosphere 
contains almost 80 % nitrogen gas. It cannot be used in this form by most living 
organisms until it has been fixed, that is reduced ( combined with hydrogen), to 
ammonia. Green plants, the main producers of organic matter, use this supply of 
fixed nitrogen to make proteins that enter and pass through the food chain. Micro
organisms (the decomposers) break down the proteins in excretions and dead 
organisms, releasing ammonium ions. These two processes form part of the nitrogen 
cycle. 

Nitrogen-fixing 
bacteria In root 
nodules of 
legumes 

Decomposers (aerobic 
and anaerobic bacteria 
and fungi) 

Ammonlftcatfon 
Nltrtflcallon 

@~~ 
Nltrogen-ftxlng soil bacteria N~ 

bacteria 

Fig: 25.2 Nitrogen cycle 

® 
Denltrtfylng 

-""--~bacteria 
Nitrates 
(N01.) 

Nltrltes(NO, ) 
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The nitrogen cycle is the movement of nitrogen between the earth and the 
atmosphere. It consists of a series of processes that convert nitrogen gas to organic 
substances and these back to nitrogen in nature. It is a continuous cycle maintained 
by the decomposers and other bacteria. The nitrogen cycle can be broken down into 
four types of reaction and micro-organisms play roles in these entire. 
i. Nitrogen fixation: 

Nitrogen gas is composed of two atoms of nitrogen linked by a very strong 
triple bond. This makes it chemically non reactive and large amounts of energy are 
required to break the bond. Nitrogen gas can be fixed in three ways. 

• Atmospheric fixation: This occurs spontaneously by lightning; a small 
amount{S- 8 %) only is fixed this way. Lightning allows nitrogen and oxygen 
to combine to produce various oxides of nitrogen. These are carried by the 
rain into the soil where they can be used by plants. 

• Industrial fixation: The Haber process is used to make nitrogen-containing 
fertilizers. This is a very energy inefficient process. 

• Biological fixation: Nitrogen-fixing bacteria fix 60 % of nitrogen gas in the 
atmosphere. 

ii. Biological fixation: 
The reduction of nitrogen gas to ammonia is energy intensive. It requires 16 

molecules of ATP and a complex set of enzymes to break the bonds so that the 
nitrogen can combine with hydrogen. Its reduction can be written as: 

N2 + 3H, - ... -- 2NH3 

Only a relatively few bacteria (lhe nitrogen-fixing bacteria) are able to carry 
out this reaction. Fixed nitrogen is made available to plants by the death and lysis of 
free-living nitrogen-fixing bacteria or from the symbiotic association of some 
nitrogen-fixing bacteria with plants. 
Types of nitrogen-fixing bacteria: 

Some nitrogen-fixing bacteria are free
living in the soil, fixing nitrogen independently of 
other organisms, e.g. Azotobacter (aerobic) and 
Clostridium (anaerobic). Some nitrogen-fixing 
bacteria (e.g. Rhizobium) form symbiotic 
associations with roots of leguminous plants and 
appear in the fonn of swellings called nodules. Free
living rhizobia invade the legume through an 
infection thread formed in the root hair of the plant. • ill: 2~.J "'iodull-.. or ll•it11111h1011!; 

Plunt . 

• .. 
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The infection thread is constructed by the root cells and not the bacteria and is 
formed only in response to infection. The infection thread grows through the root 
hair cells and penetrates other root cells nearby, often with branching of the thread. 
The root cells then proliferate to fonn a root nodule. Within a week of infection small 
nodules are visible to the naked eye. Each root nodule is packed with thousands of 
living Rhizobium bacteria. Root-nodulated non-legume is a diverse group of woody 
species such as alder with e.g. Frankia. These filamentou~ bacteria infect the roots of 
plants fanning actinorhizal root nodules. 
A11abae11a azollae is a cyanobacterium that 
infects new leaves of Azolla as they develop 
from the stem. Strings of Anabaena get 
caught in tiny leaf hairs that grow from a 
dimple on the developing leaf. The dimple 
grows larger into a pouch-like structure that 
eventually closes up, locking the Anabaena 
inside the leaf. 
Adapting to their environment 

Nitrogen-fixing bacteria contain an Fig: 25...J A 11t1bt1t'lhl ,r::0//11(' 

enzyme complex called nitrogenase which catalyses the conversion of nitrogen gas 
to ammonia. It supplies hydrogen as well as energy from ATP. The nitrogenase 
complex is sensitive to oxygen, becoming inactivated when exposed to it. This is not 
a problem with the free-living anaerobic bacteria such as Clostridium. Free-living 
aerobic bacteria have a variety of different mechanisms for protecting the nitrogenase 
complex, including high rates of metabolism and physical barriers. Azotobacter 
overcomes this problem by having the highest rate of respiration of any organism, 
thus maintaining a low level of oxygen in their cells. 

P,;,• Y,;wa... !,1fo,,~ntri'itJ,1 
Rhizobium contains leghaemoglobin. Leghaemoglobin functions 
similarly to hemoglobin, i.e. it binds to oxygen. This provides 
sufficient oxygen for the metabolic functions of the bacteroids, but 
prevents the accumulation of free oxygen that would destroy the 
activity of nitrogenase. Frankia and Anabaena are able to exclude 
oxygen by carrying out the fixation in specialized structures known 
respectively as a vesicle and a heterocyst. The thick walls of the 
· esicle and heteroc st form an ox en diffusion barrier. 

' 
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ii. Nitrification: 
This is the oxidation ofammonium compounds to nitrites and then to nitrates 

by the nitrifying bacteria. During these oxidation reactions energy is released. The 
nitrifying bacteria are chemoautotrophs and are able to use this source of energy to 
produce organic compounds from inorganic ones. (Photoautotrophs use light energy 
to produce organic compounds from inorganic ones.) Nitrification is a two-step 

process: 
• Bacteria of the genus Nitrosomonas convert ammonium ions to nitrites 

(NO
2
;. (Nitrite is toxic to plants and animals in high concentrations.) 

• Bacteria of the genu$ Nitrobacter convert nitrites to nitrates (NO1") . The 
nitrates can then be taken in by plants. 

• Nitrification occurs in well drained and aerated soils at neutral pH. 

iii. Denitriflcation: , Nitrogen 

This is the conversion of nitrates into 
primarily nitrogen gas but also nitrous oxide 
gas by the denitrifying bacteria, e.g. 
Pseudomonas. 

N0 3- - Nr+ N02 

Denitrifying bacteria transform 
nitrate in extremely wet soils and swampy 

appllcatlon 

Ammonium Nitrite. 

leaching 

Nitrate 

grounds, where there is very little oxygen, .._ ____________ __. 
Fig: 25.5 Dcnitrification i.e. the conditions are anaerobic. 

The bacteria get the oxygen they need for respiration from the breakdown of 
nitrates. The gases that are formed escape into the atmosphere completing the 
nitrogen cycle. This can be a harmful process as fixed nitrogen is removed from the 

soil making it less fertile. 

iv. Ammonification 
Thi~ is the conversion of organic forms of nitrogen ( e.g. in dead organisms 

and their excretions) into inorganic nitrogen. A wide range of soil fungi and bacteria 
called the decomposers carry out the ammonification process. The decomposers 
consume the organic matter and the nitrogen contained in the dead organism is 
converted to ammonium ions. The ammonium is then converted to nitrates by the 
nitrifying bacteria. 
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25.2 ENERGY FLOW THROUGH AN ECOSYSTEM 

Ecosystems maintain themselves by cycling energy and nutrients obtained 
from external sources. At the first trophic level, primary producers (plants, algae, 
and some bacteria) use solar energy to produce organic plant material through 
photosynthesis. Herbivores-animals that feed solely on plants- make up the 
second trophic level. Predators that eat herbivores comprise the third trophic level; if 
larger predators are present, they represent still higher trophic levels. Organisms that 
feed at several trophic levels (for example, grizzly bears that eat berries and salmon) 
are classified at the highest of the trophic levels at which they feed. Decomposers, 
which include bacteria, fungi, molds, worms, and insects, break down wastes and 
dead organisms and return nutrients to the soil. 

Decomposers process large----------------
amounts of organic material and 
return nutrients to the ecosystem in 
inorganic form, which is then taken up su11 

again by primary producers. Energy is 
not recycled during decomposition, 
but rather is released, mostly as heat. 

On average about 10 percent 
of net energy production at one trophic 
level is passed on to the next level. 
Processes that reduce the energy 
transferred between trophic levels 
include respiration, growth and 

~nergy Flow Through The Ecosystem 

reproduction, defecation, and-.---------------
d d th ( . th Fig: 25.6 Energy flow through ecosystem. nonpre atory ea orgamsms at 

die but are not eaten by consumers). The nutritional quality of material that is 
consumed also influences how efficiently energy is transferred, because consumers 
can convert high-quality food sources into new living tissue more efficiently than 
low-quality food sources.The low rate of energy transfer between trophic levels 
makes decomposers generally more important than producers in terms of energy 
flow. 
25.2.1 Gross & Net primary productivity: 

An ecosystem's gross primary productivity (GPP) is the total amount of 
organic matter that it produces through photosynthesis. Net primary productivity 
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(NP P) describes the amount of energy that remains available for plant growth after 
subtracting the fraction that plants use for respiration. Productivity in land 
ecosystems generally rises with temperature up to about 30°C, after which it 
declines, and is positively correlated with moisture. On land primary productivity 
thus is highest in warm, wet zones in the tropics where tropical forest biomes are 
located. In contrast, desert scrub ecosystems have the lowest productivity because 
their climates are extremely hot and dry. 

\ i, I ! 11 • From global cycles 
o I , 

' \ , ' / ' Heat 

~~RMk oa 

~ :I 
' I I i \ ' • Autotrophs 
/ l ! \ \ (producers) 

! •, 

Imported 
organic matter 

Heat 

Re -1rat1on 

Heterotrophs 
(Consumers) 

Exported 
organic matter 

Herbivores 
Carnivores 
Delrltlvores 

Fig: 25. 7 Net primary producth ity. 
In the oceans, light and nutrients are important controlling factors for productivity. 
"Oceans," light penetrates only into the uppermost level of the oceans, so 
photosynthesis occurs in surface and near-surface waters. Marine primary 
productivity is high near coastlines and other areas where upwelling brings nutrients 
to the surface, promoting plankton blooms. Runoff from land is also a source of 
nutrients in estuaries and along the continental shelves. Among aquatic ecosystems, 
algal beds and coral reefs have the highest net primary production, while the lowest 
rates occur in the open due to a lack of nutrients in the illuminated surface layers.In 
contrast to land, where vascular plants carry out most primary production, most 
primary production in the oceans is done by microscopic algae. 

25.2.2 Ecolo~ical p~·ramids: 
An ecological pyramid is a graphical representation designed to show the 

number of organisms, energy relationships, and biomass of an ecosystem. They are 
also called E;ltonian pyramids after Charles Elton, who developed the concept of 
ecological pyramids. 
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Producer organisms ( usually green plants) form the base of the pyramid, with 
succeeding levels above representing the different trophic levels (respective position 
of the organisms within ecological food chains). 

Succeeding levels in the pyramid represent the dependence of the organisms 
at a given level on the organisms at lower level. There are three types of pyramids: pf 
numbers, ofbiomass, and of energy. 

... 
Energyloll 

D.1~ 
Thkd•Level 
con1umen 

' 
a111eat 99<: 

~ .. ., 
Pyramid of Energy -

1.Sg/m' 
lldrcM..,el 

Pyramid of Biomass 

Pyramid of Biomass: Fig: 25.8 Ecological Pyramids 

lhlrd•Level 
cansumen 

Pyramid of Number 

Biomass is renewable organic (living) material. A pyramid of biomass is a 
representation of the amount of energy contained in biomass, at different trophic 
levels for a particular time. It is measured in grams per meter2

· or calories per meter2
• 

This demonstrates the amount of matter lost between trophic levels. Each level is 
dependent on its lower level for energy; hence the lower level determines how much 
energy will be available to the upper level. Also, energy is lost in transfer so the 
amount of energy is less high up the pyramid. 
Pyramid of Numbers: 

The pyramid of numbers represents the number of organisms in each trophic 
level. This pyramid consists of a plot ofrelationships between the number herbivores 
(primary consumers), first level carnivore (secondary consumers), second level 
carnivore (tertiary consumers) and so forth. This shape varies from ecosystem to 
ecosystem because the number of organisms at each level is variable 
Pyramid of Energy: 

The pyramid of energy represents the total amount of energy consumed by 
each trophic level. An energy pyramid is always upright as the total amount of energy 
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a v ail ab l c for utilization in the layers above is less than the energy available in 
the lower levels. This happens because ·during energy transfer from lower to higher 
levels, some energy is always lost. 

25.3 ECO OGICAL SUCCESSI0N 

Succession is a directional, non-seasonal cumulative change in the types of 
plant species that occupy a given area through time. It involves the processes of 
colonization, estahlishment, and extinction which act on the participating plant 
species. Most successions contain a number of stages that can be recognized by the 
collection of species that dominate at that point in the succession. Succession begins 
when an area is made partially or completely devoid of vegetation because of a 
disturbance. Some common mechanisms of disturbance are fires, wind storms, 
volcanic eruptions, logging, climate change, severe flooding, disease, and pest 
infestation. Succession stops when species composition changes no longer occur 
with time, and this community is said to be a climax community. 

The concept of a climax community assumes that 
the plants colonizing and establishing themselves in a given 
region can achieve stable equilibrium. The idea that 
succession ends in the development of a climax community 
has had a long history in the fields of biogeography and 
ecology. One of the earliest proponents of this idea was 
Frederic Clements who studied succe-.sion at the beginning 
of the 20th century. 
25.3. 1 Types of Succession: 

On the basis of origin, ecological succession may be 
of following two types Fig: 25.9 lichcns on a TOCh 

• Primary succession - It is the establishment of plants on land that has not 
been previously vegetated. It begins with colonization and establishment of 
pioneer species. 

• Secondary succession - It is the invasion of a habitat by plants on land that 
was previously vegetated. Removal of past vegetation may be caused by 
natural or human disturbances such as fire, logging, cultivation, or 
hurricanes. 
Whereas on the basis of location, ecological succession may be xerarch or 
hydrarch: · 
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Fig: 25.10 Ecological succession 

Xcrnrch Succc1tsion: 

Climax tores, 
(beech and 
~ugar mapleJ 

Plant succession starting on bare ground or rock and culminating in a mature 
climax forest is called xerarch succession. The pioneer species, such as lichens and 
mosses, result in the gradual accumulation of soil. 

The lichen colonies on these boulders are the first step in xerarch succession. 
Along with mosses, they trap dust particles and form a layer of soil on the rock 
surface that allows other plants, such as grasses and herbs, to become established. 
Hydnu·ch: 

Plant succession starting on relatively shallow water, such as ponds and 
lakes, and culminating in a mature forest is termed as hydrarch. 
25.3.2 Xcroscrc 

The term xerosere refers to changes in community structure during xerarch 
succession. It includes the different stages in a xerarch succession of ecological 
communities originated in extremely dry conditions such as sand deserts, sand 
dunes, salt deserts, rock deserts etc. A xerosere may include lithoseres on rocks and 
psammoseres on sand. Following are the stages oflithosere: 
Shlgc 1: Crusfosc Lichen Shtgc: 
A bare rock consists of solid surface or very large boulders and there is no place 
for rooting plants to colonize. The crustose lichens can adhere to the surface of 
rock and absorb moisture from atmosphere. 
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Therefore these colonize the bare surfaces of 
rock fast. The propagules of these lichens are 
brought by the air from the surrounding areas. 
These lichens produce acids which corrode the 
rock and their thalli collect windblown soil ~ 

particles among them that help in formation of 
thin film of soil. When these lichens die their " 
thalli decomposed to humus. This promotes 
soil building and the environment becomes 
suitable for growth of foliose and fruiticose . 
type oflichens. 
Stage 2: Foliose and Fruiticosc Lichen Stage: Fig: 25.11 Crusto!le Lkh~n Stage. 

Foliose have leaf like thalli while the fruiticose lichens are small bushes. 
They are attached by the substratum at one point only. Therefore do not cover the soil 
completely. They can absorb and retain more water and are able to accumulate more 
dust particles. Their dead remains are decomposed to humus which mixes with soil 
particles and help building substratum and improving the soil moisture contents 
further. The shallow depreciation in the rocks and crevices become filled with sold 
and top soil layers increase further. These autogenic changes favor growth and 
establishment of mosses. This community includes Pannelia and Dermatocarpon etc 
which have large leaflik~ thalli. 
Stage 3: Moss Stage 

The spores of xerophytic mosses are brought to the rock where Lhey succeed 
lichens. Their rhizoids penetrate soil among the crevices, secretes acids and corrode 
the rock. The bodies of mosses are rich in organic and inorganic compounds. When 
they die they add these compounds to the soil to increase the fertility of the soil. Since 
mosses develop in patches they catch soil particles from air and help increasing 
substratum. The changing environment leads to migration of lichens and help 
invasion of herbaceous vegetation. 
Stage4: Herb Stage: 

Herbaceous weeds mostly annuals such as asters and evening primroses 
invade the rock. Their roots penetrate deep down, secrete acids and enhance the 
process of weathering. Leaflitter and death herbs add humus to the soil. Shading of 
soil results in decrease in evaporation and there is slight increase in temperature. As a 
result the xeric conditions begin to change and biennial and perennials herbs and 
xeric grasses begin to inhabit. These climatic conditions favor 'growth of bacterial 
and fungal populations resulting in increase in decomposition activity. 
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Stage 5: Shrub Stage: 
Herb and grass mixture is invaded by shrub 

species such as Rhus and others. Early invasion of shrub 
species is slow but once a few bushes have become 
established birds invade this area and help dispersal of 
shrub seeds. This results in dense shrub growth shading 

Chapter25 

the soil and making conditions unfavorable for the Fig: 2~ 12 Rims typltma 
growth of herbs which begin to migrate. The soil formation continues and its 
moisture contents enhance. The environment becomes mesic or moderately moist. 
Stage 6: Tree Stage: 

Changes in environment favor colonization of tree species. The tree saplings 
begin to grow among the shrubs and establish themselves. The kind of tree species 
inhabiting this area depends upon the nature of the soil. In poorly drained soils oaks 
establish themselves. The trees form canopy and shade the area. Shade loving shrubs 
continue to grow as secondary vegetation. Leaf litter and decaying roots weather the 
soil further and add humus to it making the habitat more favorable for growth of 
trees. Mosses and fems make their appearance and fungi population grows 
abundantly. 
Stage 7: Forest or Climax Stage: 

The succession culminates in a climax community, the forest. Many 
intermediate tree stages develop prior to establishment of a climax community. The 
forest type depends upon climatic conditions. 

25.4 P0Pl1 ,ol o cs 
Population dynamics is the branch of life sciences that studies short-term and 

long-term changes in the size and age composition of populations, and the biological 
and environmental processes influencing those changes. Population dynamics deals 
with the way populations are affected by birth and death rates, and by immigration 
and emigration, and studies topics such as aging populations or population decline. 
25.4.1 Chararfcristics of Population: 

A population ecologist studies the interaction of organisms with their 
environments by measuring properties of populations rather than the behavior of 
individual organisms. Properties of populations include; 

• Population size 
• Population density 
• Patterns of dispersion 
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• Demographics 
• Population growth Limits on population growth 

flopuhitiun ~itc: 
A population's size depends on how the population is defined; 

Cha ter 25 

• If a population ·1s defined in terms of some degree of reproductive isolation, 
then that population's size is the size ofits gene pool. 

• If a population is defined in tenns of some geographical range, then that 
population's size is the numberofindividuals living in the defined area. 
Ecologists typically are more concerned with the latter means of defining a 

population since this is both easier to do and is a more practical measure if one is 
interested in detennining the impact of a given population on a given ecosystem, or 
vice versa. Although we can determine an average population size for many species, 
the average is often of less interest than the year-to-year or place-to-place trend in 
numbers. 
ropuh1tlo11 dentilty; 

Population density may be defined as number ofindividual organism per unit 
area. Different species, of course, exist at different densities in their environments, 
and the same species may be able to achieve one density in one environment and 
another in a different environment. Population densities may additionally be 
determined in terms of some measure other than population size per unit area such as 
population mass per unit area. 
Populnthm l>hitributh1n: 

Ind1vid11i!I memhers of populations may be distributed over a geographical 
area in a number of different ways including 

• Clumped d1stribut1on (attraction) 
• Uniform distribution (repulsion) 
• Random distribution (minimal interaction/influence) 

Three common patterns of population 

• 
0 

Ag 25.13 Dl:.perslon Patterns wlth!n Populaflon 
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Clumping may result either from individual organisms being 
attracted to each other, or individual organisms being attracted 
more to some patches within a range than they are to other 
patches; the net effect is that some parts of the range will have a 
large number of individuals whereas others will contain few or 
none. 

fig. 25 14 OumP'!IO bamboo 
A uniform distribution means that approximately the same distance may be found 
between individual organisms; uniform distributions result from individual 
organisms actively repelling each other. 

A random distribution means that where individual organisms are found is 
only minimally influenced by interactions ,with other members of the same 
population, and random distributions are uncommon; "Random spacing occurs in the 
absence of strong attractions or repulsions among individuals of a population. 11 

Popuh1tlon Growth: 
The simplest case of population growth is that which occurs when there are 

no limitations on growth within the environment. In such situations two things occur; 
1. The population displays its intrinsic rate ofincrease 
2. The population experiences exponential growth 

lotrlHslt rdte df populdtldtt lutrellH! (tmu): 
The intrinsic rate of population increase is the rate of growth of a population 

when that population is growing under ideal conditions and without limits, i.e., as fast 
as it possibly can. 

A population with a higher intrinsic rate of increase will grow faster than one 
with a lower rate of increase. The value of rmax for a population is influenced by life 
history features, such as age at the beginning of reproduction, the number of young 
produced, and how well the young survive. 

Etf)otletUlnt ~rowth 
Exponential growth simply means that a population's size at a given time is 

equal to the population's size at an earlier time, times some greater-than-one number 
For example, if a population increased in size per unit time in the following 

manner: l, 2, 4, 8, 16, 32, 64, 128, etc. (or, e.g., 1, 3, 9, 27, or I, 5, 25, 125, etc.) then 
the population is displaying exponential growth, each unit time the population is 
increasing by a factor of 2 ( or 3 or 5 in the other examples; note that exponential 
growth is occurring so long as the rate of increase per unit time is greater than a factor 
ofl e~2or4or IO or 1.2,etc.) 
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Man and his Environment 
Limits on population growth: 

Exponential growth cannot go on forever; sooner or later any population will 
run into limits in their environment. 
25.4.2 Carrying capacity (K):Populations subsist on a finite amount of available 
resources, and as the population becomes more crowded, each individual has access 
to an increasingly smaller share. Ultimately, there is a limit to the number of 
individuals that can occupy a habitat. Ecologists define carrying capacity as the 
maximum stable population size that a particular environment can support over a 
relatively long period of time. Carrying capacity, symbolized as K, is a property of 
the environment, and it varies over space and time with the abundance of limiting 
resources. Generally, as population size approaches carrying capacity, the amount of 
some key resource declines per capita to the point where individuals experience 
either a higher death rate or a lower fecundity; thus, as population size. approaches 
carrying capacity, the rate of population growth declines towards zero. 
25.4.3 Problems Related to Rapid Gron th in Human Population: 

As the world population continues to grow geometrically, great pressure is 
being placed on arable land, water, energy, and biological resources to provide an 
adequate supply of food while maintaining the integrity of our ecosystem. According 
to the World.:Bank and the United Nations, from 1 to 2 billion humans are now 
malnourished, indicating a combination of insufficient food, low incomes, and 
inadequate distribution of food. This is the largest number ofh~ humans ever 
recorded in history. W: 

In China about 80 million are now malnourished and 
hungry. Based on current rates of increase, the world 
population is projected to double from roughly 6 billion to 
more than 12 billion in less than 50 years. g 5 au onlea 1,, 

mllllon1 ol death each y110r. 

More'than 99 percent of the world's food supply comes from the land, while 
less than 1 per cent is from oceans and other aquatic habitats. The continued 
production of an adequate food supply is directly dependent on ample fertile land, 
fresh water, energy, plus the maintenance of biodiversity. As the human population 
grows, the requirements for these resources also grow. Even if these resources are 
never depleted, on a per capita basis they will decline significantly because they must 
be divided among more people.At present, fertile crop land is being lost at an 
alarming rate. For instance, nearly one-third of the world1s cropland (1.5 billion 
hectares) has been abandoned during the past 40 years because erosion has made it 
unP.roductive. Solving erosion 
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and recombinant plasmids into the same medium. 
Bacterial cells take up recombinant plasmid, especially, if they are treated 

with calcium chloride to make them more permeable. Thereafter, as the cell 
reproduces, a bacterial clone forms and each new cell contains at least one plasmid. 
Therefore, each of the bacteria contains the gene of interest, which will express itself 
and make a product. 
26.2.3 ldcntification oftrunsformcd clone: 

The transformed clone can be identified by adding a particular antibiotic (for 
which resistant gene is found in plasmid) into the medium. As the transformed clone 
has got resistance against the antibiotic, so it remains alive and continues to grow, 
because the gene of interest is inserted inside the other antibiotic resistant 
gene.whereas all the untransformed clones are killed by the antibiotic. From this 
transformed bacterial clone. the cloned gene can be isolated for further analysis or its 
protein product can be separated. 

26.3 POLYMERASE CHAIN REACTION 

The polymerase chain reaction (PCR) is a revolutionary technique in 
molecular biology to amplify ( cloning) a single or a few copies of a piece of DNA, to 
generate thousands to millions of copies. It was originally invented by Kary Mullis 
in 1983; later on he was awarded the Nobel Prize in Chemistry in 1993. PCR is a 
process that 'amplifies' or 'copies' a piece of DNA repeatedly until there is an amount 
which is great enough to observe visually. It is based upon in vitro replication 
process which is carried out by DNA polymerase enzyme. In this technique DNA 
polymerase is compelled to polymerize a given piece of DNA again and again, so 
that multiple copies arc produced, thus, the technique is known as polymerase 
chain reaction (PCR). 
26.3. l Components of PCR technique: 

The following are the components required for carrying out a PCR reaction: 
l. Template DNA 
2. Deoxyribo-nucleoside tri-phosphates ( dNTPs) 
3. Primers 
4. Taq polymerase 

1- Template DNA or Target DNA:lt is the piece of 
DNA to be cloned or amplified. It may be a useful gene 
found in the genomic DNA or the piece of DNA of ----------in fc ct in g organisms. F. 26 8 PCR M h. 1g: . ac me 
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2-Deos_yribo-nuelMlde tri-pboaphatcl (dNTPi); These are free nucleotides that 
act as raw material for the synthesis of new DNA fragments. There are four different 
types of dNTPs ( dATP, dGTP, dCTP, dTTP) required in this process. 
J. Primen,; DNA polymerase is unable to initiate polymerization unless primers 
are attached. Two sets of primers- forward primer and the backward primer are used 
in this technique that select 3' ends of target DNA fragment by annealing with its 
complementary sequences. 
4- Till/ puJywerilie: The Taq DNA polymerase is a temperature-tolerant enzyme 
isolated from Thermus aq11aticus, a bacterium found in hot springs. It catalyzes the 
synthesis of DNA. This enzyme is stable and active at near-boiling temperatures. 
Therefore, it is well suited for carrying out PCR reactions. These are basic 
components required for the assembly of a PCR reaction. They form a mixture called 
PCR mixture or reaction mixture. The PCR mixture is placed in an instrument 
called thermal cycler or PCR machine. Thermal cycler regulates the temperature 
during various steps of PCR reaction according to the need. 

26.3.2 Mechanism of PCR reaction: 
A PCR-amplification cycle consists of three 

basic steps. They are denaturation, primer 
annealing, and extension or polymerization. Its 
time duration, temperatures and sequence of the steps 
have to be programed in the thermal cycler. 

~r--~~~~ 

fig: :!5 9 \ hot spring in Ycllon!ltonc National 
D~naturutlon: In the denaturation step, Park, the habitat for Tlrermll\ aquatirns. 
the template is heated to 94°C for one minute or up to five minutes. At this high 
temperature the DNA undergoes complete denaturation and the double-stranded 
DNA(dsDNA) becomes single-stranded (ssDNA). Each single ssDNAcan act as the 
template for the in vitro DNA synthesis. 
Primer annealing: The next step is the primer annealing. In this step the two 
primers, the forward primers and the backward primers, anneal or hybridize to the 
single-stranded template DNA at its complementary regions. Annealing is usually 
carried out at a lower temperature depending on the length and sequence of the 
primers. In standard cases it is 54°C and approximate time required for this step is 2 
minutes. 
EueatMUJ or PoJymer!utkls; The final step in each cycle is the primer extension or 
polymerization in which the Taq DNA polymerase synthesizes new DNA strands to 
the 3' ends of primers using dNTPs. The optimum temperature for carrying out the 
pnmer 

• 

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Rectangle



• 
Biotechnology Chapter26 

extension reaction or polymerization of dNTPs is standardized at 72°C. This step 
takes just one minute to be completed. 

o, .. , . 
• 

' O · 
, 

'2 ; • 

L-,,,,., ' -· , . 
New ',,. 

DNA a .. ·- ·. ',,. 

._..\. • --:!·· 
, . 

Target New ',,. 

DNA * a·-mt , • 
sequenc~ ' 'ii- . 

' Ii? - 9 · 
.. 

'\g • ' - ' P , . 
• 

' 
Fig: 26.IO Mechanism of PCR reaction 

At the end of first cycle one target DNA molecule is converted in to two 
molecules. The second cycle immediately starts with the denaturation by heating at 
94°C, so that all the newly synthesized DNA are also denatured to single strands, 
which again act as templates. It will again be followed by the primer annealing and 
extension and thus the cycle of denaturation, primer annealing, and extension 
continues resulting in the amplification of the selected DNA sequence at an 
exponential rate i.e. the number of existing DNA molecules become doubled after 
each cycle. 
26.3.3 Applications of PCR: 

PCR has application in almost all areas of molecular biology, genetics, and in 
clinical areas. 

• PCR is an efficient diagnostic technique used for the detection of specific 
infectious agents e.g HBV, HCV, HIV. 

• It is also used for the detection of microorganisms in food samples, water, and 
in the environment with the help of species-specific primers. 

• PCR can also be used for genome analysis and for generating markers for the 
construction of genetic and physical maps of organisms. 

• There is the PCR-based cDNA synthesis known as RT-PCR (reverse 
transcriptase- PCR), which can be directly carried out with purified mRNA. 

• Reactions for DNA sequencing are also simplified by introducing the PCR 
.,._ ____ _ method . 
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• PCR has also shown its impact in criminology. The DNA of the suspects and 
the DNA sample recovered from the crime scene can be analyzed by PCR 
techniques with the help of a set of identical random primers or specific 
primers. 

• DNA fingerprinting is also made simple by PCR as described above. 
• The genetic mutations responsible for certain genetic diseases and cancers 

can be detected using PCR tools. Early detection of genetic disease is even 
possible in embryonic conditions or even in sex cells-spenn and egg. 

-- 26.4 GENOMEJC LlBRAR) 
A genomic library is a collection of bacterial or bacteriophage clones, each 

containing at least one copy of every DNA sequence in a genome of an organism. In 
single library the entire genome of an organism is represented as a set of DNA 
fragme"'ts inserted into a vector molecule. 
26.4.1 Construction ot'Gcnomic Library: 

To construct a genomic library, the genomic DNA of the organism is 
extracted and is cut into fragments of suitable sizes by any of the following three 
methods. 

• The genomic DNA is digested completely by a restnction enzyme that 
converts it into fragments of suitable sizes .. The restriction enzyme cuts at all 
relevant restriction sites and produces a large number of short fragments with 
sticky ends. The disadvantage of this is that genes containing restriction sites 
within the reading frame may be cut into two or more fragments and may be 
cloned separately. 

• The genomic DNA can be fragmented un-enzymatically by means of 
mechanical shearing such as sonication, which produces longer DNA 
fragments. The disadvantage in this case is that the ends of the fragments 
produced are not unifonn and need enzymatic modification for insertion into 
a cloning vector. 

• The third method for fragmenting genomic DNA is by partial enzymatic 
digestion with a restriction enzyme. 

26.4.2 Locnting gene ofintercst from DNA libraries: 
A DNA probe is a small, fluorescently orl .. ----------

radioactively labeled DNA molecule that is used ~ 
to locate similar or complementary sequences ~ ' ~ 

among a long stretch of DNA molecule or ----------
bacterial colonies such as genomic or cDNA Fig: 26.11 DNA Probe is added to 
librariesorinagenome. -..~... locntc similar sequences of DNA. 

-
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26.5 DNA SEQUENCING 

To understand the complexities of gene structure, its expression, its 
regulation, protein interactions, and molecular mechanisms of genetic diseases- the 
detailed and exact sequences of the bases in DNA is very essential. The main 
principle of any DNA sequencing method is: 

1. To generate piece of DNA of different sizes all starting from the same point 
and ending at different points. 

2. Separation of these different sized pieces of DNA by gel electrophoresis. 
3. Reading of sequence from the gel. 

For generation of different sized DNA fragments, two different sequencing 
methods were developed during the late 1970s. They are: Sanger method and 
Maxam-Gilbert method. 

26.5.1 Sanger's method: 
This method is widely used and similar to the natural process of DNA 

replication. It was developed by Frederick Sanger along with Andrew Coulson in 
1977. They have awarded Nobel Prize in 1980 on this achievement. Sanger's method 
now became the standard because of its practicality. 

Procedure: 
Before the DNA can be sequenced. it has to be denatured into single strands 

using heat because only one strand that acts as template is required in this procedure. 
'Now the template strand is tagged with a known sequence at 3' end, so that a 
complimentary primer can bind on the known sequence. Once the primer is attached 
to the DNA. the solution is divided into four tubes labeled "G", "A", "T" and "C". 
Then reagents are added to these samples as follows: 

"G" tube: all four dNTP's, ddGTP and DNA polymerase 

"A" tube: all four dNTP's, ddATP and DNA polymerase 

"T" tube: all four dNTP's, ddTIP and DNA polymerase 

"C" tube: all four dNTP's, ddCTP and DNA polymerase 

I \P • "■ 
. . .. ·• 
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I ' 

I 
Slngle•stranded DNA 
with unknown sequence (blue) 
serves as a template 

• I +DNA polymerase 
+dATP, dCTP, dTTP and dGTP 

+ t I Radfoactlvely labeled primer 
I ' I 

Prepare four reaction mixtures 

1 

Gel electrophoresis • follo.,wed by 
, autoradlograplly 
t 

~ ... e Cl. .. .. 
~ b a 

er 11 I 11 1'1 Q 
ments -· Rea~ G and C 

l i - sequeQ!r a deduce • T eac:tlon -oducts - , of f'le\)' T sequence 
strand G of temploteC ' -- I • A •T - A T - 0 C - C 0 

Fig: 26.12 Sanger's method of DNA sequencing 
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As shown above, all of the tubes contain a different ddNTP present, and each at about 
-one-hundredth the concentration of the nonnal precursors. Now all these test tubes 
are placed in PCR machine so that sequencing reaction can start. As the DNA is 
synthesized, nucleotides are added on to the growing chain by the DNA polymerase. 
However, on occasion a dideoxynucleotide is incorporated into the chain in place of 
a nonnal nucleotide, which results in a chain-tenninating event. For example if we 
looked at only the "G" tube, we might find a mixture of the following products: 

3•. 
A rre;cTCCGOCTCOTATO F.' •. 
A'ITGtTCCOOCTCOTATO 
F.' •. 
ATTGCTCCOGCTCOTATO F.' •. 
A 1TGCTCCGGCTCOTATG 
TT•• 

., 
ATTGCTCCGGCTCGTATc;; 

5' -TAACG = Primer 
3'- rT II wn 

encc 
G*=ddGTP 

Fig: 26. 13 DNA sequencing 

The key to this method is that all the reactions start from the same nucleotide 
and end with a specific base. Thus in a solution where the same chain of DNA is being 
synthesized over and over again, the new chain will terminate at all positions where 
the nucleotide has the potential to be added because of the integration of the 
dideoxynucleotides. In this way, bands of all different lengths are produced. Once 
these reactions are completed, the DNA is once again denatured in preparation for 
electrophoresis. The contents of each of the four tubes are run in separate lanes on a 
polyacrylmide gel in order to separate the different sized bands from one another. 
After the contents have been run across the gel, the gel is then exposed to either UV 
light or X-rays, depending on the method used for labeling the DNA. 
26.5.2 Gel electrophoresis: 

Gel electrophoresis is a technique used in molecular biology to separate 
charge bearing polymers (proteins, RNA or DNA) under the influence of electric 
field. DNA electrophoresis is used to separate DNA fragments primarily by size. The 
types of gels most commonly used for DNA electrophoresis are agarose (for 
relatively large DNA molecules) and polyacrylamide (for high resolution of short 
DNA fragments). The freshly prepared gel is in liquid form but when it is poured in a 
gel caste to form a thin slab of gel and is allowed to be cooled, it turns into solid state. 
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At one end of the gel slab some partial holes are made which are called 
••wells", they are partial in the sense that they are not opened from other side of the 
slab. Later on various samples of mixture of different sized DNA fragments are 
poured into these wells. 

Reedy to run 

Fig: 26. 14 Steps In Gel Electrophoresis technique. 

The gel s]ab is suspended in a buffer solution which is used to establish 
electric field. The buffers used for the separation are Tris-Borate-EDTA or Tris
Acetate-EDTA. To establish an electric field, a positive electrode at one end and a 
negative electrode at another end of buffer solution are inserted. As the electric 
current run between the electrodes, the DNA fragment of different length present in 
the wells begin to move from negative pole to positive pole because DNA molecules 
have negative charges due to the phosphate groups. 

The DNA fragments migrate relative to its size because the distance a DNA 
fragment lntvels is inversely proportional to its length so the smaller fragments move 
faster through the gel matrix than larger fragments. 

Although, the movements of the fragments also depend upon charges, 
number of strands ( single or double}, shape of the molecules (linear or circular) and 
the concentration of the gel (pore size). 

When the movement of fragments is stopped, the DNA molecules are 
appeared as band at different positions of gel but still bands cannot be viewed until 
they are labeled with florescent dyes or radioactive probes. 

Following the separation, the gels can be stained by DNA binding florescent 
dyes that bind to the DNA molecules and are typically viewed under UV illumination. 
DNA bands can also be transferred from gel to the nitrocellulose membrane for 
autoradiography (X ray imaging). 
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In the image of gel pattern, some bands are appeared thick and some 
are thin, thick bands represent the high concentration of same sized fragments while 
thin bands show low concentration. If a particular sized fragment is to be used for 
further analysis, the piece of gel containing that band can be cut and its DNA can be 
purified again. 

fig: 26.15 DNA bands 
26.5.3 Automated DNA Sequencing 

Automatic sequencing machines have greatly improved the quality as well as 
the speed of the sequencing process. The basic principle sequencing is quite same in 
manual and automated DNA sequencing except few differences. 

There is no need for radiolabeling and autoradiography. The use of 
fluorescently labeled ddNTPs (dideoxynucleotide triphosphates) has made the 
reading very easy, convenient, and automatic with the help of UV laser detectors. 
Thus, it has greatly improved the speed of sequencing. Each of the four types of 
ddNTPs can be labeled with a specific dye, so that a specific color can be attributed to 
the presence of a particular nuc Jeotide or base. 

After electrophoresis, we don't even have - ca•• 'l)!I 
to 'read' the sequence from the gel. The computer =-
does that for us. After electrophoresis the colored : £ · It 
bands can be monitored using UV-laser beams. - _ ,. I! 
The laser beams excite the fluorescent dyes and - - ~ H 
result in the emission of specific spectral waves - - :. ii 

- .. jj 
(colored light), which are recorded by a specific : : Ir 
phQtoelectric device. The data thus generated is fed : : ir 

- 'T ii to a computer, where the emission data from the gel - • " 
is converted into a corresponding nucleotide O O 

• ,. q; 
sequence of the DNA sample. The nucleotide Fig: 26·16 After electrophoresis 

the colored hnnd!! con he 
sequence is also represented in specific peaks monitored using UV-lnscrhcnms. 
indicating each nitrogen base. 11o-- - -

' 
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26.5.4 Maxam-Gilbert Method: 
In 1976-1977, Allan Maxam and \Valter Gilbert developed a DNA 

sequencing method which is also called as chemical cleavage method because it is 
based on chemical modification ofDNAand subsequent cleavage at specific bases. 
Ptoeedur~: 

The DNA to be sequenced must first be end labeled, at one end only. This is 
accomplished by kinase treatment with 32P ATP, which transfers radioactive 
phosphorus from ATP to 5' end of each strand. Dimethylsulphoxide (DMSO) is then 
added and the labeled DNA samples heated to 90°C. This results in the breakdown of 
base pairing and dissociation of DNA molecules mto its two component strands . 

(b) s•a.II1(:IJ ( L[il[(III 

5'- lobeled 
ssDNA 

G 

... .. 
5 

Sequencing gel -a, 
0 

~ 
w 

Fig: 26.17 Maxam and Walter Gilbert 
de\Clopcd a DNA sc,1uencing method. 

The two strands are separated from one another by gel electrophoresis, one strand is 
purified from the gel and divided into four samples (G, A+G, T+C, and C), each of 
which is treated with one ofthe cleavage reagents and modifying chemical reagents. 
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The former are used to cut DNA strand at specific point while the later cause a 
chemical modification in the nucleotides they are specific for, making them to 
susceptible to cleavage. 

26.6 DNA ANALYSIS 

DNA analysis or DNA fingerprinting is an examination method that emerged 
in the 1980s and is credited to Alec Jeffrey, an English geneticist who made first 
DNA fingerprint in 1985. Every species has unique genetic sequences. DNA analysis 
allows any type of organism to be identified by analyzing its genetic sequences. This 
method can also clarify questions of identification within a species. Identification 
within a species can present more of a challenge than determining between two 
different species. For example, it is much easier to determine whether a victim was 
attacked by a bear or human than it is to determine which human perpetrated an 
attack. 

Human DNA not only has a record of each person's individuality but also a 
shared history of the evolution of our species, and the code that can provide insight 
into a person's future health. So Today, DNA analysis has become a standard practice 
for defining paternity or maternity, predisposition to disease, embryonic health, 
criminal guilt or innocence, and so on. DNA can be analyzed in various ways for 
these purposes. 

26.6.1 Procedure: 
There are several techniques that can be used 

for DNA analysis. Restriction fragment length 
polymorphism (RFLP) was one of the first methods 
used in DNA analysis. Following are the key steps to 
make a DNA fingerprint by using this method. 

Collettlon of DNAs.1mpJN; 
For DNA analysis, very small fraction of 

DNA is sufficient because it can be amplified several Fig: 26.18 

times with the help of PCR. Therefore it can be collected even from a small trace of 
blood or from the cells of single hair root. 

DNA samples can also be collected from mummified organisms or from 
fossils when evolutionary relationship has to be studied. 
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Placement of RFLP: 

RFLP refers to the different sized fragments of DNA produced by a particular 
restriction enzyme. Every person has a unique set of RFLPs because the restriction 
site ofa particular enzyme is always different in number and distribution in all human 
on earth except the monozygotic (identical) twins. Therefore RFLPs of any two 
p'ersons, when compared, one can easily analyze their individuality. However, the 
entire human have 99% similarity in nucleotide sequence of their genomes, this is the 
only I% difference in genome sequence that establishes the individuality of every 
person .. Placement of RFLP is the digestion of DNA samples by a particular 
restriction enzyme, which produces a set of different sized DNA fragments (RFLPs) 
Separation ofRFLPs: 

The DNA fragments are then electrophorescd on an agarose gel to separate . 
them by size. The mixture of RFLPs is loaded in polyacrylamide gel and run for 
electrophoresis; fragments of various lengths begin to move at different rate from 
negative to positive pole within the gel. When the movement is stopped, the gel is 
proceeded for further treatments in order to observe banding pattern. 
Southern Blotting: 

A Southern blot is a method routinely used in molecular biology for detection 
of a specific DNA sequence in DNA samples. Southern blotting is the combinations 
of two steps i.e. transfer of electrophoresis-separated DNA fragments to a filter 
membrane and subsequent fragment detection by probe hybridization. The method is 
named after its inventor, the British biologist Edwin Southern 

Blood 
Autoradiography: stgjn &ob Sue John Usa I 

After hybridization. excess probes arc 
1 

- - - - -
washed from the membrane, and the' pattern of 
hybridization is visualized on X-ray film by 
exposing the membrane to an X-ray source. This 
technique is hnmvn as autoradiography. The 
banding pattern. which was originally obtained in 
the gel due to the separation of RFLPs, is now 
developed on an X-ray film. 

--- - -- ----- --- -------- -------- -26.6.2 Applicutions of DNA analysis: 
Today DNA analysis has wide range of - _. - - -

application in different fields of life. It can be L....-----------' 
used to: Fig: 26.19 bunds ,lsiblc through 

• Identify potential suspects whose DNA uutoradlogruph), 

may match evidence left at crime scenes 
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• Exonerate persons wrongly accused of crimes 
• Identify crime and catastrophe victims 
• Establish paternity and other family relationships 
• 'dentify endangered and protected species as an aid to wildlife officials 

( could be used for prosecuting poachers) 
• Detect bacteria and other organisms that may pollute air, water, soil, and food 
• Match organ donors with recipients in transplant programs 
• Determine pedigree for seed or Jives tock breeds 

26.7 GENOME MAPS 
Tl,e genome is a collection of all the genes found in one complete set of 

chromosome. So a diploid organism has two copies of genome while egg or sperm 
has one. 
26.7.t Genome maps: 

Just like the road maps and street maps of a city. which guide us to reach a 
specific location, the genome maps are used by the scientists searching for a specific 
gene somewhere within the vast human genome. 

They have available to them two 
broad categories of maps: 
genetic maps and physical maps, 
which are being used for 
genome analyses. A genetic 
map, like an interstate highway 
map, provides an indirect 
estimate of the distance betwee 
two locations (loci). On the othe 
hand, physical maps mark a 
estimate of the true distance, 
measurements called base pai 
between locations (loci) 

For Your Information 

In his marvelous boo'4 Genome, Matt Ridley 
wrote: "Imagine that the human genome is a book. 
There are 23 chapters, called chromosomes. Each 
chapter contains several thousand stories. called 
genes. Each story is made up of paragraphs called 
exons, which are interrupted by advertisements 
called introns. Each paragraph is m:·de up of 
words called codons. Each word written in letters 
are called bases, which are Cytosine, Guanine, 
Adenine, Thiamine or shortly A,G,T.C." 

interest. To continue our analogy, physical maps would then be similar to street maps, 
where the distance between two sites ofinterest may be defined more precisely. 
26.7.2 Genetic markers: 

Just like interstate maps have cities and towns that serve as landmarks. 
genetic maps have landmarks known as genetic markers, or "markers" for short. The 
term marker is used very broadly to describe any observable variation that results 
from an alteration, or mutation, at a single genetic locus. 
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A marker may be used as one landmark on a map if, in most cases, that stretch 
of DNA is inherited from parent to child according to the standard rules of 
inheritance. Markers can be within genes that code for a noticeable physical 
characteristic such as eye color, or a not so noticeable trait such as a disease. DNA
based reagents can also serve as markers. These types of markers are found within the 
non-coding regions of genes and are used to detect unique regions on a chromosome. 
DNA markers are especially useful for generating genetic maps when there are 
occasional, predictable mutations that occur during meiosis- the formation of 
gametes such as egg and sperm that, over many generations, lead to a high degree of 
variability in the DNA content of the marker from individual to individual. 
26.7.3 Commonly Used DNA Markers 

• RFLPs. Pr r@Jtrletlon frnQm~nt lon,ith polymorphi!imij 
• VNTR11, or vnrlnbltt numbttr uf tlmdem rttpent polymurphiNmN 
• Ml~r P!ifttttlllttt pPlymurphllimJi 
• SNP!i, Pr •lngltt nueleutldtt polymorphilimli 

26. 7 .4 Genome Analysis: 
Due to rapid development of genome studies, a new branch of biotechnology 

has emerged called genomics which deals with exploration and analysis of complete 
DNA sequence of an organism's genome. This field was nbt really possible until the 
publication of the genome of Haemophilus intluenzae in 1995. Before this Fred 
Sanger also had sequenced the first bacteriophage genome for which he later won the 
Nobel Prize. Beside it human genome project was also launched in 1990 
26.7.5 Human Genome Project (HGP) 

Th~ Human Genome Project (HGP) is an international scientific research 
project which is based on the exploration and analysis of human genome. It was 
originally founded by the U.S. Department of Energy and the National Institutes of 
Health in t 990. They have established National Human Genome research Institute 
(NHGRI), who has completed this task in 2003. James D. Watson was appointed as 
first director of this institute but at the time of completion ofthe project, the institute 
was being led by Dr. Francis Collin. Although this project was funded initially by the 
US government but later on Welcome Trust (U.K.) became a major partner; 
additional contributions came from Japan, France, Germany, China, and others. 
26.7.6 Major Goals ofHGP: 

Major goals and objective of this project were to 
• identify all the approximately 20,000-25,000 genes in human DNA, 
• determine the sequences of the 3 billion chemical base pairs that make up 

human DNA, 
• store this information in databases, 

lie---~~- -----
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• improve tools for data analysis, 
• transfer related technologies to the private sector, and 
• address the ethical, legal, and social issues (ELSI) that may arise from the 

project. 
26.7.7 Benefits ofHGP 

Some potential benefits from human genome project are expected in the 
following fields: 
Molecular Medicine: 

• Improved diagnosis of disease 
• Earlier detection of genetic predispositions to disease 
• Rational drug design 
• Gene therapy and control systems for drugs 
• Pharmacogenomics "custom drugs" 

Bioarchaeology,Anthropology, Evolution, and Human Migration: 
• Study evolution through germ line mutations in lineages 
• Study migration of different population groups based on female genetic 

inheritance 
• Study mutations on the Y chromosome to trace lineage and migration of 

males 
• Compare breakpoints in the evolution of mutations with ages of populations 

and historical events. 
26.8 TISSUE CULTURE 

The propagation of a plant by using a plant part or single cell or group of cells 
in a test tube under very controlled and hygienic conditions is called "Tissue 
Culture". Tissue culture is often a generic term that refers to both organ culture and 
cell culfure. The initial plant part which is used to develop tissue culture is called 
explant. It may be complete organ (seed, leaf, and twig) or single cell (protoplast) or 
a piece of tissue. On the basis of explant tissue culture is variously called as cell 
culture or organ culture. 

26.8.1 Procedure ofTissue Cultures: 
A typical tissue culture method consists of following steps: 

Sterilization: 
Tissue culture is performed under aseptic conditions. Sterilization refers to 

the decontamination because living plant materials from the environment are 
- --=n ..... atu=rallY. contaminated on their surfaces and sometimes interiors) with 
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microorganisms, so surface sterilization of starting materials ( explants) in chemical 
solutions (usually Sodium or calcium hypochlorite or mercuric chloride) is required. 
The glassware which is to be used in the procedure should also be sterilized. 
Media preparation: 

_....--Soil is a natural medium of plant growth which is supposed to be very 
compl~x for a tiny explant, so in tissue culture technique, explants are grown on 
artificial media in which composition is kept under control. Solid or liquid media are 
used depending upon the need, which are generally composed of inorganic salts plus 
a few organic nutrients, vitamins and plant hormones. 
Inoculation: 

Inoculation refers to the placement of explant onto the surface of a solid 
culture medium, but is sometimes placed directly into a liquid medium, particularly 
when cell suspension cultures are desired. This is done in laminar flow, a sterile 
chamber. After the placement of explant, it is ensured that petri plates or test tube 
should' be air tight. Next, these glass wares are shifted to the growth room or 
incubator. 
Development of callus: 

First the explant is allowed to grow into and unorganized mass of cells, 
callus, which is then shifted to the new media for the development of shoots and 
roots. A balance of both auxin and cytokinin will often produce an unorganized mass 
of cells, the callus. 

~ Ex~ n0 r~_: 

lonlet 

Explontln 
nutrient \ 
media ._ 

0 
Callus 

'-_ ~ Embry Id 
E~o {\ .,_----

Fig: 26.20 Major steps In tlS!lue culture technique. 
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Development of plantlets: 
As the callus grows, pieces are typically sliced off and transferred to new 

media (sub cultured) to allow for growth or to alter the morphology of the callus. The 
skill and experience of the tissue culturist are important in judging which pieces to 
culture and which to discard. 

As shoots emerge from a culture, they may be sliced off and rooted with auxin 
to produce plantlets which, when mature, can be transferred to potting soil for further 
growth in the greenhouse as normal plants. 
26.8.2 Types of tissue culture: . 
There are several types of tissue cultures which are primarily based upon type of 
explant used. 
i . Callus culture: 

When explants are cultured on the appropriate medium, usually with both an 
auxin and a cytokinin, can give rise to an unorganized, growing, and dividing mass of 
cells. This is called callus culture. Any plant tissue can be used as an explant. 
ii. Cell-suspension cultures: 

Cell-suspension culture is developed 
from the callus, when it is placed into a liquid 
medium and then agitated, single cells and/or 
small clumps of cells are released into the 
medium. Under these cells continue to grow 
and divide, eventually producing a cell
suspension culture. It can be scaled up by 

r 

repeated sub culturing into fresh medium. 
Large cell clumps can be removed during Fig: 26.21 Callus of l\k '1tia1ta tabflcum 

subculture of the cell suspension. 
Cell suspension cultures are very useful to obtain some drug compound 

which are generally obtained from specific parts of adult plant because the cell 
suspension cultures produce the same chemicals as the entire plant. For example cell 
suspension culture of Cinchona ledgeriana produce quinine and those of Digitalis 
lanata produce digitoxin. 
iii. Protoplasts culture: 

Protoplasts are plant cells with the cell wall removed. Protoplasts are most 
commonly isolated from either leaf mesophyll cells or cell suspensions. 

Protoplast cultures can be used to develop whole plants by organogenesis or 
somatic embryogenesis (synthetic embryos that are developed from somatic cells). 
Genetic variations can also be induced in these somatic embryos, if they are exposed 
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to chemical of physical mutagens. Such variations are called as somaclonal 
variations. Protoplasts also act as ideal targets for transformation by a variety of 
means. 

Callus Cell Suspension Cell transformation 
Fig: 26.12 Callps of Nicotiana tabacum 

iv. Mcristcm Culture: 
Meristems are the rapidly dividing and growing tissues, especially found at 

the apices of roots or shoots and in some other plant parts. A tissue culture in which 
meristems are used as explants is called meristem culture. Generally root apical or 
shoot apical meristems are used for meristem culture. 

Meristern culture is mostly used for rnicropropagation and to obtain virus or 
parasite free plants because the whole plant may be infected by virus, bacteria or 
fungi but meristems are devoid of viruses due to the absence of vascular system in 
them. 
v. Anther culture: 

Anther culture is also called as microspore culture or pollen culture. It is a 
technique in which mature anthers or rnicrospores are cultured in a suitable medium, 
the haploid cells (lube cells) present in the microspore begin to divide and produce 
haploid callus. 

A haploid callus can be grown into a hapl01d plant; a diploid plant can also be 
obtained if chromosomal doubling is induced by the colchicine treatment. 
26.8.3Animal Cell Culture: 

An important aspect of any biotechnological processes is the culture ot 
animal cells in artificial media. These animal cells in culture are used in recombinant 
DNA technology, genetic manipulations and in a variety of industrial processes. 
Now-a -days it has become possible to use the cell and tissue culture in the areas of 
research which have a potential for economic value and commercialization. The 
animal cell cultures are being extensively used in production of vaccines, 
monoclonal antibodies, pharmaceutical drugs, cancer research, genetic 
manipulations etc. 
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Techniques of animal cell culture: 
Animal cells can grow in simple glass or plastic containers fo nutritive media 

but they grow only to limited generations. A cell culture which is initiated by the cells 
removed from an animal's organ is called as primary cell culture; where as the 
primary culture is subcultured in fresh media to establish secondary cultures. 

The culture of native tissue that retains most of the in vivo histological 
features is regarded as organ culture while the culturing of the cells for their re
aggregation to form a tissue-like structure represents histotypic culture. Another 
culture technique involves the recombination of different cell types to form a more 
defined tissue or an organ is known as organotypic culture. 

Among the essential requirements for animal cell culture are special 
incubators to maintain the levels of oxygen, carbon dioxide, temperature, 
humidity as present in the animal's body, and, the synthetic media with vitamins, 
amino acids and fetal calf serum. 

Synthetic media are prepared 
artificially by adding several organic and 
inorganic nutrients, vitamins, salts, serum 
proteins, carbohydrates, cofactors etc. 

Different types of synthetic media can be 
prepared for a variety of cells and tissues to be 
cultured. Synthetic media are of two types
Serum containing media (media containing 
serum) and serum- free media (media without 
serum). 
Appllcatlons of Animal Cell Culture: 

The animal cell cultures are used for a Fig: 26.23 Cell Culture Incubator 
diverse range of research and development. 
These areas are: 
a) Production of antiviral vaccines. 

d) Genetic manipulation, which is easy to carry out in cells or organ cultures. 
e) Production of monoclonal antibodies requires cell lines in culture. 
t) Production of pharmaceutical drugs using cell lines. 
g) Chromosome analysis of cells derived from womb. 
h) Study of the effects of toxins and pollutants using cell lines. 
i) Use of artificial skin. 
j) Study the function of the nerve cells. 
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6.9 TR NSGENIC ORGANISMS 

Combining genes from different organisms is known as recombinant DNA 
technology, and the resulting organism is said to be "genetically modified (GM)," 
"genetically engineered (GE)," or "transgenic." In other words the free living 
organisms in the environment that have had a foreign gene inserted into them are 
called transgenic organisms. Bacteria were the first transgenic organisms, first 
transgenic bacterium was produced in 1973, since then many transgenic organisms 
such as 8!}imals, plants, and bacteria have been produced. Genetic Modification 
consists ofa special set of techniques that alter the genetic makeup of the organisms. 
26.9. I Transgenic Bacteria: 

Bacteria were the first organisms to be modified in the laboratory, due to their 
simple genetics. The first example of this occurred in 1978 when Herbert Boyer 
working at a University of California laboratory took a version of the human insulin 
gene and inserted into the bacterium Escherichia coli to produce synthetic 11human" 
insulin. 
Role of transgenic bacteria in making biotechnology products: 

Transgenic bacteria are now being used in a variety of ways, and are particularly 
important in producing large amounts of pure human proteins for use in mxlicine. 
Genetically modified bacteria are used to produce the protein insulin to treat diabetes. 
Similar bacteria have been used to produce clotting factors to treat haemophilia, and 
human growth honnone to treat various forms of dwarfism. Some transgenic bacteria 
have been produced that synthesize tissue plasminogen activator (tPA), a protein 
used by the heart patients to treat thrombottc disorders as it dissolves clotted blood 
masses; arid interterons which are used for treating viral infections. These 
recombinant proteins arc much safer than the products they replaced, since the older 
products were purified from cadavers and could transmit diseases. 

For Your Information 
Both strains of P. syringae occur naturally, but recombinant 
DNA technology has allowed for the synthetic removal or 
alteration of specitic genes, enabling the creation of the ice
minus strain. Modifying P. syringae may have unexpected 
consequences for climate. A study has shown that its ice 
nucleating proteins may play an important part in causing ice 
crystals to fonn in clouds. If humans increase the frequency of 
bacteria Jacking these proteins then it could potentially affect 

. fall. 
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Transgenic bacteria are also being used for bioremediatioo (removal of 
environmental pollutants by organisms). Such bacteria are also used to cleanup and 
recovery from an oil spill. 
Ecological concerns surrounding transgenic bacteria: 

Where lots of benefits are being obtained from genetically engineered 
bacteria, there are some ecological concerns also associated with these bacteria. One 
of the main issues regarding this is the possibility that hazardous new pathogens 
might be created. 
26.9.2 Transgenic Plants: 

The first field trials of genetically engineered plants occurred in France and 
the USA in 1986, when tobacco plants were engineered to be resistant to herbicides. 
In most cases the aim of developing transgenic plant is to introduce a new trait to the 
plant which does not occur naturally in this species. Examples include resistance to 
certain pests, diseases or environmental conditions, or the production of a certain 
nutrient or pharmaceutical agent. 
Methods of gene transformation in plants: 

There are many techniques of gene transformation have been developed; in 
all techniques gene of interest is introduced into single or few plant cells which are 
then allowed to regenerate in a suitable culture medium, upon a successful tissue 
culture procedure a transgenic plant is obtained: 

Agriculturally improved transgenic crops: , 
During the last two decades, a tremendous progress has been made in the 

development of transgenic plants using the various techniques of genetic 
engineering. As per estimates recorded in 2002, transgenic crops are cultivated 
world-wide on about 148 million acres 587 million hectares) land by about 5.5 
million farmers. 

,_,, For Your I!tformation 
The first genes available for genetic engineering of crop plants 
for pest resistance were Cry genes (popularly known as Bt • 
genes) from a bacterium Bacillus thuringiensis. These are 
specific to particular group of insect pests, and are not harmful 
to other useful insects like butter flies and silk wonns. 
Transgenic crops with Bt genes (e.g. cotton, rice, maize, 
potato, tomato, brinjal, cauliflower, cabbage, etc.) have been 
developed. This has proved to be an effective way of 

ntrollin the insect ests and has reduced the sticide use. 

o I 

..... _ -
.. 

. ' 

MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

Rectangle



Biotechnology Chapter 26 

Transgenic plants have many beneficial traits like: 
• Tolerance against biotic stresses (viral, bacterial infections, pests and weeds) 

and abiotic stresses (physical actors such as temperature, humidity, salinity, 
drought, waterlogging etc.), weedicide or Herbicide tolerance e.g. glyphosate 
resistance and phosphinothricin resistance. 

• Insect resistance like transgenic crops with Bt genes ( e.g. cotton, rice, maize, 
potato, tomato, brinjal, cauliflower, cabbage, etc.) 

• Delayed fruit ripening, 
• Improvements in nutritional contents 
Some of the commercially grown transgenic plants in developed countries are: 

"Roundup Ready" soybeart, ''Freedom II squash", "High- lauric" rapeseed (canola), 
"Flavr Savr" and Endless Summer'' tomatoes. During 1995, full registration was 
granted to genetically engineered Bt gene containing insect resistant 'New Lear 
(potato), 'Maximizer' (com), 'Bcm Gard' (cotton) in USA. 

In July 2000, researchers from the team that produce 
Dolly reported success in producing transgenic lambs in 

, which the transgene had been inserted at a specific site in 
the genome and functioned well. 

26.9.3 Transgenic Animals: . 
A transgenic animal is one that carries a foreign gene that has been deliberately 

inserted into its genome. Transgenic animals have the potential to improve human 
welfare in: 

• agriculture, such as larger sheep that grow more wool 
• medicine, such as cows that produce insulin in their milk 
• industry, such as goats that produce spider silk for materials production 

Methods of creation of transgenic animals: 
In comparison to that for larger vertebrates, mice have become the model animal 

used in the field of transgenics because of their small size and low cost of housing, 
short generation time, and, fairly well defined genetics. 

The insertion of gene is, however, a random process, and there is a high 
probability that the introduced gene will not insert itself into a site on the host DNA 
that will permit its expression. -----
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Fig: 26.24 Procedure for creation of transgenic animal. 

The three principal methods used for the. creation of transgenic animals are DNA 
microinjection, embryonic stem cell-mediated gene transfer and retrovirus
mediated gene transfer . 

• IO BIOTECHNOLOGY AND HEALTHCAR 
The tools and techniques ofbiotechnology have opened up new doors when it 

comes to researching and learning more about the human body and what goes wrong 
with it when problems arise. Due to being able to understand the molecular base of 
health and disease this has lead scientists to improve methods of treating and 
preventing those diseases. 
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Biotechnology has made a huge difference in human health care and has now 
enabled scientists to develop products which can give quicker and more accurate 
tests, therapies that have a lot less side effects and vaccines which are safer than ever 
before. 
6. t 0.1 Development of vnccinc In biotechnology: 

Biotechnology is used in three different ways in the development of vaccine: 
a) Separation of a pure antigen using a specific monoclonal antibody. 
b) Synthesis of an antigen with the help of a cloned gene. 
c) Synthesis of peptides to be used as vaccines. 
26. I 0,2 Role of Blutcclmology in Dingnosis of diseases: 

Many human diseases can be diagnosed by using products of biotechnology 
like monoclonal antibodies and DNA/RNA probes. 
Monoclonal Antibodies: 

The response of the immune system to any antigen, even the simplest, is 
polyclonal. That is, the system manufactures antibodies of a great range of structures 
both in their binding regions as well as in their effector regions. Monoclonal 
antibodies (mAb) are a group of identical antibodies because they are made by 
identical immune cells that are all clones ofa unique parent cell. 

Given almost any substance, it is ---------------. 
Mouse chaNenged with antigen 

possible to produce monoclonal 
antibodies that specifically bind to that 
substance; they can then serve to detect or 
purify that substance. This has become an 
important tool in biochemistry, mofocular 
biology and medicine. Not only can 
antibodies be used therapeutically, to 
protect against disease; they can also help 
to diagnose a wide variety of illnesses, 
and can detect the presence of drugs, viral 
and bac!crial products, and other unusual 
or abnonnal substances in the blood. 
Monoclonal antibodies are typically 
made by fusing myeloma cells 
(cancerous B-lymphocytes) with the 

Fusion -=( 
~ (..( <t-• ~ ....,~ -f 
HybddF '=< y " 

Culture In HAT Medium Harvest monoclonal 
select fOf poslllve c:ens antibodies 

,-\~ J 
spleen cells from a mouse that has been -------------

Fig: 26.25 Producllon of monoclonal 
antibodies. 

immunized with the desired antigen. The 
technique is called somatic cell 
h bridization . ....,....,.,.,.... __ 

- E 
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DNA/RNA Probes: 
In biotechnology, a probe is a floresc·ent or radioactive labeled fragment of 

DNA or RNA of variable length ( usually 100-1000 bases long), which is used in 
DNA or RNA samples to detect the presence of nucleotide sequences that are 
complementary to the sequence in the probe. Such probes are widely used in 
diagnosis of many viral and bacterial diseases. 
Diagnosis of diseases caused by protozoa and helminthes 

The monoclonal antibodies and DNA probes are being used as very sensitive 
tools in biotechnology to diagnose the diseases caused by protozoa and helminthes. 
Monoclonal antibodies can be used through serological tests which takes only 
minutes as compared to conventional methods which require some weeks as the 
bacteria and viruses have to be cultured e.g. in Herpes virus. 

The DNA probes are more sensitive than monoclonal antibodies and the 
process takes hours instead of weeks. Readymade DNA probes for Herpes virus and 
other human, animal and plant viruses are being prepared. Probes are now available 
for a number of human parasites from the group protozoa and helminthes. 
26, l 0.3 Gene Therapy: 

Gene therapy is a technique for correcting defective genes responsible for 
disease development. Researchers may use one of several apprQaches for correcting 
faulty genes: 

• A normal gene may be inserted into a nonspecific location within the genome 
to replace a nonfunctional gene. This approach is most common. 
• An abnormal gene could be swapped for a normal gene through homologous 
recombination. 

Fig: 26.26 Gene therapy using an adenovlrus vector. 
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• The abnonnal gene could be repaired through selective reverse mutation, 
which returns the gene to its nonnal function. 
• The regulation (the degree to which a gene is turned on or oft) of a particular 
gene could be altered. 

Mechanism of gene therapy: 
In gene therapy treatment normal gene is either delivered directly into the 

body (in vivo) or into the cells outside the body then these transgenic cells are again 
implanted into the body (ex vivo). In both cases, a "normal" gene is inserted into the 
genome to replace an "abnormal," disease-causing gene. A carrier molecule called a 
vector must be used to deliver the therapeutic gene to the patient's target cells. 
Currently, the most common vector is a virus that has been genetically altered to carry 
normal human DNA. Viruses have evolved a way of encapsulating and delivering 
their genes to human cells in a pathogenic manner. Scientists have tried to take 
advantage of this capability and manipulate the virus genome to remove disease
causing genes and insert therapeutic genes. 

Target cells such as the patient's liver or lung cells are infected with the viral 
vector. The vector then unloads its genetic material containing the therapeutic human 
gene into the target cell. The generation of a functional protein product from the 
therapeutic gene restores the target cell to a normal state. 

Besides virus-mediated gene-delivery systems, there are several non-viral 
options for gene delivery. The simplest method is the direct introduction of 
therapeutic DNA into target cells. This approach is limited in its application because it 
can be used only with certain tissues and requires large amounts of DNA. 

Another non-viral approach involves the 
creation of an artificial lipid sphere with an 
aqueous core. This liposome, which carries the 
therapeutic DNA, is capable of passing the DNA 
through the target cell's membrane. 

HydrophHlc 
head 

Aqueous 
soluHon 

ijyd,rophoblc 
tall 

26. I 0.4 Cystic fibrosis: Fig: 26.27 liposome 
An inherited disease, cystic fibrosis affects the mucus and sweat glands. 

People with severe symptoms can have serious lung and digestive problems, while 
people with a mild form of the disease may not have any symptoms until they are 
adolescents or young adults. 
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Nonnally, mucus is watery. It keeps the linings of certain organs moist and 
prevents them from drying out or getting infected. However, the cause of cystic 
fibrosis (CF) is a defect in the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene that encodes a protein ~y which the movement of salt and 
water is controlled in and out of your cells. In people with cystic fibrosis, the gene 
does not work effectively. As a result, cells that line the passageways of the lungs, 
pancreas, and other organs produce abnonnally thick, sticky mucus. This mucus 
obstructs the airways and glands, which causes the characteristic signs and 
symptoms of cystic fibrosis. 

Gene Therapy of Cystic fibrosis: In 1989, experts discovered the gene that 
causes cystic fibrosis and identified it as the cystic fibrosis transmer,1brane 
conductance regulator or CFTR. The discovery of this defective gene posed new 
possibilities of a cure. Experts proposed gene therapy as a plausible method for 
curing the disease. Gene, Therapy is the process of creating a healthy version of the 
flawed CFTR gene and infusing it into the affected cells in the body, particularly into 
the lungs of cystic fibrosis-inflicted patients. 

~ 6.11 SCOPE AND IMPORTANCE OF BIOTECHNOLOG'(III 

During 1970s, biotechnology emerged as new discipline, as a result of 
marriage of biological science with technology. It has been possible due to 
revolutionary discoveries made in these two areas. Biotechnology is not a pure 
science, but an integrated effort of these two, the root of which lies in biological 
science. Biotechnology is defined by different organizations in different ways. It has 
been broadly defined as, "the development and utilization of biological processes, 
fonns and systems for obtaining maximum benefits to man and other forms of life". 
Biotechnology is "the science of applied biological process". Importance of 
biotechnology is highlighted-in the following fields. 
26.11.2 Biochips & biological computers: 

Biochip is the result of marriage of microchips business with biotechnology. 
In future, there is the possibility of developing of biological computers. 

The development of biochips is a major COIIIPONl!NIS c, THE BtCCNP 

thrust of the rapidly growing biotechnology _..... ~ M m-.OIIIL 

industry, which encompasses a very diverse 
range of research efforts including genomics, 
proteomics, computational biology, and 
pharmaceuticals, among other activities. 
Advances in these areas are giving scientists -~F~ig- : 2~6~.~2~8""!B!'!'io_c_h!""i!""p--
new methods for unraveling 
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goal of understanding and treating human diseases. At the same time, the 
semiconductor industry has been steadily perfecting the science of 
microminiaturization. The merging of these two fields in recent years has enabled 
biotechnologists to begin packing their traditionally bulky sensing tools into smaller 
and smaller spaces, onto so-called biochips. These chips are essentially miniaturized 
laboratories that can perform hundreds or thousands of simultaneous biochemical 
reactions. Biochips enable researchers to quickly screen large numbers of biological 
analytes for a variety of purposes, from disease diagnosis to detection ofbioterrorism 
agents. 
26.11.3 Mycorrhlzn: Mycorrhiza is a symbiotic association between certain fungi 
and roots ofhigherplants. This association is very beneficial for the growth of plants. 
In most of the cases plant seedling fails to grow if the soil does not contain inoculum 
ofmycorrhizal fungi. · · 

In recent years, use of biotechnologically 
produced inoculum of mycorrhizal fungi has 
increased its significance due to its multifarious role 
in plant growth and yield, and resistance against 
climatic and edaphic stresses, pathogens and pests. Fig: 26.29 Mycorrhl:r:al roots 

26.11.4 Blofertillzcrs: In recent years, use of microbial inoculants as a source of 
biofertilizers (nutrient inputs of biological origin for plant growth) has become a 
hope for most of countries, as far as economic and environmental viewpoints are 
concerned. Biologically fixed nitrogen is such a source which can supply an 
adequate amount of nitrogen to plants and other nutrients to some extent. It is a non
hazardous way of fertilization of field. Moreover, biologically fixed nitrogen 
consumes about 25 percent to 30 percent less energy than normally done by chemical 
process. 
26.11.5 Nnnotechnology: A new and exciting sub-branch requiring 
biotechnologists is the field of nanotechnology. Nanotechnology gives us the 
capability to engineer the tiniest of objects, things at the molecular level. 
Nanotechnology includes the study and manipulation of materials between 1 and 100 
nanometers.Nanotechnologists are imparting their expertise in the development of 
such nano particle that can be used for efficient drug delivery at the target cells and in 
the diagnosis of diseases. 
26. J 1.6 Scope of biotechnology: Biotechnology is one of the fastest growing field in 
the area of research and development. It is also called a technology of the future or 
technology of tomorrow because of its unprecedented impacts on the human 
mankind and the universe as a whole. 
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Due to its interrelation with other fields such as industry, agriculture, computers etc, 
it is going to create amazing opportunities for manipulating the biological systems 
and thereby understanding the mysteries of fundamental life processes. 

Students of biotechnology after completing their studies can have scope in the 
following fields: 

• Communications/media - reporting, writing, editing 
• Computer Science - data base development, bioinfonnatics, web site 

development, etc. 
• Pharmaceutical companies, i.e Drug development 
• Engineering -working in bioprocess chambers, Instrumentation 

development, Fennentation technology 
• Research e.g. cancer, genetically linked diseases,AIDS 
• Diagnostic laboratories funded by public and private sectors 
• Waste management, bio-monitoring bodies and pollution control 

boards 
• 

• 
• 

• 
• 

• 

• 

Medicine - The medical genetics, genetic counseling, gene therapy 
and gene testing uses biotechnological tools. 
Bio power plants . 
Bio-processing industry e.g. enzyme technology, paper technology, 
metabolic engineering, protein engineering, food processing etc 
Agriculture and animal husbandry ;, 
Legal field involving issues related to intellectual property rights, 
patency, copyrights related to the field of biotechnology. The issues 
related to Genetic and Paternity testing also requires the combined 
expertise ofbiotechnologist and a law expert. 
Millitary - With the fear of Biological warfare looming large on the 
human civilization, a biotechnologist is needed in pathogen 
identification, in the development of protection against the chemical 
and biological warfare, and in doing the risk assessment studies 

Crime and law - With the use of DNA 
finger printing in Forensic science it has 
become easy to create a data bank of the 
criminals and thereby catch the culprits 
faster 

Flg: 26.30 DNA finger printing 
rs used rn crime detection. 
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26.11. 7 Hazards and social/ethical implication of using biotechnology: 
The field of biotechnology has had a lot of beneficial contribution in the area 

of healthcare, agriculture, food production, manufacture of industrial enzymes, and 
appropriate environmental management. However, the advancement in this field has 
also lead to some concerns and controversies raised by a number of groups, NGOs 
etc. ELSI is the short form to represent the ethi'cal, legal, and social implications of 
biotechnology. ELSI broadly covers the relationship between biotechnology and 
society with particular reference to ethical and legal aspects. 
26.11.8 Concerns about the gcncticall; modified organisms (GM Os): 

There are concerns regarding the biosafety, ethics and issues related to the 
release of GMOs in the environment. Many countries and NGOs have opposed the 
release of the GM Os due to these reasons. In order to address these issues, the United 
Nations has built up an Informal Working Group on Biosafety. In 1991, this group 
prepared the "Voluntary Code of Conduct for the release of Organisms into the 
Environment". The main areas of consideration for safety aspects in biotechnology 
are the following: 

• How to dispose-off spent microbial biomass and purify the effluents from 
biotechnological processes? 

• The toxicity of the allergy associated with microbial production. 
• How to deal with the increase in the number of antibiotic resistant pathogenic 

microorgamsms'? 
• How to evaluate the pathogenicity of the genetically engineered 

microorganisms to infect humans, planl!i and animals? 
• How to prevent contamination, infection or mutation of the processed 

strains? 
• The evaluation of the interaction of the genetically engineered microbes with 

the elements of natural environment. 
26.11 .9 BiologicaJ Warfare: 

Most of the countries of the world are 
signatories to the Biological Weapons Conventions 
of 1972.As a signatory, it is a voluntary pledge by a 
nation "never to produce microbial or other biological 
agents or toxins, whatever may be their method of 
production, for use in wars. However, many people 
have expressed their concerns about the possible use 
of genetic manipulations for military purposes in the --
near future. Fig: 26.3 Signing ceremony of Biological 

Weapons Convention of 1972. 
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26.11.10 Intellectual Property: 
With the fast pace development in the field of biotechnology, the issues 

related to legal characterization and the treatment of trade related biotechnological 
processes and products are of immense importance. These are popularly known as 
Intellectual Property. IntelJectual Property includes Patents, trade secrets, 
copyrights, and trademarks. Intellectual Property Rights (IPR) is a collective term 
applied to a -number of different types of legal rights granted by each country. The 
rights to protect this property prohibit others from making, copying, using or selling 
the proprietary subject matter. 

In biotechnology, the intellectual property covers the processes and products 
which result from the development of genetic engineering techniques through the 
use of restriction enzymes to create recombinant DNA. Another example of 
intellectual property is the development of crop varieties which are protected 
through "plant breeder's rights or PBRs. The PBRs ensures that the plant breeder 
who developed a particular variety gets the exclusive rights for marketing the 
variety. 
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• Biotechnology refers to the use of living organisms or their processes and 
products for the welfare of mankind. 

• Gene cloning is the act of making copies, or clones, of a single gene. There 
are two possible ways of cloning of gene: recombinant DNA technology and 
polymerase chain reaction (PCR). 

• Recombinant DNA Technology is an in vivo method which is· used when 
gene cloning is required at industrial scale. For this purpose the following 
components or tools are required: gene of interest, molecular scissors, 
molecular carrier or vector, molecular glue and expression system 

• Plasmid.could be used as vectors which are derived mostly from bacteria 
and are the most widely used, versatile, and easily manipulated ones. 

• DNA Ligase is enzyme responsible for the fonnation of the phosphodiester 
linkage between two adjacent nucleotides and thus joins two double
stranded DNA fragments, therefore it is called molecular glue. 

• The polymerase chain reaction (PCR) is a technique in molecular biology to 
amplify ( cloning) a single or a few copies of a piece of DNA, to generate 
thousands to millions of copies. 

• A genomic library is a collection of bacterial or bacteriophage clones, each 
containmg at least one copy of every DNA sequence in a genome of an 
organism. In single library the entire genome of an organism is represented 
as a set of DNA fragments inserted into a vector molecule. 

• The main principle of any DNA sequencing method is to generate piece of 
DNA of different sizes all starting from the same point and ending at 
different points, separation of the~e different sized pieces of DNA by gel 
eleclrophores1s and reading of sequence from the gel. 

• Gel electrophoresis is a technique used in molecular biology to separate 
charge bearing polymers (proteins, RNA or DNA) under the influence of 
electnc field. 

• DNA electrophoresis is used to separate DNA fragments primarily by size. 
• The genome is a collection of all the genes found in one complete set of 

chromosome. 
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• 

• The Human Genome Project (HGP) is an international scientific research 
project which is based on the exploration and analysis of human genorpe. 
Major goals and objective of this project were to identify all tlie 
approximately 20,000-25,000 genes in human DNA, detennine the 
sequences of the 3 billion chemical base pairs that make up human DNA, 
store this infonnation in databases, improve tools for data analysis, transfer 
related technologies to the private sector, and address the ethical, legal, and 
social issues (ELSI) that may arise from the project. 

• The animal cell cultures are being extensively used in production of vaccines, 
monoclonal antibodies, pharmaceutical drugs, cancer research, genetic 
manipulations etc. 

•• Combining genes from different organisms is known as recombinant DNA 
technology. and the resulting organism is said to be "genetically modified 
(GM)," "genetically engineered (GE)," or "transgenic." 

• A transgenic animal is one that carries a foreign gene that has been 
deliberately inserted into its genome. 

• Gene therapy is a technique for correcting defective genes responsible for 
disease development. 
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3. 
i. 
ii. 
iii. 

iv. 

v. 

A totipote11t cell means: 
(a) An undifferentiated cell capable of developing into a system or entire. 

plant 
(b) An undifferentiated cell capable of developing into an organ 
( c) An undifferentiated cell capable of developing into complete embcyo 
(d) Cell which lacks the capability differentiate into an organ or system 
Short Questions 
Why don't the restriction enzymes destroy the DNA of the organism in which 
they are produced? 
What are the essential features of a vector? 
What are monoclonal antibodies? 
Name two conditions necessary for maintaining animal cells in culture which 
are different from plant cell culture 
Give any two human proteins and their function which are produced 
biotechnologically. 
What are probes? 
What were the aims and objectives of human genome project? 
Differentiate between Maxam-Gilbert method & Sanger's method of gene 
sequencing. o O+A 'f-te c 
What is cDN A library? 
What are the types of vector or carrier? 
What are the applications of PCR? 
Read carefully the diagram of gel pattern 
obtained through Maxam-Gilbert method of gene 
sequencing. and predicts the sequence of target 
DNA. 
Long Questions 

J' - -- --- -- - ----
fl' - -

What are molecular scissors? Describe their sources and mode of action. 
Evaluate the process of gene sequencing with the help of Sanger's Method 
Explain the process of gene cloning with the help of recombinant DNA 
technology. 
Explain the process of gene cloning with the help of~ Po1ymerase Chain 
Reaction. 
Describe the procedure ofDNAanalysis. 
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v. Describe the procedure of DNA analysis. 
-4. Anal} .ting and interpreting 

• Analyze and interpret the DNA of a child by comparing it with that of two 
individuals in case of disputed parenthood. 

5. Science, Technology & Society Connections 
• Describe the applications of polymerase chain reaction. 
• State the importance and limitations of DNA analysis in foreign si~~ 

medicine and paleontology. 
• Justify why the human genome project is regarded as the most ambitious 

project ever undertaken by man. 
• Describe the major findings that have arisen from human genome project. 
• Predict the applications of genetic engineering in crop improvement. 
• Describe the role of genetic screening. 
• Justify the need for genetic counseling. 
• Describe briefly the accomplishments of the renowned genetic engineers 

working in privet or public sector institutions in his/her province. 
• Suggest measures he/she would take to solve related problems by using 

knowledge gained in this chapter. 
• Describe and analyze examples of technology that have extended or 

modified the scientific understanding of the genetic engineering. 
• Investigate careers that require an understanding of biotechnology and 

genetic engineering. 
6. Online learning 

• www.ncbi.com 
• ,,.,ww.biotechnology4u.com 
• www.oml.gov/hgmis 
• www.vivo.colostate.edu/hbooks/genetics/biotech 
• www.genetics-and-society.org 
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