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PREFACE

In the curricular structure introduced by this University for students of Post-Graduale
degree programme, the opportunity to pursue Post-Graduale course in Subjects introduced
by this University is equally available to all lcarners. Instead of being guided by any
presumption about ability level, it would perhaps stand to reason if receptivity of a learner
is judged in the course of the learning process. That would be entirely in keeping with
the objectives of open education which does not believe in artificial differentiation.

Keeping this in view, siudy materials of the Post-Graduate level in different subjects
are being prepared on the basis of a well laid-out syllabus The course structure combines
the best elements in the approved syllabi of Central and State Universities in respective
subjects. Tt has been so designed as to be upgradable with the addition of new information
as well as results of fresh thinking and analysis,

The accepted methodology of distance education has been followed in the preparation
of these study materials. Co-operation in every form of experienced scholars is
indispensable for a work of this kind. We, therefore, owe an enormous debt of gratitude
to everyone whose tireless efforts went into the writing, editing and devising of proper
lay-out of the materals. Practically speaking, their rolc amounts to an involvement in
‘invisible teaching’. For, whoever makes use of these study materials would virtually
derive the benefit of learning under their collective care without cach bﬂmg seen by the
other.

The more a learncr would seriously pursue these study materials, the easier it will be
for him or her to reach out Lo larger horizons of a subject. Care has also been taken to
make the Janguage lucid and presentation attractive so that may be rated as guality self-
learning materials. If anything remains still obseure or difficult to follow, arrangements
are there to come to terms with them through the counselling sessions regularly available
at the network of study centres set up by the Universily.

Needless to add, a great deal of these efforts is still experimental—in fact, pioneering
in certain areas. Naturally, there is every possibility of some lapse or deficiency here and
there. However, these do admit of rectification and further improvement in due course.
On the whaole, therefore, these study materials are expected to evoke wider appmcmlmn
the more they receive serious attention of all concemed.
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Unit 1 o Correlation, regression, ANOVA

Structure

1.1 Taired Sample (-test

1.2 Corrclation Cocfficient

1.3  Spearman Rank Correlation Coefficient

1.4 Pearson’s Product Moment Correlation Coefficient
15 Regression Equation

1.6 biffercnee between correlation and linear regression

1.7 Analysis of variance (ANOVA)

1.1 Paired Sample t-test

One of the most fundamental concepts in research is the concept of correlation. If two
variables are correlated, this means (hat research worker can use information about one
variable to predict the values of the other variable.

A paired sample t-test is used lo determine whether there is a significant difference
between the average values of the same measurement made fewer than two different
conditions, Both measurements are made on each unit in a sample, and the test is based
on the paired diffcrences between these two values. The usual null hypothesis is that the
difference in the mean values is zero, For example, the yield of two strains of barley is
measured in successive years in twenty different plots of agricultural land (the units) to
investigate whether one crop gives a significantly greater yield than the other, on average.

The null hypothesis for the paired sample t-test is

HO: d = pl - p2 = 0 where, d is the mean value of the difference.

This null hypothesis is tested against one of the following alternative hypotheses,
depending on the question posed:

[Mi:d = 0
i:d = 0
Hi:d < 0

The paired sample (-test is a more powerful alternative to a two-sample procedure,
such as the two-sample t-test, but can only be used when we have matched samples,
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1.2 Correlation Coefficient

A correlation coellicicnt is a number between -1 and 1, which measures the degree to
which two variables are linearly related. If there is perfeet linear relationship with
positive slope between the two variables, we have a correlation eoefficient of 1; if there
is positive correlation, whenever one variable has a high (low) value, so does (he other.
1f there is a perfect linear relationship with negative slope between the two variables, we
have a correlation coelflicient of -1; il there is negalive correlation, whenever ong variable
has a high (low) value; the other has a low (high) value. A correlation coefficient of 0
means that there is no linear relationship between the variables.

‘The mathematical formula for computing r is;

_n2xy—(2.x)(2Y)
[(E57) (25 n(Zv?)-(Zy)"!

W here n s the number of pairs of data.

=

The value of »# is such that -1 < r < +1, The + and — signs are used for positive
linear correlations and negative linear correlations, respectively,

b

Positive correlation: If x and p have a strong positive linear corrclation, A is close
to +1. An r-value of exactly +1 indicates a perfect positive fit. Posilive values
indicate a relationship between x and y variables such that as values for x in-
creases, values for y also increase.

Negative correlation: Tf x and y have a strong negative linear correlation, r is close
to -1, An r-value of exactly -1 indicates a perfect negative fit. Negalive values
indicate a relationship between x and y such that as values for v inerease, valucs
for y decrease.

No correlation: TF there is noe linear comelation or a weak linear correlation, r 18
close to 0. A value near zero means that there is a random, nonlinear relationship
between the two variables,

MNote that r is a dimensionless quantity; that is, il does not depend on the units
employed.

A Perfect correlation of £ 1 ocecurs only when the data points all lie exactly on
a straight line. 1f » = +1, the slope of this line 15 positive. If » = -1, the slope of
this line is negative.

A correlation greater than 0.8 is generally described as sfrong, whereas a corre-
lation less than 0.5 is generally described as weak. These values can vary based
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upon the “type” of data being examined. A study utilizing scientific data may

require a stronger correlation than a study using social science data,

Correlation is a measure of association between two variables. The variables are
not desipnated as dependent or independent. The two most popular correlation coeffi-
cients are: Spearman’s correlation coelTicient r and Pearson’s producl-moment correla-
tion cocfficient.

1.3 Spearman Rank Correlation Coefficient

The Spearman rank correlation coefficient is one example of a correlation coefficient,
It is usually calculated on occasions when it is not convenient, economic, or even
possible to give actual values to variables, but only to assign a rank order to instances
of each variable. It may also be a betier indicator that a relationship exists between two
variables when the relationship is non-linear.

Commonly used procedures, based on the Pearson’s Product Moment Correlation
CoefTicient, for making inferences about the population correlation coelficient make (he
implicit assumption that the two variables arc jointly normally distributed. When this
assumplion is not justified, a non-parametric measure such as the Spearman Rank Cor-
relation Cocfficient might be more appropriate. i

1.4 Pearson’s Product Moment Correlation Coeflicient

Pearson’s product moment correlation coefficient, usually denoted by r, is one ex-
ample of a corrclation coefficient, Tt is a measure of the linear associalion between two
variables that have been measured on interval or ratio scales, such as the relationship
between height in inches and weight in pounds. However, it can be misleadingly small
when there is a relationship between the variables but it is a non-lincar one.

There are procedures, based on r, for making infercnces about the population corre-
lation cocfficient. However, these malke the implicit assumption that the two variables are
jointly normally distributed. When this assumption is not justified, a non-parametric
measute such as the Spearman Rank Correlation Coefficient might be more appropriate.

Worked cxamples :
1. The length and weight of 7 groups of lizards of a species are given below:

Length in em ig | 139 | 155 <[ rr8 [1es | oz [ 2t
Weight in g 7.10 | 12.42 | 1535 | 23.20 | 2845 | 3225 | 39.84




Serial No | Length (X) | Weight (Y) X y X ¥ Xy

| 1 11.7 7.10 5.0 | -15.55] 26.01 | 241.8 | 793
| 9 13.9 12.42 29 | -1023| 841 | 1046 | 2336
; 3 15.5 15.35 43| 73 | 169 | S32 | 949
4 17.8 23.20 +1 | +055| 10 | 030 [ 055

5 18.5 28.45 +1.7 | +58 | 2.89 | 3364 | 9.86

6 19.2 32.25 #3 | 96 | 90 | 9216 | p8.8

7 21 39.84 +42 | +17.19| 17.64 | 29549 722

=T TX=117.6 | 3 Y=158.6 & | 2y | T

=66.64 | =821.9 | =223.56

Sum up of all values i.e. ¥x % Ty ?*, Tx.y and then put value in the formula to
obtain ‘' :
158.6

=168 ¥ = T =22.65

Y - 117.6
7
Using the above formula the result is calculated as -

= Yoxy 22356 _ 22356 _ 223.56
Yy’ Jeecaxs2i1o (4241 23393

Conelusion : There is a strong positive correlationbetween the length and weight of
body of the lizard species. Calculated value of r is very high; therefore, both variables
are highly correlated. '

1. Analysis of another ¢xample

Correlation between reading and spelling of following data using computational
formula
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Student Reading (X) | Spelling (Y) x* y? XY
1 3 11 9 121 33
2 7 1 49 | 7
3 2 19 4 361 38
4 9 5 81 25 45
5 8 17 64 289 136
6 4 3 16 9 12
7 1 15 | 225 15
8 10 9 100 81 90
9 6 15 36 225 90
10 5 8 25 64 40

Sum 55 103 385 1401 506

If we plug each of these sums into the raw score formula we can calculate the
correlation coeflicient, .

NE XY (R X))
JNZX2~{EX JNEVE -(Zv)

(10)(506)—(55)(103)

~ J10)(385) - (59) )2 J(10) (1401) - (103)?

5060 — 5665 —605

stsn 3025414010- 10609 /8253401

—605 =605 ___ 416
(28.723)(58.318) ~ 1675.0679

Conclusion: The correlation obtained is -.36, showing that there is a small negative
correlation between reading and spelling. The correlation coefficient is a number that can
range from -1 (perfect negative correlation) through 0 (no correlation) to 1 (perfect
positive correlation).

11



Exercise :
1. Marks of 10 students in Zoology and Statistics are given below:

Zoology (X): 32 38 48 43 40 22 41. 69 35 o4
Statistics (Y): 30 31 38 43 33 11 27 76 40 59
Calculate product-moment correlation coefficient and interpret the result.
2. Number of ponds (X) in five villages and number of fishes (Y) in the pord are as
follows:
X 17 43 18 1™ 1™ W 21 2= Ay
3 i 230 210 290 230 330 320 360 340 320

Find out the rank correlation and interpret the result,

1.5 Regression Equation

A regression equation allows us to express the relationship between two (or more)
variables algebraically. It indicates the nature of the relationship between two (or more)
vatiables. In particular, it indicates the extent to which you can predict some variables
by knowing others, or the extent to which some are associated with others.

A linear regression equation is usually written

Y=at+tbX+te
Where,
Y is the dependent variable
a is the intercept
b is the slope or regression coellicient
X is the independent variable (or covariate)
e is the error term

The equation will specify the average magnitude of the expected change in Y given
a change in X. The regression equation is oflen represented on a scatter plot by a
regression line. The constant ‘a’ and ‘b’ can be obtained by the following formula:

a= }_’—b.f
.b= Zx.y -

Y XX ——ZXP;FZY
2 =5 s ( X}l
S
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Procedure of the test

1. Plot a graph between two variables taking independent variable on X-axis and

dependent variable on Y-axis. Find out the values of ‘a’ and

b

For drawing the line of best fit (regression line) find out any two values of y

associated with corresponding x by using the equation y = a

2. Plot these iwo obtained values on the graph.

+ bx.

3. Make a straight line intersecting through these two points to gel regression line,

A linear regression line has an equation of the form ¥ =a + bX, where X is the
explanatory variable and Y is the dependent variable. The slope of the line is b,

and a is the intercept (the value of y when x = 0).

Worked examples

In an experiment data, recorded on two parameters such as length of a species of fish
and number of ova per fish, is given as follows. Obtain the two regression equations.

Length of | 18| 25| 25| 32) 35 | 20| 30|13 | 30| 30| 37| 400 201 25|27 | 40( 15| 23 { 35| 23
fish (X)
No. of ova| 20| 25| 33| 35| 40 | 26| 30|15 | 25| 37| 43| 42| 23| 28| 33| 45| 20| 20 | 33| 30
)
X =543and 3 ¥=603, 3 X?=15923, 3 ¥ *=19563
Y X.Y=17532, X =27.15, ¥ =30,15,r=+0.908
X)v
oy e Zx.r——z NZ Flo et = LR o
olution =% 1 e e = ==
W 5 _(ZX} ; 5923_{543} 1180.55
N 20

a=Y—b.X =30.15-0.98 % 27.15=30.15-26.61 = 3.54

Yx=a+bhx=3.54+098x
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Estimate the value of y after putting the x values in the equation (Yx = 3.54 + 0.98x)

o A Tk | = 3.54

x = 5 Yx = 844

s 10 Yx = 13.44
x = 15 Yx = 18.24
x = 20 ¥x = 23.14
x = 43 Yx = 28.04
x = 30 Yx: = 32.94
X = 35 Y = 37.84
x = 40 Yoo = 42.74
% = s Yx = 47.54

If these values are plotted on a graph, there will e & straighi line, which is called
the estimated regression line.

Regression [

i} 5 10 i6 20 25 30 35 a0 45
Value of x

1.6 Difference between correlation and linear regression

e Correlativie ana lnear regression are notl the same. Correlation quantifies the
degree to which two variables are related. Correlation does not find a best-fit line
(that is regression), We simply are computing a correlation coefficient (1) that tells
us how much one variable tends to change when the other one does.

o  With correlation you don’t have to think about cause and effect, You simply
quantify ow well two variables relate to each other. With repression, us do have
to think about cause and eflect, as the regression line is determined as (he best way
to predict Y from X.
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e With correlation, it doesn’t matter which of the two variables we call “X” and
which we call “Y”. We'll get the same correlation coeflicient if we swap the two.
With linear regression, the decision of which variable we call “X* and which we
call “Y” matters a lot, as we'll get a different best-fit line if we swap the two. The
line that best predicts Y from X is not the same as the line that predicts X
from Y.

e Correlation is almost always used when we measure both variables. It rarely is
appropriate when one variable is something we experimentally manipulate. With
linear regression, the X variable is oflen something we experimenially manipulate
(time, concentration...) and the Y variable is something we measure.

1.7 Analysis of variance (ANOVA)

In statistics, analysis of variance (ANOVA) is a collection of statistical models, and
their associated procedures, in which the observed variance is partitioned into compo-
nents due to different explanatory variables. In its simplest form ANOVA gives a statis-
tical test of whether the means of scveral groups are all equal, and therefore generalizes
Student’s two-sample f-test to more than (wo groups.

One-way analysis ol variance (ANOVA) tests allow us to determine if one given
factor, such as drug treatment, has a significant effect on gene expression behavior across
any of the groups under study. A significant p-value resulting from a 1-way ANOVA test
would indicate that a gene is differentially expressed in at least one of the groups
analyzed. If there are more than two groups being analyzed, however, the 1-way ANOVA
does not specifically indicate which pair of groups exhibits statistical diffetences. Post
Hoc tests can be applied in this specific situation to determine which specific pair/pairs
are differentially expressed. A One-Way Analysis of Variance is a way to test the equality
of three or more means at one time by using variances.

SS(T) = 3 (x - Rou) $8(B)= L0 (%~ Xou)

Assumptions

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

e The samples must be independent.

» The variances of the populations must be equal.

15



Hypotheses

The null hypothesis will be that all population means are equal; the alternative hypoth-
esis is (hat 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.

Problem: Susan Sound predicts that students will learn most effectively wiu. a con-
stant background sound, as opposed to an unpredictable sound or no sound at all. She
randomly divides twenty-four students into three groups of eight. Al siudents study a
passage of text for 30 minutes. Those in. group | study with backgroand sound at a
constant volume in the background. Those in group 2 studies with uoise that changes
volume periodically. Those in group 3 studies with no sound at all. After studying, all
students take a 10-point mulliple-choice test over the mateiial, Their scores follow:

group test scores
1) constant sound 7 4 6 8 G 6 2 9
2) random sound 3 5 3 4 4 i 2 2
3) no sound 2 4 7) 1 2 I 5 5
II III 31 | ZI.'?I 1‘ X.{z
7 49 R 25 2 4
i 6 i 25 4 16
6 36 3 9 7 49
] it} 4 16 1 |
6 36 4 16 2 4
(i 36 ; i} 49 | 1
) 2 4 2 4 5 25
9 81 2 4 5 25
Ix, = 48 I =322 | D =32 | s 14B| Bx =27 | 3x?=125
(Zx,)* = 2304 (Zx,)' = 1024 l(Zx,) = 729
M, =6 M, =4 M, = 3.375
S8y = (322 +148 +125) - S
o 24
=595 - 477.04 or 8§ =117.96

16



o Zni
Xom = Z“

; 2304, 1024 , 7291 _
bsamﬁng _|: B + 8 + ] ] 4??.{]4
= 507.13 - 477.04

SSamong = 30.08

o = X

SSwithin = 117.96 - 30.08 = 87.88
Source sS8 df MS F
Among 30,08 2 15.04 3.59

Within 87.88 21 4.18

*(according to the F sig/probability table with df = (2,21) I must be at least 3.4668
to reach p < .05, so F score is statistically significant)

Interpretation: Susan conclude that her hypothesis may be supported. The means are
as she predicted, in that the constant music group has the highest score. However, the
significant F only indicates that at least two means are significantly different from one
another, but she can’t know which specific mean pairs significantly differ until she
conducts a post-hoc analysis. '

Between Group Variation

The variation due lo 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 by MS(B) for
Mean Square Between groups. This is the between group variation divided by its degrees

of freedom. It is also denoted bysﬁ

Within Group Variation .
The variation due to differences within individual samples, denoted by SS(W) for

17



Sum of Squares Within groups. Each sample is considered independently, no interaction
between samples is involved. The degree of freedom is equal to'the sum of the individual
dcgrccs 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 by MS(W)
for Mean Square Within groups. This is the within group variation divided by its degrees
of freedom. It is also denoted bysfv

It is the weighted average of the variances (weighted with the degrees of freedom).
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Unit 2 0 Gel electrophoresis of serum protein

Structure

2.1 Background and Purpose

2.2 Sample Preparation

2.3 Electrophoresis

2.4 Tatal protcin staining of electrophorefie gels

2.1 Background and Purpose

Gel electrophoresis is a useful method to separate and/or identify proteins and nucleic
acids. In SDS-polyacrylamide gel electrophoresis (SDS-PAGE), proteins are separated
largely on the basis ol polypeptide length, and so their molecular weight can also be
cstimated. SDS does however denature the protein, so activity stains cannot be used to
identify particular enzymes. Described below is the protocel for preparing and using
Laemmli discontinuous gels. In this system, two sequential gels are actually used; the top
gel, called the stacking gel, is slightly acidic (pIl 6.8) and has a low (5.5%) acrylamide
concentration to make a porous gel. Under these conditions proteins separate poorly but
form thin, sharply defined bands separation is better. The lower gel, called the separaling,
or resolving gel, is more basic (pH 8.8), and has a higher polyacrylamide content (nor-
mally, 12%), which causcs the gel to have narrower channels or pores. As a protein,
concentrated into sharp bands by the stacking gel, travels through the separating gel, the
narrower pores have a sieving cffect, allowing smaller proteins to travel more easily and
hence rapidly, than larger proteins, i

SDS-Polyacrylamide Gel Electrophoresis Method
Standard SDS-polyacrylamide ge! clectrophoresis (Laemmli)—gel preparation. Vol-

umes given are sufficient for small (8 cm X 10 em X 1.5 mm) gel format (10 ml of
monomer). Scale up volumes as needed.

1. Pour the Separating gel

Set up your gel apparatus, prepare separating gel monomer. Add TEMED jusl prior
to pouring gel (T “pour” the gels using a Pasteur pipet and a rubber bulb). Allow to
polymerize before adding stacking gel by overlaying gently with water or n-butanol. With
higher % gels, one can immediately pour the stacking gel on the unpolymerized separat-
ing gel. Be careful not to mix the two layers.

Separaling Gels, in 0.375 M Tris, pH 8.8
19



7%, 10%, 12%, 15%
distilled HE'D 51 ml, 4.1 ml 3.4 ml, 24 ml
1.5 M Tris-HC], pH 8.8 - 2.5 ml

20% (wiv) SDS, 0.05 ml

Acrylamide/Bis-acrylamide (30%/0.8% wiv) 2.3 ml, 3.3 ml, 4.0 ml, 5.0 mi
10% (w/v) APS ammonium persulfate 0.05 ml

TEMED 0.005 ml

Total 10,005 ml monomer

2. Pour the Stacking gel

After the scparating gel has polymerized, decant the overlay, prepare the stacking
monomer, add the TEMED, and pour. Insert the comb and allow to polymerize com-
pletely before running.

Stacking Gels, 4.0% gel, 0.125 M Tris, pII 6.8
distilled FL,O 3.075 ml

0.5 M Tris-IICL, pH 6.8 - 1.25 ml

20% (wfv) SDS 0,025 ml
Actylamide/Bis-acrylamide (30%/0.8% wiv) 0.67 mi
10% (w/v) ammonium persulfate 0.025 ml

TEMED 0.005 ml

Total Stack monomer 5.05 ml

For best results:
(i) Make ammonium persulfate solution {resh daily,
(ii) Degas solutions beforc adding TEMED for 15 min at room temperature.

3. Running the gel

Usually gels are run at constant current, 25-50 mA, depending on gel size. Here's
the recipe for 5X SDS-PAGE running buffer. Dilute to 1X before use.
5X Running Buffer, pIT 8.3 (1 liter)

Tris Base 15 g
Glycine 72 g
20




SDS 5 g
distilled water to 1 liter

Store al room temperature until use.

4, Laemmli Sample buffer

Dilute samples at least 1:4 with sample buffer, heat at 95°C for 4 minutes prior to
loading.

Sample Buffer (8 ml)
Distilled water 4.0 ml

0.5 M Tris-HCI 1.0 ml
Glycerol (.8 ml

10% SDS 1.6 ml
beta-mercaptoethanol 0.4 ml

0.05% (w/v) bromophenol blue 0.2 ml

2.2 Sample Preparation

Serum sample preparation

Blood serum should be collected from vena cava of laboratory white rat and allowed
to clot for 2 hours at room temperature. The clotted material was removed by centrifu-
gation at 3000 rpm for 15 min. Hemolytic material was not observed. The scra obtained
from the blood samples were frozen immediately without any further treatment in liguid
nitrogen and stored at -80°C until further analysis. [The protein concentration of serum
was determined with the Bradford protein assay (Bio-Rad Protein Assay Dye Reagent

. Concentrate, Bio-Rad), using bovine gamma globulin as the standard.] The protein

concentration ranged from 80 to 90 pg/ul for wild type mouse serum samples.
For best results, all samples were kept in identical, low ionic strength buffers.

I. Mix 50 pL of each sample with an equal volume of one of the denaturing buffers
below.

2. IIeat in a boiling water bath for one minute. In most cases, brief boiling (1 -2 min)
improves denaturation, but it may also cause the protein to precipitate.
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Denaturing Buffers (DB)

Components DB1 . DB 1

Tris. HCI 025 M 0.0125 M
SDS 2% (wiv) 2% (wiv)
ﬁ-Mcr;:aptacthanul 2% (viv) 5% (viv)
Urea & M, 0

Glycerol 0 20%(viv)
Bromophenol blue 0.001% (w/v) 0.001% (wiv)
pH 6.2 6,3I

2.3 Electrophoresis

1. Remove the comb and clamp the gel to the electrophoretic apparatus.

2, Fill the top electrolyte compartment with running buffer.

3, Check for leaks from the top into the bottom compartment. If there are no leaks,
fill the bottom compartment.

4. With a plastic Pasteur pipette, thoroughly rinse cach well in the stacking gel with
running buffer,

5. Apply the sample by using a micropipette to carefully add up to ~25 pL of protein
in DBI or DB2 to the bottom of a well. The volume and protein concentration of the
sample should be sufficient to give at least 10 pg of each protein, If possible, avoid umlj,
the end wells.

6. Apply 15 plL of the molecular weight standards to one or two wells, preferably in
an asymmetric position, to allow the front and back of the gel to be identified later.

7. Carefully record the contents of each well.

8. Replace the cover of the electrophoretic cell, with the (+) symbol on the cover
connected to the (+) on the cell, so that the anode (+) is the bottom electrode.

9. Check the electrical connections on the cell to ensure that solution is not in contact
with either banana plug, and connect the anode to the (+) terminal on the power supply,
and the cathode to the negative terminal. (Notice the convention inversion for electrodes:
+ is the anode, and - the cathode).

10. Apply 15 mA/gel until the proteins are well into the stacking gel, then 35 mA/gel
until the tracking dye reaches the bottom of the gel (about 45 minutes in this system).

22



11. Always turn down the power and unplug the wires from the power supply before
removing the cover,

It is often useful to apply different sample volumes to several wells, so at least one
lane has bands that are detectable but not overloaded.

10X Running Buffer (Lacmmli electrolyte buffer)

Components Concentration | g/II,
Glycine 1.92 M 144
Tris base 0.25 M 36.3
SDS 1% 10

Dilute 10-fold before use.
Replace if the final pH is not
within 0.1 pH units of pH 8.3,

2.4 Total protein staining of electrophoretic gels

Gel staining can modify the electrophoretic properties of the proteins and so may
interfere with protein transfer during  Western blotting. For this reason, it gencrally is
not advisable to stain a gel that is to be used for a Western blot. It is useful, however,
to stain the gel afler performing a Western blot, to ensure that the protein has successfully
transferred from the gel to the membrane. [Once you've performed the Western blot,
follow the protocol below to do the total protein staining of your gel].

Protein Staining Solutions

Staining Solution - Dissolve 20 mg of CPTS in 1 L of 6 mM IICL. This solution is
stable at room temperature.

Wash Solution - 6 mM IICI in 20% (v/v) methanol (0.5 mL conc. HCI in 799.5 mL
deionized water, 200 mL methanol). This solution is stable forever al room lemperature.

Protein Staining Procedure

1. Following Western bloiting, drain excess buffer from the gel and rinse in wash
solution to remove SDS and fix (immobilize) the proteins,

2. Rock the gel in the wash solution for 15 minutes, then remove and discard the
solution.
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3. Add enough staining solution to cover the gel. Stain for an hour, or until ad-
equalely stained.

4. Remove ihe staining solution and replace with 100 mI, wash solution and 0.1 g
DEAE-cellulose.

5. Swirl the wash over the gel by rocking the (covered) container for several min-
utes/hours, or until excess stain is removed and unstained areas are completely
clear.

6. Photograph, interpret visually, or quantitate using appropriate densometric equip-
ment.

Fig. 1 : Two typical photographs of SDS-PAGE. Electrophoretic bands (dark black transverse
lines, arrows) of samples are always compared with standard bands of known molecular weight
as shown in figure A. In figure A, lanes 1, 2, 3 and 4 are showing banding pattern of unknown
samples and first lane (Stnd = standard) shows the distribution of bands of known molecular
weight proteins. The molecular weights (kDa) of the standard samples are given beside cach
band, The molecular weight of the different fractions of the unknown samples can be easily
caleulated in reference to the standard molecular weight. In figure B, lane 1 shows bands of
standard proteins, lanes 2, 3, 4, 5 and 6 are experimental protein samples, Comparison is made
between the bands of the standard and new bands of the samples (not present in the standard)
characterizes the unknown protein sample. The molecular weight of the unknown protein sample .

can be deduced.
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Unit 3 0 Analysis and interpretation of Southern, Northern
and Western blotting from gel photograph

Structure

3.1 Introduction

3.2 Northern Blot

3.3 Southern Blot

3.4 Western Blot

3.5 Comparison of Blotting Mecthods

3.1 Introduetion

. A southern blot is a method used to detect specific DNA sequences in complex
DNA samples.

— It is a combination of several molecular biology techniques:
=  Restriction enzyme analysis
= Agarose gel electrophoresis
= [ybridization analysis

—  After electrophoresis, DNA molecules are transferred from the agarose gel onto
a filter membrane for probe hybridization.

* A northern blot is almost identical to a Southern blot, but it in
volves the detection of RNA instead of DNA.

3.2 Northern Blot

Practice and analysis of northern blot

1. This is used to detect and identify RNA molecules with a specific base sequence.
The sample BNA molecules are initially separated by gel electrophoresis.

2. The blotting is done on overlaying nitrocellulose paper on the gel. This transfers
the single stranded RNA molecules from the gel to the corresponding position on
the nitrocellulose paper, which binds lenaciously to single stranded RNA,
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3. The nitrocellulose paper then incubated with **P labelled single stranded DNA or
RNA for hybridization. These single stranded nucleic acids are used as probe and
having a base sequence complementary to that of the searched DNA.

4. After hybridization unbound probes are washed and the nitrocellulose paper is
auto-radiographed 1o locate the position of the searched RNA.

Probe single-strand TP-NA

\-(( P iy
e g@ w I |
[
W 72 5 ) L
|
[P— R "1,\. A hi
™ Aulo- el |
=== “ radiograph |, i
—_— e ;
i;/ < 1y
r— eetisam | g
|
= [~
P ﬂ4— LB l
|
KMA bands T A bamds on Hihrid MA duplex Autoradiogram bonds
on gel nitrocellulose paper bands on nitceesinlose from “P-hybrid NA

Fig 2 : Derection of RAN with specitic base-sequence by Northern transfer.

Fig 3 : Photograph of Northern Blot (RNA)

3.3 Southern Blot

Practice and analysis of Southern blot

1. Double stranded DNA molecules are first separated from each other by gel
electrophoresis and then denatured into single stranded DNA by soaking the gel
slab in 0.5% NaOH solution.

2. The blotting is done on overlaying nitrocellulose paper on the gel. This transfers
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the single stranded DNA molecules from the gel to the corresponding position on
the nitrocellulose paper, which binds tenaciously to sinple stranded DNA but not
to the double stranded DNA.

3. The nitrocellulose paper then incubated with **P labelled single stranded DNA or
AN & tor hybridization. These single stranded nucleie acids are used as probe and
having a base sequence complementary to that of the searched DNA.

4. After hybridization unbound probes are washed and the nitrocellulose paper is

anto-radiographed to locate the position of the searched DNA.
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Fig, 4 : The left panel shows an agarose gel after clectrophoresis and staining with ethidium
bromide. The center panel shows a Southern blot autoradiogram. The right panel shows a
representation of the autoradiogram.
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- If a specific DNA sequence :
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ir. o
- The location of that sequence R
relative to restriction sites. Sequence deduced from banding pattern
| . - : of autoradiogram made from gel:
- How many copies of that spex B A-G-CiC-T-A-G-A-G-T.3"
DNA sequence or gene are present in Fig. 5 : Analysis of DNA sequence
the sample. from southern blot bands.
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3.4 Western Blot

1. This technique is used for protein detection and estimation of a specific protein
using antibody specific for it.

2. After gel electrophoresis of the sample, the blotling is done on overlaying nitro-
cellulose paper on the gel.

3. The nitrocellulose paper then incubated with rabbit antiserum containing radio-
isotope '2I labelled antibodies raised against the specific protein being searched
for hybridization. These are uscd as probe.

4. After hybridization unbound probes are washed and the nitrocellulose paper is
auto-radiographed to locate and estimate the searched protein.
= Technique for protein detection.
= probe = antibodies specific to the target protein

. Linked to an enzyme

If any antibody is bound by the protein of interest, a colured product will result
when it is incubated with the substrate.

Frotein Blot on SDS Polyacrylamide
Mitrocellulose Gel Electrophoresis

— S

Label with Specifie -
Antibody Detect Antibody

A o

Reveals Protein
of Interest

Fig. 6 : Steps for detection of protein using antibody in western blot technique.
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Technique used in western blot shows that after blotting in nitrocellulose paper the
desired protein is targeted by the specific antibody. Finally the antibody labeled protein
will give a color in enzymatic reaction,

A compasite image of four different types of eleetrophoresis.

Western Blot (Protein)

gl 53 B NS 4. Western Blot (Protein)

3. Protein Gel
Fig. 7 : A Composite image of our different types of Blot techniques
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I3.5 Comparison of Blotting Methods

chromosome

How long is gene X
mRMNA

How large is protein X.

Southern MNorthern Western Snuthwestern
What is DMA cut with Denatured KNA Protein denatured Characterizes DNA
separated reslriction ensymes with 80§ binding proteins
Probe Radioactive pene Radioactive gene Antibody against Labelled DNA
X DNA X DNA protein X, labeled probes
with enzyme or
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What do you| Restriction map of | ITow much gene X How much protein X | ldentify expression
fearn gene X mRNA is present? is present,

of specific DNA
binding proteins
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Unit 4 O Data (protein and gene) Bank analysis

Structure
4.1 The Protein Data Bank (PDB)
4.2 Technologies for Whole Proteome Analysis

4.1 The Protein Data Bank (PDB)

It is a repository for the 3-D structural data of large biological melecuics; such as
proteins and nueleic acids, The data, typically obtained by X-ray crystallegraphy or NMR
spectroscopy and submitted by biologists and biochemists from around the world, can be
accessed at no charge on the internet. The PDB is overseen by an organization called the
Worldwide Protein Data Bank (wwPDB).

The PDB is a key resource in areas of structural biology, such as structural genomics.
Most major scientific journals, and some funding apencies, such as the NIII in the USA,
now require scientists to submit their structure data to the PDB. If the contents of the
PDB are thought of as primary data, then there are hundreds of derived (i.e., secondary)
databases that categorize the data differenfly. For example, both SCOP (Structaral Clas-
sification of Proteins)* and CATH** categorize structures according to type of structure
and assumed cvolutionary relations; GO**# categorize structures based on genes.

¥ SCOP database is a largely manual classificetion of protein siructural domains based on similarities of their
amino acid sequences and three-dimensional structures,
SCOP ulilizes four levels of hierarchin slructural classification :
1. class : general “structural architecture™ of the domain
2. fold : similar arrangement of regular secondary structures but without evidence of evoutionary relatedness
3, superfamily : sufficient structural and functional similarity to infer a divergent evolutionary relationship but
nol necessarily detectable szquence homology
4. Family ; some sequence similarity can be detected.

L '_l'h}:.nam-: CATH is an acronym of the four main levels in the classificiation
The four main levels of the CATH hierarchy are as follows :

Lovel. 7 - Deseription
1. Class, the averall secondary-structtire content of the domain
2., Architenture a large-scale grouping of topologics which share parlicular structural features
3, Tapology - high structural similarity but no evidence of homology, Equivalent to fold in SCOP
4. Homologous indicative of a demonstrable evolutionary relationship. Equivalent to the superfamily
superfamily lelve of SCOE

CATH defincs four classes ; mostly-alphs, mostly-beta, alpha and beta, few socondary structures,

¥+  The Gene Ontology, or GO, is a major bioinformatics initiative to unily the represeniation of gene and gene
product attributes across all specics. The aims of the Gene Ontology project are threefold ; firstly, (0 maintain
and further develop its controlled vocabulary of gene and gene product attributes ; secondly, to annotate genes
and gene products, and assimilate and desseminate annotation data ; and thirdly, to provide tools to facilitate
access 1o all aspects of the data provided by the Gene Ontology project.
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The Protein Data Bank (PDB) was established at Brookhaven National Laboratories
(BNL) in 1971 as an archive for biological macromolecular crystal structures. In the
beginning the archive held seven structures, and with cach year a handful more were
deposited. In the 1980s the number of deposited structures began to increase dramatically.
This was due to the improved technology for all aspects of the crystallographic process,
the addition of structures determined by nuclear magnetic resonance (NMR) methods,
and changes in the community views about data sharing. By the early 1990s the majority
of journals required a PDB accession code and at least one funding agency (National
Institute of General Medical Sciences) adopted the guidelines published by the Inlerna-
tional Union of Crystallography (IUCr) requiring data deposition for all structures,

The mode of access to PDB data has changed over the years as a result of improved
technology, notably the availability of the WWW replacing distribution solely via mag-
netic media. Further, the need to analyze diverse data sets required the development of
modern data management systems.

Initial use of the PDB had been limited o a small group of experts involved in
structural research. Today depositors to the PDB have varying cxpertise in the techniques
of X-ray crystal structure determination, NMR, cryoelectron microscopy and theoretical
modeling. Users are a very diverse group of researchers in biology, chemistry and com-
puter science, educators, and students at all levels.

The tremendous influx of data soon to be fueled by the structural genomics initiative,
and the increased recognition of the value of the data toward understanding biological
function, demand new ways to collect, organize and distribute the data.

In October 1998, the management of the PDB became the responsibility of the Re-
search Collaborator for Structural Bioinformatics (RCSB). In general terms, the vision of
the RCSB is to create a resource based on the most modern technology that facilitates the
use and analysis of structural data and thus creates an enabling resource for biological
research. Here, the current procedures for data deposition, data processing and data
distribution of PDB data by the RCSB are described. In addition, the issues of data
uniformity are addressed, '

Step 2

[ Archival Do

Correependa
Archiva

Come Datibase

Dapu:llur.ﬂ-pjwmr

Fig. 8 : The steps in PDB data processing. Ellipses represent actions and rectangles define content
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The Worldwide Protein Data Bank (wwPDB) consists of organizations that act as
deposition, data processing and distribution centres for PDB data. The founding members
arc RCSB PDB (Research Collaboratory for Structural Bioinformatics Prolein Data
Bank). (USA), PDBe (Europe) and PDBj (Japan). The BMRB (Biological Magnitic
Resonance Data Bank) (USA) group joined the wwPDB in 2006, The mission of the
wwDPDB is to maintain a single Protein Data Bank Archive of macromolecular structural
data that is frecly and publicly available to the plobal community. This site provides
information about services provided by the individual member organizations and about
projects undertaken by the wwPDRB.

A newly standardized and enhanced version of the entire PDB archive is available at
fip:/ifip.wepdb. org. Users who maintain local copies of the wwPDB FTP will have to
download the entire archive, Seripts to help in this process are available at
wynvwnipdb.org/downloads. himl.,

These data reflect the wwPDB’s continuing commitment to providing accurale and
detailed data to users worldwide, This release includes improvements and enhancements
to the data, including details about the chemistry of the polymer and the ligands bound
to it, biological assemblies, and bindine sites of ligands and metal ions. An overview
(PDF) is provided at the wwPDB wetzite.

What is WIDB?

The PDB through Microsofl Windows, or WPDB for short, is a Microsoft Windows
3.1 Windows95 and Windows NT (client and server) based program to inlerrogate the 3-
dimensional structure of biological macromolecules as found in the Protein Data Bank
(PDB) using query and display tools like those shown above.

How to Get WPDB
WPDB is available via anonymous fip from ftp.sdsc.edu in the directory /pub/sdsc/
biology/WPDB. The distribution is organized into 6 parts:
1. wpdbbin.zip [.7MB] - the executables and documentation (a Microsoft help file).
Includes raswin the molecule display program called directly from WPDDB.

2. wpdbl100rzip |2.1MB] - a small test databasc of 100 structures, including PDB
REMARK records.

3. wpdb420rzip [9.8MB] - 420 “unique structures,” including PDB REMARK
records

4, full 1.zip [68.9MB] and full 2.zip [16.6MB] the cump]ele PDB in two parts
(both required).
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5. wpdbps.zip [.SMB] - program manual in color Postscript,
6. install - installation seript (DOS)

Only one of 2-4 is required. All files are compressed using pkzip. The program
pkunzip.cxe (runs under DOS) is available in the distribution direclory if needed,

What is GenBank?

GenBank®™ is the genetic sequence database of National Institute of Health, USA
(NIIT), provides an annotated collection of all publicly available DNA sequences
{Nucleic Acids Research, 2008 Jan;36(Database issuc):D25-30}. There are approxi-
mately 85,759,586,764 bases in 82,853,685 sequence records in the traditional GenBank
divisions and 108,635,736.141 bases in 27,439,206 sequence records in the WGS divi-
sion as ol February 2008.

The complete release notes for the current version of GenBank are available on the
NCBI ftp site. A new release 1s made every lwo months, GenBank 1s part of the Inter-
national Nucleotide Sequence Database Collaboration, which comprises the DNA Data
Bank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL), and
GenBank at NCBIL These three organizations exchange data on a daily basis.

Access to GenBank
There are several ways to scarch and retrieve data from GenBank.

s Search Genllank for sequence identifiers and annotations with Entrez Nucleotide,
which is divided into three divisions; CoreNucleotide (the main collection),
dbLEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

¢ Search and align GenBank sequences to a query sequence using BLAST (Basic
Local Alignment Scarch Tool). BLAST searches CoreNucleotide, dbEST, and
dbGSS independently; sce BLAST info for more information about the numerous
BLAST dalabases.

e Search, link, and download sequences pm-gramﬂtil:ally using NCBI e-utilities.

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scien-
tific community to the most up to date and comprehensive DNA sequence information,
Therefore, NCBI places no restrictions on the use or distribution of the GenBank data.
However, some submitters may claim patent, copyright, or other intellectual property
rights in all or a portion of the data they have submitied. NCBI is not in a posifion to
assess the validity of such claims, and thercfore cannot provide comment or unrestricted
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permission concerning the use, copying, or distribution of the information contained in
GenBank. ¢

4.2 Technologics for Whole Proteome Analysis

Understanding a microbe’s protein-expression profile under various environmental
conditions will serve as a basis for idenlifying individual protein function and will
provide the first step toward understanding the complex network of processes conducted
by a microbe. Insight into a microbe’s expression profile is derived from global analysis
of mRNA, protein, and metabolite and other molecular abundance. Characterizing a
microbe’s expressed protein collection is important in deciphering the funetion of pro-
teins and molecular machines and the principles and processes by which the genome
regulates machine assembly and function and the resultant cellular function. This is not

‘@ trivial feat, A microbe typically expresses hundreds of distinet proteins at a time, and
the abundance of individual proteins may differ by a factor of a million. Technologics
emerging only recently have the potential 1o measure success{ully all proteins across this
broad dynamic range. The whole Proteome analysis core capabilitics are showing below :

Microbial Cultivucion Systems

&

 Automated Biosample Processing

o g e

Transcriptome F'r_]::lfl_ag'qféf.: g Metabolome | | Other Mul_g{:__u_l_g;:.
Analysis Analysis Analysis. Analyses
I Data Integration and Analysis

J

{ " Microblal Response Modeling

Measuring the time dependence of molecular ~oncentrations—RNAs, proteins, and
metaboliles—is needed to explore the causal link between genome sequence and cellular
function.

Generally, a microbial cell responds to a stimulus by expressing a range of mRNAs
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translated into a coordinated set of proteins, Measuring RNA  expression
(transeriptomics) will provide insight into which genes are expressed under a specific set
of conditions and thus the full set of processes that are initiated for coordinated molecular
response. An even-greater challenge will be detection of precursor regulatory proteins or
sipnaling molecules that start the forward progression of a metabolic process. An ex-
ample is master regulator molecules that simultancously control the transcription of
many genes, When activated and functioning, proteins expressed by RNA will yield
metabolic products. Each organism has a unique biochemical profile, and measuring the
cell’s collection of metabolites, “metabolomics,” is one of the best and most direct
methods for determining the cell’s biochemical and physiological status. Each of the
molecular species’ distinct temporal behaviours and their interrelationships must be
understood.
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To accurately establish causality between measured gene, protein, and metabolite
events, sampling strategies must cover the [ull characteristic time scales of all three
variables. Little is known about the time scale of gene, protein, and metabolite responses
o specific biological stimuli or how response durations vary among genes and species.

High-capacity computation is needed to integrate all the data from transcriptomics,
proteomics, and mefabolomics with additional information. obtained from other experi-
mentation and modeling and simulation, These data will be combined to understand and
predict microbial responses to different intracellular and environmental stimuli.
Petabytes of data gencrated from all these different measurements will require a substan-
tial investment in computational tools for reducing and analyzing massive data sets and

integrating diverse data types.
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Unit 5 O Suggestive Questions

1. Tind out the correlation of the data provided. Comment on the result,

2. Calculate the data sct provided for ANOVA. Comment on the result.
Or,

Write the procedure for repression analysis and draw a regression graph from the
data provided.

3. Wirite the procedure for serum sample preparation for gel electraphoresis.
Or,
Tahulate the components and quantities of denaluring buffers (DB I, DB 1)
Wrile down the staining procedure for prolein in Westlern blot gel.
With the help of word diagram show the steps in PDB data processing.
Or,
Show the technologies for Whole Proteome Analysis.
Or,
Write down the four main levels of the CATI hierarchy.
6. Laboratory note book.

7. Viva voce
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