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Figure 1 | Steps involved in planning a RT-gPCR assay. The numerous

permutations illustrate the altematives and potential for variability associated
with this technique.
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Real-Time PCR Troubleshooting Tool

Hawving problems with yvour gene expression or SNP genotyping experiments? Do your amplification curves look sigmaoidal, or do you
hawve no curves at all? Do your allelic discrimination plots hawve diffuse or trailing clusters? Our interactive troubleshooting tool will

guide vou step by step to a solution.

Gene Expression/Quantitation Experiments

SNP Genotyping Experiments

I am having problems with...

| abnormal Amplification
- Your curves are sigmaoidal or amplification
occurs later than you expected.

_/-' | NTC Positive Amplification
T A7 You hawve an amplification product in your no
template control (NTC).

No Amplification
You have no detectable PCR product.

¥= 30 Poor PCR Efficiency
T If the slope of your standard curve is below
-3.6, you have poor PCR efficiency.

Example of a normal amplification curve

Normal Amplification Curve
Your amplification curve should look
something like this.

I am having problems with...

.
AT

SNP Mot Amplifying
You cannot amplify a SNP.

Trailing Clusters

Mot using ROX or not designating it as a
passive reference dye may cause trailing
clusters.

Diffuse Clusters
You have diffuse clustering in your SNP
analysis.

Mo Autocalling
Failure of autocalling of SNP results is usually
due to outlier wells or software problems.

Example of a normal allelic discrimination plot

MNormal Allelic Discrimination Plot
Your cluster plot should look something like
this.
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Ten Most Common Real-Time qRT-PCR Pitfalls

TechNotes Archive

o Poor primer and probe design. For the most efficient design of
PZR primer and probe sets for real-time gRT-PCR, we strongly recommend Ordering Information
using primer design software. Most primer design programs include

adjustable parameters for optimal primer and probe design. These

parameters consider primer/probe T, complementarity, and secondary Related Links:

. . . L Avoiding DNA Contamination in
structure as well as amplicon size and other important factors., Restricting RT-ECR
the number of identical nucleotide runs is alzo recommended. When [read]

designing amplicons in eukaryotic targets, choose PCR primers that span at

least one exon-exon junction in the target mRNA to prevent amplification of Designing a Successful gRT-PCR

the target from contaminating genomic DNA. Ex[r j:ljn]ment

e Real-Time Relative RT-PCR: How
Using poor quality RNA. Degraded or impure RMNA can limit the I[:I:a?f]ne

efficiency of the RT reaction and reduce yield. RNA should either be

prepared from fresh tissue, or from tissue treated with an RNA stabilization RT-PCR Problem Sclver

zolution such as RNAlster® (zee www.ambion.com/techlib/ [read]

resources /rnalater for more information). The importance of using full

L. . . . RT-PCR: The Basi
length RMA for reverse transcription depends on the application. Amplicons T = mEse=

for real-time gRT-PCR are typically short (70-250 bp). A= a result, some
degradation of the RNA can be tolerated. If it is not possible to use
completely intact RNA, design primers to anneal to an internal region of the
gene of interest. Note that for truly guantitative RT-PCR, partially degraded
RMA may not give an accurate representation of gene expression.
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TABLE 3 | Troubleshooting table.

TABLE 3 | Troubleshogting tahle {continued).

Prol Possible reason Solution Froblem Possible reason Solution

General SYER Green 1 o ) o

Normalization of RNA samples based RNA may be degraded - absorbance increases  Check RNA sample using automated or agarose gel Ko incrense in fuprescence A magent s migdng from the PfRveaction.  Gel amalyse: POR product tn deteanine i there was urcendul
with cycting. amplification and repeat the PR

on Azgo measurement results in samples
of unequal concentration.

Determination of RNA concentration
by RiboGreen is unreliable.

No amplification detected.

Amplification plot increases very little
when using probes for detection.

Amplification plot dips under baseline.

Replicates show high variability.

(i recorded in NTC.

(; recorded in —RT control.

RNA dilution standard curve is not
linear.

in the presence of free nucleotides, leading

to overestimation RNA concentration.

False readings can be obtained if RiboGreen

absorbs to the sides of the tube
No amplification occurring.
Probe-based detection failing.

High background - instrument problem.

Low background.

Baseline setting is using an incorrect end cycle.

Poor assay effidency.
Poor pipetting.

Contamination.
Primer dimers.

DNA contamination.

RT was performed using oligo-dT or random

primers.

electrophoresis.

Use non-stick, nuclease-free polypropylene tubes for
RiboGreen assays.

Resolve PCR products by agarose gel electrophoresis.
Try fluorescent nucleic acid binding dye detection.

Probe inefficiently quenched.

Probe poorly labeled; instrument not detecting dye;
Probe has G as 5" base; Probe is designed to overlap
primer site; probe is too far from 3" of primer and so is
being displaced rather than cleaved.

Examine raw data and reset baseline cycles.
Redesign assay.

Use fresh reagents.

Redesign assay.

DNase treat samples.

Use spedific priming or dilute cONA for standard
curve,

The Mg, concentmtion is not optimal

Hot-start DNA poly merase was not activ ated.

Is SYBR Green [ concentmtion too high?

Toa high a template concentaEtion was
wed.

Inaufficient anneating and extension
times,

Too few qydes in the PCR reaction.
Inapproprizte annealing te mperatu e,

Multiple peaks in melt curve. Abundance of primer-dimer and nomspecific

PCR products.

Amplification of splice variants/pseudoge nes.

Probe
No increase in fluorescence The probe i not binding to the target efficiently
with cycting. berause the annealing

temperatune is too high.

The probe & not binding to the target efficiently
because the PCR product & too long and is
folding in solution.

The probe & not binding to the target efficiently
ar being cleaved effedtively because the Mg
concentration is too low.

The probe has a nonfunctioning
fluomphor.

The reaction & not optimized and no or
inzufficient product is formed.

Incease up to 5.0 mM in 0.5 mM increments.

Ensure that the appropriate initial incubation at 95 *Cwas
performed &= part of the cycling parame ters.

Ensure the comect dilution of SYBR Green 1 was used.
Dilute 1 in 10° and e peat PCR.

Checkthe length of the amplicon and ince ase the extenson
time if necasmany

Increase cycle number redesign more efficient assay.
Reduce annealing tem pemturs,

Incease the annealing temperature; lower the Mg®
mncentmton: sways wea hotstart polymerase; design
ma® optimal primes.

Analyze products on gel: ssquence different size bands:
mdesign pimes.

Verify the caleulsted T, wing appropiate softwane. Note
that Primer Expess [gs can be significantly different than
T caloulated using other softwane packages.

Design the primers so that the FCR product is no longer
than 120.

Perform a Mg® titration to optimize the concentrmton.

Verify that the fluorophore fundions by detecting an
incrase in fluorescence in the denatumton stepof thermal
ayding or at high temperatures in 2 metting curve 2nalbyss
If thew is no increase in flumrescende, mdesign andfor
maynthesize probe.

Verify formation of enough specific product by gel
elartrophorests.
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Probe QPCR Troubleshooting Guide

No Amplification
Fipetting error / reagents missing
Enzyme not activated

Annealing step

Extension step

Primers

Detection step

FProduct too long

Too few cycles
Template

Wrong dye layer
Probes

Repeat experniment checking concentration of all reagents.

Check that the full 15 minute activation step is performed before
cycling.

Check that you have the optimal annealing temperature by
performing a temperature gradient (2°C increments). Annealing
fime should be carmed out as specified in the protocol.

Extension time can be increased for longer amplicons.
Amplification of products over 300bp is not recommended.

Poor primer design — Check for primer dimers on gel.

Wrong primer concentration — 0.4pM recommended.

Primers degraded — Check on polyacrylamide gel. Re-order new
primers if necessary.

Detection reading taken at wrong step. Reading should be taken
in the annealing step for Molecular Beacons or the
detection/annealing step for hybridisation probes.

The ideal amplicon size is between 80-200bp. Amplification of
products over 300bp is not recommended.

40 cycles is recommended.

Impure template — Purify template before use. For templates
isolated from difficult sources (such as plant) use a commercial
mix containing enhancers/detergents.

Wrong concentration — A concentration of up to 500ng can
usually be used.

Degraded — Make fresh dilution from stock. Check storage
conditions.

Check that machine settings correspond with experiment.

Poor probe synthesis — Check with rDNase | digestion. Once
digested the fluorescence should increase greatly as the
quencher and fluorophore become separated.

Poor probe design — See “Designing Dual Labelled Probes”
hitp://www_abgene.com/downloads/Guide QOPCR-
probedesign_pdf
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Probe QPCR Troubleshooting Guide

Wavy/Erratic Lines

No ROX Check machine settings. ABlI PRISM® requires ROX for
nomalisation. ROX is available included in ABsolute™ mixes or
as a separate vial.

Too many cycles performed Reduce number of cycles.
Wrong detection step Check detection step is set in the correct stage of the cycle.
Machine needs calibrating Wavy lines can be caused by mirror misalignment or lamp

problems. Consult machine manufacturer.

Baseline for ARn set at wrong cycle ARnN should be set between 3-15 cycles and at least 2 cycles
before 1% dilution amplifies.

Reaction volume too low. Some QPCR instruments (e.q ABI® PRISM 7700) are set to read
accurately only at volumes of at least 15pl.

High Well-to-Well Variance

Poor plate choice Do not use frosted or black plates.

Low quality sealing matenal Use only high quality optically clear seals that have been
specifically designed for fluorescence applications.

Machine needs re-calibrating Follow manufacturer's guidelines.

Evapaoration Do not use comer wells or use a more robust seal.

Concentration gradient formed in vial  Invert the mixture a couple of times before use.
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Probe QPCR Troubleshooting Guide

Amplification in No Template Control

Primer dimers

Contamination

Prnmer dimers can also be identified by using a senal dilution of
your template and running products on a gel. As template
concentration increases, the pnmer dimer bands should decrease in
intensity. If the presence of pnmer dimers is observed, then it may
help to do one of the following: 1) re-design the primers, 2) try
Increasing the annealing temperature, or 3) decrease the pnmer
concentration. If using a standard curve, a sub-optimal gradient can
indicate inhibition from prnimer dimers.

Template contaminated - Punfy template before use. If doing
QRT-PCR, treat RNA template with recombinant DNase | or design
exon-spanning primers.

DNA polymerase contaminated — All recombinant DNA
polymerases will contain small amounts of E.coli DNA. Thermo-
Start” contains minimal amounts compared to competitor enzymes.
However, if contamination remains a problem, a ‘BLAST search
can be performed to check for homology to the E.coli genome.
Reagents contaminated — Repeat with fresh reagents and always
use filter tips.
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2D

Low Sensitivity (High Cycle Threshold (Ct

Evapaoration
Low quality sealing matenal

Primer dimers

dUTP

Annealing step

Extension step

Prnimers

Do not use comer wells or use more robust seal.

Use only high quality optically clear seals that have been
specifically designed for fluorescence applications.

Primer dimers can also be identified by using a senal dilution of
your template and running products on a gel. As template
concentration increases, the primer dimer bands should decrease
In intensity_ If the presence of primer dimers is ocbserved, then it
may help to do one of the following: 1) re-design the primers, 2)
try increasing the annealing temperature, or 3) decrease the
primer concentration. If using a standard curve, a sub-optimal
gradient can indicate inhibition from primer dimers.

dUTP 1s not as efficient a substrate as dTTP (Longo et al, Gene
1993). This reduction in PCR efficiency will reduce QPCR
sensitivity, resulting in higher Ct values. ABgene® recommend the
use of dT TP for most applications.

Check that you have the optimal annealing temperature by
performing a temperature gradient (2°C increments). Annealing
time should be camed out as specified in the protocol.

Extension time can be increased for longer amplicons.
Amplification of products over 300bp is not recommended.

Wrong pnmer concentration — 0.4pM recommended.
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Plateau phase
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Figure 2. Phases of the PCR amplification curve. The PCR amplification curve charts the accumula-
tion of fluorescent emission at each reaction cycle. The curve can be broken into four different phases:
the linear ground. early exponential, log-linear, and plateau phases. Data gathered from these phases are
important for calculating background signal, cycle threshold (C,), and amplification efficiency. Rn is
the intensity of fluorescent emission of the reporter dye divided by the intensity of fluorescent emission
of the passive dye (a reference dye incorporated into the PCR master mix to control for differences in
master mix volume). ARn is calculated as the difference in Rn values of a sample and either no template
control or background. and thus represents the magnitude of signal generated during PCR. This graph
was generated with ABI Prism SDS version 1.9 software (Applied Biosystems).

Marisa L. Wong and Juan F. Medrano

Real-time PCR for mRNA quantitation
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BioTechnigues 39:75-85 (July 2005)
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Linear vs Log View
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Linear vs Log View

Figure 1. Primer optimization experimental results showing amplification plots of all nine
primer combinations in the Primer Optimization Matnix (a linear view (b) log view:

Flat Group A: combinations that contain at least a 300 nM concentration of forward and
reverse primer.

Flat Group B: combinations that contain a 50 nM concentration of forward or reverse
primer.

Flat Group C: 50 aM concentrations of forward and reverse primer.
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A Normal Amplification Curve

P ——

O L L T

A normal ampﬁ{'al.‘r'nn-:';rve obtained using a dilution series of a sample

A normal amplification curve from a dilution series of a sample is shown above. The curve is a semi-log view (Y-axis is a log scale). The initial PCR cycles (1&endash;19, above) produce low
fluorescent signals that cannot be detected by the CCD camera. The linear portion of each curve is in the exponential phase of PCR, where the amount of product, and therefore the =signal,
doubles after each cycle. The top portion of the curves shows minimal signal increase, as PCR slows due to the depletion of reaction components, such as primers and dNTPs.

The curves should be smooth during the exponential phase of the PCR. &Any spikes in the curves may be the result of unstable light sources from the instrument, or sample preparation
problems, such as the presence of bubbles in the reaction wells.
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A Normal Amplification Curve
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Clﬁsterfng of amplification curves

The clustering of the amplification curves for each dilution should be tight. You can achieve this by careful pipetting, using a master mix to minimize sample-to-sample vanation, and using a
passive reference dye to normalize non-FCR-related fluorescence fluctuations. All Applied Biosystems real-time PCR master mixes contain the ROX™ dye that acts as a passive reference; for a

good replicate, you should not ohzerve a Ct difference greater than 0.3 cycles.

A good amplification should produce a Ct walue based on the template input. The amplification curves shown abowve are based on a dilution series of a sample using a dilution factor of 1:2. At
the exponential phase, the difference in Ct walues is 1 cycle from one dilution to the next. Additionally, in the exponential phase, the amplification curves are parallel to each other, indicating

that the amplification efficiency is the same for all the dilutions.
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Amplification occurs later than expected

P : : e

LAl A

Late amplification
Possible causes (ranked by frequency observed by Applied Biosystems support):

Your RNA sample may be of poor quality

You may not have enough template sequence

Your reverse transcription may not be optimal

Your assay design may not detect all of the splice variants for the gene of interest

6.6 picogram template & C; > 40 }
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Your amplification curves have a sigmoidal shape
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Sigmoidal amplification curves

If your amplification curves look sigmoidal, it is likely you have one of these problems:

e The baseline setting in your instrument’s data analysis software may be too low
e You may have a high level of fluorescent noise during the early cycles of PCR
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Amplifiontion Curves
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Figure 49. Hook-shaped amplification plot. Amplification plot
showing apparent decrease in yield of PCR product toward
the end of PCR. This phenomenon is typical for LightCycler
instruments.
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Baseline Setting

Figure 1: Default Baseline
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Baseline Setting

Figure 3: Log View of Early Amplification
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Baseline Setting

Figure 4: Linear View
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Baseline Setting

[ aRn (Ba...| 3
= Assess earliest CT.

= Adjust stop value to
one to two cycles
before amplification.

= |n this case the stop
value was determined

: tobe 8.
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Baseline Setting

Figure 6: Baseline Setting Too Low
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Baseline Setting

Figure 7: Baseline Setting Too High
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Threshold Setting

Figure 8: Good Threshold Setting

ATTIITITCATO FT0

FPlateau
Range

=———
|

lification - cytokine plaie

Background
Fluorescence

1| Exponential
Phase
Threshold | | \
g 1071 ;_ %L
10-2 ; e
EI :g!ir-i%_i;:.\i

(] i 47 4.4

¢ 18 20 22 24 26 12 20 32 24 36 32 40

—Samples

A Far - wz
[+ Far - 44
[ Far - as
[ Fir —
[ Far - 47
[ Far -85
[+ Far -
[+ Far -BS
[l FAb -E&

lil| v

EEEREEC N

-

Cycle
——Threshold Cycle Calculation
—Thrashald
Uss Threshald:[ 123 | [suggest | ct Std Dew
Mult. * Skddev ;l 100 |*| o0 | FAM — A3 Z1.058 0.003 -
ot Thrashald - FAF — A4 51 452 0.002 =
azeline FAM — AS 258 465 0.003
Start:| = | Step:[ 15| FAM — A& T4 25 0.003
FAM — AT EZ 516 0.004 -
Update Cak-ulations

Yiewer; | aRnfBa.. =

Reporter: | FAR H

Easier to do in log-view

& Applied
A‘B Bicpagystems



http://www3.appliedbiosystems.com/cms/groups/mcb_marketing/documents/generaldocuments/cms_042502.pdf

Threshold Setting

Multiple Thresholds May be Necessary
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Baseline and Threshold Setting

1 7 13 18 25 31 37 1 7 13 18 25 31 37
Cycle number Cycle number

Figure 9. Correct baseline and threshold settings are important for accurate quantification. E1 Amplification product becomes
detectable within the baseline setting of cycles 6 to 15 and generates a wavy curve with the highest template amount.

1 Setting the baseline within cycles 6 to 13 eliminates the wavy curve. The threshold is set at the beginning of the defectable
loginear phase of amplification.

Crifical Factors for Successful Real-Time PCR
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High Background

There are several potential reasons for high background:

< SYBR based:
- Too much SYBR ol NTC
- Too much template T
< Probe based:
- Insufficient quenching
- quencher doesn't fit
to dye
—> quencher too far from dye
- probe concentration too high
_ pl’DbE‘: degraded ansmulnsmnm
- free dye in your probe

High background leads to higher variability R Do temn) Eropisoalig
and lower sensitivity! TRATAGENE

(@sTRATAGENE
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Standard Curve

Note: A 100% efficient reaction will yield a 10-fold increase in PCR amplicon every 3 .32 cycles
during the exponential phase of amplification (log, 10 = 3.3219).

Real Time PCR Standard Curve
y=-3.33x + 20
13+ e
3+ R™=1
28 +
= 27 4+
O 1L
23 +
21
19 i } J |
B 2 - - 0 B Predicted Y
Log Input s | incar (Predicted Y)

Figure 1: Real-Time PCR Standard Curve representing 100% PCR Efficiency
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Low ARN/RFU

* Imperfect assay design
 Incorrect quencher
« Bad template quality

(long probe, G at 5’ end, incorrect choice of reporter and quencher pair,
wrong primer-pair concentrations, probe has mismatches)




High efficiency?

Efficiency > 110% (slope <-3.1) is due to:

* Pipetting errors

 Wrong threshold setting (not in the log-linear phase)
* Primer-dimers in SYBR green assays

* Probe degradation in TagMan assays

* High variability at low concentrations

* PCR inhibition by reverse transcriptase




High efficiency?

« Standard curve
~1x107 to 10!

RZ2=0.738
E =209.3%

ACt: 107 - 108 5.4; 10¢ - 10° 5.0; 10° > 104 3.6

Primer dimers, in combination with inefficient priming/inhibition
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Amplification of the No Template Control (NTC)
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Amplification of the No Template Control Due to Reagent Contamination

If you get an amplification product in your no template control (NTC), you may have one of these problems (select one):

e Contamination of your reactions by DNA
e Primer dimer formation (SYBR® Green chemistry only)

* Five C; difference rule lied

. "4 applie
SYBR green vs TagMan ) b?gsystemg

* Melting curve analysis

by ,ti# technologies”
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RNA quality
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Figure 4. Agilent’ 2100 Bioanalyzer Scans of High Integrity Total RNA. The 185 and 285
peaks are clearly visible at 30 and 46 seconds, respectively.
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RNA quality: integrity
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Quantification of mRNA using real-time RT-PCR

Tania Nolan!, Rebecca E Hands? & Stephen A Bustin®

525  Cy5 429
C
-I{]S_
—
102 1
[45]
o
£ 4o+ ——
u
in
0| B3
101 -

Fresh frozen Formalin fixed

Figure 3 | The 3:5" assay used to estimate mRNA

integrity. (a) Three sets of primers and probe

target amplicons at different positions on the

GAPDH (NM_002046) mRNA. (b) When run in

a multiplex reaction, it is apparent that the

amplification efficiencies of the three reactions

are approximately the same, with similar

y-intercepts indicating roughly similar sensitivity.

(c) Difference in integrity between RNA extracted

from fresh colonic biopsies on the left and RNA

extracted from formalin-fixed, paraffin-embedded

(FFPE) material on the right. Perfectly intact mRNA

should result in a 35" ratio of 1-5, with denatured

mRNA resulting in ratios of 10 or above. The

median 3":5" ratio for GAPDH for the fresh biopsies

is 2, indicative of high quality mRNA, whereas the ( )
median ratio for the FFPE biopsies is 90. w
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RNA quality: purity

TABLE 1 | Oligonucleotide sequences for RNA integrity and inhibition detection assays.

Oligonucleotides (5'-3") Stock concentration
5’-GAPDH (FAM) P: CCTCAAGATCATCAGCAATGCCTCCTG 5uM
F: GTGAACCATGAGAAGTATGACAAC 10 uM
R: CATGAGTCCTTCCACGATACC 10 uM
Center GAPDH (HEX) P: CCTGGTATGACAACGAATTTGGCTACAGC 5uM
F: TCAACGACCACTTTGTCAAGC 10 uM
R: CCAGGGGTCTTACTCCTTGG 10 uM
3’-GAPDH (CY5) P: CCCACCACACTGAATCTCCCCTCCT 5uM
F: AGTCCCTGCCACACTCAG 10 uM
R: TACTTTATTGATGGTACATGACAAGG 10 uM
SPUD amplicon AACTTGGCTTTAATGGACCTCCAATTTTGAGTGTGCACAAGCTATGGAACACCACGTAAGACATAAAACGGCCACATATG 5 uM
GTGCCATGTAAGGATGAATGT
SPUD (FAM) P: TGCACAAGCTATGGAACACCACGT 5uM
F: AACTTGGCTTTAATGGACCTCCA 10 uM
R: ACATTCATCCTTACATGGCACCA 10 uM

P, dual labeled or TagMan Probe (HPLC purified); F, forward primer (desalt purified); R, reverse primer (desalt purified).

PROTOCOL |

Quantification of mRNA using real-time RT-PCR

Tania Nolan!, Rebecca E Hands? & Stephen A Bustin® (WWW)
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RNA quantity

Same PCR Efficiency

As long as you are staying within the .

. . get
dynamic range of the assay established - —=— Reference
by initial validation, use any amount, but - Su AGT - aG:2

no less than 10 picogram and no more T~ ACT e
: o " |
than 1 microgram. Usually 1 to 100 . \f'm
nanogram is sufficient. T AG2 T
~y
High template amount may increase
background. Log ng fotal RNA

Figure 17 Typical standard curve showing amplification of
two targets with similar PCR efficiencies.

Critical Factors for Successful Real-Time PCR
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Quantification of mRNA using real-time RT-PCR

Tania Nolan', Rebecca E Hands? & Stephen A Bustin?

ﬂ:ﬂ“- “ |

Figure 5 | Acceptable and unacceptable standard curves. All the unknowns (red dots) in the upper picture
are contained within the dynamic range of the standard curve, which is demarcated by the two outermost
points of the standard represented by black dots. This allows accurate quantification of the comesponding
mRNAs. In the lower picture, a majority of the unknowns is below the highest dilution of the standards

(4 x 10° copies).
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Optimal template amount
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Table 9. Transcript representation in different cell amounts

10° cells* 107 cellst 10 cells?
Amount of RNA [ng) 20 2 0.2
No. of high-copy franscripts 107 10° 10°
No. of medium-copy transcripts 10° 10 10°
No. of low-copy transcripts 10° 10? 10
No. of mosaics transcripts 10* 10 1

T 142 8T MmN EUEM TR ENDNARTANRET NN DN YYD

Figure 22. Stochastic problems when analyzing a low-copy
transcript. Eight replicate RNA samples (1 ng each) were
amplified using the QuantiTect Whole Transcriptome Kit.
Realtime PCR analysis of NF«B transcript was then performed
using 10 ng amplified cDNA and the QuantiFast Probe PCR
Kit. The resulting C; values were in the range of 30-32.5.
This significant variation occurred because the stochastic
variation in low-copy NF«B transcript in the replicate RNA

samples is amplified, resulting in widely differing amounts
of NFxB cDNA.

* Complete representation of all transcripts.
' Stochastic problems for mosaic transcripts.
* Stochastic problems for low-copy and mosaic transcripts.

§ Stochastic problems for low-copy transcripts and loss of mosaic transcripts.

Crifical Factors for Successful Real-Time PCR
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Optimal template amount

68 70 72 74 76 78 80 82 84 86 88 90 92 94
Temperature (°C)

Figure 11 | SYBR Green melt curve demonstrating the appearance of primer
dimers in a poorly designed assay. At high RNA concentration (50 ng), a
single melt curve appears at around 83 °C (trace A), with no primer dimer
(trace a). Two serial 10-fold dilutions result in a reduction in the 83 "C peak
(B,C) and the appearance of a second peak at around 79 °C (b,c). Further
dilution results in the absence of any target-specific amplification and an
increase in the nonspecific peak (d). The position of peaks b-d is identical to
the no-template control (NTC) (E).
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Quantification of mRNA using real-time RT-PCR
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Reaction volume

* Manufacturers recommend 50 microL

* 25 microL is fine

* 10 microL is generally fine

« 5microL may be fine (for allelic discrimination) but not recommended
for qPCR

« Aim for 3-5 microL template volume in the reaction

« Aim for duplicates unless using so little template (around 10 picogram
or Ct > 35); then you need to use triplicates




cDNA synthesis

Table 3: Comparison of BT primers for cDMA synthesis

Primers for cOMNA Consgiderations
synthesis

* LUse to reverse transcribe gene specific RMA
sequences only

Sequence-specific primer *  Cnly primer type recommended for one-step
RT-PCR

» (Can also be used in two-step RT-PCR

* L=e o reverse franscribe only eukanyotic
mREMNAs and retroviruses with poly-A tails

* Mot all genes have polyA-tails. Cannot
reverse transcribe 185 rRENA

*  May have trouble franscribing kong mRMA

Oligo diT)s tranzscripts (> 1500 bp) or transcripts
containing hairpin loops (secondary structure)

¢+ May not efficiently reverse transcribe
degraded RNA due fo loss of intact poly-A tail.

¢+  Tends to show bias towards 3" end of
franscript

* Can simultaneocusly reverse transcribe all
mRMNAs as well as 185 rRNA (ie. targeis +
endogenous controls)

* Ty first for use with long transcripts,
franscripts containing hairpin loops, and
degraded RMA

* Mot biased to 3° end of franscript

Random Primers
(ex. hexamers)

Applied Biosystems recommends the use of random primers for performing the two-step
RT-PCR method. With this approach, you can generate cDNA from a library of
transcripts in a single reverse transcription reaction; therefore, you can perfiorm real-fime

PCR quantitation of many different targets from one pool of cDNA.

MRNA in formalin fixed samples may have lost their poly-A tails.

applied
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cDNA synthesis

Il  Amplicon 2 kb from 3' end of template
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Figure 23. Effect of RT primer choice on RT-PCR. Two-step RTPCR was carried out using the QuantiTect SYBR Green PCR Kit and
the primer combinations shown. The amplicon was 12 kb from the 3’ end or [ 6 kb from the 3' end of the femplate RNA.
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Primer design

Table 13. Primer design for real-time PCR

Sequence: B length of PCR product should ideally be less than 150 bp

B Avoid complementary sequences within and between primers
and probes

B Avoid mismatches

Avoid a 3-end T as this has a greater tolerance of mismatch
Length: 18-30 nuclectides
GC content: 40-60%
T lsimplified) T = 2°C x [A+T] + 4°C x [C+G])

Crifical Factors for Successful Real-Time PCR
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Primer Selection

Try to achieve similar Tm for all primers: Ideal ~60°C.
(Future multiplexing or use of Tagman™ assays in mind)

Forward and reverse primer should have ATm <2°C
40-60% GC content to prevent G/C region self-hybridization

AG of primer dimer/cross primer dimer formation > -4
kcal/mol to avoid stable primer dimers

Design via software (Always use the same one):
Always perform a BLAST search with your amplicon and

primers
(= Specificity of the PCR)

YDAOD > il : N i i
OPCR Systems QiP™ st e
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Assay design

Step 5: Real-time PCR
Assay Design

Amplicon length affects assay performance:
QPCR uses small amplicons between 70-200 bp

Avoid long primers:

Primers should be in the range of 17-25 bp

Design cDNA specific primers over exon junctions:
Avoids amplification of genomic DNA

T,, of Primers should be at 60°C

Reduces risk of primer dimers and enables running
multiple assays on the same plate or using primers

in a probe based assay

Avoid long probes:

Probes should be in the range of 17-30 bp

Probes should have a T, that is 10°C higher than primers
Probes should bind before primers do

P —— Agilent Technologies


http://www.chem.agilent.com/Library/posters/Public/QPCR basics and applications NIH Oct 22.pdf
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Quantification of mRNA using real-time RT-PCR

Tania Nolan', Rebecca E Hands” & Stephen A Bustin®

“ Primer concentrations may
result in severe changes in CT
values and should remain
constant in all experiments for
the same assay “

Fluorescence (normalized)
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- 8 12 16 20 24 28 32 36 40

cle
Figure 4 | Optimization of primer concentration. cDNA derived from total 40 + Cy

RNA (mouse) was amplified using PCR primers specific to Hepcadin 1 (ref. 62).
Since primer conditions were not specified, all combinations of forward and 357
reverse primer concentrations ranging between 50 nM and 600 nM were used, 30+
similar to the abridged mismatched primer concentration matrix (Table 2).
(a) The amplification plots reveal the huge differences in (., slope and

plateau obtained using identical templates. Each amplification plot represents G 207

25 1

—eretn 1110

a different combination of primer concentration. The horizontal red line ﬂ
represents the threshold, which was set automatically by the instrument. 15
(b) The different primer concentrations resulted in a (; range of more than 10 4

20 cycles with low concentrations of the forward primer corresponding to ‘
high C; values. The most appropriate primer combination is the one that ST
gives the lowest ; and the highest normalized fluorescence. 0o ML

Primer combinations (50-600 nM) (M)
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Pipetting

Table 2: Consequences of inaccurate pipetting

Pipetting problem

Consequence

Sample: Poor pipetting of identical replicates

High Ct standard deviations

Standards: Poor pipetting of standards

High Ct stand__ard deviations (identical
replicates), R™ value <0.99

Standards: Consistent pipetting excess of
diluent in serial dilution (ex. 100 plL instead of
90 ul )

Potentially good R? value >0.99, however

slope of standard curve will be inaccurate;

perceived lower PCR efficiency of assay

Standards: Consistent pipetting deficit of
diluent in serial dilution (ex. 80 pL instead of 90

L)

Potentially good R” value >0.99, however

slope of standard curve will be inaccurate;

perceived higher PCR efficiency of assay

Standards: Consistent pipetting excess of
standard sample in senal dilution (ex. 12 uL
instead of 10 ul)

Potentially good R value =0.99, however

slope of standard curve will be inaccurate;

perceived higher PCR efficiency of assay

Standards: Consistent pipetting deficit of
standard sample in senal dilution (ex. 8uL
instead of 10 pl)

Potentially good R? value =0.99, however

slope of standard curve will be inaccurate;

perceived lower PCR efficiency of assay

P biosystems
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Good Assay

4000 ~Samples
B rart - A1
B rart-aa
& Fart = A7
& rar - A10

e (58

02468910 14 1820 24 2030 34 3840 4 80 “""""[El
Cyele

Standard Curve - ALB GERE

50.00

4500 +

4000 + .
g 35.00 -
2 30.00 —

28.00 bt 1| - ‘ i Good efficiency,
E 20.00 - _ Y-intoroopt: 4099 good sensitivity and

1800 4 LU | - Correlation 0997 good predictive

e _ . - i power.

S.00 ST T T T T T T T T T T T T

1001 1002 10°3 10 s 10°s 1w0e 107
Starting Quantity

Albumin (ALB) gene dosage by real-time PCR
Laurendeau et al. Clin Chem 1999 www)
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Good Assay

TABLE 1. Performance Evaluation of Real-Time PCR

Factors Recommendations Criteria
o Serial dilution with 5-log Slope~ -3.3
Efficiency o
dilutions RZ ~ 0.09
Standard deviation

Precision Minimum of 3 replicates
< 0.167

High replicate number

L of reactions for low copy o ,
Sensitivity _ Statistical test analysis
number sample input due to

Poisson distribution

ABI Understanding C; (www)
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Good Assay

- Increase specificity: Get rid of unspecific amplification
ed. primer dimers

- Increase sensitivity: Get earlier Ct values, detect lower
concentrations

- Increase reproducibility: Low replicate variability,
high amplification efficiency

Optimized for:

* High signal intensity: High RFU / ARn

* Low background (noise)

* Low Ct values

 Maximum Ct = 40 for lowest template amount in dilution series


http://www.chem.agilent.com/Library/posters/Public/QPCR basics and applications NIH Oct 22.pdf

Controls

The Benefit of Controls

Controls enable you to understand unexpected results and
are necessary components of assay validation:

No Template Control (NTC):
Template contamination, primer dimers, probe degradation

No Reverse Transcriptase Control (noRT):
Amplification from genomic DNA

Negative Sample:
Non-specific amplification (non-specific primer/probe binding)

Positive Controls:
Validating assay performance, control for Inhibition

Only controls will tell you which data is good (B Basic Assay Traubleshoatng
or bad! TRATAGENE'

(@ sTRATAGENE
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Controls

< Primer dimers seen in SYBR
= Probe degradation during PCR process
= Template contamination

< non-specific amplification due to mispriming
or non-specific probe binding

SYBR meltcurves are a good tool to
find out about the reasons for positive *
negative controls

Basic Assay Troubleshooting
Fast Track — QPCR Education
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Controls

 No Template controls (NTC)
— No cDNA added to QPCR reaction

— Detects primer dimer, contaminating template,
or probe degradation across cycles

 No Reverse Transcription Control (NoRT)
— RNA sample undergoing reaction w/o RT
— Detects contaminating gDNA in RNA

 No Amplification Control (NAC)

— No Taqg DNA polymerase added to QPCR
reaction

— May indicate high background

(OPCR Systems

| Basic Assay Troubleshooting
| Fast Track — QPCR Education
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AAC; Assay

a. A Validation Experiment Is Necessary to Determine If Your AACy Calculation Is
Valid.

Note: TaqMan@ Gene Expression Assays have amplification efficiencies of 100%, in high quality

samples. AB has extensively tested the design parameters and is confident that the resulting

assays will have 100% efficiency (£10%) when measured over a 6-log dilution range, in samples

that are free of are free contaminants (carmyover phenol, proteins, inhibitors etc).

Note: The experimental values presented are taken from User Bulletin #2, page 14.

Guidelines for a Validation Experiment

Mote: Accurate realtime PCR results depend on a variety of reagent, experimental set-up,
sample quality, and analysis factors. For a listing of factors involved in quality real-time PCR
results, see Factors Affecting Accurate Real Time PCR Results.

The guidelines for running an effective validation experiment are:

1. The input of cDNA should ideally span 5 to 6 logs (1.e.100 ng to 10 pg) and
span the expression levels of your target(s). The initial results will help you in
assessing the dynamic range of each assay. Additional details on assessing
the dynamic range are in “Determination of input RNA amounts to be used in
a relative quantitation study”.

Note: |t may not be possible to include all datapoints in your validation experiment

3. Run the target and endogenous control reactions in separate wells
(singleplex reactions).

4. The primer and probe concentrations should be at the recommended levels
of 900 nM for each primer and 250 nM for each probe. If optimization
experiments yield alternative optimum primer and/or probe concentrations,
adjust the concentrations accordingly.
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AAC; Assay: Validation

Same PCR Efficiency Different PCR Efficiency
—s— Target
—s— Target
— - E‘(EIFEIFTTC ) —m— Reference
T T ACH = AG2
AG 1
J J
pa
Log ng fotal RNA Log ng total RNA
Figure 17 Typical standard curve showing amplification of Figure 15 Typical standard curve showing amplification of

two targets with similar PCR efficiencies. two targets with different PCR efficiencies.

Critical Factors for Successful Real-Time PCR
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AAC; Assay: Validation

Therefore, the slope of the line in this example is 0.0472 (see Figure 6). This would be

considered a passing validation experiment because the absolute value of the slope of
ACrvs_ log inputis < 0.1.

Validation Experiment

y =0.0472x + 3.0157

33
‘,_
O 3194+
E .—H—F—P_—.—!
S 2.9 *
hi
27 | | | ¢
-2 15 -1 05 0 B Predicted Y
——| irear
Lug I“IJUt {Predicted Y)

Figure 6: Validation plot of AC+ vs. log input amount of RNA
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AAC; Assay

Table 11: Fold change expression of c-myc after treatment, calculated by AAC; method

AC AAC, Fold difference
Sample c-myc GAPDH om TE in c-myey
P Average C;| Average Cy G:G.PIIEII:I ACrtreated -ACr| |ojative to
untreated untreated
untreated 3049+0.15 | 23632009 | 6.86x0.19 0.00+0.19 ":!j’l 1)
Drug treatment A| 27.03x0.06 | 22662008 | 4.37x0.10 —2.4+0.10 (5 g_g 0)
37
Drug treatment B| 2625007 | 24 60007 | 1.65x0.10 —5.11x0.10 (34.5-39.7)
16.5
5.83+0. 01+0. 81+0. —3.95x0.
Drug treatment C| 2583007 | 23.01£0.07 | 2.81x0.10 395010 (15.4-17.7)
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Dye selection

Table 15. Combinations of reporter dyes for multiplex assays using QuantiFast and QuantiTect Multiplex Kits

Cycler Reference dye Dye 17 Dye 2 Dye 3' Dye 4°

ABI PRISM 7700 ROX FAM HEX, JOE, VIC — —

ABI PRISM 7000 and 7900, ROX FAM HEX, JOE, VIC Bodipy TMR, NED —

Applied Biosystems 7300,

StepOnePlus

Applied Biosystems 7500 ROX FAM HEX, JOE, VIC Bodipy TMR, NED Alexa Fluor 647, Cy5

iCycler iQ and iQ5 Not required FAM HEX, JOE, TET, VIC Texas Red, ROX Cy5

LightCycler 2.0 Not required FAM HEX, JOE, VIC Texas Red, ROX Alexa Fluor 660,
Bodipy 630/650, Pulsar® 650

Mx3000P®, Mx3005P* Not required FAM HEX, JOE, VIC Texas Red, ROX Cy5

Rotor-Gene &000 Not required FAM HEX, VIC ROX Qluasar® 705

* Visit www.giagen.com/multiplex to view dye combinations for other cyclers, including dye combinations for 5-plex PCR.

' Preferably, select Dye 1 for the least abundant target, Dye 2 for the second least abundant target, and Dyes 3-4 for the most abundant targets.

Crifical Factors for Successful Real-Time PCR
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Normalizer selection

Table 7. Housekeeping genes commonly used as endogenous references

Gene symbol Relative expression level’
Gene Human Mouse Human Mouse
185 ribosomal RNA RRN185 Rn18s 4+ e
Actin, beta ACTB Actb +++ +++
Glyceraldehyde-3-phosphate dehydrogenase GAPDH Gapdh 4+ 4+
Phosphoglycerate kinase 1 PGK1 Pgkl +++ ++
Peptidylprolyl isomerase A PPLA Ppia +++ +++
Ribosomal protein L13a RPL13A Rpl13a +++ +++
Ribesomal protein, large, PO RPLPO 44
Acidic ribosomal phosphoprotein PO Arbp 4+
Beta-2-microglobulin B2M BZm +4+ — +++ ++ - ++4
Tyrosine 3-monocoxygenase/tryptophan YWHAZ Ywhaz ++ — +++ +
S-monocoxygenase activation protein,
zeta polypeptide
Suecinate dehydrogenase complex, SDHA Sdha ++ +
subunit A, flavoprotein (Fp)
Transferrin receptor TFRC Thre ++ -
Aminclevulinate, delta-, synthase 1 ALAST Alas] + +
Glucurcnidase, beta GUSE Gusb + +
Hydroxymethylbilane synthase HMBS Hmbs + ++ — 44
Hypoxanthine phosphoribosyliransterase 1 HPRT1 Hprt] + +
TATA box binding protein TEP Thp + +
Tubulin, beta TURE T
Tubulin, beta 4 Tubbd -

* "+" indicates relative abundance of the transcripts.

Crifical Factors for Successful Real-Time PCR
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Normalizer selection

Column | Control Assay Abbreviation
1 Internal Positive Control IPC
2 185 rRNA 18S
3 Acidic ribosomal protein huPO
4 Beta-actin huBA
) Cyclophilin huCyYC
6 Glyceraldehyde-3-phosphate dehydrogenase huGAPDH
7 Phosphoglycerokinase huPGK
8 Bs>-Microglobulin hup2m
9 B-Glucronidase huGUS
10 Hypoxanthine ribosyl transferase huHPRT
11 Transcription factor 11D, TATA binding protein huTBP
12 Transferrin receptor huTfR

TagMan® Human
Endogenous
Control Plate

. Applied
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Normalizer selection

AC; (cycles)

200 . [IPC 185 huPO huzA huCYC |huGAPDH| huPGK hui2m huGUS | huHPRT | huTBP huTfR

100 1 oo S E o 2 ©

-1.00 + o '.E. P‘-',-"-} o — < @ - @

2001 7 - 2 G 9 < N

-4.00 + o ° k > w0

-5.00 + f;‘ E

E ACt Sample 1 B ACt Sample 2 L1ACt Sample 3

Stable endogenous controls do not TagMan® Human
yield ACt values greater than that of Endogenous
IPC and do not show much variation. Control Plate
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Demonstrating

Normalizer selection Performance with

TaqMan Human
Control Total RNA

TagMan Human Control Total RNA is available to demonstrate the
performance of the TagMan Human Endogenous Control Plate. The
figure below shows a typical gene expression profile for the sample.

40

30

20 -

10 -

TagMan® Human
Endogenous
Control Plate

huGAPDH
huPGK
hupzm
huGUS
huHPRT
huTBP
huTfR
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Normalizer selection

IFC 185 PO BA CYC GAPDH PGK B2m  GUS HPRT TEP TR

by

FIGURE 1. Variation in housekeeping gene expression in
healthy individuals. The calibrator served as a baseline for
the assay and is shown as zero on the graph. Samples with
values above zero indicate lower levels of target gene expres-
sion, whereas those below zero indicate a higher level of
expression of the specific gene compared with the calibrator.
Genes that show little variation from the calibrator (zero
line) in multiple sample analvsis were chosen for use as reli-
able internal housekeeping control genes.

ACT (Cycles)

-5

Sabek et al. Transplantation 2002 (www)
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18S as a Normalizer

EPTLE piots of the 18S IRNA
it target

Plots of less abundant

: ) ' .
. Tegssassd -2 b iy = . H
103 [ Tesane” targets (dispersed)
. 1 r w 4

Baseline (cycles 2-7)

* Most abundant RNA: may need singleplex runs using
diluted samples or competimers (Ambion); not suitable
for rare target transcripts

* Forces separate baseline settings in some instruments
* Not mRNA

* Does not have 3’ poly-A tail

 Ct value should be smaller than 22 for valid results

TagMan® Human
Endogenous
Control Plate
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GAPDH as a Normalizer

* The most unstable and inconsistent
normalizer!

* Just don’t use it!

* A case of majority not always being
right!




Interpretation

“ Any assessment of the biological consequences of variable mRNA
levels must include additional information regarding regulatory RNAS,

protein levels and protein activity ”

15
r. =
all
- 1 r . = A 1 7
S . ;
g m . . "( "
% 0'5._ . ..' ’} .0 .
e N > ‘e . g

E HmnpAD.‘o: &lf - o‘

o] 05 2 v 1

0 R ) -4 S

E v A8V Fapso

vg.o_s— /‘,I'._-o ", :.0 : : ]-

2 e K o Not significant

8 o | + Correlated |

-1t 7 * Anticorrelated
F * RNAonly |
. |/ | * Protein only
Ws 4 a5 0 05 i 15
log, (Ratio of RNA)

Fiz. 1. Scatter plot of mRNA versus cognate protein expression
ratios (log,,) of MPRO:EML. The correlation coefficient for the 150
signature genes between mRBNA and protein is Tug = 0.64, and the
overall correlation for all the genes (425 in total) in the analysis is
ran = 0.59.

Quantification of mRNA using real-time RT-PCR
Tania Noban', Kebecca E Hands® & Stephen A Bustin®

Weak Correlation Between mRNA
and Protein Levels in Eukaryotes

A total of 150 signature genes showed
significant changes at either the protein
and/or the mRNA level in two bovine bone
marrow derived cell lines. 113 signature genes
(76%) exhibited changes for mRNAs and their
cognate proteins in the same direction (1st
and 3rd quadrants), only 29 of them changed
significantly at both mRNA and protein levels
and were thus dubbed correlated genes (red).
In contrast, 67 genes showed significant
changes at the mRNA but not the protein level
(green), whereas 52 genes showed significant
changes at the protein but not the mRNA level
(blue). Another two genes showed opposite
expression patterns of mMRNA and protein
(brown). The correlation coefficient between
MRNA and protein is 0.64 for the signature
genes and 0.59 for all the genes examined.
Tian, 2004 www)
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Quantification of mRNA using real-time RT-PCR

Tania Nolan', Rebecca E Hands” & Stephen A Bustin®

BOX 1 | CONSIDERATIONS FOR RT-qPCR PROCEDURES

General

® For all procedures use DNase/RNase-free consumables.

@ Maintain a dedicated set of micropipettes and use filter barrier tips for all gPCR reactions.

® Dilute the template so that between 3 pl and 10 pl are added to each gPCR reaction. This reduces inaccurades due to attempting to pipette
very low volumes.

® Always aliguot all reaction components and use fresh aliguots if product is detected in the no template control (NTC).

® Always include a NTC after all reagents have been dispensed to reveal potential cross contamination.

® Defrost all reagents on ice and mix well prior to making up reaction mixes (we prefer inversion to vortexing, followed by a quick spin).

® Avoid exposing fluorescent probes and fluorescent nucleic acid binding dyes to light.

@ When preparing mastermixes take care to ensure that all samples and controls have been accounted for. Make extra mix to allow for pipetting
irregularities (usually around 10% or an extra sample is sufficient).

® When using a block-based PCR system briefly spin reaction tubes to ensure the removal of bubbles.

Reverse transcription

® In general, use total RNA as the template for the reverse transcription.

® Add the same amount of total RNA into each reaction.

® When possible use target spedfic primers; if using random primers use 15-mers®,

® Use a thermostable RT enzyme such as Superscript I11.

® If possible process samples simultaneously to avoid batch-to-batch variation.

® Always include no-RT controls to reveal the presence of contaminating gDNA. This is important if the target transcript is present in low copy
numbers, where the assay cannot be designed across intron-exon boundaries or where the intron sequences are less than 1 kb and so might
amplify during the PCR step.

PCR

® Positive template control (PCR product, synthetic amplicon, linearized plasmid) to check for consistency of reaction.

® A NTC (i.e., water control for PCR) is essential to check for non-specific signal arising from primer dimers or template contamination.

® Perform reactions in duplicate (triplicate if Gis are =35). If the data from these differ by = 0.5 (;, the reactions should be repeated. If the
reproducibility is consistently low, the assay should be re-optimized. Carrying out reactions in duplicate is generally sufficient. It is more

important to run biological duplicates, as these will identify the true vanability within the data. (WWW)
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