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Basics of Cloning (Part I)

Lecture 10- Polymerase Chain Reaction

Hello everybody, this is Dr. Vishal Trivedi from Department of Biosciences and Bioengineering,
IIT Guwahati and let us continue our discussion about the polymerase chain reactions. So in our
previous lecture, what we have discussed? We have discussed about the different steps and how
the technique has been evolved in a span of couple of decades and how the polymerase chain
reaction is been inspired from the DNA applications and how the people have mimicked the
similar kind of steps under the invitro conditions to amplify a shorter stretch of DNA using the

site-specific primers.

So in the today’s lecture, what we are going to discuss? We are going to discuss about the
technical aspects of the polymerase chain reactions and in today’s lecture what we are going to

discuss?
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We are going to discuss about the reagents which are important for the polymerase chain
reaction such as the template DNA, then we are going to discuss about the primer designing,

more in an interactive way so that you will be able to design the primers using the available



software. Then we will also going to show you with the help of one of the softwares, how to do
the analysis part. And then at the end we are going to show you how to set up the PCR reactions,
how to add the individual components, what are the precautions you should take while you are

setting up the PCR reactions.

And they will take you to our lab and we will show you how to set up these reactions. In
addition, how to setup the different steps within the thermal cyclers and at the end, we will also
going to show you the demo how to prepare and setup the PCR reactions. And once the PCR
reactions are over, then we will take out those reaction products and analyse them onto the agro
cells and at the end of this lecture, we are also going to discuss about the potential is of PCR in

biomedical research or biotechnology research.
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So let us continue with the template DNA. The template DNA as we discussed in the previous
lecture could be genomic DNA, DNA fragments which you can isolate from the environment as
well as from the biological samples. You can use the plasmids or you can use the recombinant
DNA, you can use the viruses, you can use the tissue samples and the only thing what makes a
sample good or bad is that the sample what you use in the PCR reaction should not have the mix
or it should not be a degraded form because if you are using the site-specific primers and if there

is a degradation into your gene of interest, then the PCR amplification may not happen.



And apart from that, when you have a degraded sample, the data disciple sometimes always

gives a non-specific reactions as well.
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This also we have discussed. So primer designing we have discussed, we have discussed about
designing the forward primers as well as designing the reverse primers. So what we have done is
we have taken you to our laboratory and where my student, student Banesh has prepared a small
movie with the help of softwares. What he is going to show you is that how to prepare or design
the oligo primers or oligonucleotides, how to analyse them using the certain softwares under the

different parameters.

If you recall, in our previous lecture, we have discussed about the primer length, primer TM, the
annealing temperatures, GC content, GC clamps and all these aspects is going to show you with
the help of that particular softwares. Apart from that, he is also going to show you the different
types of defects which you can encounter into designing of these primers such as the primer
dimers or the loop formations and how to get rid of these loops. Suppose you have a loop and
that is how the Banesh is going to give you a demo about the primer designing and the analysis

of these primer sequences.

Student Banesh starts giving the demo:



Student Banesh: In this video, we will show you how to design primers and analyse for different
constituents like hairpin loops and primer dimers, how to analyse these things using various

online tools available.

(Refer Slide Time: 5:15)

Primer Designing

Hello everyone. In this video, I will show you how to design the primers and analyse them.
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So for designing primers, first you have to identify the region of interest, your region of interest
which is you want to amplify from any vector or any sequence. So in second step, you have to

identify non-cutters. There are various softwares available but we can use New England biolabs



NEB cutter version 2.0. After identifying non-cutters, you have to select a suitable vector in
which you want to integrate this amplified region and suitable restriction sets. You will get

suitable restrictions sets from non-cutters. After that, you can go for designing forward primer.

(Refer Slide Time: 6:23)

Example target sequence

TTAGCGGATACTACTGACGCTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGGCTAG
AARTAATTTTGTTTAACTTTAAGAAGGAGATATACATATGCGGGGTTCTCATCATCATCATCATCATGG

TATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGAGAACCTGTACTTCCAGGGCAT

GGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTARA
CGGCCACARGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTT
CATCTGCACCACCGGCAAGCTGCCCETGCCCTGRCCCACCCTCATGACCACCCTGACCTACGGCGTGCA

GTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGA
GGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGARGAACGGCAT
CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCETGCAGCTCGCCGACCACTACCAGCA
GAACACCCCCATCGGCGACGGCCCCETGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCT

GAGCARAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC
TCTCGGCATGGACGAGCTGTACAAGIGARGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCC
TGATACAGATTAAATC

So for understanding purpose, I gave this sequence. So I am using this sequence. [ will use this
sequence to design the primers and analyse the primers. So this is the whole sequence but I do
not want to amplify whole region. I want to amplify the letters, the sequence which is highlighted
in green. So I want to amplify starting from here to here. So now the question arises, what are the

non-cutters? So you want to amplify this region and integrate into another vector.

For that, you have to identify which are non-cutting restriction enzymes. So what I will do? I will

copy this sequence into NEB cutter and identify what are the non-cutters.
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So just copy the sequence, paste here and I will ask submit. So it will analyse the sequence and
give non-cutters. These are the enzymes cutting inside the sequence. But we are interested in
which are non-cutters. So that means, you can see here, non-cutters. So just click here. It will
give you a number of enzymes which will not cut inside the sequence. So once getting this list,

we have to identify in which vector, you want to integrate your amplified region.
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So for that purpose, I have selected for ease of understanding, I have selected pET 23 vector. So
you can see, this is the vector map. So this is the 5 prime side, this is the 3 prime side. M
terminal and this is the C terminal side. M terminal means forward primer, C terminal means
reverse primer. So I can use BamH1 in forward primer and Xhol in reverse primer. This is the

detailed map.
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So I have identified two restriction enzymes. That is BamH1 and Xhol. So I can use these
enzymes in forward primer and reverse primer. So after identifying restriction enzymes and the

vector, we will go for designing forward primer.
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So we will take this sequence. I want to amplify from here to here. So I will copy this sequence
here. So for designing forward primer, it is very easy. You have to take the sequence whatever
you are getting up to 15 to 20 bases you can take as it is. So if you want to insert a restriction
enzyme, suppose I want to insert a restriction enzyme. This is the sequence as it is given from

this whole sequence. So I want to insert a restriction enzyme, that is BamH1.
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So this is the sequence for BamHI1. Here it cuts. So I can use this sequence here. So this is our
restriction enzyme. Here it will cut. So we cannot simply give like this. So there should be some
more basis, extra basis we have to add in the 5 prime side. So I will use, so this sequence I will
use. So now, this is 5 prime to 3 prime side. So this is our forward primer is ready. So after

designing this forward primer, we have to analyse this sequence, so this primer.
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So what I will do is I just copy this sequence and will use OligoAnalyzer software which is
specially designed for this purpose only. I will paste the sequence. Just ask, analyse. So here
also, you can see there are so many options are there like you can analyse hairpin loop, self
dimer, hetero dimer. So these are the general details. What is the length and GC content, built-in

temperature, molecular weight. So these are normal details.
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I will go for hairpin loop. Is there any hairpin loops? So we can see, there are a number of
hairpin loops. We can see, different different structures predicted by the software. So if you want
to explore this thing, you can explore. Only 2 bases, 2 bases it is forming and the Delta G value
is minus 0.43 kilocalorie per mole. So this is fine. Up to minus 10 kilocalorie per mole is fine.
Those hairpin loops broken during the amplification process but above that, above minus 10

kilocalorie per mole cannot be broken.

So in that case what we will do? Either we redesign the primers or we will add 5 percent, 1

percentage butane or 5 percentage DMSO. These are, these chemicals disrupt the (())(13:29) so



that the application will be fine. So next, I will analyse for self dimer. Is there any self dimers
and what is the maximum Delta G. So this is forming continuously 5 bases. It is because of the
restriction sets. So those are restriction sets, those homo dimers forming 2 restriction set, can be

broken.

There is no issue but other than that, this is also because of restriction set. But other than that, we
have to look carefully. So is there any continuously 4 or 5 bases forming this homo dimer, then it
is very difficult. These interactions can be broken easily. So here is some of the consecutive base
pair is not it. These are very weak interruptions. So they can be broken, so other than that, there

is no significant self-dimers. So this sequence can be used.

And for hetero dimer, predicting hetero dimer, you need a complementary sequence with reverse
primer. Like reverse primer you need, so that we will discuss later on. So we got our forward
primer here. So it is very easy to generate forward primer but in case of reverse primer, it is
somewhat difficult because not in terms of predicting things, it is somewhat tricky. So what I am
saying is here we have sequence. So in case of forward primer, we just taken as the sequence 15
to 20 bases as it is from sequence 8 but here, we have to take complementary sequence, not 3

prime to 5 prime or 5 prime to 3 prime sequence.
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We have to take complementary to this one. Say this is the sequence we got from here. So what
is the complementary to this one? So just I will add here. So this is the complementary to this
particular sequence. So as you can see, this is we have to keep from this direction, 5 prime to 3.
So I will take like this. So what we have to do is, we want to insert a restriction set here. So we

can insert a restriction set here directly.

So in reverse primer, we wanted to insert Xhol set. So this is the restriction set. As usual, we can
use, we have to insert T8. So this is the restriction set we added. We can add franking regions in
between, franking spaces before this restriction set. So now we got our reverse primer. So we

have to go through same procedure like what I have shown in case of forward primer.
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So just I will copy paste here and analyse the reverse primer. So is there any hairpin loops? Only
one hairpin loop that is within the range of Delta G. So there is no issue and self-dimer. So we
can see here continuously 4 bases are forming. In this case we have to either change the sequence
or remove the some of the bases. We can ignore those dimers forming through section set. So

next hetero dimer, we have to analyse.
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For hetero dimer, we need forward primer. Just copy, paste here and calculate. It will give is
there any hetero dimers? This is because of restriction set. This is also because of restriction set.
This can be broken. Those which are at the end of the sequence, they can be broken but which is
middle, the bases are middle, it is very hard to interrupt those interruptions. And our
amplification will be not good. So there is no amplification literally. Other kind of interactions
will be broken easily. These are weak interactions. So this is how we can prepare, design the

primers and analyse the primers.
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Tools for primer designing

Online tools (free):

1. |DTs primerquest (https://eu.idtdna.com/PrimerQuest/Home/Index)

2. Primer3 (http://bioinfo.ut.ee/primer3-0.4.0/)

3. Eurofins primer design tool (https://www.eurofinsgenomics.eu/en/ecom/tools/pcr-primer-design/)
4, Genescripts primer design tool (https://www.genscript.com/tools/pcr-primers-designer)

5. Primer Blast (https://www.ncbi.nlm.nih.gov/tools/primer-blast/)

Commercial tools:

Olio 7.0 (https://www.oligo.net/)
Vector NTI (https://www.thermofisher.com/in/en/home/life-science/cloning/vector-nti-software.html)
Primer premier (http://www.premierbiosoft.com/primerdesign/)

We have done all these processes for designing forward and reverse primers. But instead of
doing manually, we can do it online. We just have to submit the sequence and it will return the
forward and reverse primers. These are some of the tools available online for freely but there are
commercial tools also available like Olio 7, vector NTI, primary premier. So if you are interested
in this software or you can just go through these sites and submit your sequence, you will get

your primers.
Demo over.
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And then subsequently, we are going to show you how to setup the PCR reactions. This is a
typical thermal cyclers. We have already discussed the different components of thermal cyclers
and what we have done is we have also prepared a very small movie from the thermal cyclers
what is available in our laboratory and in that particular small clip, what students are going to
show you is about the different components which are present in a typical thermal cyclers such
as the reaction purchase or the place where you are going to keep the reactions or the heating
block which does not allow the evaporation of the Sample and the different types of buttons what

are available for different types of operations within the machine.

Apart from that, the students would also show you how to setup the PCR reactions. So the

purpose of these videos or the demo is to show you how to perform these experiments.
Student starts a demo:

In this video, we will be demonstrating how to setup a PCR reaction and analyse the results using
(0)(23:51). PCR are polymerase chain reaction. It is a widely used molecule biology technique
to amplify a particular segment of DNA. It is also deployed in biomedical research and forensic
medicine. The main application of this polymerase chain reaction is chlorine. To setup a PCR
reaction, we need template DNA, site-specific primers, DNTP mix, nuclease free water and tack
polymerase. For a 50 microlitre reaction, in a typical concentrations of 10 to 100 nanograms of

template DNA used and 5 picomoles of each primer will be used.
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This is a earlier version of thermal cycler which contains display unit where we can observe the
parameters and change the parameters. This is a heart shield, this is Sample holder and inside
there is a peltier system which can maintain the temperature fluctuations. For setting up a PCR
reaction, initial denaturation at 95 degrees Celsius, 3 minutes and these steps we will use 30
repeats where initial denaturation will be 30 seconds and annealing it, extension. Extension time

should be given, 1 minute per KV.
And here, final extension should be given, 10 minutes and hold it, 4 degrees Celsius.

Demo ends.
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Polymerase chain Reaction

1. Initial Denaturation: Heating
the PCR mixture at 94°C to 96°C
for 10min to ensure complete
denaturation of template DNA.

A. Denaturation: This is the first
step in which the double stranded
DNA template is denatured to form
two single strand by heating at
95°C for 15-30 secs.

B. Annealing: This is the annealing
step where at lower temperature

C. Elongation: This is the synthesis step (Usually 50-65°C) primers are
where the polymerase perform synthesis of  alowed to bind to template DNA,
new strand in the 5 to 3' direction using &nnealing time is 15-30 secs and it
primer and deoxyribonucleoside dependg on the length and bases
friphosphates (dNTPs). An average DNA O the primers.
polymerase adds about 1,000 bp/minute. 2. After the cycles are completed,
Step 1,2,3 makes one cycle and in general  the reaction is held at 70-74°C for
35-40 such cycles are performed in a typical ~ several minutes to allow final
PCR amplification. extension of the remaining DNA to
be fully extended.
3 @ 3 3. Final Hold.

Now moving on to, 13" is about PCR reaction. So not only that they will let you to discuss the
said PCR reaction, they will also let you to discuss about how to set up the cycles onto the
machine and how to operate them and this operation could be, the machine what we have in our
laboratory may not be the machine what is available in your institutions or in your setup, but the
more or less, the steps are remain constant whether it is a machine from the one company or the
other company or only the few the patterns may be different or few, the way you have to operate

these machines may be different. But the overall basic principle remains constant.

(Refer Slide Time: 28:29)

Analysis of PCR reaction

Analysis of PCR results: Once PCR cycle is completed, the amplified product is
loaded in the agarosc gel and obscrved after cthidium bromide staining under UV light
source. A waler blank reaction is included (o monilor (he cross contaminating DNA
source as template. The pereentage of agarose gel depends on the size of DNA to be
visualized. Generally 0.8-1% agarose gel is used for analyzing 0.5-5 kb amplificd DNA
while a DNA of larger size or genomic DNA is visualized in gel as low as 0.5%.

3 Template DNA

15 ¢ Amplifie dONA
1 of interest

Primer dimer



Then at the end, the Banesh and his team is going to show you how to analyse the PCR product.
So what we were supposed to do is, once the PCR is over, then you are going to take out the
Sample from the PCR machines, then you have to cast a agarose gel and agarose gel, while you
are casting the agarose gel, you have to take a lot of precautions and then while you are casting,
you can add the dye which is called the ethidium bromide. So ethidium bromide is an inter-
collating agents and inter-collates into the DNA and that is how it gives a fluorescence into the

DNA.

So once the gel is ready, you can load your Sample into the wells and you can run the samples
and visualise it under the UV trans-illuminators and you can take the images. Once you take the
images, the students will also show you how to analyse these DNA, both for the size as well as

for the amount of DNA variant present in the O gel.
Demo begins.
Once the PCR reaction is completed, we have to analyse the results for amplification.

(Refer Slide Time: 29:47)










Further, we need agarose and DAE buffer. 1* we have to weigh agarose and mix with the DAE
buffer. It will not dissolve easily. So we have to heat it in microwave oven until it gets dissolved.
Now agarose got dissolved in DAE buffer. We have to like it hold on up to 50 degrees Celsius.
Now before pouring, we have to add ethidium bromide for decation purpose. Now the gel got

solidified.

We have to take out the gel and keep it in the electroporotic apparatus. We have to gently
remove the comb, loose the nuts and keep the gel in the apparatus. Make sure that the buffer is

submerged in the gel. We have to fill the remaining part with 1X DAE buffer.



(Refer Slide Time: 31:38)




Generally for analysing the DNA samples, we will use agarose gel electroporosis. This is the
powerpack and this is the electroporotic apparatus. This is a negative electrode and this is the
positive electrode. We can change the voltage from here. For loading of sampling, we have to

mix PCR reaction mixture with 5X loading dye.



(Refer Slide Time: 33:21)

When the loading is over, we have to cover the electroporotic apparatus with the lid and we have

to adjust the voltage, then start (())(33:44).



(Refer Slide Time: 33:51)

After the agarose gel electroporosis we have to visualise the amplified product. This is the
chemiduct MP where we are going to visualise the amplified product. Now we have to keep the

gel, then close the thing.



(Refer Slide Time: 34:24)
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Ethidium Bromide

Warming up light source

We have to select here, application, nucleic acids, ethidium bromide, exposure, optimal exposure
or we can select manual also. Then we will acquire the images. Now we can find here, this is the
DNA ladder, this is the PCR amplified product. We can transform it into, transform or save this

image into JPEG.

Demo ends.



(Refer Slide Time: 35:09)

Application of PCR
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Now at the end we would like to discuss about the application of PCR in different fields. So the
PCR has the vast applications, whether it is a food science, whether it is a plant tissue culture or
it is a parental testing. Means the all sort of genetic investigations or whether it is a criminal
investigations or whether you are going to use the PCR for the diagnostic purpose or whether
you will use the PCR into identifying a plant species or characterising a plant species that this is
actually the particular plant species because many times, the molecular markers what you are
going to use to identify a particular gene or particular plant is more specific compared to the (())

(36:04) evidences.
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PCR In Infectious disease: PCR lechnology has become the basis for a broad
spectrum of clinical diagnostic tests for various infectious agents, including viruses
and bacleria (Figure 16.2). Besides detecting the presence of pathogens, PCR
allows us to quantify tha amount of pathogens present in patient's blood and this
helps to monitor the progression of infection or response to drug treatment. PCR
has enabled the development of diagnostic tests for many diseases such as, HIV-1,

Hepatits B and C_vinsses, Human_Papillomavirus, Chlamydia trachomatis,
mmha&;;. Cytomegalovirus, Mycobacterium tuberculosis:
g

—
—

So let us discuss few of them. So PCR is extensively being used for diagnostic purpose. In this
particular example, we have taken an infectious disease which is called as the HIV and what you
are supposed to do is suppose a patient is infected with HIV or it is a sample where you have to
detect, so what you are supposed to do is first you extract the blood from the patient and from the

blood, what you are going to do is you are going to form the PCR analysis for the HIV virus.

So you have the site specific primers which you can use to amplify the viral DNA and if the
sample is going to show you a PCR product for the virus DNA, then the Sample is considered to
be positive. If it is going to show you negative result, then it is going to be negative for the
particular disease. It could be the HIV, it could be viral diseases such as the hepatitis B and C, it

could be human papilloma virus, it could be Mycobacterium tuberculosis and so on.

That you cannot use the PCR-based diagnostics for any organism, you can use it for bacterial
species, you can use it for viral species, you can use it for fungal species as long as you will be
able to characterise the particular type of molecular marker or particular type of DNA sequence
which is specific to that particular organism and that may not be present in other organisms. So
as long as you have that specific sequence, you could be able to identify that particular Sample
by doing the PCR amplification. So the way you have to do is analysis is very much similar that

you are going to get the organics and then you will do the PCR amplification.
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Genetic Testing
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Genetic testing: PCR technology has recently become a powerful tool to detect
disease associated gene to predict the presence of heart disease and cancers.
Knowledge of disease associated gene in the person predisposed to these disorders
have a chance to control the problem much in advance.
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Now in many of the cases, the parental DNA or the parental testing is also one of the major
reason or major area where the PCR is contributing into the biomedical applications. So with the
help of the PCR, you can be able to assess whether a child is belonging to the given parent or
not. You can see that for that particular kind of analysis, what you are supposed to do is, 1* you
have to characterise the DNA marker what is present in that particular family and once you
characterise these DNA markers, what you have to do is you have to see whether those DNA

markers are present in the child and as well as into the mother and father.

So what you see here is that the marker A is present in mother, 26, 31. Whereas in the case of
father, it is 29 and 30. So you can imagine, if it is a child of these 2 mother, then the child should
have the combination of these DNA markers of mother or the father. So you can see that the
child is having a marker which is of 26 and 30, which means it is getting the 26 from the mother
and the 30 from the father. So that means it is potentially being a child of these 2 mother and
father.

Similarly, you can see that the mother has the marker for 8, 9 whereas the father has for 10 and
11 and the child has 9 and 10 which means the 9 it is getting from the mother and 10 it is getting
from the father which means it is actually being a potential child of these 2 parents. Similarly

you can see the all other combinations where the child is showing the markers which are of the



mixture of these 2 parents. So the PCR is a very very powerful technology to detect the diseases

for genetic testing as well as for the parental testing.

For example, if somebody is prone to the cancer because it has a BRCA gene, that BRCA gene
PCR amplification also can be done to predict whether a particular person is predisposed to the

breast cancer or not using the this PCR technique.

(Refer Slide Time: 40:55)

Criminal Investigation
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Criminal investigation: A sample of blood, hair root or (issue lell in (he crime scene can be
used to identify a person using PCR by comparing the DNA of the erime scene with that of
suspect or with DNA database of earlier convicts. Evidence [rom decades-old crimes can be
tested, confirming or defending the people originally convicted.
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Then the PCR is a very very powerful technique for criminal investigations. In the criminal
investigations, what you have is you have the blood, hair or the skin sample from the side of
crime and from any of these sources, you will get the cells. Means, you will get the DNA and
once you get the DNA, what you can do is you can do a PCR amplification and generate the
particular type of pattern. So what you can do is you can see that from the crime scene, you got

the DNA which is giving a pattern like this.

Now what you are going to do is, you are going to analyse the blood of the suspects which means
in this case, we are showing the 4 suspects. Suspects number 1, 2, 3 and 4. And what you can see
is that the suspect number 1 is showing a pattern which is not completely matching with the
crime, the DNA what you got from the crime scene. Similarly for the suspect 2, the pattern is not

matching with any of these DNA what you got from the crime scene and the suspect 4 is also not

matching.



But what you see is that the suspect 3 is showing a DNA pattern which is exactly matching with
the DNA what you got from the crime scene which remains this particular guy is the potential
convict and the potential criminal who probably have done this particular crime. And the PCR
mediated evidences are very very strong, very very reliable and they are being tested on several
time or several attempts. So that is why, the judiciary system as well as the criminal system is
utilising and relying on the PCR mediated investigations and the result what you get is very very

reliable.

(Refer Slide Time: 43:11)

Different Approaches for Isolation of Gene of Interest
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With this, we have concluded our discussion about the isolation of gene of interest. What we
have discussed so far? We have discussed that the gene sequence can be isolated under the 2
different aspects, whether the gene sequence is known or whether the gene sequence is not
known. Okay. And in both of these cases, when the gene sequence is not known, you can have
the flexibility of using the genomic library or to the cDNA library and subsequently, you will get
the desired gene fragments and that can be sub cloned and can be used for downstream

applications.

Similarly, if the gene sequence is known, you can use the PCR as a technique to get the DNA
fragment and then these DNA fragments can be cloned into the expression vectors for the
downstream applications. So with this, I would like to conclude our lecture here and in our

subsequent lectures, we are going to discuss about the how this particular fragment what you got



from the after isolating the fragment from the either genomic library, cDNA library or utilising
the PCR as a technique, how to clone this particular fragment into your desirable transforming

agent such as the plasmids. So with this, I would like to conclude our lecture here. Thank you.



