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FOREWORD 
 
 
This course has been designed for fulfilling the content expertise and practical skills 
of prospectus teachers who will be enrolled in B.Ed 4 Year or B.Ed 2.5 Year in 
Allama Iqbal Open University. This book is very useful for making up the need of 
the advance content for students and teachers regarding practical theory and work.  
This book will be helpful to reduce the controversy that what type of knowledge, 
skills and values Science teachers need.  Some teachers need more content 
knowledge whereas some science teachers want to enhance the skills. Further 
Scientific knowledge is expanding at very high speed. This is the era of scientific 
innovation and creations. Innovations and creations need skillful technologies. 
Allama Iqbal Open University and Science Education Department has promised to 
maintain the quality and acceptability. This book is one of those series of books 
which will enable the teachers to cope with changing needs of the society and 
students in Biological sciences and practical area. 

The focus of this book is to provide with best knowledge, skills and content in the 
subject of biological practical field. With the help of this book science students can 
explore the natural world, maintain their health by avoiding the diseases and 
discover new dimensions in the field of Bio-sciences and will be able to determine 
different aspects of practical related to biological sciences. Keeping in view the 
qualitative and practical aspect of education and an increasing demand of science 
teachers, stress is laid upon science content as well as strengthening their practical 
skills and knowledge. The elements of motivation and love are also considered.    

We welcome suggestions and comments for improvements from the readers, 
teachers and public at large for the improvement of this course. 

 

 
 
 Prof. Dr. Nasir Mahmood 
   Chairman/Dean 
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PREFACE 
 
Though there is lot of books available in the market, but there is hardly any book 
which fulfills the requirements of University’s approved outlines. Some cover one 
area of content while other covers another area. In this way there would be a lot of 
financial burden and dispersed focus. 
 
Further AIOU has its own requirement either to provide compiled material or 
textbook. This book is one of those series for coverage of content in practical area 
requirement for B.Ed 4 Year and B.Ed 2.5 Years in the field of Biology. 
 
This book is written as per prescribed procedure of book development. After 
approval of content from all statuary bodies, approval for starting development of 
this book was sought. Then selection of writers and reviewers was completed. Time 
and again reminders to Unit writers and telephonic conversation were kept on with 
the writers to expedite the process of writing and review. In spite of very tedious 
work of writers and reviewers, coordinators had to look into everything i.e.  format, 
self-assessment exercises, alignment of the theoretical knowledge with practical 
aspects of Biology and useful video links for watching how practical are performed.  
Great stress has been laid in making the course to facilitate prospectus, in service 
and pre-service teachers for practical and theoretical knowledge regarding Biology. 
The course is equipped with illustrations for better understanding of the reader. 
Each unit is equipped with necessary illustrations, activities, self-assessment 
exercises and important links for virtual practical in the subject of Biology. 
 
It is hoped that this book will prove best for the theoretical knowledge and practical 
performance skills.  
 
 
                                                                                      Arshad Mehmood Qamar 

Course Development Coordinator 
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COURSE OBJECTIVES 
 

After completing this course, you will be able to: 

1.  perform the practical in science laboratory. 

2. use science laboratory and science equipment’s carefully. 

3. explain the common processes of life through its Chemical, Biological and 
Molecular process. 

4. describe structures and functions of different parts of plants and animals as 
studied through slides, models or realia. 

5. elaborate the Biochemical mechanism eventually generating energy for 
animal work.  

6. describe animals and their relationship with their environment. 

7. study microscopic and non-microscopic organisms. 

8. explain functions of cells and tissues after study. 

9. demonstrate different tests in science laboratory. 

10. can collect, preserve and store different animals and plants. 

11. can write a report on different surveys. 

12. explore different genetic mechanisms and processes taking place among 
animals and plants. 

13. live a healthy life by preserving environment and avoiding environmental 
hazards. 

14. use animals and plants beneficial for welfare of human life. 
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INTRODUCTION 

 
 
Plants are very important in our life. Plants provide food to us and keep the balance 
among major gases in the environment. It is worthwhile to study the different parts 
of plants and their structure and functions. What are different types of mechanisms 
taking place inside the body of plants? For example, the processes of mitosis and 
meiosis which are necessary for growth and reproduction of plants, osmosis and 
diffusion. The study of these processes and mechanisms enables us to understand 
the nature of plants and their anatomy and physiology. 
 
 

OBJECTIVES 
 

After completion of this Unit, you will be able to: 

• perform practical on, the study of stomata and primary parts of plants. 

• understand different types of tissues and muscles with the help of prepared 
slides. 

• demonstrate the process of osmosis and diffusioin. 

• study the transverse section of a dicot stem (sunflower). 

• describe and draw the transverse section of dicot root. 

• draw the diagram to show the internal parts of monocot root and stem. 
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1.1  STUDY OF STOMATA, EPIDERMIS TISSUES OF 
PRIMARY BODY OF PLANTS STRUCTURE OF STOMATA 

 
This section has been cut from the lower epidermis of a leaf. We all know that bean 
shaped structures are found in lower epidermis of the leaves of plants, called guard 
cells. Guard cells are interconnected at both ends. Guard cells contain chloroplasts 
which provide the site for the process of photosynthesis. Chloroplasts capture 
sunlight. Turgidity helps closing and opening of stomata. These guard cells when 
full of eater become turgid and a pore is formed. These pores are called stomata. 
When a leaf is examined under the microscope, we observe many tiny pores, which 
are collectively called stomata.  
 
As we all know that processes of photosynthesis and respiration are taking place in 
plants. During the process of photosynthesis plants intake carbon oxide from the 
environment. During the process of photosynthesis Oxygen and water vapours are 
produced which are expelled out through these stomata. It can be said that extra 
gases or water vapours are released from the leaves through these stomata, and the 
materials or gases needed are taken inside through these stomata. Hence stomata 
play an important role by permitting the movement of gases such as oxygen, carbon 
dioxide, and water vapour to diffuse between the interior and outer surface of the 
plant tissues. Further the anatomy of epidermis in plants is very interesting. You 
have to answer the questions by watching the following u-tub video links. The 
tissue related questions can be answered by studying Unit-2 of Biology-II for B.Ed 
Science Education. 
 
Objectives of this Practical 
After reading the theory and watching the video of this practical, you will be able 
to: 
• find stomata in the epidermis of the plant leaves of the plants 
• use microscope for study of micro-level structures. 
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• prepare slides showing stomata and guard cells in the lower epidermis of 
leaves. 

• draw and label the structure of stomata. 
• describe the importance of stomata in primary parts of plants. 
• answer the queries associated with stomata.  
• justify why there are different densities of stomata in epidermis of plants of 

hydrosphere xerosphere and mesosphere. 
• describe how functions of stomatal opening and closing are controlled in 

different plants. 
• tell the location, structure and functions of different type of tissues in plants. 
 
Apparatus and Chemicals 
Leaf, glycerin, slides, cover slip, Stain, Petri dish, needle, forceps, blotting paper 
and microscope 
 
Procedure 
Watch the videos with the links given below and write the procedure of this 
practical study. 
 
Precautionary Measures 
Write precautionary measures to perform this practical 
 
For study of Stomata, epidermis tissues of primary body of Plants, please 
watch the following videos by opening following U-tube links. 
1. https://youtu.be/IJLOmIb6q80 (Retrieved on 30/03/2020) 
2. https://youtu.be/Xrc8KAF8gtg  ----do----  
3. https://youtu.be/5uv4lIWDECs  ----do---- 
4. https://youtu.be/JQvdXX7hGqI  ----do---- 
5. https://youtu.be/Q0ICSVXdbMs  ----do---- 
 
Study Material that will help in answering the questions 
There are a number of ways of doing this. Because of the size of stomata, you will 
need a reasonably good microscope for this. Your choice of magnification will 
depend on the leaf material that you are using, and the size of the stomata  
 
• Prepare an epidermal impression by coating the leaf surface with nail varnish. 

Peel off the dried layer of nail varnish by using sellotape and stick this onto a 
slide. 

• Alternatively, with some plants you can peel off an epidermal strip directly, 
which you can mount in water on a slide and place under the microscope. 

https://youtu.be/IJLOmIb6q80
https://youtu.be/Xrc8KAF8gtg
https://youtu.be/5uv4lIWDECs
https://youtu.be/JQvdXX7hGqI
https://youtu.be/Q0ICSVXdbMs
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• If you have an eyepiece graticule which you can use, you can work at a 
relatively low power, and you can count the number of stomata within 
different squares to act as replicates. 

• If you do not have an eyepiece graticule, you can work at a higher 
magnification and count a number of different fields - the area visible under 
the microscope - at any one time. 

 
Make sure that:  
1. You get enough counts to be able to analyse your results statistically, 
2. You calculate the area of leaf which you are counting in order to give a 

quantifiable result e.g. stomata per square mm. You will need to calibrate the 
size of the field of view, or the size of individual squares within a field, using 
a stage micrometer to do this. 

 
M. MacDonald, SAPS Cambridge. 

One of the best plants for doing epidermal peels is the red hot poker 
plant Kniphofia. Being a monocot its stomata are highly ordered in rows, but they 
are big and great for stomatal opening and closing using solutions of different 
concentrations. 
 
Almost as good is the Elephants Ear Saxifrage Bergenia. This also peels very easily, 
but the stomata are smaller although clearly visible at x100 magnification. This is 
a dicot so the distribution is more random. 
B. Meatyard, SAPS Warwick. 
  
What factors influence the opening and closing of stomata? 
There are many factors which lead to stomata opening and closing. 
i)  There is an endogenous rhythm (a biological clock). Stomata open during the 

day and close  
during the night. (Though certain succulents which are native to hot, dry conditions 

have a reversed rhythm to enable them to economise on water loss.) However, 
stomata continue to open and close on an approximately 24-hour clock 
(circadian = about a day) even when switched to continuous light. The phase 
of this opening and closure can be shifted (made to occur at other times of the 
day) by contol of the end of the dark period. 

ii)  The water balance of a plant affects stomatal apperture. Wilting plants close 
their stomata. The plant growth regulator abscisic acid (ABA) seems to act as 
a mediator under these conditions. Water stress in the roots can transmit (in 
xylem?) its influence to stomata in leaves by the signal of ABA. 
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iii)  Low concentrations of CO2 cause stomata to open. If CO2-free air is blown 
across stomata in darkness, their stomates open. High CO2 causes stomates 
to close. 

iv)  Light causes stomates to open. The minimum light level for opening of 
stomates in most plants is 1/1000 to 1/30 of full sunlight, just enough to cause 
some net photosynthesis. Blue light (430-460nm) is nearly 10 times as 
effective as red light (630-680nm). The wavelengths that are effective in the 
red part of the spectrum are the same as those that are effective in 
photosynthesis ie is absorbed by chlorophyll. However, the blue light effect 
is quite independent of photosynthesis. Photosynthesis will change 
intercellular CO2 concentrations and may have its effect through number iii) 
above. 

 
So, how are these movements brought about? 
Blue-light wavelengths of daylight, detected by zeaxanthin (a carotenoid) activate 
proton pumps in the guard cell membranes, which proceed to extrude protons from 
the cytoplasm of the cell; this creates a "proton motive force" (an electrochemical 
gradient across the membrane) which opens voltage operated channels in the 
membrane, allowing positive K ions to flow passively into the cell, from the 
surrounding tissues. Chloride ions also enter the cell, with their movement coupled 
to the re-entry of some of the extruded protons (Cl/H symport) to act as a counter-
ions to the potassium. Water passively follows these ions into the guard cells, and 
as their tugidity increases so the stomatal pore opens, in the morning. As the day 
progresses the osmotic role of potassium is supplanted by that of sucrose, which 
can be generated by several means, including starch hydrolysis and photosynthesis. 
At the end of the day (by which time the potassium accumulation has dissipated) it 
seems it is the fall in the concentration of sucrose that initiates the loss of water and 
reduced turgor pressure, which causes closure of the stomatal pore. 

ABA also seems to trigger a loss of K ions from guard cells. Some workers suggest 
that in some species, ABA alters turgor pressure without changing solute potential 
or water potential. 

There is evidence of a role for increased cytoplasmic calcium (Ca2+) in closure, 
possibly by effects on opening/closing of ion channels at the plasma membrane. 

Starch break down to phosphoenol pyruvate (PEP) is stimulated by blue light. This 
PEP then combines with CO2 to fom oxaloacetic acid, which is converted to malic 
acid. It is H ions from the malic acid which leave the cell in the mechanism outlined 
above. Thus the intake of K ions is matched by formation of anions from malic acid 
in the guard cells. This causes an increase in osmotically active substances in 
exchange for the breakdown of starch in guard cells. 
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Self-Assessment Questions  
1. What is the importance of Stomata in Plants? 

2. How density of the stomata can be measured? 

3. Describe factors opening and closing of stomata. 

4. What is relationship of photosynthesis with stomata? 

5. What is the effect of low concentration of water in leaf epidermal cells? 

6. Do all stomata on a leaf or plant open at the same time? 

7. What are your hypotheses regarding the density of stomata in dicots or 
monocots? Why? 

8. What is the relationship of density of stomata with transpiration? 

9. Explore the ways. How size of the stomata affects transpiration rate? 

10. Write two hypotheses about the wind speed and opening of stomata. 

11. Compare the stomatal functions in summer plants and in winter plants. 

12. Explain the role of stomata in Small plants and larger plants at the same 
habitat. 

13. Discuss how plants of deserts save loss of water. 

14. Identify type of tissues in different parts of plant body. 

15. Describe structure and functions of different types of tissues. 
 
 

1.2 STUDY OF MITOSIS AND MEIOSIS BY SMEAR/SQUASH 
METHOD AND FROM PREPARED SLIDES 

 

Introduction 
You have studied about cell division and chromosomes in Unit.6 Biology-II & Cell 
division in Unit.7 Biology-III courses. The nuclei in eukaryotic cells contain 
chromosomes with clusters of genes. When cells divide chromosomes and genes are 
duplicated and passed on to the daughter cells. Single celled organisms divide and 
reproduce. Multicellular organisms have reproductive cells (Eggs or sperm), but they 
also have somatic cells that are involved in growth and development. Reproductive 
cells and somatic cells divide in a certain pattern called Mitosis and Meiosis.  
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In somatic cells and mostly in single–celled organisms, the nucleus divides by 
Mitosis into two daughter nuclei, which have same number of chromosomes and 
the same genes as in the parent cell. All growth and repair functions are related to 
Mitosis in multicellular organisms.  
 
Objectives of this Practical 
After performance and study of this practical you will be able to: 
• describe the activities of chromosomes, controlees and microtubules in the 

cell cycle, in all phases of mitosis and meiosis 
• write the procedures of study mitosis by watching videos through smear/ 

squash method. 
• write the procedures of study mitosis by watching videos through smear/ 

squash method. 
• differentiate the prophase of mitosis and meiosis 
• describe different phases of mitosis and meiosis with the help of prepared slides. 
• describe crossing over and present the logic why crossing over takes place 

only in meiosis. 
 
For study of Mitosis by smear /squash method please watch: 
1. https://youtu.be/IR5jps-xmzA  (retrieved on 31/03/2020) 
2. https://youtu.be/5-ur7bWqlDQ  -----do----- 
3. https://youtu.be/ofjyw7ARP1c  -----do----- 
4. https://youtu.be/DwAFZb8juMQ  -----do----- 
5. https://youtu.be/jjEcHra3484  -----do----- 
6. https://youtu.be/MNq015d03MU  -----do----- 
7. https://youtu.be/7EvtgLLuJpo  -----do----- 
8. https://youtu.be/7iK2lRyJYpU -----do----- 
 
Self-Assessment Questions 
1. Draw the structure of chromosomes in different phases of Mitosis. 

2. Draw structures of chromosomes in different stages of meiosis 

3. Elaborate the difference of chromosomal behaviors during prophases of 
mitosis and Prophase of meiosis  

4. Write procedures of study of mitosis and preparing slides for its study. 

5. Write importance of study of Mitosis and Meoisis  

6. Draw complete Mitotic cycle. 

https://youtu.be/IR5jps-xmzA
https://youtu.be/5-ur7bWqlDQ
https://youtu.be/ofjyw7ARP1c
https://youtu.be/DwAFZb8juMQ
https://youtu.be/jjEcHra3484
https://youtu.be/MNq015d03MU
https://youtu.be/7EvtgLLuJpo
https://youtu.be/7iK2lRyJYpU
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1.3  STUDY OF PREPARED SLIDES OF EPITHELIAL TISSUE 
(SQUAMOUS, CUBOIDAL, COLUMNAR), CONNECTIVE 
TISSUE (ADIPOSE, CARTILAGE, BONE, AND BLOOD), 
NERVOUS TISSUE, AND MUSCLE TISSUE. (SKELETAL, 
SMOOTH AND CARDIAC) 

 

Introduction 
Animals are composed of specific tissues, which are groups of cells similar in 
structure that perform a common function. Groups of two or more tissue types form 
organs, and two or more organs form organ systems. For example, nervous tissue 
is composed of cells called neurons that receive and conduct electrical signals. 
Nervous tissue, along with other tissue types, forms the brain, spinal cord, and 
nerves (organs), which collectively make up the nervous system (organ system). In 
this lab, we will focus on the tissue level of organization. There are four types of 
tissues found in animals: epithelial tissue, connective tissue, muscle tissue, and 
nervous tissue. You will learn the major characteristics and locations of each tissue 
and examine various types of each tissue under the microscope.  
 
Objectives of this Practical 
The student will able to: 
• identify the four major types of animal tissues and describe the structural 

characteristics and functions of each.  
• identify slides of various types of epithelium, connective, muscle, and nervous 

tissues.  
• provide examples of where each tissue type is located within the body.  
• relate the structure of individual tissue types to their function. 
 
Instructions for Study of Tissues 
There are a few important things to keep in mind during your studies:  
•  As with all levels of the organization, the structure of the tissue is related to 

its function. As you examine each tissue under the microscope, think about 
how the appearance of the tissue relates to the function it performs. 

•  Most of the slides you will see today contain more than one tissue type. Pay 
attention to the descriptions and figures provided in the handout to make sure 
you’re looking at the correct tissue. 

•  Make sure you examine each tissue at all magnifications (4x, 10x, 40x 
objectives). Certain tissues will be best seen at lower magnifications while 
others (including specific cell types) are best viewed at higher magnifications. 
Any magnification may be used on the lab practical.  

•  You are strongly encouraged to draw each tissue, and space is provided in the 
handout for this purpose    
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Epithelial Tissues 
Epithelial tissues line body surfaces and cavities, as well as form glands.  The cells 
of the tissue are closely 
connected via cellular junctions and because the epithelium is found on the edges 
of organs, it has 
two distinct surfaces. The apical surfaceis exposed to the body cavity or exterior, 
while the basal surface is 
adjacent to the underlying tissue (see the Figure below). Epithelia contain no 
blood vessels (they are non- 
vascular) and are dependent upon the underlying connective tissue for nutrients. 
 

Epithelial cells can be one of three shapes:  
squamous (flattened),  
cuboidal, or 
columnar.  
 
Note the cell shapes as well as the position & shape of the nucleus for each cell type 
in the Figure above. If the epithelium consists of one cell layer it is called the simple 
epithelium. The stratified epithelium has more than one layer. The combination of 
cell shape and the number of cell layers is used to classify epithelial tissue. (i.e. 
simple columnar epithelium would consist of a single layer of column-shaped 
cells). Cell shape in stratified epithelium can vary, but the shape of the cells at the 
apical surface determines the name. 
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The function of epithelial Tissues: 
Epithelial tissues generally function in protection, absorption, and secretion, but the 
function varies depending on its location. As you explore the types of epithelial 
tissues below, think about how the structure of each tissue fits its function. 
 
Simple Squamous Epithelium: 
Artery, vein, and nerve slide: Simple squamous epithelium comprises the inner 
lining of blood vessels (arteries, capillaries, and veins), where it provides a smooth 
surface that reduces friction as blood travels through the vessels. In capillaries, 
gases and nutrients diffuse between the blood and tissues across this thin barrier. 
The blood vessel slide shows a cross-section of an artery and a vein. The wavy 
lining of the vessel lumen (interior) is the simple squamous epithelium. 

 
Lung slide: The walls of lung air sacs (alveoli) are also composed of simple squamous 
epithelium. Air sacs are the location of gas exchange between the air and blood. 
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Self-Assessment Question 
How does the structure of simple squamous epithelium allow for efficient exchange 
of gases and solutes across the capillaries and lungs?  
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
 
Cuboidal Epithelium 
Simple cuboidal epithelium (Kidney) slide: The tubules of the kidney are 
composed of a single layer of cuboidal cells. The kidney slide shows cross-sections 
of many tubules, all of which are lined with simple cuboidal epithelium. These cells 
are active in the absorption and secretion of various substances from or into the 
kidney filtrate (which ultimately becomes urine). Note the shape of the epithelial 
cells and the centrally located nuclei. 
 

 
Simple Columnar Epithelium 
Duodenum/Small intestine slide: The intestinal lining is a simple columnar 
epithelium. The primary function of these cells is the absorption of nutrients. As 
you examine the slide, note the large, oval-shaped nuclei that are positioned near 
the basal edge of the cells. Also note the large, clear goblet cells that are 
interspersed in the epithelial layer. These are glandular cells that secrete mucus that 
helps protect the underlying tissues. 
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POST LAB 
  

Appearance 
 

Function 
 

Location 

 
SIMPLE 
SQUAMOUS 
EPITHELIUM 

   

 
SIMPLE  
CUBOIDAL 
EPITHELIUM 

   

 
SIMPLE  
COLUMNAR 
EPITHELIUM 

   

 
Connective Tissue 
Connective tissues vary widely in their form and function, but they are all 
characterized by the presence of extracellular matrix. The extracellular matrix is 
a nonliving material composed of protein fibers and ground substance. The 
protein fibers are composed of collagen (which gives strength) or elastin (which 
gives flexibility). The number and type of fibers differ between the various types 
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of connective tissue. The ground substance fills the spaces between the cells and 
the fibers. It contains interstitial fluid (tissue fluid) and large polysaccharide 
molecules. The consistency of the ground substance can vary from liquid to gel-
like to a solid. 
 
Connective tissues can be grouped into four categories based on their extracellular 
matrix: loose, dense, supporting, and fluid connective tissues fill in the table below 
with a short description of the matrix and the overall function for each type. 
 
Loose Connective Tissue 
Adipose Tissue Slide Adipose tissue consists of adipocytes or fat storage cells. It 
functions in energy storage, insulation, and cushioning. Small pockets of adipose 
tissue can be found all over the body but accumulate under the skin (subcutaneous 
fat) and around certain organs, such as the kidneys. Unlike other connective tissues, 
it has a very little matrix and the cells are closely packed together. Each cell 
contains a large fat droplet, which pushes the nucleus to the side. Note the clear 
cytoplasm and the peripherally located nuclei of the fat cells in the slide. 

 
Supporting Connective Tissue 
Hyaline Cartilage Slide (Bone): Hyaline cartilage is the most abundant type of 
cartilage in the body and is found in the rib cage, the nose, the trachea, and the ends 
of long bones. It provides structural support (but is more flexible than bone) and 
has to cushion properties. Hyaline cartilage has a firm matrix with abundant 
collagen fibers, but the individual fibers cannot be seen under the microscope. 
When viewed under the microscope the matrix an amorphous quality (no 
discernable structures). The cells, which are known as chondrocytes, reside in small 
cavities within the matrix called lacunae. 
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Bone Tissue Slide: Bone tissue forms 
the skeletal system. It functions in 
structural support, protection, and 
mineral (calcium) storage. The 
extracellular matrix of bone tissue 
contains abundant collagen fibers as 
well as a hard, calcified ground 
substance. Mature bone cells, called 
osteocytes, reside in cavities within 
the matrix calledlacunae. As bone 
tissue is formed, channels remain in 
the hardened matrix that provide passageways for blood vessels and nerves. The 
larger channels are called central canals (Haversian canals). Bone tissue forms in 
rings (lamellae) around these canals, creating a structure called an osteon. Examine 
the bone tissue slide, noting the osteons with their lamellae and bulls-eye like 
central canals. The lacunae, which contain the bone cells, are visible as small dark 
patches in the lamellae. 
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Fluid connective tissue 
Blood Slide: Blood consists of several cell types suspended in a liquid matrix 
(plasma). The most numerous cells are the erythrocytes (red blood cells), which 
transport oxygen. In mammals, these cells lack a nucleus and have a biconcave 
shape that increases their surface area/volume ratio for more efficient transport. 
Various types of leukocytes (white blood cells) are also present. These cells are 
components of the immune system, and function to protect the body against foreign 
invaders (bacteria, viruses, etc.) as well as clean up cell debris. The third type of 
solid component you may see on these slides are cellular fragments called platelets, 
which function in blood clotting. 
 

 
POST LAB: 

 
Type 

(loose, 
Dense etc.) 

Appearance Function Location 

ADIPOSE 
TISSUE     

CARTILAGE 
TISSUE     

BONE     

BLOOD     
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Activity 3: Muscle Tissue 
Muscle tissue is specialized for contraction. The cells are elongated and are also 
known as muscle fibers. They contain the contractile proteins actin and myosin, 
which interact to shorten and elongate the cells. There are three different types of 
muscle tissue: skeletal, cardiac, and smooth. Examine each type of tissue using the 
muscle composite slide. (*The skeletal and smooth muscle are shown as part of 
organs, so they are not the only tissue present). 
 
Skeletal Muscle (muscle composite slide) 
Skeletal muscles are attached to bones, and contraction of these muscles generates 
body movements (limb movement, jaw movement, breathing, etc.). They are 
categorized as voluntary muscle fibers because we can consciously control their 
contractions. The skeletal muscle fibers are long and cylindrical, with multiple 
peripherally located nuclei. The cells have striations, alternating light and dark 
bands that result from the ordered arrangement of actin and myosin within the cell. 

 
Cardiac Muscle (Muscle Composite Slide) 
Cardiac muscle is present in the heart, and is categorized as involuntary (not under 
conscious control). Cells are striated, but the striations are much less obvious than 
in skeletal muscle tissue. The cells are shorter than skeletal muscle fibers, have a 
single nucleus and are often branched. Individual cells are connected via gap 
junctions and desmosomes. These cellular connections are visible under the 
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microscope as dark bands called intercalated disks. These cellular communication 
junctions are necessary for the coordinated beating of the heart. 
 

 
Smooth Muscle (muscle composite slide & artery/vein/nerve slide) 
Smooth muscle tissue is found in the walls of hollow organs, such as the 
gastrointestinal tract, blood vessels, and the urinary bladder. Contractions of these 
muscles propel fluid or materials through the organs (i.e. food through the GI tract, 
blood through blood vessels, urine pushed out of the bladder). Like a cardiac 
muscle, it is categorized as involuntary. 
 
Smooth muscle cells are not striated (hence the name “smooth” muscle); they have 
a single nucleus, and have tapered ends. Examine the smooth muscle on the muscle 
composite slide as well as the blood vessel slide. In blood vessels, there is a layer 
of smooth muscle deep to the epithelial layer. It is thicker on the artery than on the 
vein but can be seen in both. 
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POST LAB: 
 

Appearance Location Conscious 
Control? 

  SKELETAL 
    MUSCLE 

   

CARDIAC 
MUSCLE 

   

SMOOTH 
MUSCLE 

   

 
Activity 4: Nervous Tissue 
Nervous tissue is specialized for communication and composes the brain, spinal 
cord, and peripheral nerves. The tissue consists of two major cell types: neurons 
and glial cells. Neurons communicate with each other via electrical and chemical 
signals. They have nucleated cell bodies and two types of elongated cellular 
processes: dendrites – which receive signals, and axons – which send signals. 
 
Glial cells are the support cells of nervous tissue. There are several different types 
with various functions, including maintaining proper ion concentrations in the fluid 
surrounding neurons, generating myelin (an insulating material that surrounds some 
axons), and cleaning up debris. 
 
Examine the slide of the nervous tissue (giant multipolar neuron slide). Note the 
large neurons with their elongated cellular processes and the smaller, more 
numerous glial ce 
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POST LAB 
  

Appearance 
 

function 

 
NEURONS 

  

 
 
1.4  DEMONSTRATION OF THE PROCESSES OF OSMOSIS 

AND DIFFUSION 
 
Introduction 
Diffusion 
It is the process by which molecules spread from areas of high concentration to 
areas of low concentration. This movement, down the concentration gradient, 
continues until molecules are evenly distributed.  
 
Osmosis 
It is a special type of diffusion, the diffusion of water through a semipermeable 
membrane. The concentration of water is inversely related to the concentration of 
solute: more solute corresponds to less water and less solute corresponds to more 
water. This is important because osmotic vocabulary describes the solute and not 
the water.  
1. Hypertonic solutions contain a high concentration of solute and little water. 
2. Hypotonic solutions have a low concentration of solute and therefore a higher 

concentration of water. 
3. Isotonic is used when two areas have an equal concentration of solute: no net 

osmosis is occurring. 
 
All atoms and molecules possess kinetic energy, which is the energy of movement. 
It is this kinetic energy that makes each atom or molecule vibrate and move around. 
(In fact, you can quantify the kinetic energy of the atoms/molecules in a substance 
by measuring its temperature.) The moving atoms bounce off each other, like 
bumper cars in a carnival ride. The movement of particles due to this energy is 
called Brownian motion. As these atoms/molecules bounce off each other, the result 
is the movement of these particles from an area of high concentration to an area of 
low concentration. This is diffusion. The rate of diffusion is influenced by both 
temperature (how fast the particles move) and size (how big they are). 
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Objectives of this Practical 
The student will be understood: 
• What are diffusion and osmosis 
• How they are different in terms 
• Types of solutions (Isotonic solution, Hypertonic solution, Hypotonic 

solution) 
• Demonstration of how this phenomenon occurs in cells. 
• Precautions while performing this practical 
 
Material required 
• Potato of moderate size 
• Potato peeler 
• Knife 
• Sugar solution 
• Beacker 
• Paper pin  
• Water 
 
Procedure 
1. To make a potato osmometer/osmoscope by this process: 

Select a potato of 
moderate size.peel 
out its outer skin by 
a peeler. Cut the 
bottom flat with a 
knife so that it can 
stand. Also, slice 
out from sides. now 
cut a rectangular pit 
in the potato. 
yourosmometer/ 
osmoscope is 
ready. 

2. Put a strong sugar 
solution in the 
osmometer. Half fill 
it and mark the 
solution level with a 
pin. 
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3. Keep this osmometer in a beacker of water. 
4. Let the set stand as such for 1-2 hours 
5. Write the observations, inference, results, precautions, and draw a labeled 

diagram in your practical record file. 
 
Observations 
You will see after 2-3 hours the level of sugar solution in the pit/osmometer has 
risen the marked level. 
 
Conclusion 
The solution level in osmometer has risen because of water which has entered from 
the beacker. this is because of cell-to-cell osmosis and cell membrane behave as a 
semi-permeable membrane. 
 
Precautions: 
• Do not damage the sides and the bottom of the osmoscope 
• Make the cavity carefully. 
 
Useful links 
Osmosis and diffusion:https://www.youtube.com/watch?v=zuNMVzTeCtw 
(Retrieved on 31/03/2020 at 3.00 PM) 
 
Isotonic, hypotonic, Hypertonic solutions: 
https://www.youtube.com/watch?v=rMa9MzP19zI 
(Retrieved on 31/03/2020 at 3.00 PM) 
 
Demonstration procedure: https://www.youtube.com/watch?v=uixn83fA5_Q 
(Retrieved on 31/03/2020 at 3.00 PM) 
 
Self-Assessment Questions 
1. Define osmosis and diffusion? 

2. Why did you use a peeled potato? 

3. Why did you use a sugar solution? 

4. Would we get/same results if we used boiled potato for making an osmoscope 
and performed the experiment? 

5. The osmoscope made by a peeled potato has a cavity made in it. Which 
solution you must use? 

  

https://www.youtube.com/watch?v=zuNMVzTeCtw
https://www.youtube.com/watch?v=rMa9MzP19zI
https://www.youtube.com/watch?v=uixn83fA5_Q
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1.5 T.S OF DICOT PLANTS 
 
The objective of practical 
• To prepare a temporary stained mount of a transverse section of dicot stem 
and root to study various plant tissues. 
• To study the transverse section of a dicot stem, a sunflower stem. 
• To study the transverse section of the dicot root, sunflower root. 
 
Material Required 
• Preserved material of sunflower root and stem 
• Microscope 
• Sharp blade 
• Slides 
• Watch glass 
• Coverslips 
• Safranin (1gm in 100ml of 50% ethanol) 
• Brush 
• Glycerine 
• Blotting paper 
 
Diagram of Dicot Stem and Root 

  

https://byjus.com/biology/plant-tissue-system/
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Procedure 
Taking Sections 
• Hold the plant material that is dissected between your index finger and thumb 

while keeping the edge of the razor perpendicular to the longitudinal axis of 
the plant. Slice it into thin sections 

• Using the edge of the blade, shift these sections from the blade’s edge into a 
watch glass with the aid of a brush. The watch glass must hold water 

 
Process of Staining 
• Pick 2 to 4 thin and good transverse sections. Shift it to a different watch glass 

holding safranin stain 
• Let the sections rest in the stain for a couple of minutes 
• Drain the sections of the stain with water so as to wash off the excess strain 
 
Mounting 
• On a clean slide, place a stained section in the middle of the slide, mounting 

water or glycerine. 
• Using a needle slowly place the coverslip 
• Excess of water or glycerine from the edge of the coverslip can be removed 

using blotting paper 
• Ensure air bubbles are not formed while mounting 
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Precautionary Measures 
• While dissecting the section, both the blade and the material should be 

supplied with adequate water 
• While working with sections, use a brush 
• Gentle placement of coverslip to avoid air bubbles 
• Excess glycerine can be removed with filter paper  
 
Useful link: 
Making thin sections: https://www.youtube.com/watch?v=GlCOQijkIKc 
(Retrieved on 01/04/2020 at 2.00 PM) 
 
Staining and mounting: https://www.youtube.com/watch?v=RJsOOhws5gI 
(Retrieved on 01/04/2020 at 2.00 PM) 
 
 
1.6  TO STUDY THE TRANSVERSE SECTION OF A DICOT 

STEM, A SUNFLOWER STEM 
 
Introduction 
• A typical example of a dicot stem is a sunflower 
• The outline of the stem in the transverse section is circular with a hairy surface 
• The transverse section depicts the arrangement of different tissues in a 

particular way from the exterior to the center as listed below: 
 
1. Epidermis 
• It is the outermost covering of the stem and is single layered 
• The cells are living cells that are densely arranged having a thin wall, enclosed 

in a cuticle 
• It displays multicellular hair 
• Function – It provides protection 
 Cortex 
• Located just under the epidermis 
• It consists of the following regions – Hypodermis, Endodermis, General 

cortex 
 (a)  Hypodermis – It is situated just below the epidermis and consists of 4 

to 5 layers of collenchymatous cells. These are cells that have the 
cellulose deposits at the edges and are living cells. It may possess 
chloroplast and hence carry out photosynthesis. Function: It renders 
mechanical support 

 (b) General Cortex (Parenchyma) – Located just under the hypodermis, 
it consists of several layers of cells that are living having thin walls 

https://www.youtube.com/watch?v=GlCOQijkIKc
https://www.youtube.com/watch?v=RJsOOhws5gI
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along with intercellular spaces. It may contain chloroplast and hence 
become photosynthetic. Several mucilaginous canals can also be 
observed. Function: Food storage 

 (c)  Endodermis – Forms the interior most covering of the cortex consisting 
of a singular row of cells that are densely arranged and barrel-shaped 
with no intercellular spaces. They are composed of starch grains. 

 
Stele 
In tissue, it forms the central core having a vascular bundle. It comprises of – 
pericycle, vascular bundles, medullary rays, and pith. 
(a) Pericycle 
• Located between the vascular bundles and endodermis 
• Has recurrent patches of parenchyma and sclerenchyma 
• Each schlerenchyma patch is linked with hard-blast fibers 
 
(b) Medullary rays 
• It is located in gaps between the vascular bundles. This gap finds 
parenchymatous cells that are thinly walled and arranged radially in 4-5 rows. 
• Helps in the storage of food material and in the lateral conduction of water 
and food 
 
(c) Vascular bundle 
• They are open, collateral and conjoint and are set up in a ring-like manner 
• Each of the vascular bundle comprises of- xylem, phloem, cambium 
• Phloem is located below the pericycle towards the exterior side. It consists of 

thin cell walls possessing companion cells, sieve tube and phloem 
parenchyma and conducts food material 

• Xylem is found in the interior of the vascular bundle, i.e., smaller protoxylem 
towards the center and larger metaxylem towards the periphery. Therefore, 
xylem is endarch. These cells are dead and lignified. Xylem conducts 
minerals and water 

• Cambium is present between phloem and xylem. The cells are rectangular 
and have thin cell walls. It consists of meristematic tissues that generate new 
cells 

 
(d) Pith 
• It forms the mid-region of the stem. It arises under the vascular bundle up till 

the center and consists of large parenchymatous cells. 
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Identification 
• The epidermis has multicellular hairs 
• The hypodermis is collenchymatous 
• The xylem is endarch with the protoxylem being at the center and the 

metaxylem being at the periphery 
• Vascular bundles are open, collateral and conjoint 
• They are arranged in a ring-like manner 
• Pith is found at the center 
 
 
1.7  TO STUDY THE TRANSVERSE SECTION OF THE DICOT 

ROOT, SUNFLOWER ROOT 
 
Introduction 
The T.S shows the following structures: 
1. Epiblema or Epidermis 
• Densely arranged cells with thin cell walls forming the outermost single layer 
• Several cells have thin outgrowths known as root hairs 
 
Cortex 
• Present under the epidermis consisting of several layers of thin-walled 

parenchyma cells 
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Endodermis 
• They are barrel-shaped forming the innermost layer of the cortex. They are 

densely arranged single cell layer. 
• A Casparian band is formed due to the radially arranged cell walls that are 

thickened 
 

Pericycle 
• Under the endodermis is a thin-walled layer of cells known as pericycle. 
 
Vascular bundles 
• It consists of radial bundles having alternating 2 to 6 arrangement of bundles 

of phloem and xylem 
• Bundles of xylem are exarch wherein the metaxylem is present towards the 

center and the protoxylem at the outer side 
• In outline, xylem vessels are polygonal 
 
 

Phloem bundles 
• Comprises of companion cells, parenchyma and sieve tube 
 
Conjunctive tissue 
• They are the parenchyma cells that separate the xylem and phloem bundles 

from each other 
 
Pith 
• They are significantly absent or occur rarely 

https://byjus.com/biology/difference-between-xylem-and-phloem/
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Identification 
• The epidermis shows the presence of unicellular hair 
• Absence of hypodermis 
• Radially arranged vascular bundles 
• The number of phloem/xylem bundles is not more than 6 
• The xylem is an exarch 
• Absence or rare occurrence of pith 
 
Useful links 
Dicot root characteristics:https://www.youtube.com/watch?v=n6o27LEMnzA 
(Retrieved on 01/04/2020 at 3.00 PM 
 
Dicot stem characteristics:https://www.youtube.com/watch?v=WRg-Zo-cF3M 
(Retrieved on 01/04/2020 at 3.00 PM 
 
Self-Assessment Questions 
1. Why did you take the transverse section of the root/stem? 

2. Why did you use a safranine stain? 

3. Why did you use glycine while mounting the section on the slide? 

4. How can you identify a dicot root slide? 

5. What is the primary root and stems? 
 

1.8  T.S OF MONOCOT PLANTS 
 

Objectives  
• To prepare a temporary stained mount of a transverse section of monocot stem 

and root to study various plant tissues. 
• To study the transverse section of monocot stem, maize stem. 
• To study of the transverse section of monocot root, maize root. 
 
Material Required 
• Preserved or fresh material of maize root and stem 
• Microscope 
• Sharp blade 
• Slides 
• Watch glass 
• Coverslips 
• Safranin (1gm in 100ml of 50% ethanol) 
• Brush 
• Glycerine 
• Blotting paper 

https://www.youtube.com/watch?v=n6o27LEMnzA
https://www.youtube.com/watch?v=WRg-Zo-cF3M
https://byjus.com/biology/plant-tissue-system/
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T.S Diagram of monocot root and stem: 
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Procedure 
 
Taking Sections: 
• Hold the plant material that is dissected between your index finger and thumb 

while keeping the edge of the razor perpendicular to the longitudinal axis of 
the plant. Slice it into thin sections 

• Using the edge of the blade, shift these sections from the blade’s edge into a 
watch glass with the aid of a brush. The watch glass must hold water. 

 
Process of Staining: 
• Pick 2 to 4 thin and good transverse sections. Shift it to a different watch glass 

holding safranin stain 
• Let the sections rest in the stain for a couple of minutes 
• Drain the sections of the stain with water so as to wash off the excess strain 
 
Mounting 
• On a clean slide, place a stained section in the middle of the slide, mounting 

water or glycerine. 
• Using a needle slowly place the coverslip 
• Excess of water or glycerine from the edge of the coverslip can be removed 

using blotting paper 
• Ensure air bubbles are not formed while mounting 
 
Precautionary Measures 
• While dissecting the section, both the blade and the material should be 

supplied with adequate water 
• While working with sections, use a brush 
• Gentle placement of coverslip to avoid air bubbles 
• Excess glycerine can be removed with filter paper 
 
Useful links: 
Making thin sections: https://www.youtube.com/watch?v=GlCOQijkIKc 
(Retrieved on 02/04/2020 at 11.00 AM) 
 
Staining and mounting: https://www.youtube.com/watch?v=RJsOOhws5gI 
(Retrieved on 02/04/2020 at 11.45 AM) 
 
  

https://www.youtube.com/watch?v=GlCOQijkIKc
https://www.youtube.com/watch?v=RJsOOhws5gI
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1.9  TO STUDY THE TRANSVERSE SECTION OF MONOCOT 
STEM, MAIZE STEM 

 
Introduction 
• The maize plant is a monocot plant 
• The transverse section is circular having a smooth surface 
• The ground tissue consists of many scattered vascular bundles 
• From the periphery to the centre, the transverse section displays the structure 

of different tissues in a particular manner as follows: 
 

1. Epidermis 
• An outermost, single layer 
• Thin-walled cells that are living. Presence of thick cuticle towards the 

outermost surface 
• The rare occurrence of stomata. 
• Lack of epidermal hair 
• Function – Protection of internal tissue 
 
2. Hypodermis 
• Present under the epidermis 
• Consists of the thick-walled dead layer of sclerenchymatous cells. Made up 

of two of these three layers 
 

3. Ground Tissue 
• Found below the hypodermis 
• Consists of thin-walled living cells, parenchymatous cells 
• Loose arrangement of cells with the presence of intercellular spaces 
• As seen in the dicotyledonous stem, there is no differentiation of cortex, 

pericycle and the endodermis 
 

4. Vascular bundles 
• Several scattered vascular bundles found in the ground tissue and are closed 

type, collateral and conjoint 
• At the periphery, the vascular bundles are more and densely arranged when 

compared to the center 
• Large vascular bundles in the center compared to vascular bundles at the 

periphery 
• They resemble an oval shape that is girdled by sclerenchymatous bundle 

sheath 
• It consists of the xylem and the phloem 
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(a)  Xylem 
• Y-shaped 
• Metaxylemis present at the two lateral arms. Protoxylem is present at the base 
• The lower protoxylem particles form a cavity known as lysogenic cavity 
• Function: Conducts water 
 
(b)  Phloem 
• Present at the periphery and consists of living cells 
• It comprises of companion cells, sieve tubes, and the phloem parenchyma 
• Function – Conducts food material 

 
  
1.10 TO STUDY OF THE TRANSVERSE SECTION OF 

MONOCOT ROOT, MAIZE ROOT 
 
Introduction 
The transverse section of monocot root depicts the structures as listed below: 
1. Epiblema or Epidermis 
• It is a single outermost layer with no cuticle 
• Densely arranged cells 
• Few cells may see unicellular root hair emerging 
 
2.  Cortex 
• Found below epidermis 
• It is broad consisting of multiple layers of parenchyma cells 
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3.  Endodermis 
• The innermost layer of the cortex 
• Barrel-shaped cells arranged in a ring-like manner 
• Presence of Casparian bands 
 
4.  Pericycle 
• Found below the endodermis and is a single layer of parenchymatous cells 
 
5.  Vascular bundles 
• There are 8 or more alternating bundles of phloem and xylem known as radial 

bundles 
• Xylem bundles are exarch 
• Xylem bundles are oval or rounded 
• Phloem is found under the pericycle and comprises of companion cells, sieve 

tube, parenchyma 
 
6.  Conjunctive tissue 
• It is the xylem and phloem bundles that are distinguished from each other by 

the parenchyma tissue 
 
7.  Pith 
• Well-developed pith is observed 
• It comprises of the parenchyma in the mid-region of the root 
 
Identification 
• Epidermis sees the presence of unicellular hair 
• Absence of hypodermis 
• Radially arranged vascular bundles 
• 8 or more than 8 phloem and xylem bundles 
• A well-developed pith 
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Useful links  
Monocot root characteristics: https://www.youtube.com/watch?v=65lkZMQEjH0 
Retrieved on 03/04/2020 at 11.45 AM) 
 

Monocot stem characteristics: https://www.youtube.com/watch?v=0AlO9Gp5NIE 
Retrieved on 02/04/2020 at 11.45 AM) 

 
Self-Assessment Questions 
6. Why did you take the transverse section of the root/stem? 

7. Why did you use a safranine stain? 

8. Why did you use glycine while mounting the section on the slide? 

9. How can you identify a monocot root slide? 

10. What is the primary root and stems? 
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INTRODUCTION 
 

Key for the description of plant: 
A.  Plant Type (Habit and Habitat): (1) annual, or (2) biennial, or (3) perennial, 
or (4) herb, or (5) shrub, or'(6) tree, or (7) Climber, or (8) Liana, or (9) Creeper, or 
(10) Epiphyte, or (11) Parasite, or (12) aquatic, or (13) xerophyte. 
 
B.  Root: 
Whether tap root or adventitious root, or some specialized roots such as (1) 
modulated roots, (2) fibrous roots, (3) tuberous roots, (4) stilt roots, (5) epiphytic 
roots, (6) climbing roots, (7) aquatic roots. 
 
C.  Stem: 
Whether (1) aerial stem, or (2) erect stem, or (3) weak stem (see if it is climber, 
twiner, trailer or creeper), or (4) reduced stem or (5) underground modified stem, 
such as phylloclade, thorn, prickle, tendril, and bulbil. 
 
Brandling of stem: 
(1) lateral or (2) dichotomous. If lateral-whether it is racemose type or cymose type. 
If cymose type, whether it is uniparous (i) helicoid or (ii) scorpioid, or biparous 
cyme. 
 
Buds: 
(1) Lateral or axillary, or (2) terminal bud or (3) pseudo-terminal bud. 
 
The shape of the stem: 
It may be (1) cylinderical or (2) angular or (3) flattened. 
 
The surface of the stem: glaucous, or (2) glabrous, or (3) succulent, or (4) hairy, 
or (5) spiny, or (6) prickly. 
 
D.  Leaves: 
(I)  Structure of Leaf: Whetherstipidate or exstipulate; petiolate or sessile; 
simple or compound. 
 
(II)  Duration of Leaf:Whether (1) persistent, or (2) deciduous, or (3) evergreen, 
or (4) fugacious. 
 
(III)  Leaf Insertion 
Whether (1) cauline, or (2) ramal, or (3) radical. 
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Leaf Arrangement 
Whether (1) opposite, or (2) decussate, or (3) alternate, or (4) distichous, or (5) 
whorled. 
 
(IV)  Leaf Base 
Whether (1) auriculate, or (2) amplexicaul, or (3) semi-amplexicaul, or (4) 
Perfoliate, or (5) connate-perfoliate, or (6) attenuate, or (7) cuniate, or (8) oblique, 
or (9) obtuse, or (10) truncate, or (11) cordate, or (12) sagittate, or (13) hastate, or 
(14) pellate. 
 
(V)  Stipules 
Whether (1) free lateral, or (2) scaly, or (3) adnate, or (4) inter-petiolar, or (5) Ochreate, 
or (6) foliaceous, or (7) bud-scales. Sometimes stipules are modified into certain 
peculiar structures such as spines and tendrils, so please describe them accordingly. 
 
(VI)  Leaf Blade 
(a)  Form of Leaf Blade 
 Whether (1) subulate, or (2) acicular, or (3) filiform, or (4) linear, or (5) lorate, 

or (6) lanceolate, or (7) ovate, or (8) oval, or (9) elliptical, or (10) oblong, or 
(11) oblanceolate, or (12) spatulate, or (13) cuneiform, or (14) runcinate, or 
(15) obovate, or (16) pan- durate, or (17) deltoid, or (18) rhoinboidal, or 
(19) reniform, or (20) orbicular. 

 
(b)  Incision of Leaf Blade 
 Whether (1) entire, or (2) undulate, or (3) sinuate, or (4) crenate, or (5) serrate, 

or (6) serrulate, or (7) double-serrate, or (8) dentate, or (9) denticulate, or  
(10) ciliate, or (11) spinous, or (12) incised, or (13) lacerate, or (14) lanciniate, 
or (15) lobed, or (1G) cleft, or (17) parted, or (18) pinnatifid, or (19) palmatifid, 
or (20) crispate. 

 
(VII)  Leaf Apices 
Whether (1) obtuse, or (2) acute, or (3) acuminate (or caudate), or (4) cuspidate, or 
(5) truncate, or (6) retuse, or (7) emarginate, or (8) mucronate, or (9) cirrhose 
(orcirrose). 
 
(VIII) Surface of the Leaf 
Whether (1) glabrous, or (2) rough, or (3) glutinous, or (4) glaucous, or (5) spiny, 
or (6) hairy, or (a) pubescent, or {b) puberulous), or (7) pilose, or (8) villous, or 
(9) tomentose, or (10) floccose, or (11) hispid, or (12) hirsute, (13) strigose, or  
(14) mealy, or (15) pruinose. 
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(IX) Venation of the Leaf 
Whether (1) parallel venation (i) simple parallel, or (ii) penniparallel, or (2) netted 
(reticulate) venation (i) palmate or (ii) pinnate). 
 
Compound Leaf 
Whether (1) unipinnate (or just pinnate), or (2) bipinnate, or (3) trip- innate, or (4) 
decompound, or (5) palmate. 
 
E.  Inflorescence 
Whether (A) Racemose, or (B) Cymose, or (C) Some special type. 
 
If (A) Racemose (or Indeterminate), then whether (1) Raceme, or (2) spike, or (3) 
spikelet, or (4) catkin, or (5) spadix, or (6) corymb, or (7) umbel, or (8) capitulum. 
 
If (B) Cymose then whether (1) Uniperous ((i) Helicoid or (ii) Scorpioid), or (2) 
biperous, or (3) multiperous. 
 
If (C) Special Type, then whether (1) cyathium, or (2) verticillaster, or 
hypanthodium. 
 
F.  The Flower 
Whether (1) regular (or actinomorphic), or (2) zygomorphic (or irregular); complete 
or incomplete; pedicelate or sessile; hermaphrodite (perfect) or unisexual 
(imperfect). If unisexual, then whether male (staminate) or female (pistilate). 
(i)  Arrangement of floral appendages on the receptacle: 
 Whether (1) hypogynous, or (2) perigynous, or (3) epigynous. 
 
(ii)  The Calyx 
 Whether (1) sepaloid, or (2) petaloid; (1) regular (2) zygomorphic, or  

(3) irregular; (1) polysepalous (or aposepalous), or (2) connate, or  
(3) gamosepalous (or synsepalous). 

 
(iii)  The Corolla 
 Whether (1) polypetalous, or (2) gamopetalous, or (3) connate (completely or 

incompletely). 
(a)  If polypetalous and regular corolla, then whether (1) cruciform, or (2) caryo-

phyllaceous, or (3) rosaceous. 
(b) If gamopetalous and regular corolla, then whether (1) companulate or bell-

shaped, or (2) tubular, or (3) infundibuliform (or funnel-shaped), or (4) rotate 
(or wheel- shaped). 
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(c)  If zygomorphic and polypetalous corolla, then whether paplionaceous or not. 
(d)  If zygomorphic and gamopetalous corolla, then whether (1) bilabiate, or (2) 

personate, or (3) ligulate. 
 
(iv)  Aestivation of Calyx and Corolla 
 Whether (1) valvate aestivation, or (2) twisted aestivation, or (3) imbricate 

aestivation, or (4) vexillary aestivation. 
 
(v)  The Androecium 
(a)  Attachment of the filament to the anther 
 Whether (1) basi- fixed, or (2) adnate, or (3) dorsifixed, or (4) versatile. 
(b)  Cohesion of stamens 
 Whether (1) monoadelphous, or (2) diadelphous, or (3) polyadelphous, or (4) 

syngenesious, or (5) synandrous. 
(c)  Adhesion of Stamens 
 Whether (i) epipetalous, or (2) epiphyllous, or gynandrous. 
(d)  Length of Stamens: 
 Whether (1) didynamous, or (2) tetradynamous. 
(e)  Correlationship between length of stamens and length of corolla: 
 Whether (1) inserted, or (2) exserted. 
 
(vi)  Gynoecium 
 Whether (1) syncarpous, or (2) apocarpous. 
(i)  Stigma 
 Whether (1) knob-shaped, or (2) slightly pointed, or (3) flattened, or (4) 

elongated. 
 
(ii)  Style: 
 Whether (1) terminal (or apical), or (2) lateral, or (3) gynobasic, or (4) 

petaloid. 
 
(iii)  Placentation 
 Whether (1) marginal, or (2) axile, or (3) parietal, or (4) central, or (5) free-

central, or (6) basal, or (7) superficial. 
 
G.  The Fruit 
(I)  In respect to composition 
 Whether (I) simple, or (2) aggregate, or (3) multiple 
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(II)  In respect to texture or consistency 
 (1) fleshy, or (2) dry fruits, (i) If Fleshy Fruit: Then whether (A) Berry, (B) 

Drupe, or (C) Pome. If Berry: Then whether (1) pepo, or (2) hesperidium. 
 
 If Dry Fruit: Then whether (1) dehiscent or (2) indehiscent. 
 
 If Dehiscent: Then whether (1) follicle, or (2) legume (pod), or (3) siliqua, or 

(4) capsule. If Indehiscent: Then whether (1) ach ne, or (2) caryopsis, or (3) 
nut, or (4) samara. 

 
 

OBJECTIVES 
 

After completion of this Unit, you will be able to:  

• introduces them to a scientific method of investigation  

• to equip the students with the basic skills in identifying and labeling 
different plants. 

•  allows for greater development of affective and psychomotor forms of 
learning  

•  encourages accurate observation. 

•  promotes simple scientific methods of thought  

• develops manipulative skills  

•  elucidates the theoretical work to aid comprehension  

•  verifies facts and principles already taught  

• arouses and maintains an interest in biology  

•  makes biological and physical phenomena more real through experience 
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Floral Formula and Floral Diagram 
 
Floral Formula 
It is a simple device to describe morphological features of various floral pans with 
the help of certain standard symbols. These symbols, when co-n biped, constitute 
the so-called— floral formula for a particular flower. 
 
The main symbols are as under: 
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2.1 RANUNCULACEAE (Buttercup Family) 
Diagnostic Characters 
Size: 35 Genera and 1500 Species 
1. Habits: Annual or perennial herbs 

2. Roots: Tuberous root 

3. Stem: Herbaceous stem, develops rhizome 

4. Leaves: Petiolate. Alternate rarely the 
opposite. simple or compound, exstipulate, 
reticulate venation. 

5. Inflorescence: Cymose. sometimes raceme 

6. Flower: Pediclate. ebracteate. 
actinomorphic, Regular. 
complete. hermaphrodite: hypogynous 

7. Calyx: 5 sepals, free, imbricate, petaloid. 

8. Corolla: 3-5 or more petals. Free. imbricate, 
sometimes petals may.be absent. Sometimes, 
petals are changed into nectaries. 

9. Stamens: Stamens are numerous, free. 
spirally arranged, basifixed. 

10. Carpel: Numerous carpels. polycarpillary: ovary simple. apocarpous, one 
to several ovules in each ovary. placentation basal or marginal. 

11. Fruits: An etaerio or achenes or follicles, sometimes berry or capsule. 

12. Seed: Endospermic seed 
 
Important Plants of Family  
Ranunculusmuricatus (Butter cup) 

Nigella sativa (kalonji) 

Aconitum nepalus (meethzahar) 

Anemonparviflora (wind flower) 

Delphinium ajacus (larkspur) 

Clemetisaphylla (old men beard) 
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Floral formula and floral diagram 

     
2.2   BRASSICACEAE (Mustard Family) (old name Cruciferae) 
 
Diagnostic Characteristics 

Size: 350 Genera, 2500 species 
 

Distribution: Cold and cold temperate parts 
of the world, present in both forms wild and 
cultivated, mostly cultivated for economic 
value.  

Habit: Herbs, rarely shrubs, no tree. 

Root system: Taproot, some are swollen 
due to storage eg. Fusiform, Napiform. 

Stem: Herbaceous, solid or fistular, nodes, 
and internodes. 

Leaves: Simple, Ramal/ cauline/radical as 
well. 

Inflorescence: Recmosecorymbose (flower 
at the same level). 
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Flower:  
Calyx :4(2 whorl), 2 in each, polysepalous. 

Corolla:  4 corolla Cruciform (cross-shaped). 

Stemen: Tetra dynamus (2 stamens outer short,4 stamens inside long) arranged in 
form of 2 whorl. 

Gynaeceum: Bicarpillary, syncarpous, false septa, one ovule in each locule. 
Important plants of Family 
Brassica campestris (sarso) 
Brassica nigra (kali sarson) 
Brassica rapa (shaljam) 
Brassica nappis (canola) 
Brassica juncea (tori) 
Rumexdentatus (jangalipalak) 
Erucasativa (taramera) 
 
Floral formula and floral diagram 

 
2.3    FABACEAE (Leguminosae) 
Diagnostic Characters 
Size :> 600 genera,>15000 species 
 No type genus  
1. Habit: Annual or perennial. Herbs. Shrubs, 

Vines, or trees. 

2. Roots: Fibrous taproot often develops 
nodules in herbs. Nitrogen fixing bacteria 
live in these nodules. 

3. Stem: Herbaceous or Moody; Cylindrical, tendril climbers. 

4. Leaves: Petiolate; alternate: compound of pinnate type. Stipulate, stipules 
may be modified into leaves or thrones; parallel venation. 

5. Inflorescence: Racemose or cymose, the flowers are clustered in heads. 

6. Flower: Pedicillate; bracteate: actinomorphic or zygomorphic; regular: 
complete; hermaphrodite; pentamerous; hypogynous but slightly perigynous 

7. Calyx: 5 or sometimes 4 sepals: free or fused green  

8. Corolla: 5 sometimes 4 petals; free or united. color 
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9. Stamens:0 or numerous stamens; polyandrous, in some casesdiadelphous, 
anther basifixed.  

10. Carpel: Monocarpillary: ovary superior, placentation marginal. 

11.  Fruits: Legume or sometimes. loment UM 12.  

12. Seed: Non-endospermic seed. 
 
Sub families: The Family is divided into three subfamilies: 
(a)  Papilionaceae 
 This sub-family has about 400 genera and 9000 species. The members of this 

family occur all over the world. particularly warm and temperate regions. 
1. Habit: These are trees. shrubs or herbs. 

2. Stem: It may be herbaceous. woody 
or climber with tendrils. Tendrils are 
wiry. coiled and thread-like 
structure. 

3. Leaves: They have a compound 
(rarely simple), alternate, and 
stipulate leaves. The stipules are 
mostly leafy. Sometimes, these 
leaves are partially or completely 
modified into tendrils. 

4. Inflorescence: It may be Racemose 
or solitary axillary. 

5. Flowers: They have bisexual. 
zygomorphic, bracteate, pedicellate, 
perigynous. pentamerous and 
papilionaceous. 

6. Calyx: ‘They have 5 sepals These petals are mostly united to form a tube. 
These are hairy. 

7. Corolla: They have papilionaceous corolla. 111 this case. there are 5 clawed 
petals. These petals are not similar. 

8. Standard or Vexillum: It is the upper posterior petal. It is large and 
conspicuous. 

9. Wings: These are two lateral free petals. 
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10. Keel or Carina: These are two anterior-most petals. They fuse to form a boat-
shaped structure. 

11. Androecium: They have mostly diadelphous stamens. The 9 stamens fused 
to form a sheath around the pistil. The posterior stamen is free. 

12. Gynoecium: It has a simple pistil. This pistil has a single 
carpel (monocarpellary) with a single locule. the ovary is superior. The style 
is long bent at its base. The placentation is marginal. 

13. Fruit: Fruit is usually a legume or pod. 
 
Important Plants of the Family 
Lathyrusodoratus (Sweet pea) 
Arachis hypogea (Peanut) 
Cicer arietinum (Chickpea) 
Dalbergiasissoo (Shishant) 
 
Floral formula and floral diagram (pea plant): 

 

 
(b)  Caesalpiniaceae (Cassia family) 
 This family has 152 genera and 2300 species. It has 16 genera 

and 60 species in Pakistan. 
1. Ornamental plants: Bauhinia varigata (kuchnar), Cassia 

2. Stem: It is erect, woody herbaceous, or climbing. 
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3. Leaves: The leaves are compound 
(rarely simple), pinnate and 

4. Inflorescence: It may he axillary or 
terminal raceme or it may 

5. Flower: Flower is 
bisexual, zygomorphic (rarely 

6. Calyx: Sepals are 5. They are often 
colored and free or connate 

7. Androecium: Stamen are 10 or less 
(rarely numerous). They 

8. Gynoecium: They have one simple 
carpel. The ovary is superior 
and Habit: Mostly tree or shrubs. 
Some are woody climbers, rarely 

9. Fruit: Its fruit is a legume. 
 
Important Plants of the Family 
Cassia fistula. (amaltas) 
Bauhinia variegate (Kachnar) 

 
 
 
 
 
Floral formula and floral diagram 
 
 
 
 

 
(c)  Alimosaceae (Acacia family) 
 This family has 56 genera and about 2800 species. There are 11 genera and 

in Pakistan. 
 
Familiar Plants 
1. Habit: Mostly trees or shrubs. Rarely climbers or herbs. Most of them are 

xerophytes. 
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2. Stem: Mostly woody 

3. Leaves: They have 
pinnate, compound, 
alternate, and stipulate 
leaves. The stipules are 
modified into thrones. 

4. Inflorescence: It is 
spike-like or head or 
umbel. It is rarely 
racemose or globose 
umbel. 

5. Flowers: The flower is 
bisexual, actinomorphic, 
hypogynous to slightly 
perigynous and 
bracteate. 

6. Calyx: They have 5 
sepals. These sepals are 
fused. toothed or lobed. 

7. Corolla: They have 5 
petals. These petals may 
be free or fused. 

8. Androecium: Stamens are live to numerous. They are free. adnate or attached 
to the base of corolla (epipetalous). 

9. Gynoecium: They have a simple one carpel. The ovary is unilocular and 
superior. The placentation is marginal. 

10. Fruit: Fruit is a legume. The legume may be dehiscent or indehiscent. 
 
Important Plants of the Family: 

Acacia nilotica 

Albizzialebbek 

Mimosa pudica (Touch me not) 

Floral diagram and floral: 
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2.4 ROSACEAE (Rose Family) 
 
Diagnostic Characters 
Size: 115 genera,1500species 
1. Habit: Perennial; herbs, 

shrubs, and trees. 

2. Roots: Fibrous taproot and 
fibrous adventitious roots.  

3. Stem: Herbaceous or 
woody; the stem is covered 
with prickles. 

4. Leaves: Petiolate; 
alternate; simple or 
compound (pinnate type): 
Stipulate (adnate) 

5. Inflorescence: Racemose 
or mostly cymose, some 
are solitary. 

6. Flower: Pedicillate; 
bracteate: actinomorphic; 
Regular; complete; 
hermaphrodite; perigynous. 
sometimes epigenous. 

7. Calyx: 5 or 4 sepals: free. Sometimes, epicalyx of bracteoles is present 

8. Corolla: 5 or multiple of 5 petals; free; imbricate. 

9. Stamens: numerous stamens; lice, sometimes united by their filaments; 
versatile. 

10. Carpel: I to numerous carpels; pocarpotis or syncarpous; placentation basal 
or axile. 

11. Fruits: Drupe. pome or an etaerio of drupes or achenes of follicles 

12. Seed: Non-endospermic seed 
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Important Plants of Family: 
Rosa indica (rose) 
Pyruscummunis(nashpati)  
Malusdomestica (apple) 
Prunusdulchis(badaam) 
Eriobotrya japonica (lookat) 
Fragariavesca (strawberry) 
 
Floral formula and Floral Diagram of Rosa indica 

 
 
2.5 EUPHORBIACEAE (spurge family) 
 
Diagnostic Characters 
Size: 283 Genera, 2700 species. 
1. Habit: Annual Perennial Herbs, shrubs, or tree; most of the plants are 

xerophytic; the presence of milky juice. 

2. Roots: Taproot 

3. Stem: Herbaceous and fleshy; spiny. 

4. Leaver Sessile or petiolate; alternate; simple; there is a general tendency of 
reduction in leaves. Sometimes, leaves are reduced to scales or spines. 
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5. Inflorescence: Racemose 
or cymose; Often 
a cyathium, cyathium has 
a single naked female 
flower in the center. Five 
involucral bracts surround 
it. In the axil of each 
flower, there are naked 
male flowers. 

6. Flower: Pedicel I late; 
bracteate; actinomorphic: 
Regular; incomplete; 
unisexual; hypogynous. 

7. Perianth: 5perianth leaves; 
free: sometimes perianth is 
absent. 

8. Stamens: 5 stamens; free; 

9. Carpel: Tricarpillary; 
syncarpous ovary superior; 
Axile placentation. 

10. Fruits: Shizocarpic 
fruit regma, rarely a 
capsule  

11. Seed: Endospermic. 

 
Important Plant of the Family: 
Euphorbia helioscopia (Spurge or chathridhodhaak) 
Euphorbia hirta(dhodhak) 
Croton tiglium (Jamal ghota) 
EmblicaOfficinalis (amla) 
Ricinuscommunis (Arind) 
 
  



55 
 

Formula and a Floral Diagram (Euphorbia splendens): 

 
2.6 CUCURBITACEAE (Gourd Family) 
 
Diagnostic Characters 
Size:100 genera, 800 species. 
1. Habit: Mostly annual or 

perennial herbs. They are mostly 
tendril climbers. 

2. Roots: Taproot 

3. Stem: Herbaceous. The stem is 
very soliIt has tendrils. 

4. Leaves: Petiolate; Leaves are 
alternate; simple; 
exstipulate;palmately reticulate 
venation. Sonic leaves bear 
tendrils in their axils. 

5. Inflorescence: The flowers are 
solitary but some have 
Racemose or cymose clusters. 

6. Flower: Pedical late; ebracteate; 
actinomorphic; Regular; 
complete or incomplete; 
unisexual or hermaphrodite; 
plant may be monoecious or dioecious; epigenous; 
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7. Calyx: 5 sepals; united; campanulate; green 

8. Corolla: 5 petals; united at the base or free; yellow or white. 

9. Stamens in male flowers: 3 to 5 stamens; united by various degrees;anther 
is very long. Stamens are borne on the calyx tube. 

10. Carpels in female flowers: 3 fused carp ‘Is; syncarpous; inferior ovary; 
Parietal placentation. 

11. Fruits: Fleshy berry 

12. Seed: Non-endospermic seed. 
 
Important Plants of the Family: 
Citrollus vulgaris (Tarbooz) 
Cucumismelo (kharbooza) 
Cucurhita pepo (pumpkin) 
Memordicacharantia (karala) 
Cucumis sans (cucumber) 

 
Floral Formula and Floral Diagram (Cucurbita maxima) 
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2.7     SOLANACEAE (Potato family) 
 
Diagnostic Characters 
Size: 85 Genera, 2000 species. 
1. Habit: Annual, biennial or 

perennial herbs, or small tree. 

2. Roots: Fibrous or tuberous 
taproot. 

3. Stem: Herbaceous or 
sometimes underground stem 
(tuber). 

4. Leaves: Petiolate; alternate or 
opposite; simple; exstipulate. 

5. Inflorescence: Terminal or 
lateral cyme or solitary. 

6. Flower: Pedicillate; ebracteate; 
actinomorphic or zygomorphic; 
Regular; complete; 
hermaphrodite; hypogynous; 

7. Calyx: 5 sepals; fused 
(gamosepalous); green; often 
much enlarged in the fruit. 

8. Corolla: 5 petals; 
gamopetalous; bell-shaped or funnel-shaped. 

9. Stamens: 5 stamens; epipetalous; anther free or united; basifixed 

10. Carpel: Bicarpellary; syncarpous; ovary superior; obliquely placed; 
bilocular, sometimes, become multilocular by the formation of the false 
septum. Placentation axile. 

11. Fruits: Capsule or berry 

12. Seed: Endospermic seed. 
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Important Plants of Family: 
Solanumtubersum (Potato) 
Nocotianatobaeum (Tobacco) 
Lycopersicumesculentum (Tomato) 
Capsicum frutescens (Red pepper) 
Solanummelangena (eggplant or brinjal) 
 
Floral formula and floral Diagram (tomato plant) 

 
2.8  LAMIACEAE (Mint family) 
 
Diagnostic Characters 
Size: 200 genera and 3000 species 
1. Habit: Annual herbs or rarely shrubs. 

2. Roots: Taproot 

3. Stem: Herbaceous; quadrangular; glandular hairs are present. 

4. Leaves: Petiolate; opposite and decussate; simple; exstipulate; 

5. Inflorescence: Verticillaster (opposite axillary cymes) 

6. Flower: Pedicillate; ebracteate; zygomorphic; complete; hermaphrodite; 
hypogynous; 

7. Calyx: 4 or 5 sepals; fused: tubular of funnel-shaped, sometimes two-lipped 
or bilabiate. 
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8. Corolla: 4 or 5 petals; 
gamopetalous; forms two 
lips (bilabiate), upper lip 
has two notches and lower 
lips have three notches. 

9. Stamens:.4 stamens; 
didynamous; epipetalous; 
basifixed. 

10. Carpel: Bicarpellary; 
syncarpous; ovary 
superior; tetralocula due to 
formation of the false 
septum;placentation. 
 

11. Fruits: Carcerulus with 
persistent calyx. 

12. Seed: Non-endospermic. 

Important Species of the Family: 
Lavendulavera (Lavender) 
Menthaarvensis (menthol) 
Menthapiperita (peppermint) 
Menthaspicata (spearmint) 
Thymus vulgaris (thyme) 
Origanumvulgare (oregano) 
 
Floral Formula and Floral Diagram (mint plant) 
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2.9 APIACEAE (Umbelliferae) (carrot family) 
 
Diagnostic Characters 
Size:  200 genera and 2900 species 
1. Habits: Annual or perennial 

herbs rarely shrubs. 

2. Roots: Taproot, branched, 
sometimes, tuberous due to the 
presence of stored food. 

3. Stem: Herbaceous stem, erect, 
or prostate with swollen nodes. 

4. Leaves: Petiolate, Alternate, 
simple, exstipulate, reticulate 
venation. Usually sheathing at 
the base. 

5. Inflorescence: 
Cymose, umbel (old name of 
family Umbelliferae derive 
from umbel), simple or 
compound. Umbel is 
surrounded by thin leafy 
bracts involucre and involucel. 

6. Flower: Pedicilate, ebracteate, 
actinomorphic, Regular, 
complete, hermaphrodite; 
epigynous with a disc, pentamerous, sometimes, the outer petal of marginal 
flowers of umbel are enlarged. Therefore, the flowers are irregular and 
zygomorphic. 

7. Calyx: 5 sepals, adnate to ovary, superior, free. 

8. Corolla: 5, free, often bifid, unequal velvety or imbricate, superior. 

9. Stamens: 5 Stamens, free, alternating with petals, anther versatile, superior. 

10. Carpel: Bicarpillary, syncarpous, ovary inferior, bilocular with single 
pendulous ovule in each loculus, style two, stigma two, placentation parietal. 
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11. Fruits: Cremocarp, oblong, ridged. 

12. Seed: Albuminous seed 
 
Important Plants of the Family: 
Daucuscarota, Carrot (Gajar) 
Foeniculum Vulgaris (Fennel-Sauf) 
CoriandrumsativumCorriander-Dhania 
Apiumgraveoloens(Celery) 
 
 
Floral Formula and Floral 
Diagram(Dhania) 

 
2.10 ASTERACEAE (Compositae (sunflower family) 
 
Diagnostic Characters 
Size:1000 genera and 93000 species. 
1. Habit: Annual or perennial herbs 

or small shrubs or small trees or 
climbers. 

2. Roots: Fibrous taproot 

3. Stein: Herbaceous; spiny or 
without spines; cylindrical, hairy. 

4. Leaves: Petiolate; alternate or 
opposite; simple; exstipulate; 

5. Inflorescence: 
Capitulum surrounded at the 
bases by a group 
of involucres. The receptacle is 
flat. The flowers in the receptacles 
are florets. There are two types of 
florets: 
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 Homogamous: In this case, all flowers are of the same kind. 

 Heterogamous: In this case, two types of flowers are present in the 
capitula. Example: Sunflower. Sunflower has two types of small 
flowers, disc florets, and ray florets. The disc florets are present in the 
central region. They are tubular and bisexual. The ray florets are present 
towards the periphery. They are pistillate or neuter. 

6. Flower: Sessile; ebracteate: actinomorphic or zygomorphic: pentamerous 
Regular or irregular; complete or incomplete; unisexual or hermaphrodite; 
epigynous; 

7.  Calyx: Poorly developed; generally represented by a ring of 5 small teeth. 
They may be present in the form of small scales or hairs or bristles. 

8.  Corolla: Gamopetalous; tubular with 5-5 lobed or ligulate with 3-4 teeth. 
Sometimes bilabiate; 

9.  Stamens: 5 stamens rarely 4; epipetalous; syngenesious (filament free 
anther united); forming a tube which encloses style. 

10. Carpel: Bicarpellary; syncarpous; 
stigma bind ovary inferior; 
placentation basal. 

11. Fruits: Achenialone-seeded cypsela 

12.  Seed: non-endospermic seed. 

 
Important Plants of the Family: 
Helianthus annuus (sunflower) 
Lactuca saliva (Lettuce) 
Dahlia hybrid (Dahlia) 
Tagetesspa (Marigold) 
 
Floral diagram and floral formula 
(sunflower) 
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2.11  LILIACEAE (Sen.Lato) (onion family) 
 
Diagnostic Characters 
Size: 200 genera and 2600 species 
1. Habit: Mostly annual or 

biennial herbs. Some plants 
are xerophytic. 

2. Roots: Fibrous adventitious 
roots. In some cases roots 
become tuberous. 

3. Stem: Herbaceous; fleshy in 
some plants; aerial branches 
are erect; some develop 
underground stem rhizome, 
corm, bulb, etc. In some 
cases, the stem is reduced to 
phylloclades. 

4. Leaves: Sessile; radical; 
alternate or whorl; simple; 
exstipulate; sheathing leaf 
base; parallel venation. 

5. Inflorescence: Racemose or cymose clusters; mixed inflorescence. 

6. Flower: Pedicilate; bracteate; actinomorphic; Regular; 
hermaphrodite (rarely unisexual); hypogynous, trimerous; 

7. Perianth: 6perianth leaves; arranged in two whorls; polyphyllous or 
gamophyllous; green or brightly colored. 

8. Stamens: 6 stamens; arrange in two whorls; polyandrous; basifixed. 

9. Carpel: Tricarpillary; syncarpous; ovary superior; trilobed stigma; axile 
placentation. 

10. Fruits: capsule 

11. Seed: Endospermic. 

Important Plants of the Family: 
Allium cepa (onion) 
Allianz salivum (garlic) 
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Floral formula and floral diagram (onion): 
 

 

 

2.12  POACEAE 
(Gramineae) (Grass Family) 

Diagnostic Characters 
Size: 600 genera 
and 10,000 species. 
1. Habit: Annual or perennial 

herbs; rarely tree (bamboo). 

2. Roots: Fibrous adventitious. 

3. Stem: Herbaceous; 
cylindrical; jointed, hollow at 
internodes. Sometimes, it 
forms rhizome or runner. 

4. Leaves: Sessile with long 
sheathing base; alternate; 
simple; ligulate; parallel 
venation. 
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5. Inflorescence: Spike of spikelets or panicles of spikelets. Each spikelet is 
composed of 2-5 flowers. It is enclosed by a pair of bracts called glumes. 
Spike of spikelets: The spikelets form dense clusters in a sessile manner on 
the main axis as in wheat. 
 
Panicles of spikelets: The spikeletsare arranged on a branched axis-panicle 
as in oat. 

6. Flower: Pedicillate; bracteate, two bracts palea, and lemma enclose flower 
or floret; lemma contains bristle-like awns zygomorphic; incomplete; 
unisexual or hermaphrodite; hypogynous. 

7. Perianth: Represented by two or three scales like lodicules. 

8. Androecium: 3 stamens, sometimes 1,2 or 6; polyandrous; anther versatile. 

9. Gynoecium: Monocarpillary; unilocular; ovary superior; stigma usually 2; 
feathery; basal placentation. 

10. Fruits: Caryopsis 

11. Seed: Endospermic. 

 
Important Plants of the Family: 
Triticumvulgare (wheat) 
Zea mays(corn) 
Oryzasativa (rice) 
Bambusa (bamboo) 
Saccharamofficinarum (Sugar cane) 
 
Floral Formula and Floral Diagram of 
wheat: 
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Useful links 
Draw a floral diagram: https://www.youtube.com/watch?v=eiHkCH0LFYE 

(Retrieved on 05/04/2020) 
Writing floral formula: https://www.youtube.com/watch?v=MsTGl3ysHE8 

(Retrieved on 05/04/2020) 
Family diagnostic characteristics 
1.  Ranunculaceae: https://www.youtube.com/watch?v=_n5rqq0bR4k 

(Retrieved on 06/04/2020) 
 
2.   Brassicaceae: https://www.youtube.com/watch?v=gf7jJJxqJjA 

(Retrieved on 06/04/2020) 
 
3.  Fabaceae: https://www.youtube.com/watch?v=_ag0OM9Qugg 

(Retrieved on 07/04/2020) 
 
4.  Rosaceae: https://www.youtube.com/watch?v=dvWXDsGfIbw 

(Retrieved on 07/04/2020) 
 
5.  Euphorbiaceae: https://www.youtube.com/watch?v=NbH0gfbtHek 

(Retrieved on 07/04/2020) 
 
6  Cucurbitaceae: https://www.youtube.com/watch?v=3aUIN7nYgpg 

(Retrieved on 08/04/2020) 
 
7.  Solanaceae: https://www.youtube.com/watch?v=XXwX7MKnC3c 

(Retrieved on 08/04/2020) 
 
8.  Lamiaceae: https://www.youtube.com/watch?v=9oN4BiOv-IE 

(Retrieved on 08/04/2020) 
 
9. Apiaceae(Umbelliferae): https://www.youtube.com/watch?v=WdLMRzdE0ao 

(Retrieved on 09/04/2020) 
 
10.  Asteraceae(Compositae): https://www.youtube.com/watch?v=-vGfjCMDU6I 

(Retrieved on 09/04/2020) 
 
11.  Liliaceae (Sen.Lato): https://www.youtube.com/watch?v=gYZJ00XmB80 

(Retrieved on 09/04/2020) 
 
12.  Poaceae (Gramineae): https://www.youtube.com/watch?v=ljw1SECCx9Y 

(Retrieved on 09/04/2020) 

https://www.youtube.com/watch?v=eiHkCH0LFYE
https://www.youtube.com/watch?v=MsTGl3ysHE8
https://www.youtube.com/watch?v=_n5rqq0bR4k
https://www.youtube.com/watch?v=gf7jJJxqJjA
https://www.youtube.com/watch?v=_ag0OM9Qugg
https://www.youtube.com/watch?v=dvWXDsGfIbw
https://www.youtube.com/watch?v=NbH0gfbtHek
https://www.youtube.com/watch?v=3aUIN7nYgpg
https://www.youtube.com/watch?v=XXwX7MKnC3c
https://www.youtube.com/watch?v=9oN4BiOv-IE
https://www.youtube.com/watch?v=WdLMRzdE0ao
https://www.youtube.com/watch?v=-vGfjCMDU6I
https://www.youtube.com/watch?v=gYZJ00XmB80
https://www.youtube.com/watch?v=ljw1SECCx9Y
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Self-Assessment Questions 
i. Give medicinal and condiment uses of family Ranunculaceae. 

ii. Give botanical names of two plants of family Ranunculaceae 

iii. Give uses of members of family Brassicaceae as vegetables. 

iv. Write botanical names of two plants of family Brassicaceae. 

v. Name four plants of family Fabaceae. 

vi. Write the floral formula of family Rosaceae. 

vii. Name some fruits belongs to family Rosaceae 

viii. Name four plants of family Rosaceae 

ix. Name two plants of family Euphorbiaceae 

x. Give floral formulas of family Cucurbitaceae. 

xi. Give medicinal uses of family Solanaceae 

xii. Name two plants of family Solanaceae. 

xiii. Name two species of family Lamiaceae. 

xiv. Give inflorescence in family Poaceae. 

xv. Give floral characteristics of family Poaceae. 
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INTRODUCTION 

 
A preserved herbarium specimen is a pressed plant sample deposited for future 
reference. It supports research work and may be examined to verify the identity of 
the specific plant used in a study. A specimen must be deposited in a recognized 
herbarium committed to long-term maintenance.  

 
 

OBJECTIVES 
 

After studying this Unit, you will be able to:  

• Maintain professional-quality specimen collection notes. 

• Collect plant specimens from the field using proper techniques and including 
adequate material for identification. 

• Identify unknown plant specimens using multiple forms of reliable evidence. 

• Prepare and deposit research-quality herbarium specimens. 

• Deposit species and occurrence data into national/international databases. 

• Explain the importance of herbaria in plant biology research. 

• Discuss the value of large data sets for investigating large spatial- or temporal-
scale phenomena. 

• Evaluate the importance of citizen scientists to large data sets. 

• Students shall submit 40 fully identified herbarium specimens. 
 
 
  

http://sweetgum.nybg.org/science/ih/
http://sweetgum.nybg.org/science/ih/
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3.1  WHY THE PRESERVED MATERIAL IS NEEDED? 
  
Plant classification is constantly changing. Shifts in species alignments and 
groupings are made as new evidence comes to light. Identifications are subject to 
change. Vouchers specimens help cross-reference these changes to previous 
research. 
 

3.2  REQUIREMENTS FOR GENERAL COLLECTION 
 
1.  Day press that is light enough to carry around. This should include a few 

cardboard corrugates, and a few dozen sheets of newspaper. 

2.  A field press with many more corrugates and more newspaper. This can be 
left at the campsite, accommodation, or in the vehicle. 

3. Spare corrugates and newspaper and some sheets of foam for pressing bulky 
items secateurs to cut and trim specimens 

5. GPS for recording an accurate latitude and longitude. Alternatively, mark the 
position on a topographic map. 

6.  A field notebook and pencil. This can be a pocket-sized notebook or a book 
of pre-printed specimen labels that may be used.  

7.  Large and small plastic bags, to hold specimens temporarily 

8. Small brown paper bags for collecting fruits, seeds, bryophytes, and lichens  

9. A hand lens, gloves, for handling prickly plant material, poisonous plants or 
plants with corrosive sap Document title 3  

10  Tie-on tags often called jewelers tags  

11. Felt-tipped pens and pencils for numbering collection and writing notes  

12.  A camera/phone for photographing the form of the plant, flower color, and 
its natural habitat. Plant photographs should be linked to a specimen voucher 
so that the identity of the photograph can be checked in the future.  

13. A trowel for digging out herbaceous plants with underground structures. For 
example, Haemodorum species have bulbs 15–20 cm below the surface, and 
Murdannia species have tubers that will be left behind if you pull plants from 
above.  
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14.  plastic bottles with preserving liquid, to preserve fleshy plants or delicate 
flowers. This usually consists of 70% alcohol. Note: alcohol cannot be sent 
through the mail. For collecting specimens from trees you will need 

15.  a throwing rope or a pole pruner  

16.  a hard hat  

17. binoculars to help you locate the optimum material 
 

Collection of Specimen 
Select vigorous, typical specimens. Avoid insect-damaged plants. Choose 
individuals that show the variation in leaf, flower, and fruit size. It may be important 
to show morphological variation, involving the collection of individuals of different 
sizes or ages. Collect at least two sets of specimens (duplicates) and number each 
set. Keep one set for your reference, and send the duplicate numbered set to the 
Herbarium for the identification or as a voucher if required. The Queensland 
Herbarium does not return specimens. A good specimen includes stems, leaves, 
flowers, and fruits. Basal parts of grasses, sedges, ferns, and bulbous plants are 
essential for identification. Underground parts e.g. tubers, rhizomes are important 
for some plant groups. The plant material should be fertile i.e. in flower or fruit 
(both if possible), as these characteristics are often vital for identification. This 
might entail returning to the site when the plant is in flower/fruit. Spend time 
looking at many individuals, and choosing one with several flowers or more mature 
fruits. Size of the specimen A specimen should ideally be 25–40 cm long and up to 
26 cm wide, allowing it to fit on a standard herbarium mounting sheet which 
measures 42 x 27 cm. This is also the approximate size of tabloid newspapers. Plant 
parts that are too large for a single sheet may be cut into sections pressed on a series 
of sheets, for example a palm or cycad frond. Long and narrow specimens such as 
grasses and sedges can be folded once, twice, or even three times at the time of 
pressing. In this way a plant of up to 1.6 meters high may be pressed onto a single 
sheet. For very small plants, several individuals may be placed on each sheet. 
 
When collecting from trees or large shrubs, distinctive or notable features 
should be recorded, for example branching habit, height, and width of the plant 
and details of the bark. You may need to collect more than one specimen to 
show the range of variation that is present, for example mature and immature 
parts, juvenile and adult leaves, coppice shoots. If the plant is dioecious, with 
male and female flowers on different plants, collect a specimen from each sex 
and label the specimens A & B. 
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3.3  HANDLING PLANTS DURING COLLECTION 
 
For best results, specimens should be pressed within a few minutes of being 
removed from the plant. Many plants wilt and fade soon after collection. A day 
press is convenient for short trips taken from the vehicle. If specimens cannot be 
pressed at the point of collection, for example if it is raining or on steep terrain, 
they may be stored in large plastic bags. The bags should be kept moist, and the 
specimens not jammed in too tightly. Make sure that each bag is correctly labeled, 
using one bag per collection site. However, storing specimens in plastic bags is not 
recommended because it is easy for specimens to become damaged or mixed and 
they are more likely to go moldy. 
 
a) Steps to Drying Specimens  
It is essential to dry the specimens fairly quickly, to prevent the onset of fungal 
attack. Fungus affected specimens are of limited value to a Herbarium. If your field 
trip involves car travel, specimens placed in presses on the roof rack will dry within 
a few days if the humidity is low. The damp papers and corrugates must be replaced 
daily for each specimen collected. In drier inland areas, every 2 or 3 days will 
suffice. After changing the papers and corrugates, the specimens should be again 
firmly packed in the press, otherwise, they will not remain flat. At the first paper 
change, adjust any undesirable features of the specimen, for example folded leaves, 
leaves all showing the same face, flowers obscured by leaves. Such adjustments 
will not be possible once the specimen has fully dried. Look for any evidence of 
insect attack, especially caterpillars in flowers, and remove any insects found.  
 
b) Drying in the Field 
Placing the presses in the sun during the day appears to have little drying effect 
except for the topmost and bottommost specimens. However, the sun is invaluable 
for drying the damp papers and corrugates once they have been removed from the 
press. Collapsible field driers are useful in remote areas. Typically, these consist of 
an outer metal frame with a wire grid where the press sits on top with a gas burner 
below on a very low flame.  
 
c) Drying When Based in a Powered Building 
A fan heater (set on the lowest heat) will assist drying, provided you ensure the air 
is directed towards the press, and has free access through the gaps in the corrugates. 
Placing specimens near an air conditioning unit will also assist with the drying 
process. Some specimens tend to fall apart during the drying process, with the 
leaves detaching from the stem. This especially applies to specimens of Erythrina, 
Ficus, Loranthaceae, and mangroves. Leaf detachment can be prevented by dipping 
the newly pressed specimen in very hot water for 15 seconds. Alternatively, 
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specimens can be placed in a large plastic bag with enough alcohol to thoroughly 
wet the foliage and stems. After 12–24 hours, remove the specimen and press 
between newspaper as previously described. Alcohol kills the plant tissues quickly 
and prevents leaf abscission. If you use alcohol then it is important to say so in the 
data you collect, as these specimens will no longer be useful for DNA studies. If 
leaves detach, place them in a labeled paper packet and keep with the specimen.  
 

3.4  WRITING A FINAL LABEL TO ACCOMPANY THE 
SPECIMEN 

 
A plant specimen is incomplete without label data. Label data is a form of field data 
and must be accurate. The following are important elements: 
• Scientific name: genus, species, authority, infraspecific information 
• The determiner of the scientific name: the name of the person who identified 

the plant 
• Detailed location; the location is used by researchers on several levels: 

o for general mapping to region, county or province; 
o for detailed mapping, as in GIS computer applications; 
o to physically locate the plant(s) to obtain further research material. The 

location should consist of: country, state or province, county or 
municipality, and a description of the location about roads, road 
junctions, mile markers and distances from cities and/or towns. Latitude 
and longitude, section, township, and range, and elevation may also be 
helpful.  

• Habitat: the type of plant community where the plant is growing and, if 
known, other plants growing in association 

• Plant habit: describes the form of the plant (tree, shrub, vine, herb) and its 
height. Examples: tree, ca. 50 ft. tall. sprawling herb 

• Frequency: is the plant rare, occasional, frequent, or common? 
• Plant description: describe characteristics of the plant which may be lost 

upon drying, such as flower/fruit color and fragrance, leaf orientation and 
aroma 

• Collector name: it is recommended that the collector be consistent and use 
their full first name, middle initial (or full name), and full last name. 

• Other collectors present with the collector 
• Collection number: a sequential straightforward numbering system (1,2, 3, 

...) is preferable. 
• Date of collection: a format with the month spelled out or abbreviated and  

4-digit year will prevent confusion. E.g., 3 May 2003, not 3/5/03 or 5/3/03. 
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3.5 COLLECTION AND PRESERVATION OF VARIOUS PLANTS  
 
1.  Collection and Preservation of Algae 

2.  Collection and Preservation of Fungi 

3.  Collection and Preservation of Lichens  

4.  Collection & Preservation of Bryophytes 

5.  Collection and Preservation of Ferns and Other Pteridophytes 

6.  Collection and Preservation of Gymnosperm 

7.  Collection and Preservation of Angiosperms. 
 
1.  Collection and Preservation of Algae 
Most of the filamentous and other macrophytic algae are collected from the natural 
habitats by collecting net or directly by hand using a scalpel. Planktonic algae are 
collected through filtration of surface water using a plankton net (mesh sizes 40 – 
60 µm). Soil algae, however, are isolated through culture in selective algal culture 
media. After collection of different algae using various methods, they are cleaned, 
if required, and finally preserved in glass or plastic containers using preservatives 
like 4% formalin or formal-acetic-alcohol. All species are labeled properly for their 
identity. Algae samples can also be preserved in culture media or dry or lyophilized 
state. Marine macroscopic seaweeds or charophytesare dried after collection and 
preserved as herbarium sheets. 
 
2.  Collection and Preservation of Fungi 
Aquatic saprophytic fungi are collected along with substratum and then preserved 
in 4% formalin or FAA solution. Most of the ascomycetous and basidiomycetous 
fungi have conspicuous fruit bodies. Fruit bodies are collected carefully and then 
preserved either in FAA solution or 5% formalin solution or even as over-dry 
specimens. 
 
There are many parasitic fungi. These are collected from 4hc infected host plant 
and preserved cither in 5% formalin solution or as dry herbarium sheets. Except for 
a few obligate parasitic forms, most of the fungi can be artificially cultured in 
selective culture media and then preserved in cold for a considerable period. 
 
3.  Collection and Preservation of Lichens 
Lichessis collected from tree barks or rocky substratum using scalpel, either along 
with bark or lichen thalli alone, and then dried. Finally, the specimens are preserved 
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as herbarium sheets or dry specimens in polythene packets with proper labeling. 
Sometimes thalli can be preserved in 5% formalin solution. 
 
4.  Collection & Preservation of Bryophytes 
Bryophytes are collected from their natural habitats using scalpel and forceps. They 
are thoroughly washed in water and cleaned properly. Finally, they are preserved 
in a 10% formalin solution. Sometimes bryophytic thallus, after cleaning, is dried 
at 50°C and then stored for future study. Jungermanniales and most of the mosses 
are kept in this manner. 
 
There are some special techniques for moss preservation 
Mosses can be preserved as a museum specimen in the following way: 
(a)  Fresh specimens are wiped of all water and then kept in a glass trough filled 

with a pre-treating solution (Sodium sulfite – 16 gms., Conc. H2SO4 – 20 ml. 
and Distilled water – 1,000 ml.) overnight in airtight condition. 

(b)  Then the specimens are washed in distilled water and treated in a saturated 
solution of CuSO4 for 24 hours. 

(c)  Finally, the specimens are washed in distilled water and tied on glass plates 
and preserved in glass bottles using formalin solution (4%). 

 
5.  Collection and Preservation of Ferns and Other Pteridophytes 
Usually the whole plant along with rhizomes and strobila or soriis selected for the 
collection. With the help of scalpel and forceps, fresh specimens are collected from 
their natural habitat and then mostly dried for preparation of herbarium sheets.In 
some cases, of course, for histological studies, the fresh specimens are preserved in 
10% formalin after proper cleaning, soon after collection from their natural habitats. 
In ease of ferns, rhizome, fertile and sterile fronds a whole or a part must be 
collected and preserved for future studies. 
 
6.  Collection and Preservation of Gymnosperm 
Usually twigs of about 15-25 cm. size with sex organs should be collected from 
their natural habitats. The specimens are then pressed and dried for herbarium 
preparation. Sometimes young twigs or cones are preserved in 10% formalin for 
anatomical studies. Dry coniferous cones, sporophylls of cycads and Ginkgo can 
also be collected from their natural habitats and preserved as dry specimens. 
 
7.  Collection and Preservation of Angiosperms 
Fresh plant materials are handled in three ways for processing into herbarium 
specimens. When time and carrying facilities permit, the most satisfactory method 
is to press each plant as it is collected. This is done in a field press made up of a 
pair of collecting frames, a few blotting papers, and folded sheets of newsprints. A 
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second method is to accumulate the material in a metal collecting can or vasculum: 
For actual use, the vasculum is first lined with a few layers of well-moistened 
newsprint to prevent wilting of specimens, and experience has shown that plants 
keep better in a full vasculum. Then the plants should be pressed when opportunity 
permits. The third method is to carry collected specimens in a rucksack. They are 
then pressed as soon as possible after return to camp headquarters. A few types of 
equipmentare indispensable for plant collection, namely a collecting pick, a strong 
knife or a machete, and a pair of pruning shears, etc. Usually, during the collection 
of plant materials, either whole rooted plants (in case of small herbs) or twigs of 15 
– 20 cm. in length are plucked by knife and then used for the preparation of dry 
specimens in a plant press. There are different kinds of plant presses, the selection 
of which depends on the use to be made of them and on the drying techniques to be 
used. The efficiency of the press is determined largely by its ability to hold the 
material under a constant and firm pressure to dry the specimen to a degree short 
of crispness and to retain the colors of all parts as far as possible. Usually, most 
presses comprise a pair of wood or- metal frames, blotters, pressing papers and 
straps, or strong cords. The specimen to be pressed is arranged within the folded 
sheets of pressing paper that has been placed on a blotter, and another placed over 
it. If the plants are to be dried with the aid of artificial heat, a sheet of corrugated 
material is used between each pressing paper and its specimen. Otherwise, no 
corrugates are used and the press is built up by an alternation of blotter-pressing 
paper-blotter, etc. The press frames are on top and bottom of the press, and it is then 
locked up through straps or stout cords. A minimum of about a week is required for 
the completion of drying. Blotters must be changed 3 or 4 times within this period. 
Every wet blotter must be dried, usually by placing it in the sun. The mounting 
specimen is a phase of specimen preparation that has been developed from several 
different approaches. 
 

3.6  MOUNTING OF SPECIMENS 
 
Usually, specimens are mounted on sheets of standard size herbarium paper (30 – 
40 cm). After mounting, they are stored in special cases built to accommodate 
sheets of this size. Most herbaria use glue or paste to fasten specimens to the sheets. 
 
There are 3 techniques most commonly used in mounting specimens: 
• paste or glue  
• Glass plate method, pressing paper method, or by the use of special adhesive. 

Sometimes delicate specimens can also be preserved in a 5 – 10% formalin 
solution in a glass jar. 
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All the herbarium sheets/preserved specimens should be properly identified and 
labeled. The label should contain the name and family of the plant and also the date 
of collection, locality of collection, and any other habitat feature of importance. 
Herbarium specimens are subject to serious damage by being eaten by various 
insects. Thus different insecticides, like Para dichlorobenzene (PDB), Carbon 
tetrachloride or DDT, etc., can be used to prevent this. Fumigation is made within 
the storing home or cabinets from time to time. For retention of green coloration of 
collected plant specimens, the plants, after collection, should be placed directly in 
a special solution for a few days and then dried for herbarium preparation. The 
composition of one such solution as suggested by Keefe (1926) is as follows: 90 
ml. 50% ethyl alcohol, 5 ml. formalin, 2.5 ml. glycerine, 20 gms. Cupric chloride, 
2.5 gm. uranium nitrate. 
 
Useful Links 
Specimen collection: https://www.youtube.com/watch?v=C6bsxQjNvuo 
(Retrieved on 10/04/2020) 

https://www.youtube.com/watch?v=WZHmauuvNlA (Retrieved on 10/04/2020) 

Iron pressed specimen: https://www.youtube.com/watch?v=YMU9_wCpPaw 
(Retrieved on 10/04/2020) 

Preserving plant specimen: 
https://www.youtube.com/watch?v=6YyWcJfLBMw (Retrieved on 10/04/2020) 

Mounting herbarium specimens: 
https://www.youtube.com/watch?v=HaaX5WzlAiI (Retrieved on 10/04/2020) 

Sample herbarium: https://www.youtube.com/watch?v=yeRE-1zr40I (Retrieved 
on 10/04/2020) 
 
Self-Assessment Questions 
1. Suppose you collect a plant 60 cm long. Show with the help of diagrams how 

you will press this plant. 

2. Can Newspapers be used in place of blotting papers? 

3. Can you keep as many plants as you like in the vasculurn? 

4. Why polythene bags or rucksack are used for plant collection in a tropical rain 
forest or in rainy season?  

5. What is the standard size of a folded blotter should be?  

https://www.youtube.com/watch?v=C6bsxQjNvuo
https://www.youtube.com/watch?v=WZHmauuvNlA
https://www.youtube.com/watch?v=YMU9_wCpPaw
https://www.youtube.com/watch?v=6YyWcJfLBMw
https://www.youtube.com/watch?v=HaaX5WzlAiI
https://www.youtube.com/watch?v=yeRE-1zr40I
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6. How 100% HgC12 is a good preservative against insects? 

7. Define sweating period of plant 

8. Why Specimens dried without artificial heat are liable to be infected by fungi 

9.  What is the standard size of herbarium sheets on which dried specimens are 
mounted? 

10. Take a plant of your choice and fill in the information given below. 
 ...........................................................................................................................  
 Flora of……………………………… No  ....................................................... 
 Family ............................................................................................................... 
 Botanical name.................................................................................................. 
 Local name . ...................................................................................................... 
 Habit ................................................................................. 
 Flower colour .............................. Habitat…..................... .Locality ................ 

Altitude………………………. Ecological notes ................................................ 
 Date of collection .............................................................................................. 
 Collector  ........................................................................................................... 
 

3.7 PRESERVATION OF ANIMALS, AND STUDY OF 
PRESERVED SPECIMENS OF ALL ANIMALS 

 
Objectives of this practical 
The student will understand about: 
• steps of specimen preservation 
• types of specimens 
• preservatives and their usage 
• vertebrates preservation (fishes, reptiles, mammals, and birds) 
• invertebrates preservation (arthropods, mollusks, annelids, etc.) 
• precautionary measures. 
 
Introduction 
Specimen preservation means “long term preservation of organisms” either plant 
or animal is the best possible condition. So it can be accessed in the future as a 
reference collection for a scientific purpose. Many chemical methods are used to 
preserve both vertebrates and in vertebrates specimen for maintenance purposes. 
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Why Specimens Are Preserved? 
Specimens are usually preserved for the following reasons: 
• Taxonomic reasons 
• For detailed examination 
• For the morphological study of a particular animal as each animal can’t be in 

research’s vicinity 
• For zoological museum collection. 
 
Some major Steps for the preservation of specimens for scientific study are as 
follows: 
1. Euthanizing. Specimens should be euthanized in a way that will leave them 

undamaged and relaxed. 
2. Injection and slitting. Liquid preservatives must be introduced into the body 

cavity, limbs, and tail, either by hypodermic injection or through slits. 
3. Fixing. While the specimens are still relaxed, they should be arranged in trays 

so that they will harden in the proper position. 
4. Labeling. Each specimen should be accompanied by certain data, either 

attached directly or entered in a notebook with a number corresponding to a 
numbered tag tied to the specimen. 

5. Storage. After specimens have been fixed in the proper position, they should 
be stored in liquid preservative for at least several days, after which they may 
be allowed to remain in the liquid, or transferred to plastic bags for temporary 
storage. 

 
Animals Preserving Techniques 
 
Animals collected live 
Most invertebrates except those listed below: 
• Kill and preserve in jars of 10% formalin solution or 70% alcohol (ethyl 

orisopropyl; make label with India ink and place inside jar 
 
Most insects except butterflies, moths and dragonflies 
• Kill in killing jar or freezer; pin properly; allow to dry; label should be 

nolarger than 1"x1/2" and placed on pin below insect 
 
Butterflies, moths and dragonflies 
• Kill in killing jar or freezer; pin and arrange wings on spreading board orpiece 

of styrofoam; allow to dry; label should be no larger than 1"x1/2"and placed 
on pin below insect 
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Vertebrates except for birds and mammals (e.g.: Fish, Frogs, Salamanders, 
Lizards, Snakes, Turtles) 
• Kill in freezer; fix and 

preserve in jar of 10% 
formalin solution; use 
syringe to inject formalin 
solution into the body 
cavity in several places; 
make label with India ink 
and place inside jar 

 
Birds and Mammals: 
• Hunt following all 

applicable state and federal laws; prepare a "studyskin" using the techniques 
outlined in the 'ZACT' manual mentioned above; a label no larger than 
1"x3"is attached by string to rear leg. 

 
Animals collected dead but in good condition: 
Most invertebrates and lower vertebrates: 
• Preserve in jars of 10% formalin solution or 70% alcohol; label as above 
 
Insects: 
• If they are freshly dead, use above procedures; if they are long dead anddried 

out you will need to place them in a "relaxing chamber" to softenthem up so 
they can be pinned and arranged; label as above 

 
Birds and Mammals: 
• "roadkills" in good condition can be skinned and study skins prepared 

asabove 
 
Skull or Skeletal mounts: 
• The flesh can be removed by several means such as boiling, staking 

nearfireant hill or using dermestid beetles; once bones are defleshed they 
canbe placed in a bleach or hydrogen peroxide solution to whiten; allow todry; 
place in bag or box with a complete label tied to skull if possible Nests, 
Feathers, Eggs, Racks, shells, feathers: Clean up as much as possible and 
place in bag or box with complete label 

 
Footprints and Burrows: 
• Use plaster of Paris to pour into print, allow to set then remove and cleanoff; 

place in bag or box with a label 
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Photographs 
• Should be original photographs; most 'good' photographs will need telephoto 

lens for vertebrates or close-up lenses for small invertebrates and insects - the 
specimen should take up a substantial part of the frame and be easily 
recognizable 

 
Precautionary measures 
• Inhalation of formalin fumes is harmful and causes extreme discomfort to the 

nose and eyes. 
• Formalin is carcinogenic so always wash your hands after its use. 
• Alcohol is highly flammable never works with the fluid in the vicinity of open 

flames. 
• Alcohol in case of prolonged contact cause irritation to the skin. 
• Do no crowd living animals in small containers this will result in damage to 

their appendages? 
• Live crabs before preservation should be kept individually as some species 

will damage each other and other animals that will distort morphological 
features. 

   
Useful Links 
Why the preservation of animal is needed? 
https://www.youtube.com/watch?v=IClsNZoaAxY (Retrieved on 15/04/2020) 

Preservation of invertebrates animals: 
https://www.youtube.com/watch?v=izqFaia_8bU  (Retrieved on 15/04/2020) 

https://www.youtube.com/watch?v=YLZl4Q8QeJo (Retrieved on 15/04/2020) 

Preservation of vertebrates animals: 
https://www.youtube.com/watch?v=kI2VNyE1QoY (Retrieved on 15/04/2020) 

https://www.youtube.com/watch?v=p96YYO2Eecs (Retrieved on 15/04/2020) 

The important chemical used in the preservation: 
https://www.youtube.com/watch?v=_9g0kq1T00I (Retrieved on 15/04/2020) 

 
  

https://www.youtube.com/watch?v=IClsNZoaAxY
https://www.youtube.com/watch?v=izqFaia_8bU
https://www.youtube.com/watch?v=YLZl4Q8QeJo
https://www.youtube.com/watch?v=kI2VNyE1QoY
https://www.youtube.com/watch?v=p96YYO2Eecs
https://www.youtube.com/watch?v=_9g0kq1T00I
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Self-Assessment Questions 
1. Why do we need to preserve specimens? 

2. What chemicals are used to preserve a specimen? 

3. What precautionary measures must be taken while preserving an animal? 

4. How to preserve wet animals? 

5. Name some oldest preserved specimens? 

6. What is the use of preserved animals in learning process? 
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INTRODUCTION 
 
Animals come in many shapes and sizes, inhabit different places, and live in different 
ways. Biodiversity is the term that describes the many different species sharing one 
habitat. Understanding what makes a species special and where and how it lives are 
important if people are to learn to conserve and co-exist with animals of terrestrial 
and aquatic. 
 
An ecosystem consists of all the living and non-living things in a specific natural 
setting. Plants, animals, insects, microorganisms, rocks, soil, water, and sunlight 
are major components of many ecosystems. All types of ecosystems fall into one 
of two categories: 
1. Terrestrial: land-based ecosystem 
2. Aquatic: water-based ecosystem 

 The major types of ecosystems are forests, grasslands, deserts, tundra, 
freshwater, and marine. The word “biome” may also be used to describe 
terrestrial ecosystems that extend across a large geographic area, such as 
tundra. 
 
Forest Ecosystems: 
Forest ecosystems are classified according to their climate type as tropical, 
temperate or boreal. In the tropics, rainforest ecosystems contain more diverse 
flora and fauna than ecosystems in any other region on earth. In these warm, 
moisture-laden environments, trees grow tall and foliage is lush and dense, 
with species inhabiting the forest floor up to the canopy. In temperate zones, 
forest ecosystems may be deciduous, coniferous, or oftentimes a mixture of 
both, in which some trees shed their leaves each fall, while others remain 
evergreen year-round. In the far north, just south of the Arctic, boreal forests 
– also known as taiga – feature abundant coniferous trees. 
 
Grassland Ecosystems: 
Different types of grassland ecosystems can be found in prairies, savannas, 
and steppes. Grassland ecosystems are typically found in tropical or temperate 
regions, although they can exist in colder areas as well, as is the case with the 
well-known Siberian steppe. Grasslands share the common climactic 
characteristic of semi-aridity. Trees are sparse or nonexistent, but flowers 
may be interspersed with the grasses. Grasslands provide an ideal 
environment for grazing animals. 
 
 

https://www.mpalalive.org/classroom/glossary
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Desert Ecosystems 
The common defining feature among desert ecosystems is low precipitation, 
generally less than 25 centimeters, or 10 inches, per year. Not all deserts are 
hot – desert ecosystems can exist from the tropics to the arctic, but regardless 
of latitude, deserts are often windy. Some deserts contain dunes, while others 
feature mostly rock. Vegetation is sparse or nonexistent, and any animal 
species, such as insects, reptiles, and birds, must be highly adapted to the dry 
conditions. 
 
Tundra Ecosystems 
As with deserts, a harsh environment characterizes ecosystems in the tundra. 
In the snow-covered, windswept, treeless tundra, the soil may be frozen year-
round, a condition known as permafrost. During the brief spring and summer, 
snows melt, producing shallow ponds that attract migrating waterfowl. 
Lichens and small flowers may become visible during this time of year. The 
term “tundra” most commonly denotes polar areas, but at lower latitudes, 
tundra-like communities known as alpine tundra may be found at high 
elevations. 
 
Freshwater Ecosystems 
Freshwater ecosystems can be found in streams, rivers, springs, ponds, lakes, 
bogs, and freshwater swamps. They are subdivided into two classes: those in 
which the water is nearly stationary, such as ponds, and those in which the 
water flows, such as creeks. Freshwater ecosystems are home to more than 
just fish: algae, plankton, insects, amphibians, and underwater plants also 
inhabit them. 
 
Marine Ecosystems 
Marine ecosystems differ from freshwater ecosystems in that they contain 
saltwater, which usually supports different types of species than does 
freshwater. Marine ecosystems are the most abundant types of ecosystems in 
the world. They encompass not only the ocean floor and surface but also tidal 
zones, estuaries, salt marshes, and saltwater swamps, mangroves, and coral 
reefs. 
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OBJECTIVES 
 

After studying this Unit, you will be able to; 

• Understand the term ‘habitat’ as being a place which provides organisms with 
conditions for life. 

• Identify and name a variety of plants and animals in their habitats, including 
microhabitats. 

•  identify local habitats and the microhabitats within them. 

• recognize that different animals and plants are found in different habitats. 

• understand that they share their environment with many other animals and 
will be able to identify many of them. 

• understand what biodiversity is and write the importance of diversity. 

• able to highlight the risks which human impacts on the ecosystem. 
 
Materials Required 
• Notebooks and pencils 
• Colored pencils 
• Unlined index cards 
 

  

https://www.mpalalive.org/classroom/glossary
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4.1  FIELD OBSERVATION AND REPORT WRITING ON 
ANIMALS IN THEIR ECOSYSTEM 

 
(Study of Terrestrial Biomes) 
Procedure 
1.  Divide students into several small groups. Have one person (teacher) in each 

group be the recorder. In his/her notebook, he/she should make the following 
headings across the top of the page: 
• Domestic or wild 
• Alone or with others 
• Size of group 
• Activity 

•  
 Animal species names can be written in a column on the left side of the page. 

Each heading should be completed for each species. 
 
2.  Take the students outside and have them list all the animals that they see. The 

recorder will write down all the species the student's name and each individual 
or group that they see. Try to include domestic and wild animals, if possible. 
Have them include not just mammals, but also birds, amphibians, and reptiles, if 
possible. 

 
3.  Go back inside the classroom and make one list of every species that was seen 

by the students. 
 
4.  Each student in each group should choose one animal that is on the list and 

be responsible to total the number of animals seen and complete the categories 
listed above. By totaling these for all the groups, your list will tell you a great 
deal about the animals the class observed today. Have someone copy down 
all of the data collected today for later use. 

 
5.  Pass out one card to each student and have him/her draw and name the animal 

they chose. Let children use pictures of animals, field guides, and other books 
if needed. Save these cards for future activities. 

 

Diversity by Habitat 
If possible, do this activity a second time in another area where other species may 
be seen. Discuss which habitat had more biodiversity and why habitats may differ 
in biodiversity. 
 
Wild and Domestic Animals 
Using the cards the students drew, separate into two piles, one of the wild animals, 
one of domestic. Discuss their similarities and differences. Then have students draw 
scenes where wild animals would be found and scenes where domestic animals 
would be found. 

https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/classroom/glossary
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What Animal Am I? 
The studentwill be asked by questions to find out what the animal is. Talk as a 
group first about the kinds of questions to ask: 
• What it eats. 
• Where it lives. 
• What it looks like. These would include its size, coloration, number of feet, etc. 

 
Book of Species 
• Make a book of animal species.  Each student draws animal features and 

writes a description of it. Put it all together as a book. 
• Write the name of an animal  
• Write two words describing an animal  
• Write words that relate to the animal such as its color or what it eats or where 

it lives. 
 
The Spice of Life 
This practice allows students to understand and explain their beliefs about 
protecting biodiversity. “Why Care About Biodiversity?” Students are then asked 
to explain their choices using prompts to guide discussion about their values in 
regards to nature and protecting biodiversity. 
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It is important to protect the diversity of life because biodiversity helps maintain 
important life and systems processes such as oxygen production, pollination, and 
flood control that, in turn, help support all life on Earth. 
 
Our lives would not be as rich if we lost species such as Grevy’s zebra, beetles, 
hawks, frogs, lizards, lions, and leopards and the habitats where they live. The rich 
diversity of life also allows for important recreational activities such as walking 
safaris, game viewing/watching, game-bird shooting, camping, and bird-watching. 
(Many of these activities are part of ecotourism). It is important to protect the 
diversity of life because no generation has the right to destroy the environment and 
resources on which future generations depend. It is our responsibility to take care 
of the diversity of life for future generations. It is important to protect the diversity 
of life as it provides inspiration and provokes curiosity and imagination. Art, music, 
and poetry are often inspired by Earth’s diversity. And many of our technological 
advances, such as flight, have been inspired by nature. It is important to protect the 
diversity of life because all species have a right to exist. Humans are not the 
supreme deity that should determine the fate of other inhabitants on our plant but 
are just one member of the incredible assemblage of life on Earth. 
 
Useful Links 
Biodiversity: https://www.youtube.com/watch?v=b6Ua_zWDH6U  
(Retrieved on 20/04/2020) 

Why biodiversity is important: 
https://www.youtube.com/watch?v=GK_vRtHJZu4 (Retrieved on 20/04/2020) 

Ecosystem and its types: https://www.youtube.com/watch?v=I8Uj4yD0g6M 
(Retrieved on 20/04/2020) 

Terrestrial biomes: https://www.youtube.com/watch?v=4kQSXIWsUtg 
(Retrieved on 20/04/2020) 
 
Self-Assessment Questions  
1. How many different species were seen? 

2. Which animals were the most common? Do you think there are more of 
these, or they just easier for you to see? 

3. What activities were observed? Were different species doing the 
same activities? 

4. Are any of these species used by people? How? 

https://www.mpalalive.org/classroom/glossary
https://www.mpalalive.org/field_guide/grevys_zebra
https://www.mpalalive.org/field_guide/lion
https://www.mpalalive.org/field_guide/leopard
https://www.youtube.com/watch?v=b6Ua_zWDH6U
https://www.youtube.com/watch?v=GK_vRtHJZu4
https://www.youtube.com/watch?v=I8Uj4yD0g6M
https://www.youtube.com/watch?v=4kQSXIWsUtg
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5. What do you mean by biodiversity? 

6. How do you define the ecosystem? 

7. What are the different types of ecosystems? 

8. Write down the characteristics of the following: The Tundra ecosystem, forest 
ecosystem and grassland ecosystem. 

9. Write comparative features of different animals of terrestrial ecosystem. 

10. It is common observation that animals of terrestrial ecosystem have different 
adaptation manners. why? 

 

4.2  FIELD OBSERVATION AND REPORT WRITING ON 
ANIMALS IN THEIR ECOSYSTEM; STUDY OF AQUATIC 
BIOMES 

 
Aquatic biomes are biomes found in water. Water covers 70 percent of Earth’s 
surface, so aquatic biomes are a major component of the biosphere. Aquatic 
ecosystems include both saltwater and freshwater biomes. The abiotic factors 
important for the structuring of aquatic ecosystems can be different than those seen 
in terrestrial systems. Sunlight is a driving force behind the structure of forests and 
also is an important factor in bodies of water, especially those that are very deep, 
because of the role of photosynthesis in sustaining certain organisms. Density and 
temperature shape the structure of aquatic systems. Oceans may be thought of as 
consisting of different zones based on water depth and distance from the 
shoreline and light penetrance. Different kinds of organisms are adapted to the 
conditions found in each zone. Coral reefs are unique marine ecosystems that are 
home to a wide variety of species. Estuaries are found where rivers meet the ocean; 
their shallow waters provide nourishment and shelter for young crustaceans, 
mollusks, fishes, and many other species. Freshwater biomes include lakes, ponds, 
rivers, streams, and wetlands. Bogs are an interesting type of wetland characterized 
by standing water, lower pH, and a lack of nitrogen. 
 
Aquatic Zones 
In large bodies of standing water (including the ocean and lakes), the water can be 
divided into zones based on the amount of sunlight it receives. There is enough 
sunlight for photosynthesis only in - at most - the top 200 meters of water. Water 
down to this depth is called the photic zone. Deeper water, where too little sunlight 
penetrates for photosynthesis, is called the aphotic zone. 

https://www.ck12.org/c/biology/water?referrer=crossref
https://www.ck12.org/c/life-science/biosphere?referrer=crossref
https://www.ck12.org/c/biology/water?referrer=crossref
https://www.ck12.org/c/physical-science/photosynthesis?referrer=crossref
https://www.ck12.org/c/physical-science/photosynthesis?referrer=crossref
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Surface water dissolves oxygen from the air, so there is generally plenty of oxygen 
in the photic zone to support organisms. Water near-shore usually contains more 
dissolved nutrients than water farther from the shore. This is because most 
dissolved nutrients enter a body of water from land, carried by runoff or rivers that 
empty into the body of water. When aquatic organisms die, they sink to the bottom, 
where decomposers release the nutrients they contain. As a result, deep water may 
contain more nutrients than surface water. 
 
Deep ocean water may be forced to the surface by currents in a process 
called upwelling. When this happens, dissolved nutrients are brought to the surface 
from the deep ocean. The nutrients can support large populations of producers and 
consumers, including many species of fish. As a result, areas of upwelling are 
important for commercial fishing. 
 
With these variations in sunlight, oxygen, and nutrients, different parts of the ocean 
or a lake have different types and numbers of organisms. Therefore, life in a lake 
or the ocean is generally divided into zones. The zones correlate mainly with the 
amount of sunlight and nutrients available to producers. Lakes have similar zones. 
• The littoral zone is the shallow water near the shore. In the ocean, the littoral 

zone is also called the intertidal zone. 
• The pelagic zone is the main body of open water farther out from shore. It is 

divided into additional zones based on water depth. In the ocean, the part of 
the pelagic zone over the continental shelf is called the neritic zone, and the 
rest of the pelagic zone is called the oceanic zone. 

• The benthic zone is the bottom surface of a body of water. In the ocean, the 
benthic zone is divided into additional zones based on depth below sea level. 

 
Aquatic organisms are classified into three basic categories: plankton, nekton, 
and benthos. Organisms in these three categories vary in where they live and how 
they move. 
i. Plankton is aquatic organisms that live in the water itself and cannot propel 

themselves through the water. They include both phytoplankton and 
zooplankton. Phytoplankton is bacteria and algae that use sunlight to make 
food by photosynthesis. Zooplankton is tiny animals that feed on 
phytoplankton. 

ii. Nekton is aquatic animals that live in the water and can propel themselves by 
swimming or other means. Nekton includes invertebrates such as shrimp and 
vertebrates such as fish. 

https://www.ck12.org/c/biology/aquatic-organisms?referrer=crossref
https://www.ck12.org/c/biology/species?referrer=crossref
https://www.ck12.org/c/life-science/fish?referrer=crossref
https://www.ck12.org/c/biology/bacteria?referrer=crossref
https://www.ck12.org/c/life-science/algae?referrer=crossref
https://www.ck12.org/c/biology/animals?referrer=crossref
https://www.ck12.org/c/biology/animals?referrer=crossref
https://www.ck12.org/c/life-science/fish?referrer=crossref
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iii. Benthos is aquatic organisms that live on the surface below a body of water. 
They live in or on the sediments at the bottom. Benthos include sponges, 
clams, and sea stars 

. 
The ocean is categorized by several areas or zones. All of the ocean’s open water 

is referred to as the pelagic zone. The benthic zone extends along the ocean bottom 
from the shoreline to the deepest parts of the ocean floor. Within the pelagic zone 
is the photic zone, which is the portion of the ocean that light can penetrate (approx 
200 m or 650 ft). At depths greater than 200 m, light cannot penetratethus, this is 
referred to as the aphotic zone. The majority of the ocean is aphotic and lacks 
sufficient light for photosynthesis. The deepest part of the ocean, the Challenger 
Deep (in the Mariana Trench, located in the western Pacific Ocean), is about 11,000 
m (about 6.8 mi) deep. To give some perspective on the depth of this trench, the 
ocean is, on average, 4267 m or 14,000 ft deep. These realms and zones are relevant 
to freshwater lakes as well. 
 
Marine Biomes 
The ocean is the largest marine biome. It is a continuous body of saltwater that is 
relatively uniform in chemical composition; it is a weak solution of mineral salts 
and decayed biological matter. Within the ocean, coral reefs are the second kind of 
marine biome. Estuaries, coastal areas where saltwater and freshwater mix, form a 
third unique marine biome. 
 

https://www.ck12.org/c/life-science/sponges?referrer=crossref
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Ocean 
The physical diversity of the ocean is a significant influence on plants, animals, and 
other organisms. The ocean is categorized into different zones based on how far 
light reaches into the water. Each zone has a distinct group of species adapted to 
the biotic and abiotic conditions particular The intertidal zone, which is the zone 
between high and low tide, is the oceanic region that is closest to land. Generally, 
most people think of this portion of the ocean as a sandy beach. In some cases, the 
intertidal zone is indeed a sandy beach, but it can also be rocky or muddy.  
 
The intertidal zone: is an extremely variable environment because of tides. 
Organisms are exposed to air and sunlight at low tide and are underwater most of 
the time, especially during high tide. Therefore, living things that thrive in the 
intertidal zone are adapted to being dry for long periods. The shore of the intertidal 
zone is also repeatedly struck by waves, Organisms found: there are adapted to 
withstand damage from the pounding action of the waves. The exoskeletons of 
shoreline crustaceans (such as the shore crab, Carcinusmaenas) are tough and 
protect them from desiccation (drying out) and wave damage. Another consequence 
of the pounding waves is that few algae and plants establish themselves in the 
constantly moving rocks, sand, or mud. 
 
 Neritic zone: extends from the intertidal zone to depths of about 200 m (or 650 ft) 
at the edge of the continental shelf. Since light can penetrate this depth, 
photosynthesis can occur in the neritic zone. The water here contains silt and is 
well-oxygenated, low in pressure, and stable in temperature.Organisms found: 
Phytoplankton and floating Sargassum (a type of free-floating marine seaweed) 
provide a habitat for some sea life found in the neritic zone. Zooplankton, protists, 
small fishes, and shrimp are found in the neritic zone and are the base of the food 
chain for most of the world’s fisheries. 
 
The oceanic zone: Within the oceanic zone, there is thermal stratification where 
warm and cold waters mix because of ocean currents. Abundant plankton serves as 
the base of the food chain for larger animals such as Animals found: whales and 
dolphins. Nutrients are scarce and this is a relatively less productive part of the 
marine biome. When photosynthetic organisms and the protists and animals that 
feed on them die, their bodies fall to the bottom of the ocean where they remain; 
unlike freshwater lakes, the open ocean lacks a process for bringing the organic 
nutrients back up to the surface. The majority of organisms in the aphotic zone 
include sea cucumbers (phylum Echinodermata) and other organisms that survive 
on the nutrients contained in the dead bodies of organisms in the photic zone. 
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The benthic zone: The deepwater region beyond the continental shelf. The bottom 
of the benthic realm is comprised of sand, silt, and dead organisms. Temperature 
decreases, remaining above freezing, as water depth increases. This is a nutrient-
rich portion of the ocean because of the dead organisms that fall from the upper 

layers of the ocean. Because of this high level of nutrients, Organism found: A 
diversity of fungi, sponges, sea anemones, marine worms, sea stars, fishes, and 
bacteria exist. 
 
The relationship provides corals with the majority of the nutrition and the energy 
they require. The waters in which these corals live are nutritionally poor and, 
without this mutualism, it would not be possible for large corals to grow. Some 
corals living in deeper and colder water do not have a mutualistic relationship with 
algae; these corals attain energy and nutrients using stinging cells on their tentacles 
to capture prey. It is estimated that more than 4,000 fish species inhabit coral 
reefs. These fishes can feed on coral, the cryptofauna (invertebrates found within 
the calcium carbonate substrate of the coral reefs), or the seaweed and algae that 
are associated with the coral. Also, some fish species inhabit the boundaries of a 
coral reef; these species include predators, herbivores, or planktivores. Predators 
are animal species that hunt and are carnivores or “flesh-eaters.” Herbivores eat 
plant material, and planktivores eat plankton. 
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Estuaries: Where the Ocean Meets Fresh Water 
Estuaries are biomes that occur where a source of freshwater, such as a river, meets 
the ocean. Therefore, both freshwater and saltwater are found in the same vicinity; 
mixing results in a diluted (brackish) saltwater. Estuaries form protected areas 
where many of the young offspring of crustaceans, mollusks, and fish begin their 
lives. Salinity is a very important factor that influences the organisms and the 
adaptations of the organisms found in estuaries. The salinity of estuaries varies and 
is based on the rate of flow of its freshwater sources. Once or twice a day, high tides 
bring saltwater into the estuary. Low tides occurring at the same frequency reverse 
the current of saltwater. 
 
The abyssal zone: which is at depths of 4000 m or greater. The abyssal zone is 
very cold and has very high pressure, high oxygen content, and low nutrient 
content. Organisms found: There are a variety of invertebrates and fishes found in 
this zone, but the abyssal zone does not have plants because of the lack of light. 
Hydrothermal vents are found primarily in the abyssal zone; chemosynthetic 
bacteria utilize the hydrogen sulfide and other minerals emitted from the vents. 
These chemosynthetic bacteria use the hydrogen sulfide as an energy source and 
serve as the base of the food chain found in the abyssal zone. Coral Reefs: Coral 
reefs are ocean ridges formed by marine invertebrates living in warm shallow 
waters within the photic zone of the ocean. They are found within 30˚ north and 
south of the equator. The Great Barrier Reef is a well-known reef system located 
several miles off the northeastern coast of Australia. Other coral reef systems are 
fringing islands, which are directly adjacent to land, or atolls, which are circular 
reef systems surrounding a former landmass that is now underwater. The coral 
organisms (members of phylum Cnidaria) are colonies of saltwater polyps that 
secrete a calcium carbonate skeleton. These calcium-rich skeletons slowly 
accumulate, forming the underwater reef. Corals found in shallower waters (at a 
depth of approximately 60 m or about 200 ft) have a mutualistic relationship with 
photosynthetic unicellular algae. 
 
The short-term and rapid variation in salinity due to the mixing of freshwater and 
saltwater is a difficult physiological challenge for the plants and animals that 
inhabit estuaries. Many estuarine plant species are halophytes: plants that can 
tolerate salty conditions. Halophytic plants are adapted to deal with the salinity 
resulting from saltwater on their roots or from sea spray. In some halophytes, filters 
in the roots remove the salt from the water that the plant absorbs. Other plants can 
pump oxygen into their roots. Animals, such as mussels and clams (phylum 
Mollusca), have developed behavioral adaptations that expend a lot of energy to 
function in this rapidly changing environment. When these animals are exposed to 
low salinity, they stop feeding, close their shells, and switch from aerobic 
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respiration (in which they use gills) to anaerobic respiration (a process that does not 
require oxygen). When the high tide returns to the estuary, the salinity and oxygen 
content of the water increases and these animals open their shells, begin feeding 
and return to aerobic respiration. 
 
Freshwater Biomes 
Freshwater biomes include lakes and ponds (standing water) as well as rivers and 
streams (flowing water). They also include wetlands, which will be discussed later. 
Humans rely on freshwater biomes to provide aquatic resources for drinking water, 
crop irrigation, sanitation, and industry. These various roles and human benefits are 
referred to as ecosystem services. Lakes and ponds are found in terrestrial 
landscapes and are, therefore, connected with abiotic and biotic factors influencing 
these terrestrial biomes. 
 
Lakes and Ponds 
Lakes and ponds can range in area from a few square meters to thousands of square 
kilometers. Temperature is an important abiotic factor affecting living things found 
in lakes and ponds. In the summer, thermal stratification of lakes and ponds occurs 
when the upper layer of water is warmed by the sun and does not mix with deeper, 
cooler water. Light can penetrate within the photic zone of the lake or pond. 
Phytoplankton (algae and cyanobacteria) are found here and carry out 
photosynthesis, providing the base of the food web of lakes and ponds. 
Zooplankton, such as rotifers and small crustaceans, consume this phytoplankton. 
At the bottom of lakes and ponds, bacteria in the aphotic zone break down dead 
organisms that sink to the bottom. 
 
Nitrogen and phosphorus are important limiting nutrients in lakes and ponds. 
Because of this, they are determining factors in the amount of phytoplankton 
growth in lakes and ponds. When there is a large input of nitrogen and phosphorus 
(from sewage and runoff from fertilized lawns and farms, for example), the growth 
of algae skyrockets, resulting in a large accumulation of algae called an algal 
bloom. Algal blooms can become so extensive that they reduce light penetration in 
water. As a result, the lake or pond becomes aphotic and photosynthetic plants 
cannot survive. When the algae die and decompose, severe oxygen depletion of the 
water occurs. Fishes and other organisms that require oxygen are then more likely 
to die, and resulting dead zones are found across the globe. Lake Erie and the Gulf 
of Mexico represent freshwater and marine habitats where phosphorus control and 
storm water runoff pose significant environmental challenges. 
 



100 
 

 Rivers and Streams 
Rivers and streams are continuously moving bodies of water that carry large 
amounts of water from the source, or headwater, to a lake or ocean. The largest 
rivers include the Nile River in Africa, the Amazon River in South America, and 
the Mississippi River in North America. 
 
Abiotic features of rivers and streams vary along the length of the river or stream. 
Streams begin at a point of origin referred to assource water. The source water is 
usually cold, low in nutrients, and clear. The channel (the width of the river or stream) 
is narrower than at any other place along the length of the river or stream. Because of 
this, the current is often faster here than at any other point of the river or stream. 
 
The fast-moving water results in minimal silt accumulation at the bottom of the 
river or stream; therefore, the water is clear. Photosynthesis here is mostly 
attributed to algae that are growing on rocks; the swift current inhibits the growth 
of phytoplankton. An additional input of energy can come from leaves or other 
organic material that falls into the river or stream from trees and other plants that 
border the water. When the leaves decompose, the organic material and nutrients 
in the leaves are returned to the water. Plants and animals have adapted to this fast-
moving water. For instance, leeches (phylum Annelida) have elongated bodies and 
suckers on both ends. These suckers attach to the substrate, keeping the leech 
anchored in place. Freshwater trout species (phylum Chordata) are an important 
predator in these fast-moving rivers and streams. 
 
As the river or stream flows away from the source, the width of the channel 
gradually widens and the current slows. This slow-moving water, caused by the 
gradient decrease and the volume increase as tributaries unite, has more 
sedimentation. Phytoplankton can also be suspended in slow-moving water. 
Therefore, the water will not be as clear as it is near the source. The water is also 
warmer. Worms (phylum Annelida) and insects (phylum Arthropoda) can be found 
burrowing into the mud. The higher order predator vertebrates (phylum Chordata) 
include waterfowl, frogs, and fishes. These predators must find food in these slow 
moving, sometimes murky, waters and, unlike the trout in the waters at the source, 
these vertebrates may not be able to use vision as their primary sense to find food. 
Instead, they are more likely to use taste or chemical cues to find prey. 
 
Wetlands 
Wetlands are environments in which the soil is either permanently or periodically 
saturated with water. Wetlands are different from lakes because wetlands are 
shallow bodies of water whereas lakes vary in depth. Emergent vegetation consists 
of wetland plants that are rooted in the soil but have portions of leaves, stems, and 
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flowers extending above the water’s surface. There are several types of wetlands 
including marshes, swamps, bogs, mudflats, and salt marshes (Figure 5). The three 
shared characteristics among these types—what makes them wetlands—are their 
hydrology, hydrophytic vegetation, and hydric soils. 
 
Freshwater marshes and swamps are characterized by slow and steady water flow. 
Bogs develop in depressions where water flow is low or nonexistent. Bogs usually 
occur in areas where there is a clay bottom with poor percolation. Percolation is the 
movement of water through the pores in the soil or rocks. The water found in a bog 
is stagnant and oxygen-depleted because the oxygen that is used during the 
decomposition of organic matter is not replaced. As the oxygen in the water is 
depleted, decomposition slows. This leads to organic acids and other acids building 
up and lowering the pH of the water. At a lower pH, nitrogen becomes unavailable 
to plants. This creates a challenge for plants because nitrogen is an important 
limiting resource. Some types of bog plants (such as sundews, pitcher plants, and 
Venus flytraps) capture insects and extract the nitrogen from their bodies. Bogs 
have low net primary productivity because the water found in bogs has low levels 
of nitrogen and oxygen. 
 
Useful Links 
 Aquatic biomes: https://www.youtube.com/watch?v=mbU8uBb2Q5k  
https://www.youtube.com/watch?v=AopH3SMh818 
 
Self-Assessment Questions 
1. What do you mean about the aquatic system? 

2. Describe aquatic organisms. 

3. What are the factors which limit the productivity of aquatic habitat? 

4. What are Mangroves? 

5. What is the aging of lakes? 

6. Define coral reefs. 

7. How do you define estuaries? 

8. Describe different zones of oceans. 

9. What is eutrophication? 

10. What type of species found in estuaries? 

11. Describe difficulties faced while studying aquatic biomes. Suggest the ways 
to overcome these difficulties. 

https://www.youtube.com/watch?v=mbU8uBb2Q5k
https://www.youtube.com/watch?v=AopH3SMh818
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4.3  ECOLOGICAL NOTES ON ANIMALS OF A FEW 
MODEL HABITATS 

 
Introduction 
A habitat is the natural environment in which plants and animals live. This is where 
they get their food, water and shelter. They also breed in their natural habitat. The 
climate of a habitat, the food available in the habitat, competition from other 
species, these are some of the factors that determine whether a species will survive 
or not. Every organism has a unique ecosystem for its habitat. This ecosystem is its 
natural habitat. This is where the organism meets its basic need for its survival: food, 
water, shelter from the weather and place to breed its younglings. 
 
The geographical feature and environment conditions on earth differ from one place 
to another. Some areas of the earth are mountains while others are covered by water. 
We also find snow, desert, forest, grassland, pond, rivers and lakes. There are many 
organisms that live in extreme environmental conditions. 
 
The Living Organisms and Their Surroundings 
 

• Living Organisms 
 
Different Types of Habitat 
1.  Forest Habitat 
Forest is a large area covered with plants. Forest covers about one-third of our planet. 
Most of the different types of plants and animals have their forest as their 
habitat. Forest broadly divides into three types:  
 
Tropical Forest or Tropical Rain Forest 
These are found between the equator and two tropics, that is, Tropic of Cancer and 
Tropic of Capricorn. The Temperature of these forests ranges from 20 to 34 degree 
Celsius. These regions receive heavy rainfall throughout the year with annual rainfall 
of more than 200cm. These are spread in India, Malaysia and other countries of South 
East Asia and South America. 
• Plants: Orchid, Vine, Moss, and Fern. 
• Animals: Bat, gorilla, monkey, sloth, macaw, and variety of insects. 

https://www.toppr.com/guides/biology/our-environment/ecosystem/
https://www.toppr.com/guides/geography/environment/environment/
https://www.toppr.com/guides/science/the-living-organisms-and-their-surroundings/living-organism/
https://www.toppr.com/guides/general-knowledge/overview-of-india/india-an-overview/
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Temperate Forest 
Temperate forests are found in eastern North America, northeast Asia and western and 
central Europe. The temperature of these regions from ranges -30 to 30 Degree 
Celsius. The annual rainfall is about 150 cm. Temperate forests have well-defined 
winter and summer seasons. 
• Plants: Maple, Oak, and Elm. 
• Animals: Fox Bald Eagle, Mountain Lion, Bobcat, and Black Bear. 
 

 
 
Boreal or Taiga Forests 
These forests are found in Canada, Russia, Scandinavia, China, Mongolia, and north 
Japan. Here, temperature dips from as low as -50degree Celsius to as high as 30 degree 
Celsius. 
• Plants: Evergreen trees such as pine, fir, deer, etc. 
• Animals:  Wolf, lynx, fox, deer, wood packer, bat, and chipmunk. 

 

https://www.toppr.com/guides/evs/whose-forests/forest-conservation/
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2.  Aquatic Habitat 
Habitat in water is aquatic habitats. Such places include all the water bodies like 
rivers, lakes, seas, oceans. The organisms that live in water are aquatic animals. It is 
mainly of three kinds: freshwater, marine, and coastal. 
 

 
 
• Freshwater habitat: Rivers, lakes, ponds, and streams are examples of 

freshwater habitat. Fish, frog, duck, lotus, and water lily are found in fresh water, 
• Marine water habitat: Oceans and seas form the largest habitat on the planet. 

Some commonly found animals are whale, dolphins, sharks, octopus, starfish, 
jellyfish, seahorse, etc, and plants, seaweeds are the most common. 

• Coastal habitat: Coastal habitat refers to the region where the land meets the sea. 
• Estuaries: These places where the saline water of sea or ocean mixes with the 

fresh water of rivers. It is the home of marine animals like crab, oyster, worms, 
and waterfowl. Mangroves seaweeds and marsh grasses are plants found here. 

• Coral reefs: These are the rock-like structure made from calcium carbonate 
by corals. They are also called ‘rain-forest of the sea’. Some are commonly 
found animals are corals, starfish, sea anemone, octopus, etc. 

 
3.  Grassland Habitat  
Grassland is regions dominated by grasses. There are too many trees and shrubs here. 
Temperature ranges between-20 degree and -30 degree. The annual rainfall varies 
between 50 cm and 90 cm.  Some animals commonly in this habitat are giraffe, deer, 
zebra, lion, elephant, etc. 

 

https://www.toppr.com/guides/biology/natural-resources/water-and-water-pollution/
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4.  Desert Habitat 
Deserts are areas that receive very little rainfall less than 25 cm annually. In hot desert, 
daytime temperature in summer can reach 45 degree Celsius. Organisms such as 
cactus, camel, gila monster and kangaroo rat are found here. 
 

 
 
5.  Mountainous and Polar Habitat 
Polar and mountainous regions are the coldest of all the habitats found on earth. These 
include the Arctic and the Antarctic regions. In the Antarctic, the lowest temperature 
recorded was -88 Degree Celsius. Animals such as polar bear, penguin, seal and 
walrus are found in Polar Regions. 
 

 
 
Study of Habitats of Animals 
 
Apparatus and Chemicals 
Diagrams and models of various animal habitats 
 
Procedure 
Observe various models and see videos. 
 
Precautionary Measures 
• Do not touch preserved animal models. 

https://www.toppr.com/guides/geography/life-in-the-deserts/the-hot-desert-sahara/
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Study Material (Helping Material) 
Adaptation 
The soil and climate conditions on land are different in different parts of the earth. It 
is necessary for organisms to adjust to the conditions and environment they live in. 
The special characteristics possessed by plants and animals that enable them to 
successfully survive in a particular environment is the adaptation. Organism adapt to 
their habitat by the following means changes in: 
• Body 
• Behavior 
• Location 
 
Adaptation in Tropical Forest 
Plants: The following adaptation is shown by rainforest plants: 
• Leaves of tropical rainforest trees have specialized tips. 
• Due to the dense vegetation of rainforest, very little light is able to reach the 

forest floor. Plants growing in lower levels have big leaves to absorb as much 
sunlight as possible. 

 
Animals: There is a huge variety of animals in rain forests. Many animals have 
adapted by learning to eat a particular food, which is eaten by no other animals. 
 

Adaptation for Temperate Forests 
Plants: The following are the adaptation shown by plants in temperate forests: 
• Most trees are deciduous. They have thin, broad leaves that allow them to 

easily capture sunlight, which is required for making food. 
• Trees shed their leaves in winter because leaves are not able to bear the 

freezing winter. 
 
Animals: Animals of temperate forests show the following adaptations: 
• Many animals either hibernate or migrate to warmer regions during winter. 
• Some animals gather food during summer and store it for eating during winter 

when food is scarce. 

 

https://www.toppr.com/guides/science/soil/soil-and-soil-profile/
https://www.toppr.com/guides/science/light/sunlight-white-or-coloured/
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Adaptation for Boreal Forests 
Plants:  The following are the adaptations shown by plants in boreal forests:  
• Trees have a conical shape that allows the snow to slide off easily. 
• Trees have needle-like leaves. This kind of structure protects the leaves from 

damage. 
 
Animals: Animals in boreal forest show the following adaptations: 
• Many animals migrate to warmer regions during winter. Some animals 

hibernate during winter months. 
• Some animals have a thick layer of fur or feather to protect them from cold. 
 
Adaptation for Grasslands 
Plants: The following are the adaptations shown by the plants in grasslands: 
• Grassland plants usually have flexible stems that bend instead of breaking 

when the wind is strong. 
• Plants have strong roots that prevent winds from uprooting them. 
• Plants have narrow or tiny leaves to reduce water loss. 
• Some plants have roots that extend deep into the soil to absorb as much water 

as possible. 
 
 Animals: Animals in grassland show the following adaptations: 
• Most grassland animals are able to run very fast. This ability also protects them 

grassland fire. 
• Many grassland animals have skin shades of brown that makes them hard to 

spot among the dry, brown grass. 
 
Adaptation for Deserts 
Plants: The following are the adaptations shown by the plants in grasslands:  
• The leaves are modified as spines to minimize water loss. 
• The stem is green, to make food for the plant. 
• The stem is swollen and fleshy to store water. 
• Cactus has a thick, waxy coating that prevents water loss and helps it to retain 

water. 
 

 
 

https://www.toppr.com/guides/biology/morphology-of-flowering-plants/leaf/
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Animals: Animals in desert show the following adaptations. 
• Desert animals have thick skin to prevent the loss of water from the body. 
• Most of the desert animals have the capacity to store water and food. For 

example, a camel can tolerate extremely hot temperature due to the stored 
water in its body, which helps in cooling. 

• Most of the small desert animals live in burrows to save themselves from 
fluctuation in temperature. 

• Reptiles are well-suited to the desert climates. They get most of the water 
through their food and lose hardly any moisture from their skin. 

 
Adaptations in Mountain Regions 
Plants: Plants in these regions have adapted themselves in the following ways: 
• Mountain plants grow close to the ground to avoid being uprooted by strong 

winds. 
• These plants also produce smaller leaves to prevent water loss. 
• Some plants are also able to grow under a layer of snow. 
 
Animals: Animals in the mountain and Polar Regions show following adaptations: 
• Some mountain animals hibernate or migrate to warmer areas during colder 

months. 
• Small ears and tail minimize heat loss from the body. 
• Padded feet help the polar bear to walk on the snow. 
• Thick fur and a layer of fat under the skin protect the polar bear from cold. 
 
Adaptations for Aquatic Habitats 
 Plants: Aquatic plants show following adaptations: 
• These plants have long, narrow stems. This prevents the plants from being 

carried away with the water current. 
• Stems have air chambers that allow the aquatic plants to float in water leaves 

of plants such as lotus and water lily have a waxy coating that prevents them 
from rotting. 
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  Animals: aquatic animals show a variety of adaptations to survive in water: 
• Ducks have webbed feet that help them in swimming. They also have hollow 

bones that help them to stay afloat. 
• Gills are special organs that help fish to breath underwater. 
• They have streamlined body which allows them to swim fast by reducing 

resistance due to flowing water. 
• Dolphins and whale have blowholes at the upper parts of their heads. They 

come to the water surface and breathe in air through the blowholes from time 
to time. 

•  

 
 
Adaptation and Acclimatization 
Adaptation refers to change in an organism over a long period of time. There are 
certain changes that can occur in an organism over a short period of time, which help 
the organisms adjust to the changes in its surrounding. This is Acclimatization. 
 
Video Links to Study  
https://www.youtube.com/watch?v=qsfeYqU4Lyc  (Retrieved on 24/04/2020) 

https://www.youtube.com/watch?v=p6EeYNHxe0g  (Retrieved on 24/04/2020) 

https://www.youtube.com/watch?v=nf0nDrlNVPA  (Retrieved on 24/04/2020) 

https://www.youtube.com/watch?v=MsoUZzGtoOs  (Retrieved on 24/04/2020) 
 
  

https://www.youtube.com/watch?v=qsfeYqU4Lyc
https://www.youtube.com/watch?v=p6EeYNHxe0g
https://www.youtube.com/watch?v=nf0nDrlNVPA
https://www.youtube.com/watch?v=MsoUZzGtoOs
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Self-Assessment Questions 
1.  Some animals have the ability to change color according to surroundings which 

of the animals have this ability? 

2.  What are the different types of habitats for animals? 

3.  Describe how different habitats provide for the basic needs of different kinds 
of animals and plants, and how they depend on each other. 

4.  How will you identify that most living things live in habitats to which they 
are suited? 

5.  How will you compare two contrasting habitats to show that different living 
things are found there and see how they are suited to their habitat? 

6. Under what conditions animals or plants tend to adapt new habitat. 
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INTRODUCTION 
 

Embryology is a branch of science that is related to the formation, growth and 
development of an embryo. It deals with the prenatal stage of development 
beginning from the formation of gametes, fertilization, the formation of a zygote, 
development of the embryo, and fetus to the birth of a new individual. Throughout 
this unit, we will express embryonic and fetal ages in terms of weeks from 
fertilization, commonly called conception. The period required for the full 
development of a fetus in utero is referred to as gestation (gestare = “to carry” or 
“to bear”). It can be subdivided into distinct gestational periods. The first 2 weeks 
of prenatal development are referred to as the pre-embryonic stage. A developing 
human is referred to as an embryo during weeks 3–8 and a fetus from the ninth 
week of gestation until birth. In this unit, we’ll cover the pre-embryonic and 
embryonic stages of development, which are characterized by cell division, 
migration and differentiation. By the end of the embryonic period, all of the organ 
systems are structured in rudimentary form, although the organs themselves are 
either nonfunctional or only semi-functional. 

 

OBJECTIVES 

After studying this unit, you will be able to: 

• develop youth interest and knowledge in the science of embryology.  

• provide learning experiences in incubation, hatching and brooding of chick. 

• elaborate a life cycle through the beginning stages. 

• describe in general terms how vertebrates gastrulate (frog, fish, chick and 
mammal).  

• compare and contrast the process of gastrulation in the various model 
organisms discussed during this unit. 

• demonstrate the events that led up to and comprise the process of fertilization. 

• discuss the critical contributions of the sperm and the egg to the zygote, and 
how structure informs function.  

• describe the mechanism of the acrosomal reaction and understands its function. 
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5.1  STUDY OF EARLY STAGES IN THE DEVELOPMENT OF 
FROG, CHICK AND A MAMMAL 

Learning Objectives of Practical: 
i)  To observe the cleavage of chick embryo remains restricted to the germinal 

disc but the yolk remains the uncleaved state.  

ii)  To know about extra embryonic membranes are present in chick but not in a 
frog.  

iii)  Observe the differences between frog, chick, and mammal 

5.1.1 Early Developmental Stages of Frog 
1. Zygote: The haploid sperm and egg nuclei fuse to form the zygote (diploid 

Nucleus) 
 

2. Cleavage: 
i. The first cleavage is meridional and divides the egg into a 2-cell stage. 
ii. The second cleavage is also meridional and right angle to the first and 

forms the 4-cell stage. 
iii. The third cleavage is horizontal and produces the 8-cell stage. 

 
3. Morula: The next few cleavages producing 16-cell and then a 32-cell embryo 

called a morula.    

4. Blastula: The continued cleavage produces thousands of cells called blastula 
including a fluid-filled cavity, the blastocoel. 

5. Gastrula: The invagination of cells in the region of the middle of the gray 
crescent with an opening, the blastopore is called the gastrula. 

6. Neurula: Neurula is an embryo in which neurulation occurs. It involves the 
formation of an internal neural tube. 

7. Organogenesis: The neural tube will develop into the brain and spinal cord. 
The notochord forms from mesoderm. 

8. Tadpole Larva: After the organs and body systems have differentiated 
themselves, the embryo will become a tadpole. 
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5.1.2  Early Developmental Stages of Chick 
The early developmental stages of chick and frog are similar except a few as shown 
below: 
i. The cleavage of chick embryo remains restricted to the germinal disc but the 

yolk remains the uncleaved state. 
ii. The extraembryonic membranes are present in chick but not in the frog. 

 
Chick Embryos: 
1. 24 hours:   
i. The blastoderm becomes 2-layered. 
ii. The mesoderm arises between the ectoderm and endoderm (Examine the 24 

hours prepared slide) 
 

2. 48 hours: 
i. Primitive streak, somites and neural groove become prominent. (Examine the 

48 hours prepared slide) 
 

3. 72 hours: 
i. The embryo becomes C-shaped at this stage. 
ii.  It is covered by amnion. 
iii.  Observe the heart and its chambers. 

http://4.bp.blogspot.com/-LkEbWd-39Bo/VND2NKrqnrI/AAAAAAAAAJE/0dJvfI5jlt4/s1600/A.png
http://2.bp.blogspot.com/-eSC0CvjHYvo/VND2OVItJLI/AAAAAAAAAJM/HxBGZq8bdmU/s1600/B.png
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iv.  Observe the auditory vesicles and optic cups. (Examine the 72 hours 
prepared slide) 
 

4. 96 hours (4 days): 
i.  Allantois membranes will be observed over the embryo. 
ii. Observe the eyes and limb buds. 
iii. Large size eyes separate chick embryo from all other vertebrate embryos. 
 
5.1.3  Early Developmental Stages of Mammal (Mouse) 
1. Zygote 
          The haploid sperm and egg nuclei fuse to form the zygote (diploid Nucleus). 

Zona pellucid present.    
 
2.  Cleavage:   
i. The cleavages in mammalian eggs are slowest among the animal kingdom. 
ii. The first cleavage is meridional and divides the egg into a 2-cell stage. 
iii. The second cleavage, one of the two blastomeres divides meridionally while 

the others divide equatorially. This type of cleavage is called Rotational 
Cleavage. 

iv. The embryos do not increase exponentially (2-4-8 cell stages) but contain odd 
numbers of cells. This type of division is called Asynchrony. 

v. The mammalian genome is activated during early cleavage and starts to 
produce protein necessary for cleavage. 

vi. The compaction of blastomeres starts at the third cleavage forming a compact 
ball of cells. 
 

3. Morula:      
         16-cell stage embryo is a fully compacted morula. 
 
4.      Blastocyst:      
         The inner cell mass becomes apparent within the zona pellucid. 
 
5.      Gastrula:   
         Gastrulation starts at the posterior end of the embryo where the Hensen’s node 

is present. 
 
6.      Organogenesis: 
 Gastrulation and organogenesis follow a pattern similar to that seen in chicks. 

Organogenesis begins with the formation of the neural tube, notochord, and 
somites. 
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7.     Embryo (Fetus): 
 The inner wall of the uterus together with embryonic tissues becomes the 

placenta, which transfers oxygen, carbon dioxide, nutrients, and wastes 
between the mother and the developing fetus. 

 
 

Apparatus and chemicals 
• Prepared slides of a Frog 
• Prepared slides of a Chick 
• Prepared slides of a mammal                             
• Light Microscope 
• Models showing developmental stages in all three 

 
Procedure 
Study of Prepared microscopic slides / Preserved specimen / Projection slides/ CD 
ROM Computer Projections  
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Precautionary measures 
• Discard your slides in a container with a disinfectant solution. 
• Do not touch any solutions or preservatives used to save models. 
 
Useful Links 
Development of chick: https://www.youtube.com/watch?v=J0bAp-rqVmE 
Early embryogenesis - Cleavage, blastulation, gastrulation, and neurulation 
https://www.youtube.com/watch?v=dAOWQC-OBv0 (Retrieved on 27/04/2020) 
 
Mammal Development: https: //www.youtube.com/watch?v=B-yRHdZEOVs  
(Retrieved on 27/04/2020) 
 
Chick embryo gastrulation: https://www.youtube.com/watch?v=2j86j-f5rR4  
(Retrieved on 27/04/2020) 
 
Mouse embryo developing over time: https: //www.youtube.com/ 
watch?v=G7H2mEQYIWc  (Retrieved on 27/04/2020) 
 
Self-Assessment Questions 
1. How long does it take a frog/chick/mouse embryo to develop? 

2.  What are the stages of frog/chick/mouse development? 

3.  What is the early structure in chick development called that contains the 
embryo? 

4.  How long before an egg starts developing. 

5.  Compare developmental stages of frog/chick/mouse.  
 
Study material 
Typical frog development at 18oC from a fertilized egg. 
• 0 hours - fertilization of the egg 

• 1 hour - formation of the gray crescent due to pigment migration 

• 3.5 hours - early cleavage 

• 4.5 hours - blastula stage (coeloblastula with eccentric blastocoel 

• 26 hours - gastrulation 

• 26 hours - early crescent-shaped dorsal lip 

https://www.youtube.com/watch?v=J0bAp-rqVmE
https://www.youtube.com/watch?v=dAOWQC-OBv0
https://www.youtube.com/watch?v=B-yRHdZEOVs
https://www.youtube.com/watch?v=2j86j-f5rR4
https://www.youtube.com/watch?v=G7H2mEQYIWc
https://www.youtube.com/watch?v=G7H2mEQYIWc


119 
 

• 34 hours middle semicircularblastoporal lip 

• 42 hours late circular blastoporal lip 

• 50 hours - neurulation 

• 50 hours - early medullary plate 

• 62 hours - middle neural folds converging 

• 67 hours - late neural tube formed and ciliation of the embryo 

• 84 hours - tailbud stage (early organogeny) 

• 96 hours - muscular response to tactile stimulation 

• 118 hours - early heartbeat, development of gill buds 

• 140 hours - hatching and gill circulation 

• 162 hours - mouth opens and cornea becomes transparent 

• 192 hours - tail fin circulation established 

• 216 hours - degeneration of external gills, the formation of the operculum, 
development of embryonic teeth 

• 240 hours - opercular fold-over brachial chamber except for spiracle and 
internal gills 

• 255 hours - prolonged larval stage with the refinement of organs 

• 270 hours - development of hindlimbs, internal development of forelimbs in 
the opercular cavity 

• 275 hours - projection of forelimbs through operculum, left side first 

• 280 hours - absorption of the tail and reduction in the size of the gut 

• 284 hours - metamorphosis complete, emergence from water as miniature, 
air-breathing frog 

 
  

https://embryology.med.unsw.edu.au/embryology/index.php/Vision_-_Cornea_Development
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5.1.4  Events in Embryonic Development 
Before Egg Laying: 
Fertilization 
Division and growth of living cells 
Segregation of cells into groups of special function (tissues) 
 

Between Laying and Incubation: 
No growth; stage of inactive embryonic life 
 
During Incubation: 
First day: 
16 hours - first sign of resemblance to a chick embryo 
18 hours - appearance of the alimentary tract 
20 hours - appearance of the vertebral column 
21 hours - beginning of the nervous system 
22 hours - beginning of the head 
24 hours - beginning of an eye 
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Second day: 
25 hours - beginning of the heart 
35 hours - beginning of an ear 
42 hours - heartbeats 
 
Third day: 
60 hours - beginning of the nose 
62 hours - beginning of legs 
64 hours - beginning of wings 
The fourth day - beginning of tongue 
Fifth day - formation of reproductive organs and differentiation of sex 
The sixth day - beginning of beak 
The eighth day - beginning of feathers 
The tenth day - beginning of hardening of the beak 
Thirteenth day - the appearance of scales and claws 
The fourteenth day - embryo gets into a position suitable for breaking the shell 
Sixteenth day - scales, claws, and beak becoming firm and horny 
Seventeenth day - beak turns toward air cell 
The nineteenth day - yolk sac begins to enter the body cavity 
Twentieth day - yolk sac completely drawn into a body cavity; embryo occupies 
practically all the space within the egg except the air cell 
Twenty-first day - hatching of a chick 
 
One of the greatest miracles of nature is the transformation of the egg into the chick. 
A chick emerges after a brief three weeks of incubation. The complexity of the 
development cannot be understood without training in embryology. 
 
When the egg is laid, some embryonic development has occurred and usually stops 
until proper cell environmental conditions are established for incubation to resume. 
At first, all the cells are alike, but as the embryo develops, cell differences are 
observed. Some cells may become vital organs; others become a wing or leg. 
 
Soon after incubation begins, a pointed thickened layer of cells becomes visible in 
the caudal or tail end of the embryo. This pointed area is the primitive streak and is 
the longitudinal axis of the embryo. From the primitive streak, the head and 
backbone of the embryo develop. A precursor of the digestive tract forms; blood 
islands appear and will develop later into the vascular or blood system; and the eye 
begins. 
 
On the second day of incubation, the blood islands begin linking and form a 
vascular system, while the heart is being formed elsewhere. By the 44th hour of 

http://extension.msstate.edu/sites/default/files/topic-files/poultry/embryo3.jpg
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incubation, the heart and vascular systems join, and the heart begins beating. Two 
distinct circulatory systems are established, an embryonic system for the embryo 
and a vitelline system extending into the egg. 
 
At the end of the third day of incubation, the beak begins developing and limb buds 
for the wings and legs are seen. Torsion and flexion continue through the fourth 
day. The chick's entire body turns 90o and lies down with its left side on the yolk. 
The head and tail come close together so the embryo forms a "C" shape. The mouth, 
tongue, and nasal pits develop as parts of the digestive and respiratory systems. The 
heart continues to enlarge even though it has not been enclosed within the body. It 
is seen beating if the egg is opened carefully. The other internal organs continue to 
develop. By the end of the fourth day of incubation, the embryo has all organs 
needed to sustain life after hatching, and most of the embryo's parts can be 
identified. The chick embryo cannot, however, be distinguished from that of 
mammals. 
 
The embryo grows and develops rapidly. By the seventh day, digits appear on the 
wings and feet, the heart is completely enclosed in the thoracic cavity, and the 
embryo looks more like a bird. After the tenth day of incubation, feathers and 
feather tracts are visible, and the beak hardens. On the fourteenth day, the claws are 
forming and the embryo is moving into position for hatching. After twenty days, 
the chick is in the hatching position, the beak has pierced the air cell, and pulmonary 
respiration has begun. 
 
After 21 days of incubation, the chick finally begins its escape from the shell. The 
chick begins by pushing its beak through the air cell. The allantois, which has 
served as its lungs, begins to dry up as the chick uses its lungs. The chick continues 
to push its head outward. The sharp horny structure on the upper beak (egg tooth) 
and the muscle on the back of the neck help cut the shell. The chick rests, changes 
position, and keeps cutting until its head falls free of the opened shell. It then kicks 
free of the bottom portion of the shell. The chick is exhausted and rests while the 
navel openings heal and its down dries. Gradually, it regains strength and walks. 
The incubation and hatching are complete. The horny cap will fall off the beak 
within days after the chick hatches. 
 
Mammals are remarkable organisms. They show diverse morphologies, yet have 
some very conserved characteristics which allow scientists to develop model 
systems in more simple mammals, such as mice. This ability to use model 
organisms to study similar systems in more complicated animals is necessary 
because performing empirical studies is either very difficult or impossible with 
some animals (such as humans). 

http://www.genome.gov/10005834
http://en.wikipedia.org/wiki/Human_research
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5.2 STUDY OF STAGES IN THE DEVELOPMENT OF AN 
ECHINODERM 

 
Learning Objectives of Practicals: 
• To know that echinoderms are exclusively marine animals. 
• The larval forms show bilateral symmetry and adult forms show radial 

symmetry. 
• To observe various developmental stages of starfish. 
 
Introduction: 
Echinoderms are a phylum of invertebrate deuterostomes that are 
morphologically characterized by a fivefold (pentameric) symmetric adult 
body plan. Starfish belong to the phylum Echinodermata which also includes sea 
cucumbers, Brittle stars, and sea urchins. 2000 species of starfish spread the oceans 
of the world. The most common species of starfish are 5 arms but there are also 
species with 10, 20, and 40 arms. The starfish are not related to fish. 
 
The entire process of development from egg to the formation of an immature 
starfish occurs in approximately two months but is dependent to a certain extent on 
the temperature of the water. During the larval stage, the larvae are swept by the 
ocean currents and they end up traveling for many kilometers. The young starfish 
will be ready for reproduction in around a year. 
 
Apparatus and Chemicals 
• Prepared slides of Echinoderm.    
• Light Microscope 
 
Procedure: Study of Prepared microscopic slides or Preserved specimen or 
Projection slides or CD ROM Computer Projections  
 
Starfish (Asteriasforbesii) 
Precautionary measures: Observe the slides by avoiding them from breaking 
 
Study material 
Developmental Stages of Starfish: 
The developmental stages from single-cell through early gastrula to larva are shown 
below: 
1. Ovum, an unfertilized egg; nucleus and nucleolus are visible 

2. Zygote, a fertilized egg (diploid); the nucleus is not visible  
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3. Cells, the product of mitosis of the zygote, cells size is halved, 4 cells, 8 cells 

4. Morula likes a compact cluster of grapes. 

5. Blastula, a hollow ball of cells—early, middle, and late stages are determined 
by cell size, which gets smaller with each round of mitosis 

6. Gastrula, in which the surface pushes into the interior at a point called the 
blastopore to forms a tube that will become the digestive system. The 
blastopore is the future anus of the starfish. In a gastrula the cells on the 
outside are ectoderm, those lining the inner tube are the endoderm, and cells 
that migrate and multiply between these layers will become the mesoderm. 

7. Pluteus larva, the larva is a ciliated form in which you can see a mouth, 
digestive system, and anus. It will metamorphose into an adult starfish. 
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Useful Links: 
https://www.youtube.com/watch?v=av0GA2CP14w 

https://www.youtube.com/watch?v=P0oRWMUn87I 

https://www.youtube.com/watch?v=FIMhb4ytN1Q 
 
 
Self-Assessment Questions: 
1.  How do starfish grow and develop? 

2.  How is Starfish development takes place? 

3.  Why is the Gastrula an important stage in development? 

4.  What is the fate of the Blastopore for starfish? 

5.  Describe the basic features of echinoderms. 
 

 
  

https://www.youtube.com/watch?v=av0GA2CP14w
https://www.youtube.com/watch?v=P0oRWMUn87I
https://www.youtube.com/watch?v=FIMhb4ytN1Q
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INTRODUCTION 

 
Biological techniques are methods or procedures that are used to study living 
things. They include experimental and computational methods, approaches, 
protocols, and tools for biological research. First, it aims to provide every young 
person with a sufficient understanding of science to participate confidently and 
effectively in the modern world – a ‘scientific literacy’ aim. Second, advanced 
societies require a steady supply of recruits to jobs requiring more detailed 
scientific knowledge and expertise; school science provides the foundations for 
more advanced study leading to such jobs. The close interdependence of the two 
main aims of science education identified above, improving students’ scientific 
knowledge and their knowledge of science as a form of inquiry has led many 
science educators to argue that science education should combine and integrate 
them into a ‘seamless’ whole. The idea is that students are taught to carry out their 
scientific inquiries and so acquire scientific knowledge for themselves. Practical 
work has a central role in any such vision of science education. 

 

OBJECTIVES 
 

After studying this unit, you will be able to: 

• outline the test processes. 

• describe the different test and their results. 

•  develop practical biological skills. 

• develop cogent and critical arguments based on the course material. 

• perform, analyze, and report on experiments and observations. 

• demonstrate digestion of protein and carbohydrates by action of different 
enzymes. 

• perform carmine/orcein staining. 
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6.1 TESTS FOR DIFFERENT CARBOHYDRATES  
 
The Objective of Practical 
• Our objective is to detect the presence of carbohydrates, protein, and fats and 

to show their presence in suitable plant and animal materials. 
• Students understand the characteristics of carbohydrates, proteins, and fats. 
• Students learn the tests to detect the presence of carbohydrates, proteins, and fats. 
• Students will be able to experiment more accurately in the real lab once they 

understand the steps through the animation and simulation. 
• Students will be able to write a well-balanced reaction equation for different tests. 
• Students will be able to describe the test and positive results. 
 
Introduction: 
The food we eat is one of the necessary factors in our daily life that provides 
nutritional support for the human body. Food consists of both organic and inorganic 
substances. Carbohydrates, fats, and proteins are the main organic substances 
present in the food, which provide energy. 
 
Carbohydrates: One of the main components of our daily diet is carbohydrates. 
This type of food includes sugars, starch, and fibers. They are composed of sugar 
molecules that contain carbon, hydrogen, and oxygen. Carbohydrates are classified 
into simple carbohydrates and complex carbohydrates. 
 
1. Simple Carbohydrates: 
Simple carbohydrates are composed of one or two sugar units. Because of their 
smaller size, simple carbohydrates can be broken down and can be absorbed by the 
body easily. So they act as the quickest source of energy. They are found in fruits 
in the form of fructose, milk in the form of lactose and table sugar in the form of 
sucrose. 
 
There are two types of simple carbohydrates: Monosaccharides and 
Disaccharides. 
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Monosaccharides are the simplest carbohydrates, consisting of only one sugar 
unit.  Glucose, fructose, and galactose are examples of monosaccharides. They 
have the capability of reducing cupric (Cu2+) ions into cuprous (Cu+) ions due to 
the presence of free aldehydic and ketonic groups and are called reducing sugars. 
These reducing sugars give positive results in Benedict’s test and Fehling’s test 
because they reduce the cupric ion present in the Benedict’s and Fehling’s solution 
and form a precipitate of cuprous oxide. Depending upon the concentration of 
sugar, green, orange, or brick red precipitates are obtained. 
 
Disaccharides are composed of two chemically-linked monosaccharide units. 
Sucrose, lactose, and maltose are examples of disaccharides. Sucrose is a non-
reducing disaccharide. When it is boiled with HCl, sucrose undergoes hydrolysis to 
form glucose and fructose, which gives a positive result with Benedict’s and 
Fehling’s solutions. 
 
2. Complex Carbohydrates 
Complex carbohydrates are composed of long chains of simple carbohydrate units. 
Because of their larger size, they can be broken down into simple carbohydrates. 
 
Complex carbohydrates can be classified as Oligosaccharides and Polysaccharides. 
 
Oligosaccharides consist of less than 10 monosaccharide units. Disaccharides are also 
a class of oligosaccharides. Raffinose and stachyose are examples of oligosaccharides. 
 
Carbohydrates, made up of a large number of monosaccharide units, are called 
polysaccharides. Starch, glycogen, and cellulose are an example of polysaccharides. 
Starch gives a blue-black complex with iodine. 
 

Proteins: Proteins are large biological molecules made up of a large number of 
amino acid units. Amino acids are molecules consisting of both the amino (-NH2) 
group and the carboxylic group (-COOH). In proteins, the amino acid units are 
linked together by specific linkages called peptide linkages. Because of the 
complex nature of the protein, our body takes a longer time to break down protein 
molecules. Compared to carbohydrates, proteins are a much slower and longer-
lasting source of energy. Most proteins are soluble in acidic or alkaline solutions 
but insoluble in water. 
 

Proteins give color reactions due to one or more radicals or groups present in the 
complex protein molecules. All proteins do not give all color reactions because all 
of them do not contain the same amino acid units. This property of protein can be 
used for the detection of protein in a given sample. 
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Biuret test is a method used for the detection of the peptide bond in a protein 
molecule. In the Biuret test, the nitrogen atoms in the peptide chain react with 
copper ions in the reagent to form a violet-colored complex. 

 
Xanthoproteic test is used for the identification of protein-containing aromatic 
amino acid units.  By heating with nitric acid, the benzene ring in the amino acid 
unit is nitrated and forms a yellow colored nitro-compound which turns to orange 
color with alkali. 
 

Fats 
Fats are complex molecules made up of fatty acids and glycerol. Our body needs 
fats for growth and energy. Fats contain carbon, hydrogen, and sometimes oxygen. 
Phosphorous, nitrogen, and sulfur are also present in some fats. They are insoluble 
in water but soluble in nonpolar like chloroform and benzene. They are found stored 
in many oil seeds and some animal tissues. They produce translucent spots on paper 
due to the diffraction of light. They also give a pink color with azo dye, Sudan III. 
 
Test for Carbohydrates: 
1. Test for Glucose 
a. Benedict's Test 

Materials Require 
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 Procedure 
• Using a dropper, take a small quantity of Benedict’s reagent. 
• Add the reagent to the test tube containing the banana extract. 
• Boil the sample over a burner for 2 minutes holding the test tube firmly 

with a test tube holder. 
• Keep shaking the test tube as it is being heated. 
• A brick-red precipitate appears, indicating the presence of glucose in the 

banana extract. 
 
 Conclusion: On boiling banana extract with Benedict’s reagent, the cupric 

ion present in Benedict’s reagent is reduced by the reducing agent, sugar, to 
form a brick red colored precipitate of cuprous oxide. 

 
b. Fehling's Test 
Materials Required 

 
Procedure 
• Using a dropper, take a small quantity of Fehling’s solution A. 
• Add the Fehling’s solution A to the test tube containing the banana extract. 
• Using a dropper, take a small quantity of Fehling’s solution B. 
• Add Fehling’s solution B to the test tube containing the banana extract. 
• Boil the sample over a burner for 2 minutes, holding the test tube firmly with 

a test tube holder. 
• Keep shaking the test tube while heating. 
• A brick-red precipitate appears, indicating the presence of glucose in the 

banana extract. 
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 Conclusion 
 The cupric ion present in the Fehling’s solution is reduced on boiling by the 

reducing substance, sugar, to form the brick red colored precipitate of cuprous 
oxide. 

 
2. Test for Sucrose 

Materials Required 
 

Procedure 
• Using a dropper, take a small quantity of concentrated HCl. 
• Add 2 to 3 drops of concentrated HCl to the test tube containing 

sugarcane extract. 
• Boil the sample over a burner for 2 minutes, holding the test tube firmly 

with a test tube holder. 
• This hydrolyses sucrose into glucose and fructose. 
• Using a dropper, take a small quantity of NaOH solution. 
• Add a few drops of NaOH solution to the test tube to make the solution 

alkaline. 
• Now we can perform Benedict’s test to this solution to test for the 

presence of glucose. 
• Using a dropper, take a small quantity of Benedict’s reagent. 
• Add the reagent to the test tube containing the sample. 
• Boil the sample over a burner for 2 minutes, holding the test tube firmly 

with a test tube holder. 
• The color changes from blue to green and finally to orange or brick red, 

indicating the presence of glucose. 
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3. Test for Starch 
Materials Required 
Procedure 
• Using a dropper, take a small quantity of iodine solution. 
• Add 5 drops of iodine solution to the test tube containing potato extract. 
• Blue-black color indicates the presence of starch in potato extract. 
 

 
6.2  TESTS FOR PROTEINS 
 

1. Biuret Test 
Materials Required 

 

 

Procedure 
• Using a dropper, take a small quantity of 40% NaOH solution. 
• Add a few drops of NaOH solution to the test tube containing egg albumin. 
• Using a dropper, take a small quantity of 1% CuSO4 solution. 
• Add 2-3 drops of CuSO4 solution to the test tube containing egg albumin. 
• Shake the solution to mix it well. 
• A violet color appears in the test tube, which indicates the presence of 

proteins. 
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2. Xanthoproteic Test 
Materials required 

 

Procedure 
• Using a dropper, take a small quantity of concentrated HNO3. 
• Add 5 drops of Concentrated HNO3 to the test tube containing egg 

albumin. 
• Boil the sample over a burner for 2 minutes, holding the test tube firmly 

with a test tube holder. Yellow precipitate appears in the test tube. 
• Using a dropper, take a small quantity of ammonia solution. 
• Add a few drops of ammonia solution to the sample. 
• Shake the solution to mix it well. 
• Yellow ppt. changes to orange in color, which indicates the presence of 

protein. 
 

3. Million’s Test 
Materials Required 
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Procedure 
• Using a dropper, take a small quantity of Million's regent. 
• Add a few drops of Million's reagent to the test tube containing egg 

albumin. 
• Wait for some time. 
• The pink color appears in the test tube, which indicates the presence of 

protein 
 
 

6.3  TEST FOR LIPIDS 
 
1. Sudan III Test 
 Materials Required 
 

Procedure: 
• Using a dropper, take a small quantity of Sudan III reagent. 
• Add a few drops of Sudan III reagent to the test tube containing egg 

albumin. 
• Shake the solution to mix it well. 
• Pink droplets appear indicating the presence of fat in the sample. 

 
2. Paper Spot Test 
 Materials Required 
 Peanut seeds and a piece of white paper. 
 

Procedure 
• Take a peanut seed from the watch glass. 
• Crush the peanut seed and rub it on a piece of white paper. 
• Paper becomes translucent at the spot, which indicates the presence of 

fat. 
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Useful Links 
 
Test for carbohydrates: 
https://amrita.olabs.edu.in/?sub=79&brch=17&sim=205&cnt=726 
(Retrieved on 02/05/2020) 

1. Benedict’s test: https://www.youtube.com/watch?v=TDFbtEwbmz0 
 (Retrieved on 02/05/2020) 
 
2. Fehling’s test: https://www.youtube.com/watch?v=yjLB_ntM324 
 (Retrieved on 02/05/2020) 

 
Test for sucrose: https://www.youtube.com/watch?v=6vau7isV6U4 
 (Retrieved on 02/05/2020) 
 
Test for starch: https://www.youtube.com/watch?v=SgDeHXWm8Hk 
 (Retrieved on 02/05/2020) 
 
Test for protein: https://amrita.olabs.edu.in/?sub=79&brch=17&sim= 

205&cnt=726 (Retrieved on 02/05/2020) 
 

1. Biuret test: https://www.youtube.com/watch?v=bi2LtNh5h50  
 (Retrieved on 02/05/2020) 
 
2. Xanthoprotictest: https://www.youtube.com/watch?v=VCzu3sCEE1c 
 (Retrieved on 02/05/2020) 
 
3. Million’s test: https://www.youtube.com/watch?v=YjdfZG0N2Uo 
 (Retrieved on 02/05/2020) 

 
Test for fats/lipids: https://amrita.olabs.edu.in/?sub=79&brch=17 

&sim=205&cnt=726 (Retrieved on 02/05/2020) 
1. Sudan III test: https://www.youtube.com/watch?v=NfP0fvFK618 
 (Retrieved on 02/05/2020) 
 
2. Paper spot test: https://www.youtube.com/watch?v=MpVMaRgz18Q 
 (Retrieved on 02/05/2020) 

 
  

https://amrita.olabs.edu.in/?sub=79&brch=17&sim=205&cnt=726
https://www.youtube.com/watch?v=TDFbtEwbmz0
https://www.youtube.com/watch?v=yjLB_ntM324
https://www.youtube.com/watch?v=6vau7isV6U4
https://www.youtube.com/watch?v=SgDeHXWm8Hk
https://amrita.olabs.edu.in/?sub=79&brch=17&sim=%20205&cnt=726
https://amrita.olabs.edu.in/?sub=79&brch=17&sim=%20205&cnt=726
https://www.youtube.com/watch?v=bi2LtNh5h50
https://www.youtube.com/watch?v=VCzu3sCEE1c
https://www.youtube.com/watch?v=YjdfZG0N2Uo
https://amrita.olabs.edu.in/?sub=79&brch=17%20&sim=205&cnt=726
https://amrita.olabs.edu.in/?sub=79&brch=17%20&sim=205&cnt=726
https://www.youtube.com/watch?v=NfP0fvFK618
https://www.youtube.com/watch?v=MpVMaRgz18Q
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Self-Assessment Questions 
1. What organic compounds makeup carbohydrates? 

2. What are the simplest carbohydrates? 

3. Carbohydrates, made up of a large number of monosaccharide units are 
called? 

4. Which test is used to detect the presence of glucose in food? 

5. Which test is used to detect the presence of starch in food? 

6. Name the type of bond linked between amino acid units in a protein. 

7. Which test is used to detect the presence of protein in food? 

8. Fats are complex molecules made up of what molecules? 

9. Which test is used to detect the presence of fat in food? 

10. On adding Sudan III in a fat contained food, what does it show? 

 
6.4    PREPARATION OF PERMANENTLY STAINED SLIDES 

OF (Obelia, Daphnia, Cestode, Parapodia of Nareis) 
 
The objectives of practical 
• The student will able to understand the method for the preparation of 

permanent stains. 
• Students will able to know how to kill, fixing, staining, dehydrating, clearing, 

and mounting of different specimens. 
• Students will able to identify specific specimen under the microscope by 

looking at specific organs and systems of that specimen 
 
Preparation for permanent whole mount: The following points highlight the six 
main steps to prepare permanent slides for animals. The steps are: 
• Killing   
• Fixing and hardening  
• Staining 
• Dehydration  
• Clearing  
• Mounting. 
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Step 1: Killing 
It is the first step in the preparation of permanent mounts and is of prime 
importance. By Killing we mean the instantaneous stoppage of all vital activities in 
their respective original state without giving the tissue enough opportunity to 
undergo any postmortem changes. This can only be achieved by the use of reagents 
which are quick acting and which do not allow any change in the outer and internal 
form of the tissue. The best killing agents are 0.1% osmic acid and Ether. Another 
good reagent that is most commonly used is absolute alcohol. But this reagent has 
one major drawback that it shrinks and contorts the tissues. 
 
Process of Killing 
(1)  The material to be killed is put on a slide on which a very thin film of Mayer’s 
albumen has been spread uniformly (by rubbing a drop of albumen on surface of 
slide vigorously with index finger). (2) (a) the slide is either inverted for a few 
seconds on the mouth of the bottle in which osmic acid crystals have been put in 
distilled water. Or(b) A few drops of ether or absolute alcohol are placed over the 
object (material) on the slide and allowed to evaporate. 
 
Step 2: Fixing and Hardening: 
Fixing and hardening is the second major step in slide preparation. In case of minute 
living organisms fixing and hardening is usually attained by the killing agents alone 
but in the case of sections of larger organisms or tissues, this is done through the 
use of various fixing agents. 
 
The purposes of fixing, such as: 
(1)  Fixing stops any alteration in the form of tissues. 
(2)  It hardens the tissues and makes them fit for extensive subsequent processing. 
(3)  It makes the tissues suitable and susceptive for the action of stains and various 

other reagents. 
(4)  Fixing agents make various constituents and components of a tissue optically 

differentiated by changing their refractive indices. 
 
The various important fixing agents are: 
(1)  Bouin’s fluid, 
(2)  Mercuric chloride, 
(3)  70% Alcohol, 
(4)  Acetic acid, 
(5)  Formalin (formaldehyde) 
(6)  Potassium dichromate and 
(7)  Osmic acid (osmium tetraoxide). 
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After fixing in any of the aforesaid fixatives thorough washing of material is very 
essential otherwise the tissues may be completely spoiled. Various reagents used 
for washing are: 
(1)  70% Alcohol (for Bouin’s) 
(2)  Iodine + 70% alcohol, for mercuric chloride 
(3)  50% alcohol for acetic acid 
(4)  70% alcohol for formaldehyde 
(5)  Water and 0.12% chloral hydrate for potassium dichromate and 
(6)  Water (for osmic acid and K2CrO7). 
 
Step 3: Staining 
The process of the coloring of various components and parts of tissue for clear and 
absolute differentiation through the use of different dyes (stains) is called staining. 
The nature of dyes may be acidic, basic, or neutral. Usually, the acidic dyes stain 
the cytoplasmic part and basic dyes color the nuclear part. 
 
However, with a basic or nuclear dye cytoplasm may also be stained. single staining 
is used, which may color both nucleus and cytoplasm at the same time. But, where 
specific strains are used, they are usually used in combination of two (double 
staining), three (triple staining), four or even more stains. 
 
Single Staining 
For single staining, the dyes used are actoorthin stain or borax carmine in 70% 
alcohol. 
 
Procedure 
The material, after thorough washing is passed through gradually increasing 
percentage of the medium in which stain is made, e.g., since borax carmine or picro-
indigo-carmines are usually made in 70% alcohol, the material should first be 
passed through 30% alcohol, 50% alcohol and 70% alcohol for at least 3 minutes 
in each. 
 
After the material has been saturated with the medium, it is put in the stain for about 
3 minutes or till the material becomes dark red (in Borax carmine) or dark green (in 
Picroindigocarmine) After staining, the material is washed with the medium or 
solvent (70% alcohol in case of borax carmine and picroindigocarmine). If the stain 
is darker, it may easily be removed from the tissue through the use of acid alcohol 
in which the material is put for a few minutes (1-2 minutes) and after every 30 
seconds, it is dipped into 70% alcohol and examined under microscope till the 
desired color is achieved. 
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Step 4: Dehydration 
It is the process by which the traces of water present in the tissue are removed and 
replaced by alcohol. Alcohol is used because the clearing agent and solvent of 
mounting medium are readily soluble in alcohol, but mounting medium and its 
solvent (usually xylene) and the clearing agent (usually Xylene or Benzene) are un-
miscible in water. Dehydration is achieved by passing the tissue through a gradually 
increasing percentage of alcohol. However, if we directly put the material in 
absolute alcohol it will shrink because of the sudden loss of water.The material is 
thus passed through 30%, 50%, 70%, 90% and 100% (absolute) alcohol. To achieve 
proper dehydration the material, after absolute alcohol, should again be dipped in 
fresh absolute alcohol up to 3 to 4 times for one minute each time. Alcohol may 
better be substituted by cellosolve (Ethylene glycol monoethyl ether) because cello 
solves freely mixes with alcohol, water, xylol, and clove oil, etc., and it doesn’t 
shrink the tissue. Also, it avoids repeated placement in alcohol in gradually 
increasing strength. 
1.  It is always advisable to use a regressive staining method, i.e., the tissue 

should be first over-stained and then destainedtill the desired depth of color 
is achieved. 

2.  After single and double staining the excessive stain is removed by washing 
the tissue in acid alcohol (for stain prepared in alcohol) or acid water (for 
water prepared stains) for a very short period repeatedly till the desired 
differentiation is achieved. 

3.  It is always advisable to use either staining tube or cavity blocks to avoid entry 
of atmospheric moisture and excessive evaporation of alcohol and reagent and 
as a safeguard against the loss of material. 

 
Step 5: Clearing (Dealcoholization) 
The substitution of the dehydrating agent (alcohol or cellosolve), by the solvent of 
the mounting medium, is called clearing. The term clearing is also used because the 
solvent or clearing agent imparts transparency to the tissue. 
 
The best cleaning agents are Cedarwood oil and Clove oil but the most commonly 
used reagent is Xylene. In its place Benzene may also be used. Since, Xylene makes 
the tissue hard and brittle and also causes its shrinkage, as such, it may be avoided 
and in its place, if possible, cedarwood oil or clove oil may be used. 
 
Procedure 
The material, after absolute alcohol, is placed in xylene or any other clearing agent. 
If the clearing agent turns turbid or white, it shows that dehydration is not complete. 
Hence put the material again in fresh absolute alcohol for 5 minutes and then dip in 
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clearing agent for 5 minutes or till it becomes transparent. Still, if turbidity appears 
put the material for 5 minutes in a fresh clearing agent. 
 
Step 6: Mounting 
The material, after it has been made transparent, is transferred to a drop of mounting 
medium which is placed in the center of the slide and is covered by a coverslip. The 
mounting medium should be of the same refractive index as the coverslip. The best 
mounting media are:(1) Canada balsam dissolved in xylene or (2) Espanol 
 
Procedure 
With a glass, rod put a small drop of Canada balsam in the center of the slide. 
Transfer the material from Xylene to this drop with a brush. Take a coverslip and 
put its one edge on the slide touching the balsam. The other edge of coverslip should 
be held obliquely by a needle as shown in fig. 1. Now bring down slowly, the edge 
of coverslip which is held with the needle as shown in fig. 2. This will prevent the 
air bubble from entering in between the balsam and coverslip. Clean any oozing 
balsam with the help of blotting paper. 
 
Precautionary Measures 
(1)  There should be no, the air bubble in balsam. 
(2)  The material should be in the center of the coverslip. 
(3)  The coverslip should be in the center of the slide. 
(4)  Canada balsam should not ooze out of coverslip. 
 

 
Step 7: Labelling: 
Now put down your name on one edge of the slide and identification of the material 
on the other edge of the slide and put it under a microscope for examination. 
 
 

https://www.notesonzoology.com/wp-content/uploads/2016/07/clip_image002-111.jpg
https://www.notesonzoology.com/wp-content/uploads/2016/07/clip_image004-77.jpg
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Permanently Stained Slides of the Oblia 
O. geniculata is a marine animal and 
exists in three forms: (i) a branched 
colony of hydra-like organisms, the 
hydranths or polyps, which also bears (ii) 
blastostyles from which develop (iii) 
free-swimming medusa, minute jelly-
fish bearing sexual organs. The 
individual forms are termed zooids. This 
is sometimes considered as alternation of 
generations or metagenesis but there is 
no real alternation between the asexual 
and sexual forms and apart from the 
gametes, the cells in all forms have 
diploid nuclei. It is a case of trimorphism 
since there are three forms—the 
hydranth, the blastostyle, and the 
medusa. The existence of many different 
forms of the same organism is called 
polymorphism. 

 
a) Examine a prepared slide of the 
hydranth colony. Note the nutritive 
hydranths, Hydra-like individuals growing 
alternately on a stalk, the hydrocaulus 
which is attached to seaweeds by a 
branched hydrorhiza at the base (this may 
not be present). Note the perisarc, a non-
cellular outer coat covering the entire 
colony and enclosing a common stalk, the 
coenosarc, consisting of outer ectoderm 
and inner endoderm separated by a thin 
mesoglea. In thecenter of the coenosarc is 
the cavity, the enteron, with which the 
enteron of the hydranths is continuous. 
Each hydranth fits into a cup-shaped 
hydrotheca (a continuation of the perisarc) 
and bears at its free end several tentacles 
that surround the hypostome, on which is 
situated the mouth. In the axils of the lower 
hydranths (which are the older ones) are 
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the blastostyles, or asexual reproductive zooids. Each is enclosed in a club-shaped 
continuation of the perisarc, the gonotheca. It has no mouth or tentacles but gives 
rise to several small medusoid buds, which develop into free-swimming medusa. 
(b) Make a stained permanent preparation of a hydroid colony. Stain with borax 
carmine. 
 
(2)  Examine a prepared slide of a medusa. It is umbrella-shaped and bears 
round the rim a large number of short tentacles with swollen bases. The convex 
upper side is the ex-umbrellar surface, and the concave side is the sub-umbrella 
surface, from the center of which is a short stalk, the manubrium, bearing on its tip 
the mouth (specimens are usually mounted to show the sub-umbrellar surface). A 
canal leads from this to the spherical enteron, from which four radial canals, at right 
angles to one another, lead to the circular canal which runs around the edge of the 
umbrella. In the freshly formed medusa, there are sixteen tentacles, four per-radial 
tentacles, one opposite each radial canal, four inter-radial tentacles, one between 
each pair of per-radials, and eight adradial tentacles, one between each per-radial 
and inter-radial but others are formed as it becomes older. Look for the statocyst, a 
small sac containing a small calcareous object, the statolith, at the base of each 
adradial tentacle, and the ocellus, a small pigmented spot at the base of the per-
radial, inter-radial and adradial tentacles. The gonads, or sexual reproductive 
organs, are rounded sacs, one below each radial canal. The sexes are separate, i.e., 
the medusa: are diacious. 
 
Permanently stained slide of Cestode 
Class Cestoda:  All parasites. Body composed of a chain of proglottides. Devoid 
of a gut. One or two intermediate hosts.  
 
Tapeworm These endoparasites live in the 
gut of various vertebrates and need two hosts 
to complete their life-history. There are 
several species of Tanis. T. serrate infects the 
dog and has the rabbit as its secondary host. T. 
cenurus also infects the dog: its secondary 
host is the sheep. Another dog tape-worm is 
T. echinococcus which is unusually short: the 
secondary host is the cow. T. crassicollis lives 
in the cat and the mouse. T. solium occurs in 
man and the pig and T. saginata in man and 
cattle. Dog tape-worms are the commonest 
and one of these has the dog flea as its 
alternative host. These are a few examples. 
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(1) Examine a Tape-worm under a hand lens and a slide of the scolex under 
the low power. 

 The parasite may be several feet in length. Note the minute head or scolex bearing 
on its free end a projection, the rostellum, immediately below which is a ring of 
chitinous hooks. On the side of the scolex are four suckers. (T. saginata has suckers 
but no hooks.) Immediately behind the scolexis the narrow neck followed by a 
chain of flattened structures calledproglottides. The newly formed ones near the 
neck are small, the older ones behind being much larger. 
 
(2) Examine a mature proglottis from about the middle of the animal under 

the low power, the dissecting microscope, or a strong hand lens.  
There is no mouth, alimentary canal, vascular or respiratory system, these being 
unnecessary, but each mature proglottis 
has complete sexual organs. It is 
hermaphrodite, though the male organs 
develop first and so the anterior 
proglottides contain these alone. Note the 
male organs—the small rounded testes 
scattered through-out the proglottis, 
particularly towards the anterior end, 
from which tiny ducts, the vasa 
efferentia, lead and join, forming the vas 
deferens. This leads to the genital atrium 
(or pit) which opens to the exterior on one 
side of the proglottis. The thicker 
terminal part of the vas deferens is the 
cirrus (or penis). Note also the female 
organs—two ovaries, large, somewhat 
oval organs in the posterior part of the 
proglottis, behind which is the yolk-gland 
or vitelline gland. Anterior to this gland in the center is the small shell gland. A 
vitelline duct and a pair of oviducts join behind the shell gland, and from the 
junction arises the blindly ending uterus, which runs up the center of the proglottis 
and is at first a simple tube (but later it is much branched) and the vagina which 
runs across to the genital atrium, being wider at the inner end where it is called the 
receptaculum seminis. The longitudinal excretory canal will be seen running along 
each side and a transverse excretory canal (or commissural vessel) uniting the two 
longitudinal vessels across the posterior end of the proglottis. The nerve cord will 
be found on each side external to the longitudinal excretory duct. 
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(3) Examine a more mature proglottis from the posterior end of the animal. 
Almost the whole of the proglottis is occupied by the much-branched uterus, the 
other reproductive organs having degenerated.  
 
(4) Examine the bladder-worm under a hand lens and the low power. Note 
the bladder-worm or cysticercus, a bladder-like structure which later bears a narrow 
protruding neck which has been everted from it. This is the proscolex and bears 
suckers and hooks like the scolex of the tape-worm itself.  

(5) Examine a slide of a flame bulb Note that the cells are large and have several 
cytoplasmic processes prolonged from them. In the center is a large cavity 
containing several flagella. A duct leads from this cavity. The nucleus is found in 
the cytoplasm to one side. 

(6) Examine a Transverse Section through a mature proglottis. Note the thick 
external cuticle inside Nk 111Ch is a layer of the circular muscle followed by a 
wider layer of longitudinal muscle. The general "packing tissue" is called 
parenchyma and lying across it on each side is a band of transverse muscle. In the 
parenchyma will be found sections of the various parts of the uterus and the testes 
and at each end, the longitudinal excretory canal, external to which is the nerve 
cord. Other structures, such as the ovary, will be seen in a section through the 
posterior end of a proglottis. 
 

Permanently stained slide of Parapodia of Nereis 
Phylum Annelida (Segmented Worms) Triploblastic, metaphorically segmented, 
coelomate Metazoa. Bilaterally symmetrical. Closed blood system. Excretory 
organs nephridia. Chaetae usually present. 
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Class Polycheta: Bristle-worms show distinct cephalization and metamerism. 
Chmtae arises from protuberances on the body wall. Deocious. Marine.  
 
Nereis: (The Rag Worm) N. 
diversicolor is one of the Bristle-
worms. It lives under stones and 
burrows in the mud between tide-
levels in the sea.  
 
External Anatomy Examine a 
specimen of Nereis, using a hand-
lens when necessary. The animal 
is composed of a head and about 
eighty identical segments, each 
bearing bristles called china. The 
dorsal surface is convex, and the 
ventral surface more or less flat 
and the color varies. 
 
Examine a segment and a 
slide of a parapodium. The 
segment will be seen to bear a 
pair of lateral outgrowths 
known as parapodia. Each 
parapodium is composed of a 
dorsal bilobed notopodium and 
a ventral bilobed neuropodium, 
each bearing a bunch of chatae, 
a slender cirrus, and a short 
stiff bristle, the aciculum. 
 
 
Permanently Stained Slide of  Daphnia 
Daphnia: (water flea)This organism, which serves as food for Hydra, is found in 
ponds 
 
Examine daphnia in pond water in a small aquarium 
Note the general appearance of the animal and the curious jerky way in which they 
row themselves through the water. 
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(1) Examine a slide of Daphnia. Note 
that the whole of the body exclusive of the 
head is enclosed in a carapace, though on the 
ventral side this is incomplete. On the head, 
which is unusual in shape, are the two fused 
com-pound eyes, large antenna using which 
the animal rows itself through the water and 
mouthparts which include mandibles. The 
thorax is large and bears comb-like bristles 
that are used for breath-ing and for collecting 
food. The abdomen is rudimentary. Eggs 
may be visible in what is known as the brood 
pouch towards the posterior end of the body. 
It is interesting to find that these develop 
partheno-genetically. 
 
Useful Links  
Permanent slide of Obelia: https://www.youtube.com/watch?v=9ZcLXoizGuc 
(Retrieved on 02/05/2020) 
 

https://www.youtube.com/watch?v=xIuxzReYp_k (Retrieved on 02/05/2020) 
 
Permanent slide of Cestodes: 

https://www.youtube.com/watch?v=JeDD0HdecGk (Retrieved on 
02/05/2020) 

 
Permanent slides of Parapodia of Nereis: 

https://www.youtube.com/watch?v=EO3Cf2ubz7A  
(Retrieved on 02/05/2020) 

 
Permanent slide of Daphnia: 
https://www.youtube.com/watch?v=A4TRXFGV8Bg (Retrieved on 02/05/2020) 
 
Self-Assessment Questions 
1. What are the various important fixing agents? 

2. What precautionary measure will take while mounting the specimen? 

3. Write down the external anatomy of Nereis. 

4. Write down the procedure of decolorization. 

https://www.youtube.com/watch?v=9ZcLXoizGuc
https://www.youtube.com/watch?v=xIuxzReYp_k
https://www.youtube.com/watch?v=JeDD0HdecGk
https://www.youtube.com/watch?v=EO3Cf2ubz7A
https://www.youtube.com/watch?v=A4TRXFGV8Bg
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5. What is single stanning, write down the procedure of single staining. 

6. Write a note on a prepared slide of medusa. 

7. What is the purpose of fixing? 

8. Highlight the six main steps to prepare permanent slides for animals. 
 

6.5  STUDY OF CYTOCHEMICAL DETECTION OF DNA IN 
PROTOZOA AND AVIAN BLOOD CELLS 

 
Objectives of the practical 
• To know about the detection of the parasite by microscopy 
• To observe Ultrastructural and cytochemical investigations. 
• To have an idea about how culture preparation takes place. 
 
Introduction 
Cytochemical stains are the special stains that can be performed on peripheral 
blood smears and bone marrow smears. They play a very important role in 
diagnosis, differentiation, and classification of Leukemias. These stains can be 
cytochemical i.e they use cellular enzymatic reactions to impart staining. 
 
Study Material 
Blood protozoa are single-cell organisms that often have flagella, cilia, or other 
structures that help them move. They sometimes form parasitic relationships with 
humans and cause diseases or infections. The most common blood protozoa in 
humans, animals, and vectors include Plasmodium, Leishmania, Trypanosoma, 
Toxoplasma gondii, and Babesia. The study of parasitic protozoa plays a major role 
in cell biology, biochemistry, and molecular biology. Numerous cytochemical 
techniques have been developed to unequivocally identify the nature of subcellular 
compartments. Enzyme and immuno-cytochemistry allow the detection of, 
respectively, enzymatic activity products and antigens in particular sites within the 
cell. Energy-filtering transmission electron microscopy permits the detection of 
specific elements within such compartments. These approaches are particularly 
useful for studies employing antimicrobial agents where cellular compartments 
may be destroyed or remarkably altered and thus hardly identified by standard 
methods of observation. In this regard, cytochemical and spectroscopic techniques 
provide valuable data allowing the determination of the mechanisms of action of 
such compounds. 
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Apparatus and chemicals 
Protozoa Culture, Aceto-orcein stain, Coverslips, Formo-saline, Acetone, Distilled 
Water, Syringe, Glycerine, Light Microscope, Heparin, Methyl green pyronin, 
Acetic acid, Xylene 
 
Procedure 
For Protozoa Culture:1) Wash hands and put on gloves. 2) Put a protozoa culture 
drop on the slide.3) Add a drop of acetic acid (for 2 minutes) to fix the protozoa.  
4) Wash the slide with distilled water.5) Put a drop of methyl green pyronin stain 
for 15 minutes.6) Again wash with distilled water and then dehydrate it with 
acetone.7) Finally, wash it with xylene.8) Mount the slide with glycerine.  
9) Observe the green-blue color of DNA under the microscope. 
 

 
For Avian Blood Cells 
1)Take any bird blood in a syringe containing an anticoagulant (heparin or sodium 
citrate). 2) Put a drop of blood on a slide and make a thin smear. 3) Dry the blood 
smear in air. 4) Add a few drops of formo-saline (for 4 minutes) to fix the blood 
cells. 5) Put a few drops of methyl green pyronin stain for 15 minutes. 6) First, wash 
with distilled water and then dehydrate it with acetone. 7) Finally, wash it with 
xylene. 8) Mount the slide with glycerine. 9) Observe the green color of DNA under 
the microscope. 
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Cytochemical Study: The study of chemical components of the cell without 
extracting DNA from the cells. 
 
Culture Preparation: Collect leaf litters under plants and put them in a dish 
containing stagnant water. Place the dish under a shady place at room temperature. 
Wait for 2-3 days for the preparation of protozoa culture. 
 
DNA Affinity to Color: DNA has a differential affinity for methyl green thus 
staining the nuclei green. 
 
Precautionary Measures: 
• Animals were handled under good animal practice strictly according to the 

Animal Ethics Procedures. 
• Procedures and potential risks were verbally explained to all participants. 
 
Useful Links 
https://www.youtube.com/watch?v=XxH9Cd7KoaI (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=a0G8UtmCW2o (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=h2opBRAOBSI (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=WPP7AjmStBg (Retrieved on 20/05/2020) 
 
 
Self-Assessment Questions 
1.  What do you know about cytochemical staining? 

2.  How will you compare protozoan and an avian blood cell? 

3.  Why cytochemical staining is performed? 

4.  How you prepare slides for cytochemical detection? 

5.  How protozoan culture is prepared? 
 
6.6 IDENTIFICATION OF DNA IN PLANT MATERIAL. 

CARMINE/ORCEIN STAINING 
 
Learning Objectives of Practical: 
• The student will be able to identify what DNA looks like to the naked eye. 
• Extract DNA from plant cells; understand the general structure of cells. 
• To know about the purpose of aceto-carmine/ aceto-orcein staining. 
 

https://www.youtube.com/watch?v=XxH9Cd7KoaI
https://www.youtube.com/watch?v=a0G8UtmCW2o
https://www.youtube.com/watch?v=h2opBRAOBSI
https://www.youtube.com/watch?v=WPP7AjmStBg
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Introduction 
Plant materials are among the most difficult for high-quality DNA extractions. The 
key is to properly prepare the tissues for extraction. In most cases, this involves the 
use of liquid nitrogen flash-freezing followed by grinding the frozen tissue with a 
mortar and pestle. Acetocarmine is a non-specific nuclear stain that simply binds 
the chromosomes and gives color to them. However, specific nuclear stain (e.g. 
feulgen) reacts with chromosomes to give them the color. Acetocarmine is a dye 
obtained from insects. 
 
Study Material 
DNA, or deoxyribonucleic acid, is the hereditary material in humans and almost all 
other organisms. Nearly every cell in a person’s body has the same DNA. Most 
DNA is located in the cell nucleus (where it is called nuclear DNA), but a small 
amount of DNA can also be found in the mitochondria (where it is 
called mitochondrial DNA or mtDNA). Mitochondria are structures within cells 
that convert the energy from food into a form that cells can use. 
 
The information in DNA is stored as a code made up of four chemical bases: 
adenine (A), guanine (G), cytosine (C), and thymine (T). Human DNA consists of 
about 3 billion bases, and more than 99 percent of those bases are the same in all 
people. The order, or sequence, of these bases, determines the information available 
for building and maintaining an organism, similar to how letters of the alphabet 
appear in a certain order to form words and sentences. 
 
DNA bases pair up with each other, A with T and C with G, to form units called 
base pairs. Each base is also attached to a sugar molecule and a phosphate molecule. 
Together, a base, sugar, and phosphate are called a nucleotide. Nucleotides are 
arranged in two long strands that form a spiral called a double helix. The structure 
of the double helix is somewhat like a ladder, with the base pairs forming the 
ladder’s rungs and the sugar and phosphate molecules forming the vertical 
sidepieces of the ladder. 
 
An important property of DNA is that it can replicate, or make copies of itself. Each 
strand of DNA in the double helix can serve as a pattern for duplicating the 
sequence of bases. This is critical when cells divide because each new cell needs to 
have an exact copy of the DNA present in the old cell. DNA is a double helix 
formed by base pairs attached to a sugar-phosphate backbone. 
 
Apparatus and Chemicals 
• Garlic root tips (Aliumsativum, 2n=16) fixed in Acetic ethanol fixative (3:1 

ethanol: acetic acid)  

https://ghr.nlm.nih.gov/mitochondrial-dna
https://ghr.nlm.nih.gov/primer/illustrations/cellmitochondria.jpg
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• Spare growing garlic roots (to demonstrate the origin of the roots and as 
backups)  

• 1M hydrochloric acid, 1mL  
• 2 Microscope slides and coverslips  
• Aceto‐orcein stain, 0.5mL OR 0.05% Toluidine blue  
• Razor blades or scalpels  
• 60°C oven, hot plate or Bunsen/spirit burner    
• Forceps  
• Glass rod with a smooth rounded end  
• transfer or Pasteur pipettes  
• Compound microscope with 400x magnification and 1000x oil immersion    
• Safety glasses 
 
Procedure 
Acetocarmine preparation (1% solution): Carmine is a basic dye that is prepared 
from the insect Coccus cacti. Dissolve 10 g carmine (Fisher C579-25) in 1 L of 
45% glacial acetic acid, add boileezers, and reflux for 24 h. Filter into dark bottles 
and store at 4°C. This solution can be stored for a long time. Staining can be 
intensified by adding ferric chloride (FeCl2·6H2O); add 5 mL of a 10 % ferric 
chloride solution per 100 mL of % acetocarmine. 
 
Acetocarmine staining: To stain plant chromosomes, a 1% solution of carmine in 
45% acetic acid is used. Freshly fixed material is transferred into 1% acetocarmine 
for at least 30 min and then analyzed by the squash method. If the material was 
fixed for a longer time, it requires a longer staining time (up to several days) to 
reach good contrast. If the material is to be analyzed immediately, fix and stain the 
tissue in one step using the 1% acetocarmine solution. 
 
Chromosome squash technique: Drain off the fixative and place the roots in 1% 
acetocarmine for 1 to 3 h. Heat until the aceto-carmine begins to boil. Cut off the 
root cap with a razor blade and squeeze the meristematic tissue out with a lancet 
needle. Add a drop of aceto-carmine or 45% acetic acid. Place a razor blade 
(double-edged) to one side and add a coverslip. Tap the coverslip gently with the 
needle end of a probe. Slide the razor blade out and heat to a point just below boiling 
(steam will form beneath the slide). Then, quickly squash with thumb or forefinger 
between two layers of filter paper. Be careful to not move the coverslip at this point. 
Preparing acetic ethanol fixative Mix 3 parts of absolute ethanol (ethyl alcohol) 
with 1 part glacial acetic acid e.g. for 40mL fixative: 30mL absolute ethanol + 
10mL glacial acetic acid Fixing the root tips Grow the roots until they are 2‐3 cm 
long   Cut the 1.5‐2 cm end off the root. Place immediately into acetic ethanol 
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fixative Fix for at least 2h before staining. Store at 4°C   Acetoorcein stain Aceto‐
orcein stain can be purchased as a 1% solution from Southern Biological. Use this 
stain undiluted.   Preparing aceto‐orcein stain from powder (the harder option). 
Stock solution:  2g synthetic orcein + 45 mL glacial acetic acid.   Dissolve the 
orcein in gently boiling glacial acetic acid. This takes considerable time to do this 
in a conical flask with a filter funnel placed in the neck to act as a simple condenser, 
and do it in a fume hood. Cool and filter. Store in the dark. Working solution: Add 
a 10mL stock solution to 12 mL distilled water. Place in dropper bottles for easy 
application. Dark glass dropper bottles are best. 
1. The root tips have been grown and placed into fixative solution (min. 2h 

fixation).  
2. Remove 2‐3 roots from the fixative with forceps. If necessary, use a razor 

blade cut off the 1‐1.5 cm end portion (the pointy growing root tip) and 
discard the rest [make sure you choose the growing end of the root, not the 
portion that was closer to the garlic clove]. Place the root tips on a glass slide 
with 4‐5 drops of 1M HCl (enough to cover them).  

3. Place the slide with root tips in acid at 60°C for 2 min (e.g. 60°C oven or hot 
plate or heat by holding about 30cm above a Bunsen burner flame with a 
peg ‐ 60°C is just tolerable to touch but protect your fingers from the heat by 
using a safety peg)[it is important that the solution does not boil or dry out; 
add more HCl if it is drying]. 

4. Add 2 drops of aceto‐orcein stain (or 
Toluidine blue stain) to the root tips. 
Sit for 1min to allow the stain to 
penetrate the tissue. (may need to 
remove excess HCl or transfer the 
root tips to a new slide)  

5. Place a coverslip over the roots. Fold 
a small piece of tissue paper to about 
the size of the coverslip, then, with 
the tissue paper over the coverslip, 
gently and evenly press down with a 
finger or thumb to squash the roots.  

6. View under low power to see if you 
have cells from the actively growing 
area of the root tip. The dividing 
garlic root cells are usually cuboidal (squarish in shape) with many large 
obvious nuclei. If the cells are elongated (long rectangles) you have cells from 
too far back in the root that is no longer dividing.  
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7. View under high power   400x   1000x oil immersion if possible 

 
 
Precautionary measures: 
1. Stain the slides carefully 
2. Use safety glasses. 
3. Care should be taken while cutting plant parts 
 
Useful Links 
https://www.youtube.com/watch?v=PgwWuTDaPd4 (Retrieved on 05/05/2020) 

https://www.youtube.com/watch?v=9-oIhcH4Nl4 (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=mUBlZ1VNReQ (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=FK8eIqFEYAA (Retrieved on 20/05/2020) 
 
Self-Assessment questions 

1.  How do you get DNA from a plant? 

2.  What type of tissue is best used from plants for DNA extraction? 

3.  What is Aceto-carmine stain used for? 

4.  How can you prove that the substance you have extracted is DNA? 

5.  What is Aceto-orcein stain used for? 
 
  

https://www.youtube.com/watch?v=PgwWuTDaPd4
https://www.youtube.com/watch?v=9-oIhcH4Nl4
https://www.youtube.com/watch?v=mUBlZ1VNReQ
https://www.youtube.com/watch?v=FK8eIqFEYAA
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6.7  EXTRACTION AND ESTIMATION OF CARBOHYDRATE, 
PROTEIN, RNA, AND DNA FROM PLANT SOURCES. 
GENETIC PROBLEMS RELATED TO TRANSMISSION 
AND DISTRIBUTION OF GENETIC MATERIAL 

 
Learning Objectives of Practical: 
• To know about various biomolecules (carbohydrate, protein, RNA, and 

DNA). 
• Compare the extraction of carbohydrate, protein, RNA, and DNA. 
• To know the basic differences between DNA and RNA. 
 
Introduction 
The extraction of biomolecules, DNA, RNA, and protein is the most crucial method 
used in molecular biology. It is the starting point for downstream processes and 
product development including diagnostic kits.  
 
Study Material 
Carbohydrates are the condensation products of polyhydroxyaldehydes or 
polyhydroxyketones and their derivatives. Usually, most of the carbohydrates are 
crystalline, water-soluble, neutral compounds, but a number of them are acidic such 
as pectic acid, gluconic acid, alginic acid, etc. Gel electrophoresis is a method to 
separate protein according to their size and charge properties. The partially purified 
protein from the chromatography separations can be further purified with non-
denaturing polyacrylamide gel electrophoresis (PAGE), or native gel 
electrophoresis. In PAGE, the proteins are driven by an applied current through a 
gelated matrix. The movement of protein through this gel depends on the charge 
density (charge per unit of mass) of the molecules. The molecules with high-density 
charge migrate rapidly. The size and shape of protein are other two important 
factors that influence PAGE fractionation. The acrylamide pore size plays a role as 
a molecular sieve to separate different sizes of proteins. The larger the protein, the 
slower it migrates as it becomes more entangled in the gel. The shape is also one of 
the factors because compact globular proteins move faster than elongated fibrous 
proteins of comparable molecular mass. PAGE is usually carried out in the presence 
of sodium dodecyl sulfate (SDS). A protein treated with SDS will usually eliminate 
the secondary, tertiary, and quarternary structure of the protein. Proteins unfold into 
a similar rod-like shape because of the electrostatic repulsion between the bound 
SDS molecules. The number of SDS molecules which bind to a protein is 
approximately proportional to the protein’s molecular mass (about 1.4 g SDS/g 
protein). Each protein species has an equivalent charge density and is driven 
through the gel with the same force. Also, PAGE can minimize the denaturation of 
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proteins. Many proteins still retain their biological activities after running PAGE. 
However, larger proteins are held up to a greater degree than smaller proteins 
because the polyacrylamide is highly cross-linked. Consequently, proteins become 
separated by SDS-PAGE based on their molecular mass. SDS-PAGE can be used 
to determine the molecular mass of the mixture of proteins by comparing the 
positions of the bands to those produced by proteins of known size. SDS used in 
electrophoresis resolve a mixture of proteins according to the length of individual 
polypeptide chains. 
 
Procedure 
Requirements for Detecting Carbohydrates in Plants 
(a)  Preparation of Sample Solution 
Carbohydrates are usually soluble in water, of course, polysaccharides are soluble 
more readily in hot water. Thus aqueous solutions of purified samples are prepared 
for the qualitative detection of sugars present in the supplied samples. From plant 
tissue, aqueous extract (in cold water/in hot water) provides most of the sugars 
available in the specimen. 
 
(b)  Reagents for carbohydrates  
1. α-naphthol solution (1 gm. in 100 ml of 70% alcohol) 
2. Concentrated sulphuric acid 
3. Fehling’s reagent: Equal vol. of Fehling’s A & B 
 (Fehling’s solution A: CuSO4. 5H2O — 35 gm. in 500 ml dist. water 
 Fehling’s solution B: NaOH — 50 gm. and Na-K-tartrate (Rochelle salt) — 

173 gm. in 500 ml dist. water) 
4. Benedict’s qualitative reagent: Dissolve sodium citrate 86.5 gms and sodium 

carbonate 50 gms in 350 ml dist. water and then dissolve copper sulphate 8.65 
gm. in 50 ml dist. water. Finally, mix and dilute up to 500 ml 

5. CuSO4.5H2O: 2.5 gm. in 100 ml dist. water 
6. NaOH solution: 5 gm. in 100 ml dist. water 
7. Barfoed’s reagent: Dissolve 13.3 gms of copper acetate in 200 ml of 1% acetic 

acid solution 
8. Tannic acid: (20 gm. in 100 ml dist. water) 
9. Seliwan off’s reagent: 0.1 gm. of resorcinol in 100 ml of 50% (v/v) HC1 
10. AgNO3 solution: 5 gm. in 100 ml dist. water 
11. Phenyl hydrazine hydrochloride 
12. Sodium acetate 
13. Glacial acetic acid 
14. Sodium carbonate (Na2CO3) 
15. Concentrated HC1 
16. Phloroglucinol solution: 0.5 gm. in 100 ml dist. water 
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17. Bial’s reagent: (5 gm. orcinol in 100 ml dist. water, Cone. HCl 30 ml and 
Ferric Chloride trace) 

18. Aniline acetate solution: 5 gm. in 100 ml dist. water 
19. Ammonium molybdate solution: 5 gm. in 100 ml dist. water 
20. Cobalt chloride solution: 5 gm. in 100 ml dist. water 
21. Ammonium hydroxide (dilute 10%) 
22. Iodine solution — 0.5 gm. I2 in 100 ml of 1% KI solution 
 
6.7.1 Tests for Detection of Carbohydrates in Plants 
The following tests are performed to detect the nature of carbohydrate available in 
the supplied sample. 
 
I.  General Test 

Molisch’s test 
A few drops of the sample 
solution is taken in a clean and 
dry test tube. Then a few drops 
of α-naphthol solution are 
added to it and shaken 
carefully. Finally conc. 
H2SO4 is poured into the test 
tube slowly. 
 
Observation 
A violet ring or purple-violet 
coloration is formed at the 
junction of the two liquids due to the formation of furfural compounds. 
 
Inference 
This is a general test for all carbohydrates. Furfural compounds are easily 
formed from all carbohydrates when treated with conc. H2SO4or HC1 and it 
can be given purple-violet colored compounds in the presence of α-naphthol. 

 
II.  Test for Reducing Sugars 
All monosaccharides viz. trioses, pentose’s and hexoses and a few disaccharides, 
viz. maltose, have free aldehyde or ketone moiety for reactions. These are called 
reducing sugars. 
1.  Fehling’s Test 
 In a clean and dry test tube, 1 ml of Fehling’s solution A and 1 ml of Fehling’s 

solution B are taken, mixed thoroughly, and then boiled for a minute. It is 

https://www.biologydiscussion.com/wp-content/uploads/2016/10/clip_image002-7.jpg
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observed that the solution remains unchanged. Finally, an equal volume of 
the sample solution is added to it and boiled in a water-bath for 5-10 minutes. 

 
Observation 
The solution initially turns yellow and then brick red. Precipitation of Cu2O 
takes place in the tube containing reaction mixture. 
 
Inference 
Presence of reducing sugar in the 
supplied sample. 
Cuprous hydroxide (CuOH) is 
formed due to the reaction of 
reducing sugar with Fehling’s 
reagent and then CuOH is reduced to cuprous oxide (Cu2O) on heating. 
Reducing sugar + Fehling’s reagent → CuOH + acidic sugar 

 
2. Benedict’ Test 

To a clean and dry test tube containing about 3 ml of the sample solution, 2-
3 ml of Benedict’s qualitative reagent is added and then boiled for 5 minutes. 
 
Observation 
The solution turns green, yellow, and finally Red, depending on the amount 
of reducing sugar present in the sample. 
 
Inference 
Presence of reducing sugar in the supplied sample. 
 

3. Barfoed’s Test 
About 1 ml of the sample solution is added to about 3 ml of Barford's reagent 
is a test tube and then boiled for 1-2 minutes add finally cooled. 
 
Observation 
The red precipitate of Cu2O is formed at the bottom of the test tube. 
 
Inference 
Presence of reducing sugar in the supplied sample (Monosaccharides are 
more sensitive than reducing disaccharides). 
 

(a)  Preparation of Sample Solution 
Carbohydrates are usually soluble in water, of course, polysaccharides are soluble 
more readily in hot water. Thus aqueous solutions of purified samples are prepared 

https://www.biologydiscussion.com/wp-content/uploads/2016/10/clip_image003-2.jpg
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for the qualitative detection of sugars present in the supplied samples. From plant 
tissue, aqueous extract (in cold water/in hot water) provides most of the sugars 
available in the specimen. 
 
6.7.2 Extraction of Proteins 
1. Bring up a predetermined amount of protein extract to 100 μl with water. 
2. Add 4 volumes (400 μl) methanol and vortex well. 
3. Add 1 volume (400 μl) chloroform and vortex vigorously. 
4. Centrifuge for two minutes at 15000 x g. The proteins should appear as a thin 

wafer or a circular flake at the liquid interface. However, there are times when 
precipitated proteins are not visible. 

5. Remove the aqueous top layer (water-methanol mix) without disturbing the 
interface. 

6. Add 4 volumes of methanol to wash the precipitate. 
7. Vortex vigorously and centrifuge for two minutes at 15000 x g. 
8. Remove as much supernatant as possible without disturbing the delicate 

precipitate which adhered to the walls or settled to the bottom of the tube. 
9. Dry under vacuum or nitrogen. 
 
Proteins estimation by Gel Electrophoresis 
1. Preparation of Gel 
 SDS gel is prepared by a weight volume of 8%. 
2. Polymerization of Gel 
 The gel is poured into electrophoretic apparatus and comb is placed for wells, 

then it is allowed to cool for almost 30 min to polymerize 
3. Electrophoresis Buffer 
 Electrophoresis buffer is poured into tank and gel is placed in it and comb is 

removed 
4. Loading of Samples 
 Samples are loaded into wells along with dye. The protein marker is also 

loaded. The marker contains fragments of known base pairs. This helps in the 
identification of required unknown fragments 

5. Staining and Visualization 
 Protein fragments are visualized by staining with Coomassie blue. 
 
6.7.3 Plant DNA Extraction Protocol 
This method is relatively simple and has been used successfully with a wide range 
of monocot and dicot species. The method may be used with either fresh or 
dehydrated plant material. Although the DNA obtained is not of high purity, it is 
generally of sufficient quality for restriction analysis or amplification by PCR. 
Yields are typical of the order of 100-200 ug/g fresh weight of tissue. 
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Reagents and Solutions: 
• 4x CTAB (500 ml) for Precipitation 

CTAB 20 g. 
1 M Tris-Cl pH 8.0 20 ml. 
0.5 M EDTA pH 8.0 8 ml. 
dH2O complete volume to 500 ml 

• 3x CTAB (500 ml) for Extraction Buffer 
CTAB 15 g. 
1 M Tris-Cl pH 8.0 75 ml. 
0.5 M EDTA pH 8.0 30 ml. 
5 M NaCl 210 ml. 
dH2O complete volume to 500 ml 

• High Salt TE (1000 ml) 
1 M Tris pH 8.0 10 ml. 
0.5 M EDTA pH 8.0 2 ml. 
5 M NaCl 200 ml. 
dH2O complete volume to 1000 ml 

 
Protocol 
1. Collect 1 g of leaf tissue and put it in a 1.5 ml tube. Homogenize the tissue 

using liquid nitrogen with a conical hand tissue grinder. 
2. Add 500 ul of 1.5x CTAB and mix well. Preheat 1.5x CTAB at 65OC before 

using Incubate for 1 hr. at 65OC with occasional shaking. 
3. Add 500 ul of chloroform:isoamylacol (24:1) and mix for 20 minutes on ice. 

Centrifuge for 10 minutes at 10,000 rpm. 
4. Transfer for upper phase into a news 1.5 ml tube. Add 50 ul of 10% CTAB 

and 1 volume chloroform:isoamylacol. Mix for 20 minutes on ice. Centrifuge 
for 15 minutes at 10,000 rpm. 

5. Transfer the upper phase to a new 1.5 ml tube. Add 1 volume of CTAB 
precipitation buffer then mix by inverting. 

• If DNA appears, hook out the DNA and transfer to a new 1.5 ml tube. 
• If DNA does not appear, incubate at 65OC for 30 minutes. As DNA 

precipitates, do not let it stand out 65OC for more than 1 hour. Centrifuge at 
12,000 rpm for 3 minutes and then discard the supernatant. 

6. Add 300 ul of high salt TE and incubate at 65OC until the pellet dissolves. 
7. Add 2 volumes of 95% ETOH (ethanol) and mix gently. 
8. Centrifuge at 14,000 rpm for 1 minute. 
9. Wash the DNA twice with 70% ETOH by spinning at 14,000 rpm for 1 minute. 
10. After the last wash discards the supernatant and centrifuge again at 14,000 

rpm for 1 minute. 
11. Pipette out the excess ethanol. 
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12. Let ethanol and DNA to dry out then add TE buffer and store in –20OC  
13. The amount of TE to be added depends on the amount of DNA 
14. Allow the DNA to dissolve in TE before storing in –20OC 
 
Estimation of DNA by Agarose Gel 
1. Cast a 1.0% (w/v) regular agarose gel in 1X TBE  
2. Place 5 µL of extracted DNA and 5 µL sterile water in a 0.2 mL 

microcentrifuge tube along with 2 µL of gel tracking dye.  
3. Run the gel for 20 min. at 100v. 
4. Stain gel and view result 

with ethidium bromide the 
gel is placed on an 
ultraviolet trans illuminator 
at a wavelength of 254nm. 
DNA fragments are 
visualized by staining with 
ethidium bromide and 
placing it in UV light. This 
fluorescent dye intercalates 
between the bases of DNA 
and RNA. It is often 
incorporated into the gel so that staining occurs during electrophoresis 

 
6.7.4 RNA Extraction using TRIZOL 
Homogenization 
1. Prepare 1.5ml Safe-lock Eppendorf tubes and add 5-6 glass-beads.  
2. Add 4-6 young leaves to each tube and freeze immediately in liquid nitrogen. 

Samples can be used immediately or stored for up to several months at -80°C. 
3. Cool disruptor barrels in liquid nitrogen (5 min). 
4. Homogenize the tissue in a disruptor for 4 minutes at 30x amplitude RNA 

extraction. 
5. Immediately add 1ml of TRIZOL to the homogenized tissue  
6. Vortex and incubate at RT for 10 min. 
7. Centrifuge the samples at 13000 rpm for 10min at 4°C to remove extracellular 

material and glass beads.  
8. Transfer the supernatant to new tubes.  
9. Add 0.2ml of chloroform per 1ml TRIZOL  
10. Shake vigorously by hand for 15 seconds.  
11. Incubate at RT for 3 min.  
12. Centrifuge the samples at 13000 rpm for 15min at 4°C for phase separation.  
13. Transfer the aqueous upper phase to new tubes (ca 50-60% of TRIZOL vol.)  
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14. Precipitate RNA by mixing with 0.5 ml isopropanol per 1ml TRIZOL  
15. Incubate at RT for 10 minutes  
16. Centrifuge the samples at 13000 rpm for 10min at 4°C to obtain pellets RNA 

wash 
17. Remove supernatant and wash pellets with 1ml 75% EtOH (diluted with 

DEPC treated water).  
18. Vortex once and centrifuge at 7500 x g for 5min at 4°C  
19. Discard the supernatant and dry pellets for 5 min at RT (or in speed-vac)  
20. Dissolve pellets in DEPC treated water  
21. Incubate at 55°C for 10 minutes. Store at –80°C until use.It can also be viewed 

by electrophoresis. 
 
Precautionary Measures 
1. While loading samples into well try not to push hard, it will destroy wells 
2. Ethidium bromide/SDS is carcinogenic, it should be handled with great care 
3. Voltage should not be high 
4. The gel should be made in the same buffer that is used as a running buffer 
 
Genetic problems related to transmission and distribution of genetic material 
Technique 
Any change in the gene frequencies in the population can be detected with time. 
The Hardy-Weinberg formulae allow us to detect some allele frequencies that 
change from generation to generation. If the frequency of the dominant allele ‘A’ 
in the founding population was ‘p’, and the frequency of the recessive allele ‘a’ in 
the founding population was ‘q’ then after one generation of random mating, the 
genotype frequency would remain fixed and would be in the ratio: p2 (AA) + 2pq 
(Aa) + q2 (aa) since there are two alleles in the population. 
 
Hardy-Weinberg Formulae: 
1.      P + q = 1                2.   P2 + 2pq + q2 = 1 
 
Example:  Consider a population of two types of individuals, 50% AA and 50% aa 
(p and q = 0.5).  After random mating one should have the following combinations: 
 

Mother Father Frequency Offspring 
AA Aa aa 

AA AA 0.5 x 0.5 0.25   
AA aa 0.5 x 0.5  0.25  
aa AA 0.5 x 0.5  0.25  
aa aa 0.5 x 0.5   0.25 
Total 0.25 0.50 0.25 
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Even though there were no heterozygotes in the founding population, after one 
generation of random mating, the genotype frequencies are in the ratio of p2 (AA), 
2pq (Aa), and q2 (aa). Therefore, the gene frequencies remain p = 0.5 and q = 0.5. 
Both remain fixed in those frequencies for future generations. The students can 
easily calculate the frequencies in the next generation by using a similar Table as 
shown above. 
 
Allele Frequencies Remain the Same Between Generations: 
 Suppose we want to study the allele frequencies of the gene for coloration in a 
population of moths: The frequency of ‘B’ is found to be 0.9 and that of ‘b’ is 0.1. 
The Hardy-Weinberg equilibrium states that allele frequencies will not change from 
one generation to the next. During random mating, the likelihood that a ‘B’ allele 
from a mother will unite with a ‘B’ allele from a father is given by  
B x B = 0.9 x 0.9 = 0.81 for genotype BB Similarly, the likelihood of other 
combinations 
B x b = 0.9 x 0.1 = 0.9 for genotype Bb  =  0.18 
b x B = 0.1 x 0.9 = 0.9 for genotype Bb 
b x b = 0.1 x 0.1 = 0.1 for genotype Bb 
 
For Example: 
Suppose we are looking at 100 individuals so that 81 are BB, 18 are Bb, and 1 
is bb. Since each individual has two alleles, therefore, there are 200 alleles in 
all. Are the allele frequencies still 0.9 and 0.1? 
The number of B alleles is given by (81x2) + (18x1) = 180 
The number of b alleles is given by (1x2) + (18x1) = 20 
By comparing 180 to 20, you can see the frequency of B is still 0.9 and that of ‘b’ 
is still 0.1. 
 
Useful Links 
https://www.youtube.com/watch?v=ojhdTFmkY1c (Retrieved on 05/05/2020) 

https://www.youtube.com/watch?v=5c40vAsQ6tE (Retrieved on 05/05/2020) 

https://www.youtube.com/watch?v=tcPgdR9_t64 (Retrieved on 05/05/2020) 

https://www.youtube.com/watch?v=RmPsLoIPRwc (Retrieved on 05/05/2020) 

https://www.youtube.com/results?search_query=electrophoresis  
(Retrieved on 20/05/2020) 
 
  

https://www.youtube.com/watch?v=ojhdTFmkY1c
https://www.youtube.com/watch?v=5c40vAsQ6tE
https://www.youtube.com/watch?v=tcPgdR9_t64
https://www.youtube.com/watch?v=RmPsLoIPRwc
https://www.youtube.com/results?search_query=electrophoresis
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Self-Assessment Questions 
1. Out may sample a population in which you know that the percentage of the 

homozygous recessive genotype (aa) is 36 %. Using that 36 %, Calculate the 
frequency of the ‘aa’ genotype and frequency of the ‘a’ allele. 

2. Compare extraction procedures for carbohydrate, protein, RNA, and DNA. 

3. How estimation of carbohydrate, protein, RNA, and DNA carried out. 

4. How will you differentiate DNA and RNA? 

5. What is the function of isopropanol in RNA extraction? 
 
6.8  INVESTIGATION OF DIGESTION OF PROTEIN BY 

PEPSIN, CARBOHYDRATE DIGESTION BY PTYALIN 
 
Learning Objectives of Practical 
• The purpose of this experiment is to investigate the activity of each enzyme. 
• To know Carbohydrates that you eat are broken down into monosaccharides 

by enzymes in your digestive tract. 
 
Introduction 
Every living cell contains several hundred to several thousand different 
macromolecules known as proteins. Proteins are vital to most structural 
components of cells as well as to their chemistry. For cells to make the types of 
proteins they need they must first break down proteins into their building blocks—
amino acids. This degradation process is called digestions. 
 
Study Material 
The importance of proteins in living organisms cannot be overemphasized. They 
are structural components of cells as well as messengers and receptors of messages 
between cells. They play an important role in the defense against disease. Their 
most important role, however, is as enzymes specialized molecules that facilitate 
the many reactions occurring in cells. One protein was digesting another protein in 
this experiment. Pepsin, an enzyme, and protein, is digesting egg white, another 
common protein. The early studies of digestion in the stomach are always of interest 
to students. In 1783, Spallanzani described digestion as a chemical process and 
concluded that the stomach was acidic. Recall the observation of Dr. Beaumont in 
1822 on his patient, Alexis St. Martin, who had an open hole in his stomach from 
a gunshot wound that healed with an open hole to the outside of his body. Dr. 
Beaumont looked right into St. Martin’s stomach and experimented with the hole 
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in his side. He collected samples and designed experiments that he performed in St. 
Martin’s stomach. Biologists today often install windows into the stomach of 
organisms to study digestion. Two aspects of enzyme activity that are important to 
cells are illustrated in this lab. Enzyme reactions are faster at higher temperatures 
(an easy extension to this lab), but the temperature range is a fairly narrow one. 
Above certain temperatures, enzymes break down. How does the rate of enzyme 
activity do at 98.6 °F? Enzyme activity also varies with the pH of the environment. 
Each enzyme has an optimum temperature and pH. Pepsin (operating in the 
stomach) enjoys an acidic pH range and works best in acid conditions.  
 
6.8.1  Protein Digestion by Pepsin 
Apparatus and Chemicals 
Egg whites, fresh Metric ruler Hydrochloric acid solution, 0.1 M, 8 mL Paper 
towels Pepsin solution, 1%, 10 mL Pipets, Beral-type, thin-stem Toluene, several 
drops Scalpel Beaker, 400-mL, or pot for water bath Scissors Forceps Test tubes, 
13 × 100 mm, 4 Hot plate Water bath Markers 
 
Procedure 
1. Secure two Beral-type pipets. Carefully draw egg white into the pipets, one 

at a time, until each pipet stem is filled with liquid egg white. Use scissors to 
cut off the end of each pipet while the stem is still submerged in the egg white. 
Use paper towels to prevent the liquid egg white from getting on the tabletops, 
etc.  

2. Immerse one of the pipets into a boiling water bath until the egg white is 
cooked, i.e., it hardens and turns white. Repeat this procedure for the other 
pipet. Be careful with the boiling water and allow the pipet to cool before 
handling the stem. Beral pipet with cooked egg albumin. 

3. Use a sharp scalpel or razor blade to cut each filled pipet stem into two 3-cm 
pieces. The egg white should be flush at both ends of the cut stem. 

4. Place each of your egg white stems into four separate test tubes.  
5. Pour 5 mL of water into the first test tube and label it “W.” Pour 5 mL of a 

1% pepsin solution into the second test tube and label it “P.” Pour 5 mL of a 
0.1 M hydrochloric acid solution into the third test tube and label it “A.” Pour 
equal amounts of pepsin solution and hydrochloric acid solution into the 
fourth test tube to equal 5 mL total volume and label it “PA”. Be sure the 
solutions completely cover the stems containing the egg white. 

6. Every ten minutes for the rest of this lab period, use a forceps to remove the 
stems, one at a time, from each test tube and observe them. Place each stem 
on a separate paper towel and be sure to return the stem to the proper test tube 
after your observations are complete. Rinse the forceps between each tube. In 
some of the stems, you may notice that the egg white is no longer flush with 
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the ends of the tubing. With the metric ruler, measure the clear area between 
one end of the stem and the solid egg white. This distance is a measure of how 
much of the egg white protein has been digested. (When digested, protein 
becomes a clear liquid that flows out of the tube). 

7. Allow digestion to continue overnight. Store the test tubes in a water bath or 
warm place as directed by your instructor. Bacteria are likely to start to grow 
on the egg white; therefore, something must be added to retard bacterial 
growth during the rest of the experiment. Your instructor will add a drop of 
toluene to each of your test tubes. Handle safely.  

8. After 24 hours, remove each stem carefully and measure the amount of 
digestion in each. Record your results in Data Table 1. After 48 hours, record 
another set of measurements.  

9. Plot your measurements of the amount of digestion versus time on graph 
paper. Label each treatment separately (W, P, A, and PA).  

 
Carbohydrate digestion by ptyalin 
• Iodine solution 
• Benedict solution 
• Tube rack 
• Test tubes 
 
Procedure 
1. Take 5 test tubes and label them 1-5. 
2. Add solutions ie 2.5ml amylase solution+2.5ml starch solution, 2.5ml boiled 

amylase solution+2.5ml starch solution, 2.5ml amylase solution, 2.5ml boiled 
amylase solution and 2.5ml starch solution 

3. Put in a water bath and after that add iodine solution or benedict solution in it. 
4. Observe dark purple color for the iodine test.  
 
Result Interpretation of Benedict’s Test 
1. If the color upon boiling is changed into green, then there would be 0.1 to 0.5 

percent sugar in solution. 
2. If it changes color to yellow, then 0.5 to 1 percent sugar is present. 
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3. If it changes to orange, 
then it means that 1 to 1.5 
percent of sugar is 
present. 

4. If color changes to red, 
then 1.5 to 2.0 percent 
sugar is present. 

5. And if color changes to 
brick red, it means that 
more than 2 percent of 
sugar is present in 
solution. 

 
Precautionary Measures 
1. This activity requires the use of hazardous components and/or has the 

potential for hazardous reactions.  
2. Use care in working with hot surfaces and substances. Hydrochloric acid can 

damage the eyes, skin, and clothing. If spilled, rinse thoroughly with excess 
water.  

3. Toluene is poisonous and flammable and should be dispensed by the 
instructor.  

4. Wear chemical splash goggles, chemical-resistant gloves, and a chemical-
resistant apron. 

 
Useful Links 
https://www.youtube.com/watch?v=HL7-fYBtJ1Y (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=LWfXeCVp7Wk (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=wgZyNW1dVxA (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=ckqOvRObGB0 (Retrieved on 10/05/2020) 
 
 
Self-Assessment Questions 
1. In which stems did you observe protein digestion? Do these stems have 

anything in common? Digestion occurred in tubes P and PA. The pepsin is 
the common ingredient and is a protein-digesting enzyme. 
 

2. Which stem showed the greatest protein digestion? Suggest a hypothesis to 
explain this result. How would you test the hypothesis? Tube PA showed the 

https://www.youtube.com/watch?v=HL7-fYBtJ1Y
https://www.youtube.com/watch?v=LWfXeCVp7Wk
https://www.youtube.com/watch?v=wgZyNW1dVxA
https://www.youtube.com/watch?v=ckqOvRObGB0
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greatest digestion. Hypothesis—pepsin works best in an acid pH range. 
Possible experiment to test the hypothesis—set up a variety of PA tubes in 
various pHs.  

 
3. What purpose did the W and A stems serve in the experiment? The W and A 

test tubes served as controls for the experiment 

4. What simple experiment might you perform to test the hypothesis that an 
enzyme is not used up during the reaction? 

5. What simple experiment might you perform to test the hypothesis that an 
enzyme combines with its substrate when it acts? 

6. What kinds of chemicals might you add to try to speed the action of an enzyme 
or to inhibit its action? 

7. If proteases such as pepsin and trypsin digest protein, why don't they digest 
the stomach and small intestine, which are made from protein? 
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INTRODUCTION 
 
 

A chromosome is a structure that occurs within cells and that contains the cell's 
genetic material. That genetic material, which determines how an organism 
develops, is a molecule of deoxyribonucleic acid (DNA). A molecule of DNA is a 
very long, coiled structure that contains many identifiable subunits known as genes. 
In prokaryotes, or cells without a nucleus, the chromosome is merely a circle of 
DNA. In eukaryotes, or cells with a distinct nucleus, chromosomes are much more 
complex in structure. 
 
The chromosomes are considered as the organs of heredity because of following 
reasons:  
(i)  They form the only link between two generations.  
(ii)  A diploid chromosome set consists of two morphologically similar (except 

the X and Y sex chromosomes) sets, one is derived from the mother and 
another from the father at fertilization. (iii) The genetic material, DNA or 
RNA is localized in the chromosome and its contents are relatively constant 
from one generation to the next.  

(iv) The chromosomes maintain and replicate the genetic informations contained 
in their DNA molecule and this information is transcribed at the right time in 
proper sequence into the specific types of RNA molecules which directs the 
synthesis of different types of proteins to form a body form like the parents. 

 
 

OBJECTIVES 
 
After studying this unit, you will be able to: 

• observe that normal human contains 23 pairs of chromosomes: 22 pairs of 
autosomes and 1 pair of sex chromosomes generally arranged in order from 
largest to smallest. 

• know about Genetic material in the cell is Deoxyribonucleic acid (DNA). Its 
double helical structure explains about replication and genetic code represents 
the sequence of amino acids that makeup the proteins. 

• observe genetic material in the cell is Deoxyribonucleic acid (DNA). Its 
double helical structure explains about replication and genetic code represents 
the sequence of amino acids that makeup the proteins. 
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7.1 STUDY OF CHROMOSOME MORPHOLOGY AND 
VARIATION IN CHROMOSOME NUMBER 

 
Apparatus and Chemicals 
• Models showing arrangement of chromosomes 
• Prepared slides 
• Microscope 
 
Procedure 
Slides should be studied under various magnification powers i.e; 10X, 40X and 
100X. 
Precautionary Measures 
• Slides should be observed carefully 
• Handle microscope with care 
 
Useful Links: 
https://www.youtube.com/watch?v=TJfPbtXmngs 

https://www.youtube.com/watch?v=AMVvVBTxszM 

https://www.youtube.com/watch?v=tsVHWbXqum8 

https://www.youtube.com/watch?v=BbA-pHyirzo 

https://www.youtube.com/watch?v=oRZw5dLc26w 
 
Self-Assessment Questions 
1.  Write about morphology of chromosome. 

2.  How chromosome number varies from organism to organism. Give examples. 

3.  Differentiate various types of chromosomes.  

4.  What knowledge do you have about DNA? 

5.  How will you differentiate diploid and haploid number of chromosomes. 
 
Study Material 
The structure of chromosomes and genes. A chromosome is an organized structure 
of DNA and protein that is found in cells. A chromosome is a single piece of coiled 
DNA containing many genes, regulatory elements and other nucleotide sequences. 
Chromosomes also contain DNA-bound proteins, which serve to package the DNA 
and control its functions. The word chromosome comes from the Greek chroma - 
color and soma - body due to their property of being very strongly stained by 

https://www.youtube.com/watch?v=TJfPbtXmngs
https://www.youtube.com/watch?v=AMVvVBTxszM
https://www.youtube.com/watch?v=tsVHWbXqum8
https://www.youtube.com/watch?v=BbA-pHyirzo
https://www.youtube.com/watch?v=oRZw5dLc26w
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particular dyes. Chromosomes vary widely between different organisms. The DNA 
molecule may be circular or linear, and can be composed of 10,000 to 
1,000,000,000 nucleotides in a long chain. Typically, eukaryotic cells (cells with 
nuclei) have large linear chromosomes and prokaryotic cells (cells without defined 
nuclei) have smaller circular chromosomes, although there are many exceptions to 
this rule. 
 
Today we know that a chromosome contains a single molecule of DNA along with 
several kinds of proteins. A molecule of DNA, in turn, consists of thousands and 
thousands of subunits, known as nucleotides, joined to each other in very long 
chains. A single molecule of DNA within a chromosome may be as long as 8.5 
centimeters (3.3 inches). To fit within a chromosome, the DNA molecule has to be 
twisted and folded into a very complex shape. Each chromosome has a constriction 
point called the centromere, which divides the chromosome into two sections, or 
“arms.” The short arm of the chromosome is labeled the “p arm.” The long arm of 
the chromosome is labeled the “q arm.” The location of the centromere on each 
chromosome gives the chromosome its characteristic shape, and can be used to help 
describe the location of specific genes. The arrangement of packets of genetic 
information in a chromosome is as follows:  
 
Furthermore, cells may contain more 
than one type of chromosome; for 
example, mitochondria in most 
eukaryotes and chloroplasts in plants 
have their own small chromosomes. 
The following are the different types 
of chromosomes Viral Chromosomes 
The chromosomes of viruses are 
called viral chromosomes. They 
occur singly in a viral species and 
chemically may contain either DNA or RNA. The DNA containing viral 
chromosomes may be either of linear shape (e.g., T2, T3, T4, T5, bacteriophages) 
or circular shape (e.g., most animal viruses and certain bacteriophages). The RNA 
containing viral chromosomes are composed of a linear, single-stranded RNA 
molecule and occur in some animal viruses (e.g., poliomyelitis virus, influenza 
virus, etc.); most plant viruses, (e.g., tobacco mosaic virus, TMV) and some 
bacteriophages. Both types of viral chromosomes are either tightly packed within 
the capsids of mature virus particles (virons) or occur freely inside the host cell. 
Prokaryotic Chromosomes The prokaryotes usually consists of a single giant and 
circular chromosome in each of their nucloids. Each prokaryotic chromosome 
consists of a single circular, double-stranded DNA molecule; but has no protein and 
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RNA around the DNA molecule like eukaryotes. Different prokaryotic species have 
different sizes of chromosome. Eukaryotic Chromosomes The eukaryotic 
chromosomes differ from the prokaryotic chromosomes in morphology, chemical 
composition and molecular structure. The eukaryotes (plants and animals) usually 
contain much more genetic informations than the viruses and prokaryotes, 
therefore, contain a great amount of genetic material, DNA molecule which here 
may not occur as a single unit, but, as many units called chromosomes. Different 
species of eukaryotes have different but always constant and characteristic number 
of chromosomes. In eukaryotes, nuclear chromosomes are packaged by proteins 
into a condensed structure called chromatin. This allows the very long DNA 
molecules to fit into the cell nucleus. The shape of the eukaryotic chromosomes is 
changeable from phase to phase in the continuous process of the cell growth and 
cell division. Chromosomes are the essential unit for cellular division and must be 
replicated, divided, and passed successfully to their daughter cells so as to ensure 
the genetic diversity and survival of their progeny. They are thin, coiled, elastic, 
contractile thread-like structures during the interphase (when no division of cell 
occurs) and are called chromatin threads which under low magnification look like 
a compact stainable mass, often called as chromatin substance or material. During 
metaphase stage of mitosis and prophase of meiosis, these chromatin threads 
become highly coiled and folded to form compact and individually distinct ribbon-
shaped chromosomes. These chromosomes contain a clear zone called kinetochore 
or centromere along their length. Eukaryotes (cells with nuclei such as plants, yeast, 
and animals) possess multiple large linear chromosomes contained in the cell's 
nucleus. Each chromosome has one centromere, with one or two arms projecting 
from the centromere, although, under most circumstances, these arms are not 
visible as such. In addition, most eukaryotes have a small circular mitochondrial 
genome, and some eukaryotes may have additional small circular or linear 
cytoplasmic chromosomes. The number and position of centromeres is variable, 
but is definite in a specific chromosome of all the cells and in all the individuals of 
the same species. Thus, according to the number of the centromere the eukaryotic 
chromosomes may be acentric (without any centromere), mono centric (with one 
centromere), dicentric (with two centromeres) or polycentric (with more than two 
centromeres). The centromere has small granules or spherules and divides the 
chromosomes into two or more equal or unequal chromosomal arms. According to 
the position of the centromere, the eukaryotic chromosomes may be rodshaped 
(telocentric and acrocentric), J-shaped (submetacentric) and V-shaped 
(metacentric) During the cell divisions the microtubules of the spindle are get 
attached with the chromosomal centromeres and move them towards the opposite 
poles of cell. Beside centromere, the chromosomes may bear terminal unipolar 
segments called telomeres. Certain chromosomes contain an additional specialized 
segment, the nucleolus organizer, which is associated with the nucleolus.  
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In the nuclear chromosomes of eukaryotes, the uncondensed DNA exists in a 
semiordered structure, where it is wrapped around histones (structural proteins), 
forming a composite material called chromatin. Chromatin is the complex of DNA 
and protein found in the eukaryotic nucleus which packages chromosomes. The 
structure of chromatin varies significantly between different stages of the cell cycle, 
according to the requirements of the DNA. Interphase chromatin During interphase 
(the period of the cell cycle where the cell is not dividing), two types of chromatin 
can be distinguished. The density of the chromatin that makes up each chromosome 
(that is, how tightly it is packed) varies along the length of the chromosome. dense 
regions are called heterochromatin less dense regions are called euchromatin. • 
Euchromatin, which consists of DNA that is active, e.g., being expressed as protein. 
• Heterochromatin, which consists of mostly inactive DNA. It seems to serve 
structural purposes during the chromosomal stages. Heterochromatin can be further 
distinguished into two types: o Constitutive heterochromatin, which is never 
expressed. It is located around the centromere and usually contains repetitive 
sequences. Facultative heterochromatin, which is sometimes expressed. Individual 
chromosomes cannot be distinguished at this stage - they appear in the nucleus as 
a homogeneous tangled mix of DNA and protein. Diploids and Haploids In contrast 
to prokaryotes, most eukaryote are diploids, i.e., each somatic cell of them contains 
one set of chromosomes inherited from the maternal (female) parent and a 
comparable set of chromosomes (called homologous chromosomes) from the 
paternal (male) parent. The number of chromosomes in a dual set of a diploid 
somatic cell is called the diploid number (2n). The sex cells (sperms and ova) of a 
diploid eukaryote cell contain half the number of chromosomal sets found in the 
somatic cells and are known as haploid (n) cells. A haploid set of chromosome is 
also called genome. The fertilization process restores the diploid number of a 
diploid species. 
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7.2 STUDY OF SALIVARY GLAND CHROMOSOMES OF 
DROSOPHILA 

 
Learning Objectives of this Practical 
• To know about basic structure of chromosome. 
• To observe about dissecting salivary glands. 
• To isolate the salivary glands from Drosophila larvae.  
• To prepare stained smears (“squashes”) of banded polytene chromosomes.  
• To observe polytene chromosome puffing after the chromosomes have been 

heat shocked. 
 
Introduction 
The nuclei of the salivary gland cells of the larvae of dipterans like Drosophila have 
unusually long and wide chromosomes, 100 or 200 times in size of the 
chromosomes in meiosis and mitosis of the same species. This is particularly 
surprising, since the salivary gland cells do not divide after the glands are formed, 
yet their chromosomes replicate several times (a process called endomitosis) and 
become exceptionally giant-sized to be called polytene or multistranded 
chromosomes. The endomitosis process result in the production of 2X 
chromosomes, where X gives the number of multiplication cycle. The polytene 
Chromosomes of the salivary gland cells of D. melanogaster contain 1000 to 2000 
chromosomes, which are formed by nine or ten consecutive multiplication cycles 
and remain associated parallel to each other. Further, the polytene chromosomes 
have alternating dark and light bands along their length. The dark bands are 
comparable with the chromomeres of a simple chromosomes and are disc-shaped 
structures occupying the whole diameter of chromosome. They contain 
euchromatin. If the polytene chromosomes of dipteran larval salivary glands are 
examined at several stages of development; it is seen that specific areas (sets of 
bands) enlarge or "puff". Such puffs change location as development proceed, those 
at specific locations being correlated with particular developmental stages. This 
temporal puffing indicates changes in gene activity and involves several processes 
such as the accumulation of acidic proteins, despiralization of DNA, formation of 
chromonemal loops called Balbiani rings at the lateral sides of dark bands, synthesis 
of mRNA (messenger RNA) and storage (accumulation) of newly synthesized 
mRNA around the Balbiani rings. 
 
You will prepare squashes of polytene chromosomes from Drosophila salivary 
glands, similar to those used by Thomas Hunt Morgan and students in 
demonstrating the relationship between chromosomes and the hereditary 
information. Morgan chose chromosomes from the Drosophila larval salivary gland 
for his studies, because of their unusually large size and clearly visible banding 
(Compare Figures 1 and 2). The large size of these chromosomes results from an 
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atypical cell cycle in which they undergo ten rounds of DNA replication (S phase) 
without intervening mitoses. As you recall from Chapter 14 of the text, the typical 
cell division cycle consists of a single DNA replication cycle (S phase) to generate 
a pair of sister chromatids, which are then segregated into individual daughter 
nuclei during mitosis (M phase). The polytene cell cycle of the salivary gland 
produces chromosomes consisting of 1000 (210) sister chromatids each. This 
amplification of the genetic material allows the larvae to produce the large 
quantities of gene products needed for it to undergo a rapid growth in size as it 
progresses from the first to third instar stages of development. The genetic 
experiments of Morgan showed that the Drosophila genome is subdivided into four 
linkage groups, which correspond to the four pairs of chromosome homologues 
observed in squashes of chromosomes from a tissue that undergoes a typical cell 
cycle of a single S phase and M phase (Figure 2). As shown in Figure 1, the four 
chromosomes of the Drosophila genome are held together at their centromeres that 
do not undergo polytenization -2 and, therefore remain tightly adhered to one 
another to form what is known as the chromocenter. In a well spread polytene 
chromosome squash such as the one in Figure 1, it is possible to identify five 
chromosome arms (the left and right arms of chromosomes 2 and 3 and the single 
long arm of the X chromosome). The very small 4th chromosome is also sometimes 
visible. The genes along the sister chromatids of each visible arm are held in register 
along the arms to form a characteristic and reproducible banding pattern on each 
arm. Also note that the polytene nucleus of the salivary gland is diploid, and each 
arm contains a pair of homologous chromosomes aligned in register along their 
lengths. The precise and reproducible banding pattern for each arm provided a 
mechanism for Morgan and his students to correlate changes in the physical 
properties of the chromosomes to changes in a heritable trait. A comparison of the 
banding pattern of one homologue to that of its partner allowed these changes to be 
recognized. Morgan and students treated animals to high energy radiation (X-rays 
and γ-rays) and other mutagenic agents to generate alterations in the characteristic 
banding patterns. Cytological evidence of these chromosome rearrangements 
provided evidence that chromosomes are the physical entities responsible for the 
laws of Mendelian genetics. In this week’s lab, we will prepare polytene 
chromosome squashes, similar to those of Morgan and students. 
 
Apparatus and Chemicals 
• Dissecting scope (one per Lab Group)  
• Bottle of wild type Drosophila stock  
• 10 ml Saline (0.7% NaCl)  
• 1 ml 45% Acetic Acid 5) 0.5 ml Orcein stain 
• Kimwipes  
• H2O wash bottle  
• In Lab Bench Box: - Microscope slides - Coverslips - 2 pairs of Forceps 
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Procedure 
Before begining squash preparation, watch the video demonstration and/or live 
demonstration of Drosophila larval dissection and squash preparation by your 
instructor. Then use the following procedure to prepare your own squashes.  
 
Salivary Gland Dissections  
1.  Use your forceps to remove 8-10 actively crawling larvae from the sides of the 

cultivation bottle. Place them on a dry microscope slide (slightly to one side). 
2.  Use a Pasteur pipette to place a drop of saline solution in the middle of the 

same microscope slide. Use your forceps to transfer one of the larvae to the 
saline drop, with its tracheal tubes facing up (See Figure 3).  

3.  Use one pair of forceps to hold the anterior end of the larva in place at the 
spot just above the neural ganglion in Figures 3 and 4, while using a second 
pair of forceps to grab the top layer of cuticle from a position on the larva at 
about one third body length from the anterior end (Figure 4). 

4.  The salivary glands and ventral ganglion (brain) will usually remain attached 
to the head region, separate from the rest of the body, after a clean dissection. 
A diagram of this is shown in Figure 5, and a photograph is shown in Figure 
6. Figure 7 shows a photograph of salivary glands after clean dissection from 
the larval body and head regions. You may have to use your forceps to search 
for the salivary glands among the dissected material. If this fails, simply start 
over with a new larva. These dissections are difficult to master, but reasonable 
results can be obtained with a little practice.  

5.  As you dissect the salivary glands, you can either keep them set aside in a 
separate saline drop on the slide used for your dissections or transfer them to 
a separate saline drop on a different slide. In handling the salivary glands, 
either grab them from their less fragile smallest diameter base (Figure 7, 
arrow) or use your forceps to scoop 

6.  After you have accumulated 5-6 salivary glands, prepare a slide for a squash 
of 1-2 glands. Use a Kim wipe to wipe its surface clean, then blow any dust 
from its surface before placing a 10µl drop of Lacto/Aceto Orcein stain on the 
slide. One partner of the lab group can handle this task while the other 
(probably the partner who did the dissection) handles step # 7 below.  

7.  Then place a drop of 45% Acetic Acid (HOAc) fixative on the slide next to 
the drop of saline holding your salivary glands and use your forceps to transfer 
the salivary glands from the saline to it and hold in place for ~30 seconds. 
Then immediately transfer the glands to the drop of Lacto/Aceto Orcein stain 
on the slide from step # 6.  

8.  Place a clean coverslip (dust blown from its surface) onto the surface of the 
glands and use your forceps to gently tap the surface of the coverslip in a 
circular pattern. The coverslip should rotate somewhat freely on the surface 
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of the microscope slide; this is needed to burst the membranes of the polytene 
nuclei and allow the chromosome arms to spread.  

9.  Place the slide on your microscope. Using the lowest power objective and 
standard light source, scan around the slide until you find the squashed 
material. It is often useful to first locate the squashed material on the slide by 
eye. Then place the slide on the microscope stage with this material centered 
in the light beam. This will make it easier to find your chromosomes under 
the microscope.  

10.  First locate the focal plane of your chromosomes by adjusting the focus knob 
until the fluid background material becomes visible. You can then begin to 
scan around the slide to find the chromosomes.  

11.  If the chromosomes look sufficiently well spread (See Example in Figure 1), 
you can now invert the slide and coverslip onto a sheet of Kimwipe. Then use 
your thumb to apply pressure to the coverslip while using the middle and index 
fingers of your other hand to secure the position of the slide and coverslip 
(Diagram in Figure 8). This squashing action will bring about further spreading 
of the chromosomes and remove excess liquid between the slide and coverslip 
to allow maximal attachment of the chromosomes to the slide.  

12.  If the nuclei were found to be still intact, you can attempt to rupture them if 
there is evidence of liquid between the slide and coverslip as evidenced by 
movement of background material. To rupture the nuclei, use your forceps to 
tap the surface of the coverslip as described in Steps 8-10. It may be necessary 
to start over with some newly dissected salivary glands. Preparing polytene 
chromosome squashes is part science/part art.  
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Precautionary Measures 
• The dissections and manual manipulations of salivary glands require some 

technical proficiency that is possible to acquire with some practice.  
• Be patient and just do your best. 
 
Useful Links: 
https://www.youtube.com/watch?v=UppCM_sCfRs  (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=DkiCFkB9cSo   (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=pmDi-ofPwC4   (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=vVOhHFAazCo   (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=Y8py_dPMtao   (Retrieved on 10/05/2020) 

 
Self-Assessment Questions 
1.  Draw a sketch of your best polytene chromosome spread. Are you able to see 

all five major chromosome arms (X, 2L, 2R, 3L, 3R)? Are you able to see the 
small 4th chromosome? Can you locate the chromocenter in your spread? Are 
you able track along a single chromosome arm from its centromere to 
telomere? 

2.  Compare the scale bars for the photomicrographs of the polytene 
chromosomes in Figure 1 and the metaphase chromosomes from a mitotically 
active cell in Figure 2. What can you conclude about their relative sizes from 
this? 

3.  How would you describe the differences in banding patterns for the two types 
of  chromosomes? Is it easier to see the bands in one type than in the other? 

4.  The polytene chromosomes are both longer and wider than the chromosomes 
in the larval brain squash. The atypical cell cycle of the salivary gland cell 
can account for them being wider than a metaphase chromosome? What might 
account for them also being longer? [Consider the effect of cell cycle on 
chromosome organization.  

5.  Are there any other proteins (or covalently modified form of histone) you 
would expect to have a similar staining pattern? 

6.  Briefly describe one experiment you could use to test your hypothesis. 
 

https://www.youtube.com/watch?v=UppCM_sCfRs
https://www.youtube.com/watch?v=DkiCFkB9cSo
https://www.youtube.com/watch?v=pmDi-ofPwC4
https://www.youtube.com/watch?v=vVOhHFAazCo
https://www.youtube.com/watch?v=Y8py_dPMtao
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Study of Drosophyla 
 
Study Material 
Drosophila is a genus of flies, belonging to the family Drosophilidae, whose 
members are often called "small fruit flies" or (less frequently) pomace flies, 
vinegar flies, or wine flies, a reference to the characteristic of many species to linger 
around overripe or rotting fruit. 75 per cent of the genes that cause disease in 
humans are also found in the fruit fly. Drosophila have a short, simple reproduction 
cycle. Fruit fly are small (3 mm long) but not so small that they can't be seen 
without a microscope. This allows scientists to keep millions of them in the 
laboratory at a time.  
 
D. melanogaster is typically used in research owing to its rapid life cycle, relatively 
simple genetics with only four pairs of chromosomes, and large number of 
offspring per generation.[4] It was originally an African species, with all non-
African lineages having a common origin.[5] Its geographic range includes all 
continents, including islands.[6] D. melanogaster is a common pest in homes, 
restaurants, and other places where food is served.[7] 

 

Reasons for Use in Laboratories 
There are many reasons the fruit fly is a popular choice as a model organism: 
• Its care and culture require little equipment, space, and expense even when 

using large cultures. 
• It can be safely and readily anesthetized (usually with ether, carbon dioxide 

gas, by cooling, or with products such as FlyNap). 
• Its morphology is easy to identify once anesthetized. 
• It has a short generation time (about 10 days at room temperature), so several 

generations can be studied within a few weeks. 
• It has a high fecundity (females lay up to 100 eggs per day, and perhaps 2000 

in a lifetime).  
• Males and females are readily distinguished, and virgin females are easily 

isolated, facilitating genetic crossing. 
• The mature larva has giant chromosomes in the salivary glands called 

polytene chromosomes, "puffs", which indicate regions of transcription, 
hence gene activity. The under-replication of rDNA occurs resulting in only 
20% of DNA compared to the brain. Compare to the 47%, less rDNA in 
Sarcophaga barbata ovaries. 

• It has only four pairs of chromosomes – three autosomes, and one pair of sex 
chromosomes. 

 

https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Drosophila_melanogaster#cite_note-Encyclopedia_of_genetics-4
https://en.wikipedia.org/wiki/Drosophila_melanogaster#cite_note-5
https://en.wikipedia.org/wiki/Cosmopolitan_distribution
https://en.wikipedia.org/wiki/Cosmopolitan_distribution
https://en.wikipedia.org/wiki/Drosophila_melanogaster#cite_note-Markow2015-6
https://en.wikipedia.org/wiki/Drosophila_melanogaster#cite_note-ento.psu.edu-7
https://en.wikipedia.org/wiki/Diethyl_ether
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/FlyNap
https://en.wikipedia.org/wiki/Generation_time
https://en.wikipedia.org/wiki/Fecundity
https://en.wikipedia.org/wiki/Polytene_chromosome
https://en.wikipedia.org/wiki/Sarcophaga_barbata
https://en.wikipedia.org/wiki/Chromosomes
https://en.wikipedia.org/wiki/Autosome
https://en.wikipedia.org/wiki/XY_sex-determination_system
https://en.wikipedia.org/wiki/XY_sex-determination_system


185 
 

 
• Males do not show meiotic recombination, facilitating genetic studies. 
• Recessive lethal "balancer chromosomes" carrying visible genetic markers 

can be used to keep stocks of lethal alleles in a heterozygous state without 
recombination due to multiple inversions in the balancer. 

• The development of this organism—from fertilized egg to mature adult—is 
well understood. 

• Genetic transformation techniques have been available since 1987. 
• Its complete genome was sequenced and first published in 2000.  
• Sexual mosaics can be readily produced, providing an additional tool for 

studying the development and behavior of these flies. 
 

7.3   STUDY OF MEIOSIS IN GRASSHOPPER TESTIS 
(Students Should Prepare the Slide) 

 
Learning Objectives 
• To observe the stages of meiosis on grasshopper testis through permanent 

slides 
• To know about differences between different meiotic stages 
• Preparation of slides and dissection of grasshopper testis 
 
Introduction 
Interphone 
This phase is usually present in animal cells. The cells in this stage are 
physiologically active. No DNA replication takes place. 
 
Prophase-I 
a. Leptotene. The chromosomes are long, standard, and uncoiled. They are 

densely formed on 1 side of the cell. Only 1 sex chromosome occurs in the 
males, which normally replicates later and hence appears as a dark skin body. 

b. Zygotene. Homologous chromosomes pair by a process called synapsis. 
Pairing starts from many points on the chromosome. The chromosomes are 
called bivalents. Bivalents become shortened and thickened by coiling and 
condensation. Synapsis of a chromosome is cemented by a complex called 
synaptonemal complex, which facilitates crossing over. 

c. Pachytene. Crossing over takes place between nonsister chromatids. Crossing 
over is accompanied by the chiasmata formation. 

d. Diplotene. Condensation of chromatid material is greater. Each chromosome 
can be distinguished separately. 

https://en.wikipedia.org/wiki/Meiotic_recombination
https://en.wikipedia.org/wiki/Balancer_chromosomes
https://en.wikipedia.org/wiki/Lethal_alleles
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Genome_project
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e. Diakinesis. Homologous chromosomes begin to coil and become shorter and 
thicker. Chromosomes are fully contracted and deeply stained. The ‘X’ 
chromosome is rod-shaped, univalent, and easily distinguishable from the rest 
of the chromosomes. 

 
Metaphase-II 
The chromosomes get oriented in the equatorial region of the spindle and their 
centromeres are attached to the chromosomal fibers. Each chromosome is easily 
seen. Maximum concentration occurs at this stage. 
 
Anaphase-II 
The spindle fibers contract and the homologous chromosomes separate and move 
toward the opposite poles. Each chromosome consists of 2 chromatids attached to 
1 centromere. 
 
Telophase-I 
The separation of homologous chromosomes is completed. They reach the opposite 
poles. Two distinct daughter nuclei are formed. The daughter nuclei formed contain 
only half the number of chromosomes present in the parent cell. Cytokinesis may 
occur after the completion of telophase. 
 
Prophase-II 
The chromosomes with 2 chromatids become short and thick. This is the stage of 
the second meiotic division. The nuclear membrane and the nucleolus are absent. 
The spindle is formed and the chromosomes are arranged on the equator. 
 
Anaphase-II 
The spindle is formed. The centromeres of the daughter chromosomes are attached 
to the spindle fibers. The 2 groups of the daughter chromosomes in each cell have 
started moving apart toward the opposite poles of the spindle. 
 
Telophase-II 
The 2 groups of daughter chromosomes in each haploid cell have reached the 2 
poles of the spindle. The 2 haploid daughter cells formed as a result of first meiotic 
division divide again by the second meiotic division. Four haploid cells are formed 
from a single diploid cell. 
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1.   Interphase         2.   Leptotene           3.   Zygotene          
4.    Pachytene            5.   Diplotene    6.   Diakinese  
7.   Metaphase-I      8.   Anaphase-I       9.   Teleophase-I     
10.   Prophase-II    11.  Metaphase-II   12.   Anaphase-II  
13.   Telophase-II   14.   Spermatids (Sperms). 
 
Apparatus and Chemicals 
Procedure 
The testes of the grasshopper are removed and fixed in Carnoy’s fluid. After 2–14 
hours, the testes are transferred to 10% alcohol and stored. 
 
Dissection of Male Grasshopper (To locate testes) 
i) Males are smaller than females 
ii)      Spermatozoa divide rapidly from November to April. 
iii)     Wash hands and put on gloves 
iv)     Dissect it in Insect Saline solution after chloroformed 
v)    Give vertical cut on segment No.5 to 6 (dorsal side) to locate testes. 
vi)    The colour of testes is orange-yellow (leave the white tubules) 
vii)   Testes may be preserved in a fixative for one year 
 
Insect Saline:  Weigh 7.5 g NaCl and add it in 1 litre of water. 
 
Fixative:  Add Glacial Acetic acid 25 ml in 75 ml Ethyl Alcohol. 
 
Squash Preparation 
1. 1 or 2 lobes of the testes are removed. 
2. The testes are placed on a glass slide. 
3. Apply 1 to 2 drops of acetocarmine stain. 
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4. With a sharp blade, the teste lobes are cut into minute pieces and kept for 
10 minutes. 

5. The slide is then gently covered with a coverslip, taking care so that air 
bubbles are not formed. 

6. Warm the slide gently and place it between 2 folds of filter paper. 
7. Press the material with the tip of the finger and remove the excess stain, 

which comes out on the sides of the cover slip. 
8. The slide is observed under the microscope. 
 
Precautionary Measures 
• The instruments should be sharp and according to the requirements.  
• To come prepared with the work you are supposed to do in the laboratory 
 
Useful Links: 
https://www.youtube.com/watch?v=01WNGp8CoK8 (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=ZcMoD04vQpY (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=P_jEmEfocdk (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=SkWGMRmOP0Y (Retrieved on 10/05/2020) 

https://www.youtube.com/watch?v=N1aRRNg8kXQ (Retrieved on 10/05/2020) 

 
Self-Assessment Questions 
1.  What is meiosis? 

2.  How will you differentiate meiosis-I and meiosis-II? 

3.  How will you locate testis in male drosophila? 

4.  How you will stain testis after dissection. 

5.  Explain different stages of prophase-I. 

Study of Grasshopper 
Study Material 
Grasshoppers belong to the insect order Orthoptera, which also includes locusts and 
crickets. This order comprises more than 26,000 species (http://orthoptera. 
speciesfile.org) with global distribution and higher diversity in the tropics. The 
name of the order is derived from “orthos,” meaning “straight,” and “pteron,” 
meaning “wing.” Most orthopteran species are included in two main suborders: 

https://www.youtube.com/watch?v=01WNGp8CoK8
https://www.youtube.com/watch?v=ZcMoD04vQpY
https://www.youtube.com/watch?v=P_jEmEfocdk
https://www.youtube.com/watch?v=SkWGMRmOP0Y
https://www.youtube.com/watch?v=N1aRRNg8kXQ
http://orthoptera/
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Ensifera, including the long-horned grasshoppers (superfamily Tettigonioidea) and 
several types of crickets (Grylloidea and Gryllacridoidea), and Caelifera, including 
the short-horned grasshoppers (Acridoidea), the grouse locusts (Tetrigoidea) and 
the pigmy mole crickets (Tridactyloidea). 
 
The chromosomes of the shorthorned grasshoppers (Family Acrididae) have been 
used for a vast number of cytological studies. These chromosomes present a number 
of advantages to the cytologist. 
• They are large and relatively few in number. 
• The range of chromosome lengths in the complement is such that each 

bivalent formed at meiosis can usually be individually identified according to 
its length. 

• Chiasmata are very clear during diplotene and diakinesis thus allowing 
analyses of their structure, frequency, distribution and movement. 

• Often the position of the centromere is marked by relatively denser staining 
(precocious condensation) at early diplotene. 

 
 
7.4   STUDY OF KARYOTYPES OF DROSOPHILA, MOSQUITO 
 
Learning Objectives 
• To observe a karyotype, cells are collected from a blood or tissue sample and 

stimulated to begin dividing; the chromosomes are arrested in metaphase, 
preserved in a fixative and applied to a slide where they are stained with a dye 
to visualize the distinct banding patterns of each chromosome pair. 

• A karyotype can be used to visualize abnormalities in the chromosomes, such 
as an incorrect number of chromosomes, deletions, insertions, or 
translocations of DNA. 

 
Introduction 
A karyotype is the characteristic chromosome complement of a eukaryote species. 
The preparation and study of karyotypes is part of cytogenetics. The basic number 
of chromosomes in the somatic cells of an individual or a species is called the 
somatic number and is designated 2n. Thus, in humans 2n=46. In the germ-line (the 
sex cells) the chromosome number is n (humans: n=23). So, in normal diploid 
organisms, autosomal chromosomes are present in two copies. There may, or may 
not, be sex chromosomes. Polyploid cells have multiple copies of chromosomes 
and haploid cells have single copies. The study of whole sets of chromosomes is 
sometimes known as karyology.  
 



190 
 

Apparatus and Chemicals 
• Drosophila Larva   
• Mosquito larva        
• Glass slides               
• Plastic dropper 
•  Saline solution 0.7%          
• Tweezer                    
• Cover slips      
• Aceto-orcein stain             
• Filter papers             
• Petri dish 
• Dissecting needles              
• Light Microscope    
• Distilled Water 
• Dissecting Microscope     
• Acetic acid              
• Nail polish 
 
Procedure 
1. Wash hands and put on gloves. 
2. Remove a large active larva from the Drosophila or mosquito culture using 

tweezers. 
3. Dissect the larva to pinch the head just below the mouthparts using dissecting 

needles. 
4. Pull out the bead-like salivary glands enclosed in fat and remove the fat. 
5. Put the salivary glands to a very clean slide 
6. Add few drops of aceto-orcein stain on the salivary glands for 4 minutes 
7. Put the cover slip over the stained salivary glands 
8. Gently warm the slide and fold the filter paper over the slide. 
9. Apply the moderate pressure on the cover slip with your thumb. 
10. Tap the slide with rubber end of a pencil so that the chromosomes may be 

separated. 
11. Make a permanent slide by applying nail polish across the cover slip. 
12. First see the giant chromosomes under low power (10X) and then high power 

(40X or 100X) microscope. 
13. You will observe four pairs of chromosomes having light and dark bands. 
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Sallvary glands in the head region of Drosophito’s active large larva 
 

 
 

Karyotype (polytene chromosomes) 
 
Precautionary Measures 
• Do not use too much stain to avoid over staining which will cause hurdle to 

observe karyotype. 
 



192 
 

 
Useful Links: 
https://www.youtube.com/watch?v=STIEiWMO3GU (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=SPi8upvNHJM (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=mBq1ULWJp_M (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=MP3mm04OrQg (Retrieved on 12/05/2020) 

 
Self-Assessment Questions 
1.  Why Drosophila is used in genetic studies? 

2.  How many chromosomes do Drosophila have? 

3.  What do you know about karotyping? 

4.  What knowledge do you have about polytene chromosomes? 

5.  For what purpose karyotyping is dones? 

Study of Chromosomes 
Study Material 
The chromosomes are depicted (by rearranging a microphotograph) in a standard 
format known as a karyogram or idiogram: in pairs, ordered by size and position of 
centromere for chromosomes of the same size. Karyotypes can be used for many 
purposes; such as, to study chromosomal aberrations, cellular function, taxonomic 
relationships, and to gather information about past evolutionary events.  
 
Staining  
The study of karyotypes is made possible by staining. Usually, a suitable dye is 
applied after cells have been arrested during cell division by a solution of 
colchicine. For humans, white blood cells are used most frequently because they 
are easily induced to divide and grow in tissue culture. Sometimes observations 
may be made on non-dividing (interphase) cells. The sex of an unborn fetus can be 
determined by observation of interphase cells (see amniotic centesis and Barr 
body). Most (but not all) species have a standard karyotype. The normal human 
karyotypes contain 22 pairs of autosomal chromosomes and one pair of sex 
chromosomes. Normal karyotypes for females contain two X chromosomes and are 
denoted 46, XX; males have both an X and a Y chromosome denoted 46, XY. Any 
variation from the standard karyotype may lead to developmental abnormalities. 
Six different characteristics of karyotypes are usually observed and compared:  

https://www.youtube.com/watch?v=STIEiWMO3GU
https://www.youtube.com/watch?v=SPi8upvNHJM
https://www.youtube.com/watch?v=mBq1ULWJp_M
https://www.youtube.com/watch?v=MP3mm04OrQg
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1.  Differences in absolute sizes of chromosomes. Chromosomes can vary in 
absolute size by as much as twenty-fold between genera of the same family: 
Lotus tenuis and Vicia faba (legumes), both have six pairs of chromosomes 
(n=6) yet V. faba chromosomes are many times larger. This feature probably 
reflects different amounts of DNA duplication.  

2.  Differences in the position of centromeres. This is brought about by 
translocations.  

3.  Differences in relative size of chromosomes can only be caused by segmental 
interchange of unequal lengths.  

4.  Differences in basic number of chromosomes may occur due to successive 
unequal translocations which finally remove all the essential genetic material 
from a chromosome, permitting its loss without penalty to the organism (the 
dislocation hypothesis). Humans have one pair fewer chromosomes than the 
great apes, but the genes have been mostly translocated (added) to other 
chromosomes.  

5.  Differences in number and position of satellites, which (when they occur) are 
small bodies attached to a chromosome by a thin thread.  

6.  Differences in degree and distribution of heterochromatic regions. 
Heterochromatin stains darker than euchromatin, indicating tighter packing, 
and mainly consists of genetically inactive repetitive DNA sequences.  

 
A full account of a karyotype may therefore include the number, type, shape and 
banding of the chromosomes, as well as other cytogenetic information. Variation is 
often found:  
• between the sexes  
• between the germ-line and soma (between gametes and the rest of the body)  
• between members of a population (chromosome polymorphism)  
• geographical variation between races  
• mosaics or otherwise abnormal individuals 
 
7.5  A SURVEY STUDY OF A GENETIC FACTOR IN 

POPULATION AND ITS FREQUENCY 
 
Learning Objectives 
• How Allele frequencies and genotype frequencies are linked. 
• Genotypic frequency can be estimated by assuming Hardy-Weinberg 

equilibrium. 
• Expected genotype frequencies in the haplodiploid system (e.g sex linkage) 
• Relative frequency and its role in the evolution 
• Process of speciation and genetic evolution 
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• How a change in allele frequency affects population changes? 
• Work problem of Allelic frequency using Hardy Weinberg theory factors. 
 
Introduction 
Hardy-Weinberg Principle 
If the allele frequencies in a population with two alleles at a locus are p and q, then 
the expected genotype frequencies are p2, 2pq, and q2. This frequency distribution 
will not change from generation to generation when a population is in Hardy-
Weinberg equilibrium. 
 
Any change in the gene frequencies in the population can be detected with the 
passage of time. The Hardy-Weinberg formulae allow us to detect some allele 
frequencies that change from generation to generation. 
 
If the frequency of the dominant allele ‘A’ in the founding population was ‘p’, and 
the frequency of the recessive allele ‘a’ in the founding population was ‘q’ then 
after one generation of random mating, the genotype frequency would remain fixed 
and would be in the ratio: p2 (AA) + 2pq (Aa) + q2 (aa) since there are two alleles 
in the population. 
 

+2pq (Aa) + q2 (aa) since there are two alleles in the population. 
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Hardy-Weinberg Formulae: 
1.      P + q = 1                2.   P2 + 2pq + q2 = 1 
 
Example:  Consider a population of two types of individuals, 50% AA and 50% aa 
(p and q = 0.5). After random mating one should have the following combinations: 
 

Mother Father Frequency Offspring 
AA Aa aa 

AA AA 0.5 x 0.5 0.25   
AA aa 0.5 x 0.5  0.25  
aa AA 0.5 x 0.5  0.25  
aa aa 0.5 x 0.5   0.25 
Total 0.25 0.50 0.25 

 
Even though there was no heterozygotes in the founding population, after one 
generation of random mating, the genotype frequencies are in the ratio of p2 (AA), 
2pq (Aa) and q2 (aa). Therefore, the gene frequencies remain p = 0.5 and q = 0.5. 
Both remain fixed in those frequencies for future generations. The students can 
easily calculate the frequencies in the next generation by using the similar Table as 
shown above. 
 
Allele Frequencies Remain the Same Between Generations: 
Suppose we want to study the allele frequencies of the gene for coloration in a 
population of moths: 
 
The frequency of ‘B’ is found to be 0.9 and that of ‘b’ is 0.1. The Hardy-Weinberg 
equilibrium states that allele frequencies will not change from one generation to the 
next. During random mating, the likelihood that a ‘B’ allele from a mother will 
unite with a ‘B’ allele from a father is given by 
B x B = 0.9 x 0.9 = 0.81 for genotype BB 
 
Similarly, the likelihood of other combinations 
    B x b = 0.9 x 0.1 = 0.9 for genotype Bb  =  0.18 
         b x B = 0.1 x 0.9 = 0.9 for genotype Bb 
         b x b = 0.1 x 0.1 = 0.1 for genotype Bb           
 
For Example: 
Suppose we are looking at 100 individuals so that 81 are BB, 18 are Bb, and 1 is 
bb. Since each individual has two alleles, therefore, there are 200 alleles in all. Are 
the allele frequencies still 0.9 and 0.1? 
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The number of B alleles is given by (81x2) + (18x1) = 180 
The number of b alleles is given by (1x2) + (18x1) = 20 
By comparing 180 to 20, you can see the frequency of B is still 0.9 and that of ‘b’ 
is still 0.1. 
 
Useful Links 
Hardy –Weinberg Principle: 
https://www.youtube.com/watch?v=7S4WMwesMts (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=-hJOgHPmUvY (Retrieved on 12/05/2020) 

Calculation of Allelic Frequency: 
https://www.youtube.com/watch?v=v-fSn9rY7iw (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=ZJV_qDwvoas (Retrieved on 12/05/2020) 

Calculation of Genotypic Frequency: 
https://www.youtube.com/watch?v=x_vc78dcRUU (Retrieved on 12/05/2020) 

https://www.youtube.com/watch?v=xPkOAnK20kw (Retrieved on 12/05/2020) 

 
Self-Assessment Questions 
Activity 1 
You may sample a population in which you know that the percentage of the 
homozygous recessive genotype (aa) is 36 %. Using that 36 %, Calculate the 
following: 
1.      The frequency of the ‘aa’ genotype 

2.      The frequency of the ‘a’ allele 

3.      The frequency of the ‘A’ allele 

4.      The frequency of the genotype ‘AA’ and ‘Aa’ 

5.      The frequencies of the two possible phenotypes if ‘A’ is completely dominant 
over ‘a’. 

 
Activity 2 
You sample 1000 individuals from a large population for the MN blood group, 
which can easily be measured since co-dominance is involved (i.e., you can detect 
the heterozygotes). The sampling data is given accordingly: 
 

https://www.youtube.com/watch?v=7S4WMwesMts
https://www.youtube.com/watch?v=-hJOgHPmUvY
https://www.youtube.com/watch?v=v-fSn9rY7iw
https://www.youtube.com/watch?v=ZJV_qDwvoas
https://www.youtube.com/watch?v=x_vc78dcRUU
https://www.youtube.com/watch?v=xPkOAnK20kw
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Blood 
Type Genotype No. of 

individuals 
Resulting 
Frequency 

M MM 490 0.49 
MN MN 420 0.42 
N NN 90 0.09 

 
Using the data provided above, calculate the following: 
1.      The frequency of each allele in the population 
2.      Supposing the mating is random, the frequencies of the mating 
3.      The possibility of each genotype resulting from each potential cross. 
 
Activity 3 
A very large population of randomly-mating laboratory mice contains 35% white 
mice. The white coloringis caused by the double recessive genotype, "aa". 
Calculate allelic and genotypic frequencies for this population. 
 

7.6  MULTIPLE ALLELES STUDY IN BLOOD GROUPS 
 
Learning Objectives  
• The student will understand the term multiple alleles. 
• Understand the list of genotype and phenotype of the blood groups. 
• The student will be able to solve problems related to alleles after this 

experiment. 
• Students will be distinguished between alleles for incomplete dominance and 

codominance. 
• The student will explain the patterns of multiple allelic and polygenic 

inheritance. 
 
Introduction 
Blood Group (Landsteiner, 1900): 
An inherited character of the red cell surface, detected by a specific alloantibody. 
 
Alloantibody 
An antibody that occurs naturally against foreign tissues from a person of the same 
species. 
 
Alleles 
An allele is a form of a gene which codes for one possible outcome of a phenotype. 
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Multiple Allele 
Three or more alternative forms of a particular gene existing in a population. For 
Example, in human beings, 3 different alleles of a gene that determine the 
phenotypes of 4 blood groups are the following:  IA, IB &i. 
 

ABO Blood Groups: 
All humans and many other primates can be typed for the ABO blood group.  There 
are four principal types such as A, B, AB, and O. 
Genotypes      Phenotypes                      Genotypes           Phenotypes 
 IA IA     A (Dominant Allele A) IB IB                    B (Dominant Allele B) 
 IA i    A (Dominant Allele A) IB i                B (Dominant Allele B) 
 IA IB   AB (Codominant Alleles) ii                  O (Recessive to both 
  alleles A and B) 
 

There are 6 different genotypes and 4 different phenotypes for ABO blood types. 
All the blood groups contain Glycoprotein (antigen) except blood group O. 
 
Rh Factor: Certain blood proteins were discovered in Rhesus Monkey. The blood 
protein may be present in some people and may not. The presence of the protein or 
lack of protein is called the Rh factor. If your blood contains the protein, your blood 
is said to be Rh-positive (Rh +). If your blood does not contain the protein, your 
blood is said to be Rh-negative (Rh-)     
 
Materials Required   
Human Blood, Spirit, Microscope, Antisera A, B, D, Pricking needles, Glass slides, 
Magnifying lens, Toothpicks, Wax pencil. 
 
Methodology 
1. Take a very clean microscopic slide 
2. Draw two lines on the surface of the slide using the wax pencil 
3. Place one drop of the corresponding antiserum within each of the circles 
4. Sterilize the little finger with spirit in a cotton 
5. Hold the fingertip with your thumb and prick it with a sterilized needle 
6. Put one blood drop in each circle without touching the antisera 
7. Apply the cotton ball to the point of a prick after bleeding 
8. Use separate toothpicks to mix the blood and antisera 
9. Tilt the slide and wait for 2 minutes for agglutination at room temperature. 
10. The agglutination will appear as grainy clumps of RBCs. 
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The technique to put antisera and blood drop on the slide before mixing. 
 
Useful Links 
Test your blood group: https://www.youtube.com/watch?v=baGQJG1YGq8 

Multiple Alleles: https://www.youtube.com/watch?v=HDchIzUOmX4 
 
Self-Assessment Questions 
Activity 1.  A woman with blood type O blood and a man who is type AB are 
expecting a child. What are the possible blood types of the kid? 
 
Activity 2.  What are the possible blood types of a child whose parents are both 
heterozygous for B blood type? 
 
Activity 3.  What are the chances of a woman with type AB and a man with a type 
A having a child with type O? 
 
7.7 MAMMALIAN BLOOD GROUP TESTING AND TO FIND 

RH FACTOR 
 
Learning Objectives 
• To know and differentiate about different blood groups. 
• To know about Rh factor and its importance. 
• The aim of the study was to determine blood groups and Rhesus factor. 
 

Introduction 
Blood Group (Landsteiner, 1900): 
An inherited character of the red cell surface, detected by a specific alloantibody. 
 

Alloantibody: 
An antibody that occurs naturally against foreign tissues from a person of the same 
species. 
 
Alleles: 
Allele is a form of gene which codes for one possible outcome of a phenotype. 
 

https://www.youtube.com/watch?v=baGQJG1YGq8
https://www.youtube.com/watch?v=HDchIzUOmX4
http://2.bp.blogspot.com/-fFAKa0soU9Q/VMja-JGwYPI/AAAAAAAAAG8/z4kXw9McWvk/s1600/A.png
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Multiple Allele: 
Three or more alternative forms of a particular gene existing in a population. For 
Example, in human beings, 3 different alleles of a gene that determine the 
phenotypes of 4 blood groups are the following:  IA, IB & i. 
 
ABO Blood Groups: 
All humans and many other primates can be typed for the ABO blood group.  There 
are four principal types such as A, B, AB, and O. 
Genotypes      Phenotypes                            Genotypes      Phenotypes 
 IA IA  A    (Dominant Allele A)  IB IB    B (Dominant Allele B) 
 IA i   A    (Dominant Allele A) IB i  B (Dominant Allele B) 
 IA IB  AB (Codominant Alleles)  ii O (Recessive to both 
  alleles A and B) 
 
There are 6 different genotypes and 4 different phenotypes for ABO blood types. 
All the blood groups contain Glycoprotein (antigen) except blood group O. 
 
Rh Factor: Certain blood proteins was discovered in Rhesus Monkey. The blood 
protein may be present in some people and may not. The presence of the protein or 
lack of protein is called Rh factor. If your blood contain the protein, your blood is 
said to be Rh positive (Rh +). If your blood does not contain the protein, your blood 
is said to be Rh negative (Rh-)     

 
 

Technique to pet antisera and Mood drops on the slide before mixing 
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Apparatus and Chemicals 
• Human Blood                    
• Spirit                            
• Microscope 
• Antisera A, B, D          
• Pricking needles                     
• Glass slides 
•  Magnifying lens                     
• Tooth picks                        
• Wax pencil     
 
Procedure 
1. Take a very clean microscopic slide 
2. Draw two lines on the surface of slide using wax pencil 
3. Place one drop of corresponding antiserum within each of the circles 
4. Sterilize the little finger with spirit in a cotton 
5. Hold the fingertip with your thumb and prick it with a sterilize needle 
6. Put one blood drop in each circle without touching the antisera 
7. Apply the cotton ball to the point of prick after bleeding 
8. Use separate tooth picks to mix the blood and antisera 
9. Tilt the slide and wait for 2 minutes for agglutination at room temperature 
10. The agglutination will appear as grainy clumps of RBCs. 
Precautionary Measures 
• Do not touch any blood sample without wearing gloves. 
• Prevent blood from reclumping. 
 
Study Material 
A blood type is a classification of blood, based on the presence and absence of 
antibodies and inherited antigenic substances on the surface of red blood cells. 
These antigens may be proteins, carbohydrates, glycoproteins, or glycolipids, 
depending on the blood group system. 

The Rh blood group system is one of 36 known human blood group systems. It is 
the second most important blood group system, after the ABO blood group system. 
The Rh blood group system consists of 49 defined blood group antigens, among 
which the five antigens D, C, c, E, and e are the most important. 

On the basis of structural homology it has been proposed that the product of RHD 
gene, the RhD protein, is a membrane transport protein of uncertain specificity 
(CO2 or NH3) and unknown physiological role. The three-dimensional structure of 
the related RHCG protein and biochemical analysis of the RhD protein complex 

https://en.wikipedia.org/wiki/Membrane_transport_protein
https://en.wikipedia.org/wiki/RHCG
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indicates that the RhD protein is one of three subunits of an ammonia 
transporter. Three recent studies have reported a protective effect of the RhD-
positive phenotype, especially RhD heterozygosity, against the negative effect of 
latent toxoplasmosis on psychomotor performance in infected subjects. RhD-
negative compared to RhD-positive subjects without anamnestic titres of anti-
Toxoplasma antibodies have shorter reaction times in tests of simple reaction times. 
And conversely, RhD-negative subjects with anamnestic titres (i.e. with latent 
toxoplasmosis) exhibited much longer reaction times than their RhD-positive 
counterparts. The published data suggested that only the protection of RhD-positive 
heterozygotes was long term in nature; the protection of RhD-
positive homozygotes decreased with duration of the infection while the 
performance of RhD-negative homozygotes decreased immediately after the 
infection. The overall change in reaction times was always larger in the RhD-
negative group than in the RhD-positive 

Video Links to Study  
https://www.youtube.com/watch?v=wfqnNuYIY78 

https://www.youtube.com/watch?v=e62ClW7H15I 

https://www.youtube.com/watch?v=cKnEdvrmHK4 

https://www.youtube.com/watch?v=1dpw8yoggYY 

 
Self-Assessment Questions 
1.   A woman with blood type O blood and a man who is type AB are expecting 

a child. What are the possible blood types of the kid? 

2.   What are the possible blood types of a child who’s parents are both 
heterozygous for B blood type? 

3.   What are the chances of a woman with type AB and a man with a type A 
having a child with type O? 

4.  How do you determine Rh factor? 

5.  Is Rh factor same as blood group? 
 

  

https://en.wikipedia.org/wiki/Ammonia_transporter
https://en.wikipedia.org/wiki/Ammonia_transporter
https://en.wikipedia.org/wiki/Heterozygote
https://en.wikipedia.org/wiki/Toxoplasmosis
https://en.wikipedia.org/wiki/Medical_history
https://en.wikipedia.org/wiki/Toxoplasma
https://en.wikipedia.org/wiki/Homozygote
https://www.youtube.com/watch?v=wfqnNuYIY78
https://www.youtube.com/watch?v=e62ClW7H15I
https://www.youtube.com/watch?v=cKnEdvrmHK4
https://www.youtube.com/watch?v=1dpw8yoggYY
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INTRODUCTION 
 
 
Invertebrate, any animal that lacks a vertebral column, or backbone, in contrast to 
the cartilaginous or bony vertebrates. More than 90 percent of all living animal 
species are invertebrates. Worldwide in distribution, they include animals as 
diverse as sea stars, sea urchins, earthworms, sponges, jellyfish, lobsters, crabs, 
insects, spiders, snails, clams, and squid. Invertebrates are especially important as 
agricultural pests, parasites, or agents for the transmission of parasitic infections to 
humans and other vertebrates. Invertebrates serve as food for humans and are key 
elements in food chains that support birds, fish, and many other vertebrate species. 
 

 
Apart from the absence of a vertebral column, invertebrates have little in common. 
Indeed, they are distributed between more than 35 phyla. In contrast, all vertebrates 
are contained within a single phylum, the Chordata. (Phylum Chordata also 
includes the sea squirts and some other invertebrate groups.) Invertebrates are 
generally soft-bodied animals that lack a rigid internal skeleton for the attachment 
of muscles but often possess a hard outer skeleton (as in most mollusks, 
crustaceans, and insects) that serves, as well, for body protection. 
  

https://www.britannica.com/animal/animal
https://www.britannica.com/science/vertebral-column
https://www.merriam-webster.com/dictionary/diverse
https://www.britannica.com/animal/sea-star
https://www.britannica.com/animal/sea-urchin
https://www.britannica.com/animal/earthworm
https://www.britannica.com/animal/sponge-animal
https://www.britannica.com/animal/jellyfish
https://www.britannica.com/animal/lobster
https://www.britannica.com/animal/crab
https://www.britannica.com/animal/insect
https://www.britannica.com/animal/spider-arachnid
https://www.britannica.com/animal/snail
https://www.britannica.com/animal/clam
https://www.britannica.com/animal/squid
https://www.britannica.com/animal/fish
https://www.britannica.com/animal/vertebrate
https://www.britannica.com/animal/chordate
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OBJECTIVES 
 

After studying this unit, you will be able to: 

• explain how animals are different than other life forms 

• list the trend in animal evolution 

• understand invertebrates, morphology, habitat, and system. 

• describe morphology, habita and systems of Euglena, Amoeba, Plasmodium, 
trypanosome and Paramecium. 

• identify principal representatives of phylums of invertebrates. 
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8.1  EUGLENA, AMOEBA, ENTAMOEBA, PLASMODIUM, 
TRYPANOSOMA, PARAMECIUM, AS REPRESENTA-
TIVES OF ANIMAL-LIKE PROTISTS 

 
Animal-like protists: (PROTOZOA) 
Some protists, like this Paramecium, act much like animals. Notice the tiny hair-
like cilia that help them move. The food vacuoles, where they digest their prey, are 
colored in orange. 
 
Animal-like Protists 
Animal-like protists are called protozoa. Protozoa are single-celled eukaryotes that 
share some traits with animals. Like animals, they can move, and they 
are heterotrophs. That means they eat things outside of themselves instead of 
producing their food. Animal-like protists are very small, measuring only about 
0.01–0.5mm. Animal-like protists include the flagellates, ciliates, and sporozoans. 
 
Different Kinds of Animal-like Protists 
There are many different types of animal-like protists. They are different because 
they move in different ways. 
• Flagellates have long flagella, or tails. Flagella rotate in a propeller-like 

fashion, pushing the protist through its environment. An example of 
a flagellate is Trypanosoma, which causes African sleeping sickness. 

• Other protists have what are called transient pseudopodia, which are like 
temporary feet. The cell surface extends out to form feet-like structures that 
propel the cell forward. An example of a protist with pseudopodia is the amoeba. 

• The ciliates are protists that move by using cilia. Cilia are thin, very small 
tail-like projections that extend outward from the cell body. Cilia beat back 
and forth, moving the protist along. Paramecium has cilia that propel it. 

• The sporozoans are protists that produce spores, such as the toxoplasma. 
These protists do not move at all. The spores develop into new protists. 

 

https://www.ck12.org/c/biology/protists
https://www.ck12.org/c/biology/animals
https://www.ck12.org/c/biology/protists
https://www.ck12.org/c/biology/animals
https://www.ck12.org/c/biology/flagellates
https://www.ck12.org/c/biology/ciliates
https://www.ck12.org/c/biology/sporozoans
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These flagellates’ all-cause diseases in humans. 
 
Recognized By 
• Protozoa are single-celled eukaryotes that share some traits with animals. 
• Protozoa can move by flagella, cilia, or pseudopodia, or they may not move 

at all. 
 
Useful Links 
https://www.youtube.com/watch?v=L-aB8IDsBMs 
https://www.youtube.com/watch?v=yBn54L-O9s4 
 
8.1.1 Study of Prepared Slide of Euglena 
Euglena is single-celled organisms that belong to the 
genus protist. As such, they are not plants, animals, 
or fungi. In particular, they share some characteristics 
of both plants and animals. While they can 
manufacture their food, a characteristic seen in 
plants, they are also capable of movement and also 
consume food, which are characteristics of animals. 
Euglena also has been described as having an eyespot 
at their anterior end that serves to detect light. 
 
Observation: When viewed under the microscope, the slide will show Euglena as 
they are common in pond water and pondweed. Although students can also see amoeba 
in the sample, it is possible to differentiate them from Euglena. Here, students will 
observe them (Euglena) as elongated organisms with a whip-like tail on one end. 

 

https://www.ck12.org/c/biology/flagellates
https://www.ck12.org/c/biology/animals
https://www.youtube.com/watch?v=L-aB8IDsBMs
https://www.youtube.com/watch?v=yBn54L-O9s4
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At 40X, Euglena appears like tiny particles making small movements in the water. 
As magnification increases to 100x and 400x, students will notice that they appear 
green/light green with dark spots inside as well as a whip-like tail. 
 
Higher power will also show colored granules, which are referred to as the eyespot. 
The whip-like tail at the front end of the organism is small and colorless 
(transparent). Students have to look carefully to see them.  
 
Useful Links 
https://www.youtube.com/watch?v=OxXr9G1SdqM 

https://www.youtube.com/watch?v=33SuQcwRIbE 

https://www.youtube.com/watch?v=J3sgoy22Ij4 
 
8.1.2 Study of Prepared Slide of an Amoeba 
Amoeba is a genus that belongs to Kingdom protozoa. Generally, the term is used 
to describe single-celled organisms that move in 
a primitive crawling manner by using temporary 
"false feet" known as pseudopods Amoebas are 
eukaryotes, which means that their genetic 
material is well organized and enclosed within a 
nuclear membrane. The word amoeba comes 
from the Greek word "amoibe" which means to 
change. Amoebas are simply single-celled 
organisms. As such, they can only be viewed 
using a microscope. Some method scan be used 
to observe these organisms. The first and simplest methods involve viewing 
amoebas under the microscope without staining. This is a simple method that allows 
students to view them live 
as they move around. The 
second method involves 
fixing and staining to get a 
better view of the structure 
and organelles of the 
organism. 
 
Observation 
When viewed under the 
microscope, students will 
notice tiny dark spots in the 
cytoplasm of the organism 

https://www.youtube.com/watch?v=OxXr9G1SdqM
https://www.youtube.com/watch?v=33SuQcwRIbE
https://www.youtube.com/watch?v=J3sgoy22Ij4
https://www.microscopemaster.com/nucleus.html
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while the cytoplasm is lightly stained. Direct observation of the organism (without 
staining) has a great advantage in that the amoebae are still alive and motile when 
being viewed under the microscope. This allows the students to see the finger-like 
projections (pseudopods) elongate and shorten as the organism moves about or 
engulfs given substrates. However, this technique does not allow students to view 
the cell’s organelles. Fixing and staining on the other hand kills the amoeba, which 
means that students will not get to see the organism moving in the field of view but 
staining increases contrast, allowing students to get a better view of the organelles 
in the cell. As mentioned, amoebae are eukaryotes, which simply means that they 
have a cell membrane surrounding their cytoplasm and DNA that is properly 
packed in the central nucleus. When viewed under the microscope, these aspects of 
the organism are visible particularly when the sample is stained. Some of the other 
organelles that are visible under the microscope include: 
• A food vacuole 
• Cytoplasm 
• Contractile vacuole 
 
Useful Links 
https://www.youtube.com/watch?v=4XlzCe5gDu0 (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=EVfRqVH1L-A  (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=mv6Ehv06mXY (Retrieved on 17/05/2020) 

 
8.1.3 Study of Prepared Slide of Plasmodium 
Plasmodium, commonly known as malaria 
parasites, may be described as a genus of 
intracellular parasitic protozoa. They are obligate 
parasites of insects (such as mosquitoes) and 
vertebrates and thus referred to as digenetic 
parasites. They require two different hosts to 
complete their life cycle. Invertebrates, they 
multiply within liver cells and red cells where they 
not only obtain nourishment but also damage the 
cells causing diseases. 
 
Plasmodium species capable of causing malaria include: 
• P. falciparum 
• P. ovale 
• P. malariae 
• P. vivax 

https://www.microscopemaster.com/eukaryotes.html
https://www.microscopemaster.com/cytoplasm.html
https://www.youtube.com/watch?v=4XlzCe5gDu0
https://www.youtube.com/watch?v=EVfRqVH1L-A
https://www.youtube.com/watch?v=mv6Ehv06mXY


213 
 

The word "malaria" comes from two Italian words; "mal" meaning bad, and "aria" 
which means air. A mosquito infected by the parasite is not affected (nor does it die 
from malaria). This is because mosquitoes, unlike vertebrates, do not have red 
blood cells in which the parasite develops and thrive. Recently, researchers 
discovered that infecting female Anopheles stephensi caused a significant reduction 
in the number of plasmodium in the midgut and salivary glands of the mosquito. 
This may, therefore, prove to be one of the best approaches to controlling the 
malaria parasite. 
 
Malaria Parasite (Plasmodium falciparum): 
The malaria parasite is spread by female anopheles mosquitoes. It causes malaria, 
which has been shown to present significant health risks to pregnant women and 
infants. Once in the body, the malaria parasite infects the red cells where it thrives. 

 
Observations: 
When a positive slide is viewed under the microscope, it's possible to see the 
parasite inside the red cells (intracellular) as well as outside the cells (extracellular). 
Care should always be taken when dealing with blood. Always use a pair of clean 
gloves, clean disposable needles, and dispose of any material used or any material 
contaminated with blood to avoid any injury. 
 
Useful Links 
https://www.youtube.com/watch?v=X3GO1qvUr9I (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=rAWz_BFj8wU (Retrieved on 17/05/2020) 

https://www.microscopemaster.com/plasmodium.html
https://www.youtube.com/watch?v=X3GO1qvUr9I
https://www.youtube.com/watch?v=rAWz_BFj8wU
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8.1.4 Study of Prepared Slide of Trypanosoma 
Trypanosoma is a genus consisting of hemoflagellate protozoa that exist as 
obligatory parasites of plants, mammals, and other animals (fish, birds, reptiles, 
etc). Members of this genus, known as trypanosomes, are unicellular 
organisms whose life cycle is dependent on both vertebrate and invertebrate hosts. 
While some of the most common species are found in Africa (responsible for Africa 
n trypanosomiasis in various parts of sub-Saharan Africa) many other species can 
be found in various parts of the world. While some species in the genus are 
responsible for serious diseases, a majority of the species be non-pathogenic. The 
different species vary in terms of size, general body shape as well as the location of 
such organelles as the nucleus which has made it possible to distinguish between 
them. Some of the species that belong to the genus Trypanosoma include: 
• T. brucei 
• T. equiperdum 
• T. cruzi 
• T. bancrofti 
• T. anguillicola 
• T. granulosum 
• T. aulopi 
 
As members of the domain Eukaryota, 
Trypanosoma species are 
characterized by the general 
features found in typical 
eukaryotic cells.For instance, 
like normal eukaryotic cells, a 
trypanosome cell has a 
membrane-bound nucleus, Golgi 
apparatus, E.R, as well as a 
plasma membrane among other 
important organelles. On the 
other hand, as members of order 
Kinetoplastida, Trypanosoma 
has several unique features 
including a kinetoplast, 
glycosomes, as well as 
acidocalcisomes (site of mineral 
storage).Trypanosome cells have 
also been shown to possess a 
unique cytoskeleton that is 
mostly composed of microtubules. It also lacks centrioles that play an important  

https://www.microscopemaster.com/unicellular-organisms.html
https://www.microscopemaster.com/unicellular-organisms.html
https://www.microscopemaster.com/organelles.html
https://www.microscopemaster.com/nucleus.html
https://www.microscopemaster.com/golgi-apparatus.html
https://www.microscopemaster.com/golgi-apparatus.html
https://www.microscopemaster.com/endoplasmic-reticulum.html
https://www.microscopemaster.com/plasma-membrane.html
https://www.microscopemaster.com/glycosomes.html
https://www.microscopemaster.com/acidocalcisomes.html
https://www.microscopemaster.com/cytoskeleton.html
https://www.microscopemaster.com/centriole.html
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role in cell replication. As a result, poorly defined structures in the cell are 
responsible for the production of microtubule spindles that contribute to the closed 
mitosis in theseparasites. As for the distinctive general morphology of the parasite, 
it is defined by distinct microtubules that act in opposition to the plasma 
membrane. Trypanosomes are also characterized by a single flagellum (ranging 
from 2 to 20um in length) that is supported by basal and probasal bodies within the 
cell.  As is the case with motile cilia and flagella found in various eukaryotic cells, 
the flagella of trypanosome cells are characterized by a 9+2 configuration 
consisting of parallel microtubules. A structure, known as a paraflagellar rod, also 
extends along the length of the flagella and has been shown to provide support (by 
enhancing rigidity) to the axoneme of the flagellum as well as promoting 
motility. At the point where the flagellum enters the cell, a gap known as a flagellar 
pocket exists. This gap is believed to be the point at which vesicular trafficking and 
nutrient uptake take place.  
 
Observation When the tip of the column is observed under the microscope, 
trypanosome cells in the sample can be seen wiggling (moving) randomly. Staining 
allows for better visualization of trypanosome cells that will appear as bluish/purple 
slender organisms with thin flagellum on one end. 
 
Useful Link 
https://www.youtube.com/watch?v=FNowxf3xyng 

https://www.youtube.com/watch?v=fE3W1p7tMAk 
 
8.1.5 Study of Prepared Slide of Paramecium 
Paramecium is a unicellular organism with 
a shape resembling the sole of a shoe. It 
ranges from 50 to 300um in size which 
varies from species to species. It is mostly 
found in a freshwater environment. It is a 
single-celled eukaryote belonging to the 
kingdom Protista and is a well-known genus 
of ciliate protozoa. As well, it belongs to the 
phylum Ciliophora. Its whole body is 
covered with small hair-like filaments 
called the cilia which help in locomotion. 
There is also a deep oral groove containing 
not so clear oral cilia. The main function of 
this cilia is to help both in locomotion as 
well as dragging the food to its oral cavity. Paramecium lives in a variety of watery 
environments, both fresh and salt, although they are most abundant in stagnant 

https://www.microscopemaster.com/cilia-and-flagella.html
https://www.youtube.com/watch?v=FNowxf3xyng
https://www.youtube.com/watch?v=fE3W1p7tMAk
https://www.microscopemaster.com/eukaryotes.html
https://www.microscopemaster.com/protozoa.html
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bodies of water. They eat other microorganisms like bacteria or algae by sweeping 
them towards their cell mouths (cytostomes) where they’re absorbed and digested.  
These cilia, however, are useful for more than just eating. Cilia can move in a 
coordinated way to propel a Paramecium forward. When an obstacle is 
encountered, the cilia move in the opposite direction, backing the Paramecium up 
a bit, before continuing forward, rather like a Roomba trying to vacuum your living 
room floor.  Paramecium spends more than half of their energy just on moving, as 
their short cilia make their movement method less than 1% effective.  Since they 
reproduce very rapidly and display their organelles through their translucent 
cytoplasm and membrane. 
 
Observations 
Paramecium is single-celled organisms. 
Members of this group are characterized 
by having cilia, or little hair-like 
structures covering their surface.  Once 
called “slipper animalcules” due to their 
oblong shape with a shape resembling 
the sole of a shoe. 
 
 
Useful Links 
https://www.youtube.com/watch?v=mh7KOtQTXrw (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=yiA-rHx0xGI  (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=4h9IxqqmBKo (Retrieved on 17/05/2020) 
 
Self-Assessment Questions 
1. What features describe the protozoa? 

2. What are the three main types of protozoa? 

3. Distinguish flagellates from ciliates. 

4. From which kingdom paramecium belongs? 

5. How will you identify paramecium under a microscope? 

6. What is the function of cilli present on the paramecium body? 

7. How do euglena acts as autotroph? 

https://www.youtube.com/watch?v=mh7KOtQTXrw
https://www.youtube.com/watch?v=yiA-rHx0xGI
https://www.youtube.com/watch?v=4h9IxqqmBKo
https://www.ck12.org/c/biology/ciliates
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8. How do euglena acts as hetrotroph? 

9. What is eye spot in Euglena? 

10. What do you mean by the phototaxis movement in Euglena? 

11. On what basis Plasmodium falciparum can be characterized? 

12. How malaria is caused by plasmodium? 

13. Draw a life cycle of malaria. 

14. Write down the structure of Amoeba. 

15. How does an Amoeba move? 

16. What structure contains the amoeba DNA? 

17. How does an Amoeba reproduce? 

18. What is a finger-like projection in the Amoeba cytoplasm? 

19. Write down the name of species belong to Trypanosoma. 

20. What is the structure of Trypanosome? 

21. How Trypanosoma reproduced? 
 

8.2  SPONGES AND THEIR VARIOUS BODY FORMS  
 
The invertebrates, or Invertebrata, are animals that do not contain bony structures 
such as the cranium and vertebrae. The simplest of all the invertebrates are the 
Parazoans, which include only the phylum Porifera. Phylum Porifera (“pori” = 
pores, “fera” = bearers) are popularly known as sponges. Sponge larvae can swim; 
however, adults are non-motile and spend their life attached to a substratum through 
a holdfast. The majority of sponges are marine, living in seas and oceans. There is, 
however, one family of freshwater sponges (Family Spongillidae). The great 
majority of the marine species can be found in ocean habitats ranging from tidal 
zones to depths exceeding 8,800 m. 
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Classification of Sponges 
• calcareous sponges (Calcarea),  
• glass sponges (Hexactinellida),  
• demosponges (Demospongiae),  
• and the recently-recognized, encrusting sponges (Homoscleromorpha).  
 
The presence and composition of spicules and spongin are the differentiating 
characteristics between the classes of sponges. Demosponges, which contain 
spongin and may or may not have spicules, constitute about 90% of all known 
sponge species, including all freshwater ones, and have the widest range of habitats. 
Calcareous sponges, which have calcium carbonate spicules and, in some species, 
calcium carbonate exoskeletons, are restricted to relatively shallow marine waters 
where the production of calcium carbonate is easiest. They contain no spongin. 
Hemoscleromorpha sponges tend to be massive or encrusting in form and have a 
very simple structure with very little variation in spicule form. Hexactinellid 
sponges have sturdy lattice-like internal skeletons made up of fused spicules of 
silica; they tend to be more-or-less cup-shaped. Unlike Protozoans, the Poriferans 
are multicellular. However, unlike higher metazoans, the cells that make up a 
sponge are not organized into tissues. Therefore, sponges lack true tissues and 
organs; also, they have no body symmetry. Sponges do, however, have specialized 
cells that perform specific functions. The shapes of their bodies are adapted for 
maximal efficiency of water flow through the central cavity, where nutrients are 
deposited, and leaves through a hole called the osculum. Many sponges have 
internal skeletons of spongin and/or spicules of calcium carbonate or silica. 
Primarily, their body consists of a thin sheet of cells over a frame (skeleton). As 
their name suggests, Poriferansare characterized by the presence of minute pores 
called Ostia on their body. Since water is vital to sponges for excretion, feeding, 
and gas exchange, their body structure facilitates the movement of water through 
the sponge. Structures such as canals, chambers, and cavities enable water to move 
through the sponge to nearly all body cells. Most species use sexual reproduction, 
releasing sperm cells into the water to fertilize ova that in some species are released 
and in others are retained by the “mother. ” The fertilized eggs form larvae which 
swim off in search of places to settle. Sponges are also known for regenerating from 
fragments that are broken off, although this only works if the fragments include the 
right types of cells. A few species reproduce by budding. When conditions 
deteriorate, such as when temperatures drop, many freshwater species and a few 
marine ones produce gemmules: “survival pods” of unspecialized cells that remain 
dormant until conditions improve. They then either form completely new sponges 
or recolonize the skeletons of their parents. Most of the approximately 5,000–
10,000 known species of sponges are filter-feeders, feeding on bacteria and other 
food particles in the water. However, a few species of sponge that live in food-poor 
environments have become carnivores that prey mainly on small crustaceans. Other 
species host photosynthesizing micro-organisms as endosymbionts; these alliances 
often produce more food and oxygen than they consume. 
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Body Forms of Sponges 
There are three body forms of sponges 
Ascon: the simplest and least common body form of sponges.  Shaped like a vase. 
 
Sycon: with a sycon body form, the wall of the sponge is folded.  Choanocytesare 
found in the radial canal. 
 
Leucon: the most complex body form.  Unlike the other two body forms, it lacks a 
spongocoel.  A leucon body form can have more than one osculum. 

 
 
Similarities with Cnidarians 
1. The polyp form of cnidarians, like sponges, are sessile. 
2. Cnidarians and poriferans are diploblastic. 
3. Sponges and polyps are capable of sexual or asexual reproduction. 
4. Sponges and polyps float around at a very young age before they attach 

themselves to an object. 
5. Cnidarians and poriferans are carnivorous. 
6. Cnidarians and poriferans lack true tissue or organs. 
7. Cnidarians and poriferans are invertebrates. 
 
Useful Links 
https://www.youtube.com/watch?v=m8a0oNsDEx8  (Retrieved on 18/05/2020) 

https://www.youtube.com/watch?v=33rMjlciRGU  (Retrieved on 18/05/2020) 
  

https://www.youtube.com/watch?v=m8a0oNsDEx8
https://www.youtube.com/watch?v=33rMjlciRGU
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Self-Assessment Questions 
1. What are the three different body forms of sponges? 

2. Write similarities between sponges and cnidarians? 

3. What is Ostia? 

4. Write different classes of sponges? 

 

8.3  PRINCIPLE REPRESENTATIVE OF PHYLUM 
COELENTERATES 

 
Characteristics of CNIDARIA 
The phylum Cnidaria contains a very diverse group of species.  It is estimated that there 
are between 8,000 and 9,000 species of cnidarians.  But, despite the large diversity, 
there are a few physical traits that almost all cnidarians share.  For instance, Cnidarians 
have a sac for digestion called the gastrovascular cavity.  Cnidarians only have one 
opening which acts as both the mouth and the anus, tentacles surround the rim of the 
opening.  Since cnidarians lack a brain, and therefore a nervous system, they use cells 
to create a series of connected neurons called a nerve net.  This nerve net extends from 
the mouth to the tentacles and allows cnidarians to get a feel for their 
environment.  Cnidarians got their name from the Greek word "cnidos" which means 
"stinging nettle" because of their stinging tentacles.  Each of their tentacles contains 
millions of stinging cells or cnidocytes.  Cnidarians are also carnivorous. Cnidarians 
can either have two different body forms. 
 
Medusa 
the mobile body form, shaped like an umbrella.  The mouth and anus of a medusa 
point downward and is on the bottom of its body.  Cnidarians of the medusa body 
form reproduce sexually.  This body form is associated with the jellyfish. 
 
Polyp 
 the sessile body form.  The mouth and anus of a polyp point upward.  Most polyps 
reproduce asexually through budding.  This body form is associated with coral, sea 
anemones, etc. 
 
Anatomy & Classes 
The phylum Cnidaria contains four major classes: 
 
Anthozoa 
E.g sea anemones, coral: The Anthozoa group contains the corals that build massive 
reefs in tropical waters.  This group also contains sea anemones.  These cnidarians 
also have a long fossil record that dates back to 550 million years. 
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Cubozoa 
E.gbox jellyfish: Cubozoan jellyfish are very similar to Schypozoa jellyfish, except 
Cubozoan jellyfish have box-shaped heads, as well as four evenly spaced 
tentacles.  But both jellyfish are functionally identical.  Chiron exflickeri aka the 
"sea wasp" or "box jellyfish" is known as the deadliest box jellyfish on earth.  Their 
stings are capable of killing people. 
 
Hydrozoa 
e.g hydras, Portuguese Man-o' War: some hydrozoans switch between a polyp and 
medusa.  A Hydra, however, spends its entire life as a polyp.  A good chunk of 
hydrozoans is colonial polyps that can form branched networks with other polyps, 
as well as fire coral which resembles true coral.  There is also an unusual colonial 
organism called the "Portuguese Man-o' War" which looks like a jellyfish but is 
many polyps with different functions. 
 
Scyphozoa 
e.g jellyfish: contains the "true" jellyfish.  The size of the jellyfish in this group and 
the length of their tentacles can vary.  Some can either be very small or have shorter 
tentacles, or they can be very large and have unusually long tentacles. 
 
Digestion 
Both polyps and even jellyfish don't seek out food.  Instead, they wait for prey to get 
caught in their stinging tentacles.  Once a fish is caught and paralyzed by the toxin 
from the cnidocytes, the cnidarian reels in the fish toward its mouth.  The fish is then 
digested by the gastrovascular cavity.  Nutrients are then distributed throughout the 
cnidarian's body and any waste is expelled through the mouth or anus. 
 
 Example Representative Organism: Chironex Fleckeri 
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• Part of the class cubozoa 
• Scientific name: Chironexfleckeri 
• Common name: Box jellyfish 
• About 10 feet long, 10 inches wide 
• Can weigh up to 4.4 pounds 

 
• Live in coastal waters off Northern Australia and near the Indo-Pacific 
• Box jellyfish eat mostly small fish 
• Unlike other jellyfish, box jellyfish are capable of moving rather than just 

drifting 
• All four sides of their bell contain a cluster of six eyes, each with their lens, 

iris, retina, and cornea 
• Scientists aren't completely sure how they can see without a brain 
 
Similarities with Poriferans 
• The polyp form of cnidarians, like sponges, are sessile 
• Cnidarians and poriferans are diploblastic 
• Sponges and polyps are capable of sexual or asexual reproduction 
• Sponges and polyps float around at a very young age before they attach 

themselves to an object 
• Cnidarians and poriferans are carnivorous 
• Cnidarians and poriferans lack true tissue or organs 
• Cnidarians and poriferans are invertebrates 
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Useful Links 
https://www.youtube.com/watch?v=1WBZGe2_OzM  (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=r76q2F7Z3gk (Retrieved on 17/05/2020) 
 
Self-Assessment Questions 
1. Write three characteristics of cnidaria. 

2. Write scientific names of representatives animals belongs to class cnidaria. 

3. How digestion occurs in cnidarians? 
 

8.4 PRINCIPLE REPRESENTATIVES OF PHYLUM 
PLATYHELMINTHES 

 
The phylum Platyhelminthes includes free-living flatworms, tapeworms, and flukes. 
 

Classes 
1. Cestoda 
 E.g tapeworms: This class is made up entirely of parasitic worms.  They 

are specialized to be parasites.  Most tapeworms require two hosts; an 
intermediate host, which is usually an invertebrate, and a primary host, which 
is usually a vertebrate.  Some species of tapeworms can infect humans but in 
most cases, they do not cause serious health problems and are easy to get rid 
of.  Tapeworms lack a digestive system so, to compensate, they simply absorb 
nutrients from food eaten by their hosts through their cell walls.  Their bodies 
also have "sets" called proglottids that are specifically for reproduction.  Once 
a tapeworm is mature, they release eggs into the poop of their host.   

 
2. Monogenea 
 E.gflukes: Most worms of the monogenea class are ectoparasites.  

Monogeneans have a series of attachment organs that are suckers, clamps, 
hooks, and spines.  Monogeneans, like cestodes, usually have two hosts.  A 
primary host is usually a cephalopod, fish, reptile, or a whale.  The 
intermediate host is a smaller organism that the primary host eats.  

 
3. Trematoda 
 E.gflukes: Like the class Cestoda, this class is composed of nothing but 

parasites.  Which is a sharp contrast to the class turbellaria, which are all free-
living worms.  The inside of a Trematoda is mostly reproductive parts. 
Trematodes are built for making offspring and most are hermaphrodites that are 

https://www.youtube.com/watch?v=1WBZGe2_OzM
https://www.youtube.com/watch?v=r76q2F7Z3gk
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capable of self-fertilization.  Trematodes have two hosts. The intermediate hosts 
are usually either fish or snails and the primary hosts are vertebrates. 

 
Turbellaria: this class is unique among the other three because most 
turbellarians are free-living and carnivorous.  They are hermaphrodites, but 
can sexually reproduce.  If two turbellarians mate, they inseminate each 
other.  The diet of a turbellarian is sometimes algae, bits of fish, crustaceans, 
and worms. 

 
 Digestion: Some flatworms have a digestive tract that features a gut that is 

used for digestion.  Food enters and exits through their mouth.  Other worms, 
like tapeworms, do not have a digestive system.  Instead, they absorb nutrients 
through their wall. 

 
Example Representative Organism  
Taenia Saginata 
• Scientific name: Taeniasaginata 
• Common name: Beef tapeworm 
• Class: Cestoda 
• Found in raw or under-cooked beef, 

hence the name "beef tapeworm" 
• The beef tapeworm is found 

worldwide, mostly in areas where 
raw beef is eaten 

• Common in Eastern Europe, 
Russia, eastern Africa, and 
Latin America 

• Rare in the U.S. 
• The beef tapeworm tends to 

cause more symptoms than 
Taeniasolium or Taeniaasiatica, 
but doesn't lead to cysticercosis  

• Symptoms include: weight loss, 
abdominal pain, upset stomach, 
and appetite loss 

 
 
Useful Links 
https://www.youtube.com/watch?v=ukw0G-mSM-o (Retrieved on 17/05/2020) 
https://www.youtube.com/watch?v=fWVMKLsRE6s (Retrieved on 17/05/2020) 
 

https://www.youtube.com/watch?v=ukw0G-mSM-o
https://www.youtube.com/watch?v=fWVMKLsRE6s
http://www.humanillnesses.com/original/images/hdc_0001_0003_0_img0261.jpg
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Self-Assessment Questions 
1. Write down the life cycle of beef tapeworm. 

2. What are the different classes of phylum Platyhelminthes? 

 
8.5  PRINCIPLE REPRESENTATIVES OF PHYLUM 

ROTIFERA, PHYLUM NEMATODE, MOLLUSCA, 
ANNELIDA, AND PHYLUM ARTHROPODA 

 
Phylum Rotifera 
The rotifers are microscopic about 100 µm to 30 mm group of mostly aquatic 
organisms that get their name from the corona, a rotating, wheel-like structure that is 
covered with cilia at their anterior end. Although their taxonomy is currently in flux.  
 
Rotifers three classes: 
• Bdelloidea, 
• Monogononta, 
• Seisonidea.  
 
The classification of the group is currently under revision, however, as more 
phylogenetic evidence becomes 
available. The “spiny headed worms” 
currently in phylum 
Acanthocephalamay be incorporated 
into this group  
in the future.  
 
The body form of rotifers: consists of 
a head (which contains the corona), a 
trunk (which contains the organs), and 
the foot. Rotifers are typically free-
swimming and truly planktonic 
organisms, but the toes or extensions 
of the foot can secrete a sticky material 
forming a holdfast to help them adhere 
to surfaces. The head contains sensory 
organs in the form of a bi-lobed brain 
and small eyespots near the corona. 
 



226 
 

The rotifers are filter feeders, that will eat dead material, algae, and other 
microscopic living organisms, and are therefore very important components of 
aquatic food webs. 
Rotife rs obtain food that 
is directed toward the 
mouth by the current 
created from the 
movement of the corona. 
The food particles enter 
the mouth and travel to 
the mastax (pharynx 
with jaw-like structures). 
Food then passes by 
digestive and salivary 
glands, and into the 
stomach, then onto the 
intestines. Digestive and 
excretory wastes are 
collected in a cloacal 
bladder before being 
released out of the anus. Rotifers are pseudocoelomates commonly found in 
freshwater and some saltwater environments throughout the world.  About 2,200 
species of rotifers have been identified. Rotifers are dioecious organisms (having 
either male or female genitalia) and exhibit sexual dimorphism (males and females 
have different forms). Many species are parthenogenic and exhibit haplodiploidy, 
a method of gender determination in which a fertilized egg develops into a female 
and an unfertilized egg develops into a male. In many dioecious species, males are 
short-lived and smaller with no digestive system and a single testis. Females can 
produce eggs that are capable of dormancy for protection during harsh 
environmental conditions. 
 
Useful Links 
https://www.youtube.com/watch?v=U3PLUeD_JAg (Retrieved on 17/05/2020) 

https://www.youtube.com/watch?v=khxSHato20Q (Retrieved on 17/05/2020) 
 
Self-Assessment Questions 
1. How rotifers obtained their food? 

2. Write down the names of three classes of rotifers. 
 

https://www.youtube.com/watch?v=U3PLUeD_JAg
https://www.youtube.com/watch?v=khxSHato20Q
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8.5.1 Phylum Nematode 
The Nematoda, like most other animal phyla, are triploblastic and possess an 
embryonic mesoderm that is sandwiched between the ectoderm and endoderm. 
They are also bilaterally symmetrical, meaning that a longitudinal section will 
divide them into right and left symmetrical sides. Furthermore, the nematodes, or 
roundworms, possess a pseudocoelom and consist of both free-living and parasitic 
forms. The nematodes and arthropods belong to the superphylum Ecdysozoa that is 
believed to be a clade consisting of all evolutionary descendants from one common 
ancestor. The name derives from the word ecdysis, which refers to the shedding, or 
molting, of the exoskeleton. The phyla in this group have a hard cuticle that covers 
their bodies, which must be periodically shed and replaced for them to increase in 
size. Phylum Nematoda includes more than 28,000 species with an estimated 
16,000 being parasitic. The name Nematoda is derived from the Greek word 
“Nemos,” which means “thread” and includes roundworms. Nematodes are present 
in all habitats with a large number of individuals of each species present in each. 
The free-living nematode, Caenorhabditiselegans has been extensively used as a 
model system in laboratories all over the world. 
 
Morphology 
These animals are pseudocoelomates and show the presence of a complete digestive 
system with a distinct mouth and anus. This is in contrast with the cnidarians, where 
only one opening is present (an incomplete digestive system). The cuticle of 
Nematodes is rich in collagen and a carbohydrate-protein polymer called chitin and 
forms an external “skeleton” outside the epidermis. The cuticle also lines many of 
the organs internally, including the pharynx and rectum. The epidermis can be 
either a single layer of cells or a syncytium, which is a multinucleated cell formed 
from the fusion of uninucleated cells. The overall morphology of these worms is 
cylindrical. The head is radially symmetrical. A mouth opening is present at the 
anterior end with three or six lips as well as teeth in some species in the form of 
cuticle extensions. Some nematodes may 
present other external modifications like 
rings, head shields, or warts. Rings, 
however, do not reflect true internal body 
segmentation. The mouth leads to a 
muscular pharynx and intestine, which 
leads to the rectum and anal opening at the 
posterior end. The muscles of nematodes 
differ from those of most animals: They 
have a longitudinal layer only, which 
accounts for the whip-like motion of their 
movement. 
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Figure 1. Scanning electron micrograph shows (a) the soybean cyst nematode 
(Heteroderaglycines) and a nematode egg. (b) Schematic representation shows the 
anatomy of a typical nematode. (credit a: modification of work by USDA ARS; 
scale-bar data from Matt Russell) 
 
Nervous System 
Most nematodes possess four longitudinal nerve cords that run along the length of 
the body in dorsal, ventral, and lateral positions. The ventral nerve cord is better 
developed than the dorsal or lateral cords. All nerve cords fuse at the anterior end, 
around the pharynx, to form head ganglia or the “brain” of the worm (which takes 
the form of a ring around the pharynx) as well as at the posterior end to form the 
tail ganglia. In C. elegans, the nervous system accounts for nearly one-third of the 
total number of cells in the animal. 
 
Reproduction 
Nematodes employ a variety of reproductive strategies that range from monoecious 
to dioecious to parthenogenic, depending upon the species under consideration. C. 
elegans is a monoecious species and shows the development of ova contained in a 
uterus as well as sperm contained in the spermatheca. The uterus has an external 
opening known as the vulva. The female genital pore is near the middle of the body, 
whereas the males are at the tip. Specialized structures at the tail of the male keep 
him in place while he deposits sperm with copulatory spicules. Fertilization is 
internal, and embryonic development starts very soon after fertilization. The 
embryo is released from the vulva during the gastrulation stage. The embryonic 
development stage lasts for 14 hours; ultimately leading to the development of a 
young male or female adult worm. Adverse environmental conditions like 
overcrowding and lack of food can result in the formation of an intermediate larval 
stage known as the dauer larva. 
 
Useful Links 
https://www.youtube.com/watch?v=BniTH0so70I (Retrieved on 19/05/2020) 

https://www.youtube.com/watch?v=vBWzrlCBhCM (Retrieved on 19/05/2020) 
 
Self-Assessment Questions 
1. Write down the morphology of the nematode. 

2. Which larva can usually be found in fresh feces? 

3. How Properly cooking fish is a control method for a worm? justify your 
answer. 

 

https://www.youtube.com/watch?v=BniTH0so70I
https://www.youtube.com/watch?v=vBWzrlCBhCM
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8.5.2 Phylum Mullusca 
The phylum Mollusca is made up of invertebrates and is one of the largest phyla of 
the animal kingdom (more than 100,000 species).   
 
Significant classes of this Phylum: 
• Class Cephalopoda (octopus, squid, nautilus, and cuttlefish), 
•  Class Bivalvia (clams, oysters, mussels), 
•  Class Gastropoda (snails and slugs).   
 
All mollusks have soft bodies and three basic parts which are afoot visceral mass, 
and a mantle.  Many mollusks have shells but some (Cephalopods) have very little 
to no remnants of a shell.  And most mollusks have a radula but some (Bivalves) 
have lost theirs over time to adjust to their lifestyle. 
 
Anatomy 
Bivalvia: bivalves are two-shelled organisms that, through time, have lost their 
radula as well as their head to adjust to their filter-feeding lifestyle.  Their lacking 
a head and a radula are considered extremely unique characteristics among 
mollusks.  Some bivalves are sessile and either attach themselves to a hard surface, 
such as a rock or bury themselves into the ocean floor.  However, most are free 
moving and can propel themselves or use their muscular foot to move.  Some 
bivalves are parasites during their larval stages, these are known as "glochidia".  
 
Cephalopoda: the cephalopods, like the bivalves and gastropods, have unique 
characteristics; they have tentacles that act as arms, they have three hearts (two 
pump blood to the gills, the largest pumps blood to the rest of the body), most lack 
a shell (except nautiluses), they are very intelligent, they have chromatophores, and 
a closed circulatory system.  Their tentacles are attached directly to their 
heads.  They also have incredibly good eyesight...except nautiluses.  Cephalopods 
are well-known for being masters of camouflage.  They can change the color of 
their skin and change the look of their skins' texture as well.  Some octopuses also 
mimic other animals.  Cephalopods were initially large in numbers but were quickly 
out-competed by more efficient predators and eventually evolved to be excellent 
camouflagers and intelligent...except nautiluses.  Cephalopods use jet propulsion 
via their siphons to get around. 
 
Gastropod: the largest class of Mollusca, some gastropods lack a shell (slugs) and 
others have a shell (snails).  Snails are capable of withdrawing into their shells for 
protection.  Gastropods have a very interesting characteristic known as torsion, 
which is a process that gastropods go through as a larva; their organs flip 180 
degrees from top to bottom. 
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Digestion 
The organisms of each class of Mollusca have their special way of acquiring and 
digesting prey. 
1. Bivalves: bivalves don't actively hunt for food as cephalopods and gastropods 

do.  Since they're filter feeders, they simply suck water into their mouths which 
then makes its way into the stomach where the food particles in the water are 
digested.  The intestines then remove nutrients from the food and the waste is 
emptied by the anus.  The flow of the excurrent canal carries away waste. 

2. Cephalopods: cephalopods are deadly and can be very aggressive 
predators.  They are strictly carnivorous.  Cephalopods use their tentacles and 
the suckers to grab prey and keep them from getting free.  They use their 
tentacles to pull prey close to their mouths.  Once their food has entered their 
mouth, it goes past the beak that breaks up the food.  The bits of food is moved 
to the stomach and broken down, any nutrients are extracted by the 
intestines.  And leftover waste is then expelled by the anus. 

3. Gastropods: carnivorous gastropods are capable of drilling a hole into shells 
of their victims by using their radula.  When they've acquired prey, it first is 
stored in the crop.  It is digested by the stomach and nutrients are removed in 
the intestines.  Waste is removed by the anus. 

 
Example Representative Organism  
• Part of the class Cephalopoda 
• Scientific name: Enteroctopusdofleini 
• Common name: Giant pacific octopus 
• Have an arm span of about 14 feet, can 

be about 20 feet long 
• Can weigh up to 150 pounds 
• Largest giant pacific octopus ever 

recorded was about 30 feet long 
• Eat mostly fish, shrimp, crab, scallop, 

and other shellfish 
• They are very adaptable and are good at 

resisting the effects of human pollution 
• They are capable of moving more than 

700 pounds 
• They can be found in the Northern 

Pacific Ocean and from Alaska to 
California.  They prefer living in rocky 
areas or caves and kelp 
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Useful Links 
https://www.youtube.com/watch?v=tRPJavxrxRo (Retrieved on 19/05/2020) 

https://www.youtube.com/watch?v=s5iio-gKlAU (Retrieved on 19/05/2020) 
 
Self-Assessment Questions 
1. Write 8 names of representative organisms of phylum Mollusca. 

2. What are significant classes of this Phylum? 

3. Write a short note on the anatomy of Mollusca. 
 
8.5.3  Phylum Annelida 
Annelids are defined as triploblastic, bilaterally symmetrical, metamerically 
segmented, an acoelomate worm with a thin flexible cuticle around the body. They 
are mostly aquatic; marine or freshwater some terrestrial, burrowing or tubicolous, 
sedentary or free-living, some commensal, and parasitic. The body is elongated, 
triploblastic, bilaterally symmetrical, truly coelomate, and vermiform. The body is 
metamerically segmented; externally by transverse grooves and internally by septa 

into several divisions; each division is called a segment, metamere, or somite. Body 
organization is of organ grade system. The single layer of columnar epithelial cells, 
covered by thin cuticle not made of chitin. The body wall is contractile or dermo-
muscular consisting of outer muscle fiber circular and inner longitudinal. 
Appendages are jointed when present. Locomotory organs are segmentally repeated 
chitinous bristles called setae or chaetae, embedded in the skin. It may be bored by 

https://www.youtube.com/watch?v=tRPJavxrxRo
https://www.youtube.com/watch?v=s5iio-gKlAU
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lateral fleshy appendages or parapodia. The presence of true schizocoelous coelom 
usually divided into compartments by transverse septa. Mostly well-developed in 
leeches. Coelomic fluid with cells or corpuscles. The alimentary canal is straight 
tube-like, complete, extending from mouth to anus. Digestion is entirely 
extracellular. Respiration occurs through moist skin or gills of parapodia and head. 
The blood vascular system is a closed type. Blood is red due to the presence of 
hemoglobin or erythromycin dissolved in plasma. Excretion is by metamerically 
disposed coiled tubes; nephridia which communicate the coelom to the exterior. 
The nervous system consists of a pair of cerebral ganglia; brain and double ventral 
nerve cord having segmentally arranged ganglia and lateral nerves in each segment. 
Receptor organs include tactile organs, taste buds, statocysts, photoreceptor cells, 
and sometimes eyes with lenses in some. They are monoecious i.e. hermaphroditic 
or sexes separate cleavage spiral and determinate; dioecious or unisexual form also 
present. Their development is direct in monoecious form but indirect in dioecious 
form. Larva, when present is a trochophore is characteristics in case of indirect 
development, while in others this stage is passed through development. 
Regeneration is common. Asexual reproduction occurs in some. 
 
Classes 
About 8,700 known species of Annelida are divided into four main classes, 
primarily based on the presence and absence of parapodia, setae, metameres, and 
other morphological features. 
 
Class 1-Polychaeta 
Chiefly marine, some freshwater, Carnivorous, Body segmentation is internal and 
external, Head consists of prostomium and peristomium and bears eyes, tentacles 
cirri, and palps, Setae numerous on lateral parapodia. The clitellum is absent. Cirri 
or branchiae or both may be present for respiration. The coelom is spacious usually 
divided by intersegmental septa. The alimentary canal provided with the eversible 
buccal region and protrusible pharynx. The excretory organ is segmentally paired 
nephridia. Sexes separate. Gonads temporary and in many segments. Fertilization 
external. Asexual reproduction by lateral budding, Trochophore larva present. 
 
Class 2-Oligochaeta 
Mostly terrestrial or some freshwater forms, Body with conspicuous external and 
internal segmentation, Head indistinct, without sensory organs. Setae few, 
embedded in the skin. Parapodiaabsent. Glandular clitellum present for cocoon 
formation. The pharynx is not eversible and without jaws. Hermaphroditic i.e. sexes 
united. Testes are anterior to ovaries. Development is direct. fertilization external 
(in cocoon); no larval stage. 
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Class 3-Hirudinea 
Mostly ectoparasitic, blood-sucking, or carnivorous. Few are marine, freshwater, 
or terrestrial. The body is elongated and usually flattened and dorso-ventrally or 
cylindrical. The body consists of a fixed number of segments (33). Each segment 
breaks up into 2 to 4 rings or annuli. Segmentation external without internal septa. 
Par podia and setae are absent. Both anterior and posterior ends of the body with 
ventrally situated suckers. The mouth opens on the ventral surface on anterior 
suckers, while anus opens dorsal to the posterior suckers. Coelom much reduced 
due to filling by botryoidal tissues, and form haemocoelomic sinuses. 
Hermaphrodite with one male and one female gonopore. Fertilization internal. 
Asexual reproduction is not known. Eggs are always laid in cocoons. 
Development is direct without a free-swimming larval stage. 
 
Class 4-Archiannellida 
Exclusively marine form. Body elongated and worm-like. Setae and parapodia are 
usually absent. External segmentation is slightly marked by faint, while internal 
segmentation is marked by coelomic septa. Prostomium bears 2 or 3 tentacles. 
Sexes usually separate, hermaphrodite. Usually trochophore larva. Examples: 
Polygordius,  Dinophilus, Protodrilus. 
 
Useful Links 
https://www.youtube.com/watch?v=3uxHkGreFU4 (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=NBzdBOzv6wY (Retrieved on 20/05/2020) 
 
Self-Assessment Questions 
1. What are the 5 characteristics of phylum Annelida? 

2. What are the examples of phylum Annelida? 

3. Why is Annelida called so? 

8.5.4  Phylum Arthropoda 
Annelids Polychaetes (Segmented Worms)  
The phylum Annelida consists of the segmented worms and is plentiful in the 
environment. External segments can be seen as a ring-like structure along the body. 
Segmentation gives worms more adaptability in terms of development and 
movement. Annelids have a tube inside their tube body arrangement known as a 
Coelom. It is completely lined and contains the body organs. Annelids are known 
to have bilateral symmetry, a developed mind, and various sense organs 
demonstrating cephalization. The hydrostatic skeleton is present in the form of a 

https://microbenotes.com/developmental-biology/
https://www.youtube.com/watch?v=3uxHkGreFU4
https://www.youtube.com/watch?v=NBzdBOzv6wY
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coelomic liquid, Worms have a place in phylum Annelida. Every segment of the 
earthworm has external setae abounds made of chitin. These help the earthworm to 
move and to tunnel into the soil. Earthworms are known to have a head and a central 
sensory system. Earthworms breathe through their moist skin.  
 
Bloodsuckers or leeches are also present in the phylum Annelida. Most parasites 
live in water and suckers are present at both finishes of their bodies. 
 
Classes 
Class Oligochaeta 
E.g Earthworms. OligochaetaMeans "Few Bristles". Named for the 
few/tiny setae.  Streamlined body. Typically, detrivores that live in 
soil/freshwater. 
 
Class Polychaeta  
E.g Marine Worms. Polychaeta Means "Many Bristles". Named 
for their large, abundant setae. Have paired paddle-like 
appendages. Marine - can be carnivorous (ex. Bobbit worm) or 
filter-feeding (ex. Feather Duster worm) 
 
Class Hirudinea 
E.g Leeches. External parasites. Use powerful 
suckers/teeth to cut through skin and suck blood 
Typically lives in freshwater. 
 
Useful Links 
https://www.youtube.com/watch?v=Ca2Xur4mVd4  (Retrieved on 20/05/2020) 

https://www.youtube.com/watch?v=tNs6MXSk_6Y (Retrieved on 20/05/2020) 

 
Self-Assessment Questions  
1. What are the classes of phylum Arthropoda? 

2. Why Arthropods are called segmented worms? 

3. Write the difference between internal parasite and external parasite by giving 
at least 2 examples? 

 

https://www.youtube.com/watch?v=Ca2Xur4mVd4
https://www.youtube.com/watch?v=tNs6MXSk_6Y
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INTRODUCTION 
 
 
Parasitology is the branch of microbiology that is concerned with the study of 
parasites. In the process, it gives focus to various characteristics of the parasite 
(morphology, life cycle, ecology, taxonomy, etc.), the type of host they 
infect/affect, and the relationship between the two. In parasitology, parasites have 
traditionally been restricted to three main groups that include 
1. Protozoa, 
2. Helminths,  
3. Arthropods.  
 
However, they are also described based on where they are located on the host: 
1. Ectoparasites (those that live on the host- skin, etc.)  
2. Endoparasites (those that live inside the body of the host). 
 
As a sub-discipline that studies a wide variety of organisms and relationships with 
their hosts, parasitology also encompasses some elements of such fields as 
entomology, helminthology, and epidemiology among others. For the most part, 
parasites (living organisms) are permanently associated with their respective hosts 
(or need a host for a given stage of their lives). For this reason, such organisms like 
tsetse flies that briefly feed on given animals are not necessarily regarded as 
parasites in medical parasitology. 
  

OBJECTIVES 
 

After studying this unit, you will be able to:  

• identify the morphology and characteristics of the parasite. 

• explain the signs and symptoms of parasitic infections and the disease they 
caused. 

• diagram parasitic life cycle. 

• define key terms related to parasitology. 
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9.1  BRIEF NOTES ON MEDIAL/ ECONOMIC IMPORTANCE 
OF THE FOLLOWING PLASMODIUM, ENTAMOEBA-
HISTOLITICS, LEISHMANIA, LIVER FLUKE, TAPE 
WARM, EARTH WARM, SILKWORM, CITRUS 
BUTTERFLY 

 
9.1.1  Leishmania 
Leishmania is a genus of the family Trypanosomatidae and consists of parasitic 
protozoa. As a member of the family Trypanosomatidae, these species are obligate 
parasites that require a host for their survival. Compared to other members of this 
family, however, they are heterogeneous and thus require two hosts to complete 
their life cycle. Invertebrates, Leishmania species are responsible for a spectrum of 
diseases (e.g. visceral diseases and mucocutaneous diseases, etc.) whose symptoms 
vary depending on the species of the parasite and host vulnerability. According to 
studies, over 50 species of Leishmania described so far are spread across all 
continents (tropic and sub-tropic regions) except Antarctica with about 20 species 
being responsible for human infections. 
 
Leishmania species are also divided into old world species and new world species. 
Whereas old world species include those from Asia, Africa, and Europe, new world 
species include those occurring in America. 
 
Leishmania General Characters 
 Leishmania species are the cause of various diseases in man, cattle, dogs, sheep, 
horses, etc. collectively known as leishmaniasis.  It is a pathogenic zooflagellate 
and is closely related to Trypanosoma. These pathogens are carried by blood-
sucking sandflies of the genus Phlebotomus. Leishmania species are intracellular 
parasites in the white blood cells, liver cells, and spleen cells. 
 
Distribution 
Leishmaniadonovaniis known to infect men in India, China, South America, parts 
of Africa, and Mediterranean countries. This genus was created by Ronald Ross in 
1903. The species was simultaneously reported by Leishman in London and 
Donovan from Madras., hence the Leishmaniadonovani. 
 
Habit and habitat 
It lives as an intracellular parasite in the leucocytes or the organs of the 
reticuloendothelial system like bone marrow, spleen, liver, and lymphatic glands 
etc. This parasite causes a disease called kala-azar fever in humans with 
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symptoms like enlargement of spleen and reduction in the number of white blood 
cells. It is transmitted through the bite of Sandflies. 
 
Morphology 
Size and shape: The genus Leishmania occurs in two forms namely leishmanial 
and leptomonad. These two forms alternate between a vertebrate and an 
invertebrate host. These two forms are recognizedbased on the position of the 
kinetoplast and blepharoplasty. Also, the course taken by the flagellum is important 
in the identification of the leishmanial form. 
 
Leishmanial Form-This form is also known as the amastigote form. The size 
ranges from 2 µ to 4 µ in diameter. This form occurs intracellularly in the blood 
cells and the organs of the reticuloendothelial system like liver, spleen, bone 
marrow of man. This form is microscopic, rounded or oval with a central nucleus, 
blepharoplasty, and kinetoplast. This form does not have a free flagellum. 
 

 
 
Leptomonad form- This form is also known as the promastigotes form. Its size 
ranges from 15 – 20 µ in length and 1-2 µ in width. This form occurs in the midgut 
of the invertebrate host or sand fly. This form is elongated, slender and spindle 
shaped with a large centrally placed nucleus, blepharoplast and kinetoplast. These 
forms possess a free flagellum. 
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Cell membrane: The whole body is covered externally by a very thin, delicate, 
elastic and firm covering called as pellicle. This pellicle gives a definite shape to 
the body. 
 
Flagellum: Leishmania is uniflagellate that is it has only single flagellum. In the 
leptomonadform the flagellum is long and free. This flagellum arises from a minute 
basal body or blepharoplast situated near the anterior end. Near the blepharoplast a 
disc-shaped parabasal body called as kinetoplast is present. In the leishmanial form, 
there is no free flagellum rather the flagellum is reduced and embedded in the 
cytoplasm. Embedded 
 
Cytoplasm: Homogenous and colorless cytoplasm is present in this parasite. The 
cytoplasm is not differentiated into ectoplasm and endoplasm. The cytoplasm is 
marked by longitudinal striations or microtubules. Many other structures like Golgi 
body, mitochondrion, vacuole, nucleus, blepharoplast and kinetoplast are present 
in the cytoplasm. 
 
Nucleus: The nucleus of Leishmania is spherical and lies in the middle of the body. 
It has a central distinct nucleolus. The nucleus is covered by a double unit 
membrane with pores of size 1 µ in diameter. 
 
Metabolism 
Leishmania do not have a mouth or a cytostome and so the nourishment is 
obtainedsaprozoically through the general body surface from the host cells. The 
exchange of gases and elimination of the waste products takes place by the process 
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of diffusion. Only asexual reproduction takes place in Leishmania through 
longitudinal binary fission. 
 
Leishmania Life Cycle 

 
 
Leishmania is a digenetic parasite that requires two hosts to complete its life cycle. 
These two parasites are named as primary and secondary hosts. The primary host 
is the principal host which is a vertebrate or man. In the primary host, the parasite 
feeds and multiplies itself asexually. On the other hand, the secondary host is the 
intermediate host or vector which is usually an invertebrate or a blood-sucking 
insect. In the case of Leishmania, it is sand-fly (Tse-tse fly). This sand fly belongs 
to the genus Phlebotomus. 
 
In the life cycle of Leishmania, we can also find a reservoir host which can be 
mammals like dogs, jackals, and ground squirrels. In the reservoir host, the parasite 
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does not undergo any change rather it simply waits to find its principal host through 
sandfly. 
 
Life cycle in Man 
In India, Leishmaniadonovaniis transmitted to man by the infected sand fly 
(Phlebotomusargentipes). The sandfly injects the infective stages called as 
promastigotes or leptomonad forms from their proboscis into the human blood. Some 
of them which enter the blood circulation are phagocytized by the macrophages and 
other mononuclear phagocytic cells. Some of the promastigotes enter the cells of the 
reticuloendothelial system (consists of the organs like spleen, bone marrow, liver, 
and lymph nodes). Now, these promastigotes forms get transformed into amastigote 
or leishmanial form. These amastigotes get settled in the organs of the 
reticuloendothelial system and undergo slow multiplication by binary fission and 
because of this the respective organs become significantly enlarged. 
 
When the number of parasites reached 50 to 200 or more the macrophages get 
ruptured to liberate the parasites. Now the liberated parasites are taken up by new 
host cells and the cycle of multiplication repeats consequently the 
reticuloendothelial system progressively becomes infected. 
 
Some of the free amastigotes become phagocytized by neutrophils and monocytes. 
These heavily parasitized cells wander through the general blood circulation 
leading to the general infection. 
 
Life cycle in Sandfly 
When a sand fly sucks on the blood of an infected person, it obtains free amastigotes 
and parasitized neutrophils and monocytes along with their blood meal. The 
amastigote forms develop in the midgut of the sandfly. They get transformed into 
elongated, free flagellated promastigotes forms again. These promastigotes forms 
multiply by longitudinal binary fission. In about a week the number of parasites 
becomes enormous thus spread to other organs of the sand fly like pharynx and 
buccal cavity. The important point to be noted in the vector is that the salivary 
glands are not infected. The transmission to the host takes place when a heavily 
infested sand fly bites a new host. 
 
Dumdum Fever 
Occurrence: Dumdum fever is the serious oriental disease of man-caused by 
Leishmaniadonovani and transmitted by Phlebotomusargentipes. It is also known 
as black fever or Kala-azar. The word kala-azar is derived from two Indian words 
Kala meaning black and Azar meaning sickness. This fever is prevalent in India, 
China, Mediterranean countries and some parts of Arica and South America.  
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Symptoms and pathogenesis: The incubation o period of dumdum fever is long 
ranging from 3 to 6 months. Also, the symptoms of the fever may appear even after 
2 years. The very early symptoms of dumdum fever include swelling, high fever, 
enlargement of organs, or a reticuloendothelial system like spleen and liver. These 
symptoms are followed by general weakness, anemia due to a reduction in the 
number of blood cells, and the darkening of the skin. 
 
In the advanced stages, the skin of the infected person becomes completely dry, 
rough, and dark with a lot of pigmentation, hair becomes brittle and fall out. If the 
patient does not receive the proper treatment it can lead to his death in 2 years. 
Generally, death is due to the secondary infection by bacteria or viruses as the 
patient becomes immune-compromised in other words, the patient would not be 
able to resist the infections caused by bacteria or viruses or any other microbes. 
 
Diagnosis: Microbial examination of the blood film or the biopsy material taken 
from the spleen or bone marrow of the patient is the main diagnostic samples used 
for the identification of the infection in a person. Amastigote forms of 
Leishmaniadonovaniare tested in these samples. Also, the examination of the white 
blood cells shows a decrease in the number of neutrophils and an increase in the 
number of lymphocytes and monocytes. The number of red blood cells is also found 
to be decreased. 
 
Treatment: Generally, two groups of drugs are used for the treatment of dumdum 
fever. These include pentavalent antimony compounds like sodium-antimony 
tartrate and sodium-antimony glutamate, urea stibine, aminostiburea along with 
pentamidine isethionate. 
 
Prevention: The following are the prophylactic measured to be taken to prevent 
the disease 
 
Eradication of the insect vector is of prime importance to keep the disease under 
control. Low trees and bushes should be cleared out in the endemic areas. Periodic 
fumigation and spraying of insecticides are also advisable to prevent the disease. 
 Reservoir hosts like dogs, jackals, squirrels should be kept at bay. 
 
 A proper treatment campaign is a good control measure in India. 
 
 To avoiding the bites of sand fly insect repellants, mosquito nets can be used. Also 
avoiding sleeping on the floor can be beneficial. 
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Other Species of Leishmania Infecting Humans 
  

Species Primary 
host 

Secondary 
host 

Location in 
host Transmission Disease name Symptoms 

L. donovani Cats, 
Man and 
dogs 

Sand fly Intracellular 
in WBC, liver 
& spleen 
cells, Bone 
marrow & 
lymph glands 

Bite of sand fly Kala-azar or 
dumdum fever 
or black fever 

Fever, Anemia, 
enlargement of 
spleen and liver, 
darkening of the 
skin 

L. infantum Children Sand fly Intracellular Bite of sand fly Infantile kala-
azar 

Enlargement of 
spleen 

L. chagasi Man Sand fly Intracellular Bite of sand fly South 
American 
Kala-azar 

Similar to Kala-
azar 

L. canis Dogs Sand fly Intracellular Bite of sand fly Visceral 
leishmaniasis 

Similar to Kala-
azar 

L. tropica Man and 
dogs 

Sand fly Intracellular 
in skin 

Bite of sand fly Oriental sores Lesions on the 
skin 

L. 
braseliensis 

Cats, 
Man and 
dogs 

Sand fly Intracellular 
in mucous 
membrane 
of nose & 
throat 

Bite of sand fly Naso-
pharyngeal 
leishmaniasis 

Infection in the 
nasopharyngeal 
region 

Useful Links 
https://www.youtube.com/watch?v=qhigXMBt9HA  (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=8RED67fjYOs (Retrieved on 22/05/2020) 
 
Self-Assessment Questions 
1. What is the name of the disease caused by the protozoan parasite Leishmania? 

2. Does Leishmania have any reservoir host? If yes, name them? 

3. Name the primary and secondary hosts of the Leishmania parasite. 

4. List out the preventive measures to be taken to prevent Dum-Dum fever. 

5. Who created the Genus Leishmania? What is the disease caused by Leishmania? 

6. Write the systematic position of Leishmaniadonovani. 

https://www.youtube.com/watch?v=qhigXMBt9HA
https://www.youtube.com/watch?v=8RED67fjYOs
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7. What are the two forms in which Leishmania occur? Write about them. 

8. Write about the metabolism in Leishmania. 

9.1.2  Plasmodium General Characters 
Plasmodium vivax, plasmodium ovale, plasmodium falciparum, and Plasmodium 
malariae are the organisms causing malaria in human beings. Malaria is the most 
common disease of man. In olden days it was believed that malaria is caused due 
to the bad air or the harmful vapors produced in the marshy lands. The word malaria 
is an Italian word meaning mala=bad and aria=air. 
  
History of malaria 
For the first time, in 1860, Laveran, a French doctor, observed the Plasmodium in 
the blood of a malarial patient. Then Golgi, an Italian scientist in 1885 observed 
Plasmodium in the red blood cells of a malarial patient. 
 
On 20th August 1897, Ronald Ross discovered the oocytes of Plasmodium in the 
crop-wall of the female Anopheles mosquito. For his work on malaria, Ross was 
awarded Nobel Prize in 1902. Also every year 20th August is celebrated as the 
Malaria day in recognition of his Work. Ross carried out a major part of his work 
on malaria in India. Grassi, an Italian professor described the complete life cycle of 
Plasmodium vivax in female Anopheles mosquito. 

 
Structure of Malarial Parasite 
The infective stage of the malarial parasite, Plasmodium to man is called 
Sporozoite. The sporozoites are spindle-shaped with a swollen middle part and 
slightly pointed ends. It measures about 15 µ in length and 1µ in width. Externally 
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the body of plasmodium is covered by a three-layered pellicle which is elastic. It 
contains longitudinally arranged hollow microtubules. These tubules are contractile 
and help the parasite in its wriggling movement. 
 
At the anterior end, a cup-like depression called the apical sucker is present. In to 
this apical sucker, opens a pair of narrow secretory organelles called rhoptries. 
These secretory organelles secrete cytolyticenzymes which help in penetration of 
the parasite into the liver cells. Numerous convoluted tubules are scattered 
throughout the body of sporozoite. 
 
Plasmodium Life Cycle in Man 
The life cycle of plasmodium includes two phases, namely asexual and sexual 
which are completed in two different hosts. The sexual phase of the life cycle is 
completed in the female Anopheles mosquito and the asexual phase is completed 
in human beings. Female Anopheles mosquito is considered as the definitive host 
or invertebrate host whereas humans are considered as the intermediate hosts or 
vertebrate hosts. Mosquito is also called as the vector as it transmits the parasite 
from one person to another. Monkey is the reservoir host. In the life cycle of the 
plasmodium, the asexual life cycle alternates with the sexual life cycle. This 
phenomenon is called an alternation of generations. 
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PLASMODIUM LIFE CYCLE IN MOSQUITO 
 

 
 
The life cycle of the plasmodium in mosquito  
 
Pathogenicity of Plasmodium 
Plasmodium vivax causes benign tertian malaria which is a less dangerous form of 
this disease. The clinical features of malaria include febrile paroxysm (spells of 
fever) followed by anemia and enlargement of the spleen. A febrile paroxysm 
includes three stages, 
 
Cold stage, with symptoms of chills, headache, and giddiness 
 
Hot stage, with high fever, increase in breathing rate & pulse rate 
 
Sweating stage, with symptoms of profuse sweating with body temperatures 
receding to normal 
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Preventive Measures and Prophylaxis 
Malaria can be controlled by the following methods, 
 
Protection against Mosquitoes 
Spraying of DDT, BHC and other insecticides in the house to kill the mosquitoes 

Fumigation in the dwelling places 

Use of mosquito nets 

Use of mosquito repellents to avoid mosquito bites 
 
Destruction of Mosquito Larvae 
Kerosene and pyrethrum oil are sprayed on the stagnant waters like sewage gutters 
and ditches were the mosquitoes lay their eggs. The oil film on the water surface 
affects the respiration of the larvae and the larvae die of suffocation. 
 
Use of insecticides in the mosquito breeding places to kill the larvae. 
 
Biological control is one of the most effective methods of destructing the mosquito 
larvae. The use of larvivorous fishes like Gambusia is one such biological method. 
 
Useful Link: 
https://www.youtube.com/watch?v=dyprqPM1rHI (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=qMz8B0nVZ4M (Retrieved on 22/05/2020) 
 
Self-Assessment Questions 
1. Describe the life cycle of plasmodium in mosquito. 

2. Write about preventive measures of malaria. 

3. Describe the formation of Sporozoites. 

4. What are the phases included in the life cycle of plasmodium in Humans? 

5. What is the importance of the Schuffner's dots? 

6. Differentiate between Macrogametocytes and Microgametocytes. 

7. Describe the formation of Sporozoites. 

8. List all the species of the Genus Plasmodium which cause malaria. 

9. Give out the classification of Plasmodium Vivax. 

10. Describe the structure of the malarial parasite. 

https://www.youtube.com/watch?v=dyprqPM1rHI
https://www.youtube.com/watch?v=qMz8B0nVZ4M
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9.1.3  Taenia (Tapeworm) 
The adult tapeworm and the cysticercus larvae are harmful to man.  The adult 
tapeworm causes taeniasis and the cysticercus larva causes cysticercosis. 
 
Taeniasis: The symptoms of taeniasis include pain in the abdomen, anemia, and 
giddiness, obstruction to the passage of food, vomiting, indigestion, and 
eosinophilia. 
 
Cysticercosis: This infection is caused due to the consumption of infected food and 
water with oncospheres. When the scolex of the Taenia causes injury to the 
intestinal wall, it triggers reverse peristalsis and then some gravid proglottidsare 
pushed back into the stomach. This process is called as retroinfection or 
autoinfection. The oncospheres may also infect non-pork eaters through 
contaminated food and water and this is calledheteroinfection. The oncospheres 
released from the gravid proglottids ultimately reach the voluntary muscles and 
transform themselves into cysticercus larvae. They form cysts in the heart, brain, 
eye, liver, and muscles. It causes necrosis in the brain and disintegrates the living 
cells. Epilepsy is the most common manifestation in neurocysticercosis in man. 
This disease is more dangerous than taeniasis and is mostly found in children. 
 
Prevention of Taeniasis 
• Consumption of properly cooked pork is an important point to be noted to 

prevent this disease. 
• Also selling off the measly pork should be prohibited 
• Open defecation by humans must be discouraged 
• Hygienic and healthy habits must be inculcated. 
 
Taenia Parasitic adaptations 
Tapeworms live as internal parasites and they have to make several adjustments for 
the same. The following are a few of the adaptations made by these tapeworms to 
make their life easy in their hosts. 
 
Presence of enzymatic resistant covering 
A hard covering called as tegument covers the body of these tapeworms. The 
tegument is enzyme resistant and it protects all the internal organs from the 
digestive actions of the alkaline fluids of the host. On the other hand, the tegument 
is permeable to water and other nutrients. 
 
Absence of locomotory organelles 
This parasite lacks organs for locomotion. As there is no need for any locomotory 
organs both the adult and larval forms lack cilia or flagella. 
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Osmotic pressure 
The osmotic pressure inside the body is higher than that of the surrounding host 
tissue or fluid. This helps the parasite to reside conveniently in the host body. 
 
Presence of hooks and suckers for attachment 
For the attachment purpose, a scolex with suckers and hooks are present. This 
specialized scolex serves the purpose of attachment to the epithelial lining of the 
host intestine so that the parasite is not ejected from the intestine due to its 
peristaltic contractions. 
 
Anaerobic type of respiration 
Anaerobic type of respiration is found in these parasites as the surroundings they 
live do not have any free oxygen. Glycogen is the chief reserve food and principal 
energy source. This glycogen undergoes glycolysis to produce carbon dioxide and 
fatty acids. 
 
Absence of other body systems 
Special circulatory system or respiratory system or sensory organs are absent. Also, the 
nervous system is not well developed as these parasites do not need these systems. 
 
Absence of the digestive system 
As the parasite lives in the places where digested food is readily available, there is 
no need of an alimentary canal. So these parasites also lack an alimentary canal and 
they absorb the digested food from the host through the general body surface. The 
surface area for absorption is increased by the presence of the microvilli on the 
outer surface of the tegument. 
 
Protection of zygote 
The zygotes are covered by resistance, firm, shell, or capsule. Also, the embryos 
are protected from unfavorable conditions by similar coverings. 
 
Presence of complex reproductive organs 
Out of all the body systems, the reproductive system is very well developed. This 
reproductive system can produce a huge number of eggs (40,000 per gravid 
proglottid). The reason for the production of such a huge number of eggs is that 
these parasites face many challenges for survival. 
 
Hermaphroditism and proglottization 
Self-fertilization within the same proglottid or cross-fertilization with another 
proglottid of the same worm is ensured by hermaphroditism and proglottization. 
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Useful Links: 
https://www.youtube.com/watch?v=lWrCHxs_Emg (Retrieved on 22/05/2020) 
https://www.youtube.com/watch?v=r2uJai9KMaU (Retrieved on 22/05/2020) 
 
Self-Assessment Questions 
1. What is the difference between taeniasis and cysticercosis? 
 
2. Write about the preventive measurements of Taeniasis. 
 
3. Write the differences between Taeniasolium and Taeniasaginata. 

4. Write all the adaptations of Taenia as a Parasite. 
 
5. What are parasitic adaptations? How are they helpful for the parasite? 
 
9.1.4  Earthworm 
Regeneration Capacity of Earthworm 
Regeneration is the power of producing the lost body parts. Earthworms have a 
remarkable power of regeneration. They can regenerate segments lost by accident. 
If a worm is cut into two parts, the anterior part will regenerate the entire posterior 
part but the posterior part cannot develop the anterior part, though it can produce a 
limited number of segments at the anterior end. It is important to note that the 
reproductive organs are not regenerated. 
 
Adaptations of Earthworm 
Earthworms are well adapted for a subterranean or fossorial mode of life. The 
following are the adaptations which help earthworm to lead its life, 

An elongated, slender and streamlined body which is much helpful in burrowing 
habitat 

Presence of setae and musculature which help it in locomotion and also for 
anchorage 

Secretion of mucous to plaster the internal walls of the burrow 

Coelomic fluid oozing through dorsal pores keeps skin moist 

And this moist skin is also helpful in gaseous exchange in the absence of specialized 
respiratory organs 

https://www.youtube.com/watch?v=lWrCHxs_Emg
https://www.youtube.com/watch?v=r2uJai9KMaU
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Amoebocytes of the coelomic fluid kill harmful bacteria and other parasites. Thus 
protecting the worm 

The nocturnal and burrowing habits of the earthworms also protect them from 
predators 

Due to its fossorial mode of life special sensory organs like eyes and ears are absent 

Hermaphroditism and regeneration capability ensures continuity of species against 
all odds of the life 

Copulation followed by the formation of cocoon for fertilization and development 
are adaptations for reproduction on dry land. 
 
Economic Importance of Earthworm 
Earthworms are of great economic importance to man. They play an important role 
in agriculture and are the best friends of farmers as they are continuously plowing 
and manuring the soil. However, a few species of earthworms are harmful. 
 
Earthworms in Agriculture: Earthworms make burrows and hence aerate the soil. 
They continually bring the lower soil and deposit it on the surface. It is said that in 
a time of ten years, they can fill the whole surface of the earth up to 5 cm. The 
earthworms have been plowing the land long before man. Their habit of burrowing 
and soil feeding makes the soil loose and porous. Their burrows permit the 
penetration of air and moisture in the porous soil, improve drainage, and make the 
downward growth of roots easier. 
 
The feces of the worms make good manure. By burying the dead and decayed 
matter, they enrich the soil. The excretory wastes and other secretions of the worms 
also enrich the soil by adding nitrogenous matters that form important plant food. 
The feces of earthworm contain nitrate, calcium, phosphorus, potassium, and 
magnesium which constitute an important component of the humus essential for 
plant growth. They also reduce the alkalinity and acidity of the soil. 
 
Earthworms as Bait and Food: Earthworms are used as baits for fishing in many 
parts of the world. They are used as food by a large number of animals like frogs, 
moles, lizards, small snakes, centipedes, and also some birds. In many parts of the 
world, uncivilized people use earthworms as food. The earthworms make the best 
food of fish aquarium and small animals in the laboratory. 
 
Earthworms in Medicines: Ayurveda and Unani system of therapy suggest that 
earthworms are used for reducing the size and finally removing bladder stones, 
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jaundice, piles, diarrhea, weakness after pregnancy, sexual impotency and gout. 
Today they are used in India, China, and Japan in various fancy medicines. 
 
Earthworms in laboratories: Earthworms are universally used for dissection in 
zoological laboratories, as they are easily obtained. 
 
Harmful Earthworms: A few species of earthworms may cause harm to a man in 
various ways: 
Their burrows may cause loss of water by seepage from ditches, canals, and 
irrigated lands. Their casting on sloppy lands easily gets washed away by rain and 
thus contributes to soil erosion. 
 
Some species bury in the carcasses of animals and bring disease germs to the 
surface, which infects others. While a few species live as an ectoparasite on frogs 
and man. They also act as intermediate hosts of some parasites like the tapeworm 
(Amoebotaeniasphenoides) of chicken and the lung nematode 
(Metastrongyluselongatus) of pig. Pheretimaelongata damages the roots of betel 
vine, Malabariapodudicola and Aphanascusoryzivorus damage roots of paddy. 
 
Useful-Links: 
https://www.youtube.com/watch?v=9ZHTerOJYMA 

https://i.ytimg.com/an_webp/ZiMjXVrD0Hc/mqdefault_6s.webp?du=3000&sqp=
CMOFmfcF&rs=AOn4CLBcxPwu39SOPUwa8aAm2VYE3QzxJA 
 

Self-Assessment Questions 
1. Write about the regeneration capacity of Earthworm. 

2. What are the adaptations for the mode of life of an Earthworm? 

3. Write about the economic importance of Earthworm. 
 
9.1.5  Silkworm 
Introduction 
A material which is composed of thin and continuous strands is known as fiber. 
Fiber can be of two types: natural fiber and synthetic fiber. The fibers which are 
obtained from plants and animals are known as natural fibers whereas synthetic 
fibers are man-made fibers. Examples of natural fibers are cotton and silk whereas 
examples of synthetic fibersare: nylon, polyester, etc. Silk is a type of natural fiber 
or animal fiber. Silkworm is responsible for the spinning of silk and it is reared to 
obtain silk. 
 

https://www.youtube.com/watch?v=9ZHTerOJYMA
https://i.ytimg.com/an_webp/ZiMjXVrD0Hc/mqdefault_6s.webp?du=3000&sqp=CMOFmfcF&rs=AOn4CLBcxPwu39SOPUwa8aAm2VYE3QzxJA
https://i.ytimg.com/an_webp/ZiMjXVrD0Hc/mqdefault_6s.webp?du=3000&sqp=CMOFmfcF&rs=AOn4CLBcxPwu39SOPUwa8aAm2VYE3QzxJA


254 
 

History of silk 
Silk was discovered around 3500 BC in China. For a long period, silk was shipped to 
other parts of the world through trade. Technological advancement and new 
developments have enabled manufacturers to produce different types of silk from 
different silkworms based onluster and texture. Mulberry silk is the most common silk 
moth that is used for producing silk. Rearing of the silkworm is known as sericulture. 

 
 
The life cycle of silkworm 
The life cycle of silk moth starts when a female silk moth lays eggs. The caterpillar 
or larvae are hatched from the eggs of the silk moth. The silkworms feed on 
mulberry leaves and give rise to pupa. In the pupa stage, a weave is netted around 
by the silkworm to hold itself. After that it swings its head, spinning a fiber made 
of a protein and becomes a silk fiber. Several caterpillars form a protective layer 
around pupa and this covering is known as the cocoon. The silk thread (yarn) is 
obtained from the silk moth’s cocoon. The life cycle of the silkworm is explained 
below in detail. 
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Stage 1: Egg 
An egg is the first stage of the life cycle of the silkworm. The egg is laid by a female 
moth which is mostly the size of small dots. A female moth lays more than 350 
eggs at a time.in the springtime, the eggs hatch due to the warmth in the air. This 
procedure happens once in every year. 
 
Stage 2: Silkworm 
A hairy silkworm arises after the eggs crack. In this stage of silkworms, the growth 
happens. they feed on mulberry leaves and consume a large amount of these leaves 
for around 30 days before going to the next stage. 
 
Stage 3: Cocoon 
In this stage, silkworms spin a protective cocoon around itself. It is the size of a 
small cotton ball and is made of a single thread of silk. 
 
Stage 4: Pupa 
The pupa stage is motionless. In this stage, people kill the pupa by plunging the 
cocoon into boiling water and unwind the silk thread. 
 
Stage 5: Moth 
In this stage, the pupa changes into an adult moth. The female moth lays eggs after 
mating and thus the life cycle of silkworm begins again. 
 
Processing of Silk: 
Extracting silk from the cocoon is known as the processing of silk. Silk is separated 
from the cocoon by exposing it to sunlight. After that reeling of silk is done, the 
process of unwinding silk from a cocoon. Silk thread is then bleached. The silk 
fiberis then spun into silk threads. 
 
Useful Links 
https://www.youtube.com/watch?v=b8rX5DRusNI (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=klZeS-g0UHo (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=bvLghveYDIk (Retrieved on 22/05/2020) 
 
Self- Assessment Questions 
1. Write down the life cycle of silkworm 

2. How silk is obtained from silkworm? 

3. What is the history of silkworm? 

4. Where will we able to use silk? 

https://www.youtube.com/watch?v=b8rX5DRusNI
https://www.youtube.com/watch?v=klZeS-g0UHo
https://www.youtube.com/watch?v=bvLghveYDIk
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9.1.6  Liver Fluke 
Liver fluke (Fasciola hepatica) is large, flat, leaf-shaped parasites found in the liver. 
Adults are approximately 2cm long and 1cm wide while immature fluke 
ismillimeters long. Abattoir inspectors detect parasites (as they are visible to the 
naked eye) and liver damage caused by the parasites. Liver fluke is widespread 
across south-eastern Australia, especially in irrigated areas. In areas where it 
occurs, it can be a major economic burden. 
 
Economic Consequences: 
On-Farm • Reduced growth rate/weight loss – can be significant • Reduced 
lambing percentages • Reduced wool production (quality and quantity) • Deaths  
• Cost of drench 
 

 

At the Abattoir: • Affected livers condemned • Whole carcass condemned – 
Occasionally a carcass may be condemned if found to be emaciated or oedematous 
(accumulation of fluid in body tissues) that can result from liver fluke disease. 
 
The Lifecycle of Liver: Fluke for the completion of the parasite’s complex life 
cycle two hosts are required. Different stages of the fluke’s life cycle occur in each 
of the following hosts:  
1.  A ‘definitive (sheep) host’ (can also be numerous other species) • Sheep 

ingest cysts from contaminated pasture. • Immature fluke burrow through the 
gut wall and travel to the liver. They then burrow through the liver, potentially 
causing significant damage to the liver, until they reach the bile ducts. This 
takes 6-7 weeks. • Fluke mature in the bile ducts by feeding on blood. They 
produce eggs 8-10 weeks after infestation and can survive in the bile ducts for 
years. • Eggs pass back to the intestines and pass onto pasture in feces.  

2.  An ‘intermediate (snail) host’ – the freshwater snail, Lymnaeaspp, is found in 
swamps, drains, and irrigated pastures in certain districts. If these snails are not 
present on a property (or within a district) the liver fluke lifecycle cannot be 
completed. • Under suitable wet conditions larvae hatch from fluke egg• Larvae 
must invade the Lymnaeaspp snail to develop (development takes 2-3 months). 
• Advanced stage larvae pass from the snail and form cysts on the pasture. 
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Prevention 
1. Good Biosecurity - stock introductions • Avoid introducing sheep or cattle 

onto your property that are infected with fluke. • Quarantine and drench all 
sheep and cattle that come from a liver fluke area.  

2.  Monitor fluke status • Utilise fluke egg counts (or blood tests for early 
infections), abattoir surveillance reports, and post-mortem findings.  

3.  Snail habitat control • Minimise snail habitat by improving drainage where 
possible (laser-leveled land is less at risk compared with areas where water 
can sit). • Alternatively convert areas to deeper, faster-moving water and keep 
drains clean so water can flow freely. • Fix broken pipes/leaking troughs to 
stop permanent wet areas. 

 4.  Grazing management • Fence off swampy areas to prevent access by sheep. • 
Provide clean trough water as an alternative to drinking from dams, swamps, 
and drains, etc. • If infested paddocks must be used, graze uninfected sheep 
over contaminated areas, moving them to a snail-free paddock after 8-10 
weeks and drench. This prevents fluke eggs from reaching the snails and 
continuing their life cycle. 

 5.  Vaccination to prevent black disease • Ensure stock is fully vaccinated, 
including correct timing of boosters, against black disease. • Commercial 5-
in-1 and 6-in-1 vaccines cover black disease. 

 
Useful Link 
https://www.youtube.com/watch?v=n7xVlcZPLtQ (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=aU5Uyq03W4o (Retrieved on 22/05/2020) 
 
Self- Assessment Questions 
1. Describe the structure of the liver fluke. 

2. What are 2 intermediate hosts of liver fluke? 

3. How we can prevent diseases from liver fluke? 

4. Describe the life cycle of liver fluke. 

  

https://www.youtube.com/watch?v=n7xVlcZPLtQ
https://www.youtube.com/watch?v=aU5Uyq03W4o
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9.1.7 Entamoeba Histolitica 
Entamoebahistolytica is an invasive, pathogenic protozoan, causing 
amoebiasis, and an important cause of diarrhea in developing 
countries. Our understanding of its epidemiology has dramatically 
changed since this amoeba was distinguished from another 
morphologically similar one, Entamoebadispar, a non-pathogenic 
and commensal parasite. These two species can now be 
distinguished mainly through molecular and immunological 
procedures. The life cycle of the parasite is represented by two 
forms: the cyst and the trophozoite. The cyst is the infective and 
nonmotile form of the parasite. It is excreted in the feces and can 
survive for weeks in the environment. Mature cysts possess 4 nuclei and an average 
of 20 µm in diameter. The trophozoite is the motile form, with a size ranging from 
10 to 60 µm. It colonizes the intestinal tract leading mainly to tissue destruction 
and secretory bloody diarrhea. Amoebiasis is an acute disease acquired by:  
(i)  ingestion of cysts presents in contaminated food, water, or plants,  
(ii)  through person to person contact,  
(iii)  exposure in endemic areas, and 
(iv)  swimming in contaminated water. 
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Clinical manifestations range from the asymptomatic carrier state to dysenteric 
symptoms represented by abdominal pain and bloody diarrhea. The organism can 
be prevalent in cold regions as well as tropical and subtropical regions that have 
contaminated water. E. histolytica is an important cause of morbidity and/or 
mortality wherever sewage facilities are inadequate. As is the case for other 
intestinal protozoan pathogens, wastewater treatment techniques are reported not 
to be very efficient for E. histolytica elimination possibly because of their resistance 
to disinfectants and the small size of the cysts. Stabilization ponds have been 
reported to be more effective than activated sludge for their abatement. 
Sedimentation and filtration can enhance the removal of cysts from wastewater. 
Cysts are directly excreted in the stool and spread through the environment via 
contaminated water, soil, and fresh vegetables as well as unsanitary household 
conditions. Species cannot be differentiated based on cyst or trophozoite 
morphology. Following ingestion, cysts transform into vegetative forms or 
trophozoites, the motile stage that moves with the aid of pseudopodia and colonize 
the intestinal mucosa of the large bowel. Damage to the colon is caused by 
neutrophils that respond to infection from E. histolytica. Trophozoites can also 
invade the intestinal mucosal barrier and, via the bloodstream, disseminate to the 
liver, lung, and other sites with resultant pathologic manifestations. Drug 
treatments are available. Lagoons and constructed wetlands, sedimentation, 
filtration, flocculation, chemical, and ultraviolet disinfection have all been 
employed for the removal of cysts from the water with varying degrees of success. 
 

The infection of E. histolyticacan be prevented and the disease caused by the 
infection of the parasite can be controlled by the following ways 
1.  Before the meal, the hands should be with antiseptic soap. 
2.  Use of boiled drinking water. 
3.  Raw vegetables and fruits must be thoroughly washed before use. 
4.  Foods and drinks must be protected from the contamination by house flies 

and cockroaches. 
5.  Proper maintenance of the sanitary disposal of feces. 
6.  Protection of drinking water supply lines from fecal pollution. 
 

Treatment 
Chloroquine, Emetin, Dehydroemetine, Terramycin, Erythromycin, Aureomycin, 
Thiocarbarsone, Vioform, Diodoquin, TinidazoleMetranidazole (Flagyl) and 
Niridazole are effective drugs for amoebiasis and should be used as per doctor’s 
prescription. 
 
Useful Links 
https://www.youtube.com/watch?v=gfCunkjxkMo (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=7V4aT-LwwFY (Retrieved on 22/05/2020) 
  

https://www.youtube.com/watch?v=gfCunkjxkMo
https://www.youtube.com/watch?v=7V4aT-LwwFY
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Self-Assessment Questions 
1. What is Amebiasis? 

2. What are the signs and symptoms of Amebiasis? 

3. How is Entamoebahistolitica transmitted in the pathogenesis of Amebiasis? 

4. How is Amebiasis diagnosed? 

5. Following ingestion, what is the life cycle of Entamoebahistolytica? 

6. How entamoebahistolytica transmitted? 

9.1.8 Citrus Butterfly 
The lemon butterfly is one of the economically important pests whose larval 
forms cause serious damage by devouring a large quantity of foliage of Rutaceae 
family with Special preference towards both wild and cultivated species of citrus 
during the later stages of their development. The genus Papilio is widely 
distributed all over the world. Different species of citrus butterfly occurs in 
different parts of the world. However,Papiliodemoleus Linnaeus is the most 
prevalent species and was found in greater parts of Asia, Formosa, and Japan, 
etc. The biology and developmental periods are mainly dependant on the 
climate, location, and plant species on which it is feeding. The larval population 
density will be high from October to December months and July to December 
is the most favorable period of its activity in general. It was able to survive 
during the winter even though temperatures dropped below 0°C. The total life 
period varied between 21-50 days and with 3-9 generations per year depending 
on the weather at various locations. For managing this pest the different 
biological agents include the yellow wasp (Polisteshebreus F.), preying mantis 
(Creobratorgemmatus) and spiders etc. The pupae were parasitized by 
Pteromaluspuparium and eggs by Trichogramma, Telenomus species. Distatrix 
(=Apanteles) papailionis (Vireck) is a potential braconid larval parasitiod 
causing up to 73% egg and larval parasitism, the egg, and PDL and P. polytes 
species in India. The biocompatible, biodegradable bio-pesticides like BTB, 
BTK, NSKE, azadirachtin, diofenolan, methonine etc., which interfere with the 
pests morphological and physiological aspects like feeding, moulting, cellular 
construction and cell immune system without affecting the natural environmental 
balance. 

https://www.esciencecentral.org/journals/geographical-diversity-of-japanese-papilio-butterflies-inferred-from-the-number-of-contact-chemosensillum-on-the-fifth-foretarsal-segments-2332-2543-S1-007.php?aid=64135
https://www.omicsonline.org/scholarly/biopesticides-journals-articles-ppts-list.php
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Distribution and Status: All over the world Africa, the greater part of Asia, 
Thailand, and Japan. 
 
Host range: Citrus and other Rutaceae plants.  
Damage symptoms The young larvae found on the upper surface of leaves, 
feeding on the leaf lamina from margin to midrib.  Grown up larvae feed on 
matured leaves and cause severe defoliation of the entire plant. 

  

 
Bionomics  
Female lays 183 pale or greenish yellow eggs in groups of 2-3 eggs on leaves, 
egg period 6-8 days.  Early instar resemble bird droppings. Grown up larvae 
yellowish green with horn like structure on the dorsal side of the last body 
segment. Larval period 8-16 days in summer and four weeks during November 
to December. Larvae eat their own exuviae after each moult. Full grown larva 
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spins a girdle around its body and pupates on a twig, pupal period 8-11 days. 
Adult with black head and thorax, creamy yellow coloration on the underside of 
the abdomen, wings dull black, ornamented with yellow markings and black 
clubbed antenna. 
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Management 
o Hand picks various stages of the pest in nurseries' new orchards. 
o Spray entomogenous fungus, Bacillus thuringiensis 1 g /L nematode  

DD-136 strain or neem seed extract 3%. 
o Spray endosulfan 35 EC 1.5 L or quinalphos  25 EC or carbaryl 50 WP 

2.0 L in 1500-2000 L of water per ha during April and October. 
 
Useful Links 
https://www.youtube.com/watch?v=LGSFfk3ptgE (Retrieved on 22/05/2020) 

https://www.youtube.com/watch?v=GRRCCy4tccw (Retrieved on 22/05/2020) 
 
Self-Assessment Questions 
1. What is the lifecycle of a citrus butterfly? 

2. How to manage the effect of a citrus butterfly? 

3. What is the host range of citrus butterfly? 
 
 

https://www.youtube.com/watch?v=LGSFfk3ptgE
https://www.youtube.com/watch?v=GRRCCy4tccw
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