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Abstract

The real-time PCR methodology improved profoundly the basic amplification
technology; not only by permitting the digital tracking of the reaction from the very
first minutes, but also by significantly compressing the time for an amplification
program, through technical improvements in expendables and hardware. Two of the
integrated, end-to-end solutions available in the market, the Roche and the Applied
Biosystems products, also capitalize on the advances at the multi-color dyes and the
melting-curve analysis to perform products discrimination and dispose of post-
amplification steps, such as electrophoresis, thus further compressing time and
logistics footprint of the integrated assay. They also focus on the well-proven ability
of the methodology to provide accurately quantitative results, which was always a
priority throughout the field of biosciences, and one rarely tackled efficiently.
Electrophoresis, though, remains popular with low-end users, who find it robust,
reliable, flexible and relatively cheap since expendables are low-cost and know-how
is well-established. Given that high-end users prefer true high-throughput methods
(such as arrays) for simultaneous assaying, which vastly outperform real-time PCR,
the ease and rapidity of the latter’s results, which both are of capital diagnostic
concern, remain the strongest points of the method, coupled with its quantification
potential.
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Introduction

The real-time PCR is a technological advance somewhat underadvertised by its name.
In fact it brings a number of advantages over previous, conventional formats. The first
one is the ability to monitor, during the cycling, the production- or lack of it- of
amplicons, a feature that christened the whole concept. A second, most important
advantage is the compression of the time required for a typical cycler protocol to 20-
30 min instead of 2-4 h, a 76-82% drop [3, 4]. This is made possible by advanced
reaction chemistry, optimised volume- to- surface ratio in the capillaries used by some
concepts and excellent heat exchange properties and mechanics of the hardware and
the capillary, tube or plate of the reaction [15]. The third, intensely advertised feature
is the prospect of eliminating post-amplification sample processing by usual means
such as electrophoresis and subsequent blots. This is made possible by the inherent
capabilities offered by the photometric module of the instrument and its accessorising
expendables, coupled with a most robust software application.
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The real-time monitoring of amplicon production is made possible by the scanning
sessions after each PCR cycle. As amplicons elongate and accumulate, the DNA-
binder dye (usually SYBR-Green [15] but not always- [9]) gets densely and securely
fixed between the chains of each DNA molecule and thus produces visual signal after
suitable excitation, which is measured by a sensor devise and plotted. This kind of
“sequence-independent analysis” informs on the production or not of an amplicon as
such. With proper negative and positive controls, this is just enough for some time-
critical diagnostic issues [3, 4].

Moreover, melting-curve analysis (MCA) in sequence-independent formats can
produce a rough discrimination between primer-dimers and specific product in the
same tube/well and even relative differential specific product analysis, based on Tm
differences due to length and/or sequence variation. Sequence variations may reflect
to different melting curves, but, again, they may not. Thus, the fact remains that there
is no firm data about absolute length and sequence of the produced amplicon, nor for
its identity [2, 15, 16].

Comparative Methodology

This kind of data has been traditionally obtained by post-amplification analysis,
usually electrophoresis combined with restriction digestion [23, 24], probe
hybridization (the latter usually after a blotting step) [14] or other methods such as
SSCP (Single Strand Conformation Polymorphism)[1], sequencing etc. Such abilities
are out of the league of any method restricted in liquid phase, because homogenous
liquid preparations lack positional discrimination for their ingredients. With no kind
of dynamic grading to reveal product size (relative or absolute- 8, 26), the integrated
post-amplification analysis of the samples could be nothing but sequence-related, [2,
21] which is usually a synonym for hybridization methodology, given that Restriction
Enzyme Analysis, although sequence-dependent (or sequence-sensitive), needs an
electrophoresis step for data extraction and could prove cumbersome in some respects
[23, 24]. On the contrary, the new breed of hybridization protocols [20] can well be
integrated in a liquid-phase product with a minimum of changes, especially in
accurately controlled thermal environments -as are the cyclers in general- which
allows for dedicated melting point consideration. The widening use of non-radioactive
and, most importantly, polychromatic dye preparations makes the hybridization a far
more robust tool for sequence-related analysis than it had been in the past [25].

Even more intriguing are the possibilities opened with the binary dies, the prime
example being FRET pairs [22]. Such a format allows for increased specificity. The
particulars of the Roche system allow for only two-colour separation, which is enough
to resolve, under optimal design, two binary queries. This is just enough to
simultaneously study two biallelic SNPs (or mutations) but obviously fails to provide
usable tools for higher order discrimination problems, as are multiallelic SNPs and
mutations or multi-locus genotyping [25]. The Roche system, with two probes for
one-signal production offers extreme specificity (the need for it is an altogether
different matter) whereas the Applied Biosystems proposal is somewhat different. It
uses a single probe as carrier of both dyes, of which one is a quencher. The use of a
single probe relaxes a bit the specificity obtained, since the coverage is usually less in
length and more concentrated in location than in a two-probe system, but the matter of
specificity is always subject to the enzyme (polymerase) tolerance in handling
mismatches in the regions of the PCR primers. On the other side, the single-probe
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system diminishes the cost and relaxes probe design constraints, as a two-probe
system is more expensive than a single one, even if the sum of bases is the same.
Moreover, a denser probe environment needs more stringent laws governing its design
to avoid unwanted dimer formation and random hybridizations in a given set of
conditions. The fact remains that the AB system is also able to discriminate only two
colours, allowing as poor a multiplex performance as the one of Roche’s.

In simplex diagnostic PCRs, as performed in Reference labs, the RealTime format is
more than adequate [3, 4]. Its sequence-independent analysis provides a very timely
answer, whereas the use of one probe with exitable dye (with or without quencher)
offers the specificity needed in such contexts. It is true that this format cannot
discriminate between full-length and some truncated sequences (i.e. pseudogenes), but
one must keep in mind that simple electrophoresis, which is the current diagnostic
standard, cannot discriminate in its turn between similarly sized but different
amplicons, in cases of related sequences (homologues). Electrophoresis can always be
performed with the Real Time PCR amplicon, [3, 4] although this negates one of the
main advantages claimed by the companies, the exclusion of post-amplification
procedures-especially electrophoresis [2, 15, 16]. However, most labs with Molecular
Biology infrastructure are capable of electrophoresis and not very eager to phase it
out, as it is a proven, well-established and extremely adaptive technique [27, 28],
although this may be not the case with new high-tec labs that will be established in the
near future.

More specificity- and discriminatory power- can be obtained if use of the FRET
principle is made. In such cases, given that there are two FRET dyes, it is possible to
resolve two diagnostic questions in one reaction (duplex PCR format) which may
refer to closely related or to vastly remote pathogens. In simplex formats, the FRET
procedure adds specificity and diminishes the possibility of pseudo-positives due to
truncated target sequences or allows better analysis of a single variable taking
multiple (more than two and, to the present, up to four) values.

The main disadvantage lies in the infrastructure for sequence-specific analyses. The
design of probes, especially when opted for FRET (either simplex and the more so in
duplex) is a laborious, time —consuming, high-risk, high-restriction and expensive
procedure [1, 11, 12, 15, 17, 25]. Genomic data is required for truly trustworthy
results in assay development, but other genomic-based procedures offer far greater
robustness for similar specific cost and infrastructure investment [25]. It is rather ill-
advised to invest in a technique were duplex is the definite limit of its current parallel
throughput, suggesting that a triplex or quadrplex diagnostic format will not be
needed in the near future of a lab’s routine.

A more problematic issue is the degree of specificity. The ramping nature of the
cycling and melting curve analysis permits hybridization of both the primers and the
probes despite mismatches, which extends the scope of the target but reduces the
specificity [25]. In the case of the probe-based melting curve analysis, the exact and
precise thermal performance of the hardware and the robustness of the software allow
for sharply defined profiles in melting curve analyses, which indicate a single base
difference. The problem is that such data cannot indicate which is the polymorphic
base/residue (not to mention the identity of the polymorph) [1]. Presumptions have to
be made as to the expected sequence homology and the anticipated polymorphic
position, but no hard evidence can be derived, which drastically limits the scope of
applicability of such experiments since they usually have to both locate and identify
the detected variability.
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Roche promotes the Real-Time PCR hardware and assorted software integrated
system for applications such as mutation analysis that are a hot issue in contemporary
research. In such cases though, the system is plagued by inherent drawbacks, making
it anything but the preferred choice. First, mutation analysis must make certain -to a
degree- that the observed difference between two sequence samples is due to a
difference in a specific residue presenting polymorphism. Else, the experiment shifts
by default to the mutation detection application, a very important function but a very
different one, which must be followed by mutation location, identification and
tracking, which all form part of a mutation analysis procedure. Mismatch-based
melting curve analysis (MCA) [6] is far less suitable in such cases than even simple
REA (Restriction Enzyme Analysis), due to the far smaller detection footprint of the
latter on the target molecule (less than a score of residues, with normal value of less
than ten) [10, 19].

A restriction endonuclease “reads” a limited number of nucleotide residues (“n’), thus
making the possibilities of erroneous result Pol=(n-1)/n. The melting curve
dislocation may be caused by a single mismatch of any of a number of the probe’s
residues (“x”). x is a function of probe’s design and nucleotide context, but normally
x>>n. As the possibility for erroneous result is Po2=(x-1)/x, it follows that Po2>Pol.

The other drawback of Real-Time PCR-MCA in mutation analysis is the extremely
limited scope of analysis even when location considerations are dealt with. Single-
locus analysis may be performed, under ideal conditions, for triallelic loci and in the
case of biallelic loci a maximum of two loci can be resolved in a single reaction. Such
throughput potential is, at the very least, insufficient for contemporary similar
experiments. Nowadays, the use of high-throughput methodologies, based on similar
infrastructure (probe design and multi-dye excitation) allows easily for hundred-entity
(entity equals to sum of loci X allelic context of each locus) analyses and sometimes
for thousand-, without too much effort, due to the advantage of positional
discrimination offered by solid-state nucleic acid chips [21, 25, 26]. Even if many
more dyes were available, the practicability of multiplex Real-Time PCR would be
limited to less than a score of loci due to colour cross-talk in a liquid phase. It is a
very unfortunate coincidence that the real-time PCR, which could have made an
enormous impact in research and diagnostics if invented 5 years earlier, was made
available at the time of high-throughput methodologies, which revolutionized research
and for which the Real-time PCR methodology is patently unable to adapt [18].

Conclusion

The undoubted strong point of Real-time PCR, except for assay speed, is the
possibility for rapid and accurate quantification [16]. Roche, but especially AB,
emphasize this fact. Truly, quantification actions based on photometry of dyes’
emissions (probe-attached or DNA-bound) produce a linear function between signal
and product quantity. Fairly accurate calculations can be made if the measurements
are performed during the exponential phase of the amplification, rather than during
the plateau (where dynamics are complicated due to restrictive phenomena and
unknown succession of reaction endpoints). The basis is that a certain amount of
signal will be produced earlier or later during the cycling by all positive samples. The
timing is a function of the starting quantity, and the signal a direct relation of actual
quantity. Standard curves of signal increase Vs cycle number, produced by standards,
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are straight regressing lines. Appropriate standards, computation and considerations
allow for relative or absolute quantification, both of which have particular uses (the
former in gene switch-on, the latter in infection dynamics). Although standard-curve
plotting, especially in formats with internal (endogenous or not) controls [5], is a
laborious and sensitive procedure, it assists prompt results and even high throughputs,
especially where such considerations have been an integral part of the system’s design
(automation-friendly PCR formats [7, 13]) and the lab’s infrastructure (compatible lab
equipment and instrumentation). The problem is that amplification efficiencies may
not be uniform in the samples as DNA (and, even worse, RNA) extraction are
notoriously un-reproducible procedures, especially in diagnostic applications where
there might be different biological (and even environmental) samples tested for the
same pathogen, not to mention slight but dynamically critical variations of the target
sequence [2, 10, 23].
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Tithog

OAOKAHPOQMENEZX [TPOTAXEIX PCR [IPATMATIKOY XPONOY
ANAI'NQXHX: MEOOAOAOI'TKH ANAAYXZH KAI 2YT'KPIZH AYO
EMIIOPIKA ATAGEXIMQON EITIAOI'QN

Ap Mavovoog Epp. Kapmobpng

Tunpa latpwcodv Epyactnpiov, Zyoiq Enayyeipdtov Yyeiog-Ilpovolag, ATEI
ABnvaov, Ay. Zropidwvoc, Arydrew 12210.

Hepitnyn

H PCR IIpaypatikod Xpdvov Avdyvoong enétpeye Ty moAvdtdotarn Peitimon g
Backng teyvikng evioyvong mupnvikdv o&Emv. Av Kot peydAn onpacio divetor v
mapokorovdnon g avtidopaong ev T yevacHai, mov emTpimel viOg eloyicTOV
Aemt®V TV OLOSIKN aEOAGYNoT NG avTiOpaong ®¢ OeTikng 1M OpVNTIKNG, T
TAEOVEKTNUOTO EKTEIVOVTAL TEPOV KO OVEEAPTNTAOS AL TOV TOL POGIKOD YVOPIGUATOC.
H Paocum apet g elvar n suumieon Tov ypdvov EKTELECTG TPMOTOKOAAMV EVIGYVONG
oto 20% 1tov ovuPatikeov pnyovnudtov, xdpn oty  PeAtiopévn  ocvvleon
avTOPACTNPIOV, TNV TPONYUEVI] KOTUOKELY OepUIKOV KUKAOTOMTOV Kol TNV
BeATioTOmOINGN TEPIEKTMOV KOL COANVAPIOV OVTIOPOAONG, TOV EMITPENTOVY TOYVTOTES
petaforéc g OBeppoxpaciog pe opotoyevi) Tpomo. AVo amd TIC OAOKANPOUEVES
AOoelg mov gpgaviomkay otnv ayopd NTov  To cvotiuota g Roche kot tng
Applied Biosystems. Kot ta 600 BaciCovv v mpodbnon tovg meptocdTteEpPo oTnv
ovvatdtTo eEAAEWYNG UETOEVIGYVTIKOV OTOSIOL OVAYVMOONG, OTIS OLVATOTNTES
TOGOTIKOTOINONG TOV TPOIOVIMV KO GTNV IKAVOTNTO OAKPIoNG LETOED OOPOPETIKADOV
TPOIOVIOV Y10 TOALTAEKTIKEG 1M O0leVKTIKEG €Pappoyéc oe €va otadlo. Ot
SUVATOTNTES AVTES TAPEXOVTOL OO TNV TEXVOAOYiO OVIAVOTG KAUTUANG THEEMG Ko
TIC VEeC, mponyuéves Kol avénuévng evkapyiog teyvoroyieg ypoons. Kobobg n
OLIKPLTIKNY IKOVOTNTO TOPAUEVEL OOHTEP YAUNAT OTNV ENOYN TOV GLGTOLYLOV KOl
tov  nebodmv  vymAod pvBuov  ovverelepyaciog Kol M KATAPYNON  TNG
NAEKTPOPOPNONG OV EAKVEL TOAALOVS OO TOVG ALYOTEPO EVPMGTOVS YPNOTEG OV
€YOVV OTOKTNGEL LTOJOUN KOl IKOVOTOMTIKY TEXVOYveoio e avtn ™ pébodo, M
EUTOPIKT] TPOOTTIKY] TV &V AOY® Tpooceyyicewv mpopovedg Bo ompybel otnv
eEAPETIKY TOYLTNTA TOLG, TOAVTIUN YO OLYVAOGTIKY] XPNON, Kol oTnv dvvatdtnta
aKpPOVG TOCOTIKOTOINGNG TOL £XEL EPUPLOYEG GE OAO TO PACLA TOV PLOEMGTNUAOV.

AéEarg-krerond: PCR mpoyuatixod ypovov avayvawons, SYBR-green, dicovoues
ypowotkés FRET, moootikomoinon mpoioviog PCR
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