
Introduction to Plant Pathology 



What is a plant disease? 

• A plant disease is any abnormal condition that alters 
the appearance or function of a plant. It is a 
physiological process that affects some or all plant 
functions. Disease may also reduce yield and quality 
of harvested product. 
 

• Disease is a process or a change that occurs over 
time. It does not occur instantly like injury.   



What is a plant disease? 

• Visible effects of disease on plants are called 
symptoms. Any detectable changes in color, shape, 
and/or functions of the plant in response to a 
pathogen or disease-causing agent is a symptom.  

 
• Signs of plant disease are physical evidence of the 

pathogen, for example, fungal fruiting bodies, 
bacterial ooze, or nematode cysts. Signs also can help 
with plant disease identification.  



What causes plant disease? 

• Infectious plant diseases are caused by living 
organisms that attack and obtain their nutrition from 
the plant they infect. The parasitic organism that 
causes a disease is a pathogen. Numerous fungi, 
bacteria, viruses, and nematodes are pathogens of 
corn and soybean in Iowa.  

 
• The plant invaded by the pathogen and serving as its 

food source is referred to as a host.  



Types of pathogens 

Nematodes 

Bacteria 

Viruses 

Fungi 



Role of the environment 

• A favorable environment is critically important for 
disease development – even the most susceptible 
plants exposed to huge amounts of a pathogen will 
not develop disease unless environmental conditions 
are favorable.   



The Disease Triangle 

Host 



The Disease Triangle 

Soybean rust 



Groups of plant pathogens - fungi 

•Vast majority are beneficial 

• Can cause plant, human, and 
livestock diseases 

•Most cannot be seen without a 
microscope 

• Lack chlorophyll 

• Composed of growing structure 
of delicate, threadlike filaments 
called hyphae 

• Reproduce by forming spores 



Groups of plant pathogens - bacteria  

• Extremely small organism 
requiring microscope to be seen 

• Bacteria population can increase 
in number in short time period 

• Cells clump together in masses 
called colonies 

•Obtain food from dead or 
decaying organic matter or living 
tissue 

www.foodmate.net 

• Spread plant to plant by wind-driven rain 

•Gain entrance through natural plant openings or injuries 



Groups of plant pathogens - viruses 

•Most familiar because they 
cause human and animal 
diseases such as influenza, polio, 
rabies, smallpox, and warts 

• Cause some destructive plant 
diseases 

•Measure only about one-
millionth of an inch in size 

•Are not complete living systems 

• Survive only in living cells 

University of Florida 

• Transmitted by insects which are called vectors 



Groups of plant pathogens - nematodes 

• Round, slender, 
threadlike worms 

• Some are parasites on 
animals, insects, fungi, 
other nematodes, and 
plants 

• Plant-parasitic 
nematodes have a stylet 

•Most live in the soil and 
feed in or on plant roots 



Disease cycle 

Survival Inoculum 
produced 

Dispersal 

Infection  Colonization  Symptoms  

Production of 
survival 

structures  

Adapted from P. Vincelli, 2005 



Fungi Bacteria Viruses Nematodes 

Survival Crop residue 

Soil 

Alt. hosts 

- 

Crop residue 

Soil 

Alt. hosts 

Insect vectors 

- 

- 

Alt. hosts 

Insect vectors 

Crop residue 

Soil 

- 

- 

Dispersal Wind 

Rain 

Insects 

Wind 

Rain 

Insects 

- 

- 

Insects 

Tillage 

Equipment 

Water run-off 

Infection Directly 

Wounds 

Insect feeding 

- 

Wounds 

Insect feeding 

- 

- 

Insect feeding 

Directly 

- 

- 

Comparison of disease cycles 



  
 

  
 

Inoculum 

Source of inoculum varies for each disease 
 
• May be produced on residues left in the field 
• Present in the soil 
• Present in weeds or other crops in the area 
• Present in or on the seed 
• Present in soil sticking to equipment or tools 
• Carried by wind or water 
• Carried by insect vectors 
• Carried in by animals, birds, and people 



  
 

  
 

Spread of inoculum 

Two ways 
 
1. Plant placed in soil that contains a pathogen 

 
2. Inoculum moves from its source to host plant 

Keith Weller, U.S. Department of Agriculture 



Penetration of inoculum and infection 

• Infection occurs when a pathogen successfully enters a plant 
and grows, reproduces, and spreads within the plant 

• Pathogens enter a host through natural openings, wounds on 
plant surfaces, or by penetrating directly into the plant 

Penetration 
Mycelial 

growth 
Sporulation 

Pustule  

formation  

     Spore 

germination 

Syngenta 



  
 

  
 

Secondary cycles 

• Some diseases have only one cycle during the growing 
season (often root rots) 

• Some diseases develop secondary or repeating cycles 
during the growing season (often foliar diseases) 

• Number of cycles  
depends  on the  
pathogen, susceptibility  
of the host, and  
environmental conditions 

 

 



  
 

  
 

Pathogen survival 

Pathogens survive season to season in: 
 
• Soil 
• Crop residue 
• Weed or noncrop hosts 
• Seed or vegetative plant parts 
• Insects  
• Mild climates 



  
 

  
 

Summary 

• Understanding the difference between a sign and a symptom 
is key in identifying a plant disease 

• A plant disease cannot develop if a susceptible host, pathogen, 
and favorable environment do not occur simultaneously  

• The major plant pathogens responsible for disease 
development in plants are fungi, bacteria, viruses, and 
nematodes 

• The disease cycle describes the interaction of the pathogen 
with the host 
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PART II
9. TYPES OF TEACHING METHODS
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ACTIVITY 12. TEACHING METHODS

HANDOUT 9. TYPES OF TEACHING METHODS

There are different types of teaching methods which can be categorised into three broad types. These are teacher-centred
methods, learner-centred methods, content-focused methods and interactive/participative methods.

(a) INSTRUCTOR/TEACHER CENTRED METHODS

Here the teacher casts himself/herself in the role of being a master of the subject matter. The teacher is looked upon by the
learners as an expert or an authority. Learners on the other hand are presumed to be passive and copious recipients of
knowledge from the teacher. Examples of such methods are expository or lecture methods - which require little or no
involvement of learners in the teaching process. It is also for this lack of involvement of the learners in what they are taught,
that such methods are called “closed-ended”.

(b) LEARNER-CENTRED METHODS

In learner-centred methods, the teacher/instructor is both a teacher and a learner at the same time. In the words of Lawrence
Stenhouse, the teacher plays a dual role as a learner as well “so that in his classroom extends rather than constricts his
intellectual horizons”. The teacher also learns new things everyday which he/she didn’t know in the process of teaching. The
teacher, “becomes a resource rather than an authority”. Examples of learner-centred methods are discussion method, discovery
or inquiry based approach and the Hill’s model of learning through discussion (LTD).

(c) CONTENT-FOCUSED METHODS

In this category of methods, both the teacher and the learners have to fit into the content that is taught. Generally, this means
the information and skills to be taught are regarded as sacrosanct or very important. A lot of emphasis is laid on the clarity and
careful analyses of content. Both the teacher and the learners cannot alter or become critical of anything to do with the content.
An example of a method which subordinates the interests of the teacher and learners to the content is the programmed learning
approach.

(d) INTERACTIVE/PARTICIPATIVE METHODS

This fourth category borrows a bit from the three other methods without necessarily laying emphasis unduly on either the
learner, content or teacher. These methods are driven by the situational analysis of what is the most appropriate thing for us to
learn/do now given the situation of learners and the teacher. They require a participatory understanding of varied domains and
factors.

In summary, three types of methods commonly used in instruction are: -

Teacher-centred methods
 

Learner centred methods

Content focused methods
 

Interactive/participative methods

SPECIFIC TEACHING METHODS

We can now consider a number of specific methods which can be drawn from in the course of classroom instruction. It is
however, important to note that the choice of any form of methods should not be arbitrary, but needs to be governed by the
criteria we have already examined. At the same time each method is not fool-proof, but has its own advantages and
disadvantages. That is why I would recommend the use of complementary methods rather than one method.

1. LECTURE METHOD

A lecture is an oral presentation of information by the instructor. It is the method of relaying factual information which
includes principles, concepts, ideas and all THEORETICAL KNOWLEDGE about a given topic. In a lecture the instructor tells,

http://www.nzdl.org/gsdlmod?e=d-00000-00---off-0fnl2%2e2--00-0----0-10-0---0---0direct-10---4-------0-1l--11-ja-50---20-help---10-0-1-00-0--4----0-0-11-10-0utfZz-8-00&a=d&c=fnl2.2&cl=CL2.6
http://www.nzdl.org/gsdlmod?e=d-00000-00---off-0fnl2%2e2--00-0----0-10-0---0---0direct-10---4-------0-1l--11-ja-50---20-help---10-0-1-00-0--4----0-0-11-10-0utfZz-8-00&a=d&c=fnl2.2&cl=CL2.6&d=HASH931fe16befd87926191fd4.7.pr
http://www.nzdl.org/gsdlmod?e=d-00000-00---off-0fnl2%2e2--00-0----0-10-0---0---0direct-10---4-------0-1l--11-ja-50---20-help---10-0-1-00-0--4----0-0-11-10-0utfZz-8-00&a=d&c=fnl2.2&cl=CL2.6&d=HASH931fe16befd87926191fd4.7.9.pr
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explains, describes or relates whatever information the trainees are required to learn through listening and understanding. It is
therefore teacher-centred. The instructor is very active, doing all the talking. Trainees on the other hand are very inactive, doing
all the listening. Despite the popularity of lectures, the lack of active involvement of trainees limits its usefulness as a method
of instruction.

The lecture method of instruction is recommended for trainees with very little knowledge or limited background knowledge on
the topic. It is also useful for presenting an organised body of new information to the learner. To be effective in promoting
learning, the lecture must involve some discussions and, question and answer period to allow trainees to be involved actively.

PREPARATION AND DELIVERY OF A LECTURE

As stated earlier, during the lecture, the trainees merely listen to the instructor. It is therefore very important to consider the
attention span of trainees when preparing a lecture. The attention span is the period of time during which the trainees are able
to pay full attention to what the instructor is talking about. It is estimated to be 15-25 minutes only. It is difficult to hold the
trainees attention for a long period of time and careful preparation of lectures is very necessary.

The instructor should have a clear, logical plan of presentation. He/she should work out the essentials of the topic, organise
them according to priorities and logical connections, and establish relationships between the various items. Careful
organisation of content helps the trainees to structure and hence, to store or remember it. When developing a theme in a lecture,
the instructor should use a variety of approaches. A useful principle in any instruction is to go from the KNOWN to
UNKNOWN; from SIMPLE to COMPLEX, or from PARTS to a WHOLE.

Knowing the trainees and addressing their needs and interests is very important. For example, in explaining technical processes
the instructor should search for illustrations that will be familiar to the trainees. Unfamiliar technical words should be
introduced cautiously. New terminologies should be defined and explained and examples given.

In order to gain and focus the attention of trainees, the instructor should be adequately prepared, fluent in his/her presentation
and should use various teaching aids and illustrations such as charts, transparencies, codes and even the real objects during
presentation. Question and Answer periods should be included in the lecture.

QUALITIES OF A GOOD LECTURE

1. A good lecture should not be too long as to exceed the trainees attention span (up to 25 minutes).

2. A good lecture should address a single theme.

3. In a good lecture technical terms are carefully explained.

4. Familiar examples and analogies are given.

5. A good lecture establishes fluency in technical content.

6. A good lecture uses illustrations and examples.

7. A good lecture builds on existing knowledge.

8. A good lecture employs a variety of approaches.

2. THE DISCUSSION METHOD

Discussion involves two-way communication between participants. In the classroom situation an instructor and trainees all
participate in discussion. During discussion, the instructor spends some time listening while the trainees spend sometimes
talking. The discussion is, therefore, a more active learning experience for the trainees than the lecture.

A discussion is the means by which people share experiences, ideas and attitudes. As it helps to foster trainees involvement in
what they are learning, it may contribute to desired attitudinal changes. Discussion may be used in the classroom for the
purpose of lesson development, making trainees apply what they have learnt or to monitor trainees learning by way of
feedback.

LESSON DEVELOPMENT

In areas in which trainees already have some knowledge or experience, discussion may be used to develop the main points to
be covered in a lesson. For example, in safety training many of the procedures and behaviour that should be observed can be
established through discussion with trainees. Trainees can draw on their experience of working in workshops contract sites to
contribute to the discussion. In discussing some issues, differences of opinion arise. The discussion can help to clarify the
different points of view and may assist each trainee to define his or her own opinion. Used in this way, discussion may be more
effective in motivating trainees than lectures. Trainees can see that some importance is attached to their contributions.

APPLICATION

Discussion may also be used, following a lecture or demonstration, to help trainees apply what they have learned. The
instructor can ask questions, that help trainees to relate concepts and principles to contexts that are familiar to the trainees or in
which they will ultimately be needed. For example following a lecture on “types of wood joint”, the instructor may, lead a
discussion directing trainees attention to the places or pieces of furniture where each type is found, and the reasons for using
one type than the other. Used in this way discussion contributes to the transfer of learning.
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FEEDBACK

The discussion method also provides an opportunity to monitor trainees learning. The answers provided by trainees and the
questions they ask, reveal the extent and quality of learning taking place. Instructors can use this information to repeat or
modify an explanation to improve learning. They can also provide feedback to trainees, thereby helping to reinforce learning
that has taken place. Discussion used in this way should follow after other methods of classroom instruction such as lectures,
demonstration or practice sessions.

CONDUCTING A DISCUSSION

Discussion sessions can be led by the instructor, or can take place in groups. In either case, the goal is to meet the lesson
objectives by allowing the trainees to:-

a) Relate relevant personal experiences or events which have occurred in the work setting.

b) Contribute ideas or personal opinions.

c) Apply what has been learned to familiar situations or solving problems.

d) Express what had been learned.

Whether the discussion is instructor led or takes place in groups it must be guided by the instructor. It must be focused on the
objectives of the lesson: it is the instructors responsibility to see that the objectives are met. If it is not properly guided, a
discussion can degenerate into a consideration of inappropriate or unimportant topics adding confusion rather than clarification
to the lesson.

3. THE DEMONSTRATION LESSON

“The most effective way to teach an occupational skill is to demonstrate it... one of the two most essential teaching skills is the
ability to demonstrate; the other is the ability to explain. Both are vital to the success of either an operation lesson or an
information lesson”. Weaver and Cencil in APPLIED TEACHING TECHNIQUES.

DEFINITION

Demonstration means any planned performance of an occupation skill, scientific principle or experiment.

TEACHER PREPARATION

1. Rehearse your presentation in advance of the lesson.

2. Anticipate any difficult steps, possible interruptions e.t.c.

3. Obtain all materials, tools, equipment, visual and teaching aids in advance and check their useful condition.

4. Have all materials within reach and conveniently arranged.

5. Time the demonstration NOT to exceed 15 minutes.

6. Remove all extraneous materials; check lighting, visibility, student grouping, and proximity to electric, gas and water outlets.

7. Plan to use a skill or method to advantage; work from simple to complex, one step at a time.

PRESENTATION

1. Make sure all students can see and hear the lesson.

2. Be enthusiastic, professional, effective but not dramatic.

3. Relax; use any mishaps or humour to YOUR advantage.

4. Observe all safety rules and procedures.

5. Keep eye-contact with the class; ask and encourage class questions.

6. Explain WHY and HOW: use the techniques of SHOW and TELL.

7. Use a medial summary to strengthen your explanation.

PRECAUTIONS

1. Avoid interruptions; keep demonstration smooth and continuous.

2. Never demonstrate on a student’s material.

3. Work towards one aim.
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4. Allow time for possible student participation.

CARRYING OUT A DEMONSTRATION

1. Give a good performance. Remember that the trainees learn by your good example.

2. Explain each step or process as you proceed. Follow your lesson plan.

3. Make sure the trainees see the demonstration from the angle they will perform it themselves.

4. Be sure everyone can see and hear. Maintain eye contact.

5. Emphasise key points, and if possible prepare before hand ask key questions as you go along and allow trainees to ask
questions.

6. Observe all safety rules, precautions and procedures; and emphasise them.

7. Use proper instructions, aids such as chalkboard, charts, handouts e.t.c. to support your demonstration.

8. Provide for trainees participation where possible, during and after demonstration.

9. Demonstrate the correct way only. First impressions are important, therefore, make them correct ones.

10. Always summarise the steps and emphasise key points again.

AFTER DEMONSTRATION

1. Return all items used during demonstration to their storage places.

2. Make arrangements to have the trainees practice the skill as soon as possible in a practical class session.

3. Observe and analyse trainee(s) performance and correct mistakes.

4. Offer reinforcement where necessary.

5. Coach weak or slow trainees.

6. Check trainee’s completed work for accurate performance and record.

7. Allow sufficient time interval before demonstrating another operation.

4. BUZZ GROUPS

Another method of instruction is the buzz group. During a longer session, the plenary group can break into sub-groups to
discuss one or two specific questions or issues. The room soon fills with noise as each sub-group ‘buzzes’ in discussion. If
appropriate, after the discussion one member of each group can report its findings back to the plenary. Buzz groups can be in
pairs, trios, or more depending on the activity. People turn to their neighbours for a quick buzz, or form larger groups of three
or more. This allows almost every one to express an opinion. While they are buzzing, participants are able to exchange ideas
and draw on their wide collective experience. It may provide a good opportunity for trainees to reflect on the content of a
lecture. A good buzz session will generate many ideas, comments and opinion, the most important of which will be reported
back.

Buzzgroups help trainers as they allow you to:

- Draw your breath

- Gauge the mood, by listening to some of the discussions

- Change pace of the session

- Encourage participants to reflect on what they have learnt and how they might apply it in their work.

DISADVANTAGES

The main obstacle using buzz sessions lie in unfamiliarity with their use, the time required, the need for leaders or facilitators
within each sub-group, and the need to have tables and chairs arranged for quick and easy discussion.

5. BRAINSTORMING

The purpose of a brainstorming session is to discover new ideas and responses very quickly. It is particularly a good way of
getting bright ideas. It differs from the buzz groups discussion in that the focus is on generating as many ideas as possible
without judging them. In this technique, all ideas are given equal credence.
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Participants are encouraged to let ideas flow freely, building on and improving from previous ideas. No idea, however crazy,
should be rejected. These ideas are listed exactly as they are expressed on a board or flipchart, or written on bits of paper. The
combination of swiftly generated ideas usually leads to a very animated and energising session. Even the more reserved
participants should feel bold enough to contribute. The purpose of listing responses is to collect existing experiences and
thoughts.

It is useful to collect answers to questions when you expect much repetition in the responses.

After a brainstorm session, the ideas can be discussed further and evaluated, for example listing the best options in a systematic
way. Ideas can be grouped and analysed so that they belong to the group rather then individuals. Unlike a buzz session, a
brainstorm session can work well with a large group and usually takes less time. It is best to limit the time for plenary
brainstorms, as you might lose the attention of some participants.

6. ROLE PLAYS

In role plays, participants use their own experiences to play a real life situation. When done well, role plays increase the
participants self-confidence, give them the opportunity to understand or even feel empathy for other people’s viewpoints or
roles, and usually end with practical answers, solutions or guidelines.

Role plays are useful for exploring and improving interviewing techniques and examining the complexities and potential
conflicts of group meetings. They help participants to consolidate different lessons in one setting and are good energisers.

However, role plays can be time-consuming and their success depends on the willingness of participants to take active part.
Some trainees may feel a role play is too exposing, threatening or embarrassing. This reluctance may be overcome at the outset
by careful explanation of the objectives and the outcome. Some role plays can generate strong emotions amongst the
participants. It is therefore essential that a role play is followed by a thorough debriefing. This provides the opportunity for the
trainer and the participants to raise and assess new issues.

INSTRUCTIONAL METHODS AND THEIR APPLICATIONS

METHOD USES ADVANTAGES DISADVANTAGES

THE LECTURE METHOD
A formal or semi-formal discourse is which the
instructor presents a series of events, facts, or
principles, explores a problem or explains
relationships

1. To orient students.
2. To introduce a subject.
3. To give directions on
procedures.
4. To present basic material.
5. To introduce a
demonstration, discussion, or
performance.
6. To illustrate application of
rules, principles, or concepts.
7. To review, clarify,
emphasise or summarise.

1. Saves time.
2. Permits flexibility.
3. Requires less
rigid space
requirement.
4. Permits
adaptability.
5. Permits
versatility.
6. Permits better
centre over contact
and sequence.

1. Involves one way
communication.
2. Poses problems in
skill teaching.
3. Encourages
student passiveness.
4. Poses difficulty in
gauging student
reaction.
5. Require highly
skilled instructors.

THE DISCUSSION METHOD
A method in which group discussion techniques
are used to reach instructional objectives.

1. To develop imaginative
solutions to problems.
2. To stimulate thinking and
interest and to secure student
participation.
3. To emphasise main
teaching points.
4. To supplement lectures,
reading, or laboratory
exercises.
5. To determine how well
student understands concepts
and principles.
6. To prepare students for
application of theory of
procedure.
7. To summarise, clarify
points or review.

1. Increase students
interest
2. Increases students
acceptance and
commitments.
3. Utilises student
knowledge and
experience.
4. Results in more
permanent learning
because of high
degree of student
participation.

1. Require highly
skilled instructor.
2. Requires
preparation by
student.
3. Limits content.
4. Consumes time.
5. Restricts size of
groups.

THE PROGRAMMED INSTRUCTION
METHOD
A method of self-instruction

1. To provide remedial
instruction.
2. To provide make-up
instruction for late arrivals,
absentees, or translents.

1. Reduce failure
rate.
2. Improves end-of-
course proficiency.
3. Saves time.

1. Require local or
commercial
preparation.
2. Requires lengthy
programmer
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3. To maintain previously
learned skills which are not
performed frequently enough.
4. To provide retraining on
equipment and procedures
which have become obsolete.
5. To upgrade production.
6. To accelerate capable
students.
7. To provide enough common
background among students.
8. To provide the review and
practice of knowledge and
skills.

4. Provides for self
instruction.

training.
3. Increases
expenses.
4. Requires
considerable lead
time.

THE STUDY ASSIGNMENT METHOD
A method in which the instructor assigns reading
to books, periodicals, project or research papers
or exercises for the practice.

1. To orient students to a topic
prior to classroom or
Laboratory work.
2. To set the stage for a lecture
demonstration or discussion.
3. To provide for or capitalise
on individual differences in
ability, background, or
experience through
differentiated assignments.
4. To provide for the review of
material covered in class or to
give practice.
5. To provide enrichment
material.

1. Increase coverage
of material.
2. Reduce classroom
time.
3. Permits individual
attention.

1. Require careful
planning and follow
up.
2. Poses evaluation
problem.
3. Produce non-
standard results.

THE TUTORIAL METHOD
A method of instruction in which an instructor
works directly with an individual student.

1. To reach highly
complicated skills operations
or operations involving danger
or expensive equipment.
2. To provide individualised
remedial assistance.

1. Permits adaptive
instruction.
2. Stimulates active
participation.
3. Promotes safety.

1. Requires highly
competent instructor.
2. Demands time and
money.

THE SEMINAR METHOD
A tutorial arrangement involving the instructor
and groups, rather than instructor and individual.

1. To provide general
guidance for a group working
on an advanced study or
research project.
2. To exchange information on
techniques and approaches
being explored by members of
a study or research group.
3. To develop new and
imaginative solutions to
problems under study by the
group.

1. Provides
motivation and
report.
2. Stimulates active
participation.
3. Permits adaptive
instruction.

1. Requires highly
competent instructor.
2. Poses evaluation
problems.
3. Is more costly
than most other
methods.

THE DEMONSTRATION METHOD
A method of instruction where the instructor by
actually performing an operation or doing a job
shows the students what to do, how to do it, and
through explanations brings out why, where, and
when it is done.

1. To teach manipulative
operations or procedures.
2. To teach troubleshooting.
3. To illustrate principles.
4. To teach operation or
functioning of equipment.
5. To teach teamwork.
6. To set standards of
workmanship.
7. To teach safety procedures.

1. Minimise damage
and waste
2. Saves time
3. Can be presented
to large groups.

1. Require careful
preparation and
rehearsal.
2. Requires special
classroom
arrangements.

THE DEMONSTRATION METHOD
A method of instruction is required to perform
under controlled conditions the operations, skills
or movement being taught.

1. To teach manipulative
operations or procedures.
2. To teach operation or
functioning of equipment.

1. Builds
confidence.
2. Enable learning
evaluation.
3. Reduces damages

1. Requires tools and
equipment.
2. Requires large
block.
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3. To teach team skills
4. To teach safety procedures.

and waste.
4. Promotes safety.

3. Requires more
instructors.

THE BUZZ GROUP 1. To develop and express
imaginative ideas, opinions.
2. Stimulate thinking.

1. Help trainers to
draw breath.
2. Gauge the mood
by listening to some
discussion.
3. Change pace of
discussion.
4. Encourage
participants to
reflect what was
learnt.

1. Unfamiliarity in
use.
2. Time required.
3. Need for group
leaders.

BRAINSTORMING 1. Discover new ideas,
thoughts and responses very
quickly.

1. Leads to a very
animated and
energising session.
2. More reserved
participants feel free
to contribute.

1. It takes time
particularly if it is a
large group.
2. May consume a
lot of material e.g.
flipcharts or writing
materials.
3. Requires high
level facilitation
skills.

ROLE PLAYS 1. Exploring and improving
interviewing techniques and
examining complexities and
potential conflicts of groups.
2. To consolidate different
lessons in one setting.

1. Good energizers.
2. Promotes
empathy of trainees
for other situation.
3. Encourrages
creativity in
learning.

1. Participants might
be reluctant.
2. May not work
with trainees who do
not know each other
well.

ACTIVITY 12. TEACHING METHODS

Procedure:

The facilitator needs to use demonstration in an extremely sensible manner to bring out what a method is. Furthermore the
facilitator can identify some competent participants (particularly those who have taught for long) to have each demonstrate to
the rest of the participants their understanding of different methods of teaching. After the demonstration, the facilitator asks the
entire group if any other methods commonly used in instruction have been left out. These are also listed in addition to those
which have already been demonstrated either by the facilitator or the participants.

GROUP WORK

Depending on the number of methods which have been identified and demonstrated, participants are divided into an equal
number corresponding to methods. One way of doing this is to ask the participants to volunteer to be in a specific group
depending on their knowledge of a certain method. Then each group is asked to discuss and come up with the advantages and
disadvantages of using their method. Participants should be encouraged to discuss this as objectively as possible.

Plenary session:

Each group presents its finding based on the advantages and disadvantages of the methods chosen.

After each presentation, there are questions and critique from the floor.

Facilitator: The facilitator gives summary of highlights regarding the presentations and issues raised briefly. S/he will add on
the input given by the groups.

Material: Newsprint, masking tape and felt pens.



 

Introduction  

 Research comprises "creative work undertaken on a systematic basis in order to 

increase the stock of knowledge, including knowledge of humans, culture and society, and the 

use of this stock of knowledge to devise new applications." It is used to establish or confirm 

facts, reaffirm the results of previous work, solve new or existing problems, support theorems, 

or develop new theories. A research project may also be an expansion on past work in the field. 

To test the validity of instruments, procedures, or experiments, research may replicate 

elements of prior projects, or the project as a whole. The primary purposes of basic 

research are documentation, discovery, interpretation, or the research and development (R&D) 

of methods and systems for the advancement of human knowledge. Approaches to research 

depend on epistemologies, which vary considerably both within and between humanities and 

sciences.  

 Creswell states that - "Research is a process of steps used to collect and analyze 

information to increase our understanding of a topic or issue". It consists of three steps: Pose a 

question, collect data to answer the question, and present an answer to the question.  

 Educational researchers have come to the consensus that, educational research must be 

conducted in a rigorous and systematic way. There are a variety of disciplines which are each 

present to some degree in educational research. These 

include psychology, sociology, anthropology, and philosophy. The overlap in disciplines creates 

a broad range from which methodology can be drawn. The findings of educational research also 

need to be interpreted within the context in which they were discovered as they may not be 

applicable in every time or place.  

Gary Anderson outlined ten aspects of educational research:  

1. Educational research attempts to solve a problem. 

2. Research involves gathering new data from primary or first-hand sources or using 

existing data for a new purpose. 

3. Research is based upon observable experience or empirical evidence. 
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4. Research demands accurate observation and description. 

5. Research generally employs carefully designed procedures and rigorous analysis. 

6. Research emphasizes the development of generalizations, principles or theories that will 

help in understanding, prediction and/or control. 

7. Research requires expertise—familiarity with the field; competence in methodology; 

technical skill in collecting and analyzing the data. 

8. Research attempts to find an objective, unbiased solution to the problem and takes 

great pains to validate the procedures employed. 

9. Research is a deliberate and unhurried activity which is directional but often refines the 

problem or questions as the research progresses. 

10. Research is carefully recorded and reported to other persons interested in the problem. 

Approaches 

 There are two main approaches in educational research. The first is a basic approach. 

This approach is also referred to as an academic research approach. The second approach is 

applied research or a contract research approach. Both of these approaches have different 

purposes which influence the nature of the respective research. 

Basic approach 

 Basic research (also called pure research, fundamental research, and discovery 

research) is a systematic study directed toward greater knowledge or understanding of the 

fundamental aspects of phenomena. Basic research is executed without thought of a practical 

end goal, without specific applications or products in mind. Basic or academic research focuses 

on the search for truth or the development of educational theory. Researchers with this 

background “design studies that can test, refine, modify, or develop theories”. Generally, these 

researchers are affiliated with an academic institution and are performing this research as part 

of their graduate or doctoral work. 

 Basic research has been described as arising out of curiosity Basic research is contrasted 

with applied research, which is research focused on a particular problem or application. Basic 
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research lays the foundation for advancements in knowledge that lead to applied gains later on, 

occasionally as a result of unexpected discoveries.  

Applied approach 

 Applied research is a form of systematic inquiry involving the practical application 

of science. It accesses and uses some part of the research communities' (theacademia's) 

accumulated theories, knowledge, methods, and techniques, for a specific, often state-

, business-, or client-driven purpose. Applied research is contrasted with pure research (basic 

research) in discussion about research ideals, methodologies, programs, and projects.  

 Applied research deals with solving practical problems and generally 

employs empirical methodologies. Because applied research resides in the messy real world, 

strict research protocols may need to be relaxed. For example, it may be impossible to use 

a random sample. Thus, transparency in the methodology is crucial. Implications for 

interpretation of results brought about by relaxing an otherwise strict canon of methodology 

should also be considered. Since Applied Research has a provisional close to the problem and 

close to the data orientation it may also use a more provisional conceptual framework such 

as working hypothesis or pillar questions . The goal of this research is “to determine the 

applicability of educational theory and principles by testing hypotheses within specific settings”.  

Comparison of basic and applied research 

The following are several defining characteristics that were written by Gary Anderson to 

compare basic (academic) and applied (contract) research.  

 Basic (Academic) Research Applied (Contract) Research 

1 
Is sponsored by an agency committed to 

the general advancement of knowledge. 

Is sponsored by an agency with a vested 

interest in the results. 

2 
Results are the property of society and the 

research community. 
Results become the property of the sponsor. 
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3 

Studies rely on the established reputations 

of the researchers and are totally under 

their control. 

Studies follow explicit terms of reference 

developed by the sponsor to serve the 

sponsor’s needs. 

4 

Budget allocations are generally based on 

global proposals and accounting is left to 

the researchers. 

Budget accountability is directly related to 

the sponsor and relates to agreed terms of 

reference, time frames and methodologies. 

5 
The conduct of research is based on ‘good 

faith’ between funder and researcher. 

The work is contractual between sponsor 

and researcher. 

6 

The research produces findings and 

conclusions, but rarely recommendations 

except those related to further research 

needs. 

The research includes applied 

recommendations for action. 

7 
Academic research tends to extend an 

identifiable scholarly discipline. 

By its nature, contract research tends to be 

interdisciplinary. 

8 
Academic research is typically focused on a 

single set of testable hypotheses. 

Contract research frequently analyzes the 

consequences of alternative policy options. 

9 
Decision-rules relate to theoretically-based 

tests of statistical significance. 

Decision-rules relate to predetermined 

conventions and agreements between the 

sponsor and the researcher. 

10 
Research reports are targeted to other 

specialized researchers in the same field. 

Research reports are intended to be read 

and understood by lay persons. 

Reference:www.wisegeek.org,  

      www.wikipedia.org/applied-research 

      www.wikipedia.org/wiki/ basic-research 
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Introduction to Biological Databases 
 
 

1.   Introduction 
 
As biology has increasingly turned into a data-rich science, the need for storing and 
communicating large datasets has grown tremendously. The obvious examples are the 
nucleotide sequences, the protein sequences, and the 3D structural data produced by X-ray 
crystallography and macromolecular NMR. A new field of science dealing with issues, 
challenges and new possibilities created by these databases has emerged: bioinformatics.  
 
Bioinformatics is the application of Information technology to store, organize and analyze 
the vast amount of biological data which is available in the form of sequences and 
structures of proteins (the building blocks of organisms) and nucleic acids (the information 
carrier). The biological information of nucleic acids is available as sequences while the 
data of proteins is available as sequences and structures. Sequences are represented in 
single dimension where as the structure contains the three dimensional data of sequences. 
 
Sequences and structures are only among the several different types of data required in the 
practice of the modern molecular biology. Other important data types includes metabolic 
pathways and molecular interactions, mutations and polymorphism in molecular sequences 
and structures as well as organelle structures and tissue types, genetic maps, 
physiochemical data, gene expression profiles, two dimensional DNA chip images of 
mRNA expression, two dimensional gel electrophoresis images of protein expression, data  
A biological database is a collection of data that is organized so that its contents can easily 
be accessed, managed, and updated. There are two main functions of biological databases:  
 

• Make biological data available to scientists.  
 

o As much as possible of a particular type of information should be available 
in one single place (book, site, and database). Published data may be 
difficult to find or access and collecting it from the literature is very time-
consuming. And not all data is actually published explicitly in an article 
(genome sequences!).  

 

• To make biological data available in computer-readable form.  
 
o Since analysis of biological data almost always involves computers, having 

the data in computer-readable form (rather than printed on paper) is a 
necessary first step. 

Data Domains 
 
• Types of data generated by molecular biology research: 

      – Nucleotide sequences (DNA and mRNA) 

– Protein sequences 
– 3-D protein structures 
– Complete genomes and maps 
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• Also now have: 
– Gene expression 
– Genetic variation (polymorphisms) 

2. Biological Databases 

When Sanger first discovered the method to sequence proteins, there was a lot of 
excitement in the field of Molecular Biology. Initial interest in Bioinformatics was 
propelled by the necessity to create databases of biological sequences.  
 
Biological databases can be broadly classified into sequence and structure databases. 
Sequence databases are applicable to both nucleic acid sequences and protein sequences, 
whereas structure database is applicable to only Proteins. The first database was created 
within a short period after the Insulin protein sequence was made available in 1956. 
Incidentally, Insulin is the first protein to be sequenced. The sequence of Insulin consisted 
of just 51 residues (analogous to alphabets in a sentence) which characterize the sequence. 
Around mid nineteen sixties, the first nucleic acid sequence of Yeast tRNA with 77 bases 
(individual units of nucleic acids) was found out. During this period, three dimensional 
structures of proteins were studied and the well known Protein Data Bank was developed 
as the first protein structure database with only 10 entries in 1972. This has now grown in 
to a large database with over 10,000 entries. While the initial databases of protein 
sequences were maintained at the individual laboratories, the development of a 
consolidated formal database known as SWISS-PROT protein sequence database was 
initiated in 1986 which now has about 70,000 protein sequences from more than 5000 
model organisms, a small fraction of all known organisms. These huge varieties of 
divergent data resources are now available for study and research by both academic 
institutions and industries. These are made available as public domain information in the 
larger interest of research community through Internet (www.ncbi.nlm.nih.gov) and 
CDROMs (on request from www.rcsb.org). These databases are constantly updated with 
additional entries. 

 
Databases in general can be classified in to primary, secondary and composite databases. 
A primary database contains information of the sequence or structure alone. Examples of 
these include Swiss-Prot & PIR for protein sequences, GenBank & DDBJ for Genome 
sequences and the Protein Databank for protein structures. 
 
A secondary database contains derived information from the primary database. A 
secondary sequence database contains information like the conserved sequence, signature 
sequence and active site residues of the protein families arrived by multiple sequence 
alignment of a set of related proteins. A secondary structure database contains entries of 
the PDB in an organized way. These contain entries that are classified according to their 
structure like all alpha proteins, all beta proteins, etc. These also contain information on 
conserved secondary structure motifs of a particular protein. Some of the secondary 
database created and hosted by various researchers at their individual laboratories includes 
SCOP, developed at Cambridge University; CATH developed at University College of 
London, PROSITE of Swiss Institute of Bioinformatics, eMOTIF at Stanford. 
 
Composite database amalgamates a variety of different primary database sources, which 
obviates the need to search multiple resources. Different composite database use different 
primary database and different criteria in their search algorithm. Various options for search 
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have also been incorporated in the composite database. The National Center for 
Biotechnology Information (NCBI) which hosts these nucleotide and protein databases in 
their large high available redundant array of computer servers, provides free access to the 
various persons involved in research. This also has link to OMIM (Online Mendelian 
Inheritance in Man) which contains information about the proteins involved in genetic 
diseases. 
 
2.1     Primary Nucleotide Sequence Repository – GenBank, EMBL, DDBJ 
 
These are three chief databases that store and make available raw nucleic acid sequences. 
GenBank is physically located in the USA and is accessible through NCBI portal over 
internet. EMBL (European Molecular Biology Laboratory) is in UK and DDJB (DNA 
databank of Japan) is in Japan. They have uniform data formats (but not identical) and 
exchange data on daily basis. Here we will describe one of the database formats, GenBank, 
in detail. The access to GenBank, as to all databases at NCBI is through the Entrez search 
program. This front end search interface allows a great variety of search options. 
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The word accession number defines a field containing unique identification numbers. The 
sequence and the other information may be retrieved from the database simple by 
searching for a given accession number. Taking the field names in order, we have first all 
the word ‘LOCUS’. This is a GenBank title that names the sequence entry. Apart for 
accession number, it also specifies the number of bases in the entry, a nucleic acid type, a 
codeword PRI that indicates the sequence is from primate, and the date on which the entry 
was made. PRI is one of the 17 keyword search that are used to classify the data. The next 
line of the file contains the definition of the entry, giving the name of the sequence. The 
unique accession number came next, followed by a version number in case the entries have 
gone through more than one version. 
 

 
 

 
The next item is a list of specially defined keywords that used to index the entries. Next 
come a set of SOURCE records which describe the organism from which sequence was 
extracted. The complete scientific classification is given. This is followed by publication 
details. 
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In the beginning, sequences were extracted from the published literature and painstaking 
entered in the database. Each entry was therefore associated with a publication. The 
features table includes coding region, exons, introns, promoters, alternate splice patterns, 
mutation, variations and a translation into protein sequence, if it code for one. Each feature 
may be accompanied by a cross-reference to another database. After the feature table, a 
single line gives the base count statistics for the sequence. Finally comes the sequence 
itself. The sequence is typed in lower cases, and for ease of reading, each line is divided 
into six columns of ten bases each. A single number on the left numbers the bases. 
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The above description does not cover all the fields used in GenBank, but only the more 
important ones. 
 
2.2   Primary Protein Sequence Repositories 

 
PIR-PSD or protein information resource – protein sequence database, at the NBRF 
(National Biomedical Research Foundation, USA), and SWISS-PROT at the SBI (Swiss 
Biotechnology Institute), Switzerland are protein sequence databases. 
 
The PIR-PSD is a collaborative endeavour between the PIR, the MIPS (Munich 
Information Centre for Protein Sequences, Germany) and the JIPID (Japan International 
Protein Information Database, Japan). The PIR-PSD is now a comprehensive, non-
redundant, expertly annotated, object relational DBMS. It is available at 
http://pir.georgetown.edu/pirww. A unique characteristic of the PIR-PSD is its 
classification of protein sequences based on the super family concept. Sequence in PIR-
PSD is also classified based on homology domain and sequence motifs. Homology 
domains may correspond to evolutionary building blocks, while sequence motifs represent 
functional sites or conserved regions.  The classification approach allows a more complete 
understanding of sequence function structure relationship. 
 

http://pir.georgetown.edu/pirww�
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The other well known and extensively used protein database is SWISS-
PROT(http://www.expasy.ch/sprot). Like the PIR-PSD, this curated proteins sequence 
database also provides a high level of annotation. The data in each entry can considered 
separately as core data and annotation. The core data consists of the sequences entered in 
common single letter amino acid code, and the related references and bibliography. The 
taxonomy of the organism from which the sequence was obtained also forms part of this 
core information. The annotation contains information on the function or functions of the 
protein, post-translational modification such as phosphorylation, acetylation, etc., 
functional and structural domains and sites, such as calcium binding regions, ATP-binding 
sites, zinc fingers, etc., known secondary structural features as for examples alpha helix, 
beta sheet, etc., the quaternary structure of the protein, similarities to other protein if any, 
and diseases that  may rise due to different authors publishing different sequences for the 
same protein, or due to mutations in different strains of an described as part of the 
annotation. 
Lines of code in SWISS-PROT database: 
 

Code Expansion Remarks 
ID Identification Occurs at the beginning of the entry. Contains 

a unique name for the entry, plus information 
on the status of the entry. If it has been 
checked and conforms to SWISS-PROT 
standards, it is called STANDARD. 

AC Accession numbers This is a stable way of identifying the entry. 
The name may change but not the AC. If the 
line has more than one number, it means that 
the entry was constituted by merging other 
entries. 

DT Date There are three dates corresponding to the 
creation date of the entry and modification 
dates of the sequence and the annotation 
respectively    

DE Description Lines that start with the identifier contain 
general description about the sequence. 

GN Gene name The name of the gene ( or genes) that codes 
for the protein 

OS, 
OG,OC 

Organism name, 
Organelle, Organism 
classification 

The name and taxonomy of the organism, and 
information regarding the organelle containing 
the gene e.g. mitochondria or chloroplast, etc. 

RN, 
RP,RX,RA 
RT,RL 

Reference number, 
Position, comments, 
cross-reference, 
authors, title and 
location. 

Bibliographic reference to the sequence. This 
includes information (following the code RP) 
on the extent of work carried out b the 
authors. 

CC Comments These are free text comments that provide any 
relevant information pertaining to the entry. 

DR Database cross-
reference 

This line gives cross-references to other 
databases where information regarding this 
entry is also found. As for example to 
structural information for the protein in the 
PDB. 

http://www.expasy.ch/sprot�
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KW Keywords This line gives a list of keywords that can be 
used in indexes. Search programs very often 
simply go through such indices to identify 
required information 

FT Features Table These lines describe regions or sites of interest 
in the sequence, e.g. post-transitional 
modifications, binding sites, enzyme active 
sites and local secondary structures 

SQ Sequence Header This line indicates the beginning of the 
sequence data and gives a brief summary of its 
contents. 

 
 

 
 

Both PIR-PSD and SWISS-PROT have software that enables the user to easily search 
through the database to obtain only the required information. SWISS-PROT has the SRS or 
the sequence retrieval system that searches also through the other relevant databases on the 
site, such as TrEMBL. 
 
TrEMBL (for Translated EMBL) is a computer-annotated protein sequence database that is 
released as a supplement to SWISS-PROT. It contains the translation of all coding 
sequences present in the EMBL Nucleotide database, which have not been fully annotated. 
Thus it may contain the sequence of proteins that are never expressed and never actually 
identified in the organisms.  

 
2.3   Derived or Secondary databases of nucleotide sequences 
 
Many of the secondary databases are simply sub-collection of sequences culled from one 
or the other of the primary databases such as GenBank or EMBL. There is also usually a 
great deal of value addition in terms of annotation, software, presentation of the 
information and the cross-references. There are other secondary databases that do not 
present sequences at all, but only information gathered from sequences databases. 
 
An example of the former type of database is the FlyBase or The Bereley Drosophila 
Genome Project ( http://www.fruitfly.org). A consortium sequenced the entire genome of 
the fruit fly D. Melanogaster to a high degree of completeness and quality. 

http://www.fruitfly.org/�
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Another database that focuses on a single organism is ACeDB. More than a database, this 
is a database management system that was originally developed for the C. Elegans  ( a 
nematode worm) genome project. It is a repository of not only the sequence, but also the 
genetic map as well as phenotypic information about the C. Elegans nematode worm. 
 
The comprehensive Microbial Resource maintained by TIGR (The Institute for Genomic 
Research) at http://www.tigr.org allows access to a database called Omniome. This 
contains all the focus on one organism. Omniome has not only the sequence and annotation 
of each of the completed genomes, but also has associated information about the organisms 
(such as taxon and gram stain pattern), the structure and composition of their DNA 
molecules, and many other attributes of the protein sequences predicted from the DNA 
sequences. The presence of all microbial genomes in a single database facilitated 
meaningful multi-genome searches and analysis, for instance, alignment of entire genomes, 
and comparison of the physical proper of proteins and genes from different genomes etc.  
 
A database of the genomes of mitochondria and other such organelles is available at the 
Organelle Genome Database at the University of Montreal, Canada, and is called 
GOBASE (http://megasun.bch.umontreal.ca/gobase). 

 
2.4    Derived or Secondary databases of amino acid sequences - Subcollections 

 
Another family of a database focussed on a particular family protein is GPCRGB 
(http://rose.man.pozen.pl/aars/). These are transmembrane protein used by cells to 
communicate with the outside world. They are involved in vision, smell, hearing, taste and 
feeling.GPCRGB is in fact more than a collection of sequences of the protein family. It 
includes additional data on multiple sequences alignments. Ligands and ligands binding 
data, 3D models, mutation data, literature reference, disease patterns, cell lines, protocols, 
vectors etc. It is fully integrated information system with data, and browsing and query 
tools. 
 
MHCPep ( http://wehih.wehi.edu.au/mhcpep/) is a database comprising over 13000 
peptide sequences known to bind the Major Histocompatibilty Complex of the immune 
system. Each entry in the database contains not only the peptide sequence, which may be 8 
to 10 amino acid long, but in addition has information on the specific MHC molecules to 
which it binds, the experimental method used to assay the peptide, the degree of activity 
and the binding affinity observed , the source protein that, when broken down gave rise to 
this peptide along with other, the positions along the peptide where it anchors on the MHC 
molecules and references and cross links to other information. 

 
The CluSTr (Cluster of SWISS-PROT and TrEMBL proteins at http://ebi.ac.uk.clustr) 
database offers an automatic classification of the entries in the SWISS-PROT and 
TrEMBL databases into groups of related proteins. The clustering is based on the analysis 
of all pair wise comparisons between protein sequences.  

 
Similar to CluSTRr is the COGS or Cluster of Orthologous Groups of database that is 
accessible at htp://ncbi.nlm.nih.gov/COG. An orthologous group of proteins is one in 
which the members are related to each other by evolutionary descent. Such orthology may 
not be just from one protein to another, and then to another and so on down the line. It may 
involve one-to-many ad many-to-many evolutionary relationships, and hence the term 
‘groups’. COGS is thus a database of phylogenetic relationships. The approximately 2500 
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groups have been divided into 17 broad categories. The utility of COGS, as of CluSTr, is 
that it helps assign function to new protein sequences without going through tedious 
biochemical discovery processes. 

  
2.5 Derived or Secondary databases of amino acid sequences – Patterns and 

Signature 
  

A set of databases collects together patterns found in protein sequences rather than the 
complete sequences. The patterns are identified with particular functional and/or structural 
domains in the protein, such as for example, ATP binding site or the recognition site of a 
particular substrate. The patterns are usually obtained by first aligning a multitude of 
sequences through multiple alignment techniques. This is followed by further processing 
by different methods, depending on the particular database. 

 
PROSITE is one such pattern database, which is accessible at 
http://www.expasy.ch/prosite. The protein motif and pattern are encoded as “regular 
expressions”. The information corresponding to each entry in PROSITE is of the two 
forms – the patterns and the related descriptive text. The regular expression is placed in a 
format reminiscent of the SWISS-PROT entries, with a two letter identifier at beginning of 
the each line specifying the type of information the line contains. The expression itself is 
placed on line identified by “PA”. The entry also contains references and links to all the 
proteins sequences that contains that pattern.  The related descriptive text is placed in a 
documentation file with the accession number making the connection to the expression 
data. 

 
In the PRINTS database (http://www.bioinfo.man.ac.uk/dbbrowser/PRINTS), the protein 
sequence patterns are stored as ‘fingerprints’. A finger print is a set of motifs or patterns 
rather than a single one. The information contained in the PRINT entry may be divided 
into three sections. In addition to entry name, accession number and number of motifs, the 
first section contains cross links to other databases that have more information about the 
characterized family. The second section provides a table showing how many of the motifs 
that make up the finger print occurs in the how many of the sequences in that family.  The 
last section of the entry contains the actual finger prints that are stored as multiply aligned 
set of sequences, the alignment being made without gaps. There is therefore one set of 
aligned sequences for each motif. 

 
The ProDom protein domain database ( http://www.toulouse.inrs.fr/prodom.html) is a  
compilation of homologous domains that have been automatically identified sequence 
comparison and clustering methods using the program PSI-BLAST. No identification of 
patterns is made.. The focus is here to look for complete and self-contained structural 
domains and the search methods includes signals for such features. A graphical user 
interface allows easy interactive analysis of structural and therefore functional homology 
relationships among protein sequences. 

 
A database called Pfam contains the profiles used using Hidden markov models 
(http://www.sanger.ac.uk/Software/Pfam). HMMs build the model of the pattern as a series 
of match, substitute, insert or delete states, with scores assigned for alignment to go from 
one state to another. Each family or pattern defined in the Pfam consists of the four 
elements. The first is the annotation, which has the information on the source to make the 
entry, the method used and some numbers that serve as figures of merit. The second is the 
seed alignment that is used to bootstrap the rest of the sequences into the multiple 
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alignments and then the family. The third is the HMM profile. The fourth element is 
complete alignment of all the sequences identified in that family.  

 
2.6 Structure Databases 

 
Structure databases like sequence databases comes in two varieties, primary and 
secondary. Strictly speaking there is only one database that stores primary structural data 
of biological molecules, namely the PDB. In the context of this database, term 
macromolecule stretches to cover three orders of magnitude of molecular weight from 
1000 Daltons to 1000 kilo Daltons Small biological and organic molecules have their 
structures stored in another primary structure database the CSD, which is also widely used 
in biological studies. This contains the three dimensional structure of drugs, inhibitors and 
fragments or monomers of the macromolecule. 

 
2.6.1 The primary structure database -  PDB and CSD 

 
PDB stands for Protein Databank. In spite of the name, PDB archive the three-dimensional 
structures of not only proteins but also all biologically important molecules, such as 
nucleic acid fragments, RNA molecules, large peptides such as antibiotic gramicidin and 
complexes of protein and nucleic acids.  The database holds data derived from mainly 
three sources. Structure determined by X-ray crystallography form the large majority of the 
entries. This is followed by structures arrived at by NMR experiments. There are also 
structures obtained by molecular modelling. The data in the PDB is organized as flat files, 
one to a structure, which usually means that each file contain one molecule, or one 
molecular complex.   

 
The Cambridge Structural Database (CSD) was originally a project of the University of 
Cambridge, which is set up to collect together the published three-dimensional structure of 
small organic molecules. This excludes proteins and medium sized nucleic acid fragments, 
but small peptides such as neuropeptides, and monomer and dimmers of nucleic acid finds 
a place in the CSD. Currently CSD holds crystal structures information for about 2.5 lakhs 
organic and metal organic compounds.  All these crystal structures have been obtained 
using X-ray or neuron diffraction technique.  For each entry in the CSD there are three 
distinct types of information stored. These are categorized as bibliographic information, 
chemical connectivity information and the three- dimensional coordinates. The annotation 
data field incorporates all of the bibliographic material for the particular entry and 
summarized the structural and experimental information for the crystal structure. 

 
2.6.1.1   Derived or Secondary databases of bimolecular structures 

 
NDB stands for Nucleic acid data bases. It is a relational database of three-dimensional 
structures containing nucleic acid. This encompasses DNA and RNA fragments, including 
those with unusual chemistry such as NDB, and collections of patterns and motifs such as 
SCOP, PALI etc. The structures are the same as those found in the PDB and therefore the 
NDB qualifies to be called a specialized sub collection. However a substantial amount, 
and, unlike the PDB, the NDB is much more than just a collection of files. The structure of 
DNA has been classified into A, B and Z polymorphic forms, based on the information 
specified by authors.  Other classes include RNA structures, unusual structures and 
protein-nucleic acid complexes. These classes of structures are arranged in the form of an 
ATLAS of Nucleic Acid Containing Structures, which can be browse and searched to 
obtain the structure or structures required. Each entry in the atlas has information on the 
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sequence, crystallisation condition, references and details of the parameters and the figures 
of the merit used in structure solution. The entry has links not only to the coordinated but 
also to automatically generated graphical views of the molecule. NDB also has also have 
archives of structural geometries calculated for all the structures or for a subset of them. 
And finally, the database stores average geometrical parameters for nucleic acids, obtained 
by statistical analysis of the structures. These parameters are widely used in computer 
simulations of nucleic acids and their interactions. The NDB may be accessed at 
http://ndbserve.rutgers.edu/NDB/. 
 
The SCOP database (Structural Classification of Proteins: http://scop.mrc-
lmb.cam.ac.uk/scop/ ) is a manual classification of protein structures in a hierarchical 
scheme with many levels. The principal classes are the family, the super family and the 
fold. SCOP is a searchable and browsable database. In other words, one may either enter 
SCOP at the top of the hierarchy or examine different folds and families as one pleases, or 
one may supply a keyword or a phrase to be search the database and retrieve corresponding 
entries. Once a structure, or a set of structures, has been selected, they may be obtained or 
viewed wither as graphical images. Each entry also has other annotation regarding 
function, etc., and links to other databases, including other structural classification such as 
CATH.  

 
CATH stands for Class, Architecture, Topology and Homologous super family. The name 
reflects the classification hierarchy used in the database. The structures chosen for 
classification are a subset of PDB, consisting of those that have been determined to a high 
degree of accuracy.  

  
Conclusion 

 
The present challenge is to handle a huge volume of data, such as the ones generated by the 
human genome project, to improve database design, develop software for database access 
and manipulation, and device data-entry procedures to compensate for the varied computer 
procedures and systems used in different laboratories. There is no doubt that 
Bioinformatics tools for efficient research will have significant impact in biological 
sciences and betterment of human lives. 
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Classification of Fungi by C. J. Alexopoulos (1962)

C. J. Alexopoulos (1962) also included slime molds under fungi and placed them as

Division Mycota and it was divided into two subdivisions: Myxomycotina (wall-less

form) and Eumycotina (true, walled fungi).



The outline of his classification is:

Division:

Mycota:

Microscopic, unicellular or filamentous thallus with chitinous or cellulosic cell wall

containing typical eukaryotic nucleus. Reproduction takes place both asexually and

sexually.



A. Subdivision. Myxomycotina:

Plant body is Plasmodium.

1. Class. Myxomycetes:

Vegetative phase is plasmodium. Reproduction takes place by very small

multinucleate spore.

B. Subdivision. Eumycotina:

Vegetative phase is either unicellular or branched mycelium with distinct cell wall.

Hyphae are coenocytic (aseptate and multinucleate) or septate. Each cell may be

uni-, bi- or multinucleate. Reproduction by asexual (spore) or sexual (gamete)

means. The sub-divisions has been divided into eight natural classes and one form-

class.



These are:

Class. Chytridiomycetes:

Motile cells with single whiplash flagellum placed posteriorly.

Class. Hypochytridiomycetes:

Motile cells with single tinsel flagellum placed anteriorly.

Class. Oomycetes:

Vegetative phase consists of multinucleate and well developed mycelium. Motile

cells have two flagella i.e., biflagellate consists of one whiplash and the other tinsel

type.



Class. Plasmodiophoromycetes:

Multinucleate thallus without cell wall, remains parasitically inside the host cells.

Motile cells are with two whiplash flagella of unequal in length.

Class. Zygomycetes:

Well-developed coenocytic (multinucleate and aseptate) mycelium grows either

parasitically or saprophytically. Motile cells are absent.

Class. Trichomycetes:

Multinucleate simple or branched thallus; mostly parasite on arthopods.



Class. Ascomycetes:

Well-developed mycelium with septate hyphae. Ascospores are produced

endogenously inside ascus.

Class. Basidiomycetes:

Well-developed mycelium with septate hyphae. Basidiospores are produced

exogenously on basidium.

1. Form-class. Deuteromycetes:

Well-developed mycelium with septate hyphae. Sexual phase unknown. Reproduces

mainly by asexual means.
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Chapter-3 Biological databases 

3.1 Introduction and Types 
There are two main functions of biological databases: 

1. Make biological data available to scientists 
As much as possible of a particular type of information should be available in one 
single place (book, site, and database). Published data may be difficult to find or 
access and collecting it from the literature is very time-consuming. And not all data 
is actually published in an article. 

2. To make biological data available in computer-readable form 
Since analysis of biological data almost always involves computers, having the data 
in computer-readable form (rather than printed on paper) is a necessary first step. 

One of the first biological sequence databases was probably the book "Atlas of Protein 
Sequences and Structures" by Margaret Dayhoff and colleagues, first published in 1965. It 
contained the protein sequences determined at the time, and new editions of the book 
were published well into the 1970s. Its data became the foundation for the PIR database. 
The computer became the storage medium of choice as soon as it was accessible to 
ordinary scientists. Databases were distributed on tape, and later on various kinds of disks. 
When universities and academic institutes were connected to the Internet or its precursors 
(national computer networks), it is easy to understand why it became the medium of 
choice. And it is even easier to see why the World Wide Web (WWW, based on the Internet 
protocol HTTP) since the beginning of the 1990s is the standard method of communication 
and access for nearly all biological databases. 
As biology has increasingly turned into a data-rich science, the need for storing and 
communicating large datasets has grown tremendously. The obvious examples are the 
nucleotide sequences, the protein sequences, and the 3D structural data produced by X-ray 
crystallography and macromolecular NMR. A new field of science dealing with issues, 
challenges and new possibilities created by these databases has emerged: bioinformatics. 
Other types of data that are or will soon be available in databases are metabolic pathways, 
gene expression data (microarrays) and other types of data relating to biological function 
and processes. 
One very important issue is the frequency and type of errors that the entries in a database 
have. Naturally, this depends strongly on the type of data, and whether the database is 
curated (added, deleted, or modified by a defined group of people) or not. For the sequence 
databases, the errors may be either in the sequence itself (misprint, wrong on entry, 
genuine experimental error...) or in the annotation (mistaken features, errors in 
references). In the 3D structure database (PDB), structures have been deposited which 
were later discovered to contain severe errors. The error handling policy differs 
considerably between databases. If one needs to use any particular database heavily, then 
the implications of its particular policy need to be considered. 
Types of Biological Databases 
One may characterize the available biological databases by several different properties: 

Type of data 
nucleotide sequences 
protein sequences 

http://pir.georgetown.edu/
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proteins sequence patterns or motifs 
macromolecular 3D structure 
gene expression data 
metabolic pathways 

Data entry and quality control 
Scientists (teams) deposit data directly 
Appointed curators add and update data 
Are erroneous data removed or marked? 
Type and degree of error checking 
Consistency, redundancy, conflicts, updates 

Primary or derived data 
Primary databases: experimental results directly into database 
Secondary databases: results of analysis of primary databases 
Aggregate of many databases 

Links to other data items 
Combination of data 
Consolidation of data 

Technical design 
Flat-files 
Relational database (SQL) 
Object-oriented database 
Exchange/publication technologies (FTP, HTML, CORBA, XML) 

Maintainer status 
Large, public institution funded by government (EMBL, NCBI) 
Quasi-academic institute (Swiss Institute of Bioinformatics, TIGR) 
Academic group or scientist 
Commercial company 

Availability 
Publicly available, no restrictions 
Available, but with copyright 
Accessible, but not downloadable 
Academic, but not freely available 
Proprietary, commercial; possibly free for academics 

Accession codes vs. identifiers 
Many databases in bioinformatics (SWISS-PROT, EMBL, GenBank, Pfam) use a system 
where an entry can be identified in two different ways; essentially it has two names: 

Identifier 
Accession code (or number) 

The question how to deal with changed, updated and deleted entries in databases is a very 
tricky problem, and the policies for how accession codes and identifiers are changed or 
kept constant are not completely consistent between databases or even over time for one 
single database. 
The exact definition of what the identifier and accession code are supposed to denote 
varies between the different databases, but the basic idea is the following: 
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Identifier 

An identifier ("locus" in GenBank, "entry name" in SWISS-PROT) is a string of letters and 
digits that generally is interpretable in some meaningful way by a human, for instance as a 
recognizable abbreviation of the full protein or gene name. SWISS-PROT uses a system 
where the entry name consists of two parts: the first denotes the protein and the second 
part denotes the species it is found in. For example, KRAF_HUMAN is the entry name for the 
Raf-1 oncogene from Homo sapiens. An identifier can change. For example, the database 
curators may decide that the identifier for an entry no longer is appropriate. This does not 
happen very often. 
Accession code (number) 

An accession code (or number) is a number (possibly with a few characters in front) that 
uniquely identifies an entry. For example, the accession code for KRAF_HUMAN in SWISS-
PROT is P04049. 
The main conceptual difference from the identifier is that it is supposed to be stable: any 
given accession code will, as soon as it has been issued, always refer to that entry, or its 
ancestors. It is often called the primary key for the entry. The accession code, once issued, 
must always be possible to find again, even after large changes have been made to the 
entry. In the case where two entries are merged into one single, then the new entry will 
have both accession codes, where one will be the primary and the other 
the secondary accession code. When an entry is split into two, both new entries will get 
new accession codes, but will also have the old accession code as secondary codes. 
 
3.1 Bibliographic Databases 
PubMed is a free search engine offering access to the MEDLINE database of citations and 
abstracts of biomedical research articles. The core subject is medicine, and PubMed covers 
fields related to medicine, such as nursing and other allied health disciplines. It also 
provides very full coverage of the related biomedical sciences, such as biochemistry and 
cell biology. It is offered by the United States National Library of Medicine as part of the 
Entrez information retrieval system. As with other indexes, the inclusion of an article in 
PubMed does not endorse that article's contents. MEDLINE covers over 4,800 journals 
published in the United States and more than 70 other countries primarily from 1966 to 
the present. In addition to MEDLINE, PubMed also offers access to OLDMEDLINE for pre-
1966 citations.  
For optimal searching in PubMed, it is necessary to have a thorough understanding of its 
core component, MEDLINE, and especially of the MeSH controlled vocabulary used to index 
MEDLINE articles. 
Information about the journals indexed in PubMed is found in its Journals Database, 
searchable by subject or journal title, Title Abbreviation, the NLM ID (NLM's unique journal 
identifier), the ISO abbreviation, and both the print and electronic International Standard 
Serial Numbers (pISSN and eISSN). The database includes all journals in all Entrez 
databases. 
PubMed 
PubMed is a database developed by the National Center for Biotechnology Information 
(NCBI) at the National Library of Medicine (NLM), one of the institutes of the National 
Institutes of Health (NIH). The database was designed to provide access to citations (with 

http://en.wikipedia.org/wiki/Nursing
http://en.wikipedia.org/wiki/Allied_health
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Entrez
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abstracts) from biomedical journals. Subsequently, a linking feature was added to provide 
access to full-text journal articles at Web sites of participating publishers, as well as to 
other related Web resources. PubMed is the bibliographic component of the NCBI's Entrez 
retrieval system. 
Pubmed Data Sources 

Medline  

PubMed's primary data resource is MEDLINE, the NLM's premier bibliographic database 
covering the fields of medicine, nursing, dentistry, veterinary medicine, the health care 
system, and the preclinical sciences, such as molecular biology. MEDLINE contains 
bibliographic citations and author abstracts from about 4,800 biomedical journals 
published in the United States and 70 other countries. The database contains about 12 
million citations dating back to the mid-1960s. Coverage is worldwide, but most records 
are from English-language sources or have English abstracts. 
Non-Medline 

In addition to MEDLINE citations, PubMed provides access to non-MEDLINE resources, 
such as out-of-scope citations, citations that precede MEDLINE selection and PubMed 
Central citations. Together, these are often referred to as “PubMed-only citations.” Out-of-
scope citations are primarily from general science and chemistry journals that contain life 
sciences articles indexed for MEDLINE, e.g., the plate tectonics or astrophysics articles from 
Science magazine. Publishers can also submit citations with publication dates that precede 
the journal's selection for MEDLINE indexing, usually because they want to create links to 
older content. PMC citations are taken from life sciences journals (MEDLINE or non-
MEDLINE) that submit full-text articles to PMC. In addition to the incorporation of PubMed-
only citations, PubMed has been enhanced recently by the incorporation of citations from 
the following unique databases: HealthSTAR, AIDSLINE, HISTLINE, SPACELINE, 
BIOETHICSLINE, and POPLINE. In response to new approaches to electronic publishing, 
PubMed can now also accommodate articles published electronically in advance of being 
collected into an issue.  
Journal Selection Criteria 

All content in PubMed ultimately comes from publishers of biomedical journals, and 
journals that are to be included in MEDLINE are subject to a selection process. The Fact 
Sheet [http: //www. nlm.nih.gov/pubs/factsheets/jsel.html] on Journal Selection for Index 
Medicus /MEDLINE describes the journal selection policy, criteria, and procedures for data 
submission. 
Indexing 

PubMed Citation Status and Assignment of MeSH Terms 
Citations in PubMed are assigned one of three citation status tags that display next to the 
PubMed ID (PMID) numbers on all PubMed citations. The citation status tags indicate the 
citation's stage in the MEDLINE indexing process. The three tags are: 
[PubMed - as supplied by publisher]: This tag is displayed on citations added recently to 
PubMed via electronic submission from a publisher (which may or may not move on for 
MEDLINE MeSH indexing). 
[PubMed - in process]: This tag is displayed on citations that have had the first stage of 
quality review to verify that the journal, date, volume, and/or issue are correct. They will 
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be reviewed for other accurate bibliographic data at the article level (e.g., pagination, 
authors, article title, and abstract) and indexed, i.e., the articles will be reviewed and MeSH 
vocabulary will be assigned (if the subject of the article is within the scope of MEDLINE). 
[PubMed - indexed for MEDLINE]: This tag is displayed on citations that have been 
indexed with MeSH, Publication Types, Registry Numbers, etc., and have been completely 
reviewed for accurate bibliographic data. This is an intellectual process of assigning 
controlled vocabulary terms to describe the contents of the journal article and verifying 
other aspects of the citation data. 
Most citations that are received electronically from publishers progress through “in 
process” status to MEDLINE status. Those citations not indexed for MEDLINE remain 
tagged [PubMed –as supplied by publisher]. Citations with “in process” status proceed to 
MEDLINE status after MeSH terms, publication types, sequence Accession numbers, and 
other indexing data are added. All records are added to PubMed Monday through Friday 
and become available for viewing Tuesday through Saturday. 
Search Rules and Field Abbreviations 

It is possible to override PubMed's Automatic Term Mapping by using search rules, syntax, 
and qualifying terms with search field abbreviations. The Boolean operators AND, OR, and 
NOT must be entered in uppercase letters and are processed left to right. Nesting of search 
terms is possible by enclosing concepts in parentheses. The terms inside the set of 
parentheses will be processed as a unit and then incorporated into the overall strategy. 
Terms may be qualified using PubMed's Search Field Descriptions and Tags. Each search 
term should be followed by the appropriate search field tag, which indicates which field 
will be searched: Search term: O’Malley [au] will search only the author field. Specifying the 
field precludes the Automatic Term Mapping, which would result in the search O’Malley 
[All Fields] if the field were not specified. Similarly, using the search term Cell [Journal] 
avoids using the MeSH Translation Table, which would interpret Cell as only a text word 
and MeSH term. 
Using PubMed 

1. Simple Searching 
A simple search can be conducted from the PubMed homepage by entering terms in the 
query box and pressing Enter from the keyboard or clicking on the Go button on the screen. 
If more than one term is entered in the query box, PubMed will go through the Automatic 
Term Mapping protocol, first looking for all the terms, as typed, to find an exact match. If 
the exact phrase is not found, PubMed clips a term off the end and repeats Automatic Term 
Mapping, again looking for an exact match, but this time to the abbreviated query. This 
continues until none of the words are found in any one of the translation tables. In this 
case, PubMed combines terms (with the AND Boolean operator) and applies the Automatic 
Term Mapping process to each individual word. PubMed ignores Stopwords, such as 
“about”, “of”, or “what”. People can also apply their own Boolean operators (AND, OR, NOT) 
to multiple search terms; the Boolean operators must be in uppercase. 
Search term: vitamin c common cold 
Translated as: ((“ascorbic acid” [MeSH Terms] OR vitamin c [Text Word]) AND (“common 
cold” [MeSH Terms] OR common cold [Text Word]))  
Search term: single cell separation brain 
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Translated as: (((“single person” [MeSH Terms] OR single [Text Word]) AND (“cell 
separation” [MeSH Terms] OR cell separation [Text Word])) AND (“brain” [MeSH Terms] 
OR brain [Text Word])) 
If a phrase of more than two terms is not found in any translation table, then the last word 
of the phrase is dropped, and the remainder of the phrase is sent through the entire 
process again. This continues, removing one word at a time, until a match is found. If there 
is no match found during the Automatic Term Mapping process, the individual terms will 
be combined with others and searched in All Fields. 
2. Complex Searching 
There are a variety of ways that PubMed can be searched in a more sophisticated manner 
than simply typing search terms into the search box and selecting GO. It is possible to 
construct complex search strategies using Boolean operators and the various functions 
listed below, provided in the Features Bar: 
• Limits restrict search terms to a specific search field. 
• Preview/Index allows users to view and select terms from search field indexes and to 
pre-view the number of search results before displaying citations. 
• History holds previous search strategies and results. The results can be combined to 
make new searches. 
• Clipboard allows users to save or view selected citations from one search or several 
searches. 
• Details display the search strategy as it was translated by PubMed, including error 
messages. 
Additional PubMed Features 

The following resources are available to facilitate effective searches: 
• MeSH Database allows searching of MeSH, NLM's controlled vocabulary. Users can find 
MeSH terms appropriate to a search strategy, obtain information about each term, and 
view the terms within their hierarchical structure. 
• Clinical Queries is a set of search filters developed for clinicians to retrieve clinical studies 
of the etiology, prognosis, diagnosis, prevention, or treatment of disorders. The Systematic 
Reviews feature retrieves systematic reviews and meta-analysis studies by topic. 
• Journal Database allows searches of journal names, MEDLINE abbreviations, or ISSN 
numbers for journals that are included in the Entrez system. A list of journals with links to 
full text is also included. 
• Single Citation Matcher is a “fill-in-the-blank” form that allows a user to find the PubMed 
ID (PMID) number for a single article or all citations in a given journal issue by entering 
partial journal citation information. 
• Batch Citation Matcher allows users to find PMID numbers that correspond to their own 
list of citations. Publishers or other database providers who want to link directly from 
bibliographic references on their Web sites to entries in PubMed use this service 
frequently. 
• Cubby is a place for users to store search strategies, Link Out preferences, and changes to 
the default Document Delivery Services. 
Links from PubMed 

A variety of links can be found on PubMed citations including: 
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Related Articles, which retrieves a precalculated set of PubMed citations that are closely 
related to the selected article. PubMed creates this set by comparing words from the title, 
abstract, and MeSH terms using a word-weighted algorithm.  
Link Out [http://www.ncbi.nlm.nih.gov/entrez/linkout/], which provides links to 
publishers, aggregators, libraries, biological databases, sequencing centers, and other 
Websites. This links to the provider's site to obtain the full text of articles or related 
resources, e.g., consumer health information or molecular biology database records. There 
may be a charge to access the text or information, depending on the policy of the provider. 
Books, which provides links to textbooks so that users can explore unfamiliar concepts 
found in search results. In collaboration with book publishers, NCBI is adapting textbooks 
for the Web and linking them to PubMed. The Books link displays a facsimile of the 
abstract, in which some words or phrases show up as hypertext links to the corresponding 
terms in the books available at NCBI. Selecting a hyperlinked word or phrase takes you to a 
list of book entries in which the phrase is found. NCBI databases, as well as other resources, 
may be available from the Links pull-down menu to the right of each citation and from the 
Display pull-down menu. PubMed will return only the first 500 items when using the 
Display pull-down menu, from which the following links are 
Available: 
• Protein – amino acid (protein) sequences from SWISS-PROT, PIR, PRF, and PDB and 
translated protein sequences from the DNA sequences databases. 
• Nucleotide – DNA sequences from GenBank, EMBL, and DDBJ. 
• PopSet – aligned sequences submitted as a set from a population, phylogenetic, or 
mutation study describing such events as evolution and population variation. 
• Structure – three-dimensional structures from the Molecular Modeling Database (MMDB) 
that were determined by X-ray crystallography and NMR spectroscopy. 
• Genome – records and graphic displays of entire genomes and chromosomes for 
megabase-scale sequences. 
• ProbeSet – gene expression data repository and online resource for the retrieval of gene 
expression data from any organism or artificial source. 
• OMIM – directory of human genes and genetic disorders. 
• SNP – dbSNP is a database of single nucleotide polymorphisms. 
• Domains – The Domains database is used to identify the conserved domains present in a 
protein sequence. 
• 3D Domains – the domains from Entrez Structure. 
• PMC – PubMed Central. 
 
MEDLINE 
MEDLINE (Medical Literature Analysis and Retrieval System Online) is an international 
literature database of life sciences and biomedical information. It covers the fields of 
medicine, nursing, pharmacy, dentistry, veterinary medicine, and health care. MEDLINE 
covers much of the literature in biology and biochemistry, and fields with no direct medical 
connection, such as molecular evolution. Listing of an article in MEDLINE does not mean 
endorsement of that article. (Perrière G, Gouy M, 1996) 
Compiled by the U.S. National Library of Medicine (NLM), MEDLINE is freely available on 
the Internet and searchable via PubMed and NLM's National Center for Biotechnology 
Information's Entrez system. 
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http://en.wikipedia.org/wiki/Nursing
http://en.wikipedia.org/wiki/Pharmacy
http://en.wikipedia.org/wiki/Dentistry
http://en.wikipedia.org/wiki/Veterinary_medicine
http://en.wikipedia.org/wiki/Health_care
http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Molecular_evolution
http://en.wikipedia.org/wiki/United_States_National_Library_of_Medicine
http://en.wikipedia.org/wiki/PubMed
http://en.wikipedia.org/wiki/Entrez
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The database contains more than 15 million records from approximately 5,000 selected 
publications (NLM Systems, Feb 2007) covering biomedicine and health from 1966 to the 
present. The database is freely accessible via the PubMed interface, and new citations are 
added Tuesday through Saturday. For citations added during 1995-2003: about 48% are 
for cited articles published in the U.S., about 88% are published in English, and about 76% 
have English abstracts written by authors of the articles. 
Indexing 
MEDLINE uses Medical Subject Headings (MeSH) for information retrieval. Engines 
designed to search MEDLINE (such as Entrez) generally use a Boolean expression 
combining MeSH terms, words in abstract and title of the article, author names, date of 
publication, etc. Entrez allows also to find articles similar to a given one based on a 
mathematical scoring system that takes into account the similarity of word content of the 
abstracts and titles of two articles. 
Impact 
MEDLINE functions as an important resource for biomedical researchers and journal clubs 
from all over the world. Along with the Cochrane Library and a number of other databases, 
MEDLINE facilitates evidence-based medicine. Most systematic review articles published 
nowadays build on extensive searches of MEDLINE to identify articles that might be useful 
in the review. Many articles mention the terms that have been used to search MEDLINE, so 
that the search is reproducible by other scientists. 
Additionally, MEDLINE influences researchers in their choice of journals in which to 
publish. Few biomedical researchers today would consider publishing in a journal not 
indexed by MEDLINE, because then other researchers would not find (and cite) their work. 
Inclusion of journals 
Approximately 5,000 of the world's leading biomedical journals are indexed in MEDLINE. 
Selection is based on the recommendations of a panel, the Literature Selection Technical 
Review Committee (LSTRC), based on scientific policy and scientific quality. New journals 
are not included immediately. 
PubMed's Journals Database contains information about each included journal, such as 
official name abbreviation and URL. 
Usage 
Searching MEDLINE effectively is a learned skill; untrained users are sometimes frustrated 
with the large numbers of articles returned by simple searches. Counter intuitively, a 
search that returns thousands of articles is not guaranteed to be comprehensive. 
There are tutorials for instruction on the PubMed interface to MEDLINE. Unlike Google 
searching of the Web, PubMed searching of MEDLINE requires a little investment of time. 
Using the MeSH database to define the subject of interest is one of the most useful ways to 
improve the quality of a search. Using MeSH terms in conjunction with limits (such as 
publication date or publication type), qualifiers (such as adverse effects or prevention and 
control), and text-word searching is another. Finding one article on the subject and clicking 
on the "Related Articles" link to get a collection of similarly classified articles can expand a 
search that yields few results.  
Other bibliographic databases 
AGRICOLA 
AGRICOLA offers vital agricultural information from 1970 to the present. It contains over 
3.7 million citations to journal articles, monographs, theses, patents, software, audio-visual 

http://www.nlm.nih.gov/bsd/revup/revup_pub.html#med_update
http://en.wikipedia.org/wiki/Medical_Subject_Headings
http://en.wikipedia.org/wiki/Entrez
http://en.wikipedia.org/wiki/Boolean_expression
http://en.wikipedia.org/wiki/Entrez
http://en.wikipedia.org/wiki/Journal_club
http://en.wikipedia.org/wiki/Cochrane_Library
http://en.wikipedia.org/wiki/Evidence-based_medicine
http://en.wikipedia.org/wiki/Systematic_review
http://www.nlm.nih.gov/pubs/factsheets/jsel.html
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=mesh
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Limits&db=pubmed
http://www.nlm.nih.gov/mesh/topsubscope2006.html
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materials, and technical reports related to agriculture. These records describe publications 
and resources encompassing all aspects of agriculture and allied disciplines, including 
animal and veterinary sciences, entomology, plant sciences, forestry, aquaculture and 
fisheries, farming and farming systems, agricultural economics and earth and 
environmental sciences. AGRICOLA serves as the document locator and bibliographic 
control system for the NAL collection. 
BIOSIS  
Biosis is a bibliographic database covering worldwide research on all biological and 
biomedical topics. Records contain bibliographic data, indexing information, and abstracts 
for most references. 
EMBASE (Excerpta Medica Database) 
EMBASE is a biomedical and pharmacological resource that gives you access to the most 
up-to-date information about medical and drug-related subjects. It features Advanced Ovid 
Mapping, which analyzes users' natural language queries and suggests appropriate terms 
for searching, as well as a variety of extensive vocabulary features. 

3.3 Nucleotide sequence databases 

Primary nucleotide sequence databases 

The databases EMBL, GenBank, and DDBJ are the three primary nucleotide sequence 
databases: They include sequences submitted directly by scientists and genome sequencing 
group, and sequences taken from literature and patents. There is comparatively little error 
checking and there is a fair amount of redundancy. The entries in the EMBL, GenBank and 
DDBJ databases are synchronized on a daily basis, and the accession numbers are managed 
in a consistent manner between these three centers. The nucleotide databases have 
reached such large sizes that they are available in subdivisions that allow searches or 
download that are more limited, and hence less time-consuming. For example, GenBank 
has currently 17 divisions. There are no legal restrictions on the use of the data in these 
databases. However, there are patented sequences in the databases. (Gouy M, Delmotte S. 
2008) 
EMBL (www.ebi.ac.uk/embl/) 

The EMBL (European Molecular Biology Laboratory) nucleotide sequence database is 
maintained by the European Bioinformatics Institute (EBI) in Hinxton, Cambridge, UK. As 
of 16 Jan 2001, it contained 10,378,022 records with a total of 11,302,156,937 bases; 
see page. It can be accessed and searched through the SRS system at EBI, or one can 
download the entire database as flat files. An example of what an entry looks like is given 
for the human raf oncogene protein, ID: HSRAFR. 
GenBank (www.ncbi.nlm.nih.gov/Genbank/) 

The GenBank nucleotide database is maintained by the National Center for Biotechnology 
Information (NCBI), which is part of the National Institute of Health (NIH), a federal agency 
of the US government. It can be accessed and searched through the Entrez system at NCBI, 
or one can download the entire database as flat files. An example of what an entry looks 
like is given for the human raf oncogene protein, Locus: HSRAFR. 

http://www.ebi.ac.uk/embl/
http://srs6.ebi.ac.uk/
http://www.avatar.se/molbioinfo2001/hsrafr.embl
http://www.ncbi.nlm.nih.gov/Genbank/
http://www.ncbi.nlm.nih.gov/Entrez/
http://www.avatar.se/molbioinfo2001/gi35841.genbank
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DDBJ (www.ddbj.nig.ac.jp) 

The DNA Data Bank of Japan began as collaboration with EMBL and GenBank. It is run by 
the National Institute of Genetics. One can search for entries by accession number, 
FASTA/BLAST, keywords and regular expressions. 
Other nucleotide sequence databases 

The following databases contain subsets of the EMBL/GenBank databases. Some also 
contain more information or links than the primary ones, or have a different organization 
of the data to better suit some specific purpose. However, the nucleotide sequences 
themselves should always be available in the EMBL/GenBank databases. In this sense, the 
databases below are secondary databases. 
UniGene (www.ncbi.nlm.nih.gov/UniGene/) 

The UniGene system attempts to process the GenBank sequence data into a non-redundant 
set of gene-oriented clusters. Each UniGene cluster contains sequences that represent a 
unique gene, as well as related information such as the tissue types in which the gene has 
been expressed and map location. 
SGD genome (www.stanford.edu/Saccharomyces/) 

The Saccharomyces Genome Database (SGD) is a scientific database of the molecular 
biology and genetics of the yeast Saccharomyces cerevisiae. 
EBI Genomes (www.ebi.ac.uk/genomes/) 

This web site provides access and statistics for the completed genomes, and information 
about ongoing projects. 
Genome Biology (www.ncbi.nlm.nih.gov/Genomes/) 

The Genome Biology site at NCBI contains information about the available complete 
genomes. 
Ensembl (www.ensembl.org) 

Ensembl is a joint project between EMBL-EBI and the Sanger Centre to develop a software 
system which produces and maintains automatic annotation of eukaryotic genomes. 
 
3.4 Protein sequence databases 
3.4.1 Primary protein sequence databases 
UniProt 

UniProt is the universal protein database, a central repository of protein data created by 
combining Swiss-Prot, TrEMBL and PIR. This makes it the world's most comprehensive 
resource on protein information. 
The UniProt Consortium 

The UniProt Consortium is comprised of the European Bioinformatics Institute (EBI), the 
Swiss Institute of Bioinformatics (SIB), and the Protein Information Resource (PIR). EBI,  
located at the Welcome Trust Genome Campus in Hinxton, UK, hosts a large resource of 
bioinformatics databases and services. SIB, located in Geneva, Switzerland, maintains the 
ExPASy  (Expert Protein Analysis System) servers that are a central resource for 
proteomics tools and databases. PIR, hosted by the National Biomedical Research 
Foundation (NBRF) at the Georgetown University Medical Center in Washington, DC, USA, 
is heir to the oldest protein sequence database, Margaret Dayhoff's Atlas of Protein 
Sequence and Structure. In 2002, EBI, SIB, and PIR joined forces as the UniProt Consortium. 

http://www.ddbj.nig.ac.jp/
http://www.ncbi.nlm.nih.gov/UniGene/
http://www.ebi.ac.uk/genomes/
http://www.ncbi.nlm.nih.gov/Genomes/index.html
http://www.ensembl.org/
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Swiss-Prot
http://en.wikipedia.org/wiki/TrEMBL
http://en.wikipedia.org/wiki/Protein_Information_Resource
http://en.wikipedia.org/wiki/European_Bioinformatics_Institute
http://en.wikipedia.org/wiki/Swiss_Institute_of_Bioinformatics
http://en.wikipedia.org/wiki/Protein_Information_Resource
http://en.wikipedia.org/w/index.php?title=Wellcome_Trust_Genome_Campus&action=edit
http://en.wikipedia.org/w/index.php?title=Expert_Protein_Analysis_System&action=edit
http://en.wikipedia.org/w/index.php?title=National_Biomedical_Research_Foundation&action=edit
http://en.wikipedia.org/w/index.php?title=National_Biomedical_Research_Foundation&action=edit
http://en.wikipedia.org/w/index.php?title=National_Biomedical_Research_Foundation&action=edit
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The Roots of UniProt Databases 

Each consortium member is heavily involved in protein database maintenance and 
annotation. Until recently, EBI and SIB together produced Swiss-Prot and TrEMBL, while 
PIR produced the Protein Sequence Database (PIR-PSD). These databases coexisted with 
differing protein sequence coverage and annotation priorities. Swiss-Prot is recognized as 
the gold standard of protein annotation, with extensive cross-references, literature 
citations, and computational analyses provided by expert curators. Recognizing that 
sequence data were being generated at a pace exceeding Swiss-Prot's ability to keep up, 
TrEMBL (Translated EMBL Nucleotide Sequence Data Library) was created to provide 
automated annotations for those proteins not in Swiss-Prot. Meanwhile, PIR maintained 
the PIR-PSD and related databases, including iProClass, a database of protein sequences 
and curated families. The consortium members — all dedicated to the same goal of 
providing expansive and meaningful protein annotation, and all with solid foundations 
stemming from decades of activity — decided to pool their overlapping (and, importantly, 
their complementary) resources, efforts, and expertise. The UniProt databases build upon 
these solid foundations. 
Organization of UniProt Databases 

The UniProt databases consist of three database layers: 
 The UniProt Archive (UniParc) provides a stable, comprehensive sequence 

collection without redundant sequences by storing the complete body of publicly 
available protein sequence data.  

 The UniProt Knowledgebase (UniProtKB) is the central database of protein 
sequences with accurate, consistent, and rich sequence and functional annotation.  

 The UniProt Reference Clusters (UniRef) databases provide non-redundant 
reference data collections based on the UniProt knowledgebase in order to obtain 
complete coverage of sequence space at several resolutions 

Swiss-Prot 

Swiss-Prot is a manually curated biological database of protein sequences. Swiss-Prot was 
created in 1986 by Amos Bairoch during his PhD and developed by the Swiss Institute of 
Bioinformatics and the European Bioinformatics Institute. Swiss-Prot strives to provide 
reliable protein sequences associated with a high level of annotation (such as the 
description of the function of a protein, its domains structure, post-translational 
modifications, variants, etc.), a minimal level of redundancy and high level of integration 
with other databases. 
TrEMBL 

TrEMBL, Translated EMBL is a very large protein database in Swiss-Prot format generated 
by computer translation of the genetic information from the EMBL database. Computer 
translation is not entirely perfect, so proteins predicted by the TrEMBL database can be 
hypothetical, and many TrEMBL entries are poorly annotated. 
Protein Information Resource (PIR) 
The Protein Information Resource (PIR), located at Georgetown University Medical 
Center (GUMC), is an integrated public bioinformatics resource to support genomic and 
proteomic research, and scientific studies. A number of scientists hace created websites for 
the protein that they have studied. Jayaram Reddy and Gocha, T (2006) created a website 
for RARA protein. 
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http://en.wikipedia.org/w/index.php?title=UniProtKB&action=edit
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PIR was established in 1984 by the National Biomedical Research Foundation (NBRF) as a 
resource to assist researchers in the identification and interpretation of protein sequence 
information. Prior to that, the NBRF compiled the first comprehensive collection of 
macromolecular sequences in the Atlas of Protein Sequence and Structure, published from 
1965-1978 under the editorship of Margaret O. Dayhoff. Dr. Dayhoff and her research 
group pioneered in the development of computer methods for the comparison of protein 
sequences, for the detection of distantly related sequences and duplications within 
sequences, and for the inference of evolutionary histories from alignments of protein 
sequences. PIR has provided many protein databases and analysis tools freely accessible to 
the scientific community, including the Protein Sequence Database (PSD), the first 
international database, which grew out of Atlas of Protein Sequence and Structure. In 2002, 
PIR along with its international partners, EBI (European Bioinformatics Institute) and SIB 
(Swiss Institute of Bioinformatics), were awarded a grant from NIH to create UniProt, a 
single worldwide database of protein sequence and function, by unifying the PIR-PSD, 
Swiss-Prot, and TrEMBL databases. PIR offers a wide variety of resources mainly oriented 
to assist the propagation and standardization of protein annotation: PIRSF, iProClass, 
iProLINK. 
Protein Data Base (PDB) is a repository for the 3-D structural data of large biological 
molecules, such as proteins and nucleic acids. The data, typically obtained by X-ray 
crystallography or NMR spectroscopy and submitted by biologists and biochemists from 
around the world, are freely accessible on the internet. The protein structures determined 
by scientists deposited here and are made available for the public. The researcher who 
wants to get the details of any proetein should enter the protein Id. For example 2H5T is 
the ID for the protrein magee-1(Niranjan, et al, 2007). 
3.4.2 Secondary Protein Sequence databases 
Prosite 
Prosite is a database of protein families and domains. It is part of the EXPASY proteomics 
analysis servers administered by the Swiss Institute of Bioinformatics. Its uses include 
identifying possible functions of newly-discovered proteins and analysis of known 
proteins for previously undetermined activity. PROSITE is based on the observation that, 
while there is a huge number of different proteins, most of them can be grouped, on the 
basis of similarities in their sequences, into a limited number of families. Proteins or 
protein domains belonging to a particular family generally share functional attributes 
and are derived from a common ancestor.  
It is apparent, when studying protein sequence families, that some regions have been 
better conserved than others during evolution. These regions are generally important for 
the function of a protein and/or for the maintenance of its three- dimensional structure. 
By analyzing the constant and variable properties of such groups of similar sequences, it 
is possible to derive a signature for a protein family or domain, which distinguishes its 
members from all other unrelated proteins. A pertinent analogy is the use of fingerprints 
by the police for identification purposes. A fingerprint is generally sufficient to identify a 
given individual. Similarly, a protein signature can be used to assign a newly sequenced 
protein to a specific family of proteins and thus to formulate hypotheses about its 
function.  
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PROSITE currently contains patterns and profiles specific for more than a thousand 
protein families or domains. Each of these signatures comes with documentation 
providing background information on the structure and function of these proteins.  
Block 
Blocks are multiply aligned ungapped segments corresponding to the most highly 
conserved regions of proteins. Block Searcher, Get Blocks and Block Maker are aids to 
detection and verification of protein sequence homology. They compare a protein or DNA 
sequence to a database of protein blocks (current version), retrieve blocks, and create new 
blocks, respectively. The blocks for the Blocks Database are made automatically by looking 
for the most highly conserved regions in groups of proteins documented in InterPro. The 
blocks created by Block Maker are created in the same manner as the blocks in the Blocks 
Database but with sequences provided by the user. Results are reported in a multiple 
sequence alignment format without calibration and in the standard Block format for 
searching. 
Interpro 
The UniProt/Swiss-Prot group at the EBI has developed the Integrated resource of Protein 
domains and functional sites more commonly known as InterPro (Apweiler et al., 1996). 
InterPro is an integrated documentation resource for protein families, domains and sites. 
InterPro combines a number of databases (referred to as member databases) that use 
different methodologies and a varying degree of biological information on well-
characterized proteins to derive protein signatures (methods). By uniting the member 
databases, InterPro capitalizes on their individual strengths, producing a powerful 
integrated diagnostic tool. InterPro is searchable database providing information on 
sequence function and annotation. Sequences are grouped based on protein signatures or 
'methods'. These groups represent super families, families or sub-families of sequences. 
The groups may be defined as FAMILIES, DOMAINS, REPEATS OR SITES. The function of 
sequences within any group may be confined to a single biological process or it may be 
diverse range of functions (as in a super family) or the group may be functionally 
uncharacterized but without exception every entry has an abstract and references are 
provided where possible. 
Pfam (www.sanger.ac.uk/Software/Pfam/, www.cgr.ki.se/Pfam/) 

Pfam is a database of protein families definedas domains (contiguous segments of entire 
protein sequences). For each domain, it contains a multiple alignment of a set of defining 
sequences (the seeds) and the other sequences in SWISS-PROT and TrEMBL that can be 
matched to that alignment.The database was started in 1996 and is maintained by a 
consortium of scientists, among them Erik Sonnhammer (CGR, KI, Sweden), Sean Eddy 
(WashU, St Louis USA), Richard Durbin, Alan Bateman and Ewan Birney (Sanger Centre, 
UK). Release 5.5 (Sep 2000) contains 2478 families. 
The alignments can be converted into hidden Markov models (HMM), which can be used to 
search for domains in a query protein sequence. The software HMMER (by Sean Eddy) is 
the computational foundation for Pfam. The domain structure of protein sequences in 
SWISS-PROT and TrEMBL are available directly from the Pfam web sites, and it is also 
possible to search for domains in other sequences using servers at the web sites. The Pfam 
database can be searched, or used to identify domains in a sequence, or downloaded from 
the websites above. An example of a multiple sequence alignment that defines a protein 

http://www.expasy.org/prosite/
http://bioinformatics.weizmann.ac.il/blocks/blocks_search.html
http://bioinformatics.weizmann.ac.il/blocks-bin/getblock.sh
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http://www.ebi.ac.uk/interpro
http://bioinformatics.weizmann.ac.il/blocks/help/blocks_format.html
http://www.sanger.ac.uk/Software/Pfam/
http://www.cgr.ki.se/Pfam/
http://hmmer.wustl.edu/
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family (domain) is given for the Raf-like Ras-binding domain (Pfam name RBD, accession 
code PF02196).The Pfam database is licensed under the GNU General Public License, which 
basically makes it available to anyone, but imposes the restriction that derivative works 
(new databases, modifications) must be made available in source form. 
Prodom 

ProDom is a protein domain family database constructed automatically by clustering 
homologous segments. The ProDom building procedure MKDOM2 is based on recursive 
PSI-BLAST searches. The source protein sequences are non-fragmentary sequences 
derived from SWISS-PROT and TrEMBL databases. ProDom was first established in 
1993. It is maintained by the PRABI (bioinformatics center of Rhone-Alpes). The ProDom 
database consists of domain family entries. Each entry provides a multiple sequence 
alignment of homologous domains and a family consensus sequence. 
Iproclass 
The iProClass database provides value-added information reports for UniProtKB and 
unique UniParc proteins, with links to over 90 biological databases, including databases for 
protein families, functions and pathways, interactions, structures and structural 
classifications, genes and genomes, ontologies, literature, and taxonomy. iProClass 
combines both data warehouse and hypertext navigation methods for integrating data, 
providing a comprehensive picture of protein properties that may lead to novel prediction 
and functional inference for previously uncharacterized "hypothetical" proteins and 
protein groups. iProClass is implemented in Oracle 8i system, and can be used to support 
protein sequence annotation and genomic/proteomic research, to obtain comprehensive 
up-to-date information on proteins. 
SMART 
SMART (a Simple Modular Architecture Research Tool) allows the identification and 
annotation of genetically mobile domains and the analysis of domain architectures. More 
than 500 domain families found in signaling, extracellular and chromatin-associated 
proteins are detectable. These domains are extensively annotated with respect to phyletic 
distributions, functional class, tertiary structures and functionally important residues. Each 
domain found in a non-redundant protein database as well as search parameters and 
taxonomic information are stored in a relational database system. User interfaces to this 
database allow searches for proteins containing specific combinations of domains in 
defined taxi. 
 
3.4.3 Composite Protein Sequence databases 

OWL 
OWL is a non-redundant composite of 4 major publicly-available primary sources: SWISS-
PROT , PIR, GenBank (translation) and NRL-3D. SWISS-PROT is a highly-annotated protein 
sequence database; PIR is a protein sequence database released in 4 parts (designated 1-4), 
which differ in their levels of annotation; GenBank is the nucleic acid sequence database 
produced at the NCBI; and NRL-3D is the sequence database derived from the PDB 
structure database. The sources are assigned a priority with regard to their level of 
annotation and sequence validation - SWISS-PROT has the highest priority, so all the others 
are compared against it during the redundancy checking procedure (this process 
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eliminates both identical copies of sequences and those containing single amino acid 
differences). 
NRDB 
NRDB is a so-called non-redundant composite of the following sources: PDB sequences, 
SWISS-PROT, SWISS-PROTupdate, PIR, GenPept and GenPept update. The database is thus 
similar in content to OWL, but contains more up-to-date information. However, strictly 
speaking, it is not non-redundant, but non-identical - i.e., only identical sequence copies are 
removed from the database. As a result, NRDB is larger and less efficient to search than 
OWL. To be rigorous, it is sensible to search NRDB, but for the purposes of a short tutorial, 
it is more practical to search OWL. 
MIPSX - associates PIR (1-4), MIPS, NRL-3D, SWISS-PROT, TrEMBL, GenPept, Kabat, 
PSeqIP.  
SWISS-PROT+TrEMBL - Swiss-Prot Protein knowledgebase TrEMBL Computer-annotated 
supplement to Swiss-Prot. (Dr. Jayaram Reddy et al, 2010) 
 
3.5. Genome Databases 
For organisms of major interest to geneticists, there is a long history of conventionally 
published catalogues of genes or mutations. In the past few years, most of these have been 
made available in an electronic form and a variety of new databases have been developed. 
These databases vary greatly in the classes of data captured and how these data are stored.  

 Genomes Server - this server gives access to a hundreds of complete genome 
sequences, including those from archaic, bacteria, eukaryotes, organelles, phages, 
plasmids, viroids and viruses.  

 Proteome Analysis - the Proteome Analysis database has been set up to provide 
comprehensive statistical and comparative analyses of the predicted proteomes of 
fully sequenced organisms.  

 Ensembl - this is a joint project between the EBI and the Wellcome Trust Sanger 
Institute that aims at developing a system that maintains automatic annotation of 
large eukaryotic genomes. Ensembl presents up-to-date sequence data and the best 
possible automatic annotation for metazoan genomes. Available now are human, 
mouse, rat, fugu, zebra-fish, mosquito, Drosophila, C. elegans, and C. briggsae.  

 Karyn's Genomes - contains general information about organisms whose genomes 
are completely sequenced. The main aim of the database is to provide a short and 
concise explanation as to why it is important to obtain these organisms genomic 
sequences.  

 WormBase - this is a repository of mapping, sequencing and phenotypic 
information for C. elegans (and some other nematodes).  

 FlyBase - the database for Drosophila melanogaster is one of the best-curated 
genetic databases. 

 MGD - the 'Mouse Genome Database' is one of the most comprehensively curated 
genetic databases. 

 RGD - the 'Rat Genome Database' curates and integrates rat genetic and genomic 
data and provides access to this data to support research using the rat as a genetic 
model for the study of human disease. 
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 SGD - the 'Saccharomyces Genome Database' is another major yeast database. The 
MIPS yeast database is an important resource for information on the yeast genome 
and its products.  

 SPGP - the 'S. Pombe Genome Project' based at the Sanger Institute is the database 
for genetic data on the fungus Schizosaccharomyces pombe. 

 AceDB - this is the database for genetic and molecular data concerning 
Caenorhabditis elegans. The database management system written for AceDB by R. 
Durbin and J. Thierry-Mieg has proved very popular and has been used in many 
other species-specific databases. AceDB is now the name of this database 
management system, resulting in some confusion relative to the C. elegans database. 
The entire database can be downloaded from the Sanger Institute. 

 HIV-SD - the 'HIV Sequence Database' collects, curates and annotates HIV and SIV 
sequence data and provides various tools for analyzing this data. 

 Plant databases - MaizeDB is the database for genetic data on maize. The 'Plant 
Genome Information Resource' (PGDIC) provides access to many different plant 
genome databases, including Chlamydomonas, cotton, alfalfa, wheat, barley, rye, rice, 
millet, sorghum and species of solanaceae and trees. MENDEL is a plant-wide 
database for plant genes. 

 ZFIN - a database for another important model organism, the zebrafish, Brachydanio 
rerio. 

 Genetic databases of economic importance to humans - these include pig 
(PIGBASE), cows (BovBASE), sheep (SheepBASE) and chicken (ChickBASE). In 
addition, there is a database of mutant phenotypes modeled on Mendelian 
Inheritance in Man, Mendelian Inheritance in Animals (OMIM). All these databases 
are available via the AGIS server and most from the Roslin Institute server and from 
the Japanese Animal Genome Database (JAGD).  

 OMIM - is a catalogue of human genes and genetic disorders. OMIM includes 
information on genetic variation in humans. There is also the human mutation 
server at the EBI, with links to the many single sequence variation databases. The 
SRS (Sequence Retrieval System) interface also provides access to many human 
mutation databases. GENATLAS also provides a database of human genes, with links 
to diseases and maps. 

 GeneCards - this resource at the Weizmann Institute integrates information about 
human genes from a variety of databases, including OMIM, UniProt/Swiss-Prot and 
the nucleotide sequence databases. 

 Parasite genome - this database is supported by the World Health Organization 
(WHO) at the EBI. It covers the five ‘targets' of its Tropical Diseases Research 
programme: Leishmania, Trypanosoma cruzi, African Trypanosomes, Schistosoma 
and Filariasis. Databases for some vectors of parasitic diseases are also available, 
such as AnoDB for Anopheles and AaeDB for Aedes aegypti. 
 

3.6 Protein Structural Database 
PDB (www.rcsb.org/pdb/) 

The PDB is the main primary database for 3D structures of biological macromolecules 
determined by X-ray crystallography and NMR. Structural biologists usually deposit their 

http://zfish.uoregon.edu/ZFIN
http://www.ncbi.nlm.nih.gov/omim/
http://bioinfo.weizmann.ac.il/cards/
http://www.ncbi.nlm.nih.gov/omim/
http://www.rcsb.org/pdb/
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structures in the PDB on publication, and some scientific journals require this before 
accepting a paper. It also accepts the experimental data used to determine the structures 
(X-ray structure factors and NMR restraints) and homology models. As of 16 Jan 2001 the 
PDB contained 14,109 entries, the majority of which (11,611) are X-ray structures. The 
Protein Data Bank (PDB) was established in the 1970s at the Brookhaven Lab on Long 
Island, New York State, US. In 1999, the management was moved to the Research 
Collaboratory for Structural Bionformatics (RCSB, a joint organization between Rutgers 
University, San Diego Supercomputer Center and NIST). 
The PDB entries contain the atomic coordinates, and some structural parameters 
connected with the atoms (B-factors, occupancies), or computed from the structures 
(secondary structure). The PDB entries contain some annotation, but it is not as 
comprehensive as in SWISS-PROT. Fortunately, there are cross-links between the 
databases in both file formats. Here is an example of an entry; the Ras-binding domain of 
the human Raf-1 oncogene in the traditional PDB format and in the mmCIF format. 

    MyPDB Login 

 

 

An Information Portal to Biological Macromolecular 
Structures 

As of Friday Mar 05, 2010  there are 59330 Structures 
 |  PDB Statistics  

  

What's New | Contact | Feedback | Help | Print 

PDB ID or keyw ord Search
| Adv. Search 

 

  

 Home 
 Search 

  

  

Results (1-1 of 1)  

  

Save Query to 
MyPDB 

  

Results ID List  

 

 

1  

Model Search Results 

2H5T 
   

magee1 a cancer related protein 

  
Authors: Niranjan, V., Mahmood, R., 
Kapil, N., Reddy, J., Sivakumar, D. 

   

Magee 1, a cancer related protein’s structure 
determined and submitted in PDB by Reddy, J 
(the author of this book) et al 

 

  
    

 
File format 

http://www.avatar.se/molbioinfo2001/1rrb.pdb.txt
http://www.avatar.se/molbioinfo2001/1rrb.mmcif
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=LastLoadQuery
http://www.rcsb.org/pdb/static.do?p=general_information/pdb_statistics/index.html
http://www.rcsb.org/pdb/static.do?p=general_information/pdb_statistics/index.html
http://www.rcsb.org/pdb/static.do?p=general_information/pdb_statistics/index.html
http://www.rcsb.org/pdb/static.do?p=general_information/whats_new.jsp
http://www.rcsb.org/pdb/static.do?p=general_information/about_pdb/contact/index.html
http://www.rcsb.org/pdb/home/dofeedback.do
javascript:callHelp(roboLoc,'site_navigation/introduction_to_site_navigation.htm');
javascript:printPage('http://www.rcsb.org/pdb/results/modelResults.do');
http://www.rcsb.org/pdb/search/advSearch.do
http://www.rcsb.org/pdb/Welcome.do
http://www.rcsb.org/pdb/static.do?p=search/index.html
http://www.rcsb.org/pdb/results/results.do?startAt=0
http://www.rcsb.org/pdb/mypdb/addQueryToMyPDB.do
http://www.rcsb.org/pdb/mypdb/addQueryToMyPDB.do
http://www.rcsb.org/pdb/results/ids.jsp
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The Protein Data Bank (PDB) file format is a textual file format describing the three 
dimensional structures of molecules held in the Protein Data Bank. As such, it contains 
atom position information and sequence information along with information about the 
researchers who defined the structure and a citation. There may also be optional remarks 
that are pertinent to understanding the information contained in the file. 
Through the years the file format has undergone many changes and revisions. Its original 
format was dictated by the width of computer punch cards. 
Each structure published in PDB receives a four-character alphanumeric identifier, its PDB 
ID. This should not be used as an identifier for biomolecules, since often several structures 
for the same molecule (in different environments or conformations) are contained in PDB 
with different PDB IDs. 
If a biologist submits structure data for a protein or nucleic acid, wwPDB staff reviews and 
annotates the entry. The data are then automatically checked for plausibility. (Dr. Jayaram 
Reddy et al, 2010) 
Viewing the data 
The structural data can be used to visualize the biomolecules with appropriate software, 
such as VMD, RasMol, PyMOL, Jmol, MDL Chime, QuteMol, web browser VRML plugin  or 
any web-based software designed to visualize and analyze the protein structures such as 
STING. The RCSB PDB website also contains resources for education, structural genomics, 
and related software. 
 
3.7 Protein Structural classification Databases 
 
SCOP 
The SCOP (Structural Classification of Protein) database is a comprehensive ordering of all 
proteins of known structure according to their evolutionary, functional and structural 
relationships. The basic classification unit is the protein domain. Domains are hierarchically 
classified into species, proteins, families, super families, folds, and classes. 
CATH 
CATH is a hierarchical classification of protein domain structures, which clusters proteins 
at four major levels, Class(C), Architecture(A), Topology(T) and Homologous super family 
(H).Class, derived from secondary structure content, is assigned for more than 90% of 
protein structures automatically. Architecture, which describes the gross orientation of 
secondary structures, independent of connectivities, is currently assigned manually. The 
topology level clusters structures into fold groups according to their topological 
connections and numbers of secondary structures. The homologous super families cluster 
proteins with highly similar structures and functions. The assignments of structures to fold 
groups and homologous super-families are made by sequence and structure comparisons. 
FSSP (Fold Classification based on Structure-Structure Alignment of Proteins) 

FSSP is both known as Fold classification based on Structure-Structure alignment of 
Proteins and Families of Structurally Similar Proteins. The FSSP classification scheme is 
based on an exhaustive 3D structure comparison of protein structures in the Protein Data 
Bank. Alignments and classification are done automatically and are updated continuously 
by the Dali search engine.  The Protein chains are divided into two: a representative set of 
chains and a set of sequence homologs for each representative chain. "Sequence homologs 

http://en.wikipedia.org/wiki/Protein_Data_Bank
http://en.wikipedia.org/wiki/Biomolecule
http://en.wikipedia.org/wiki/Visual_molecular_dynamics
http://en.wikipedia.org/wiki/RasMol
http://en.wikipedia.org/wiki/PyMOL
http://en.wikipedia.org/wiki/Jmol
http://en.wikipedia.org/wiki/MDL_Chime
http://en.wikipedia.org/wiki/QuteMol
http://en.wikipedia.org/wiki/Web_browser
http://en.wikipedia.org/wiki/VRML
http://en.wikipedia.org/wiki/STING
http://scop.mrc-lmb.cam.ac.uk/common-to-all/index.html
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#C_Level
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#A_Level
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#T_Level
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#H_Level
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#H_Level
http://cathwww.biochem.ucl.ac.uk/cgi-bin/cath/GotoCath.pl?link=cath_info.html#H_Level
http://www2.ebi.ac.uk/dali/fssp/
http://www2.ebi.ac.uk/dali/
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have more than 25% sequence identity, and the representative set contains no pair of such 
sequence homologs. An all-against-all structure comparison is performed on the 
representative set. The resulting alignments are reported in the FSSP entries for individual 
chains." Compared to other classification databases, FSSP is unique in that it employs a 
purely automated method of classification.  
MMDB (Molecular Modeling DataBase) 
NCBI's structure database is called MMDB (Molecular Modeling DataBase), and it is a 
subset of three-dimensional structures obtained from the Protein Data Bank (PDB), 
excluding theoretical models. MMDB is a database of ASN.1-formatted records. It was 
designed for flexibility, and as such, is capable of archiving conventional structural data as 
well as future descriptions of biomolecules, such as those generated by electron 
microscopy (surface models). Most 3D-structure data are obtained from X-ray 
crystallography and NMR-spectroscopy; they provide a wealth of information on the 
biological function, on mechanisms linked to the function, and on the evolutionary history 
of and relationships between macromolecules. 
SARF (Spatial Arrangement of backbone Fragments) 
SARF is a free program which searches for similar structural motifs in protein structures 
via an analysis of backbone fragments. If the two proteins are in the PDB then the program 
can also be run directly from the website. Otherwise it has to be downloaded to local 
machine. PLATFORM: SGI or DEC computer; if the two proteins are in the PDB then it can 
be run directly from any computer having a web browser. (Jayaram Reddy et al, 2010) 
 
3.8 Specialized Protein Database 
KEGG 
Kyoto Encyclopedia of Genes and Genomes (KEGG) is an effort to computerize current 
knowledge of molecular and cellular biology in terms of the information pathways that 
consist of interacting molecules or genes and to provide links from the gene catalogs 
produced by genome sequencing projects. The KEGG project is undertaken in the 
Bioinformatics Center, Institute for Chemical Research, Kyoto University with supports 
from the Ministry of Education, Culture, Sports, Science and Technology and the Japan 
Society for the Promotion of Science. KEGG is a "biological systems" database integrating 
both molecular building block information and higher-level systemic information. 
Molecular building blocks are distinguished between genetic building blocks (KEGG 
GENES) and chemical building blocks (KEGG LIGAND), while the systemic information is 
represented as molecular wiring diagrams (KEGG PATHWAY) and hierarchies and 
relationships among biological objects (KEGG BRITE). 
 KEGG PATHWAY - Manually drawn pathway maps representing our knowledge on 

the molecular interaction and reaction networks for metabolism, other cellular 
processes, and human diseases.  

 KEGG BRITE - Functional hierarchies and binary relations of KEGG objects, 
including genes and proteins, compounds and reactions, drugs and diseases, and 
cells and organisms.  

 KEGG GENES - Gene catalogs of all complete genomes and some partial genomes 
with ortholog annotation (KO assignment), enabling KEGG PATHWAY mapping and 
BRITE mapping.  

http://asn1.elibel.tm.fr/
http://kanehisa.kuicr.kyoto-u.ac.jp/
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 KEGG LIGAND - A composite database of chemical substances and reactions 
representing our knowledge on the chemical repertoire of biological systems and 
environments.  

ENZYME 
ENZYME is a repository of information relative to the nomenclature of enzymes. It is 
primarily based on the recommendations of the Nomenclature Committee of the 
International Union of Biochemistry and Molecular Biology (IUBMB) and it describes each 
type of characterized enzyme for which an EC (Enzyme Commission) number has been 
provided. The ENZYME database is a repository of information relative to the 
nomenclature of enzymes. It is primarily based on the recommendations of the 
Nomenclature Committee of the International Union of Biochemistry and Molecular 
Biology (IUBMB), and it contains the following data for each type of characterized enzyme 
for which an EC (Enzyme Commission) number has been provided:  

 EC number  
 Recommended name  
 Alternative names (if any)  
 Catalytic activity  
 Cofactors (if any)  
 Pointers to the Swiss-Prot protein sequence entry(s) that correspond to the enzyme 

(if any)  
 Pointers to human disease(s) associated with a deficiency of the enzyme (if any) 

TIGR 
TIGR's Genome Projects are a collection of curated databases containing DNA and protein 
sequence, gene expression, cellular role, protein family, and taxonomic data for microbes, 
plants and humans. The new J. Craig Venter Institute was formed in October 2006 through 
the merger of several affiliated and legacy organizations--The Institute for Genomic 
Research (TIGR) and The Center for the Advancement of Genomics (TCAG), The J. Craig 
Venter Science Foundation, The Joint Technology Center, and the Institute for Biological 
Energy Alternatives (IBEA). 
REBASE 
REBASE is a database of type 2 restriction enzymes. Restriction enzymes are used to cut 
DNA sequences at a particular site. A site is a particular sequence of bases. REBASE 
contains comprehensive information about restriction enzymes, DNA methyltransferases 
and related proteins such as nicking enzymes, specificity subunits and control proteins. It 
contains published and unpublished references, recognition and cleavage sites, 
isoschizomers, commercial availability, and crystal and sequence data. Homing 
endonucleases are also included. REBASE contains the most complete and up-to-date 
information about the methylation sensitivity of restriction endonucleases. In addition, 
there is extensive information about the known and putative restriction-modification (R-
M) systems in more than 100 sequenced bacterial and archaeal genomes. 
MEROPS 
The MEROPS database is an information resource for peptidases (also termed proteases, 
proteinases and proteolytic enzymes) and the proteins that inhibit them. The Summary 
page describing a given peptidase can be reached by use of an index under its Name, 
MEROPS Identifier or source Organism. The Summary describes the classification and 

http://www.expasy.ch/enzyme/
http://www.chem.qmul.ac.uk/iupac/jcbn/
http://www.chem.qmul.ac.uk/iupac/jcbn/
http://www.expasy.ch/sprot/
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nomenclature of the peptidase and offers links to supplementary pages showing sequence 
identifiers, the structure if known, literature references and more. 
The MEROPS database uses an hierarchical, structure-based classification of the peptidases. 
In this, each peptidase is assigned to a Family on the basis of statistically significant 
similarities in amino acid sequence, and families that are thought to be homologous are 
grouped together in a Clan. There is a Summary page for each family and clan, and these 
again have indexes. Each of the Summary pages offers links to supplementary pages. 
The Enzymes and Metabolic Pathways database (EMP) 
The Enzymes and Metabolic Pathways database (EMP) is an encoding of the contents of 
over 10 000 original publications on the topics of enzymology and metabolism. This large 
body of information has been transformed into a queryable database. An extraction of over 
1800 pictorial representations of metabolic pathways from this collection is freely 
available on the World Wide Web. We believe that this collection will play an important 
role in the interpretation of genetic sequence data, as well as offering a meaningful 
framework for the integration of many other forms of biological data. 
Database for Expressed Sequence Tags (dbEST) 
dbEST is a division of GenBank that contains sequence data and other information on 
"single-pass" cDNA sequences, or Expressed Sequence Tags, from a number of organisms. 
Database of Sequence Tagged Sites (dbSTS) 
dbSTS is an NCBI resource that contains sequence and mapping data on short genomic 
landmark sequences or Sequence Tagged Sites. Sequenced Tagged Sites (STSs) are short 
(about 200-500 bp) sequences that are operationally unique in a genome (i.e., can be 
specifically detected by PCR in the presence of all other genomic sequences), and that 
define a specific position on the physical map. STSs can therefore be used to generate 
mapping reagents which map to single positions within the genome. STSs are usually 
submitted to GenBank and dbSTS as batches of dozens to thousands of entries, with a great 
deal of redundancy in the citation, submitter and library information. (Jayaram Reddy et al, 
2010) 
 
3.9 MICROARRAY DATABASES 

Micro arrays and gene expression databases 
Micro array technology makes use of the sequence resources created by the genome 
projects and other sequencing efforts to answer the question, what genes are expressed in 
a particular cell type of an organism, at a particular time and under particular conditions. 
For instance, they allow comparison of gene expression between normal and diseased (e.g., 
cancerous) cells. There are several names for this technology - DNA microarrays, DNA 
arrays, DNA chips, gene chips, others. Sometimes a distinction is made between these 
names but in fact they are all synonyms as there are no standard definitions for which type 
of microarray technology should be called by which name. 
ARRAY EXPRESS 
Array Express is an international public repository for microarray data established at the 
European Bioinformatics Institute (EBI) in 2002. Array Express supports standards and 
recommendations developed by the Microarray Gene Expression Data (MGED) society 
(www.mged.org), including the Minimum Information about a Microarray Experiment 
(MIAME) and Microarray Gene Expression Mark up Language (MAGE-ML). Along with Gene 

http://www.ncbi.nlm.nih.gov/Genbank/GenbankOverview.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=91262645&dopt=Abstract
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Expression Omnibus and CIBEX, it is one of the three repositories recommended by the 
MGED society for storing data related to publications. The ArrayExpress suite of databases 
and applications comprises: (i) MIAMExpress, a web-based MIAME supportive data-
submission tool; (ii) the Array- Express repository that provides public and password 
protected access to the submitted data; (iii) a query optimized data warehouse containing a 
curated subset of normalized data; and (iv) Expression Profiler, an integrated online 
visualization and analysis tool. All the software in the Array- Express suite is open source. 
Here we will focus on describing 
MIAMExpress, the repository and the data warehouse; Expression Profiler has been 
reviewed recently. 
MGED 
The Microarray Gene Expression Data (MGED) Society is an international organization of 
biologists, computer scientists, and data analysts that aims to facilitate the sharing of 
microarray data generated by functional genomics and proteomics experiments. 
The current focus is on establishing standards for microarray data annotation and 
exchange, facilitating the creation of microarray databases and related software 
implementing these standards, and promoting the sharing of high quality, well annotated 
data within the life sciences community. A long-term goal for the future is to extend the 
mission to other functional genomics and proteomics high throughput technologies. 
3.10 IMMUNOLOGY DATABASES 
IMGT 
IMGT, the international ImMunoGeneTics information system, is a high-quality 
integrated knowledge resource specialized in the immunoglobulins (IG), T cell receptors 
(TR), major histocompatibility complex (MHC), immunoglobulin super-family (IgSF), major 
histocompatibility complex super family (MhcSF) and related proteins of the immune 
system (RPI) of human and other vertebrate species, created in 1989 by Marie-Paule 
Lefranc (Université Montpellier II, CNRS). IMGT, a European project since 1992, works in 
close collaboration with EBI. IMGT consists of sequence databases (IMGT/LIGM-DB, a 
comprehensive database of IG and TR from human and other vertebrates, with translation 
for fully annotated sequences, IMGT/MHC-DB, IMGT/PRIMER-DB), genome database 
(IMGT/GENE-DB) and structure database (IMGT/3Dstructure-DB), Web resources (IMGT 
Marie-Paule page) and interactive tools. 
MHCPEP 
MHCPEP is a curated database comprising over 9000 peptide sequences known to bind 
MHC molecules. Entries are compiled from published reports as well as from direct 
submissions of experimental data. Each entry contains the peptide sequence, its MHC 
specificity and, when available, experimental method, observed activity, binding affinity, 
source protein, anchor positions and publication references.  
Systems for searching, indexing and cross-referencing 
The usefulness of a database can be increased enormously if it is easy to find entries that 
satisfy certain search criteria. Some examples of searches that a scientist might want to do: 

 All entries with the keyword "GTPase". 
 The entries which have a given literature reference (by author or article). 
 All proteins with the keyword "ribosomal" from human (organism). 

http://www.univ-montp2.fr/
http://www.cnrs.fr/
http://www.ebi.ac.uk/imgt/
http://wehih.wehi.edu.au/mhcpep/
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The databases themselves may contain this information, but some software systems must 
be used to actually perform this kind of search. There are different ways of designing such 
systems, and two examples are mentioned here. 
SRS 

The Sequence Retrieval System (SRS) developed by Thure Etzold is a system for integrating 
heterogenous databases. It is based on premade indexes of the items (words, entries, data 
fields, text,...) found in a set of documents (database files). Apart from the database files 
themselves, the indexing procedure requires a grammar (Icarus) that describes what 
different words in the data files mean, how they are to be indexed, and how they cross-
reference to other items in other databases. SRS is a web-oriented system located on a 
server which is accessed through HTML pages and CGI scripts. 
SRS started as an academic project, but it is now a commercial system developed and 
marketed by LION Bioscience AG. However, academic groups can license the SRS system 
free of charge and set it up at a server in their own lab. 
EBI runs an SRS service which can be used by anyone. It indexes a large number of 
databases, and it also provides a well-defined web interface which allows programs or web 
sites to create links that query SRS at EBI. 
Entrez 

The Entrez system developed and accessible at the NCBI Entrez site. Similar to some extent 
to the SRS system, it provides search facilities for a large number of databases, and 
provides links between them. It provides a well-defined web interface which allows 
programs or web sites to define links that will query Entrez. 
However, it appears that the Entrez system is not available to set up at one's own server. It 
is purely a system for accessing and searching the databases at NCBI. 

Human Genome Project (HGP) 

An organized international scientific endeavor to determine the complete structure of the 
human genetic material deoxyribonucleic acid (DNA) and understand its function. The 
Human Genome Project (HGP) was an international 13-year effort formally begun in 
October 1990 to discover all the estimated 30,000-40,000 human genes and make them 
accessible for further biological study. Another project goal was to determine the complete 
sequence of the 3 billion DNA subunits (bases in the human genome). As part of the HGP, 
parallel studies have been carried out on selected model organisms such as the bacterium 
E. coli to help develop the technology and interpret human gene function. (Siva N. 2008) 
History 
The idea for the Human Genome Project (HGP) first arose in the mid-1980s. Several 
scientific groups met to discuss the feasibility, and various reports were published. The 
most influential report was prepared by the National Research Council (NRC) of the U.S. 
National Academy of Sciences. It proposed a detailed scientific strategy that persuaded 
many scientists that the project was possible. October 1, 1990, was declared the official 
start time for the HGP in the United States; significant funding had become available and 
research groups were starting their work. Major contributions to the HGP have been made 
by the United Kingdom, France, Japan, and Germany, with smaller contributions from many 
other quarters. Coordination among the countries has been informal, relying largely on 
scientist-to-scientist collaborations, but has proved to be very effective. The U.S. 

http://212.227.163.174/
http://srs.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov/Entrez/
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Department of Energy (DOE) and the NIH National Human Genome Research Institute 
(NHGRI) together made up the U.S. Human Genome Project. The U.S. Human Genome 
Project started in 1990 and released its findings in February 2001 along with findings from 
a separate project by Celera Genomics Group. There are similar projects in other countries 
as well. The purpose is to store the three billion chemical base pairs (the DNA sequence) 
derived from these analyses in databases for use in biomedical research.  
 
Scientific strategy 
First, markers are placed on the chromosomes by genetic mapping. Second, a physical map 
is created from overlapping cloned pieces of the DNA. Third, the sequence of each piece is 
determined, and the sequences are lined up by computer until a continuous sequence along 
the whole chromosome is obtained. The second and third steps can be reversed or done in 
parallel. As the pieces are sequenced, the sequences at the overlapping ends can be used to 
help order the pieces. If the sequencing is done before the pieces are mapped, the process 
is called whole-genome shotgun sequencing.  
Because the human genome is so big (human DNA consists of about 3 billion nucleotides 
connected end to end in a linear array), it was necessary to break the task down into 
manageable chunks. 

 
Fig.2 
 
Model organisms 
An important element of the overall strategy was to include the study of model organisms 
in the HGP. There were two reasons for this: (1) Simpler organisms provide good practice 
material. (2) Comparisons between model organisms and humans yield very valuable 
scientific information. The HGP initially adopted five model organisms to have their DNA 
sequenced: the bacterium Escherichia coli, the yeast Saccharomyces cerevisiae, the 
roundwormCaenorhabditis elegans, the fruitfly Drosophila melanogaster, and the laboratory 
mouse Mus musculus. The mouse genome is just as complex as the human genome, but the 
mouse offers the advantages that it can be bred and other experiments can be conducted 
that are not possible on humans. 
Findings 

http://www.answers.com/topic/shotgun
http://www.answers.com/topic/nematode
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How many genes are there is probably the most common question regarding the human 
genome. The first two human chromosomes to be sequenced, chromosomes 22 and 21, 
provided some interesting observations. Although the two chromosomes are 
approximately the same length, chromosome 22 has more than twice as many genes as 
chromosome 21. Extrapolation of the number of genes found on chromosomes 22 and 21 
led to the estimate that the whole human genome contains about 36,000 genes. This is 
quite a surprise because previous estimates were 80,000 to 100,000 genes. Preliminary 
examination of the draft sequence of the entire human genome confirmed that the number 
of genes is much lower than previously thought. This does not necessarily mean that the 
human genome is less complex, because many genes can produce more than one protein by 
alternate splicing of their exons (protein-encoding regions of the gene) during translation 
into the constituents of proteins.  
Another fascinating feature of the human genome sequence is the large fraction that 
consists of repeated sequence elements; 40% of chromosome 21 and 42% of chromosome 
22 are composed of repeats. The function of any of these repeats is not yet known, but 
elucidating their distribution in the genome may help to reveal it. 
Another statistic that is of interest is the base composition, the percent of the DNA that is 
made of guanine-cytosine (GC) base pairs as opposed to adenine-thymine (AT) base pairs. 
Chromosome 22 has a 48% GC content, whereas chromosome 21 has 41% and the average 
over the genome is 42%. Again, the significance of this is not yet known, but higher GC 
content seems to correlate with higher gene density. 
The type of analysis performed initially on chromosomes 21 and 22 has been extended to 
the entire human sequence. However, a full understanding will take decades to achieve. 
Future research 
With the complete sets of genes of organisms available, how genes are turned on and off 
and how genes interact with each other can be studied. What the different genes do and 
how they affect human health must also be learned. Consequently, much effort is now 
directed to studying the regulation of gene expression and annotating the sequence with 
useful biological information about function. 
Another key challenge is to understand how DNA function varies with differences in the 
DNA sequence. Each human being has a unique DNA sequence which differs from that of 
any other human being by about 0.1%, regardless of ethnic origin. Yet this small difference 
affects characteristics such as how humans look and to what diseases they are susceptible. 
The differences also provide clues about the evolution of the human species and the 
historical migration patterns of people across the world. 
 
The International Nucleotide Sequence Database (INSD): It consists of the following 
databases. 

1. DDBJ (DNA Data Bank of Japan)  
2. EMBL Nucleotide DB (European Molecular Biology Laboratory)  
3. GenBank (National Center for Biotechnology Information)  
4. UniProtKB (Universal Protein Resource Knowledgebase)  

Meta-databases: Meta database can be considered a database of databases, rather than 
any one integration project or technology. They collect data from different sources and 

http://www.answers.com/topic/splice
http://www.answers.com/topic/elucidate
http://www.answers.com/topic/dna-sequence
http://en.wikipedia.org/wiki/International_Nucleotide_Sequence_Database_Collaboration
http://www.ddbj.nig.ac.jp/Welcome-e.html
http://www.ebi.ac.uk/embl/index.html
http://en.wikipedia.org/wiki/European_Molecular_Biology_Laboratory
http://en.wikipedia.org/wiki/GenBank
http://en.wikipedia.org/wiki/National_Center_for_Biotechnology_Information
http://en.wikipedia.org/wiki/UniProtKB
http://en.wikipedia.org/w/index.php?title=Universal_Protein_Resource_Knowledgebase&action=edit&redlink=1
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usually make them available in new and more convenient form, or with an emphasis on a 
particular disease or organism. 

1. Entrez(National Center for Biotechnology Information)  
2. euGenes (Indiana University)  
3. GeneCards (Weizmann Inst.)  
4. SOURCE (Stanford University)  
5. mGen containing four of the world biggest databases GenBank, Refseq, EMBL and 

DDBJ - easy and simple program friendly gene extraction  
6. Bioinformatic Harvester (Karlsruhe Institute of Technology) - Integrating 26 major 

protein/gene resources.  
7. MetaBase (KOBIC) - A user contributed database of biological databases.  
8. ConsensusPathDB - A molecular functional interaction database, integrating 

information from 12 other databases.  

Genome Databases: These databases collect organism genome sequences, annotate and 
analyze them, and provide public access. Some add curation of experimental literature to 
improve computed annotations. These databases may hold many species genomes, or a 
single model organism genome. 

1. CAMERA Resource for microbial genomics and metagenomics  
2. Corn, the Maize Genetics and Genomics Database  
3. EcoCyc a database that describes the genome and the biochemical machinery of the 

model organism E. coli K-12 
4. Ensembl provides automatic annotation databases for human, mouse, other 

vertebrate and eukaryote genomes.  
5. PATRIC, the PathoSystems Resource Integration Center  
6. Flybase, genome of the model organism Drosophila melanogaster 
7. MGI Mouse Genome (Jackson Lab.)  
8. JGI Genomes of the DOE-Joint Genome Institute provides databases of many 

eukaryote and microbial genomes.  
9. National Microbial Pathogen Data Resource. A manually curated database of 

annotated genome data for the pathogens Campylobacter, Chlamydia, 
Chlamydophila, Haemophilus, Listeria, Mycoplasma, Neisseria, Staphylococcus, 
Streptococcus, Treponema, Ureaplasma, and Vibrio.  

10. Saccharomyces Genome Database, genome of the yeast model organism.  
11. Viral Bioinformatics Resource Center Curated database containing annotated 

genome data for eleven virus families.  
12. The SEED platform for microbial genome analysis includes all complete microbial 

genomes, and most partial genomes. The platform is used to annotate microbial 
genomes using subsystems.  

13. Xenbase, genome of the model organism Xenopus tropicalis and Xenopus laevis 
14. Wormbase, genome of the model organism Caenorhabditis elegans 
15. Zebrafish Information Network, genome of this fish model organism.  
16. TAIR,  The Arabidopsis Information Resource.  
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17. UCSC Malaria Genome Browser, genome of malaria causing species (Plasmodium 
falciparumata and others)  

18. RGDRat Genome Database: Genomic and phenotype data for Rattus norvegicus  

Protein sequence databases: 

1. UniProt Universal Protein Resource (UniProt Consortium: EBI, Expasy, PIR)  
2. PIR Protein Information Resource (Georgetown University Medical Center (GUMC))  
3. Swiss-Prot Protein Knowledgebase (Swiss Institute of Bioinformatics)  
4. PEDANT Protein Extraction, Description and ANalysis Tool (Forschungszentrum f. 

Umwelt & Gesundheit)  
5. PROSITE Database of Protein Families and Domains 
6. DIP Database of Interacting Proteins (Univ. of California)  
7. Pfam Protein families database of alignments and HMMs (Sanger Institute)  
8. PRINTS PRINTS is a compendium of protein fingerprints (Manchester University)  
9. ProDom Comprehensive set of Protein Domain Families (INRA/CNRS)  
10. SignalP 3.0 Server for signal peptide prediction (including cleavage site prediction), 

based on artificial neural networks and HMMs  
11. SUPERFAMILY Library of HMMs representing super-families and database of 

(superfamily and family) annotations for all completely sequenced organisms  
12. Annotation Clearing House a project from the National Microbial Pathogen Data 

Resource 

Protein structure Databases: 

1. Protein Data Bank (PDB) (Research Collaboratory for Structural Bioinformatics 
(RCSB))  

2. Protein Model Portal (PMP) Meta database that combines several databases of 
protein structure models (Biozentrum, Basel, Switzerland)  

3. CATH Protein Structure Classification  
4. SCOPStructural Classification of Proteins 
5. SWISS-MODEL Server and Repository for Protein Structure Models  
6. ModBase Database of Comparative Protein Structure Models (Sali Lab, UCSF) 

Protein-protein interactions 

1. BioGRID  A General Repository for Interaction Datasets (Samuel Lunenfeld Research 
Institute)  

2. STRING: STRING is a database of known and predicted protein-protein interactions. 
(EMBL)  

3. DIP Database of Interacting Proteins 
4. BIND Biomolecular Interaction Network Database 

Signaling Pathway Databases: 

 Netpath - A curated resource of signal transduction pathways in humans  
 Reactome 
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 NCI-Nature Pathway Interaction Database 

Metabolic pathway Databases: 

1. BioCyc Database Collection including EcoCyc and MetaCyc 
2. KEGG PATHWAY Database[10] (Univ. of Kyoto)  
3. MANET database  (University of Illinois)  
4. Reactome(Cold Spring Harbor Laboratory, EBI, Gene Ontology Consortium)  

Microarray databases: 

1. ArrayExpress (European Bioinformatics Institute)  
2. Gene Expression Omnibus (National Center for Biotechnology Information)  
3. GPX(Scottish Centre for Genomic Technology and Informatics)  
4. maxd (Univ. of Manchester)  
5. Stanford Microarray Database (SMD) (Stanford University)  

Mathematical Model Databases: 

1. Biomodels Database 
2. CellML 

PCR / Real time PCRprimer Databases: 

1. PathoOligoDB: A free QPCR oligo database for pathogens 

Specialized databases: 

Antibody Central Antibody information database and search resource: 

 BIOMOVIE (ETH Zurich) movies related to biology and biotechnology  
 CGAP Cancer Genes (National Cancer Institute)  
 Clone Registry Clone Collections (National Center for Biotechnology Information)  
 Connectivity map Transcriptional expression data and correlation tools for drugs  
 CTD The Comparative Toxicogenomics Database describes chemical-gene-disease 

interactions  
 DBGET H.sapiens (Univ. of Kyoto)  
 DiProDB A database to collect and analyse thermodynamic, structural and other 

dinucleotide properties.  
 Dryad a repository of data underlying scientific publications in evolution, ecology, 

and related fields  
 Edinburgh Mouse Atlas 
 GreenPhylDB (A phylogenomic database for plant comparative genomics)  
 GyDB The Gypsy Database of Mobile Genetic Elements (Universitat de València)  
 Genome Database for Rosaceae (International Genomics and Genetics Database for 

Rosaceous crops)  
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 GDB Hum. Genome Db (Human Genome Organisation)  
 HGMD disease-causing mutations (HGMD Human Gene Mutation Database)  
 HUGO (Official Human Genome Database: HUGO Gene Nomenclature Committee)  
 HvrBase++ Human and primate mitochondrial DNA  
 INTERFEROME The Database of Interferon Regulated Genes  
 List with SNP-Databases 
 NCBI-UniGene (National Center for Biotechnology Information)  
 OMIM Inherited Diseases (Online Mendelian Inheritance in Man)  
 OrthoMaM (A database of Orthologous Mammalian Markers)  
 p53 The p53 Knowledgebase  
 PhenCode linking human mutations with phenotype  
 Plasma Proteome Database Human plasma proteins along with their isoforms  
 PolygenicPathways Genes and risk factors implicated in Alzheimer's disease, Bipolar 

disorder or Schizophrenia  
 SHMPD The Singapore Human Mutation and Polymorphism Database  
 SciClyc An Open-access database to shared antibodies, cell cultures, and documents 

for biomedical research.  
 TreeBASE An open-access database of phylogenetic trees and the data behind them  
 XTractor Discovering Newer Scientific Relations Across PubMed Abstracts. A tool to 

obtain manually annotated relationships for Proteins, Diseases, Drugs and Biological 
Processes as they get published in PubMed.  

 

http://www.gdb.org/gdb
http://en.wikipedia.org/wiki/Human_Genome_Organisation
http://www.hgmd.cf.ac.uk/
http://www.gene.ucl.ac.uk/nomenclature
http://www.hvrbase.org/
http://www.interferome.org/
http://hgvbase.cgb.ki.se/databases.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene
http://www.ncbi.nlm.nih.gov/Omim
http://www.orthomam.univ-montp2.fr/
http://p53.bii.a-star.edu.sg/
http://www.bx.psu.edu/phencode/
http://www.plasmaproteomedatabase.org/
http://www.polygenicpathways.co.uk/
http://shmpd.bii.a-star.edu.sg/
http://www.sciclyc.com/
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Inf1uence of Domestication on 
Behavior 

11.1. Problems of Definition 

11 

A process that, like phylogenesis, leads to changes in species, and whose 
significance for a better understanding of the evolutionary process has been 
discussed in the literature, is the DOMESTICATION of animals. It is a "case 
study" of evolution as a whole. Animals and plants that have gone through 
this process are considered domesticated, and they differ from their wild 
ancestors in a number of structural, physiological, and ethological character
istics. 

By definition, a characteristic is an example of domestication when the 
difference from the ancestral form is genetically determined and can thus be 
passed on to succeeding generations. However, it is frequently difficult to 
make a clear distinction: since the development of many structural and 
physiological characteristics also depends to a large degree on environmental 
factors, the artificial conditions in which the animals live can also lead to 
modifications that are superimposed on any possible genetic changes. They 
may have the appearance of such genetic changes when, in fact, they are 
merely adaptations to specific environmental conditions. We can see this in 
captured wild animals--especially when they are caught young. We mention 
here only the changes in the hormonal system, the decreased development of 
sense organs and parts of the central nervous system in environments impov
erished of normally encountered stimuli. 

In behavior, such environmentally induced modifications are even more 
difficult to discover and to distinguish from the genetically based results of 
the domestication process. (See Section 6.1.2 for a discussion of the problems 
in recognizing inherited behavior patterns.) Hence, the ethological analysis of 
domestication is still in its beginnings. Many generalizations made to date are 
most likely not generally valid. Nevertheless, this kind of research has 
engendered much interest in recent years, since the human species apparently 
has also undergone what is referred to as self-domestication. There is hope 
that results from investigations on the domestication of animals may shed 
some light on possible parallel phenomena in humans. 

197 
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11.2. Characteristics of Domestication 

The changes we see in domesticated animals in comparison to character
istics in the ancestral or wild form indicate two generally valid rules detected 
early in the study of domestication: On the one hand, domesticated animals 
show a greater intraspecific variability in structure, physiology, and etholog
ical characteristics. Furthermore, there is a conspicuous "convergence" among 
many characteristics "typical" of domestication, and which can be seen even 
in species that are not closely related. In many domesticated species, we see 
the emergence of long wool or curls, piebald spotting, or shortened legs such 
as in dachshunds, swine, and sheep. The central nervous system, which is of 
special interest with respect to behavior, also shows parallel changes. There 
is a general reduction of brain weight and a decrease in differentiation in the 
phylogenetically most recently evolved parts of the brain. In some instances, 
this parallel in characteristics is so obvious that the conclusion is drawn that 
domestication-related changes may have their own laws. 

The behavior of domesticated animals can also differ from that of their 
wild forms, and many parallels can be seen. Quite early Lorenz called attention 
to some consistent changes in behavior patterns that developed during the 
process of domestication. The most important of these are increases and 
decreases of the readiness to act (threshold levels), i.e., with respect to the 
action-specific energy (see Section 2.6) of a behavior pattern, as well as in the 
changes of innate releasing mechanisms. 

11.2.1. Changes in the Readiness to Act 
Some behavior patterns occur less or more frequently in domesticated 

animals than in the wild form. The first change, called HYPOTROPHY, applies 
to aggressive behavior; warning-, escape-, and defensive-behavior patterns; 
the behavior associated with care of young, e.g., "broodiness" in the domes
ticated chicken as compared with the jungle fowl; and even to the spontaneous 
locomotor activity level of an animal (see Section 5.2.3.4). In the extreme case, 
some behavior patterns can disappear altogether. Such ATROPHY was demon
strated in the song of very highly selected canaries, which lack several 
elements of the song of the wild serin, or where they occur only rarely. 

In contrast, HYPERTROPHY is a change that occurs especially in sexual 
behavior, the so-called hypersexuality of domesticated animals. It is character
ized by a general increase in sexual behavior, and a decreased dependence on 
particular seasons (see Section 8.2.2.4), up to complete independence of them. 
In sexual behavior there may be a relative increase of those behavior patterns 
that are associated with an especially high sexual motivation. 

This last change may lead to shifts in the total sequence of courtship 
behavior in such a manner that the "initial" elements, which in wild animals 
constitute a substantial part of the entire sequence, may be temporally much 
reduced or be entirely eliminated. Hence, it consists only of copulation itself 
and a few of its immediate behavioral precursors (see Section 4.1). This 
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differentiated frequency of partial elements of a sequence can lead to the 
performance of individual parts of a behavior sequence, e.g., certain prey
catching patterns in cats and dogs, without the appearance of normally 
preceding or succeeding elements. 

11.2.2. Changes in Innate Releasing Mechanisms 

Usually, wild animals react in their social behavior to very finely attuned 
stimulus configurations. In longer action sequences the occurrence of the next 
elements depends on the appropriate preceding releaser (see Section 4.1). This 
selectivity is usually greatly reduced in domesticated animals, especially for 
sexual behavior, but it also applies to care of young and other areas of social 
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Fig. 90. The differences in activity in wild and domesticated zebra finches. The bars signify the 
number of automatically recorded flights from one perch to the other during a 12-hour light 
period. Each block represents one experimental animal. The animals in the second and third 
groups were raised under identical conditions (after Sossinka 1972) . 
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behavior. For this reason, crosses and cross-fostering are usually easier in 
domesticated than in wild animals. Many jungle fowl, the wild form of the 
domestic chicken, lead only their own young, which they recognize by their 
distinctive head markings. Domestic hens, on the other hand, also brood the 
young of other species of fowl and even those of unrelated precocial birds, 
e.g., ducks. This varies among the different breeds of chickens. It must be 
pointed out that comparative, quantitative investigations on the extent of the 
effects of social experiences are not yet available. Only when they are will it 
be possible to determine whether in these cases innate releasing mechanisms 
are involved, or whether the decreased selectivity is the result of a decreased 
ability to learn. 

There are also additional examples from almost all functional behavior 
systems. Learning ability is especially implicated, in that many domesticated 
animals show substantial decreases in this area. 

In general, we can make the following statements about changes in 
behavior during domestication: No new behavior pattern has ever appeared, 
and in only a few cases has a behavior pattern existing in the wild form been 
lost. Even the sequence of innate behavior patterns, i.e., the form of the fixed 
action patterns (see Section 3.9.1), is usually preserved. In cases in which a 
change took place, it has always been a loss of differentiation, but never a 
"positive" new development. Hence, most of domestication-related behavior 
changes are quantitative and involve the frequency and selectivity changes 
already discussed. The process of domestication, then, is a good example for 
the extent of the overall effect, which can even bring about quantitative 
changes of such magnitude. 

11.3. Causes of Changes during Domestication 

The possible causes for the origin of characteristics of domestication are 
found first of all in an increase of genetic variability in comparison to the wild 
form, and a change in the direction and intensity of the selective forces that 
affect organisms. An increased mutation rate under artificial housing condi
tions was suspected, especially considering the speed with which they take 
place. The reasons for these hypotheses were already discussed earlier. 
Convincing evidence, however, has not yet been presented. On the other 
hand, the changes in selection pressure on domestic animals are substantial. 
Natural selection has been replaced by artificial selection, whose intensity is 
increased because of the relatively small number of individuals found in 
domestic populations. The direction of selection deviates greatly from natural 
selection and may actually run counter to it. Hence, in many, especially the 
large domestic species, the least aggressive individuals are selected for their 
greater ease in handling. The chance of survival in the wild for animals with 
these characteristics would probably have been less in the defense of territories 
and/or partner under natural conditions. The occurrence of reproductive 
behavior in wild animals outside of the species- and population-specific 
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seasons would certainly be selected against because of the lower chances of 
survival. In domestic animals, there is selection for increased sexual behavior, 
because the breeder is interested in an increased rate of reproduction. 

A number of examples show how strongly the changes in frequency and 
shifts in behavior patterns depend on the particular goal of selective breeding. 
Whereas strong aggressive tendencies are generally eliminated, they are 
selected for in animals that are used in fights, where their underlying 
motivation hypertrophies. This development in opposing directions can even 
occur in one species: examples are the various breeds of dogs, comparisons 
between East Asian fighting cocks and the cocks of Central European chicken 
breeds (see Section 8.1.9.2), and also the highly selected song canaries, which 
have lost those song elements of the wild form that are associated with the 
highest sexual motivation, in contrast to canaries that have undergone no 
particular selection for their song, and which sing those particular behavior 
elements more frequently. This agrees with the overall hypersexualization of 
domestic animals. 

The parallel appearance of domestic characteristics is almost certainly, at 
least in part, the result of similar selection by the respective breeders of 
various animal species. The best example is the hypersexuality of domesticated 
animals (see Section 11.2), which results from selection for characteristics that 
increase the rate of production. This includes increasing independence from 
a limited reproductive season and an increase in the speed of development 
and earlier sexual maturity. This parallel development owes its dependence to 
artificial selection. This becomes obvious when one compares the classic 
domestic animals, which were derived from wild forms that have a regular 
and temporarily limited reproductive season, with a very "young" domesti
cated animal like the Australian zebra finch. These birds have evolved 
adaptations to the arid conditions in north and central Australia, which in 
various populations fit the irregular climate. They have a number of physio
logical and behavioral peculiarities that allow a rapid onset of breeding and 
a high reproductive rate as soon as rains create favorable environmental 
conditions. These adaptations include an early onset of sexual maturity in 
comparison to related comparable species. Hence, there is, under natural 
conditions, already a strong selection pressure for early sexual maturity, which 
insures that at any time a large percentage of the population is ready to 
reproduce. This selection pressure has not increased in captivity. On the 
contrary, it has been decreased compared to that in the wild, since most 
breeders want to avoid a weakening of their breeding stock and hold off 
breeding the birds until they are older than half a year. Consequently, the 
young of domesticated zebra finches show slower sexual development in 
comparison to the wild form, a development that runs counter to what is 
found in most other domesticated animals. 

The reason for the rapidity of artificial selection, which has also given 
rise to a suspected increase in the mutation rate, is readily seen: artificial 
selection is distinguished from natural selection by its rigor and the rapid 
changes in directions of selection, which are not found in nature. Furthermore, 
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this selection is usually applied toward only one characteristic, although, 
because of the pleiotropic effects of genes, many other characteristics are 
unwittingly affected. Because of the small size and frequently extreme isolation 
of many domestic animal populations, the probability is larger that recessive 
genes express themselves, and this can lead to a further increase in the rate of 
change. 

11.4. Conclusions 

The differences that exist in the behavior of domestic animals and their 
wild ancestors, and the probable regularities in the behavior changes that 
occur during domestication, should not obscure the fact that it is difficult
because of problems of definition and delineation-to discover the extent of 
domestication. The difficulty in recognizing its genetic basis has already been 
discussed. Thus, it is often hard to decide whether an observed change in the 
readiness to act is truly inborn or whether it depends on changed environ
mental conditions, e.g., being kept singly. Becallse of the long-term influences 
of early experience, especially with respect to motivation (see Section 7.4.7.2), 
great stability in behavior can be observed even in the absence of a genetic 
basis, and one might wrongly suspect innateness. Similarly, the decreased 
selectivity in the responsiveness to social stimuli can be the result of a 
lowering of threshold (see Section 2.2) and/or a modification of a readiness to 
behave a certain way as a result of early experience. Hence, all conclusions 
about the effects of domestication require great caution, given the present state 
of our knowledge. Additional insights can only come from studies in which 
domesticated animals and their wild forms are raised and maintained under 
identical environmental conditions. 

We must be even more careful when discussing possible parallel phenom
ena in humans, since we need to consider the additional difficulties in 
distinguishing between man's self-domestication and the domestication of 
animals. In domestic animals, natural selection has been replaced by an 
artificial selection that can be as rigorous as, if not more so than, natural 
selection. In humans such a shift in selective pressures has not taken place; 
instead, it is characterized by an absence of, or at least a general decrease in, 
the effectiveness of numerous natural selection pressures. 
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BLAST Homepage and Selected Search Pages  
Introducing the BLAST homepage and form elements/functions of selected search pages    
https://blast.ncbi.nlm.nih.gov  
National Center for Biotechnology Information • National Library of Medicine •  National Institutes of Health • Department of Health and Human Services 

Background 
BLAST [1] is a suite of programs provided by NCBI for aligning query sequences against those present in a selected tar-
get database. The NCBI BLAST homepage (https://blast.ncbi.nlm.nih.gov) provides an access point for these tools to 
perform sequence alignment on the web.  
 

The BLAST Homepage 
The BLAST homepage consists of several 
sections, each provides a specific set of 
functions: 
1. The common header (A), present in 

most BLAST-related pages, provides 
easy access to other content or functions 
not directly accessible from the homep-
age. 

2. The “Recent Results” (B) lists a set of 
links to recently completed search re-
sults.  

3. Pages with web forms for submitting 
searches are listed as links in the body 
of the BLAST homepage. These links 
are organized into three categories, 
“Web BLAST” (C, used to be called 
“Basic BLAST”), “BLAST Genomes” (D), 
and “Specialized searches” (E). 

4. The search box (F) in the “ BLAST Ge-
nomes” section takes the name of an 
organism as input and suggests a list of 
candidates. Selecting from the suggest-
ed list and clicking the “Search” button 
locates the best genomic sequence da-
taset for BLAST alignment purposes. 

The Common BLAST Header 
The common BLAST header provides a convenient way to navigate among different pages to access different contents 
or functions. 

 The NCBI name (G) links to the NCBI homepage (https://www.ncbi.nlm.nih.gov) so you can access to non-BLAST 
related functions and content from other databases and services available from the site. 

 The “Home” tab (H) links to the BLAST homepage, from other search or result pages. 

 BLAST search results are temporarily saved for up to 36 hours. The “Recent Results” (I) links to a page that keeps 
track of recently submitted search requests that have not expired. The Request ID uniquely assigned to a submitted 
search provides a one-click access to that result. 

 The “Saved Strategies” tab (J) lists a set of search setups saved earlier. It allows the examination of search settings 
used, quick re-launch of these searches, and download of specific strategies for sharing or re-use in standalone 
BLAST.   

 The “Help” tab (K) points to page with a list of links to help documents, tutorials, references and useful download 
directories on the BLAST ftp site (ftp://ftp.ncbi.nlm.nih.gov/blast/). 

 My NCBI [2] is a free account from NCBI, which allows users to customize their site preference and manage their 
works performed on the NCBI site. Login-related links for My NCBI (L) are at the right. BLAST searches performed 
while logged in to a My NCBI account enables access to BLAST search results for their full 36-hour life span through 
the “Recent Results” page, independent from the browser session. Strategies saved will be saved permanently. 
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The Recent Results Page 
BLAST search results are available for 36 hours. The “Recent Results” tab displays a list of recently submitted search 
requests that have not expired. The list is session-specific and will be lost if session cookie is cleared upon browser exit. 
For this reason, it is recommended that BLAST searches be done with an active login to a My NCBI account such as the 
one shown below. The My NCBI login from the header is shown as an insert at the upper right (A). Each result is given 
as a row in the table. The identifier in the Request ID (RID) column (B) provides an one-click access to the search result. 
The program, Title and Database column (C) combine to provide a summary for a specific search.  Database restriction 
applied are indicated by “more …” and the popup upon mouseover (D). The “save”, “download” and the red “X” (E) allow 
saving the search strategy, downloading the search strategy, and removing the search from the list.  

The input box (F) 
above the table is for 
retrieving other results 
using their assigned 
RIDs, such as those 
shared among col-
leagues, used as 
teaching or demon-
stration examples, or 
those with issues en-
countered and report-
ed to NCBI’s blast-
help group. Clicking 
the “Go” button with-
out an RID loads the 
format form (G) where 
the content (H) and 
format (I) of results 
can be adjusted.  

 

The Saved Strategies Page 

The “Saved Strategies” tab (shown below) displays a list of search strategies. The first four columns (J) provide a good 
summary of the search settings for each saved entry. The “view” link (K) loads the settings in a search page, while the 
“download” link (L) 
saves the settings in 
an ASN.1 formatted 
file for use with 
standalone BLAST or 
reloading on the web 
services using the 
“Choose File” and 
“View” button (M). 
Clicking the red X (N) 
removes the entry 
from the list. 
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Functions of BLAST Search Pages  
There are five BLAST search pages, each performs a specific type of sequence alignment. These pages are the founda-
tion for the NCBI BLAST service and will be described in more detail. Table 1 below summarizes key aspects of pages.  
These pages access a set of common databases, a summary of the contents for these databases are given in Table 2.  

Table 1. Key features of the BLAST search pages in the “Basic BLAST” category 

Search page Query & database  
combination   

Alignment 
type 

Programs & functions  
(default program in bold) 

nucleotide 
blast 

nucleotide  
vs nucleotide 

nucleotide  
vs   
nucleotide 

megablast: for sequence identification, intra-species comparison 
discontiguous megablast: for cross-species comparison, searching with coding sequences 
blastn: for searching with shorter queries, cross-species comparison 

protein blast Protein  
vs protein 

protein  
vs  
protein 

blastp: general sequence identification and similarity searches 
DELTA-BLAST [2] : protein similarity search with higher sensitivity than blastp 
PSI-BLAST: iterative search for position-specific score matrix (PSSM) construction or iden-
tification of distant relatives for a protein family 
PHI-BLAST: protein alignment with input pattern as anchor/constraint 

blastx nucleotide (translated)  
vs protein 

protein  
vs protein 

blastx: for  identifying potential protein products encoded by a nucleotide query 

tblastn protein vs 
nucleotide (translated)  

protein  
vs protein 

tblastn: for identifying database sequences encoding proteins similar to the query 

tblastx nucleotide (translated)  
vs nucleotide (translated)  

protein  
vs protein 

tblastx:  for identifying nucleotide sequences similar to the query based on their coding 
potential 

Table 2. Contents of the common BLAST sequence databases 

Database Type Content 

nr  (nt) 
default 

Nucleotide  All GenBank + EMBL + DDBJ + PDB sequences, excluding  sequences from PAT, EST, STS, GSS, WGS, TSA and phase 
0, 1 or 2 HTGS sequences, mostly non-redundant. 

refseq_rna Nucleotide Curated (NM_, NR_) plus predicted (XM_, XR_) sequences from NCBI Reference Sequence Project. 

refseq_genomic Nucleotide Genomic sequences from NCBI Reference Sequence Project. 

refseq_ 
representative_ 
genomes 

Nucleotide NCBI RefSeq Reference and Representative genomes across broad taxonomy groups including eukaryotes, bacte-
ria, archaea, viruses and viroids. These genomes are among the best quality genomes available with minimum 
redundancy - one genome per species for eukaryotes and  diverse isolates for the same species for others. 

chromosome Nucleotide Complete genomes and complete chromosomes from the NCBI Reference Sequence project.  

Human G+T Nucleotide The genomic sequences plus curated and predicted RNAs from the current build of the human genome. 

Mouse G+T Nucleotide The genomic sequences plus curated and predicted RNAs from the current build of the mouse genome.  

est Nucleotide Database of GenBank + EMBL + DDBJ sequences from EST division 

HTGS Nucleotide Unfinished High Throughput Genomic Sequences; Sequences: phases 0, 1 and 2 

wgs Nucleotide Assemblies of Whole Genome Shotgun sequences. 

pat Nucleotide Nucleotides from the Patent division of GenBank. 

pdb Nucleotide Nucleotide sequences from the 3-dimensional structure records from Protein Data Bank. 

TSA Nucleotide Transcriptome Shotgun Assemblies, assembled from RNA-seq SRA data 

16S microbial Nucleotide  16S Microbial rRNA sequences from Targeted Loci Project 

 

nr 
default 

Protein Non-redundant GenBank CDS translations + RefSeq + PDB + SwissProt + PIR + PRF, excluding those in PAT, TSA,  
and env_nr. 

refseq_protein Protein Protein sequences from NCBI Reference Sequence project. 

swissprot Protein Last major release of the UniProtKB/SWISS-PROT protein sequence database (no incremental updates). 

Landmark Protein The landmark database includes proteomes from representative genomes spanning a wide taxonomic range  

pat Protein Proteins from the Patent division of GenBank. 

pdb Protein Protein sequences from the 3-dimensional structure records from the Protein Data Bank. 

env_nr Protein Protein sequences translated from the CDS annotation of metagenomic nucleotide sequences. 

tsa_nr Protein Protein sequences translated from CDSs annotated on transcriptome shotgun assemblies. 
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Elements of the Standard Nucleotide BLAST Search Page 
The “nucleotide-blast” link loads the “Standard Nucleotide BLAST” search page. The top of the page (below the common 
BLAST header) contains the breadcrumb indicating the page position in the site hierarchy (A), the page title, a set of tabs 
for quack navigation among the five core BLAST search pages (B), plus links to set the page back to default and to 
bookmark a search page with customized settings (C). The default display of the page contains three sections with the 
functions described below.  
 
Enter Query Sequence  
The main input box (D) takes nucle-
otide query sequences in various 
formats 

[1]
. For a single query, 

“Query subrange” boxes (E) define 
a segment of the query to be used 
in the search. Query sequences 
saved in a plain text file can be up-
loaded using the “Choose File” but-
ton (F). The “Align two or more se-
quences” checkbox (G) changes the “Choose Search Set” sec-
tions below to “Enter Subject Sequence” to allow comparison 
between the query and the those in the subject input box (H).  
 
Choose Search Set 
BLAST database can be selected from 
the standard list using the pull-down 
menu (I). A search can be restricted to 
a subset of entries in the selected da-
tabase using the “Organism” field by 
typing the name of the species, 
strains, or taxonomic group in the text-
box and selecting from the suggested 
list (J). Checking the exclusion box to 
the right excludes sequences from the 
selected organism from the search. 
Multiple organisms can be selected by 
adding extra input box using the “+” button. Specific 
types of relatively low value sequences can be ex-
cluded using the checkboxes below (K). For certain 
databases, entering custom queries in the “Entrez 
Query” textbox (L) will restrict a search to entries 
satisfying the specified criteria. For example, enter-
ing “biomol_mrna[prop] AND 500:1000[slen]” will 
restrict a search to mRNA entries 500 to 1000 bases long. 
 
Program Selection 
Three programs (M and 
Table 1) with different 
speed and sensitivity are 
available for nucleotide 
vs nucleotide sequence 
alignment. The default 
megablast is better for 
certain tasks, such as 
identifying the input query 
and searching with large 
genomic query; discontiguous megablast works better in finding related sequences from other organisms; while blastn 
works better for short input queries and identifying short matches, it also works better for cross-species searches than 
megablast. Clicking the “BLAST” button (N) submits the search to BLAST server for processing. Results will be automati-
cally displayed when completed. “Algorithm parameters” link (O) opens a normally collapsed section that allows access 
to other parameter settings, including adjustment of number of alignments saved, search stringencies, scoring systems 
(score matrix) and gap penalties, as well as query filtering. Detailed descriptions are given next. 

C A 
B 

D 

E 

F 

G 

 I 

J 

L 

K 

M 

O 

N 

H 

mailto:info@ncbi.nlm.nih.gov


BLAST homepage & search pages  Page 5 

NCBI Handout Series | BLAST homepage & search pages | Last Update September 8, 2016 Contact: blast-help@ncbi.nlm.nih.gov  

Elements of the Standard Nucleotide BLAST Search Page (cont.) 
General Parameters  
Parameters in this section specify the search sensi-
tivity. The “Max target sequences” (A) sets the max-
imum database matches BLAST saves for a query. 
The checked “Short queries” checkbox (B) allows 
BLAST to automatically optimize settings for short 
input queries 50 nucleotides or less. The “Expect 
threshold” (C) filters out matches that are less sig-
nificant with Expect value above the setting. The 
“Word size” (D) set the size of the initial seed match 
phase, smaller settings are more sensitive. The 
“Max matches in a query range” (E) limits the 
matches saved to a given region of the query (such 
as from repeats) so matches to other region of the 
query are not crowded out. The default setting of “0” 
means no limit. 
 
Scoring Parameters  
Parameters in this section specify the search sensi-
tivity. The “Match/Mismatch Scores” (F) specifies 
the reward assigned to exact match and penalty 
assigned to a mismatch. The “Gap Costs” (G) field specifies how gaps introduced in the alignment should be penalized. 
For megablast, the default is linear, no penalty for opening a gap, while extending a gap assumes a linear penalty pro-
portional to the length of the gap. For both parameters, non-default settings can be selected using the pull-down menu.  
 
Filters and Masking 
Parameters in the section specify whether low complexity sequences and organism-specific repeats should be filtered 
(H) and whether to filter only at the initial match stage (Mask for lookup table only) or during alignment exten-
sion as well(I). Lower case letters in the query (provided as a mixed upper and lower case letters in FASTA, representing 
custom features) can also be masked. 
 

Elements of the Standard Protein BLAST Search Page 

The “protein-blast” link in the “Basic BLAST” links to the “Standard Protein BLAST” search page. The top of this page 
has the same tab and links found in the “Standard Nucleotide BLAST” search page (pg. 4) that provide the same func-
tions. The default page display contains three sections with the functions described below. 
 
Enter Query Sequence  
Refer to the description for “Standard Nucleotide BLAST” (pg.4) for details. 
In addition, checking the “Align two or more sequences” will change the 
“Program Selection” section to leave blastp as the only choice. 
 
Choose Search Set 
Most of the components are similar to the “Standard Nucleotide BLAST” 
page (pg.3). The main difference is that the database pull-down menu con-
tains a smaller list of protein databases (J). 
 
Program Selection 
Four different programs (K and Table 1) are 
available to satisfy various search needs. 
The default blastp is a general purpose pro-
tein alignment program for identifying a se-
quence or finding others similar to it. PSI-
BLAST is for finding more distant relatives 
and for PSSM construction. PHI-BLAST 
does protein alignment with a pattern in the 
query as a constraint. DELTA-BLAST is a 
more sensitive search using conserved do-
main matches the query to build a PSSM for the match evaluation. More complex searches may require adjustment of 
other search settings listed under the “Algorithm parameters” link (L). Parameters specific to protein blast are described 
next.  
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Elements of the Standard Protein BLAST Search Page (cont.) 
The “Algorithm parameters” portion of the “Standard Protein BLAST” search page is organized in a similar manner to 
that for the “Standard Nucleotide BLAST.” 
 

 General Parameters: This section is 
the same as that in the “Standard Nucleo-
tide BLAST” (pg. 4). 

 Scoring Parameters: Eight score matri-
ces from two families are available (A). 
The default BLOSUM62 matrix is the best 
general purpose matrix. For short queries, 
PAM30 is often selected. Each matrix has 
its own set of supported gap penalties 
under the Gap Costs pull-down menu (B). 
Scores for protein alignment can be ad-
justed to account for the bias in sequence 
composition using various approaches as indicated by the “Compositional adjustments” setting. Other options includ-
ing “no adjustment” can be selected using the pull-down menu (C).  

 Filters and Masking: Parameters in the section specify whether low complexity and whether to filter only at 
the seed lookup stage (D). Lower case letters in the query (provided as a mixed upper and lower case letters in 
FASTA, representing custom features) can also be masked (E). These settings are not needed when compositional 
adjustments are used.  

 

Items Unique to Translated Search Pages 
The page layout for translated BLAST search pages is the same as 
“Standard Protein BLAST.” However, they do contain a few program-
specific parameters.  
 

 Translated blastx search: In the “ Enter Query Sequence”  sec-
tion, a “Genetic code” field (F) is present under the “Choose File” button specify the co-
don table used in the translation of the input nucleotide query. Choose a code appropri-
ate for the source of the query sequence. The remaining sections are the same as the 
“Standard Protein BLAST” page. 

 Translated tblastn search: The page layout is the same as the “ Standard Protein 
BLAST” search page. The key difference is that the Database field lists available nucle-
otide databases instead. 

 Translated tblastx search: The layout differences are the presence of the “ Genetic 
code” field (F), which is also present in the blastx page, and the databases listed under the Database pull-down 
menu. In addition, the main input box in the “Enter Query Sequence” takes a nucleotide query. 

 

Other Search Pages 
BLAST search pages under the “BLAST Ge-
nomes” category differ from these under the 
“Basic BLAST” category only in the databases 
they access. The link names clearly indicate the 
source organism(s) for the database sequences 
against which the query will be searched. Most 
will be custom pages generated upon user input 
with the best available genome dataset for the 
target organism.  
 
The “Specialized BLAST” category contains dif-
ferent types of search pages. Those using the 
core BLAST programs and the same general lay-
out described about are summarized in Table 3.  
Please use Web BLAST pages for direct compar-
ison of two sets of sequences. Activate the func-
tion by checking the “Align two or more sequenc-
es” checkbox. 
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Table 3. Function of Specialized BLAST pages following the standard layout 

Page name Searching against specialized databases 

Search sequences that have 
gene expression profiles (GEO) 

nucleotide sequences with expression information  

Search protein or nucleotide 
targets in PubChem BioAssay 

nucleotide or protein sequences with associated 
chemical activity assay data from PubChem 

Targeted Loci 
Curated nucleotide sequences from 16S, 18S, 28S, 
and ITS for species identification 

Align two (or more) sequences 
using BLAST (bl2seq) 

No longer listed: the function has been integrated  
into Web BLAST  pages and activated by checking 
the “Align two or more sequences” checkbox 

F 
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Other Search Pages (cont.) 
Other search pages in the “Specialized BLAST” category have non-standard page layouts. These services use BLAST 
or other alignment programs in combination with other tools to accomplish specialized tasks. Table 4 provides a func-
tional summary of these pages. 

 

Other ways to access NCBI web BLAST services 
In addition to access through a web browser, BLAST web services described above, with the exception for those listed in 
Table 4, can also be accessed using alternative venues. These venues include the “-remote” option in different 
standalone BLAST+ programs, the RESTful BLAST service (QBlast or BLAST URLAPI). The features of these venues 
are summarized in Table 5 below. Available BLAST database names can be obtained using the Entrez Programming 
Utilities [12] by querying the blastdbinfo database. An NCBI Insight blog entry [13] discusses this in more details. 

Table 4. Function of Specialized BLAST pages not following the standard layout 

Page link name Functions 

Primer-BLAST [4, 5] Designing primers using the primer3 algorithm and checking their template specificity using BLAST against selected 
sequence collection 

IgBLAST [6] Searching immunoglobin or T cell receptor sequences against germline databases for annotation of the input immuno-
globulin sequences 

VecScreen Screening input nucleotide sequences against a library of known vector and other artificial sequences to identify con-
taminations  

CD-search [7] Searching an protein sequence against a database of curated domains for functional analysis. This search is performed 
for all protein-blast requests. 

CDART Identifying conserved domains present in the input protein sequence followed by finding other sequences containing 
these identified domains 

Multiple Alignment [8] Using Constraint Based Protein Multiple Alignment Tool (COBALT) to align multiple protein sequences with search link 
available in all protein BLAST result pages 

Global Align  NCBI’s implementation of the Needleman-Wunch global pair-wise alignment tool for nucleotide or protein queries 

MOLE-BLAST Identifying neighbors for input nucleotide sequences from selected target database (using BLAST), and then cluster 
the collection according to their sequence similarities using multiple alignment (MUSCLE). 

Table 5. Features of available methods to access NCBI web BLAST services 

Venue Features 

Web browser 

Intuitive:  graphical user interfaces and result presentation 
Convenience:  ease of searching with single or small batch of query sequences 
Speed: fast turnaround from the distributed computing system 
Versatility: available option enables searching against custom sequences 
Job Limitation: Not meant for high throughput searches with 1 hour CPU time limit 
Data partition: Access to different database requires different search pages 

Standalone BLAST+ (-remote 
option) [9] 

Comprehensive: more options available than on the Web for customizing and fine tuning the search  
Batch processing: search with large query sequences by submitting then in smaller batches automatically  
Less manual intervention: option for saving output in various formats  
Workflow incorporation: input and output can be integrated in custom workflow 
Extra requirements:  installing standalone BLAST+ package and configuring it properly 

RESTful BLAST (QBlast, 
BLAST URLAPI) [10] 

Comprehensive: more available options to customize and fine tune the search than the Web 
Batch processing: search with large query sequences possible through batching 
Workflow incorporation: input and output can be integrated in custom workflow 
Extra requirements: efficient usage requires scripting/programming for requesting URL construction and result 
checking 

blastn_vdb & tblastn_vdb 
Program similar to their 
counterparts from 
standalone blast+ that are 
included in the SRAToolkit 
[11] 

Similar to their BLAST+ counterparts, but access SRR, WGS, and TSA files stored in vcb format. 
Comprehensive: more options available than on the Web for customizing and fine tuning the search  
Built-in client function: automatically downloads the data file to blast if not prefetched  
Less manual intervention: option for saving output in various formats  
Workflow incorporation: input and output can be integrated in custom workflow 
Extra requirements:  installing SRAToolkit and configuring it properly 

mailto:info@ncbi.nlm.nih.gov
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Technical assistance 
NCBI provides technical assistance to the BLAST user community through its blast-help group. Problem and bug re-
ports, suggestions and feature requests, as well as other questions related to BLAST usage should be addressed to the 
group (blast-help@ncbi.nlm.nih.gov). Submitting detailed information along with the problem report will help expedite the 
investigation.  
 
Information needed when reporting problems encountered during web BLAST searches are: 

 A description on the goal of the search 

 The RID of the search  

 The detailed error message 

 The search page and settings used along with a summary of the input query, particularly if the RID was not issued 
 
CPU related errors are caused when searches exceed the processing time limit. Repeat the search using “Edit and re-
submit” link to get back to the search page with the following adjustments will help resolve the issue: 

 Reduce the number or size of the input query sequence(s), use subsequence for large single query if possible 

 Add database limit using Organism or Entrez query box to search a focused subset  

 Increase the search stringency by using 

 A lower Expect value 

 A larger Word size 

 Filters and repeat masking 

 A lower number for Maximum target sequences 
 
For errors occurred from using “-remote” option of the standalone BLAST+ package, as well as standalone BLAST+ 
package for local searches, the following pieces of information should be provided: 

 A description on the goal of the search 

 The platform and version of the installed BLAST+ package 

 The complete error message 

 The complete command line used 

 A summary and a small sample of the input query file 

 BLAST server returned RIDs if available 
 
For RESTful BLAST, the following pieces of information should be provided: 

 A description on the goal of the search 

 The platform and relevant code used to call the service 

 The complete error message 

 A summary and small sample of the input query file 
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I. USE OF THE OCULAR MICROMETER:

A. Procedure:

1. Place the ocular lens containing a micrometer disc on the microscope.
2. Focus on the object to be measured and determine the size in ocular units.
3. Multiply the ocular units by the calibration factor for that specific microscope, objective and

ocular micrometer.  The   units of the micrometer disc are arbitrary and a calibration  
procedure must be done to determine the calibration factor   for each different objective and
each different microscope.

B. Example:

A hypha was measured using an ocular micrometer in the eye piece   of a phase contrast scope and
its 40X darkfield objective.  The   hypha was 3 ocular micrometer units wide.  The calibration
factor for that specific micrometer used on the phase scope with the 40X darkfield objective is 2.5
um.

3  ocular micrometer units x 2.5 um = 7.5 um ocular micrometer
ocular micrometer

The hypha is 7.5 um wide.

II. CALIBRATION OF THE OCULAR MICROMETER:

Ocular micrometers are calibrated by comparing the ocular micrometer scale with a calibrated stage
micrometer.  The stage micrometer is a microscope slide that has a carefully calibrated scale which is
divided into 0.1 mm and 0.01 mm units.

A. Procedure:

1. Install the 10X ocular containing the ocular micrometer disc in the microscope.
2. Place the calibrated stage micrometer slide on the stage and focus on the scale.
3. Adjust the field so that the zero line of the ocular disc scale is exactly superimposed upon

the zero line of the stage micrometer scale.
4. Without moving the stage micrometer, locate the point as far to the extreme right as possible

where any two lines are exactly superimposed upon each other.
5. Count the number of divisions (mm) on the stage micrometer between the zero line and the

superimposed line to the far right.
6. Count the number of ocular divisions between the zero line and the superimposed line to the

far right.
7. Divide the distance determined in step 5 by the number of ocular divisions in step 6 and

multiply by 1000 to give the ocular micrometer units in um.

stage micrometer divisions (mm) x 1000 um = um per ocular unit 
ocular micrometer divisions mm

8. Repeat steps 3 through 7 for each objective on the microscope.   If the ocular micrometer is
moved to a different scope, the calibration procedure must be repeated.  If a new objective is
added to the microscope, the calibration procedure must be   done for the objective.



OCULAR MICROMETER

SEC11.MAN 2

II. CALIBRATION OF THE OCULAR MICROMETER:

B. Example:

Using an ocular micrometer in the eye piece of a phase contrast scope and its 20X objective, it is
found that 45 ocular units are equal to 0.22 mm on the stage micrometer scale.

One ocular unit = 0.22  mm x 1000 um = 4.9 um
 45 units     mm

III. REFERENCES:

Todd, JC:  Clinical Diagnosis by Laboratory Methods, Philadelphia, PA, W.B. Saunders Company,
1979.

























Microscopy I

Light and Electron 
Microscopy

Replica of van 
Leeuwenhoek’s
(1632-1723) 
microscope 
constructed c. 
1670. Moody 
Medical Library, 
Univ. Texas 
Medical Branch, 
Galveston, TX



Use the 
information in 
this tutorial to 
supplement the 
visuals in lab 
and the 
information in 
Chapters 1, 8  
and 9 in your 
lab manual .

Replica of Culpepper tripod 
microscope built c. 1725 by 
Edmund Culpepper (1670-1738). 
Collection of Moody Medical 
Library, Univ. Tex., Galveston, 
TX. (Replica by Replica Rara Ltd. 
Antique Microscopes)



Contents
I. Types of Microscopy

A. Light Microscopy
1. Brightfield
2. Darkfield
3. Phase Contrast
4. Polarizing
5. DIC
6. Epi-fluorescence
7.Confocal laser scanning

B. Electron Microscopy
1. Scanning
2. Transmission

II. Specimen Preparation
A. Light Microscopy
B. Scanning Electron Microscopy
C. Transmission Electron Microscopy

Replica of Marshall 
Microscope, c. 1700, by John 
Marshall (1663-1725). 
Collection of Moody Medical 
Library, Univ. Texas, 
Galveston, TX



Microscopes have long been essential 
tools of cell biologists. This tutorial 
provides a brief overview of types of 
microscopes commonly used in biological 
studies and general techniques for 
preparing specimens for the various types 
of microscopy. The two broad categories 
of microscopy we are concerned with  are:

Light Microscopy (LM)
and 

Electron Microscopy (EM)

Old monocular 
brightfield 
microscope with 
fixed stage and 
mirror.



Binocular, bright field microscope with 
movable stage, dioptic adjustment, 
condenser and iris diaphragm, and 
built-in light source. These are used 
as clinical, research and student 
microscopes.

Light Microscopy
Bright field Microscopes--the 
most common general use 
microscopes. Bright field 
microscopes are named 
because the microscopic “field” 
is bright, while the object being 
viewed is dark.
- Simple design
- Light directed at specimen is absorbed to 
form image
- Unstained specimens have poor contrast
- Stained specimens show excellent 
contrast
- Ideal for stained bacteria, cells, tissues
- High N.A., good resolution
- Bright background, dark specimen
- tungsten or halogen light source



Bright field images--

Flagellate --Trichomonas 

Stained blood cells in 
peripheral blood smear

Section of gut tissue 
containing ciliated parasites 



Inverted microscope. 
Position of light source and 
objectives is “inverted”--
light source is above 
specimen and objective 
lenses are located beneath 
the stage. 

Light

Objectives

The basic design of 
bright field 
microscopes has been 
modified for special 
uses.  Inverted 
microscopes (right) 
allow viewing of cells in 
flasks, welled-plates, or 
other deep containers 
that do not fit between 
the objectives and 
stage of standard BF 
microscopes.



Dark field Microscopes (DF)
The dark field microscope creates a dark 
background to allow viewing of small unstained 
objects, such as motile bacteria, that would be 
difficult to view in a bright field. The central 
portion of the light is blocked so that only 
oblique light strikes the specimen, scattering 
light rays that then enter the objective to form 
the image.

- A method from the 19th century
- Bright specimen, dark background
- Light not scattered by the specimen bypasses the 
objective, therefore making the “field” dark. 
- Can see very small objects but resolution is 
variable
-High contrast, good for unstained, live, and motile 
specimens



Leptospira, a spirochete,
viewed with darkfield
microscopy

Darkfield Images--

The algae Hydrodictyon
reticulatum viewed with 
darkfield microscopy. Photo 
by Dr. D. Folkerts, AU.



Phase Contrast--Converts differences in 
refractive index in a specimen to differences in 
image brightness.
The central portion of the light source is blocked, 
creating a ring of light from the condenser that 
illuminates the specimen. The light waves refracted 
by the specimen are slowed by a phase retardation 
plate (in phase objectives) increasing the difference 
in wavelength between refracted and unrefracted
rays (which do not pass through the phase plate). 
When the refracted and and unrefracted waves are 
focused, they produce an interference due to the 
difference in wavelengths--this is seen as 
differences in brightness in the specimen. 
- technology from 1940’s
- provides high contrast, good resolution
- good for bacteria, flagella, cilia, organelles such as 
mitochondria
- good for unstained or live mounts
- phase halos (artifacts) occur

Annular 
ring

“Phase” 
objectives



Phase Contrast Image (left)--compared with DIC 
image (right)

Unstained squamous epithelial cells observed with 
phase contrast microscopy (above) and DIC microscopy 
(right). Differences in refractive index in various 
regions of the cells account for contrast in the images. 
(From Becker et al., The World of the Cell, Benjamin/Cummings 
Publ. Co., 2000.)



Polarization Microscopy
Detects specimens that are birefringent
(have the characteristic of double 
refraction, i.e. the velocity of light 
refracted by a substance is not the same 
in all directions). The specimen is placed 
between two polarizers crossed at 90o to 
each other (one in condenser and one in 
objective).

- bright image, dark background

- used for substances with highly organized 
molecular structure, such as crystals, 
minerals

- can be quantitative

Polarizer

Polarizer

Specimen



Polarizing Microscopy images--many crystals and 
minerals display characteristic patterns in polarizing light

Left, portion of Martian meteorite that has been ground to 0.3 
mm depth and viewed under polarizing microscopy (From Calvin J. 
Hamilton). Top right, BF view of renal epithelial cells containing 
fat globules; bottom right, high magnification view of same 
cells viewed with polarizing microscope and showing typical 
“maltese cross” formation displayed by fat in polarized light.  
(From R. Hyduke, U. Iowa Hospitals & Clinics.)



Epi-fluorescence Microscopy
Allows the detection of molecules and ions 
within cells. Fluorescent dyes absorb short 
wavelengths of light and emit longer 
wavelengths. Barrier filters and a dichroic
prism select the excitation wavelength that 
strikes the specimen and exclude the 
excitation wavelength from the detector, 
allowing only emitted light to reach the 
detector (oculars).
- uses uv light source = mercury or xenon arc 
lamp. 
- high contrast, high resolution image
- special fluorescent dyes used to locate 
“molecules” in a specimen
- black background, bright-stained specimen
- no condenser required, light comes from above 
(“epi”) specimen
- multiple fluorescent probes available
- detects small quantities, molecules; can use 
antibody staining techniques

UV light 
source

Barrier 
filters and 
dichroic 
prism



Epi-fluorescent images--The locations of specific molecules can 
be identified using fluorescent probes. In immunofluorescence
techniques, antibody probes that bind to the molecules and 
secondary antibody labeled with a fluorescent dye are used.

Above--Immunofluorescence of Tetrahymena, a 
ciliated protozoan, using the fluorescent dye, 
fluorescein isothiocyanate, which emits “green light.” 
Above left, cell is stained with anti-basal body 
antibody; above right, cell is stained with antibody 
against cell membrane surface antigen. Compare the 
information obtained using the fluorescent technique 
with the BF view of Tetrahymena (far right) stained 
with hematoxylin.



Epi-fluorescent image showing metaphase in newt lung cell. Three 
fluorescent probes--specific for DNA, keratin, and tubulin--were 
used. Blue, metaphase chromosomes (DNA); red, keratin filaments;
yellow, spindle apparatus made of microtubules. From ASCB, Bethesda, MD; 
image by Rieder and Hughes, NY State Dept. Health, Albany, NY.



Differential Interference Contrast 
(DIC) Microscopy--also called 
Normarski optics
Resembles phase-contrast but more sensitive--
gives higher resolution. Uses polarizing lenses 
like the polarizing microscope, and therefore can 
be quantitative. The halogen light beam is 
polarized, split by a beam splitter (Wollaston
prism), and passed through the specimen. The 
split beams are recombined by a second prism in 
the objective. Any change in a light wave due to 
passage through a specimen causes interference 
as the beams recombine, producing differences 
in image brightness corresponding to the 
refractive index of specimen structures.
- produces 3-D images
- excellent resolution, high NA, high contrast
- good for unstained specimens, live mounts; can 
see membranes within cells
- detects changes in refractive index of specimen

Hoffman modulation contrast microscopy (HMCM) 
is the poor man’s DIC. Contrast is not as good as in DIC.

Microscope having both 
epi-fluorescence and 
DIC capabilities.

Mercury 
lamp

Polarizing 
filter

Beam splitter 
(Wollaston
prism)

Recombining 
prism



DIC image--
comparison of DIC and 
fluorescent images

Top, DIC image of 
cricket ovariole 
showing oocytes
(O), oocyte nuclei 
(N), and Balbiani 
bodies (B), also 
called mitochondrial
clouds. Note three-
dimensional 
appearance. 
Bottom, epi-
fluorescent image 
of Balbiani bodies 
stained with 
rhodamine 123, a 
fluorescent stain  
specific for 
mitochondria. 

O

N
B

N

B



Confocal laser scanning microscopy

Bio-Rad confocal microscope 
showing fluorescent-labeled 
cells on monitor

Laser/scanner

A laser is focused at a plane in 
the specimen and scans the 
specimen in a horizontal (XY) 
plane. Only light from the plane 
of focus reaches the detector. 
The scanned image (an optical 
section) is digitally recorded. 
Images from consecutive focal 
planes can be recorded, and 
composite or 3-D images can 
be digitally created.
- krypton/argon laser
- high resolution, sharp image
- high sensitivity
- Can be used in reflectance or 
fluorescence mode
- eliminates background 
interference



Left, image composed from 13 optical sections of Trichomonas 
immunostained with anti-tubulin and fluorescein isothiocyanate (FITC). 
The green structures consist of microtubules. Pf, posterior flagellum; 
Af, anterior flagella; C, costa; and axostyle (red arrow). Compare with 
BF image (right). (Photo by B. Estridge)

Confocal image--

Above, BF 
image of 
Trichomonas. 
Posterior 
flagellum 
(green arrow) 
can be seen 
but axostyle 
(red arrow) is 
unstained.



Electron Microscopy
Scanning Electron Microscopy (SEM)

Transmission Electron Microscopy (TEM)



Scanning Electron Microscopy (SEM)
Fixed, dehydrated specimens are mounted on 
stubs and surface-coated with gold, palladium or 
rhodium. The specimen is placed in a vacuum 
and an electron beam scans back and forth over 
it. Electrons that bounce off the metal-coated 
specimen surface are collected, converted to a 
digital image and displayed on a TV-like monitor.
- Electron beam is focused using a magnetic field

- SEM provides a 3-D image

-Gives information about external topography of 
specimen 

-Much higher resolution and magnification than 
possible in LM



SEM images--comparison of SEM images (top) 
with images obtained using DIC microscopy (bottom).

Both DIC microscopy and SEM reveal specimen surface topography. Much 
greater detail is obtained using SEM because of greater resolution and 
magnification capability. Top, SEM of Trichomonas (left) and Tetrahymena
(right); bottom, DIC images of Trichomonas (left) and Tetrahymena (right).



Transmission Electron Microscopy 
(TEM)

Fixed, dehydrated specimens are embedded in a 
resin, hardened, sectioned, stained with heavy metals 
such as uranium and lead, and inserted into the 
electron column in the microscope. The electron beam 
is absorbed or deflected by the heavy metal stains 
and shadows are cast onto film or a phosphorescent 
plate (image is a shadow) at the bottom of the column.

- 2-D image

- reveals internal cell structure 

- high resolution, high magnification

- electron beam is focused by magnetic field



Comparison of TEM (right) and SEM (left) images

Trichomonas as viewed with SEM (left) and TEM (right). 
Note that with SEM details of external structure are 
visible while in TEM internal structures are revealed. N, 
nucleus; G, Golgi; H, hydrogenosome (equivalent of a 
mitochondrion); F, flagellum; Rf, recumbent flagellum; B, 
cross-sections of basal bodies of three anterior flagella.

B



TEM photos of rat liver cell (left) and pancreatic acinar cells (right) 
revealing internal cell structure. N, nucleus; Nu, nucleolus, RER, 
rough endoplasmic reticulum; CB, cell boundary; Z, zymogen granules; 
M, mitochondrion.

N

Nu

M

RER

Z

CB

TEM images--



Specimen Preparation

Light Microscopy
Scanning Electron Microscopy

Transmission Electron Microscopy



General Schematic for Preparing Specimens for 
Light Microscopy

Live mounts Fixed (preserved) Specimens 
(Histology)

View Vital stain    1) Fix

View 2) Dehydrate

3) Infiltrate and Embed

4) Section

5) Mount

6) Stain

7) View



Live Mounts
To view organisms, tissues, or cells 

in as close to the natural state as 
possible, unstained live mounts are used. 
Viewing time of live mounts is limited. 
Unstained specimens have low contrast. 

Supravital stains may be applied to 
provide more contrast or identify certain 
components--these are stains that are 
not harmful to living cells.



Fixed (Preserved) Specimens for 
Histology--the Study of Tissue

1) Specimens may be preserved using chemicals 
such as formalin, acetic acid, ethanol, and
methanol. Fixation immobilizes molecules such as 
proteins and lipids.

2) Fixed specimens are dehydrated by serial 
transfer through an ascending alcohol series, to 
100% alcohol.

3) Specimens are infiltrated with melted 
paraffin, paraffin substitute, or plastic and 
placed in a mold to harden.



4) Specimens are cut into 5-10 um thick 
sections using a steel knife or razor on an 
instrument called a microtome.

Vibratome--uses a 
vibrating knife to cut 
sections

Knife
holder

Specimen 
Holder



5) Sections are then mounted on slides,
6) Stained to achieve contrast or identify 
cell structures or components, and
7) Viewed microscopically

Many variations in technique are used to prepare 
specimens for light microscopy. Some omit the 
dehydration, infiltration, embedding and sectioning steps 
and use aqueous staining systems for viewing whole mounts
(unsectioned tissues or cells).

Freezing may be used instead of chemicals to fix 
tissues that need to be examined quickly or that have 
components damaged by the chemicals. Examples are 
frozen biopsies and tissues in which heat-labile structures 
are to be stained. Frozen specimens are sectioned using a 
cryotome, a microtome encased in a freezing chamber. 
Permanent slides may be made from paraffin sections but 
not from frozen sections.



Schematic for Preparing Specimens for Scanning 
Electron Microscopy (SEM)

1) Fix

2) Dehydrate

3) Mount on stubs

4) Sputter coat

5) Observe



1) Fixation--fixatives used are glutaraldehyde,
paraformaldehyde, osmium tetroxide.

2) Dehydration is accomplished by carrying the 
specimens through an ascending alcohol series, to 100% 
alcohol (i.e., no water), then to an organic solvent such as 
acetone or propylene oxide. Specimens for SEM may also 
be processed in a critical point drying apparatus.



3) Specimens are mounted on aluminum stubs using 
sticky tape.

4) A sputter coater coats the specimen with gold, 
palladium or rhodium in a special chamber to cover the 
specimen with a 10-20 nm thick metal layer

Example 
of one 
type of 
stub

Applying specimens to stubs 
arranged in a holder.

Stubs



5) The stub is inserted into the SEM, scanned and 
observed on a video display

Display of 
scanned 
image

Electron 
column

Specimen 
Insertion



Schematic for Preparing Specimens for Transmission 
Electron Microscopy (TEM)

1) Fix

2) Dehydrate

3) Infiltrate -- Embed

4) Section

5) Apply sections to grids

6) Stain

7) Observe



1) Fixation--specimens are fixed in glutaraldehyde, or 
paraformaldehyde-glutaraldehyde mixtures, followed by  
osmium tetroxide.

2) Dehydration is accomplished by carrying the 
specimens through an ascending alcohol series, to 100% 
alcohol (i.e., no water), then to an organic solvent such as 
acetone or propylene oxide. 

3) Specimens are then infiltrated with an epoxy or plastic 
resin and placed in plastic molds to harden.

Molds

Hardened 
specimen 
blocks 
removed 
from molds

Specimen 
ID

Specimen



4) An instrument called an ultramicrotome is used 
to section the specimen.

Knife 
holder

Specimen 
Holder



Glass or diamond knives are used to cut the ultrathin
sections.

3 mm 
Diamond 
knife

Ultrathin 
sections, 
approx. 1 
mm wide

Knife 
edge

Resin 
block 
containing 
specimen

Specimen 
in epoxy

Closeup view of 
ultramicrotome
specimen holder



5) Sections are transferred to tiny metal grids for support 
(the equivalent of the function of the glass slide in LM).

6) Heavy metal stains such as uranyl acetate and lead 
citrate are applied to make certain structures electron 
dense.

Closeup view of 
one type of grid

Grid and 
forceps 



7) Grids are then inserted into the transmission electron 
microscope and observed.

Electron 
Column

Specimen 
Insertion

Phosphorescent 
plate for viewing 
image

Additional 
image display



Microsporogenesis
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Seminar Method. 
- Definition, - Objectives - Basic requirements - 
- Advantages 

Types of Seminars 
- Mini seminar - Major seminar - National 

seminar - International seminar 

Committee constituted for Seminar. 
    Role of President or Convenor 
    Role of Organizing Secretary 
    Role of Chair Person of the Technical Session 
    Role of the Speaker 
    Role of the Paper presenter 
    Role of the observer 

Steps involved in Seminar. 
- Before seminar (pre seminar phase) 
- At the course of seminar (running phase) 
- After the seminar (post seminar phase) 

Evaluation of Seminar method. 

Merits of Seminar method 

Limitations of Seminar method 

Seminar method – An example. 
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  SEMINAR METHOD 

 

The seminar method is the most modern and advanced method of teaching. A 

seminar is an advanced group technique which is usually used in higher education.  It is an 

instructional technique it involves generating a situation for a group to have a guided 

interaction among themselves on a theme. It refers to a structured group discussion what 

usually follows a formal lecture or lectures often in the form of an essay or a paper 

presentation on a theme. 

Reading maketh a full man; writing an exact man; and conference a ready man stated by 

Francis Bacon. The skills such as reading, writing and talking are essential for the personality 

development of a man.  The seminar method integrates such skills of reading and writing with 

presentation skills. 

 

This seminar method is employed to realize the higher objectives of cognitive & affective 

domains. The higher learning process requires the interactive and integrated methodologies based on 

the psychological principles. The seminar method applies such technique of human interaction / 

intervention with the learning and teaching experiences. 

 
Aims & Objectives:  

        The main objectives of this unit are as follows;- 

� Defining the seminar 

� Classifying and listing the objectives of seminar method. 

� Understanding the pre-requisites to be included in the seminar 

� Listing the advantages and special features of Seminar method 

� Distinguishing the types of seminar 

� Understanding role and functions of seminar members. 

� Acquiring the skills of implementation and organizing the seminar. 

� Understanding the evaluation of seminar method of teaching. 

� Analyzing the limitations and applications of seminar method.  

 

Seminar Method: 

 
Seminar is a teaching technique for higher learning. A specific subject or topic is delivered as 

an article or report in the seminar. The article and its concepts submitted in the seminar are analyzed 

and discussed through group discussion to arrive a final decision or concept. (C.N. Raja & T.P. Rao) 
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Aim & Objectives of Seminar Method: 

 This seminar method is utilized to realize the higher objectives of  

cognitive and 

 affective domains. 

 
Cognitive objectives 

i. To develop higher cognitive abilities.  

ii. To develop the ability of responding in this manner would involve higher cognitive actions.  

iii. To develop the ability of keen observation of experience, feelings and  

iv. To develop the ability to seek clarification and defend the ideas of others effectively. 

 
Affective objectives 

i. To develop the feeling of tolerance to the opposite ideas of others.  

ii. To develop the feelings of co-operation with other colleagues and respect of the ideas and 

feelings of others.  

iii. To develop the emotional ability among the participants of the seminar.  

iv. To acquire the good manners of putting questions and answering the questions of others 

effectively.  

         
       The human interaction under this technique develops the good manners and skills among the 

participants. Provide a good learning and scholastic experience to the participants of seminar. 

 

Pre-requisites (Basic Principles) to be included in the seminar: 

� This seminar method depends with the lingual, social and emotional instances and its maturity 

level.  

� The complex and undefined concept or article must be read and discussed for the meaningful 

learning experiences and new concept.  

� Group discussion is emphasized.  The kernel of seminar is stressed. 

� The value and success of the seminar depends on the path of the learner and their learning 

experiences through the discussion. The learner can advocate and interact in group 

discussion with his experiences and concept derived. Both the group and learner can 

transform their ideas and to derive a new conclusion also be anticipated. 

� In the lower level of learning experiences the concepts are explanatory but in this higher level 

of learning experience the theme or concept centered and need more evidences and 

explanations through the discussion. 

� The interactions in this method develop observation and questioning skills, evaluation skills 

using their own learning experience. 
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Advantages and special features of Seminar Method. 

� This seminar method gives good motivation and learning experience. 

� Help to evaluate the learn-ability of learners. 

� Regulate the creating and organizing of facts and information. 

� Dissemination and retrieval of information is scientifically managed. 

� Develop the self reliance and self confidence.  

� Also inculcates the responsibility and cooperative nature. 

� This method is the best for socialization. 

� Students’ interaction is possible in participation and production of teaching learning 

process. 

� Traditional monotony is abolished in this method. 

� Ensures the understandability and enhances the capability of the students learning. 

� Seminar is always subject / theme specific, so that sufficient knowledge about the 

concerned subject can be developed. 

� The presenter or the reader of the article can get further clarifications in his subject. 

� Develop the questioning skills. 

� The data processing and analysis also play a vital role in this method. 

� This makes teaching and learning process lively. 

� The student receives good information from his teacher and the fellow students. 

� A seminar does not end in the premises after the completion of discussion, the group in 

smaller groups carries on the discussion in informal settings in off campus. This is 

certainly a strong advantage of using seminar method. 

Types of Seminar 

Seminars are conducted in various stages. Based on the size 

and organizational aspects the seminars can be classified in to four 

types. viz. 

1. Mini seminar 

2. Major seminar 

3. National seminar 

4. International seminar 

 

Mini seminar:  

Its coverage and scope are small and simple. A small population is enough to hold this 

seminar. A discussion held over the topic taught or to be taught with the students is known as Group 

discussion. Such group discussions held in an organized way within a class room, it is called mini 

seminar. This mini seminar gives the students training in questioning skills, organizing the information 

and presentation skills of seminar.  A mini seminar is felt necessary because it gives good experience 

to conduct a major seminar at Institutional level. 
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Major seminar:  

The seminar conducted at an institutional or departmental level for a specific topic or subject is 

known as Major seminar. Usually students and teachers are participating in this type of seminar. This 

major seminar can be organized at department level for every month.  A specific topic or subject is 

selected for the theme of the seminar. 

 
National seminar: 

 An association of any kind particularly with academic or professional interest or an 

organization (Government, Firm, etc.,) conducts the seminar at National level is called National 

seminar.  The subject experts are invited to the seminar for discussion. The Secretary of the seminar 

prepares the schedule and functionaries for seminar.  

 
International seminar: 

 Usually the seminar conducted by an international organization or agency is known as 

International seminar. Theme of this seminar has wider aspects.  Globalization, Renovation, Atomic 

energy agreements, Policies implementation and modification etc., are examples for themes of 

International seminars. A Nation or its body can conduct or organize the international seminar. 

 
Seminar Committee: 
 

Seminar is conducted or organized by the committee proposed for this 

purpose only. This committee constitutes a chairperson, Organizing Secretary 

and subject experts who are expertise in the theme proposed for seminar. The 

organizing committee guides and helps with the functions of Chair person and 

organizing secretary. Usually a seminar has been conducted with the following 

team of organizing body. 

 

1. Chairperson or President / Convenor of Seminar  

        Naturally, S/he may be the apex person of the Institution / Department / Government / Firm / 

Policy maker of the concerned body or agency. 

 
2. Organizing Secretary of Seminar 

         Usually he is nominated by the Chair person or President of the Seminar committee.  S/he must 

be a good administrator and subject expert in the field proposed theme of the seminar. He 

must be the person of tolerance and capable of doing things in right time with right persons. 

 
3. Chairperson of the Technical Session of seminar 

        S/he must be the person with expertise in the theme proposed for the seminar. S/he would have 

a good experience to perform all the activities of technical session which is vital to the 

seminar.  
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4. Speaker of Seminar 

        S/he is the active participant of seminar presenting his / her paper among the other participants in 

the presence of Chair Person of Technical session of seminar. 

 
5.  Participants / Paper presenters of seminar 

         The people who are presenting papers and observing the paper presentation by participating in 

the seminar are termed as Paper presenters and Participants of the seminar. 

 

 
 
Role and functions of the persons involved in the Seminar 
 
Role of President or Convenor : 

     The convenor has to plan and prepare the total functionaries. He is the core person and decides 

the theme of the seminar and fixes the objectives of seminar. He is the key person to hold all 

administrative functions and advisory for the seminar. 

 
Role of Organizing Secretary : 

     He is the key person of the Seminar and responsible for the planning and executing the functions 

of seminar. He is the prime advisory for the convener in selecting the appropriate functionaries 

for technical session and selection of paper presenters.  The time and venue of seminar and 

other administrative works are decided by him with the advice of convenor.  He has to 

circulate the circulars regarding the seminar (Call of Papers, Seminar information etc.,) among 

the participants and the firms or institutions.  He is organizing the entire course of seminar till 

end session. 

 

Role of Chairperson of the Technical Session of seminar : 

     He is the only person to hold the complete responsibility of the whole technical session. He should 

have the adequate knowledge about the subject or theme dealt in the seminar. Also he is 

cooperative and clarifies the speaker’s presentation. He has to control the whole session with 
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lively instructions and information.  If necessary, he may involve in the discussion but it must 

encourage the group and speaker into direct directions. At the end of each session he has to 

brief the discussions held by the speakers also he has to provide the vote of thanks to the 

participants and the members of seminar committee for their cooperation and participation. 

 
Role of the Speaker / paper presenter of seminar: 

     The speaker or paper presenter is the person who prepares an article or paper about the theme or 

sub-theme of the seminar to read and discuss in the seminar concerned.  He should prepare 

his paper with right and updated information with sufficient knowledge about the paper or 

subject he dealt.  Also he may issue the copies of his paper to the participants. This makes 

the observers and participants for warm participation with good discussion forum. He has to 

reply to the group or questioner without ambiguity. He should be tolerant when the chair 

person interrogates his paper with remarks. 

 
Role of the participants of seminar : 

      There may be 25-40 participants in each sitting only allowed. The participants should have 

knowledge about the theme of seminar.  S/he must have the questioning skills.  S/he must 

appreciate or criticize speakers’ ideas and concepts positively. Participant may express his 

own experience and knowledge to interrogate speakers’ view. But it must be relevant to the 

discussion held in the seminar. S/he should not be negative in attitude. The interaction with 

the speaker must be carried out with the permission of the chair person of technical session of 

seminar.  

 
Role of the observer of seminar : 

     The eminent persons and Honorable guests are invited to attend / participate in the seminar are 

known as observers. They have to observe the discussion and other events occurred in the 

seminar and deliberate their own views regarding them with the permission of Chairperson of 

the technical session. Their views and impressions play a remarkable role with the discussion 

and finalization of the concepts derived in the seminar theme.  However they should avoid the 

negative and inappropriate views against the seminar theme or speakers. 

 

Steps involved in Seminar: 

The seminar is a process which allows the persons to discuss a theme in a peer group with 

subject experts in an objective method. The steps of the seminar method are classified in to following 

three steps: 

- Before seminar (pre seminar phase) 

- At the course of seminar (seminar phase) 

- After the seminar (post seminar phase) 
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Activities involved in the preliminary stage of seminar (pre seminar phase): 

� The following activities need be done in preliminary stage of seminar.  

� Selection of seminar theme and its sub-themes 

� Venue (availability of physical facilities, etc.,), Date(s), and Time (duration of each 

session) are must be finalized well in advance. 

� The panel of specialists, subject experts, Chief Guests, Observers for seminar must be 

prepared and obtaining the concurrence from the President or Convenor of the seminar.  

� The permission must be requested from the persons listed in the panel and from their 

head offices to utilize their services for seminar. 

� A circular regarding the seminar and its information must be prepared without ambiguity. 

� The seminar circular must be circulated well in advance to the people (must have the 

relevant knowledge about the theme of the seminar) who are able to participate in the 

seminar. 

� The selection of the paper presenter / speakers must be based on the article submitted 

by them and their professional excellence.  Such selected Paper presenter will be 

informed with the necessary regulations to be followed by them in the seminar. 

� A compendium of selected papers must be prepared by a expert committee. 

 

Activities involved during seminar (seminar phase): 

� Ensure the physical facilities (Stage settings, Seats, Audio-Visual equipments, etc.) 

available for the participants of seminar. 

� Welcome the Chief Guests, Chair persons of Technical session, Observers and 

Participants of seminar and encourage their active participation in the seminar 

� The compendium must be distributed to the participants before the beginning of seminar. 

� The seminar theme and its sub-theme need be explained. 

� Guide the paper presenters for their location and time of seminar session before the 

beginning of seminar. 

� The Chair person of technical session and the paper presenters and speakers must 

manage the time effectively. 

� Proper assistance must be ensure for every speaker / paper presenter to facilitate their 

paper presentation by providing appropriate Audio, Video equipments such as Public 

Address System, Over Head Projector, LCD projector etc. 

� At the end of seminar session, the seminar events will be briefed by the Chairman of the 

seminar. This gives a clear definition to the seminar conducted and the further steps to be 

done in future also. 

� The chairman or organizing secretary will announce the concept derived by the seminar. 

� Deliver of Vote of thanks to the Participants, Seminar Committees and all the people who 

engaged in the seminar activities either directly and indirectly. 



Seminar Method 

Lecture notes on Teaching of Science (Part: Methodology)., Source Book., D.T.Ed., First Year.   Page 9 of 12 

Activities involved after the end of seminar (post seminar phase) : 

� Correction of the presented papers / articles from the authors (paper presenters) must 

be done by themselves. 

� The restructuring of paper submitted is essential, because the clarifications received 

during the discussion must be incorporated. A clear, definite idea or concept of each 

paper will be reached through the restructuring the seminar paper. 

� Compilation of the restructured papers will be done by a panel of experts. 

� The prepare compilation (Compendium) must be sent to the concerned firms, 

institutes, Agencies, Government departments for further follow up activities. 

� The compendium may be distributed on request to the people of similar interest also 

(with the permission of Chair person of Seminar) 

� Finalization of Accounts must be done. A clear budget report must be prepared and 

sent to the auditing committee / officers for approval are essential. 

 

Evaluation of Seminar: 

� The seminar can be evaluated using formal and informal evaluation methods. 

� The evaluation must be made to get the immediate feed back from the speaker and 

participants regarding the seminar paper and other seminar details. 

� The objectivity of the paper presented, the view of audience also need be evaluated. 

� The observation schedule, questionnaire can be used as evaluation tools for seminar. 

� The information obtained through the evaluation tools must be a feed back for the paper 

presenters. 

� The evaluation of overall seminar process can be used for the study and feasibility of forth 

coming seminars and its arrangements. 
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Merits of Seminar method: 
 

☺ Naturally, the spontaneous learning can be achieved effectively in this method. 

☺ Seminar is usually learner centered. 

☺ Information seeking and retrieval behavior is encouraged very much in this method. 

☺ The learner himself prepares and compiles his own paper for the seminar gives 

readiness of mind and learning becomes structured.  

☺ Learning by doing is encouraged in this method.   

☺ The paper presenter / participant receive a reinforced learning experience from the 

Group discussion. 

☺ Learning experiences is highly structured by the learner himself.  

☺ The teacher or chair person of technical session only plays the Guidance and 

instructional role. 

☺ Develops cognitive, affective domains based learning. 

☺ Norms of behavior is developed and reinforced. 

☺ Develops open mindedness, suppress the subjective ideas from the learners. 

☺ The interactions and interrogations develops the spirit of information seeking 

behaviors (norms of behavior) 

☺ The data processing skills, compilation skills, communication skill are easily inculcated 

in this method. 

☺ Learner gets in-depth knowledge of the subject he presented. 

☺ This method built better social values and fault tolerance levels in the minds of 

learner. 

 
Limitations of Seminar method 

� Setting up of a seminar for every topic in the 

Text is not feasible. 

� The subject area to be taught must be 

relevant to the theme of the seminar. 

� The seminar themes must conform the 

learning experiences to be inculcated to the 

students. 

� This method found fit for higher learning only. 

� Implementation of this method for lower 

classes is cumbersome. 

� Only matured and balanced minded teachers can make this method successful. 

� The teacher must be resourceful (both in academic and administrative) in nature. 

� Time management is some what difficult. 
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� Unnecessary gossips, glitches among the participants may deteriorate the scope and 

objectives of seminar. 

� Passive observation without interaction also make seminar dull and worthless. 

 

 
Seminar method – An example. 

 

	 Topic in the Text book to be taught under seminar method: Water Pollution & its Preventive 

measures and awareness to public. 

	 Teacher discusses about the topic of seminar and selects the organizing secretary for the 

Seminar. The organizing secretary prepares a panel of subject experts with the help 

of teacher. With the advice of Head master, organizing secretary and the teacher form 

a committee and select the Chair person for Technical Session and Speakers. 

	 The organizing secretary classifies the seminar theme into sub-themes which are relevant 

with the learning experiences with the help of teacher and selected eminent students. 

	 The organizing secretary prepares a circular for information about the Seminar theme and 

its sub-themes, Venue, Time, requirements etc. 

 

A sample circular: 

Dear Student Teacher, 

I am pleased to furnish below the details of the Seminar on Water Pollution & its Preventive measures and awareness to 

public' to be held on June 25th, 2009, at Lawspet. 

          Your active participation is highly solicited and get the benefit of this event. I also request you to kindly share information 
regarding the Seminar with your friends of the academic circle. Kindly refer the circular enclosed for further information.  

 
[N. Sambat Coumar] 
Organizing Secrteary 
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 The secretary receives minimum 10 papers from students for each sub-theme listed above.  

The paper presenter distributes the copy of the seminar paper to the participants and 

read and discusses the topic he has written.  


 Based on the discussion, the other learners also learnt the subject described. 


 The final compilation of presented papers will be done by the secretary and the paper 

presenters. 


 This final consolidation (compendium) becomes a good reference source for the subject 

mentioned above. 

 

Submit a Seminar paper regarding `Water Pollution`. 

Reference: 

(Teaching of Science, First Year Source Book (D.T.Ed.) Tamil Nadu Textbook Society, Chennai-600006.  p74-78.). 

From:    T. Madhavan. Lecturer (Science), DIET, Lawspet, Puducherry. 

District Institute of Education and Training, Lawspet, Puducherry. 

Institutional Seminar 
on 

Water Pollution & its Preventive measures and awareness to public 
 

Sep. 26,  2009 
 

           The Seminar is planned as a consultative process, to provide a forum for discussion 
and collaboration, to engage participants involved in educational activities and to arrive a 
common measures to prevent Water Pollution and its awareness to public. 

 
Themes for Paper Presentation � 

i. Water Pollution 

ii. Need for Preventive measures for Water pollution, 

iii. Methods of Prevention of water pollution, 

iv. Psychology of ID for Challenged Youths, 

v. Role of Public and their awareness of Water pollution and its preventive 

measures. 

� The themes are only indicative and not exhaustive. 

☯ 
 

Submission of Abstract/ Paper 

Paper Presenters shall submit the abstract of the proposed paper in about 150-200 words to the 

undersigned on or before 25th May, 2009.  The full paper should be submitted on or before 28-

05-2009. 

	 
Venue: DIET conference Hall.                                             Date: 25-06-2009.     

--------------------------------------------------------------------x------------------------------------------------------------------ 

For further details, please contact:  The Principal, DIET, Lawspet. Phone:  0413-2251243 

Secretary:  T.Madhavan, Lecturer, DIET, Lawspet,  

e-mail : jtmadhavan@yahoo.com 



Protein targeting and sorting



•• Overview of sorting of nuclear-encoded proteins in 
eukaryotic cells

•Two basic forms of targeting pathways

• Eukaryotic targeting signals

• to endoplasmic reticulum ( via to all secretory pathway)

• to mitochondria

• to chloroplast

• to peroxiosme

• Common principles in protein translocation across 
membranes

Protein targeting and sorting
Headlines



Protein sortingProtein sorting
Overview of sorting of nuclearOverview of sorting of nuclear--encoded proteins in eukaryotic cellsencoded proteins in eukaryotic cells

Molecular Cell Biology. Lodish et als. Figure 17-1



Question

• How the cytosolic made proteins are 
guided towards the correct location 
since multiplex proteins are targeted to 
different organelles?



Protein traffic



Protein Trafficking/TargetingProtein Trafficking/Targeting

Protein targeting is 
necessary for proteins 
that are destined to work 
outside the cytoplasm.

Protein targeting is more 
complex in eukaryotes 
because of the presence 
of many intracellular 
compartments.



EuEukaryotickaryotic protein targetingprotein targeting

In the absence of targeting signals, a protein will remain in the cytoplasm
•translational machinery 
•metabolic enzymes 
•cytoskeletal proteins 
•many signal transduction proteins 

The signals involved are also 
called sorting signals. They are 
regions on the targeted protein 
with certain amino acid 
sequences

These signals interact with 
specific receptors, either on the 
target organelle or a carrier 
protein



Two basic forms of targeting pathways

post-translational targeting: 
•nucleus 
•mitochondria 
•chloroplasts 
•Peroxisomes

co-translational targeting (secretory 
pathway): 

•ER 
•Golgi 
•lysosomes 
•plasma membrane 
•secreted proteins 



Targeting signals

(Fig12-8 Alberts)



Eukaryotic targeting signals



Mitochondria

(Prof. Ruth Bellairs, Department of Anatomy and Developmental Biology, 
University College, London WC1E 6BT)



Eukaryotic targeting signals



Mitochondrial targeting signals





Eukaryotic targeting signals



Chloroplast targeting signals

1st Structure 1st Structure :
- contain hydroxylated aa.
- small hydrophobic aa.
- positively charged aa.
- few acidic aa.

22ndnd StructureStructure:
- random coiled in 
solution
- β-sheet

The ability to perform conformational 
changes might be an important feature for 
cytosolic targeting



Chloroplast targeting signals.Chloroplast targeting signals.
Sequence logosSequence logos

Cleavage site for peptidase

Sequence of mature proteinSequence from targeting signal

(O. Emanuelsson et als. 1999 Protein Sci 1999. 8(5):978-984)



Transport of peroxisomal proteins
How to get a folded protein across the membrane?



Eukaryotic targeting signals



The PTS1 motif 



The PTS1 motif

Peroxisomal/Non-peroxisomal occurrence 
 
AHL 3 / 5 PHL 1 /8 
AKA 1 /19 PKL 3 / 4 
AKF 1 / 3 PRL 1 / 3 
AKI 1 / 9 SHL 10 / 18 
AKL 19 / 21 SKL 2 / 7 
AKM 3 / 1 SKI 6 / 2 
AKV 1 /19 SKL 42 / 20 
ANL 2 / 5 SKM 4 / 1 
ARF 1 / 2 SKV 1 / 24 
ARL 4 / 9 SNL 2 / 9 
ARM 5 / - SQL 4 / 4 
ARY 1 / 1 SRL 14 / 11 
ASL 1 / 23 SRM 4 / - 
CKL 2 / 4 THL 1 / 18 
HRL 1 / 1 TKL 1 / 23 
HRM 2 / 1 TKV 1 / 4 
KKL 2 / 6 YRM 1 / 13 
NKL 4 / 10 



Peroxisomal membrane protein import



Types of targeting signal sequences
 
Target Organelle Usual Signal 

Location within 
Protein 

Signal 
Removal* 

Nature of Signal 

 
 
Endoplasmic  
reticulum 

N-term inal (+) “Core” of 6–12 mostly hydrophobic am ino 
acids, often preceded by one or more basic 
am ino acids 

Mitochondrion† N-term inal (+) 3 – 5 nonconsecutive Arg or Lys residues, 
often w ith Ser and Thr; no G lu or Asp residues 

Chloroplast† N-term inal (+) No common sequence motifs; generally rich in 
Ser, Thr, and small hydrophobic am ino acid 
residues and poor in G lu and Asp residues 

Peroxisome C-term inal (? ) Usually Ser-Lys-Leu at extreme C-term inus 
Nucleus Internal (? ) One cluster of 5 basic am ino acids, or two 

smaller clusters of basic residues separated by 
? 10 amino acids 

 

Molecular Cell Biology. Lodish et als. Table17-1



Translocation across membranes
Common principles

1. Multiple pathways of protein 
translocation across membrane 
exit.

2. Molecular chaperones are required 
in the cytosol, inside the organelle 
and often within the organelle 
membrane.

3. ATP and/or GTP hydrolysis is often 
required.

4. A proton-motive force across the 
membrane is often required.

5. Protein translocation occurs 
through gated, aqueous channels



CENTRIFUGE 

Dr. S. VELMURUGAN 
Guest lecturer 
P.G and Research Department of Botany  
Alagappa Government Arts College 
Karaikudi -03 



Centrifuge 

Centrifugation is a technique of 

separating substances which involves the 

application of centrifugal force. 

The particles are separated from a 

solution according to their size, shape, 

density, the viscosity of the medium and 

rotor speed. 

 



 

Principle of Centrifugation 
 In a solution, particles whose density is higher than that of the 

solvent sink (sediment), and particles that are lighter than it floats to 

the top. 

The greater the difference in density, the faster they move. If there is 

no difference in density (isopycnic conditions), the particles stay 

steady. 

To take advantage of even tiny differences in density to separate 

various particles in a solution, gravity can be replaced with the much 

more powerful “centrifugal force” provided by a centrifuge. 



A centrifuge is a piece of equipment that puts an object in rotation 

around a fixed axis (spins it in a circle), applying a potentially strong 

force perpendicular to the axis of spin (outward). 

The centrifuge works using the sedimentation principle, where the 

centripetal acceleration causes denser substances and particles to move 

outward in the radial direction. 

At the same time, objects that are less dense are displaced and move to 

the centre. 

In a laboratory centrifuge that uses sample tubes, the radial acceleration 

causes denser particles to settle to the bottom of the tube, while low- 

density substances rise to the top. 

 

 



Relative Centrifugal Force (RCF)  

 

RCF, is the ratio of the centrifugal acceleration at a specified radius and 

the speed to the standard acceleration of gravity. 

Relative Centrifugal force is defined as  

     f=Mω2 r  

Where, 

 F= intensity of centrifugal force 

M= mass of particle 

ω= angular velocity of rotation 

R= distance of migrating particles from central axis of rotation. 

 



The RCF value for any centrifuge may be calculated from the 

following equation: RCF = 1.18 × r × (rpm) 2 ×10-5  

 

Where, 

1.18×10-5 = An empirical factor 

r is the radius in cm from the centre of the centrifuge shaft to the 

external tip of centrifuge tube. rpm is the number of revolution per 

minute of the centrifuge rotor 

 



The time required to separate particles depends on the rotor speed, 

radius of rotor and effective path length travelled by sedimented 

particles. 

The following formula useful for the calculation of the speed 

required for a rotor with a radius that differ from the radius with 

which a prescribed, 

  R.P.M. =1000× √RCF/ 1.18×r 

The length of time of centrifugation also can be calculated so, that 

running with an alternative rotor of a different size is equivalent to 

running with a original rotor. 

 



Centrifugal force = (angular velocity) 2 x radius 
 

   



Type of centrifuge 
 

1. SMALL BENCH CENTRIFUGE 

2. CLINICAL CENTRIFUGE 

3. LOW-SPEED CENTRIFUGE 

4. HIGH-SPEED CENTRIFUGES 

5. ULTRACENTRIFUGES 

 



SMALL BENCH CENTRIFUGE 

 Two type of small bench centrifug 

  1. Hand Centrifuges 

 

  2. Clinical Centrifuge 

 



1. Hand Centrifuges 

 Hand centrifuge is manually operated 

consisting of two centrifuge tube 

holders. Hand centrifuges are used to 

sediment the large particles for simple 

experiments. 



Clinical Centrifuges  

 These are very simple and small and hence can be placed atop a 

desk.  They are normally used to isolated red blood cells, yeast 

cells or bulky precipitates of chemical reactions.  

 Their maximum speed is usually 3000 rev min-1 with maximum 

relative centrifugal force of 7000g.  

 

  



 They do not usually have any temperature regulatory system.  

 They are useful for the separation of large volumes of crude 

preparation.  

 The rotors are mounted vertically on a rigid shaft.  

 Therefore, centrifuge tubes must be placed diametrically opposite 

to each other after balancing their weights accurately. 



Clinical Centrifuges  



LOW-SPEED CENTRIFUGE 

1) Most laboratories have a standard low-

speed centrifuge used for routine 

sedimentation of heavy particles. 

 

2) The low-speed centrifuge has a 

maximum speed of 4000-5000rpm. 

  

 



3) These instruments usually operate at room temperatures with no 

means of temperature control.  

 

4) Two types of rotors are used in it, 

Fixed angle 

Swinging bucket. 

 

5) It is used for sedimentation of red blood cells until the particles 

are tightly packed into a pellet and supernatant is separated by 

decantation. 

 



HIGH-SPEED CENTRIFUGES 

High-speed centrifuges are used in more sophisticated biochemical 

applications, higher speeds and temperature control of the rotor chamber 

are essential. 

The high-speed centrifuge has a maximum speed of 15,000 – 20,000 

RPM 

The operator of this instrument can carefully control speed and 

temperature which is required for sensitive biological samples. 

Three types of rotors are available for high-speed centrifugation- 

Fixed angle 

Swinging bucket 

Vertical rotors 

 
 



HIGH-SPEED CENTRIFUGES 



ULTRACENTRIFUGES 

 

It is the most sophisticated instrument. 

Ultracentrifuge has a maximum speed of 65,000 RPM (100,000’s x 

g). 

Intense heat is generated due to high speed thus the spinning 

chambers must be refrigerated and kept at a high vacuum. 

It is used for both preparative work and analytical work. 

 

 



ULTRACENTRIFUGES 



Types of Centrifugation 

 

Differential Pelleting (differential centrifugation) 

 

Density Gradient Centrifugation 

 

Rate-Zonal Density-Gradient Centrifugation 

 

Isopynic Centrifugation 

 



Differential Pelleting (differential centrifugation) 

It is the most common type of centrifugation employed. 

Tissue such as the liver is homogenized at 32 degrees in a sucrose solution that 

contains buffer. 

The homogenate is then placed in a centrifuge and spun at constant centrifugal 

force at a constant temperature. 

After some time a sediment forms at the bottom of a centrifuge called pellet 

and an overlying solution called supernatant. 

The overlying solution is then placed in another centrifuge tube which is then 

rotated at higher speeds in progressing steps. 

 



Density Gradient Centrifugation 

This type of centrifugation is mainly used to purify viruses, ribosomes, 

membranes, etc. 

A sucrose density gradient is created by gently overlaying lower 

concentrations of sucrose on higher concentrations in centrifuge tubes 

The particles of interest are placed on top of the gradient and centrifuge 

in ultracentrifuges. 

The particles travel through the gradient until they reach a point at which 

their density matches the density of surrounding sucrose. 

The fraction is removed and analyzed. 

 



Rate-Zonal Density-Gradient Centrifugation 

Zonal centrifugation is also known as band or gradient centrifugation 

It relies on the concept of sedimentation coefficient (i.e. movement of 

sediment through the liquid medium) 

In this technique, a density gradient is created in a test tube with sucrose 

and high density at the bottom. 

The sample of protein is placed on the top of the gradient and then 

centrifuged. 

With centrifugation, faster-sedimenting particles in sample move ahead of 

slower ones i.e. sample separated as zones in the gradient. 

The protein sediment according to their sedimentation coefficient and the 

fractions are collected by creating a hole at the bottom of the tube 

 



Isopynic Centrifugation 

The sample is loaded into the tube with the gradient-forming solution 

(on top of or below pre-formed gradient, or mixed in with self-forming 

gradient) 

The solution of the biological sample and cesium salt is uniformly 

distributed in a centrifuge tube and rotated in an ultracentrifuge. 

Under the influence of centrifugal force, the cesium salts redistribute to 

form a density gradient from top to bottom. 



Particles move to point where their buoyant density equals that part of 

gradient and form bands. This is to say the sample molecules move to the 

region where their density equals the density of gradient. 

It is a “true” equilibrium procedure since depends on bouyant densities, 

not velocities 

Eg: CsCl, NaI gradients for macromolecules and nucleotides – “self-

forming” gradients under centrifugal force. 



Applications of Centrifugation 

To separate two miscible substances 

To analyze the hydrodynamic properties of macromolecules 

Purification of mammalian cells 

Fractionation of subcellular organelles (including 

membranes/membrane fractions) Fractionation of membrane 

vesicles 

 



Separating chalk powder from water 

Removing fat from milk to produce skimmed milk 

Separating particles from an air-flow using cyclonic separation 

The clarification and stabilization of wine 

Separation of urine components and blood components in forensic and 

research laboratories 

Aids in the separation of proteins purification techniques such as salting 

out, e.g. ammonium sulfate precipitation. 

https://microbenotes.com/proteins-properties-structure-classification-and-functions/
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What Is Paper Chromatography? 

 Chromatography technique that uses paper sheets or strips as the 

adsorbent being the stationary phase through which a solution is 

made to pass is called paper chromatography.  

 It is an inexpensive method of separating dissolved chemical 

substances by their different migration rates across the sheets of 

paper.  

 It is a powerful analytical tool that uses very small quantities of 

material.  

 Paper chromatography was discovered by Synge and Martin in 

the year 1943. 

 



Paper Chromatography Principle 

 The principle involved can be partition chromatography or adsorption 

chromatography.  

 Partition chromatography because the substances are partitioned or 

distributed between liquid phases.  

 The two phases are water held in pores of the filter paper and the other phase 

is a mobile phase which passes through the paper.  

 When the mobile phase moves, the separation of the mixture takes place. The 

compounds in the mixture separate themselves based on the differences in 

their affinity towards stationary and mobile phase solvents under the capillary 

action of pores in the paper.  

 Adsorption chromatography between solid and liquid phases, wherein the 

solid surface of the paper is the stationary phase and the liquid phase is the 

mobile phase. 
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Paper Chromatography Procedure 

• Selecting a suitable type of development: It is decided based on 

the complexity of the solvent, paper, mixture, etc. Usually 

ascending type or radial paper chromatography is used as they are 

easy to perform. Also, it is easy to handle, the chromatogram 

obtained is faster and the process is less time-consuming. 

• Selecting a suitable filter paper: Selection of filter paper is done 

based on the size of the pores, and the sample quality. 

• Prepare the sample: Sample preparation includes the dissolution 

of the sample in a suitable solvent (inert with the sample under 

analysis) used in making the mobile phase. 



• Spot the sample on the paper: Samples should be spotted at a 

proper position on the paper by using a capillary tube. 

• Chromatogram development: Chromatogram development is 

spotted by immersing the paper in the mobile phase. Due to the 

capillary action of paper, the mobile phase moves over the sample 

on the paper. 

• Paper drying and compound detection: Once the chromatogram 

is developed, the paper is dried using an air drier. Also, 

detecting solution can be sprayed on the chromatogram developed 

paper and dried to identify the sample chromatogram spots. 

 

 

https://byjus.com/chemistry/solution-properties-concentration/


Paper Chromatography Applications 

• To study the process of fermentation and ripening. 

• To check the purity of pharmaceuticals. 

• To inspect cosmetics. 

• To detect the adulterants. 

• To detect the contaminants in drinks and foods. 

• To examine the reaction mixtures in biochemical 

laboratories. 

• To determine dopes and drugs in humans and animals. 

 



Types of paper chromatography: 

• Ascending Paper Chromatography – The techniques goes with its 

name as the solvent moves in an upward direction. 

• Descending Paper Chromatography – The movement of the flow 

of solvent due to gravitational pull and capillary action is 

downwards hence the name descending paper chromatography. 

• Ascending – Descending Paper Chromatography – In this version 

of paper chromatography movement of solvent occurs in two 

directions after a particular point. Initially, the solvent travels 

upwards on the paper which is folded over a rod and after crossing 

the rod it continues with its travel in the downward direction. 

 



• Radial or Circular Paper Chromatography – The sample is 

deposited at the centre of the circular filter paper. Once the spot is 

dried, the filter paper is tied horizontally on a Petri dish which 

contains the solvent. 

• Two Dimensional Paper Chromatography – Substances which 

have the same rf values can be resolved with the help of two-

dimensional paper chromatography. 

 



What Is Column Chromatography? 

• In chemistry, Column chromatography is a technique which is 

used to separate a single chemical compound from a mixture 

dissolved in a fluid.  

• It separates substances based on differential adsorption of 

compounds to the adsorbent as the compounds move through the 

column at different rates which allow them to get separated in 

fractions.  

• This technique can be used on a small scale as well as large scale 

to purify materials that can be used in future experiments.  



Column Chromatography Principle 

• When the mobile phase along with the mixture that needs to be separated is 

introduced from the top of the column, the movement of the individual components 

of the mixture is at different rates.  

• The components with lower adsorption and affinity to stationary phase travel faster 

when compared to the greater adsorption and affinity with the stationary phase.  

• The components that move fast are removed first whereas the components that 

move slowly are eluted out last. 

• The adsorption of solute molecules to the column occurs in a reversible manner. 

The rate of the movement of the components is expressed as: 

• Rf = the distance travelled by solute/ the distance travelled by the solvent 

• Rf is the retardation factor. 

 





Column Chromatography Procedure 

Mobile phase – This phase is made up of solvents and it performs 

the following functions: 

• It acts as a solvent – sample mixture can be introduced in the 

column. 

• It acts as a developing agent – helps in the separation of 

components in the sample to form bands. 

• It acts as an eluting agent – the components that are separated 

during the experiment are removed from the column 

• Some examples of solvents used as mobile phase based on their 

polarity are – ethanol, acetone, water, acetic acid, pyridine, etc. 

 

https://byjus.com/chemistry/acetic-acid/
https://byjus.com/chemistry/acetic-acid/
https://byjus.com/chemistry/acetic-acid/


Stationary phase – It is a solid material which should have good 

adsorption property and meet the conditions given below: 

• Shape and size of particle: Particles should have uniform shape 

and size in the range of 60 – 200μ in diameter. 

• Stability and inertness of particles: high mechanical stability 

and chemically inert. Also, no reaction with acids or bases or 

any other solvents used during the experiment. 

• It should be colourless, inexpensive and readily available. 

• Should allow free flow of mobile phase 

• It should be suitable for the separation of mixtures of various 

compounds. 
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Column Chromatography Experiment 

• The stationary phase is made wet with the help of solvent as the upper level 

of the mobile phase and the stationary phase should match.  

• The mobile phase or eluent is either solvent or mixture of solvents. In the 

first step the compound mixture that needs to be separated, is added from 

the top of the column without disturbing the top level.  

• The tap is turned on and the adsorption process on the surface of silica 

begins. 

• Without disturbing the stationary phase solvent mixture is added slowly by 

touching the sides of the glass column.  

• The solvent is added throughout the experiment as per the requirement. 

 



Column Chromatography Applications 

• Column Chromatography is used to isolate active ingredients. 

• It is very helpful in Separating compound mixtures. 

• It is used to determine drug estimation from drug formulations 

• It is used to remove impurities. 

• Used to isolation metabolites from biological fluids. 

 



Types of Column Chromatography: 

• 1. Adsorption column chromatography – Adsorption chromatography is a 

technique of separation, in which the components of the mixture are adsorbed 

on the surface of the adsorbent. 

• 2. Partition column chromatography – The stationary phase, as well as 

mobile phase, are liquid in partition chromatography. 

• 3. Gel column chromatography – In this method of chromatography, the 

separation takes place through a column packed with gel. The stationary phase 

is a solvent held in the gap of a solvent. 

• 4. Ion exchange column chromatography – A chromatography technique in 

which the stationary phase is always ion exchange resin. 

 

https://byjus.com/chemistry/partition-chromatography/
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What Is Thin Layer Chromatography? 

• Thin Layer Chromatography is a technique used to isolate non-volatile 

mixtures. The experiment is conducted on a sheet of aluminium foil, 

plastic, or glass which is coated with a thin layer of adsorbent 

material. The material usually used is aluminium oxide, cellulose, or 

silica gel. 

• On completion of the separation, each component appears as spots 

separated vertically. Each spot has a retention factor (Rf) expressed as: 

• Rf = dist. travelled by sample / dist. travelled by solvent 

• The factors affecting retardation factor are the solvent system, amount 

of material spotted, absorbent and temperature. TLC is one of the 

fastest, least expensive, simplest and easiest chromatography 

technique. 

 

https://byjus.com/chemistry/al2o3/
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Thin Layer Chromatography Principle 

• Like other chromatographic techniques, thin-layer 

chromatography (TLC) depends on the separation principle.  

• The separation relies on the relative affinity of compounds 

towards both the phases.  

• The compounds in the mobile phase move over the surface of the 

stationary phase.  

 



• The movement occurs in such a way that the compounds 

which have a higher affinity to the stationary phase move 

slowly while the other compounds travel fast.  

• Therefore, the separation of the mixture is attained. On 

completion of the separation process, the individual 

components from the mixture appear as spots at respective 

levels on the plates. Their character and nature are identified 

by suitable detection techniques. 
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Thin Layer Chromatography Procedure 

• Before starting with the Thin Layer Chromatography 

Experiment let us understand the different components 

required to conduct the procedure along with the phases 

involved. 

• Thin Layer Chromatography Plates – ready-made plates are 

used which are chemically inert and stable. The stationary 

phase is applied on its surface in the form of a thin layer. The 

stationary phase on the plate has a fine particle size and also 

has a uniform thickness. 



• Thin Layer Chromatography Chamber – Chamber is used to 

develop plates. It is responsible to keep a steady environment 

inside which will help in developing spots. Also, it prevents 

the solvent evaporation and keeps the entire process dust-free. 

• Thin Layer Chromatography Mobile phase – Mobile phase is 

the one that moves and consists of a solvent mixture or a 

solvent. This phase should be particulate-free. The higher the 

quality of purity the development of spots is better. 

• Thin Layer Chromatography Filter Paper – It has to be placed 

inside the chamber. It is moistened in the mobile phase. 

 

 



Thin Layer Chromatography Experiment 

• The stationary phase that is applied to the plate is made to 

dry and stabilize. 

• To apply sample spots, thin marks are made at the bottom of 

the plate with the help of a pencil. 

• Apply sample solutions to the marked spots. 

• Pour the mobile phase into the TLC chamber and to 

maintain equal humidity, place a moistened filter paper in 

the mobile phase. 



• Place the plate in the TLC chamber and close it with a lid. It is kept 

in such a way that the sample faces the mobile phase. 

• Immerse the plate for development. Remember to keep the sample 

spots well above the level of the mobile phase. Do not immerse it in 

the solvent. 

• Wait till the development of spots. Once the spots are developed, 

take out the plates and dry them. The sample spots can be observed 

under a UV light chamber. 

 

 



Thin Layer Chromatography Applications 

• The qualitative testing of Various medicines such as sedatives, local 

anaesthetics, anticonvulsant tranquilisers, analgesics, antihistamines, 

steroids, hypnotics is done by TLC. 

• TLC is extremely useful in Biochemical analysis such as separation or 

isolation of biochemical metabolites from its blood plasma, urine, body 

fluids, serum, etc. 

• Thin layer chromatography can be used to identify natural products like 

essential oils or volatile oil, fixed oil, glycosides, waxes, alkaloids, etc 

• It is widely used in separating multicomponent pharmaceutical 

formulations. 

 



• It is used to purify of any sample and direct comparison 

is done between the sample and the authentic sample 

• It is used in the food industry, to separate and identify 

colours, sweetening agent, and preservatives 

• It is used in the cosmetic industry. 

• It is used to study if a reaction is complete. 

 

https://byjus.com/chemistry/artificial-sweeteners-sweetening-agents/
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Disadvantages Of Thin Layer Chromatography: 

• Thin Layer Chromatography plates do not have longer stationary 

phase. 

• When compared to other chromatographic techniques the length of 

separation is limited. 

• The results generated from TLC are difficult to reproduce. 

• Since TLC operates as an open system, some factors such as 

humidity and temperature can be consequences to the final outcome 

of the chromatogram. 

• The detection limit is high and therefore if you want a lower 

detection limit, you cannot use TLC. 

• It is only a qualitative analysis technique and not quantitative. 
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What is Electrophoresis? 

• Electrophoresis is a separations technique that is based on the 

mobility of ions in an electric field. Positively charged ions migrate 

towards a negative electrode and negatively charged ions migrate 

toward a positive electrode. For safety reasons one electrode is 

usually at ground and the other is biased positively or negatively. 

Ions have different migration rates depending on their total charge, 

size, and shape, and can therefore be separated. 

• The technique is used particularly for macromolecules, such as 

proteins. A negative charge is added to these molecules so they 

move towards the positive electrode. 
 

https://www.chemicool.com/definition/separations_introduction.html
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History 

 

Father of Electrophoresis Arne Tiselius 

 

   The Nobel Prize in chemistry 1948 

 

“For his research on electrophoresis and adsorption analysis, especially 

for his discoveries concerning the complex nature of the serum 

proteins” 



How does it work? 
 

 An electric field is applied to molecules and as they are 

electrically charged themselves it results in a force acting upon them. The 

greater the charge of the molecule the greater the force applied by the 

electrical field and therefore the further through the support medium the 

molecule will move relative to its mass. 

Some example applications of electrophoresis include DNA and RNA 

analysis as well as protein electrophoresis which is a medical procedure 

used to analyse and separate the molecules found in a fluid sample (most 

commonly blood and urine samples). 

 

 



The Rate of migration of charged molecules depends upon 

following factors: 

 

(a) The strength of electric field, size and shape. 

(b) Relative hydrophobicity of the sample. 

(c) Ionic strength and temperature of the buffer. 

(d) Molecular size of the taken biomolecule. 

(e) Net charge density of the taken bio molecule. 

(f) Shape of the taken biomolecule. 

In the process of electrophoresis large molecules have more 

difficulty in moving through the supporting medium (i.e., gel) 

whereas the smaller medium has more mobility through it 

 



Electrophoresis Apparatus 



Based on Buffer System  

Continuous buffer System :-  

Most commonly used. 

 

Same buffer used in support media and in electrodechamber. 

 

Separation purely molecular size and electrical charge is used 

only to induce movement.  

 e.g.: TBE, TCE, TME, TAE 

 



Discontinuous / Multiphasic buffer System: 

Mostly used for proteins. 

Different buffers used in electrode chamber and in support media. 

Proteins enter the gel as a narrow zone - Separating and stacking gel buffer 

contain highly electronegative chloride ions. Tank Buffer contains less 

electronegative glycine. The pI (Zwitter ions formation) of glycinate ions 

is around pH 6.8 (the stacking gel pH). Mobility of glycinate ions is 

retarded at this pH.  Highly electronegative chlorine will be the leading 

ion. Mobility of the sample in the stacking gel is like a sandwich between 

the leading chloride and the trailing glycine hence narrow bands & sharp 

resolution.• e.g.: TG, LB 

 



TYPES OF ELECTROPHORESIS  

 

 All modern electrophoretic apparatus have supporting media 

these days. A supporting medium is a physical support through 

which the charged molecules get separated. It has two primary 

functions-adsorption and molecular sieving of the taken molecules 

which are intended to be separated. 

 



TYPES OF ELECTROPHORESIS  

1) Zone Electrophoresis  

 a) Paper Electrophoresis  

 b) Gel Electrophoresis 

  c) Thin Layer Electrophoresis  

 d) Cellulose acetate Electrophoresis  

 2) Moving Boundary Electrophoresis  

 a) Capillary Electrophoresis  

 b) Isotachophoresis  

 c) Isoelectric Focussing  

 d) Immuno Electrophoresis 

 



PAPER ELECTROPHORESIS 

 

  In paper electrophoresis, the supporting used is a 

chromatographic paper which is cut to the required size to carry out 

electrophoresis. Low voltage paper electrophoresis is simple, cheap 

and used for separation amino acids, peptides, proteins, 

nucleotides, nucleic acids & charged carbohydrates. 

Equipment:  

  Horizontal electrophoresis equipment. 



Advantages:  

1. It is economical.  

2. Easy to use. 

Disadvantages:  

1. Adsorption: But adsorption is minimized by using buffer, more 

alkaline then isoelectric point of sample.  

2. Diffusion of small molecules: It is overcome by applying high 

voltage (~ 20 V cm-1 ) thereby reducing the time required for 

separation. In case of high voltage paper electrophoresis, the 

paper is clamped between 2 cooled plates to carry off the heat 

generated by the high voltage current flow. 



Apparatus for Paper Electrophoresis 



Gel electrophoresis 

Separation is brought about through molecular sieving technique, 

based on the molecular size of the substances. Gel material acts as a 

"molecular sieve”.  

Gel is a colloid in a solid form (99% is water). 

It is important that the support media is electrically neutral. 

Gel electrophoresis is a technique used to separate DNA fragments 

according to their size. 

DNA samples are loaded into wells (indentations) at one end of a 

gel, and an electric current is applied to pull them through the gel. 

 



DNA fragments are negatively charged, so they move towards the 

positive electrode. Because all DNA fragments have the same 

amount of charge per mass, small fragments move through the gel 

faster than large ones. 

When a gel is stained with a DNA-binding dye, the DNA fragments 

can be seen as bands, each representing a group of same-sized DNA 

fragments. 

Different types of gels which can be used are; Agar and Agarose 

gel, Starch, Sephadex, Polyacrylamide gels. 

 

 





GEL ELECTROPHORESISGEL  
  

Gel Electrophoresis is caried out in two methods:  

  

 1.Vertical starch gel electrophoresis  

  

 2.Horizontal starch gel electrophoresis  



Gel Electrophoresis 

Agarose gel Starch gel 
Polyacrylamide 

gel 



Agar and Agarose gel 
 

Agar is a mixture of poly saccharides extracted from sea weeds.  

Agarose is a highly purified uncharged polysaccharide derived from 

agar.  

Agarose is chemically basic disaccharide repeating units of 3,6- 

anhydro-L-galactose.  

Agarose dissolves when added to boiling liquid. It remains in a liquid 

state until the temperature is lowered to about 40° C at which point it 

gels. 



The pore size may be predetermined by adjusting the concentration of 

agarose in the gel. 

 Agarose gels are fragile. They are actually hydrocolloids, and they are 

held together by the formation of weak hydrogen and hydrophobic 

bonds.  

The pores of an agarose gel are large, agarose is used to separate 

macromolecules such as nucleic acids, large proteins and protein 

complexes 

 

 



Agarose gel Electrophoresis 

Commonly used support medium. 

Less expensive than cellulose acetate. 

Equally good separation. 

Agar is a complex acidic polysaccharide containing monomers of 

sulfated galactose . 

Agarose is a sulfate free fraction of Agar. 

Gel is prepared in buffer and spread over a microscopic slide. 

A small sample of serum or biological fluid is applied by cutting in to the 

gel with a sharp edge. 

The electrophoretic rum takes about 90 minutes. 

 



A Solidified agarose gel  



ADVANTAGES:ADVANTAGES: 

 

Easy to prepare and small concentration of agar is required. 

Resolution is superior to that of filter paper.  

Large quantities of proteins can be separated and recovered.  

Adsorption of negatively charged protein molecule is negligible.  

It adsorbs proteins relatively less when compared to other medium.  

Sharp zones are obtained due to less adsorption. 

Recovery of protein is good, good method for preparative purpose. 

 



DISADVANTAGES: 

Electro osmosis is high. 

Resolution is less compared to polyacrylamide gels. 

Different sources and batches of agar tend to give different results 

and purification is often necessary.  

 

 



Application of Agarose Gel Electrophoresis: 

 

1. Separation of restriction enzyme digested DNA including 

genomic DNA, prior to Southern Blot transfer. It is often used for 

separating RNA prior to Northern transfer. 

2. Analysis of PCR products after polymerase chain reaction to 

assess for target DNA amplification. 

3. Allowing estimation of the size of DNA molecules using a DNA 

marker or ladder which contains DNA fragments of various known 

sizes. 

4. Allows the rough estimation of DNA quantity and quality. 

 



5. Quantity is assessed using lambda DNA ladder which contains 

specific amounts of DNA in different bands. 

6. Quality of DNA is assessed by observing the absence of 

streaking or fragments (or contaminating DNA bands). 

7. Other techniques rely on agarose gel electrophoresis for DNA 

separation including DNA fingerprinting. 

 



Starch gel electrophoresis 
 

 

What is starch gel electrophoresis? 

 

 Starch gel is one of a wide variety of supporting media that can be 

used for horizontal zone electrophoresis. Such gels are prepared by heating 

and cooling a quantity of partially hydrolyzed starch in an appropriate 

buffer solution. 



Starch gel electrophoresis 

Introduced by Smithies (1955). 

Starch used as Supporting media. 

 2 forms - α amylose (unbranched) & amylopectin (branched) polymers. 

 Mostly used for protein separation. 

 Cooking hydrolyzed potato starch with buffer until a uniform consistency 

is achieved. 

Good for proteins. 

Problems : 

Degassing is required. 

Less allozyme alleles reported in fish 

 



Polyacrylamide gel 
 

 It is a white odorless gel, soluble in water. 

 After polymerization of acrylamide it get cross-linked structure. 

TEMED stabilizes free radicals and improves polymerization. 

Here, the toxic affect of acrylamide get vanish (95%). 

Amount of polyacrylamide salt dissolved (conc.) is directly 

proportion to cross –linked nature of gel. 

 

 



Poly Acrylamide Gel Electrophoresis 

It is a subtype of the gel electrophoresis whereby the normal gel is 

replaced with polyacrylamide gels used as support matrix. 

 Gels are made by free radical-induced polymerization of acrylamide and 

N,N’- Methylenebisacrylamide. 

It is the most widely used technique of electrophoresis. 

 A typical setup consists of a gel slab sandwiched between two glass 

plates, with the ends enclosed in upper and lower reservoirs of buffer. 

Samples to be run are loaded in wells at the top of the gel, in conjunction 

with tracking dye. An electrical voltage is applied between the upper and 

lower reservoirs, causing the samples to migrate down through the gel. 

 





Principles of PAGE 

 

In PAGE, an anionic detergent called sodium dodecyl sulfate (SDS) is 

used to bind to proteins and give them a negative charge. Proteins are then 

separated electrophoretically according to their size using a gel matrix 

made of polyacrylamide in an electric field. 

 

Polyacrylamide is produced as a result of the polymerization reaction 

between acrylamide and N,N'-methylene-bis-acrylamide (BIS) using a 

catalyst. The degree of polymerization or cross-linking can be controlled 

by adjusting the concentration of acrylamide and BIS. 

 



The more the cross-linking the harder the gel. Hardness of the gel, in 

turn, modulates the friction experienced by macromolecules when they 

travel through the gel during PAGE, thus affecting the resolution of 

separation. 

 

Loose gels (4-8% acrylamide) allow higher molecular weight molecules 

to migrate faster through the gel while hard gels (12-20% acrylamide) 

restrict the migration of large molecules and selectively allow small 

ones to move through the gel. 

 



SDS-PAGE protocol 
 

1. Sample preparation: 

 Protein samples are denatured by heating them with a 

detergent SDS and mercaptoethanol. The former binds strongly to 

the proteins and gives them a high negative charge whilst the latter 

frees sulfhydryl groups, thus yielding polypeptide chains carrying 

an excess negative charge and similar charge to mass ratio. This 

helps the resolution of proteins strictly based on their size during 

gel electrophoresis. 

 



2. Gel preparation: 

 

 The electrophoretic gel usually has several components 

including acrylamide, BIS, and a buffer. The mixture is degassed 

to prevent bubble formation during polymerization of the gel. 

Ammonium persulfate, a free radical source, and a stabilizer are 

added to start polymerization. BIS is also added to form cross-

links between acrylamide molecules until a gel is ultimately 

formed. 

 



3. Electrophoresis: 

  

 As an electric current is applied proteins migrate 

through the gel to the positive electrode as they have a negative 

charge. Each molecule moves at a different rate based on its 

molecular weight - small molecules move more rapidly through 

the gel than larger ones. Migration is usually faster at higher 

voltages. After a few hours, the protein molecules are all 

separated by size. 

 



4. Staining and visualization: 

 Once electrophoresis is complete, the gel can be stained using 

colored dyes such as Coomassie Brilliant Blue or ethidium bromide 

to make the separated proteins appear as distinct colored bands on the 

gel. 

 

Unbound dye is washed out from the gel. The stained gels are then 

dried so the color intensity of the protein bands can be measured. 

Bands of radioactive proteins can be detected by autoradiography. 

The proteins can also be quantified as the protein content is directly 

proportional to the quantity of the bound dye. 

 



Some gel systems introduce a tracking dye such as bromophenol blue 

along with the protein sample – the visible distance travelled by the dye 

on the gel helps in deciding the required duration of electrophoresis. 

Bromophenol blue travels along with the sample molecules until it 

eventually reaches the bottom of the gel. Electrophoresis needs to stop at 

this point to ensure no protein molecules electrophorese out of the gel 

and into the buffer. 



TYPES OF PAGE PAGE can be classified according the separation 

conditions into:  

NATIVE-PAGE:  

 Native gels are run in non-denaturing conditions, so that the analyte's 

natural structure is maintained.  

Separation is based upon charge, size, and shape of macromolecules. 

Useful for separation or purification of mixture of proteins. 

This was the original mode of electrophoresis.  

DENATURED-PAGE OR SDS-PAGE: 

 Separation is based upon the molecular weight of proteins.  

The common method for determining MW of proteins. 

Very useful for checking purity of protein samples. 

 



Application: 

SDS-PAGE has many applications. It is mostly used for 

following purposes: 

 

1. Establishing protein size 

2. Protein identification 

3. Determining sample purity 

4. Identifying disulfide bonds 

5. Quantifying proteins 

6. Blotting applications 
 



Advantages of SDS-PAGE: 

SDS-PAGE has following advantages: 

1. Mobility of the molecules is high and separation is rapid. 

2. All the proteins are negatively charged; therefore, all migrate 

towards anode. 

3. The proteins treated with SDS fixed dyes are better than the 

native proteins. 

4. SDS solubilizes all proteins, including very hydrophobic and 

even denatured proteins. 

 



THIN LAYER ELECTROPHORESIS 

 

1. Electrophoretic studies can be also carried out on thin layers of 

silica, keisulghur,alumina. 

 

2. The studies with these materials offer advantages of speed and 

resolution when compared with paper. 

 

1. They have greatest application in combined electrophoretic-

chromatography studies in two- dimensional study of proteins and 

nucleic acid hydrolysates. 



CELLULOSE ACETATE ELECTROPHORESIS 

 

 High purity cellulose acetate is commercially available in thin 

uniform strips which have a uniform micro pore structure. 

Advantages:-  

1. Very little adsorption even with macromolecules. Therefore 

suitable supporting medium for separation of radiolabelled 

substances, immuno-diffusion & immuno-electrophoresis. 

2. 2. Better resolution in shorter time compared to paper 

electrophoresis has less hydrophilic than paper & less buffer is 

held by it.  



3. Thin ground of strips may be rendered translucent (permitting light to 

pass through partially) after separation & staining by treatment with 

clearing agents such as whitemoroil 120 which facilitates quantification. 

Disadvantages:-  

1. Not used for preparative work.  

2. Since low buffer is held by the strips, care must be taken to prevent. 

3. Trips from drying.  

Applications:-  

1. Separation of compounds like amino acids, peptides, nucleotides, 

nucleic acids & charged carbohydrates.  

2. 2. Particularly used for separation of blood proteins like glycoprotein, 

lipoprotein & hemoglobin.  



Capillary electrophoresis: 

Capillarity of narrow bore tube is employed to separate the samples based 

on their size: charge ratio. Capillary electrophoresis (CE) is relatively new 

separation technique compared to the traditional techniques such as 

agarose gel electrophoresis or SDS-PAGE. 

 

It provides very attractive features which make it both competitive and a 

good alternative. One of the major advantages of CE over other separation 

technique is the ability to separate both charged and non-charged 

molecules. In CE, separation of analyte ions is performed in an electrolyte 

solution (background electrolyte) present in a narrow fused-silica 

capillary. 

 



The ends of the capillary are immersed into vials (inlet and outlet) filled 

with electrolyte solution, which also contain electrodes connected to a 

high voltage supply (Fig. 3.12). The sample solution is introduced in the 

capillary as a small plug by applying pressure (hydrodynamic injection) 

or voltage (electro kinetic injection). 

With the application of high voltage (5 – 30 kV) across the capillary, 

zones of analyte are formed due to different electrophoretic mobilities of 

ionic species and migrate towards the outlet side of the capillary. In fact, 

different ions can be separated when their charge/size ratio differs. 

Before reaching the end of the capillary, the separated analyte bands are 

detected directly through the capillary wall. 

 

 



Advantages: 

(a) High separation efficiency 

(b) Short analysis time 

(c) Low sample and electrolyte consumption 

(d) Low waste generation 

(e) Ease of operation 

Disadvantages: 

Due to small diameter of the capillary tube, heat is dissipated that causes 

increased diffusion. Due to this the resolution is not always proper. 

Applications: 

CE is used in the following analysis of food, pharmaceutical products and 

environmental pollutants. 

 



Isotachophoresis 

 

Isotachophoresis (ITP) is a technique in analytical chemistry used for 

selective separation and concentration of ionic analytes. It is a form of 

electrophoresis; charged analytes are separated based on ionic mobility, 

a quantity which tells how fast an ion migrates through an electric field. 

Isoelectric Focussing 

Process by which amphoteric molecules can be separated on the basis of 

their isoelectric points. 

Basic principle involved is electrophoresis. 

 Proteins are subjected to electric field in a pH gradient. 

Requires a solid surface normally Polyacrilamide. 

 

 



Immunoelectrophoresis 

Immunoelectrophoresis refers to precipitation in agar under an 

electric field. 

It is a process of a combination of immuno-diffusion and 

electrophoresis. 

An antigen mixture is first separated into its component parts by 

electrophoresis and then tested by double immuno-diffusion. 



Antigens are placed into wells cut in a gel (without antibody) and 

electrophoresed. A trough is then cut in the gel into which 

antibodies are placed. 

The antibodies diffuse laterally to meet diffusing antigens, and 

lattice formation and precipitation occur permitting determination 

of the nature of the antigens. 

The term “immunoelectrophoresis” was first coined by Grabar and 

Williams in 1953 

 

 





Principle of Immunoelectrophoresis 

When an electric current is applied to a slide layered with gel, the antigen 

mixture placed in wells is separated into individual antigen components 

according to their charge and size. Following electrophoresis, the separated 

antigens are reacted with specific antisera placed in troughs parallel to the 

electrophoretic migration and diffusion is allowed to occur. Antiserum 

present in the trough moves toward the antigen components resulting in the 

formation of separate precipitin lines in 18-24 hrs, each indicating reaction 

between individual proteins with its antibody. 

 



Applications of Immunoelectrophoresis 

 

The test helps in the identification and approximate quantization of various 

proteins present in the serum. Immunoelectrophoresis created a 

breakthrough in protein identification and in immunology. 

Immunoelectrophoresis is used in patients with suspected monoclonal and 

polyclonal gammopathies. 

The method is used to detect normal as well as abnormal proteins, such as 

myeloma proteins in human serum. 

 



Used to analyze complex protein mixtures containing different antigens. 

The medical diagnostic use is of value where certain proteins are 

suspected of being absent (e.g., hypogammaglobulinemia) or 

overproduced (e.g., multiple myeloma). 

This method is useful to monitor antigen and antigen-antibody purity and 

to identify a single antigen in a mixture of antigens. 

Immunoelectrophoresis is an older method for qualitative analysis of M-

proteins in serum and urine. 

Immunoelectrophoresis aids in the diagnosis and evaluation of the 

therapeutic response in many disease states affecting the immune system.  

 



Advantages of Immunoelectrophoresis 

 

Immunoelectrophoresis is a powerful analytical technique with 

high resolving power as it combines the separation of antigens by 

electrophoresis with immunodiffusion against an antiserum. 

 

The main advantage of immunoelectrophoresis is that a number of 

antigens can be identified in serum. 
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What is the Spectrophotometer 

Spectrophotometer is an instrument that measures the amount 

of light absorbed by a sample. 

 

Spectrophotometer techniques are mostly used to measure the 

concentration of solutes in solution by measuring the amount of 

the light that is absorbed by the solution in a cuvette placed in 

the spectrophotometer. 

 

 



In the 1930s, vitamin research indicated that several vitamins, 

particularly vitamin A, absorb ultraviolet (UV) light.  

Spurred by the American government’s interest in measuring vitamin 

content in soldiers’ rations using ultraviolet and visible (UV-Vis) light, 

this research culminated in the commercial launch of UV-Vis 

spectrophotometers in the early 1940s.  

The spectrophotometer was invented in 1940, by Arnold J. Beckman and 

his colleagues at National Technologies Laboratories, the company 

Beckman had started in 1935.  

They were led by project leader Howard H. Cary. The spectrophotometer 

was the company's greatest discovery. 

History of Spectrophotometer 



Spectrophotometer can be classified into two different types :  

 

SINGLE BEAM SPECTRMETER :  

 To measure the intensity of the incident light the sample must be 

removed so that the reference can be placed each time. This type of 

spectrometer is usually less expensive and less complicated. 

 

DOUBLE BEAM SPECTOMETER:  

 In this type, before it reaches the sample, the light source is split 

into two separate beams. From these one passes through the sample and 

second one is used for reference. This gives an advantage because the 

reference reading and sample reading can take place at the same time. 



Single beam instrument 

Double beam instrument 





Spectrophotometer consists essentially of six parts 



Instrument Design - Spectrophotometer 



Light source 

 Light source The function of the light source is to provide a 

sufficient of light which is suitable for marking a measurement. The 

light source typically yields a high output of polychromatic light over a 

wide range of the spectrum. 



A spectrophotometer has two 

light sources, an UV light (for 

measuring light absorption from 

~ 200 nm to ~ 400 nm) and white 

light (for measuring light 

absorption form ~ 400 nm to ~ 

900 nm ).  Fig. The different colors are light wave 

Fig . Electromagnetic spectrum 



The reflected light from the 

mirror passes through an 

entrance slit and a condensing 

lens. The lens renders the 

light rays into parallel beams 

and the parallel beams of 

light now fall on a 

monochromator. 
Condensing lens 



Monochromator 
Optical device , Disperses a 

beam of light into its 
component wavelengths, Allows 
only a narrow band of 
wavelengths to pass, Blocks all 
other wavelengths 

 
1. An entrance slit 
2. A collimating lens 

(concave) 
3. A dispersing device 

(usually a prism or a 
grating) 

4. A focusing lens 
5. An exit slit 



MONOCHROMATOR 

Czerny-Turner setup 

 As a filter: It will select a narrow portion of the spectrum(the 

bandpass) of a given source. 

In analysis: The monochromator will sequentially select for the detector 

to record the different components(spectrum) of any source or sample 

emitting light. 

Mirror collimates light (parallel rays) 

Gating disperses light ( Prisms were formerly used) 

Light coming through entrance slit is polychromatic 

Light out of exit slit is monochromatic 



Sample  Holder (CUVETTES) 

 

Cuvettes: designed to hold samples for spectroscopic experiments. 

made of Plastic, glassor optical grade quartz. 

The cells or cuvettes are used for handling liquid samples.  

The cell may either be rectangular or cylindrical in nature.  

For study in UV region; the cells are prepared from quartz or fused 

silica whereas color corrected fused glass is used for visible region. 

The surfaces of absorption cells must be kept scrupulously clean. No 

fingerprints or blotches should be present on cells.  

Cleaning is carried out washing with distilled water or with dilute 

alcohol, acetone. 

 



Cuvettes 



DETECTORS 

Device which converts light energy into electrical signals, that 

are displayed on readout devices. 

The transmitted radiation falls on the detector which 

determines the intensity of radiation absorbed by sample.  

 The following types of detectors are employed in 

instrumentation of absorption spectrophotometer  

1. Barrier layer cell/Photovoltaic cell  

2. Phototubes/ Photo emissive tube  

3. Photomultiplier tube 

 



Requirements of an ideal detector:-  
 

It should give quantitative response.  

It should have high sensitivity and low noise level.  

It should have a short response time.  

It should provide signal or response quantitative to wide spectrum 

of radiation received. 

 



Barrier layer cell/Photovoltaic cell 

 

The detector has a thin film metallic layer coated with silver or gold and 

acts as an electrode. 

It also has a metal base plate which acts as another electrode. 

These two layers are separated by a semiconductor layer of selenium.  

When light radiation falls on selenium layer, electrons become mobile and 

are taken up by transparent metal layer. 

This creates a potential difference between two electrodes & causes the 

flow of current.  

When it is connected to galvanometer, a flow of current observed which is 

proportional to the intensity and wavelength of light falling on it.  

  





 Phototubes/ Photo emissive tube  

 

Consists of a evacuated glass tube with a photocathode and a collector 

anode. 

The surface of photocathode is coated with a layer of elements like 

cesium, silver oxide or mixture of them.  

When radiant energy falls on photosensitive cathode, electrons are 

emitted which are attracted to anode causing current to flow.  

More sensitive compared to barrier layer cell and therefore widely used. 

 



Phototubes/ Photo emissive tube  





Photomultiplier tube 

 

The principle employed in this detector is that, multiplication of 

photoelectrons by secondary emission of electrons. 

In a vacuum tube, a primary photo-cathode is fixed which receives 

radiation from the sample. 

Some eight to ten dynodes are fixed each with increasing potential of 

75-100V higher than preceding one. 

Near the last dynode is fixed an anode or electron collector electrode. 

Photo-multiplier is extremely sensitive to light and is best suited where 

weaker or low radiation is received. 

 



Schematic of a photomultiplier tube coupled to a scintillator. This arrangement is 
for detection of gamma rays. 

https://en.wikipedia.org/wiki/Scintillator
https://en.wikipedia.org/wiki/Gamma_rays


Display devices:  

 

The data from a detector are displayed by a readout device, such as 

analog meter, a light beam reflected on a scale, or a digital display , 

or LCD . 

The output can also be transmitted to a computer or printer. 

 



Beer Lambert’s LAW 

Transmittance and Absorbance 

 

When a sample is illuminated, it absorbs some of the light and 

transmits the rest.  

 

The transmitted light (Is) is of lower intensity than the incident light 

(Io), and the transmitted light is defined as:  

 

    T = Is / Io  

 

 



To ensure accuracy (by eliminating effects of reflection by surface of the 

cell, absorption by the cell wall and by solvent) an identical reference cell 

without the compound of interest is also used. 

Thus, the amount of light absorbed (A) as the incident light passes through 

the sample is equivalent to:  

   A = - log Is / IR = - log T 

In practice, the Reference cell is inserted and the instrument adjusted to an 

arbitrary scale corresponding to 100% transmittance, after which the 

percentage transmittance reading is made on the sample 

 



Beer’s Law:  
 

This states that the concentration of a substance if directly proportional to 

the amount of light absorbed or inversely proportional to the logarithm of 

transmitted light.  

   A = abc  

Where:  

A = Absorbance  

a = proportionality constant defined as absorptivity  

b = light path in centimeters  

c = concentration in g/L of the absorbing compound 



When monochromatic light (light of a specific wavelength) passes through 

a solution there is usually a quantitative relationship between the solute 

concentration and the intensity of the transmitted light. 

 

The amount of light absorbed by the a medium ( solution/ sample) is 

proportional to the concentration of the absorbing material or solute 

present. 

 

Thus the concentration of a coloured solute in a solution may be 

determined in the lab by measuring the ABSORBANCY OF LIGHT AT 

A GIVEN WAVELENGTH 



LAMBERTS LAW 
 

Lambert described how intensity changes with distance in an 

absorbing medium. 

 The amount of light absorbed by the a medium ( solution/ 

sample) at a given wavelength is proportional to thickness of the 

absorbing layer: path length of the light. 

 



Beer’s Law is followed only if the following conditions are met: 

 

 Incident radiation on the substance of interest is monochromatic. 

 Solvent absorption is insignificant compared to the solute 

 absorbance. 

 Solute concentration is within given limits. 

 Optical interferant is not present. 

 Chemical reaction does not occur between the molecule of 

interest and another solute or solvent molecule. 

 



Steps in working with spectrophotometer 

 

When warming up the spectrophotometer, there should be no cuvettes 

in the machine. 

Preparation of samples. 

A series of standard solutions of known concentration. 

Set spectrophotometer to wavelength of maximum light absorption. 

Measure light absorbance of standards  Set the % transmittance of 

light as 0%. 

In the sample space, lodge a cuvette, filled with solvent and close the 

sample space. 



Set the transmittance at 100%. 

 For comparing, fill the cuvette with sample and place it in sample 

 space  and close the sample space. 

Note down the reading on the Photometer for calculations. 

 Plot standard curve: Absorbance vs. Concentration. 

Calculating the concentration of sample using Beer Lambert Equation: 

 A = ECL. 

 



Spectrophotometer calibration  

 

 It is a process by which the scientist or researcher 

uses a calibration standard to find out the light source’s 

accuracy. It is vital to make sure that the device functions 

properly and the correct measurement is obtained. The 

calibration technique varies according to the make and 

brand 

 



Different types of spectrophotometer 

Visible light spectrophotometer 

UV/Visible spectrophotometer 

Near-infrared spectrophotometer 

Nuclear Magnetic Resonance spectroscopy 

Atomic absorption spectrophotometer 

Mercury spectrophotometer/analyzer 

Fluorometers 



Visible light spectrophotometer – This type of 

spectrophotometer uses a visible light from a tungsten lamp. It is typically 

used for routine laboratory work, specifically the portable and bench-top 

spectrophotometer models. 

 

UV/Visible spectrophotometer – A visible light 

spectrophotometer is turned into a UV-visible unit with the aid of a 

second lamp. It can measure up to 1100 nm. It comes with a wide array of 

features like scanning function, user interface, integral printer, and 

multiple cell setting. 

 



Near-infrared spectrophotometer – It functions the 

same way as the UV spectrophotometer, but the difference is it 

measures the response of a sample when exposed to infrared light. 

It provides a non-invasive analysis and a quantitative finding with 

only a minimal sample preparation. Near-infrared 

spectrophotometer is helpful in monitoring highly absorbing 

solids. It also provides essential information like fat, protein, fiber, 

and starch content. 

 



Atomic absorption spectrophotometer – a flame 

evaporates water from the sample causing it to dissociate into 

ions. The dissociation leads to changes in the intensity of light 

as seen by the detector. Hence, help in finding out the 

concentration of the sample. Atomic absorption 

spectrophotometer’s high precision analysis is useful in 

toxicology, environmental testing, and quality control 

laboratories. 

 



Nuclear Magnetic Resonance spectroscopy – it is a 

powerful tool used to determine the structure of organic 

compounds. It provides structural detail of the entire molecule as 

well as dynamic information of organic reactions. 

 

Mercury spectrophotometer/analyzer – It instantly 

measures the trace amount of mercury in water. 

 

Fluorometers – It measures the f luorescence release once the 

object being studied is exposed to a single wavelength of light. 



Applications of Spectrophotometer 

It is useful in qualitative analysis, especially when identifying 

classes of compounds in both biological and pure state. 

 

The spectrophotometer is essential in quantitative analysis of 

biochemistry practical such as in determining the unknown 

concentration of a given species through absorption spectrometry.  

A perfect example is the nucleic acid in a protein. 

 

Enzyme assay is the primary use of spectrophotometry. 

 

Identifying the molecular weight of a particular sample such as 

amine picrates, ketone compounds, aldehyde, and sugar. 



Other primary applications of spectrophotometer include 

the following: 

 

Identifying impurities. 

Detecting the concentration of substances. 

Organic compounds’ structure elucidation. 

Identifying the characteristics of a protein. 

Identifying the dissolved oxygen content in a body of water. 

Analysis of respiratory gas in hospitals. 

Functional group detection. 

Determining molecular weight in a particular compound. 

Identifying classes of compounds. 
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BIODIVERSITY



Bio = Life

Diversity = Variety



The term Biodiversity was first coined

by Walter G. Rosen in 1986.

The biosphere comprises of a complex collections of

innumerable organisms, known as the Biodiversity,

which constitute the vital life support for survival of

human race.



What is Biodiversity ?

 The term biodiversity (from “ Biological

diversity) refers to the variety of life on Earth

at all its levels, from genes to ecosystems, and

can encompass the evolutionary, ecological,

and cultural processes that sustain life.



Value of Biodiversity

 Biodiversity provides a variety of environmental services from its species and

ecosystems that are essential at global, regional and local levels .

 Loss of biodiversity contributes to climatic change.

 Forest converts carbon dioxide into carbon and oxygen.

 Loss of forest cover due to release of carbon dioxide and other gases due to

industrialization which contributes to ‘Green House Effect’.

 Green house leads to Global warming which results in raise in sea-level

submerging the low-lying areas in the world and causing atmospheric changes.



 Biological diversity is also essential for preserving ecological processes.

 Tribal communities who directly gather resources from the forest or fisher folk

who catch fish in marine or freshwater ecosystems are directly or indirectly

linked to the biological variety present in the biosphere.

 For others, such as agricultural communities, biodiversity is used to grow their

crops to suit the environment.

 Urban communities generally use the greatest amount of goods and services,

which are all indirectly drawn from natural ecosystems.

 Preservation of biological resources is essential for the well-being and long-term

survival of mankind.



TYPES OF BIODIVERSITY

Diversity of 
Species

Diversity of 
Ecosystem

Diversity of 
Genes



BENEFITS OF BIODIVERSITY

Consumptive value:

Food/Drink 

Fuel

Medicine

Batter crop varieties

Material 

Non-Consumptive Value:

Recreation

Education and Research

Traditional value



Ecological services:

 Balance of nature

 Biological productivity

 Regulation of climate

 Degradation of waste

 Cleaning of air and water

 Cycling of nutrients

 Control of potential pest and disease causing species

 Detoxification of soil and sediments

 Stabilization of land against erosion

 Carbon sequestration and global climate change

 Maintenance of Soil fertility



THREATS TO BIODIVERSITY 

Natural causes: 

 Narrow geographical 

area

 Low population

 Low breeding rate

 Natural disasters 

Anthropogenic causes:

 Habitat modification 

 Overexploitation of 

selected species

 Innovation by exotic 

species

 Pollution

 Hunting

 Global warming and 

climate change



What is Biodiversity Conservation?

Biodiversity conservation is the protection and management of

biodiversity to obtain resources for sustainable development.

Biodiversity conservation has three main objectives:

To preserve the diversity of species.

Sustainable utilization of species and ecosystem.

To maintain life-supporting systems and essential ecological

processes.



Biodiversity and its Conservation Methods

Biodiversity refers to the variability of life on earth. It can be

conserved in the following ways:

In-situ Conservation

Ex-situ Conservation





In-situ Conservation

In-situ conservation of biodiversity is the conservation of species within 

their natural habitat. In this method, the natural ecosystem is maintained 

and protected.

The in-situ conservation has several advantages. Following are the 

important advantages of in-situ conservation:

1. It is a cost-effective and convenient method of conserving biodiversity.

2. A large number of living organisms can be conserved simultaneously.

3. Since the organisms are in a natural ecosystem, they can evolve better 

and can easily adjust to different environmental conditions.



Certain protected areas where in-situ conservation takes place

include

National parks

Wildlife sanctuaries

Biosphere reserves.



National Parks

These are small reserves maintained by the government. Its

boundaries are well demarcated and human activities such as

grazing, forestry, habitat and cultivation are prohibited.

For eg., Kanha National Park, Bandipur National Park.



Wildlife Sanctuaries

These are the regions where only wild animals are found. Human

activities such as timber harvesting, cultivation, collection of

woods and other forest products are allowed here as long as they

do not interfere with the conservation project. Also, tourists visit

these places for recreation.



Biosphere Reserves

Biosphere reserves are multi-purpose protected areas where the

wildlife, traditional lifestyle of the inhabitants, and domesticated

plants and animals are protected. Tourist and research activities are

permitted here.



Ex-situ Conservation

Ex-situ conservation of biodiversity involves the breeding and

maintenance of endangered species in artificial ecosystems such as

zoos, nurseries, botanical gardens, gene banks, etc. There is less

competition for food, water and space among the organisms.

Ex-situ conservation has the following advantages:

1. The animals are provided with a longer time and breeding activity.

2. The species bred in captivity can be reintroduced in the wild.

3. Genetic techniques can be used for the preservation of endangered

species.



Strategies for Biodiversity Conservation

Following are the important strategies for biodiversity 

conservation:

All the varieties of food, timber plants, livestock, microbes and 

agricultural animals should be conserved.

All the economically important organisms should be identified and 

conserved.

Unique ecosystems should be preserved first.

The resources should be utilized efficiently.

Poaching and hunting of wild animals should be prevented.



The reserves and protected areas should be developed carefully.

The levels of pollutants should be reduced in the environment.

Deforestation should be strictly prohibited.

Environmental laws should be followed strictly.

The useful and endangered species of plants and animals should be 

conserved in their nature as well as artificial habitats.

Public awareness should be created regarding biodiversity 

conservation and its importance.
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What Is Electromagnetic Radiation? 

• Electromagnetic (EM) radiation is a form of energy that is all 

around us and takes many forms, such as radio waves, 

microwaves, X-rays and gamma rays. Sunlight is also a form 

of EM energy, but visible light is only a small portion of the 

EM spectrum, which contains a broad range of 

electromagnetic wavelengths. 

 



 

What Is the Electromagnetic Spectrum? 

 

• The electromagnetic spectrum describes all of the kinds of light, including 

those the human eye cannot see. In fact, most of the light in the universe is 

invisible to our eyes. 

• The light we can see, made up of the individual colors of the rainbow, 

represents only a very small portion of the electromagnetic spectrum. Other 

types of light include radio waves, microwaves, infrared radiation, ultraviolet 

rays, X-rays and gamma rays — all of which are imperceptible to human eyes. 

• All light, or electromagnetic radiation, travels through space at 186,000 miles 

(300,000 kilometers) per second — the speed of light. That’s about as far as a 

car will go over its lifetime, traveled by light in a single second!  

 





The electromagnetic spectrum consists of 

Radio waves  

Cell phone waves  

Microwaves  

Radar waves  

Infrared waves  

Visible light waves  

Ultraviolet waves  

X-ray waves  

Gamma waves 





Waves 

Properties of electromagnetic waves include  

   speed , frequency and wavelength 

Speed (s),  

frequency (f)  

wavelength (λ ) are related in the formula:  

      s = f x λ 

All light waves travel at a speed of 3 x 10 8 m/s in a vacuum  

 



Relationship between wavelength and Frequency 

All parts of the electromagnetic spectrum travel at the same speed  

Therefore, wavelength and frequency have an indirect relationship.  

This means that as one characteristic increases, the other decreases  

In other words, as wavelength increases, frequency decreases  

 



Wavelength, Frequency, Energy 
  

Electromagnetic wave characteristics:  

 Short wavelengths have a high frequency  

 Long wavelengths have a low frequency  

Electromagnetic waves & Energy:  

 High frequency waves have high energy  

 Low frequency waves have low energy  

 









Micro waves 

Longer than radio, shorter than infrared or visible light 

Wavelength 1 x 10 - 4 m to 1 x 10 -1 m  

Used for communication, medicine and consumer use (microwave 

ovens) 

One of their most common uses is in microwave ovens. When you 

switch on a microwave oven , it gives off electromagnetic waves 

that bounce around inside the oven, penetrating the food. Water 

molecules in the food absorb the energy from the microwaves, 

causing the food to get hot.  

 



Other uses of microwaves:  

a) Radar communication (as it is not easily blocked of by 

buildings/trees)  

b) Analysis of fine details of molecular and atomic structure  

c) Useful demonstration of all wave properties on macroscopic 

scale  

d) Telephone communication (mobile phones, etc) 

 





Radio waves 

 Low energy waves with long wavelengths 

Includes FM, AM, radar and TV waves  

Wavelengths of 10 -1 m and longer  

Low frequency  

 



Radio waves Radio waves are the electromagnetic waves with the 

longest wavelengths and lowest frequencies. 

 

Like all electromagnetic waves, radio waves can travel through a 

vacuum. However most of the radio waves we receive have 

traveled through air. Take the radio as an example.  

 

The radio converts the electromagnetic waves into the sound that 

comes out of the radio speakers.  

 



Uses of radio waves:  

a) Radio and television communication (to transmit sound and 

picture information over long distance)  

b) Radar & satellite communication  

c) Navigation or ships & aircrafts 

Used in many devices such as remote control items, cell phones, 

wireless devices, etc. 

 Uses of Radio Waves  Radar communications  TV and radio 

broadcasting 

 



Infrared waves 

Invisible electromagnetic waves that are detected as heat  

Can be detected with special devices such as night goggles  

Used in heat lamps  

Higher energy than microwaves but lower than visible light 

The Electromagnetic Spectrum 

 



Visible light 

The portion of the electromagnetic spectrum that human eyes can 

detect 

ROY G BIV (red, orange, yellow, green, blue, indigo, violet) 

Which color has the lowest frequency?  

Red has the lowest frequency – violet the highest 

An example of visible light is the colourful laser light or the light 

from a firework.  

Some of the uses of light is in optical fibres in medicine and 

telecommunications. 

 
 





 Visible Light  

Our eyes detect electromagnetic energy in a small portion of the 

electromagnetic spectrum called the visible light region.  

The visible light region corresponds the wavelengths and 

frequencies of red, orange, yellow, green, blue, indigo, and violet 

light. 

 

 Uses of Visible Light  

 Enable us to see things  

Photosynthesis in plants 
 



Ultraviolet waves 

Higher energy than light waves  

Can cause skin cancer and blindness in humans 

Used in tanning beds and sterilizing equipment  

 UV Light that is at a higher frequency and energy than violet light.  

UV light can kill micro-organisms. 

 



Too much exposure can cause:  

 Sunburn, Wrinkles, and skin cancer 

 As it damages cell DNA 

The main source of ultra-violet radiation is sunlight and it is this 

radiation which gives rise to suntan and also sunburn.  

Ultra-violet radiation is used in hospitals to sterilize the surgical 

instruments and operating theatres as it kills bacteria and viruses.  

 



UV can be detected by:  

a) Photographic plates  

b) Photoelectric cell  

c) Fluorescence 

Uses of Ultraviolet 

Detect counterfeit notes  

Gives the clothes a ‘glow’ effect in discotheques  

Sun-tanning  

Sterilise medical equipment 

 



X-rays 

High energy waves 

Used in medicine,  

industry and astronomy 

Can cause cancer 

X-rays X rays is generated by :  

a) Rapid deleceration of fast moving electrons  

b) Changes in energy of innermost orbital electrons  

 



X-rays are used for :  

• diagnostic tool in dentistry and medicine. Doctors and dentists 

can examine the condition of a person’s bones, the root of this teeth 

or the state of other inner part of the body.  

• Custom officers at airports inspect the content of your luggage 

using X-rays.  

• Industry wise, it is used to find cracks in structures just like 

cracks in bones. 

Uses of X-rays  

Take ‘pictures’ of bones in the body  

Study the crystal structure of crystalline substances  

Check for cracks in metal plates 

 



Gamma rays 

Highest energy  

Blocked from Earth’s surface by atmosphere  

Gamma rays Gamma rays have the shortest wavelengths and 

highest frequencies in the EM spectrum.  

It is generated by: Changes in energy levels in the nucleus 

Some radioactive substances and certain nuclear reactions 

produce gamma rays.  

Because of their great penetrating ability, gamma rays can cause 

serious illness. However when used in controlled conditions, 

gamma rays is useful in cancer treatment. 





Uses of Gamma Rays  

 Kill cancer cells  

Study the nucleus in atoms 

 

 



General application of Remote 

sensing in Natural resources. 



General application of Remote sensing in Natural resources. 

• Land resource consists of soil, forests, crops, livestock, etc., the 

land component of the earth's hydrologic cycle (snow cover, soil 

moisture and associated runoff, underground water) and mineral 

resources.  

• Most of these land resources are used for production of food, 

fodder, fuel wood, fibre and for making improvements in 

productivity of land.  

• Some of the basic land resources information needs are on soil 

characteristics; slope and degree of roughness; surface and 

groundwater availability; present land cover and use 

characteristics; biological conditions, such as disease and insect 

infestations of crops, grass land and forest land; urban 

development, etc. 



• Inventory and mapping of resources. 

• Evaluation of present land use practices and projections for the 

future. 

•  Assessment of land resources which are physically useable 

and economically relevant. 

• Identification of strategies that offer sustained production and 

other benefits. 



• Analysis of constraints related to resource 

development - physical, economic or social. 

• Identification of appropriate corrective and 

conservative measures required for bringing 

• about the desired production and minimizing the 

environmental damages. 

•  Evaluation of changes in the structure and 

function of land systems. 

 



• Remote sensing opportunities in the North Eastern 
region 

• Agricultural statistical system 

• Management of Forest Resources 

• Soil Resources Management 

• Mineral Resource Management 

• Water Resources Management 

• Urban Planning and Development 

• Integrated approach to land resources management 
with watershed as a unit 

• Agro-Climatic Planning and Information Bank (APIB) 
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What is Geographic Information Systems (GIS)? 

 

• Geographic Information Systems (GIS) store, analyze and 

visualize data for geographic positions on Earth’s surface. GIS 

is a computer-based tool that examines spatial relationships, 

patterns and trends. By connecting geography with data, GIS 

better understands data using a geographic context. 

 



The 4 main ideas of Geographic Information Systems 

(GIS) are: 

• Create geographic data. 

• Manage it in a database. 

• Analyze and find patterns. 

• Visualize it on a map. 

 



Every day, GIS powers millions of decisions around 

world. It makes a big impact in our life and you 

might not even realize. For example, we use GIS 

for: 

• Pinpointing new store locations 

• Reporting power outages 

• Analyzing crime patterns 

• Routing in car navigation 

• Forecasting and predicting weather 

 

https://gisgeography.com/gis-applications-uses/
https://gisgeography.com/gis-applications-uses/


Components of Geographic Information Systems 

• DATA 

• HARDWARE 

•  SOFTWARE 



 DATA: GIS stores location data as thematic layers. Each data 

set has an attribute table that stores information about the 

feature. The two main types of GIS data are raster and 

vector: 

https://gisgeography.com/what-is-geodata-geospatial-data/
https://gisgeography.com/what-is-geodata-geospatial-data/
https://gisgeography.com/what-is-geodata-geospatial-data/
https://gisgeography.com/spatial-data-types-vector-raster/
https://gisgeography.com/spatial-data-types-vector-raster/
https://gisgeography.com/spatial-data-types-vector-raster/
https://gisgeography.com/spatial-data-types-vector-raster/
https://gisgeography.com/spatial-data-types-vector-raster/


• GIS applications include both hardware and software systems. These 

applications may include cartographic data, photographic data, digital data, or 

data in spreadsheets. 

• Cartographic data are already in map form, and may include such information 

as the location of rivers, roads, hills, and valleys. Cartographic data may also 

include survey data and mapping information that can be directly entered into a 

GIS.  

• Photographic interpretation is a major part of GIS. Photo interpretation 

involves analyzing aerial photographs and assessing the features that appear.  

• Digital data can also be entered into GIS. An example of this kind of 

information is computer data collected by satellites that show land use—the 

location of farms, towns, and forests. 

 





RASTER 

• Raster look like grids because they store data in rows and columns. 

They can be discrete or continuous. For example, we often represent 

land cover, temperature data and imagery as raster data. 

VECTOR 

• Vectors are points, lines and polygons with vertices. For 

example, fire hydrants, contours and administrative 

boundaries are often vectors. 

 



• HARDWARE: Hardware runs GIS software. It could be 

anything from powerful servers, mobile phones or a 

personal GIS workstation. The CPU is your workhorse and 

data processing is the name of the game. Dual monitors, extra 

storage and crisp graphic processing cards are must-haves too 

in GIS. 

https://gisgeography.com/gis-workstation-computer-components/
https://gisgeography.com/gis-workstation-computer-components/
https://gisgeography.com/gis-workstation-computer-components/


SOFTWARE: ArcGIS and QGIS are the leaders in GIS 

software. GIS software specialize in spatial analysis by using 

math in maps. It blends geography with modern technology to 

measure, quantify and understand our world. 

https://gisgeography.com/qgis-arcgis-differences/
https://gisgeography.com/qgis-arcgis-differences/
https://gisgeography.com/qgis-arcgis-differences/
https://gisgeography.com/qgis-arcgis-differences/
https://gisgeography.com/qgis-arcgis-differences/
https://gisgeography.com/free-gis-software/
https://gisgeography.com/free-gis-software/
https://gisgeography.com/free-gis-software/








BUFFER: 

• The buffer tool generates a polygon around features at a set 

distance. By creating buffers, you can find the surrounding 

features that are within buffers. 

 

https://gisgeography.com/buffer-tool-multiple-ring-geodesic-euclidean-round-square/
https://gisgeography.com/buffer-tool-multiple-ring-geodesic-euclidean-round-square/
https://gisgeography.com/buffer-tool-multiple-ring-geodesic-euclidean-round-square/


HOT SPOT: 

• Hot spots highlights areas that have clusters of points. 

Whereas cold spots have a small density of points. 

 



Geographic Information Systems has expanded into countless disciplines. GIS careers are 

booming for: 

CARTOGRAPHERS create maps. In fact, the origin of “cartographer” comes from charta 

which means “tablet or leaf of paper” and graph “to draw” 

DATABASE MANAGERS store and extract information from structured sets into spatial 

databases. 

PROGRAMMERS write code and automate redundant GIS processes. For example, GIS 

programming languages includes Python, SQL, C++, Visual Basic and JavaScript. 

REMOTE SENSING SPECIALISTS use aerial, satellite imagery and remote sensing 

software. 

SPATIAL ANALYSTS use geoprocessing tools to manipulate, extract, locate and analyze 

geographic data. 

LAND SURVEYORS measure the 3-dimensional coordinates on the land. 
 

https://gisgeography.com/cartographer-job-salary/
https://gisgeography.com/spatial-databases/
https://gisgeography.com/spatial-databases/
https://gisgeography.com/spatial-databases/
https://gisgeography.com/free-gis-programming-tutorials/
https://gisgeography.com/free-gis-programming-tutorials/
https://gisgeography.com/free-gis-programming-tutorials/
https://gisgeography.com/free-satellite-imagery-data-list/
https://gisgeography.com/free-satellite-imagery-data-list/
https://gisgeography.com/free-satellite-imagery-data-list/
https://gisgeography.com/open-source-remote-sensing-software-packages/
https://gisgeography.com/open-source-remote-sensing-software-packages/
https://gisgeography.com/open-source-remote-sensing-software-packages/
https://gisgeography.com/open-source-remote-sensing-software-packages/
https://gisgeography.com/open-source-remote-sensing-software-packages/
https://gisgeography.com/geoprocessing-tools/
https://gisgeography.com/geoprocessing-tools/
https://gisgeography.com/geoprocessing-tools/


Uses of GIS  
• There are numerous ways in which GIS is used across different 

industries.  A few examples are: 

• Emergency response teams normally use GIS when they want to 

collect logistics with regards to how they will move in times of natural 

disasters (see: Predicting Natural Disasters and Humanitarian Crises 

through GIS). 

• The system also comes in handy when authorities want to discover any 

potential wetlands that need to be protected from the harmful effects 

brought about by pollution. 

https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/
https://www.gislounge.com/predicting-natural-disasters-humanitarian-crises-gis/


• Companies also take advantage of the GIS so that they may be able 

to choose a strategic market location that has not yet been saturated 

by other competitors in the particular niche industry. 

• Management personnel use this system also so that they can be able 

to locate areas that are bound to suffer from catastrophes with 

regards to the infrastructure that is in place there. 

• Any potential spread of diseases & other such like pandemic are 

usually limited by the use of the GIS since the patterns of their 

occurrence is predicted in sufficient time. 
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IUCN 

• The International Union for Conservation of 

Nature is an international organization working in 

the field of nature conservation and sustainable 

use of natural resources. It is involved in data 

gathering and analysis, research, field projects, 

advocacy, and education 

 



Who uses the Red List? 
• The IUCN Red List is used by institutional, business and community 

users such as: 

• National and international government agencies 

• Wildlife departments 

• Conservation-related non-governmental organisations (NGOs) 

• Natural resource planners 

• Educational organisations 

• Zoos and aquariums 

• Students 

• Media 

• The business community 



What are species ?  

Species are organisms which are 

closely similar in appearance and 

which can breed and produce 

offspring. 
 



How are species classified on the basis 

of their population? 
 

Species are classified into different 

groups by the International Union for 

Conservation of Nature and Natural 

Resources (IUCN). 
 



Introduction  
The IUCN Red List of Threatened Species  

Headquarters 

 

 United Kingdom  

Region served International 

Official language English 

Parent organization  International Union for Conservation of Nature  

 

Affiliations  

 

Species , Survival , Commission, Birdlife 

International, Conservation International,  

Nature Serve, Botanic Gardens Conservation 

International, Royal Botanic Gardens, Texas A&M 

University, Sapienza University of Rome, Zoological 

Society of London, Wildscreen  

 

Website  www.iucnredlist.org 

 



Introduction 

• The IUCN Red List of Threatened Species is also known as the IUCN 

Red List or Red Data List.  

• IUCN red list was founded in 1964, is the world's most comprehensive 

inventory of the global conservation status of biologicalspecies.  

• The IUCN is the world's main authority on the conservation status of 

species. 

• A series of Regional Red Lists are produced by countries 

ororganizations, which assess the risk of extinction The IUCN Red List 

is set upon precise criteria to evaluate the extinction risk of thousands of 

species and subspecies. 





Aim of IUCN  

• The aim is to convey the urgency of conservation issues to the 

public and policy makers  

• To help the international community to try to reduce species 

extinction.  

• To provide scientifically based information on the status of species 

and subspecies at a global level  

• To provide information to guide actions to conserve biological 

diversity 



Major collaborates  

• Major collaborates include Bird Life International, the Institute 

of Zoology (the research division of the Zoological Society of 

London).  

• The World Conservation Monitoring Centre, and many 

Specialist Groups within the IUCN Species Survival 

Commission (SSC).  

• Collectively, assessments by these organizations and groups 

account for nearly half the species on the Red List. 

 



 

Categories  

 • Species are classified by the IUCN Red List into nine groups, set 

through criteria such as rate of decline, population size, area of 

geographic distribution, and degree of population and distribution 

fragmentation.  

• Extinct (EX) – No known individuals remaining.  

• Extinct in the wild (EW) – Known only to survive in captivity, or as 

a naturalized population outside its historic range.  

• Critically endangered (CR) – Extremely high risk of extinction in 

the wild.  

• Endangered (EN) – High risk of extinction in the wild.  

• Vulnerable (VU) – High risk of endangerment in the wild.  



•  Near threatened (NT) – Likely to become endangered in the 

near future.  

• Least concern (LC) – Lowest risk. Does not qualify for a more 

at risk category.  

• Widespread and abundant taxa are included in this category.  

• Data deficient (DD) – Not enough data to make an assessment 

of its risk of extinction.  

• Not evaluated (NE) – Has not yet been evaluated against the 

criteria. 

 

 



Extinct  

 

Extinct (EX), a designation applied to species in which the last 

individual has died or where systematic and time-appropriate 

surveys have been unable to log even a single individual. 

 A species is extinct when the last existing member dies.  

 Extinction is the end of an organism or of a group of organisms, 

 normally a species.  

 The moment of extinction is generally considered to be the death 

 of the last individual of the species. 

EXAMPLE S OF EXTINCT SPECIES… 
GREATAUK , SABRETOOTHEDCAT, PINK HEAD DUCK, DODO 

 

 

https://www.merriam-webster.com/dictionary/designation












Extinct in the Wild (EW) 
 

Species listed under this status by IUCN are not known to have    

 any living specimens in the wild, and are maintained only  in 

zoos or other artificial environments. 

Some of these species are functionally extinct, as they are no 

 longer part of their natural habitat. 

A category containing those species that possess an extremely 

 high risk of extinction as a result of rapid population 

 declines of 80 to more than 90 percent over the previous 10 

 years (or three generations), a current population size of 

 fewer than 50 individuals, or other factors 
 







Critically endangered 
 

A critically endangered (CR) species is one which has been categorised 

by the IUCN as facing a very high risk of extinction in the wild. 

It is the highest risk category assigned by the IUCN Red List for wild 

species. 

There are currently 2129 animals and 1821 plants with this assessment. 

A category containing those species that possess an extremely high risk 

of extinction as a result of rapid population declines of 80 to more than 

90 percent over the previous 10 years (or three generations), a current 

population size of fewer than 50 individuals, or other factors 

 

 

 

 











WHAT ARE ENDANGERED 

SPECIES?  
 

 

 

 

Endangered species are those species 

which are facing dangers and there is 

every possibility of their extinction. 
 



Endangered species 

An endangered (EN) species is one which has been categorised by 

the IUCN as likely to become extinct.  

Conservation biologists use the IUCN Red List, where "endangered" 

is the second most severe conservation status for wild populations, 

following critically endangered.  

3079 animals and 2655 plants are endangered worldwide.  

A designation applied to species that possess a very high risk of 

extinction as a result of rapid population declines of 50 to more than 

70 percent over the previous 10 years (or three generations), a 

current population size of fewer than 250 individuals, or other 

factors 

 























WHAT ARE VULNERABLE SPECIES?  

 

 

 

   Vulnerable species are those species whose 

number is still sufficient but their population has decreased and there 

is a possibility of their extinction in near future. 

 



Vulnerable (VU) 
 

High risk of endangerment in the wild.  

A category containing those species that possess a very high risk of 

extinction as a result of rapid population declines of 30 to more 

than 50 percent over the previous 10 years (or three generations), a 

current population size of fewer than 1,000 individuals, or other 

factors 

 















Near threatened (NT) 

 Likely to become endangered in the near future.  

A designation applied to species that are close to becoming 

threatened or may meet the criteria for threatened status in the 

near future 

 















Least concern (LC)  

Lowest risk. Does not qualify for a 

more at risk category  

A category containing species that 

are pervasive and abundant after 

careful assessment 



Data Deficient (DD),  

A condition applied to species in which the amount of available 

data related to its risk of extinction is lacking in some way. 

Consequently, a complete assessment cannot be performed.  

Thus, unlike the other categories in this list, this category does not 

describe the conservation status of a species. 

Not Evaluated (NE), a category used to include any of the nearly 

1.9 million species described by science but not assessed by the 

IUCN 

 

https://www.britannica.com/science/science






Not evaluated (NE) 

Has not yet been evaluated against the criteria  

A category used to include any of the nearly 1.6 million species 

described by science but not assessed by the IUCN 

 







How is the Red List used? 

IUCN Red List data are used for a variety of purposes: 

International agreements use IUCN Red List data to guide 

decision making and as an indicator of the status of nature. These 

include, but are not limited to agreements such as CITES, 

the Ramsar Convention, UN Sustainable Development 

Goals and CBD Aichi Targets 

 

http://www.cites.org/eng
https://www.ramsar.org/
https://www.ramsar.org/
https://www.ramsar.org/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.un.org/sustainabledevelopment/
https://www.cbd.int/sp/targets/
https://www.cbd.int/sp/targets/
https://www.cbd.int/sp/targets/
https://www.cbd.int/sp/targets/
https://www.cbd.int/sp/targets/


World Bank Group Performance Standard PS6 uses The IUCN Red 

List Index to minimise the risk to biodiversity from large-scale 

infrastructure and natural resource extraction projects. 

Government agencies rely on IUCN Red List data to guide 

policies such as National Parks regulations. 

Zoos use The IUCN Red List Categories to educate the public 

about species' status 

Scientists use IUCN Red List data as a primary data source in their 

analyses and publications. 

Teachers and students use IUCN Red List data in college projects. 

Journalists use IUCN Red List data to inform their articles 

  

 

https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
https://www.iucn.org/resources/conservation-tools/iucn-red-list-threatened-species
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Bio 

• Plants 

Animals 

• Life 

Diversity 
• Variability 

• Variety 



 

• Biodiversity loss, also called loss of biodiversity, a decrease in 

biodiversity within a species, an ecosystem, a given 

geographic area, or Earth as a whole.  

 

• Biodiversity, or biological diversity, is a term that refers to the 

number of genes, species, individual organisms within a given 

species, and biological communities within a defined 

geographic area, ranging from the smallest ecosystem to the 

global biosphere.  

 



• (A biological community is an interacting group of various 

species in a common location.) Likewise, biodiversity loss 

describes the decline in the number, genetic variability, and 

variety of species, and the biological communities in a given 

area.  

• This loss in the variety of life can lead to a breakdown in the 

functioning of the ecosystem where decline has happened. 

 



Biodiversity loss 

• Natural Biodiversity Loss 

• Human-Driven Biodiversity Loss 

• Ecological Effects 

 



Natural causes of biodiversity loss 

• Destruction of habitat: natural forces can act to destroy habitat, species and 

individual organisms. Obvious examples include volcanic eruptions, floods 

and fire. 

• Previous mass extinction events have been associated with asteroid impact. 

• The same factors can also drive habitat fragmentation. Fragmentation can 

isolate populations, reduce gene pools and weaken species 'fitness' or 

ability to survive and reproduce. 

• Natural climate change: environmental stress applied through heat loss or 

drought. 

• Invasive species and disease: species newly introduced through natural 

means out-compete the local species for resources. 

 



Natural Biodiversity Loss 

An area’s biodiversity increases and decreases with natural cycles. 

Seasonal changes, such as the onset of spring, create opportunities 

for feeding and breeding, increasing biodiversity as the populations 

of many species rise.  

In contrast, the onset of winter temporarily decreases an area’s 

biodiversity, as warm-adapted insects die and migrating animals 

leave.  

In addition, the seasonal rise and fall of plant and invertebrate 

populations (such as insects and plankton), which serve as food for 

other forms of life, also determine an area’s biodiversity. 
 



Biodiversity loss is typically associated with more permanent 

ecological changes in ecosystems, landscapes, and the global 

biosphere. 

Natural ecological disturbances, such as wildfire, floods, and 

volcanic eruptions, change ecosystems drastically by eliminating 

local populations of some species and transforming whole 

biological communities. 

Such disturbances are temporary, however, because natural 

disturbances are common and ecosystems have adapted to their 

challenges (see also ecological succession). 

 





Human-Driven Biodiversity Loss 

In contrast, biodiversity losses from disturbances caused by humans tend to be 

more severe and longer-lasting. Humans (Homo sapiens), their crops, and their 

food animals take up an increasing share of Earth’s land area.  

Half of the world’s habitable land (some 51 million square km [19.7 million 

square miles]) has been converted to agriculture, and some 77 percent of 

agricultural land (some 40 million square km [15.4 million square miles]) is used 

for grazing by cattle, sheep, goats, and other livestock.  

This massive conversion of forests, wetlands, grasslands, and other terrestrial 

ecosystems has produced a 60 percent decline (on average) in the number of 

vertebrates worldwide since 1970, with the greatest losses in vertebrate 

populations occurring in freshwater habitats (83 percent) and in South and Central 

America (89 percent).  

 



Between 1970 and 2014 the human population grew from about 

3.7 billion to 7.3 billion people. By 2018 the biomass of humans 

and their livestock (0.16 gigaton) greatly outweighed the biomass 

of wild mammals (0.007 gigaton) and wild birds (0.002 gigaton).  

Researchers estimate that the current rate of species loss varies 

between 100 and 10,000 times the background extinction rate 

(which is roughly one to five species per year when the entire fossil 

record is considered).  

In addition, a 2019 report by the Intergovernmental Science-Policy 

Platform on Biodiversity and Ecosystem Services noted that up to 

one million plant and animal species are facing extinction due to 

human activities. 

 



Forest clearing, wetland filling, stream channeling and rerouting, 

and road and building construction are often part of a systematic 

effort that produces a substantial change in the ecological trajectory 

of a landscape or a region. As human populations grow, the 

terrestrial and aquatic ecosystems they use may be transformed by 

the efforts of human beings to find and produce food, adapt the 

landscape to human settlement, and create opportunities for trading 

with other communities for the purposes of building wealth. 

Biodiversity losses typically accompany these processes. 

 











Researchers have identified five important drivers of biodiversity 

loss: 

 

 

Habitat loss and degradation 

Invasive species 

Overexploitation 

Pollution 

Climate change 



Habitat loss and degradation 

• Habitat loss and degradation—which is any thinning, 

fragmentation, or destruction of an existing natural habitat—

reduces or eliminates the food resources and living space for 

most species. Species that cannot migrate are often wiped out. 

 





Invasive species 

• Invasive species—which are non-native species 

that significantly modify or disrupt the 

ecosystems they colonize—may outcompete 

native species for food and habitat, which triggers 

population declines in native species. Invasive 

species may arrive in new areas through natural 

migration or through human introduction. 

 





Overexploitation 

• Overexploitation—which is the harvesting of game animals, fish, or 

other organisms beyond the capacity for surviving populations to 

replace their losses—results in some species being depleted to very 

low numbers and others being driven to extinction. 

• Overexploitation, or excessive use, of species that have economic 

value is a factor increasing the current rate of extinction.  

•  Historically, overexploitation was the primary cause of species 

extinction. – Bison – Passenger Pigeons – Ocelot – Rhinoceros 

 





Pollution 

• Pollution—which is the addition of any substance or any form 

of energy to the environment at a rate faster than it can be 

dispersed, diluted, decomposed, recycled, or stored in some 

harmless form—contributes to biodiversity loss by creating 

health problems in exposed organisms. In some cases, 

exposure may occur in doses high enough to kill outright or 

create reproductive problems that threaten the species’s 

survival. 

 





Climate change 

• Climate change associated with global warming—which is the 

modification of Earth’s climate caused by the burning of fossil 

fuels—is caused by industry and other human activities. Fossil 

fuel combustion produces greenhouse gases that enhance the 

atmospheric absorption of infrared radiation (heat energy) and 

trap the heat, influencing temperature and precipitation 

patterns. 

 











Ecologists emphasize that habitat loss (typically from the conversion of 

forests, wetlands, grasslands, and other natural areas to urban and 

agricultural uses) and invasive species are the primary drivers of 

biodiversity loss, but they acknowledge that climate change could become 

a primary driver as the 21st century progresses. In an ecosystem, species 

tolerance limits and nutrient cycling processes are adapted to existing 

temperature and precipitation patterns. Some species may not able to cope 

with environmental changes from global warming. These changes may 

also provide new opportunities for invasive species, which could further 

add to the stresses on species struggling to adapt to changing 

environmental conditions. All five drivers are strongly influenced by the 

continued growth of the human population and its consumption of natural 

resources 



PRIMARILY, 
• First, we must create protected areas where human activity is 

limited. It’s the best way to prevent deforestation and 

exploitation of organism and the resources they need in order 

to survive. 

• It needs to consider all the elements of the ecosystem so that is 

isn't too small. It also needs to include all the resource that are 

utilized by it’s inhabitants  

Solution 



• Stop/Slow the climate change. Many plants and animals are 

finding it very hard to cope with the changes in climate. 

• It also documented that climate change cause several 

extinction and has likely caused hundreds of species to go 

extinct about we may never know 

• In order to tackle climate change the world needs international 

climate deal that would reduce greenhouse gas emissions on 

global level. 

 



Stop. 

• Stop deforestations. 

– Besides providing a living environment for millions of 

species, Rain forest also sinks carbon dioxide (CO2) which 

is extremely helpful against climate change. 

• Stop invasive species from replacing native 

species in their ecosystem. 

– Invasive species often do more serious damage to native 

environment. 



Reduce 

• Many plants and animals are finding it extremely hard to 

survive in polluted area. 

• Pollution is not only happening in land but also in our oceans 

having negative impact on marine biodiversity. 

• Animals and plants cant thrive in biodiversity. 



Inform, Educate, Share 

• Make the public, government, policy makers and land 

managers aware of the global and local consequences of 

biodiversity changes, both social and environmental. 

• Collaborate with scientist, conservation professionals and 

governments to determine biodiversity changes both social and 

environmental. 







National Park 

•  An area of scenic beauty, historical importance, etc. owned and maintained by 

a national government.  

• One or several ecosystems not materially altered by human exploitation and 

occupation, where plant and animal species, geomorphological sites and 

habitats are of special scientific, educational, and recreational interest or which 

contain a natural landscape of great beauty.  

• National parks in India are IUCN category II protected areas.  

• In 1972, India enacted the Wildlife Protection Act and Project Tiger to 

safeguard the habitats of conservation reliant species.  

• India's first national park was established in 1936 as Hailey National Park, now 

known as Jim Corbett National Park. By 1970, India only had five national 

parks. 



• As of April 2012, there were 102 national parks. All national 

park lands then encompassed a total 39,919 km2 (15,413 sq 

mi) km², comprising 1.21% of India's total surface area.  

• There are over 100 national parks and 500 wildlife sanctuaries 

in India, which reflect the importance that the country places 

on nature and wildlife conservation 
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General Remote Sensing Applications 

 

 Each application itself has specific demands for spectral 

resolution, spatial resolution, and temporal resolution of the 

satellite sensor. There can be many applications for remote 

sensing in different fields. 

Agriculture 

 Forestry 

Geology 

Hydrology 

Sea Ice 

Land Cover and Land Use 

Mapping 

Oceans and Coastal 

Monitoring 

 



Agriculture 

 Agriculture plays a dominant role in the economies of both 

developed and undeveloped countries.  

 Satellite and airborne images are used as mapping tools to 

classify crops, examine their health, examine their viability, 

and monitor farming practices.  

 Agricultural applications of remote sensing include crop type 

classification, crop condition assessment, crop yield 

estimation, mapping of soil characteristics, mapping of soil 

management practices, and compliance monitoring (farming 

practices). 

 



Forestry 

 Reconnaissance mapping: Objectives to be met by national environment 

agencies include forest cover updating, depletion monitoring, and 

measuring biophysical properties of forest stands. 

 Commercial forestry: Of importance to commercial forestry companies and 

to resource management agencies are inventory and mapping applications. 

These include collecting harvest information, updating inventory 

information for timber supply, broad forest type, vegetation density, and 

biomass measurements. 

 Environmental monitoring: Conservation authorities are concerned with 

monitoring the quantity, health, and diversity of the earth's forests. 

   

 



Geology 

 Geology involves the study of landforms, structures, and the subsurface 

to understand physical processes that create and modify the earth's crust.  

 It is most commonly understood as the exploration and exploitation of 

mineral/hydrocarbon resources to improve the standard of living in 

society. 

 Geological applications of remote sensing include the following: 

Bedrock mapping, lithological mapping, structural mapping, sand and 

gravel exploration/ exploitation, mineral exploration, hydrocarbon 

exploration, environmental geology, geo-botany, baseline infrastructure, 

sedimentation monitoring, event/monitoring, geo-hazard mapping, and 

planetary mapping. 

 



Hydrology  

 

 Hydrology is the study of water on the earth's surface, whether 

flowing above ground, frozen in ice or snow, or retained by soil.  

 Examples of hydrological applications include wetlands 

monitoring, soil moisture estimation, snow pack monitoring, 

measuring snow thickness, determining the snow-water equivalent, 

ice monitoring, flood monitoring, glacier dynamics monitoring 

(surges, ablation), river/delta change detection, drainage basin 

mapping, watershed modelling, irrigation canal leakage detection, 

and irrigation scheduling. 

 



Sea Ice 

 Ice covers a substantial part of the earth's surface and is a major 

factor in commercial fishing/shipping industries, Coast Guard 

operations, and global climate change studies.  

 Examples of sea ice information and applications include ice 

concentration, ice type/age/motion, iceberg detection, surface 

topography, tactical identification of leads, navigation, safe 

shipping routes, ice condition, historical ice, iceberg conditions, 

dynamics for planning purposes, wildlife habitat, pollution 

monitoring, and meteorological change research 



Land Cover and Land Use 
 Although the terms ‘land cover’ and ‘land uses’ are often used interchangeably, 

their actual meanings are quite distinct. Land cover refers to the surface cover 

on the ground, while land use refers to the purpose the land serves. The 

properties measured with remote sensing techniques relate to land cover from 

which land use can be inferred, particularly with ancillary data or a priori 

knowledge. 

 Land use applications of remote sensing include natural resource management, 

wildlife habitat protection, baseline mapping for GIS input, urban expansion, 

logistics planning for seismic/exploration/resource extraction activities, 

damage delineation (tornadoes, flooding, volcanic, seismic, fire), legal 

boundaries for tax/property evaluation, target detection, and identification of 

landing strips, roads, clearings, bridges, and land/water interface. 

 



Mapping 

 Planimetry: Land surveying techniques accompanied by the use of a 

GPS can be used to meet high accuracy requirements, but 

limitations include cost effectiveness and difficulties in attempting 

to map large or remote areas. Remote sensing provides a means of 

identifying planimetric data in an efficient manner, so imagery is 

available in varying scales to meet the requirements of many 

different users. Defence applications typify the scope of planimetry 

applications, such as extracting transportation route information, 

building/facilities locations, urban infrastructure, and general land 

cover. 



 Digital elevation models (DEMs): Generating DEMs from remotely sensed 

data can be cost effective and efficient. A variety of sensors and 

methodologies to generate such models are available for mapping 

applications. Two primary methods of generating elevation data are 

stereogrammetry techniques using air photos (photogrammetry), VIR 

imagery, radar data (radargrammetry), and radar interferometry. 

 

 Baseline topographic mapping: As a base map, imagery provides ancillary 

information to the extracted planimetric detail. Sensitivity to surface 

expression makes radar a useful tool for creating base maps and providing 

reconnaissance abilities for hydrocarbon/mineralogical companies involved 

in exploration activities. This is particularly true in remote northern regions 

where vegetation cover does not mask the micro topography and where 

information may be sparse.  

 

 



 

Oceans and Coastal Monitoring 

 
 Ocean pattern identification: Currents, regional circulation 

patterns, shears, frontal zones, internal waves, gravity waves, 

eddies, upwelling zones, and shallow water bathymetry. 

 Storm forecasting: Wind and wave retrieval. 

 Fish stock and marine mammal assessment: Water temperature 

monitoring, water quality, ocean productivity, phytoplankton 

concentration, drift, aquaculture inventory, and monitoring. 

 Oil spill: Predicting the oil spill extent and drift, strategic 

support for oil spill emergency response decisions, and 

identification of natural oil seepage areas for exploration. 

 Shipping: Navigation routing, traffic density studies, 

operational fisheries surveillance, and near-shore bathymetry 

mapping. 
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Remote Sensing 

• Remote sensing is the acquiring of information from a 

distance. NASA observes the Earth and other planetary bodies 

via remote sensors on satellites and aircraft that detect and 

record reflected or emitted energy. Remote sensors, which 

provide a global perspective and a wealth of data about Earth 

systems, enable data-informed decision making based on the 

current and future state of our planet. 

 



HISTORY OF REMOTE SENSING   

• Remote sensing starts with the 

invention of camera more than 

150 years ago(1840s)  

• The idea and practice looking 

down the earth surface 

emerged in 1840s cameras 

secured to tethered balloon  

 



• Famed pigeons are used for remote sensing  



In the first world war cameras 

mounted on airplanes are used to 

provide images of large surface 

areas 

In 1960s and 1970s primary 

platform changed to satellites 



Sensors become available to record the earth surface in several 

bands what human’s eye couldn’t see 



Elements involved in Remote sensing  

1. Energy Source or Illumination (A)  

2. Radiation and the Atmosphere (B)  

3. Interaction with the Object (C)  
4. Recording of Energy by the Sensor (D)  

5. Transmission, Reception and 

Processing (E)  

6. Interpretation and Analysis (F)  

7. Application (G) 

How it work 



What is the principle???  
 

Components of a Remote Sensing System  

 

    Target  

    Energy source  

    Transmission path  

    Sensor 



Target – The object or material that is being studied. The 

components in the system work together to measure and record 

information about the target without actually coming into physical 

contact with it.  

 

Energy source - Illuminates or provides electromagnetic energy to 

the target. The energy interacts with the target, depending on the 

properties of the target and the radiation, and will act as a medium 

for transmitting information from the target to the sensor. 

 
 



Sensor - A remote device that will collect and record the 

electromagnetic radiation. Sensors can be used to measure energy 

that is given off (or emitted) by the target, reflected off of the target, 

or transmitted through the target.  

The resulting set of data is transmitted to a receiving station where 

the data are processed into a usable format, which is most often as 

an image. The image is then interpreted in order to extract 

information about the target. 

This interpretation can be done visually or electronically with the 

aid of computers and image processing software.  



Familiar forms of remote sensing 

Medical imaging technologies 

Magnetic Resonance Imaging  (MRI)  

Sonograms  

X-Ray imaging. 

 

Technologies use forms of energy to produce images of the inside of 

the human body. 

Remote sensing is not limited to investigations within our own 

planet. 

  
 



Most forms of astronomy are examples of remote sensing, since the 

targets under investigation are such vast distances from Earth. 

 

Astronomers collect and analyze the energy given off by these 

objects in space by using telescopes and other sensing devices. 

 

This information is recorded and used to draw conclusions about 

space and our universe. 

 



Other Examples :-  

Ocean and atmospheric observing  

Magnetic resonance Imaging (MRI)  

Positron Emission Tomography (PET) 

Space probes 

 



Indian Remote Sensing 
 

Starts in 1960s  

First Indian satellites  

Aryabhata (19-April-1975 ) launched in LEO by USSR rocket  

Bhaskara I & II carrying two TV cameras 

Rohini siries (experimental) 



First Indian Remote Sensing Satellites 

IRS-1A (17-March-1988), 904 km  

IRS-1B (29-August-1991)  

Both carrying  

LISS-1A (Resolution 72.5 m)  

LISS-2A,LISS-2B (Resolution 36.25 m)  

IRS-1C (1995), 817 km  

IRS-1D (1997) INDIAN REMOTE SENSING 

 

 



Ground Control Stations 

Located at Bangalore( tracking and monitoring) 

National Remote Sensing Centre located at Hyderabad (Balanagar 

& Shadnagar) to process data  



INDIAN REMOTE SENSING 

The IRS mission envisages the planning and implementation of a 

satellite based remote sensing system for evaluating the natural 

resources.  

The principal components of the mission are: a three axis stabilised 

polar sunsynchronous satellite with multispectral sensors, a ground 

based data reception, recording and processing systems for the 

multispectral data, ground systems for the in-orbit satellite control 

including the tracking network with the associated supporting 

systems, and hardware and software elements for the generation of 

user oriented data products, data analysis and archival.  
 



The principal aim of the IRS mission is to use the satellite data in 

conjunction with supplementary/complementary information from 

other sources for survey and management of natural resources in 

important areas, such as, agriculture, geology and hydrology in 

association with the user agencies.  

IR$ series of satellites are IRS lA, IRS IB, IRS IC, IRS ID and IRS 

P4 apart from other satellites which were launched by the 

Government of India.  



The orbital and sensor characteristics of IRS IA and IB are the 

same and IRS IC and IRS ID have almost similar characteristics.  

IRS P4 is an oceanographic satellite, and this will be discussed in 

the next section.  

IRS has application potential in a wide range of disciplines such as 

management of agricultural resources, inventory of forest 

resources, geological mapping, estimation of water resources, 

study of coastal hydrodynamics, and water quality surveying. 
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What is a Satellite? 

• An object orbiting around the sun, earth or any other colossal body is 

known as a satellite. There are two major types of categorization when 

it comes down to satellites, one is natural and the other is man-made. 

 

• Some of the examples of natural satellites are planets, moons, and 

comets. Jupiter has 67 natural satellites. The earth has one permanent 

natural satellite, the moon we know, which causes the tides in the sea. 

Sometimes other objects (like asteroids) can enter into temporary orbits 

of the earth and become a natural satellite for a span. 

 



• Apart from these, the earth has many man-made satellites which are 

placed in the orbit and are used for different applications in 

communications and information gathering. As the term itself states, an 

artificial satellite is one that is put in our space by human efforts and 

follows the orbit of natural satellites. 

• Since they have a very large view field, they can collect data a lot faster 

than instruments which can be used at ground level. Apart from this, 

their view into space beyond earth is not blocked by clouds, dust and 

other obscurities, due to which a satellite can view space a lot more 

efficiently than telescopes on earth. 

 



• Currently, there are more than 2,500 man-made satellites 

orbiting the earth. Most of these are of Russian origin. You 

may wonder why none of these satellites collides with each 

other, considering the volume. Actually, it is quite possible for 

this to occur. Although care is taken to launch a satellite in 

specific orbits such that collisions never occur, these orbits can 

vary in nature. There are many international organizations in 

place to prevent such occurrences. However, in 2009, a couple 

of Russian and American satellites did collide for the first 

time! 



• The satellites are launched with a specific objective in 

mind pertaining to several uses such as 

communications, research in scientific areas, forecasting 

the weather and intelligence. Once out in the space, all 

the different types of satellites follow similar physics 

principles and are governed by the same math 

equations. 

 

 



Types of Satellites 

• Geostationary Satellite: 

• Polar Satellite: 

• Projectile Nature of a Satellite: 

• Communications Satellite 

• Remote Sensing Satellite 

• Navigation Satellite 

• Geocentric Orbit type staellies - LEO, MEO, HEO 

• Global Positioning System (GPS) 

• Drone Satellite 

• Ground Satellite 

• Nano Satellites, CubeSats and SmallSats 

 



Geostationary Satellite: 

• These satellites are placed into orbit at a distance of around 

35,800 km from the earth’s surface. They rotate in the same 

direction as the earth and one revolution of such satellites is 

the same as one day on earth (roughly 24 hours). This means 

that, as seen from earth, these satellites will appear to be at the 

same spot throughout. Hence, the name “geostationary” 

satellites. These satellites are used as communication 

satellites and for weather-based applications. 

 

https://byjus.com/physics/satellite-communication-active-and-passive-satellite/
https://byjus.com/physics/satellite-communication-active-and-passive-satellite/
https://byjus.com/physics/satellite-communication-active-and-passive-satellite/


Polar Satellite 

• Polar satellites revolve around the earth in a north-south 

direction around the earth as opposed to east-west like the 

geostationary satellites. They are very useful in applications 

where the field vision of the entire earth is required in a single 

day. Since the entire earth moves below them, this can be done 

easily. They are used in weather applications where predicting 

weather and climate-based disasters can be done in a short 

time. They are also used as relay stations. 

 



Projectile Nature of a Satellite: 

• The main thing one can understand about a satellite is that 

at the end of the day, they are projectiles. Any object, that 

only has the force of gravity acting upon it, is known as a 

satellite. The gravity’s force is the only thing that affects a 

satellite once it is launched into the orbit. 

 



Communication satellite 

• The Indian National Satellite (INSAT) system is one of the largest 

domestic communication satellite systems in Asia-Pacific region with 

nine operational communication satellites placed in Geo-stationary 

orbit. Established in 1983 with commissioning of INSAT-1B, it initiated 

a major revolution in India’s communications sector and sustained the 

same later. GSAT-17 joins the constellation of INSAT System 

consisting 15 operational satellites, namely - INSAT-3A, 3C, 4A, 4B, 

4CR and GSAT-6, 7, 8, 9, 10, 12, 14, 15, 16 and 18. 

• The INSAT system with more than 200 transponders in the C, Extended 

C and Ku-bands provides services to telecommunications, television 

broadcasting, satellite newsgathering, societal applications, weather 

forecasting, disaster warning and Search and Rescue operations. 

 





Satellite Navigation 

• Satellite Navigation service is an emerging satellite based 

system with commercial and strategic applications.  

• ISRO is committed to provide the satellite based Navigation 

services to meet the emerging demands of the Civil Aviation 

requirements and to meet the user requirements of the 

positioning, navigation and timing based on the independent 

satellite navigation system.  



• To meet the Civil Aviation requirements, ISRO is working 

jointly with Airport Authority of India (AAI) in 

establishing the GPS Aided Geo Augmented Navigation 

(GAGAN) system.  

• To meet the user requirements of the positioning, 

navigation and timing services based on the indigenous 

system, ISRO is establishing a regional satellite 

navigation system called Indian Regional Navigation 

Satellite System (IRNSS). 

 



Small satellite 

• The small satellite project is envisaged to provide platform for 

stand-alone payloads for earth imaging and science missions 

within a quick turn around time. For making the versatile 

platform for different kinds of payloads, two kinds of buses 

have been configured and developed. 

Indian Mini Satellite -1 (IMS-1) 

• IMS-1 bus has been developed as a versatile bus of 100 kg 

class which includes a payload capability of around 30 kg. The 

bus has been developed using various miniaturization 

techniques.  



• The first mission of the IMS-1 series was launched successfully on April 

28th 2008 as a co-passenger along with Cartosat 2A. Youthsat is second 

mission in this series and was launched successfully along with 

Resourcesat 2 on  20th April 2011. 

 

•  Indian Mini Satellite -2 (IMS-2) Bus 

 

 IMS-2 Bus is evolved as a standard bus of 400 kg class which 

includes a payload capability of around 200kg. IMS-2 development is an 

important milestone as it is envisaged to be a work horse for different types 

of remote sensing applications. The first mission of IMS-2 is 

SARAL.  SARAL is a co-operative mission between ISRO and CNES with 

payloads from CNES and spacecraft bus from ISRO. 

 





Remote Sensing Satellites 

• A satellite with remote sensors to observe the earth is called a 

remote sensing satellite or earth observation satellite. 

Meteorological satellites are sometimes discriminated from the other 

remote sensing satellites. 

• Remote sensing satellites are characterized by their altitude, orbit 

and sensors. The main purpose of the geosynchronous 

meteorological satellite (GMS) with an altitude of 36,000 km is 

meteorological observations, while Landsat with an altitude of about 

700 km, in a polar orbit, is mainly for land area observation. 

 



• NOAA AVHRR with an altitude of 850 km in a polar 

orbit is mainly designed for meteorological observation 

but is also successfully used for vegetation monitoring. 

• In future some remote sensing satellites will have large 

payloads with many kinds of multi-purpose sensors, 

such as the polar orbit platform (POP) project under the 

international cooperation of US, EEC, Japan and 

Canada. As well, there will be more specialized 

missions using small satellites. 

 





The important functions of a remote sensing satellite 

a. Tracking and control system: determination of satellite orbit, 

orbital control, processing of housekeeping data etc. 

b. Operation control system: planning of mission operation, 

evaluation of observed data, data base of processed data etc. 

c. Data acquisition system: receiving, recording, processing, 

archiving and distribution of observed data. 



Geosynchronous Satellite  

• A geosynchronous satellite is a communication satellite that 

has an orbital period same as the period of rotation of the 

earth. Hence, it appears to be permanently in the same area 

of the sky at a particular time each day when viewed by an 

observer on the earth. 

• The orbit in which a geosynchronous satellite is placed is 

called geosynchronous orbit (GSO). Its orbital period is the 

sidereal day, i.e. 23 hours 56 minutes 4 seconds and its 

orbital altitude is 35,800 km. 

 



 

Geostationary Satellite and Geostationary Orbit (GEO) 

 

• A circular geosynchronous satellite which is placed at 0o angle 

to the equatorial plane is called a geostationary satellite. It 

appears to be stationary at a fixed position of the sky 

throughout the day by a ground observer. 

• The orbit in which a geostationary satellite is placed is called a 

geostationary orbit (GEO). It is placed 35, 800 km above the 

earth’s equator and has an orbital period equal to the sidereal 

day. 

 



Uses and Examples of Geosynchronous Satellites 

 

Uses 

• Voice and data communication 

• Internet 

• Broadcasting cable TV and radio signals 

Examples 

• Raduga 29 of Russia 

• Astra 1C of India 

• MEASAT 2 of Malaysia 

 



Sun-synchronous 
• A sun-synchronous orbit is an orbit around the Earth, where the 

movement of the satellite always looks the same when viewed from 

the Sun. A satellite in a sun-synchronous orbit still orbits the Earth, 

but does so in such a way that over the course of the day, its distance 

to the Sun will change in a consistent pattern no matter the time of 

year. 

• Notice that its position relative to the Sun varies across each orbit of 

the Earth, but the way that the orbit appears from the point of view 

of the Sun is the same no matter where the Earth is in its yearly 

orbit. 



• This kind of orbit also has many applications. The big 

advantage of sun-synchronous orbits is that the Earth 

will be illuminated in a similar way year round. For this 

reason, it's often used for weather and spy satellites, 

since they create images of the Earth. They're also used 

in ocean or atmospheric remote-sensing satellites, since 

they require sunlight to take their data. 
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ENVIRONMENTAL IMPACT 
ASSESSMENT

Introduction 

• EIA can be defined as the study to predict the effect of a proposed activity/project 

on the environment. 

• EIA compares various alternatives for a project and seeks to identify the one which 

represents the best combination of economic and environmental costs and benefits. 

• EIA integrates the environmental concerns in the developmental activities right at 

the time of initiating for preparing the feasibility report. It enables the integration of 

environmental concerns and mitigation measures in project development. 

• EIA can often prevent future liabilities or expensive alterations in project design.



Core values of EIA 

• Integrity: the EIA process should be fair, objective, unbiased 

and balanced. 

• Utility: the EIA process should provide balanced, credible 

information for decision making. 

• Sustainability: the EIA process should result in 

Environmental Safeguard. 



Environmental Assessment has many benefits 

• Protection of Environment 

• Optimum utilization of resources 

• Saves overall time and cost of the project 

• Promotes community participation 

• Informs decision makers 

• Lays base for environmentally sound projects. 



History & Evolution of EIA

• Environmental Impact Assessment started as a mandatory 

regulatory procedure originated in the early 1970’s with the 

implementation of the National Environmental Policy act (NEPA) 

1969 in the US. 

• EIA process took off after the mid 1980’s, after World Bank 

adopted EIA for major development projects, in which borrower 

country had to undertake the EIA under the Bank’s supervision.

• Now EIA is a formal process in more than 100 countries.



Environmental Clearance from central government is required for 

32 categories of development projects – under industrial 

sectors: 

• Mining 

• Thermal power plants 

• River valley 

• Infrastructure (road, highways, ports, harbors, and airports) 

• Industries including very small electroplating in foundry units.



Environmental Impact Assessment – Cycle & Procedure 

The EIA process in India is made of the following phases :- 

• Screening 

• Scoping & consideration of alternatives 

• Baseline data collection 

• Impact Analysis 

• Mitigation and Environmental Impact statement 

• Public hearing 

• Environmental Management Plan 

• Decision Making 

• Monitoring the Clearance Condition



Screening

• First stage of EIA, which determines whether the proposed project requires an EIA and 

if it requires EIA, then the level of assessment required. 

• Screening criteria for determining the level of review required are relatively well 

defined. Screening criteria are based upon:

 • Scales of investment 

• Type of development 

• Location of development 

Project Category ‘A’ : 

Projects in this category typically require an EIA. The project type, scale and location 

determine this designation. 

The potentially significant environmental issues for these projects may lead to changes 

in land- use, as well as changes to social, physical, and biological environment.



Project Category ‘B’ : 

• Only difference between projects in this category and those in 

Category ‘A’ is the scale. Larger Power plants fall under category 

‘A’, Medium Sized Power Plants projects are in category ‘B’. 

These projects are not located in environmentally sensitive area. 

Mitigation measures for these projects are more easily prescribed.

Project Category ‘C’: 

This category is for projects that typically do not require an 

environmental assessment. These projects are unlikely to have 

adverse environmental impacts. 



Scoping

• This stage identifies key issues and impact that should be further investigated. 

This stage also defines the boundary and the time limit of the study. 

• It is done by consultant in consultation with the project proponent and guidance 

by the agency. 

• Quantifiable impacts are to be assessed on the basis of magnitude, prevalence 

frequency and duration and non quantifiable impact (aesthetic or recreational 

value). Significance is usually determined through the socio-economic criteria.

• After the areas, where the project could have significant impact, are identified, 

the Baseline status of these should be monitored and then the likely changes in 

these on account of the construction and operation of the proposed project 

should be predicted.



Baseline Data
• Impact prediction is a way of ‘mapping’ the environmental 

consequences of the significant aspects of the projects and its 

alternatives. 

• Environmental impact can never be predicted with absolute certainty, 

and this is all the more reason to consider all possible factors and take 

all possible precautions for reducing the degree of uncertainty. 

• The following impacts of the projects should be assessed: 

AIR:

• Changes in the ambient level and the ground level concentrations due 

to emissions from point, line and area source. 

• Effects on soils, materials, vegetations and human health. 



NOISE: 

• Changes in the ambient level due to noise generated from 
equipment and movement of vehicles. 

• Effects on fauna and human health.

WATER 

• Availability to competing users

• Changes in the quality 

• Sediment transport 

• Ingress of saline water 

LAND 

• Changes in the land-use and drainage pattern 

• Changes in land quality including effects of waste disposal 

• Changes in shoreline/riverbank and their stability. 



BIOLOGICAL 

• Deforestation and shrinkage of animal habitat 

• Impact on flora and fauna due to contaminants/pollutants. 

• Impact on rare and endangered species, endemic species and 
migratory path of animals including birds. 

• Impact on breeding and nesting grounds 

SOCIO-ECONOMIC 

• Impact on the local community including demographic changes 

• Impact on economic status 

• Impact on human health 

• Impact of increased traffic.
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Diversity-Stability Theory

• Biologically diverse communities are also more likely to 

contain species that confer resilience to that ecosystem 

because as a community accumulates species, there is a higher 

chance of any one of them having traits that enable them to 

adapt to a changing environment.



What is the relationship between biodiversity and ecosystem 
stability?

• It has been shown that biodiversity of an area has a large 

impact on the ecosystem stability of that area. Areas with high 

levels of species and genetic diversity are likely to have a 

more complex ecosystem, with a variety of food webs and 

biotic interactions.



What is ecosystem stability?

• The vast majority of natural ecosystems experience regular 

environmental change, or disturbances. 

• Most ecologists describe ecosystem stability as the ability of an 

ecosystem to maintain its structure and function over long 

periods of time and despite disturbances. 

• Ecosystem structure includes physical and geological structures 

of the landscape, the number and diversity of species present, the 

population sizes of those species, and the ways in which these 

populations interact. 

• Ecosystem function refers to processes such as water and 

nutrient cycling and biomass productivity that the ecosystem 

provides. 







Resistance and Resilience
• There are two main components to ecosystem stability: 

resistance and resilience. 
• An ecosystem displays resistance if keeps its structure and 

continues normal functions even when environmental 
conditions change. 

• An ecosystem displays resilience if, following a disturbance, 
it eventually regains its normal structure and function. 

• Ecosystems that show a high degree of stability may have 
different combinations of resistance and resilience. 

• Research has shown that species diversity is often the key to 
both ecosystem resistance and resilience. 

• An ecosystem rich in biodiversity will likely be more stable 
than one whose biodiversity is low. 



How does environmental change affect ecosystem stability?

•Communities respond to environmental change in ways that reflect 

the responses of the species and populations in the community. 

•Species respond to environmental change in ways that enable them to 

maintain homeostasis. 

•Populations respond in ways that reflect the success or failure of 

members of the population to survive and reproduce. 

•Changing environmental conditions can cause the decline of local 

biodiversity. If this happens, an ecosystem’s resistance and/or 

resilience may decline. The end result is that the ecosystem loses 

stability.

•Ecosystems that are less stable may not be able to respond to a normal 

environmental disturbance, which may damage ecosystem structure, 

ecosystem function, or both.



How does natural environmental change 
affect ecosystem stability?

• Fires, heavy storms, and natural climate change can cause 

major changes in local populations of plants and animals.

• A decline in natural biodiversity can make an ecosystem less 

stable.



How does environmental change caused by human actions 
affect ecosystem stability?

• Humans affect ecosystem stability in many ways, including 
habitat loss, introduction of nonnative species, release of 
pollution into food webs, and contribution to climate change.

• Ecosystems are frequently destroyed for agricultural activity 
and urban development. Clearing patches of habitat can split 
ecosystems into pieces, a process called habitat 
fragmentation. 

• Remaining pieces of habitat become habitat “islands” 
surrounded by a different habitat. The smaller a habitat island 
is, the fewer species can live there, and the smaller their 
populations can be. 



• A keystone species is one that has a strong and/or wide-

reaching impact on a community’s stability. If a keystone 

species declines in number, the ecosystem becomes much less 

stable. 

• Humans sometimes introduce organisms into a new habitat, 

where it can become invasive and threaten biodiversity and 

ecosystem structure. 



• An invasive species is a nonnative species that spreads 

widely in a community. Nonnative species become 

invasive if their new surroundings lack natural 

population checks such as predators or competitors. 

• Invasive species usually cause local native biodiversity 

to decline and therefore affect ecosystem stability.



• Many pollutants, including pesticides and acid rain, impact 

plant and animal populations. These changes, in turn, threaten 

biodiversity. 

• Organisms are adapted to their environments and have 

specific tolerance ranges to conditions such as temperature. If 

conditions change beyond an organism’s tolerance, the 

organism must move to another location or face extinction. 

• Increases in Earth’s average temperatures could affect 

ecosystem structures and functions. 

• Scientists are not yet sure how predicted changes in global 

climate within the next several decades will affect ecosystem 

stability worldwide.
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What is biodiversity?

Biodiversity is basically the variety within and among life

forms on a site, ecosystem, or landscape. Biodiversity is defined

and measured as an attribute that has two components —

richness and evenness.



Richness = The number of groups of genetically or functionally

related individuals. In most vegetation surveys, richness is

expressed as the number of species and is usually called species

richness.

Evenness = Proportions of species or functional groups present on

a site. The more equal species are in proportion to each other the

greater the evenness of the site. A site with low evenness indicates

that a few species dominate the site.



Diversity can be use to describe variation in several forms:

Genetic (species, varieties, etc.)

Life form (grasses, forb, trees, mosses, etc.)

Functional group (deep rooted, nitrogen-fixing, soil crust,

evergreen, etc.)



Why is biodiversity measured?

Biodiversity is a measure that combines richness and

evenness across species. It is often measured because high

biodiversity is perceived a synonymous with ecosystem health. In

general diverse communities are believed to have increased

stability, increased productivity, and resistance to invasion and

other disturbances.



Diverse habitats with a variety of plants can have benefits such

as:

Providing forage for a variety of insect and vertebrate species.

Stability resulting from plants in the community that are able to

survive drought, insect plagues, and/or disease outbreaks so that

the site will have some soil protection/forage/etc. in those years.

Plants containing a variety of genetic material that may be useful in

long-term survival and stability of the community.



The community benefits from a mixture of plants:

Soils improve with nitrogen fixers, deep rooted plants bring

nutrients up from soil layers below other plants roots.

Some species work together so that both can survive (called

commensalism) and therefore, diverse communities can be more

stable.

Healthy diverse plant communities generally have all niches filled

and are theoretically less likely to be invaded by noxious or

opportunistic introduced species.



Though seldom acknowledged, there are also disadvantages to

high biodiversity:

Diverse communities are often a sign of fragmented or somewhat

degraded sites where much of species richness is contributed by

disturbance species.

Plant communities with high diversity can be more difficult to

manage for grazing because different species of plants have different

grazing tolerances and different rates of phenological development.

Many plant communities are very stable with few species that are

well adapted to the environment.



Biodiversity Can be Expressed at Several Scales

Biodiversity can be measured and monitored at several spatial scales.

Alpha Diversity = richness and evenness of individuals within a habitat

unit. For example in the figure below, Alpha Diversity of Site A = 7

species, Site B = 5 species, Site C = 7 species.

Beta Diversity = expression of diversity between habitats. In the example

below, the greatest Beta Diversity is observed between Site A and C with

10 species that differ between them and only 2 species in common.

Gamma Diversity = landscape diversity or diversity of habitats within a

landscape or region. In this example, the gamma diversity is 3 habitats

with 12 species total diversity.



Site A = 7 Species
Site B = 5 Species
Site C = 7 Species

A vs B = 8 species
B vs C = 4 species
A vs C = 10 species



Shannon-Wiener Index (H') - is an information index and is the most

commonly used diversity index in ecology. Technically, the Shannon-

Wiener Index (when applied to ecology) quantifies the uncertainty

associated with predicting the identity of a new taxa given number of

taxa and evenness in abundances of individuals within each taxa.

H′=−∑(niN×lnniN)

where ni is the number of individuals of amount (biomass) of each of

the i species and N is the total number of individuals (or biomass) for the

site.

Values of H′ can range from 0 to 5, although they typically range from

1.5 to 3.5

The Shannon-Wiener Index assumes that the sample for site was

collected randomly.
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