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Polymerase Chain 
Reaction (PCR)

PCR can be used to amplify millions of copies 
of a single fragment of DNA in a short period 
of time.

PCR uses a reaction mixture containing 
– template DNA
– primers
– heat stable polymerase
– deoxynucleotides 

Amplifies DNA based upon primer set.
Used in cloning, DNA sequencing, DNA fingerprinting & diagnosis of hereditary 
disease, infections…
Manipulate DNA sequence by including additional sequences in primer sequences.

Polymerase Chain 
Reaction (PCR)

Polymerases
Need a thermostable protein – First isolated from 
hot springs in ‘76 (Taq Polymerase) it wasn’t until 
‘88 when Kary Mullis used the heat stable protein 
to replicate and amplify DNA sequences

Problems with initial polymerases included duration (not totally heat stable) error 
proofing, speed and length of reads (processivity)

New Polymerases with added 
domains (3’-5’ exonuclease 
editing), bp overhangs or blunt 
ends, long reads, hot start (wax or 
antibodies to limit until template is 
denatured), high proofreading 
(fidelity), all make PCR more 
possible.

Some polymerases used for PCR

Note: values will vary depending on method of measurement

Polymerases
Specificity
• Nonspecific amplification impacts 

yield and side reactions.
ü Results from misprimed targets, 

prestarting pol activity before primer-
target dimers form…

ü One way to avoid this is to keep all 
reactions on ice to reduce pol activity.

ü Using Hot Start, chemically modified pol 
or salts and additives can help

Properties of DNA 
Polymerase: (for PCR)
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Uses of PCR –
Emulsion PCR

Emulsion PCR – used to prepare/amplify a specific gene for NGS sequencing
• Sonnication large chromosome (library) to small fragments
• Add small DNA adaptors to fragments – allow strands to bind to the emulsion 

beads
• Diluting DNA fragments in small water droplets to get a one fragment / droplet 

for amplification 

Uses of PCR – rt PCR
Real time or quantitative PCR (rtPCR or q PCR) – measure the amplified DNA

• Sensitive and reliable method to detect and quantitate DNA as a PCR 
amplification is being run (real time).

• Often used to measure level of protein (via mRNA)
• Uses a sensitive fluorescence dye to track the amount of DNA at each PCR cycle

Gel after PCR:
Semi-quantitative at 
best… can you really tell 
how much more DNA is in 
any one lane?

rtPCR:
Fluorescence increases after 
each PCR cycle.  Can measure 
differences…

What is rtPCR used for?
Real-Time PCR has become a cornerstone of molecular biology:

Gene expression analysis
– Cancer research
– Drug research

Disease diagnosis and management
– Viral quantification

Food testing
– Percent GMO food

Animal and plant breeding
– Gene copy number

rtPCR Basic Workflow
To measure proteins (many applications) you can’t 
really measure a specific protein, BUT you can 
measure DNA…  

Sample
• Isolate DNA & RNA from tissues or cells

mRNA
• Degrade/remove all DNA and isolate ALL mRNA

cDNA
• reverse transcribe (special DNA polymerase) all 

mRNA into DNA

rtPCR
• PCR your gene and measure how many copies 

are made

Let’s imagine that you start with four times as 
much mRNA (DNA) as I do for some GOI …

picture our PCR tubes at cycle 23 to cycle 25.  

It would two cycles for the copies made by 
PCR in my tube to equal yours.

Cycle Me You

23 250,000 1,000,000

24 500,000 2,000,000

25 1,000,000 4,000,000

Measuring Genes w/ rtPCR Measuring Genes w/ rtPCR

What if YOU started with EIGHT times 
LESS DNA template than I did?

It would take your sample three cycles 
to have the same level of DNA in the 
reaction!!!!

Cycle Me You

25 1,000,000 125,000

26 2,000,000 250,000

27 4,000,000 500,000

28 8,000,000 1,000,000
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Measuring Genes w/ rtPCR

Threshold line is the level at 
which we see (fluorescent 
detection) above background 
levels.

Baseline controls are no DNA 
template

Ct (also Cq) value is the PCR 
cycle for that detection

One Ct value is a logarithmic 
difference!

SYBER Green
Dye binds to DNA in Major 
groove.  Only after 
interaction (intercalation) 
with pi bond orbitals will 
the dye fluoresce, 
excitation of blue light 
(lambda max=497nm) and 
emission of green (520 
nm)

Fluorescent DNA Binding Dye How do we do this?
Real-time PCR instruments consist of THREE main 

components:
1. Thermal Cycler (PCR machine)
2. Optical Module (to detect fluorescence in the 

tubes during the run)
3. Computer (to translate the fluorescence data into 

meaningful results)

Sanger DNA Sequencing
Non-PCR amplification using:
• Primers
• Template DNA
• Polymerase
• dideoxyDNA ddDNA (all four types)  ONE TYPE PER TUBE

Without the 3’ OH the polymerase can’t ligate (add) a new nucleotide and the 
reaction is “terminated”  

This is done with a low amount of radioactive (to ”see” the DNA) dd-trinucleotide 
so every possible matching pair would have a reaction terminated

Sanger Sequencing
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Sequencing – Old School New School – sort of

Fluorescent DNA 
Sequencing
• DNA sequencing 

technology that uses 
fluorescently labeled dye 
terminator nucleotides 

• 384 samples can be run 
simultaneously

NexGen–Illumina 
Sequencing 

High throughput sequencing
Approaching the $100 genome even of tumors
Also called massively parallel sequencing
- Library Prep
- Cluster Generation
- Sequencing
- Data Analysis

Sample Prep and Adaptors
Create chromosomal aka genomic DNA (or 
RNA aka RNA seq) libraries from cells/tissues 
- Fragment the DNA or RNA 
- Add capture (two types)

and primer sequences

Illumina Sequencing 
Techniques

Flow cell is covered with two 
adaptor capture molecules

DNA is diluted so only one piece 
of fragmented DNA is bound and 
amplified in a cluster

Each spot/cluster is amplified with 
the same piece ~1000 x

One of the adaptors are removed 
leaving identical strands

Add sequencing primer and 
sequence with a fluorescent 
reversible terminator

Remember each cluster/spot came from one DNA fragment

DNA Cloning
Restriction Enzymes
• Bacteria protect themselves from phage 

infection by enzymes which bind to foreign 
DNA and cleave it.

• Many different types (>4,000) – each with 
different binding and cutting characteristics

• We will focus on sticky or blunt end 
restriction enzymes
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Overhang or not?
RE – binds and cuts 
palindromic DNA

DNA Ligases-
seal the breaks in
DNA strands

Make new DNA!

Three easy steps
• Cut
• Mix
• Ligate

Sticky End Ligation ->

Blunt end ligation is 
also similar but with 
two orientations

Cloning – what is it?
Dolly the sheep?  Twins?  For MoBio we are 
talking about moving gene(s) from one source or 
creating fusions of genes into a plasmid, vector or 
virus.  Gene Cloning…

Many Uses of Cloned Genes 

Where do you find genes?

From custom DNA synthesized, cloning from 
another construct, genomic DNA or even using 
a cloning strategy of short oligonucleotides, 
there is no limit to genes to clone… 

Plasmids/Vectors
Circular extra-chromosomal DNA –
Low to high copy number
- Basic role is to carry transmittable DNA 
between bacterial cells
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Plasmids = vectors 
(filled plasmids are 
often called constructs)

Traditional Cloning
Restriction Enzyme

Workflow

Moving a gene from one plasmid to another is referred to as subcloning

PCR can be 
used to add RE 
sites to end of 

gene!

Whats hot and new?
Gibson Assembly 
Cloning

PCR Plasmid and
Insert mix and 
assemble

Get the DNA in a cell!
Transformation is the process of getting 
pieces of DNA into a bacterial cell 
• usually via a chemical process
Transfection is the process of getting pieces 
of DNA into a eukaryotic cell.
• chemical and physical methods
Infection uses viruses and retroviruses to 
insert DNA into bacteria, plans or mammalian 
cells

Transformation
Bacterial cells can be transformed either by 
electroporation or using chemical means.
Electroporation is the process in which DNA can 
be introduced into the cell.
Common chemical 
transformations 
include making 
cells porous 
(competent)with 
divalent cations 
(Ca+2 or Rb+2)  and 
supercoiled DNA 
can diffuse into cell

Transformation
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Transfection Defined
Transfection is the process of getting pieces of 
DNA into a eukaryotic cell.
Eukaryotic cells can be infected with a virus or 
transfected using electroporation, cationic lipids, 
or microinjection.

Transient vs Stable Transfection:  integrating 
DNA into host genome involves selection 
antiboitic
• most plasmids are transient – plasmids are not 

replicated nor shared with daughter cell

Transfection 

Biolistics
Biolistics is the technique in which DNA is put 
onto microscopic particles of gold or tungsten, 
and these particles are physically blasted into the 
cell using a pulse of helium gas.
It is effective on cells that are difficult to transfect.
Also known as using a “gene gun.”

Plant Cells and Whole 
Plants can be infected

Site Directed Mutagenesis


