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Introduction

Real-Time PCR is a method that has been introduced relatively recently.
The technology combines DNA amplification with detection of the
products in a single tube. The homogeneous format is highly beneficial
as it removes the significant contamination risk caused by opening tubes
for post-PCR manipulation. It is also less time consuming than gel based
analysis and can supply a quantitative result.

Current detection methods are based on changes in fluorescence
proportional to the increase in product, whether specific or non-
specific. Fluorescence is monitored during each PCR cycle to provide an
amplification plot, allowing the user to follow the reaction (Figure 1.).
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Figure 1. Amplification plot of 2 x serial diluted cDNA derived from primary fibroblasts
using the 18S rRNA Control Kit Yakima Yellow®.

There are now a number of Real-Time PCR thermocyclers designed to
carry out Real-Time reactions and analyze the results. With the
introduction of easy-to-use reagent kits Real-Time PCR has become an
attractive option for applications such as expression profiling
(quantitative PCR) and allelic discrimination. This document aims at
providing a comprehensive, simple guide to Real-Time PCR, covering
the different technologies, applications, designs and protocols. There
are a number of decisions to be made once the initial decision to use
Real-Time PCR has been made for a particular application. First, there
is the choice of the instrument and the technology. Many Real-Time
thermocyclers are capable of running most of the current technologies
but care should be taken when matching the machine with technology.
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Instrumentation

There are currently several Real-Time PCR thermocyclers on the mar-
ket. They can be classified in two categories in function of the needs of
the user: high-throughput instruments and flexible instruments.

The high-throughput instruments, which have 96 or 384-well plate for-
mats, are dedicated for laboratories running large batches of samples
and few different parameters.

The flexible instruments are more dedicated to experiments with smal-
ler batches of samples but are faster and present more flexibility, allo-
wing the user to run different parameters each time.

GeneAmp® SDS 5700

The GeneAmp® Sequence Detection System 5700 is a system for Real-
Time PCR, which includes a GeneAmp® 9600 thermal cycler combined
with precision optics. It is a 96-well plate format instrument, where
excitation is done via a halogen lamp. It has been optimized to detected
dyes such as SYBR® green | and FAM. The experiment is completed
within 2 hours. The machine was one of the first out on the market, but
has been discontinued in the mean time and has been replaced by the
cost-effective multichannel ABI Prism® 7000.

Fore more detailed information: http://home.appliedbiosystems.com

ABI Prism® SDS 7000

The ABI Prism® SDS 7000 is a 96-well plate format instrument; all the
wells are illuminated by a tungsten - halogen lamp. There are 4 optical
filters, which are optimized for the use of FAM or SYBR® green |, VIC or
Yakima Yellow®, TAMRA and ROX dyes that enable multiplexing. A com-
plete experiment can be run in 2 hours, a dissociation curve can be dis-
played and the results are displayed during the run of the experiment.
Fore more detailed information: http://home.appliedbiosystems.com

ABI Prism® SDS 7700

The ABI Prism® SDS 7700 is a 96 well-plate format system with multi-
plexing capabilities. Excitation of the fluorescent dyes is done through a
laser. Fluorophores with an emission between 500 and 660 nm can be
detected on these platforms. The standard set-up is such that the com-
mon dyes like FAM, TET, JOE, Yakima Yellow® or VIC, ROX, TAMRA and
SYBR® green | can be used. A typical experiment takes about 2 hours.
The ABI Prism® SDS 7700 has been discontinued and is replaced by the
ABI Prism® SDS 7900 HT.

Fore more detailed information: http://home.appliedbiosystems.com
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ABI Prism® SDS 7900 HT

The ABI Prism® SDS 7900 HT is available as either a 96 or a 384-well plate
format system for high-throughput applications. The ABI Prism® 7900 HT
is sold with a robotic plate loading system. Excitation of the fluorescent
dyes is done through a laser. Fluorophores with an emission between 500
and 660 nm can be detected on these platforms. The standard set-up is
such that the common dyes like FAM, TET, JOE, Yakima Yellow® or VIC,
ROX, TAMRA and SYBR® green | can be used. A typical experiment takes
about 2 hours.

Fore more detailed information: http://home.appliedbiosystems.com

ABI 7300 and 7500 Real-Time PCR Systems

The ABI 7300 and 7500 Real-Time PCR System machines have been
recently introduced to the market. The software of these third-genera-
tion Real-Time thermocyclers has been improved. Both platforms are
96-well plate formats and use a tungsten halogen lamp for excitation.
Both machines can run an experiment with samples of 25-100 pl in 2
hours. The ABI 7300 has been optimized for the use of FAM or SYBR®
green |, VIC or Yakima Yellow® or JOE, TAMRA and ROX. The ABI 7500
provides 5 colour detection and supports a broader range of fluoro-
phores like FAM or SYBR® green |, VIC or Yakima Yellow® or JOE, NED or
TAMRA or Cy® 3, ROX or Texas Red® and Cy® 5. The ABI 7500 allows a
better sensitivity with longer wavelength dyes.

Fore more detailed information: http://home.appliedbiosystems.com

iCycler iQ®

The iCycler iQ® is a 96-well PCR machine, which is a standard PCR
machine with an additional optical unit. The unit uses a CCD camera to
measure emission from each well simultaneously and can detect 4 dif-
ferent dyes at once being FAM or SYBR® green |, VIC or Yakima Yellow® or
HEX or TET or Cy® 3, TAMRA, ROX or Texas Red® and Cy® 5. A halogen
lightsource illuminates the samples. Experiments can be run in 2 hours.
Fore more detailed information: http://www.bio-rad.com

Mx3000p® Multiplex quantitative PCR system

The Mx3000p® Multiplex quantitative PCR systems is a low cost perso-
nal thermocycler. This machine can also detect four fluorophores within
the same reaction using four different channels (customized filters). It
is a 96-well plate format, which is illuminated by a halogen lamp, which
excites in the range of 350-750 nm. The detection is done by a scanning
photomulitplier tube (PMT). The light is red through selected filters,
which permit detecting the following dyes: FAM or SYBR® green |, TET,
HEX or JOE or VIC or Yakima Yellow®, TAMRA or Cy® 3, Texas Red® or
ROX and Cy® 5 or Alexa Fluor® 350.

The extended excitation range offers good multiplexing possibilities in
which 4 targets can be detected at the same time. Experiments can be
runin 2 hours.

Fore more detailed information: http://www.stratagene.com/
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Mx4000°

The Mx4000® Multiplex Quantitative PCR system uses a halogen lamp
for excitation of dyes with excitation wavelengths between 350-750 nm.
It can detect 4 fluorophores (350 nm-830 nm) in one reaction. Different
excitation and emission filter sets are available for the detection of FAM
or SYBR® green |, TET, HEX or JOE or VIC or Yakima Yellow®, TAMRA or
Cy® 3, Texas Red® or ROX and Cy® 5. These filter sets can be customized
for the end user. This machine is a 96-well format.

Fore more detailed information: http://www.stratagene.com

DNA Engine Opticon®

The DNA Engine Opticon® is a Real-Time system based on a PTC 200
thermal cycler. It combines a 96-well DNA engine and an optical system,
the Opticon fluorescence detector. An array of 96 blue LEDs illuminates
the cycler wells one at a time, and a photomultiplier tube detects fluo-
rescence.

The DNA Engine Opticon® excites fluorescent dyes with absorption
spectra in the 450 to 495 nm range. The system is optimized for dyes
with emission spectra in the 515 to 545 nm range as SYBR® green | and
FAM, which only enables singleplex reactions. An experiment can be run
in 2 hours.

Fore more detailed information: http://www.mjr.com

DNA Engine Opticon® 2

DNA Engine Opticon® 2 is a 96-well plate thermocycler, which has a mul-
ticolour capacity. The 96-wells are illuminated by an array of 96 LEDs for
excitation in a range of 470-505 nm and for sensitive detection. The fluo-
rescence detection is done in two different channels; in channel 1 the
wavelength range detected is 523-543 and in channel 2 it is 540-700 nm.
This permits detecting in channel 1 SYBR® green | or FAM and in chan-
nel 2 TET, HEX, VIC / Yakima Yellow® or TAMRA, which enable to do
duplex detection. The machine allows either quantitative or allelic dis-
crimination; it is also a flexible machine as it is possible using 12 diffe-
rent temperatures to optimize reactions in a single run.

Fore more detailed information: http://www.mjr.com

Chromo 4 Real-Time detector

The Chromo 4 is a 96-well plate machine that can be adapted to any
DNA Engine thermal cycler; it is fully swappable with all user-chan-
geable sample blocks available. The instrument has a four-colour capa-
bility, which allows multiplexing. It also has swappable detection
modules (with LEDs] that can be ordered with customized filter sets.
The 96-wells are independently excited and detected to minimize cross
talk. It is a four-channel detection instrument; in channel 1 wavelengths
between 515 and 530 nm are detected, in channel 2 between 560 and
580 nm, in channel 3 between 610 and 650 nm and in channel 4 between
675 and 730 nm. Different reaction volumes can be used (10-100 pl,
with a recommended reaction volume of 20 pl.

Fore more detailed information: http://www.mjr.com
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Quantica® Real-Time nucleic acid detection system

The Quantica®is a 96-well plate machine, which has recently been laun-
ched on the market. The halogen white light source and PMT detector
gives an excitation range between 470 and 650 nm and a detection range
between 500 and 710 nm. It is possible to work either with a single or a
dual channel instrument, which enables multiplexing with the possibili-
ty of using different chemistries. It is a fast instrument with ramp rates
up to 3 °C / second.

For further information: http://www.techne.com

InSite Real-Time Nucleic Acid Detection/Analysis System
The InSite is a 96-well plate format using reaction volumes between 10
and 50 pl. The machine can be used with every standard chemistry and
dye. The ECP technology (Patented Electrically Conducting Polymer])
that the machine is using permits to heat the vessel directly; each ves-
sel has an infrared sensor to ensure independent thermal control. The
machine emits light with a wavelength between 520 and 720 nm using a
multichannel laser collector. It is ultra rapid cycling, which enables to
run 30 cycles in 20 minutes.

For further information: http://www.biogene.com

LightCycler®

Another popular machine is the LightCycler®. This is very similar to the
Idaho Rapid Cycler, from which it was developed. Rather than using
plastic tubes and plates this machine uses glass capillaries. The
LightCycler® is extremely fast, with a ramp rate of 20 °C per second, but
is only capable of doing 32 samples in one run. Dye excitation is from a
single LED at 470 nm but it is only capable of detecting at 530 nm (FAM or
SYBR® green 1}, 640 nm and 710 nm. There are very few dyes that are
excited at 470 nm and emit at 640 or particularly 710 nm. This causes a
problem for multiplexing probes. The machine was originally set up for
the Roche technology, hybridization probes, which use FRET
(Fluorescence resonance energy transfer-Ju et al. 1995) to transfer
energy from FAM to the Roche dyes LC red 640 and LC red 705. This
machine is suitable for fast cycling using a FAM Double-Dye
Oligonucleotide probe or SYBR® green |. There is a novel Scorpions® and
Molecular Beacons design that also allows detection of ROX in channel 2
(640 nm).

Fore more detailed information: http://biochem.roche.com
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LightCycler® 2.0 Instrument

The new LightCycler® 2.0 Instrument has been specially designed to
enable multiplex assays. The 6 detection channels provide detection of
the following wavelength: 530, 560, 610, 640, 670, and 710 nm. This
enables to detect dyes such as SYBR® green | / FAM / Fluorescein, HEX /
VIC or Yakima Yellow®, LC Red 610, LC red 640, LC Red 670 and LC red 705.
A new software is available with the new machine, which permits to
design 4 primers and probes at the same time. It is a 32-glass capillary
system but it is now also possible to run either 20 or 100 pl reactions.
Fore more detailed information: http://biochem.roche.com

Smartcycler®

The Smartcycler® system is a highly versatile and efficient thermal
cycler with Real-Time optical detection, specifically tailored to the
rapidly evolving needs of today’s molecular biology laboratory.

The core of the smart cycler system is a I-Core® (Intelligent Cooling /
Heating Optical reaction] module, incorporating state-of-the-art
microfluidic and microelectronic design. Each Smartcycler® processing
block contains sixteen independently programmable I-Core® modules,
each of which performs four-colour Real-Time fluorometric detection.
Samples are amplified and measured in the Smartcycler® proprietary
sealable reaction tubes, which are designed to optimize rapid thermal
transfer and optical sensitivity. Six blocks can be linked together to give
a high throughput machine.

The Smartcycler® software enables single or multiple operators to
define and simultaneously carry out any number of separate
experiments, each with a unique set of cycling protocols, threshold
criteria, and data analysis.

In addition, thermal and optical data from each and all sites can be
monitored in Real-Time and graphs of temperature, growth curves,
and melt curves can be charted as the data are collected. This will
increase considerably the throughput of the system, and will be ideal for
optimization of different cycling conditions. It is an open system being
able to run all existing chemistries as SYBR® green |, Double-Dye
oligonucleotides, Molecular Beacons, Scorpions® primers and FRET
technology. The machine enables the use of 16 tubes at the same times,
and four colours can be detected - FAM / TET / TAMRA / ROX.
Experiments can be runin 0.5 hour.

Fore more detailed information: http://www.cepheid.com
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Smartcycler® Il system

The Smartcycler® Il is built with 16 modular I-Core®, which all maintain
a specific temperature. The new machine has four optical channels,
which enable the use of different dyes compared to the previous one.
The instrument allows the use of different techniques such as
intercalating dyes like SYBR® green |, Molecular Beacons, Double-Dye
Oligonucleotide probes, Amplifluor® and Scorpions® primers. The
machine displays the graphs in real time and enables the use of two
different reaction volumes (25 pl and 100 pl).

The new software enables more operators to define and carry out in the
mean time different separate experiments. Moreover, thermal growth
and meltcurve can be performed during data collection. It allows the
detection in four different channels in the same time of wavelength in
between 510 nm and 750 nm. The dyes detected are FAM or SYBR®
green | in channel 1, Cy® 3 or TET in channel 2, ROX or Texas Red® in
channel 3 and Cy® 5 in channel 4, which enable multiplex assays.

The machine uses a precise heating and cooling and has a fast thermal
ramp rate, which permits a run of 0.5 hour. It is also possible to run
different protocols simultaneously in each of the 16 tubes.

Fore more detailed information: http://www.cepheid.com

RotorGene 2000

The RotorGene 2000 combines a Real-Time PCR machine with a
centrifuge. The samples are held in a rotor, which spins at high speed and
eliminates all sample-to-sample variation in temperature. The rotor takes
32 samples. There are 2 excitation sources, a LED emitting at 470 nm and
one emitting at 530 nm. It has 2 detection channels at 510 and 550 nm and
there is no spectral overlap between the channels. This machine can
detect SYBR® green |, FAM, TET, JOE and VIC or Yakima Yellow®.

Fore more detailed information: http://www.corbettresearch.com

RotorGene 3000 Four Channel Multiplexing System

The RotorGene 3000 multi filter system can be used for the detection of
either 32 or 72 samples (two rotors are available) and can detect all
available Real-Time chemistries including SYBR® green |, Double-Dye
Oligonucleotide probes, FRET probes and Molecular Beacons...

The fluorescence of up to 4 different probes can be detected in a single
tube; in channel 1 the detection of fluorescence can be done at 510 nm, in
channel 2 at 555 nm, in channel 3 at 610 nm and in channel 4 at 660 nm.
This permits the detection of the following fluorophores, FAM, TET, JOE,
VIC or Yakima Yellow®, Max, ROX, Cy® 3, Cy® 5, Texas Red®.

The instrument uses a heat cooler, which permits to run an experiment
within 1 hour.

Fore more detailed information: http://www.corbettresearch.com
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Quantitative and qualitative
PCR technologies

To understand how technologies work it is first necessary to understand
PCR (figure 2). In brief, this technology was first developed in 1983 to
amplify fragments of DNA. It uses the ability of a thermo-stable DNA
polymerase enzyme (Tag polymerase] to extend short single-stranded
synthetic oligonucleotides (primers) during repeated cycles of heat
denaturation, primer annealing and primer extension. The primers are
designed to bind the DNA fragment to be amplified. The Tag polymerase
uses the target DNA added to the reaction as a template for primer
extension. At each cycle, more DNA is synthesized, providing additional
template. The reaction proceeds in an exponential manner, doubling the
amount of target each cycle, until one of the reagents becomes limiting
and the reaction reaches a plateau.
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Figure 2. The Polymerase Chain Reaction. (K. Mullis and F. Fabona, 1987). The red
and pink lines represent the primers that the polymerase extends from. The blue and
black lines represent the single-stranded DNA template produced from denaturation of
the double-stranded DNA template.

There are 2 types of DNA detection chemistries that are used in Real-
Time PCR. Specific sequence detection distinguishes between the
sequence of interest and primer dimers or non-specific amplification. It
can also be used to detect different alleles. Non-specific detection
detects all double-stranded DNA produced during the reaction.
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The standard method for non-specific detection is a double-stranded
DNA intercalating dye that fluoresces once bound to the DNA. The most
commonly used dye is SYBR® green | (http://www.probes.com/]). This dye
is excited at 497 nm and emits at 520 nm. The different products
detected by SYBR® green | can be observed by doing a melt curve at the
end of the reaction. The reaction is heated slowly from 40 °C to 95 °C
whilst continuously monitoring the fluorescence. The point at which the
double-stranded DNA melts is observed as a drop in fluorescence as
the SYBR® green | dissociates. Different length of products and products
of different sequences will melt at different temperatures and will be
observed as distinct peaks when plotting the first negative derivative of
fluorescence vs temperature (many machines will do this calculation in
the analysis software). If the PCR reaction is fully optimized it is possible
to produce a melting peak profile that contains only a single peak that
represents the specific product expected from the primer pair. If this
can be obtained, SYBR® green | can be useful for quantification. SYBR®
green | can often be useful for optimizing a PCR reaction and checking
that the primers are working well before moving on to use one of the
specific methods. One of the advantages of using such a dye is that
several target genes can be analyzed simultaneously without the need
to synthesize expensive double labeled probes. However, with SYBR®
green | assays it is of the utmost importance to do a very good primer
design to make sure that only specific products are obtained and primer
dimers are avoided. Only in this way an accurate quantitation can be done.
An alternative to SYBR® green | is SYBR® Gold (http://www.probes.com/).
The spectrum of this dye is slightly shifted compared with SYBR® green |,
with the excitation peak at 495 nm and the emission peak at 537 nm. As
most machines are set up for SYBR® green | the SYBR® Gold emission
peak will be missed by the machines unless otherwise calibrated. The
advantage of using SYBR® Gold is that it is far more stable than SYBR®
green |, which degrades very quickly.

There are a number of specific detection systems that use probes.
These probes can be labeled with a wide range of dyes such as those
mentioned in the instrumentation section as well as others. Their
different excitation and emission spectra allow the dyes to be
distinguished from one another. Alternative dyes that improve signal
and make probe synthesis more efficient have been developed
(www.epochbio.com). Below are listed some of the most popular
methods currently used.
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TagMan® probes

TagMan® probes also called Double-Dye Oligonucleotide or dual labeled
probes, are the most widely used type of probes and are often the
method of choice for scientists who have just started using Real-Time
PCR. They were developed by Roche (Basel, Switzerland) and ABI
(Foster City, USA) from an assay that originally used a radiolabeled
probe (Holland et al. 1991) and consist of a single-stranded probe
sequence that is complementary to one of the strands of the amplicon.
A fluorophore is attached to one end of the probe and a quencher to the
other end. The fluorophore is excited by the machine and passes its
energy, via FRET, to the quencher. Traditionally the FRET pair has been
FAM as the fluorophore and TAMRA as the quencher. TAMRA is excited
by the energy from the FAM and fluoresces. As this fluorescence is
detected at a different wavelength to FAM the background level of FAM
is low. The probe binds to the amplicon during each annealing step of
the PCR. When the Tag polymerase extends from the primer bound to
the amplicon it displaces the 5" end of the probe, which is then degraded
by the 5°-3" exonuclease activity of the Tag polymerase. Cleavage
continues until the remaining probe melts off the amplicon. This
process releases the fluorophore and quencher into solution, spatially
separating them compared to when they were held together by the
probe. This leads to an irreversible increase in fluorescence from the
FAM and a decrease in the TAMRA. Other quenchers can also be used,
especially dark quenchers that give higher signal to noise ratios. For
recommendation of dye combination see p 28-29.
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TagMan® probes can be used for both quantification and mutation
detection and most designs appear to work well. They are convenient
either for allelic discrimination or expression profiling and are usually
easy to design, easy to use in a standard protocol and need minimal
optimization. For mutation detection the probe is designed to hybridize
over the mutation and can be made specific enough to detect single
base differences. To obtain robust allelic data it is vital that a probe is
used for each different mutation otherwise negative results with one
probe, caused by failed PCR reactions, can be scored as an absence of
a particular allele. Ideally these probes would be multiplexed to make
the assays faster and cheaper.

TAMRA, whilst being used as a quencher, can also be used as a
fluorophore. Using a different quencher would free up TAMRA to
improve multiplexing capability. There are now several ‘Dark quenchers’
available. These absorb the energy emitted by the fluorophore but
release it as heat rather than fluorescence. Examples of these are Deep
Dark Quencher | or Deep Dark Quencher Il (Eurogentec), Dabcyl
(Nasarabadi et al. 1999) and Eclipse® Dark Quencher. A dark quencher
gives a higher signal to noise ratio, thus more sensitive assay; that is
why we do recommend to use dark quenchers when doing multiplexing
assay (see p 28). Multiplexing is often a difficult question to address and
the choice of the correct fluorophore dyes is therefore crucial.
Eurogentec is for example a licensed provider of a fluorescent dye
developed by Epoch Biosciences (Bothell, USA). This fluorophore-
phosphoramidite called Yakima Yellow® can conveniently be
incorporated under normal fluorescent probes synthesis conditions.
Use of the Yakima Yellow® dye significantly increases both the number
of independent reporters possible in an assay, and thus increases the
wavelength range available for use. For best results, the combination of
FAM (target) and Yakima Yellow® (endogenous control] is recommended.
As so, Yakima Yellow® offers the most affordable alternative to the use
of VIC dye (absorption and emission of maximum wavelengths are
respectively of 528 nm - 546 nm for VIC and 525-548 nm for Yakima
Yellow®).
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LNA Double-Dye Oligonucleotide probes

LNA (Locked Nucleic Acid) has been developed by Exiqon® (Vedbaek,
Denmark). By changing the conformation of the helix and increasing the
stability of the duplex, the integration of LNA bases into Double-Dye
Oligonucleotides probes opens great perspectives to improve
techniques requiring high affinity probes as specific as possible, like
SNP detection, expression profiling and in situ hybridization.

LNA is a bicyclic RNA analogue, in which the ribose moiety in the sugar-
phosphate backbone is structurally constrained by a methylene bridge
between the 2’-oxygen and the 4’-carbon atoms (Obika et al. 1997,
Koskhin et al. 1998, Singh et al. 1998) (figure 4).
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Figure 4: INA bases

The integration of LNA bases into probes changes the conformation of
the duplex when the annealing with DNA bases occurs. The integration
of LNA moieties on every third position changes the structure of the
double helix from the B to A type (figure 5).

This conformation allows a much better stacking and therefore a higher
stability. By increasing the stability of the duplex, the integration of LNA
monomers into the oligonucleotides sequence allows to increase
consequently the Tm of the duplex, thus resulting to reduce the size of
the probe, which increases the specificity of the probe.

Figure 5: B helix and A helix containing LNA bases

A project has evaluated the performance of LNA and MGB® probes in 5’
nuclease PCR assays and the results have shown that there were very
slight differences between both technologies and that these results could
be considered as similar either if MGB® or LNA were used. Both assays
were showing the same sensitivity and specificity (Lelertre et al., 2003).
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Molecular Beacon probes

Molecular Beacons (Tyagi and Kramer, 1996) differ from TaqMan®
probes in both their structure and mode of action. They consist of a
hairpin loop structure where the loop is a single-stranded probe that is
complementary to the amplicon. The stem is approximately 6 bases
long, should mainly consist of C's and G’s and holds the probe in the
hairpin configuration. A fluorophore is attached to one end of the stem
and a quencher (usually Deep Dark Quencher | or Dabcyl) to the other.
The stem holds the two in close proximity and quenching occurs by
collisional quenching.

When the amplicon is produced during the PCR, the probe is able to bind
to a specific sequence providing the design such that the probe-target
duplex is thermodynamically more stable than the hairpin structure at
the fluorescent acquisition temperature. Once the probe binds to its
target the hairpin is opened and the fluorophore and quencher are
separated.

The increase in fluorescence that occurs is reversible, unlike TagMan®
probes, as the probe will dissociate at high temperatures and close back
into the hairpin structure. Eventually, as temperature is increased, the
stem will melt giving a linear probe that is high in fluorescence. This
gives a melt curve that is very useful for observing the dynamics of the
reaction and the best temperature for fluorescent acquisition.
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Figure 6: Melt curve of a Molecular Beacon with and without a synthetic complement
as a target. Annotations show the configuration of the beacon and target at different
temperatures.

EUROGENTEC 2004 | www.eurogentec.com | info@eurogentec.com

@

13



The stem structure adds specificity to this type of probe as the hybrid
formed between the probe and target has to be stronger than the
intramolecular stem association. Mismatched targets will form a probe-
target duplex but this will dissociate at a lower temperature than a
perfectly matched duplex. The associated differences in the melt curves
will show this and a mutation detection assay can be developed to
monitor fluorescence at a temperature where the probe binds to the
perfectly matched target but has dissociated from a mismatched target.
Therefore Molecular Beacons are convenient either for allelic
discrimination or gene expression; they give easily a discrimination and
are convenient for multiplex assays. One problem with molecular
beacons is that although good designs can give nice results, the signal
is often very poor, as no physical separation of fluorophore from
quencher occurs.

An easy way to improve signal strength is to use the wavelength-
shifting Molecular Beacons (Tyagi et al., 2000]). These Molecular
Beacons are nucleic acid probes that contain a harvester fluorophore
that absorbs strongly into the wavelength range of monochromatic light
source, an emitter fluorophore of the desired emission colour, and a
non-fluorescent quencher. On the absence of complementary nucleic
acid targets, the probes are non-fluoresent. In the presence of targets,
they fluoresce, not in the emission range of the harvester fluorophore
that absorb the light, but rather in the emission range of the emitter
fluorophore. This shift in emission spectrum is due to the transfer of the
absorbed energy from the harvest fluorophore to the emitter
fluorophore by FRET, and it only takes place in probes that are bound to
targets. Wavelength shifting Molecular Beacons are substantially
brighter than conventional Molecular Beacons that contain a
fluorophore that cannot efficiently absorb energy from the available
monochromatic light source.

To detect the various RNA classes in living cells, several approaches
have been developed. One of these is based on the use of 2’-0-Methyl
RNA Molecular Beacon probes for the detection of small nuclear RNAs.
2'-0-methyl RNA probes are considered to perform better than DNA
oligonucleotides because they are not only nuclease resistant, but also
possess a higher affinity, increased specificity, faster hybridization
kinetics, and a superior ability to bind to structured targets compared to
DNA oligonucleotides. Recently Molecular Beacons were introduced for
RNA detection in living cells. The rationale for using Molecular Beacons
to detect RNAs in living cells was to improve signal to noise ratios by
eliminating fluorescence signals derived from non-hybridized probe
sequences. It appears that linear 2'-0-Methyl RNA probes are usually
more suitable for specific detection of these RNAs, representing
different classes of RNA, in the nuclei of living cells. Molecular Beacons
result in images with improved signal to noise ratios, thereby leading to
better detection sensitivity.
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Scorpions® primers

Scorpions® primers allow quantitative Real-Time PCR and genotyping.
They are also suitable for end-point analysis of specific DNA targets.
Scorpions® differ (Whitcombe et al. 1999; Thelwell et al. 2000) from the
specific detection methods discussed so far in that their mechanism of
probing is intramolecular.

They are PCR primers with a “stem-loop” tail containing a fluorophore
and a quencher. The “stem-loop” tail is separated from the PCR primer
sequence by a “PCR blocker”, a chemical modification that prevents the
Tag polymerase from copying the stem loop sequence of the Scorpions®
primer. Such read-through would lead to non-specific opening of the
loop, causing a non-specific fluorescence signal.

The hairpin loop is linked to the 5" end of a primer via a PCR stopper.
After extension of the primer during PCR amplification, the specific
probe sequence is able to bind to its complement within the same
strand of DNA. This hybridization event opens the hairpin loop so that
fluorescence is no longer quenched and an increase in signal is
observed (Figure 7.).

Unimolecular probing is kinetically favourable and highly efficient.
Covalent attachment of the probe to the target amplicon ensures that
each probe has a target in the near vicinity. Enzymatic cleavage is not
required, thereby reducing the time needed for signaling compared to
TagMan® probes, which must bind and be cleaved before an increase in
fluorescence is observed.
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Figure 7: Scorpions® unimolecular mode of action. Progression through a PCR reaction.
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Scorpions® primers have successfully been used for mutation detection
and quantification, having the specificity and melt curve analysis of the
Molecular Beacons with additional speed and efficiency.

The main advantages of Scorpions® primers are their lower background
compared to TagMan® probes, their fast reaction mechanism, their
improved allelic discrimination capabilities and their extended
multiplex possibilities.

There are three types of Scorpions® primers.

Standard Scorpions®, which consist of a bi-labeled probe with a
fluorescent dye at the 5" end and an internal non-fluorescent quencher.
If Scorpions® are being used on a LightCycler® system for detection
channel 2 (620 nm), a specific design, called FRET Scorpions®, is
required. As the LightCycler® will only excite at 470 nm (FAM absorption
wavelength), it is necessary to incorporate a FAM within the stem. A ROX
is placed at the 5" end of the Scorpions® primer. During the PCR, the
FAM dye is excited and passes its energy onto the ROX. This is quenched
in the closed form of the Scorpions® but once the probe binds to the
amplicon, the increase in ROX fluorescence can be observed. The FRET
between ROX and FAM is extremely efficient, and the FAM signal
observed in channel 1 remains constant so the FAM Scorpions® can be
multiplexed with the FRET Scorpions® without interference from the
ROX.

A Duplex Scorpions® has also been developed to give much better
signal intensity than the normal Scorpions® format. In a Standard
Scorpions® the quencher and fluorophore remain within the same
strand of DNA and some quenching can occur even in the open form. In
the Duplex Scorpions® the quencher is on a different oligonucleotide
and separation between the quencher and fluorophore is greatly
increased, decreasing the quenching when the probe is bound to the
target.

Hybridization probes

Roche (Basel, Switzerland) has developed hybridization probes (Caplin
et al. 1999) for use with their LightCycler®. Two probes are designed to
bind adjacent to one another on the amplicon. One has a 3’ label of FAM,
whilst the other has a 5" LC dye, LC red 640 or 705.

Excitation Emission
Primer //Transfer ! - Probe
5 E)———
D \
3
5
—
Primer

Figure 8: FRET probes principle
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During the PCR reaction the 2 probes bind to the specific amplicon
sequence and the capillary system excites the FAM. This passes its
energy on to the LC dye through FRET and the increase in fluorescence,
proportional to the increase in amplicon, can be observed in channels 2
or 3 depending on the LC dye used. This technology can be used for
quantitative PCR or mutation detection. For mutation detection one
probe is positioned over the polymorphic site. Melt curve analysis after
the PCR indicates which alleles are present since the mismatch causes
the probe to dissociate at a different temperature to the fully
complementary amplicon. One probe dissociating from the amplicon
causes a decrease in fluorescence, as FRET can no longer occur. It
should be noted that FRET is not efficient between the LC dyes and FAM,
particularly the LC red 705 dye, due to the small overlap between the
spectra.

TagMan® MGB® probes

TagMan® MGB® probes have been developed by Epoch Biosciences
(Bothell, USA) and Applied Biosystems (Foster City, USAJ ; they bind to
the minor groove of the DNA helix with strong specificity and affinity.
When TagMan®MGB® probe is complemented with DNA, it forms a very
stable duplex with DNA. The probe carries the MGB® moiety at the 3" end,
and permits to work with higher Tm, thus shorter probes, which are
more specific.

F
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R . /\/\/
MGB 5
TagMan® MGB® Probe Target

Probe-Target Duplex
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\ Tag Polymerase
Q

F
i

Cleared Probe

Figure 9: TagMan® MGB® probe principle
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The probe performs particularly very well with A/ T rich regions and is
very successful for SNPs detection (Walburger et al., 2001). It is also a
good alternative when it has been hard to design conventional probes,
which should be located in the splice junction. Smaller probes can be
designed with Tm as 65-67 °C, which permits a better discrimination
(the probe is more specific for single mismatch).

During the primer extension step, the hybridized probe is cleaved by the
5" exonuclease activity of Tag polymerase and an increase in
fluorescence is seen. Fluorescence of the cleaved probe during PCR is
monitored in real time by the thermocycler.

MGB Eclipse® probes

MGB Eclipse® probes also known as QuantiProbes, have originally been
developed by Epoch Biosciences (Bothell, USA). MGB Eclipse® probes
carry a minor groove binder moiety that allows the use of short probes
for very high specificity. These are short linear probes that have a minor
groove binder and a quencher on the 5" end and a fluorophore on the
3’end. This is the opposite orientation to TagMan® MGB® probes and it is
thought that the minor groove binder prevents the exonuclease activity
of the Tag polymerase from cleaving the probe. Quenching occurs when
the random coiling of the probe in the free form brings the quencher
and the fluorophore close to another. The probe is straightened out
when bound to its target and quenching is decreased, leading to an
increase in fluorescent signal. The minor groove binder works together
with the quencher to improve quenching, reducing the background level
of fluorescence.

As with TagMan® MGB® probes, short probes can be used and allelic
discrimination can be performed. They also frequently contain superbases
(which increase the stability] that stabilize the probe hybridization (even for
regions where hybridization is hard, such as AT-rich region).
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As we said before, the MGB® bound to the 5 end of the MGB® Eclipse®
probe that binds to the minor groove of the DNA helix, stabilizing the
duplex formed, results in an increased Tm (15 to 30 °C) and allows
design of shorter probes.

The quencher used for the probe is NFQ (Non Fluorescent Quencher)
also known as Eclipse® Dark Quencher, which enables to quench the
fluorophore over a broad spectrum, allowing a greater choice for
fluorescent labeling.

These probes are suitable for viral detection, gene expression and
allelic discrimination.

The disadvantage of MGB® Eclipse® probes is the low signal to noise
ratio.

Other technologies

The technologies that have been discussed above are the most widely
used today but other technologies have been published or are available
on the market.

Resonsense probes

Resonsense probes are single labeled probes that bind to a specific
template. A DNA intercalator, such as SYBR® Gold, which can pass
energy to the dye on the probe via FRET, is also added to the reaction.
Once the probe has bound to its target it gives a double-stranded
template for the SYBR® Gold to bind to. Energy is passed from the SYBR®
Gold (excited by the machine] to the dye on the probe leading to an
increase in fluorescence from the dye. It should be noted that this
technology cannot be used on all machines.

Light-up probes

Light-up probes (Wolfs et al., 2001 - Svanvik et al., 2000) are another
alternative, which use the ability of some dyes to bind to the target and
increase in fluorescence once the probe has bound.

These probes are PNA probes (Peptide Nucleic Acids) rather than DNA
probes. PNA has properties that make the hybridization faster and
stronger than when using DNA probes.

HyBeacon® probes

HyBeacon® probes have been developed by LGC (Laboratory of
Government Chemist: http://www.lgc.co.uk] and consist of a specific
linear probe with a dye label. Assays use the change in fluorescence
observed when the probe binds to its target, compared to when it is in
its single-stranded form, for sequence detection. The probes are more
suitable for allelic discrimination than for expression profiling.
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LUX primers

LUX (“Light Upon eXtension”) primers are single-labeled fluorogenic
primers with a hairpin structure (20-30 bases in length]. Their principle
depends on a single fluorophore, which is located close to the 3’end in
a specific sequence context that provides self-quenching. The
particularity of the probe is that there is no quencher. The DNA
sequence and the secondary structures with the labeled primer provide
fluorescence quenching. Therefore, the design of such a probe or
primer has to be done on the effect of the primary and secondary
structure of the oligonucleotide. When the primer is incorporated into
double-stranded PCR product, the fluorophore is no longer quenched
and the fluorescence signal increased.

The advantages of the technology are that no probe is needed and a
single-labeled oligo is simpler to synthesize. Moreover, a design
software is available and the technology can be applied on every Real-
Time thermocycler. But on the other hand, the technology is only
available with FAM and JOE labels. The results give a low signal to noise
ratio and thus a lower sensitivity.

Yin-yang probes

Yin-yang probes are specific to the gene of interest. They are double-
stranded probes, which are composed of two complementary
oligonucleotides of different lengths. The longer positive strand is
labeled with a fluorophore and the shorter negative strand is labeled
with a quencher. The probe set is low-fluorescent due to the close
proximity of the fluorophore and the quencher. In the presence of target
the negative strand is displaced by the target and an increase in
fluorescence can be detected. The presence of a complementary strand
enhances the specificity of the probe. Single nucleotide discrimination
is easily detected with such a probe. The probes, which are easy to
synthesize, simple to design, and highly sensitive can be used for
quantitation or allelic discrimination.

For more information: (Li et al., 2002).

Amplifluor® (non specific probe system])

The alternative to using a SYBR® dye for non-specific detection is the
Amplifluor®, Universal Amplification and Detection System. This system has
2 steps carried out in the same PCR reaction. One of the specific primers
has a universal sequence (Z sequence) added to the 5 end. During
amplification the Z sequence is incorporated into the amplicon. A second
primer (UniPrimer®) that is complementary to the Z sequence is then used
for amplification. The UniPrimer® has a hairpin structure attached to its 5°
end. The hairpin is similar in structure to a Molecular Beacon, as described
below, but the single-stranded loop sequence is not specific to the amplicon
sequence and does not bind to the amplicon. The hairpin is incorporated into
the PCR product when the UniPrimer® extends. When the extension product
becomes a template for the opposite primer the Tag polymerase extends
through the hairpin loop causing the loop to open. This separates the
fluorophore and quencher that were previously held in close proximity by the
hairpin. A corresponding increase in fluorescence is then observed.

For more information: Myakishev et al., 2001

EUROGENTEC 2004 | www.eurogentec.com | info@eurogentec.com



Technical Notes

Table 1: Technology compatibility table with Real-Time thermocycler

EUROGENTEC 2004 | www.eurogentec.com | info@eurogentec.com 21



22

@

Fluorophore and quencher

Many of the commonly employed techniques for the detection of nucleic
acid sequences in a homogenous manner use fluorescence as the
signaling technology. Typically a single-stranded probe is labeled with a
fluorophore and a quencher molecule. Changes in quenching of the
fluorophore caused by hybridization of the probe to its target nucleic
acid lead to signal generation.

Thus, Real-Time PCR relies not only on the choice of one technology but
also in the choice of a fluorophore and a quencher, whether the assay
would be singleplex or multiplex. The choice of a fluorophore and its
combination with a quencher will give different results in terms of
sensitivity of the assay.

A fluorophore is a molecule that emits light of a certain wavelength after

having absorbed light of a specific but different wavelength first. The
emission wavelength is always higher than the absorption wavelength.

Figure 11: FAM structure Figure 12: Yakima Yellow” structure

A quencher is a molecule that accepts energy from a fluorophore in the
form of light and dissipates this energy either in the form light or heat.

Figure 13: TAMRA structure  Figure 14: Eclipse® Dark Quencher structure
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Quenchers are molecules that can accept energy from a fluorophore
and dissipate it by two mechanisms, called proximal and FRET
quenching. A fluorophore absorbs light energy and is promoted to an
excited state. In the absence of a quencher the fluorophore falls back to
the ground state and the excess of energy is released as fluorescence.

=

Abs Fluorescence

—————

F

Figure 15: Fluorescence principle

Proximal quenching

When the fluorophore is in close proximity of a quencher molecule, the
energy is transferred from the fluorophore to the quencher, which then
dissipates the energy as heat (no fluorescence is observed). It is also
known as collisional quenching.Examples of quenchers for such a
mechanism are Deep Dark Quencher |, Dabcyl or Dabsyl.
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Abs Heat
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Figure 16: Proximal quenching principle

FRET quenching

The fluorophore transfers its energy to the quencher (which may be
another fluorophore); the energy is released from the quencher as
radiative (i.e. fluorescence] of a higher wavelength. The efficiency of this
process is dependent on the distance between fluorophore and
quencher, more precisely on the Forster distance 1/r¢ (where “r, is the
fluorophore - quencher distance).

An example of quencher for such a mechanism is TAMRA.
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Figure 17: FRET quenching principle
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The quencher has to fit the fluorophore

One fluorophore can be combined with different quenchers, but the
absorption spectrum of the quencher needs to have good overlap with the
emission spectrum of the fluorophore to achieve optimal quenching.
For example, Deep Dark Quencher Il absorbs over a large range of the
visible spectrum and therefore efficiently quenches most of the commonly
used fluorophores, especially those emitting at higher wavelengths.

Deep Dark Quencher | and Eclipse® Dark Quencher quench the lower
wavelength dyes such as FAM but they are not good at quenching those
that emit at high wavelength such as Cy®dyes.

6 Emission maxima
3 of common dyes:
1 5
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S 008 a 2. Yakima Yellow®
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M Deep Dark Quencher | M Eclipse® Dark Quencher M Deep Dark Quencher Il
B DABCYL B TAMRA

Figure 18: UV-Vis absorbance spectra of oligonucleotides labeled with 3"-Deep Dark
Quencher I, 3"Deep Dark Quencher I, 3"Eclipse® Dark Quencher and 3’ TAMRA
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Quenchers have a quenching capacity throughout their absorption
spectrum, but the performance is best close to the absorption maximum.
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/ Cy®5 ¢ 667 nm

BODIPY®TR 617 nm
/ Texas Red®-X 603 nm
:/ ROX ¢ 602 nm

TAMRA ¢ 580 nm
Deep Dark Quencher I / Cy®3 ¢ 570 nm

HEX e 56 nm
e BODIPY® 530/550 « 554 nm
> Rhodamine 66 (R66) 550 nm
& JOE/Nakima Yellow® « 548 nm
TET » 536 nm
X Oregon Green® 514 ¢ 526 nm
6-FAM « 525 nm

Fluorescein ¢ 518 nm
BODIPY®FL ¢ 513 nm

Eclipse
Dark Quencher
TAMRA

DABCYL
Deep Dark Quencher |
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Figure 19: Absorbance range of Dark Quenchers and emission maxima for Reporter Dyes

Efficient quenching of fluorophores

If the fluorescence is too high because of incomplete quenching the
relative fluorescence signal (signal to noise ratio) will decrease.
Therefore the fluorophore-quencher combination, which gives the
highest signal to noise ratio should be selected.

Signal / Noise ratio
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Figure 20: Comparative analysis of quenching efficiency of 3"-Deep Dark Quencher |
and 3"Deep Dark Quencher Il on 4 different dyes (represent a broad range of emission
maxima).
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Why using dark quenchers?
Dark quenchers are completely non-fluorescent and extremely low
background quenchers. Using dark quenchers significantly improves
signal to noise ratios (higher ARn, a lower background), and thus give a
higher sensitivity in multiplex PCR.
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Figure 21: Raw spectrum of FAM-TAMRA probe in ROX containing MasterMix
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Figure 22: Raw spectrum of FAM-DDQI probe in ROX containing MasterMix
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Eclipse® Dark Quencher superior to TAMRA

When using a dye quencher pair like FAM-TAMRA, a number of
drawbacks can be met. These include intrinsic fluorescence of the
quencher and poor spectral overlap between the fluorescent dye and
quencher molecule, both leading to a poor signal to noise ratio. Dark
quenchers like Eclipse® Dark Quencher eliminate high background
signals. Thus, Eclipse® Dark Quencher is superior to TAMRA and it is the
quencher of choice, as it does not fluoresce. The combination of FAM,
TET or Yakima Yellow® with Eclipse® Dark Quencher leads to improved
Ct values and signal to noise ratio. Therefore, we recommend to use
such a quencher for multiplex assays.

Amplification
1200 79T T T T T T T T T T T T ToTT
FAM - TAMRA Pans
1.000 + =
FAM - Deep Dark Quencher |
0.800 1+ 7
FAM - Eclipse® Dark Quencher /
C 0.600 T
o
< 0400
£/
0.200 ’
0.000 '—=-|
-0.500 T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycle
Amplification
2800 TP T T T I T T I T I T T I TITT7T]
TET - TAMRA ||
2.000 1+
=
V1
1500 4 TET - Deep Dark Quencher |l pd
c ’ TET - Eclipse® Dark Quencher ’
= 1.000 /
< // LA
0.500 a
Z
0.000 2
-0.500
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycle
Amplification
0800 TT T TTTTTT T T I T I T T T T T T I T T 70T
0.700 BEEN
0600 | Yakima Yellow® - Deep Dark Quencher | AT A
0500 Yakima Yellow® - Deep Dark Quencher Il Y/
) Yakima Yellow® - Eclipse® Dark Quencher /1 //'
S 0400 /
0<]: :
0.300 / v
0.200
0.100 //
0.000 | |
-0.100 i
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycle

Figure 23: Effects of different quenchers (TAMRA - Deep Dark Quencher | - Deep
Dark Quencher Il - Eclipse® Dark Quencher) on FAM, TET and Yakima Yellow”
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Optimal combination for multiplexing using

the Double-Dye Oligonucleotides technology

Double-Dye Oligonucleotides in single-colour detection

For single-colour detection we recommend to use the combination FAM
TAMRA or FAM- Eclipse® Dark Quencher. This combination is the most
standard one; it can be detected on every Real-Time PCR and is easy to
synthesize.

Double-Dye Oligonucleotides in multicolour detection

For multiplex Real-Time PCR, it is very important to select dyes that
give a good spectral separation to avoid overlap of the signal.

For the first colour we recommend the use of FAM-Eclipse® Dark
Quencher. This is the choice to make for duplex or multiplex PCR as
Eclipse® Dark Quencher gives a lower background compared to TAMRA.
For the second colour, we recommend the use of Yakima Yellow® -
Eclipse® Dark Quencher, which is the best choice to be combined to
FAM-Eclispe® Dark Quencher as Yakima Yellow® gives a good spectral
separation from FAM. Furthermore, it is a good cost effect alternative to
VIC and it can be detected in the same channel.

The choice of the third colour is dependent on the thermocycler (cf the
dye compatibility table with Real-Time thermocycler p.29). We
recommend to use if possible either Cy® 3-DDQIIl or Texas Red®-DDAQlIl.
These two dyes have both a good spectral separation from FAM and
Yakima Yellow® and give both efficient synthesis with high yields.
Moreover, as Deep Dark Quencher Il is also a dark quencher it does not
give any background. The choice of the fourth dye is also dependent on
the Real-Time thermocycler. We usually recommend the use of Cy® 5-
DDQIl as Cy® 5 has a good spectral separation from FAM, Yakima
Yellow®, Cy® 3 and Texas Red®. Furthermore, this last one has also an
efficient synthesis and gives high yields.

Almost every detection system type works on almost every Real-Time
thermocycler. The detection channels determine which fluorophores
have to be used, and the combination of excitation and detection
channels determine which probe systems can be used. As previously
seen, for singleplex we recommend the use of FAM, as a second Yakima
Yellow® dye, which is a good alternative to VIC and which can be
detected by almost every thermocycler. The third and fourth dyes are
usually dependent on the thermocycler. The level of cross-talk between
the channels determines which are the best fluorophores to combine
for duplex or multiplex Real-Time PCR.
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Table 2: Dye compatibility table with Real-Time thermocycler
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On both ABI and Stratagene Real-Time thermocyclers the use of a ROX
passive reference is recommended. The ROX passive reference is used
to correct for pipetting inaccuracies. It is a dye, which does not
participate in the 5 exonuclease PCR. The ROX passive reference
provides an internal fluorescent reference to which the reporter
fluorescence can be normalized.

The Rn (normalized reporter signal] is calculated by dividing the
reporter signal by the ROX passive reference signal. This signal is only
corrected for pipetting inaccuracies. When correction for variations in
background is required, the ARn is used. The ARn is calculated by taking
the Rn and subtracting the normalized baseline (Bn). The normalized
baseline is the baseline signal divided by the ROX passive reference
signal.

Rn= (reporter signal / ROX passive reference signal
Bn= (baseline signal / ROX passive reference)
ARn = Rn-Bn

ARn (reporter signal / ROX passive reference signal) - (baseline signal / ROX passive reference signal)

As can be deducted from the formulas above, the ROX passive reference
influences both the level of the Rn and the Bn. In most software an
automatic threshold is used to determined a Ct value. The automatic
threshold is calculated as the average baseline plus x standard
deviations of that baseline.

automatic threshold = average baseline + x STD baseline

The noise of the baseline is the value, which determines the standard
deviation of the baseline. The ROX passive reference influences this
baseline level and therefore also the noise level. When the level of ROX
passive reference increases, the noise will decrease, but also the ARn
will decrease. It is therefore important to determine the right level of
ROX that does not compromise the ARn.

The Ct value is defined as the cycle in which a significant increase in
reporter signal above the threshold can be detected, i.e. the cycle in
which the growth curve crosses the threshold.

The Ct is therefore dependent on the threshold level and therefore
indirectly also on the baseline level and the ROX passive reference level.

Only a minor variation in the ROX passive reference will already cause a
change in the Rn, Bn, ARn, threshold and Ct value. Therefore we
recommend to use MasterMixes that already contain a ROX passive
reference to avoid these variations, which might be interpreted as real
differences, but are in reality just experimental artifacts.
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There are a number of different dyes and quenchers available for use in
qualitative and quantitative PCR applications, the most common ones

are listed in the table below.

Table 3: Dye and quencher chemistry table

Dyes Absorption [nm)  Emission (nm)
Fluorescein 495 518
FAM 494 525
TET 521 536
JOE 520 548
Yakima Yellow® (alternative to VIC) 526 548
R6G 524 550
HEX 535 556
Cy®3 552 570
TAMRA 565 580
Cy® 3.5 581 596
ROX 575 602
Texas Red® 583 603
Cy®5 643 667
Cy®5.5 683 707
Quenchers

Deep Dark Quencher | 410 None
Deep Dark Quencher I 630 None
Eclipse® Dark Quencher 522 None
Dabcyl 453 None
Dabsyl 466 None
TAMRA 565 580

There are different methods by which a dye can be incorporated into a
probe. The method used depends on the structures of the dye and of the

length of the probes.

e Manual coupling

Manual coupling can be done via amine or thiol groups using activated
dyes such as Texas Red®, TAMRA, JOE, Rhodamine (Ré6G) or ROX,
BODIPY® and other dyes (Alexa®, Marina Blue®...). These labels can be
linked internally to any dT-residue, dR-residue or to either terminus.
The fluorescent molecule is linked to the oligonucleotide via a spacer (a

C-6 spacer generally) to reduce the steric hindrance.

After synthesis, but before labeling, these oligonucleotides are purified,
and then they are labeled and purified by HPLC or PAGE.

EUROGENTEC 2004 | www.eurogentec.com

info@eurogentec.com

31



32

@

e Automatic coupling

Automatic coupling uses the appropriate phosphoramidite to which the
dye is already coupled like Cy® dyes, FAM, Fluorescein, HEX, TET and
Yakima Yellow®. These labels are coupled during the synthesis at the 5°
terminus. For internal labeling, this process is also used to introduce
Fluorescein-dT and TAMRA-dT as a replacement for a dT-residue.
After synthesis, these oligos are purified either by HPLC or PAGE.

The easiest probes to synthesize and to purify are Double-Dye
Oligonucleotide probes, as they are not too long. Moreover, the probes
where you can use phosphoramidites (automatic coupling method) are
usually the easiest ones to synthesize and purify, as there is only one set
up for synthesis and one purification step. They also give the highest
yields. 3" TAMRA probes as well as probes quenched with Dabcyl,
Eclipse® Dark Quencher, Deep Dark Quencher | and Deep Dark
Quencher Il, have also very efficient synthesis, as the coupling method
with CPG is very easy to achieve. Eurogentec is very experienced in the
synthesis of dye labeled oligos.

The probes, which require post-labeling procedures [manual coupling
method) are more laborious to synthesize and will give in general lower
yield: they need a second purification step and the dyes are usually
supplied as NHS esters.
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Applications

Quantitative PCR can be used for a variety of applications such as
monitoring gene expression levels and viral load determination (Bustin
2000 - Bustin 2002 - Freeman et al. 1999- Halford 1999 - Heid et al.
1996). Monitoring gene expression is one of the most frequently used
applications for Real-Time quantitative PCR. In this way, effects of
different treatments on the level of mRNA transcription can be
assessed. To be able to determine the level of mRNA expression, the
RNA must be transcribed in cDNA, which can then be amplified by PCR.
cDNA differs from genomic DNA in that it does not contain any introns.
Reverse transcription can be carried out in a separate reaction (Two
step RT gPCR) or in one and the same reaction (One step RT gPCR). The
RT step requires the use of primers. It is possible to use the same
specific primers as required for the PCR step. In a One step RT qPCR
this is always the case. Note that the RT step is a linear process rather
than exponential and it is the reverse primer that is used to produce the
cDNA strand of the mRNA. In a two-step reaction there is a choice of
assay specific primers, random hexamers, random nonamers or oligo
d(T). If the target is rRNA, oligo d(T) should be avoided as this primes at
the poly-A tail of the mRNA. The merits of the different primers for RT
are a very discussed subject, with some claiming that using specific
primers will introduce a bias and others feeling that using oligo d(T),
priming at the end of the transcript, will reduce the number of full
length cDNA's produced. It has also been suggested that a mixture of
oligo d(T) and random hexamers should be used. Once the cDNA has
been synthesized a standard Real-Time PCR reaction can be run and
quantification carried out by the machine software.

Quantitative PCR software uses the exponential phase of PCR for
quantification. PCR is initially an exponential process but eventually
reaches a plateau phase as one of the reagents becomes limited.
Reactions can plateau at different levels even if they have the same
starting concentration of target. During the exponential phase the
amount of target is assumed to be doubling every cycle and no bias is
expected due to limiting reagents. Analyses use the Ct, the point (cycle
number) at which the signal is detected above the background and the
amplification is in exponential phase. The more abundant template
samples reach this point the earliest. Differences in Ct then have to be
related to some other quantitative values to make them meaningful.
There are two types of quantification, relative quantification and
absolute quantification.
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Relative quantitation

Relative quantification is the most widely used technique.

An endogenous control is amplified from the cDNA sample as well as
the gene of interest (GOI).

What is a control?

An endogenous control gene is used to standardize the amount of
sample RNA or DNA added to the reaction. It should be a stabile
expressed gene through the experiment that is used to normalize the
results of a variable target gene and to correct for sample-to-sample
variations.

What is a good control?

A good control should have a constant level of expression between
individuals, among different tissues of an organism, at all stages of
development, and should not be affected by the experiment treatment.
The control gene should also be expressed at similar level as the gene
of interest and the range of linear amplification should be known
(Bustin, 2000). If a control gene is up and down regulated by the
experimental intervention, this will lead to an incorrect normalization
and thus to misinterpretation of the results. Therefore, proper validation
of presumed stability of expression of the control genes should be done
before studying the target gene.

Normalization of Real-Time PCR

When analyzing and comparing results of Real-Time PCR assays many
researchers are confronted with several uncontrolled variables, which
can lead to misinterpretation of the results. Those uncontrolled
variables can be the amount of starting material, enzymatic efficiencies,
and differences between tissues, individuals or experimental
conditions.

To be able to make a good comparison, normalization can be used as a
way to correct for these variables.

There are several ways to normalize, which all have some advantages
and disadvantages.

The most commonly known and used ways of normalization are
normalization to the original number of cells, normalization to the total
RNA mass, normalization to one or more housekeeping genes and
normalization to an internal or external calibrator.

The various methods of normalization can then also be combined with
different calculation methods, like the absolute standard curve method,
the relative standard curve method, the AACt method and the
geometrical averaging method. (See http://www.wzw.tum.de/gene-
quantification/ for further information).

Normalization to number of cells can actually only be done for cell
culture and blood samples. In solid tissue and tumours the amount of
cells can not be counted, only estimated and therefore leads to
inaccuracies (Bustin, 2000).
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Normalizing to the RNA mass quantity will lead to inaccuracies as the
total RNA mass (rRNA, tRNA and mRNA] might contain imbalances
between rRNA and mRNA (Solinas et al., 2001). The determination of
the RNA amount by photospectrometry is another factor causing
inaccuracy as the A260 quantitation is strongly influenced by the
impurity of the sample, caused by contaminating DNA, free nucleotides
and proteins (Bustin, 2000 - Bustin, 2002). As very few is known about
total RNA content per cell in different tissues, a variation between
individuals and between normal or highly proliferating tissues, like
tumours will cause unwanted inaccuracies (Bustin, 2000 - Bustin,
2002). In general 18S and 285 rRNA are used for this method.
Normalization to one housekeeping gene excludes some of the above-
mentioned drawbacks, but is also not the perfect method. The
advantage is that the variation due to different amounts of RNA can be
excluded. However, one must assure oneself that the housekeeping
gene is expressed constantly at the level throughout the experiment and
between samples. A housekeeping gene like GAPDH is for example
strongly upregulated in patients with diabetes type Il. It is therefore
recommendable to first validate the housekeeping gene or to go for
more than one housekeeping gene. Vandesompele et al. (2002) have
described a method to normalize using more than one housekeeping
gene.

Normalization by an internal or external calibrator can also be done. By
spiking DNA into the sample (external calibration) a correction for inter-
reaction variablity can be made, but not for intrareaction variability. The
opposite is true for internal calibrators.

Most of the calculation methods used for normalization relate to the use
of housekeeping genes.

The absolute standard curve method allows deducting the initial
amount of mRNA from the Ct values, assuming that there is no
variability in the RT step.

The relative standard curve makes a comparison between Ct values of
target and calibrator and allows to express this in an index. The ratio of
specific gene signal to endogenous control signal in a sample can be
calculated in each sample. One sample has to be nominated as the
calibrator, e.g. the untreated sample. Each normalized value can then
be divided by the calibrator to obtain relative values for each sample.
When using this method, DNA can be used as standard if the RT
efficiency is identical for all the samples (Giulietti et al. 2001).

The AACt method is an easy-to-use method as no standard curve is
needed. But it requires some assumptions that need verification. The
PCR efficiency of target and calibrator should be close to 100 % and not
vary more than 5 %. The method consists of calculation of the relative
expression levels, compared with a control. The amount of target is
normalized to endogenous housekeeping genes and relative to the
calibrator.

The following equations are used for this calculation

ACt= endogenous Ct-Gene of interest Ct

AACt= ACt of sample-ACt of calibrator

Amount of target normalized to a control and relative to a calibrator = 2%
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The outcome of the method is similar to one of the relative standard
curve method, but not identical.

The normalization by geometrical averaging of multiple internal control
genes (Vandesompele et al., 2002] is a robust and innovative approach
for accurate normalization. It relies on the use of several housekeeping
genes to even out variations in the expression of these genes.

Only the most stabile expressed housekeeping genes are taken into the
calculation. The calculation can be performed using the freely available
software geNorm (http://medgen31.ugent.be/jvdesomp/genorm/). The
major drawback of this method is the need for many primer pairs and
the complicated way to process the data.

Normalization using singleplex or multiplex assay

The endogenous control can be used as a singleplex reaction where the
gene of interest and control are amplified in separate reactions. It can
also be used in a multiplex reaction, which prevents pipetting errors
between the control reaction and gene of interest reaction that can
occur when using singleplex reactions. In that case, normalizing in the
same well will account for the variability in individual PCR assay
variability like inhibitors. Moreover, multiplex assays have the
advantage of being cost effective in terms of reagents required.
Multiplexing Real-Time PCR reactions is possible as most Real-Time
thermocycler can detect more than one dye in each sample. It is
important to consider, which dyes are the best for multiplexing on the
particular machine being used and also any requirements for spectral
calibration. This is required because dyes exhibit some spectral overlap,
making it necessary to calibrate the machine to enable it to distinguish
between the dyes. Spectral calibration kits can be bought for the
majority of machines where this needs to be considered. Problems arise
when the endogenous control and gene of interest compete for PCR
reagents. A highly abundant endogenous control can out-compete a
less abundant template leading to a bias in the results. Limiting the
primer concentration for the most abundant template can avoid this
competition. However, this takes a considerable amount of
development. Limiting primer concentrations will not alter the Ct
compared to a fully optimized reaction but will lead to a much earlier
plateau phase. This solution is not ideal as the signals obtained can be
less reliable. Furthermore, even when working with limiting primer
concentrations the detection of rarer target genes may not be possible
or may be detectable at much reduced efficiency. Optimizing can also
mean adding more units of Tag polymerase per reaction and therefore
increasing the costs again.

To summarize, when targeting two genes with equal expression levels
with PCR reactions of similar amplification efficiency, multiplex Real-
Time PCR can be performed without any doubt.

When analyzing two genes with different expression levels we
recommend to separate amplification of the control kit and the target
gene. The difference between a single or a multiplex detection can be
crucial when detecting close to the limits of the method.
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How to use a control gene?

When doing singleplex PCR, the target gene and the control are in
different reactions, which means that only one dye is used. We
recommend to use the following combination: FAM-TAMRA or FAM-
Eclipse® Dark Quencher. In that case, every reaction should be run at
maximum efficiency. There will be no competition due to the presence
of several amplicons. Instead of FAM it is also possible to use SYBR®
green |.

When running a duplex PCR the target genes and control genes are in
the same reaction, which means that two dyes should be used to enable
separate detection. We recommend to use the following combinations:
FAM - Eclipse® Dark Quencher for the target gene and Yakima Yellow® -
Eclipse® Dark Quencher for the control gene.

When running a multiplex PCR, several targets and controls are in the
same reaction, which means that multicolour detection is used. In that
case we recommend to use the following combinations if possible. The
combinations used in that case are dependent on the Real-Time
thermocycler possibilities (table 2 p.29). FAM - Eclipse® Dark Quencher /
Texas Red® - Eclipse® Dark Quencher/Cy® 5 - Eclipse® Dark Quencher for
the target and Yakima Yellow®-Eclipse® Dark Quencher for the control.
In this case, well-to-well variations are avoided, but it should be clear
that strong competition could alter the assay, as several amplicons are
present within the same reaction.
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Commonly used control kits

The table below describes the expression level of commonly used
control genes. The target gene should ideally be combined with a
control gene of about the same level of expression, which does not alter
throughout the experiment. However, it should be taken into account
that the expression level of these genes can vary per tissue (figure 24).

Table 4: Relative expression level and presence (+) or absence (-] of pseudogenes in
the genome concerning the most commonly used control genes.

Symbol  Accession number Name Pseudogene Relative
expression
level

- M10098 18S rRNA Very high

- M11167 285 rRNA Very high

ACTB NM_00101 Beta actin + High

GAPD NM_002046 Glyceraldehyde-3-phosphate dehydrogenase + High

UBC M26880 Ubiquitin C - High

B2M NM_004048 Beta-2-microglobulin - High

YWHAZ ~ NM_003406 Tyrosine 3-monooxygenase activation protein,

Zeta polypeptide (Phospholipase A2) + Medium

RPL13A NM_012423 Ribosomal protein L13a + Medium

SDHA NM_004168 Succinate dehydrogenase complex, subunit A + Medium

HPRT1 NM_0000194 Hypoxanthine phosphoribosyl-transferase | + Medium

TBP NM_003194 TATA box binding protein - Low

HMBS NM_000190 Hydroxymethyl-bilane synthase - Low

Flal it o imash i Ll o] sl y i l5g
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Figure 24: Logarithmic histogram of the expression level of no internal control genes
determined in 13 different human tissues, normalized to the geometric mean of 6
control genes (Vandesompele et al., 2002).
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Absolute quantitation

Absolute quantitation requires a standard curve of known copy
numbers. It can be constructed using several methods. The amplicon
being studied can be cloned, or a synthetic oligonucleotide can be used.
Either DNA or RNA standards can be used. For RNA standards the
cloned amplicon is transcribed to RNA or a single-stranded sense
oligonucleotide can be made. There are several criteria for absolute
standards. The standard must be amplified using the same primers as
the gene of interest and must amplify with the same efficiency. The
standards must also be quantified accurately. This can be carried out by
reading the absorbance at A260, although this does not distinguish
between DNA and RNA, or by using a fluorescent ribonucleic acid stain
such as RiboGreen. Once a copy number value has been obtained for a
sample it must be normalized to something. Often number of cells or
total RNA is used. This requires accurate measurement of input RNA,
again either by reading the absorbance or using a nucleic acid stain.
Alternatively, an exogenous control can be used for normalization. An
exogenous control gene is used to standardize the PCR reaction itself. It
is an external DNA, which is spiked into the PCR reaction, and which
would always come up at the same Ct value. The problem when using in
vitro transcribed RNA as standard is that the construction of cDNA
plasmid has to be done and has to be reverse transcribed. Moreover, it
is not very stable for long term storage. The advantages of using cDNA
plasmid standards is that cDNA plasmids are easy to construct, they can
be prepared in large amount and can be stored for a very long time
without any difficulties.

In quantitative Real-Time PCR the goal is to detect the presence or
absence of a certain sequence. It can be for virus sub-typing and
bacterial species identification. It can also be used for allelic
discrimination between wildtype and mutant, between different SNPs
(Single Nucleotide Polymorphisms) or between different splicing forms.
When using SYBR® green |, alleles can be distinguished by the
difference in amplicon melting peaks caused by the slight differences in
sequence. Specific detection methods are more often used for these
applications and probes can be used to detect single base mutations or
small deletions. They can also be used to detect different splice sites.
The design and optimization of the assays for allelic discrimination is
vital and is discussed further in later sections. An alternative to placing
the probe over a polymorphism is to place the 3" end of one of the
primers over the mutation. A mismatch in this region of the primer
should prevent amplification and the probe can be used to simply detect
whether there is specific amplification or not. It is often the case that
mismatched primers will amplify the template to some degree but a
difference in Ct will be observed.
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How to set up a good assay?

In order to get accurate quantitation and reproducible results, Real-
Time PCR reactions and especially assays performed in One step RT
gPCR SYBR® green | format should have an efficiency close to 100 %.

The PCR efficiency is influenced by the following actors:

e length of the amplicon

e GC content of the amplicon

e secondary structures in primers and / or probe and / or amplicon
e concentration of reaction components

With all Eurogentec kits PCR efficiencies of 100 % can be obtained if the
primers are well designed. Good primers can be found when following
the design guidelines as mentioned on p.42.

If the slope of this standard curve is -3.32 the PCR is 100 % efficient.
To ensure that only one product has been amplified a meltcurve can be
made.

If the PCR efficiency is drastically lower than 100 % we recommend to:
e check the primer design

e optimize the primer concentration

e optimize the temperature reaction and times

¢ go for a 3-step instead of a 2-step protocol

How to determine the PCR efficiency?

The slope of the standard curve can be used to determine the exponen-
tial amplification and efficiency of the PCR reaction:

Exponential amplification = 10"

Efficiency = 100V —1

y =-3.3042x + 20.919

35
\ R?=0.9975
30

FIG.26: Standard curve made with a 10x dilution series using the gPCR MasterMix for

v SYBR® green |
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A 100 % efficiency corresponds to a slope of -3.32.

With 100 % efficiency, a 2x dilution gives a ACt of 1 between every
dilution (every cycle the amount of amplification is doubled).

With a 100 % efficiency, a 10x dilution gives a ACt of 3.2 values between
each dilution (every 3.2 cycles the amount of amplification is 10 fold
higher).

The R? is a parameter, which tells you how well the datapoints lie on
line. If the R < 0.95 there is an indication that either the reactions have
not been pipeted accurately or that their is no linear relation between
the Ct and the 10log of the DNA concentration. The latter can be caused
by inhibitory factors that are diluted out.

Using poor quality RNA can limit the efficiency of the reverse
transcriptase reaction and limit the yield of the RT reaction. Therefore
RNA extraction should always be performed carefully. We recommend
the use of commercially available kits to obtain good quality RNA.
Diluted solutions of RNA should be aliquoted to avoid several freeze /
thaw cycles.

RNA samples should be stored between -20 °C and -70 °C in RNase
free water (DEPC treated water).

By preparing a standard curve for every gene, which needs to be
analyzed, a good idea can be obtained about the performance and
efficiency of the PCR. The standard curve should cover the complete
range of expected expression levels (in general 6 logs of magnitude).
The standard curve gives much information on the assay (PCR
efficiency, pipeting errors, and sensitivity).

e Use a no Reverse Transcriptase control to exclude genomic DNA
contamination (reaction with all the components except the reverse
transcriptase).

e Use a no target control to exclude any contamination from reagents or
previous PCR (reaction with all the components except the template).

e In some cases, it could be necessary to have a positive control
containing a known concentration of template to test presence or
absence of the target gene to check for inhibitory factors.

EUROGENTEC 2004 | www.eurogentec.com | info@eurogentec.com

@

41



42

@

Primer and probe design
guidelines

Well-designed primers and probes are a prerequisite for successful RT
qPCR. By using well-designed primers and probes PCR efficiencies of
100 % can be obtained when using Eurogentec RT qPCR or qPCR kits.

If the following primer design guidelines are taken into account you will
achieve high PCR efficiencies, specific PCR products, non co-
amplification of gDNA and therefore the most sensitive results.

We do recommend in general to use a design software (for example
Oligo® Primer Analysis Software) to check for all following criteria.

As SYBR® green | binds to any dsDNA it is important to avoid primer-
dimers and / or non-specific products in SYBR® green | assays. This can
only be avoided by carefully selecting primers that only bind to the
selected target. By selecting amplicons between 100 and 150 bp a high
level of fluorescence can be obtained without compromising the PCR
efficiency.

Primers
e length
- 18-30 bases
e GC content
- 30-80 % (ideally 40-60 %)
e Tm
- 63-67 °C [ideally 64 °C)(Tm=2(number A+T)+4(number G+CJ], so
that Tannealing is 58-62 °C (ideally 59 °C]
- ATm forward primer and reverse primer < 4 °C
¢ avoid mismatches between primers and target, especially towards the
3’ end of the primer
¢ avoid runs of identical nucleotides, especially of 3 or more Gs or Cs at
the 3" end
e avoid 3'end T (allows mismatching)
e avoid complementarity within the primers to avoid hairpins (check
with Oligo® Primer Analysis Software)
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e avoid complementarity between the primers to avoid primer dimers,
especially at 2 or more bases at the 3" ends of the primers (check with
Oligo® Primer Analysis Software)

design intron spanning or intron flanking primers to prevent or
identify amplification of contaminating genomic DNA. For intron
spanning primers the first half of the oligo must hybridize to the 3" end
of one exon and to the 5’end of the other exon. In this way only cDNA
will be amplified and gDNA not. For intron flanking primers the
forward primer must hybridize to one exon and the reverse primer to
the other exon. Amplicons from cDNA, without intron, will be smaller
than the amplicons from gDNA, which will contain the intron. The
bigger amplicon will be amplified less efficiently. The difference in
size of these amplicons can be determined via meltcurve analysis. If
genes of only one exon are studied contamination with gDNA can only
be avoided by DNase treatment of the RNA with RNase free DNase
(Vandesompele, 2002).

e check if primers are unique and specific (check with BLAST:

www.ncbi.nlm.nih.gov/BLAST/).

Amplicon
e length
- 80-150 bp
- shorter amplicons will give higher PCR efficiencies
- longer amplicons will give a higher ARn as more SYBR® green | is
incorporated
e GC content
- 30-80 % (ideally 40-60 %)
e avoid secundary structures in the amplicon (check with Mfold:
www.bioinfo.rpi.edu/applications/mfold/).
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In probe assays, primer dimers and non-specific products will not be
detected, however, they will influence the PCR dynamics and efficiency.
Therefore, also in probe assays they should be avoided as much as
possible. For probe assays the amplicons should be kept as short as
possible, with the 5" end of the probe as close as possible to the 3" end
of the forward primer in case the probe is on the same strand, and as
close as possible to the 3" end of the reverse primer in case the probe is
on the opposite strand. In this way the 5" nuclease reaction will be
optimal.

Experience has learned that it is easier to first design the probe and then
the primers than the other way around.

By selecting quenchers that fit the fluorophores used with the Double-
Dye Oligos you will be able to obtain high signal. Eclipse® Dark Quencher
gives better signal to noise ratios than TAMRA. In general, we
recommend to take fluorophores that can be coupled efficiently to the
oligo during the synthesis. Examples of fluorophores which can be
coupled efficiently are FAM, HEX, TET, Yakima Yellow®, Texas Red®, Cy® 3
and Cy® 5. ROX is an example of label, which is hard to couple efficiently.

Probes
e length
- 18-30 bases
- optimal: 20
- lengths over 30 bases are possible, but it is recommended to
position the quencher not at the 3" end, but internally 18-25 bases
from the 5" end (normally coupled to a T)
e GC content
- 30-80 %
e Tm
- Tm of the probe must be 8-10 °C (8 °C for genotyping, 10 °C for
expression profiling) higher than the Tm of the primers
select the strand that gives the probe more Cs than Gs
place the probe as close as possible to the primers without
overlapping them
¢ avoid mismatch between probe and target
e avoid complementarity with in the probe
e avoid runs of identical nucleotides, especially of 4 or more Gs
e avoid 5" end G (quenches the fluorophore)
e for multiplex assays: for genotyping
- position the polymorphism in the center of the probe
- adjust the probe length so that both probes have the same Tm
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Primers
e length
- 18-30 bases
e GC content
- 30-80 % (ideally 40-60 %)
eTm
- 63-67 °C (ideally 64 °C)(Tm=2(number A+T)+4(number G+C}, so
that Tannealing is 58-62 °C (ideally 59 °C)
- ATm forward primer and reverse primer < 4 °C

e avoid mismatches between primers and target, especially towards the
3’ end of the primer

¢ avoid runs of identical nucleotides, especially of 3 or more Gs or Cs at
the 3" end

e avoid 3" end T (allows mismatching)

e avoid complementarity within the primers to avoid hairpins (check
with Oligo® Primer Analysis Software)

e avoid complementarity between the primers to avoid primer dimers,
especially at 2 or more bases at the 3" ends of the primers (check with
Oligo® Primer Analysis Software)

e design intron spanning or intron flanking primers to prevent or
identify amplification of contaminating genomic DNA for intron
spanning primers the first half of the oligo must hybridize to the 3" end
of one exon and to the 5’end of the other exon. In this way only cDNA
will be amplified and gDNA not. For intron flanking primers the
forward primer must hybridize to one exon and the reverse primer to
the other exon. Amplicons from cDNA, without intron, will be smaller
than the amplicons from gDNA, which will contain the intron. The
bigger amplicon will be amplified less efficiently. The difference in
size of these amplicons can be determined via meltcurve analysis. If
genes of only one exon are studied contamination with gDNA can only
be avoided by DNase treatment of the RNA with RNase free DNase.

e check if primers are unique and specific (check with BLAST:
www.ncbi.nlm.nih.gov/BLAST/)

Amplicon
e length
- 80-120 bp optimal (up to 1000 bp possible with adjusted reaction
times)
- shorter amplicons will give higher PCR efficiencies and more
efficient 5" nuclease reactions
e GC content
- 30-80 % (ideally 40-60 %)
e avoid secundary structures in the amplicon (check with Mfold:
www.bioinfo.rpi.edu/applications/mfold/).
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When designing Scorpions® primers the folding of the primer and probe
is the crucial feature. The probe sequence should be close to the 3" end
of the primer intended to be attached to the probe. The probe should be
complementary to the extension of this primer, making probing
intramolecular. In order to be in the correct orientation the probe should
be written so that the 5" end is complementary to the 3" end of the target
(the probe should be the reverse complement of the target). The probe
sequences should be about 17-27 bases. The probe target should be 11
bases or less from the 3" end of the Scorpions®. Although a greater
distance works, the further away the probe target the lower the probing
efficiency, and the advantage of using intramolecular probe is lost. A
stem sequence of 6-7 bases, mostly C's and G’s, avoiding repetitive
motifs (as CGCGCG), should be added to the end of the probe so that the
two regions of stem can bind to one another and hold the probe in a loop
configuration. The 5" end stem sequence should begin witha C, as a G
may quench the dye.

The following web site: http://bicinfo.math.rpi.edu/~mfold/dna/form1.cgi
should be used to fold Scorpions® (probe, stem and primer) at 0.004 M
MgCl, and 0.01 M Na'. The folding temperature should be the
temperature at which the fluorescence will be monitored. This
parameter often needs optimizing and a good starting temperature for
the folding is 60 °C. Fold both the Scorpions® sequence alone and the
Scorpions® with amplicon. The design should be such that a stem loop
is produced for Scorpions® with amplicon. This may mean altering the
stem sequence and / or length of the probe sequence or adjusting the
temperature. The AG value should be negative and ideally the stem loop
should have a Tm of 5-10 °C higher than the probe bound to the target.
The AG value is more important. When designing a probe for mutation
detection the same principles apply. A design should be found where the
probe is bound to the perfectly matched target but has dissociated from
the target with a mismatch. Once the sequence has been designed the
fluorophore is placed on the 5" end and Deep Dark Quencher |, and a
PCR stopper are placed between the primer and the hairpin.

Design of Molecular Beacons hairpin loops is fairly similar to
Scorpions® primers design except that intramolecular folding does not
need to be taken into account. The hairpin structure needs to be
checked in the DNA folding programme. The Tm of the Beacon probe
sequence should be 7-10 °C higher than the annealing temperature of
the primers. In contrast to the probes discussed above, Molecular
Beacons should be designed in the centre of the amplicon with greater
than 6 bases between the Beacon and the 3" end of the primers.
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Protocols

For the extraction of RNA or DNA from the samples, the use of an
appropriate commercially available kit is recommended. There are
many different kits available, which will contain all the required
reagents for the full extraction / purification procedure.

These kits will also outline general guidelines, such as the storage
conditions and shelf life of the extracted RNA or DNA. However these
guidelines may vary between kits due to the different composition of
buffers. It is also recommended that the buffers supplied with each kit
are used according to the protocol.

The final product should be cleaned and free from any residual buffers
that may inhibit the PCR such as EDTA or solvent containing buffers.
This is usually not a problem when using spin column kits instead of
manual extraction techniques.

If RNA is used, we recommend for the reverse transcription step the use
of the Eurogentec Reverse Transcriptiase Core Kit as the formulation of
this is adapted to the formulation of the Eurogentec gPCR Core Kits and
gPCR MasterMixes.

Two step RT qPCR set-up

The Eurogentec kits are supplied with random nonamers and oligo d(T)
VN primers, but the kit can also be used with sequence specific primers.
Random nonamers will bind to and transcribe through out the RNA in
the reaction leading to the creation of random cDNAs. Oligo d(T] VN
primers bind to the poly-A region of the RNA and transcribe from these
points. The use of sequence specific primers for RT reaction means that
only the sequence of interest is transcribed from the RNA in to the
cDNA. Full details of the content of this reaction mix are supplied in the
technical data sheet supplied with the kit.

The RT reaction should be set up in a clean environment to avoid
contamination; cleaning solutions are available to avoid any RNAse
contamination (RNASE away). We also recommend to work with RNAse
free plastics. The tubes containing the reaction should be maintained on
ice during the set up of the reaction. This will avoid early reaction
generated before the incubation.
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The RT reactions are incubated at 48 °C for 30 minutes with a final hold of
5 minutes at 95 °C to inactivate the RT enzyme. If sequence specific primers
or oligod(T) VN primers are used and initial 10 minutes prehybridization at
25 °C should be performed prior to the 30 minutes incubation. The cDNA
generated should be stored between -70 °C to 80 °C.

The use of a separate RT step is recommended when the reaction is
performed with a limiting amount of starting material.

One step RT qPCR set-up

In a One step RT qPCR, both the RT reaction and the PCR reaction are
performed in a single tube. With a One step RT qPCR only sequence
specific primers can be used. These primers are the same as those to
be used in your PCR.

The reaction is incubated at 48 °C for 30 minutes, and then the PCR is
performed after the RT. The 95 °C hold required for the activation of the
hotstart enzyme will also cause deactivation of the RT enzyme.

The precautions described for the set-up of two-step RT qPCR reaction
should also be followed for the set-up of a One step RT qPCR reaction.

When setting up a qPCR reaction, it is always recommended to prepare
a reaction mix, containing the primers, probes and all the reagents
required for the reaction. This minimizes differences across the plate
and allows for more accurate pipeting (as the volume required per
sample is usually very small).

The reaction mix should ideally be prepared in a separate room,
different from the room where the DNA samples have been prepared, to
avoid any contamination.

The DNA samples should always be added to the side of each well
before the reaction mix and then rinsed down while adding the reaction
mix. As the reaction mix is heavier than the DNA, the DNA will be mixed
within the reaction mix.

The plate can be shaken on a plate shaker and spun before placing the
plate on the machine. This is not an essential step but will ensure that
the reactions are toughly mixed and collected at the bottom of the
reaction tube. It is useful to also check the wells for bubbles, as bubbles
at the bottom of the well can produce unusual plots on the results, when
using machines that read from the top.

The no template controls should be placed on the plate in such a
position that cross contamination is avoided during the set up; thus,
they should be placed if possible away from the highest DNA
concentrations, at the top or bottom of the rows to avoid going over
these wells when pipeting.
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When sealing the PCR plates, it is important to ensure that it has been
correctly done. If optical films are used, fingerprints and marks should
be avoided on the top of the film.

The Real-Time thermocycler used should be programmed according to
the manufacturers instruction manual.

The ideal thermal cycling conditions can vary from assay to assay. The
technical data sheet supplied with the Eurogentec qPCR kits should be
used as a good starting point, but optimization of these conditions may
be required for certain assays to achieve optimal results.

Standard cycling conditions for Double-Dye Oligonucleotides are as
follows:

50 °C for 2 minutes if UNG is used
95 °C for 10 minutes
40 cycles of
95 °C for 15 seconds
60 °C for 1 minute

This is a two-step PCR where the extension and annealing step are a
combined 60 °C step. This is possible since the amplicons are designed
to be very short and can be copied without requiring a 72 °C extension.
This protocol should be used initially when testing a new assay.

Double-Dye Oligonucleotides probes, which are designed using Primer
Express®, will work optimally under these conditions. However,
Molecular Beacons and Scorpions® primers may need an additional step
for monitoring the fluorescence as the optimal temperature for
fluorescent signal or allelic discrimination may be different to the
annealing / extension step. Melt curves are useful for determining this
temperature. The annealing temperature may require optimization for
any of the technologies.

In the following cases we recommend to perform a 3-step protocol to
obtain better results: when performing SYBR® green | assays, if results
show late Ct values, if only primer dimers are detected or if the results
give a less steep growth curve and if in this special case it is not possible
to re-do the design.

The protocol will then be as follows:

40 cycles denaturation 95 °C for 15 seconds
annealing 60 °C for 30 seconds
extension 72 °C for 30 seconds

Extension time can be increased with 10-second steps.

It is also possible to add a data collection step after the extention step.
To do so, ensure that the detection temperature is at least 3 °C lower
than the Tm of the amplicon.
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In addition to the cycling parameters there are two temperature steps at
the beginning of the reaction that have specific functions.

The 50 °C step is activating the UNG (Uracil-N-Glycosilase]. UNG is
used as a contamination control system. In that case, dUTP is used
instead of dTTP and UNG will weaken glucosidics bonds in DNA with U's
instead of T's. A heating step will then deactivate the UNG and break the
glycosidic bonds fragmenting the DNA so it cannot be amplified. UNG is
useful if any PCR products from a previous amplification can
contaminate the reaction.

The 95 °C step for 10 minutes is used to activate the hotstart Tag
polymerase. A hotstart enzyme is inactive at low temperatures (room
temperature]. This prevents from formation of non-specific
amplification and reduces primer dimer formation. Heating at 95 °C
during 10 minutes activates the enzyme and the amplification can begin
once the primers are annealed.

Results Analysis
All instruments are supplied with some analysis software. Instructions
related to the use of this software will be contained within the manual.

Some analysis packages will allow more interaction and manipulation

of the data than others, but most will allow baseline and threshold / fit
point adjustment.
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Literature available from
Eurogentec

Available on the Eurogentec web page:
e Frequently Asked Questions

e Troubleshooting Guide

e Technical Datasheets

e Material Safety Datasheets

e (Certificates of analysis)
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Eurogentec products

Our MasterMixes are developed to work with standard temperature
profiles, to be completely adapted to any assay. However, it is
recommended to generate a primer optimization matrix and a primer
and probe ratio matrix, as this is a crucial step to obtain the lowest
signal to noise ratio, the earliest Ct value and to save maximum
reagents.

Primer optimization matrix

Optimize according to the table 5, performs qPCR’s selecting the one
with the lowest Ct value.

By doing this type of optimization it is also possible to compensate for
differences up to 2 °C in melt temperature of the primers.

Table 5. Primer-probe ratio matrix

Forward
Reverse 50 nM 300 nM 900 nM
50 nM 50 /50 300/50 900/50
300 nM 50/300 300/ 300 900/ 300
900 nM 50/ 900 300/ 900 900/ 900

Primer-probe ratio matrix

Select optimal primer concentration as described above and test with
all probe concentrations like in table 6. Select the concentration, which
gives the lowest value.

Table 6. Primer-probe ratio matrix

Probe
50 nM 125 nM 250 nM
Opt. Primers 50 / opt 125 / opt 250 / opt

@
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gPCR kit compatibility with Real-Time thermocycler
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RT qPCR kit compatibility with Real-Time thermocycler
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Miscellaneous
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Double-Dye Oligonucleotide probes

5'FAM + 3'TAMRA 40 nmol 0L-0361-01004/TA
5'FAM + 3'TAMRA or Eclipse® Dark Quencher 0.2 ymol 0L-0361-0102/TA/DQ
or DDAl
5'FAM + 3'TAMRA or Eclipse® Dark Quencher 1.0 pmol 0L-0361-0110/TA/DQ
or DDAQI
5'HEX + 3'TAMRA or Eclipse® Dark Quencher 0.2 pmol 0L-0361-0102/TA/DQ
or DDAl
5'HEX + 3'TAMRA or DABCYL or Eclipse® DQ 1.0 ymol 0L-0361-0110/TA/DQ
or DDQI
5TET + 3'TAMRA or Eclipse® Dark Quencher 0.2 ymol 0L-0361-0102/TA/DQ
or DDQI
5TET + 3'TAMRA or Eclipse® Dark Quencher 1.0 pmol 0L-0361-0110/TA/DQ
or DDAI
5TAMRA + 3'DDAQll or DDQI 0.2 pmol 0L-0361-0502EQ/MR
5TAMRA + 3'DDQIl or DDQI 1.0 ymol 0L-0361-0510EQ/MR
5'Texas Red® + 3'DDQIl or DDAl 0.2 ymol 0L-0361-0902EQ/MR
5Texas Red® + 3'DDQIl or DDAI 1.0 ymol 0L-0361-0910EQ/MR
5'Cy® dyes + 3" DDQIl 0.2 pmol 0L-0361-1102EQ
5'Cy® dyes + 3 DDQII 1.0 ymol 0L-0361-1110EQ
5’ Yakima Yellow® + 3" Eclipse® Dark Quencher 0.2 pmol 0L-0361-1202DQ/MR
or DDAl
5'YakimaYellow® + 3" Eclipse® Dark Quencher 1.0 pmol 0L-0361-1210DQ/MR

or DDQI

If other labels required, please inquire
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Molecular Beacons

5'FAM + 3" DABCYL 0.2 pmol OL-0371-0102DA
5'FAM + 3" DABCYL 1.0 ymol OL-0371-0110DA
5'TET + 3" DABCYL 0.2 pmol 0L-0371-0302DA
5'TET + 3 DABCYL 1.0 ymol OL-0371-0310DA
5'Texas Red® + 3'DABCYL 0.2 pmol 0OL-0371-0902DA
5'Texas Red® + 3'DABCYL 1.0 ymol OL-0371-0910DA
5'Cy® dyes + 3'DABCYL 0.2 pmol OL-0371-1102DA
5'Cy® dyes + 3'DABCYL 1.0 ymol OL-0371-1110DA

if other labels required, please inquire

Scorpions® primers

Scorpions® primers ROX/FAM FRET 0.2 pmol 0L-0361-5801
Scorpions® primers 0.2 pmol 0L-0361-5901
Duplex Scorpions® primers 0.2 pmol 0L-0361-51001

Scorpions® primers are available with FAM / HEX / TET / JOE and ROX
labeling and are quenched with Deep Dark Quencher I.

FRET probes

3'FAM 0.2 pmol 0OL-0390-LCFAMO02
5'ROX 0.2 pmol 0L-0390-LRROX02
5'Cy°5 0.2 pmol 0L-0390-LCCY02

Dye compatibility table with Real-Time
thermocyler (p.29)
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Disclaimer

The polymerase Chain Reaction (PCR] process is covered by patents owned Hoffmann-La Roche, Inc.

use of the PCR process requires a license.

Alicense under U.S. Patents 4,683,202, 4,683,195 and 4,965,188 or their foreign counterparts, owned by
Roche Molecular Systems, Inc. and F. Hoffmann-La Roche Ltd (Roche"), has an up-front fee component
and a running-royalty component. The purchase price of this product includes limited, non-transferrable
rights under the running-royalty component to use only this amount of the product to practice the
Polymerase Chain Reaction ["PCR"] and related processes described in said patents solely for the
research and development activities of the purchaser when this product is used in conjunction with a
thermal cycler whose use is covered by the up-front fee component. Rights to the up-front fee compo-
nent must be obtained by the end user in order to have a complete license. These rights under the up-
front fee component may be purchased from Applied Biosystems or obtained by purchasing an
Authorized Thermal Cycler. No right to perform or offer commercial services of any kind using PCR,
including without limitation reporting the results of purchaser’s activities for a fee or other commercial
consideration, is hereby granted by implication or estoppel. Further information on purchasing licenses
to practice the PCR Process may be obtained by contacting the Director of Licensing at Applied
Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404 or the Licensing Department at
Roche Molecular Systems, Inc., 1145 Atlantic Avenue, Alameda, California 94501.

Use of UDG employs U.S. Patents 5,035,996, 5,945,313, 5,683,896 and their foreign counterparts licensed

to Eurogentec S.A. from Invitrogen Corporation.

Cyclic-substituted unsymmetrical cyanine dyes are covered by U.S. Patents 5,436,134 and 5,658,751 and

licensed to Eurogentec S.A. by Molecular Probes, Inc. in the direct research field.

The use of certain fluorogenic probes in 5" nuclease assays may be covered by U.S. Patents 5,210,015
and 5,487,972, owned by Roche Molecular Systems, Inc., and by U.S. Patent 5.538.848, owned by The
Perkin-Elmer Corporation. The purchase of Eurogentec’s product does not provide a license to use this
patented technology. A license must be obtained by contacting the Director of Licensing Applied
Biosystems, 850 Lincoln Centre Drive, Foster City, CA 94404 or the Licensing Department at Roche
Molecular Systems Inc., 1145 Atlantic Avenue, Almeda, CA 94501.

The use of Scorpions® Probes for research purposes is covered by a license to Eurogentec S.A. from DxS
Ltd. No rights to perform or offer diagnostic, commercial testing or other commercial services for
money or money's worth are granted by the supply of this product. Should you wish to use this product
for any other purpose not covered by this license, please contact DxS Limited at Manchester Incubator

Building, 48 Grafton Street, Manchester, M13 9XX.

The use of Custom Molecular Beacon Probes employs the following patent rights licensed to Eurogentec
S.A. from The Public Health Research Institute of the City of New York: [a] the claims of U.S. Patent
Application Serial No. 08/439,819; [b] the claims of U.S. Patent Application Serial No. 08/990,176; and [c]
all patent application claims and all patent claims, U.S. and foreign, that cover improvements in the
foregoing claimed probes, kits and assays and whose subjects are inventions and discoveries that are
made by The Public Health Research Institute of New York. The use of Custom Molecular Beacon
Probes is limited to the field of use comprising the internal use by an end user of a product solely in
assays of the end user [or in applications of the end user’s customer, if the end user is performing

contract research] in scientific research and development.
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The oligonucleotides probes and primers using the Yakima Yellow®, amidite and the Eclipse®, Non-
Fluorescent Quencher are for research purposes only, and may not be used for commercial, clinical,
diagnostic or any other use. These products or portions thereof are subject to proprietary rights of
Epoch Biosciences, Inc. and are made and sold under license from Epoch Biosciences, Inc. under the
patent rights WO 0142505 and other pending patent applications. There is no implied license for com-
mercial use with respect to these products. A license must be obtained directly from Epoch Biosciences,

Inc. with respect to any proposed commercial use of these products.

LNA oligonucleotides produced under license from Exigon® A/S for research use only. Not for resale or

for therapeutic use or use in humans.

Alexa Fluor® dyes are provided under license from Molecular Probes, Inc., for research use only, and are

covered by U.S. Patents 5,696,157 and 6,130,101 and their foreign counterparts.

Texas Red®, Rhodamine Red™, Marina Blue®, dyes are provided under license from Molecular Probes,
Inc., for research use only, and are covered by U.S. Patents 4,774,339; 5,132,432; 5,227,487; 5,274,113;
5,696,157; 5,798,276; 5,830,912; 5,846,737; 5,955,612; 6,162,931 and their foreign counterparts.

Trademarks

ABI Prism® is a registered trademark of The Perkin-Elmer Corp.

Amplifluor®is a registered trademark of Intergen

Alexa®, Alexa Fluor®, Marina Blue®, SYBR®, SYBR gold® and Texas Red® are registered trademarks of
Molecular Probes, Inc.

Cy® and Cy5” Direct are registered trademarks of Amersham Biosciences Corp.

DNA Engine Opticon® is a registered trademark of MJ Research, Inc.

Eclipse®, MGB®, MGB Eclipse® and Yakima Yellow® are registered trademarks of Epoch Biosciences, Inc.
Exigon® is a registered trademark of Exiqon A/S

GeneAmp® and TagMan® are registered trademarks of Roche Molecular Systems, Inc.

GoldStar® is a registered trademark of Eurogentec S.A.

HyBeacons® is a registered trademark of LGC.

|-Core® and Smartcycler® are registered trademarks of Cepheid, Inc.

iCycler iQ” is a registered trademark of Bio-Rad Laboratories, Inc.

Mx3000p® and Mx4000° are registered trademarks of Stratagene

Primer Express® is a registered trademark of Applera Corporation

Oligo® Primer Analysis Software is a registered trademark of Molecular Biology Insights Inc.
Quantica® is a registered trademark of Techne, Ltd and Techne, Inc.

Scorpions® is a registered trademark of DxS Ltd.

Uniprimer®is a registered trademark of Serologicals Royalty Company

EUROGENTEC 2004 | www.eurogentec.com | info@eurogentec.com

63



64

@

Notes

EUROGENTEC 2004

www.eurogentec.com

info@eurogentec.com






Ref.: q&qPCR booklet-0304-V1

European offices US offices

BELGIUM USA

Eurogentec Headquarters Eurogentec North America, Inc.
Tel.: +32 4 372 74 00 Tel.: +1 215 966 6135

Fax: +32 4 372 75 00 Fax: +1 215 966 6001
infoldeurogentec.com info.usaldeurogentec.com

FRANCE Eurogentec North America, Inc.
Eurogentec France s.a.s.u. Production site

Tel.: +33 2 41 7333 73 Tel.: +1 858 793 2661

Fax: +33 2 4173 10 26 Fax: +1 858 793 2666
infoldeurogentec.com info.usaldeurogentec.com

GERMANY

Eurogentec Deutschland GmbH
Tel.: +49 221 258 94 55
Fax: +49 221 258 94 54

info@eurogentec.com Asian offices
SWITZERLAND
Eurogentec Succursale de Genéve JAPAN
Francais : Nippon EGT
Tel.: +32 4 372 74 00 Tel.: +81 76 411 02 77
Fax: +32 4 372 75 00 Fax: +81 76 452 03 99
Deutsch : n-egt@nifty.com
Tel.: +49 221 258 94 55
Fax: +49 221 258 94 54 SINGAPORE
infoldeurogentec.com RB EGT

Tel.: +65 6273 1066
THE NETHERLANDS Fax: +65 6273 4914

Eurogentec Nederland b.v.
Tel.: +31 43 363 40 37
Fax: +31 43 363 77 65

infoldeurogentec.com

UNITED KINGDOM
Eurogentec Ltd.
Tel.: +44 1794 511 411
Fax: +44 1794 522 417

info.uk@eurogentec.com

7,

|
EUROGENTERLS

LIEGE SCIENCE PARK e 4102 SERAING ¢ BELGIUM e Tel.: +32 4 372 74 00 * Fax: +32 4 372 75 00
info@eurogentec.com ¢ order@eurogentec.com ® www.eurogentec.com



