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What is Real-Time PCR? 

Real-Time PCR  

Endpoint PCR  

Adapted from Sherrill et al., JACS 2004 

Product formation  
measured  

at each cycle, 
during the reaction 

Product formation  
measured  

after reaction is 
complete 

Presenter
Presentation Notes
This slide compares Real-Time PCR results with endpoint PCR results – fluorescence signal history in a Real-Time assay (top) vs bands on a gel (bottom). 

The biggest difference is that the Real-Time data represent repeat measures of the 2 samples (7 measurements of each sample); the data on the bottom represent 7 replicates of 1 sample - measured only once, after the indicated # of cycles… You get a lot more information with Real-Time.

The second major difference is that process is improved – with Real-Time PCR the reaction & data collection are done at the same time, within the same platform… with traditional PCR you perform the PCR, then take an aliquot & run on a gel (2 steps)



Real-Time PCR Chemistries 

Labeled primer or probe dsDNA binding dye 

 A fluorescent Reporter is used to detect product formation  
• part of the reaction mix 
• two general types…   

or 

Presenter
Presentation Notes
For all chemistries the reaction mix is generally similar to standard PCR, e.g., includes Taq thermal polymerase, dNTPs, Mg2+, buffer, primers, & template. Difference will be presence of dye or label (possibly in modified primers or probes, or modified dNTPs). 

In some chemistries there may also be competitive probes.



Thermal cycler + fluorescence detection module 
Many manufacturers, many models, for example… 

  

    Stratagene Mx3005P® 
ABI 7500  

Real Time System      Bio-Rad MyiQ2 

Real Time PCR Instruments 

Hardware differences - determine reporter compatibility, multiplexing capability, cost 

Excitation source 
Lamp, laser, LEDs 

Detection method 
CCD Camera or PMT 

Fluorescence Filters 
Type & number 

Presenter
Presentation Notes
Real-Time PCR does require a special instrument… but these are increasingly common (may find one in a core facility) & more affordable.

Instrument hardware, firmware & software differences can also determine detection sensitivity, well-to-well consistency, noise, etc.

Instrument platforms all come with associated analysis software – these will vary in their look, how they present data & analysis options, but they all generally do the same things.



Real-Time PCR Chemistries – Dye-based 

Denaturation

Annealing

Extension

Denaturation

Annealing

Extension

Anneal 

Extend 

Denature 

Fluorescence is proportional to the 
amount of product 

As more PCR product is produced, 
more dye is bound 

• dsDNA-binding dye is included 
in PCR mastermix 

• Standard primers used 
• Dye associates with PCR product 

SYBR® Green is familiar… 
…improved dyes now available… 

Free Dye -> low fluorescence 
Bound Dye -> high fluorescence  

Presenter
Presentation Notes
The original dsDNA binding dye is ethidium bromide… Real-Time dyes work generally on the same principle, that the dye is specific to dsDNA and bound dye has increased fluorescence; however, there are important differences; 
Binding mechanism is a bit different – EtBr is a base intercalater, while SYBR (& other similar dyes) bind in the minor groove
Fluorescence gain for SYBR & related dyes is much greater than for EtBr, at least 10-fold; and, the quantum yield of the DNA/SYBR complex is 5x greater than DNA/EtBr. Therefore, the sensitivity of this class of dyes is generally at least 25-50-fold greater than EtBr. 

DNA- SYBR dye-complex absorbs λmax = 488 nm and emits λmax = 522 nm. Use FAM filter set.



New generation of Dye-based Real-Time systems 
 offer performance advantages 

• BRYT Green® is a new dsDNA binding 
dye developed by Promega 

• Spectra nearly identical to SYBR® Green I, 
detected using same filters 

GoTaq® qPCR Master Mix  
• BRYT Green® Dye 
• Hot-start Taq 
• Optimized reaction buffer 

• Higher signal 
• Greater sensitivity 
• Earlier Cq’s 

Presenter
Presentation Notes
For more information see http://www.promega.com/products/pcr/qpcr-and-rt-qpcr/ 



Real-Time PCR Chemistries – Label-based 

FRET 

Q 
R 

Q R 

Q 

R 

hv 

hv 

Free probe -> FRET occurs 
Degraded probe -> reporter un-quenched 

TaqMan® is the most familiar type: 
• 2 PCR primers + 1 probe 
• Probe labeled with reporter & quencher 
• Primers & probe anneal to target  
• During extension, 5’ nuclease activity of 

Taq degrades probe 

Fluorescence is proportional to the 
amount of product 

• Primer or probe is synthesized 
with reporter 

• Product formation alters 
fluorescence of the reporter 

Anneal 

Extend 

Denature 

As with dye-based chemistry, 
other options available… 

Presenter
Presentation Notes
There are lots of variations of label-based chemistries, e.g., hydrolysis probes (like TaqMan), hybridization probes, structured probes (Molecular Beacons, Scorpions™), LUX primers, etc.



Plexor® Technology - Novel Label-based Chemistry 

Iso-C & Iso-G dNTPs  
• Pair only with each other - not with A·C·G·T·U 

• Recognized by DNA Polymerase 

Johnson, S.C., et al. (2004) Nucleic Acids Res. 32, 1937-41. 

C 

G 

isoC 

isoG 

Presenter
Presentation Notes
The basis of the Plexor technology is two novel bases, isoC and isoG.  Neither isoC nor isoG can base pair with any of the other conventional bases These two novel bases only interact and base pair with one another and are not found in nature.  Although similar to the conventional G-C pair, you can see the hydrogen bonding pattern is much different.  The citation at the bottom of the page relates to the ability of DNA polymerases to incorporate iso-dCTP and iso-dGTP, just like the natural nucleotides. This new base pair can be exploited for a new concept in real-time amplification as exemplified in the next slide…




Plexor® Technology - Novel Label-based Chemistry 

2  Primer Method 
• 1 standard primer 
• 1 primer with iso-C base & reporter at 5´end 

Amplification Master Mix Contains  
• Standard dNTPs   
• Quencher-labeled iso-dGTP 

 
Free primer-reporter & quencher -> no FRET 
 Incorporation of primer & quencher -> FRET occurs 

Sherrill, C.B., et al. (2004) J. Amer. Chem. Soc. 126, 4550 

Fluorescence is inversely proportional 
to the amount of product 

1st round 

2nd round 

Anneal 

Extend 

Presenter
Presentation Notes
This is a cartoon of the Plexor Reaction.  Plexor uses a two-primer method for each target.  No probes.  Plexor takes a conventional PCR primer and adds the isoC base to the 5’ end of the primer.  To this is attached a fluorescent reporter by conventional 5’ end labeling methods. The Plexor™ Master Mix contains standard dNTPs, as well as iso-dGTP labeled with the quencher dabcyl. The Plexor Primer and a normal downstream PCR primer begin the process of replicating the DNA sequence of interest.  This process is fed by conventional dNTPs like any PCR amplification.  However, when you get to the very end of the amplicon, the polymerase is confronted with the isoC base. The modified iso-G nucleotide is therefore incorporated. The close proximity of the dabcyl to the fluorescent reporter makes for very efficient quenching, even with red-shifted dyes like Cy5.  

The overall result of the amplification is the quenching of the fluorescence from the fluor-labeled primer.  Also, reversible quenching is a new twist Plexor brings to label-based real-time chemistry. This allows for melt analysis, something that can’t be done with hydrolysis probes.

Application of this technology for real-time amplification  was first detailed by Eragen in the citation listed.






Label-based methods allow multiplexing 

Experimental  
target 

Normalizer 

Presenter
Presentation Notes
Multiplexing capability is the main advantage to label-based chemistries vs dye-based chemistries…
dsDNA-binding dyes are not specific in terms of sequence… any & all dsDNA amplicons can be bound & give a signal;  therefore, you can only do monoplex reactions, that is, if you want to measure a GOI transcript and a normalization target you have to do 2 separate reactions… 

Half of the plate is reserved for the target reactions (yellow). The other half of the plate is used to run the control gene to normalize the data from your target…



Label-based methods allow multiplexing 

• Better data - Targets & Normalizer in same reaction 
• Economical - More samples analyzed per well/plate 
• Conserves sample 

Experimental  
+ 

Normalizer 

Presenter
Presentation Notes
A label-based, multiplex-capable chemistry will allow you to run both your target and control gene in the same well. The net result is that you get more data per plate.  More importantly, the data is better – target(s) & normalizer reactions are in the same well, same template, etc. Finally, you will save time, master mix, & precious RNA/cDNA sample.




Real-Time PCR Metrics & Analysis 



cycle 

R
FU

 
Primary output is the Amplification Curve 

  Amplification Curve – shows accumulation of product as PCR progresses 
• reporter  –  fluorescent dye or label used to monitor PCR product formation 

• R – raw fluorescence of reporter (RFU = relative fluorescence unit) 

 

Reporter  
 signal 

Presenter
Presentation Notes
This graph shows amplification curves for 15 different samples (wells) in an assay (3 replicates of 5 serial 10-fold dilutions of a positive control sample).

The fluorescent dye or label “reports” product formation (RFUs) vs cycle number… thus it is called a “Reporter”



cycle 

R
FU

 
Primary output is the Amplification Curve 

Baseline 

Plateau 

Exponential 

  Amplification Curve – shows accumulation of product as PCR progresses 
• baseline –  initial reporter fluorescence, before  significant product formation occurs 

• exponential phase –  stage of reaction when product is doubling with each cycle 

• plateau phase - stage of reaction when rate of product formation is diminishing 

 

Presenter
Presentation Notes
Baseline - In the early cycles product accumulation is not yet exponential, little product is present and signal is below background noise of the assay…
Exponential - As amplification progresses, product formation becomes exponential – doubling (or nearly) at each cycle…during this phase the signal tends to rise significantly above background.
Plateau - At some point the reaction becomes limited and rate of product formation is no longer exponential. Depending on the reasons (depletion of reactant, dye, product inhibition, etc) the plateau may show more or less of an asymptotic trend. However, this portion of the curve is unimportant…

ONLY in EXPONENTIAL PHASE can one depend on ACCURATE QUANTITATIVE RELATIONSHIP BETWEEN SIGNAL & STARTING TEMPLATE CONCENTRATION



cycle 

R
FU

 
Analysis of the amplification curves gives Cq value 

Cq = quantification cycle – Cycle number at which amplification curve crosses 
 amplification threshold  (aka Ct) –  this is the “take-away” metric… 

amplification 
threshold 

Cq value is inversely proportional to amount of starting template 

Cq 

Presenter
Presentation Notes
The amplification threshold is typically automatically set by instrument software – however, it can be user-adjusted.  Threshold is determined based on noise of background fluorescence over the baseline region of all traces; the threshold represents significant reporter signal above background levels, discussed further in next slide….

Reminder- ONLY in EXPONENTIAL PHASE can one depend on ACCURATE QUANTITATIVE RELATIONSHIP BETWEEN SIGNAL & STARTING TEMPLATE CONCENTRATION




Steps in the analysis of amplification curves 

• Baseline regions are defined for each amplification curve 

• Threshold is set (function of noise in baseline regions for all samples) 
• Curves are baseline-corrected (subtracted & de-trended) (∆Rn) 

• Passive reference normalization is applied (Rn) 

All real-time software 
perform these functions… 
• Automatically 
• With user input 

Presenter
Presentation Notes
Real-Time PCR Terms :
Passive reference – free dye (unassociated with amplification product) used for normalization (controls for experimental set-up variation and/or signal collection variation or artifacts)
Rn – normalized fluorescence (R divided by passive reference)
ΔR – baseline-corrected fluorescence - R minus average R over baseline region
ΔRn – baseline-corrected, normalized fluorescence. 
Experimental Target –  target gene/transcript/channel/dye of interest
Control Target – normalizer, endogenous control, reference gene/transcript/channel/dye, housekeeping gene
Experimental Sample – unknown, treated, e.g., tumor, mutant, +2 hours, etc.
Control Sample – calibrator, reference sample, e.g., untreated control, normal, time zero, wild type, etc.
Passive reference Passive reference normalization may be applied automatically; or, the user may have the option to view data with or without pass ref normalization (R vs. Rn).

Steps in the analysis of amplification curves.

Baseline regions are defined for each amp curve. 
In automatic mode, the software looks for a relatively flat region towards the beginning of the curve. Typically, default limits are used to initate the analysis (e.g., cycle 3 to 10), and then the software expands/contracts/moves the region according to the data – this is usually done sample-by-sample, baselines may be different for each sample!
The user may adjust or define baseline regions sample-by-sample, or for all samples (so that the baseline is the same for all).
Amplification curves are then baseline-corrected –
Baseline-subtracted (by average RFUs of the baseline region)
de-trended based on slope of linear regression over the defined baseline region (set to slope = zero)
Amplification threshold is determined based on background fluorescence over the baseline region of all the amp curves in the analysis group; the threshold represents reporter signal which is significantly above the background levels, typically + 10 standard deviations of the average. 
However, another requirement is that the threshold must be set so that crossing occurs while amplification is within the exponential phase – this is when signal is proportional to starting amount. However, the software does not use this criteria, this if for the user to check.
Cq or crossing point is determined. Software extrapolates data between cycles (data points) by different methods (local averaging, multi-component curve fit, etc). Therefore, Cq may be non-integer.




 
Graphs of amplifications curves  
 can be re-scaled to reveal more detail 

Exponential 

Plateau 

amplification 
threshold 

“Linear” 

Baseline 

Standard plot of amplification curves allows you to see the baseline phase & 
plateau phase, but can’t really tell anything about the exponential phase! 

Presenter
Presentation Notes
Now here’s another example to illustrate an important consideration for analysis of amplification curves. Similar to previous slide, we are looking at 5 serial 10-fold dilutions (duplicates of each this time).

Many people refer to the region where amplification transitions out of exponential phase as the “linear” phase. However, I prefer not to use that term as that infers that there is an accurate relationship between signal at this point of the curve & starting concentration, and this is not necessarily the case…

Note how replicate curves for each dilution are very tight through the exponential phase, but begin to diverge (stochastically) beginning in this so-called “linear” phase….even though this portion of the curve is often proportional to starting template concentration, it is too unreliable for accurate quants.



amplification 
threshold 

(same as  
previous slide) 

Exponential 
phase 

Semi-log plot of amplification curves emphasizes exponential phase… 
• Allows better visualization of amplification threshold crossing (Cq) 

dR
n 

 
Graphs of amplifications curves  
 can be re-scaled to reveal more detail 

Presenter
Presentation Notes
This is semi-log plot of the same data; therefore, the exponential phase appears as straight line (previous slide showed standard plot – in that type of representation, exponential phase is actually the curved part around the threshold). 

Here again, it is clear that the replicates are very tight in the exponential phase, but diverge as plateau is reached. However, it is much easier to evaluate the exponential phase (and where the threshold crossing occurs).



amplification 
threshold dR

n 

 
Graphs of amplifications curves  
 can be re-scaled to reveal more detail 

Semi-log plot of amplification curves emphasizes exponential phase… 
• Provides information about efficiency of individual reactions 

Altered slope = 
Inhibited reaction = 
inaccurate Cq 

Presenter
Presentation Notes

Also, with qPCR you get multiple datapoints – better accuracy for quantitation, and you can actually use this as QC for each reaction...(compare to end-point qPCR where you only get one datapoint per sample)

Note that the slope of the amp curve over the exponential phase (semi-log plot) shows the efficiency of amplification IN THAT WELL…

If you had a sample that was inhibited, in end-point you’d just have quant value (or in real-time if you only looked at Ct). However, if you look at Real-Time trace you could see that there’s a problem… and in fact, based on this you would know that the Cq is inaccurate, and should be discounted.









Experienced users utilize both views of amp curves 

Check baseline settings  
in standard plot… 

…check threshold setting 
& amplification curve 
quality in semi-log plot 



Converting Cq values to quantity - Two approaches 

Absolute (Standard Curve) Quantitation 
• Use Cq values to determine amount in unknown samples based on standard curve 

• Normalize the amount of target relative to… 

• internal reference (another target that is always at the same level, e.g. GAPDH, 
beta-actin, 18S rRNA, amplified in same or parallel reaction) 

 

Relative Quantitation 
• Compare the Cq values of target in test sample versus control samples - ∆Ct 

• Can also normalize the amount of target in each sample relative to internal reference 
(e.g., GAPDH, beta-actin, 18S rRNA) - ∆∆Ct 

 

Now you have Cq values – how do you use them? 

Presenter
Presentation Notes
There are two standard approaches for analyzing and presenting quantitative Real-Time PCR data, absolute quantitation and relative quantitation:

Absolute Quantitation (via a standard curve) – With this approach a researcher makes a dilution series of a positive control sample containing the target(s) of interest and includes these in the real-time experiment. After the real-time run, a standard curve is produced by plotting cycle threshold (Cq) versus concentration (log concentration) for this dilution series. The concentration of unknown samples can then be determined from this standard curve, most simply using the equation derived from the linear regression analysis of the standard curve.

Many researchers prefer absolute quantitation because it is intuitive and fairly straightforward to calculate. This method is also familiar, in that it is similar to other assays where an unknown is derived from a standard curve (for example, determining protein concentration in a Bradford assay). 

The term “absolute quantitation” is somewhat of a misnomer as in practice the values derived for all of the unknowns in an experiment are then normalized in some way and presented relative to one another. For this reason, the actual concentration of the target in the control samples (dilution series) need not be known for purposes of generating the standard curve, but can be represented by dilution factor rather than by mass or molarity or copy number. 

The normalizer can be one of several things – External normalization refers to using the cell number, or amount/concentration of RNA input in the RT reaction; Internal normalization refers to using the concentration of another endogenous target determined in a separate (or multiplexed) real-time reaction, e.g., rRNA or the transcript from a “housekeeping” gene such as GAPDH or actin. This endogenous normalizer (or reference gene) concentration would also be determined from a standard curve. Then, the concentration of the target transcript in the unknown samples would be divided by the concentration of the reference transcript. By design, this method also will correct for any differences in amplification efficiency between assay targets in a multiplexed reaction. All of these values could be further normalized to a chosen reference sample (e.g., untreated control set to 100%). 

Relative Quantitation (ΔCt or ΔΔCt) – Using this approach a researcher compares the Cq for a target in one sample versus the Cq of the same target in another sample (ΔCt). There is no requirement for determining a concentration for each Cq value from a standard curve, the Cq value is used in the calculation directly. Obviously, this is a simpler process. For one thing, it does not require that a standard curve be run in the same experiment. For these reasons, relative quantitation has becoming increasingly popular. (Note, however, that it is imperative that at least one standard curve analysis be performed during assay validation for any new primer pair to determine the efficiency & accurate range of detection!) 

As with standard curve determination, the target values should be normalized for each sample. As noted for absolute quantitation, external normalization can be done by the amount of input (cells or RNA for example), or internal normalization by the concentration of an endogenous target (housekeeping gene transcript). When an endogenous control target is used as the normalizer the approach is termed ΔΔCt. 




Standard Curve Quantitation 

Standard curve is made  
by plotting  

Cq vs (log) concentration 

Concentrations of 
unknowns  

are derived from Cq  
based on standard curve 

Reaction efficiency is also 
derived from the standard 
curve – function of slope 

Presenter
Presentation Notes
Example of plot of Cq vs. concentration (log)  standard curve generated from a standard dilution series. As with any familiar quantitation assay, one can derive the concentration of an unknown by extrapolation from the standard curve (by knowing the Cq). One generally describes a line regressed through this plot of the standards (Cq vs. log conc) by the first-order equation y = mx + b

Efficiency of assay, & efficiency correction…You want a qPCR assay to have the highest efficiency possible – that will give you the best sensitivity, discrimination (ability to see smaller differences in expression), accuracy & precision. But there is no hard cut-off for “acceptable” efficiency, any value is somewhat arbitrary:

Many would say >90%, and I generally agree; however, I’ve seen assays with <75% efficiency from which you can get useful data (as long as you’re not looking at very small changes). If you can optimize or re-design an poor assay to get >90% efficiency, great; but if you can’t, don’t necessarily give up the assay. 
That said, low efficiency assays tend to be problematic in other ways besides lower sensitivity & discrimination – I find that low efficiency assays often have reduced range, and more variable Cqs.
Whatever the efficiency, you do want to know what it is – that way the quant results can be adjusted to be accurate. For absolute/standard curve quantitation that is built in (in the std curve equation); for relative quantitation you need to use an equation that includes an efficiency-correction term, e.g., Pfaffl, Nucleic Acids Research 2001. Also discussed in detail on the Gene Quantification website.
Note that the familiar 2DDCt algorithm does not include efficiency correction, it assumes 100% efficiency; there are 2 problems with this: 
if the efficiencies are not close to 100% the quant values will be inaccurate
if the efficiencies of the target & normalizer are not equal the result will be inaccurate.




• Therefore, product formed after n cycles = 

Relative Quantitation 

• Based on tenet that in PCR each template is replicated at each cycle… 

2n     (assuming 100% efficiency) 

ΔCq 

(n cycles) 

Difference in 
concentration 

(2n) 
3.3 10 

5 32 

10 1024 

15 ~32k 

20 ~1M 

• The relationship works in reverse… if two samples have a Cq difference of 1 (threshold 
is reached 1 cycle apart), then they have 21 = two-fold difference in starting template 
concentration 

If efficiency is not 100% 
calculation must be 

adjusted… 
Efficiency Correction 

Presenter
Presentation Notes
Here again is the same 10-fold dilution series we saw before…Cqs are ~ 3.3 cycles apart…which is as expected. The total deltaCq  is about 13.4 – which is just right, 213.4  ≈ 10,000 – the difference in conc from highest to lowest.




Real Time PCR Output may include Melt Data 

• Produced in a second, linked thermal profile performed after amplification 

• Product is heated slowly, signal is continually measured 

• As dsDNA amplicon denatures, signal  changes 

   Provides qualitative information about PCR products –  primarily, number & size 

   Graphed as Melt Curve (RFU vs T, left panel) or Melt Peak (dRFU/dT vs T, right panel) 

Melt peak ≈ Tm 

Presenter
Presentation Notes
Left graph is the plot of primary data, RFU vs Temp. Note slow fairly linear decline in RFU as temperature increases, until at ~83C the signal quickly falls – this is when the amplified product denatures.

Right graph shows the same data derivatized, to show rate of change vs temperature. Here the melt even is displayed by the peak (or mulitple peaks), which correspond to the Tm of the product in that PCR reaction mix. Note that the melt peak position/Tm may change slightly in different PCR mastermixes (different buffer formulations).



Real Time PCR Melt Data as qPCR Control 

• Melt peak for samples & positive controls should be at similar Temp (Tm) 

ºC
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dF
/d
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5

0

What to look for in melt data… 

Likely primer dimer 

Presenter
Presentation Notes
Primer dimers are the most common artifact – typically, they will be at a low Tm (70-75°C or so), and often show a broader peak (may be heterogenous product, i.e., more than 1 primer dimer species). 




Real Time PCR Melt Data as qPCR Control 

• Melt peak for samples & positive controls should be at similar Temp (Tm) 
• No secondary peak or shoulder - indicates secondary (non-specific) product formation 

ºC
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/d

T

10

5

0

What to look for in melt data… 

Presenter
Presentation Notes
If there is a bi-modal peak (2 separate peaks, or a shoulder on a primary peak), then that signifies >1 product formed, therefore, the amplification curve (and Cq) will represent a combination of the 2 products forming. Therefore, you cannot rely on that quant as accurate.



Real Time PCR Melt Data as qPCR Control 

• Melt peak for samples & positive controls should be at similar Temp (Tm) 
• No secondary peak or shoulder - indicates secondary (non-specific) product formation 
• Melt peaks height of samples may not be the same – that’s not necessarily bad 
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What to look for in melt data… 

late amplification, 
lowered delta RFU 

Presenter
Presentation Notes
The blue trace indicated shows a relatively low melt peak… that’s just because it amplified late, & did not amplify to the same extent as the other samples, therefore the delta RFU is lower. The low melt peak does not signify a problem, necessarily.



Real Time PCR Output – Melt Data 

 TaqMan® assay  
because signal generation is irreversible… 

melt analysis is NOT possible 
  
 

Q 

R 
hv 

Some Real-Time PCR Chemistries can produce melt data…  

In this case, gel analysis is crucial 
during validation 

dsDNA dye  & Plexor®  

fluorescence signal modulation is reversible  
  
 

Some Real-Time PCR Chemistries can’t …  



RT-qPCR Assay Design 



• 1-step RT-qPCR: RT & qPCR in one tube, one reaction set-up. 
• Gene-Specific Primers (GSP) used for both RT & qPCR 

— Reverse primer is the RT primer 

• 1 aliquot of RNA sample is consumed for 1 qPCR reaction 
— With dye-based chemistry this is necessarily a monoplex 

— With label-based chemistry can multiplex >1 target  

•   May be the most sensitive approach 

• 2-step RT-qPCR: RT reaction done separately from qPCR 

• Oligo-(dT) &/or random primers used for RT (GSP used for qPCR) 

• Either primes all transcripts in an unbiased way (theoretically) 

• Random primers will prime all RNA; Oligo-(dT) only poly-(A) RNA (mRNA) 

• 1 aliquot of RNA can be used for multiple qPCR reactions,  
— to quantify multiple targets; or for technical replicates 

 

Which reverse transcription (RT) strategy? 

Presenter
Presentation Notes
For RT-qPCR there are 3 choices for priming the RT step:

Gene-specific primer (GSP) – for one-step (coupled) RT-PCR. One advantage is that this is generally the most sensitive approach.
Oligo-d(T) – used to prime cDNA synthesis specifically of the poly(A) population of a total RNA prep (>95% of RNA in a total RNA prep is rRNA or tRNA). However, this would be non-specific in that you would still expect priming of all mRNAs in the prep. Therefore, you can do PCR on any target from this cDNA population. However, you’ll be priming from the 3’-end, therefore if your PCR target is at the 5’ end of the transcript (and the transcript is very long) this may not be the most sensitive approach.
Random primers – will primer anywhere along the length of the RNA – all RNAs (but also all structural RNAs)



 
 

 
 

RT-qPCR primer design considerations 

•  Target sequence is from the correct organism 

•  RefSeq is used (or validated mRNA) 

•  Paralogs, or conserved motifs in other genes 

•  Species or strain variation (SNPs or INDELs) 

•  Amplicon (or primer) should span Exon:Exon junction 

•  Alternate transcripts 

• RT primer position 
 if Oligo-d(T) used, 3’-target may be more sensitive 

• Size of amplicon  
75-125 bp is typical range 

 

NCBI mRNA accession pre-fixes 
  NM_*, XM_* = reference mRNA 

Presenter
Presentation Notes
3’ Target – if you prime the RT reaction with oligo-(dT) then all of the cDNAs will start at the 3’ end of the transcripts. However, not all cDNAs may be full-length… therefore, if your qPCR primers target the 5’ end of the transcript you may not have as much sensitivity compared to using qPCR primers that target the 3’ end of the transcript (especially if your transcript is very large).

Size of amplicon – a smaller amplicon is more likely to give better efficiency… but a larger amplicon may still give 100% efficiency. (By the same token, a smaller one will not necessarily give 100% efficiency.)




RT-qPCR Primer Design Resources 

• Gene Name & Aliases 
• Reference Sequence 
• Gene organization 
• Evidence Viewer – cDNA alignments 

Pre-designed qPCR Primers:   
Primer Bank - http://pga.mgh.harvard.edu/primerbank/ 
RTPrimerDB -  http://www.rtprimerdb.org/  

Sequence Resources 

Primer design software: 
Primer3 - http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi 
Primer-BLAST - http://www.ncbi.nlm.nih.gov/tools/primer-blast/  
IDT PrimerQuest - http://www.idtdna.com/Scitools/Applications/Primerquest/    

Presenter
Presentation Notes
Entrez Gene database is very useful for finding the right information to help you with RT-qPCR assay design. The Gene record provides lots of information, including:
Gene Name & aliases
Species (entries are organized by species)
Reference Sequences (genomic and mRNA; and protein)
Gene organization (introns, exons)
Evidence Viewer (alignment of characterized transcripts…e.g., splice variants, SNPs, etc)
PubMed links

Entries are organized by species – therefore, query by gene name + species.



http://www.ncbi.nlm.nih.gov/portal/query.fcgi?db=gene
http://pga.mgh.harvard.edu/primerbank/
http://www.rtprimerdb.org/
http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.idtdna.com/Scitools/Applications/Primerquest/


Validation of RT-qPCR Primers is Essential 

• You have a new primer design – what next? 

   BLAST® - in silico check to see that they are specific! 
If there are matches to unintended genes, evaluate: 

− Match at 3’ end? 

− Percent identity 

− Predicted Tm of interaction 

 
• The in silico analysis looks good, & you order them – now what?  
      Experimental Validation! - Test them on a dilution series of positive 

control sample… 
– Determine efficiency 

– Determine linear dynamic range  

This is essential … 
even if primers are from a 

bank or previously published!  



MIQE is a valuable reference 

Stephen Bustin et al. (2009) Clinical Chemistry, 55:4 
 

• Recommendations & rational for:  
— qPCR experimental design, validation, execution, controls, analysis, & 

presentation.  

— Sample handling, nucleic acid extraction, & characterization 
(quantification & integrity) 

— Real-Time PCR terms & nomenclature. 

Minimum Information for Publication of Quantitative Real-Time PCR Experiments 

MIQE  
http://www.rdml.org/miqe.php  

• pdf of paper 
• Checklist 

Presenter
Presentation Notes
Besides MIQE, there are many other great general references:

The “Bible” of qPCR is Stephen Bustin’s book  - A-Z of quantitative PCR ( Editor:  S.A. Bustin ), International University Line (IUL), La Jolla, CA, USA.

Another excellent all-purpose reference is the Gene Quantification website - http://www.gene-quantification.info/ 




Tips & Troubleshooting 



RT-qPCR Tips & Troubleshooting 

 
 

• Success depends on proper tools & technique at each step 

• Problems in any step of the experiment can cause experimental 
failure, or worse, inaccurate results 

Sample 
Collection & 
Processing 

RNA Extraction 
RNA 

Quantification 
& Assessment 

Reverse 
Transcription qPCR Data Analysis 

RT-qPCR Experimental Workflow 



Proper handling of samples is the first step  
 to ensure good RNA yield & quality 

Degradation & loss of RNA often occurs during sample collection & processing 

• Temperature abuse of samples before/during /after collection  
— Process or store immediately 
— Snap freeze on liquid N or dry ice 

• Dissection takes too long 
— If dissection is difficult, do gross dissection first (quickly)… then fine dissection 

in a preservative, or after preservation (e.g., RNAlater®) 

• Sample dimensions too large – takes too long to freeze & thaw 
— Cut into smaller chunks during dissection, before further processing 

• Insufficient tissue disruption 
— Rotor-stator is generally the best approach 
— Dounce homogenizer or blue pestle -  may need to chop/mince first 

 



Consider all parameters when choosing – and using 
- RNA extraction method 

 
 

gDNA removal – high amounts can cause quantitation error; even low amounts 
can cause problems in qPCR 

— gDNA contamination is often an issue with organic separation methods 
— DNase can be added after any method 
— Efficient removal is important, but impossible to remove 100%  (& may not 

be necessary) 

Inhibitor carryover – may lead to variation in Cq’s rather than reaction failure. 
— Can be an issue with organic separation methods 
— Exceeding processing recommendations can compromise purity 

Yield – often the primary consideration 
— Most methods give similar yield - organic extraction often perceived 

as best…but often at a cost 
— Exceeding processing recommendations usually does not increase 

yield (& may compromise purity) 



Increased yield at the cost of purity is a poor trade 

Genomic DNA (per 
100ng RNA). 
Determined by β-
actin qPCR results in 
NRT control reaction 

RNA yield.  
mouse liver. 

Schagat et al., 2008 Promega Notes 99 “RNA Purification Kit 
Comparison: Yield, Quality and Real-Time RT-PCR Performance” 



Increased yield at the cost of purity is a poor trade 

Lower purity may result in 
higher, more variable Cqs 

What is advantage 
 in 2- fold difference in yield  

In an assay with 106-fold range?  

Beware the blind pursuit 
of maximum yield! 

Presenter
Presentation Notes
100ng of RNA (as judged by NanoDrop measurement) isolated by each method reverse transcribed in 20µl reaction volume. Ten µl of the reaction amplified in a 50µl qPCR reaction for quantitation.  Reactions were performed with the GoTaq® 2-Step RT-qPCR System. 



There are many methods to evaluate RNA  

 
 Quantification - Ideally, RNA input amount should be similar in each RT reaction 

• Direct absorbance – A260; abs ratios can provide information about purity 
• Fluorescent dye – greater sensitivity & dynamic range 

Quality assessment –   
• Gel or Bioanalyzer  -  

— Crucial to assess integrity 
• Absorbance ratios  
• Spike experiment 

— For inhibitors 
• No RT qPCR control (NRT)  

— For  gDNA contamination 
— Not as critical if primers span introns 

 

ΔCq 
Difference in 

concentration 
3.3 10 
5 32 

10 1024 

Presenter
Presentation Notes
Last word on gDNA contamination - even if you remove >99.99% you may still be able to detect it via qPCR (it is a very sensitive method); but, this may not ruin the experiment…
The crucial question in the NRT control is, “what is the ΔCq of +RT sample vs. NRT control?”  The user should decide on the threshold, but if the ΔCq at least 5, for example, then you know that gDNA contribution is probably inconsequential (25  = 32-fold difference = ~3% contribution from the gDNA). 

However, if the Cqs for the target of interest are near the limit of detection (very high Cqs) then you may not be able to tell exactly what the percent contribution is from gDNA.




RT reaction considerations 

GoScript®  2-Step RT-qPCR System 

RNA amount – current RT systems have very good range & proportional yield; 
however, it is still desirable to have similar amounts of total RNA within each rxn  

Oligo-(dT) or random primer amount -  need not necessarily be adjusted 
relative to mRNA input amount… 

— Total Human RNA 
— Diluted 1ug/ul to 1pg/ul - 1ul per rxn 
— 500ng random primers per rxn 
— GAPDH primers 

Avoid RNase contamination post-
purification  
— Follow best practices, e.g., gloves, 

barrier tips, etc 
— Use RNase inhibitor in RT reaction 

RNasin® Is included in  
GoScript® & GoTaq® Systems 

Presenter
Presentation Notes
Some RT systems recommend titrating the amount of random primers with low input amount. The rationale is that GSP and oligo(dT) primers can only hybridize to one site on each mRNA template strand, but random primers could hybridize multiple times, and this might interfere with cDNA synthesis. However, this is not necessarily true:
Reverse Transcriptases have good strand displacement activity; therefore, even if you have >1 priming event on the same RNA template the upstream cDNA will not necessarily terminate where the downstream primer hybridizes (where the downstream cDNA begins). 
In fact, from first-principles one can argue that you’ll get better coverage & better sensitivity with higher random primer concentration (molar ratio relative to template) - you’d have a higher probability of a priming event at the 3’ end of the mRNA, a greater likelihood of multiple cDNAs produced from each transcript, and a higher probability of priming rare transcripts
Empirically, this is proven to be true (many publications, including an oldie but a goodie, GF Gerard & JM D’Alessio, Chapter 6 in V16, Methods in Molecular Biology, ’93)
NOTE, however, that some studies have shown that average cDNA length does in fact decrease somewhat with higher random primer concentration (including Gerard & D’Alessio). 
HOWEVER - for qPCR, where amplicon length is generally very short, this effect is more than compensated for by the increase in cDNA yield, as this experiment suggests…Seven orders of magnitude range in RNA concentration, no change in random primer concentration, proportional cDNA production




Garabino-Pico, E. et al. (2007) RNA 

        Hours after serum shock  

Stability of normalization target must be verified  

Adapted from Taylor, S. (2011) Bio-Rad tech note 6245 

Normalized McM7 expression 

• MIQE suggests two normalizers 
• Software exist to evaluate - geNORM 

NIH3T3 cells 

Normal 
Tumor 

Using the wrong normalizer can 
qualitatively change the results 

Commonly used normalizers care not 
always constitutive 

Presenter
Presentation Notes
Normalizer quants should correlate to RNA inputs, and among (within) sample types. One can check by doing the specific experiment described in the first example. Also, there are specific algorithms can be applied (e.g., GeNORM by Vandesompele) & these may be included in some qPCR data analysis programs (e.g., QPCR by Pabinger). MIQE suggests 2 housekeeping targets; these of course should correlate within samples.

2 examples (from different papers)… [Carl Strayer is co-author on first one - Garbarino-Pico, E., Rollag, M.D., Strayer, C.A., Niu, S., Besharse, J.C., and Green, C.B. (2007) Immediate early response of the circadian polyA ribonuclease nocturnin to two extracellular stimuli. RNA 13: 745-755.]

geNORM - http://medgen.ugent.be/~jvdesomp/genorm/ (Reference gene normalization software)




Promega Products for RT-qPCR 

 
 

Reverse Transcription & qPCR 
• GoScript™ Reverse Transcriptase 
• GoTaq® qPCR Master Mix 
• GoTaq® 1-Step & 2-Step RT-qPCR 

 Systems  
• Recombinant RNasin® Ribonuclease 

 Inhibitor 
• Plexor® qPCR & RT-qPCR Systems 

 

RNA Extraction 
• SV Total RNA Isolation System 
• Maxwell® 16  Instrument 
• Maxwell® 16 simplyRNA Purification Kits 

 
RNA Quantification 

• QuantiFluor™ RNA System 
• GloMax®-Multi+ Detection System 

 

Sample 
Collection & 
Processing 

RNA Extraction 
RNA 

Quantification 
& Assessment 

Reverse 
Transcription qPCR Data Analysis 

RT-qPCR Experimental Workflow 



Questions?  Ask a Scientist! 
http://www.promega.com/support/ 

Good luck with your experiments! 

http://www.promega.com/support/
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