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Student learning goals

1. Students will understand how scientists ask

questions.

2. Students will be able to select and/or design

quality reagents for experiments.

3. Students will understand the importance of each 

step of a reaction or experiment.

4. Students will be able to make conclusions about 

data and connect technical results with biological 

and societal relevance.

5. Students will be able to use bioinformatics tools 

to gather information to aid in experimental design.

6. Students will be able to present scientific 

information in formal and semi-formal 

environments to their professors and peers.

1. Students will be able to draw each step of PCR accurately and 

label the temperature of each step, the directionality of the 

primers, the proper intermediate products, and the final products.

2. Students will be able to make troubleshooting inferences 

through reflection on the concepts of PCR and gel 

electrophoresis to determine possible problem areas.

3. Students will be able to explain how DNA molecules move 

through an agarose gel matrix, that the molecules are separated 

by size and weight, and why DNA moves toward the positive 

pole.

4. Students will be able to determine the size of a band in an 

agarose gel by using a DNA ladder.

5. Students will be able to interpret positive and negative 

controls correctly.

6. Students will be able to design quality PCR primers using 

bioinformatics databases.

7. Students will be able to analyze data and use the results to 

support a position for the presence or absence of gmos in food 

products for a case-based presentation.
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Basic principles of molecular techniques



Photograph 51 (Franklin & Gosling, Nature, 

1953)



Model of the DNA double helix 

(Watson & Crick, Nature, 

1953)



A helix viewed from the side has a “zig-zag” appearance; the repeating zigs and zags give rise to the characteristic cross pattern of diffraction spots.



Discovery of DNA Structure and 

Function: Watson and Crick

By: Leslie A. Pray, 

Ph.D. © 2008 Nature Education



DNA condensation

Chromosome

Chromatin

Nucleosome

Double Helix



History

• Kary B. Mullis invented the 
process of polymerase chain 
reaction(PCR) in 1983. PCR 
allows the rapid synthesis of 
designated fragments of 
DNA(100-10000 bp). Using the 
technique, over one billion 
copies can be synthesized in a 
matter of hours.

• Thermophilus aquaticus
bacterium

• Nobel Prize in Chemistry

MLA style: Kary B. Mullis – Facts. NobelPrize.org. Nobel Prize Outreach AB 2024. Fri. 26 Jan 2024. 

<https://www.nobelprize.org/prizes/chemistry/1993/mullis/facts/>
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Overview PCR and its components





PCR
Design- Component- Material- machine



Specificity and contamination

 Purity of samples: the extraordinary power of 

PCR means that contaminants can also be 

amplified.

 Primer choice: if primers anneal to the wrong 

genomic region, this region will be amplified.

 Temperature: Specific base pairing of primers 

to template DNA only occurs in a narrow range 

of temperature and salt concentration.



Essential 

components of 

PCR mixture

 Buffer (containing 

Mg++)

 Template DNA

 Two Primers that 

flank the fragment of 

DNA to be amplified

 dNTPs

 Taq DNA Polymerase 

(or another thermally 

stable DNA 

polymerase)

Types of template 

DNA for PCR:

•Purified DNA or cDNA: PCR 

operates most efficiently when 

purified DNA is used as a 

template.

•Whole cells: Although less 

efficient, PCR can be very 

effective.

•Environmental samples.



Master mix 

PCR

DNA polymerase

dNTPs,

MgCl2

buffer



PCR



DNA Doubles With Each Thermal Cycle

Cycle

0

Cycle

1

Cycle

2

Cycle

3
Cycle
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Theoretical Yield Of PCR

Theoretical yield = 𝟐𝒏 × y
• y = starting number of copies 

• n = number of thermal cycles

If you start with 100 copies, how many 

copies are made in 30 cycles?

Theoretical yield = 2𝑛 × y

= 230 × 100

= 1,073,741,824 × 100

= 107,374,182,400



Application

Proteins:

Insulin

Interleukins

Interferons

Growth hormones

Rennin

Protease

Lipase

Catalase

1. Proteins

2. Create modified organisms 

3. Diagnosis of bacteria and viruses

4. Understanding basis of diseases

5. Vaccination

6. Gene therapy



Evaluation

Search on understanding basics of different types of PCR.



Molecular laboratory setup



Work flow

https://askabiologist.asu.edu/sites/default/files/virtual-reality/ASU-lab-VR-360/index.html
https://askabiologist.asu.edu/sites/default/files/virtual-reality/Oncomyx-lab-VR-360/index.html
https://www.geniranlab.ir/vtour/geniran/
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Facilities



PCR





QX200 Droplet Digital PCR System | Bio-Rad



Real-time PCR



7500 fast Real time PCR



Roto-Gene Q Real time PCR





Gloves



Tips



Forceps



Racks



Tubes



Tubes



PCR Tubes



Pipettes







Centrifuge 320 R



Rotor









Microcentrifuges



Vortex



Contaminations

• Cross-contamination

• RNAase and DNAase

• Ethidium bromide

• PCR inhibitors

• Phenol

• Protein 

https://www.neb.com/en/tools-and-resources/usage-guidelines/avoiding-

ribonuclease-contamination





DNA and RNA extraction methods



Strawberry DNA

1-Measure 6T (90 ml) of water into a small glass container.

2-Add 2 tsp (10 ml) dish soap to the water

3-Stir in a ¼-tsp salt and mix until the salt dissolves. This is the extraction mixture.

4-Place one strawberry into a plastic zipper-lock bag.

5-Pour the extraction mixture into the bag with the strawberry.

6-Remove as much air from the bag as possible and seal it closed.

7-Use your hands to smash, and moosh the strawberry inside of the bag.

8-Pour the mixture through a strainer and into a medium glass bowl.

9-Use a spoon to press the mashed bits of strawberry against the strainer forcing even more of the mixture into the container. 

10-Add 1 tsp (5 ml) of the chilled isopropyl alcohol to the solution and hold the mixture at eye level. 



Acid nucleic extraction



Acid nucleic extraction

37 trillion cells in an adult 
human body= 3.7 × 1013

6.5 picograms of DNA per 

cells = 6.5 × 10−12

As result : 250 gram DNA or 
more 



Evaluation
Search on understanding basics of different methods of DNA extraction, quantitation, amplification 

and detection. 

Basic Steps in Characterization of DNA Profiling 

and Analysis

The four basic steps involved in DNA Profiling 

include,

• DNA extraction

• DNA quantification

• DNA amplification

• Detection of the DNA-amplified products



Chromatography-based DNA extraction method.

1- Ethidium bromide–cesium chloride (EtBr-CsCl). 

2- gradient centrifugation method.

3- Alkaline extraction method.

4- Silica matrices method.

5- Salting-out method.

6- Cetyltrimethylammonium bromide (CTAB) extraction method.

7- Sodium dodecyl sulfate (SDS)-proteinase K method.

8- Silica column-based DNA extraction method.

9- Cellulose-based paper method.

10- Chelex-100 extraction method.

Evaluation

 Search on understanding basics of different methods of DNA extraction, 

quantitation, amplification and detection. 



TRIzol  reagent RNA extraction



Sample requirements

 Perform RNA isolation immediately after sample 

collection or quick-freeze samples immediately after 

collection and store at –80°C or in liquid nitrogen until 

RNA isolation.



TRIzol  reagent RNA extraction

 TRIzol (or TRI Reagent) is a monophasic solution of phenol

and guanidinium isothiocyanate that simultaneously 

solubilizes biological material and denatures protein.

 High quality total RNA, DNA and proteins

 From cell and tissue samples of human, animal, plant, yeast, or 

bacterial origin, within one hour.

 Inhibition of RNase activity



• Clear upper aqueous 
layer (containing RNA)

• Interphase, and a red 
lower organic layer 
(containing the DNA and 
proteins)

• RNA is precipitated from 
the aqueous layer with 
isopropanol.

• DNA is precipitated from 
the interphase/organic 
layer with ethanol

• Protein is precipitated 
from the phenol-ethanol 
supernatant by 
isopropanol precipitation

TRIzol  reagent 

RNA extraction



TRIzol  reagent 

RNA extraction



Downstream applications

 Isolated RNA can be used in RT-PCR, Northern Blot analysis, 

Dot Blot hybridization, poly(A)+ selection, in vitro translation, 

RNAase protection assay, and molecular cloning.

 Isolated DNA can be used in PCR, Restriction Enzyme 

digestion, and Southern Blots.

 Isolated protein can be used for Western Blots, recovery of 

some enzymatic activity, and some immunoprecipitation. 



Procedural guidelines

 Perform all steps at room temperature (20–25°C) unless otherwise noted.

 Use cold TRIzol™ Reagent if the starting material contains high levels of 
RNase, such as spleen or pancreas samples.

 Use disposable, individually wrapped, sterile plastic ware and sterile, disposable
RNase-free pipettes, pipette tips, and tubes.

 Wear disposable gloves while handling reagents and RNA samples to prevent 
RNase contamination from the surface of the skin; change gloves frequently, 
particularly as the protocol progresses from crude extracts to more purified 
materials.

 Always use proper microbiological aseptic techniques when working with 
RNA.

 Use RNaseZap™ RNase Decontamination Solution (Cat. no. AM9780) to 
remove RNase contamination from work surfaces and non-disposable items such 
as centrifuges and pipettes used during purification.



RNA Pellet 

 Basic Steps in Characterization of DNA Profiling and 

Analysis

 The four basic steps involved in DNA Profiling include,

• DNA extraction

• DNA quantification

• DNA amplification

• Detection of the DNA-amplified products



How do we 
identify and 
detect a 
specific 
sequence in 
a genome?

• SPECIFICITY

• AMPLIFICATION

TWO BIG ISSUES:

• There are a LOT of other 

sequences in a genome that we’re 

not interested in detecting. 

(SPECIFICITY)

• The amount of DNA in samples 

we’re interested in is VERY small. 

(AMPLIFICATION)



Just How Big Is 3.4 Billion?

 Human genome is 3.4 B bp

 If the bases were written in standard 10-point type, on a 
tape measure...

 ...The tape would stretch for 8635.74 kilometer !

 Identifying a 500bp sequence in a genome would be like 
finding a section of this tape measure only 122 
centimeter long...

• Figuring 2 characters per base pair (bp), that came to 1,288 bp per page. 

To accommodate the 3 billion bp of the human genome at that size would 

therefore amount to about 2,329,000 pages. That's a pretty thick book.



How many molecules do we 
need to be able to see them?

 To be visible on an agarose gel, need around 10 ng DNA

 For a 500 bp product band, weighing 660 g/mol.bp, therefore need 10e-

9 / (500*660) = 3.03 × 10−14 moles

 One base pair = 660 g/mol

 Avogadro’s number = 𝟔. 𝟎𝟐𝟑 × 𝟏𝟎𝟐𝟑 per mol

 Therefore need 1.8e10 copies!

 In other words, to “see” a single “gene”, the DNA in a sample of 100

cells would have to be multiplied 180 million times!!!!!



Some biology points!

 Rate: replication or transcription or translation (Translation rate: 20 acid amin/ 
second)

 Ratio: Protein/mRNA or mRNA/DNA

 DNA transcription produces a single-stranded RNA molecule

 DNA contain 25000 genes coding for 25000 different proteins

 mRNA degrade after 3 min

 mRNA accounts for only 1–5% of the total cellular RNA although the actual 
amount depends on the cell type and physiological state.

 Approximately 360,000 mRNA molecules are present in a single mammalian 
cell, made up of approximately 12,000 different transcripts with a typical 
length of around 2 kb.

 Polysome and Ribosome

 On the average, a single mRNA is used to manufacture about 900 copies of 
the corresponding protein



Some biology points!

 The rate of DNA replication varies from 0.2 to 1.2 micron/min, the average 

of 0.6 micron/min.

 There are some 42 million protein molecules in a simple cell.

 Most of the proteins assessed exist within a narrow range of between 1000 

and 10,000 molecules.

 mRNA, rRNA, and tRNA are the three main types of RNA involved in 

protein synthesis.

 In a typical mammalian cell, mRNA takes ∼4% of the total RNA mass and 

aside from 80% ribosomal RNA (rRNA), other operational RNAs make 

up the rest.



RNA Pellet 

 Basic Steps in Characterization of DNA Profiling and 

Analysis

 The four basic steps involved in DNA Profiling include,

• DNA extraction

• DNA quantification

• DNA amplification

• Detection of the DNA-amplified products



Evaluation
Read and Explain DNA isolation part of Thermo Fisher 

TRIzol Reagent guideline.



Synthesis of cDNA







cDNA synthesis kits



cDNA synthesis kits



cDNA synthesis kits



cDNA synthesis kits



Evaluation

Search and Read different cDNA synthesis kit protocol



Different types of Real-time PCR assays



Real-time PCR



7500 fast Real time PCR



Roto-Gene Q Real time PCR





Master Mix qPCR

• Polymerase

• Buffer 

• dNTPs 

• MgCl2

• Fluorescent dye
double-stranded DNA (dsDNA)- binding dyes



Terminology

-Baseline
-Threshold
-Ct (threshold cycle)
-Standard curve 
-Absolute vs relative 
quantification



Overview of real-time PCR

DNA polymerase:

thermostable, nonspecific binding at low temperature

Reverse transcriptase: provides high yields of full-length cDNA, good activity at 

high temperatures

dNTPs: 

purchase both the dNTPs and the thermostable DNA polymerase from the same 

vendor.

Magnesium concentration:

the optimal magnesium concentration may vary between 3 and 6 mM.

Good experimental technique: 

cross-contamination problems. Triplicates,

prepare a master mix that contains all the reaction components except sample, 

pipetting errors.

Template:

Use 10 to 1,000 copies, 100 pg to 1 μg of genomic DNA, or cDNA generated 

from 1 pg to 100 ng of total RNA. Genomic DNA contamination. DNase I.



Overview of real-time PCR

• Good primer design:

• The amplicon length should be approximately 50–150 bp, since longer 

products do not amplify as efficiently. 18–24 nucleotides in length.

• specific for the target sequence and be free of internal secondary structure.

• avoid stretches of homopolymer sequences (e.g., poly (dG)) or repeating 

motifs, as these can hybridize inappropriately

• have compatible melting temperatures (within 5ÅãC) and contain 

approximately 50% GC content.

• the 3  end of the primer should be GC rich (GC clamp) to enhance annealing 

of the end that will be extended.

• avoid complementarity and hybridization between primers (primer-dimers).

• Optimal results may require a titration of primer concentrations between 50 

and 500 nM. A final concentration of 200 nM for each primer is effective for 

most reactions.





Real-time PCR steps

1. Denaturation: 

High temperature incubation is used to “melt” double-stranded DNA into 
single strands and loosen secondary structure in single-stranded DNA. The 
highest temperature that the DNA polymerase can withstand is typically used 
(usually 95 ˚c). The denaturation time can be increased if template GC content 
is high.

1. Annealing: 

During annealing, complementary sequences have an opportunity to 
hybridize, so a appropriate temperature is used that is based on the calculated 
melting temperature (Tm) of the primers (5 ˚c below the Tm of the primer).

1. Extension: 

At 70-72 ˚c, the activity of the DNA polymerase is optimal, and primer 
extension occurs at rates of up to 100 bases per second. When an amplicon in 
real-time PCR is small, this step is often combined with the annealing step 
using 60 ˚c as the temperature.



Relative fluorescence vs. Cycle number.



Standard curve



Standard curve parameters

 Correlation coefficient (R2):

reflects the linearity of the standard curve.

 Y-intercept:

the theoretical limit of detection of the reaction, or the Ct value expected if the 
lowest copy number of target molecules

 Slope:

measure of reaction efficiency.

 Efficiency: 

the efficiency (E) of a PCR reaction should be 100%, meaning the template doubles
after each thermal cycle during exponential amplification.

The presence of PCR inhibitors in one or more of the reagents can produce 
efficiencies of greater than 110%. A good reaction should have an efficiency 
between 90% and 110%, which corresponds to a slope of between -3.58 and -3.10.



Melting curve 

(dissociation 

curve) analysis

the melting temperature of 

nucleic acids is affected by 

length, GC content, and the 

presence of base mismatches, 

among other factors, different 

PCR products can often be 

distinguished by their melting 

characteristics.



Real-time PCR fluorescence detection systems

the TaqMan. Assay and SYBR. Green dye-based assays



SYBR. 

Green dye-

based assays

bind to any amplified 

product, target or non 

target

the dissociation analysis.

from target negative 

samples, sequencing or 

gels,



Förster resonance energy transfer





Förster resonance energy transfer



TaqMan assay

The TaqMan. probe has 

a gene-specific 

sequence and is 

designed to bind the 

target between the two 

PCR primers.

Specificity

Temperature



Use of passive reference dyes

• ROX™ dye

• Internal control

• Normalize for non-PCR related 

fluctuations in fluorescence (e.g., caused 

by pipetting errors)

• Normalize for fluctuations in 

fluorescence resulting from machine 

“noise”

• Compensate for variations in instrument 

excitation and detection

• Provide a stable baseline for multiplex 

real-time PCR and qRT-PCR



Contamination prevention

• Cross-contamination between samples

• Contamination from laboratory equipment

• Carryover contamination of amplification products 

and primers from previous PCRs. This is considered 

to be the major source of false positive PCR results

Uracil DNA glycosylase (UDG)



Internal controls and reference genes

• By using an endogenous control as an active reference, 

quantification of an mRNA target can be normalized for 

differences in the amount of total RNA added to each 

reaction.

• housekeeping genes:

Ideally, the expression level of the chosen 

housekeeping gene should be validated for each 

target cell or tissue type to confirm that it remains 

constant at all points of the experiment.



Endogenous Controls

• β-actin (BACT): cytoskeletal gene

• 18S Ribosomal RNA (rRNA): ribosomal subunit

• Cyclophilin A (CYC): serine-threonine phosphatase inhibitor

• Glyceraldehyde phosphate dehydrogenase (GAPDH): 

glycolysis pathway

• β-2-microglobulin (B2M): major histocompatibility complex

• β-glucuronidase (GUS): exoglycosidase in lysosomes

• Hypoxanthine ribosyltransferase (HPRT): purine salvage 

pathway

• TATA-Box binding protein (TBP): RNA transcription



Troubleshooting common issues 

in PCR and qPCR



Troubleshooting

 No amplification

 Not target Amplicon 

 Multiple amplicon

 Contaminated reagents: during opening tubes.

 Aliquot without changing tips

 Wrong size amplicon

 Wrong template, primer, Blast search, specificity

 Hidden mutation



No amplicon 

 Bad reagent?

 Bad Primers?

 Bad template?

 PCR inhibitors?

 Bubbles

 Positive control



No amplification, even Pos control

 Test primers, Reagents and sample

 Amplify with new reagent

 Check template quality and quantity( A260/280)

 Redesign the test primers



Reagents

 Using reagents that were sold separately from the 

polymerase

 Using reagent that are not completely thawed

 Thawed too many times

 Concentrations (MgCl2, BSA)

 Old probe

 Polymerase 

 High GC template, long amplicons, secondary structures, 
etc. 

Use and test different buffer and test your reaction with Gel electrophoresis



Primers

 Secondary structures 

 Mismatch

 Dimer

 Genbank fail

 Annealing temperature

 Too low or Too high

 Degraded ( Dnase, Freeze/thaw)

 Small volume crystalize easily 



Template

 DNA extraction 

 Degraded

 Contaminated

 cDNA not synthesis correctly from RNA

 Bad Handling

 Vortex sample can degrade it

 Secondary/ tertiary structure

 GC content

 You can add 1 % DMSO to high GC content



PCR inhibitors

 Co-isolated with the template nucleic acid

 EDTA for Blood DNA extraction

 Heparin

 Phenol

 EtOH

 Silica

 SDS

 Heme

 Polysaccharide

 Acids inn soil

 LPS of bacteria

 Collagen of tissues



Nanodrop



Review



RNA extraction



“

”

PCR components



-Baseline

-Threshold

-Ct (threshold 

cycle)

-Standard curve 

-Absolute vs 

relative 

quantification

• RNA With Secondary 

Structure. 

• The Exponential Amplification 

Phase

• The Initial Quantity Of Target

• DNA Or cDNA Template

• Copied, or “Amplified”

• PCR Product Molecules 

(Amplicons)

• NTC: No- Template Control

• Melting













Do what you wrote and write what you are doing

Lab book



Thanks for your nice attention

Abdolvahid Sadeghnejad

Sadeghnejad.abdolvahid@gmail.com









Digital PCR






