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PREFACE TO THE FIRST EDITION
This is the ﬁrst edition of Lab Manual for PG Zoology Third Semester. Hope this edition will help
you during practical. This edition mainly tried to cover the whole syllabus. Some hard core
instrument based topic are not present here that will be guided by responsive teachers at the time
of practical.
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Laboratory Practice Safety Rules
1.

Use safety glass when dealing with ﬁre and chemical.

2.

Should use front cover clothes during biochemistry practical.

3.

Always use hand wash after dissection and any type of chemical use.

4.

Carefully handle needles , forceps, microscope and any other dissecting instrument.
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Entomology

ZOO 395

Methods of Collection of Insects
Techniques for collecting insects are varied. However, when collecting insects, we should
remember/ keep in mind the following:
a) The requirements for collecting aquatic insects from rivers, streams, vegetation etc, would
diﬀer from those for collecting terrestrial insects from trees, soil, debris, etc.
b) The collecting method does not only depend on the insect type or group to be collected,
but it also varies with the need of collecting live or dead insects.
c) The collecting method being chosen and the collecting supplies required also varies with
the time of the day, collection would be carried out, thus, requirements vary for collection
during the day from that at night.

Categorising the Methods of Collection:
The methods used for collecting insects may be divided into two categories – Active and
Passive. In the ﬁrst category, the collector is involved in an active search in ﬁnding out the
insects either by hand or by using the apparatus suited according to one’s needs. In the
second category, the traps of diﬀerent kinds are employed to do the work, and the collector
participates only passively.

Active Collecting Methods:
Hand Collecting
When insects are collected by hand then one should have good knowledge or proper
information as to which insects bite and which sting, and how far such attack can prove to be
poisonous. Caterpillars with spines or hairs on their bodies should be avoided because some
of these have venom associated with these structures. In case of collection by hand, the
collector should be well equipped with tools like – hatchet, knife, small garden shovel,
forceps, brush, gloves hand-lens, pocket knife, etc.
Hand collecting is useful for large but sedentary or slow-moving insects. Insects found in
places such as under logs or rocks/ stones or loose bark or in buildings, in crevices or
beddings or timber, or in dung, or in diﬀerent parts of the plants or in any other location
where using any larger equipment is not possible, must be collected by hand.

Aspirators
Aspirators also known as ‘pooters’ are eﬀectively used to capture small insect specimens in a
convenient way. Insects that rarely ﬂy might a lso be easily collected using this device. It
consists of a glass or Perspex (plastic) or celluloid vial/ jar/ bottle or test tube as required, of
the desired diameter and length, ﬁtted or sealed with a cover; two pieces of rigid tubing of
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either glass of metal or plastic, one short and the other long ; a cover, provided with two holes
in which the tubing will ﬁt properly, and a piece of ﬂexible tubing of either rubber or plastic,
with a diameter just large enough to ﬁt tightly over one end of shorter piece of the rigid
tubing.

Beating
Wingless and/ or non-ﬂying ad slow-moving insects can be easily collected using a beating
sheet/ tray. Well camouﬂaged or hidden species of insects resting/ securely perched on
bushes/ shrubs/ trees, thus, those diﬃcult to be easily spotted, might be conveniently
collected through this technique.

Sifters
Sifters are used for collecting concentrated quantities of litter and soil, containing many
insect species. Sifters might be of diﬀerent kinds. One kind has two hoops of heavy metal,
each with a handle.

Separators and Extractors
A modiﬁcation of the sifter is a separator. These devices usually depend on some physical aid
such as light, heat, or dryness to impel the insects to leave the foreign matter. The simplest of
such devices is the sweeping separator.

Soil Washing/ Floatation Samplers
To collect the insects in arid/ deep/ mineral soils with high clay content, this is an eﬀective
technique. Soil washing requires the ratio of water to soil to be about 4:1. This technique
provides the complete life-history data of the insects collected.

Vacuum Sampling
Widely used power suction samples include “D-vac” and “McCoy Insect Collector”, are used
to collect insects through vacuum sampling.

Pupa Digging
This method requires a trowel, for digging and to lift the material containing the specimens.
The insects are ultimately sorted out on a water proof white sheet.

Nets
The net is a very handy tool and considered a much valuable equipment for collecting insects,
of the three commonly available insect nets, i.e., aerial of butterﬂy net, sweeping net and the
aquatic net.
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Type of Nets:
Aerial/ Butterﬂy Net:
It is designed to collect speciﬁc groups of insects, namely – dragonﬂies, butterﬂies, moths,
bees, wasps, ﬂies, some smaller insect varieties, etc. The collecting bag is usually white in
colour.

Sweep Net/ Beating Net:
It is made up of much heavier, sturdier and a more durable material such as canvas or thick
cotton cloth or strong muslin. This net is used to collect grasshoppers, bugs, beetles and
chewing and sucking insects of varied sizes.

Passive Collecting Methods:
Traps
Anything that impedes or stops the progress of an insect is referred to as a ‘trap’. The factors
aﬀecting the performance of a trap include construction of the trap, location of the trap, time
of the year or day chosen for trapping, weather and temperature on the day of trapping, kind
of the attractant used, if any.

Funnel Trap
The trap consists of an electric light source, with a funnel at the bottom directed either into a
killing jar or a dark box, positioned below the funnel, to prevent the escape of any insects.

Pan Trap/ Yellow-Pan Trap/ Moericke Trap:
In this trap, small, shallow pans, mostly yellow in colour ﬁlled with a liquid (water mixed
with a surfactant), is used to trap insects.

Coloured object/ Sticky Trap:
In this type of trap a piece of tape, simple plastic disposable drinking cups, a cylinder, board,
cards, a pane of glass, a piece of wire net is required.The object is usually painted yellow,
attracting diverse groups of insects, and coated with a sticky substance such as ‘Flytac’,
Tangle foot etc.

Yellow Sticky Strip:
Usually 11.5 inches X 6 inches, thin strips made up of plastic, bright yellow in colour and
coated on both sides with a non-toxic, non-drying sticky substance. These strips are covered
on either side with a removable waxed-paper.

Pitfall Trap
Pitfall traps are another kind of trap employed by the Bombay Natural History Society, for
collecting insects. A pitfall trap consists of some type of cup or container like plastic buckets,
jam tins, glass jars, can, dish are buried into the ground in a manner that the upper rim or lip
or the top edge of the container, ﬂushes with the ground/ soil surface.
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Flight - Interception Trap (FIT)
Also known as barrier trap, this trap is used to collect small, weak ﬂying species of insects;
those ﬂy upwards or fall downwards on being intercepted by a barrier into a container of
some type, which is partially ﬁlled with a suitable liquid preservative/ killing agent.

Suction and Rotary Trap
These traps either pump a volume of air through a ﬁlter (Johnson, 1950) or use a
mechanically rotated net, to obtain aerial insect fauna. Suction traps collect small slowmoving, fragile, winged insect specimens.

Electrical Grid Trap
In this kind of trap, insects are attracted to pheromone or any other kind of attractant which is
placed in a chamber, and protected by a strongly charged electrical grid, hence, trapped.

Light
The fact that insects are attracted to light from any source is used to trap insects, especially
those which are nocturnal in habit. Torch lights and lanterns are use to catch nocturnal beetles
and moths.

Collecting Aquatic Insects:
When collecting aquatic insects, a general observation is that a sunny day, with the outside
temperatures on the higher side, provides the collector with good results as both adults and
the immature stages of aquatic insects get trapped. Diﬀerent collecting equipment include –

NET:
To collect insects many kinds of net might be used depending on the portion of
the aquatic habitat the collector wishes to scoop. Water nets must be sturdy in
nature, but the rims should be of diameter smaller than those used for collecting
aerial or terrestrial insects.
Under-water Light Trap:
A light trap is used in under water expeditions to capture the water bugs, the water beetles
and the aquatic stages (nymphs and larvae) of the may ﬂies, dragon ﬂies and various other
ﬂies (Diptera).

KILLING AGENTS
Killing jars: used for terrestrial insects. Consist of a glass jar with a thin layer of plasterofParis in the bottom. The plaster layer is saturated with ethyl acetate and the insects placed
in the jar are killed by asphyxiation.
Ethanol: aquatic and soft bodied insects may be preserved in 70% EtOH.
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Equipment and methods for preserving and mounting insects:
PINNING
Direct pinning:
Pin is inserted directly through the body of the specimen. Pins are available in sizes from 000
to 7 but generally the insect is pinned with the thickest one it will take without damage. The
specimen should be pinned through the thorax or elytra (see ﬁgures) and arranged so the
appendages are well displayed for study. Use the ﬁrst level of the pinning block to obtain the
correct level of the insect on the pin. Suﬃcient pin must be left exposed above the specimen
to allow safe handling, so large, robust insects may have to be mounted by eye, rather than on
the pinning block.

Pointing:
Insects that are too small to be pinned directly may be mounted on a point. A point is a
triangular piece of stout white paper that you can make with a point punch. A pin is inserted
through the broad end of the point and the small end is bent with forceps at a right angle. A
very small amount of glue is placed on this turned-over tip and this is then applied to the right
side of the thorax of the insect (see ﬁgures). A correctly pointed specimen has its body
horizontal when the pin is upright, with the long axis of the body at right angles to the point.

Gluing:
Small Diptera (true ﬂies) are mounted by applying a small amount of glue (clear ﬁnger nail
polish) about below the top of the pin and then touching it to the right side of the thorax of
the insect.

PRESERVATION IN LIQUID:
Most larvae and nymphs (immature insects) and some adult insects that are soft-bodied, must
be preserved in liquid rather than pinned. It is best to kill the specimen in boiling water prior
to preservation as this leaves them plump and limp and deactivates autolytic enzymes. A
number of preservatives can be used but a solution of 70% alcohol, which preserves
specimens in a supple condition, is one of the best. The specimens are stored in a stoppered
vial with the data labels enclosed.

SLIDES:
Many techniques have been developed for slide-mounting insects that are too small for
pinning. Arrange object on slide so position suitable for study and customary for objects of its
nature, that appendages or other structures are spread out and displayed. Various mounting
media, some require dehydration and clearing of the specimen before mounting.
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NOTE: VIALS AND SLIDES SHOULD NOT BE STORED IN THE
SAME BOX AS DRY SPECIMENS
SPREADING:
The wings of many insects show important taxonomic characters and should be mounted in a
manner that will allow their examination. If the wings do not spread naturally when pinned,
they must be spread manually. Spreading is done using a special board, called a spreading
board. The spreading board has a central groove for the insect’s body and a surface on either
side of the groove on which the wings are pinned. Fresh, pliable specimens must be used
(older specimens can be relaxed and then pinned). The wings are manipulated by inserting
the point of a very ﬁne pin (000 preferably) behind a main longitudinal vein. In most insects
the fore wings are pushed forward until their posterior margins are in line with each other and
at right angles to the body. Next, the hind wings are brought forward in the same manner
until the anterior margin of each is just underneath the posterior margin of the fore wing. The
wings are held in place by pins, or by strips of paper held down by pins. The abdomen and
antennae may need to be supported by pins to prevent drooping. Larger specimens should
remain on the board for 3 weeks to ensure complete drying. Spreading board (From Elzinga
2000).

Labelling collected insect specimens:
An unlabeled specimen is incomplete and unacceptable. Labels should not be larger than
6x16 mm. Labels should be written in pencil, or computer-generated. Every specimen must
have the following information on the label:
1st line – Specimen number and order
2nd line - Place of collection (country, state and county)
3rd line - Place of collection (nearest post oﬃce)
4th line - Date collected
5th line - Name of collector
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Study of the Behavioural Modiﬁcations in the Legs of Honey Bee
Systematic Position of Honey Bee:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Hymenoptera
Genus: Apis
Species: Apis cerena indica

Scientiﬁc Name:

Apis cerena indica

There are three steps of leg modiﬁcations in three pairs of legs. For various various types of
activity diﬀerent part of legs are modiﬁed in diﬀerent manner in honey bee.

Limbs

Specialization Position

Fore-limb
Middle-limb
Hind-limb

Antenna cleaner
Tibia spur
Pollen basket
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Economically Important Insects

Honey Bee:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Hymenoptera
Genus: Apis
Species: Apis cerena indica

Importance:
Honeybees are of huge economic importance, vital for the pollination of many fruit,
vegetable and seed crops. Also a wide variety of important products are made from
the honey, beeswax, pollen, royal jelly and propolis that bees produce. It is the world's
most important pollinator of food crops. It is estimated that one third of the food that we
consume each day relies on pollination mainly by bees, but also by other insects, birds and
bats.
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Leptocorisa sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Hemiptera
Genus: Leptocorisa
Species: L. acuta / L. varicornis

Importance:
Rice bugs feed by inserting their needlelike mouthparts into new leaves, tender stems and
developing grains. Excessive feeding can cause yellow spots on the leaves. This reduces
photosynthesis and, in extreme cases, can damage the vascular system of the plant. Puncture
holes also serve as points of entry for several plant pathogens, such as the fungus that causes
sheath rot disease. The most economically important damage is caused when the adults and
nymphs feed on the developing grains. Such damage causes discoloration of the grains,
which reduces market quality.

MIDNAPORE CITY COLLEGE

9

Zoology Lab Manual

Dept. of Biological Science

Scirpophaga sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Lepidoptera
Genus: Scirpophaga
Species: S. incertulus

Importance:
This moth is a major pest of paddy in India. Only the caterpillars are destructive which bores
tunnel into the stem of the paddy plant. The plants attacked in early stages produces ears
devoid of grain known as white ear.
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Hispa sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Coleoptera
Genus: Hispa
Species: H. armigera

Importance:
It is a major pest of paddy particularly in north India. Both adult and larva causes damage to
the crop.
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Apion sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Coleoptera
Genus: Apion
Species: A. corchori

Importance:
Adult female bores a hole in the jute stem generally in the apical region and particularly at
the base of the petioles for oviposition, thus, adversely aﬀects the development of ﬁbres.
Hatched out larvae feeds on surrounding tissue causing extensive damage to the ﬁbre crop.
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Sitophilus sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Coleoptera
Genus: Sitophilus
Species: S. oryzae

Importance:
This beetle causes heavy damage to rice, wheat, and sorghum particularly in monsoon. This
pest of stored grain also attacks oats, barley and cotton seeds. These weevils destroy more
than they feed on.
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Bombyx sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Lepidoptera
Genus: Bombyx
Species: B. mori

Importance:
The secretion of silk gland after coming into contact of air, harden to produce shiny silken
thread to be used for formation of cocoon. This thread called as silk is a natural ﬁbre and is of
immense importance. Silk is used for:
- For making expensive garments,
- For certain industrial and electrical items.
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Lac Insect:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Hemiptera
Genus: Tachardia
Species: T. Lacca

Importance:
Lac insect produces lac which is of commercial importance in both dosmestic as well as
industrial sectors. It is used for the manufacture of :
-Varnishes and polishes
-Lithographic ink
-Sealing wax
-Electric insulation material
-Photographic materials
-Toys
-Jewellery items
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Anopheles sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Diptera
Genus: Anopheles
Species: Anopheles sp.

Importance:
It acts as a vector of human malarial parasite belonging to the genus Plasmodium. Only
female acts as a vector. In West Bengal, Anopheles stepheni has become major anopheline
species responsible for transmission of malaria.
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Culex sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Diptera
Genus: Culex
Species: Culex sp.

Importance:
Female Culex mosquito acts a vector of ﬁlarial worm, the microﬁlariae is transferred to
human during blood meal.
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Aedes sp.:
Systematic Position:
Phylum: Arthropoda
Subphylum: Mandibulata
Class: Insecta
Subclass: Pterygota
Order: Diptera
Genus: Aedes
Species: Aedes sp.

Importance:
Female Aedes can harbor viruses of diseases like dengue and Chicken guinea and thereby
spreads the disease.
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Cocoon :
A cocoon is a casing spun of silk by many moths and caterpillars,[16] and numerous
other holometabolous insect larvae as a protective covering for the pupa.
Cocoons may be tough or soft, opaque or translucent, solid or meshlike, of various colors, or
composed of multiple layers, depending on the type of insect larva producing it. Many moth
caterpillars shed the larval hairs (setae) and incorporate them into the cocoon; if these
are urticating hairs then the cocoon is also irritating to the touch. Some larvae attach small
twigs, fecal pellets or pieces of vegetation to the outside of their cocoon in an attempt to
disguise it from predators. Others spin their cocoon in a concealed location—on the underside
of a leaf, in a crevice, down near the base of a tree trunk, suspended from a twig or concealed
in the leaf litter.[17]
The silk in the cocoon of the silk moth can be unraveled to harvest silk ﬁbre which makes
this moth the most economically important of all lepidopterans. The silk moth is the only
completely domesticated lepidopteran and does not exist in the wild.
Insects that pupate in a cocoon must escape from it, and they do this either by the pupa
cutting its way out, or by secreting enzymes, sometimes called cocoonase, that soften the
cocoon. Some cocoons are constructed with built-in lines of weakness along which they will
tear easily from inside, or with exit holes that only allow a one-way passage out; such
features facilitate the escape of the adult insect after it emerges from the pupal skin.
The cocoon is made of a thread of raw silk from 300 to about 900 m (1,000 to 3,000 ft) long.
The ﬁbers are very ﬁne and lustrous, about 10 µm (0.0004 in) in diameter. About 2,000 to
3,000 cocoons are required to make one pound of silk (0.4 kg). At least 70 million pounds of
raw silk are produced each year, requiring nearly 10 billion cocoons.[9
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Leaf Gall :
Galls (from Latin galla, 'oak-apple') or cecidia (from Greek kēkidion, anything gushing out)
are a kind of swelling growth on the external tissues of plants, fungi, or animals. Plant galls
are abnormal outgrowths of plant tissues, similar to benign tumors or warts in animals. They
can
be
caused
by
various parasites,
from viruses, fungi and bacteria,
to
other plants, insects and mites. Plant galls are often highly organized structures so that the
cause of the gall can often be determined without the actual agent being identiﬁed. This
applies particularly to some insect and mite plant galls. The study of plant galls is known as
cecidology.In human pathology, a gall is a raised sore on the skin, usually caused by chaﬁng
or rubbing.
Insect galls are the highly distinctive plant structures formed by some herbivorous insects as
their own microhabitats. They are plant tissue which is controlled by the insect. Galls act as
both the habitat and food source for the maker of the gall. The interior of a gall can contain
edible nutritious starch and other tissues. Some galls act as "physiologic sinks", concentrating
resources in the gall from the surrounding plant parts. Galls may also provide the insect with
physical protection from predators.
Insect galls are usually induced by chemicals injected by the larvae of the insects into the
plants, and possibly mechanical damage. After the galls are formed, the larvae develop inside
until fully grown, when they leave. In order to form galls, the insects must take advantage of
the time when plant cell division occurs quickly: the growing season, usually spring in
temperate climates, but which is extended in the tropics.
The meristems, where plant cell division occurs, are the usual sites of galls, though insect
galls can be found on other parts of the plant, such as the leaves, stalks, branches, buds, roots,
and even ﬂowers and fruits. Gall-inducing insects are usually species-speciﬁc and sometimes
tissue-speciﬁc on the plants they gall.
Galls are rich in resins and tannic acid and have been used in the manufacture of permanent
inks (such as iron gall ink) and astringent ointments, in dyeing, and in tanning. A high-quality
ink has long been made from the Aleppo gall, found on oaks in the Middle East.
The Talmud records using gallnuts as part of the tanning process as well as a dye-base for
ink.
The larvae in galls are useful for a survival food and ﬁshing bait; see the Indigenous
Australian foods Bush coconut and Mulga apple. Nutgalls also produce purpurogallin.
The gall of Rhuschinensis, Gallachinensi, has long been considered to possess many
medicinal properties.
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Sting apparatus of Honey bee.

A bee sting is a wound caused by the stinger from a bee (honey bee, bumblebee, sweat bee,
etc.) being injected into one's ﬂesh. The stings of most of these species can be quite painful,
and are therefore keenly avoided by many people.
Bee stings diﬀer from insect bites, and the venom or toxin of stinging insects is quite
diﬀerent. Therefore, the body's reaction to a bee sting may diﬀer signiﬁcantly from one
species to another. In particular, bee stings are acidic, whereas wasp stings are alkaline, so the
body's reaction to a bee sting may be very diﬀerent from its reaction to a wasp sting. [1]
The most aggressive stinging insects are vespid wasps (including bald-faced hornets and
other yellowjackets) and hornets (especially the Asian giant hornet).[2] All of these insects
aggressively defend their nests.
Although for most people a bee sting is painful but otherwise relatively harmless, in people
with insect sting allergy, stings may trigger a dangerous anaphylactic reaction that is
potentially deadly. Additionally, honey bee stings release pheromones that prompt other
nearby bees to attack.
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Coupling device of Honey bee
These structures are located near the proximal end of the anterior margin of each hindwing
and which couple it to a fold in the forewing to form a single, functional aerofoil during
ﬂight.
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Dose Response Curve
Dose-Response Curve:
The dose–response relationship, or exposure–response relationship, describes the magnitude
of the response of an organism, as a function of exposure (or doses) to a stimulus or stressor
(usually a chemical) after a certain exposure time. Dose–response relationships can be
described by dose–response curves. This is explained further in the following sections. A
stimulus response function or stimulus response curve is deﬁned more broadly as the
response from any type of stimulus, not limited to chemicals.

Importance:
Studying dose response, and developing dose–response models, is central to determining
"safe", "hazardous" and (where relevant) beneﬁcial levels and dosages for drugs, pollutants,
foods, and other substances to which humans or other organisms are exposed. Dose response
relationships may be used in individuals or in populations.
In populations, dose–response relationships can describe the way groups of people or
organisms are aﬀected at diﬀerent levels of exposure.
Dose response relationships modelled by dose response curves are used extensively in
pharmacology and drug development.
In particular, the shape of a drug's dose–response curve (quantiﬁed by EC50, nH and ymax
parameters) reﬂects the biological activity and strength of the drug.

Construction of dose-response curves:
A dose–response curve is a coordinate graph relating the magnitude of a stimulus to the
response of the receptor. A number of eﬀects (or endpoints) can be studied. The measured
dose is generally plotted on the X axis and the response is plotted on the Y axis. In some
cases, it is the logarithm of the dose that is plotted on the X axis, and in such cases the curve
is typically sigmoidal, with the steepest portion in the middle. Biologically based models
using dose are preferred over the use of log(dose) because the latter can visually imply a
threshold dose when in fact there is none.
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Fig: Semi-log plots of the hypothetical response to agonist, log concentration on the x-axis,
in combination with diﬀerent antagonist concentrations. The parameters of the curves, and
how the antagonist changes them, gives useful information about the agonist's
pharmacological proﬁle. This curve is similar but distinct from that, which is generated with
the ligand-bound receptor concentration on the y-axis.
Statistical analysis of dose–response curves may be performed by regression methods such as
the probit model or logit model, or other methods such as the Spearman-Karber method.
Hill Equation:
The Hill equation is the following formula, where [E]is the magnitude of the response. [A] is
the drug concentration (or equivalently, stimulus intensity) and EC50 is the drug
concentration that produces a 50% maximal response and ‘n’ in the Hill coeﬀicient.
E/Emax= 1/1+(EC50/[A])n
The parameters of the dose response curve reﬂect measures of potency (such as EC50, IC50,
ED50, etc.) and measures of eﬃcacy (such as tissue, cell or population response).
A commonly used dose–response curve is the EC50 curve, the half maximal eﬀective
concentration, where the EC50 point is deﬁned as the inﬂection point of the curve.
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Fig: A dose response curve showing the normalised tissue response to stimulation by an
agonist. Low doses are insuﬃcient to generate a response, while high doses generate a
maximal response. The steepest point of the curve corresponds with an EC50 of 0.7 molar
Advantages:
The dose-response curves have a number of utility values such as, i. Helps in determiningtoxicity of substances.
ii. Identiﬁcation of threshold limit of toxicity.
iii. Helps in determining LD50, LC50, ED50 etc.
Disadvantages:
The concept of linear dose–response relationship, thresholds, and all-or-nothing responses
may not apply to non-linear situations. A threshold model or linear no-threshold model may
be more appropriate, depending on the circumstances.
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Calculation of LC50 Value Using Experimental Data
Introduction:
LC50 is short for "lethal concentration 50%" or "median lethal concentration". It is the
concentration of a substance (in air or water) at which half the members of a population are
killed after a speciﬁed duration of exposure. Exposure is typically through inhalation. This
value is very important in toxicology and agriculture as it gives an indication of substance
(eg. herbicide) toxicity. The LC50 is inversely proportional to toxicity. A substance with a
lower LC50 is more toxic than one which has a higher LC50.

Experiment:
Traditionally, the concentrations (x-value) are entered as mass of substance per volume of
either air or solution. The units commonly used are milligram per liter (mg/L) or parts per
million (ppm). The responses (y-value) are typically entered as percentage of population
killed (range from 0 to 100). This will yield an upward-slopping sigmoidal curve. If
percentage survival is used instead, a downward-slopping sigmoid al curve will be generated.
In this experiment, lethal concentration (LC50) values of Gamaxin on minor carp (Puntius
sarana) were investigated. In practice, experimental setup was constituted 100 ﬁsh (a total of
110 ﬁsh with 10 control ﬁsh) to be placed in ten replicates. Gamaxin was added into
aquariums at the doses of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ppm and determined
mortality times of carp exposed to these concentrations. Percentage death of ﬁsh calculated in
these concentrations.
24 hr test is the ﬁrst step and observe the group of ﬁsh exposed. So count the number of dead
and live organism, including the control group at the 24 hours after starting the test. Remove
dead organisms as soon as they are observed. Use Abbot's Formula, to find the corrected
percentage mortality of organism in each group.
Experimental Result:
Sl.
No.
1
2
3
4
5
6
7
8
9
10

Concn of
Toxicant in ppm
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

No. of Test
Organisms
10
10
10
10
10
10
10
10
10
10
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After 24 Hrs.
Alive
Dead
10
0
10
0
9
1
8
2
7
3
6
4
5
5
3
7
2
8
1
9
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After 48 Hrs.
Alive
Dead
9
1
8
2
7
3
5
5
4
6
3
7
2
8
2
8
0
10
0
10
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Comment:
The graph based on experimental result clearly shows that there are two diﬀerent LC50
values for two diﬀerent exposure times. The percentage of mortality is directly proportional
to the concentration of the toxicant as well as to the exposure time. So not only the toxicant
concentration but also the exposure time has a great impact on mortality. Lower LC50 value
indicates the higher toxicity and higher LC50 value indicates lower toxicity. The LC50 values
for 24 hrs. and 48 hrs. of exposure time are 0.7 ppm and 0.4 ppm respectively.

MATC
Introduction:
The maximum acceptable toxicant concentration (MATC) is a value that is calculated
through aquatic toxicity tests to help set water quality regulations for the protection of aquatic
life. Using the results of a partial life-cycle chronic toxicity test, the MATC is reported as the
geometric mean between the No Observed Eﬀect Concentration (NOEC) and the lowest
observed eﬀect concentration (LOEC).
The MATC is used to set regulatory standards for priority pollutants under the US federal
Clean Water Act. Regulatory guidelines give two acceptable concentrations of pollutants to
protect against eﬀects: chronic or acute. Since the MATC should only be reported in chronic
toxicity tests, there is a widely accepted method to convert the chronic MATC to a
concentration that protects against acute eﬀects.
The MATC is calculated and reported from the results of a number of standard procedures
designed by the United States Environmental Protection Agency (US EPA) and other
organizations to maintain high accuracy and precision among all toxicity tests for regulatory
purposes.

Calculations:
Chronic toxicity test:
The NOEC and LOEC are derived as a comparison from the negative control, or the
experimental group that does not contain the chemical in question. The NOEC is the highest
concentration that does not cause a statistically diﬀerent eﬀect than the negative control
through statistical hypothesis testing. Likewise, the LOEC is the lowest concentration tested
that does cause a statistically diﬀerent eﬀect than the negative control. The MATC is the
geometric mean between these two values, such that: MATC=√(NOEC)(LOEC)
The MATC is calculated to protect against chronic eﬀects on overall function or health of an
organism, not death. A partial life cycle test must be used. This type of toxicity test uses
organisms in their most sensitive life stages, usually during times of early reproduction and
growth, but not juveniles. The MATC is the highest concentration that should not cause
chronic eﬀects.
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Applying MATC to acutely toxic concentrations:
The MATC can be applied to the results of an acute toxicity test to obtain a concentration that
would protect against adverse eﬀects during an acute exposure. An LC50, or the
concentration at which 50% of the organisms die during an acute toxicity test is used to
derive a value called the acute to chronic ratio (ACR).
The MATC can be used to calculate the ACR as follows: ACR=LC50/MATC
The ACR is useful for estimating an MATC for species in which only acute toxicity data
exists.

Advantages:
NOEC and LOEC’s were used more often in the past, and there are more test results
reporting NOEC and LOEC’s than EC10’s. The time and eﬀort required to perform all of the
previous tests to derive a diﬀerent value is not seen as a good use of resources. In addition,
the use of NOEC and LOEC’s allows for reporting of one number to regulatory agencies.

Disadvantages:
There are no conﬁdence intervals to show a measure of uncertainty in a NOEC and LOEC. In
addition, the NOEC and LOEC can only be concentrations in the test, and nothing in
between. Because of these reasons, values that are derived through curve ﬁtting methods,
such as an LC50, or EC10 (the concentration that causes the measured eﬀect in 10% of
organisms) would be preferred if it was possible more often.
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Microbiology

DIFFERENTIAL STAINING TECHNIQUES
Viewing Bacterial Cells
The microscope is a very important tool in microbiology, but there are limitations when it
comes to using one to observe cells in general and bacterial cells in particular. Two of the
most important concerns are resolution and contrast. Resolution is a limitation that we can’t
do much about, since most bacterial cells are already near the resolution limit of most light
microscopes. Contrast, however, can be improved by either using a diﬀerent type of optical
system, such as phase contrast or a diﬀerential interference contrast microscope, or by
staining the cells (or the background) with a chromogenic dye that not only adds contrast, but
gives them a color as well.
There are many diﬀerent stains and staining procedures used in microbiology. Some involve
a single stain and just a few steps, while others use multiple stains and a more complicated
procedure. Before you can begin the staining procedure, the cells have to be mounted
(smeared) and ﬁxed onto a glass slide.
A bacterial smear is simply that—a small amount of culture spread in a very thin ﬁlm on the
surface of the slide. To prevent the bacteria from washing away during the staining steps, the
smear may be chemically or physically “ﬁxed” to the surface of the slide. Heat ﬁxing is an
easy and eﬃcient method, and is accomplished by passing the slide brieﬂy through the ﬂame
of a Bunsen burner, which causes the biological material to become more or less permanently
aﬃxed to the glass surface.
Heat ﬁxed smears are ready for staining. In a simple stain, dyes that are either attracted by
charge (a cationic dye such as methylene blue or crystal violet) or repelled by charge (an
anionic dye such as eosin or India ink) are added to the smear. Cationic dyes bind the
bacterial cells which can be easily observed against the bright background. Anionic dyes are
repelled by the cells, and therefore the cells are bright against the stained background. See
Figures 1 and 2 for examples of both.

Figure 1. Negative stain of Cyptococcus neoformans, an encapsulated yeast
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Figure 2. Positive stain of Staphylococcus aureus.
Probably the most important feature made obvious when you stain bacterial cells is their
cellular morphology (not to be confused with colonial morphology, which is the appearance
of bacterial colonies on an agar plate). Most heterotrophic and culturable bacteria come in a
few basic shapes: spherical cells (coccus/cocci), rod-shaped cells (bacillus/bacilli), or rodshaped cells with bends or twists (vibrios and spirilla, respectively). There is greater diversity
of shapes among Archaea and other bacteria found in ecosystems other than the human body.
Often bacteria create speciﬁc arrangements of cells, which form as a result of binary ﬁssion
by the bacteria as they reproduce. Arrangements are particularly obvious with non-motile
bacteria, because the cells tend to stay together after the ﬁssion process is complete. Both the
shape and arrangement of cells are characteristics that can be used to distinguish among
bacteria. The most commonly encountered bacterial shapes (cocci and bacilli) and their
possible arrangements are shown in Figures 3 and 4.

Figure 3. Possible bacterial cell arrangements for cocci
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Figure 4. Possible bacteria cell arrangements for bacilli

Diﬀerential Staining Techniques
In microbiology, diﬀerential staining techniques are used more often than simple stains as a
means of gathering information about bacteria. Diﬀerential staining methods, which typically
require more than one stain and several steps, are referred to as such because they permit the
diﬀerentiation of cell types or cell structures. The most important of these is the Gram stain.
Other diﬀerential staining methods include the endospore stain (to identify endosporeforming bacteria), the acid-fast stain (to discriminate Mycobacterium species from other
bacteria), a metachromatic stain to identify phosphate storage granules, and the capsule stain
(to identify encapsulated bacteria). We will be performing the Gram stain and endospore
staining procedures in lab, and view prepared slides that highlight some of the other cellular
structures present in some bacteria.
Gram Stain

Figure 5. Bacteria stained with Gram stain.
In 1884, physician Hans Christian Gram was studying the etiology (cause) of respiratory
diseases such as pneumonia. He developed a staining procedure that allowed him to identify a
bacterium in lung tissue taken from deceased patients as the etiologic agent of a fatal type of
pneumonia. Although it did little in the way of treatment for the disease, the Gram stain
method made it much easier to diagnose the cause of a person’s death at autopsy. Today we
use Gram’s staining techniques to aid in the identiﬁcation of bacteria, beginning with a
preliminary classiﬁcation into one of two groups:
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Gram positive or Gram negative.
The diﬀerential nature of the Gram stain is based on the ability of some bacterial cells to
retain a primary stain (crystal violet) by resisting a decolorization process. Gram staining
involves four steps. First cells are stained with crystal violet, followed by the addition of a
setting agent for the stain (iodine). Then alcohol is applied, which selectively removes the
stain from only the Gram-negative cells. Finally, a secondary stain, safranin, is added, which
counterstains the decolorized cells pink.
Although Gram didn’t know it at the time, the main diﬀerence between these two types of
bacterial cells is their cell walls. Gram negative cell walls have an outer membrane (also
called the envelope) that dissolves during the alcohol wash. This permits the crystal violet
dye to escape. Only the decolorized cells take up the pink dye safranin, which explains the
diﬀerence in color between the two types of cells. At the conclusion of the Gram stain
procedure, Gram positive cells appear purple, and Gram-negative cells appear pink.
When you interpret a Gram stained smear, you should also describe the morphology (shape)
of the cells, and their arrangement. In Figure 5, there are two distinct types of bacteria,
distinguishable by Gram stain reaction, and also by their shape and arrangement. Below,
describe these characteristics for both bacteria:

Gram positive bacterium:

Gram negative bacterium:

Morphology
Arrangement
Acid Fast Stain
Some bacteria produce the waxy substance mycolic acid when they construct their cell walls.
Mycolic acid acts as a barrier, protecting the cells from dehydrating, as well as from
phagocytosis by immune system cells in a host. This waxy barrier also prevents stains from
penetrating the cell, which is why the Gram stain does not work with mycobacteria such as
Mycobacterium, which are pathogens of humans and animals. For these bacteria, the acid–
fast staining technique is used.

Figure 6. Acid-fast bacilli in sputum
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To perform the acid-fast stain, a heat-ﬁxed smear is ﬂooded with the primary stain carbol
fuchsin, while the slide is heated over a steaming water bath. The heat “melts” the waxy cell
wall and permits the absorption of the dye by the cells. Then the slide is allowed to cool and a
solution of acid and alcohol is added as a decolorizer. Cells that are “acid-fast” because of the
mycolic acid in their cell wall resist decolorization and retain the primary stain. All other cell
types will be decolorized. Methylene blue is then used as a counterstain. In the end, acid-fast
bacteria (AFB) will be stained a bright pink color, and all other cell types will appear blue.

Staining Methods to Highlight Speciﬁc Cell Structures
Capsule: The polysaccharide goo that surrounds some species of bacteria and a few types of
eukaryotic microbes is best visualized when the cells are negative stained. In this method, the
bacteria are ﬁrst mixed with the stain, and then a drop of the mixture is spread across the
surface of a slide in the thin ﬁlm. With this method, capsules appear as a clear layer around
the bacterial cells, with the background stained dark.
Metachromatic granules or other intracytoplasmic bodies: Some bacteria may contain
storage bodies that can be stained. One example is the Gram positive bacilli
Corynebacterium, which stores phosphate in structures called “volutin” or metachromatic
granules that are housed within the cell membrane. Various staining methods are used to
visualize intracytoplasmic bodies in bacteria, which often provide an identiﬁcation clue when
observed in cells.

Endospore Stain
Endospores are dormant forms of living bacteria and should not be confused with
reproductive spores produced by fungi. These structures are produced by a few genera of
Gram-positive bacteria, almost all bacilli, in response to adverse environmental conditions.
Two common bacteria that produce endospores are Bacillus or Clostridum. Both live
primarily in soil and as symbionts of plants and animals, and produce endospores to survive
in an environment that change rapidly and often.
The process of endosporulation (the formation of endospores) involves several stages. After
the bacterial cell replicates its DNA, layers of peptidoglycan and protein are produced to
surround the genetic material. Once fully formed, the endospore is released from the cell and
may sit dormant for days, weeks, or years. When more favorable environmental conditions
prevail, endospores germinate and return to active duty as vegetative cells.
Mature endospores are highly resistant to environmental conditions such as heat and
chemicals and this permits survival of the bacterial species for very long periods. Endospores
formed millions of years ago have been successfully brought back to life, simply by
providing them with water and food.
Because the endospore coat is highly resistant to staining, a special method was developed to
make them easier to see with a brightﬁeld microscope. This method, called the endospore
stain, uses either heat or long exposure time to entice the endospores to take up the primary
stain, usually a water soluble dye such as malachite green since endospores are permeable to
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water. Following a decolorization step which removes the dye from the vegetative cells in the
smear, the counterstain safranin is applied to provide color and contrast. When stained by this
method, the endospores are green, and the vegetative cells stain pink, as shown in Figure 7.

Figure 7. Bacterial cells with endospores, stained with the endospore stain.

Figure 8. Bacilli with endospores viewed by phase-contrast microscopy.
Although endospores themselves are resistant to the Gram stain technique, bacterial cells
captured in the process of creating these structures can be stained. In this case, the endospores
are seen as clear oval or spherical areas within the stained cell. Endospores can also be
directly observed in cells by using phase contrast microscopy, as shown in Figure 8.
Method
Because many diﬀerential staining methods require several steps and take a long time to
complete, we will not be performing all of the diﬀerential staining methods discussed above.
Pre-stained slides will be used to visualize bacterial capsules, metachromatic granules, and
acid-fast bacilli. Obtain one slide of each of the three bacteria listed in the table below. As
you view these slides, make note of the “highlighted” structures. Your environmental isolate
may have one or more of these cellular features, and learning to recognize them will aid in
identiﬁcation. These should all be viewed using the oil immersion objective lens.
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Description or sketch of cells with
the speciﬁed feature

Bacterium

Stain

Flavobacterium
capsulatum

Capsule stain

Corynebacterium
diphtheriae

Methylene blue(metachromatic
granules)

Mycobacterium
tuberculosis

Acid fast stain

Gram Stain
All staining procedures should be done over a sink. The Gram stain procedure will be
demonstrated, and an overview is provided in Table 1.
Table 1. Gram stain procedural steps.
Step

Procedure

Outcome

Primary stain(crystal
violet)

Add several drops of crystal
Both Gram-positive and Gramviolet to the smear and allow it
negative cells will be stained purple
to sit for 1 minute. Rinse the
by the crystal violet dye.
slide with water.

Mordant (iodine)

Add several drops of iodine to
Iodine “sets” the crystal violet, so
the smear and allow it to sit for
both types of bacteria will remain
1 minute. Rinse the slide with
purple.
water.

Decolorization
(ethanol)

Add drops of ethanol one at a
time until the runoﬀ is clear.
Rinse the slide with water.

Gram-positive cells resist
decolorization and remain purple.
The dye is released from Gramnegative cells.

Add several drops of safranin to Gram-negative cells will be stained
the smear and allow it to sit for pink by the safranin. This dye has
Counterstain(safranin)
one minute. Rinse the slide with no eﬀect on Gram-positive cells,
water and blot dry.
which remain purple.
A volunteer from your lab bench should obtain cultures of the bacteria you will be using in
this lab, as directed by your instructor. One of the cultures will be a Gram-positive bacterium,
and the other will be Gram negative. Below, write the names of the bacteria you will be
using, along with the BSL for each culture:
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Obtain two glass slides, and prepare a smear of each of the two bacterial cultures, one per
slide, as demonstrated. Allow to COMPLETELY air dry and heat ﬁx. Stain both smears
using the Gram stain method. Observe the slides with a light microscope at 1,000X and
record your observations in the table below.
Name of culture Gram stain reaction Cellular morphology Arrangement
Gram Stain “Final Exam”: prepare a smear that contains a mixture of the Gram-positive AND
Gram-negative bacteria by adding a small amount of each bacterium to a single drop of water
on a slide. Heat ﬁx the smear and Gram stain it. You should be able to determine the Gram
stain reaction, cellular morphology and arrangement of BOTH bacteria in this mixed smear.
Your instructor may ask to see this slide and oﬀer constructive commentary.

Endospore Stain
Only a few genera of bacteria produce endospores and nearly all of them are Gram-positive
bacilli. Most notable are Bacillus and Clostridium species, which naturally live in soil and are
common contaminants on surfaces. The growth of Clostridium spp. is typically limited to
anaerobic environments; Bacillus spp. may grow aerobically and anaerobically. Endosporeforming bacteria are distinct from other groups of Gram positive bacilli and distinguishable
by their endospores.
An overview of the endospore stain procedure is provided in Table 2.
Table 2. Endospore stain procedural steps.
Step

Procedure

Outcome

Add several drops of malachite
green to the smear and allow it to
Primary stain(malachite
sit for 10 minutes. If the stain
green)
starts to dry out, add additional
drops.

Decolorization(water)

Rinse the slide under a gentle
stream of water for 10-15
seconds.

Vegetative cells will immediately
take up the primary stain.
Endospores are resistant to
staining but eventually take up
the dye.
Once the endospores are stained,
they remain green. A thorough
rinse with water will decolorize
the vegetative cells.

Add several drops of safranin to
Decolorized vegetative cells take
the smear and allow it to sit for 1
Counterstain(safranin)
up the counterstain and appear
minute. Rinse the slide and blot
pink; endospores are light green.
dry.
After staining, endospores typically appear as light green oval or spherical structures, which
may be seen either within or outside of the vegetative cells, which appear pink.
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The shape and location of the endospores inside the bacterial cells, along with whether the
sporangium is either distending (D) or not distending (ND) the sides of the cell, are important
characteristics that aid in diﬀerentiating among species (see Figure 9).

Figure 9
1.
2.
3.
4.
5.
6.

Oval, central, not distended (ND)
Oval, terminal, ND (and parasporal crystal)
Oval, terminal, distended (D)
Oval, central, D
Spherical, terminal, D
Oval, lateral, D

Endospores are quite resistant to most staining procedures; however, in a routinely stained
smear, they may be visible as “outlines” with clear space within. If you observe “outlines” or
what appear to be “ghosts” of cells in a Gram stained smear of a Gram-positive bacilli, then
the endospore stain should also be performed to conﬁrm the presence or absence of
endospores.
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GRAM STAINING
Introduction:
Gram staining is a common technique used to diﬀerentiate two large groups of bacteria based
on their diﬀerent cell wall constituents. The Gram stain procedure distinguishes between
Gram positive and Gram negative groups by coloring these cells red or violet. Gram positive
bacteria stain violet due to the presence of a thick layer of peptidoglycan in their cell walls,
which retains the crystal violet these cells are stained with. Alternatively, Gram negative
bacteria stain red, which is attributed to a thinner peptidoglycan wall, which does not retain
the crystal violet during the decoloring process.

Principle
Gram staining involves three processes: staining with a water-soluble dye called crystal
violet, decolorization, and counterstaining, usually with safranin. Due to
diﬀerences in the thickness of a peptidoglycan layer in the cell membrane between Gram
positive and Gram negative bacteria, Gram positive bacteria (with a thicker peptidoglycan
layer) retain crystal violet stain during the decolorization process, while Gram negative
bacteria lose the crystal violet stain and are instead stained by the safranin in the ﬁnal staining
process. The process involves three steps:
1. Cells are stained with crystal violet dye. Next, a Gram's iodine solution (iodine and
potassium iodide) is added to form a complex between the crystal violet and iodine.
This complex is a larger molecule than the original crystal violet stain and iodine and
is insoluble in water.
2. A decolorizer such as ethyl alcohol or acetone is added to the sample, which
dehydrates the peptidoglycan layer, shrinking and tightening it. The large crystal
violet-iodine complex is not able to penetrate this tightened peptidoglycan layer, and
is thus trapped in the cell in Gram positive bacteria. Conversely, the the outer
membrane of Gram negative bacteria is degraded and the thinner peptidoglycan layer
of Gram negative cells is unable to retain the crystal violet-iodine complex and the
color is lost.
3. A counterstain, such as the weakly water soluble safranin, is added to the sample,
staining it red. Since the safranin is lighter than crystal violet, it does not disrupt the
purple coloration in Gram positive cells. However, the decolorized Gram negative
cells are stained red.

Reagents
·
·
·
·
·

Crystal violet (primary stain)
Iodine solution/Gram's Iodine (mordant that ﬁxes crystal violet to cell wall)
Decolorizer (e.g. ethanol)
Safranin (secondary stain)
Water (preferably in a squirt bottle)
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Procedure
1. Make a slide of cell sample to be stained. Heat ﬁx the sample to the slide by carefully
passing the slide with a drop or small piece of sample on it through a Bunsen burner
three times.
2. Add the primary stain (crystal violet) to the sample/slide and incubate for 1 minute.
Rinse slide with a gentle stream of water for a maximum of 5 seconds to remove
unbound crystal violet.
3. Add Gram's iodine for 1 minute- this is a mordant, or an agent that ﬁxes the crystal
violet to the bacterial cell wall.
4. Rinse sample/slide with acetone or alcohol for ~3 seconds and rinse with a gentle
stream of water. The alcohol will decolorize the sample if it is Gram negative,
removing the crystal violet. However, if the alcohol remains on the sample for too
long, it may also decolorize Gram positive cells.
5. Add the secondary stain, safranin, to the slide and incubate for 1 minute. Wash with a
gentle stream of water for a maximum of 5 seconds. If the bacteria is Gram positive, it
will retain the primary stain (crystal violet) and not take the secondary stain
(safranin), causing it to look violet/purple under a microscope. If the bacteria is Gram
negative, it will lose the primary stain and take the secondary stain, causing it to
appear red when viewed under a microscope.
Observation:
Gram-positive bacteria appear blue or violet and gram-negative bacteria appear pinkish red.
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Methods of Sterilization
Sterilization is necessary for the complete destruction or removal of all microorganisms
(including spore-forming and non-spore forming bacteria, viruses, fungi, and protozoa) that
could contaminate pharmaceuticals or other materials and thereby constitute a health hazard.
Since the achievement of the absolute state of sterility cannot be demonstrated, the sterility of
a pharmaceutical preparation can be deﬁned only in terms of probability.
Classical sterilization techniques using saturated steam under pressure or hot air are the most
reliable and should be used whenever possible. Other sterilization methods include ﬁltration,
ionizing radiation (gamma and electron-beam radiation), and gas (ethylene oxide,
formaldehyde).
Heating in an autoclave (steam sterilization) Exposure of microorganisms to saturated
steam under pressure in an autoclave achieves their destruction by the irreversible
denaturation of enzymes and structural proteins. The temperature at which denaturation
occurs varies inversely with the amount of water present. Sterilization in saturated steam thus
requires precise control of time, temperature, and pressure. As displacement of the air by
steam is unlikely to be readily achieved, the air should be evacuated from the autoclave
before admission of steam.
The recommendations for sterilization in an autoclave are 15 minutes at 121-124 °C (200
kPa).The temperature should be used to control and monitor the process; the pressure is
mainly used to obtain the required steam temperature. Minimum sterilization time should be
measured from the moment when all the materials to be sterilized have reached the required
temperature throughout.
Aqueous solutions in glass containers usually reach thermal equilibrium within 10 minutes
for volumes up to 100 mL and 20 minutes for volumes up to 1000 mL.
Porous loads, such as surgical dressings and related products, should be processed in an
apparatus that ensures steam penetration. Most dressings are adequately sterilized by
maintaining them at a temperature of 134 - 138 °C for 5 minutes. In certain cases, glass,
porcelain, or metal articles are sterilized at 121 - 124 °C for 20 minutes.
Fats and oils may be sterilized at 121 °C for 2 hours but, whenever possible, should be
sterilized by dry heat.
Dry-heat sterilization In dry-heat processes, the primary lethal process is considered to be
oxidation of cell constituents. Dry-heat sterilization requires a higher temperature than moist
heat and a longer exposure time. The method is, therefore, more convenient for heat-stable,
non-aqueous materials that cannot be sterilized by steam because of its deleterious eﬀects or
failure to penetrate. Such materials include glassware, powders, oils, and some oil-based
injectables.
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Filtration Sterilization by ﬁltration is employed mainly for thermolabile solutions. These
may be sterilized by passage through sterile bacteria-retaining ﬁlters, e.g. membrane ﬁlters
(cellulose derivatives, etc.), plastic, porous ceramic, or suitable sintered glass ﬁlters, or
combinations of these. Asbestos-containing ﬁlters should not be used.
Radiation UV, x-rays and gamma rays are all types of electromagnetic radiation that have
profoundly damaging eﬀects on DNA, so make excellent tools for sterilization.The main
diﬀerence between them, in terms of their eﬀectiveness, is their penetration. UV has limited
penetration in air so sterilisation only occurs in a fairly small area around the lamp. However,
it is relatively safe and is quite useful for sterilising small areas, like laminar ﬂow hoods. Xrays and gamma rays are far more penetrating, which makes them more dangerous but very
eﬀective for large scale cold sterilization of plastic items (e.g. syringes) during
manufacturing.
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PREPARATION OF DIFFERENT CULTURE MEDIA
The culture media (nutrients) consist of chemicals which support the growth of culture or
microorganisms. Microbes can use the nutrients of culture media as their food is necessary
for cultivating them in vitro.
On the basis of chemical composition, the culture media are classiﬁed into two types:
(i) Synthetic or chemically deﬁned medium:
These media are prepared by mixing all the pure chemicals of known composition for e.g.
Czapek Dox medium.
(ii) Semi-synthetic or undeﬁned medium:
Such are those media, where exact chemical composition is unknown e.g. potato dextrose
agar or MacConkey agar medium.
On the basis of consistency, the culture media are of three types:
(a) Solid medium or synthetic medium:
When 5-7% agar agar or 10-20% gelatin is added the liquid broth becomes solidiﬁed. Such
media are used for making agar slants or slopes and agar stab.
(b) Liquid medium or broth:
In such cases no agar is added or used while preparing the medium. After inoculation and
later incubation, the growth of cells becomes visible in the form of small mass on the top of
the broth.
(c) Semi-solid or ﬂoppy agar medium:
Such media are prepared by adding half quantity of agar (1/2 than required for solid medium)
i.e. about 0.5% in the medium. This type of medium may be selective which promote the
growth of one organism and retards the growth of the other organism. On the other hand,
there are diﬀerential media which serve to diﬀerentiate organisms growing together.

Preparation of Medium:
The liquid medium or broth is prepared by dissolving the known amounts of chemicals in
distilled water; the pH is adjusted by adding N/10 HCl or 1N NaOH. The liquid medium is
dissolved into either Erlenmeyer ﬂasks or rimless clean test tubes.
In 15 ml capacity of test tube, 5 ml medium should be poured while in ﬂask of 250 ml
capacity, the amount of the medium should be 100 ml. These are then plugged with nonadsorbent cotton plugs. The plugged tubes or ﬂasks should be wrapped by brown paper and
placed for sterilization by autoclaving at a pressure of 15 lbs/inch2 (at temperature 121°C),
for 15 min.
The heat sensitive substances (protein or enzymes etc.) should be sterilized by using
membrane ﬁlters (millipore). The agar agar is to be dissolved separately and dispensed after
dissolving all ingredients of the medium. It is ﬁrst to be noted that all the glassware in use
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should be sterilized in oven at 170°C for 3 h before using them. Such sterilized glassware is
needed for pouring the medium used for culturing the microorganisms.
Each and every biological process requires energy for their vital activities. The basic cell
building requirements are supplied by the nutrition, which is manipulated according to its
requirement. Nutrition not only provides energy but also acts as precursors for growth of
microorganisms. The nutritional requirement of an organism depends upon the biochemical
capacity. If an organism is capable of synthesizing its own food using various inorganic
components, requires a simple nutritional diet whereas organism unable to meet such
synthesis requires complex organic substances.
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INOCULATION OF MICROBES TO RESPECTIVE CULTURE MEDIA
THROUGH PROPER CULTURE METHODS
There are diﬀerent methods of inoculation used in bacteriology. However, the most common
methods are described below:

Streak plating technique
The purpose of this procedure (outlined below) is to obtain well isolated colonies from a
specimen or culture inoculum by creating areas of increasing dilution on a single plate13:
1.

Inoculate clinical specimen using a sterile inoculation loop onto agar media. Spread
specimen over a portion of the culture media surface gently (see ﬁgure 1)

2.

Drag loop from the inoculated section and spread it out into a second section

3.

Drag loop from the section 2 and then spread it out into the third section. Do the same
for the third and the fourth section. Ensure that sections 1 and 4 do not overlap. Dispose
of the inoculation loop used into an appropriate container (see ﬁgures 2 and 3)

4.

Replace the lid and then incubate the streaked agar plate at the appropriate temperature
in an inverted position to prevent condensation

Agar stab technique
The method (outlined below) is used to prepare stab cultures (to observe motility, or when
inoculating certain types of solid medium) and to pick single colonies from a plate:
1. Using aseptic technique pick a single well-isolated colony with a sterile inoculating stab
needle and stab the needle several times through the agar to the bottom of the vial or tube
2. Replace the cap and tighten loosely when incubating to allow gas exchange
3. Incubate the stabbed agar plate/slant at the appropriate temperature

Spread plate technique
The purpose of this procedure (outlined below) is to distribute cells evenly so that well
isolated individual colonies can be grown. These are then counted or used for further tests
such as serial dilutions:
1. Inoculate clinical specimen using a sterile spreader or alternative onto agar media. Gently
spread bacteria over the entire culture medium surface backward and forward while
rotating the plate. Avoid the spreader touching the edges of the agar plate
2. Replace the lid and allow the plate to stand in an upright position (with the lid at the top)
to dry for 10 to 20 minutes14
3. Incubate the spread agar plate at the appropriate temperature in an inverted position (with
the lid at the bottom)
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ENUMERATION OF COLIFORM BACTERIA USING MULTIPLE
TUBE FERMENTATION METHOD
Multiple fermentation tube technique
The technique has been used for the analysis of drinking-water for many years with
satisfactory results. It is the only procedure that can be used if water samples are very turbid
or if semi-solids such as sediments or sludges are to be analysed. The procedure followed is
fundamental to bacteriological analyses and the test is used in many countries. It is customary
to report the results of the multiple fermentation tube test for coliforms as a most probable
number (MPN) index. This is an index of the number of coliform bacteria that, more
probably than any other number, would give the results shown by the test. It is not a count of
the actual number of indicator bacteria present in the sample.

Principle
Separate analyses are usually conducted on ﬁve portions of each of three serial dilutions of a
water sample. The individual portions are used to inoculate tubes of culture medium that are
then incubated at a standard temperature for a standard period of time. The presence of
coliforms is indicated by turbidity in the culture medium, by a pH change and/or by the
presence of gas. The MPN index is determined by comparing the pattern of positive results
(the number of tubes showing growth at each dilution) with statistical tables. The tabulated
value is reported as MPN per 100 ml of sample.
There are a number of variants to the multiple fermentation tube technique. The most
common procedure is to process ﬁve aliquots of water from each of three consecutive 10-fold
dilutions; for example, ﬁve aliquots of the sample itself, ﬁve of a 1/10 dilution of the sample
and ﬁve of a 1/100 dilution.
Aliquots may be 1-ml volumes, each added to 10 ml of single-strength culture medium, or
10-ml volumes, each added to 10 ml of double-strength medium. Results are compared with
values such as those given in Table. The use of one of the following variants of the technique
may help to reduce the cost of analysis:
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A smaller number of tubes is incubated at each dilution, for example three instead of ﬁve. A
diﬀerent table must then be used for the MPN determination (see Table 10.6 later). Some
precision is lost, but using 9 tubes instead of 15 saves materials, space in the incubator, and
the analyst’s time. •
For samples of drinking-water, one tube with 50 ml of sample and ﬁve tubes with 10 ml of
sample are inoculated and incubated. The results are compared with the values such as those
given in Table 10.7 (see later) to obtain the MPN. 10.3.1 Culture media and buﬀered dilution
waterEach part of the test requires a diﬀerent type of medium. For example, when
enumerating coliforms, lauryl tryptose (lactose) broth is used in the ﬁrst (isolation or
presumptive) part of the test. In the second (conﬁrmation) part, brilliant green lactose bile
(BGLB) broth is used to conﬁrm total coliforms and E. coli medium to conﬁrm faecal
coliforms. Some of the characteristics of these and other media suitable for use in most
probable number analyses are described in Table 10.2. Media can be made from primary
ingredients but are also available in the following forms: • Dehydrated powder, packaged in
bulk (200 g or more), to be weighed out when the medium is prepared and dissolved in an
appropriate volume of distilled water, dispensed to culture tubes and sterilised before use. •
Dehydrated powder, packaged in pre-weighed amounts suitable for making one batch of
medium, to be dissolved in an appropriate volume of distilled water, dispensed to culture
tubes and sterilised before use. • Ampoules of solution, ready to use. The ampoules of readyto-use media are the most convenient form but are the most expensive and have the shortest
shelf-life. Pre-weighed packages are easy to use and reduce the risk of error in making up a
batch of medium. Media are inevitably expensive when packaged in small quantities.
However, they are not a major component of the cost of bacteriological analysis, and the
extra cost may be negligible when compared with the greater convenience and reduced
wastage. Large bottles containing dehydrated media must be tightly resealed after use to
prevent spoilage; this is especially important in humid environments. Media should be stored
in a cool, dark, dry place. After a medium has been prepared by dissolving the powder in
distilled water, it should be distributed into culture tubes or bottles and sterilised. Batches of
media should be tested before use, using a known positive and negative control organism. If
the appropriate reactions are not observed, the media and the control organisms should be
investigated and the tests repeated. Media should be used immediately but may be stored for
several days provided that there is no risk of their becoming contaminated. A stock solution
of buﬀered dilution water is prepared by dissolving 34.0 g of potassium dihydrogen
phosphate, KH2PO4, in 500 ml of distilled water. The pH is checked and, if necessary,
adjusted to 7.2 by the addition of small quantities of 1 mol l-1 NaOH solution. Distilled water
is added to bring the ﬁnal volume to 1 litre. The buﬀered water is stored in a tightly
stoppered bottle in the refrigerator.
To prepare bottles of dilution water, 1.25 ml of stock solution is added to 1 litre of distilled
water, mixed well and dispensed into dilution bottles in quantities that will provide, after
sterilisation, 9 or 90 ml. The bottles are loosely capped, placed in the autoclave, and sterilised
for 20 minutes at 121 °C. After the bottles have been removed from the autoclave, the caps
should be tightened and the bottles stored in a clean place until needed. Table 10.2 Culture
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media for most probable number (MPN) analyses Medium Uses Incubation temperature
Remarks Isolation media Lactose broth Total or thermotolerant coliforms 48 hours at 35 ±
0.5 °C or 37 ± 0.5 °C for total coliforms and 24 hours at 44 ± 0.25 °C or 44.5 ± 0.25 °C for
thermotolerant coliforms Prepare single strength medium by diluting double strength medium
with distilled water. Each tube or bottle should contain an inverted fermentation (Durham)
tube MacConkey broth Total or thermotolerant coliforms 48 hours at 35 ± 0.5 °C or 37 ± 0.5
°C for total coliforms and 24 hours at 44 ± 0.25 °C or 44.5 ± 0.25 °C for thermotolerant
coliforms Improved format lactose glutamate medium Total or thermotolerant coliforms 48
hours at 35 ± 0.5 °C or 37 ± 0.5 °C for total coliforms and 24 hours at 44 ± 0.25 °C or 44.5 ±
0.25 °C for thermotolerant coliforms Available commercially in dehydrated form as Minerals
Modiﬁed Glutamate Medium Lauryl tryptose (lactose) broth Total or thermotolerant
coliforms 48 hours at 35 ± 0.5 °C or 37 ± 0.5 °C for total coliforms and 24 hours at 44 ± 0.25
°C or 44.5 ± 0.25 °C for thermotolerant coliforms Conﬁrmatory media Brilliant green lactose
bile broth Total or thermotolerant coliforms (gas production) 44.5 ± 0.25 °C for
thermotolerant coliforms EC medium Thermotolerant coliforms (indole production) 44.5 ±
0.25 °C for thermotolerant coliforms Addition of 1 % (m/m) L- or DL-tryptophan may
improve performance of the medium Tryptone water Thermotolerant coliforms (gas + indole
production) 44.5 ± 0.25 °C for thermotolerant coliforms Lauryl tryptose mannitol broth with
tryptophan Thermotolerant coliforms (gas + indole production) 44.5 ± 0.25 °C for
thermotolerant coliforms
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ZOO 396C
Genetics & Molecular Biology Practical & Institute /Lab visit
1. Probability in Mendelian Inheritance
Probabilities are mathematical measures of likelihood. The empirical probability of an event
is calculated by dividing the number of times the event occurs by the total number of
opportunities for the event to occur. Empirical probabilities come from observations such as
those of Mendel. An example of a genetic event is a round seed produced by a pea plant.
Mendel demonstrated that the probability of the event “round seed” was guaranteed to occur
in the F1 oﬀspring of true-breeding parents, one of which has round seeds and one of which
has wrinkled seeds. When the F1 plants were subsequently self-crossed, the probability of any
given F2 oﬀspring having round seeds was now three out of four. In other words, in a large
population of F2 oﬀspring chosen at random, 75% were expected to have round seeds,
whereas 25% were expected to have wrinkled seeds. Using large numbers of crosses, Mendel
was able to calculate probabilities and use these to predict the outcomes of other crosses.
Probabilities can be either empirical, meaning that they are calculated from real-life
observations, or theoretical, meaning that they are predicted using a set of rules or
assumptions.
A. The empirical probability of an event is calculated by counting the number of times that

event occurs and dividing it by the total number of times that event could have occurred.
For instance, if the event you were looking for was a wrinkled pea seed, and you saw it
1,8501{,}8501,8501, comma, 850 times out of the 7,3247{,}3247,3247, comma, 324 total
seeds you examined, the empirical probability of getting a wrinkled seed would be
1,850/7,324=0.2531{,}850/7{,}324 = 0.2531,850/7,324=0.2531, comma, 850, slash, 7,
comma, 324, equals, 0, point, 253, or very close to 1111 in 4444 seeds.
B. The theoretical probability of an event is calculated based on information about the

rules and circumstances that produce the event. It reﬂects the number of times an event is
expected to occur relative to the number of times it could possibly occur. For instance, if
you had a pea plant heterozygous for a seed shape gene (Rr) and let it self-fertilize, you
could use the rules of probability and your knowledge of genetics to predict that 1111 out
of every 4444 oﬀspring would get two recessive alleles (rr) and appear wrinkled,
corresponding to a 0.250.250.250, point, 25 (1/41/41/41, slash, 4) probability. We’ll talk
more below about how to apply the rules of probability in this case.
In general, the larger the number of data points that are used to calculate an empirical
probability, such as shapes of individual pea seeds, the more closely it will approach the
theoretical probability.
The Product Rule
One probability rule that's very useful in genetics is the product rule, which states that the
probability of two (or more) independent events occurring together can be calculated by
multiplying the individual probabilities of the events.
50
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For example, if you roll a six-sided die once, you have a 1/61/61/61, slash, 6 chance of
getting a six. If you roll two dice at once, your chance of getting two sixes is: (probability of
a six on die 1) x (probability of a six on die 2) = (1/6)⋅(1/6)=1/36(1/6) \cdot (1/6) =
1/36(1/6)⋅(1/6)=1/36left parenthesis, 1, slash, 6, right parenthesis, dot, left parenthesis, 1,
slash, 6, right parenthesis, equals, 1, slash, 36. Mendel demonstrated that the pea-plant
characteris cs he studied were transmi ed as discrete units from parent to oﬀspring. Mendel also
determined that diﬀerent characteris cs were transmi ed independently of one another and could
be considered in separate probability analyses. For instance, performing a cross between a plant
with green, wrinkled seeds and a plant with yellow, round seeds produced oﬀspring that had a 3:1
ra o of green : yellow seeds and a 3:1 ra o of round : wrinkled seeds. The characteris cs of colour
and texture did not inﬂuence each other.

Chi-Square Test of Independence
The Chi-Square test of independence is used to determine if there is a signiﬁcant relationship
between two nominal (categorical) variables. The frequency of each category for one
nominal variable is compared across the categories of the second nominal variable. The data
can be displayed in a contingency table where each row represents a category for one variable
and each column represents a category for the other variable. For example, say a researcher
wants to examine the relationship between gender (male vs. female) and empathy (high vs.
low). The chi-square test of independence can be used to examine this relationship. The null
hypothesis for this test is that there is no relationship between gender and empathy. The
alternative hypothesis is that there is a relationship between gender and empathy (e.g. there
are more high-empathy females than high-empathy males).
Hypothesis: Hypothesis testing for the chi-square test of independence as it is for other tests
like ANOVA, where a test statistic is computed and compared to a critical value. The critical
value for the chi-square statistic is determined by the level of signiﬁcance (typically .05) and
the degrees of freedom. The degrees of freedom for the chi-square are calculated using the
following formula: df = (r-1)(c-1) where r is the number of rows and c is the number of
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columns. If the observed chi-square test statistic is greater than the critical value, the null
hypothesis can be rejected.
Null hypothesis: Assumes that there is no association between the two variables.
Alternative hypothesis: Assumes that there is an association between the two variables.
Degrees of Freedom (df)- It is the value of a simple which is freely variable

Chi-Square Goodness of Fit Test
When an analyst attempts to ﬁt a statistical model to observed data, he or she may wonder
how well the model actually reﬂects the data. How "close" are the observed values to those
which would be expected under the ﬁtted model? One statistical test that addresses this issue
is the chi-square goodness of ﬁt test. This test is commonly used to test association of
variables in two-way tables, where the assumed model of independence is evaluated against
the observed data. In general, the chi-square test statistic is of the form.
The Chi-square test is intended to test how likely it is that an observed distribution is due to
chance. It is also called a "goodness of ﬁt" statistic, because it measures how well the
observed distribution of data ﬁts with the distribution that is expected if the variables are
independent.

If the computed test statistic is large, then the observed and expected values are not close and
the model is a poor ﬁt to the data.
The goodness of ﬁt test is used to test if sample data ﬁts a distribution from a certain
population (i.e. a population with a normal distribution or one with a Weibull distribution). In
other words, it tells you if your sample data represents the data you would expect to find in
the actual population
Example
A new casino game involves rolling 3 dice. The winnings are directly proportional to
the total number of sixes rolled. Suppose a gambler plays the game 100 times, with
the following observed counts:
Number of Sixes

Number of Rolls

0

48

1

35

2

15

3

3
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The casino becomes suspicious of the gambler and wishes to determine whether the dice are
fair. What do they conclude?
If a die is fair, we would expect the probability of rolling a 6 on any given toss to be 1/6.
Assuming the 3 dice are independent (the roll of one die should not aﬀect the roll of the
others), we might assume that the number of sixes in three rolls is distributed Binomial
(3,1/6). To determine whether the gambler's dice are fair, we may compare his results with
the results expected under this distribution. The expected values for 0, 1, 2, and 3 sixes under
the Binomial (3,1/6) distribution are the following:
Null Hypothesis:
p1 = P(roll 0 sixes) = P(X=0) = 0.58
p2 = P(roll 1 six) = P(X=1) = 0.345
p3 = P(roll 2 sixes) = P(X=2) = 0.07
p4 = P(roll 3 sixes) = P(X=3) = 0.005.
Since the gambler plays 100 times, the expected counts are the following:
Number of Sixes

Expected Counts

Observed Counts

0

58

48

1

34.5

35

2

7

15

3

0.5

3

The two plots shown below provide a visual comparison of the expected and observed values:

From these graphs, it is diﬃcult to distinguish diﬀerenc es between the observed and expected
counts. A visual representation of the diﬀerences is the chi-gram, which plots the observed expected counts divided by the square root of the expected counts, as shown below:
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The chi-square statistic is the sum of the squares of the plotted values,
(48-58)²/58 + (35-34.5)²/58 + (15-7)²/7 + (3-0.5)²/0.5
= 1.72 + 0.007 + 9.14 + 12.5 = 23.367.
Given this statistic, are the observed values likely under the assumed model?
A random variable
is said to have a chi-square distribution with m degrees of freedom if
it is the sum of the squares of m independent standard normal random variables (the square of
a single standard normal random variable has a chi-square distribution with one degree of
freedom). This distribution is denoted
(m), with associated probability values available in
Table G in Moore and McCabe and in MINITAB.
The standardized counts (observed - expected)/sqrt(expected) for k possibilities are
approximately normal, but they are not independent because one of the counts is entirely
determined by the sum of the others (since the total of the observed and expected counts must
sum to n). This results in a loss of one degree of freedom, so it turns out the the distribution
of the chi-square test statistic based on k counts is approximately the chi-square distribution
with m = k-1 degrees of freedom, denoted

(k-1).

Hypothesis Testing
We use the chi-square test to test the validity of a distribution assumed for a random
phenomenon. The test evaluates the null hypotheses H0 (that the data are governed by the
assumed distribution) against the alternative (that the data are not drawn from the assumed
distribution).
Let p1, p2, ..., pk denote the probabilities hypothesized for k possible outcomes. In n
independent trials, we let Y1, Y2, ..., Yk denote the observed counts of each outcome which are
to be compared to the expected counts np1, np2, ..., npk. The chi-square test statistic is qk-1 =
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= (Y1 - np1)² + (Y2 - np2)² + ... + (Yk - npk)²
---------- ----------------np1
np2
npk
Reject H0 if this value exceeds the upper
where

critical value of the

(k-1) distribution,

is the desired level of signiﬁcance.

Example
In the gambling example above, the chi-square test statistic was calculated to be 23.367.
Since k = 4 in this case (the possibilities are 0, 1, 2, or 3 sixes), the test statistic
is
associated with the chi-square distribution with 3 degrees of freedom. If we are interested in a
signiﬁcance level of 0.05 we may reject the null hypothesis (that the dice are fair) if

>

7.815, the value corresponding to the 0.05 signiﬁcance level for the
(3) distribution.
Since 23.367 is clearly greater than 7.815, we may reject the null hypothesis that the dice are
fair at the 0.05 signiﬁcance level.
Given this information, the casino asked the gambler to take his dice (and his business)
elsewhere.
Example
Consider a binomial random variable Y with mean (expected value) np and variance
np(1-p).
From the Central Limit Theorem, we know that Z = (Y-np)/

y

y

2

=

has an approximately

Normal(0,1) distribution for large values of n. Then Z² is approximately
square of a normal random variable has a chi-square distribution.

(1), since the

Suppose the random variable Y1 has a Bin(n,p1) distribution, and let Y2 = n - Y1 and p2 = 1 p1 .
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Then Z² = (Y1 - np1)²
---------np1(1-p1)
= (Y1 - np1)²(1 - p1) + (Y1 - np1)²(p1)
--------------------------------------np1(1-p1)
= (Y1 - np1)² + (Y1 - np1)²
------------------np1
n(1-p1)
Since (Y1 - np1)² = (n - Y2 - n + np2)² = (Y2 - np2)²,
we have Z² = (Y1 - np1)² + (Y2 - np2)²
------------------np1
np2
where Z² has a chi-square distribution with 1 degree of freedom. If the observed values Y1 and
Y2 are close to their expected values np1 and np2, then the calculated value Z² will be close to
zero. If not, Z² will be large.
In general, for k random variables Yi, i = 1, 2,..., k, with corresponding expected values npi, a
statistic measuring the "closeness" of the observations to their expectations is the sum
(Y1 - np1)² + (Y2 - np2)² + ... + (Yk - npk)²
----------

----------

--------

np1

np2

npk

which has a chi-square distribution with k-1 degrees of freedom.
Estimating Parameters
Often, the null hypothesis involves ﬁtting a model with parameters estimated from the
observed data. In the above gambling example, for instance, we might wish to ﬁt a binomial
model to evaluate the probability of rolling a six with the gambler's loaded dice. We know
that this probability is not equal to 1/6, so we might estimate this value by calculating the
probability from the data. By estimating a parameter, we lose a degree of freedom in the chisquare test statistic. In general, if we estimate d parameters under the null hypothesis with k
possible counts the degrees of freedom for the associated chi-square distribution will be k - 1d.
Example
A two-way table for two categorical variables X and Y with r and c levels, respectively, will
have r rows and c columns. The table will have rc cells, with any one cell entirely determined
by the sum of the others, so k-1 = rc - 1 in this case. A chi-square test of this table tests the
null hypothesis of independence against the alternative hypothesis of association between the
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variables. Under the assumption of independence, we estimate (r-1) + (c-1) parameters to
give the marginal probabilities that determine the expected counts, so d = (r-1) + (c-1).
The degrees of freedom for the chi-square test statistic are
(rc - 1) - [(r-1) + (c-1)]
= rc -1 - r + 1 - c + 1
= rc - r - c + 1
= (r - 1)(c - 1).

Chi-Square Test for Independence
This lesson explains how to conduct a chi-square test for independence. The test is applied
when you have two categorical variables from a single population. It is used to determine
whether there is a signiﬁcant association between the two variables.
For example, in an election survey, voters might be classiﬁed by gender (male or female) and
voting preference (Democrat, Republican, or Independent). We could use a chi-square test for
independence to determine whether gender is related to voting preference. The sample
problem at the end of the lesson considers this example.

When to Use Chi-Square Test for Independence
The test procedure described in this lesson is appropriate when the following conditions are
met:
·

The sampling method is simple random sampling.

·

The variables under study are each categorical.

·

If sample data are displayed in a contingency table, the expected frequency count for
each cell of the table is at least 5.

This approach consists of four steps: (1) state the hypotheses, (2) formulate an analysis plan,
(3) analyze sample data, and (4) interpret results.

State the Hypotheses
Suppose that Variable A has r levels, and Variable B has c levels. The null hypothesis states
that knowing the level of Variable A does not help you predict the level of Variable B. That
is, the variables are independent.
Ho: Variable A and Variable B are independent.
Ha: Variable A and Variable B are not independent.
The alternative hypothesis is that knowing the level of Variable A can help you predict the
level of Variable B.
Note: Support for the alternative hypothesis suggests that the variables are related; but the
relationship is not necessarily causal, in the sense that one variable "causes" the other.
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Formulate an Analysis Plan
The analysis plan describes how to use sample data to accept or reject the null hypothesis.
The plan should specify the following elements.
·

Signiﬁcance level. Often, researchers choose signiﬁcance levels equal to 0.01, 0.05,
or 0.10; but any value between 0 and 1 can be used.

·

Test method. Use the chi-square test for independence to determine whether there is a
signiﬁcant relationship between two categorical variables.

Analyze Sample Data
Using sample data, ﬁnd the degrees of freedom, expected frequencies, test statistic, and the Pvalue associated with the test statistic. The approach described in this section is illustrated in
the sample problem at the end of this lesson.
·

Degrees of freedom. The degrees of freedom (DF) is equal to:
DF = (r - 1) * (c - 1)
where r is the number of levels for one catagorical variable, and c is the number of
levels for the other categorical variable.

·

Expected frequencies. The expected frequency counts are computed separately for
each level of one categorical variable at each level of the other categorical variable.
Compute r * c expected frequencies, according to the following formula.
Er,c = (nr * nc) / n
where Er,c is the expected frequency count for level r of Variable A and level c of
Variable B, nr is the total number of sample observations at level r of Variable A, nc is
the total number of sample observations at level c of Variable B, and n is the total
sample size.

·

Test statistic. The test statistic is a chi-square random variable (Χ2) deﬁned by the
following equation.
Χ2 = Σ [ (Or,c - Er,c )2 / Er,c ]
where Or,c is the observed frequency count at level r of Variable A and level c of
Variable B, and Er,c is the expected frequency count at level r of Variable A and level
c of Variable B.

·

P-value. The P-value is the probability of observing a sample statistic as extreme as
the test statistic. Since the test statistic is a chi-square, use the Chi-Square Distribution
Calculator to assess the probability associated with the test statistic. Use the degrees
of freedom computed above.
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Interpret Results
If the sample ﬁndings are unlikely, given the null hypothesis, the researcher rejects the null
hypothesis. Typically, this involves comparing the P-value to the signiﬁcance level, and
rejecting the null hypothesis when the P-value is less than the signiﬁcance level.

Test Your Understanding
Problem
A public opinion poll surveyed a simple random sample of 1000 voters. Respondents were
classiﬁed by gender (male or female) and by voting preference (Republican, Democrat, or
Independent). Results are shown in the contingency table below.
Voting Preferences
Row total
Rep

Dem

Ind

Male

200

150

50

400

Female

250

300

50

600

Column total 450

450

100 1000

Is there a gender gap? Do the men's voting preferences diﬀer signiﬁcantly from the women's
preferences? Use a 0.05 level of signiﬁcance.
Solution
The solution to this problem takes four steps: (1) state the hypotheses, (2) formulate an
analysis plan, (3) analyze sample data, and (4) interpret results. We work through those steps
below:
·

State the hypotheses. The ﬁrst step is to state the null hypothesis and an alternative
hypothesis.
Ho: Gender and voting preferences are independent.
Ha: Gender and voting preferences are not independent.

·

Formulate an analysis plan. For this analysis, the signiﬁcance level is 0.05. Using
sample data, we will conduct a chi-square test for independence.

·

Analyze sample data. Applying the chi-square test for independence to sample data,
we compute the degrees of freedom, the expected frequency counts, and the chisquare test statistic. Based on the chi-square statistic and the degrees of freedom, we
determine the P-value.
DF = (r - 1) * (c - 1) = (2 - 1) * (3 - 1) = 2
Er,c = (nr * nc) / n
E1,1 = (400 * 450) / 1000 = 180000/1000 = 180
E1,2 = (400 * 450) / 1000 = 180000/1000 = 180
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E1,3 = (400 * 100) / 1000 = 40000/1000 = 40
E2,1 = (600 * 450) / 1000 = 270000/1000 = 270
E2,2 = (600 * 450) / 1000 = 270000/1000 = 270
E2,3 = (600 * 100) / 1000 = 60000/1000 = 60
Χ2 = Σ [ (Or,c - Er,c )2 / Er,c ]
Χ2 = (200 - 180)2/180 + (150 - 180)2/180 + (50 - 40)2/40 + (250 - 270)2/270 + (300 270)2/270 + (50 - 60)2/60
Χ2 = 400/180 + 900/180 + 100/40 + 400/270 + 900/270 + 100/60
Χ2 = 2.22 + 5.00 + 2.50 + 1.48 + 3.33 + 1.67 = 16.2
where DF is the degrees of freedom, r is the number of levels of gender, c is the
number of levels of the voting preference, nr is the number of observations from level
r of gender, nc is the number of observations from level c of voting preference, n is
the number of observations in the sample, Er,c is the expected frequency count when
gender is level r and voting preference is level c, and Or,c is the observed frequency
count when gender is level r voting preference is level c.
The P-value is the probability that a chi-square statistic having 2 degrees of freedom
is more extreme than 16.2.
We use the Chi-Square Distribution Calculator to ﬁnd P(Χ 2 > 16.2) = 0.0003.
·

Interpret results. Since the P-value (0.0003) is less than the signiﬁcance level (0.05),
we cannot accept the null hypothesis. Thus, we conclude that there is a relationship
between gender and voting preference.

Note: If you use this approach on an exam, you may also want to mention why this approach
is appropriate. Speciﬁcally, the approach is appropriate because the sampling method was
simple random sampling, the variables under study were categorical, and the expected
frequency count was at least 5 in each cell of the contingency table.

Chi-Square Test of Homogeneity
This lesson explains how to conduct a chi-square test of homogeneity. The test is applied to
a single categorical variable from two or more diﬀerent populations. It is used to determine
whether frequency counts are distributed identically across diﬀerent populations.
For example, in a survey of TV viewing preferences, we might ask respondents to identify
their favorite program. We might ask the same question of two diﬀerent populations, such as
males and females. We could use a chi-square test for homogeneity to determine whether
male viewing preferences diﬀered signiﬁcantly from female viewing preferences. The sample
problem at the end of the lesson considers this example.
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When to Use Chi-Square Test for Homogeneity
The test procedure described in this lesson is appropriate when the following conditions are
met:
·

For each population, the sampling method is simple random sampling.

·

The variable under study is categorical.

·

If sample data are displayed in a contingency table (Populations x Category levels),
the expected frequency count for each cell of the table is at least 5.

This approach consists of four steps: (1) state the hypotheses, (2) formulate an analysis plan,
(3) analyze sample data, and (4) interpret results.
State the Hypotheses
Every hypothesis test requires the analyst to state a null hypothesis and an alternative
hypothesis. The hypotheses are stated in such a way that they are mutually exclusive. That is,
if one is true, the other must be false; and vice versa.
Suppose that data were sampled from r populations, and assume that the categorical variable
had c levels. At any speciﬁed level of the categorical variable, the null hypothesis states that
each population has the same proportion of observations. Thus,
Ho: Plevel 1 of pop 1 = Plevel 1 of pop 2 = . . . = Plevel 1 of pop r
Ho: Plevel 2 of pop 1 = Plevel 2 of pop 2 = . . . = Plevel 2 of pop r
...
Ho: Plevel c of pop 1 = Plevel c of pop 2 = . . . = Plevel c of pop r
The alternative hypothesis (Ha) is that at least one of the null hypothesis statements is false.
Formulate an Analysis Plan
The analysis plan describes how to use sample data to accept or reject the null hypothesis.
The plan should specify the following elements.
·

Signiﬁcance level. Often, researchers choose signiﬁcance levels equal to 0.01, 0.05,
or 0.10; but any value between 0 and 1 can be used.

·

Test method. Use the chi-square test for homogeneity to determine whether observed
sample frequencies diﬀer signiﬁcantly from expected frequencies speciﬁed in the null
hypothesis. The chi-square test for homogeneity is described in the next section.
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Analyze Sample Data
Using sample data from the contingency tables, ﬁnd the degrees of freedom, expected
frequency counts, test statistic, and the P-value associated with the test statistic. The analysis
described in this section is illustrated in the sample problem at the end of this lesson.
·

Degrees of freedom. The degrees of freedom (DF) is equal to:
DF = (r - 1) * (c - 1)
where r is the number of populations, and c is the number of levels for the categorical
variable.

·

Expected frequency counts. The expected frequency counts are computed separately
for each population at each level of the categorical variable, according to the
following formula.
Er,c = (nr * nc) / n
where Er,c is the expected frequency count for population r at level c of the categorical
variable, nr is the total number of observations from population r, nc is the total
number of observations at treatment level c, and n is the total sample size.

·

Test statistic. The test statistic is a chi-square random variable (Χ2) deﬁned by the
following equation.
Χ2 = Σ [ (Or,c - Er,c )2 / Er,c ]
where Or,c is the observed frequency count in population r for level c of the
categorical variable, and Er,c is the expected frequency count in population r for level
c of the categorical variable.

·

P-value. The P-value is the probability of observing a sample statistic as extreme as
the test statistic. Since the test statistic is a chi-square, use the Chi-Square Distribution
Calculator to assess the probability associated with the test statistic. Use the degrees
of freedom computed above.

Interpret Results
If the sample ﬁndings are unlikely, given the null hypothesis, the re searcher rejects the null
hypothesis. Typically, this involves comparing the P-value to the signiﬁcance level, and
rejecting the null hypothesis when the P-value is less than the signiﬁcance level.
Test Your Understanding
Problem
In a study of the television viewing habits of children, a developmental psychologist selects a
random sample of 300 ﬁrst graders - 100 boys and 200 girls. Each child is asked which of the
following TV programs they like best: The Lone Ranger, Sesame Street, or The Simpsons.
Results are shown in the contingency table below.
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Viewing Preferences
Total
Lone Ranger Sesame Street The Simpsons
Boys

50

30

20

100

Girls

50

80

70

200

Total

100

110

90

300

Do the boys' preferences for these TV programs diﬀer signiﬁcantly from the girls'
preferences? Use a 0.05 level of signiﬁcance.
Solution
The solution to this problem takes four steps: (1) state the hypotheses, (2) formulate an
analysis plan, (3) analyze sample data, and (4) interpret results. We work through those steps
below:
·

State the hypotheses. The ﬁrst step is to state the null hypothesis and an alternative
hypothesis.
o

Null hypothesis: The null hypothesis states that the proportion of boys who
prefer the Lone Ranger is identical to the proportion of girls. Similarly, for the
other programs. Thus,
Ho: Pboys like Lone Ranger = Pgirls like Lone Ranger
Ho: Pboys like Sesame Street = Pgirls like Sesame Street
Ho: Pboys like Simpsons = Pgirls like Simpsons

o

Alternative hypothesis: At least one of the null hypothesis statements is false.

·

Formulate an analysis plan. For this analysis, the signiﬁcance level is 0.05. Using
sample data, we will conduct a chi-square test for homogeneity.

·

Analyze sample data. Applying the chi-square test for homogeneity to sample data,
we compute the degrees of freedom, the expected frequency counts, and the chisquare test statistic. Based on the chi-square statistic and the degrees of freedom, we
determine the P-value.
DF = (r - 1) * (c - 1)
DF = (r - 1) * (c - 1) = (2 - 1) * (3 - 1) = 2
Er,c = (nr * nc) / n
E1,1 = (100 * 100) / 300 = 10000/300 = 33.3
E1,2 = (100 * 110) / 300 = 11000/300 = 36.7
E1,3 = (100 * 90) / 300 = 9000/300 = 30.0
E2,1 = (200 * 100) / 300 = 20000/300 = 66.7
E2,2 = (200 * 110) / 300 = 22000/300 = 73.3
E2,3 = (200 * 90) / 300 = 18000/300 = 60.0
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Χ2 = Σ[ (Or,c - Er,c )2 / Er,c ]
Χ2 = (50 - 33.3)2/33.3 + (30 - 36.7)2/36.7 + (20 - 30)2/30 + (50 - 66.7)2/66.7 + (80 73.3)2/73.3 + (70 - 60)2/60
Χ2 = (16.7)2/33.3 + (-6.7)2/36.7 +(-10.0)2/30 + (-16.7)2/66.7 +(3.3)2/73.3 + (10)2/60
Χ2 = 8.38 + 1.22 + 3.33 + 4.18 + 0.61 + 1.67 = 19.39
where DF is the degrees of freedom, r is the number of populations, c is the number of
levels of the categorical variable, nr is the number of observations from population r,
nc is the number of observations from level c of the categorical variable, n is the
number of observations in the sample, Er,c is the expected frequency count in
population r for level c, and Or,c is the observed frequency count in population r for
level c.
The P-value is the probability that a chi-square statistic having 2 degrees of freedom
is more extreme than 19.39.
We use the Chi-Square Distribution Calculator to ﬁnd P(Χ 2 > 19.39) = 0.0000. (The
actual P-value, of course, is not exactly zero. If the Chi-Square Distribution
Calculator reported more than four decimal places, we would ﬁnd that the actual Pvalue is a very small number that is less than 0.00005 and greater than zero.)
·

Interpret results. Since the P-value (0.0000) is less than the signiﬁcance level (0.05),
we reject the null hypothesis.
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Preparation of mitotic metaphase chromosome of Rat.
Required materials
1

0.04% colchicine: Dissolve 0.04 g colchicine in 100 ml sterile distilled H20 and
store at 4°C.

2

0.67% KCl: (0.67 g in 100 ml deionized H2O; freshly prepared)

3

Fixative (3:1 methanol/ ethanol : glacial acetic acid; freshly prepared)

4

Giemsa stain

5

1 cc disposable syringes with 23 gauge needles

6

Micropipet (1ml, 200µl, 20 µl and 3/4" Pasteur pipets)

7

1.5 ml Microfuse

8

Cold Centrifuge

Bone marrow procedure
1. Inject 0.4% colchicine, 0.2mg/kg body weight to the animal 2-3h prior to sacriﬁce
2. Sacriﬁce by cervical dislocation and dissect out femur bone (any long bone will do)
Sacriﬁce rat and remove femur(s) and tibia(s). Early metaphases seem to be more
prevalent in tibias.
3. Cut oﬀ just enough of the bone heads to insert a 23-gauge needle into the marrow
cavity.
4. Flush out cells into a conical centrifuge tube using a 1 cc syringe ﬁlled with 0.67%
KCl.
5. Incubate the tubes at room temperature (or 37° C if room is cool) for 15 min.
6. Centrifuge at 8000 rpm for 10 min. in a clinical bench-top centrifuge.
7. Remove supernatant and add 0.5 ml of ﬁxative without disturbing the pellet. Remove
ﬁxative after 3-4 sec. and add 2 ml fresh ﬁxative without disturbing the pellet.
8. Allow tubes to sit at room temperature 30 min. The procedure can be interrupted at
this point and resumed later. Always refrigerate cells if they are to be left standing in
ﬁxative longer than 30 min.
9. After 30 min. centrifuge the cells at 8000rpm, remove the ﬁxative, and resuspend the
cells in fresh ﬁxative.
10. Repeat step 9 twice more. The last addition of ﬁxative should be just enough to make
a thin cell suspension (solution in tube will look slightly opaque).
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Chromosome slide preparation:
·

Slides should be clean and grease free. Slides should be kept in cold ethanol overnight
in refrigerator.

·

Immerse pre-cleaned slides in ﬁxative at least 15 min. prior to use. Wipe slides dry
with a tissue paper.

·

Drop small drops of cell suspension onto slide surface with a Pasteur pipet and allow
it to spread. If too much suspension is used, it will bubble at the edges.

·

As soon as the drop begins to contract and Newton's rings are visible (rainbow colors
around the edge of the drop), blow on the slide surface to accelerate drying.

·

After proper drying, stain the slide with Giemsa for 3-4min and following 2 rinses in
distilled water (pH 6.8-7.2) or clean tap water, air dry the slide. When completely
dried, mount with DPX mountant, using a large coverglass .

·

To begin with, prepare only one slide and observe under the microscope to judge the
density of cell suspension (an unstained slide can be examined for this purpose). If
there are too many cells on the slide, dilute the suspension by adding more ﬁxative. If
the cells are too few, re-spin the tube and suspend the cells in a smaller volume of
ﬁxative.
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Plasmid isolation and restriction digestion and Agarose gel
electrophoresis
Principle:
Plasmid is an extra chromosomal circular self-replicating double stranded DNA molecule
found in bacterial cell. For plasmid isolation bacterial culture should be grown to late
logarithmic on stationary phase. This buﬀer is the typical buﬀering substance for DNA
because it is slightly alkaline and DNA also be stored best pH 7.5-8.2. EDTA is an important
substance in plasmid isolation because it inhibits nuclease activity.

Requirements:
1.
2.
3.

Microfuse tubes
Micropipette and tips
Reagents:
i.
TE buﬀer- 1 M Tris buﬀer 0.5 M EDTA Solution
ii.
10mM EDTA solution
iii.
Solution I (pH 8): 50 M glucose + 10mMEDTA +25mM Tris buﬀer stored at 280 C
iv.
Solution II (pH 7) : 0.2N NaOH +1% SDS stored at RT
v.
Solution III (pH 6) : 3M Potassium acetate & stored at 2-8 0C
vi.
DNA loading Dye: 0.05% Bromophenol blue& 10% glycerol.
vii. Ethidium bromide; (EtBr); 10mg/ml
viii. Running Buﬀer (pH-8) 48gm Tris +0.115gm Acetic acid + 0.5 M EDTA

Procedure:
i.
ii.

At ﬁrst LB media was Prepared and autoclaved after that 40µg/ml of antibody was
added.
500 µl of sample (Plasmid containing Bacteria) is transferre into newly prepared LB
media & allowed for incubation overnight at 37 0C in stable condition.
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Isolation of Plasmid:
i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.
xi.
xii.
xiii.
xiv.

Firstly, newly prepared bacterial culture was taken in eppendroﬀ and centrifuge at 8000
rpm for 8 min.
Discard the supernatant then 100 µl of Solution I (ice cold) was poured into tube to get
uniform suspension.
Incubate in ice for 30 minutes.
After incubation 200 µl of Solution II was added and inverted microfuse tube several
times and mixed all reagents properly.
Incubate in ice for 30 minutes.
Then 150 l of Solution III is added and kept in ice for 5 minutes.
The solution should be mixed in proper way and centrifuse at 10000 Rpm for 10
minutes.
Supernatant is transferred to a fresh microfuse.
After that equal volume of isopropyl alcohol was mixed and incubate at 20 0C.
Then the complete mixture was allowed for centrifugation at 10000 rpm for 10 mins.
Disard the supernatant and further work with pellet.
Next pellet was washed with 70% ethanol.
Then the pellet was dried at 400C for completely evaporation of the alcohol.
After that the pellet was dissolved in TE and load in 1.2% Agarose Gel.

Observation:
Orange colour DNA bands were observed when gel slab was exposed on UV light. Two
distinct bands were found. The closer bands indicate released plasmid DNA bands and the
farthest was super oil plasmid DNA.

Comment:
The DNA is separated by their molecular weight and bases. The plasmid is observed in gel
which indicates that the bacterial cell culture is contained Plasmid.
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Restriction Digest of Plasmid DNA
Introduction
Restriction enzyme digestion takes advantage of naturally occurring enzymes that cleave
DNA at speciﬁc sequences. There are hundreds of diﬀerent restriction enzymes, allowing
scientists to target a wide variety of recognition sequences.
Restriction enzyme digestion is commonly used in molecular cloning techniques, such as
PCR or restriction cloning. It is also used to quickly check the identity of a plasmid by
diagnostic digest.
Equipment
1.

Horizontal Gel Electrophoresis chamber

Reagents
1.
2.
3.
4.
5.
6.

Plasmid DNA
Appropriate restriction enzyme
Approrpriate restriction digest buﬀer
Gel loading dye
Electrophoresis buﬀer
Micro Pipet and tips

Procedure
1.
2.
3.

Select restriction enzymes to digest your plasmid.
Determine an appropriate reaction buﬀer by reading the instructions for your enzyme.
In a 1.5mL tube combine the following:
a.
b.
c.
d.
e.

DNA
Restriction Enzyme(s)
Buﬀer
BSA
DH2O up to total volume
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4.

Mix gently by pipetting.

5.

Incubate tube at appropriate temperature (usually 37 °C) for 1 hour.

6.

To visualize the results of your digest, conduct gel electrophoresis.
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