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1. Biodiversity and Environmental stress
i. Qualitative and quantitative estimation of soil and aquatic biodiversity.

AQUATIC BIODIVERSITY
PLANKTON ANALYSIS
The physical and chemical characteristics of water affect the abundance, species composition,
stability and productivity of the indigenous populations of aquatic organisms. The biological
methods used for assessing water quality include collection, counting and identification of
aquatic organisms; and processing and interpretation of biological data. The work involving
plankton analysis would help in:


Explaining the cause of colour and turbidity and the presence of objectionable odour,
tastes and visible particles in waters.



The interpretation of chemical analyses.



Identifying the nature, extent and biological effects of pollution.



Providing data on the status of an aquatic system on a regular basis.

Plankton: A microscopic community of plants (phytoplankton) and animals (zooplankton),
found usually free floating, swimming with little or no resistance to water currents,
suspended in water, non-motile or insufficiently motile to overcome transport by currents, are
called "Plankton". Phytoplankton (microscopic algae) usually occur as unicellular, colonial
or filamentous forms and is mostly photosynthetic and is grazed upon by the zooplankton and
other organisms occurring in the same environment. Zooplankton principally comprise of
microscopic protozoans, rotifers, cladocerans and copepods. The species assemblage of
zooplankton also may be useful in assessing water quality.
Plankton, particularly phytoplankton, has long been used as indicators of water quality.
Because of their short life spans, planktons respond quickly to environmental changes. They

flourish both in highly eutrophic waters while a few others are very sensitive to organic
and/or chemical wastes. Some species have also been associated with noxious blooms
causing toxic conditions apart from the tastes and odour problems.
Plankton net: The plankton net is a field-equipment used to trap plankton. It has a
polyethylene filter of a defined mesh size and a graduated measuring jar attached to the other
end. A handle holds the net. The mesh size of the net determines the size range of the
plankton trapped
Sampling Procedure: Plankton net number 25 of mesh size 60 µm was used for collecting
samples. 100 litres of water was measured in a graduated bucket and filtered through the net
and concentrated in a 100 ml bottle. Samples were collected as close to the water surface as
possible in the morning hours and preserved for further analysis.
Labelling: The samples are labelled with the date, time of sampling, study area-lake name,
sampling site name and the volume measured and pasted on the containers.
Preservation of the sample: Between the time that a sample is collected in the field and until
its analysis in the laboratory, physical, chemical and biochemical changes may take place
altering the intrinsic quality of the sample. It is therefore necessary to preserve the samples
before shipping, to prevent or minimise changes. This is done by various procedures such as
keeping the samples in the dark, adding chemical preservatives, lowering the temperature to
retard reactions by freezing or by a combination of these methods. For a phytoplankton
sample to be analysed for an extended period, commonly two preservatives are used: Lugol’s
iodine using acetic acid which will stain cells brownish yellow and will maintain cell
morphology and of 4% formaldehyde. The samples collected for this study were preserved by
adding suitable amounts of 1 ml chloroform to act as the narcotising agent and 2ml of 4%
formalin for preservation and analyses.
Concentration technique: The plankton nets were used to collect samples for the qualitative
and quantitative estimation of the plankton, by filtering a known volume of water (100 litres)
through the net. The sample was allowed to settle for 24-48 hours and was further
concentrated to approximately 30 ml by decanting. The concentration factor is used during
the calculations.

Qualitative and quantitative evaluation of plankton: Detailed analyses of phytoplanktonic
populations are done by estimating the numbers in each species. The phytoplankton
consisting of individual cells, filaments and colonies are counted as individual cells. When
colonies of species are counted, the average number of cells per colony is counted, and in
filamentous algae, the average length of the filament has to be determined.
Mounting the slides: Preserved samples in bottles are mixed uniformly by gentle inversion
and then one drop of the sample is pipetted out from a calibrated pipette onto the glass slide
for analysis. A cover slip is carefully placed ensuring no air bubbles remain and the cover slip
is ringed with a transparent nail enamel to prevent evaporation during the counting process.
Microscope: A binocular compound microscope is used in the counting of plankton with
different eyepieces such as 10X and 40X. The microscope is calibrated using an ocular
micrometer.
Counting method: Drop count method – In this method one drop of the sample is pipetted
out from a calibrated pipette onto a glass slide and the planktonic organisms are counted in
strips. The total area under the cover slip represents the number of organisms present per
given volume of the sample. This volume expanded to an appropriate factor yields the
organisms per litre of water for the lake.
Phytoplankton Counting Units: Some plankton are unicellular while others are
multicellular (colonial), posing a problem for enumeration. For analysis, a colony of plankton
is accounted as a single count.

Formula for calculating organisms per litre:

Total plankton count per litre = A * (1/L) * (n/v)

Where, A = number of organisms per drop
L = volume of original sample (l)
n = total volume of concentrated sample (ml)
v = volume of one drop (ml)

ESTIMATION OF SOIL BIODIVERSITY

Introduction : Soil biodiversity is an important resource that provides ecosystem processes
essential to the functioning of natural and global systems. Our understanding of the species,
their interactions, and effect on processes occurring in the soil food web in natural systems
are an important contribution to management of land, particularly agriculture. The link
between aboveground and belowground diversity is strong, although occurring at different
temporal scales for organisms, and changes affecting aboveground diversity and function are
reflected in belowground ecosystems. An immediate effect is a decrease in the biological
capacity of soils and a change in the regulation of interactions and processes. Knowledge on
whether all or a few key taxa are important in this regulation of ecosystems processes is a
high priority for planning for future sustainability.
Key Functional Groups : The taxonomic diversity of the soil biota is so high that inevitably
some selection must be made. The taxonomic groups described below were selected on the
basis of their diverse functional significance to soil fertility (hence the term "target taxa");
and their relative ease of sampling.
1) Earthworms, which influence both soil porosity and nutrient relations through channeling,
and ingestion of mineral and/or organic matter.
2) Termites and ants, which influence a) soil porosity and texture through tunnelling, soil
ingestion and transport, and gallery construction; b) nutrient cycles through transport,
shredding and digestion or organic matter.
3) Other macrofauna such as woodlice, millipedes and some types of insect larvae which act
as litter transformers, with an important shredding action on dead plant tissue, and their
predators (centipedes, larger arachnids, some other types of insect)
4) Nematodes, which a) influence turnover in their roles as root grazers, fungivores,
bacterivores, omnivores and predators b) occupy existing small pore spaces in which they are
dependent on water films and c) usually have very high generic and species richness.
5) Mycorrhizas, which associate with plant roots, improving nutrient availability and
reducing attacks by plant pathogens.

6) Rhizobia and, when relevant, other N-fixing microsymbionts which transform N2 into
forms available for plant growth.
7) Microbial biomass, which is an indirect measure of the total decomposition and nutrient
recycling community of a soil. Microbial biomass is contributed by three very diverse taxa:
fungi, protists and bacteria (including archaea and actinomycetes), but it is not usually
practical to separate these during measurements. Microbial biomass estimation usually
depends on relatively crude chemical methods (lysis of cells, followed by determinations of
total N (and P), conversion of these values to a C equivalent, and comparisons with unlysed
control samples). It may thus have relatively low resolution, but assesses the decomposer
community as a whole.
Sampling design:
Overall strategy: Macrofauna, microbiota and soil (for physical and chemical analyses) are
sampled in transects, for which the optimum size is 40 x 4m. However, for the quantitative
sampling of termites and for a number of above-ground studies (particularly plant functional
attributes and C sequestration) quadrats of 40 x 5m have been deployed, and it seems
advisable to standardize both above-ground and below-ground work at 40 x 5m (Figure 2). In
further amendments to the procedures, pitfall trapping of surface-active invertebrates and a
100m qualitative transect for termites have been added to the sampling. These can take place
along one flank of the transect (pitfalls) or in parallel at about 5-10m distance (termite
transect). These modifications are intended, in part, to contribute elements of true
biodiversity to the dataset by achieving resolution at the species level, but also to mitigate the
variability of data from short transects on groups with typically patchy distributions.
Replication of transects in each site is also desirable, as it facilitates statistical analysis of the
data obtained, though this may not always be practical where time and funding are limited.
Macrofauna : Procedures follow Anderson and Ingram (1993), making use of pitfall traps
together with the digging of soil monoliths of dimensions 25x25x30 (depth) cm. An
additional 100x2m sampling transect is used for termites.
Sampling from the 40 x 5 m transect : a. 5-10 sampling points (for monoliths) are located
and marked. These should be equally spaced along the transect. The larger the number of
monoliths, the more comfortable the subsequent statistical analysis of the data obtained (see

below). It is suggested that 8 should be the target, although 5 will suffice as a minimum
number.
b. 10 pitfall traps are installed at roughly 4m intervals along one flank of the transect. The
traps are put in during the afternoon or early evening and emptied 24 hours later. Each trap
contains a little water, with a few drops of detergent added to immobilize specimens by
drowning. Glass jars of about 10-15cm mouth diameter make suitable traps. Depth of the
traps is not critical, but the mouth must be exactly flush with the surface of the ground. A
sloped cover (for example an inverted petri dish, or a piece of plywood or plastic), supported
on twigs over the jar, is useful to keep rain out.
c. At each sampling point, litter is removed from within a 25cm quadrat and hand-sorted at
the site. Following this the exact position of the monolith of is marked with a wooden or
metal quadrat of 25x25cm outside dimensions.
d. Isolate the monolith by cutting down with a spade a few centimetres outside the quadrat
and then digging a 20cm wide and 30cm deep trench around it. NB. In a variant of the
method, all invertebrates longer than 10 cm excavated from the trench are collected; these
will be mainly large millipedes and earthworms with very low population densities but
representing an important biomass. Their abundance and biomass can be calulated on the
basis of 0.42m2 samples, i.e. the width of the block plus two trench widths, squared.
e. Divide the delimited monolith block into three layers, 0-10cm, 10-20cm and 20- 30cm.
This can be done conveniently using a machette or parang held horizontally and grasped at
both ends. Hand-sort each layer separately. If time is short or the light poor (sorting in closed
canopy forest is usually difficult after about 3.30 pm), bag the soil and remove to a
laboratory. Ants can be extracted by gently brushing small (handful) quantities of soil
through a course (5mm) sieve into a tray: the sieve retains the ants. Bagged soil should be
kept out of direct sunlight and sorted within 24 hours (but preferably sooner).
f. Record the number and fresh weight of all animals and identify to at least the taxonomic
and functional levels indicated in Table 2 (but preferably further). The presence and weight
of termite fungus combs (if any) should also be noted. If a balance is not available in the
field, fresh weight can be approximated for preserved specimens by weighing them after light
blotting.

g. Make a list of species, if possible grouped into subfamilies or families. Within each of
these, use generic names to generate alphabetical orders. Combine the results from pitfall
traps and monoliths to compile this list.

ii. Basic principles for the estimation of heavy metals.
Heavy metals are generally defined as metals with relatively high densities, atomic weights,
or atomic numbers. The earliest known metals—common metals such as iron, copper, and
tin, and precious metals such as silver, gold, and platinum—are heavy metals. From 1809
onward, light metals, such as magnesium, aluminium, and titanium, were discovered, as well
as less well-known heavy metals including gallium, thallium, and hafnium. Heavy metals are
relatively scarce in the Earth's crust but are present in many aspects of modern life. They are
used in, for example, golf clubs, cars, antiseptics, self-cleaning ovens, plastics, solar panels,
mobile phones, and particle accelerators.

PRINCIPLE

Heavy metals are here defined as those metallic impurities that are colored by hydrogen
sulfide under the conditions of this test. Concentration is determined by visual comparison
with lead standards treated similarly. If there is color interference the organic matter in the
sample is first destroyed by ignition in the presence of a small amount of sulfuric acid and the
residue is dissolved in dilute acid.

SCOPE

The method applies to the determination of heavy metals in corn syrups, corn sugars, refined
sugars and syrup solids, including USP dextrose .

SAFETY NOTE

This procedure requires the use of several extremely hazardous chemicals. Thorough
knowledge of the dangers and safety procedures is required. Proper protective equipment is
also required.

SPECIAL APPARATUS

1.

Muffle furnace: equipped with pyrometer and capable of operating at controlled
temperatures up to 550 °C.

2. Platinum or silica dishes: 100 to 200 mL capacity.

3. Nessler Tubes: Matching 50 mL tall form tubes and viewing stand.

REAGENTS

1. Sulfuric Acid solution, (1:3): Cautiously pour 500 mL of concentrated sulfuric acid (96%
H2SO4, sp g 1.84, lead free) into 1500 mL of purified water and mix.
2. Hydrochloric Acid Solution, (1:3): Add 500 mL of concentrated hydrochloric acid, (37%
HCl, sp g 1.19) to 1500 mL of purified water and mix.
3. Acetic Acid, (CH3COOH) 6%: Dilute 60 mL glacial acetic acid, sp g 1.06 to 1.0 L with
purified water and mix.
4. Ammonium Hydroxide Solution, (NH4OH) (1:1 v/v): Add 500 mL of concentrated
NH4OH, (28% NH4OH, sp g 0.90; 14.8 N), to 500 mL of purified water and mix.
5. Hydrogen Sulfide Solution, Saturated: Hydrogen sulfide gas is toxic . Use special
precautions to contain in hood. Vent only through a scrubber (Notes 3, 4). Bubble hydrogen
sulfide (H2S) gas from a cylinder through cold water until saturated, (about 10 mins.). The
saturated solution should produce, at once, a copious precipitate of sulfur when added to an
equal volume of 10% ferric chloride solution. Prepare fresh solution just prior to use.
6. Standard Lead (Pb) Solution, 10 µg/mL:
Stock Solution:

Dry lead nitrate [Pb(NO3)2] overnight in a desiccator. Dissolve 0.1600 g of reagent grade
lead nitrate in water, add 1.0 mL of concentrated nitric acid (HNO3) and dilute with purified
water to 1.0 L. Store in glass container which is free from soluble lead salts.
Standard Solution:
Pipet 10.0 mL of the stock lead solution and dilute with purified water to 100 mL and mix
thoroughly. Prepare fresh standard solutions daily.

PROCEDURE

i.

Weigh accurately about 5 g of sample and transfer with a minimum quantity of
purified water to a 50 mL Nessler tube .

ii.

Pipet 0.0, 1.0, 2.0, 3.0, 4.0 and 5.0 mL of standard lead solution into 6 separate 50
mL Nessler tubes.

iii.

From this point treat all tubes in the same manner. Add 2 mL of 6% acetic acid,
dilute to 25 mL with purified water and mix.

iv.

Add 10 mL of saturated hydrogen sulfide solution, mix and allow to stand 10
minutes.

v.

Compare color in sample tube with that in standard tubes by viewing downward
over a white surface.

vi.

Determine the volume of standard lead solution (to nearest 0.5 mL) required to
obtain a color match. If there is a color interference, follow the ash procedure
below:

vii.

Weigh about 10.0 g of sample (dry basis) into a platinum or silica dish. Add 5 mL
of 1:3 sulfuric acid, distributing the acid uniformly in the sample.

viii.

Place the dish on a steam bath or low temperature hot plate to evaporate the
water; increase heat to carbonize the sample and expel most of the sulfuric acid.

ix.

Place the dish in a muffle furnace at 525-550 °C until the ash is free from carbon
(refer to CRA ash procedure).

x.

Cool to room temperature. Carefully wash down sides of dish with 3-5 mL of
purified water; add 5 mL of 1:3 hydrochloric acid and evaporate to dryness on a
steam bath.

xi.

Pipet 0.0, 1.0, 2.0, 3.0, 4.0 and 5.0 mL of standard lead solution into separate
beakers.

xii.

From this point treat samples and standard in the same manner. Add 5 mL of 1:3
hydrochloric acid and 10 mL of purified water.

xiii.

Bring to boil on a hot plate and boil gently for 10 mins. Cool and carefully add 1:1
ammonium hydroxide solution until the solution is neutral to litmus paper. Add 2
mL of 6% acetic acid solution.

xiv.

Filter quantitatively if solution is hazy. Transfer solution to Nessler tube, dilute to
30 mL volume with purified water and mix.

xv.

Add 10 mL of saturated hydrogen sulfide solution, mix and allow to stand for 10
mins.

xvi.

Compare sample color with that of the standards. Determine volume of standard
lead solution (to nearest 0.5 mL) required to obtain a color match.

CALCULATION
Heavy metal ppm (as expressed as lead)
= (ml Std. Pb solution)(0.00001)(1000000) / Sample ,Wt., gm

ESTIMATION OF COD

PRINCIPLE:

The chemical oxygen demand (COD) determines the amount of oxygen required for chemical
oxidation of organic matter using a strong chemical oxidant, such as, potassium dichromate
under reflux conditions. This test is widely used to determine: a) Degree of pollution in water
bodies and their self-purification capacity, b) Efficiency of treatment plants, c) Pollution
loads, and d) Provides rough idea of Biochemical oxygen demand (BOD) which can be used
to determine sample volume for BOD estimation. The limitation of the test lies in its inability
to differentiate between the biologically oxidizable and biologically inert material and to find
out the system rate constant of aerobic biological stabilization. Most of the organic matters
are-destroyed when boiled with a mixture of potassium dichromate and sulphuric acid
producing carbon dioxide and water. A sample is refluxed with a known amount of potassium
dichromate in sulphuric acid medium and the excess of dichromate is titrated against ferrous
ammonium sulphate. The amount of dichromate consumed is proportional to the oxygen
required to oxidize the oxidizable organic matter.

REAGENTS:
Standard Potassium dichromate (K2Cr2O7) digestion solution, 0.01667M: Add to about
500 mL
distilled water 4.903 g K2Cr2O7, primary standard grade, previously dried at 150°C for 2 h,
167 mL conc. H2SO4, and 33.3 g HgSO4. Dissolve, cool to room temperature, and dilute to
1000 mL.
Sulfuric acid reagent: Add H2SO4 at the rate of 5.5 g Ag2SO4/kg H2SO4 or 10.12 g silver
sulphate/L H2SO4. Let stand 1 to 2 d to dissolve and mix. This accelerates the oxidation of
straightchain aliphatic and aromatic compounds. (1 Kg = 543.47826 mL of H2 SO4 and take
20.24 g of Ag2SO4 to 2 L of H2 SO4 or 22.264 g of Ag2SO4 to 2.2 L of H2 SO4)
Ferroin Indicator solution: This indicator is used to indicate change in oxidation-reduction
potential of the solution and indicates the condition when all dichromate has been reduced by
ferrous ion. It gives a very sharp brown color change which can be seen in spite of blue color
generated by the Cr3+ ions formed on reduction of the dichromate.
Standard ferrous ammonium sulfate titrant (FAS), approximately 0.10M: Dissolve 39.2
g Fe(NH4)2(SO4)2.6H2O in distilled water. Add 20 mL conc. H2SO4, cool, and dilute to 1000

mL. Standardize solution daily against standard K2Cr2O7 digestion solution as follows: Pipet
5.00 mL digestion solution into a small beaker. Add 10 mL reagent water to substitute for
sample. Cool to room temperature. Add 1 to 2 drops diluted Ferroin indicator and titrate with
FAS titrant. Molarity of FAS solution = [VK2Cr2O7 ×0.1] / (VFAS) Where: VK2Cr2O7 =
volume of K2Cr2O7 (mL); VFAS = volume of FAS (mL)

PROCEDURE:
1. Wash culture tubes and caps with 20% H2SO4 before using to prevent contamination.
2. Place sample (2.5 mL) in culture tube and Add K2Cr2O7 digestion solution (1.5 mL).
3. Carefully run sulphuric acid reagent (3.5 mL) down inside of vessel so an acid layer is formed
under the sample-digestion solution layer and tightly cap tubes or seal ampules, and invert each
several times to mix completely.
4. Place tubes in block digester preheated to 150°C and reflux for 2 h behind a protective shield.
5. Cool to room temperature and place vessels in test tube rack. Some mercuric sulfate may
precipitate out but this will not affect the analysis.
6. Add 1 to 2 drops of Ferroin indicator and stir rapidly on magnetic stirrer while titrating with
standardized 0.10 M FAS.
7. The end point is a sharp color change from blue-green to reddish brown, although the blue green
may reappear within minutes.
8. In the same manner reflux and titrate a blank containing the reagents and a volume of distilled
water equal to that of the sample.
CALCULATION:
COD is given by COD (mg O2 /L) = [(A-B) × M ×8000) / (V sample)
Where: A = volume of FAS used for blank (mL) B = volume of FAS used for sample (mL) M =
molarity of FAS 8000 = milli equivalent weight of oxygen (8) ×1000 mL/L.

ESTIMATION OF BOD
Biological Oxygen Demand (BOD): The amount of oxygen, taken up by the microorganisms
that decompose the organic waste matter in wastewater is known as biological oxygen
demand or biochemical oxygen demand. Therefore it is used to measure the amount of
certain type of organic water pollution BOD is calculated by keeping a sample of water
containing a known amount of oxygen for five days at 20 °C.
The oxygen content is measured again and BOD is calculated. A high BOD indicates the
presence of a large number of microorganisms which indicates a high level of pollution in
wastewater.
1. Neutralization of Sample: The accuracy of BOD test totally depends upon the proper
bacterial growth, present in the water sample. pH of the diluted sample should be adjusted
7.00 ±0.2 before the incubation for five days for proper results. The sample should be
neutralized in the following manner.
I) Take 50 ml of sample in a 100 ml beaker.
ii) Measure the pH of the solution by using the calibrated pH meter.
iii) Add the 1N sulfuric acid to adjust the pH if it is higher than 7.00 and 1N sodium
hydroxide if pH is lower than 7.00.
iv) Note down the volume of sulfuric acid or sodium hydroxide used to adjust the pH of 50
ml sample to 7.00 ±0.2.
v) Calculate the volume of sulfuric acid or sodium hydroxide required to neutralize the 1000
ml sample.
vi)

Add the calculated volume of sulfuric acid or sodium hydroxide to the sample to

neutralize. For example, if 2.1 ml of 1N sulfuric acid or sodium hydroxide are used to
neutralize 50 ml of sample to pH 7.00 ±0.2. Calculate the volume of 1N sulfuric acid or
sodium hydroxide to be added to neutralize the 1000 ml sample as follows: 1N sulfuric acid
or sodium hydroxide required = (2.1 ml x 1000 ml)/50 ml = 2100/50 = 42 ml. Note:
Hydrochloric acid or other acid containing chlorine should not be used to neutralize the
sample because chlorine interferes the results of wastewater BOD.

2. Removal of Chlorine Content: Chlorine is a strong oxidizing agent and it can inhibit the
microbial growth during wastewater BOD analysis, so it should be removed from sample
before start the analysis. Chlorine can be removed by adding the sodium sulfite to the sample
in following manner.
I) Take 50 ml of water sample to be tested in a conical flask.
ii) Add 2.5 ml of acetic acid diluted to 50% with water.
iii) Add 2.5 ml of 10% w/v solution of potassium iodide.
iv) Add 1 ml of starch indicator and titrate with 0.025N sodium sulfite solution.
v) Note down the volume and calculate to add in 1000 ml of the sample as described above
in Neutralization of Sample section.
vi) Add the calculated volume of sodium sulfite solution to the sample and mix well to
neutralize the chlorine.
3. Preparation of Phosphate Buffer Solution: Dissolve accurate weighed 8.5 gm of potassium
dihydrogen phosphate (KH2P04), 21.75 gm of Dipotassium hydrogen phosphate (K2HP04),
33.4 gm of Disodium hydrogen phosphate (Na2HP04.7H20) and 1.7 gm of ammonium
chloride (NH4Cl) in 500 ml distilled water. Dilute the solution up to 1000 ml.
4. Preparation of Alkali-Iodide-Azide Reagent: Dissolve 500 gm of sodium hydroxide
(NaOH) and 135 gm of sodium iodide (NaI) in distilled water. Make up the solution to 1000
ml of distilled water. Now dissolve 10 gm of sodium azide in this solution.
5. Preparation of Dilution Water: The dilution water for wastewater BOD analysis must be
free from organic content. Dilution water can be prepared by the following method.
i)Take five liters of double distilled water in a glass container
ii) Aerate the water with the clean compressed air for not less than 12 hours.
iii) Allow to stable for at least 6 hours at 20 °C.
iv) Add 5 ml of 27.5% w/v solution of calcium carbonate.
v) Add 5 ml of 22.5 % w/v solution of magnesium sulfate.

vi) Add 5 ml of 0.15% w/v solution of ferric chloride.
vii) Add 5 ml of phosphate buffer solution.
viii) Mix well and allow to stand for 2 hours.
6. Procedure to Determine the Biological Oxygen Demand of Water:
i) Take four 300 ml BOD bottles and add 10 ml of samples to two bottles and fill the
remaining volume with dilution water.
ii) Fill remaining two BOD bottle only with dilution water for blank.
iii) Immediately close the bottles when filled and there should not be any air bubble in the
bottle.
iv) Mark the bottles as blank and sample.
v) Incubate one sample and one blank bottle at 20 °C for 5 days.
vi) Analyze immediately remaining one blank and one sample bottle of dissolved oxygen
(DO).
vii) Analyze incubated bottles for DO after 5 days.
Recommended sample volume for BOD determination:
Bod range (mg/lit)

Sample volume (ml)

Dilution water(ml)

0-10

300

0

11-30

100

200

31-70

100

250

71-150

25

275

151-310

10

290

311-630

5

295

631-1270

2

298

1270-2500

1

299

7. Test for Dissolved Oxygen (DO):
i) Add 2 ml of 36.4% of manganous sulfate (MnSO4.H2O) solution inserting the tip of
pipette tip into the sample because the drops of solution can allow inserting the oxygen into
the solution.
ii) Add 2 ml of the alkali-iodide-azide reagent by above method.
iii) Allow reacting the solutions with the oxygen present in the sample.
iv) When precipitates are settled down at the bottom add 2 ml of concentrated sulfuric acid
by placing the pipette tip very near to sample surface.
v) Mix well to dissolve the precipitates.
vi) Take 203 ml of sample from BOD bottle into an Erlenmeyer flask.
vii) Titrate immediately with 0.025N sodium thiosulfate solution using starch indicator until
blue color disappears and note down the burette reading.
viii) Determine the burette reading for blank in the same manner.
Calculation: Blank correction = B.R. for blank at D0 – B.R. for blank at D5
BOD mg/l = [(B.R. for sample at D0 –D5)– blank correction] x dilution factor
Dilution factor = Bottle volume (300 ml) / Sample volume
[ Where: B.R. = burette reading, D0 = Initial, D5 = Day five after incubation]

2. Biostatistics
i. Chi square test for goodness of fit with a Mendelian frequency
distribution.

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
1
2
3

48
35
15
3

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 differences 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:

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
Hypothesis Testing

(k-1).

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 =

= (Y1 - np1)² + (Y2 - np2)² + ... + (Yk - npk)²
---------- ----------------np1
np2
npk
Reject H0 if this value exceeds the upper
distribution, where

critical value of the

is the desired level of significance.

(k-1)

Computation and significance test of product – moment r between two
continuous measurement variables.

Correlation is usually defined as a measure of the linear relationship between two quantitative
variables (e.g., height and weight). correlation simply means that there is some type of relationship
between two variables. This post will define positive and negative correlation.
When the values of one variable increase as the values of the other increase, this is known
as positive correlation .
When the values of one variable decrease as the values of another increase to form an inverse
relationship, this is known as negative correlation.

Where it is possible to predict, with a reasonably high level of accuracy, the values of one variable
based on the values of the other, the relationship between the two variables is described as a strong
correlation. A weak correlation is one where on average the values of one variable are related to the
other.
Pearson’s Product-Moment Correlation
The most common measure of correlation is Pearson’s product-moment correlation, which is
commonly referred to simply as the correlation, the correlation coefficient, or just the letter r.


A correlation of 1 indicates a perfect positive correlation.



A correlation of -1 indicates a perfect negative correlation.



A correlation of 0 indicates that there is no relationship between the different variables.



Values between -1 and 1 denote the strength of the correlation.
FORMULA:

Significance test
To test whether the association is merely apparent, and might have arisen by chance
use the t test in the following calculation:

Calculation of the correlation coefficient
 A paediatric registrar has measured the pulmonary anatomical dead space (in ml) and height
(in cm) of 15 children. Calculate the correlation coefficient.

The calculation of the correlation coefficient is as follows, with x representing the values of the
independent variable (in this case height) and y representing the values of the dependent variable
(in this case anatomical dead space). The formula to be used is:

r = 5426.6/6412.0609 = 0.846.
The correlation coefficient of 0.846 indicates a strong positive correlation between size of
pulmonary anatomical dead space and height of child. But in interpreting correlation it is important
to remember that correlation is not causation. There may or may not be a causative connection
between the two correlated variables. Moreover, if there is a connection it may be indirect.
The assumptions governing this test are:
1. That both variables are plausibly Normally distributed.
2. That there is a linear relationship between them.
3. The null hypothesis is that there is no association between them.
The number of pairs of observations was 15. Applying test for significance-

Thus the correlation coefficient may be regarded as highly significant. Thus there is a very
strong correlation between dead space and height which is most unlikely to have arisen by
chance.

iii. Computation of simple linear regression.
Regression analysis can result in linear or nonlinear graphs. A linear regression is where the
relationships between variables can be described with a straight line. Non-linear regressions produce
curved lines.
The X variable is sometimes called the independent variable and the Y variable is called
the dependent variable. Simple linear regression plots one independent variable X against one
dependent variable Y. Technically, in regression analysis, the independent variable is usually called
the predictor variable and the dependent variable is called the criterion variable. However, many
people just call them the independent and dependent variables. More advanced regression
techniques (like multiple regression) use multiple independent variables.

Simple linear regression for the amount of rainfall per year.

Regression analysis is used to find equations that fit data. One type of regression analysis is linear
analysis. When a correlation coefficient shows that data is likely to be able to predict future
outcomes and a scatter plot of the data appears to form a straight line, simple linear regressionis
used to find a predictive function. Calculate linear regression, and find the equation y’ = a + bx.
EXAMPLE:

subject

Age

Glucose level

xy

X2

Y2

1

43

99

4257

1849

9801

2

21

65

1365

441

4225

3

25

79

1975

625

6241

4

42

75

3150

1764

5625

5

57

87

4959

3249

7569

6

59

81

4779

3481

6561

From the above table, Σx = 247, Σy = 486, Σxy = 20485, Σx2 = 11409, Σy2 = 40022. n is the sample size
= 6,
Using the following equations to find a and b.

a = 65.1416
b = .385225
Find a:
((486 × 11,409) – ((247 × 20,485)) / 6 (11,409) – 2472)

484979 / 7445
=65.14
Find b:
(6(20,485) – (247 × 486)) / (6 (11409) – 2472)
(122,910 – 120,042) / 68,454 – 2472
2,868 / 7,445
= .385225
Inserting the values into the equation.
y’ = a + bx
y’ = 65.14 + .385225x

iv. Computation of variance ratio (F) and multiple comparison of Scheffe’s F test for one-way
anova and their interpretation

What are F-statistics and the F-test?
F-tests are named after its test statistic, F, which was named in honor of Sir Ronald Fisher.
The F-statistic is simply a ratio of two variances. Variances are a measure of dispersion, or
how far the data are scattered from the mean. Larger values represent greater dispersion.
Variance is the square of the standard deviation. For us humans, standard deviations are
easier to understand than variances because they’re in the same units as the data rather than
squared units. However, many analyses actually use variances in the calculations.
F-statistics are based on the ratio of mean squares. The term “mean squares” may sound
confusing but it is simply an estimate of population variance that accounts for the degrees of
freedom (DF) used to calculate that estimate.

Despite being a ratio of variances, you can use F-tests in a wide variety of situations.
Unsurprisingly, the F-test can assess the equality of variances. However, by changing the
variances that are included in the ratio, the F-test becomes a very flexible test. For example,
you can use F-statistics and F-tests to test the overall significance for a regression model, to
compare the fits of different models, to test specific regression terms, and to test the equality
of means.
To calculate the FF ratio, two estimates of the variance are made.
1. Variance between samples: An estimate of σ2σ2 that is the variance of the sample
means multiplied by n (when there is equal n). If the samples are different sizes, the
variance between samples is weighted to account for the different sample sizes. The
variance is also called variation due to treatment or explained variation.
2. Variance within samples: An estimate of σ2σ2 that is the average of the sample
variances (also known as a pooled variance). When the sample sizes are different, the
variance within samples is weighted. The variance is also called the variation due to
error or unexplained variation.


SSbetween=SSbetween= the sum of squares that represents the variation among the
different samples.



SSwithin=SSwithin= the sum of squares that represents the variation within samples
that is due to chance.

To find a "sum of squares" means to add together squared quantities which, in some cases,
may be weighted. We used sum of squares to calculate the sample variance and the sample
standard deviation in Descriptive Statistics.
MSMS means "mean square." MSbetweenMSbetween is the variance between groups
and MSwithinMSwithin is the variance within groups.


MSbetween=SSbetweendfbetween=SSbetweenk−1MSbetween=SSbetweendfbetween
=SSbetweenk−1



MSwithin=SSwithindfwithin=SSwithinn−kMSwithin=SSwithindfwithin=SSwithinn−
k

The One-Way ANOVA test depends on the fact that MSbetweenMSbetween can be
influenced

by

population

differences

among

means

of

the

several

groups.

Since MSwithinMSwithin compares values of each group to its own group mean, the fact that
group means might be different does not affect MSwithin.
A One-Way Analysis of Variance is a way to test the equality of three or more means at one
time by using variances.
Assumptions


The populations from which the samples were obtained must be normally or
approximately normally distributed.



The samples must be independent.



The variances of the populations must be equal.

Hypotheses
The null hypothesis will be that all population means are equal, the alternative hypothesis is
that at least one mean is different.
In the following, lower case letters apply to the individual samples and capital letters apply to
the entire set collectively. That is, n is one of many sample sizes, but N is the total sample
size.
Grand Mean
The grand mean of a set of samples is the total of all the data values divided
by the total sample size. This requires that you have all of the sample data
available to you, which is usually the case, but not always. It turns out that all that is
necessary to find perform a one-way analysis of variance are the number of samples, the
sample means, the sample variances, and the sample sizes.
Another way to find the grand mean is to find the weighted average of the
sample means. The weight applied is the sample size.
Total Variation
The total variation (not variance) is comprised the sum of the

squares of the differences of each mean with the grand mean.
There is the between group variation and the within group variation. The whole idea behind
the analysis of variance is to compare the ratio of between group variance to within group
variance. If the variance caused by the interaction between the samples is much larger when
compared to the variance that appears within each group, then it is because the means aren't
the same.
Between Group Variation
The variation due to the interaction between the samples is
denoted SS(B) for Sum of Squares Between groups. If the
sample means are close to each other (and therefore the Grand Mean) this will be small.
There are k samples involved with one data value for each sample (the sample mean), so
there are k-1 degrees of freedom.
The variance due to the interaction between the samples is denoted MS(B) for Mean Square
Between groups. This is the between group variation divided by its degrees of freedom. It is
also denoted by

.

Within Group Variation
The variation due to differences within individual samples, denoted
SS(W) for Sum of Squares Within groups. Each sample is considered independently, no
interaction between samples is involved. The degrees of freedom is equal to the sum of the
individual degrees of freedom for each sample. Since each sample has degrees of freedom
equal to one less than their sample sizes, and there are k samples, the total degrees of freedom
is k less than the total sample size: df = N - k. The variance due to the differences within
individual samples is denoted MS(W) for Mean Square Within groups. This is the within
group variation divided by its degrees of freedom. It is also denoted by

. It is the weighted

average of the variances (weighted with the degrees of freedom).
F test statistic
Recall that a F variable is the ratio of two independent chi-square variables
divided by their respective degrees of freedom. Also recall that the F test

statistic is the ratio of two sample variances, well, it turns out that's exactly what we have
here. The F test statistic is found by dividing the between group variance by the within group
variance. The degrees of freedom for the numerator are the degrees of freedom for the
between group (k-1) and the degrees of freedom for the denominator are the degrees of
freedom for the within group (N-k).
Summary Table
All of this sounds like a lot to remember, and it is. However, there is a table which makes
things really nice.

Between

Within

SS

df

MS

F

SS(B)

k-1

SS(B)

MS(B)

-----------

--------------

k-1

MS(W)

SS(W)

.

SS(W)

N-k

----------N-k
Total

SS(W) + SS(B)

N-1

.

.

Notice that each Mean Square is just the Sum of Squares divided by its degrees of freedom,
and the F value is the ratio of the mean squares. Do not put the largest variance in the
numerator, always divide the between variance by the within variance. If the between
variance is smaller than the within variance, then the means are really close to each other and
you will fail to reject the claim that they are all equal. The degrees of freedom of the F-test
are in the same order they appear in the table (nifty, eh?).
Decision Rule
The decision will be to reject the null hypothesis if the test statistic from the table is greater
than the F critical value with k-1 numerator and N-k denominator degrees of freedom.
If the decision is to reject the null, then at least one of the means is different.

V. Significance of observed sex ratios using binomial distribution.

A binomial distribution can be thought of as simply the probability of a SUCCESS or FAILURE
outcome in an experiment or survey that is repeated multiple times. The binomial is a type of
distribution that has two possible outcomes (the prefix “bi” means two, or twice). For example, a
coin toss has only two possible outcomes: heads or tails and taking a test could have two possible
outcomes: pass or fail.

A Binomial Distribution shows either (S)uccess or (F)ailure.

The first variable in the binomial formula, n, stands for the number of times the experiment runs.
The second variable, p, represents the probability of one specific outcome. For example, let’s
suppose you wanted to know the probability of getting a 1 on a die roll. if you were to roll a die 20
times, the probability of rolling a one on any throw is 1/6. Roll twenty times and you have a binomial
distribution of (n=20, p=1/6). SUCCESS would be “roll a one” and FAILURE would be “roll anything
else.” If the outcome in question was the probability of the die landing on an even number, the
binomial distribution would then become (n=20, p=1/2). That’s because your probability of throwing
an even number is one half.
Criteria
Binomial distributions must also meet the following three criteria:
1. The number of observations or trials is fixed. In other words, you can only figure out
the probability of something happening if you do it a certain number of times. This is common
sense—if you toss a coin once, your probability of getting a tails is 50%. If you toss a coin a 20
times, your probability of getting a tails is very, very close to 100%.
2. Each observation or trial is independent. In other words, none of your trials have an effect on
the probability of the next trial.
3. The probability of success (tails,heads,fail or pass) is exactly the same from one trial to
another.

Binomial Distribution – Formula
First formula

b(x,n,p)= nCx*Px*(1-P)n-x for x=0,1,2,…..n.
where : –
b is the binomial probability.
x is the total number of successes.
p is chances of a success on an individual experiment.
n is the number of trials
4. n>0 ∴ p,q≥0
5. ∑b(x,n,p) = b(1) + b(2) + ….. + b(n) = 1
6. Value of ‘n’ and ‘p’ must be known for applying the above formula. Thus existence of
binomial distribution highly depends on the knowledge of these two parameters. This is
why it is also called bi-parametric distribution.

Example: 80% of people those who purchase pet insurance are women. If the owners of 9 pet
insurance are randomly selected, then find the probability that exactly 6 out of them are
women.
Solution: Find out the ‘n’ from the problem. Here n = 9
1. Identify ‘X’. X = the number you are asked to search the probability for is 6.
2. (Divide the formula then it become easy to get the solution) solve the first part of the
formula: – n! / (n-X)! X!
Now add the variables = 9! (9-6)!*6! = 84. And keep it aside for further uses.
4. Now find out the P and Q. P= the probable chances of success and Q= the possibility of
failure. As mentioned in the above question p = 80% or 0.8 so, the probability of failure = 10.8 = 0.2 (20%)
5. Now let’s do the second part of the formula. Px = 0.86= 0.262144
6. Q(n-x)= 0.2(9-6) = 0.23 = 0.008 (third part of the formula)
7. Multiply the answer you get from step 3, 5, 6 together
8×0.262144×0.008 = 0.176

ZOO 495C: GENETICS & MOLECULAR BIOLOGY (SPECIAL
PAPER)

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.
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

characteristics he studied were transmitted as discrete units from parent to offspring. Mendel also
determined that different characteristics were transmitted 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
ratio of green : yellow seeds and a 3:1 ratio of round : wrinkled seeds. The characteristics of colour
and texture did not influence each other.

2. 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
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
0
1
2
3

Number of Rolls
48
35
15
3

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 differences 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:

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 =

= (Y1 - np1)² + (Y2 - np2)² + ... + (Yk - npk)²
---------- ----------------np1
np2
npk
Reject H0 if this value exceeds the upper
distribution, where

critical value of the

(k-1)

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 .
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 - 1
- d.

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
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.
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.

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
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(Χ2 > 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.

3. 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.
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.

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 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
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.
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
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(Χ2 > 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.

4. GENETIC CROSS
A genetic cross is the purposeful mating of two individuals resulting in the combination
of genetic material in the offspring. Crosses can be performed in many model systems—
including plants, yeast, flies and mice—and can be used to dissect genetic processes or create
organisms with novel traits.
Types of Genetic Crosses





Monohybrid Cross. In a monohybrid cross, the parent organisms differ in a single
characteristic.
Dihybrid Cross. In a dihybrid cross, the parents differ in two characteristics you want to
study.
Backcross. In a backcross, two lines are crossed to yield a hybrid.
Testcross.

A MONOHYBRID CROSS is a cross between two organisms with different variations at
one genetic chromosome of interest. The character(s) being studied in a monohybrid cross are

governed by two or multiple variations for a single locus. A cross between two parents
possessing a pair of contrasting characters is known as monohybrid cross. To carry out such a
cross, each parent is chosen to be homozygous or true breeding for a given trait (locus).
When a cross satisfies the conditions for a monohybrid cross, it is usually detected by a
characteristic distribution of second-generation (F2) offspring that is sometimes called the
monohybrid ratio.

Mendel's experiment
Gregor Mendel (1822–1884) was an Austrian monk who theorized basic rules of inheritance.
From 1858 to 1866, he bred garden peas (Pisum sativum) in his monastery garden and
analyzed the offspring of these matings. The garden pea was chosen as an experimental
organism because many varieties were available that bred true for qualitative traits and their
pollination could be manipulated. The seven variable characteristics Mendel investigated in
pea plants were.


seed texture (round vs wrinkled)



seed color (yellow vs green)



flower color (white vs purple)



growth habit (tall vs dwarf)



pod shape (pinched or inflated)



pod color (green vs yellow)



flower position (axial or terminal)

Peas are normally self-pollinated because the stamens and carpels are enclosed within the
petals. By removing the stamens from unripe flowers, Mendel could brush pollen from
another variety on the carpels when they ripened.
First cross
All the peas produced in the second or hybrid generation were round.
All the peas of this F1 generation have an Rr genotype. All the haploid sperm and eggs
produced by meiosis received one chromosome 7. All the zygotes received one R allele (from
the round seed parent) and one r allele (from the wrinkled seed parent). Because the R allele

is dominant to the r allele, the phenotype of all the seeds was round. The phenotypic ratio in
this case of Monohybrid cross is 1:1:1:1.
P gametes

P gametes

(round parent)
R
R
r Rr
Rr

(wrinkled parent) r Rr

Rr

Second cross
Mendel then allowed his hybrid peas to self-pollinate. The wrinkled trait—which did not
appear in his hybrid generation—reappeared in 25% of the new crop of peas.
Random union of equal numbers of R and r gametes produced an F2 generation with 25% RR
and 50% Rr—both with the round phenotype—and 25% rr with the wrinkled phenotype.
F1 gametes
R RR Rr
F1 gametes
r Rr
rr

Rr

Problem 1: The Monohybrid Cross
In pea plants, spherical seeds (S) are dominant to dented seeds (s). In a genetic cross of two plants
that are heterozygous for the seed shape trait, what fraction of the offspring should have spherical
seeds?

The figure above represents a monohybrid cross of F1-hybrid plants. Both parent plants are
heterozygous (Ss) for an allele that determines seed shape. Presence of the dominant allele (S) in
homozygous (SS) or heterozygous (Ss) plants results in spherical seeds. Homozygous recessive (ss)
plants have dented seeds.

THE TEST CROSS
To identify the genotype of yellow-seeded pea plants as either homozygous dominant (YY) or
heterozygous (Yy), you could do a test cross with plants of genotype _______.

Although the unknown genotype could also be determined by a cross with a known
heterozygote, test crosses are done with homozygous recessive individuals. If the unknown is
heterozygous, the recessive trait will be present in half of the offspring.

DIHYBRID CROSS is a cross between two different lines/genes that differ in two observed
traits. According to Mendel's statement, between the alleles of both these loci there is a
relationship of completely dominant - recessive traits. In the example pictured to the right,
RRYY/rryy parents result in F1 offspring that are heterozygous for both R and Y (RrYy).

In this Dihybrid Cross, homozygous dominant traits were crossed with homozygous recessive
traits. This particular cross always results in the phenotypic ratio of 1:0:0:0 meaning that the
offspring will all have both dominant phenotypes but will be carriers of the recessive
phenotypes.
In the name "Dihybrid cross", the "di" indicates that there are two traits involved (e.g. R and
Y), the "hybrid" means that each trait has two different alleles (e.g. R and r, or Y and y), and
"cross" means that there are two individuals (usually a mother and father) who are combining
or "crossing" their genetic information.
The Dihybrid cross is easy to visualize using a Punnett square of dimensions 16:
RY

Ry

rY

ry

RY

RRYY

RRYy

RrYY

RrYy

Ry

RRYy

RRyy

RrYy

Rryy

rY

RrYY

RrYy

rrYY

rrYy

ry

RrYy

Rryy

rrYy

rryy

The rules of meiosis, as they apply to the dihybrid, are codified in Mendel's first law and
Mendel's second law, which are also called the Law of Segregation and the Law of
Independent Assortment, respectively.
For genes on separate chromosomes, each allele pair showed independent segregation. If the
first filial generation (F1 generation) produces four identical offspring, the second filial
generation, which occurs by crossing the members of the first filial generation, shows a
phenotypic (appearance) ratio of 9:3:3:1, where:


the 9 represents the proportion of individuals displaying both dominant traits:
RRYY + 2 x RRYy + 2 x RrYY + 4 x RrYy



the first 3 represents the individuals displaying the first dominant trait and the second
recessive

trait:

RRyy + 2 x Rryy


the second 3 represents those displaying the first recessive trait and second dominant
trait:
rrYY + 2 x rrYy



the

1

represents

the

homozygous,

displaying

both

recessive

traits:

rryy
The Dihybrid ratio=9:3:3:1
The genotypic ratios are: RRYY 1: RRYy 2: RRyy 1: RrYY 2: RrYy 4: Rryy 2: rrYY 1: rrYy
2: rryy 1.

Example Problem
In summer squash, white fruit color (W) is dominant over yellow fruit color (w) and diskshaped fruit (D) is dominant over sphere-shaped fruit (d).. If a squash plant true-breeding for
white, disk-shaped fruit is crossed with a plant true-breeding for yellow, sphere-shaped
fruit, what will the phenotypic and genotypic ratios be for:
a. the F1 generation?

Solution

b. the F2 generation?

1. Write down the cross in terms of the parental (P1) genotypes and phenotypes:
WWDD (white, disk-shaped fruit)

X

wwdd (yellow, sphere-shaped fruit)

2. Determine the P1 gametes, place them in a Punnett Square and fill in the resulting
genotypes:

X

WWDD

wwdd

wd
WwDd

WD

3. Determine the genotypic and phenotypic ratios for the F1 generation:
All F1 progeny will be heterozygous for both characters (WwDd) and will have white, diskshaped fruit .
4. Write down the cross between F1 progeny:
WwDd (white, disk-shaped fruit)

X

WwDd (white, disk-shaped fruit)

5. Determine the F1 gametes, place them in a Punnett Square and fill in the resulting
genotypes:
WwDd

WD
Wd
wD
wd

X

WD
Wd
WWDD WWDd
WWDd WWdd
WwDD WwDd
WwDd Wwdd

WwDd
wD
WwDD
WwDd
wwDD
wwDd

wd
WwDd
Wwdd
wwDd
wwdd

6. Determine the genotypic and phenotypic ratios for the F2 generation:
Genotypic ratios:
1/16 will be homozygous dominant for both traits (WWDD)
2/16 will be homozygous dominant for color and heterozygous for shape (WWDd)
2/16 will be heterozygous for color and homozygous dominant for shape (WwDD)
1/16 will be homozygous dominant for color and homozygous recessive for shape (WWdd)
4/16 will be heterozygous for both traits (WwDd)
2/16 will be heteozygous for color and homozygous recessive for shape (Wwdd)
1/16 will be homozygous recessive for color and homozygous dominant for shape (wwDD)
2/16 will be homozygous recessive for color and heterozygous for shape (wwDd)
1/16 will be homozygous recessive for both traits (wwdd)
This is a 1:2:2:1:4:2:1:2:1 genotypic ratio

Phenotypic ratios:
9/16 will have white, disk-shaped fruit
3/16 will have white, sphere-shaped fruit
3/16 will have yellow, disk-shaped fruit
1/16 will have yellow, sphere-shaped fruit
This is a 9:3:3:1 phenotypic ratio.

Sex-linked Inheritance
Inheritance because of a recessive gene found in sex chromosomes (the X chromosome of the
X and Y chromosomes in humans and drosophila) is called sex-linked inheritance. This is
primarily a trait observed in males. Sex-linked inheritance has been explained below by
examining color blindness in humans (impaired ability to distinguish red and green). If an X
chromosome that has a recessive gene is called an X′ chromosome, then an X′Y male and an
X′X′ female will both be color blind, but an X′X female (a carrier) will be normal. Generally,
color blindness occurs in a male child born to a carrier X′X female and a normal XY male.
Color blindness is rare in a female child born to a color blind male and a carrier female.

1. Of what type will be the children with reference to colour blindness, when a man
is colour-blind and his wife is normal?

Solution:
The cause of the colour blindness is the presence of recessive (c) gene on the X chromosome.

Because man is colour-blind (XcY) and his wife is normal (XX), following will be the
results while crossing:

i) XXc, i.e., normal but carrier daughter.
(ii) XY, i.e., normal son.

Q.2. When a baemophilic male is mated with a heterozygous baemophilic female, what
baemophilic proportion will be resulted in each sex.
Solution:
(Haemophilia is a disease that causes delayed clotting of blood. It is due to a recessive gene
‘b’ located on X chromosome).
Haemophilic gene is represented by ‘h’

Heterozygous haemophilic female = XhX
Gametes:
XhY → Xh and Y
XhX → Xh and X

Q.3. When a haemophilic male is mated with a homozygous non-baemophilic female—
What will be the result?
Solution:
Haemophilic male = XhY
Homozygous non-haemophilic female = XX

5. Thin layer chromatography
Thin Layer Chromatography is a technique used to isolate non-volatile mixtures. The
experiment is conducted on a sheet of aluminium foil, plastic, or glass which is coated with a
thin layer of adsorbent material. The material usually used is aluminium oxide, cellulose, or
silica gel. On completion of the separation, each component appears as spots separated
vertically. Each spot has a retention factor (Rf) expressed as:

For example, if a compound travels 2.1 cm and the solvent front travels 2.8 cm, the Rf is 0.75

The factors affecting retardation factor are the solvent system, amount of material spotted,
absorbent and temperature. TLC is one of the fastest, least expensive, simplest and easiest
chromatography technique.

Thin Layer Chromatography Principle
Thin layer chromatography (TLC) depends on the separation principle. The separation relies
on the relative affinity of compounds towards both the phases. The compounds in the mobile
phase move over the surface of the stationary phase. The movement occurs in such a way that
the compounds which have a higher affinity to the stationary phase move slowly while the
other compounds travel fast. Therefore, the separation of the mixture is attained. On
completion of the separation process, the individual components from the mixture appear as
spots at respective levels on the plates. Their character and nature are identified by suitable
detection technique.

Diagram of Thin Layer Chromatography

Thin Layer Chromatography Procedure
Before starting with the Thin Layer Chromatography Experiment let us understand the
different components required to conduct the procedure along with the phases involved.
1. Thin Layer Chromatography Plates – ready-made plates are used which are
chemically inert and stable. The stationary phase is applied on its surface in the form
of a thin layer. The stationary phase on the plate has a fine particle size and also has a
uniform thickness.
2. Thin Layer Chromatography Chamber – Chamber is used to develop plates. It is
responsible to keep a steady environment inside which will help in developing spots.
Also, it prevents the solvent evaporation and keeps the entire process dust-free.
3. Thin Layer Chromatography Mobile phase – Mobile phase is the one that moves
and consists of a solvent mixture or a solvent. This phase should be particulate-free.
The higher the quality of purity the development of spots is better.
4. Thin Layer Chromatography Filter Paper – It has to be placed inside the chamber.
It is moistened in the mobile phase.

Thin Layer Chromatography Experiment
The stationary phase that is applied to the plate is made to dry and stabilize.


To apply sample spots, thin marks are made at the bottom of the plate with the help of
a pencil.



Apply sample solutions to the marked spots.



Pour the mobile phase into the TLC chamber and to maintain equal humidity, place a
moistened filter paper in the mobile phase.



Place the plate in the TLC chamber and close it with a lid. It is kept in such a way that
the sample faces the mobile phase.



Immerse the plate for development. Remember to keep the sample spots well above
the level of the mobile phase. Do not immerse it in the solvent.



Wait till the development of spots. Once the spots are developed, take out the plates
and dry them. The sample spots can be observed under a UV light chamber.

Thin Layer Chromatography Applications


The qualitative testing of various medicines such as sedatives, local anaesthetics,
anticonvulsant tranquilisers, analgesics, antihistamines, steroids, hypnotics is done by
TLC.



TLC is extremely useful in Biochemical analysis such as separation or isolation of
biochemical metabolites from its blood plasma, urine, body fluids, serum, etc.



Thin layer chromatography can be used to identify natural products like essential oils
or volatile oil, fixed oil, glycosides, waxes, alkaloids, etc



It is widely used in separating multicomponent pharmaceutical formulations.



It is used to purify of any sample and direct comparison is done between the sample
and the authentic sample



It is used in the food industry, to separate and identify colours, sweetening agent, and
preservatives



It is used in the cosmetic industry.



It is used to study if a reaction is complete.

5. DNA ISOLATION AND GEL ELECTROPHORESIS (FROM
HUMAN BLOOD AND GOAT LIVER TISSUE)

Isolation & purification of DNA from tissue
PRINCIPLE:
The genomic DNA isolation depends on what the application of the DNA after isolation.
Generally all methods include the disruption and lysis of cell. This followed sometimes by
the removal of RNA and other materials.

In general the separation of DNA from cell and cellular components can be divided into four
stepsI. Cell disruption
II. Cell lysis
III. Removal of proteins
IV. Receving of DNA
REQUIREMENTS:
Micro centrifuged tube, chicken liver, tips, and micro pipette reagents.
REAGENTS AND IT’S PREPARATION:
1. Lysis buffer:- 50ml Tris, 20ml EDTA, 100ml NaCl, 1% SDS proteinase all are mixed
well and volume made upto 100ml.
2. TE buffer:- 50 l Tris solution+ 5 l of EDTA solution + DH O volume made upto
5ml.
3. PCI (phenol: Chloroform: Isoamyl alcohol):- 25:24:1
4. TAE buffer 1X :- 0.484gm Tris + 0.115ml acetic acid + EDTA 0.25 gm are mixed
properly and volume made upto 100ml.
5. DNA loading dye:- glycerol, Bromophenol blue.
6. Ethidium Bromide (EtBr):- 10mg/ml dissolved in 1X TAE buffer.
PROCEDURE:
1. 1 of tissue was added to 50 l of lysis buffer.
2. The tissue was then homogenised by tissue homogenizer which is able to break
sufficient cell membrane and nuclear membrane.
3. The homogenised mixture was then stored at 4°C temperature for 15min.
4. The homogenised mixture was then centrifuged at 12000 rpm for 10 min under 4°C
temperature.
5. After centrifugugation, supernatant was collected and equal volume of P:C:I was
added to microcentrifuged tube.
6. Then this mixture again centrifuged at 12000 rpm for 5min under 4°c.
7. The upper aquas solution was collected and added equal volume of chloroform.
8. After that mixture was centrifuged again at 12000 rpm for 5min at 4°C.
9. Thus upper aquas layer was collected and equal volume of sodium acetate
(
¯ ) and double volume of ethanol (
) were added.
10. Then the mixture was taken properly and stored at -20°C for 1 hr or overnight (as
required).
11. After that mixture was centrifuged at 8000 rpm for 8-10 min.
12. Next pellet was treated with 70% ethanol and centrifuged at 8000 rpm for 8min.
13. Then pellets were dried properly by evaporation at alcohol and dissolved in of TE
buffer.
14. Load in well of DNA agarose (1%) gel and run the gel.
15. The result was studied by using transluminator.
OBSERVATION:

After sometime it was seens that DNA migrated from –Ve to +Ve in agarose gel. The bands
were found just below the well.
RESULT AND INTERPRETATION:
From the above observation we may interpreted that the genome which is absorbed in the
well indicates that the animal tissue under investigation contain genomic DNA.
PURIFICATION:
1. RNAse treatment is for 30-35 min at 37°C.
2. A stock solution of protease is prepared and from that stock solution 1/20 th volume is
added to the isolation DNA. The preparation is a incubated at 37°C for 1hr.
3. To the preparation of
is added for 15 min and centrifuged for 10000 rpm for
10 min.
4. Sample kept on ice ban 10min.
5. Aqueous phase is pipette out in a tube and 2 volume of chilled ethanol is added.

PRINCIPLE AND METOD OF AGAROSE GEL ELECTROPHORESIS
PRINCIPLE :

Agarose gel electrophoresis used to analyse and quantite nuclic acid. The agarose
for agarose gel electrophoresis is purified from agarose. Agarose is a linear polymer made up
of repeating units of 1.3-linked
D galactopyranase and 1.4-linked 3.6 anhydro a 1
galactopyranose. Agarose has an average MW of 12000 and contains about 35-40 agarobise
units. Agarose in solution exist as left handed double helices. About 7-11 such helices from
bundles which extend as long as rods and appear to intertwine with one another, further
strengthening the frame work of the gel. The cross links are held together by hydrogen and

hydrophobic bonds. By changing the gel conc. the pre size can be altered. Higher the
concentration of agarose smaller the pre size and vise versa. Because of large pre size even at
low concentration. Agarose gel are widely used for separation of DNA and RNA.
MATERIALS REQUIRED:
1. Agarose solution
2. Ethidium bromide.
3. Electrophoresis buffer
EFFECTS OF AGAROSE CONCENTRATION ON SEPARATION RANGE:
The following table describe the relationship between agarose concentration and
separation range of nuclic acid.
AGAROSE CONCENTRATION (%)
0.3
0.6
0.8
1.0
1.2
1.5

SEPARATION RANGE(kb)
5 to 60
1 to 20
0.8 to 10
0.4 to 8
0.3 to 6
0.2 to 4

FACTORS WHICH AFFECT THE RATE OF MIGRATION OF NUCLEIC ACIDS IN
AGAROSE GEL:
Rate of migration of nucleic acids in agarose gel depends mainly on five important
parameters.
1. AGAROSE CONCENTRATION:
Higher conc. of gel are used for the separation of lower weight DNA & RNA fragments and
vice-versa.
2. MOLECULAR WEIGHT:
A duplex DNA fragment migrates at rates inversely proportional to the log molecular
weight. A plot of log MW mobility gives a straight line.
3. CONFIRMATION:
Supercoild DNA moves faster followed by linear forms & relaxed open circular forms.
4. APPLIED VALTAGES:
At low voltages (<5V/cm) the rate of migration is directly proportional to the applied
voltage.
5. BASE COMPOSITION & TEMPERATURE:

Base composition & running the gel between 4& 30 C don’t change the mobilites.
PREPARATION OF STOCK SOLUTION FOR DNA GEL:
Two different buffer systems are used for separation of nucleic acid by agarose gel
electrophoresis. There compositions are given below:
i.
ii.

TBE buffer
TAE buffer:

PREPARATION OF AGAROSE SOLUTION FOR GEL CASTING:
Dissolved the agarose by placing the flashes in boiling water bath cool to Luke warm.
Cover the sides of a tray using cello tape & place the comb about 1cm from the top of
the tray. Pour the agarose without making any bubbles, cool it for 20mints and take
off the combs and uncovered the tapes.
PREPARATION OF SAMPLE LOADING DYE GLYCEROLLS BROMOPHENOL
BLUE
30ml glycerol(30%), 250mg bromophenol blue, dH O 100ml.
PROCEDURE:
1. The DNA sample is mixed with the loading dye and loaded in the well carefully using
pipetman & capillary tube.
2. One the sample is loaded in to the well the cathode is connected towards the top end
of the gel and anode(Red positive) terminal is connected towerds the bottom end of
the gel. The maximum volume that can be loaded onto a well formed from a 105mm
thickness tooth of the comb is 30 l. The electrophoresis is started by switching on the
D.C. power pack.
3. The gel is run at 5V/cm. As the bromophenol blue has moved 1cm above the bottom
end. The current is switched off the power supply is disconnected and the gel along
with the platform is stain is plastic tray containing 0.5 g/ml ethidium bromide in the
sterile distilled water.
4. After about 30-40 min the platform & gel is rinsed with distilled water & by keeping
the platform in a standing position, the gel is gently pushed onto the UV
transluminator . UV light is switched on and the DNA bands are seen and
photographed at 5.6 for 10 seconds with an orange filter.
RESULT: After electrophoresis DNA bands can be visualized under VU light and they
appear as orange fluorescence.

6. FAMILY PEDIGREE ANALYSIS FOR AUTOSOMAL /SEX
LINKED, DOMINANT /RECESSIVE TRAIT.
Pedigrees are used to analyze the pattern of inheritance of a particular trait throughout a
family. Pedigrees show the presence or absence of a trait as it relates to the relationship
among parents, offspring, and siblings. It is usually undertaken if families are referred to a
genetic counsellor following the birth of an affected child. The pedigree analysis chart is
used to show the relationship within an extended family. Males are indicated by the square
shape and females are represented by circles. It is very important tool for studying human
inherited diseases. These diagrams make it easier to visualize relationships with in families,
particularly large extended families. Pedigrees are often used to determine the mode of
inheritance (dominant, recessive, etc.) of genetic diseases. Pedigree analysis is therefore an
important tool in both basic research and genetic counseling. Each pedigree chart represents
all of the available information about the inheritance of a single trait (most often a disease)
within a family

Key terms
Term

Meaning

Pedigree:

Chart that shows the presence or absence of a trait within a family across
generations

Genotype:

The genetic makeup of an organism (ex: TT)

Phenotype:

The physical characteristics of an organism (ex: tall)

Dominant
allele:

Allele that is phenotypically expressed over another allele

Recessive allele: Allele that is only expressed in absence of a dominant allele
Autosomal trait: Trait that is located on an autosome (non-sex chromosome)
Sex-linked trait: Trait that is located on one of the two sex chromosomes
Homozygous:

Having two identical alleles for a particular gene

Heterozygous:

Having two different alleles for a particular gene

Reading a pedigree

Pedigrees represent family members and relationships using standardized symbols.
By analyzing a pedigree, we can determine genotypes, identify phenotypes, and predict how
a trait will be passed on in the future. The information from a pedigree makes it possible to
determine how certain alleles are inherited: whether they are dominant, recessive,
autosomal, or sex-linked.
To start reading a pedigree:
1. Determine whether the trait is dominant or recessive. If the trait is dominant, one
of the parents must have the trait. Dominant traits will not skip a generation. If the
trait is recessive, neither parent is required to have the trait since they can be
heterozygous.

2. Determine if the chart shows an autosomal or sex-linked (usually X-linked) trait.
For example, in X-linked recessive traits, males are much more commonly affected
than females. In autosomal traits, both males and females are equally likely to be
affected (usually in equal proportions).

In a Y-linked disorder, only males can be affected. If the father is affected all sons will be
affected. It also does not skip a generation.

In an Autosomal Recessive Disorder, both parents can not express the trait, however, if both
are carriers, their offspring can express the trait. Autosomal recessive disorders typically skip
a generation, so affected offspring typically have unaffected parents. With an autosomal
recessive disorder, both males and females are equally likely to be affected.

Autosomal Dominant disorders don't skip a generation, so affected offspring have affected
parents. One parent must have the disorder for its offspring to be affected. Both males and
females are equally likely to be affected, so it is an autosomal disorder.

In a X-linked Recessive Disorder, males are more likely to be affected than females. Affected
sons typically have unaffected mothers. The father also must be affected for daughter to be
affected and the mother must be affected or a carrier for the daughter to be affected. The
disorder is also never passed from father to son. Only females can be carriers for the
disorders. X-linked recessive disorders also typically skip a generation.

In a X-Linked Dominant disorder, if the father is affected all daughters will be affected and
no sons will be affected. It doesn't skip a generation and if the mother is affected she has a
50% chance of passing it onto her offspring
Example: Autosomal dominant trait

Freckles are small brown spots on your skin, often in areas that get sun exposure. In most
cases, freckles are harmless. They form as a result of overproduction of melanin, which is
responsible for skin and hair color (pigmentation). Overall, freckles come from ultraviolet
(UV) radiation stimulation. Since freckles are dominant to no freckles, an affected individual
such as I-2 must at least have one F allele.
The diagram shows the inheritance of freckles in a family. The allele for freckles (F) is
dominant to the allele for no freckles (f). At the top of the pedigree is a grandmother
(individual I-2) who has freckles. Two of her three children have the trait (individuals II-3
and II-5) and three of her grandchildren have the trait (individuals III-3, III-4, and III-5).
What is the genotype of 1-2?
The trait shows up in all generations and affects both males and females equally. This
suggests that it is an autosomal dominant trait. Unaffected individuals must have two
recessive alleles (ff) in order to not have freckles. If we notice, I-2 has some children who do
not have freckles. In order to produce children with a genotype of ff, I-2 must be able to
donate a f allele. We can therefore conclude that her genotype is Ff.

Example: X-linked recessive trait

The diagram shows the inheritance of colorblindness in a family. Colorblindness is a
recessive and X-linked trait (Xb). The allele for normal vision is dominant and is represented
by XB. In generation I, neither parent has the trait, but one of their children (II-3) is
colorblind. Because there are unaffected parents that have affected offspring, it can be
assumed that the trait is recessive. In addition, the trait appears to affect males more than
females (in this case, exclusively males are affected), suggesting that the trait may be Xlinked

What is the genotype of Generation III - 2?
We can determine the genotype of III-2 by looking at her children. Since she is an unaffected
female, she must have at least one normal vision allele XB. Her two genotype options are then
XBXB or XBXb. However, her son (IV-1) is colorblind, meaning that he has a genotype of
XbY. Because males always get their X chromosome from their mothers and Y from their
fathers), his colorblind allele must come from III-2. We can then determine that III-2's
genotype is XBXb, so she can pass the Xb her son.

7. ISOLATION
&
PURIFICATION
OF
CHARACTERIZATION THROUGH SDS-PAGE

PROTEIN

&

SDS-PAGE (sodium dodecyl sulfate – polyacrylamide gel electrophoresis) is a technique
used to separate the proteins according to their masses. Separation of macromolecules under
the influence of the charge is called electrophoresis. The gel used in SDA-PAGE is
polyacrylamide and agent which is used to linearize the proteins is SDS.

Principle of SDS-PAGE
Protein samples and ladder are loaded into wells in the gel and electric voltage is applied. A
reducing agent such as mercaptoethanol or dithiothreitol (DTT) (in the presence of a
detergent i.e. SDS) breaks down the disulfide bridges that are responsible for protein folding;
and a detergent such as SDS imparts negative charge to the proteins thereby linearizing them
into polypeptides. Polyacrylamide provides a matrix for the polypeptides to run. Polypeptides
run towards the positive electrode (anode) through the gel when electric field is applied.
Electrophoretic mobility of the proteins depends upon 3 factors:



Shape – All the proteins are in the primary structure after the treatment with a
reducing agent. So, shape doesn’t affect the protein separation.



Charge – All the proteins are negatively charge proportional to their molecular
weight after treatment with SDS. So charge doesn’t affect the separation.



Size– proteins get separated solely on the basis of their molecular weight.

Smaller polypeptides move faster because they have to face less hindrance, larger ones move
slower because of greater hindrance. Hence proteins get separated only on the basis of their
mass.

Materials Required For SDS PAGE
Acrylamide solutions (for resolving & stacking gels).
Isopropanol / distilled water .
Gel loading buffer.
Running buffer.
Staining, destaining solutions.
Protein samples .
Molecular weight markers.

The equipment and supplies necessary for conducting SDS-PAGE
includes:
An electrophoresis chamber and power supply.

Glass plates(a short and a top plate).
Casting frame .
Casting stand.
Combs .

Reagents

1. 30% Polyacrylamide solution(29g acrylamide+1g bisacrylamide in 50 mL of water,
dissolve completely using a magnetic stirrer, make the volume upto 100mL). Keep the
solution away from sunlight.
2. 1.5 M Tris, pH 8.8
3. 1 M Tris, pH 6.8
4. 10% SDS (10 g SDS in 100mL distilled water).
5. 10% ammonium persulfate (0.1 g in 1 ml water). It should be freshly prepared.
6. 10x SDS running buffer( pH ~8.3) - Take 60.6 g Tris base, 288g Glycine and 20g
SDS in separate beakers and dissolve them using distilled water. When properly
dissolved ,mix three of them and make upto 2L.(working standard is 1X buffer).

Resolving gel
(10%)

Stacking gel (5%)

dH20

4.0 ml

30% acrylamide mix

3.3 ml

1.5M Tris pH8.8

2.5 ml

10% SDS

0.1 ml

10% ammonium persulfate

0.1 ml

TEMED

0.004ml

dH20

30% acrylamide mix
1.0M Tris pH 6.8
10% SDS
10% ammonium persulfate
TEMED

5.65 ml
1.65 ml
2.5 ml
0.1 ml
0.1 ml
0.004ml

Gel loading buffer:
To make 10 mL of 4X stock:
2.0 ml 1M Tris-HCl pH 6.8.
2. 0.8 g SDS.
3. 4.0 ml 100% glycerol.
0.4 ml 14.7 M β-mercaptoethanol.
1.0 ml 0.5 M EDTA.
8 mg Bromophenol Blue.

Staining solution:
Weigh 0.25g of Coomassie Brilliant Blue R250 in a beaker. Add 90 ml methanol:water (1:1
v/v) and 10ml of Glacial acetic acid ,mix properly using a magnetic stirrer. (when properly
mixed, filter the solution through a Whatman No. 1 filter to remove any particulate matter
and store in appropriate bottles)

Destaining solution:
Mix 90 ml methanol:water (1:1 v/v) and 10ml of Glacial acetic acid using a magnetic stirrer
and store in appropriate bottles.

Major steps of SDS-PAGE
Pouring of the resolving gel:
Resolving gel is poured between two glass plates (one is called short plate and the other one
is tall plate), clipped together on a casting frame (Fig. 05) Bubbles are removed by adding a
layer of isopropanol on the top of the gel. (The level of the gel is predetermined by placing
the comb on the glass-plates and leaving approximates 1cm space below the comb. Use a pen
to mark the level. Now pour the gel up to this mark. ) The gel is then allowed to solidify.
When the gel is solidified, remove the isopropanol by using a filter paper.

Pouring of the stacking gel:
When the resolving gel is solidified, stacking gel is loaded all the way to the top of the glass
plates. Comb is placed just after loading. The gel is, then, allowed to polymerize (solidify).
When stacking gel is solidified, comb is removed very carefully not damaging the well’s
shape.
Loading the ladder in wells
Add the ladder very carefully into the well which is on the extreme right using a
micropipette. The samples are loaded into the other wells. Ladder is mostly pre-stained with
the known molecular weight proteins.

Loading the ladder in wells

Loading the samples in wells
Samples are loaded in each well with equal amount of the proteins mixture using
micropipette. Be careful while loading the samples. Make sure not to damage the size of the
wells or not to pour the sample out of the well instead of pouring inside it. At this stage,
sample of the proteins appears to be blue because of a dye (bromophenol) used while
preparing the sample.
Running the gel by applying voltage

A voltage is applied after dipping the “sandwich of gel and glass plates” in running buffer.
Turn of the voltage when the tracking dye has reached or crossed the gel. The gel is further
proceeded for the subsequent analysis.
Subsequent analysis – Coomassie Blue Staining
The gel is rinsed with deionized water 3-5 times to remove SDS and buffer. It may create
hindrance with the binding of the dye (0.1% Coomassie Blue) to the proteins. The gel is then
dipped in Coomassie Blue stain (staining buffer) on a shaking incubator at room temperature.
The invisible bands of the proteins beginning to appear within minutes but it takes
approximately 1h for complete staining .

9. PCR
Polymerase Chain Reaction (PCR) is a rapid procedure for in vitro enzymatic amplification
of specific DNA sequences using two oligonucleotide primers that hybridize to opposite
strands and flank the region of interest in the target DNA. Repetitive cycles involving
template denaturation, primer annealing and the extension of the annealed primers by DNA
polymerase, result in the exponential accumulation of a specific fragment whose termini are
defined by 5’ end of the primers. The primer extension products synthesized in one cycle can
serve as a template in the next. Hence the number of target DNA copies approximately
doubles at every cycle. Since its inception, PCR has had an enormous impact in both basic
and diagnostic aspects of molecular biology. Like the PCR itself, the number of applications
has been accumulating exponentially. It is therefore recommended that relevant scientists and
laboratories in developing countries like Nigeria should acquire this simple and relatively
inexpensive, but rather robust technology

Principles of PCR
Its principle is based on the use of DNA polymerase which is an in vitro replication of
specific DNA sequences. This method can generate tens of billions of copies of a particular
DNA fragment (the sequence of interest, DNA of interest, or target DNA) from a DNA
extract (DNA template). As the name implies, it is a chain reaction, a small fragment of the
DNA section of interest needs to be identified which serves as the template for producing the
primers that initiate the reaction. One DNA molecule is used to produce two copies, then
four, then eight and so forth.

Procedure
The protocol describes how to amplify a segment of double-stranded DNA in a chain
reaction catalyzed by a thermostable DNA polymerase. It is the foundation for all subsequent
variations of the polymerase chain reaction.

I.

Materials

Buffers and Solutions
10x Amplification buffer
Chloroform
dNTP solution (20 mM) containing all four dNTPs (pH 8.0)
Enzymes and Buffers
Thermostable DNA polymerase
Nucleic Acids and Oligonucleotides

Forward primer (20 µM) in H2O
Reverse primer (20 µM) in H2O
Template DNA.
Dissolve template DNA in 10 mM Tris-Cl (pH 7.6) containing a low concentration of EDTA
(<0.1 mM) at the following concentrations: mammalian genomic DNA, 100 µg/ml; yeast
genomic DNA, 1 µg/ml; bacterial genomic DNA, 0.1 µg/ml; and plasmid DNA, 1-5 ng/ml.

Method
In a sterile 0.5-ml microfuge tube, mix in the following order:

REAGENTS

AMOUNT(µl)

Deionized water

37.5 µl

Taq assay buffer(10x)

5 µl

Template DNA

1µl

dNTPs mix

2 µl

Forward primer

2 µl

Reverse primer

2 µl

Taq DNA polymerase

5 µl

The table provides standard reaction conditions for PCR. Mg2+ (1.5 mM) ;KCl(50
mM) ;dNTPs (200 µM) ;Primers(1 µM );DNA polymerase (1-5 units); Template
DNA(1 pg to 1 µg ).
The amount of template DNA required varies according to the complexity of its
sequence. In the case of mammalian DNA, up to 1.0 µg is used per reaction. Typical
amounts of yeast, bacterial, and plasmid DNAs used per reaction are 10 ng, 1 ng, and
10 pg, respectively.
1. If the thermal cycler is not fitted with a heated lid, overlay the reaction mixtures
with 1 drop (approx. 50 µl) of light mineral oil. Alternatively, place a bead of wax

into the tube if using a hot start protocol. Place the tubes or the micro titer plate in the
thermal cycler.
2. Amplify the nucleic acids using the denaturation, annealing, and polymerization
times and temperatures listed below.
3. Withdraw a sample (5-10 µl) from the test reaction mixture and the four control
reactions, analyze them by electrophoresis through an agarose gel, and stain the gel
with ethidium bromide or SYBR Gold to visualize the DNA.
4. A successful amplification reaction should yield a readily visible DNA fragment of
the expected size. The identity of the band can be confirmed by DNA sequencing,
Southern hybridization and/or restriction mapping. If all is well, lanes of the gel
containing samples of the two positive controls (Tubes 1& 2) and the template DNA
under test should contain a prominent band of DNA of the appropriate molecular
weight. This band should be absent from the lanes containing samples of the negative
controls (Tubes 3 & 4).
5. If mineral oil was used to overlay the reaction (Step 2), remove the oil from the
sample by extraction with 150 µl of chloroform. The aqueous phase, which contains
the amplified DNA, will form a micelle near the meniscus. The micelle can be
transferred to a fresh tube with an automatic micropipette.

