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(q)RT- PCR
• Reverse-transcriptase + Polymerase chain 

reaction or RT+PCR
• Real-time polymerase chain reaction or RT-

PCR
– monitoring product formation over each cycle 

(possibly with reverse transcription)
• Quantitative PCR (possibly real time and 

possibly reverse transcribed)
– Including standards to allow accurate 

concentration estimates
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RT+PCR How do you measure the 
abundance of mRNA in cells?

• Classically: Northern blots, RNAase
protection assay, differential display

• More recently –
– Compare PCR amplification rates

• Convert the RNA to DNA (polyT primed or random 
primed). 

• Add a second primer (gene specific, blunt-end 
ligated)

– Microarrays
– Next-Gen: sequence and count

Presenter
Presentation Notes
What do you mean by abundance and by mRNA?	steady-state levels of a given isoform.Note the difference between direct and indirect methods.Northern blot: separate mRNAs by size on a gel, fix to a solid surface, interrogate with a labeled oligonucleotide – the intensity correlates with the concentration.RNAase protection assay aka nuclease protection assay – add an oligonucleotide complementary to the one you want to quantify producing a doubls-stranded segment (either dsRNA or a DNA-RNA hybrid). Using ss specific nuclease degrade everything else, retrieve the ds parts and analyze (perhaps by eletrophoresis or sequencing). Used for mapping (introns, splice forms) as well as quantitation (10X more sensitive than Northern). You can detect 5fgm of target RNA (4000 copies per sample).Differential display requires that you make cDNA, then add short PCR primers to randomly amplify portions of the sequences, essentially the type II PCR that I described before.  The samples to be compared are run side by side on a gel and the intensity of adjacent bands is compared. To find out what you have you must excise the band and sequence it. 
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* Differential display requires 
reverse transcriptase

Nuclease protection 
assay: 
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Reverse transcriptases: enzymes 
that create a DNA copy of an 
RNA template

• Found in RNA viruses (HIV and HepB)
– Machinery for replication in hosts.
– Biotech: AMV and M-MuLV have been cloned 

and expressed

• RT characteristics
– Error-prone, requires priming, occurs at 40-

50C, also copies ssDNA. 
– To make a copy of the cDNA (‘second strand 

synthesis’) the RNA must be degraded. 
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FDV is a flanking sequence added to the random 
hexamer = known tag.
RT will add extra dCs to the 3’ end of the copy 
strand.
RDV uses Gs to complement the Cs and  
different known tag.

Dangling ends are allowed, 
though – can include custom 
sequence.
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Combining Rev Transcriptase and PCR 
gives you a template to amplify.

The first primer can be generic (for 
all mRNAs)  or gene specific.

The second primer is gene-specific 
in order to select the species out of 
the pool. 

End-point  analysis: after a set 
number of cycles of PCR an aliquot 
is removed and run on a gel.
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End-point PCR falls in the categories 
relative, competitive and comparative.

• Relative quantification uses a co-amplified gene assumed to 
be present at similar levels in all samples for normalization. A 
dilution of a reference sample is used for calibration. 
– Yields are the ratio of the unknown gene to the gene in the 

reference sample
• Absolute quantification uses a competicon – it measures the 

number of copies of the unknown gene calibrated against a 
synthetic sequence that is doped into the sample and then co-
amplified.
– Yields are the ratio of the Gene-of-Interest:Competicon

• Comparative quantification methods use primer sets that 
share a common core but add a length difference (tag) for 
each pool.
– The targets compete for reagents in the same sample pool. 
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Details for relative RT-PCR

• The reaction is a multiplex, which requires 
significant optimization to understand 
whether and how the reactions compete.
– Ideally the reactions are independent – no 

change in yield and no new products over the 
entire amplification range.

– If this is true, variation will be due to sample 
characteristics, not PCR characteristics. 

– Ideally the initial concentrations are similar.
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Details for competitive RT-PCR

• A synthetic target is doped into the sample 
at a known concentration, then its dilution 
is automatic
– Use the same primers as the target, but a 

different length (usually slightly shorter, but 
not enough to change efficiency).

– A competicon must be created and tested for 
every species of interest, and checked any time 
a variant appears
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Competing primers (see Ambion site 
for details).
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Details for comparative RT+PCR

• A synthetic target is doped into the sample 
at a known concentration, then its dilution 
is automatic
– Use the same primers as the target, but a 

different length (usually slightly shorter, but 
not enough to change efficiency).

– Each sample has a difference tag on its 
primer, inside of the PCR primer recognition 
sequence.  
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Comparative PCR scheme
In creating the sample, the tags 
internal to the primer binding site 
are of different lengths. 

Now you can mix the targets and 
co-amplify them – all reagents and 
dilutions will have been identical

You can do this for calibration 
sequences also. 
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End-point analysis is useful for pairwise
comparisons of closely related samples.

• The limitations of end-point analysis 
include 
– handling/contamination issues

– sensitivity/saturation issues.
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Real-time PCR detects the amount of 
dsDNA at each cycle.

• A reporter molecule is incorporated into the assay. The 
following are the common fluorescent probes:
– SYBR Green I
– TaqMan probes
– Molecular Beacon probes
– Scorpion probes

• The platform will detect emitted photons of the correct 
wavelength, capturing the signal and reporting it at the 
end  of each cycle
– Background levels must be determined
– Signal increases as the concentration of product increases

• How do you know that you aren’t amplifying space 
junk?
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What part of the PCR cycle should you 
try to quantify?

• Here is what happens in PCR: 
– Start: reagents are in excess of template
– Early on: reagents are in excess of product so 

rate of production is exponential
• The exponent varies by template/primer
• This is the only reproducible part of the reaction

– End-point relative PCR has 2-3 logs of dynamic range
– Extend by performing dilutions of samples that plateau early
– Real-time PCR capture up to 7-logs by capturing data from 

every cycle.
– Later: the reaction becomes linear when product 

is as likely to anneal with itself as with primer
– Terminal: the plateau phase – no product is made
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http://pathmicro.med.sc.edu/pcr/realtime-home.htm
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Estimating yields from RT-PCR is 
based on the threshold cycle.

• At the lower detection limit enough 
amplicon is made to produce a signal – the 
cycle where that occurs is called the 
threshold cycle (Ct).
– Fewer cycles means more starting material

– The efficiency of each amplicon varies so 
optimization is very important

– This is very sensitive (as few as 10 copies in 
one cell).
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Exponential range and Ct

5% urea-PAGE 
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SYBR Green Chemistry

• SYBR Green is the simplest, least 
expensive but least accurate detection 
method. 
– SYBR Green binds dsDNA and emits light 

upon excitation. 
• What about primer-dimers and unsuspected mis-

primed targets? Controls are very important!

• Follow-up may include running gels to make sure 
single products appear, and photospectrometry to 
verify yields.
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SYBR Green
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Melt Curve Analysis
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TaqMan Chemistry

• Taqman uses the 5’ nuclease activity of Taq polymerase
– An oligo complementary to a site internal to the target contains a 

5’reporter-3’quencher dye pair
• Free in solution they line up and quench (Forster Resonance Energy 

transfer = FRET).
• Bound to the ss target they line up and quench
• Hydrolyzed they cannot line up so the reporter is not quenched – this 

happens when the polymerase uses the ss target to make a copy. More 
copies means more hydrolysis and more signal. 

– The rules for probe design are well worked out – use the Applied 
Biosystems site tools. 

• You can multiplex by using different dyes
• This is expensive

– 2 dyes per oligo
– One oligo per unit to be detected

• This is very accurate
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TaqMan
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Molecular Beacon Chemistry

• Molecular Beacons also use FRET, with 
fluors on the 5’ and 3’ ends of a probe.
– Uses a stem-loop structure to keep R-Q in 

proximity when not bound.

– The probe is not degraded during the assay.

– Advantages: sensitive and specific

– Disadvatages: expensive and require one per 
species detected.
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Molecular Beacons

There are 4 parts:
The loop is 18-30bp and complements 
the target.
The stem is 5-7nt on the ends of the 
loop – complementary
5’ fluor is on the 3’ end of the probe
3’ quencher is on the 5’ end of the 
probe
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Scorpion Chemistry

• Scorpions also use FRET, with fluors on the 5’ and 3’ 
ends of a probe.
– Uses a stem-loop structure to keep R-Q in proximity when 

not bound.
– The 3’ part of the stem contains the sequence that extends 

from the primer into the target.
– The sequence is linked to the 5’ end of a specific primer 

using a non-amplifiable monomer. 
– After extension of the primer, the specific sequence ninds

its complement in the extended amplicon, which opens up 
the hairpin loop so that quenching cannot occur. 

– Disadvatages: expensive and require one per species 
detected.
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Scorpion Primer

The probe is attached to the primer (unimolecular reaction).
As one PCR cycle complete, the new target strand is attached to the 
prone, so in the second cycle the probe hybridizes to the target, the hairpin 
on the probe melting before the duplex target, so the hairpin hybridizes to 
the target.
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FRET Transfer in the Light Cycler

http://www.gene-quantification.de/chemistry.html#sybrgreen
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Quantification by standard curve

• One way to calibrate the response is to use an 
external target with a known concentration to set 
up a response curve
– If you are doing RT-RT+PCR use an RNA since the 

reverse transcriptase variation must be included in 
the process.

– Construct a titration series, usually 10-fold serial 
dilutions, in triplicate. 

– Convert the mass to a copy-number per sample for 
reporting purposes.

• Ideally the calibration molecule has the same 
length and efficiency as your target
– Should you use a solution of the exact target?
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Relative PCR setup

• The standard curve comes from the 
dilution of a reference sample, thus the 
relative rather than the absolute 
quantification – everything is with respect 
to that reference. 
– 18S rRNA is often used as an endogenous 

control across both reference and 
experimental samples
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Relative PCR 
example

Top is alpha macroglobulin, 
bottom is 18S.

Kidney was designated the 
reference (so it is ‘1X’).
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Quantification by comparative 
threshold or ΔΔCt

• Another approach to calibration is to use an internal 
control – a gene that should always be present and in 
consistent levels. 
– A characterized sample is assayed
– The calibrator gene in the sample of interest is assayed
– The gene of interest in the sample of interest is assayed.

• To analyze this: the control gene is used to normalize 
the response of the gene of interest  in the unknown 
sample to its expression in the characterized samples 
– So ΔΔCt = ΔCt,sample - ΔCt.reference where ΔCt   indicates the 

normalized values. 
– The validity of the comparison of the two genes depends on 

having similar efficiencies. 



More elegant solutions have been developed 
for unequal reactions

• Pfaffl method: when reaction efficiencies 
are different. 
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Ratio =
(Et arg et )

ΔCtt arg et (control−sample )

(Eref )
ΔCtref (control−sample )
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Instrumentation

• Thermal cycler
– 96-well or specialized glass tubes

• Optics for fluorescence excitation and emission
– Lasers or tunable filter with broad-spectrum sources

• Photon capture hardware
• Computer with signal processing capability (data 

acquisition and processing)
– Some present results as they occur, others when the run is 

complete
• Software for data analysis

– Some allow raw data access allowing use of third-party 
software, others only produce transformed output.
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qRT-PCR Rules 
• Primer-probe design is key with amplicons of 70-250bp
• Efficiency is important:

– Eff= 10(-1/slope) -1
– with 3.6>slope>3.1 which means 90-110%

• RNA quality must be good and master mixes are essential
• Avoid contamination! Use the PCR station and always include a no-

template control
• If you are doing RT+PCR then one control leaves out the RT (tests for gDNA

contamination)
• Use an endogenous  or spiked-in control to correct for handling variation.
• Perform melting analysis (slowly increase the temperature of the PCR 

reaction past the Tm of the amplicon – with SYBR Green you should 
suddenly lose all of the signal).

• Baseline threshold is actully 2 cycles prior to the appearance of the most 
concentrated amplicon (ensures exponential phase for all amplicons).

• Standard curves are used for interpolation only, never for extrapolation.

Presenter
Presentation Notes
System –dependent (what the platform is able to detect)Indirect assay so you need good positive and negative controls
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The relevance of the method to the lab lies in the 

use of qRT-PCR to calibrate the bead loadings. 

• We will use quantitative real-time PCR to 
quantify the amount of PCR product attached 
to our sequencing beads after emulsion PCR 
and post-enrichment. 

• We will use a BioRad iCycler equipped for 
multi-dye detection. 
– The kit detects the presence of the primer 

attached to the bead and the primer that is part of 
the adaptor on the sequence.

– The kit contains a 173bp control sequence as a 
calibration standard.



Kapa Biosystems
• Library quantification for template-to-bead ratios.
• Beads have adaptor-primers sequences, some of which have 

the target. The goal is to have 10-30% of the beads with 
targets, but when a bead does have a target there will be 
thousands of copies. 

• The targets have an adaptor that serves as the emPCR
primer – only beads with two primers will give qPCR signals. 

• A standard fragment is provided to make the serial dilutions.
• This is a SYBR Green based assay, so it is not very 

expensive. 
– WT Taq polymerase is inhibited by SYBR Green, so an 

entgineered version is used.
– Note: they provide a qPCR efficiency calculator app that you 

might want to play with. 
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