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LABORATORY COURSE-I

Laboratory Course [ is the [irst course in laboratory in Lilc Sciences. In this fown credit
course you will be introduced o a set of simple, do it yoursclf experiments in Biology,
from arcas of Cell Biology, Genelics and Ecology. These experiments are intended o
develop your skill 1o work with hands as wcll as skills of obscrvation, analysis and
interpretation.

Laboratory Course I is an intensive course and is completed over a period of 12 days. A
four credit Jaboratory course requires 120 hours of time-input by the siudenis.
Esscntially you have to work 10 hours each day with two laboralory scssions of 3 hours
cuch (some sesstons could be of 4 hours duration}, an hour of vidco viewing or
demeonstration by the counsellors and 3 hours [or preparing your record nolc bock and
viva-voce conducted by the counscllors.

The first twelve experiments in this course are oricnted towards the study of cclls and
tissues. We begin with a study of microscope and micrometric measurcments. Besides
obscrvations on animal and plant cells, you will make squash preparations for the
mitotic and meiotic stages as well as polytene chromosomes. Experiments o cxplain the
transport across cell membrane by physical phenomena such as dilfusion and osmosis
are included. You will perform simple biochemical tests to identify cellular constituents
such as carbohydrates, proteins and lipids, and lo sty the action of ¢nzymes.
Experiments 13 to 20 are related lo Genelics. By simple cxperiments you will verify
Mendel's laws of inherilance, study the mendelian trails in humans and comprehend the
inheritance o human blood group alleles. Excrcises have been included (o leam to,
construct and interpret human pedigree charts, (o calculate allelic and genolypic
frequencies in populations and to analyse human karyotypes. The last eight experim2uts
are related to the study of Ecology. You will leam to estimale certain of the abiolic
factors such as salinity, pH and oxygen conlent in water samples. Simple mctheds 10
stedy community structure and population estimales have also been inwroduced. Wilh the
help of museum specimens and prepared slides you will learn about adaplations of
.animals and plants to their habital and different types of animal associations.

You will be assessed lor your performance in the laboralory course during the cntire

two week period. Your counscllor will be providing you the necessary guiclance for
carrying out the cxperiments and simulltancously assessing your performance. At the end ™
of the completion of the course, on the final day, there will be an examination. The
examination will be on assigned cxperiments that you bave already performed during the
two weck period. The assessment on guided experiments will be donc for 70% and on
assigned experiments for 30%

Study Guide

1.  Before you cnter Lthe laboratory you should bave read cach cxperiment thoroughly.
While reading, spend considerable Gme on the methodology to be lollowed and on
lables and figurcs.

2, Underline the important steps in the lab manual iself.

3. Do not forget to carry a dissection kit consisting of a pair of scissors, necdles,
scalpel and forceps to the luboratory, Keep your working place in the lab, as clean
as possible. Be careful and cautious while handling the chemicals- and the
instrunments in the laboralory.

4. Itis very important that you have an observation notebook wherein you
record all your observations, results, doubts if any and difficulties experienced
i carrying out the experiments. A good worker in the laboratory always
makes exlensive and detailed notes on the observations and results of his/her
experiments.
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Besides the observations notebook, you are expected o prepare a record
natebook which you wiil submit to the counsellor at the time of examination
for valuation. You record your experimental data and wrife a brief
discussivn on each experiment. You should also make scientific illustrations
wherever necessary. For this purpose purchase a 200 pages biolopy record
notebook with oxe side of the page ruled and the other side blank. You may do
most of the writing 2 the sime specifted for it and the rest, if any, you may

complete at the end of <aci day at home.

More importantly you need 10 inleract clossl with your counscllor during your
two week stay at the study ¢oatre, Try w0 get the best out of your counsellor and
at the same Ume give your best so that the 1wo weck period spent on this lab.
course poves to be useful and meaningful.



EXPERIMENT 1 MICROSCOPY

Structuie
1.1 Introduction
Qbjectives
1.2 Matcrials Required
1.3 ~ Pars of a Compound Microscope
1.4 Pathway of Light
1.5 Rcsolving Power of a Microscope
1.6 Magnification
1.7 Operation of a Compound Microscope
1.8  Prccautions
1.9 Dissection Microscope

1.10 Scll Asscssment Questions

1.1 INTRODUCTION

We begin this laboratory course-I wilh exercises on handling a compound
microscope and a disscction microscope. By now, you must be familiar with the
principle behind the working of a light microscope. You may refer to Unit 2 of
LSE-01 (Cell Biology) where light microscopy is discussed in detail. Some of
you may have worked with a compound microscope in your Higher Secondary
course. Although some studics require the use of more sophisticated and
powerful electron microscope whichi magnifics the objects upto 500,000 times, a
light microscope is sufficient for the smdy of cells and tissues.

ODbjectives

This Jab exercise should help youw:

to handle a compound microscope [reely and céircfully;

to become familiar. with the various parts of the microscope;

1o describe the resolution or resolving power of a microscope;

to leamn to draw Lhe patliway of light through various Jens systems; and

to appreciate the uscfulness of a disscction microscope for studying larger
and thicker objects although at a lower magnification.

12 MATERIALS REQUIRED

A compound microscope, with low and'high powcr objective lens,
A dissection microscope,
Prepared slides of Paramaecium and

Some small insccts.
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Flg. 1.1 ; A compound microscope

The various parts of a compound microscope are seen in Fig, 1.1. A
microscope has a tubular body the lop end of which houscs a lens sysiem
known as ocular lens. The other end of the tube which is close 1o the
specimen has another lens system the objective lens. Each lens Sysiem is
constructed with a series of lenses, usually 8 to 10 in objectives and 2 1o 3
in oculars. The closely placed elements, both in objective and ocular lens,
act as a single lens and correct any aberration that may occur in the image.
The objectives are fixed w0 a revolving nose-piece. The nose-piece has
provision for fixing 2 or 3 objective lenses, each onc of which has a
different magnifying power. Usually there will be a 10x and a 45x
objectives. '

You may observe that behind the body tube, there is provision for Lwo

types of adjustments. There is a large knob which is a coarse control lor

the verical movement of lens tube (in some microscopes the movement of
specimen stage could be controlled by additional knobs) and a fine control
to bring the image of the specimen to a sharp focus. The two adjusuncnis
are positioned on the arm of the microscope. The specimen slage is attached
1o the lower pant of the am of the microscope and is found below the
“objectives. A condenser lens provided Just below the specimen stage can
focus the light on the specimen from any illuminated source. The condenser
lens is also formed of several lenses. The amount of light let into the
condenser lens can be controlled by an iris diaphragm placed beneath it.
Altached to the basc of Whe microscope is a mirror which can be adjusted to
reflect thé light upwards. The mirror is concave on one side and plain on the
other side,



14 PATHWAY OF LIGHT ' - Mieroscopy

. Light Scurce
Fig. 1.2 : The pathway of light In a Ight microscope

The pathway of light from the condenser to the objective lens is shown in

Fig. 1.2. The condenser lens can be adjusted in such a way that the light which
passes through the condenser lens converges on the specimen and then spreads
10 a cone of light completely filling the dbjective.

1.5 RESOLVING POWER OF MICROSCOPE

Assuming you place two objects close together on the stage of microscope and
if you can distinguish them as two distinct objects, then the microscope can be
said to have a high resolving power. In microscopes with low resolving power,
the image you see will appear to be that of a sinigle object. Let us quickly
recall the meaning of resolving power of a microscope.

0.612
n sin o

Resolving power =d =

where 1 is the wavelength, n is the refractive index of the medium surrounding
the specimen and o is the half angle of light entering the objective lens from -
the specimen. n sin o is also referred 1o as numerical aperture of lens (NA).
The resolving power is highest when  is smaller and « has a higher value. In
other words, resolving power is jnversely proportional to wavelength. In a light
microscope, from the visible spectrum one can obtain a wavelength of .5 um
(0.5 x 10m). With the best resolution in a light microscope one can distinguish
two points which are 0.2 pm (0.2 x 10m) apart whereas by way of comparison
we can say that in an electron microscope it is easily possible to resolve two -
points which are about 1 x 10-°m apart

1.6 MAGNIFICATION

We earlier referred to the objective lenses of different magnifications. Similarty

the ocular lens can also be of varying magnifications. Ocular lenses will usually

have Sx, 10x and 15x magnifications. Higher the magnification of ocular lens,

greater will be the field diameter, You can verify this fact by changing the

ocular lens of different magnifications in the micruscope. 7
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Parfocal: The microscope is
said to be parfocal, if an
image- brought into sharp
focus under low powcer
reqtains in focus when the
high power objective is
brought inlo position,

The number of times a specimen has been magnificd is oblained by multiplying
the magnilying power of ocular and objeclive lenses. For inslance, with an ‘
ocular lens of 10x magnification and the objective of 10x, the specimen will he
magnified 100 times. By rotaling the nosc piece of the MCTOSCape you can
bring the desired objective in the pathway of light.

1.7 OPERATION OF A COMPQOUND MICROSCOPE ‘

Once you are familiar with the various parts of a MICroscope, you may start
using il. The lollowing sieps will help you to usc a microscope. '

1.

It is important that the ocular and objective lens are clean. So.ptior-io using;
the microscope, using a lens cleaning paper and lens clearing fluid, genuy
clcan both the lenscs.

Next rolate the revolving nose-picce and bring the low power objeclive
(10x) to the path of light.

Open the diaphragm completcly,

While Iooking through the ocular of the microscope, adjust the mirror or
light source, so that the circular ficld that you observe gels maximum
uniform amount of light and is bright.

You may place any prepared slide on the specimen stage.

Tum the coarse adjusiment knob unlil the objects comes in view
(approximatcly 0.5 cm above the slide).

If necessary use the fine adjustment control and bring the image to sharp -
focus. You may also slowly open and close the diaphragm 1o assess the
brightness of the ficld and 0 obtain a better contrast for the image.

If you nced to magnify the image further, rotatc the revolving nose-picce
and bring the high power objeclive 1o the path of the light. If the
microscope is parfocal you should be able (0 see the object clearly and
magnificd. Othenwise, you may use the finc adjustment knob (o bring the
image into sharp focus.

Finally, afler using the microscope, tum the nose-picce to bring the low
power objective (o position, remove the slide from the slage, clean the Iens
il necessary and retum Lhe microscope [0 ils box.

1.8 PRECAUTIONS

Always keep your microscope clean and under a dust-free cover,

Use only lcns cleaning tissuc papers for cleaning the lenses and never use a
coarse paper or cloth as it may causc scratches in the lens.

When you lift a microscope, let one hand hold the arm of the microscope
and he other support the basc. Do not tum the microscope upside down or
swing it. ) T



1.9 DISSECTION MICROSCOPE

Fig. 13 : Dissectlon micrincope

-A dissection microscope (Fig. 1.3) is an uscful 1ool to a biologist for making
studies on enlire small organisms. Even pars of a large organism could be
obscrved in detail under this microscope. The microscope is also used to aid
dissections of small organisms and other such experiments. Dissection
microscope differs significantly from a compound microscope. The
magnification in a disscclion microscope is very low and may not exceed 20 to
60 umes that of the object. But this lower magnification has certain advantages.
It results in a greater depth of focus and therefore, larger and thicker objects
could be studied at one time. In a dissection microscope, unlike a compound
microscope, light can not be transmilted through the object. This is possible in
a compound microscope because the object 10 be studied is thin enough to
allow Lhe light to pass through. In 2 dissection microscope,.the light is directed
on the object from above as well as from Lhe sides. Another difference between
compound microscope and dissection microscope is that in the latter there is no
inveried image formed. The object-is secn-as placed on the stage of the
dissection microscope.

For reasons mentioned above, you could see from the Fig. 1.3 that a dissection
microscope is not provided with a condenser. The objeclive lenses have the
magnificution powers of 2x and 4x and the ocular lens could be cither 10x or
15x. There is only on¢ kuob provided for bringing the object to focus.

You may observe & small insect such as an houselly or a mosquito under the
disscction microscope and become familier with the use of the microscope. You
may phlice the side containing the inscct on the stage and use the adjustment
knob provided (o bring the object under focus.

" 1.10 SELF ASSESSMENT QUESTIONS

1) To observe the following, would you usc a disseclion microscope or a
compound microscope or an clectron microscope?



Luaboratory Course-I a) Sections of gut of an cathworm ..................

d) The section of a cartilage ..................

e} Live Paramaecium ..................
2) Indicate which of the following statements are true.
a) The greater the magnificatdon of a microscope, higher its resolving

" power.

b) Rcsolving power refers to the finer focussing property of the
mieroscope.

¢) A higher resolving power would mean that when two small objects are
placed close together under the microscope, one should continue to see
them as two separate objects.

d) A microscope with higher resolving power shows single objeet as two
distinct images.

10



EXPERIMENT 2 MICROMETRY

Structure

2.1 Introduction
~ Objectives
2.2 Materials Required
2.3  Measuring the Field Diameter with Plastic Ruler
24 Micrometric Measurement
2.5 Procedure
2.6 Measuring Microscopic Objects
2.7 Self Assessment Questions

2.1 INTRODUCTION

Micrometry is a technique to measure the size of objects under a microscope.
You may measure the diameter of the red blood cells or the height of the
columnar epitheliat cells or the diameter of the nuclei of living cells iri a
‘well-fed and starving rat or the diameter of the pollen grains of two closely
related malvaceous plants or length and breadth of Pgramaecium cultured under
different environmental conditions, so on and so forth, In this exercise, you will
be explained the principle behind micrometry and how to make use of a
micrometer to measure the size of microscopic objects.

Objectives

On completing this exercise, you should be able to:
o distinguish between ocular micrometer and stage micrometer,
e calibrate an ocular micrometer with reference 10 a stage micrometer,

e measure the size of the objects using the ocular micrometer.

2.2 MATERIALS REQUIRED

1. A compound microscope,

2. A 15 c¢m transparent plastic ruler (with millimeter divisions),

3. An ocular micromclc;',

4. A slagc micromeler,

5. . A few prepared protozoan slides such as of Euglena and Paramaecium,
A, Scctions of Lissues showing cells and their nuclei distinctly,

7. Blood smear preparations of frog and man.
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2.3 MEASURING THE FIELD DIAMETER WITII
PLASTIC RULER

Prior to the commencement of the experiment, record in your notcbook, the
name ang number, if any, of the microscope and the magnilication power of the
ocular and objective lens with which you are measuring. For instance,

Make : Olympus No. & e, (if provided)
Ocular : 10x Objective : 10x

This information is necessary since any calibration and measurement you make
is valid and specific for only that particular microscope and for the specific
magnification. Change in microscope or magnification would requirc
recalibration of the microscope, In other words, there will be differences in
calibrated values beciween any (wo microscopes. This is also true when the
magnilications arc changed.

Belore calibrating the microscope with micrometer you may usc a thin plastic
ruler Lo find out the approximate ficld diameter of the microscope. Place the
ruler on the stage of the microscope and position it in such a way that you
could measure the maximum distance across the circular ficld. First bring the
10x-objective lens to position, focus the ruler and record the measurement in
your obscrvation note bock. Now, find out the ficld diamcler with the high
powcer objeclive (45x) in position. Record your observalion. Is there any
dilference in the mcasurements made under different magnifications? If the
answer is yes, then how do vou account for this dilference?

Microscope Make

No. :
S. Nb. Ocular - Objective Field Diameter (inm)
1, 10x 0 s
2. 10x asx e

24 MICROMETRIC MEASUREMENTS

In oricr To measure an object under a microscopé, two types of microniclers arc
nequired:

1. ‘Ocular nucrometcr (OM)- 2. Stage micromgcier (SM)



Ocular Micrometer: QOcular micrometer is 2 small glass disc in the centre of
which there is a line etched and divided into 100 divisions. The valuc of cach

division is not known and has 10 be -calibrated in relation 1o stage micrometer.

The ocular micrometer can be fitted conveniently into the ocular lens of the
. microscope. Ocular lens eiched with ocular micrometer is also available.

Ntage Micrometer: A stage micrometer is a glass microslide in the centre ol
which a one millimeter line is etched and divided into 100 divisions, Each
~ Jivision in a stage micrometer corresponds 10 10 microns ).

2.5 PROCEDURE

1. Tum the nosepicce of the microscope to bring the 10x objective 1o position
and place the stage micrometer under it. Fit the ocular micrometer into the

ocular lens.
Bring into focus the 1 mm line of the stage micrometer.

-+ Now,; when you cbserve under the microscope, you should be able o see
two scis of lines, one ol stage micrometer and the other of ocular
micromelcr.

1. Looking through the microscope adjust the ocular lens and the srage
micromeler appropriately so that the zero of the two scales coincide as
shown in Fig. 2.1,

S
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Fig. 2.1 : Ocular and stage micrometer scales with the zero of each of them
coinclding with the other

5. Staning from zero position move your eyes towards the right, look for and

read lines of coincidence across the field of the microscope. For instance,

the 20th division In the stage micrometer may coincide with 18th division
in the ocular micrometer. You may record such lines of coincidence in the
table provided. Record at lcast five readings frpm left 10 the night of the

field. You may now remove the stage micromeier and carefully replace it in

the box. Do not remove the ocular micrometer,

Calculate as folldws and determine the value of one OM division.

SM reading

Value of one OM division (microns) = W X

10

Micrometry

13
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where SM and OM readings refer to numbers relaling to the lines of
coincidence between the stage and the ocular micrometers and 10 refers ‘to the
value of 1 SM division. If you have recorded five readings, you may have
calculated 5 different OM values. Obtain the mean of the five values. This
mean value is the value of one OM division at the magnification of 10 x 10x
for the given microscope. As pointed out earlier, with the change in
magnification, the value of one OM division also changes.

You may check this by calibrating the microscope with a 45x objective. Record
your resulis and calculate the value of one OM division, i

Ocular D 10«

Objective  :  10x
: o SM
S. No. OM Reading SM Reading x 10
oM
1
2
3
4
5
Ocular 1 10x
Objective :  45x
SM
8. No. OM Readin SM Readin x 10
B B _ OM
1
2
3
4
5

2.6  MEASURING THE MICROSCOPIC OBJECTS

Having calibrated the microscope, you may measure the sizes of various
preparations. You may measure the length and breadth of Paramaecium as well
as the diameter of its nuclei. You may also obtain prepared slides of frog and
human blood smear and measure the size of red blood cells. All these
measurements are made with the ocular micrometer and denote the number of
OM divisions. The number of OM divisions that you have obtained for each
measurement has to be muliiplicd by the value on one OM division you have
obtained by calibrating the microscope.

For example, the length of Paramaecium

= Value of onec OM division x No. ¢f OM divisions



S. Magnification Paranieter  No. of Value of one  Actual Value Mwmm?try
Ne. measured  OM oM of measurement
Divisions Division

1. 10 x 10x Length of - 10 10.3 microns 103 microns

Paramaecium
"2 )
3.
4,
5 10 x 45 Diameter of 5 2.5 microns 12.5 microns
the nucleus ‘

2.7 SELF ASSESSMENT QUESTIONS

I. Decscribe a stage micrometer and an ocular micromeler.

2. Calibradons ol a microscope using a 10 x 10x magnification showed that
one ocular division is equal to 9.8 microns. Mecasurcments of the length of
onion root lp cells showed that they are an average eight ocular micrometer
divisions long. What is the actual length of the onion root tip cells?

15






EXPERIMENT 3 STUDY OF CELLS

Structure
3.1 Introduclion
Objectives
3.2 Materials Required
3.3 Vital Staining
3.4 Mocthod of Making Temporary Mounts
3.5 Human Buccal Epithelial Cells
3.6 Plant Cells
- 3.7 Obscrvations
3.8 Precautions
3.9 Self Assessment Qucstons

3.1 INTRODUCTION

In the earlicr laboratory exercises you have [eamt about the parts of compound
microscope and to observe objects under it. You have also leamt micrometry
and to measure the size of microscopic objects. In this experiment, you will be
introduced to the technique of preparation of temporary mounts of animal and
plant cells and to study them undcr a compound microscope.

Cecll is the basic unit of life and all living organisms are composed of one or
morc cclis. This exercise will familiarise you with the general structure of plant
and animal cells and. acquaint you with the basic similarities and differences
between these cells, You may refer to Unit 1 of LSE-01 (Cell Biology) Course
for the detailed structure of plant and animal cells.

Objectives
Al the end of the this Iab exercise you will be able to:
. make temporary mounts of animal and plant cells,

) describe the structure of animal and plant cells and

) list the diffcrences beiween animal and plant cells.

3.2 MATERIALS REQUIRED

1. Slides and coverslips

2. Dissccing needles

3. Pastcur pipelles or droppers
4. Stain—Meclhylene blue

5. Glycerine
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6. Filter paper

7. Microscope

8. Tooth picks

9. Onion

10. Scalpel or blade
11. Brush (No. 6)

Before you leam the procedure for making temporary slides, let us briefly leam
about vital staining.

3.3 VITAL STAINING

When we examine live unstained cells under the microscope some cytoplasmic
structures can be seen because of the differences in their densities. Stains are the
dyes that accentuate the differences among the various components of the cells
and tissues. The reason is that different cellular components may stain with
varying intensity or with different colours with a single dye. Such an
examination can be regarded as the vital examination,

Vital staining is a method for the demonstration of structural details of live
tissues and cells using certain stains. In other words, vital staining is applied to
demonstrate live cells and organelles more or less specifically by using suitable
stains. Such a process is also helpful for exploring the cell and tissue
permeability phenomenon related to absorption, transport, accumulation and
excretion of substances.

Vital stains either belong 10 acidic Lype or basic type. Basic stains such as
methylene blue stain the nuclei of the cells. The acidic stains such as trypan
blue and congo red are useful for the study of excretion and examining
lymphatic vessels. Alizarin is an acidic vital stain routinely used for staining
bones.

3.4 METHOD OF MAKING TEMPORARY MOUNTS

To examine a material under microscope it is necessary (o process the matedal.
In many cases you have to view the object as a wet mount. A wet mount or a
temporary mount is prepared by placing a drop of liquid containing the material
to be studied on a slide or if the material is dry by placing it direcily on the
slide and adding a drop of water or stain or glycerine to it. The mount is then
covered by a coverslip as illustrated in Fig. 3.1. As shown in the figure, while
placing the coverslip, place a needle under the coverslip and slowly let it down
on the drop of the liquid. If you allow the coverslip to fall on the slide, it will
trap air bubbles along with the specimen which will interfere with your
observation,
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3. Lower Coverslip Slowly

4. Add HZD every [cw minules

In the following seclions, we will discuss the Sicps involved in the temporary
mounting of animal and plant cells on slides [or studying them under the
micrescope.

3.5 HUMAN BUCCAL EPITHELIAL CELLS

Let us leamn the procedurc for making a tgmporary mount of buccal (cheek)
squamous epithelial cclls.

Procedure
1. Rinsc your mouth well with water.

2. Gently scrap the inside of your check with the broad end of a clean
toothpick. Discard .this material.

3. Scrape again and spread thesc cclls gently on a clean slide. Add a drop of
0.9% NaCl or physiological salire and a drop of methylene blue with the
help of a dropper.

4. Afler iwo minutes, remove the excess stain and szline using the edge of a

filler paper and add a drop of glycerine on the cells.

5. Mount with a coverslip. Gently press the covcrslip.wi'.h the back of a pencil
o spread the cells.

6. Finally examine the slide under the m.icroscope.
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You can also make the wet mount of human epithelial cells without using:
glycerine. In such a case spread the cells on a clean, dry slide. Add a drop of
0.9% NaCl solution and mount a coverslip. Stain the cells by irrigation, i.e. add
a drop of the stain at the periphery of the coverslip. The cxcess saline and stain
can be dried from the slide by using the edge of a filter paper. You can also
directly stain the specimen on the slide before covering it with the coverslip.

3.6 PLANT CELLS

You can make 4 temporary mount of plant cells with epidermal cells obtained
from onion by the following procedure.

1.

7.

Cut an onion into quaricrs and separate the thick modified leaves which
make up the bulb. Note that inner and outer surfaces of each leaf arc '
covercd by a delicate membrane. The membrane on the inner or concave
surface can be stripped off readily.

With a scalpel or blade strip off a thin layer from inside of the onion Icaf.

Gently place it flat on the slide, cut a small suitable square and discard the
rest. :

Quickly add a drop of water and also a drop of the stain with the help of
pasteur pipetle.

Remove the excess stain using the cdge of filier paper and add a drop of
glycerine

Place a coverslip and press it gently with the back of a pencil 1o spread the
peal and remove the air bubbles if any. :

Examine the slide under the microscope.

You may also use mcthylene green or iodine 10 make the above slides.

3.7 OBSERVATIONS :

In the wet mount of check epithelial cells you can see irregular shaped cells
with a thin cell membrane. The nucleus stained dark blue is seen as a central
round body in cach cell (sce Fig. 3.2). '

Fig. 3.2 : Epitheltal cells from inner llning of the cheek
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In the wet mount of onion epidermal cells you can see rectangular shaped cells
lying side by side with distinct cell walls. Vacuoles are present in the cell
cytoplasm. These vacuoles are so large that they occupy almost the entire cell
volume, You can see the nuclecus near the cell wall in every cell (see Fig. 3.3).

= Cell Wall

Nucleus

Fig. 33 : Onlon epldermal cells

Try to cxamine lhese wet mounts under higher magnification and record your
observagions.

3.8 PRECAUTIONS

You should take the following precautions while making temporary
preparalions.

1. Slides and coverslips to be used should be clean and free from dust and
fingerprints.

2. The material and fluid should be placed centrally on the slide.

3. The amount of fluid should be appropriate. With t0o much of fluid the
coverslip will move around and with too little of fluid you will have air
bubbles trapped inside.

4. The excess mounting fluid should be removed carefully from the sides of
the coverslip using the edge of a filter paper. Filter paper moistened with
water will help remove cxcess glycerine.

5. Place the coverslip gently 1o prevent trapping of air bubbles.

6. Do not let the specimen dry out. Use a drop of water to keep it moist.

3.9 SELF ASSESSMENT QUESTIONS

[. Whal is the advantage of using stains while prepaning the temporary
mounts? |

Study of Cells
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2. Recfer to your experiment on micrometry and measure the size of the cell
and nucicus of both animal and plant cells. Record your resulls in your
obscrvation notebook in thé following format,

Mecasurement

Cell Cell size Nucleus size

Animal Cell

Piant Cell




EXPERIMENT 4 STUDY OF ANIMAL
' TISSUES

Structure

4.1 Introduction
Objectives

4.2 Matcrials Required

4.3  Animal Tissues

4.4 Epithelial Tissues
Squamous Epithelial Cells
Cuboidal Epithelial Cells
Columnar Epithelial Cells
Ciliated . Epithelial Cells
Glandular Epithelial Cclls

4.5 Connective Tissues
Skeletal Connective Tissue
Binding Conncctive Tissue

4.6 Muscular Tissue
Striated Muscles
Smooth Muscles
Cardiac Muscles

4.7 Ncrve Tissue

4.8 Vascular Tissue

4.1 INTRODUCTION

In previous lab exercises you have learnt about cells and methods to prepare
them for microscopic observations. In this exercise you will study about
different groups of cells which form different types of tissues. A tissue can be
defined as a group of structurally similar cells performing a specific function or
functions. The study of the structure and function of the tissues is known as
histology. You are aware that an organ is a structural and functional unit of a
living body composed of different tissues. Essentially the various organs of
plants and animals are composed of different types of tissues. In this lab .
exercisc’ we will be studying the structure of different types of animal tissues
from the prepared slides and know about their function. The study of the plant
tissues follows in the next exercise.

Objectives

At the end of this exercise you should be able to :

L) categorise the different types of animal tissueg.
. describe the structure of cach one of them,

o identify the lissues under the :microscope, and

™ describe the functions of each of the tissucs.
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4.2 MATERIALS REQUIRED

1. Compound microscope
2. Dissection microscope

3. Prepared slides of the various animal Hssues,

4.3 ANIMAL TISSUES

Animal tissues may be as simple as the epithelial tissues or they could be as
complex as blood or the bone tissue. All tissues have a matrix in which the
cells are found. The cells in a tissue may bear a single nucleus or the tissue
may be syncitial as in the case of skeletal muscle. There are five major types
of animal Hssues: '

1. Epithelial tissues

2, Connective tissues

3. Muscular tissues

4. Nerve tissues

5. Vascular tissues
In the following sections we will describe the structure of each one of these
tissues in detail, Observe the permanent preparations of these tissues under

the compound microscope and make neat and labelled sketches of the
“same in your observation notebook. )

4.4 EPITHELIAL TIS SUES

Epithelial tissues are usually arranged in a single or multilayered sheets. They

- cover the internal and external surfaces of the body of an organism. The lower
ends of the epithelial cells are attached to a basement membrane. The main
function of the epithelial tissues is to cover other tissues and protect them from
injury through abrasion, pressure or infection. The free surfaces of the epithelial
cells are highly modified to perform specific functions such as -absorption,
secretion and excretion. Depending upon their shape and functons, epithelial
cells are classified into five categories. : :

i) Squamous epithelial cells .
ip Cub.oidal epithelial cells
iii} Columnar epithelial cells
iv) Ciliated ep‘ithelial cells

v) Glandular epithelial cells



4.4.1 Squamous Epithelial Cells

Squamous epithelial cells (Fig. 4.1) are thin and Mat cells with a little
cytoplasm cnclosing a round mucleus. The cells are more or less irregular in
shape and when viewed from the surface present a mosaic appearance.

Flg. 4.1 : Squnmous epithelial cells

Some of the organs where these cells are found are lining of the nephrons, the
alveoli of the lungs and walls of the blood capillaries. These cells also provide
smooth lining to hollow structures such as blood vessels and chambers of the
heart. Squamous epithelial cells because of their thinness permit diffusion of
malerials. In blood vessels and heart the cells allow a friction free flow of
blood.

4.4.2 Cuboidal Epithelial Cells

The cube shaped cells (Fig. 4.2) are provided with the spherical nucleus. When
viewed from the surface, the cells are hexagonal in outline. These cells are
found mostly lining the ducts of different glands such as salivary glands and
pancreas, They are also found along the collecting ducts of the kidney tubules.
In most places where they are found, the cuboidal epithelial cells are secretory.
In places such as collecting ducts of kidney these cells are non-secrelory.

Basement
Membrane

Spcrelory
Yacuole

lntercellur
Subslance

Fig. 42 : Cuboldal eplthelial cells

4.4.3 Columnar Epithelial Cells

These are long narrow cells having more cytoplasm (Fig. 4.3). The nucleus is
often found at the base of the cell. The surface of the cells have a striated
border usually formed of microvilli (visible only under electron microscope)
which increases the surface area of the cells. Columnar cpithelial cells are
found lining the stomach, intestine, ducts of the kidney, thyroid gland and gall
bladder. The cells are both secretory and absorptive int function.

Study of Animal Tissues
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Basement Membrane

Fig. 43 : Columnar epithellal cells

4.4.4 Ciliated Epithelial Cells

These cells are more or less like columnar cpithelial cells but bear numerous
cilia at their free surfaces (Fig. 4.4). The cells are found lining the oviducts,
ventricles of brain, respiratory passages and spinal canal. The cilia usually set
up currenis which are useful for moving materials from one location to the
another.

Cilia
Basal Granules
Mucus-Secreting Cell

Intercellular Substance

Basement Membrane

Fig. 4.4 : Cillated epithellal cells

4.4.5 Glandular Epithelial Cells

Glandular cells are epithelial cells which are exclusively secretory in function.
They may be individual unicellular glandular cells known as goblet cells or
aggregates of glandular cells forming multicellular glands (Fig. 4.5a, b). Both
exccrine and endocrine glands are made up of these cells. If the glandular cells
produce a viscous secretion they are called mucus cells or mucocytes. If the
secretion is a clear walery fluid the cells are called serocytes.

Goblel Cell

* Connective Tissue

Epithelium of Gland

Terminal Sac (Lumen)

A B
Flg. 4.5 :.a) Goblet cell, b) Multicellular glandular cells

4.5 CONNECTIVE TISSUE

Connective tissue is the major supporting tissue of the body. It is composed of -
a fluid/semi-fluid matrix containing a varicty of cells and fibres. The two major
lypes of connective tissuc arc :



e Skeletal conncctive tissuc Study of Animal Tlssues

e Binding connective tissue
4.5.1 Skeletal Connective Tissue
The skelctal tissue is of two types: a) cartilage, b) bone

a) Cartilage is a supporting connective tdssue, the cells of which are embedded
in elastic matrx called chondrin. The matrix is secreled by cells known as
chondroblasts or chondrocytes. The chondrocytes are found enclosed in spaces
called lacunae. The matrix contains many fibrils made of collagen. The margin
of the cartilage is bordered by a dense layer of cells and fibrils called '
perichondrium. Perichondrium is the site of production of chondroblasts. The
newly produced chondroblasts are contnuously added Lo the matrix of the
cartilage.

Cartilage is a resilient and flexible tissue and can resist any stress placed on il.
Because of its compressible and elastc hature the matrix can absorb any
mechanical shock that occurs at the arlicular surfaces of the bones. There are
three types of cartlages.

i) Hyaline caralage
i) Yellow elastic carlilage
ili} White fibrous cartlage

i) Hyaline cartilage is located at the ends of the bones, in the nose and in the
air passages of the respiratory system as well as in pans of the car such as in
pinna, The carntilagenous fishes like shark have only this malerial as supperting
tssue. The matrix of hyaline cartilage is made of chondroitin sulphate and
collagen fibrils. As shown in Fig. 4.6, the lacunac may enclose one, two, four
or eight chondrocytes. The chondrocytes al periphery are flatiened while those
‘tated towards the centre are angular.

Chondrin Matrix —

St b Tl
Lacuna—L__" ..

Chondroblast — -

Flgz, 4.6 : Hyaline cartilage

ii) Yellow elaslic cartilage (Fig. 4.7) is located in the extemal ear,

eustachian tube, epiglottis and the pharynx. The matrix is formed of yellow
elastic fibres. This type of cartilage is more elastic and flexible. Once the shape
of any structure is distorted, the original shape is regained because of this
elasticity.

iit) White fibrous cartilage (Fig. 4.8) is localed in intervericbral discs, and in

Lthe ligaments of joints. The tissue consisis of a matrix which is embedded with
large number of bundles of white collagen fibres. Whitc fibrous cartilage has a
greal tensile strength and a low degree of flexibility.
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Fig, 4.8 : While flbrous cartilage

b) Bone is the supportive tissue that has both metabolic and protective
functions. Bone is calcified connective tissue with cells embedded in the firm
matrix. 70% of bonc matrix is formed of inorganic salts and 30% collagen
fibres. The major inorganic component of the bone is known as hydroxyapatite
formed of calcium phosphate and calcium hydroxide. Other inorganic
constituents are sodium, magnesium, calcium, chloride, fluoride, bicarbonate and
citrate jons. The cells are known as osteoblasts. These cells are found in
lacunae which are distributed throughout the matriv Sone cells secrete the
inorganic components of the bone. In transverse section as shown in Fig. 4.9
the bone shows numecrous concentric rings called lamellae which surround a
centrally placed Haversian canal. The osteoblasts are found interspersed
between lamellae. From each lacuna fine channels containing cytoplasm radiate
and link up with Haversian canal. These channels are known as canaliculi. The
Haversian canal shows an artery and a vein traversing through it. These blood
vessels carry the nutrients, metabolic wastes and respiratory gases towards and
away from ostcoblasts. Covering the bone is a layer of dense connective tissue
called periosteurn,

Haversian Canal

, b
_ Lacuna P
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Fig. 4.9 : Transverse section of the bone tlssue
28



4.5.2 Binding Connective Tissues

Binding conneclive tissue are of two typcs:
i) Loose conneclive tissues
ii) Dense fibrous connective Lissucs

i) Loose connective tissue centain cells which are dispersed in intercellular
matrix. The matrix also has looscly arranged fibres. Areolar tissue is an
ecxample of the loose connective tissue. In this tissue the matdx is semilluid and
transparent. It is composed of a mixture of mucin, hyaluronic acid and
chondroitin phosphale. The matrix also contains numerous wavy bundles of
collagen fibres and the loose nétwork of thin straight fibres of clastin. The two
types of fibres provide iensile strength and resilience to the tissue, The fibres
are produced by cells called fibroblasts. These cells are flattened and spindle
shaped containing an oval nucleus. The matrix also contains other Lypes of cells
such as macrophages, plasma cells, mast cells, chromatophores and fat cells.
Areolar tssue is found in all organs of the body. It connects the skin to the
structures found below it. It binds sheets of epithelia forming mesenteries. It is
also found surrounding the blood vessles and nerves when they cnter or leave
the organs (Fig. 4.10).

Bundle ol
While Fibres

Semi-Fluid /§
Malnx

Fibraoblast Single Yellow Fibre

Fig. 4.0 : Areolar tissue

ii) Dense . vous connective tissue has more fibres located in the matrix than
cells. The fibres may be irregularly arranged or the individual fibres may be
arranged more or less parallel to each other. There are two types of dense
fibrous connective tissues: white and yellow fibrous connective Hssucs.

White fibrous connective tissues are found abundantly in tendons and
ligaments, sclerotic and corneal layer of the eye and in kidney capsule. They
are tough tissues formed of regularly arranged bundles of collagen fibres. The
fibres are densely packed and run parallel to each other. Fibroblasts, the cells
which secrete the fibres are found interspersed among the bundles. The bundles
are bound by areolar ¢onnective Hssue. The strong and flexible fibres owe their
tensile strength to collagen (Fig. 4.11). '

Yellow fibrous connective tissue, is different from white fibrous ones in that
the fibres are loosely and irregularly arranged. The yellow elastdc fibres form a
_branched network. The fibroblasts which secrete the vellow clastic fibres are

Study of Animal Tissues
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scattered randomly throughoul the matrix and very few collagen fibres are
found. The yellow fibres provide.the tissues elasticity and flexibility and the
collagen fbres the tensile strength. The dssue is located in ligaments, walls of
arteries, lungs, and air passages (Fig. 4.12).

Thick Elsstic Fibra

Fibrob!lest

Bundles of Fine
White Fibres

Flg. 4,12 : Yellow tibrous connective tlssue

4.6 MUSCULAR TISSUE

Muscular or contractile tissue cells are of three types namely skeletal muscles,
smooth muscles and cardiac muscles, Contractility is the characteristic property
of all muscle cells. They produce the mechanical force by their contraction.
Also, these muscles are responsible for locomotion and the movement of the
internal organs. The three types of muscles differ in their structure.

4.6.1- Striated Muscle

These muscles are also referred 10 as voluntary or striated muscles (Fig. 4.13).
Each muscle is 2 bundle of muscle fibres each of which has a very large
multinucleate cell. Usually these cells are very long and cylindrical ‘enclosed by
a thin membrane called sarcolemma. Each fibre has several longitudinal
myofibrils embedded in cytoplasm called sarcoplasm. Each myofibril is made
of alternating light and dark bands or cross striations. Skeletal muscles help in
the movement of joinis by Lheir strong and rapid contraction. Since the
contractions are under the control of our will they are also called as voluntary
muscles.

Flg. 4.13 : Striated muscles

4.6.2 Smooth Muscles

Smooth muscles (Fig. 4.14) are present in the digestive tract, urinary bladder,
arterics and veins, Each muscle fibre is composed of spindle shaped elongated
cells and contain only one centrally located nucleus surrounded by 2 small
amount of sarcoplasm. The remainder of the fibres are delicate eontractile
threads, the myofibrils running longitudinally. Several such muscle fibres are -
Joined together in bundles by loose connective tissue. Because of lack of



striations, they are called unstriped muscles. These smooth muscles are not Study of Animal Tissues
under the control of our will, hence the name involuntary muscles.

Plasma Membranc

Myoflibrils .
MNucleus

Flg. 4.14 : Smooth muscles

4.6.3 Cardiac Muscle

Structurally the cardiac muscles are intermediate between skeletal and smooth
muscles (Fig. 4.15). Heant is made up of cardiac muscles. Like the striated
muscles they are branched and’ the branches are connecied 1o each other. There
is a sarcolemma surrounding the muscle fibres and sarcoplasm with the
longitudinal myofibrils of alternating light and dark bands. There is only a
single nucleus in each fibre.

Obligue  _
Cross Cannexions
End Plate

Transverse and
Longitudinal Siriations

Central Nucleus

Fig. 4.15 : Cardlac muscles

4.7 NERVE TISSUE

Nerve cells or neurons are specialised cells with propertes of responding 1o
stimuli, conductivily and communication. The brain and spinal cord for
example, are composed of a network of nervous Lissue. The ncurans or nerve
cells are the units of the nerve tissue. From the neurons arise nerve fibres.
Typically each ncurons has 3 pars (Fig, 4,16a).

1. cyton, the cell body of the neuron
2. dendron, one or more short processes arising out of the cylon,

3. axon, a single long process forming fine terminal branches cnding in an
effector organ or another neuron.

A cyton has a centrally placed nucleus and the cyloplasm has fine granules
called Nissl bodies. A cyton may hayve a single dendron in which case the
_neuron is known as the unipolar neuron. Presence of a dendron and an axon
makes a neuron bipolar one and presence of several dendrons make il a

multipolar neuron (Fig. 4.16{5). 31
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Fig. 4.16 : Unl-, bl- ard muitdpolar neurons -

An axon may be surrounded by a myelin sheath and come 10 be known as a
medulary fibre and in the absence of the myelin sheath it is a non-medullary
fibre. Both medullary and non-medullary axons are surrounded by a membrane
the neurilemma. The axons conduct the electrical signals away from the cyton.
These signals are a result of a flux of ions across the nerve cell membrane.

48 VASCULAR TISSUES

The vascular tissue are the fluid Lissue with several functions. The blood and
the lymph constitute the vascular tissues. Blood is composed of 60% of a straw
coloured fluid, the plasma and 40% of formed elements, the living cells. The
plasma itself is 90% water and 10% of organic substances and inorganic ions.
Proweins constitute the bulk of the organic constituents of the plasma.

The blood celis are basically of two types: RBC and WBC. The red blood
corpuscles (RBC) in mammals are spherical, biconcave and enucleate. In non -
mammalian veriebrates they may be oval, biconvex and nucleated. The RBCs
are packed with the respiratory pigment the haemoglobin which imparis the red
colour to the blood.

The white blood corpuscles (WBC) are of 3 types : eosinophils, basophils and
neutrophils. These cells are so termed based on their staining properties. They
arc also termed as granulocytes because of the presence of the granular
cytoplasm and polymorphonuclear leucocytes because of the presence of several
lobed nucleus. WBCs also include agranulocytes such as lymphocytes and
monocytes. In mammals, the blood plasma also comtains structures known as
blood platelets which are helpful in blood clotting process (see Fig. 6.3).



EXPERIMENT § STUDY OF PLANT
TISSUES

Structure

5.1 Imtroduction
Objectives

5.2 Materiais Required

5.3 Observalions on Simple Permanent Tissucs
Parenchyma
Collenchyma
Sclerenchyma

5.4 QObservarions on Complex Permanent Tissues
Xylem
Phlcem

5.1 INTRODUCTION

In the last exercise yon had observed under the microscope, the structure of
different types of animal tissues. Plant organs are aiso made of different types
of tssucs. These dssues perform (wo important functons i) They provide the
mcchanical strength to the plants and ii) conduct water, minerals and nutrients
to the various parts of the plant body. Plant tissues like animal tissues are
composed of groups of cells similar in origin, size and shape, performing a
specific function. On the basis of their development plant tissues fall into two
categories, the meristematic tissue and permanent tissues. The former are
immature undifferentiated tissues and the cells are capable of division.
Permanent tissucs are derived from the meristem by gradual differentiadgon and
they are mature. Their cells do not divide. Permanent tissues fall into two
categories iy simple permanent tissues and ii} complex permanent tissues. The
~ first type i$ composed of similar homogenous cells. The second type is
composed of heterogenous cells and are made of different types of cell
clements. In the lab exercise, you will be obscrving the preparations of different
types of tissues under the microscope. Also you will sketch the structure of
the tissues in your observation note book and become familiar witn their
functions as well. '

Objective

At the end of this exercise, you shall be able to

e identily and describe the structure of different types of plant Llissucs and
make skeiches of them.

e describe the functions of simple and complex plant tissues.

52 MATERIALS REQUIRED

Pecrmarnent slides of various types of plant tissucs, compound microscope.



Lahoratory Course-1

34

Observations on Simple Permanent Tissues

Simple permanent tissucs arc generally of three types i) Parenchyma
ii) Collenchyma iii) Sclerenchyma.

i) Parenchyma
Place a parenchyma slide preparation under the microscope and foucs iL.
Observe closely the structure of the parcnchyma cells and make a neat diagram

in your observation note book. Record the structural details of the tissues in the
space provided below:

You will find:
i) The cells are circular and isodiametric’

1) They have intercellular spaces (Fig. 5.1)

Inter-Cellular Space

Flg. 5.1: Parenchyma

Occurrence

Most of the lower plants are formed of parenchymatous cells. Meristers are
also parenchymatous. Epidermis, cortex, pith, mesophyll of leaves, pulp of
fleshy fruits and embryonic tissues are composed of parenchyma cells.

Functions

The cells have an active protoplast. Parenchyma cells have functions of
photosynthesis, storage of food material, secretion and excretion. They occur as
a part of xylem and phloem and conduct water and nutrents in solution,

In leaves, parenchyma cells have chloroplasts in them, hence called
chlorenchyma, In aquatic plants, they acquire large air spaces (o cnable the
plants w float in water, hence called aerenchyma cells.

ii) Collenchyma
Observe a permanent preparation of collenchyma tissue under a microscope.

Make a neat sketch of the cells in your observalion note book. Record the
details of the structure in the space provided below:



Yo_u will find that:

a) Collenchyma cells are circular and isodiametric. Some of the cells may also
be polygonal in shape.

b) The cell wall is thick, more so in comers of the cells. Therefore, there are
no intercellular spaces. (Fig. 5.2).

Fig. 5.2: Collenchymsa

QOccurrence

Young stem, petoles of lcaves, and stalk of flowers, ribbed stems and petioles
as well as the squarc stems of certain plants have collenchyma cells.

Function

Collenchyma is a mechanical tissue providing strength and elasticity to the stem
and leaves of plants. '

ili) Sclerenchyma

Observe a preparation of sclerenchyma cells under a compound Microscope.
Make a neat sketch of the tissue as observed in your record note book. Write
down the structural details of sclerenchyma tissues.

Were you provided with slides of more than one type of sclerenchyma cells?
Yes, the size and shape of sclerenchyma cells are variable and atleast two types
could be distinguished. ‘

a) Elongate cells called sclercrichymz'a fibres (Fig. 5.3).
b), Short cells either isodiamelric or irregular in shape called sclereids (Fig. 5.4).

Make drawings of both types of cells in your note book. You will find that
sclerenchyma fibres are:

i) long cells with pointed needle like ends.

Study of Plant Tissues
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i)  dead cells with no protoplast in them.

ili)  highly thick walled, the thickening due to a substance called lignin.
Occurrence

Found in cortex, pericycle, xylem and phloem.

Function

Provide mechanical strength to plants.
The sclereids are circular or irregular shaped cells with lignified cell walls.

Flg. 5.3: Sclerenchyma fibres

~ The sclereids are also dead cells with no protoplast in them,

Ogcurre'nce‘
Found in cortex, phloem, pith, sccd coats and fruit wall.
Function'

Provide mechanical strength {o plant pans.
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Fig. 54: Sclerelds

5.4 OBSERVATIONS ON COMPLEX PERMANENT
TISSUES

Complex tissucs, you have learnt carlier, are composed of different types of cell
elements. These different cellular elements form an integral part of a structure
of plant, and carry out a specific function. By way of analogy with animal
tissues, you may recall that blood is a complex tissue formed of different Lypes
of cellular elements. Among plants xylem and phloem are examples of complex
tissucs. These tissues arc concemed, with (ranspon of water and nutrienis in
plants, hence called vascular tissucs, The vascular tissues perform a functon
similar 10 the ones performed by the’blood vascular system in animals,



5.4.1. Xylem Study of Plant Tissues

Xylem is a complex tissue forming a part of vascular bundle, It’s major
function is conduction of water and solutes. It also provides mechanical
support to plants. As a complex tissue it consists of different types of cells
and elements. The tissues which go to form xylem are a) tracheids b) vessels
¢) xylem fibres and d) xylem parenchyma. Place a permanent slide preparaton
of xylem under a microscope and observe the various elements;

a) Tracheids (Fig. 5.5)

A tracheid is a much elogate cell. The cells are devoid of any protoplast, hence
they are dead cells. The tracheids have a lumen without any conients in them.
The walls of tracheids are thicker and lignified. Depending on the type of
thickness, tracheids aie classified into annular (ring like thickenings), spiral,
redculate (the walls present a network like appearance), scalariform (ladder like)
and pitted {with holes).

b) Vessels

These are long tube like bodies which conduct water and solutes. A trachea is a
vessel formed from a row of cylinderical cells aranged in longitudinal series.
The partition walls between the cells are perforated so that the entire structure
is a long continuous vessel.

"¢) Xylem Fibres

These are the dead cells which provide mechanical suppon to the plant. They
are long cells with lignified walls.

'd) Xylem Parenchyma (Fig. 5.5)

These are the only living component of the xylem of most plants. Parenchyma
is abundant in the secondary xylem of most plants. The cells may be thin
walled or thick walled. The cells have a storage function, mostly starch and
farty substances are stored.

Fig. 5.5: Xylem Ussue a) tracheld b) parenchyma 37
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5.4.2 Phloem

Observe a pcrmanent slide preparation of phloem under (he microscope. A
phlocm is a complex tissue composed of again four clements. a) sicve clemenls
b) companion cells ¢) parenchiyma d) fibres,

a) Sieve elements (Fig. 5.6)

These are the mot important clements of phloem. Sicve clements consist of
sieve tubces. Sicve tubes are cells arranged in a longitudinal scries with
perforations in the cell wall, called sieve plate. Therefore, in the sieve plate
cytoplasmic conneclions are established between neighbouring cells. The
cytoplasmic connections as called- plasmodesmalta, The sicve plate is formed by
the primary ccll walls of two adjacent cells with a middle lamella belween
them. Sieve ubes have conducting function.

Sieve Plate.

Sicve Tubes

Companion Cells

Phloem Parenchyma

Fig. 5.6: Phloem tlssue

b) Companion Cells (Fig. 5.6)

Companion cells as their name suggests are closely associated with sieve tubes
of flowering plants both during development as well as during functioning,
They are small elongate cells with dense cytoplasm and prominent nuclei. They
occur on the lateral walls of sieve tubes. Companion cells accompanying a
sieve tube may be a single cell of equal length or a mother cell may be divided
transversely forming a series of companion cells. Sieve tubes and companion
cells originate from the same mother cell. The companion cells function as long
as sieve tubes are functional. The companion cells are firmly attached to sieve
lubes.

¢) Phloem Parenchyma (Fig. 5.6)

These living cells are also associated with sieve elements They are living cells
with protoplast ire them. They are concemned with storage of organic food
materials,

d) Phloem Fibres

These are sclerenchymatous cells. These are dead elogated cells with lignified
walls having single pits. The fibres are of commercial imponance as they are
used for the manufacture of ropes and cords.



EXPERIMENT 6 PREPARATION OF
BLOOD SMEARS OF
FROG AND MAN

Structure

. 6.1 Inlroduction
Objeclives
6.2 Malerials Required
6.3 Proccdure
6.4 Obscrvation and Results
6.5 ScIf Asscssment Queslions

6.1 INTRODUCTION

Smear technigue, like the squash technique is onc of the simple and useful
techniques for the study of cells. In smear technique as you did earlier, a fluid
or a semifluid tssue is spread over the surface of the slide and stained
subsequently. Smear lechnique is routinely used in clinical laboratories for the
study of blood cells. In this lab excrcise you will prepare the blood smears of
man and that of frog, and compare the different types of blood cells in these
[wo syslems,

Objectives

At the end of this exercisc you should be able to:
e prepare a thin blood smear, and

e identify and distinguish between the red blood corpuscles as well as the
differcnt types of white blood corpuscles of man and frog in a microscopic
slide or a photograph.

62 MATERIALS REQUIRED

1. Slides,

2. Coverslips,

3. 70% alcohol,

4. Sterilised necdles,

5. Giemsa or Wright's stain,
6. Distilled watcr,

7. Paslcur pipette.

39



Laboratory Course-I

40

6.3 PROCEDURE

Clean the slides and lct them be free (rom grease, finger prinis, etc.

Clean the tip of your middle finger with 70% alcohol and prick with a
sterilised needle. The sterilization can be done by heating the needle over a
spirit lamp flame for a few seconds and then cooling or the needle may be
wiped clean with cotton soaked in 70% alcohol.

When a drop of blood appears on the finger tp, wipe it away with cotton
dipped in alcohol,

Press the finger tip to get the next drop of blood and touch it with the
clean surface of slide about 1 cm. from the right narrow edge (see Fig. 6.1).

Place the narrow edge of a 2nd slide at about 45° angle to the 1st slide and
to the left of the drop of blood.

Pull to the right undl the 2nd slide touches the blood. Along the line of
contact, the blood spreads, Now push the 2nd slide towards the left in a
steady but brisk movement. Take care to keep the edge pressed uniformly
against the surface of the 1st slide. Keep pushing until the other end of the
slide is reached. This method spreads the blood thinly over the surface of
the slide but does not run over the cells and’crush them. You may make 3
or 4 such preparations.

Once the smear is made, air dry the slides for about 10 minutes.
Mark with a wax pencil the region of the smear that is to be stained on the

underside of the slide. This can be approximately the length of a 40 mm.
cover slip.

" The blood smear of frog is prepared similarly. For obtaining the frog's

blood cut open the frog, puncture its heart and place a drop of blood on a
microslide with the help of a pasteur pipete.

Fig. 6.1



9. Staining of the slides Preparation of Blood
) Smears of Frog and Man
Cover the region marked with wax pencil with 10-12 drops of Giemsa or )
Wright’s stain. Leave Lhe stain over the smear for 2 to 3 minutes. After this
period add an equal amount of distilled water and leave for 2 to 4 minutes.
Drain off the stain and rinse the slide in distilled water once or twice. Blot
with 2 sheets of filter paper. Take care only to press with filter paper and
not rub. Air dry the slide thoroughly and mount with a cover slip, using
DPX mountant.

Observe the slides under a compound microscope first under low magnification
and then at higher magnification.

6.4 OBSERVATIONS AND RESULTS

—

Your observations under the microscope should enable you to draw the red
blood corpuscles of human and frog blood. Figure 6.2 shows the RBCs in frog
blood smear. Note that the cells are oval shaped and nucleated. In human blood
smear the RBCs are biconcave, spherical and non-nucleated (Fig. 6.3). Observe
carefully the various types of while blood corpuscles,. the eosinophils, the
basophils and nentrophils. Also, observe the blood platclets. Generally with
Wright or Giemsa stain the different cells and their nuclei give the following
colours.

Erythrocytés. — pink

-Nuclei — deep blue
Basophils — deep purple
Eosinophils — bright red
Neutrophils — reddish brown

" Platelets — violet to purple

6.5 SELF ASSESSMENT QUESTIONS

1. How do the red blood corpuscles of frog and man differ from each other?
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3. Are there different types of WBCs in frog? Or is there only onc type? Give
- the structure of WBC of frog blood. ' '

----c.-----..-----.---.-..---.-..-----.-----.------.---g-- -----------------------------------
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Flg. 63 : Cellular components of human blood



EXPERIMENT 7 SQUASH TECHNIQUE
FOR THE STUDY OF
MITOSIS AND MEIOSIS

Structure

7.1 Introduclion
Objeclives

7.2 Materials Reguired

7.3 Procedure for the Squash Preparation of Onion Root Tips for the Study of
MiLosis

7.4 Observation and Results

7.5 Proccdure for the Squash Preparation of Grasshopper testis or of Anthers
from Onion buds for the Study of Mciosis

7.6 Obscrvations and Results

7.1 INTRODUCTION

Squash technique is one of the simple techniques widely used for the study of
chromosomes. The technique consists of applying a genlle pressure on a small
piece of previously stained tissuc to flatien the cells and spread the
chromosomes. The technique can be performed rapidly and is an cfficient onc
for the study of dividing cclls. The method helps to sludy a single laycr of
large cells in their entrety. Before performing this lab exercise you may revise
the units on mitosis and meiosis in Block 4 of LSE-01 (Cell Biology) Coursc.
Your counsellor will screen for you the video programme on “Squash and
Smear Techniques in Cell Biology” Parts T and II.

Objectives

This lab excrcise should enable you to:

e make squash preparations of plant material such as onion root tips and 1o
obscrve and inferpret milotic stages,

o make squash preparalion of both plant and animal reproductive tissues for
the study of meiotic slages.

e compare the processes of mitosis and meiosis.

7.2 MATERIALS REQUIRED

1. Onion rool Lips,
2. Onion fower buds,
3. Teslis ol grasshopper,

4, Acelic alcohol,
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Cells removed [rom their
natural environment will
change shape and
decompose over a period of
Ume unless the shape and
siz¢ is preserved. This
preservalion, prior to their
study is known as
‘fixation’, which can be
achieved by heat, or
freczing or chemically. A
fixative is chosen according
lo the structural or chemical
‘componcnls of the tissue
that are 10 be demonsirated.

5. Acclo-carmine or acetoorcein,

6. 2N hydrochloric acid,

7. Slides,

8. Pasleur pipcites,

9. Coverslips,

10. Spirit lamp,

11. Warch glass,

12, Filter paper, dissection kit,

13. Nail polish or DPX mountant, and

14. Compound microscope.

7.3 PROCEDURE FOR THE SQUASH PREPARATION
OF ONION ROOT TIPS FOR THE STUDY OF
MITOSIS

Onion root tip is an ideal material for the preparation of mitotic stages because
of its easy availability. It is also easy o study since the chromosomes are
relatively large and fcw in number. The onion roots can be grown by placing
onion bulbs wilh their root side down in contact with water in a beaker or a
conical [lask. Afier 3 days you can see the roots grow to a length of 2 10 3
cms. Remove the onion bulbs, cut the root lips and transfer them 10 a solution
of acctic alcohol (acetic acid 1 part and cthyl alcohol 3 parts v/v). The root ips
should be kept in the acetic alcohol solulion for 12 to 24 hours. At the end of
the fixation period the material can be transferred lo and stored in 70% alcohol
until it is used for squash preparation. Now, follow the procedure given below
for squash preparation.

1. Transfer the root from the Mixative (acetic alcohol) or storage solution (70%
alcohol) onto a warch glass and wash cxtensively wirth water.,

2. Drain off the water with a pastcur pipette and add a few drops of 2N HCI
to the watch glass. The tissues can by hydrolysed in 2N HCI for 10 minutes
al room temperature or for a minute over a spirit lamp (Tame. While
hydrolysing over the flame make sure that you move the watch glass over
the flame. This would prevent damage 1o the issuc by over healing.

3. Aflter hydrolysis drain ofl the HCI and wash the root lips in water.

4. Remove the water and add 1% acetocarmine or acetoorcein (0 the root Lips
for staining. The stamning requires 10 to 15 minules.

5. At the end of the staining process, transfer 2-3 root Lips onlo a slide, cut
and retain only the meristematic region and remove the debris from the
slide,



6. Place a drop of 45% acclic acid on the material and carefully place a Squash Technique for the
CO\JCI‘Slip over i[ Stud}' of Mitosks and Meiosls

7. Remove the excess acctic acid from the sides of coverslip by using the
edge of a filter paper.

8. Placc the slide between the filter paper and gently press the coverslip down.
Using the fat boltom of a pencil slowly tap on the filter paper 10 oblain a
uniform spread of the material. The tapping flattens the cells and spreads
the chromosomgs.

0. Scal (he cdges of the coverslip by applying nail polish so that the fluid
evaporation is minimised. Observe the slide under the compound
microscope.

7.4 OBSERVATION AND RESULTS

You are alrcady familiar with Lthe concept of cell cycle and know that cells can
be observed in either dividing or non-dividing phase of the cycle. In & squash
preparation you will find that majority of the cells are in interphase (non-
dividing cclls). The interphasc nucleus will appear as a darkly stained body
with acetocarmine or acctoorcein. The nuclear membrane is intact and the
chromatin is in the form of a network.

You are also aware of thc various stages in the process of ccll division Unit 16
of the Cell Biology Course (L.SE-01). We now provide you a bricf descriplion
of cach stage and you should sketch the slages you obscrve under the
microscope in the record notcbook.

Stages of ..iitosis
1. Prophase

Prophase, the first stage in the division process is characterised by the
unwinding of the chromatin reticuluin, Each chromosome begins to appear as
two chromatids with a single centromerz, The nuclear membrane slowly
disappcars. See Fig. 7.1 for stages of milosis.

2, Métﬁphase

In metaphase the chromosomes tend to arrange themselves in the middle of the
cell called the equatorial plate, It is possible 10 count the number of
chromosomes at the metaphase stage. When observed carefully, the sister
chromalids of the chromosomes can be scen.

3. Anaphase

Anaphase is marked by the movement of the chromosomes (o the opposite

poles of the cell. Esscnlially the ceniromere splits and a single chromosome

with two chromatids becomes two independent chramosomes cach with a

centromere. One can obserye the anaphase in various stages such as early

anaphase, middle anaphasc and late anaphase depending on the position of the

chromosomes during Lheir movement. The spindle fibres which are attatched o

the centromere of the chromosences may not be distinctly visible with the stain

you have uscd. . : 45
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4, Telophase

In tclophase two daughter nuclei cach with the ~am. number of chromosomes
as the parcnt nucleus arc formed. The chromosomcs undergo coiling and form
the chromatin reticulum. The nuclear menmbrane reappeans and the nuclear
division is complcted.

Cytokinesis

Once he nuclear division is complete, cytokinesis Lhat is the Jivision of a cell
into two daughter cells occurs. Look for thosc daughter cells formed al the end
of mitosis and iry to locate the cell wall between them.

SAQ 1

Why arc most cells scen in interphase?

7.5 PROCEDURE FOR THE SQUASH PREPARATION

OF GRASSHOPPER TESTIS OR ANTHERS FROM
ONION BUDS FOR THE STUDY OF MEIOS\S -

Meiosis, as you arc aware, occurs in reproduclive tissues. In meiosis he
chromosomal number is halved and the cells which arc diploid (2n) divide to
form cells which are haploid (n). At the end of the meiosis the reproductive
cells namely the sperms and the eggs in the casc of animals, and the pollens
and ovules in Lhe case of plants are formed. The procedure for performing the
squash technique is slightly differcnt for plant and animal tissucs. Since plant
cells have ccll walls, the polysaccharides of the cell wall need 10 be hydrolyscd
§0 What the stain can cnter into the cells. The hydrolysis procedure is not
required for the animal cclls. The animal tssucs can be transferred dirccily 1o
the slain after fixation. First, we will describe the steps for the preparation of
plant cells,

1. Remove the anthers from the onion buds stored in 70% alcohol. Wash well
wilh water in a walch glass.

2. Transfer the anthers 1o a waich glass with a [ew drops of 2N HCI and
hydrolyse over the flame of a spirit lamp for about S minutes.

Wash the anthers well wilth water and transfer them o 1% acclocarmine or
accloorcein stain for 10 minuics.

1)

4. When the anthers are slained transfer them onto a slide and add a drop of
45% acctic acid.

5. Carefully place a coverslip over the stained tissue and drain off excess
acelic acid using the cdge of a filter paper.

6. Place the slide between two sheets of filter paper and using the {lat end of
a pencil gentdy tap on the coverslip.



7. The cclls of the anther {laiten and the chromosomes spread. Scal Lhe edges Squash Technique for the
of the coverslip wilh nail polish before obscrving under the compound Study of Mitosis and Meiosis
microscope.

The meiotic stages can also be studied from the testis of the grasshopper.

1. Obtain grasshopper testis previously fixed in acetic alcohol (ethanol: acclic
acid 3:1 v/v) and stored in 70% alcohol.

2. Wash the testis in waler and then release the tubules by teasing with a
disscction necdle.

=l

Transfer the mbules onto a watch glass containing 1% acetocarminge or
acetoorcein and stain for 10 to 15 minutes.

4. Transfer onc or lwo tubules onto a slide and add a drop ol 45% acctic acid.
Place a coverslip over it and remove the excess of acelic acid using Lhe
cdge of a filter paper.

5. Place the slide between 2 sheets of [filter paper and using the flat end of a
pencil gently tap on the covérslip or apply pressure with your thumb.

6. The tubules flaitened thereby spreading cells and chromosomes. Scal the
edges of the coverslip with nail polish and observe under a compound
microscope.

7.6 OBSERVATIONS AND RESULTS

Meciosis acmally consists of two division processes: meiosis 1 and meiosis II.
Meiosis 1 « .istitutes the reduction division where the chromosomal number is
rcduccd by half, Meiosis II resembles mitosis. At the end of the two divisions
four cells arc formed, each with half the number of chromosomes as the parent
cell, The following is a brief dcscription of the various stages of meiosis, You
may get a detailed account of meiosis in Block 4 of LSE-01 Course.

Meiosis I
1. . Prophase-I

The prophase-I consist of 5 different stages. They are leptotene, zygolene,
pachytene, diploicne and diakinesis.

During these stages the uncoiling of the chromatin reticulum, condensation of
the chromosomes, synapsing of the homologous chromosomes, €rossing over
and chiasma formation and recombination occur. If observed carefully the
dilfcrent prophasc-I stages can be identified in the squash preparation of the
grasshopper testis. On the contrary, in anther preparation you may identify only
onc or Lwo meiotic stages since the various meiolic evenis arc highly
synchronised in plant tissues. Draw your observations in your notcbook and
compare them with Lhe photographs provided. (Fig. 7.2)

List out the differences bety prophase of mitosis and prophase-1 of mciosis
in your notebook.
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2. Metaphase-I

Mectaphase 1 shows the arrangement of the chiromosomes at the equatorial
plane. Metaphase-1 is the most suitable stage for counting the number of
chromosomes. Since the number of chromosomes differ in diffcrent species of
grasshopper, count and rccord the number of chromosome in the specics you
have used for your studics. In the anthers of the onion buds {Alfinm cepa) the
number ol chromosomes present is 7.

How 1s mclaphase-I of meiosis different from mctaphase of mitosis? Write
down the differences in your nole book.

3. Anaphase-I

Anaphase-I is a stage at which the chromosemal number is reduced by half and
unlike the mitolic anaphase the centromere docs split and the entire
chromosome moves (o ene pole. As a result each nucleus receives only half the
number ¢f chromosomes. Anaphase-1 shows the chromosomes moving to the
opposite poles of the cell,

4. Telophase-I

In telophase-T two nuclei are formed.

Meiosis 1I

Meciosis I depicts the different division -stages similar (o those of mitosis.

You will note that the cells which undergo meciosis 11 are'rclul.ivclly smaller than
the cells which undergo mciosis 1. Also, they carry only half the number ol

chromosomes Jikc the meiosis-I cells. This fact can be verified by actually
counting thc number of chromosomes during mciosis 1.
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EXPERIMENT 8 PREPARATION QF
POLYTENE
CHROMOSOMES FROM
SALIVARY GLANDS OF
Drosophila LARVAE

Structure

8.1 Introduction
Olyjeclives
8.2 Materials Required
8.3 Procedure
8.4 Obsecrvation and Resulls

8.1 INTRODUCTION

The salivary glands of Dipteran insect larvae have nuclel which are in perpetual
intcrphase. They were described by Balbiani in 1881. These nuclel have
chromosomes which arc abnormally largc as compared 1o the chromosomes of
the olher body cells. Because of their size they come 10 be known as giant
chromosomes. The giant chromosomes when [ully extended are about 100
times longer than those normally found at the metaphasc of mitosis. The DNA
ol the giant chromosomc repealedly replicates bul the daughter strands do not
separal¢, The replication occurs nearly 10 times resulling in 1024 parallel
strands held together, The fully developed banded chromosomes are nearly 0.25
to 0.55 mm long, The chromosomes show altemating dark and light bands and
cach band represents a gene. The amplification of DNA of salivary gland
chromoesomes in the insect farvae is also kiown as pelytenisation and the
chromesomes arc referred o as polytene chromosomes. In this lab exercise you
will learn Lo prepare the giant polylene chromosomes of the larvae of the fruit
Ny Drosophila rmielanogaster using Lhe simple squash lechnique and 10 study
its morphology.

Ohjectives

Al the cnd ol this excrecise you should be uble Lo:
e dissect out the salivary glands of Drusophlila larvae,
» untke a squash preparation of salivary glands,

e describe the salient feawres ol polyiene chremosemes.

S.2 MATERIALS REQUIRED

1. Zwd instar Drosopfida lanvae,
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EXPERIMENT 9 SMEAR TECHNIQUE TO
OBSERVE SEX-
CHROMATIN IN THE
BUCCAL EPITHELJAL
CELLS OF HUMAN
FEMALES

Structure

9.1 Introduction
Objeclives
9.2 Maitcrials Required
93 Proccdure
9.4 (Obscrvations and Results

9.1 INTRODUCTION

Human beings have 46 chromosomes in their somatic cells. In human males
there are 44 autosomes and 2 sex chromosomes termed X and Y.

Human females besides the 44 autosomes have two X chromosomes. This
means thal human [cmales have the poltcntal to produce twice as much
X-chromosome gene products as human males. But this does not happen. Of
the two X-chromosome in somatic cells of all mammalian females one X-
chromosonme is inactivated and gencrally remains atiached to the nuclcar
membranc in interphase cells. The inaclive X-chromosome was first observed
by Barr and Beriram (1949) in the nuclei of the nerve cells of female cats. The
inactive X-chromosome also known as Barr body represents a mechanism by
which the dosage compensation for X-lincd gene products is achieved. In other
words, the females also produce only as much X-chromosome gene products as
males, despite having Lwo X-chromosomes. It is possible to demonstrate the
inactive X-chromosome or the sex chromatin in the buccal epithelial cells of
human females by the smear technique. The smear technique consisis of
spreading a semifluid or fluid tissuc over the surface of a slide and staining it
subscquently.

Objectives

Al Lhe end of this exercise you should be able 10:
e prepare thin smears of semifluid and [luid tissues,

e decmonstrate the sex chromatn or Barr body in the somatic cells of
mammalian fcmales.

9.2 MATERIAL REQUIRED

1. Spatuly/Tooth picks
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Fig. 9.1 : Barr body in
human female
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2. Slides

3. Coverslips

4.. Giemsa $tain

5! Xylene

6. 90% alcohol and absoute alcohol
7. 6N HCI

8. Compound Microscope

9.3 PROCEDURE

1. Using a spatula or the broad side of a tooth pick scrap the inner side of
your cheek and discard the first scraping.

2. 'Repeat the step and gently spread the scraping on a clean slide. Air dry the
preparation.

3. Fix the cells by dipping the slide in a Coplin jar containing 90% alcohol
for a minute and air dry the slide again, '

4. Transfer the slide to a Coplin jar with 6N HCl for 10 minutes at room
temperature. This step of hydrolysis removes the debris from the smear.

5. Wash the slide well with distlled water and stain with phosphate buffered
4% Giemsa stain for 10 minutes, :

6. At the end of 10 minutes transfer the slide to water briefly to differentiate
and air dry.

7. Clear the slide in xylene and mount with DPX. Observe the slide under the
microscope for the presence of Barr body.

Note: The barr body can be observed only in preparations made from the
Squamous epithelial cells of females. Make gz similar preparation from the
buccal epithelial cells of males for comparison. :

9.4 OBSERVATIONS AND RESULTS

You should be able 10 observe a distinct darkly staining body attached to the
nuclear membrane in the epithelial cells obtained from females, as shown in
Fig. 9.1. It is preferable 10 observe the preparation under the oil immersion lens
of a compound microscope which magnifies the cells 1000 times, Otherwise,
you may observe under the high power lens which magnifies the objects around
400 times. '



EXPERIMENT 10 QUALITATIVE
BIOCHEMICAL TESTS
FOR ORGANIC
CONSTITUENTS OF
CELLS

Structure

10.1 Introduction
Objectives
10.2 Materials Regquired
10.3 Carbohydrates
General test for Carbohydrales
Tests for Monosaccharides
Tests for Polysaccharides
104 Proteins '
Test for Proteins
10.5 Lipids
Tests for Lipids

. 10.1 INTRODUCTION

You have learnt in Cell Biology Course (LSE-01) about cell and its
macromolecules—namely carbohydrates, proteins and lipids. These
macromolecules are made of smaller basic molecules joined in set sequences.
Proteins are made up of amino acids, carbohydrates of sugars and a neutral fat,
of glycerol and fatty acids. In this laboratory exercise, you will leamn to perform
certain simple tests for the identification of the organic constituents of cells.
Various chemicals and reagents will be used for the detection of these molecules
which will produce characteristic reactions and specific colour. If a change in
colour as specificed for the reaction is observed the test is said to be positive.
Non-appearance of the specific colour would indicate a negative result
suggesting that the particular molecule is not present.

Objectives

After doing the experiment you should be able to:

e describe the major organic constituents of cells and tissues and recognise
their chemical structures, :

e name and group tests used for carbohydrates, proteins and lipids,

e perform the simple tests for the identification of amino acids, proteihs,
carbohydrates and lipids, ;

e distinguish between positive and ncgaﬁve tests.
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OH

10.2 MATERIALS

Test tubes, Test wbce rack, Bunsen burner, Pasteur pipettes. spatula. 2 oml

syringes, 25 ml mcasuring cylinders, 5 and 10 ml eriacduated pipeties. hintus
pipers. :

10.3 CARBOHYDRATES

Carbohydrates consist of simple molecules such as virious mone and
disaccharides and large complex molecules like starch and dextrin in plants. and
glycogen in animals. Glucose, galaclose and fructose arc examples of
monosaccharides (Fig. 10.1) Sugars conwining two units of monosaceharides .
called disaccharides c.g. sucrose, maltose and laclose (Fig. 10.2). Swareh contr
hundreds of such units. Sugar, starch and glycogen serve as Tuels for cells an.
ccliulose is the stractural component of plants. Glucose is the most abundani
and extremely important monosaccharide for life Processes.

CH:OH
H O H
HO GH
H OH
D-GLUCOSE - D-FRUCTOSE
Flp. 10.1 : Monosaccharides
CH:0H CHOH CH-0OH
o H H O H
H ' H
OH H OH H
oH
H 01-[ H OH
SUCROSE MALTONE
GLUCOSE FRUCTOSE

Fig. 10.2 : Disaccharldes

10.3.1 General Tests for Carbohydrates
Reagents and Test Solutions

1% alpha naphthal rcagent, sulphuric acid, Benedicl's reagent, concentrated
HNO,, phenyl hydrazine hydrochloride, sodium acetate, Seliwanoff’s reagent,
iodine solution, starch solution, 0.5% glucose, 1% sucrose solution, onion juice,
potato exlract, frog thigh muscle extract, 2% fructose solution, grapes.

Exp 1: HEATING TEST—Hcal a small quantity of carbohydralcs provided and
see that it chars and gives the smell of bumi sugar (smell of caramel). If the
sample is in solution form, take about 1.0 ml and heat it (o dryness. You will
get the same smell of bumt sugar. :



Exp 2: MOLISCH TEST-—Take 2.0 ml soluton of carbohydrates provided
and add two drops of 1% alpha naphthol solution. Carefully run about 2.0 ml
of concentrated sulphuric acid along the side of the inclined test tube. Write
down your observation.

This reaction is due 10 the formation of furfural and furfural derivates by the
acid acting on carbohydrates. The furfural on combining with alpha naphthol
produces a purple colour complex. :

10.3.2 Tests for Monosaccharides

Exp 1: SOLUBILITY AND pH TEST—Monosaccharides are soluble in waler,
To determine the acidic or basic nature of monosachharides dip litmus papers
(red and blue litmus one by one) into 1% glucose solution. Note if there is any
change in the colour of the liomus paper. Monosaccharides are neutral and do
not change the colour of the two types of litmus papers.

Exp 2: BENEDICT'S TEST—This (est is by far the most conclusive test for
reducing sugars and is semi-quantitalive { a rough cstimation of the amount of
reducing sugar is possible based on the intensity of colour reaction). When any
reducing sugar is hcated with Benedict’s reagent, a {fine precipitate is formed
and you will observe coloured precipiatate green, yellow or red depending upon
the concentration of the sugar. The rcacdons occuring during the test can be
summarised as follows: '

CuSO, + 2NaOH — Cu(OH), + Na,SO,

2Cu(OH), + C,H,,0,~————> Cu,0 + CH,,0, (Gluconic acid) + 2H,0

(Cuprous oxide—yellow,
green or red precipitate).

Non-reducing sugars such as sucrose do not give a positive result with this
test duc to non-availability of reducing groups.

Take 4 tubes, add 2 ml of water in tube (1), 2 ml of onion juice in tube
(2), 2 ml of an exuwract of frog thigh muscle in tube (3) and 2 ml. of 1%
glucose solution into be (4). Heat the tubes simultaneously in a water bath
for about 3-5 minutes. Note if there is any colour change and record such
changes according Lo tube number.

Add about 3.0 ml, Benedict's reagent o each test tube and heat for about 3-5
minutes. Record the colour changes in the table given below:

Qualitative Blochemleal Tests for
Organic Constituents of Cells

Prepare onion juice by
macerating a small piece of
onion in a mortar with pestle
with a’few drops of water.
Filier and use the filtrate for
the resL

Frog thigh muscle extract is
obtained by grinding small
picces of thigh muscle tssuc in
a mortar with pestle in a small
quantity of distilled water.
Filler and use the [iltrate for
the test
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Flg. 103 : A triglyceride
molecule

LEXP. 2 : BIURET TEST—Peplide bonds (CO-NH) in proleins give

positive (est with biurer reagent. Biurel reagent contains a strong solution of
sodium or potassium hydroxide and a very dilute solution of copper sulphate.
Additon of alkuline copper sulpbale solution lo protein solutions forms a purple
or pink colour depending upon the nature of proteins. Glycoprotcins containing
peptide linkages also show positive colour reactions, Biurct is the compound
derived [rom urca which also contains the-—CONH group and gives a positive
resuit.

To 6 ml of 5% sodium hydroxide solution add 2 drops of 1% copper sulphate
solution and mix well. Divide this reagent into lwo equal portions. To one
portion add 3 ml. of protein solution and to another add 3 ml, of water (0 scrve
as control. Mix wecll by shaking the test tubes. Writc down your obscrvations.

The 1est solulion changes the colour of copper sulphate into violet or pink
depending upon whcther it is a protein or a polypeplide. In casc of polypeptide
the coleur changes to pink,

Exp. 3: XANTHOPROTEIC TEST—Amino acids which have an aromatic
ring in their R group give a positive result with xanthoproteic test. Amino acids
such as phenylalanine, tyrosine and tryptophan belong 1o this category.

To 3 ml of protein solution in a test tube add 1 ml of concentrated nitric acid.
Dissolve the while precipitate that is formed by boiling over a flame. The
aromatic ring prescnt in the R ring of certain amino acids undergoes nitration
and the solution tums yellow. Cool and add 10% NaOH solution along the sides
of the test tube. The colour becomes deep yellow and to orange owing 10 the
formation of coloured jons. Simullaneously run a control experiment with 3 ml
of distilled water.

Exp. 4: MILLON’S TEST—Procedure: To 1 ml of test solution add about

1 ml of Millon’s reagent. An ycllowish white precipitate is formed. Add about
five drops of sodium nilrite solution. On gentle warming, the precipitale wms
salmon pink 1o brick red. Perform a control test simuitaneously with 1 ml of
walcr.

Mullon’s reagent contains mercuric sulphate. The protein is precipitated by
mercury which then-combines with the amino acid tyrosine. This compound
beeomces red on Lreatment with nitreus acid.

10.5 LIPIDS

Lipids are low melling point compounds of diverse chemical nature. They have
a greasy consisiency and are soluble in fat solvents like ether and chloroform
but insoluble in waler. Typically a fat in the form of triglyceride is composed of
onc molecule of glycerol and three molecules of faity acids (Fig. 10.3).



10.5.1 Teosts lor Lipids Quualitative Biochemical Tests for
Organic Constituents of Cells

Reagents and Test Solutions

Gingili or groundnut oil, cholesicrol, ether, potassium bisulphate, Sudan III
solution, conc. sulphuric acid, chloroform, acetic anhydride.

Test for Solubility
Exp 1: Take few drops of oil in a dry test tube containing ether and shake. A

clear solution is gbtained. Repeat the experiment with water and tabulate the
results.

Observation Conclusion

Oil

Water

Exp. 2: Identilication of Glycerol—Place one ml of test material in a dry test
tube, Add about 100 mg. of powdered potassium bisulphate. Warm gently at
first and later increase the heat. Glycerol is liberated and converted into the
pungent, lachrymatory unsaturated aldehyde called acrolein. :

Exp. 3: Sudan IIT Test—Take equal quandty of oil (0.5 ml.) and water in a
test lube. Add 2-3 drops of Sudan III stain and shake it. Keep it for 5 minutes
the iwo layers of water and oil separate out, and the fat layer becomes red.

Exp. 4: Tc  for Cholesterol—Dissolve a liltle cholesterol powder in about 4.0
ml of chloroform and divide this into two tubes. To one tube add 2.0 ml strong
sulphuric acid and shake gently. The upper layer of chloroform will become red.
The lower layer of sulfuric acid will change from yellow to green. To the other
half in a separate tube add about 10 drops of acetic anhydride, and 2 drops of
strong sulphuric acid and shake. The colour of the solution becomes decp blue.

Precautions

s All chemicals should be considered as potentally dangerous and handled
carefully. Contact of chemicals with skin and clothing should be avoided.

e Organic solvents should be kept tighty closed on a working bench.

¢ No organic solvent such as cther, chloroferm should be heated on naked
burner flame. They are highly inflammable.

e No waler should be added in vessel containing acids which will react
violently and splutter. Addition of acids Lo a solution should be donc very
slowly by inclining the test tube.

& Never heat a solution by keeping the open end of the test tube dirccted
towards you; keep it away [rom you.

o Never fill the test tube with a solution more than one third (1/3) of the tube
" length while heating on a bumer.

e If a reagent gets into the eye or face immedialely wash several times with
water.
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EXPERIMENT 11 MOVEMENT OF
MATERIALS IN CELL—
DIFFUSION AND
OSMOSIS

‘Struclure

il.1  Intreduclicn
Objcctives
11.2  Dilfusion
Demonstration of Dillusion
Study of Rate of Diffusion
113 Osmosis
Plasmolysis
Deplasmolysis
flaemolysis
Dialysis

11.1 INTRODUCTION

The exchange of gases, waicr, food matcrial and wastes between cell and its
cnvironment involves phenomena of diffusion and osmosis. You may recall that
CO, and O, diffuse in and out from mesophyll cells into the stomatal cavity.
Oxygen from air diffuscs into the moist cclls lining the inner respiratory
surfaces, be it gill or lungs and passcs from these cells into the capillaries.
Water and small uncharged molecules diffuse in and out of the cell. For
cxample, much of the waler within the blood plasma diffuses out during the
passage through blood capillarics and then diffuses into the open-ended 1lymph
capillarics, Often changes in solute concentration occur within a single cell or
within a tissue. Through the phenomena of osmosis and diffusion cells adjust
constantly to maintain a steady staie (homcostasis) in the midest of an
everchanging environment. In this laboratory cxercise you will perform
cxperiments 1o study the phenomena of diffusion and osmosis.

Objectives
After performing the cxperiments in this laboratory, you should be able to:

s demonstraie the phenomena of diffusion and osmosis,

e dcmonstrate differences in plasmolysis, deplasmolysis and hacmolysis.

11.2 DIFFUSION

The lendency for molecules and ions in solulion or gaszs in the atmosphere to
diffusc until uniform distribution resulls is called difTfusion. All molecules and
iuons wre in a stale of conslant random motion duz to inherent kinctic cnergy. 65
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The miolecular motion is slight in solids but much greater in liquids and gases.
This random motion causes a nct movement of molecules lowards zones where .
the concentration of the molecules is lower (Fig. 11.1). We may say ihat
molecules always explore in the'space around them diffusing out unil they fill
it uniformly. Diffusion is a passive process. It docs not require stirring or other
types of convective disturbances. '

Fig. 11.1 : Diffusion: a} three concentrated substances (b) random and Independent
diffusion (¢} even distributlon throughout the system

Twa molecules with identical kinetic energies but different masses, at a constant
temperature have different velocities. The smaller molecules (low mol. wt.) have

higher velociies than larger (high.mol. wt.) ones: In other words, relative
diffusiort of two substances depends on their respective molecular weights.

11.2.1 Demonstration of diffusion
Materials
1) Crystals of KMNO,,

2) NH,COH,

. 3 Conc HC1

Method
Perform the following experiments:

i) Carcfully open a bottle of ammonia and leave it open for 30 sec.
What do you obscrve?

ii) Bring a glass rod dipped in conc HC1 above this bottle. What happens?

jii), Drop a crystal of KMNO, in a all cylinder filled with water. Do not disturb

it. Observe changes after 5 min, 1 hour, 6 hours. Record the observations
for each of the above experiments

11.2.2 Study of rate of diffusion

Perform eilther of the following two (A or B) expcriments.



Experiment A
Materials

Glass lube 30 cm in length and 2 ¢m in diameter

Two corks of (he size 10 fit in the glass tubes

Coton :

Pins (you may try to [it Johnson collon swab if they fit in the tube)
Burette clamp stand

Conc HCl -

Conc NH,OH

Cylinder

Glass rod.

Forceps

Method

Fix a glass tube of about 30 cm length and 2 cm diameter horizontally in a
burette clamp (Fig. 11.2). Attach a small piece of colion 1o cach cork with a
pin. Holding the cork by a forceps dip cotion of onc cork in concentrated HCL
and of the other in concentrated NH,OH. Make sure that the (wo corks are far
apart. Remove excess of HCL or NH,OH by a filier paper and inscrl them at the
opposile end of the tube at the same time.

Cork

Cotton held by pin

Fig. 11.2 : Apparatus for studylng the rata of diffuslon
Record Lhe obscrvations.
SAQ 1
_a) Whal does hippen when the two gases mect in l-hc- ube?

Movement of Materlals in Cell—
Diffuslon and Osmosis

67
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c) When does it appear?
d) Where does it appear?

¢) Relate the position of the white ring 1o the molecular weight of HC1 and
NH,. ’

Experimenlt B
Materials

1M sodium chloride (NaCl) solulion,
1M potassium bromide (KBr) solution,

1M potassium ferricyanide [K,Fe(CN),J, or silver nitrate (AgNO,) solution.
Method

Solidify gelatin in a petridish. Using the broad side of a pasteur pipette or somc
other device make four wells of equal size, approximately 1 cm diameter, at
cquidistance and mark them 1 10 4 in gelatin. Fill one compound in cach of the
wclls. The migrating groups and their molecular weights are also listed below..

Well Compound Migraling group Approximate mol. wt.
No. of migraling group °
i 1M NaCl cr 35 ‘
2 1M KBr Br 80
3 IM [K,Fe(CN),} ‘ (Fe(CNY)" 212
4 IM AgNO, NO; ] 62

Mcasure the diameter of cach arca immediately alter pouring the substance, and
later after 1 hour and 2 hours.

SAQ 2
a) Which of the groups docs move fastest?



‘ovement of P

b) Which of the groups does move slowest ? Movement of Materfals in Cell— Diff

DIffusion and Qsmosls

¢) What is the rclationship between the molecular weights of the migrating
groups and their rates of diffusion?

11.3 OSMOSIS

Most of the molecules can diffuse through fine muslin or cheese cloth. But nd
through plasma membrane only certain molecules can diffuse into the cell and

diffuse out in the environment; because it is a semipermeable membrane. The

phenomena of osmosis is a special case of diffusion. It is the movement of

solvent molecules across a selectively permeable (semi-perrneable) membrane

from region of higher concentration to a region of lower concentralion. Since in

living systems water is a ubiquitous solvent, osmosis in living cells refers to

diffusion of water only. '

The fluid content of a cell may be higher, lower or equal in concentration with
" respect to its surrounding. If a cell is surrounded by a solution that contains the
same concentration of the solution like that of the cell (isotonic solution), there
will be no net movement of water, If a cell is surrounded by a solution that
contains lower concentration of solute particles (hypotonic solution), than the
cell, there will be a net flow of water into the cell, This results in swelling and

H,0

Crenation
H.0

H:0

{b) Hypotonic

Flz: 11.3 : Osmosis In cell a) If a cell Is surrounded by hypotonic solution the cell ruptures.
b) If a cell Is surrounded by hypertonle solution crenation occurs, 69
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11.3.3 Haemolysis

Materials
Microscope
Stides
Coverslips

5 Test tubes

0.9% NaCi

Sample of blood

Method

Take five test tubes and label them 1 1o 5. Add the reagents to cach as follows:

No, Reagents MuaCl concentration as
percentage of normal
plasma concentrution

1 5.0 ml distilled warer 0%

2 0.5 ml NaClI (0.9%) + 4.5 ml

distilled warer 10%

3 1.0 ml NaCl (0.9%) + 4 ml )

distilled watcr 20%
4 3.0 ml NaCl (0.9%) + 2 mi '

distilled water 60%
5 5 ml of 0.9% NaCl 100%

Now, add 3 drops of blood in tcst tube 1 and immedialely place your thumb cn
the mouth of test tube and gently invert. Place it against a hackground of a

printed page. Obscrye immediately and after 10 minutes.

Red blood cell

Cell shrinks and shrivels

‘I-‘ig. 11.5: Ilaemd]_vsis and Crenation

ow of wa
ains highe
S waler m
[he shove
crenation.

nolysis.

{ the laycer of
mis. Place it
ade. Mount L
1d place a co
ower of a mi
irc better for

m; nucleus an
¢ water {rom
icrose [rom I
1 in 10% sucr
5 and Lthen ob!
10 or 20 min
2% sucrosc ar
observed.



SAQ 4 Movement of Materlals in Cell—
Diffuslon and Osmosis

a) Is the print legible immediately?

Repeal the procedure for all the test solutions and answer the following
questions.

¢) Which of the test solutions was hypotonic, hypertonic or isotonic 1o the
ccll plasma?

d) Predict what would be the state of cclls in each tube il examined under a
fight microscope.

¢) Which of the following solutions should be used for injecling a drug (0 2
paticnt?

a) liypolonic
b)- hypénom‘c
¢) 1isotonic
[) Choose the correct alicmative in the following statements.

<) Marinc organisms tend to lose (ions/water) and gain (ions/
waler) from their environnient.

b) In fresh water the organisms tend to (gain/lose) water.

11.3.4 Dialysis
It is the movement of small molecules and ions in addilion o water across the
menmbrane. Such a membrane is called dialysing membrance. Cell membranes are

cssentially dialysing membranes.

Note: Your counscllor might demonsirate cxperiment on dialysis.



Laboratory Course-I All Kinds of cnzyme cannot be studicd by simplc laboratory techniques.
Therefore, in this laboratory course you are going 1o study the action of
oxidoreduclases and hydrolases only thal arc casy (o sludy.

Obhjectives

Alier doing the experiments on enzyme aclion, you should be able to:

¢ demenstrate the action of xanthine oxidase, phenolase complex, catalase
anacrobic dchydrogenase and amylasc,

e cxplain the chemical reactions involved in the cnzymes studicd.

12.2_ OXIDOREDUCTASES

They catalyse addition of O, or removal of clectrons from subsirate and thus
cllcet oxidation or reduction, Probably you are aware that oxidalion reactions
are common in catabolism and reduction reaclions in anabolism in the cell,
Oxidorcduclases are grouped according to their mode of action.

1} Enzymcs that directly involve oxygen.

2) Enzymes that do not directly involve oxygen, but transfer clectrons through
a series of carriers like various cylochromes in respiratory clectron transfer
¢hain Lo oxygen forming waler. These arc called anaerobic
dehydrogenases.

[. Enzymes that directly involve oxXyfen
There arc three lypes of enzymes in this group.

i) Enzymes that transfer 2 10 4 clectrons fron substraic 10 oxygen as
shown below. These are called. oxidases.

2H™ + 2¢” + O, ——— H,0,

4H™ + 4¢ + O, ——— 2H,0

Examples are cytochrome oxidascs which catalyse the oxidation of
cytochromes (Fe™) in respiralory clectron Lransfer chain.

Some enzymes of this category can transler clectrons 1o dyes such as
niethylene blue as well,

1) These enzymes incorporate one atom of oxygen in the substrate and the:
other oxygen atom reacts with 2 clectrons donated by clectron donors
like NADH, or NADPH, to form water. Therefore these cnzymes are
called mixed Tunction oxidases. Examples arc phenolase complex,
catalasc and peroxidase. :

iii) Enzymes that transfer both the aloms of oxygen to the substrate. These
arc called oxygenases. For cxample lipoxidase, lryplophane pyrrolase.

X + Oz—‘_) on
subslrale

16



Redox Indicators , Study of Enzyme Actlon

Centain dyes can accepl clectrons from the substrate during enzymatic redox
reaction. The dye changes colour when reduced and thus indicates the
occurrence of reaction (redox indicator). Such arificial electron acceptors are
commonly used to study the action of oxidoreductases. For example, methylene
blue (MB) and dichlorophenol indophenol (DCPIP) are blue in the oxidised state
and colourless when reduced.

MB + 2¢” + 2H ——— 3 MB(H),

Meihylene blue Methylene blue
oxidised reduced
(bluc) {colourless)

12.2.1 Xanthipe Oxidase

This enzyme is present in milk. It can transfer electrons (and H') from hydrated
aldehyde such as formaldehyde to O, or to dye like methylene blue.

) Xanthine
HCHO + H,0 —» HCH(OH oxidase
T (OH), + MB HCOOH + MBH,
Formal- : Hydrated Methylene . id lourless)
dehyde formaldehyde blue fE"““’ a_ci' o ouresy
Materials

1. Unpastevrised milk

2. 0.02% Methylene blue solution”
3. 0.4% Formaldehyde solution

4, Paraffin oil.

Procedure

Take three test tubes and number them 1 to 3. Pour in each § ml of
unpasteurised milk. Boil tube 1 for 2 minutes and cool. Add 1 ml of 0.02%
methylene blue solution in each tube. Then add 0.4% formaldehyde to tube 1
and 2 but not in tube 3. Mix the contents of the tube by gentle rotation and add
1-2 ml of paraffin oil and place at 40°C. Record observations.

Tube Contents in the Tube Change in the
No. colour of dye
1. Boiled (cooled) milk +

methylene blue +

formaldehyde
2. Unboiled milk +

methylene blue +

formaldehyde
3. . Unboiled milk +

methylene bluz

7
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SAQ 3

a) Is there any difference between the reactions carried out with cut picces of
tissue and macerated lissuc?

12.2.4 Dchydrogenases

They form the most important group of enzymes in respiratory metabolism.
A [ew cxamples are succinic acid dehydrogenase (Kreb cycle), alcohol =
dehydrogenase (fermentation) and NADH dchydrogenase (clcctron transfer
chain). You will study dehydrogenases of ycast.

Materials

1. Four test tubes (15 ml)
Four clean rubber stoppers
Four pipellcs

5% solution of glucose
2% solulion of slarch

Mecthylene blue .05% solution

N v s WP

Formaldchyde 4%

Procedure

“Arrange four test tubes in a rack and number them 1 1o 4.

Intreduce the various material in the test tubes as listed in the table.

Tube | Distilled | Glucose Starch Formal- Active Methylene
No. Water dehyde yeast Llue
1. 10 m] X X X 5 ml V¥
2. 5 ml 5 ml X x 5 ml J
3. 5ml X 5 ml X X ¥
4, x 5 ml X 3 ml 5 ml ¥




Introduce Yyeast at last. Fill all the tubes to the brim by adding distilled water, if
necessary. Now, add 2 drops of methylene blue in each tube, Mix the contents of
the tubes by placing your thumb on the tube and inverting it. Make sure the initial
intensity of the colour is same in all the tubes. Stopper each tube and place them in
rack. Let the liquid overflow. Record your obscrvations after 20, 40, 60 min and 2
hours. Grade the intensity of colour as follows. Note the evolution of gas also and
interpret the results.

Colour Intensity grade

Colourless O

Palc . +

Light-blue . ‘ 5+

Moderate light blue +++

Deccp blue ++++
SAQ 4

a) Interpret the results (intensity grade) keeping in view the contents in cach of
the tube.

12.3 HYDROLASES

These enzymes breakdown larger molecules into smaller units. The most common
enzymes in this catcgory arc digestive cnzymes—amylascs, lipases and proteinases
that break down starch, lipids and proteins respectively.

12.3.1 Salivary Amylase

Salivary amylase is preseni in the saliva of most mammals. It initiates the
hydrolysis of starch.

Materials

1. Sitarch {Cracker)
2. Benedicts solution
3. lodine qolulior}

4. 3 mlul saliva
Procedure

Collect 3 ml of saliva in a~est tbe by chewing a picce of parallin wax. Take four
test abes and nombe. tiem 1-4. Add the reagents as shown in the table.

Study of Enzyme. Actlon

81
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Test | Starch Water Tudine BEI'_Ie-diCL'i Saliva Obser-
tube | {cracker) Solution vation
IN | X 10 mi 10 drops 5 ml x
2. v 1001 | 10 drops X 5l
3 v 10 mi x 5 ml x
4, J 10 ml- x 5 ml 5 ml

After adding Benedicts solution heat over a flame until it boils gently. Benedicts
reagent gives positive reaction il reducing sugars are present

SAQ S
a) Explain the results of your experiment,

................................................................................................




EXPERIMENT 13 VERIFICATION OF -
MONOHYBRID
MENDELIAN RATIO
AND CHI-SQUARE
ANALYSIS

* Structure

13.1 Introduction

Objcclives
13.2  Materals Reguired
13.3 Proccdure
13.4  Observations and Results
13.5 Discussion of Results
13.6 ' Analysis

13.1 INTRODUCTION

b1 Unit 1 of LSE-03, you have studied Mendel's laws of Inheritance, i.c., the
law of segregation, and the law of independent assortment. This and the
following laboratory cxcrcise pertain to these two laws respectively. Before
beginning this exercise, let us, recapilulate briefly the law of scgregaiion. You
may recall -that Mendel used varictics or lines of garden pea (Pisum sativumy),
that exhibited pairs of contrasting characters, ¢.g., the long siem lines (or the tall
plants) and the short stem lines (or the shorr plants) as parents (P gcneration)
in his crosses. Each line was pure brecding, so that plants from that line always
bred true for the character being studied, i.c., tall x tall produced only tall,
progeny. Wlhen two lines with contrasting characlers were crossed (e.g.,tall x
shon) to produce a first filial gencration, all the progeny were of onc phenotype,
which was the same as one of the parents (¢.g., 1all). This eharacter was said to
be dominant, and the character that did not appear in. the F, (e.g., short) was
called recessive. There had been no blending of the two characters. When the Fy
was allowed 1o self, the progeny in the next generation (F,) were in the ratio of
approximatcly 3 dominaui (o 1 recessive phenotypes (e.g, 3 wall © 1 short), What "
were his conclusions from the. above experments? (i) Each parent contuined Lwo
unit factors {genes) of which one was contributed to each member of the F,
progeny. (ii) Each gene could exist in two altemate forms or alleles, onc of

" which was for the dominant characier (i.c.; T) and determined the phenotype of
Uic F, with the other being for the recessive character (i.c., t). (iii) Each member
of the F, containcd one of cach allele (Tt) and was helerozygous, whercas cach
parent contained two identical allcles (TT in the tall parent; tt in the shor
parent) and was homozygous. (iv) Thus, the dominant phenotype (tall} resulted
from two dilferent genotypes, the homozygous one (TT) or the heterozygous one
(T1), whereas the rccessive phenotype was only determined by one homozygous
genotype (tr). (v} When the F, plants produced pollen and eggs, they were
clearly of two types, occurring with equal frequency and containing cither one
allele for the dominant character (T) or onc allele for the recessive character @,
i.e., the two alleles in the I, scgregated clearly from cach olher when gamcetes
were formed. (vi) The pollen and cgg nuclei of the two genotypes T and t fuse



Laborarory Course-1 at random to produce the F, zygotes. Thus, Lhe F, genotypes would be of three
: types in the ratio of 1 homozygous for alleles for the dominant character - 2
heterozygous : 1 homozygous for alleles for the recessive characier (i.c., 1TT :
2Ti : Tu). This gives the F, phenotypic ratio of 3 dominant : 1 recessive (3 tall :
1 short). Let us now proceed to do the excrcise.

Objectives
After doing this laboratory cxercise you should be able to:
e demonstrate Mendcl's law of scgregarion in a monchybrid cross;

.& correlate the experimental sieps with the natural processes occurring;

¢ analysc the ratio obtaincd with regard 1o its goodness of fit, by using
Chi-Square 1cst. :

Prior Reading for this Experiment ‘
1. Unit 1, Genetics (LSE-03)

2. Unir 16, Mathematical Mcthods (MTE-02)

13.2 MATERIALS REQUIRED

1) 3 containers/250 m! plastic beakers
2). 50 red beads

3) 50 ycliow beads

13.3 PROCEDURE

- You will have to work in pairs for this investigation,

Step 1 : Place 50 red beads in one container to represent the gametes of a tall
parent (T). Piace 50 yellow beads in the other container (o represent
See Flg. 13.1 (a) the gametes of a dwarf parent (t). We assume Lhat both the gametes
p. 100 are from parents that breed true for the chracteristic, namely, stem
' height, whose inheritance is being studied in this cxperiment.

Step 2 ;. Withdraw a bead from each container. Each bead withdrawn
Iepresents a gamete containing a single allele of a pair. Place the
See Fig. 13.1(b) . beads together. This represents the process of fertilisation, by which
the paired alleles of gene in the offsprin7, ure re-established.

Step 3 : Just as in Siep 2, continue to withdraw pairs of beads as above, and
arrange on the 1able. .
What would be the genotype of the individuals of the F,
generanon? ..........oooiieiaanen. .. e e e

. See Fly. 13.1 (o)

Stcp 4 © To simulate the gametes of this F, generation, place 50 beads (25 red
See Fig. 13.1(d) and 25 ycllow) in cach container. One container represents the female



Step 5 :

Step 6 :

Step 7

Step 8 :

Step 9

Step 10:

gametes, and the other represents the male gametes produced by the
F, generation.

Shake each container vigourously for 30 seconds, taking care the
beads do not fall off.

To produce the F, generation, withdraw one bead from esdch container
with your eyes closed and place them together. Your partner should
note the combination of genes obtained,

This represents the genotype of an F, individual.

After noting the genotype of each pair, discard the pair of beads into
a spare container,

Repeat steps 6 and 7 until all beads have been paired and their
combinations noted.

Calculate the ratio of the phenotypes of the F, individuals.

Record the ratios obtained by other groups in your batch and calculate
the average ratio.

13.4 OBSERVATIONS AND RESULTS

A. F, Generation v

2) Total number of F, individuals ...........cevviviincireiiieeeeeeeeeieennnn,

b) Phenotypes of F, individuals  ...........covvuieniceieereeiereiicesiereensns

c) Genotypes of F, individuals et

B. F, Generation

a) Total number of F, indivEdUaIS  ....ocuvvnvroieeerenseeeeeesessecoeees o,

b) Phenotypes of F, individuals  ......oocvvvreiinreerrerereeeremenessennnnn,

¢) Number of individuals in each
phenotypic class T ieemesierassssrerasaterarereenan e earainnn

d) The phemotypic O .. .iiiiiieciiececceer e e

e} Genotypes of F, individeals  .........ecoceieceieererrenneennnnnn, S

f) Number of individuals in each ,
gemotypic class

8 The genotypic Taio L....iiiieeeeeeeneeneeereaeeareeaeaaaae

Moaohybrid Mendellsn Ratlo

See Fig. 13.1 (e, D)



Laboratory Course-I Group Average . Phenotypic classes

| : |

T- i
Groupl e e
Group 2 e e
Group 3
Groupn

Total '

Avcrage

13.5 DISCUSSION OF RESULTS

1) In the above exerctse which character was dominamt?

2) Was the F, homozygous or helerozygous?

3) When F; plants were sclf-pollinated how many different types of pollen and
egg nuclei were produced? What were their genolypes and what were the
frequencies of the genolypes?

4y Why were the beads shaken in slep S, and withdrawn with closed eyes in
step 67

5) How docs your ratio, and the group average ratio compare with Mendel’s
predicion? Explain any dillercnces?

86



Monchybrid Mendellan Ratio

6) Make a Punnctt square to show the outcome of F, x F, cross.

7) Why is it called 2 monohybrid cross?

8) What would be the monohybrid test cross of the cxample taken in this
experiment? - - ‘ :

™ —

9) What would be the back cross for the example taken in this cxperiment?




Laboratory Coarse-I + 10) Can you record ahd present the results in another manner?

11) Explain how this practical acts as a mode! for breeding and inheritance in
pea?

12) In the diagram given below, write as to which step (described in -
experimental procedure above) corresponds to the indicated stage.

Parenis {P1} AA X aa 0 ? .....

Qamalogenesls | l

@ @® ® & M e, L J—

Ferlilination \(

[¢:] a
F1xFy |Paranls {F2) | Aa X  Aa (i) . peerrinn 7

(Sef-
Poliinatlon)

Gamstogonoais

[Gamte] e B

Fertilisation l%l R ?

AA Aa As  as
G‘en-étyplcratlo 1ARA . 2Am @ tma

Phenotypic ratie 3" T [ DR 2




13) Supposing a random sample of F, seeds obtained were sown and their
mature planis were allowed to self. What proportion of plants would
produce (i) only tall plants (homozygous), (ii) only dwarf plants.
(homozygous) and (iii) a mixture of tall and dwarf (heterozygous)
plants? '

13.6 %> ANALYSIS

By using the y*(Greek leiter, chi pronounced as ‘kye squared’) test, you can
evaluate your results of this experiment. This is a statistical test that 1s

frequently used to determine whether the data obtained experimentally provides -

a ‘good fit’, or approximation to the expected or theoretical data. Basically this
test can be used (o determine whethier any deviations from the expected values
are due to chance. Chance alone can cause the actual observed ratio to vary
from the calculated ratio for a genetic cross. For example, for a monohybrid
cross you would get very rarely an exact ratio of 3 : 1. The observed results
differ, but there comes a point when the difference is so great that the observed
data is not in conformity with the expected one. The chi-square test indicates
this point. In this exercise, for example, the hypothesis is that the F, data do not
differ significantly from a 3 : 1 ratio. This type of formulation is called null

. hypothesis, because we will test that nothing has happened to disturb the
expected rato significantly. Consider an altermative hypothesis, such as the F,
data does differ significantly from a 3 : 1 ratio because gametes with different
genotypes are produced in unequal numbers. Such a hypothesis would be
imprecise and would not lead to an exact numerical prediction. From this
example it should be clear that the null hypothesis being tested should always
"be stated for the test.

The formula for this test is:

. (0-¢e) ¢’
=y ——— or ¥ —
X =f——— or I—
y* = chi-square
3, = sum of
d = difference between the expected and observed results, often termed as

deviation (o —e)

e = expected resulls

observed results

0

Let us see how we can apply this formula. As you know, in a monohybrid cross
a 3 : 1 ratio is expected. Supposing you count a total of 160 plants, out of
which 120 are tall and 40 are dwarf. But another student counts 116 tall plants
and 44 dwarfs. Then the value for the chi- squarc test would be calculated as
shown in Table 13.1.

Monohybrid Mendellan Ratio
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Table 13.1: Calculation of the Chi-square Value

Observed Expected | difference Partial Chi-square
Phenotype | number (o) | number (¢) | (d=o0-¢) | d de
Tall 116 120 4 16 16/120 = .133
Dwarf 44 40 K 16 16/40 = 400
xd
e = 333
¥* =.533

The next step is to lock up this Chi-square value (%% in the Table 13.2, that
indicates whether Lthe probability (P) is that the differences noted arc due only 10
chance in the form of random sampling error or whether it would be better to

explain the results on the basis of a different prediction or hypothesis.

Table 13.2: Critical Values of Chi-square for 1-30 degrees of freedom that are equalled with or exceeded
with particular probabilities (P), Figures at the top of the table indicate levels of significance.

dr 89 53 95 20 .80 10 .50 .30 .20 10 .05 02 01 001

1 D06 00063 | .0038| 016 D45y 15 46 1.07 1.64 271 3.84 541 6.64. 10.83
2 .02 04 10 21 A5 T 1.39 241 322 4.60 599 7.82 9.21 [3.82
3 12 13 35 ] 1.00 | 142 2377 366 1.54 6.25 7.82 9.84 11.34 16.27
4 .30 43 J1 1.06 1.65 | 2.20 3.36 4.88 5.99 778 949 | 11.67 [3.28 18.46
3 35 5 1.14 151 234 | 3.00 4.35 6.06 7.29 9.24 [ §1.07 } 1339 1509 | 2052
6 .87 1.13 1.04 2.20 307 | 3.83 535 723 8.56 | 1064 | 1259 | 1503 16.81 2246
7 1.24 1.56 2.17 233 3.82 | 4.67 6.35 8.38 9.80 | 12.02 | 1407 | 16.62 18.48 | 24,32
8 1.65 203 273 1499 4.59 | 553 7.34 8.52 11.03 | 1336 7 1551 | 18.17 | 2009 | 2612
9 2.09 2.53 332 4.17 534 | 639 8.34 10.66 1224 | 1468 | 16921 19.68 | 2167 | 27.88
10 2,54 .06 I 4,86 6.18 { 7.27 0.34 11.78 1344 | 1599 | 1831 | 2116 | 2321 29.59
11 3.05 361 4.58 5.58 699 | 8.15 10.34 12,20 14.63 | 17.28 | 10.68 | 2262 | 2472 | 31.26
12 3.57 4.18 5.23 6.30 7.81 | 9.03 1134 14,01 1581 | 1855 | 21.03 | 2405 | 2622 | 3201
13 4.11 4.76 5.8% 7.4 8.63 | 993 1234 15.12 16.89 | 19.81 | 2236 | 2547 | 29.69 | 34.53
14 4.66 5.37 6.57 7.79 9.47 [10.82 13.34 14,22 18.15 | 21.06 | 23.68 | 26.87 29.14 36.12
15 5.21 598 7.26 855 | 1831 |11,72 14.34 17.32 1931 | 22371 | 2500 | 28.26 30.58 3170
16 5.81 6.6l 7.96 831 | 1115 |12.62 15.34 1842 | 2046 | 23.54 | 2630} 29.63 32.00 | 3929
17 641 126 B.67 |10.08 | 1200 ;13.63 16.34 18.51 21.62 | 2437 | 2759 | 3100 | 33.41 40.75
18 702 791 939 [10.86 | 1286 |14.44 17.34 2060 | 2276 | 2599 | 2887 | 3233 3480 | 4231
9 763 8.57 16.12 [11.65 | 13.72 |15.35 18.34 21.69 | 2390 | 27.20 | 30.14 | 33.69 36.19 | 43.82
20 8.26 9.24 I0.B5 (1244 1 14.58 |16.27 19.34 2278 | 2504 2841 | 31414 3502 | 37.57 | 4532
2l 8.90 0.92 1159|1324 | 15.44 |17.18 20.34 2386 | 26.17 ) 2062 | 3267 | 3634 3893 | 46.80
22 9.54 10.60 1234|1004 | 1631 |18.10 { 21.34 24.94 27.30 | 31.81 | 3392 ( 37.66 | 4029 | 48.27
21 | 10.20 1,29 13.09  114.85 | 1719 |19.02 | 22.34 2602 | 2843 | 3201 | 3517 | 38.97 | 4164 | 49.73
24 110.86 11.9¢ 13.85 |1566 | 18.06 |19.94 2134 27.10 | 29.55| 3320 | 36.42 | 4027 | 4238 | 5118
25 |11.52 1270 14.61 [16.47 | 18.94 |20.87 24,34 28.17 068 | 3438 | 37.65 | 41.57 44.21 52.62
26 |12.20 13.41 [538 11729 | 19.82 2179 | 2534 2925 | 3180 | 3556 | 38.8% | 42.86 | 45.64 54.06
27 1288 14.12 16.15 [18.11 | 2070 |22.72 | 26.34 3032 | 3291 3674 | 4011 | 44.14 46,96 | 5548
23 | 1256 14.85 1693 |1894 | 21.59 |23.45 27.24 3139 | 34.03 | 3793 | 4134 | 4542 | 4828 | 56.89
20 | 14.26 15.57 171 119.77 | 2248 |24.58 | 28.34 3246 | 3514 | 3909 | 42,56 4669 | 49.53 | 5830
30 [14.95 16.31 1849 |20.60 | 23.36 |25.51 26.34 J3.53 36.25 1 4026 | 43.77 | 47.96 | 50.80 | 59.70

In Table 13.2, the notation df refers to the degree of freedom, which in this
experiment would be determined by the number of phenotypic traits studied. In
our example, we have two classes, tall and dwarf plants. As indicated in the
table for the value of df, i.c., we need to know the value of C-1. You might
have followed that the degree of freedom (df) is calculated by using the formula
C-1, where C is the total number of classes. In this case C is 2 therefore, df is
cqual to 1 (ie., 2 — 1 = 1). Therefore, you should look for %*value in the first
row (i.e., in 1), of the Table 13.2, The valuc .533 lics between 50 and .30
probabilily valucs. This mcans that by random chance, this difference between




he actual count and the expected count would occur between 30 and 50% of
the time. In biology, it is generally accepted that a P value greater than 005is
acceptable, while a P value lower than 0.05 would indicate that the resuits
cannot be due to random sampling and, therefore, do not fit the original
prediction (hypothesis).

Do a Chi-square analysis of your results by filling in Table 13.3.

Table 13.3 Chi-Square Anralysis of Results

Observed Expecled | difference Partial Chi-square
Phenotype | number (o) | number (¢} | (d=0-¢) d d'/e
dy _
L=

Do your results support Mendel's prediction?

If no, can you account for this? ...l

B) Do Chi-square analysis for your entire batch?

. Observed Numbers
Phenotype i
Group1 | Group2 | Group3d | —=--- —| Groupn Total
Tall
Dwarf
Total no. of
Individuvals ...ccccoveeininnnnn
Chi-square analysis
Observed Expected | dilference Partial Chi-square
|Phenotype | number (0) | number (¢} | (d=0-¢) a d’fe
Tall
Dwarl
@ _
I—=

Monohybrid Mendejhn Ratio
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C-l= e,

P (frem Table 13.2) = oo

Do these results support Mendel's prediction? ....................



EXPERIMENT 14 VERIFICATION OF

DIHYBRID
MENDELIAN RATIO
AND CHI-SQUARE
ANALYSIS

Structure

14,1  Introduclion
Objectives
142  Materials Required
14.3  Procedure
144  Observations and Results
14.5  Discussion of Resulrs

14.1 INTRODUCTION

This expcriment pertains to the Second law of inheritance, that is, the law of
independent assortment. Mendel, by choosing plants with (wo pairs of
contrasting characters provided evidence that the alternate forms of factors assort
independently and recombine to give a dihybrid ratioof 9:3:3 ;1.
Altematively, segregation of one gene pair is independent of the segregation of
the other gene pair, and will give a similar ratio (3 : 1 x 3 : 1), In this
experiment, you will leam to demonstrate a Mendelian dihybrid ratio usifig
coloured beads and test the significance with the statistical procedure — the
Chi-square test.

Prior Reading for this Experiment

1. Unit 1, Genetics (LSE-03)

2. Unit 16, Mathematical Methods (MTE-03)

3. Experiment 13 of this course

Objectives

After doing this laboratory exercise you should be able to:

e demonstrate Mendel's law of independent assortment in a dihybrid cross;

e coriclate the experimental steps with the natural processes occurring;

e analyse the ratio obtained for its goodness of f{it, using Chi-square test.

93



Laboratory Course-1

See Flg. 14.1 ()
p. 100

Flg. 142 (b)

Check Irom
Fig. 14.2 (c)

\ Flg. 142 ()

Check from
Fig. 14.2 (e)

14.2 MATERIALS REQUIRED

1) 5 Containers

2) 48 Green beads

3) 48 Yellow beads

4) 48 Black beads

5) 48 While beads

6) 1 Packet Modelling clay

143 PROCEDURE

You will have to work in pairs for this experiment

Step 1 :
Step 2 :
Step 3 :
Step 4 -
Step 5 :

Place 48 beads of red, yellow, black and whitc colours separately
in four containers.

Black bheads represent the dominant trait, smooth sced coat (S); and
White beads represent the recessive trait, wrinkled seed coat (s).

Yellow beads denote the dominant character, yellow colour of
seeds (Y); and

Green beads denote the recessive character, green colour of sceds
().

Make a cross between parents wilh phenotypes smooth, yellow and
wrinkled, green.

What kind of gametes would be produced by each parent?

.....................................................................................

Place one bead each of white, green, black.and yellow colour
together. This process represents [crilisation. Note the phenoiype
and genolype of F,individual?

cht‘stcp is to make a cross between the F, individuals. From the .
F, individual obtained above what kind of gametes can be formed?



Siep

Step '

Step

Step
Step

Step

Step

Step

10:

11:

12:

13:

To simulate the gametes of this F, generation, place 24 beads Dlhybrid Mendelier Ratlo
(24 while, 24 black, 24 green and 24 yellow) in cach of two .
containers. One container represents the female gametes and the

other represcnts male gametes produced by the F, parents.

In order to make the identification of the four kinds of gamelcs

clear, use a small ball of modelling clay Lo join the respectve

beads. For example, take one white and onc green bead and join Fig. 14.1(f, g)
them firmly with a small amount of modelling clay. Similarly make

pairs of one while, one yellow becad; a black and a green bead and

a black and a yellow bead. Thus, make pairs of all the beads of

both the containers.

Shake both the contdiners {cach having four kinds of gameics) for
30 seconds.

To produce the F, generation, withdraw a bead pair from each
container with vour eyes closed, and place them together. Your
partner should note tlfe combination of genes obtained. This
represents the phenotypes and genotypes of an F, individual.

Fig. 14.1 (h)

After notng the phenolype and genolype of each pair, discard the
pair of beads into a sparc container.

Repcat sieps 8 and 9 till all the pairs of beads of boih the
containers have been utilised and their combinalions noted.

Calculate the ratio of the phenotypes of the F, individuals.

Record the ratios obtained by other groups in your batch and
calculate the average ratio.

Analyse your results as well as the group average ratio scparately
for their gnodness of fit by using Chi-square method that
you have used in the previous experiment.

14.4 OBSERVATIONS AND RESULTS

1. Individual Obervations

F, Generation

a)
. .b)
c)

£,

a)l

. b)

tolal number of individuals ..oiiiiiiieiaeee TSRS URTURR TSR

DHCNOEYPES i e

e 010 31 v

Generation

total number of individuals ......... PP s

POCIOLYPES e

05
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96°

¢) number of individuals in each phenotyplc class:

d) the phenotypic T2HO .......veivvreriiineeiei oo

g) the genotypic ratior........ocooviiniiiinnaie. Ll et e
II. Group Average
Number of individuals
in the phenotypic classes
GIOUD 2 e e e
Group 3 errvrrarres eeeeieeeeeieene aiees et e
Group 4 e eteaeis eaeeraseraeeeene ceeeevsess e,
‘Toral
Average e b anes aerneeanerrenies aaees [T

14.5 DISCUSSION OF RESULTS

1) Why is it called a dihybrid ratio?

2} Compare your ralio and the group average rato with Mendel’s prediction.

Explain any differcnces.



3) Make Punnen square or Branch diagram lo show the outcome of F, x F,

Dihybrid Mendeclian Ratio
Cross.

4 What would be the dihybrid test cross of the example taken in thig
experiment?

5) Can you record and present your resulls in another manner?

0T



Laboratory Course-I 6) In the diagram given below, write as to which step (described in,
‘ experimental procedure above) corresponds to the indicated stage?

| P1 AABB X

Gemelogenesis
| Gametes @

Ferilisalion

- ‘Aabb

aabb

[F1xF1 |ParentsPa] AsBb X AaBb

Gametogenesis

-]
&)
ee‘_._—

& E—

Fertilisalion
A—B— : A—bb : aaB— : aabb
P henotypic 9 : 3 3 1

ratio

@

(i)
()

(v}

(v)

(vii}

(i)

)

7) Do Chi-square analysis of your results?

Observed | Expected difference Partial Chi-square
Phenotype | number (0} | number () | (d =o—¢) d die
@ _
i< =
)
x =




8) Do Chi-squarc analysis of your group using the average valucs? . Dihybrid Mendelian Ratjo

Observed LExpected difference Partial Chi-square
Phenotype | number (0) | number (¢) | (d = 0—e) d’ d/e
¥ @y -
e L
2
x_ =

99



FIG. 131

238838
$32232
833838

()

ARERE.

(d)

(&)
Similarly,
place

all the
bead
pairs.

I
dwarf

Tt
Tall

1T
Tall

{n

Note the
genotypes

and phenolypes
of all the

bead pairs.

FIG. 14.1

o0 X OO0 ® @
Smooth, Wrinkled,
yellow grean

& O®

e o

®

o ®

Q
modeliing
lay

&

o8

A

(e)

{f)

&« &
, > %
Wrinkled, Smnnth,
yellaw yellow

Place all the bead pairs
and nota their genolypes
and phenolypes

th)



EXPERIMENT 15 A STUDY OF
MENDELIAN TRAITS
IN HUMAN

Structure

15.1 Introcluction
Objecctives
15.2 Malerials Required
153  Procedure
154 Observalions and Resulfs
15.5  Discussion of Results

151 INTRODUCTION

In tlus exercise you will icam some human trails which exhibit dominant-
recessive relationships and foliow a mode ol inheritance as lformulated by
Mendel. We have cliosen for Uie stadly five easity idenltifiable traits, namecly,
(1) tongue rolling, (ii) attached car lobe, (iii) widow's peak, (iv) Hilclhiker's
thumb, and (v) PTC tasting.

1) Tongue rolling: The ability to roll the tongue into a U-shape is controlled

by a dominant allele (R). Non-rolling (r) is a recessive trait (Sce Fig. 15.1).

it} Attached car-lobe: Ear lobes that hang below (he point of attachment 1o
the head are said to be free. This is a dominant condition and is
fepresented by allele F. The attached lobe is recessive () sec Fig. 15.2,

iil) Widow’s peak: A hairine that forms a disunct peak as it crosses Lhe
lorchead s said 1o be a widow's peak (sce Fig. 13.3a). This trait is
daminant (W) 1o a straight hairline (w) as shown in Fig. 15.3b.

v) Hitchhiker's thumb: The ability 10 hyperexiend the thumb (extend it
backwards at the last joint) is duc 10 a recessive allele (n). A straight .
thumbd (N} is dominant to hitchhiker’s thumb (sce Fig. 15.4).

v) PTC tasting: The ability 1o 1asle phenyl thiocarbamide (PTC) is dominant
(1) 1o the nability to taste it (1). Your counscllor will provide you with
small pieces of paper thal have been previously soaked in this harmless
chemical. IT you still wonder whether you arc a taster afier chewing one of
these papers, then you are not.

Jhjectives
\fter doing Lhis exercise you should be able to:

appreciate the variation in human population that contribute 1o the diversity
of the specices;

identify (he different types of human trajls that could possibly be classificd
as Mendelian (raits exhibiling simple dominant-recessive relationships.

IPEEDY
Hady Materiol

(@) (b)

rollor noen-rofler
FIG, 15.1

(a) (b)

widow's poak straight hair lino
“FIG. 15,3

AN

(a) (b)
Hitehhiker's thumb Straight thumb

FIG, 15.4
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15.2 MATERIALS REQUIRED

PTC papcr

15.3 PROCEDURE

Step

Step

Step

Step

1

Have you read the above descriptions carefully? Now, delermine
your phenotype and genotype and record it in Table 15.1. If you
exhibil the dominant phenotype, represent it by only onc symbol for
the genotype since you cannot know the specific genotype. For
example, il you are PTC tasler, wrile only F-.

Given below is a chart (Fig. 15.5). Use this [or designating your
combination of (raits. It begins wilh longue rolling, and sec whether
i1 places you in the box-marked R— or rr. Put a tick () mark in the
appropriale box.

Move 10 the next pair of boxes to the right of the box where you
have put a lick mark. Determine whether you belong to the box F-
(frce car lobes) or the onc marked ff (atlached lobes). Again put a
tick mark in the approprialc box. Continue with this proccss until
you rcach the GGfth {rait.

The number representing your combination of traits is nexl to the
last box you marked with a ~. Circle this number.

Collect the numbers that your classmates determined for themscelves,
and sce how many have common numbers and which ones are
different. Record your observations in Table 15.2.

15.4 OBSERVATIONS AND RESULTS

Record your observations in following table.

Table 15.1; Your genotype and phenotype on the basis of the above five Mendelian

T]jails.

Your Your
Trait phenotype genotype

Tongue-rolling

Ear-lobes

Widow's peak

Hitchhiker's Thumb

PTC tastung

In which: class you arc classificd? ...



Mendglian Traits

Thumb PTC 1aster  Number
Widow's peak type |I __‘ 1
. N-
Ear lobes W —1 i l 2
T- 3
— | T |
r —‘ Lt | 4
: [ T- I 5
Tongue rolling N- L
6
- — ]
f T— I 7.
nn 1
R— | | { i | 8
——‘ T | 9
N-—
— it | 10
W= — T 11
nn L
i | 1t | 12
N ! T- | 13
i 14
Wiy
Individual = .
ndividuals nn
that {L’ 16
show the 17
characlers N - !: 18
. Lt
W- { T- | 19
nn f—
E ! i 20
N ]F_' - ] 21
1t
WW
23
e | Ly
2
N- —-
‘ ! 1t | 26
W- . s T- 27
nn
g 1] Lt 28
l T- | 20
N- | |
ww L t 30
31
nn
L v | 32
Fig. 1.5

103



Laboratory Course-l - Table 15.2: A Population Sample (Your Group) for the above five Mendelian

Traits.
Number with | Number witlr Frequency of
Trait dominant recessive Total dominant
phenoiypes phenotype - phenotype
Tongue-rolling

Ear-lobes

Widow's prak

Hitchhiker’s thumb

PTC-lasting

15.5 DISCUSSION OF RESULTS

1)

2)

3)

4)

Arc therc other students in your class who have the same phenolype and
therefore belong to the same class as shown in Fig, 15.5 (extreme right)? IT
so, how would you show that they are different?

Wity 5 traits, we could ardve at 32 diffcrent phenotypes. For [urther
scparation, supposing we consider cight dilferent traits. Whal would be the
possible number of phenotypes? Name the other three traits that you would
like 10 consider. '

Il two or more people have same number in Fig. 15.5, would they lonk
alike? Explain,

................................................................................................

How does Lhe genotype of the number 12 (Fig. 15.5) differ from that of
number 27, with reference 1o the five trails we have considered?




5) What would be the expecled lrequency of the dominani phenotype for a

6)

7

mendelian Lrait? Explain.

Bascd on the group dala, docs the obscrved [requency correspond Lo
expected frequency Of WATES? L..oovvivoiici i

Which ones, if any do NOLT  .ou.veeieeciietiiier i

Explain, is il duc to any of the following:
a) sampling crrors, b) sclection, ¢) linkage?

Can you suggest another experimental design to study the variatiens in
human bcings?

Mendelian Traits






EXPERIMENT 16 STUDY OF HUMAN
BLOOD GROUPS

Struciure

16.1  Introduction
Objeclives

162 Material Required

16.2 Proccdure

161 INTRODUCTION

Landsteiner’s studics in the carly part ol ihis century led 10 the discovery of
cxistence of diffcrent Lypes of blood groups in man and the mode ol their
inleritance. Four types of plood groups A, B, AB and O occur among human
populations and Lhcir expression is controiled by three diffcrent alleles 14, IP
and 10, Both I* and I° arc dominant to 1° and T* and It thcmselves are
codominant. I#, I* and I° represent a sysiem of multiplc alleles. You may recall
that when Mendcl sludicd scgregation, he dealt with genes, cach of which had
only two allemaie cxpressions Or alicles. But inheritance of human blood
oroups represent A situation where more than 1wo allcles represent a single
locus. Such loct are multiplc allelic loci. In this lab. cxercise you will be
explained Lhe lechnique of blood group delermination bascd on antigen-antibody
reactions.

You may alsc recall from your Genetics Coursc (LSE-03) that blood group A
individuals have anti B bodics in their serum and those with bloed group B
have anti A bodics. Individuals with blood group AB have ncither anti A nor
ani B body and persons wilh O group have both (he antibodies in the scrum.
You are also aware that when we say (hat an individual belongs to a particular
blood group we mean (hat the surface of his red blood corupuscles (RBCs)
contain a specific antigen in the form of a polysacchandc. Thus, individuals of
A blood group have antigen A in their red ccll membrancs, B blood group have
antigen B, AB blood group have poth A and B anligens and O blood group
have none. The following table summarises the details outlined so far.

‘Blood Group Antigen Antiserum Genolype
A A AL, IO
B B A e, 10
AB A B — i
O — AD 1°1°
Objectives

At the cnd of the experiment you should be able to:

e perform the blood grouping 1Csi8 based on antigen-antibody rcaclions as
outlined in the procedure below.

. interpret correctly the results of such (esLs.
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162 MATERIAL REQUIRED
= TATRRIAL REQU

Pasteur pipeues, alcohol, anti A Serum, anti B serum, microslides, tooth picks,
heedle. cotion, Spirit lamp.

16.3 PROCEDURE

—_—

FJ

Similarly sierilise a New and non-rusty needie or ball pin either with alcohol]
or by showing it over a flame of the Spirit lamp.

Prick your finger once with the sharp end of the heedle and wipe out the
first drop of blood that oozes out with coltton,

2

Fig. 16.1: Flgure showlng the placement of blood draps on the slide,

Observe the preparation careflully. Based on your obscrvation, you have o
arrive ar the following conclusions;

‘a) If there is a precipitation reaction ondy in 1 (hen the blood group is A,
b) II there is a precipitalion reaction only in 2 then the blood group is B.
€) If the reaction occurs both in 1 and 2 then the blood group is AB.

dy If there is no precipitation formed in | and 2 then the blgod Zroups
15 O,

Compare vour slide with Fig. 1.2, Normally, you should be able 1o distinguish
the precipitagion reaclions from the non-precipitating ones with the naked cye. If

you

gen-antiserum mixture

4T noL able 1o do so, YOou may observe the gnyj

Under g microscope,



- An-A Scerum

Ant-8 Serum

A\ Setum

Anti-1 Serum

Type A

Trpe AB

Anti-A Serum

Anu-I Serum

Ant-A Serum

Anti-R Serum

lipe B

'l_\p-.- (}

Fip. 16.2 1 Antigen-Antiserum reactiens in ABO blood group system.

The observations on the precipilation reactions should have helped you (o
understand as 1o why there is an insistence on giving the same group of blood
as that ol recipient at the time ol blood transfusion. I a person with group A
blood were (0 be transfuscd with group B blooed, the antibedics found in the
serum of the donor would causc the agglutination of the RBCs of the recipicnt.

The agglutinated or clumped cells would occlude the capillaries in the recipient,

somelimes . sulting in death. This is the precise rcason why the bleod groups
ol both the donor ang recipient are delermined prior 1o blooed transfusion,

SJ\QS

l. How would you explain the precipitation reactions shown i Fig, 16.27

]

Of the four groups of blood we discussed, one type is called the “universal

donor and a second type as “universal recipient” because of their ABO
compatibilities. Can you identify them and explain why they are called so?

3. In a patemity dispute, two couples claimed the parentage of a child with
blood group O. The two women had AB and B blood group and their
hushands had A and B Dlood group respectively. As o genclicist you are
asked 10 provide evidence in the case. To which couple would probably the
child belong? (Refer 1o Unit 19 Genetics of Bleod in Block 4 ol LSE-03

Course).

Study of Human
I3lood Groups

1%






EXPERIMENT 17 DEFERMINATION OF
‘ ALLELIC AND
GENOTYPIC
FREQUENCIES

Structure

17.1  Introduclion
Objectives
172  Determination of Frequency of Dominant and Recessive Alleles and
' Genotypes
17.3  Delermination of Frequency of Multiple Alleles

17.1 INTRODUCTION

In this lab excreise you will leamn certain simple calculalions relating 1o the
frequencics of alleles and genolypes in populations. The term frequency refcrs 1o
the number of times an alicle or a genotype occurs in a given total

population. For instance, in a population consisting of 500 people, if 180 of
them carry the genotype AA, then the frequency of AA in the given population
is 180/500 or 36% or 0.36. You have lcamnt that Mecndclian monohybrid ralio
for a given pair of allcles (A and a) is 3:1 for phenotypes and 1:2:1 for

genotypes. Similarly if two pairs of allcles are involved (A and a, B and b) the °

phenotypic ratio is 9:3:3:1 and the genolypic ratio is 1:2:1:2:4 i2:1:2:1. These
ratios refer to the number of limes a phenolype or @ genotype appears rclalive to
other pher. /pcs Or genoiypes in specific crosses. They do not give Lhe picture

of frequencies of genolypes occurring in a given population. You will now learn -

the process of calculating the frequencics of dominant and recessive alleles and
those of the genotypes that thesc allcles produce using some simple algcbraic
gxpressions.

Objectives
AL the end of this cxercise, you should be able 10

e calculate the frequencies of dominant and recessive alleles based on the
population data available for the phenotypes,
e arrive at the frequencics of genotypes based on allclic frequencics.

e cxtend the concepl Lo the mulliple allclic systems and calculate the
(requencies of blood group alleles and the genolypes they produce.

17.2 _DETERMINATION OF FREQUENCY OF
" DOMINANT AND RECESSIVE ALLELES AND
GENOTYPES

For purposcs of calculation, It us assumc that the total frequency of a given
pair of allcles, A and a is cqual 1o 1. Let the [requency of allele A be cqual 10
p and that of the recessive allele be equal to q. Then,

1n
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_Frequency of A + [requency ot a = p + qg= 1

In other words, frequency of A = P = (1~q) and that of a = g =(l-p)

The 1wo allcles, as ¥YOou arec aware, form three gCnotypes, AA, Aa and aa and the
three genotypes arc in the ratio of 1:2:1

(1AA : 2Aa : 1aa).

The frequencics of the genotypes could then be,

IAA=pxp=p

2Aa =pxq= pq
9xp=pg

laa = gqxqg=g¢

Assuming the total frequency of the three gcnotypes = 1,
PP+2pq+q=1.

Let us now look into an cxample. In a population of 304 students in a college,
214 were able 10 tasie the chemical phenylthiocarbamide (PTC) bitter and the rest

Tolal number of students = 34
Tasters = 214
90

It

nen-lasters

Frequency of aster phenotypes = 214/304 = 0.7
Frequency of non-taster phenotypes = 907304 =0.3
Frequency of t = ¢* = 0.3
Frequency of the allele ¢ = wfq’ =403 =055
Frequency of the allele T = (1-q) = (1-0.55) = 0.45
Based on the allelic frequencies (T = 045 and ¢ = 0.55),

we can predict the genotype frequencies of the population

Frequency of TT = p* = 0.45 x 0.45= 0.2025
Frequency of Tt = Pa =045 x 0.55= 0.2475
Frequency of (T = qp = 0.55 x 0.45= (.2475
Frequency of 1 = q* = 0.55 x 0.55= 0.3025

1.0000

Thus, from the frequencies of alleles, those of genotypes are calculated. The
data on totat population number and the number of persons possessing the
recessive trait are sufficient to arrive at the frequencies of alleles and the
genolypes, provided that the two alleles have simple dominant—recessive
relationship. You allcmpt the following problem to tcst your understanding of
determining allelic and Benotypic frequencies in a population.

A survey conducted in a population of 930 individuals showed that 325 of them
are non-tasters of PTC. What is the frequency of T and 1 alleles i the
population? Also, calculate the frequency of TT, Tt and ut gcnotypes.



17.3 DETERMINATION OF FREQUENCIES OF N enotyple Frequencie
MULTIPLE ALLELES '

In the earlicr section you have leamt Lhe application of equations (p+q=1) and
(p+q)*= 1, in which the alleles exhibiling simple dominant-recessive relationship
are involved. When more than two alleles occupy a locus, then the frequency of
additional alleles also should be included in the cqualion. For instance, in ABO
sysiem of blood group inheritance, there arc three alleles involved. The blood
groups A, B, AB and O are controlled by a multiple allelic system of 1%, I" and
I°. I* and I*® arc dominant 10 I° but codominant themselves. The genotypes of the
four blood groups arc

Blood group Genotype
' A I, IM1°
B I°I*, I°1°
AB I*1°,
9] ‘ I°1°

Let the Irequency of allele I' = p, I"=q and I = r
' Thenp+qg+rc=1

Let us now analysc the blood group allelic frequencics in a population.

Blood group determination of a population of 1000 individuals revealed that 328
of them belonged to A group, 122 of liem to B group, 32 of them o AB group
and 518 to O group. Calculate the alelic and genotypic frequencics in the

populabhon.
Type A pcrsons — 328
Type B persons — 122
Typc AB persons — 32
Type © persons — 518

Assuming the frequency of ¥, [*and 1° to be p, q and r respectively, the
frequency of the genotypes Jormed by Lhe three alleles would be

(prq+) =p* + 2pa +.@° + 2qr + 1I° + 21p

Let us summarisc the frequencics of phenolypes and probable genotypes in the
form of a table. -

Phenotype  Phenolypic Genotype  Genotype Sum of the frequencics
Frequency Frequency of genotypes with
similar phenotypes

328

A —=—=0.328 ** P P+ 2pr
1000 I.hlcl 2pr
B 22 _gm» I ¢ ¢ + 2qr
1000 IBID zqr
AB 32 _ 9032 P 2pq 2pq
1000
18 _ o518 I ¢ 2

1000




Lagoratory Course-I

114

r=0518

r=4/0.518 = 0.72
The frequency of I° =1 = 0.72
Frequency of I* = p = 1 — Frequency of B + frequency of O
Frequency of B = q* + 2qr
and the [requency of O =1
Frequency of B + frequency of O = ¢* + 2gr + 1 = (g+1)* And the frequency of

g 1 —.f(q +1)?

1—f(q2 +2qr + r2)

)

1 —+/0.122 + 0. 518
1 - +/0. 640
=1-038
= 0.2
Frequency of I* = 0.2

Since the frequency of 1* and I° are known, the frequency or P can be
calculated using Lhe expression.

Frequency of IP = 1 — (frequency of I* + frequency of 1°)
=1-00.72 + 0.2)
=1-092=008
Frequency of P = 0.08
The allelic frequencics are :  I* = 0.200
I" = 0.080
I° = 0.720

1.000

The genotype [requencies would then be

I'* = p* =02x02 = 0.0400
* = 2pq=2x02x0.72 = 0.2880
'l =q = 0.08x0.08 = 0.0064
I'° =2qr =2x 0.08x 072 = 0.1152
P = 2pq=2x 02x 008 = 00320
I°’l° =7 =072x072 = 0.5184

(p+q+r)* = 1.0000

The above calculations show that the sum of the genotype frequencies is also
equal 10 1.

p+tgq+r=land(p+q+1=1

Since alleles I* and 1" exhibit codominance and I° is recessive to both alleles,
the distribution of alleles and genotypes differs from the distribution of
phenotypes. You will study more about the distribution of allelic and genotypic
frequencies and the changes. which-they undergo in the population [roni your
LSE-03 Genctics course-in the Unil titled “Behaviour of Genes in Populaticns™



EXPERIMENT 18 PEDIGREE ANALYSIS
FROM PEDIGREE
CHARTS

Structure

18.1 Imroduction
Objeciives
18.2  Procedure for Constructng Pedigree Charts
18.3  Autosomal Dominants
18.4  Autosomal Recessives
18.5 Sex Chromosomal Dominants
18.6  Sex-linked Recessive Traits

18.1 INTRODUCTION

In exercise 15 you have studied certain of human traits which follow the
Mendelian concept of dominance-recessive relafionship. You are aware that
Mendel followed the inheritance of such traits in pea plant through successive
gencrations by controlled crosses.” Also, such crosses led to the deduction of
principles of segregation and independent assortment. These principles are
applicable to all plants and animals including human beings. But the type of
crossing experiments done with plants and animals, cannot be performed on
humans. Therefore, other methods are used to study the human inheritance
pattemns. One method that is exlensively used by human geneticists and genetic
counsellors is the construction and analysis of pedigree charts. The pedigree
charts consist of a set of symbols which convey the details regarding the
transmission of a trait over a number of successive generatons. It is possible,
after a-careful study of pedigree chart to conclude whether a trait is dominant
or recessive and whether it is an atitosomal trait or a sex linked one. In this
exercise we shall leamn to draw pedigree charts and analyse them meaningfully.
Make sure (hat your are familiar with the concepts of autosomal and sex
chromosomal inheritance from your studies on LSE-03 course.

Objectives

From this experiment; you should leam:
e {0 cxplain various symbols that are commonly used in pedigree chars
e 10 draw a pedigrec chan based on the dara avaitable or given

e 10 analyse and interpret pedigree chart and assign the trait to-autosome or
sex chromosome and say whelher the ¢concemed allele is dominant or
recessive.

18.2 PROCEDURE FOR CONSTRUCTING PEDIGREE
CHARTS .

Before we begin constructing or analysing the pedigree charts it is necessary 1o
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become familiar with different symbols that are commonly used in pedigree
charts. Table 18.1 provides you the symbols used and (heir meanings. We shail
begin wilh the construction of a simple pedigrec chart and then start analysing
the more complex oncs.

Table 18.1: Symbols used in Pedigrec Charts

w
b

—
—

10.

11.

12,

14.
15,

16.

p—t
=]
3]

o P ot

16 8800

Normal female
Normal male
Indicates marriage

Indicaics consanguinous mating or mating belween close
relatives.

Normal parents with 3 normal children, 2 daughters and

onc son.

Roman numerals denole gencration numbers and arabic
numerals, the order in which the children are born,

Only a single parent is shown as the other parent is
normal and is of no significance in pedigree analysis.

Fraternal twins or twins arising from two different zygotes
(dizypouc).

Identical twins or Lwins arising [rom a single zygote
{monozygolic),

Scx unknown.

Number of children for each scx

Shaded circle or squarc indicates alfected daughter or son.
An arrow below the affected individuals indicates that the _’
analysis begins from that individual. The individual is an

index case. The affected individual is (hus a prpband or
propositus.

Autosomal helergzygous recessive,

Sex linked carrier individual.
Deceased individual.

Aborted foctus or a stillbom child,

Humans fall into two categorics depending on their ability to tastc a chemical
lhe phenylthiocarbamide (PTC). The tasiers taste this chemical bilter and the
non-tasters _do not taste the chemical at all. The allele T delerminges the ability
to tastc PTC and people who are homozygous recessive to the allcle (i) are
non-tasiers. We have the following data on taste blindness from a family.



The female parbm is a non-taster and the couple had five children, three
daughters and two sons, of whom a son and a daughter are non-tasters. One
of the taster daughters is married to a non-laster man. This couple had eight
children, five sons and three daughters, of whom iwo sons and a daughter
arc non-Lasters.

Based on the data provided, we may construct a pedigrec chart to show the
inheritance pattern of non-taster allele in the family.

I O—+—

D em e

1 2 3 4 5 6
u 6 @ i
1 2 3 4 5 6 7 8
Fig. 18.1

The pedigree (Fig. 18.1) shows that the fcmale parent is a non-(asiet. Similarly
II-1 and 1I-6 individuals are non-tasters; so also III-3, III-7 and III-8
individuals. Tt is possible 1o deduce from Lhe pedigree that the trait is
determined by an autosomal allele. The method of deducing is discussed below.
Briclly il could be said here that if the allcle were to be a sex linked trail, all
the males of the second gencration would have inherited it. You have learnt
from unit 4 of Genetics course that scx linked characters are generally
transferred from mother 10 sons and from father to daughters, a phenomenon
known as criss-cross inhcritance. From the pedigree chart it is possible 1o
deduce whether the trait is a dominant one or recessive. Assuming the trail is a
dominant one and the father is lomozygous for it (TT), then the mother will be
homozygous recessive (itf). All the children of this couple, then would
nceessarily be tasters and helerozygous (Tt). However, this is not the case here.
Assuming the father is hetcrozygous dominant, then half Lheir children would

be non-iasters and the other half lasters. More or less this appears to be the
casc in the pedigree cited. The 11-4 female, a taster is.married to 2 non-laster.
Assuming she is also heterozygous dominant, then half of the children would be
non-tasters and the other half tasters. The data suggests that this is so in the IIT
generatior. So could Lhe taster allcle be dominan(? ;

Assuming the taster allele to be a recessive onc, and the femaie of generation is
" heterogyzous for non-tasier trait, then again resulls similar to the one shown in
" the pedigree chart would be obtained.. The pedigree chart is thus incomplele in
the scnse Lhat it docs not help us Lo decide whether the concemed allcle is
_dominant or rceessive. Essentially the chart has 1o be cxpanded by collecling
more dala on the family. Let us say that we have additional data. The T1I-8
female, a non-taster is married 1o a taster male and has four children all of
whom are tasters. Let us now redraw the pedigree chart wilh (he additional
information (Fig. 18.2).

Pedlpree Analysis from
Pedigree Charts
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T TSI

Now, the II-8 and II-9 individuals are married and have lour taster children,
This part of pedigree chan helps us to determine beyond any doubt the
dominance or recessiveness of the allele, The fact that all the four children bom
to IMI-8 and 1II-9 parents arc tasters and that only onc of the parents is a raster,
clearly tells us thal the Father is homozygous dominant (TT) and the mother is
recessive (1) (Fig. 18.3).

II1-8 I11-9
Lt X TT
(non-taster) . (lasler)
Tt Tl Tt Tt
(tasten) (tastcr) (taster) (taster)
Fip. 18.3

Therefore, the allcle in question s a dominant allele. Essentially PTC (aster trait
is an aviosomal dominant trait.

Certain gencral pattems can be followed to identify whether a trait is autosomal
or sex chromosomal and whether it is dominant or a recessive one. Let us
catcgorise these paltems.

18.3 AUTOSOMAL DOMINANTS

2) Autosomal dominant traits make their appcarance invariably in all
gencerations. In olherwords, they do not skip gencrations,

b) An individual carrying the gcne for the alfected trait (helcrozygous) marricd
.to a normmal individual generally produces nommal offspring to aflected ones
in the ratio of 1:1.

¢} There is no discrimination belween sexcs and the trait is distribuied equally
in both the sexes.

The pedigree in Fig. 18.4 shows the general pattern of inheritance of an

-autosomal dominant trait. Study the pedigree carefully and make sure that the

pattern of dufosomal dominant inheritance conforms to the statements we made
above,



1 Pedigree Analysis from
Pedigree Charts

@

s
o—m. b O e '
s

11

I:]_.
® O 1 mO

= o V

Fig. 184

Brachydactyly, Huntington's disease, ability 1o taste phenylthiocarbamide and
polydaclyly are some of the autosomal dominant traits in humans.

18.4 AUTOSOMAL RECESSIVES

2)

b)

d)

e)

£

Unlike the autosomal dominant traits, the autosomal recessive ones do not
make their appearance in every gencration. In other words, they may skip
centain generations and appear only in certain others.

Like autosomal dominants, the distribution is equal between the two sexes.
They are more commonly found among children bom (o consanguinous
couples, that is couples who were first cousins before marfage or otherwise

closely rclated.

If both the parcnts arc affecied, all the children born to them will also be
affected.

The parents of the affected children may be normal.

The affected: child born to a normal parcnts cssentially suggests that the
parcnts are heterozygous and are carriers of the allcle for the trait.

If bolh the parents are heterozygous, then the chances arc'that
approximately 50% of the children born to them would inherit the recessive
Lrait. -

The pedigree given in Fig. 18.5 is an example of the inheritance pattern of
albinism in humans. Albinism is a rarc autosomal recessive trait and refers to a
condition in which a person cannot synthesise the pigment melanin. Study the
pedigrec carcfully and varify that the inheritance of albinism fcllows the pattemn
that is characteristic of an autosomal recessive trait.
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11

III

v

Fig. 18.5

An analysis of the pedigrec in Fig. 18.5 shows that ITI-2 individual is an
albino, although both her parents are normal. Essentially they should be
heterozyous and the daughier receives the 1wo recessive allcles. Also
individuals IV 2, 4 and 6 are also albinos, suggesting that their father is also
hetcrozygous. Since both IV 1 and 2 are albinos their daughter is also an
albino. The possible genotypes of the above pedigree can be written as follows

- (Fig. 18.6).
1 AA x Aa AA x Aa
1 ’ 2 1 ’ 2
11 AAT AA‘) Al x Aa AAY AA? ']"he queslion mark SuggCSlS
1 2Aa3x ;!a 4 5 6 that the genotypes of
II1 1 > individuals could be either
| AA or Aa,
l [ [ [ ]
IV aaxaa Aa aa Aa a1 Aa
1 | 2 3 4 5 6 7
a3
v 1
Fig. 18.6

18.6 SEX CHROMOSOMAL DOMINANTS

a) As in the case of autosomal dominants, in the inheritance of sex linked
dominants also the  gencrations arc nol skipped.

b) Males always inherit the trait from their mother.

¢) Females may receive the dominant allele either from their mother or (fom
their falher.

d) If the female is affected, then approximately half of her sons and half of
her daughters are affected.

. ¢) Il the male is affected then all his daughters will be alfected but none of

his sons will be affected.



Scx linked dominant trails arc very, rare. A sex linked dominant trait is oral- Pedipree Analysis from
lacial-digilal syndrome which results in cleft 1ongue, absence of- tecth and Pedigree Charts
mental retardation. Other sex linked dominat alleles responsible for cerlain

discascs include the allele for Albright's hereditary osicodysiraphy causing

scizures, stunted growth and mental retardation, Goliz’s syndrome whose

symptoms arc niental retardalion, small eyes and Mexed digits and incontinentia - 2. RTOy
pigmenli which causes the non-relention of melanin in melanoblasts. Fig. 18.7 wudp Materis/

shows a pedigree for one such sex-linked dominant (rait.

L [

Leellenn
. oem
v pnene

You may obscrve in the Fig 18.7 that the trait appears in all genecrations; and
the trait always passes [rom the futher {o the daughters and not to the sons
(Note that ITT1-3 male has passcd the (rait to all his daughrers but the two sons
arc normal).

18.6 SEX-LINKED RECESSIVE TRAITS

a) Since malcs have only one X-chromosome and receive the same from their
mother, they are the ones most alfected by sex linked recessive alleles.

b) Generally, the females arc carriers of the recessive allcle and thus
helerozygous in genotype.

¢) The females are known 1o be heterozygous becausc of aflecled brothers,
fathers or matemal uncles.

d} Males rececive the X-linked recessive triit [rom the their mother.
¢) Females express the Lrait only when they have a homozygous recessive
genotype and Lhe alleles are received from carrier mothers and affected

futhers,

[} All the sons of an affccied female are alfecled and 50% of the daughters
arc carricrs.

} Neurly 50% ol the sons of the carrier 'fcmalc would be alfected.

(5=}

Several sex linked recessive traits are known in humans and haemophilia is the
most famous case of sex linked recessive inheritance. Colour blindness, the
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Laboratory Course-] inabilily 1o distinguish red and green colours is another one. Many deficicncies
) relaling Lo cnzymes such as G-6-PD deficiency (glucose 6 phosphate i
dehydrogenase deficiency) arc also sex linked. The pattern of inheritance of a
sex linked recessive allele is shown in the Fig. 18.8

1
: O
1 2
w CHO
1 2

Nslale
v .l

1

Fig 18.8

In the case of sex linked recessive inheritance, the nember of males affected are
always more than females. This is essenlially due to the fact that the males
receive only onc X chromosome and that is received from the mother. You can
observe from Fig. 18.8 that III-3, a nomal female married to 11I-4, an affccied
male gives birth to 3 children, 2 daughters and one son. Since the son is
allecled, it is obvious that the mother is the camier of the recessive allcle and
has passed the trait 10 him.

@9

Iv-7

® o
(%] e—x

2
n
2
[y

Vig. 18.9

Similarly, II-8, 1V-7 and 1V-14 are helerozygous mothers who have passed the
lrait 1o hcir son.

We have thus far discussing the analysis of pedigree charts and assign the Lraits
to autosomes or sex chromosome and to identify them as dominant or

recessive ones. You may now work on the lollowing problems (o Lest your
understanding of pedigree charts.

SAQ

1. Analyse the following pedigrec and answer the questions as direcied.



1 ( ) . Pedigree Analysis from
ID_ 5 ’ Pedigree Charts.
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2 4 5
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1 2 3 4 5 6 _ 7 8
Fig. 18.10

a) s the trait an autosomal or a sex chromosomal onc?
b) Is the genc that causes the trait a dominant or a recessive one?

¢) What could be the genotypes of I-1, 1-2, TI-1, II-6, II-7, III-5 and III-7
individuals, assuming the dominant allele is S and recessive allele is s.

2. Below is given the pedigree of a family, certain individuals of which are
affected by aninherited metabolic disorder alkaptonuria. The discase is
caused by a defect in the metabolism of the amino acid phenylalanine,
Answer the questions given below after a careful analysis of the pedigree.

@1, e,
"o O ermodborn

L howm Bl
w I eEo

Fig. 18.11

1) Does the above pedigree suggest an autosomal or sex chromosomal
inheritance?

2) Does the inheritance pallem suggest the involvement of a dominant allele
or a recessive allele?

3) How would you explain the marriage between I1I-3 and a IV-1 individuals?
4) Assuming the dominant and recessive alleles are designated as A and a,

what are the genotypes of 1-2, II-3, II-4, IlI-3 and IV-1 individuals?
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EXPERIMENT 19 APPLICATION OF
PROBABILITY TO
PROBLEMS IN
GENETICS

Structure

19.1 = Introduction
QObjectives

19.2  The Basic Principles of Probability theory
Addiuon Rule

Product Rule
The Binomizel Theorem

19.3  Pascal’s Triangle
19.4  Muldnomial Expression
19.5 SAQs

19.1 INTRODUCTION

One of the effective tools for a geneticist and a genetic counsellor to assess the
possible occurrence of a trait in a family is the applicatdon of probability theory.
A probability is the ratio of the number of times a particular event occurs 1o the
number of trials during which the event could have happened. Assuming a man
and his wif* seek advice of a genetic counsellor on a genetic problem, the
counsellor ._.alyses the pedigree of the couple’s family, establishes the
genolypes of the couple artd then makes calculations relating.to the probability
of the appearance of the trail in question in the children to be bom to them in
furure. In this lab. exercise, you will learn some of the basic rules of probability
theory. You should try to apply them to problems in genetics.

Objectives

At the end of this lab. exercise, you should be able to:

e describe the basic principles of prdbabi]ily.

e make usc of the principles of probability to solve genctic problems,

® apply the formula for the binomial expansion lo determine the probability
of any combination of events, :
e comprehend the Pascal’s triangle to determine the coefficient of binominal

cxpression that tells how many ways a panticular combination may be
oblatned.

19.2 THE BASIC PRINCIPLES OF PROBABILITY
- THEOR:

The probability thcory, it can be said, helps you 10 make a proper and
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rﬁcanjngful guess of the occurrence of an event. The probability £ of the
occurrence of an event is the number of favourable cases a divided by the total
number of possible cases .

In determining the probability of an event, one way is to obscrve a large
number of cases and record the number of times an event occurs or does not
occur. But this is an empirical method. A better way of determining the
probability is the one that is gencrally used by the geneticists for making
predictions on the occurrence of an event. The probability obtained by this
method is a priori probability. You look into the following example that
explains the calculation of probability before we take up specific examples from

. genetics.

Take-a die (plural = dice) with six faces numbered 1 to 6. When the dic is
rolled, the probability P of any one face showing up is 1/6.

a 1
P =—=— =0167
n 6

The probability of picking up the nine of spades from a deck of 52 cards is

: 1
= —= 00192
P 52

And the probability of drawing. any one club from a deck of cards is

1
= — =—= 025
P 4

Now let us cite one or two examples from genetics. The probability of an
offspring to be of recessive genotype when a monohybrid is  sclf-fentiliseq
is

1
P =— = 025
4

and the probability of an offspring to be of dominant phenotype for both traits
on self-fertilisation of a dihybrid is

9
16

P = = 0.5625

When we say that the probability of the occurrence of an event is P, the
combined probability of occurrence of all the other events is Q = (1 — P). Thus
when the P of occurrence of dominant phenotypes = 9/16, the combined
probability of occurrence of other phenotypes = Q = 1 — 9/16 = 7/16 and

P+ Q= 9/16 + 7/16 = 1. P + Q is always equal to 1. In fact all probabilitics
must lie between O and- 1. A probability of 1 means that the event is certain to
occur; a probability of zero indicates that the event cannot occur.



Now, lel-us look into situations where we consider the occurrence of Lwo Application of Probability
events, By two cvenls, we mean the occurrence of cither onc of the two cvents lo Problems in Genetics
or bell the cvents simultancously. Essentially in such cases we wii be

combining the probubility ol occurrence of the two cvents. There are three rules

under which the combining of the probabilitics can be done,

19.2.1 Addition Rule

When the occurrence of onc event precludes the possibility of the occurrence of
another event, the Lwo cvenls are said to be mulually exclusive. Esscalially it
mcans thal when once ¢veni oceurs, Liie ollier docs nol. And the probabilily of
occurrence of onc of several mutually exclusive cvents is the sum of (he
probabilities of individual events. For instance, when a die is thrown whal is the
prebability thal it shows ciliicr a two or a three?

P of getling a two = 1/6 = 0.167
P of gerling a tluce = 1/6 = 0.167

Therefore, the two cvenls are mutually exclusive. The probability of getling
cither 2 two or a three = 1/6 + 1/6 = 2/6 = 1/3 = 0.33. Since the probability of
occurrence of mutually exclusive cvents is summed up, the rule is called
addition: rule.

19.2.2 Iroduct Rule

Product rule is used when dic oceurrence of one event is not dependent on the
occurrence of anothicr evenl; in other worls we are dealing with independent
events. bor instance, when two dice are thrown simultancously the probability of
geling a two and a three in that order are

1/6 = 0.167
1/6 = 0.167

" T of getling a Lwo
P -Ff gelling a three

Probability of getttng a two and a three = 1/6 x 1/6 = 1/36 = 0.028, Since e
probability ol occurrence of independent ¢vents is the product of their separale
probabilitics, his rule is called the product rule.

Look into Lhis example,

What is the probability of getting a head and a 1ail, when two coins arc tossed
simultancously? This procedure as we are going (0 demonstrate to you, requires
the usc of both addition and product rules. For cach coin thé¢ probability of
gotting o head IT or 1ail T is

P(My=12=05
P(T)=1/2 =05,

When the coins are lossed one at a time, there are wo ways of getling a head
or a lail.

First licad and (hen tail (HT)
First tail and then head (T}

The resulfs of each of the (wo tosscs in a sequence are i11dc;5cndcnt cvenls.
The probability of gewing HT and TH = 1/2 x 1/2 = 1/4 = 0.25

At the same time, the two sequences are mutually cxclusive. The probability of 127
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The symbol ! is read as
factorial. 5! or factorial
5=5x4x3x2zxl

128

gelting either of iwo sequences of a set of mutually exclusive events is

1 1

2.1

4 4 2
Thus when events are unordered, the probability can be obtained by combining
addition and product rules.

=0.5

19.2.3 The Binomial Theorem

‘The probability of unordered events can be determined by using binomial
theorem. This theorem defines the probability of the occurrence of some
arrangement of two mutually exclusive trials where the final order is not
specified. According to this theorem the frequencies or the probabilities of the
occurrence of various combinations correspond to the terms of the binomial
expansion. The first three binomial expressions are as follows.

(a + b)* = a* + 2ab+ b*
(a+b)=a'+3a’h+ 3ab* + v ,
(a+ b)Y =a' +4a’b = 6a%" + 4ab* + b*

A simple formula based on | binomial theorem would help you to calculate the
probability by a short-cut method. According to this formula:

n!

sit!

X p'q

Where n is the total number of events, p is the probability of the occurrence of
an event (X), ¢ is the probability of the occurrence of an altemate event (Y), s
is the number of times the event X will otcur and t is the number of times the
event Y will occur out of n number of trials. Here, s + t=nand p + ¢ = 1.
Let us look into the previous example. When

n=2

Probability of getting a head = p =

Probability of getting a tail = q =

P = N]=

ands=t=1.
Substituting the above data in the formula,

P = the probability of getting a head and a tail when two coins are tossed

1 1
simultaneously = % (%) . [%J

b

x1 11
1x1 "2 "2
0.5

Let us now look into more specific examples from genetics. What is the
probability that a family with five children will have 3 boys and 2 girls?
The probability of a child to be a boy = p = 1

2
The probability of a child to be a girl = q = -;—



Applying the formela Applicatlon of Probability

51 3 2 to I'roblems In Genetlcs
! ) 1 :
P=3ra° (?) (?)

- Sxdx3x2xl
3x2x1x2x1

1. 11 1 1 _q312
x2x2x2x2x2—0.31,.

Assuming thc parcats wanl the 5 children to be bom in a specific ordcr—say
2 boys, 1 girl 1 boy and a girl. Essentially this would mean that you have to
apply the product rule; in which casc the probability would be

1,10 1 1 3 _1 _a
2x2x2x2x2_q__‘— 312

Thus you can sc¢ from the two answers, that when an order is specilied, the
probability is 10 times less than when no order is specificd. In other words,
_while there is only one way of getling 2 boys, 1 girl, 1 boy and 1 girl, there are
10 different ways ol getiing 3 boys and 2 girls.

1 2 3 4 5 6 7 8 9 10

B B B B B G G G G G
3 B B G G G B B B G
B G G G B B G B B B
G B G B G B B G B B
G G B B B G B B G B

[B = boy; G = Ginl]

Assuming a couple is helerogygous (Aa) for albinism, what is the probabilily
 that 4 children out of 6 bormn to thew arc normal?
Let A = allele for normal skin
a = allcle for albinism
Aa X Aa
AA Aa Aa 12

normal albino

Since Lhe ratio of normal to albino is 3 : 1, the probability of a normal son

being bormn is % and an albino is -‘IT

The probability of 4 children being normal is

1

3.3.3 3 _ 8l _
TXEX4X4‘256'0'316

What is the probability of 4 children being normal and 2 children albinos?
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In this case,

_6x5x4x3x2x1
TA4x3x2x1x2x1

X-—3- X-—?lx
i "z

e
k4
)
P
Bl
- P

_ 215
= Jos = 0297

Assuming you specify the order in which the normal and albino children are
bom say the first 3 children are normal, 1 albino, 1 normal and 1 albino, then
the probability would be

3,3,3 1,3, 1 _ 8 _

il X x4xzx 4_4096—0.01?8
You can again observe that once the order is specified, the probability assumes
a lower value. In other words, if no order is specified, the probability is fifteen
times larger than when it is specified.

19.3 PASCAL’S TRIANGLE

“We earlier said that in the formula P = (mYs!t)) p'q’, (p+q) =1 and (s+1) = n,
*This formula essentially separaltes the binomial equation (P+q)° = 1 and gives

the probability of one of the terms. The bihomial expansion of (p+q)° contains
(n+1) terms. A device called Pascal’s triangle is useful 10 get the coefficient of

~ the terms. The coefficients tell you the number of ways by which one can

obtain a particular combination of events. The [ollowing is the Pascal triangle
upto n.= 7,

. n = 0 (p+q)° ' 1

2 n = ] (p+q)’ 1 1

3 n = 2 (p+q) 1 2 1

4 n = 3 {(p+qy 1 3 3

5. n = 4 {p+q)’ 1 4 & 4 1

6 n = 5 (p+q)y’ I s 10 10 5 1

7 n = § (p+q)° 1 6 15 20 15 6 1
8 n = 7 (p+q) i 7 21 35 35 21 7 1

The above triangle is built out of the coefficient of *binomial expansion. You
may observe that any given row begins wilh 1, Lhen proceeds by the addition of
two adjacent cocfficients [rom the preceeding row and finally ends in 1. For
example, lake the 7th row, (p+q)®

(p+q)* = (I)p*+ (1+5)p’q + (5+10)p'q” + (10+10)p'q” + (10 + S)p'g" +
(S+Dpg’ + (1)q°

Let us get back to our carlicr problems. What is Lhe probability of 4 normal and
2 albino children bom 1o a couple heterozygous for the albine allele?

3 1
n=0,s=41=2p="-andg = —
P=7 973
The problem is complelely described by the cxpression of (p+q)°. In the
equation (p+q)° (remember n = 6), the lerm that is of interese to us is 15p'q?,
since s =4 and ( = 2,



15p'q* = 15 (3/4) (1/4)*

=15xixix3_x_3._x_l_xl
4 4 4 4 4 4
1215
005 - 07

This is the same answer that we obtained using the formula. But when the order
of the binomial increases, its expansion to get all the terms becomes difficult. In
such cases we can readily use the formula.

19.4 MULTINOMIAL EXPRESSION -

The formula has one more advantage. It could be expanded (o include more
than two events. The mullinomial expansion (p+g+r ...)" can be represented as
the general formula for calculating the probability.

n'

PS5

Where p+g+r.... =1 and s+t+u... =n.

Assuming a couple were (0ld by the genettic counsellor that each of them carry
an allele for albino trait. The couple wants to have six children. What is the
probability that of the six children, two will be normal daughters, two normal
sons, one albino son and one albino daughter?

In this problem, you first apply the product rule to know the probability for
cach item and then apply the formula Lo get the probability for the entire event.
For example, ‘

Probability of gelting a normal son p = (3/4) (1/2) = 3/8
Probability of getring a normal daughter @ = (3/4) (1/2) = 3/8
Probability of getting a albino son r = (1/4) (1/2)y = 1/8
Probability of getting a albino daughter k = (1/4) (1/2) = 1/8

Probability of getting 2 normal sons (s), 2 normal daughters (1), 1 albino son (u)
and 1 albino daughier (v) =

- n! v
p _s'l'u'\r‘pqr”k

6!

p = 3Ty i1 (378j1, (3/8)%. (1/8)". (1/8)'

= SXIXDEIXDTX 38 x 8 x M8 x HBx 1B 18
2x1x2x1x1x

14580
= ——— = (0.0556
262144

Application of Probabllity
to Problems in Genetics
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19.5 SAQ

1. Assuming a sex ralio of 1:1, what is the probab'ilily that a family of 4
children will consist of

1} 3 daughiers and 1-son
i) all daughters
iii) alternating sexes
iv) all sons
v) atleast two daughters

2. In lab exercise 8, we discussed about phenylthiccarbamide tasters. PTC
tasting, as you arc awarc is dominant{ (0 non-tasting, A taster man whose
mother is a non-laster marries a laster woman who in a previous marrdage
had a non-laster daughter. What would be the probability of the couple
having '
a) their first child a tasier?
b) their first child a non-taster boy?

c) 7 children wilh < tasters and 3 non-tasters?

d) 5 children, of whom 2 taste: bodys 1 taster girl 1 non lasler body and
1 non (aster girl in that order.

3. Two parents have genotype Mm and suffer rom migrainc headache. What is
the probablity that

a) their first child will be a girl with migraine and their second a boy
without the disorder.

b) 4 children are bomn to them with 3 children born withoul migraine
and one child with it.



EXPERIMENT 20 INVESTIGATION OF
HUMAN KARYOTYPES

Structure

20.1 Intreduction
Objcelives
20.2  Malerials Required
20.3  Procedurc
20.4  Questions Bascd on Sheets I & 11
20.5 Smdy ol an Unknown Karyotype From Sheet-III
20.6  Questions Bascd on Sheet-IIT
20.7  Swdy of an Unknown Karyotype, From Sheet-IV
20.8 Questions Bascd on Sheet 1V
20.9  Study of an Unknown Karyotype From Sheet-V
20.10 Quecstons Based on Shect-V

20.1 INTRODUCTION

In this laboratory exercise, you will learn to study and to identify the different
groups of human chromosomes and preparc a karyotype of them from the
figures provided. You will also Icarn about the abnormal chromosomal numbers
that resulls in specific syndromes commonty met with in the human males and
females..

Individual chromosomes arc most easily studicd during metaphase. At that time,
cach chromoesome clearly shows the two chromatids connecied by a cenirorncere.
It is possible Lo stop the process of mitosis in metaphase by chemical mceans
and 10 photograph the chromosomes. These photographs of metaphasc smcears
are arranged in a prescribed manner to oblain the karyolype of that individual.

Karyotyping

Geneticists have developed a system for identifying cach of the 46
_chromosomes. ‘The 22 pairs of autosomes are numbered from 1 1o 22 according
to their length. The sex chromosomes constitute the pair 23. It is very dilficult
to arrange chromosomes exactly according to number. However, the 23 pairs
have been arranged into 7 groups according to the size and location of
centromere. The Table 20.1 gives this information. This table would be your
key guide in e preparation and study of karyolypes in this expenment.

133-.



Lzboratory Course-I Table 20.1: The Seven Groups of Chromosomes.

Group Chromosomes Characteristic

A 1,2,3 Very long; centromere in the centre
ol chromosome

B 4 and 5 long; cenlrpmere away from centre
of chromosomes

C 6,7,8,9 10, 11,12, X Medium Iength; cenwromeres
in the centre or slighty
away from center of chromosomes

D 13, 14, 15 Mecdium length; centromercs at or
very near the end of chromosomes

E 16, 17, 18 Somewhat short; centromeras in the
centre or away [rom the certre of
chromosomes

F 1% and 20 Shorl; cenromeres in the -centre of

chromosomes

G 21,22, Y . Very shorl; centromeres al or very
near the end ol chromosomes

The chromosomes of the first 22 pairs (aulosomal chromosomes) are sinvilar in
all human Karyotypes. But the chromsomes of the twenty-third pair, the sex

chromsomes are dissimilar in male, Lc., there is a larger X chromosome and a
smatler Y chremosome. Females have two X chromosomes in their karyolype.

In this investigation vou would study three abnormal karyolypes. i) Down's
syndrome — an extra chromosome 21 is associated with this disorder. i) A
missing X chromosome in females causcs Tumer's syndrome; and iti) the
occurrence of an extra X chromosome (XXY) in males leads to Klinelelier's
syndrome,

Prior Reading for this Experiment

Units 8, 9 and 10 of Genetics course, (LSE-03)

Objectives

After doing Lhis laboratory cxercise you should be able to:

e preparc karyotypes from the xerox photographs of chromosomes providezl;
e identify karyolype of normal male and female;

e diagnose the chromosomal disorders from the abnormal karyotypes
provided .
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Investization of Human

202 MATERIALS REQUIRED kureotrmes

I. Human chromosome photographs

2. Human karyotype forms

3. Scissors

4, Pencil

5. Tape or Gluc

20.3 PROCEDURE

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Cut each individual chromosome from sheet I and II. Be careful not
to cut any patt of the chromosomes. Count how many you have,
Note: The chromosome cut-outs are very light and are easily
lost. Should a chromosome be lost from the sheel sel, the set
would become incomplete and the whole exercise will be useless.
So be very carclul.

Arrange (he chromosomes in the karyotype forms 2 and b
respeclively according (0 the chromosome characterislics provided in
Table 20.1, placing the short arm of cach chromosome towards the
Lop.

Pair the chromosomes referring Lo their banding pattern (if provided)
and other fealures mentioned above.

After the chromosomes are arranged in order, glue or tape them in
place.

Answer the questions based on sheet I and II about the karvolypes
you have preparcd.

Study Lhe karyolype sheets IT1, IV and V critically, and answer the
qucstions based on them.



SHEET - |
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HInt : This is a thromosom spread from a normal human
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Karyotypes
Karyotype Form a
2 3 4 5
] l J
A B
6 7 8 9 10 11 12 |
C
Be! i4 15 | I16 17 - 18 |
D E
19 20 o2 22
G Sex Chromoscmes
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Karyotypes
Karyotype Form b
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o E
19 20 | 21 .2
G Sex Chromosomes
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Laboratory Course-I 20.4 QUESTIONS BASED ON SHEETS I & II

1) Why must the photographs of individual chromosome be cut separaicly
from sheet I and 11, and pasted in order to karyotype it?

2) Why mciaphase smears arc considered best for karyotype studics?

3) Identify Lhe scx of the individuals whose .chromosomes appear in Sheet I -
" and Sheet II respeclively?

4) Comparc the two karygtypes you have made. What specilic difference can
you find?

5) How important is this difference? Explain.

6) For what kind of an individual would a genetic counscllor, most likely
reccommend karyolyping done? Why?

7) @) What kind of difficultics did you have sorting the chromosomes into
pairs? b) Into groups? ¢) Would someonc preparing a karyolype in a
genetics Iab. have the same dillicultics? Comment.
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205 STUDY OF AN UNKNOWN KARYOTYPE FROM - "= simens

SHEET-III

This is a karyotype of an individual. Observe it and answer the questions given
in section 20.6.

SHEET -l

S
I

B .

ke M uw TR

8% dy #g A ad dn &b

C

O de A% B Ax

16 17 18
o £
i 8% AR ax "
19 20 21 22 8
F G X Y-
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20.6 QUESTIONS BASED ON SHEET-III

1) Is this a karyotype of a normal individual or does i1 show any
abnormality?

2) What is the feature that makes it different from the carlier two
karyotypes? : .



20.7 STUDY OF AN UNKNOWN KARYOTYPE favestigatior of Hurman
SHEET-IV -

This is 2 karyotype of an individual. Observe it and answer the questons given
1in section 20.8.

SHEET - IV

e W TR

A , B

§6 Wy B8 A0 A% BA B

| 16 17 18 |

D E

A & Aa | X8 b &g

X% s i “_ e

- 18 20 21 22
L I - !
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20.8 QUESTIONS BASED ON SHEET-IV

1) Docs sheet IV show a nomal karyotype or any abnomualily?

144



20.9 STUDY OF AN UNKNOWN KARYOTYPE FROM e vty
SHEET-V | | |

This is a karyotype of an individual. Observe it and answer the questions given
in section 20.10. )

SHEET - V

CRE MWk i

K% Hp B3 AR Ak AR di

bh OF A4 X% BH AR

16 17 18
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20.10 QUESTIONS BASED ON SHEET-V

1) Docs the sheel V show a normal karyotypc or any abnormalily?

3) This is a karyolype of an individual having which kind of genelic
aberralion?

4) What are the prominent physical features that help in identifying such
individuals?
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EXPERIMENT 21 HYDROGEN ION
CONCENTRATION
AND DETERMINATION
OF pH

Structure

21.1  Inlroduction
Objcclives

21,2  Materdal Required

21.3  Procedure
pH Indicalor Papers
pH Meter

21.4  Precautions

21.1 INTRODUCTION

Hydrogen ion concentration is the measure of acidity or alkalinity of a solution.
Hydrogen ion concentration (H*) is expressed in numbers known as pH, where
pH means the logarithm of the reciprocal of H* concentration or the negative
loganthm of H* concentration. It can be writlen as [ollows:

pll = log (—L—) = — log (H+)

You have studied in Unil 4 of the Block 1 of LSE-01 Cell Biology, the
concept of ionisation of water and the equillibrium constant (K,) of the
dissociation of water. You have also studiced there that the conccnlraﬂon of H*
and OH- arc equal in pure water and is equal to 107 molcs/litre. You werc
pointed out that the pl{ scale is based on the ion product of water (Kw). You
may now go back 10 unit 4 to Block 1 of Ccll Biology course and brush your
memory as 1o how Lhe acidity and alkalinity of solutions are calculated in lerms
of H* concentration. In (his lab cxercise you will lcamn certain procedurcs for
determining the H* concentration of a few solutions of biological interest. You
are aware (hat a solution with a neutral pH has a valuc of 7, solutions with pH
below 7 are acidic and above 7 are alkaline,

A solution of pl1 5 contains 10 * moles of H* per litre and a solution of pH 8§
contains 10* moles of 1I* per titre. Since the pH values arc expressed in

- logarthmic scale, a diffcrence in the pH value of 3 unils would essenlially mean
that there is a thousand fold diffcrence in the H* concentration between two
solutions. The range of pH scale is (rom 0 to 14,

The hydrogen ion concentration is one of the most important chemical |
components of the habitat. Tt determines the nalre of many chemicals reactions
that cccuer inthe cnvironment and also alfects the diversity and distribution of
orgarusms. Various plants and animals oficn have differing requirements of pH
in their habil. With this briel introduction 1o the concept of pH Iet us now lcam
the procedures lor the delermination of pH,

17
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Objectives
At the end of this lab exercise you should be able to:

o define pH and know the basis for the pH calculations,

e dctermine the H* concentration of solutions using a pH meter and the
relative uses of pH indicator papers and the pH meter.

21.2 MATERIALS REQUIRED

1. 250 ml beakers—3

2. pH indicator papers (narrow and wide range)
3. pH mecter and the elccirodes

4. Standard buflfer solutions of pH 4 and pll 8.2
5. Fillcr_ paper

6. Distilled water

7. Lime water

8. Well water

9. Sodium bicarbonate solution (baking soda).

21.3 PROCEDURE

You will leam in this lab exercise 1o delerminc the pH of solutions by two
different methods: 1) by using pH indicator paper. 2) by using pH meter. Let us
now discuss cach ol these procedures.

21.3.1 pH Indicator Papers

pll indicator papers arc provided as small narrow strips. This paper develops a -
colour when dipped into solutions, the pH of which arc to be determined. The
colour can be compared with the chart provided alongwitly pfl papcrs. Both
wide and narrow range pH papers are available. Wide range pH papers give
approximate pH values as 1, 2, 3, 4... clc, Narrow range pH papers give morc
precisc pH values. They are available with the difference of 0.5 units such as
2.5, 3,35, 4,45, or 0.2 units such as 7, 7.2, 7.4, 7.6, 7.8, 8 ... cic. Let us
now determine the pH of cerain solulions using wide and narrow range of
indicator papers.

1) Tear off 1 c¢m. lenglh wide range pH indicator paper and dip it inlo the
given solution, the pH of which is 10 be determined,

2) Compare the colour developed on the paper with the chart thal is provided
(0 you.

-3) Record your results in the form of table provided below in your obscrvation



notc book. Repeat the procedure 1o determine the pH of other solutions as - Hydrogen 1ON Concentration
well and record your results. and Determination of pH

4) Repeat the procedure with the narrow range pH paper and obtain a more
precise pH of the same solutions. These results can also be rccorded in the

table.
S. No. Test Solutions Wide Range Narrow Range
pH pH
1. ~  Lime Water
2, Well Water
3. Scdium bicarbonate

4. Any other solution

21.3.2 pH Meter

A pH meter as shown in Fig. 4.1 is a more sophisticated device for making
accurate estimations of the hydrogen ion concentration of solutions. The
instrument is provided with two electrodes, a reference electrode and a glass
electrode and in some cases the two electrodes are supplied as a combined
electrode. The potential difference between the two electrodes ts amplified in
an electrometer which i$ then read either on an analogue or a digital pH scale. “
Before making the measurements of the pH, the instrument needs 10 be
standardised. For standardisation you should follow the procedures given below:

Flg. Z1.1: pH meter
1. Connect the instrument to the power supply.
2. Check whether the electrodes are properly connected to the instrument,

3. Wash the electrodes once with the distilled water and use the filter paper 10
dry it. : ]

A Dip the electrodes in a beaker containing distilled water.

LA

The meter should read either zero on the analogue scale or 7 in a digital
scale. If it does not read so, use the set zero knob of the instrument to read 149
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the same. Remove the clectrode from  the distilled waler, dry them with the
filter paper and immerse them in a beaker containing standard buffer
soludon of pH 4. Turn the “selector knob™ of the pH to 0-7 range or the
acidic range.

6. Use the sct buffer knob to rcad the pH 4 én the meter. Tum the seleclor
knob to the middle position,

7. You may now remove the buffer solution, wash the electrodes with
distilled watcr, dry them and immerse the clectrodes in a standard buffer
solution of pH 9.2.

8. Tum the selector knob 1o 7-14 range or the alkaline ranpe and Lhe mclc}
should read pll 9.2. The sclector knob be returned to middle posilion,

Now, (he instrument is standardised. You may now use the instrument for
determining the pH of the given solutions. For this: 1) Immerse the clectrodes
in the given solution whose pH is 10 be delermined. 2) Tum the scleclor knob
first 10 the 0 to 7 range. If the pH of the test solution is in the acidic range,
you may read the same on the meter. It there is no change on e meler
reading, it means the pH of the solution is on the alkaline range. You may (um
the sclector knob 10 the 7-14 range and read the pH of the sclution on the meter. _
3) If the pH of another solution is 1o be measured then you must wash the
electodes with distilled water and dry them with the filter paper. 4) Make meas-
urcments of the solutions provided to you using the pH mcter and record your
resulis in the form of the table provided below in your observation note book.

S. No. Solutions pH

21.4 PRECAUTIONS

1. The clecirodes arc very delicate structures and therefore. need o be handled
carciully. :

2. The bulb at the tip of the glass clectrode is also very sensitive and the glass
membrane provided there should not be allowed to undergo abrasion,

3. The clectrodes need 10 be kept clean and therefore, should be washed with
distilled waler after every usc and dricd with [lfer paper.

4. The tips of lhe electrodes should always be kept immersed in distilied waler
and should not be allowed to go dry.

5. The sclector knob must always be brought to the middle position before the
clectrodes are removed from any solution.

6. Replace the buffer solutions in appropriate containers and do nol
contiminate them,



EXPERIMENT 22 ESTIMATION OF
SALINITY OF WATER
SAMPLES

Structure

22.1  Inwroduction
Objectives

222 Materials required

223  Procedurc

224  Calculations

22,5  Precautions

226 SAQ

22.1 INTRODUCTION

Salinity refers (o 1he total amount of soluble salis dissolved in a kilogram of
water collectively. The salts in water include such common ions as Ca®', Mg?,
K", Na, CI', SO*,, HCO,, and CO?%, These ions occur cither naturally or added
as pollutants to the cavironment. The ionic composition of water affects the
distribution of animals and plants in water. And depending on whether organ-
isms can tolcrale wide [uctuations in salinity or not, they have been classilied
‘as euryhaline and srenohaline animals respectively. Many marine organisms arc
intolerant of dilurion of sca water which happens due to the flow of tivers into
them causing estuarine condition. These organisms fail to survive in estuaries.
Howevcr, there are also certain marine organisms which can tolerate the diluting
effect.

In this Lab exercise you will leamn the method of estimation of the salinily of
waler samples by a titrimetrit method. The titrimetric method can be regarded
as accurate enough, although the method assumes that the percentage
composition of chloride in sca warter is constant in relation to all other
dissolved minerals prescnt. In many laboratorics the Gtrimetry has been
replaced by conductivity micasurements since salinily rclates to the total
dissolved salts. However, we confine ourselves 1o the salinity mcasurcment by
chloride estimation.

Objectives
At the end of this lab excreise you should be able to:

e dcfine the terms chlorinity and salinity of water samplcs,
e cslimate the salinity of the water samples by volumctrhc method, and

e rclaie the salinity of the water to the life of the organisms.

22.2 MATERIALS REQUIRED

1. 100 ml. conical flasks—2
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10 ml. pipettes—2 . ~

50 ml burette.

0.05 N silver nitrate solution (AgNO,)-
5% pé[:msium chromaie solution,

Water samples—(2 dilferent watcr samples such as well water and river
warter)

22.3 PROCEDURE

Fill the burelte with 0.01 N AgNO, solution.

Take 10 ml of water sample A in a conical flask and add a few drops of
5% potassium -chromate solution.

Titrate the water samples: against AgNO, solution. The end point is the
appearance of brickred colour.

Titrate the sample until the concordant values are oblained. You may have
1o titrate a miinimum of two tmes.

Record your results in the form of following table in your record nolc book.

. No. Yolume of Bureite reading Volume of
walter sample Initial Final. AsNO,
consumed,

Repeat the experiment with sample B.

22.4 CALCULATIONS

Caleulate the sa™mity of the water sample with the following formula in your
record book. -



Chlorosity of Water = Estimation of Salinity
of Water Samplgs

Volume of AgNOQ, consumed x Nomality of AgNO,
Volume of the sample.

Chlorosity of water
density of water

Chlorinity of Waler =

For practical purposes, the density of water can be takes as 1.
Salinity of Water = 0.03 + (1.805 x chlorinity of water)

© T e eneean e oeees . PATS per thousand

Calculate your results with the help of above formulae and report the salinity of
the samples. ! '

22.5 PRECAUTIONS

Check that your burette is properly filled without leaving any air column. For .
this you may have to open the stopcock of the burette and let some AgNO, run
down. Make sure you fill the burette with AgNO, solution to read zero.

22.6 SAQ

1. You have estimated the salinity of water from two different sources. Do the
salt content of the two waters differ? If your answer is yes, what are the
factors responsible for the difference?
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EXPERIMENT 23 ESTIMATION OF
DISSOLVED OXYGEN
CONTENT OF WATER
SAMPLES

Structure

- 23.1  Introduction
Objdclivcs ;
23.2  Prnciple ’
23.3  Materals Required
234  Procedure
23.5  Calculations and Resulis
23.6  SAQ

23.1 INTRODUCTION

Oxygen is-necessary for acrobic respiration. Aquati¢c organisms for respiration
obtain the oxygen from water, where it remains in dissolved form. In addilion
the dissolved oxygen in water affects the oxidation-reduction state of many
other chemical variables, such as nitrate and ammonia, sulphate and sulphite,
and ferrous and ferric ions. The amount of oxygen present in aquatic
environment is highly variablc and generally low. Many factors such as
lemperature, salinity, respiration, photosynthesis and decomposition of decaying
plants and animals affect the amount of dissolved oxygen. As such oxygen is
not very soluble in water and the solubility decreascs with increasing
temperature. The photosynthelic acitivity of waler plants increase the amount of
dissolved oxygen during day time, whereas during night it becomes depleted
due to respiration of plants and animals. During the proccss of decomposition
microorganisms use the dissolved oxygen thus making it deficient, This
adversely affecls the other aquatic organisms. You can sce in Table 23.1 the
oxygen content in some respiratory media.

Table 23.1: Oxygen coitent of some samples of water and air

Samples Dissolved Oxypgen content
millilitres/litre

" Sea water al 5° C ' 6.4
Fresh waler at 5° C 9.0
Fresh water at 25" C 5.8
Air ' 209.5

The amount of oxygen dissolved in water can be mcasured and is usually
expressed as mg/1 (equivalent to paris per million or ppm). Therce are two
methods of cstimating dissolved oxygen: by using oxygen electrodes and by

Wir_ikler's titration method. 155 -
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Winkler's method. is the most commeonly used method for estimation of
dissolved oxygen in water. In this lab exercise you will be estimating the
dissolved oxygen by Winkler’s method from at least from two different water
sources such as a pond and a well, or tap water and well water, or a river and

pond. .

Objectives

At the end of this lab excrcise you should be able to:

e describe the principle behind the estimation of the dissolved oxygen in
water,

o perform the experimental procedure without any difficulty,

e become familiar with the calculations for the estimation of oxygen, and

s discuss thal the oxygen content of the different aquatic habitats differ
significantly,

23.2 PRINCIPLE

Winkler’s method is a volumetric procedure in which manganous ions (Mn®)
are oxidised into manganic ions (Mn*) which reacting with an alkali
precipitates into MnO(OH), and Mn(OH),. The extent of oxidation is directly
related to the amount of dissolved oxygen. In the presence of iodide ions in
dilute sulphuric acid, the manganese hydroxide is converted into manganous
sulphate [MnSO,] and simultaneously the iodide ions are oxidised to molecular
iodine (I). It is the concentration of this iodine that is directly proportional to
the concentration of oxygen in the original water sample. The amount of iodine
liberated at the end of the reaction can be determined by titration with a
thiosulphate solution using starch as an indicator to determine the end product.

23.3 MATERIALS REQUIRED

J—

Burette and Burette stand

2 300 ml. glass stoppered reagent bottles

3. 250 ml. conical flasks

4. 10 ml. pipettes

5. Measuring cylinder

6. MnSO, solution (36 gms of MNSO, dissolved in 100 ml. of distilled water.
7. Alkaline-iodide solution

ay 100 gms of NaOH/100 ml. of distilled water

b) 27 gms of Nal/100 ml. of distilled water

¢) Mix solutons a and b



8.

9, Siarch solution 1 gm of starch per 100 ml. of distilled water. The water
musl be heated 1o bearable warmth and the starch dissolved in it

Concentrated H,SO, ' Estimation of Dissolved
Oxygen Content of Waler
Samples

10. 0.025N sodium thiosvl;phate (Na,S,0,) solution. (6.205 gms of Na,S,0,.

5H,0 per 1000 ml. of distilled water).

23.4 PROCEDURE

From ecach sample obtain water carclully and without air bubblcs in 300 m)
glass stoppered reagent botdes. Label the bottles as A and B. For accurate
determination ol dissolved oxygen it is very necessary Lhat special care in
sampling and preparadon of watcr samples should be taken. Any exposure of
the sample to air will viliate your results. Therefore, it is suggested that you
collect water by keeping Your bottle under the surface of water and allow the
water 10 flow into (he botile very slowly without mixing with the air. It is also
nceessary that prior to the filling of the sample into the botde, you delermine
the volume of the botlle. You may use a measuring cylinder for this purposc.
Immediately afler collecling the sample closc the boltle with a glass sltopper.
This helps you lo climinate the air spaces. Now, you may add the various
rcagents to the sample as dcelailed below:

1.

Remove the stoppers and add 2 ml. of MnSQ, solution followed by 2 ml of
alkalinc-iodide solution in botties A and B. Addition of these rcagents
should be done below the surlace of water by dipping the pipeite into the
water thus preventing the contamination with air.

Stopper the botles and gently Lilt them several limes for the solutions Lo
mix. 3 1 will sce the formation of yellowish brown precipitates of Mn(OH),
and MnO(OH),. Allow the precipitate o setlle down and gently shake again.

Remove the stopper and add carefully 2 ml of conc. ILSO, under the
surface of prepared samples. Stopper the botlles again and mix well. The
brown precipitate completely dissovles leaving a straw or brown coloured
solution.

Transfer 50 ml of the contents of the sample botile A Lo a 250 ml conical
flask. Add 1 ml of starch indicator solution. The solution turns blue. Titrale
this solution against 0.025N sodium thicsulphate solution.

For titration you have to fill the burctic with the thiosulphate solulion. Open
the stopcock of the bureite and let the solution run down once. Reffill the
burette uplo zero mark and perform the titration. The end point is the
disappearance of the blue colour. Record the burelte reading. You may
repeat the titration till you get the concordant valucs. The concordant valucs
may be obtained even at the end of Lhe second litration if you do Lthem
carcfully.

Repeat the above procedure with the sample B. Fill in the data in your
observation note book in the form ol the table provided below.

157



Lavoratory Course-T

158

VYolume of Burette reading Yolume of
Sample S. No. the sample initial final Na,S5,0,
(me) consumed
A 1 50 0 4.5 4.5
2. 50 . 45 8.0 45

23.5 CALCULATIONS AND RESULTS

You can obtain the amount of dissolved Oxygen per litre of water using the
following calculations. ;

K x 200 x vol. of Na,S,0, x 0.698
Volume of the sample

Amount of oxygen/litre =

. Yolume of bottle
volume of the botlle—volume of the reagent added

where K =

A sample calculalion is shown below:
Volume of the botile = 300 mt

Amount of reagent used = 4 ml (2 ml MnSO, + 2 ml Alkaline iodide)

300 300
300 - 4 296

Yolume of NaS$,0, consumed = 4.5 ml

K x 200 x 4.5 x 0.698
50

_ 1014 x 200 x 4.5 x 0.698
50

Amount of O, =

= 1274 mg/L

23,7 SAQ

Do you find any difference in the Oxygcen content of the two water samples? If
the answer is ycs, how do you account for the difference?

......................................................................................................



EXPERIMENT 24 STUDY OF
| COMMUNITY
STRUCTURE BY
QUADRAT, LINE AND
BELT METHOD

Structure

241 [ntroduclion
Objectives
24.2  Requirements
24.3  Mcthods
244 Transecls
24.5  Obsecrvalions and Resulls
24.6  Precautions

24.1 INTRODUCTION

Plants growing together have mulual relationships among themselves and with
the cnvironment. Such a group of plants in onc area forms a stand. Several
similar stands represent & community which is a part of an ecological system
{(the ccosysicm) in which transformalion, accumulation, and {low of energy are
involved. The functioning of this system is intimately rclated with the
componer’  of lhe community. The components vary in quality as well as ip
quantity a.u impart a struclure Lo the community.

Community Structure

The structure of a community can be studied by taking into consideration a
number of characters which are usually groupced under two heads viz. analylic
and synthetic. Certain analytic characters viz. frequency, density, abundance and
dominance can be expressed quantitatively while others viz. sociability, vitality,
periodicity and straitiftcation find only qualitative cxpression. Synthetic
chracters include presence, constance and fidelity of components and may be
compuled (rom analytic characters of scveral stands of a community.

The analytic characlers of a community are determined by means of three main
sampling units—area, linc and point, as employced in quadrat, transcct and point
method respectively,

Objectives
Alter doing this experiment vou will be able to:

e describe about quadrat, line and belt methods and perform them,
¢ collect and identify the living organisms of (he particular population,

- @ point out which is the most effective sampling method and how to use il
properly in any given area,
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e work oul your sampling strategy beforehand and make best use of given
time, '

¢ know the limitation of apparatus and techniques you are going to use.

24.2 MATERIAL REQUIRED

Quadrats, pegs, thread, record book, magnifying glass, gloves.

243 METHODS

Quadrats: These have been used extensively in determining the distribution of
plant communities but can also be used with slow moving invertebrates such as
those which occur in leaf litter or in inlenidal habiats. :

Quadrats are sampling units of a known area. Now you must be thinking why
sampling is necessary? It is seldom possible to count all the individual animals
or plants within a given population. This would not only be extremely laborious

 and time consuming, but would almost certainly involve disturbance and

damage 1o the habitat and population we wish to study. Thus by sampling, we
aim 1o selcct for study a small representation of the total population. These -
sample units must be distinct, must not overlap and together they make up the
total population. The number of individualgef a species in each sampling unit

is then counted or estimated and from this information you can obtain .
frequency and distribution of that species in the population as a whole.

Now, let us study about the structure of quadrats, Usually the quadrats have a
rectangular frame (Fig. 24.1) and come in a variety of dimensions. If frame is
not available then you can make a quadrat of known dimension by using 4 pegs
and string or strong thread. The pegs are inserted in the ground at four corners
with equal distance from each other (Fig. 24.2). The distance dimension may be

decided by oneself. d oy
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Fig. 24.1: Quadrat Frame. Fig.24.2: Quadrat made from
0.5 cm wooden frame 4 pegs, strings and nalls,
with wires fixed at fixed at equal distance
10 cm intervals. and squares dire made with

belp of a string.



When you use quadrat it is assumed that its contents will represent the whole Study of Commanity
sampling area. More commaonly used are 1 m? and 0.25 m? frame quadrats. Structure by Quadrat,
These are easily constructed out of wood and with cross wires or strings Line and Belt Method
subdividing them at 10 cm intervals for the ease of counting.

Now, the question arises, how the size of the quadrat will be determined. If the
dispersion of a population within the sampling area is truly random, then all the
quadrat sizes would be equally efficient in the estimation of that population.
However, the spatial dispersal of a population is seldom random or regular. An
aggregaled distribution (Fig. 24.3) is more likely with individuals found in
paths. This is because several environmental factors will be unevenly distributed
within a sampling arca.

Fig. 243 : An apgrepgate distribution

Generally small size quadrat has been found to be more efficient than a large
one when population is aggregated. Instantly the quesion comes to mind is
why? The reasons are following:

e More small samples can be taken for the same amount of labour.

s More number of small quadrats cover a wider range of habitat than a few
large ones and the sample will be more represeniative. o

® Smtistical error will be reduced as a sample of many small units will have
more degree of freedom than a sample of a few large units.

Although a small quadrat may be theorctically best, there are practical
considerations which set a lower limit on the size. Thus when sampling in a
wood a small quadrat may undersample the dominant species of tree. In ~
addition, the smaller the quadrat the greater the sampling error at its edges; are
the plants on the edges of the quadrat to be included or not?

Thus, for determining the optimum quadrat size for a particular type of
“vegetalion, a serics of quadrats of increasing size are laid out. The cumulative
number of plant specics counted after cach successive increase in quadrat size is
then recorded c.g.
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0.025 10
1 14

4 | ‘ 19

8. - 22

16 . 25

e
Eventually a point is reached where a further large increase in quadrat size
results in only a few extra species. Since the common species will have already
been included, the extra time and effort required in recording very large quadral
is unproductive.

'The oplimum quadrar size is reached when a 1% increase in quadrat sizc
produces no more ‘than a 0.5% increase in the number of species prescnt
(Fig. 24.4), '

30+
25 4

20

Number w apecies

Quadrale Size (m?}

. Fig. 244 : Graph to determine the optimum quadrat slze

Then comes the number of quadrats as you have scen around yourself that a .
large variation is found when sampling in natural populations. In order to make
our result statistically significant a large number of samples should be taken.
Howecver, sorting and counting all the species in a very large sample can be
tedious and time consuming. A similar exercise enables us 10 estimate the
optimum number of quadrats required when studying the species composition of
a parucular site. A series of quadrats of salisfactory minimum size is placed
randomly across the sampling area. The cumulative number of species is
recorded afier each increase in quadrat number used; for example,

Number of Quadrats Total number of species
1 14
4 34
8. 37

v) :
16 16 40



Eventually a point is reached when afl the common species have been identified
and a further increase in quadrat number will not merit the time and effort
required (Fig. 24.5). A satisfactory minimum numnber of quadrats is reached
when a 1% increase in the number of quadrats has no more than a 0.5%
increase in the number of species found.

707

501

40

Number of Speeies

30

20+

0 4 16 2] 256

Number O[_Quﬂdrulc

Fig. 24. 5 : Graph to determine number of quadrats

When the size and number of quadrats is known, we can study the structure of
community by simply making the necessary observalions. By the above
described method you can make a quadrat of definite size by string and pegs
or wooden quadrat of known size. The number of quadrats is already known,
Now, you can make observations and record them in your notebook in the form
of a table given below.

. Quadrat laid down
S.No. Name of the Species 1 23 45 6 7 8 910
1 A _—_—— — - — - 6 — 4 —
2 . B 4 2 1 — — — 3— 2 =
3 C 1 8 — 10 11 7 8 2°

24.4 TRANSECTS

The use of transects constitutes a form of sysicmatic sampling but in this case
the samples are studicd in a linear fashion. Transccts arc useful for recording
changes in the specics composittion of plant communitics where some sort of
transition exists, e.g. from walter to land or from onc soil Lype (O another.

Commonly two types of Lrahsects arc uscd:
1. Belt transect

This is a strip usually 0.5 m in width that is located across the study area in
such a way as fo highlight any transition. A tape or rope marked off at 05 m

Study of Community
Structure by Quadrat,
Line and Belt Method
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fielvels A5 tld across e sampling area and a 0.25 m? frame quadrat laid
down at 0.5 m intervals by the side of the tape or rope to give a continuous
belt transect. The animals and plants within each quadrat are identified and
counted and an estimation made of their relative abundance. This vrocedure
with a transect over 15 merres long is time consuming and it is more ysual
to carry out quadrat sampling at every metre interval to give a ladder
lransect,

As by doing this experiment you can see that this sort of sampling is quite
intensive but it gives an accurate record of the organisms present. However, the
length of the transect will be limited by the time available. The transect work
will also require the recording of a profile indicating changes in the height of
the ground. )

Data Sheet for Belt Transect

123456789101112131415

Name of species * Quadrat number

.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
e L e e

Line Transect Method

This method takes less time and is less quantitative and therefore, less
representative. A tape or rope marked off at 0.5 m intervals is laid along the
area of ground to be sampled. The plant species that are touched or covered by .
the line are then recorded either all the way along or else at regular intervals.
There may be many species which do. not touch the line and are thercfore not
recorded, thus the results may give a completely unrealistic sample of the
community on which the line transect is made. However, if you want an
impression of the main features of a transiton in all, then this method has
considerable use. The date sheet will be the same as belt transect method.

24.5 OBSERVATIONS AND RESULTS

Observations should be cntered on the given data sheet, by recording + or — or’



the number species are recorded. The specics which is present in several Study of Community

quadrats is abundant and species present in few quadrats is rare one. Structure by Quadrat,
Line and Belt Method

24.6 PRECAUTIONS

The most imporant precaution 10 keep in mind is conservation of the
cnvironment. The [ollowing points should be kep in mind:

1. The number of individual animals and plants collected should be kept 1o a
minimum, depending upon the namre of the cxperiment. I there is need for
quantitative study then number of sample taken should be strictly limited.

2. As [ar as possible all organisms removed during the cxcrcise should be
returned 1o their original habitat afler the experiment 5 pver.

3. The collection should be avoided from the same sile as it would have
adverse clfect upon the density of plants and animal species within the
community in question,

4. During collection, damage 0 the habitat should be avoided because it
causes adverse eflfect on organisms found there.

Discusston

Now it should be clear (hat in order 10 determine the structurc of community
you have quardrat, belt transecl and line transcct methods. Now, you have to
decide which of the methods would be followed to study the community
Siructure. '

The next and major problem is the problem of identification of plants and
animals. The identification -of plant and animals down Lo specics level can be
difficult and very lime consuming. It will be good if you can identify (he
spccics by using prepared illusirations and diagnosic key. But this is difficult
task as you have limited time. But the counscllor at your study cenire will help
you in identifying the planis and animal specics.
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EXPERIMENT 25 DETERMINATION OF

DENSITY, FREQUENCY

AND ABUNDANCE OF
SPECIES BY |
QUADRAT METHOD

Siructure

251 Introduction

Objectives )
25.2  Material Required
35.3  Precedure
5.4  Observalions and Calculations

25.5  Precaufions

25.1 INTRODUCTION

M (he previous eaperiment you have leamt how to study the community
structure. But for a detailed knowledge you have (o analyse the communily
structure quantitatively. In this experiment you can calculate abundance and
frequency of the species studied.

Ohjectives
Al the end of this experiment you should be able to:

e construct the quadrals

e delermine the density, frequency and abundance of a given species ih &
specified habitat. )

25.2 MATERIAL REQUIRED

4 Pcags,

1 meler scale,

string 50 my,

workbook,

bug lor plant collection,

wooden quadrat of definile size (as determined in previous cxperiment),
graph shect,

herbarium sheet,

ccllotape.
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. " Frequency =

253 PROCEDURE

You are aware of the required number of quadrats to be laid from experiment
24. Lay down the quadrats in the area to be studied. Note down the various .
spectes of plants present in each quadrat. It will be good if YOu can identify the
species by yourself with the help of books or you may take the help of your
counseller. Count total number of the individuals of each species.

25.4 OBSERVATIONS AND CALCULATIONS

Write down name of the species, total number of each species and then
calculate the density of frequency in your observation note book in a tabular
form as shown below:

Calculations

Total number of individuals of the species

Density = Total number of quadrats studied
Abund _ Total number of individuals of the species
undance = Total number of quadrats in which the species has occured
*_Total number of quadrats in which species occured'x 100

Total number of quadrats studied

The density values, thus obtained for each species, are to be expressed as
individuals per unit area, For example, calculated density value for species A
(Table 1) is: .

L. This value is per 1600 cm? area (i.e. the area of the quadrat taken—40 x 40
~cm?). Actual density of this species would be as follows. In 1600 em* area
there is 1 individual.

In 100 x 100 cm?, i.e. -10,000 cmor(Imx 1mie. 1 m?)
10,000 x 1

= _TGOO_ = 6.25 individuals,

Thus the density of species A is 6.25 per meter?,

2. Similarly, you can calculate abundance and get an idea which species is
found in abundance in particular area.

25.5 PRECAUTION

Samc as described in earlier experiment.



Determinalion of Abundance

Table 24.1: List of different species and other data as recorded by quadrat and Frequency of Species by

method. Area of the quadrat taken in the study 40 cm X 40 ¢cm Quurdrat Method
= 1600 cm?
S. Name of Quardrais Jaid down Total Total . Total
No. the Species 1234678910 No. of No.of No. of
indivi- quad-  quad- Density Abundance Frequency
duals rats rats
of the in slud-
species  which  ed
specics
occured
1 2 3 4 5 6 7 8 9
1. Specics A 4-——6-~_—_ 10 2 10 1+ 5 12

*  You should calculate the density as described in the method and comvert
this value nos.funit arca

ny






EXPERIMENT 26 STUDY OF
XEROPHYTES,
MESOPHYTES AND
HYDROPHYTES

Struclure

26.1  Introduclion
Objcctives
26.2  Catcgorics ol Planis based on Habitat
26.3  Hydrophytes .
Morophological Features
Anatomical Features
26.4. Mcsophytes
26.5 Xerophytes
Morpholegical Features
Anatomical Fealures

26.6 SAQs

26.1 INTRODUCTION

This distribution of plants occur {rom cxtremes of north and south and east and
wesl around (he world, Thus cerlain groups of plants are adapted to unusual or
extreme climatic conditions. These plants exhibit medifications in (heir anatomy
and morphology Lhat arc related to specialised funclions Lo a greater degree.
The ecological groups of plants have much broader group. But they have to be
classified on some basis. Waler is one them. Warming (1909) classified plant
communitics on the basis of their dependence upon and relation to waier. Water
being most important occupics foremost position in distribution of vegetation
and ils structure, Warming primarily rccogniscd threc major groups of planis:

i) Hydrophyles, ii) Mcsophytes and iii) Xcrophyles. Hydrophytes are those
plants which live partly or fully submerged in water at least for some weeks.
Mesophyles grow on land wilh a moderate supply of soil moisture. Xerophyles
are thosc plants that live in dry or arid land.

Objectives
After doing Lhis cxercise you will be able to:

e describe and differenciate between hydrophyies, mesophyles and xXcrophylces,

o list various adaptations in hydrophytes, mesophytes and xerophyies with
examples and #lustrations,

26.2 CATLEGORIES OF PLANTS BASED ON HABITAT

In this experiment you will be provided specimens and slides. From the giﬁcn
description you have o classify the plants into different catagorics (described
below), ’
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26.3 HYDROPHYTES

According 1o the way in which the hydrophy tes develop i water they are
subdivided into the lollowing five calagorics:

i} Frec-Floating Hxydrophyltes

These types of plants remain in contact with waler and air, but not soil. They
float frecly on the water surface. Leaves in somc are very minule while in
others quite large. Some of the free floating hydrophyles are Trapa bispinosa,
Azolla, Eichhornia crassipes, Salvinia, Wolffia, Pistia, Lemna (Fig. 26.1).

Fronds

Frond 5
Plant bedy -
(Plan Y inNated

= Petinle

Frond

); --~"= Submerpe
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-+ Rhizome

Campact 7

1 Stem T
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Fig. 26.1 : Free Moating hydrophytes
ii) Rooted Hydrophytes with Floating Leaves

The roots of these type of hydrophytes arce fixed in mud, but lcaves have long
peuoles which keep them floating on the water surface. Except leaves, the rest
of the plant body remains in warter. Some cxamples are Nelumbo nucifera,
Nymphaca stellate (water 1ily), Trapa, Marsilea (Fig. 26.2).
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Fig. 262 : Rooted hydrophytes with floating leaves

iii} Submerged Floating Hydrophytes

These types of the plants are only in contact with waler, being completely
submerged and not rooted in the mud. Their stems are long and leaves
generally small. Some examples are Ceratophyllum, Utricularia. (Fig. 26.3)

_ . Leaves i‘} . |
== -5icm

Cerat opftvium

Fig. 263 : Submerged floating kydrophyte
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iv) Rooted submerged hydrophyte‘.s

This Lype of hydrophyles remain completely submerged in water and rooted in
soil. In some plants the stem is long, bearing small leaves at the nodes. In
some planls slem is tuberous {com-like) with long leaves, which are narrow,
ribbon-shaped. Common cxample is Vallisneria, Chara, Hydrilla, Potamogeton
(Fig. 26.4) '

Submerged
Leaves v

) Whorls of
submerged — - -~

Branch

e e —=— - c_. ————

—Ruuls

Hydritla Potamogeion

Fig. 26.4 : Rooted submeiged hydrophytes
v) Rooted emergent hydrophytes

These types of plants grow in shallow water. These are such hydrophilous
forms which require excess of water, but their shoots (assimilatory organs) are
partly or compietely exposed to’ air. The root system is completely under water,
fixed in soil. In some plants, shoots are partly in water and partly emerging ie.
exposed 10 air. Whereas in some the shoots are completely exposed to air.
Some common examples are Sagittaria, Ranunculus, Cyperus (Fig. 26.5).

Now let us sce the ecological ddaptations in hydrophytes. Though most of the
features in hydrophyles are similar but they may differ from each other in some
aspecl. We will discuss all those features which enable them to become
hydrophytes.

26.3.1 Morphological Features
1. Roots
There is plenty of water in the surroundings of hydrophytes; thus the root

becomes of secondary imporiance hence less developed and insignificant in
most of hydrophytes.
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Flg. 26.5 : Rooled emergent hydrophytes

i) Rools may be completely absent or poorly developed as in Wolffia,
Salvinia. However, in emergent forms, which grow in mud, roots are well
developed with distinct root caps. '

i) Root hairs are absent or poorly developed.

it1) Root caps arc usually absent, in some cases are replaced by root pockets as
in Eichhornia.

iv) Roois when present are generally fibrous, adventitious, reduced in Ienglh,
and unbranched or poorly branched.

2. Stems

1) In emerged forms the stem is long, slender, spongy and (lexible. In 173
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frec-floaling forms it may be slender, [loaong horizontally on water surface
or thick, short, stoloniferous and spongy. In forms which are rocted with
floating leaves it is rhizome.

Vegetative propagalion is by runners, stolons, stem and rgot tubers,
dormant apices, offseis etc. are the common method of reproducton. Most
of them are perennials.

Leaves

In submerged [orms, leaves are thin, and are either long and ribbon-shaped
as in Vallisneria or long and linear or finely dissected as in Potamogeron.
Floating leaves are large, flat and cntre with their upper surfaces coated
with wax as in Nymphaea; their petioles long, flexible, and ofien covered
with mucilage. In some cases petioles become swollen and spongy as in
Eichhornia.

Emergent forms show heterophylly with submerged, floating and aerial
leaves as in Ranunculus.

Submerged leaves are generally translucent.

Flowers and seeds

In submerged forms they arc less common. Where flowers develop, seeds are
rarely formed.

26.3.2 Anatomical features

‘!.
3

Now, we will slud.;,f about the anatomical features of roots of the hydrophyies.

1.

1)

iii)

iv)

V)

Roots

Cuticle is either completely absent or if present it is thin and poorly
developed.

Epidermis is usually single laycred and made up of thin wallcd
parcnchymatous cells.

The coriex is well developed, thin walled and parenchymatous, major
portion of which is occupied by well developed prominent air cavitics—the
‘arenchyma’ which offers resistance to binding siress, increascs buoyancy
and allows a rapid gaseous exchange,

In the given fgure of Poramogeton you can sce that vascular tissues are
poorly developed and lcast differentiated in.submerged [orm. The xylem
vessels are less common and tracheids are present. In [loaling types
vascular tissuc are less developed while in emergent forms they are much
distinct and well developed (Fig. 26.6).

The mechanical tissues are absent except in some cmergent forms where
pith is made up of sclerenchymatous cells.



‘F.;-midcrmis

Air Chanmbers
(Lacunae)

E"hlocm

Fig. 26,6 : TS. root of Potamogeton pectinatus (submerged hydrophyle). Note the absence of
root halrs and cuticle; vndIfferentiated broad cortex with alr chambers; vascular tlssues
poorly developed, represented mainly by phloem; lack of mechanical tissues.

2. Stem

In the given figure of T.S. of stem of Hydrilla you can sce that (Fig. 26.7)

Epidermis

Hypodermis

Air Chambers

" Endoderms
Pericycle

Xylem Cavity

Paren-
Pholem 4 chyma
Sieve Tubes

Fig. 26.7 : TS. stem of Hydrilla (submerged hydrophyte). Note, the absence of cutlele; thin-
walled epldermis; undifferentiated cortex wlth alr chami. :rs; abundance of thin-walled
clements; absence of wnechanical tissues; reduced vasculer elements, composed chlefly of
phivern, x¥lend being represented only by 2 cavily in the centre.

Study of Xerophytes,
Mesophytes end Hydrophytes
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1) Cuticle is developed or thin or entirely absent.

ii) Epidermis is single layered and made up of thin-walled parcnchymatous
cells while in emergent form cuticle as well as epidermis is generally well
develop such as Typha.

iif) In floating and cmergent form you can sec hypodermis may be present as
thin-walled parenchyma or collenchyma. It is completely absent in
submerged form.

iv) Cortex is well developed. One of the important feature of the cortex is that
it is thin walled and parenchymatous extensively transversed by air cavitics.
- The cortical cells generally possess -loroplasts and are photosynthelic.

v) Endodermis is distinct, especially in rhizomes and similar organs.

vi) Generally, vascular bundle have no bundle sheaths. Vascular bundles are
thin walled. But in emergent forms vascular elements are comparatively
well differentiated and developed.

vii) Mechanical tissues are gencrally not present.

3. Leaves

You can see form the slides provided to you of different T.S. (of various plant
leaves.)

You can see that internal structure of leaves show varation but some of the
anatomical feature is common to the most of the leaves. From the given
transverse section you can sce that;

I} Cudcle is usually absent in submerged forms such as Potamogeron but in
floating forms it is poorly developed confined to upper side and is very
thin. In emergent form also cuticle is thin (Fig. 26.8).
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Fig. 26.8 : T.S. leaf (only lateral wing portlon shown) of Potamogeton pusilius (submerged).
Note, the absence of cuticle and stomata undifferentlated single-layered mesophyll between
two epldermal layers.

it} Epidermis is single-layered, made up of thin-walled cells with. abundance of
chloroplasts.

iii) Stomata are completely absent in submerged [caves, as in Potamogeton. In
floating form stomata are confined only 1o the upper surface of leaf,
whereas in emergent forms they are generally found on both of the surfaces
of leaves.

iv) Mesophyll is undiffercntiated in submerged leaves, and generally it is single
layered. In floating leaves, mesophyll is differentiated (a) paliside and
(b) spongy parenchyma with well-developed air cavities as in. Nymphaea.



In"emergent leaves also, mesophyll is well differentated with air cavities Study of Xeropbhytes,
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(Fig. 26.9).
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Fig. 269 : T.S. leaf of Nymphaea (floating-leaves). Note, the thin cotcle; stomata belng
confined only to the upper surface; thin-walled epldermal cells; abundance of alr chambers
in spongy parenchyma; absence of mechanical tissues {only sclerelds present): reduced
vascular elements represented malnly by phloem, xylemn being much reduced

v) Vascular tissues are very much reduced and sometimes difficult 1o be
differentiated into xylem and phloem. Whenever differentzated into xylem,
elements are thin walled and phloem being well developed as in
Nymphaea. However, in aerial leaves, vascular elements are comparatively
well differentiated with vessels in xylem,

vi) Mechanical tissues are absent.

vii) The petioles, wherever found is well developed and also possess intemnally
the various tissues characteristic of a typical hydrophyte i.e. abundance of -
aerenchyma, thin walled cells, lack of differentation in vascular tissues and
absence of any lignified mechanical tissues as in Nymphaea (Fig. 26.10).

Hair”
Epidermis _

— Eclereid

Air Chambers

Phloem Vasular
'K-yl:i'n Bundle

Flg 26/10 : T.S. petiole of Nymphaea (flontlng-leaved). Note, the absence of cuticle; thin-
walled epldermal cells; reduced mechanlcal tissues represented only by a few layers of
collenchymatous hypodermis; abundance of aerenchyma; vascular elements with
abundance of phloem, xylem being represented by lacunae. ’ 179
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Mesophytes are planis that normally grow in habitat where water is neither
scarce nor abundant. In such habilats the pore space in soil is occupicd almost
equally by waler and soil atmosphere. This condition of water and air is very
suitable for plant growth and hence in mesophytic condilion the growth of
foresis and crop plants is best. In mesophytes, no adaplation is nccessary unless
the habitat is specialised in some other way. Mesophytes are very extensive on
the surface of land and most crops like wheat, maize barley, peas, gram or
sugarcanc or species in grassland, mcadows tropical and temperate forests are
all mesophytes.

Morpho-anatomical features

D) Root system is well developed. Roots are generally branched with root
caps and root hairs.

1) Stems are generally acrial, solid and freely branched.

iify Leaves arc generally large, broad, thin and varied in shapes mostly
oricnted horizontally, green, without hair of waxy coalings.

iv) Cuticle in all acrial parts moderately developed.

v)  Epidermis well developed, without any hair or waxy coalings and cells
without chlorplasts.

vi) You can obscrve thal stomata are generally present on both surfaces of
lcaves. Guard ccll show frequent movements.

vil) Mesophyll in Icaves is well differcntiated into palisade and spongy
paranchyma wilh many interceliular spaces.

viii) Vascular and mechanical tissues both are well developed ancl
© differentiated.

ix) During noon hours there may be temporary willing.

26.5 XEROPHYTES

‘There have been many interprelatons of the lerm xerophytes, Sometimes they
are looscly defined as plants of dry habitals. A truly ecological definition
approaching as ncar as possible a quantitative basis is that xcrophyles are
plants which grow on substrata which usually become greatly depleted of
gravitational ground water to a depth of least 20-25 cm during the course of a
normmal season. Somce examples of xerophytes are Aloe, Euphorbia, Opuntia,
Agave Bryophyllum, Yucca, Tradescantia (Fig 26,11),

Thas, i arid zones, all plants not conflined 1o the margins of streams or lakes
have been considercd as xcrophyies, whereas in regions of heavy rainfall the
class would be represented only by shallow-rooted plants of sandy soils, by
plants of dry rdgelops, and by algae, mosses and lichens which grow on’trecs
barks or rock surfaces clc.

180 The Lrue nature of icrophylcs is nol clearly understood. For example, it is



difficul to decide whether a xerophyle is really xcrophilous and occurs only in Study of Xeroph.ytes.
dry habitats and deserts or it is merely drought-resistant. Mesophytes and Hydrophjtes

Flower

Leal

épincs

Succulent

Phylloclade
Leaves

Aloc Euphorbia Opuntia

Fig. 26.11 : Succulent xerophyles
26.5.1 Morphological Features

1 Roots

- In contrast with hydrophytes which develop in conditions with plenty of water,
Xerophytes develop under water deficient conditions. The main purpose of roots
is to secure water, which is present in less amount and in decp layers of soil.
The root system is the most important organ for the survival of plant and thus
is very well developed. The roots have following characteristics.-

1) Itis very well developed and in some cases is several times longer than
shoot. Roots are long, tap roots with extensive branching spread over wide
areas.

if) Root hair and root caps are very well developed.

2. Stems

i) Mosrij'; the growth of stem is stunted, woody, dry, hard, ridged and covered
with thick bark. '

ii). In some as Saccharum stem becomes underground, whereas in opuntia
(Fig. 26.11) if becomes fleshy, green, leaf-life (phylloclade) covered with
spines. In Euphorbia also (Fig. 26.11) it becomes fleshy and green.

ii1) On stems and leaves, there are generally hairs and/or waxy coatings.

3. Leaves

i) Leaves are Qery much reduced, small, scale-like appearing.only for a brief
period, sometimes modified into spines. Lamina may be long, narrow or

needle—Ilike as Pinus or divided into many leaflets as in Acaig (Fig. 26.12).
' 181



Laboratory Course-I ii) Foliage leaves when present, may become thick, fleshy and succulent or
tough and leathery in texture.

ﬁi) Leaf surface is mostly shiny and glazed to reflect light and heat.

iv) In some species leaves become folded and rolled in such a manner that the
sunken stomata become hidden and thus raie of transpiration is minimised.

WREELES

Acacis nelotica

Flg. 26.12 : Non-succulent perennials
26.5.2 Anatomical features

1. Roots

1) Root hairs and root caps are well developed. In Opuntia root hairs develop
~ even at the root tips.

ii) In Asparagus roots may become fleshy to store water.

2. Stems

iy In succulent fleshy xerophytes, such as Casuarina, following chetf
* characteristics are present (Fig. 26.13).

a) Cuticle is very thick,

b) Epidermis is well developed, with heavily thickened cell walls,
c) Hypodemnis is several-layered and sclerenchymatous.
d) Stomata are of sunken type

€}  Vascular tissues are very well develop, differentiated, heavily lignified.
vascular bundles have well developed several layered bundle sheath,

f)  Mechanical rissues are very well developed
i) Bark is very well developed

182 ii) Oil and resin are often present
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Fip. 26,13 : T.S. stem (a part) of Casuarina. Note, the thick cuticle; sunken stomata conflned
only to grooves; presence of halrs in grooves; sclerenchymatous hypodermis; green pallsade
reglon of subhypodermal cortex; well-developed vascular tissues and mechanical tlssues

3. Leaves

1) In succulent leaves of m'alacophyllous xerophytes, such as Peperomia,
epidermal cells of leaves serve as water-storage organs (Fig. 26.14).
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Flg. 26.14 : T.8. leaf (laterail wing portlon only} of Peperomia showlng epldermal water .
storage tIssue, Note epldermins {s many layered, inner layers of which have large thin-walled
cells actlng as water storage, 183 .



Laboratory Course-I Similarly,” succulent leaves of Aloe have prominent waler—storage regions in
thetr mesophyll. The cuticle is thick and outer walls of epidermal cells are
heavily deposited with cutin and ccllulose.

ii) In non succulent xerophytes, such as Nerium (Fig. 26.15) and Pinus have
following characteristic features: '

* Vascular Bundle ’ Mesophyll Parenchyma . Celcium Upper Epidermis
of vein . P A \ - Oxalaie Cutiel
r 1 Spongy . Cystals uticle -
Xylem Bundle Parenchyma ©adlisade . .

Phloem \Sheath !

Fig. 26,15 : T.S.leaf of Nerlum {non-succulent perennial). Note, thick cuticle on both sides;

multlserlate epidermls; stomata of sunken type, moreover sltuated inside the stomatal plts,

conflned only to lower epidermis; well dfferentiated mesophyll with palisade on both the
sides though abundant on the adaxlal one; vascular tissues well-differentiated,

a}  The cuticle is heavy and well developed.

b)  Epidermis is several layered in Neriwm and in Pinus hypodemmis is
~ several layer.

¢)  Mesophyll is very well differentiated into palisade and spongy
' parenchyma,

d) Stomata are of sunken type confined to lower epidermis, in some
- Xerophyte, for example in Nerium (Fig. 26.15) stomata are situated in
pits lined with hairs.
e) Vascular tissues are very well developed, differentiated into xylem

with lignified elements and phloem.

f)  Mechanical tissue are very well developed, including several kinds of
sclereids. '

In this exercise some example of hydrophytes, mesophyte and xerophyte have
been described. Various morphological and anatomical features are described in
detail. Now after studying the given description you will be asked to classify
unknown specimens.
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26.6 SELF-ASSESSMENT QUESTIONS

1) A hydrophylic plant is given 1o you. Examinc the leaves of the plant. How
would this condition of finely dissected leaves be advantagecous to the
plant?

2) You are given the pfcparcd slide, examine the slide of cross section of the
leaf. Draw a diagram and locate the large air spaces. List several ways in
which these air spaces may be of benefit in a hydric habitat,

3) Remove the hydrophytic plants from the waler, sce how flaccid it becomes.
Why is it so and why do submerged hydrophytes not need large amount of
supporting tissues?

Study of Xercphytes,
Mesophytes and Hydrophytes
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4) Examinc the prepared slides of Hydrilla siem and Poramogeron leaves.
Locate the vascular tissucs and note the absence of xylem. What is the
process by which waler enters aquatic plants?

5) Examine the cpidermis and cuticle in ¢ross scclion and transverse scclion of
stem and lcaves of hydrophytic plants. Would you expecl (o find guard
cells in submerged hydrophytes? If not, why? :

186



7) List out various morpholgical and anatomical modifications in the
hydrophytic plants you have studied.
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MESQPHYTES

1) Some plants are given to you. Study the morphology of whole plant and
take T.S. of leaves and stem. Study various structure. Is some adaptation
are.seen, if not why? :

You have to study:
a) Root system
b) Leaves, morphology and transverse sections
i) Structure of epidermis
* ji) Presence of stomata
iit) Differentiation of mesophyll
c) T.S. of Stem
i) vascular tissues
ii) mechanical Hssues
Xerophytic Adaptations
“Xerophytes have evolved many adaptations to prevent desiccation of the plant
‘You are provided with some slides of xerophytic plant. You should study
carefully and try to answer the following questions:
1-) Examine the slides of cross section of Pine leaf and locate the stomata.

Draw a full labelled diagram. How does this position of stomata reduce the
ratc of transpiration.

Study of Xerophytes,
Mesophytes and Hydrophytes
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2) The prepared slide of xcrbphylic plant show waxy material called cutin. In
addition epidermal cells are lignified. Explain how it cut down loss of
water from plant.

3) In some xcrophytic plants leaves may be fleshy, in others, the stem is
fleshy. In the given plant, note the absence or greatly reduced number, of
leaves on the succulent stem. What is the primary photosynthetic organ in
these plants.

188 ------------------------------------ T T e



4) You are provided with a succulent leaf, cut a thin cross secion and mount ' Study of Xe: phytes,
it in a drop of water on a slide. Examine the C.S. under the microscope. Mesophytes and Hydrophytes
What are the xerophytic characteristics you observe microscopically. Make
a labelled diagram and wrile down the xcrophytic adaption carefully.

5) You are provided with he six plant species. Wrile down the characteristic
in the provided space. After writing the characteristic properties decide the
habitat of the plant,

189
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EXPERIMENT 27 STUDY OF ANIMAL
AND PLANT
RELATIONSHIPS

Structure

27.1 Introduction
Objectives

27.2  Materials Required

27.3 Mutualism

27.4 Commensalism

27.5 Parasitism -

27.6  Predator Relationship

27.1 INTRODUCTION

Organisms living in any habilat have evolved adaptations which assure their
survival in a specific environment but may require entirely a different set of
adaptations in an ecologically different situation. For example, while nematodes
are found in almost every ecological niche (aspect of the environment), the
nematodes living in or near the roots of lake plants probably could not adapt
themselves to living in roots of cactus in a desert nor in an deodar forest nor in
a glassland, although other nematodes are found in each of these niche.

Furlhermore organisms in a particular habitat have to adapt and associate with
other animals and plants occurring in that cnvironment.

In some organisms such associations become almost compulsory for their
survival and the organisms thus associated with one another always occur
together. Increase or decrease in the population of one of the partners in such
an association would lead to an increase or decrease in the other partner as
well.

Associations that occur among organims may be between individuals of the
same species (intra specific association) or between individuals of different
species (inter specific association. Intra specilic associations which form the
basis of social organisations as in bees and termites are not going to be a part
of this present laboratory exercise. We will be only studying the interspecific
associations with the help of both plant and animal examples.

Interspecific associations are referred to as ‘symbiosis’. This word *symbiosis’
is derived from a Greek word and literally means ‘living together’. Symbiotic
rclatonships fall into four categories. 1) Mutualism, 2) Commensalism,

3) Parasilism, 4) Predator relationship. We will study cach of these with -
specific examples.

Before starling the exercise we would first like to refresh your memory about
the main types of interspecific association, defining them briefly.

1) Mutualism—is the association between two orgarusms in which gach partner
benefits from the other.
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2) Commensalims—refefs to a relationship in which onc of the (wo organisms,
the commensal gains from the association, while the other, the host, neither
gains nor loses.

3) Parasilism—This is an association in which one organism, the parasite
benefits at the cxpense or harm of the other (the host).

4) Pre&ation—'This is an associaton in which a free living organism, the
predator kills and devours another organism, which is called the prey.
Predation differs from parasitism in the sense that parasites that live on or
in the host derive nourishment without killing it, while predators kill and

destroy their prey.

Objectives

This laboratory exercise should enable you to:

e define interspecific and intraspecific associations

e describe with examples the different types of associations—mutalism,
commensalism, parasilism and predation,

o Observe and examine slides, specimens and models of organisms

e accurately draw and observe both extemal and internal structure of

organisms

e prepare temporary slides.

27.2 MATERIALS REQUIRED

Preserved

Plant mounts
or prescrved

Slides

Specimens/models

Other materials

192

: Taenia solivm (Tape worm)

Dodder plant, (Cuscuta) parasilic on plant
stem

lichen types

T.S. of lichen thallus

Wood eating termites

Trichonympha or Pyrsonympha

Entameoba gingivalis

T.S. of the association of dodder plant and its
host

Taenia solium. scolex and mature gravid
progloltids

Pediculus humanus (human head louse)

Suckerflish (Echencis)
Drosera (Sun dew plant)

0.9% Nacl

Slides and cover slips
Pasteur pipelles
Tooth picks
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27.3 MUTUALISM | Relatonships

Mutualism is an association in which both the pariners benefit. Under
mutualism we shall consider two examples:

1) Lichens—the association between a fungus and an algae.

2) Wood ealing ermites and the wood digesting flagellate prolozoans, housed
in their gut.

13 Lichens
Lichens are formed due to an intimate association of a fungus and an algae.
Lichens have different shapes: crustose (appressed 10 a substratum), foliose

(leaflike lobes) or fruticose (erect or pendant branching struciures).

Step I—Note the colour and morphological appearance of the lichens and draw
the outline diagrams of them in your observalion notebook.

Step 1I—Compare your diagrams and observations with Fig, 27.1.

Crusiose Foliose Fruitcose

Flg. 27.1 : Three types of llchens—lichens are formed by mutuallstic union between un
algae and fungus

Steplll Ldoking at the lichen can gy make oul the two members of the
association?

StepY Oblain a transverse section of a prepared slide of lichen from your
counscllor and examine it under the microscope, Note the close
association of the hyphae and algae cclls within the thallus of lichen,
and compare it with Fig. 27.2.

StepVI Leoking at the slide, can you infer which member provides oxygen and
organic food and which provides anchorupe, 1norgunic food and sffords
protection [rom drying?

1
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protective
fungal cefls at surface

1

Green algas cells .

densely packed
Tungaf [hreuds {hyphog)

hyphez flaments for
anchorage

Fig. 27.2 : Cross sectlon of a lichen showing the algae cells, among the fungal hyphae. It s
- the fungus that glves lichen Its form .

2. Wood Eating termites and Flagellate Protozoans

Mutualism is further examplified by the relationship between wood eating
termites and certain flagellate protozoans. Termites which feed on wood do not
have the enzyme cellulase needed to digest the cellulose of the wood. Flagellate
protozoans such as Trichonympha or Pyrsonympha harboured in the gut of the
termites help them in digesting the cellulose by releasing cellulase in the gut
lumen. In tum, the protozoans get a safe place to live in (Fig. 27.3).

WOOD PARTICLES

PSEUDCPODIUM - .
middie region

digedline re;ion.

Fig. 27.3 : Mutualism between termite and Trichon ympha. (A) Worker termlte eating wood
particles; (B) T.S. Intestlne of termnite showlng Trichonympha; (C) Enlarged vlew of
Trichonympha. (D) Optical sectlon of a trichonymphld (E) faecal pellets,

Step I—Examine the termite specimen provided 10 you, under the dissecting
microscope, and compare it with Fig. 27.3. .

- Step II—Examine a slide of flagllate protozoans Trichonympha or

Pyrosonympha provided by your councellor,under the microscope and draw a
diagram.



parasilc :
host stem - haustorium
N . .

N

vaseuler bundle
“of host

vascular tissue
~of hausterium

Flg. 27.8 : A transverse section of the dodder plant and its host in very close contact.
Note the vascular tlssue of the haustoria of the parasite In contact with the vascular
bundle of the host.

:p I—Examine with the help of Fig. 27.7 the specimen of the dodder plant
wvided to you. Can you observe any leaves on the dodder plant specimen.

:p II—If yes, what is the colour of the leaves?

:p III—Does the- colour of the leaves, suggest the mode of nutrition of the
dder plant, that is whether it is autotrophic or heterotrophic?

:»p IV—Can you explain why the dodder plant is considered a parasite and
[ a fungus?

T e T e R L L

:p V—Examine under the microscope the transverse section (T.S) of the
dder plant in close association with its host plant in the slide provided, Make
1eat diagram of your observations and compare it with Fig. 27.8..

Animal parasites
Pediculus humanus found in the human head is an ecto parasite.

:p ——Examine a slide of head louse under the low power of the microscope
d compare it with Fig. 27.9. - What morphological features do you observe?

My divided intO ...couiivriumniiiiiiirc et e

Foreleg

Hind leg

Flg. 27.9 : Pediculus humanus (head-louse)

Study of Anlmal and
Relationships
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Step II—What are the adaptations of the ectoparasite in order to live and feed
on the human host?

b) Taenia solium (pork tape worm) is a helminth parasite which is found in the
small intestine of humans. :

Step I—The adult form of T. solium is found in the humans which are the
primary host, while the larvae forms occur in the pigs which are the secondary
host. Thus the life cycle of T. solium is a complicated one, involving two hosts
(Fig. 27.10). Figure 27.10 shows the mode of transmission, as well as the ’
number and location of the larval stages,

Ingestion of
raw or paorly
cooked pig meat

=g
g SMALL INTESTINE
Ll MIGRATION AND
FINAL I ToON
CYSTICERCUS with AL LOCATIO

When improperly cooked pork is caten
the cyuticerei are digested out, en afinate

head evaginated & f'i .
their hzads and ateach o inieatingl wall, ADLLT WORM IN 5MALL INTESTINE

lllllullllllllﬂuj”

Ge==I0n TG Iy
uﬂ Eﬂﬂeaaaaun
e e ——

Gravid progleiides are paned in

eyalicercus or #
tlodder worm
Infested pork

GRAVID PROGLOTTIS ditintcgrates
liberating cppe. Some proglottides
ruplure before being passed and thyy
cgg? alio may occur in foces

1
ONCOSPIERE 13 liberated in EMBRYOPHORE uilh EGG

S,

- CYSTICERCUS with inlestine, bares inio blood vessels  enchesphere it ingested the shell dsintegratey
head invaginaied and ix carried 1o the museley of by pig o man, thanly ;nercs; are
l'::[n:&: where i derelapi o 3 Il liberated and the embryo-
CysLerouy, N phore is freed.
1
DEAD END 1

1
When man inges the embryophares, the
ennticerei develapin the brain, Iner. muscles
and keart

Fig. 27.10 : Life eycle of Taenie solium




Step 11I—IHow many larvac stages occur in the life cycle of T. solium? Study of Animal and
Relationships

Step HI——Examine a preserved specimen of the parasite and identify the three
regions scolcx, ncck and the segmented buds. Each segment is known as a
progiottid and a tapeworm has several proglottids. Also, observe under the
microscope permanent slides of scolex and gravid proglottids and compare with

27.11.

suckers

Hook Raostellum

5 Rostellar hooks
£ Dorsal Sucker

" Scolex

ng-lolr.ids:

nerve cord
avary

™ eggsin branching
Lo uteras
vitelline gland )

Fig. 27.11 : n) Scolex of Taenia solium
b} Detalls of mature proglottlds of T. sefium

Step IV—Note the various modifications given below in Table 27.11 and if
possible write down the rcasons for such modifications. For studying the slide

you can consuit Fig. 27.10 and 27.11.
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Parasilic adaptations Reasons

I}  Scolex (hcad) has suckers and hooks

2} Mouth is abscnt in the scolex {which 15,
thus only meant for attachment 1o the host)

3) Body is long and Nat

4)  Body is covercd by a cuticle

5)  Circularory system absent

6)  Digestive sysiem is absent

7)  Nervous system and muscular
system is poorly developed

8)  The culicle of tapeworm is thick
and it produces anticnzymes

9)  Tapeworm body is scgmenfed and
cach segment is called proglottid
which has bolh male and female
reproductive organs.

10)  The lower segments of the tapeworm
called thc mature progloltids, Iose _
their repraductive organs, enlarge and
become filled with a Iarge number of cggs

i1) From time to time 2-3 of (he mature
proglottids drop off from the tapcworm
and pass oul of the host body with the
host’s faecal matter

12)  The mode of respiration is anaerpbic

Step V—Check your answers with the reasons we have listcd out in table 27.2,

Table 27.2
Parasilic adaptations - Reasons )
1) Scolex (head) has suckers ) The suckers and hooks of
and hooks the tapeworm are used [or
clinging to the wall of
the small intestine of human
host.
2)  Mouth is absent in the The abscnce of mouth
scolex (which is, thus indicates that the
only meant for attach- parasite does not need
ment 1o the host) ' to cat food

(Contd)
)



3y Body is Jong and flat Body is long and (at, so
that it provides a large
surface arca for absorplion
of the food, alrcady digested
by the host, The food in
liquid form is absorbed along
the entire length of body of
the worm.

4) Body is covered by a Culicle makes the parasite
cuticle resistant 1o the aclion

of digeslive cnzymes

5)  Circulatory systecm abscnt Both these systems are °
absent as the tapcworm
being parasitic does not

6) Digestive system absent necd cither the circulatory

or digestive syslem,

7)  Nervous sysiem and muscular Both these sysiems are
system is poorly decreased Poorly devcloped becausc

' the parasile remains at
one placc, and does not- require
locomotion for scarching
for food or for reproducing.

8)  The culicle of tapeworm is These Awo features help
thick and it produces to protcct the worm [rom
antienzyme the action of the digest-

ive cnzymes of the host.

9) Tapeworm body is segmented The presence of both
and cach segment called  malc and female re-
proglottid, which has both productive organs,
male and female reproduction ensures {ertilization
organs. as the worm may not bc

able to find iis specific
parner, within its host
body. Thus fertilization
is not left to chance.

10) The lower scgments of the The larger number of cggs
tapeworm calied the mature which are greaily in '
progloitids, lose their excess are essential for
reproduclive organs, . ensuring continuity as
cnlarge and become [illed further development of
wilh a large number the parasile is cutside
of cggs the host body and so is

dependent on the chance of
the availability of the
secondary host, the pig.

1} Irom time to time 2-3 of Each of the maturc

the maiure progloliids
drop off from the ape:
wom and pass out of the
host body with the hosts
faccal matter

progloltids protects the

- eggs by assuming the

function of an egg sac
with lots of eggs. The
cggs are released when
the proglollid disintegrates,

(Contd.)

Study of Animal and
Relationships



Laboratory Course-I 12) ‘The mode of respiration The tapeworm has adopt
1$ anserobic ed an anaerobic mode
: of respiration as it
lives in a dark and
oxygen deficient
environment within the
host body.

27.6 PREDATION

You are aware that some animals are predatory in nawre. A lizard ealing an
insect, a cat eating a mouse are all very common examples of predadon and do
not necd any description. You will be provided here with Just one example of
predation. The example chosen by us is unusual as we have chosen a predator,
basically an insectivore which belongs to the plant world, Drosera plant (sun
dew plant). ' .

Sun dew plant

Step I— Examine the model/specimen of Drosera provided by your counsellor
and draw a diagram of it.

Step II—Compare the diagram with Fig, 27.12.

Fig. 27.12 : Predatory Insectivorous plant—Drosera (Sun Dew) Plant

Step III—Where do you think are the insects trapped?

Step IV—Examine the leaf of Drosera. Observe how it is stalked and its
lamina is rolled or folded to form a globular or flai, surface, bearing numerous
tentacles which move when touched by insects. These tentacles also secrele g
viscid, sticky fluid which appears as shining droplets and is allractive 1o the
insects. When the inscct alights on a leaf, the rcntacles trap it by bending aver
its body. The sticky fluid further prevents the escape of the insccts.
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EXPERIMENT 28 STUDY OF FAUNAL
COMPOSITION OF
CHOSEN HABITATS

Siructure
28.1 Iniroduction
Objectives
28.2 Materials required
28.3 Broad out line of habitats of animals

28.4 Aquatic habital
28.5 Fresh water habitat—Carp. Fish.
28.6 Deep sca habitat—Angler Fish
28,7 Intertidal zone—Acorn Bamacle and Sand Mole Crab
" Rocky shore habilat—Acorn Bamacle
Sandy shore habita—Sand Mole Crab
28.8 Terrestrial habital—Deseit—IHomed Toad

28.1 INTRODUCTION

You already know that a paricular environment where an organism lives is
called its habitat. The fauna and flora within the habilat form a community. The
ccosystem is [ormed by Lhe habitat and the community and the dynamic
interactions berween them. Ecological studics show that ecosystems are dynamic
and changing. The change may be seasonal or over a long period of years.
Further more, most species show a remarkable degree of adaplations in order 10
live successfully in a particular cnvironment.

In the present laboratory excrcise, we have chosen specific examples of animals
which show considerable adaptations to their habitat.

Ilabitat Examples

Aquatic:

Fresh water Carp (Labeo rohita)
Marine

Decep sca (benthic) - Angler fish (Lophius)

Intertidal zone

1) Rocky shorc — Acorn bamacle (Balanus)
1) Sandy shore — Mole sand crab (Hippa)
Terrestrial:

IDcscn — Homed toad (Phyrnosoma)
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b} Sublittoral zone.
¢) ° Decep sca zone.
4. Water below the pelagic
zone and without
sunlight,
a)  Mesopelagic zone
b}  Bathypelagic zonc.
¢}  Abyssalpelagic zone
d)  Hadalpelgic zone
II Fresh Water Average Salinity
<5 ppt

Lentic (eg. ponds, lakes) (Fig. 28.3)

Forms the basin of the ocean
whose depth is upto 200 meters.

It forms the basin of the ocean
which is below the depth of
sunlight penetration (i.e. below
200 meters).

Fo'rms the warer zone below 200
meters of depth where light is
unable to penetrate.

Uppermost zone of water of the
aphotic area extending from 200
melers to about 700 or 1000
meters below,

Extending from below the
mesoplagic zone upto a depth of
2000 to 4000 meters.

Below the bathypelagic zone
extending upto 6000 melters.

The water in the deep sea
trenches between 6000 to 10,000
meters,

—

Water Surface

Mud Ooze 2
(Anazrobic)

Fig. 28.3: The varlous hablitats in deep pond or lake

Littoral zone

Limnetic zone

Profundal zone

Extending from the edge of water
upto a depth of 6 meters,

The lighted zone extending beyond
the littoral zone.

Deep water zone where light is
absent,
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27.4 COMMENSALISM ' Relatfonshlps

Commensalism is a relationship in which one of the partners in the association
benefits; mainly in terms of transporation or shelter and the other is neither
beneliled nor harmed. Under commensalism we shall look into two examples.

1) The protozoan Entameoba gingivalis found in the mouth of humans,

2) Sucker fish (Echeneis) which often attaches to bigger fishes such as sharks
and get transporied.

1) Entameoba gingivalis
It is a permanent endo commensal occurring in the gum pockets of humans
where it gains shelter and food. This organism is found usually in those
pcople who have gum disease although the disease as such is not caused by
them but by baeteria.

Step [—0Obtain a slide of E. gingivalis and examine it under the low power
objcclive of the microscope, with rather weak iluminadon. Can you observe the
nucleus and food vacules. (Fig, 27.4).

pseudopodium

food vacuoles

nucleus

cyloplasm

Flg. 274 : E. gingivalis

Step II—Prepare a iemporary slide of E. gingivalis. In order to prepare a slide,
place a drop of 0.9% Nacl solulion on a glass slide. Gently insert a tooth pick
inlo your gum pocket, at the base of your tecth and remove some material.
Transfer this maierial onto the saline drop. Cover with a coverslip and examine
under the microscope. Look for rather large cells which are mobile and have
pscudopodia. How different do the E. gingivalis protozoans-look in the
permanent and temporary slides?

2  Sucker Fish (Echeneis) :
Sucker fish, an cclocommensal attaches itself to larger fishes, mostly sharks,
by means of a sucker present on its dorsal side. This attachment provides
{ree transport Lo the sucker fish to different places. (Fig. 27.5).

Step I—Examine the specimen of sucker fish wilth the help of Fig. 27.6. Note
the location of the sucker, which is a modified dorsal fish.

__.__m\\\\\\\\\\\\\

Sucker Minh

Fig. 27.5: Shark fish with sucker fish und pllot fish . . 195
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Step 1I—Observe the sucking disk of the sucker. Describe the sucker and make
a neal diagram and compare it with Fig. 27.6.

Sucker {modified dorsal int

IIIII.I
e Cp——

D A
L ]

Sucker (ish

Fig. 27.6 : Diagram of the sucking disk of sucker fish

27.5 PARASITISM

Parasitism as defined earlier, is an association between two organisms in whict
one benefits at the expense of the other, In this association the parasite may
live either on the surface (ectoparasite) or within the body of the host (endo
parasitc). The parasite obtains ils food as well as the shelter from the host.
There have been many instances of host parasitic relationships. In every such
relationship the parasite has evolved adequalte adaptations depending on the hos
The site of parasitisaton, and the type of food it feeds. We shall Iook into

examples of parasiLis_m.'

1) Plant Parasite

Dodder plant (Cuscuta) parasitic on plants

2) Animal parasites |

i) Human head louse (Pediculus humanus) parasitic on human head.

it) Tape'woml (Taenia solium) found in the small intestine of humans.

1) | Plant parasite

Dodder plant is parasitic on another plant, as you can sce in Fig. 27.7 and 27.8
Dodder plani

(cuscuta sp)

siem parasite
cluater of Mowers

hest

Flp. 27.7 : Dodder plant



Lotic (example rivers—
and spring)

1. Flowing zone.

2. Rapid Rillle zone.

Sludy of TFaunal Composlilon
of Chosen Habitals

Water depth variable shallow
near the shore and may be
extremely decp in the middle.

Shallow water zone, walcr
flows rapidly.

3. Pools. The quiet unflowing parts of
the river.
Table 28.2: Terresirial Habitats (Fig. 28.4)
Biome Soil Vegelation Average Average
Yearly Yearly
Temperature  Precipifation
Range
" Polar * Sparse, very Mosscs, lichiens, —-40°C—4°C < 10 cm
low in nurricnts, small flowering
frozen much plants along coast
of ycar
Tund Thin, moist Wosses, lichens, -26°CH4~C < 25 cm
topsoil over dwarl woody plants
permafrost;
nulrient-poor;
slightly acidic
Conife.c ¢ Low in nutients  Necdle-Ieafed -10°C-14°C 35-75 em
forest highly acidic evergreen Lrees
Deci.liou Moisl, moderate, Broad-lealed 6°C-28°C 75-125 cm
" forest nufricnt levels deciduous Lrees
and shrubs
Grasslan.i Very rich in Dense, 1all grasses  0°C-23°C 25-75 cm
nulricnts, dcep in moist arcas;
layer of topsoil short clumped
grasscs in drier
arcas
Desert ry, sandy, Succulenl planls; 24°C-34°C < 25 cm
" ugicnt-poor scattered grasses
and sagebrush
Tropica. ‘I 1tn, moislt, Broad lcal eversreel. 25°C- 27°C 200-400 cm
rain forc ow in nulricnls trees and shrubs
Temper. M ist, nulrient- Giant needle-lcalfcd  10°C-20°C 200-400
drain r: h, highty CVCrgreen 1rees
{orcsi A ic
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Flg. 28.4 : Terrestrlal Habltats

. Among various ecosystems that have been listed, we shall confine ourselves as

we stated before to the study of a few specific habitats and a few chosen
animals adapted (o them. Let us start with specific animial *fish’ adapted to the
aquaric medium.

28.4 AQUATIC HABITAT

All types of water ecosystems whether marine or fresh water have a unifying
characteristic namely the water medium. Aquatic animals thus have developed
cartain adaptations to live successfully in this medium.

Let us consider fish as an animal ideally adapted to an aquatic medium. Fishes
whether marine or fresh water have o adapt to living in water and ‘'so have a
numbers of common adaplations. We have chosen fish as it is a primary
aqualic animal found both in fresh and salt waters, whose ancestors are
believed to be always aquatic. For this purpose we have chosen a typical fish
namely i) Carp (Labeo rohita) occurring in fresh water and ii) a highly
modificd fish Lophius angler fish occurring in the deep waters of the ocean
whose adaptations enable it to live successfully,

You should keep in mind that the adaptations of Labeo rohita considered here
are fairly representative for both fresh and marine water fishes.

28.5 FRESH WATER HABITATS—CARP

Examine the Labeo rohita and compare its features with Fig. 28.5
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Fig. 28.5: Carp (Labeo rohita)

1. . Labeo rohito is a bony fish and is commonly known as carp in English and
Rohu in Hindi. It is about 1 meter in length and weighs 4 kg.

2. Note the shape of the body. It appears spindle shaped, with compressed
head and subconical snout. What possible reason can you attribute 1o the
shape?

The shape is ideal for-offering minimum resistence to waler while
swimming.

3. Observe the body of Labeo. It is covered with large overlapping cycloid
scales. In some fishes including this you may observe a thin layer of
mucous covering the body. Both these features, further help to reduce
friction in water, so that swimming is easier for the fish.

4. In the fish you will see that limbs are absent, instead it has fins. Note the
shape, number and position of the fins in the Labeo. You will observe—two
paired pectoral fins, two paired pelvic fins; and one or two median—dorsal,
ventral and caudal (tail)—fins. The pectoral, pelvic and anal dorso-ventral
fins act primarily as balancers, which push the fish. The pectoral and pelvic
fins control stabilty and help in steering. These fins are thus concemed
mainly with causing the fish 10 move up and down, The median fins
(dorso-ventral) control rolling in fishes. Sce Fig. 28.6.

5. 'The tail is the major locomotory organ, for propelling the fish forward. Its
lashing movement is possible due to the flexible nature of the vertebral
column. Individual vertebrae of the column are joined with one another by
suifficiently elastic ligaments which allow some movement to the spine as a
whole. In some fish the skeleton is of cartilage and so is much softer and
more flexible, thus allowing more movement. The movemcent involved can
be seen in Fig. 28.6. The two sideways thrusts being cqual cancel one
another so that the final result is a forward not sideways movement of the
animal under water.
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Roll —
conlrolled by
the medinn finy

a—Forward thrust
b—Sideways thrust
c—Reaction of water
d—Movement of wil

Yaw —
controlled by
the mediazn fins

Flg. 28.6 : The forces which cause swimming movements of the fish

6. The movement of the fish is also helped by the alternate contraction and
relaxation of the longitudinally arranged muscle blocks, present in the
opposite side of the back bone. Fig. 28.7.

Connective tissue

Scales 'l';“"lﬂ" < “,
oy

X R

Front'of fish ::;,::: ‘1 ‘:%‘?g ;?f::
) y 4';,1.‘.:',}‘.

:.':'3&'1&1'\‘:\ ;A‘!\Lf‘l{- i

Muscle-block or myotome

Flg. 28.7 { Arrangement of blocks of muscle down the back of a fish. Part of the skih
has been removed to expose the muscles.

7. You are also aware that for respiring on land, you need lungs. The fishes
however live in water and can not use lungs for respiring. Instead they have

developed gills which allow them to exchange respiratory gases in water.
(Fig. 28.8) .
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Fl-g. 23.8: Glils of a bony fish. The operculum has been cut away to show the gllls which lle
- below It. GII filaments are divided and subdlvided to provide & large surface area for
absorption or oxygen in respiration

8. Note the operculum in the Labeo. If possible lift the operculum up. You
can see that the operculum is large and hangs on either side enclosing the
gill and brachia chamber. The gills you will see are richly supplied -with
blood vessels for facilitating the gas exchange, '

9. The Labeo including other bony fishes also have a long air filled sac—the
swim or air bladder. This makes the animal bouyant, so that it does not
sink when it stops swimming. Cartiligionous fishes on the other hand lack
this blader and so sink if they stop swimming. At different depths, the air
pressure in the swim bladder is regulated by the fish.

10. Observe a lateral line on both side of the body in the lateral region. These
are sensory in nature and have a number of neuromast organs. These act as
theoreceptors and help in echolocating objects in water.

11. Other sense organs are well developed. The sense of smell is particularly
acute. The eyes are well developed too, though not as sharp as the sense of
smell, The external ears are absent. The intemnal ear is present and is
functional.

12. Salt and fresh water bony fish have opposite problems with maintaining
the salt balance in their bodies. Salt water has a higher concentration of
salts than found in blood. Thus salt water bony fish tend to lose water from
their cells by osmosis. Scales which are impenmeable to water help prevent
the loss of water from gills of -salt water fish and actively transport salt out
of the body. Their kidncys cxcrete only small quantties of highly
concentrated urine. This helps them conserve water in bodies. Fresh water
fish have an opposite problem. Tl.ey tend to absorty water from their
surroundings by osmosis. The scales of fresh water fish, therefore, keep
water out of the body. Further the gills of these fishes_ actively transport
what liule salt is available in the surrounding water into the body. Kidney
also helps by excreting large quantities of water. Only a few bony fish like
salmon can go from salt 10 fresh water. The gills and kidneys of these
fishes are so adapted that they can reverse their water and salt transport
functions.

SAQ1

Wha. do you think would be the main problem faced by a fresh water fish
-, if it is moved to the sea,
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28.6 DEEP SEA HABITATS—ANGLER FISH

You know the basic adaptaﬁons of fishes. However, fishes of various

- ecosystems and zones do show other specific adapiations. Let us consider the
adaptations of deep sea fishes with the help of angler fish as an example.

1. Tt is a marine benthic fish of the deep sea.

2. Consider the body of the fish. It appears depreséed and dorsove ventrally

flattened, due to the cxireme pressure of water from above. Fig. 28.9.

You will observe the head and anterior part of the body are very large and
without scales. The mouth is large with strong recutved teeth so that no
prey big or small can escape it, in the poor nutrient zone, in which it lives.
Ofien it swallows a prey much larger than iiself. The large mouth or its
wide opening is possible due to the manner in which the mouth and skutl
arc hinged.

©  Spines .
Seeond Dorsal Fin /\ First Dorsal Fin 111U
x "" , : ny S R

---------

Pectoral Fin

Eye

. Nostril

Flg. 28.9 : Angler Nsh (Lophius)

Observe the eyes which are large and lateral so that the fish can get help
from very small amount of light available in their dark habitat,

Gill opening you will sce is prolected by being located in the lower arch of
the pectoral fin, :

In Angler fishes, a bait for living prey is present. This bait is formed by the
modification of the first dorsal fin. It appears like a Iong rod like structure
bearing a fleshy mass or bait at its tip called illicium. This bait lures preys
like worms and small fishes. When the prey comes near the bait, the angler
fish attacks it fercoiondy and cats it. In some angler fishes the bait is made
more attractive by being luminescent.

The pecteral and caudal fins are absent as the waters are calm and mobility
is limiled due to extreme pressure and darkness.



8. Finding mates in the dark environment is dilficull. To over come the Study of Faunal Composilion
difficu y of (inding mates for cnsuring reproduction the Angler fishes of Chosen Habitats
have camparatively smaller males actually attached ectoparasitically,
permanendy 1o the large female. Fig, 28.10.

Flg. 28.10 : Large remale-angler fish with attachied small parastic male

SAQ 2
. .f
Draw diagrams of both carp and angler fish and write down the
differences and similarities between them in your record file.

28.7 INTERTIDAL ZONE—ACORN BARNACLE AND
SAND MOLE CRAB

The sea shore both rocky and sandy lies between high and low tide marks and
as you can expect the main dominating habitat factor here is the_alternating
exposure o air and flooding by sea water to which organism are subjected.
The other changing physical conditions here are variations in temperature,
periodic drying and wetting, frequent flooding with salt or fresh water
resulting in fluctuations in pH, buffeting action waves etc. Such conditions
would Jead us to believe that organisms here would be few. However, it is not
so and animals are particularly well represented by several species. Some of
them show remarkable adaptations to life in the intertidal zone.

Most animals of this intertidal zone are baéically marine in origin so they have
to acquire adaptations which help them to minimize or avoid stress caused by
daily exposure to air and sunlight and the force of the tidal waves.

You can study the adaptations in two animals belonging to the class crustacea
of the phylum arthropod in sandy and rocky shores namely:

1) Acom bammacle (Balanus) rocky shores.
ii) Sandy mole crab (Hippa) of sandy shores.

Both these animals are very different and very well adapted to their particular
environment. 213



Laboratory Course.I 28.7.1 Rocky Shore Habitat—Acorn Barnacle

Acom bamacle is a sessile animal found attached in great numbers to the rocky
shore or to the mollusc she]ls in between tide marks in the shallow waters.

-(Fig. 28.11).
Qpercular plates . Appendages (modified
which form & 'lid" legs) which wait food
which is shut at into the mouth at
low tide : high tide when the

bamacle is covered
with sta-waler
Outer shell
Body of
bamacle
Muscle

Remains of Muscle which pulls
antennae the operculum
or 'lid* shut

lFlg. 28,11 : Vertical section of Acorn barnacle, The free swimming larva attaches jtself to a !
rough surface by Its head. The hard shell is secreted round the larva and forms the familar
object, often seen in 2 mass on the seaskde posts and rocks withstanding the roughest seas

The acom bamacle’s main adaptive features as you can observe are:

1. It is sessile and is strongly attached to the rocky substratum. This way it
avoids being swept off by the tidal waves.

2. The acom bamacle as shown in Fig. 28.12 consists of a manile which
surrounds the body of the animal. This mantle is covered by a hard shell
in the adult. This shell has six calcareous plates, an unpaired carina, an
unpaired rostrum and two pairs of carino-lateral plates. Edges of the plates
overlap and fit together forming a cylinder. Oniter surface of each plate
show three divisions-a central portion and two wings.

Carina
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Carinolateral plate
Fig. 28.12 : External latera) view of acora barnacie
What do you think is the function of the shell? It helps to protect the soft

body of the animal from the force of the tidal waves, from predators and



Examine the opening of the shell and mantle you will sce a four fold lid
consisting of two scuta and two terga, When the tide is out, the mantle
plates close for protection as wgll as to prevent dessication by evapororation
of its body water. '

You will see that the animal has six pairs of delicate fringed legs which are
contained within the shell when the tide is out. However, in the water,
these legs arc protruded through the opening to collect and propel food to
the mouth.

The Acom bamacle has a method also of maintaining its body heat. It loses

water when it becomes warm to cool itself, as it has developed a strategy
which prevents cxcessive dessication due 10 waler loss. It does so by
keeping an extra supply of water within its mantle cavily which
compensates for the water loss.

The animal being sessile, is unable 10 aclively seck its mate. Thus in order

to ensure reproduction, the bamacles have adapled two strategies i) Either
the male and {emale live in permancnt association or ii) the animals may be
hemaphrodites.

. ‘The life cycle of ll'us animal has also a [ree swimming nauplius larvae. The-
mobility allows the larvae to get themselves distribuited along the habitat
and thus avoid crowding,

28.7.2 Sandy Shore Habitat—Sand Mole Crab

The animals of the sandy shore can not find a firm foothold as their substratum
keeps shifting with the aclion of the tidal waves. Due to this most of the
animals hcre are of the burrowing type. The adaptations of sand mole crab
(Hippa) are as follows:

The Hippa or sand mole crab as the name suggests burrows into the sand.
It has the ability 10 burrow very swiflly into the sand, Keeping its mouth
parts above, 10 filtcr food from the water. Fig. 28.13.

Fig. 28.13 : Sand mole crab avolds predatcrs, tidsl wave actlon and desslcation by
burrowing Into the sand

It has also developed a strategy which prevents the clogging of its
respiratory surfaces due to suspended sand. Its anlennae are held together in.
such 2 manner as 1o form a tube to the surface, through which only water
cnters into the branchial chamber. The sana particles are prevented from
entering as wcll, since the antennac are densely clothed with closely spaced

Study of Faunal Compaosition
of Chosen Habltuts
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3.

Observe the body of the sand mole crab. It is reduced and elyptical (oval)
and is provided with wings which cover the legs also on the under surface.
Fig. 28.14. For most of the other adaptations as well you can take the help
of Fig. 28.4, ' '

Antennule
Rostrum
Anlenna I
C;u'np ace

Thoracic

Appendages

"Telson

Plzapod

Abd

Flg. 28.14 : The dorsal and ventral view of sand mole crab (Hippa)

4. The head you can see has a pair of statked compound eyes, a pair of short
aniennules, a pair of long hairy antennane and reduced rostrum, The third
maxillipides are broad. : '

5. The thorax you will observe has 7 pairs of appendages of which the first
two are parnally chelate.

6. The rest of the appendages are uscd for digging.

7. You wil observe a gill attached 1o each thoracic leg (appendage).

8. The last one or two pairs of the appendages are usually smaller and aré
often concealed by carapace.

9. Abdomen you will observe is more or less reduced, often soft, and bent
upon itself. The abdominal pleura is small,

10. The first three abdominal appendages called pledpods bear swimming
appendags.and produce waier currents (o bathe the gills. The last three .
called vropods are posteriarly directed and arc used for swift directed,
'darting movement.

11. The animal’s ability to burrow quickly in the sand helps it ‘evide the force
of the tidal waves, predators and dessication.

SAQ 3

You have cxamined both the Acom bamacle and sand-mole crab. Both
belong 10 subphylum crustacea. Note similaritics in these animals in the
lable given below and check your answers wilh your counsellor.



" Crustacea Body segments  Appendages, Respiration Study of Faunal Compositlon

2 2 pairs antennae, By gills
variable number
of walking legs.

Acorn barnacle

Sand mole crab.

28.8 TERRESTRIAL HABITAT—DESERT—HORNED
TOAD

A 1ook at Table 28.2—Terrestrial Habitals would indicate 1o you that the
unfavourable conditions existing in the deserts which are arid zones would
make it impossible for life to exist. This is not so however. Surprisingly a large
number of animals thrive here. Most of these animals are drought evaders or
resisters and are particularly adapted to these drastic conditions. Most of the.
adaptations of the animals are mainly associated with the conservaton of water,
protecticn against extreme heat and cold and obtaining food. The adaptation
strategics vary in different animals.

We have choosen the homed toad (Phyrnosoma), for studying its adaptations to
the harsh desert environment. Phyrnosoma (Fig. 28.15). Fig. 28.15 wilt help you in
studying most of the adaptative features of the Phyrnosoma. So consult it as much
as possible. .

Exiernal Ear
Opening

Eye -

Tail

Nastril

Hindlimb

Forelimb Trl-l nk

Flgr. 28.15 : The horned load Phyrnosoma. Its body has a thick spine covered
hide 1o protect it from lis enemies and to avoid Joss of water

1. Itis commonly called Homed toad, though in realily it is a reptile.

2. Examine the body of ihis reptile. It has a wedge shaped head bearing
enlarged horn like scales. Its under surface has ke<led scales.

of Chosen Habitats
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- 3. Is hide you will notice, is with protective armour. This helps to protect it

from the hot sun and ils encmies to some extent. Further the skin being
almost impermeable prevents waler loss from general body surface.

4. The dorsal surface, you will observe is yellowish grey and blends casily
with its surrounding, camouflaging it from its enemies and preys.

5. Count the spikes on the head. You will notice five spikes on each side—
one post-orbilal, three temporal and one occipital.

6. You will see that the sides of the lower jaw project in the shape of
prominent ledges and are protected by a series of small spincs.

7. Tongue is fleshy, non protrusible. Eyclids are complete. Teeth are usually
homodont or pleurodent.

y
8. Nostrils are turmned upward and have valves which prevent sand from
entering the nostrils during sand storms and burrowing,

9. Tail is short and spiny as you will observe,

10. Being a reptile it is poikilothermal. Howcver, despite this it is well adjusted
for desert Life by being acclimatized to high temperatures. Due to this it
basks in the sun as lgng as it can. Later when it becomes too hot it moves
10 the shade,

11. 11 avoids adverse conditions of the surface by burrowing quickly with its
wedge shaped, homed head which is panticularly useful for burrowing in the
sand. It usually burrow as night approaches.

12. The Phyronosoma can live without water for long periods. Its thick, spiny
almost -impermeable hide also helps in preventing excess loss of water from
its general body surface, thus conserving its intemal moisture.

13. It feeds on small insects and ants.

-

14. It protects itself from its enemies by squinting tiny streams of blood from
lthe eye, which can go upto a distance of two feet.
15. Ears are absent.

SAQ 4

Draw a labelled diagram of homed toad.
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