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Lecture — 37, 38, 39
Thermal Cycling for PCR

So let us discuss details of the PCR initially basically why we are carrying out thermal cycling

ok.
(Refer Slide Time: 00:26)

PCR - Polymerase Chain Reaction

o PCR s an viro techmque used o areate multiple copres ol seament: DNA
which lies between o rezons of known seguence
o PCR amphfication 1s accomplished by usme olzonocleotide: prmers
¢ These are topreally short smgle stranded ohizonueleotides which e
complementary 1o the onter regions ol known sequence

e The ohgonucleotides serve as pin for DN polvmerase and the denatured
strands of the Targe DN fragment serves as the tenpian
o s results i the synthesis of new DN strands which are complementans to
the parent emplate stranc
o These new strands have defined 3 ends (the 5 ends ol the olizonucleotide
primers). Wheras the 3 ends are potentially ambiguous m lengeth

So, PCR is a polymerized chain reaction it is an in vitro technique used for creating multiple
copies for of segmented DNA which lies between two regions of known sequence. PCR
amplification is accomplished by using oligonucleotide primer basically. So, although these
oligonucleotide serves as the primer for the DNA polymerase reaction and DNA strands for large

DNA fragments serves as a templates.
(Refer Slide Time: 01: 08)



PCR reaction contains

« Target DNA (example: environmental DNA)
« 2 primers (20-30 nts lc
Thermostable DNA polymerase
« Nucleotides (dNTPs) "
« Mg™ (cofactar for DNA polymerase) s
)

Mix is subjected to temperature cycling

Each cycle

Denaturation '\ /  Extensior
5 °C 72°C

Annealing
30-60 *C
30-60 °C

(adjust temperature to balance between
specificity and amplification)

So we basically iniﬁally take a PCR mix in which the primers and different components like
targeted DNA, primers thermo stable DNA polymerase nucleotides and the cofactor for DNA

polymerase is basically where mixed to gather to make a PCR mixed solution. After that you

carry out PCR reactions.
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PCR : Polymerase Chain Reaction
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So, the basic steps, which is having like you can see here one is native DNA one is after heating
we are getting denatured DNA. Denatured DNA these two strands are separated out, so this
steps, happens to be at 95 degree centigrade or 94 degree centigrade after that annealing happens.
So, during annealing shift we carried out annealing for 55 degree centigrade or 54 degree

centigrade depending upon the requirement of required gene amplification. So the primer have 5



primes 2 3 Prime DNA strands 5 primes to 3 primes binds together with two segments which

were created during earlier steps and during heating.

So, this utilizes the reverse and forward primers to make a multiple copies of a templated DNA.
And then basically the extension of these carry out during which the binding happens. So only

the dNTP’s attached with the templated DNA.
(Refer Slide Time: 03:03

Exponential amplification

So, after that at that Way in one cycle so we are having of two copies of like 2 to the power 2 that
means 4 copies in a first cycle. So, in a second cycle 2 to the power 3 and likewise in 4th cycle
we have 16 copies. So that way the exponential amplification takes place during the thermal
cycling. So, up to the requirement how much cycle we need to be taken we can count that, at we
can approximate that, can program into that manner basically how that how much cycle will be
required for that at this purpose. So, it will depend upon this situation by situation of gene type

etc.
(Refer Slide Time: 03:59)



DNA Polymerase

¢ DNA Polymerase is the enzyme responsible for copying the sequence starting at
the primer from the smgle DNA strand

* Commonly use Tag. an enzyme from the hyperthermoplulic orgamsms Thermus
aguatiens. solated first at a thermal spring in Yellowstone National Park

* This enzyme 1s heat-tolerant = uschul both because it 1s thermally tolerant
(survives the melting T of DNA denaturation) which also means the process is

more specilic, higher temps result n less mismatch — more specitic replication

DNA polymerase is'; let as talk about DNA polymerase as DNA polymer is an enzyme
responsible for or copying the sequence starting at the primer from the single DNA strands
basically. So commonly used; we used of there are different kind of polymerase which like Taq,
generally we use is Taq polymerase and an enzyme from hypermophilic which is basically
Thermus aqua Thermus Aquaticus isolated from thermal springing Yellowstone that is basically a

created at National Park.

So, this enzyme is heat tolerant basically that is why we are using it also we add for the heat
toleration we add this magnesium cofactor for DNA polymerase basically for the stabilization of
these enzymes and also oligonucleotides like dNTP’s so that they did not get denatured so to

carry out the polymerase reaction.
(Refer Slide Time: 05:13)



Introduction to Lahview

So, now we will focus on; so, as per we discussed about thermal cycling we have to carry out to
perform PCR reactions. So here an instrument it is while national instrument which basically
gives an opportunity to program graphically encoded form so that we can maintain temperatures
like we have discussed 95, 55 and 72. So, now we will have some small introduction about the
LabVIEW. How LabVIEW works on the; like information of how the information flow into the

program, so we will discuss about that.

So, there are various different blocks interfaces like for loop and while loop etc which is uses in
word language like C, Java etc. So, it is far different from that, it uses graphical language
basically. So, the program is called VI that means virtual instrumentation. So, whatever the
program is made in the LabVIEW you will be created in the Vi form. So we call it Vi virtual into
to instrumentation so that means these are the instructions which is given in a program to

perform certain reactions like suppose we want to monitor temperature of a particular thing.

So, we need a Thermocouple and we also need hardware could be which could be we able to
sense those temperature and to digitise those sensed data and to give to the National Instruments
and then it will come to the as per the program instructions. So, let us have a look at brief

introduction on LabVIEW.
(Refer Slide Time: 07:44)



LabVIEW Programs Are Called Virtual
Instruments (Vls

Front Panel
Controls = Inputs
Indicators = Outputs

Block Diagram
Accompanying “program’ for front panel
Components “wired" together

So, starting to the introduction of LabVIEW, LabVIEW program are called virtual instruments
basically. So it comprises front panel and block diagram basically. These two components are put
into the particular software. So, here you can see she so like here you can see front panel, this
one is the block diagram. So, in which basically formation when we enter the value for some
execution takes place. So, the information takes place like the; the year the program is made for
convert convergence to C. So, we will give live temperature into Fahrenheit which will convert

into centigrade.

So, here basically loop, while loop is used and then basically some multiplication factors are
there. So depending on those multiplication factor it calculates the degree, centigrade,
temperature and it can be she shown or displayed on the front panel basically. So, the block

diagram still gives you the details of the particular program.
(Refer Slide Time: 09:08)



General VI Architecture

* Three Main Steps

* Martup

* Main Applicat @

* Shutdown

Enter your code here

@ Siuﬁ I True
m ik ®

So, general architecture of -tile; the these are 3 main steps like we can and [ have to create like
from which from the point it from where we are starting and we have a while loop or a case
structure or a for loop etc. In which we put graphical instructions which already defined in the
basically LabVIEW. We call it we call those VI’s and to create our program. So, here we called it

like number, here we call like stop. Here we called VI’s of stop if condition is true.
(Refer Slide Time: 10:01)

VI Front Panel

B Acquire Temperat

Panel Toolbar
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So, this is VI's front panel, so front panel is like it is like stop button is there, either it will be stop
or will be start so it is operates like Boolean control. And this is double indicator, double
indicator means it is basically indicating the temperature which is shown in the history and the

graph like waveform graph so this is front panel.
(Refer Slide Time: 10:32)



VI Block Diagram

P Acquire Temperature, vi Diagram
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Open this is block diagran_l- of that particular thing like I already talked about we have called this
Sub VI, we have called sub VI which already adjust in the LabVIEW. Here the note the thermal
has been specified which we have to stop or start. Here the numerical constant like suppose we
convert to Fahrenheit to degree centigrade so which value as to be converted Fahrenheit to
centigrade. So that value we have to enter it and then start and this will give you the output. So,
that way; here the thermometer terminal is called and this is thermo temperature graph will be

plotted over there.

Which is basically this shown on the front panel then after the calculation we can stop. Stop
button is also provided here so that is shown here in the block diagram. So these are basically
main component of particular LabView program. So one is again I am repeating one is front

panel and other is block diagram.
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Controls and Functions Palettes

Functions Palette
(Diagram Window)

Graphical, floating palettes

Used to place controls &
indicators on the front
panel, or to build the
block diagram

So, these are control functions palettes basically; I will be showing to you in the real software
how, from where which place you can find these functions and controls. These are different
controls are available in the LabVIEW so this can be a floating palettes these can be a floating
palettes, graphical palettes used for different purposes like place control and indication to build a

particular program which will be in form of block diagram.
(Refer Slide Time: 12:34)

Tools Palette

* Floating Palette

Al * Usedto operate and modify front panel and
(&l block diagram objects.
Vd

‘s
[ |-.'-]
g

25 S| Aytomatic Selection Tool

Operating Tool M Seroling Tool
Positioning/Resizing Tool i@ Breakpoint Tool
Labeling Tool @ Probe Tool
Wiring Tool * Color Copy Tool
Shortcut Menu Tool %"' Coloring Tool

So, these are tools palettes_, so there are different types of tool palettes I already discussed about
that. So, these are the symbols which is show here like operating tool, positioning, resizing tool,
levelling tool, wiring tools, shortcut menu, scrolling tool, breakpoint tool, probe tool, colour

copy tool and colouring tool ok.
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Status Toolbar
1 N - T | P (3 [

9|# RunButton

@8] continuous Run Button Additional Buttons on the
Diagram Toolbar

|
L] Abort Execution

] Pause/Continue Button

@[] Execution Highlighting
Button

It pppkatnfot  ~| Text Settings
[ttt _°] Text Setting k| Step Into Button

[35+] Align Objects
ml ign Objec | Step Over Button

5~ | Distribute Objects

@ Reorder

of| Step Out Button

So, this is status tool bar eépecially it carries Run button, continuous Run button, and then abort
basically abort or execution of particular program like if you want pause the program and then
can we can pause this button and we can switch on this button pause. And these are a line object,
these are distributed object and this is the recorder. If suppose if you want to record or add
something during the cycle so that can also be done with this particular button basically this
symbol which is available in status toolbar. Likewise these are additional symbols which we

available with different kinds of work this.
(Refer Slide Time: 13:51)

Open and Run a Virtual Instrument

Signal Generation
and Processing.vi

® Help » Find Examples
B Browse According to: Task
» Analyzing and Processing Signals
» Signal Processing
» Signal Generation and Processing.vi

So, open and run the virtual environment, so we will basically firstly we will open and run the

virtual instrument program.
(Refer Slide Time: 14:03)



Creatinga Vi

Front Panel Window

Block Diagram Window

> »

Control Indicator
Terminals Terminals

:

So, let us move to or let us discuss about single program like front panel have a A value and B
value and so now the operation has to be done like a + b and a - b. So, whatever the value entered
in the A block and B Block so that way it will add the value or it will subtract value and which
will be we are basically; which will basically will be done after execution of the program. So, let
us see the block diagram of this. So, block diagram of like this will be like we have used a multi

subtraction symbol.

And then add signal and we have provided this; for providing the value we have a different sub
VT’s, so that way we can have those input it call input tabs those tabs there we can and enter the
values. And to execute the program it will give an output of of a + b and a - b. And that way it is

a very simple program basically. To show you how these to panels basically works.
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Wiring Tips - Block Diagram
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Here the wiring tips for the- block diagram like we as you can see here in the block diagram, like
this tab is basically symbol is attached with this particular symbol, so, how the information will
go to this place. So, the wire is attached to these two symbols. So, that whatever the values that
entered year is has to be transferred to the next operator which is basically carrying out addition,

so that is why this these wires are connected.

So in the different languages like C and Java etc, some parameters which carry the information,
but here in the graphical language in graphical language these wires are basically forwarding the

language from One VI to another VI or one symbol to the another symbol ok.
(Refer Slide Time: 16:42)

Dataflow Programming

+ Block diagram does NOT execute left to right
+ Node executes when data is available to ALL input terminals
+ Nodes supply data to all output terminals when done

So, these are already talked about it these are that are Pro program Basically how the data will

flow, I already discussed about that, if we enter a number 1, number 2 it will basically after a



some operation it will give you some result it will be displayed on Front panel. Likewise these

three see this three programs are there, so that you can see.
(Refer Slide Time: 17:05)

Help Options

m Context Help
+ Online help
+ Lock help
+ Simple/Complex Diagram help __|
+ Ctrl+ H

#Online reference
+ All menus online
* Pop up on functions in diagram to access online info directly

So, there are if you have a problems and you are not able to understand what it lost symbol it

stands for or you can go through the for help for so that is available in the software.
(Refer Slide Time: 17:18)

Exercise 1 - Convert °Cto °F

Thes VI converts a Celsus
temperature to Farenhet,

DegC

) T

So, this is exercise 1 basiczlly where the degree centigrade has to be converted in the; the this VI

converts convert Celsius temperature to Fahrenheit basically.
(Refer Slide Time: 17:30)



Debugging Techniques

+ Finding Errors

Click on broken Run button
+ Evecution ngh\%m-v showing error appears

@l 5 Click on Execution Highlighting button; data
. Pro\ flow is animated using bubbles. Values are

displayed on wires

Right-click on wire to display probe and it shows
data as it flows through wire segment

You can also select Probe tool from Tools palette
and click on wire

So, these are debugging téchniques; debugging techniques we the before the execution of the
program in actual setup. We would like to have a look how the program will behave. How the
information behave from one block to the another block basically that we have created for the
VI's. So, then can be assure about those things ok when the information is flowing in a right
manner all the VI’s which were basically called in a creation of a particular program are

executing properly. So for the debugging we carry out this step.
(Refer Slide Time: 18:25)

Section |l o
o]

MO BTEES: -

® What is a subVI?

* Making an icon and

connector lor a subVl

® llsing a Vlasa subVl

And these are they sub VI's basically, like sub VI's are single VI which is called in main VI’s file
basically in which we are getting; we are programming and these sub VI’s are called basically

main programs. So they will work according to the, their programming.
(Refer Slide Time: 18:54)



SubVls

« ASubVI is a VI that can be used within
another VI

+ Advantages
* Modular
» Easier to debug
+ Don't have to recreate code
* Require less memory

This sub VI's that can be w-ithin the another VI, I have already discussed. These are basically the
advantages of the sub VI’s, this is modular one that is easier to debug basically. If some correct
program is there where we will call it into the main program and this program is already correct.
So, it will be easier to debug and that particular point programme that will be error free. We do

not have to recreate the code basically requires less memory also.
(Refer Slide Time: 19:24)

lcon and Connector

Mode lTemp Tempetature

* Anicon represents aVlin other

block diagrams

¢ A connector shows available

terminals for data transfer

These are icon and connectors basically here we can and see those connections. Connections are
made from form of difference wires like green and some orange tab so you can see mode and

temperature. So, this connection basically made over there in a different form.
(Refer Slide Time: 19:48)



P Al Config,vi Diagram

Here the; you can see here -complicated program so that utilizes different VI's basically. So, like
one you can see here one VI is called add and different VI is called it, it here different VI it is
called; and those sub VI's are basically assembling together in a sequential manner and making
and giving you a complete program for a particular to complete; to complete a particular task so

in that way sub VI's are used.
(Refer Slide Time: 20:29)

Section lll - Data Acquisition

. ] DAQ Device
« Data acquisition (DAQ) basics

» Connecting Signals |
» Simple DAQ application
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So, these are data acquisition systems basically how we can and data acquisition can be taken
place. So, we have hard hardware components also. In which basically we have a those DAQ
devices data acquisition devices and connecting Signals and simple data applications which is

inbuilt with the sensors those acquisition devices send signal to the sensors. And those sensors



particularly basically send signal to those DAQ cards. So those day chords basically supply

information to the LabVIEW the interface.
(Refer Slide Time: 21:19)

DAQ - Data Acquisition

* Plug-in board for a computer with:
» Analog input channels
» Analog output channels
« Counters
+ Digital 110

» Controlled by a suite of LabVIEW Vs

Functions>>Data Acquisition

So, these are basically data acquisition systems in which plug-in board for a computer with
analogue input channels and analogue output channels. And so these are; and counters, digital

input/output.
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DAQ - Data Acquisition
Simple Temperature Acquisition Example
Two parameters

* Device=1
» Channel=0

evice]
Farvel 0] ll':"-ll tarer]
E_.

This like simple temperature acquisition example is this like two parémeters I have device 1 or
channel zero ok. So, device 1 which is called here 116 which will be kind of Thermocouple will
be measure the and in which channel basically this Thermocouple is mounted so channel address
is there. So there is channel address is there so that is way we are clear, we have created this data

acquisition. So, after the sensing data the data will be displayed on the front panel.



(Refer Slide Time: 22:19)

Data Acquisition Terminology

* Resolution - Determines How Many Different Voltage

Changes Can Be Measured

* Larger Resolution = More Precise Re presentation of Signal
¢ Range - Minimum and Maximum Voltages

o Smaller range = More Precise Representation of Signal

* (zain \|n|v|\|n‘\ or Attenuates Signal for Best Fit in Range

So, this is data acquisition terminology like resolution range and gain. Basically these are

important it characters for data acquisition DAQ cards.
(Refer Slide Time: 22:32

Hardware Connections

BNC-2120 .
sc-2075_ ||

N - -
So, these are small like these are small some type of DAQ cards which is used for different

application.
(Refer Slide Time: 22:41)



Exercise 2 - Simple Data Acquisition

Complete Convert C to F.vi, then create Thermometer.vi.

A - :
Ok so again this is showing basically in exercise 2, here you can see here front panel is there

block diagram is there. So, the block diagram again it is converting the degree centigrade to
Fahrenheit or Fahrenheit to degree centigrade ok degree centigrade to Fahrenheit. So here also
you are applying you are supplying this 100 degree Celsius that is can be converted into to
Fahrenheit. And that is getting displayed on a thermometer basically on a front panel which is

this one.
(Refer Time Slide: 23:26)

Section IV - Loops and Charts
« For Loop

» While Loop

* Charts

* Multiplots

So, let us discuss about loops and charts. So, different loops and charts are used in LabVIEW

program for loop, while loop and even charts and multi plots.
(Refer Slide Time: 23:43)



Loops

;
+ While Loops He%mNumbcl 0.

« Have lteration Terminal
» Always Run Once

s Run According to Continue
Terminal

+ For Loops N

~ Have Iteration Terminal
IRandom Number (0-1

B
n|

- Run According to input N

Loops are basically haVing iteration terminal like while loop basicalfy having iteration terminal
always runs once, run according to the continue terminal. While the for loop as iteration terminal
run according to the input value whatever value you will provide like you want to run a program
supposed 10 times, so you can enter the value n= 10, so that way the program will run for a 10
cycle only or 10 points only. Whatever is required in the program so that way main it basically

differentiates while and for loop.
Like here you can see you have supplied those charts whatever the value you are creating can be

displayed on the chart and here also we have provided like 100 value, you are not provided here
the value because while loop works in such a manner that when you switch on and it will run
thoroughly until unless you stop it. While the for the for loop basically will run up to that
particular cycle or a point, which you will specify here. So these are important looks on which

whole LabVIEW program works.
(Refer Slide Time: 25:18)



Loops (cont.);
1. Select the loop
2 Enclose Code to

B! Structures

For Loop

These are loop structures so this select like these are different loop basically show near. Here you
can see this symbol basically source for loop. For loop basically; if for loop is applied so, here
that way you can call here like this so if condition is given greater or equal. So, whatever number
you supplied and number is there initially. If it is greater than it will so to the front panel or

basically iteration take place depending upon the coding instructions.
(Refer Slide Time: 26:06)

Charts

Waveform chart - special numeric indicator
that can display a history of values

Controls >> Graphs >> Waveform Chart -‘W" U
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So, these are charts basically whatever value comes as output or can be plotted over a chart
basically in various parent form of different parameters in which you want to plot. So, these are
symbols for plotting the graphs basically. These can be coded these are the small VI’s which
already exist into the LabVIEW basically which you call in the main program which will create

those charts. So, that way which type of chat you want it in that way you can modify the chart



according to your requirement 3 dimensional view study you want to carry out or 2 dimensional

study you want to carry out. So you can use those different charts for a different purpose
(Refer Slide Time: 27:01)

Wiring Data into Charts
Single Plot Charts Multiplot Charts

g
{Ge| ‘a

RTemp
@

These are wiring data into charts like single plot charts and this is Multiplot chart. So, if you see
here we have only a single string over there. So, temperature directly, see what ever temperature
is there is directly we are displayed over there our in the form of in the front panel. While here
you are three temperature you have a one done. So, suppose you want to create a charts for a
every temperature so that way you can have multiple charts. So, this is for creating those

multiple charge you have a different symbol.

While for a strip for only one chat, for single chat you have a different symbol so that way you

can have those multiple symbol multiple charts.
(Refer Slide Time: 28:00)



Exercise 3 - Monitoring lemperature

Students build Temperature
Monitor.vi.
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And this is like monitoring the temperature ok so again this is the same program basically which

we had discussed about.
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Section V - Arrays & File 1/0

« Build arrays manually

» Have LabVIEW build arrays automatically
« \Write to a spreadsheet file

» Read from a spreadsheet file

So, this are the array and file input output. So sometimes what happens like values are created
different values the number of values are much more so we wanted to create a array of that
basically. So, to make an array like 3 by 6 or 6 by 3 we are 10 by 15, 15 by 10 and depending

upon the requirement. So, we can create those arrays automatically as the requirement of the

operation.

And those created array values can be write down basically into the spreadsheet, which

spreadsheet can opened in Excel are some WordPad. So, from that particular Excel or the Excel



sheet or the Wordpad we can read those information how in which column in which row which

value is there so that we can see those values.
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Adding an Array to the Front Panel

From the Controls >> Array and Cluster subpalette, select
the Array Shell

» Controls r_ﬂ
T{}]Q 3:]
- | Array |
p— ) [
%._ E—‘—I Drop it on the screen.
=tn)| [FF o |
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And these are basically adding array into the panel front panel basically. So, here you can have a
different symbol basically. Here you can see a different symbol to control those arrays like you
can see here you like you want to have a 3 by 6 or 6 by 3 that you can define here. So, these are
basically in the LabVIEW on the screen like; when you open the lab view screen you will have a

control option there which array and there are sub palettes available.

By which we create those array cells. Here you can see these are the; this is array and cluster.
Like this way you have a drop you can drop on this particular symbol ok and front panel. So that
we can create a an array automatically but we have to provide how much row and column has to
be there. So, that we can have and array and cluster. This is for array and this for cluster

basically.
(Refer Slide Time: 30:49)



Adding an Array (cont.)

» Place data object into shell (e.g. digital control).




