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Intarneal Office 280 UPS Syxtemn

UPS type Small format standby UPS protects connected
" | equipment from blackouts, brownouts,

overvoltages, surges and line noise. Includes
modem line surge protection and surge suppression
only outlets

Input/output voltage 120

Input/output frequency 60/80

OQutput VA 280

Output watts 100

On-line waveform Pure sine

On battery waveform PWM sinusoidal

Voltage regulation Output voltage in battery mode is regulated to 120
volts +/-5%

Full load runtime (min.) 4

' load runtime (min.) 10

Typical runtime (PC w/ 15” mon.) | up to 11 min.

External battery compatible Not supported. See selected Smart XL, RM and
Datacenter models for this capability

Recharge rate to 8046 (hours) 2-4

Transfer time (milliseconds) 2-4

Suppression joule rating 240

Maximum surge current (amps) 19,500

SUBSTITUTE FIGURE 12B
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ADAPTIVE BASELINE ALGORITHM FOR
QUANTITATIVE PCR

RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S.
provisional application with Serial No. 60/326,620, filed
Oct. 2,2001 and U.S. provisional application with Serial No.
60/346,812, filed Oct. 19, 2001, the entirety of each is
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention is related to baseline subtraction
algorithms, methods of using the same, and a system and
computer program product for implementing the same.

BACKGROUND

[0003] Polymerase Chain Reaction (PCR) is a powerful
technique commonly used in today’s laboratories for spe-
cific amplification and detection of as little as a single copy
of a target nucleic acid sequence. PCR also is used for the
quantification of nucleic acid sequences because of the
quantitative relationship between the amount of starting
target sequence and the amount of PCR product at any given
cycle.

[0004] End-point PCR is widely used in applications for
amplifying nucleic acid templates. In end-point PCR, a
template is added at the beginning of a PCR reaction and the
reaction is carried out in multiple cycles, usually 20 to 50
cycles. It is the end product of the amplification reaction
which is detected and/or quantified. In contrast, real time
quantitative PCR (QPCR) monitors the progress of a PCR
amplification as it is occurring. In real-time QPCR tech-
niques, signals (generally fluorescent) are monitored as they
are generated. The number of cycles required to achieve a
chosen level of fluorescence varies directly with the con-
centration of amplifiable targets at the beginning of the PCR
process, enabling a measure of fluorescent intensity to
provide a measure of the amount of target DNA in a sample.
Fluorescence intensities are detected during the annealing/
extension period of each PCR cycle and the output of this
detection is fed to a processor for storage and data manipu-
lation. End-point PCR is less accurate than QPCR because
the measurement is made later in the PCR, which means
more variables have had the opportunity to affect the results.
For example, as reaction components are depleted, ampli-
fication is reduced. Different signal levels at endpoint might
be caused by slight differences in limiting reagents rather
than starting targets. This limitation is less severe early in a
PCR reaction.

[0005] The data obtained during amplification is normal-
ized by the processor which identifies a baseline of back-
ground signals (the expected signal in a PCR tube in the
absence of a target nucleic acid) and which removes back-
ground signals from observed signals. The result of baseline
subtraction is a measure of signal intensity which more
accurately reflects the amount of target nucleic acid in a
sample. Baseline subtraction calculations generally set the
background signal observed in a tube during the cycles
before amplification as the baseline. The range of cycles
before amplification occurs is defined by endpoints (e.g.,
start and ending cycles) set by the user. Typical guidelines
for selecting starting and ending cycles provide that the
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starting cycle is chosen after the typical variability in the first
few cycles has abated and the ending cycle is chosen before
amplification has occurred in any tube. Typically, signal
obtained from these cycles is fitted with a line using a least
mean squares algorithm. This best fit line is used to predict
the background for all the cycles of a QPCR experiment,
which is then subtracted from data generated from each
sample which is being evaluated (see, e.g., as described in
U.S. Pat. No. 5,928,907).

[0006] This system of setting a range for the calculation of
a best-fit line has some limitations: 1) if samples with
different starting quantities are used, then the best choice for
the last endpoint will differ from sample to sample; 2)
different users (or the same user at different times) can
choose different endpoints; and 3) the same experiment
analyzed with different endpoints will give a different result.

[0007] Inconsistency in baseline subtraction can cause
larger errors in the final determination of unknown starting
copies.

SUMMARY OF THE INVENTION

[0008] There is a need in the art for an adaptive baseline
subtraction algorithm that reduces the effects of tube-to-tube
variabilities which occur during quantitative PCR amplifi-
cation.

[0009] In one aspect, the invention provides a method for
calculating an adaptive baseline for a plurality of sample
wells in a sample block cycling through cycles of a PCR
reaction. The method comprises plotting intensity of actual
optical signal observed in a well as a function of cycle
number for that well to obtain a first plot, determining a
starting cycle and an ending cycle for the well, and fitting
points between and including the starting and ending cycle
to a line to determine the best fit between the points and the
line. However, in one aspect, a non-linear function is used
for determine the best fit. The best fit obtained for the well
is used to establish the baseline for that well. The steps of
plotting intensity, determining the starting and ending cycle,
determining the best fit, and establishing the baseline are
performed individually for each of the plurality of wells.

[0010] In one aspect, the step of determining the starting
cycle and ending cycle comprises obtaining a 3-point mov-
ing average of the intensity of actual signals obtained for
each cycle starting from cycle 2 and plotting said 3-point
moving average as a function of cycle number starting from
cycle 2 to obtain a second plot.

[0011] In another aspect, a Cycle X is identified from the
first or second plot. Cycle X has a maximum change of slope
from its previous cycle and has four immediately subsequent
cycles, each having an increased slope compared to its
previous cycle. In one aspect, Cycle X is identified within
the first 8 cycles of the PCR reaction and an ending cycle is
identified which is three cycles, or two cycles, or one cycle
before Cycle X. However, in another aspect, Cycle X is not
identified within first 8 cycles of the PCR reaction. In this
aspect, Cycle X is assigned as the ending cycle.

[0012] In a further aspect, the starting cycle is selected
from the group consisting of: a first cycle which shows a
different slope trend from its previous cycle; a cycle having
a positive slope which is greater than the slope of its
previous cycle; and a cycle having a slope less than 10% of
an initial slope.
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[0013] In one aspect, the best-fit line is calculated using a
standard least root-mean-square-error algorithm:

Mt

(mxi+b)—y;
=5

rmse =

N

[0014] wherein N is the number of cycles between said
starting and said ending cycles; S is said starting cycle; E is
said ending cycle; y; is a signal of an i cycle; and m and b
are parameters of said best fit line.

[0015] In another aspect, at least one of the sample wells
in the sample block comprises a sample suspected of con-
taining a template nucleic acid and the optical signal is from
a label (e.g., such as a fluorescent label) specific for the
nucleic acid. In a further aspect, the method comprises the
step (d) of subtracting the adaptive baseline calculated for
the at least one of the wells from a first plot plotted for the
at least one well to generate an adapted signal plot. Prefer-
ably, the adapted signal plot is compared to a first standard
plot generated from a PCR reaction comprising a known
amount of template concentration. Still more preferably, the
standard plot has been adjusted to remove a baseline. The
comparing can be used to determine the amount of template
in the sample.

[0016] The invention also provides a computer program
product comprising program instructions for performing the
method described above.

[0017] The invention further provides a system for calcu-
lating an adaptive baseline for a PCR reaction. The system
comprises an analyzing device comprising a memory for
implementing the program instructions of the computer
program product described above. In one aspect, the system
further comprises a thermocycler for receiving the sample
block, an input device (e.g., a detector) for collecting optical
signals from the sample wells of the sample block, and an
output device (e.g., such as a computer) for displaying data
obtained by or generated by the analyzing device.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The object and features of the invention can be
better understood with reference to the following detailed
description and drawings.

[0019] FIG. 1 is a graph showing a PCR amplification
reaction calculated with a baseline using fixed starting and
ending cycles for 4 samples according to one embodiment of
the invention.

[0020] FIG. 2A is a graph showing the actual amplifica-
tion signal plot as a function of cycle number according to
one embodiment of the invention.

[0021] FIG. 2B is a graph showing the root mean square
error (“rmse”) calculation of the difference between the
measured value and the predicted value of the signal at each
cycle of a PCR reaction using data in FIG. 2A according to
one embodiment of the invention.

[0022] FIG. 2C is a graph showing another PCR ampli-
fication reaction calculated with a baseline using fixed
starting and ending cycles for 4 samples according to one
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embodiment of the invention. Many samples have data
below 0 before the signal rises enough to be detected.

[0023] FIG. 2D is a graph showing the PCR amplification
calculated with an adaptive baseline for the same 4 samples
used in FIG. 2C according to one embodiment of the
invention. The endpoints are selected independently for each
sample and there are fewer below-zero data points before the
amplification can be detected.

[0024] FIG. 3. Detection of fluorescent signals with emis-
sion wavelengths ranging from 350-830 nm according to
one aspect of the invention.

[0025] FIG. 4. Detection of up to 4 fluorescent signals in
a single sample tube according to one aspect of the inven-
tion.

[0026] FIG. 5. Signal-to-noise ratios of various fluores-
cent dyes as measured by optimized filter sets according to
one aspect of the invention.

[0027] FIG. 6. Fluorescent dye emission curves for typical
dyes used according to one aspect of the invention.

[0028] FIG. 7. Real-time amplification plots as PCR
progresses shown as fluorescent signal as a function of cycle
number according to one aspect of the invention.

[0029] FIG. 8. Up to 4 fluorescent signals are viewed in a
single amplification plot according to one aspect of the
invention.

[0030] FIG. 9. Amplification plot shown generated using
baseline subtraction according to one aspect of the inven-
tion.

[0031] FIG. 10. Data analysis options provided on the
interface of a user device in communication with a ther-
mocycler used for QPCR and adapted for performing base-
line subtraction according to one aspect of the invention.

[0032] FIG. 11A is a graph showing the result of a PCR
amplification analysis where the starting cycle is not limited
to a cycle between 1 and 8 according to one embodiment of
the invention.

[0033] FIG. 11B is a graph showing the result of the same
PCR amplification analysis where the starting cycle is
limited to a cycle between 1 and 8 according to one
embodiment of the invention.

[0034] FIG. 12A is an example of an analyzing device
according to one embodiment of the invention.

[0035] FIG. 12B is another example of an analyzing
device according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The invention relates to algorithms for calculating
an adaptive baseline of a PCR reaction, computer program
products comprising the same, systems implementing the
algorithms and methods for using the same. The algorithm
calculates an adaptive baseline for data obtained from one or
more labels evaluated in an amplification reaction. In one
aspect, the method measures an actual signal obtained
during a PCR cycle and generates a first plot for each one or
more labels, determines a starting cycle and an ending cycle
for one or more labels and calculates an adaptive baseline for
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each sample or label. The adaptive baseline can be sub-
tracted from the actual signal observed during a PCR
amplification cycle and used to calculate the amount of a
nucleic acid template in a PCR reaction.

[0037] Definitions

[0038] The following definitions are provided for specific
terms which are used in the following written description.

[0039] A “nucleic acid” is a covalently linked sequence of
nucleotides (i.e., ribonucleotides for RNA and deoxyribo-
nucleotides for DNA) in which the 3' position of the pentose
of one nucleotide is joined by a phosphodiester group to the
5" position of the pentose of the next. “Nucleic acid”
includes, without limitation, single- and double-stranded
nucleic acid. The term “nucleic acid” as it is employed
herein embraces chemically, enzymatically or metabolically
modified forms of nucleic acid.

[0040] As used herein, the term “real time target template
synthesis” or “real time synthesis” refers to a synthetic
process during which a synthesized product can be analyzed
as it is being generated without affecting subsequent syn-
thesis of the product.

[0041] As used herein, “polymerase chain reaction” or
“PCR” refers to an in vitro method for amplifying a target
template sequence. A PCR reaction involves a repetitive
series of temperature cycles and is typically performed in a
volume of 50-100 ul. The reaction mix comprises dNTPs
(each of the four deoxynucleotides dATP, dCTP, dGTP, and
dTTP), primers, buffers, DNA polymerase, and polynucle-
otide template. One PCR reaction may consist of 5 to 100
“cycles” of denaturation and synthesis of a polynucleotide
molecule.

[0042] As used herein, the term “cycle” refers to a series
of temperature steps over selected time periods. In one
aspect, a cycle comprises three steps comprising: a step for
denaturing a nucleic acid, a step for annealing a primer to a
nucleic acid and a step for extending an annealed primer. A
“step” refers to a time period of uniform temperature (within
+/-1° C.). However, a sample well which is “cycled”
through a PCR cycle does not necessarily have nucleic acids
which can be denatured, annealed to primer, etc.; for
example, the well can contain only buffer or only nucle-
otides and/or various other components of a PCR reaction
mixture. A sample well is said to be cycled so long as it is
exposed to the same temperatures for the same amounts of
time which are suitable for denaturing, annealing, and
extension. In one aspect, a PCR reaction comprises a plu-
rality of cycles each cycle comprising a step of 90-100° C.
(preferably, 94° C.) for 30 seconds-1 minute (preferably, 30
seconds), an annealing step from 37° C.-60° C. (preferably,
55-57° C.) for 1-2 minutes (preferably 1 minute), followed
by an extension step of 70-75° C. for 30 seconds to 1 minute
(preferably, for 30 seconds).

[0043] As used herein, an “ending cycle” refers to a cycle
before the amplification of a target template becomes detect-
able during a quantitative PCR reaction (“QPCR”). An
“ending cycle” may be determined for a label(s) used for
detecting the amplification of a target template in a sample.

[0044] As used herein, a “starting cycle” refers to a cycle
after the initial variability of amplification subsides but
before an ending cycle. In one aspect, the starting cycle is
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selected from the group consisting of: a first cycle which
shows a different slope trend from its previous cycle; a cycle
having a positive slope which is greater than the slope of its
previous cycle; and a cycle having a slope less than 10% of
an initial slope.

[0045] As used herein, the “detectable” means that an
algorithm has determined the signal at a cycle has exceeded
the background, i.e., there is a positive increase (e.g., at least
10%, 20%, 30% 40% 50% or more, or 2-fold, 3-fold, 4-fold
or more increase) of determined signals for a given sample
(e.g., by a given label in the sample) over the background
level of signals.

[0046] As used herein, “background signal” refers to a
signal before the ending cycle or a signal generated in a
control sample comprising no template.

[0047] As used herein, the term “positive increase” is used
to distinguish an ending cycle from a cycle where back-
ground signals fluctuate. A “positive increase” of signals
reflects the increase of amplified product in a sample, e.g.,
as indicated by a signal generated from a label, rather than
random background noise fluctuation. Typically, when there
iS a positive increase, there is a continuous increase of a
fluorescent signal over at least 2 (or 3, or 4, or more)
consecutive cycles.

[0048] As used herein, the term “Cycle X” refers to the
cycle number at which the signal generated from a QPCR
reaction first rises above a “threshold”, i.e., where there is
the first reliable detection of amplification of a target nucleic
acid sequence. “Reliable” means that the signal reflects a
detectable level of amplified product during QPCR. Cycle X
generally correlates with starting quantity of an unknown
amount of a target nucleic acid, e.g., lower amounts of target
result in later Cycle Xs.

[0049] As used herein, the term “variability” refers to the
change in the quality or quantity of the amplified PCR
product which is not directly related to the amount of target
nucleic acid in a sample. Variability may be due to incon-
sistencies in sample handling and the use of different reac-
tion vessels, e.g., tubes, which cause the raw signal to vary
from tube to tube (e.g., “tube-to-tube variability”). Variabil-
ity, according to the invention, may be also due to instrument
drift, which causes the raw signal from each individual
sample to vary over time (e.g., “cycle -to-cycle variability”),
regardless of the presence of the signal generated from the
amplified nucleic acid product. Both types of variabilities
reduce the precision of measurements of Cycle X.

[0050] As used herein, “cycle-to-cycle variability” is vari-
ability in amplification or synthesis between any two or
more cycles of a real-time synthesis.

[0051] The term “growth curve” means a set of measure-
ments of amplified nucleic acid product (e.g., dsDNA)
present at or near the end of the extension portion of each
cycle in a PCR reaction.

[0052] As used herein, an “actual signal”, is a detectable
signal generated by a label, where the signal can be directly
measured by a signal detector. Preferably, the detectable
signal is an optical signal (e.g., fluorescent label or chemi-
luminescent label) and the signal detector is an optical signal
detector.
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[0053] As used herein, a “label” is a molecule which
generates a detectable signal, for example, an optical signal.
Useful label types according to the invention include, but are
not limited to, fluorescent, chemiluminescent, colorimetric,
or enzyme labels.

[0054] As used herein, a “labeled probe” refers to a
molecule which can be incorporated into or which can bind
to an amplification product either directly or indirectly. For
example, a labeled probe can be a labeled nucleotide which
is incorporated into an amplification product or a labeled
primer or a labeled probe can be a labeled molecule which
binds to the amplification product itself (e.g., such as a probe
to an internal sequence within an amplification product).

[0055] As used herein, the term “fluorescent” refers to the
property of a molecule whereby, upon irradiation with light
of a given wavelength or wavelengths, the molecule
becomes excited and emits light of a longer wavelength or
wavelengths.

[0056] The term “fluorophore” as used herein refers to a
fluorescent molecule. There are a number of parameters
which together describe the fluorescence characteristics of a
fluorophore. These include, for example, the maximum
wavelengths of excitation and emission, the breadth of the
peaks for excitation and emission, the difference between the
excitation and emission maxima (the “Stokes shift”), fluo-
rescence intensity, quantum yield, and extinction coefficient.
For biological or biochemical applications, longer Stokes
shifts are generally preferred to shorter ones.

[0057] A “target template”, according to the invention,
refers to a template whose identity (e.g., sequence) or
amount is to be determined in a test sample. A “target
template” may be a region of a polynucleotide template that
is to be replicated, amplified, and/or detected. In one
embodiment, the “target template” resides between two
primer sequences used for PCR amplification. A “target
template” may also be an amplified product generated in a
PCR reaction. A test sample, however, may contain more
then one target template whose identity or amount needs to
be determined, and each such target template may be a target
template at the time when it is analyzed. According to the
invention, when a plurality (n) of target templates present in
a sample, there may be a plurality (n) of labels, each of
which specifically binds to a specific target template and
which is thus referred to as a “matched label” for the specific
target template.

[0058] As used herein, “detecting a target template” refers
to determining the presence of a given target polynucleotide
sequence in a sample.

[0059] As used herein, “measuring a target template”
refers to determining the amount of a given target poly-
nucleotide sequence in a sample. The amount of a target
polynucleotide sequence that can be measured or detected is
preferably about 1 molecule to 10°° molecules, more pref-
erably about 100 molecules to 10'7 molecules, and most
preferably about 1000 molecules to 10™* molecules or
greater.

[0060] As used herein, an “oligonucleotide primer” refers
to a single stranded DNA or RNA molecule that is hybrid-
izable to a polynucleotide template and primes synthesis
(e.g., such as enzymatic synthesis) of a second polynucle-
otide strand. Oligonucleotide primers useful according to the
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invention are between about 6-100, preferably, 10 to 100
nucleotides in length, more preferably about 17-50 nucle-
otides in length and most preferably about 17-45 nucleotides
in length.

[0061] A “standard plot” refers to a plot generated by
plotting an intensity of an optical signal (e.g., fluorescent
intensity) as a function of known amount of a target tem-
plate. A “standard plot” serves as a basis for quantifying an
unknown amount of the target template in a sample.

[0062] Asusedherein, a “sample” or a “test sample” refers
to any substance comprising a target template of interest
(e.g., a target polynucleotide or a target polypeptide). The
term “sample” thus can include a sample of polynucleotide
(genomic DNA, cDNA, RNA) and/or polypeptide such as
can be found in a cell, tissue, bodily fluid (including, but not
limited to, plasma; serum; spinal fluid; lymph fluid; synovial
fluid; urine; tears; stool; external secretions of the skin,
respiratory, intestinal and genitourinary tracts; saliva; and
blood), tumor, organ, organism (e.g., such as a microorgan-
ism), samples of in vitro cell culture constituents, an envi-
ronmental sample (e.g., lake, reservoir, soil sample, and the
like), or industrial sample (e.g., a commercial food product,
an industrial waste product, and the like).

[0063] Overview of the PCR Procedure

[0064] Fundamental to the system of the invention is the
use of a novel adaptive baseline subtraction algorithm which
determines the starting and ending cycles prior to amplifi-
cation based on the characteristics of each sample being
evaluated in an amplification reaction, such as during real-
time QPCR. The algorithm calculates a baseline from end-
points independently determined for each sample unlike
prior art methods which calculate a baseline based on the
endpoints for all samples. The adaptive baseline algorithm
according to the invention can be used to provide a more
accurate and/or precise measure of the threshold cycle which
reflects a first reliable detection of the amplification product
(“Cycle X”).

[0065] The algorithm can be used in the analysis of
different types of amplification schemes in addition to PCR.
Generally, the algorithm is used to evaluate amplification
schemes which require the use of a nucleic acid polymerase
in an amplification reaction during which a population of
amplified nucleic acid product (e.g., dsDNA) increases.
Exemplary amplification schemes include, but are not lim-
ited to, PCR; ligase-based amplification schemes, such as
ligase chain reaction (LCR); Q-beta replicase-based ampli-
fication schemes; strand displacement amplification (SDA)
schemes (such as described by Walker et al, Nucleic Acids
Research, 20:1691-1696 (1992)), and the like. A compre-
hensive description of nucleic acid amplification schemes is
provided by Keller and Manak, In DNA Probes, Second
Edition (Stockton Press, New York, 1993).

[0066] Generally, the algorithm is used to calculate a
baseline for amplification reactions monitored by including
a label in the reaction mixture. The label can interact with an
amplified product (e.g., by being incorporated into the
amplified product or binding to the amplified product) to
generate a detectable signal, for example, an optical signal,
whose measure can be correlated with the amount of ampli-
fied product in the reaction. Useful label types according to
the invention include, but are not limited to, fluorescent,
chemiluminescent, colorimetric, or enzyme labels.
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[0067] Examples of useful fluorescent labels include fluo-
rescein, rhodamine, phycoerythrin, phycocyanin, allophyco-
cyanin, and fluorescamine. Examples of useful chemilumi-
nescent label types include luminal, isoluminal, aromatic
acridinium ester, imidazole, acridinium salt, oxalate ester,
luciferin, luciferase, and aequorin. Examples of useful
enzyme labels include malate hydrogenase, staphylococcal
dehydrogenase, delta-5-steroid isomerase, alcohol dehydro-
genase, alpha-glycerol phosphate dehydrogenase, triose
phosphate isomerase, peroxidase, alkaline phosphatase,
asparaginase, glucose oxidase, [-galactosidase, ribonu-
clease, urease, catalase, glucose-6-phosphate dehydroge-
nase, and glucoamylase, acetylcholinesterase.

[0068] Suitable labels can be coupled to (e.g., covalently
bonded), or incorporated into polynucleotides, polypeptides,
antibodies or antibody fragments through standard tech-
niques known to those of ordinary skill in the art. See, for
example, Kennedy et al., Clin. Chim. Acta 70:1-31 (1976);
and Schurs et al., Clin. Chim. Acta 81:1-40 (1977).

[0069] In one embodiment of the invention, a fluorescent
labeled molecule is used for monitoring amplification of a
product during PCR. The fluorescent labeled molecule,
when interacting with, or incorporated into, an amplified
product generated by an amplification reaction (e.g., a PCR
reaction), emits a detectable signal when appropriately
excited (e.g., during at least the extension portion of each
cycle of a PCR reaction). The amplification reaction is
performed for a sufficient time (e.g., thermal cycling the
reaction mixture for a sufficient number of cycles during a
PCR reaction), to establish a desired final concentration of
an amplified nucleic acid product.

[0070] The raw signal (e.g., fluorescent intensity)
observed at any point in an amplification reaction is offset
using the algorithm according to the invention to remove
background signal unique for a particular sample in which
the signal is observed. The resulting signal provides a truer
measure of the target molecule being amplified in the
sample. In one aspect, the background signal or baseline is
determined as the expected signal in a tube or well com-
prising the sample in the absence of a target nucleic acid. In
contrast to prior art methods, in which a single baseline is
determined for all samples being evaluated, the instant
invention uses the algorithm to determine a baseline which
is specific for each individual sample whose amplification is
being monitored.

[0071] In one aspect, the algorithm is implemented during
a QPCR reaction. A typical process of QPCR involves
amplifying a target template in the presence of at least one
label which emits signals corresponding to the amounts of
amplified product during QPCR; collecting the signals emit-
ted, and storing the collected signals in a processor. The
collected signals are analyzed and subsequently displayed
on the screen of a user device in communication with the
Processor.

[0072] In one embodiment, the method of the invention
for implementing the algorithm comprises the steps of:
detecting and measuring the intensity of signal in a sample
during at least the extension portion of each of a plurality of
starting cycles is chosen (cycles before amplification has
occurred in any tube), converting the intensity to molar
concentration values of an amplified product (e.g., dsDNA),
storing in a processor the molar concentration values for
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each of the extension portions of each of the cycles; and
generating a measured curve representing the molar con-
centration of the amplified product (e.g., dsDNA) as a
function of cycle number based on the stored concentration
values.

[0073] Conversion of signal intensity measurements to
molar concentrations can be performed by methods routine
in the art. For example, PCR samples can be replaced with
standard solutions (e.g., photometric standards) of DNA
containing all the same reaction materials in the same
amounts, except with several known molar concentrations of
the nucleic acid template ranging from none (e.g., baselines)
through the range of concentrations likely to be produced by
a PCR reaction for detecting the unknown amount of the
target nucleic acid in a sample. Then, by subtracting the
baseline signals from the signals measured on these known
photometric standards, a working curve is generated relating
measured signal corrected for baseline background with the
concentration of standard template dsDNA. Baseline sub-
traction can be performed prior to, or after, the conversion of
signal intensity measurements to molar concentrations. In
one embodiment, baseline subtraction is performed before
converting signal intensity measurements to molar concen-
trations. In another embodiment, baseline subtraction is
preformed after signal intensities are converted to molar
concentrations. It is not necessary to perform PCR to prepare
this working curve. Standard solutions with known molar
concentrations of DNA may be used.

[0074] In a preferred embodiment, the measured curve
was generated representing the signal intensity of the ampli-
fied product (e.g., dsSDNA) as a function of cycle number
based on the stored concentration values, without converting
the intensity to molar concentration values.

[0075] In one aspect, the starting molar concentration of
target nucleic acid in a sample comprising unknown
amounts of nucleic acids is determined by obtaining aliquots
of the test sample and performing the same amplification
reactions on the aliquots under the same conditions that were
used for standard samples comprising known amounts of
target nucleic acids. A growth curve is recorded for each of
the aliquots by obtaining a set of measurements of amplified
nucleic acid product (e.g., dSDNA) present at or near the end
of the extension portion of each cycle in the amplification
reaction and measurements are converted to molar concen-
trations of amplified product. The best fit between a growth
curve of one of the aliquots and the working curve for a
standard is calculated, e.g., such as by a single-variable
successive approximation method. The concentration of the
standard whose working curve provides the best fit with the
growth curve of the aliquot of the sample comprising
unknown amounts of nucleic acids is taken as the concen-
tration of the aliquot of the unknown sample. Baseline
subtraction is also applied to the measured signals generated
for the sample containing an unknown amount of target
nucleic acid, prior to, or after, the conversion of signal
intensity measurements to molar concentrations and is
described more specificity below.

[0076] Method Employing The Adaptive Baseline Algo-
rithm

[0077] During real-time PCR, actual signals or raw data
for each given sample well of a multiple sample well holder
inserted into a real-time PCR system (such as Stratagene®’s
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Mx400 thermocycler) are detected at every cycle of the PCR
amplification reaction. One or more wells may serve as
control wells by comprising all reagents used for the PCR
amplification except for a nucleic acid template. The actual
signals generated in each cycle from one or more labels in
one or more sample wells can be collected into a data set.
The data set may comprise the average (i.e., arithmetic
mean) signal of each of the one or more labels, or minimum
or maximum signals generated from label(s) for each cycle.

[0078] A conventional PCR baseline subtraction algorithm
assigns the same starting and ending cycles for all the wells
in a PCR reaction. However, it is unavoidable that PCR
amplifications may vary from cycle to cycle and from
sample to well. So for some wells, the ending cycle may be
too big. In this case, the amplification plot will start with a
high negative slope, show amplification later than it should,
and droop significantly over the later cycles during the
amplification (see, as shown in FIG. 1). For some other
wells, the ending cycle may be too small, such as where the
amplification plot will start with a high positive slope and
show amplification earlier than it should (see FIG. 1). If the
ending sample is too small, the initial slope is not affected
much, but the measured amplification, specifically and most
importantly Cycle X, is much less precise.

[0079] In the present invention, the starting and ending
cycle are determined individually and uniquely for each
sample well and/or each dye being evaluated. For each
sample well and/or dye, a first plot is generated by plotting
the actual signals generated by a label in the sample well as
function of cycle number. In a preferred embodiment, a
second plot is generated which plots a 3-point moving
average (“MA”) of the actual signals as a function of cycle
number, obtaining a series of averages from every 3 cycles
as a function of cycle numbers. A method for calculating a
3-point MA is shown in Table 1.

TABLW 1
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or the second plot. If no cycle satisfies the criteria in 1), 2)
and 3), the starting cycle is assigned as cycle 0.

[0082] In another preferred embodiment, the starting cycle
is limited to be a cycle between the first and the eighth cycle.
This limitation may decrease the spread of the data and/or
reduce the incidence of artificially spurious results.

[0083] In another embodiment, the algorithm is based on
the noise level in the data rather than on the first and second
derivatives. In this case, the algorithm calculates the stan-
dard deviation of the points around a proposed baseline. It
then compares the points up to cycle six against this value.
If all the points before cycle six are outside this value, then
cycle seven is the starting cycle. If not, the algorithm looks
at the points up to cycle five. The algorithm continues until
the condition is met but cycle 1 is not analyzed by the
algorithm.

[0084] In order to determine the ending cycle for an
individual sample being evaluated, it is critical to determine
Cycle X. Cycle X refers to a cycle where reliable detection
of amplification starts. Cycle X may be identified as a cycle
which has a maximum change of slope from its previous
cycle and has four immediately subsequent cycles, each of
which has an increased slope compared to its previous cycle.
The steps for determining Cycle X may comprise sorting
points on a plot of fluorescent intensity vs. cycle number and
identifying a first and second derivative at different points on
the plot. The first derivative represents a slope correspond-
ing to the change in fluorescent intensity observed from one
cycle to the next cycle. The second derivative the change
during the amplification reaction.

[0085] For any point representing a cycle, if the first
derivative is positive and the next four points have an
increasing slope, the cycle is accepted as Cycle X. If this

Calculating 3-point MA*

Cycle 1 2 3 4 5

Signal A; A, A; A, As

value

3-point MA, = MA, = MA; = MA, =

MA (AL +A,+ A3 (A +A;+A)B (Az+AL+ADB (AL +As+AL)/3

*The number of cycles can be extended to the actual number of cycles in a PCR reaction.

[0080] The 3-point MA calculated may be used for deter-
mining end points for the adaptive baseline (e.g., the starting
and the ending cycles before real amplification occurs in an
individual well being evaluated) and is calculated for each
data set, i.e., for each sample well.

[0081] In a preferred embodiment, the starting cycle (a
cycle after the initial variability of an amplification reaction
has abated but before detectable amplification starts) is
assigned as one of the following: 1) a first cycle which
shows a different slope trend from its previous cycle, e.g.,
becoming positive where a previous slope was negative, or
becoming negative where a previous slope was positive; 2)
a cycle having a positive slope which is greater than the
slope of its previous cycle; and 3) a cycle having a slope less
than 10% of an initial slope which is the first slope of the first

criteria is not met, the cycle is rejected and the next point
corresponding to a cycle is evaluated to determine whether
the cycle fits the criteria for Cycle X.

[0086] In one embodiment, Cycle X is determined by
evaluating points which represent the first 8 cycles of the
PCR reaction. If a Cycle X is accepted within the first 8
cycles, then an ending cycle (a cycle which ocecurs before the
amplification of a target template) is assigned by subtracting
a certain arbitrary number of cycles from Cycle X. The
certain number to be subtracted may vary from experiment
to experiment and can be decided according to how well the
adaptive baseline fits for a sample being evaluated, as
described further below. In a preferred embodiment, the
ending cycle is three, or two, or one cycle before Cycle X.
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[0087] In another embodiment, Cycle X is not determined
to be within the first 8 cycles of the PCR reaction. In this
embodiment, Cycle X itself is assigned as the ending cycle.

[0088] In another embodiment, Cycle X is determined
based on the maximum second derivative of an amplification
curve. Cycle X is set as a fixed fraction of the signal at the
maximum second derivative. In yet another embodiment,
Cycle X is determined based on two signal levels, for
example, the maximum second derivative and the maximum
slope, or the maximum second derivative and the minimum
second derivative. In still another embodiment, Cycle X is
determined based on the ending cycle determined by the
adaptive baseline.

[0089] In one embodiment, Cycle X is determined based
on the range of Cycle Xs for groups of replicate samples—
samples prepared identically and identified to the instrument
as being replicates. Because these samples are the same,
they should produce the same threshold cycle. In this case,
Cycle X is determined as the cycle where the signal level at
which the spread of threshold cycles for all replicates is
minimized.

[0090] If the ending cycle were selected more accurately,
the range for which the data are off-scale would be much
smaller. The adaptive baseline algorithm that determines the
ending cycle is based on the maximum change in slope
(second derivative) of the amplification curve. In one
embodiment, the algorithm subtracts three cycles to generate
the ending cycle. In another embodiment, the algorithm
calculates the ending cycle by subtracting four cycles
instead of three cycles. Various checks can be applied to
eliminate spurious endpoints—when, for example, noise,
rather than signal, creates largest second derivative. In one
embodiment, the ending cycle on the cycle with the maxi-
mum second derivative was performed by checking on the
sign of the first derivative and the trends of the first and
second derivatives around that cycle.

[0091] The starting and ending cycle determined for an
individual well may be further adjusted so that the baseline
more accurately adjusts for the variability of the PCR
reaction due to instrument drift and/or sampling inconsis-
tencies. In one embodiment, a calculated growth curve is
generated for a template. This growth curve reflects the
signal generated in each cycle with known amounts of the
template. The starting and ending cycle may be decided for
a PCR amplification reaction as above, with known or
unknown amount of a template. The actual signals of
amplification are measured. A measured growth curve may
be generated from the actual signals using an adaptive
baseline derived based on the starting and ending cycles
determined as described above. The measured growth curve
is then compared to the calculated growth curve so that the
starting and ending cycles for a sample can be adjusted
according to the quality of fit between measured and calcu-
lated growth curves.

[0092] The quality of the fit between measured and cal-
culated growth curves may be measured by how small the
average of the squares of the differences can be made. A
useful measure is the root mean square error of fit, or
“rmse”. The rmse is calculated by squaring the difference
between the measured signal intensity and the predicted
(e.g., calculated) value at each cycle. The average of these
squares over the range of the fit (e.g., the number of cycles
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included in the fit) is calculated, and the square root is
determined to yield the rmse for the fit.

[0093] In one aspect, the rmse is determined according to
the formula:

(L
(mxi+b)—y;

Lpe

rmse =

N

[0094] where N is the number of cycles between the
starting and the ending cycles; S is the starting cycle; E is the
ending cycle; y; is a signal of an i™* cycle; and m and b are
parameters of the best fit line. p The rmse increases rapidly
once the signal begins to amplify above the background. In
one aspect, the ending cycle is varied to plot rmse of fits
against cycles fit through. The ending cycle at which the
rmse exceeds a specified value is chosen. It will be obvious
to one skilled in the art that any method that gives equivalent
results will work. For example, any statistical method rou-
tinely used in the art to determine the significance of
observed differences can be used.

[0095] Another method of determining the ending cycle
for each amplification reaction is to plot rsq of the least mean
square fit of the baseline function to the data as a function
of cycle fit through. The ending cycle could be defined as
that cycle at which the rsq value exceeds a specified value.

[0096] The measured and calculated growth curves may
be compared in their polynomial or logarithmic forms or in
other suitable forms.

[0097] Another way of adjusting the starting and ending
cycles for a sample is to assign an ending cycle arbitrarily.
In one embodiment, if the relative distance between the start
and ending cycles is 0, e.g., when the start and the ending
cycles are at the same cycle), then the ending cycle is
arbitrarily assigned to the last cycle of the amplification
reaction. The starting cycle is arbitrarily assigned at cycle 0.

[0098] In another embodiment, if the relative distance
between the start and ending cycles is greater than O (i.e.,
when the start and the end cycles are not at the same cycle),
but smaller than a certain number of cycles (e.g., 6-12
cycles), then the starting and ending cycles are arbitrarily
assigned so that the distance between the starting and ending
cycles is the certain number (e.g., 6, or 7, or 8, or 9, or 10,
or 11, or 12).

[0099] In a preferred embodiment, the certain number is
arbitrarily determined to be 8. For example, if the relative
distance is less than 8 cycles, then the starting and the ending
cycles are set apart by 8 cycles. This is done by adjusting the
number of starting cycle relative to the number of ending
cycle. Thus, if the ending cycle is at cycle 10, the initial
starting cycle is at cycle 5, then the starting cycle is adjusted
to cycle 2 so as to maintain a distance of 8 from the ending
cycle. If the ending cycle is at a cycle less then or equal to
8, then the starting cycle is set to cycle 0 and the ending
cycle is set to cycle 8 so to maintain a distance of 8 between
the start and the ending cycle.

[0100] In another embodiment, prior to adjusting start and
ending cycles based on their relative distance, the start and
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ending cycles are adjusted based on standard deviation error
by comparing points representing fluorescent intensity at
given cycles between the starting and ending cycles on a
measured growth curve with points on a calculated growth
curve. The starting and ending cycles could be adjusted
inward (towards each other) until all points are within some
standard deviation error of each other.

[0101] The number of cycles which should be run in
practicing the method should be at least enough to raise the
intensity of a fluorescent signal of an amplified product (e.g.,
dsDNA) in a sample to a value above the limit of which can
be detected by the means used to measure the fluorescent
intensity (e.g., the detector of a thermocycler) at the end of
each cycle for a sample with the smallest starting concen-
trations of interest. Larger numbers of cycles than this will
give better results, with decreasing benefit of added cycles
once the molar concentration of amplified product has
ceased to increase significantly in each cycle.

[0102] Apparatus Required For Applying The Invention
To Quantitative Real-Time PCR

[0103] An apparatus useful for applying the algorithm and
method of the invention may comprise a thermal cycler, an
input device for collecting signals (e.g., a detection system),
an analyzing device (e.g., a processor) for analyzing signals
and an output device for displaying data obtained or gener-
ated by the analyzing device (e.g., a user device such as a
computer in communication with the analyzing device). The
analyzing device may be connected to a thermocycler
through an input device as known in the art, and/or con-
nected or contain an output device as known in the art for
data display. In one embodiment, the analyzing device is a
computer, for example, as shown in FIGS. 12A and 12B.

[0104] A thermal cycler used to perform the method may
be of a conventional design which can hold up to 96 reaction
samples in a thermal cycling block in standard PCR tubes or
in wells of a PCR sample plate (collectively referred to as “a
sample block comprising sample wells” herein). Where
tubes are used, these preferably have transparent caps (e.g.,
comprise polypropylene or another transparent, heat-resis-
tant plastic). Preferably, the lid of the thermocycler over the
tubes/wells is particularly adapted to receive and support the
input devices of a detection system.

[0105] In one aspect, the detection system is suitable for
detecting optical signals from one or more fluorescent
labels. Preferably, the system comprises and one or more
scanning optical fibers for transmitting light to and receiving
light from sample tubes within the assembly. Preferably, a
plurality of optical fibers (e.g., one per different type of
optical signal or label being detected) is used to scan the
surface of the tubes (e.g., row by row) collecting a plurality
of optical signals per scan (preferably at least 9 optical
signals) which are averaged to generate an average signal
per sample tube per scan. Preferably, the detector also
comprises suitable signal amplification and conversion cir-
cuitry for converting light signals to a digital input to the
processor which is in communication with the assembly. The
detector also may comprise a digital camera system such as
described in the Higuchi et al., 1993, Biotechnology 11(9):
1026-30.

[0106] The output of the detection system (e.g., signals
corresponding to those generated during the amplification
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reaction) is fed to the processor for data storage and manipu-
lation. In one embodiment, the system detects multiple
different types of optical signals, such as multiple different
types of fluorescent labels and has the capabilities of a
microplate fluorescence reader (e.g., is able to isolate and
analyze the intensity of signals obtained from individual
wells).

[0107] The detection system is preferably a multiplexed
fluorimeter containing an excitation light source, which may
be a visible light laser or an ultraviolet lamp or a halogen
lamp, a multiplexer device for distributing the excitation
light to the individual reaction tubes through the fiber optics
and connectors for receiving fluorescent light from the
reaction tubes, a filtering means for separating the fluores-
cence light from the excitation light by their wavelengths,
and a detection means for measuring the fluorescence light
intensity.

[0108] Preferably, the detection system of the thermocy-
cler provides a detection range of 350 nm to 830 nm,
allowing greater flexibility of fluorophore choice, providing
high sensitivity and excellent signal-to-noise ratio. The
system’s light source preferably generates an extended exci-
tation range from 350 to 750 nm. This enables a user to
choose fluorophores with little or no spectral overlap, pro-
ducing clean, delineated signals for superior multiplexing.
Optimized interference filters also can be provided to pre-
cisely match the excitation and emission wavelengths of
each fluorophore whose intensity is being evaluated, to
block out unwanted cross-talk from spectrally adjacent
fluorophores (see, e.g., as shown in FIG. 6). For example,
FAM, TET, HEX/JOE/VIC, TAMRA, Texas Red/ROX, Cy5
and Cy3 filter sets are available commercially and custom
filter sets can be made for other fluorophores (Stratagene,
Calif.).

[0109] Preferably, real-time amplification plots are viewed
as amplification progresses. This enables a user of the
assembly to determine at a glance how an experiment is
running at any time during thermal cycling, rather than
waiting until the end of the run. A user can choose to abort
a run if a problem develops in a reaction, or stop the
experiment and save the data as soon as the desired infor-
mation is generated.

[0110] Optical signals received by the detection system
(e.g., corresponding to fluorescent signal intensity at a given
time point in a given tube) are generally converted into
signals which can be operated on by the processor to provide
data which can be viewed by a user on a display of a user
device (e.g., a computer) in communication with the pro-
cessor. Preferably, the program of the analyzing device
allows robust communication between the thermocycler
device and the user device such that even in the event of a
power loss to the computer or communications error, data
collection continues. When communication is restored, the
data from the run is transferred from the thermocycler’s
embedded software to the software on the computer to
ensure that the experiment may be completed and the data
successfully saved.

[0111] The user device may comprise a user interface or
may be a conventional commercially available personal
computer (PC) system with a keyboard and video monitor.
Examples of data which can be displayed by the user device
include amplification plots (see, FIG. 8), scatter plots (see,
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FIG. 10), sample value screens for all the tubes in the
assembly and for all labels used, an optical signal intensity
screen (e.g., fluorescent signal intensity screen), final call
results, melting curves, annealing ranges, text reports, and
the like. In a preferred aspect, the user device can display
working curves, growth curves, and first and second plots,
and the results of various operations on these curves/plots.
For example, in one aspect, the user device displays the rmse
obtained after the analyzing device/processor determines the
fit between a first and second plot.

[0112] The user device also can display a user interface to
enable a user to provide instructions to the analyzing device
or processor; for example, instructions to change the cycling
parameters of the system or to implement baseline subtrac-
tion. In one aspect, in response to instructions from the user
device, the analyzing device or processor implements a
program which comprises the adaptive algorithm of the
invention. The algorithm may be a part of a program product
which may be used with a computer, e.g., as part of software
used by the computer or as part of an application stored in
the memory of the computer or in the memory of a server
which the computer can access.

[0113] Inone aspect, the analyzing device analyzes signals
from sample tubes or wells in the sample block of the
thermocycler detected by the detection system. The analyz-
ing device determines a starting cycle and an ending cycle
for tube or well in the sample block according to the method
of the invention described above. In one embodiment, the
analyzing device also adjusts the starting and ending cycles,
e.g., by comparing a measured growth curve to a calculated
growth curve. The starting and ending cycles are used in to
determine an adaptive baseline, so each tube or well is
assigned its own starting and ending cycles to avoid vari-
abilities caused by instrument drifts and sampling inconsis-
tencies. Comparison of a measured growth curve and a
calculated growth curve for each tube/well is performed by
a person using the computer (e.g., by implementing pro-
grams to determine a rmse) to adjust starting and ending
cycles as a means of determining the baseline for each tube
and well. A baseline unique for each tube/well is subtracted
from the raw signal obtained during the amplification reac-
tion, to obtain a measured signal which is a truer reflection
of the amount of target sample in the tube/well.

EXAMPLES
[0114] Example 1

[0115] PCR was performed using a thermal cycler which
holds up to 96 reaction samples in a thermal cycling block
in wells of a PCR sample plate. All 96 wells contained the
same sample. The adaptive baseline algorithm was applied
to calculate the PCR amplification. The starting cycle was
limited to be a cycle between cycle 1 and 8. In these tests,
all wells should detect the amplicon at the same cycle, and
the amplification plots should all coincide. FIGS. 11A and
11B show the results from a typical uniformity run. FIG.
11A shows the result when the data were analyzed when the
starting cycle was not limited to a cycle between 1 and &,
whereas FIG. 11B shows the result from the same data when
the 1 to 8 cycle limit is applied to the start cycle determi-
nation. The 1 to 8 cycle limit not only decreases the spread
of the data, it also reduces the incidence of artificially
spurious results, as seen by the elimination of the two
samples in FIG. 11A.
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[0116] Variations, modifications, and other implementa-
tions of what is described herein will occur to those of
ordinary skill in the art without departing from the spirit and
scope of the invention as described and claimed herein.

[0117] All of the references identified hereinabove, includ-
ing patents and patent applications, are hereby expressly
incorporated herein by reference to the extent that they
describe, set forth, provide a basis for or enable composi-
tions and/or systems which may be important to the practice
of one or more embodiments of the present inventions.

1. A method for calculating an adaptive baseline for a
plurality of sample wells in a sample block cycling through
cycles of a PCR reaction, said method comprising:

(a) plotting intensity of actual optical signal observed in
a well as a function of cycle number for that well to
obtain a first plot;

(b) determining a starting cycle and an ending cycle for
said well, and fitting points between and including the
starting and ending cycle to a line to determine the best
fit between said points and said line;

(c) using a best fit line obtained for said well as the
baseline for that well;

(d) performing steps (a)-(c) for each of said plurality of

wells.

2. The method of claim 1, wherein the step (b) of
determining said starting cycle and ending cycle comprises
obtaining 3-point moving average of the intensity of actual
signals obtained for each cycle starting from cycle 2 and
plotting said 3-point moving average as a function of cycle
number starting from cycle 2 to obtain a second plot.

3. The method of claim 2, further comprising identifying
a Cycle X from said first or second plot, wherein said Cycle
X has a maximum change of slope from its previous cycle
and has four immediately subsequent cycles, each of which
has an increased slope compared to its previous cycle.

4. The method of claim 3, wherein Cycle X is identified
within the first 8 cycles of said PCR reaction and an ending
cycle is identified which is three cycles, or two cycles, or one
cycle before said Cycle X.

5. The method of claim 3, wherein Cycle X is not
identified within first 8 cycles of the PCR reaction and Cycle
X is assigned as the ending cycle.

6. The method of claim 3, wherein said starting cycle is
selected from the group consisting of: a first cycle which
shows a different slope trend from its previous cycle; a cycle
having a positive slope which is greater than the slope of its
previous cycle; and a cycle having a slope less than 10% of
an initial slope.

7. The method of claim 3, wherein said starting cycle is
limited to a cycle between cycle 1 and 8.

8. The method of claim 1, wherein said best-fit line is
calculated using a standard least root-mean-square-error
algorithm:

) (mxi+b)—y;

i

Lt

rmse =

N
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wherein N is the number of cycles between said starting and
said ending cycles; S is said starting cycle; E is said ending
cycle; y; is a signal of an i™ cycle; and m and b are
parameters of said best fit line.

9. The method of claim 1, wherein at least one of said
wells comprises a sample suspected of containing a template
nucleic acid and said optical signal is from a labeled probe
specific for said nucleic acid.

10. The method according to claim 9, further comprising
the step (d) of subtracting said adaptive baseline calculated
for said at least one of said wells from a first plot plotted for
said at least one well to generate an adapted signal plot.

11. The method of claim 10, further comprising compar-
ing said adapted signal plot to a first standard plot generated
from a PCR reaction comprising a known amount of said
template concentration wherein said standard plot has been
adjusted to remove a baseline.

12. The method according to claim 11, wherein said
comparing is used to determine the amount of said template.

Aug. 7, 2003

13. The method of claim 9, wherein said label is a
fluorescent label.

14. The method according to claim 9, wherein said sample
is within a tube within said well.

15. A computer program product comprising program
instructions for performing the method according to claim 1.

16. Asystem for calculating an adaptive baseline of a PCR
reaction, said system comprising an analyzing device com-
prising a memory for implementing the program instructions
of the computer program product according to claim 15.

17. The system according to claim 16, wherein said
system further comprises a thermocycler for receiving said
sample block, an input device for collecting optical signals
from said sample wells, and an output device for displaying
data obtained or generated by the analyzing device.

18. The system according to claim 17, wherein said output
device is a computer.



