
METHODS AND APPLICATIONS FOR TARGET QUANTIFICATION The
present application claims priority to U.S.
Provisional Application Serial Number 60/970,707,
filed September 7, 2007, which is herein incorporated
by reference in its entirety. FIELD OF THE INVENTION
The present invention relates to methods and software
applications for quantifying a target in an
experimental sample. Preferably, the target is a
nucleic acid sequence which is detected by a nucleic
acid detection assay. BACKGROUND OF THE INVENTION The
quantification of nucleic acids plays an important
role in the fields of biology and medicine. For
example, quantification of nucleic acid is important
in cancer diagnosis and prognosis and viral diagnosis
and judgments of therapeutic effects (e.g., for HCV
and HIV). HCV RNA quantification is important for
patients taking IFN. The effect of IFN therapy can be
directly found by monitoring the amount of virus
during IFN therapy. This enables more effective IFN
therapy that is tailored to clinical conditions of
each patient. Quantification of target nucleic acid is
important for diagnosis of diseases in the future. For
example, earlier diagnosis can be effected by
examining the expression level of mRNA that responds
to exogenous stimuli in the case of a disease that
results from exogenous stimuli. The polymerase chain
reaction can be employed for nucleic acid
quantification. However, when PCR is employed, the
absolute amount of the amplified nucleic acids does
not accurately reflect the amount of the target
nucleic acid that had existed when amplification was
initiated. At first, the amount of the product
amplified by PCR generally exponentially increases
every cycle, however, the rate of increase slows down
and then stops when the amount of the amplified
product exceeds a certain level. Thus, the final
amount of the amplified product is constant regardless
of the amount of the target nucleic acid when the
reaction was initiated. This phenomenon is referred to
as the plateau effect, which should be taken into
consideration when quantifying the product amplified
by PCR. A technique known as real time PCR is widely
employed for target sequence quantification. In this
technique, a serial dilution of the target nucleic
acid is prepared, each sample is subjected to PCR, and
the time course is then taken in real time. The
threshold 



cycle (the Ct value), with which a given amount of
amplified product is obtained in a regionwhere
amplification exponentially occurs before reaching the
level of the plateau effect, is determined. The
determined value is plotted on a vertical axis, and
the amount of nucleic acid is plotted on a horizontal
axis. Thus, a calibration curve is prepared. An
unknown sample of interest is subjected to PCR under
the same conditions and the Ct value is determined.
This enables the quantification of the amount of
nucleic acid in the unknown sample. A device for real
time detection is generally expensive. If this
technique is performed using a common commercial
thermal cycler, the sample has to be analyzed each
cycle in order to determine the threshold cycle with
which a given amount of amplified product is
generated. Thus, this technique requires a large
amount of labor. Quantitative competitive PCR is also
a widely employed technique. In this technique, a
competitor nucleic acid having a sequence similar to
that of the target nucleic acid is diluted in a
stepwise manner, and the resultants are added to a
sample containing the target nucleic acid to be
quantified. Depending on the amount of the competitor
nucleic acid added, the ratio of the amount of the
amplified product from the target nucleic acid to the
amount of the amplified product from competitor
nucleic acid added, is determined. Accordingly, the
point where the amount of the amplified product from
target nucleic acid which was added becomes equal to
the amount of the amplified product from competitor
nucleic acid, represents the amount of the target
nucleic acid. Although this technique is relatively
simple, the necessity of preparing competitors for
each primer complicates the operation. In addition,
there is a problem that the amplification efficiency
of the target nucleic acid may differ from that of the
competitor nucleic acid. In light of the above, what
is needed are relatively simple and inexpensive
methods for quantitating nucleic acids, and other
targets, in a sample. SUMMARY OF THE INVENTION The
present invention provides methods and software
applications for quantifying a target in an
experimental sample by collecting and processing
initial signal data from the experimental sample and
at least two standard control samples containing known
target copy numbers. In particular embodiments, the
initial signal data is capable of being plotted as an
experimental curve (e.g., sigmoidal curve or other
curve) and at least two standard control curves (e.g.,
sigmoidal curves or other curves). In certain
embodiments, the initial 



signal data is processed with a threshold signal line
to generate control and experimental intersecting time
values that can be further processed to generate log
plot data comprising coordinates for a log/log plot,
or linear/log plot. In some embodiments, the log plot
datamay be processed to generate a slope equation that
can be used with the experimental time value to
quantify target copy number in the experimental
sample. In some embodiments, the present invention
provides methods of quantifying a target in an
experimental sample comprising: a) providing: i)
initial signal data comprising assay signal level
detected at a plurality of time intervals from an
experimental sample and at least two standard control
samples containing known target copy numbers that are
different, wherein the initial signal data is capable
of being plotted as an experimental curve and at least
two standard control curves; and ii) a threshold
signal line having i) an initial signal value at time
zero, and ii) a threshold slope; wherein the threshold
signal line is above background level and intersects
the experimental curve and two or more of the at least
two standard control curves; and b) processing the
initial signal data and the threshold signal line to
generate an experimental intersecting time value and
at least two standard control intersecting time
values; c) processing the at least two standard
control intersecting time values and the known target
copy numbers to generate log plot data comprising
coordinates for a log/log plot, or linear/log plot, of
the intersecting time values versus the known target
copy numbers; d) processing the log plot data to
generate a slope equation describing a resulting slope
fit to the log plot data; and e) processing the
experimental intersecting time value with the slope
equation to generate a quantified target copy number
for the experimental sample. In other embodiments, the
present invention provides methods of quantifying a
target in an experimental sample comprising: a)
providing; i) a user interface configured to receive
initial signal data, and ii) a computer system having
stored therein a target quantifying software
application, and b) transmitting the initial signal
data from the user interface to the computer system,
wherein the initial signal data comprises assay signal
level detected at a plurality of time intervals from
an experimental sample and at least two standard
control samples containing known target copy numbers
that are different, wherein the signal data is capable
of being plotted as an experimental curve and at least
two standard control curves; c) processing the signal
data with the target quantifying software application 



such that the target quantifying software: i)
generates a threshold signal line having i) an initial
signal value at time zero, and ii) a threshold slope;
wherein the threshold signal line is above background
level and intersects the experimental curve and two or
more of the at least two standard control curves; ii)
processes the signal data and the threshold signal
line to generate an experimental intersecting time
value and at least two standard control intersecting
time values; iii) processes the at least two standard
control intersecting timevalues and the known target
copy numbers to generate log plot data comprising
coordinates for a log/log plot, or a linear/log plot,
of the intersecting time values versus the known
target copy numbers; iv) processes the log plot data
to generate a slope equation describing a resulting
slope fit to the log plot data; and v) processes the
experimental intersecting time value with the slope
equation to generate a quantified target copy number
for the experimental sample. In further embodiments,
the present invention provides systems for quantifying
a target in an experimental sample comprising: a) a
device configured to detect assay signal level at a
plurality of time intervals from an experimental
sample and at least two standard control samples
containing known target copy numbers that are
different, to generate initial signal data; b) a
target quantifying software application configured to:
i) process the initial signal data to generate signal
data that is capable of being plotted as an
experimental curve and at least two standard control
curves; ii) generate a threshold signal line having i)
an initial signal value at time zero, and ii) a
threshold slope; wherein the threshold signal line is
above background, and intersects the experimental
curve and two or more of the at least two standard
control curves; iii) process the signal data and the
threshold signal line to generate an experimental
intersecting time value and at least two standard
control intersecting time values; iv) process the at
least two standard control intersecting time values
and the known target copy numbers to generate log plot
data comprising coordinates for a log/log plot, or
linear/log plot, of the intersecting time values
versus the known target copy numbers; v) process the
log plot data to generate a slope equation describing
a resulting slope fit to the log plot data; and vi)
process the experimental intersecting time value with
the slope equation to generate a quantified target
copy number for the experimental sample; and c) a
computer system having stored therein the target
quantifying software application, wherein the computer
system comprises computer memory and a computer
processor. 



In particular embodiments, the present invention
provides computer memory device having stored therein
a target quantifying software application, wherein the
target quantifying software application is configured
to: a) process initial signal data to generate signal
data that is capable of being plotted as an
experimental curve and at least two standard control
curves, wherein the initial signal data comprises
assay signal level detected at a plurality of time
intervals from an experimental sample and at least two
standard control samples containing known target copy
numbers that are different; b) generate a threshold
signal line having i) an initial signal value at time
zero, and ii) a threshold slope; wherein the threshold
signal line is above background and intersects the
experimental curve and twoor more of the at least two
standard control curves; c) process the signal data
and the threshold signal line to generate an
experimental intersecting time value and at least two
standard control intersecting time values; d) process
the at least two standard control intersecting time
values and the known target copy numbers to generate
log plot data comprising coordinates for a log/log
plot, or linear/log plot, of the intersecting time
values versus the known target copy numbers; e)
process the log plot data to generate a slope equation
describing a resulting slope fit to the log plot data;
and f) process the experimental intersecting time
value with the slope equation to generate a quantified
target copy number for the experimental sample. In
certain embodiments, the present invention provides
methods of quantifying a target in an experimental
sample, comprising: a) exposing an experimental sample
and at least two standard control samples to a nucleic
acid detection assay, wherein the at least two
standard control samples contain known target copy
numbers that are different; b) detecting assay signal
levels from: i) the experimental sample, ii) the at
least two standard control samples, and iii) at least
two internal dye control samples, wherein the assay
signal levels are detected at the plurality of time
intervals to generate raw signal data; c) normalizing
the raw signal data to generate: i) normalized
experimental signal data, ii) normalized standard
control signal data; and iii) a normalized internal
dye control signal value; d) processing the normalized
experimental signal data and the normalized standard
control signal data to generate signal data that is
capable of being plotted as an experimental curve and
at least two standard control curves; e) determining
at least one threshold signal line having an initial
signal value at time zero and a threshold slope,
wherein the threshold signal line is: i) 



above the normalized internal dye control value; ii)
intersects the experimental curve; and iii) intersects
two or more of the at least two standard control
curves; f) processing the signal data and the
threshold signal line to generate an experimental
intersecting time value and at least two standard
control intersecting time values; g) processing the at
least two standard control intersecting time values
and the known target copy numbers to generate log plot
data comprising coordinates for a log/log plot, or
linear/log plot, of the intersecting time values
versus the known target copy numbers; h) processing
the log plot data to generate a slope equation
describing a resulting slope fit to the log plot data;
and i) processing the experimental intersecting time
value with the slope equation to generate a quantified
target copy number for the experimental sample. In
other embodiments, the present invention provides
methods of quantifying a target in an experimental
sample comprising: a) providing: i) initial signal
data comprisingassay signal level detected at a
plurality of time intervals from an experimental
sample and at least two standard control samples
containing known target copy numbers that are
different, wherein the initial signal data is capable
of being plotted as an experimental curve and at least
two standard control curves; and ii) a plurality of
different threshold signal lines each having i) an
initial signal value at time zero, and ii) a threshold
slope; wherein each of the threshold signal lines are
above background level and intersects the experimental
curve and two or more of the at least two standard
control curves; b) processing the initial signal data
and the plurality of threshold signal lines to
generate an experimental intersecting time values
standard control intersecting time values for each of
the different threshold signal lines; c) processing
the standard control intersecting time values and the
known target copy numbers to generate log plot data
for each of the plurality of different threshold
signal lines, wherein the log plot data comprises
coordinates for a log/log plot, or linear/log plot, of
the intersecting time values versus the known target
copy numbers; d) processing the log plot data to
generate a plurality of slope equations describing a
plurality of resulting slopes fit to the log plot
data, wherein each of the plurality of resulting
slopes has a fit value (e.g., an R2 value); and e)
processing the experimental intersecting time values
with at least one of the plurality of slope equations
to generate a quantified target copy number for the
experimental sample. In particular embodiments, the
present invention provides methods of quantifying a 



target in an experimental sample comprising: a)
providing; i) a user interface configured to receive
initial signal data, and ii) a computer system having
stored therein a target quantifying software
application, and b) transmitting the initial signal
data from the user interface to the computer system,
wherein the initial signal data comprises assay signal
level detected at a plurality of time intervals from
an experimental sample and at least two standard
control samples containing known target copy numbers
that are different, wherein the signal data is capable
of being plotted as an experimental curve and at least
two standard control curves; c) processing the signal
data with the target quantifying software application
such that the target quantifying software: i)
generates a plurality of different threshold signal
lines each having i) an initial signal value at time
zero, and ii) a threshold slope; wherein each of the
threshold signal lines are above background level and
intersect the experimental curve and two or more of
the at least two standard control curves; ii)
processes the signal data and the plurality of
threshold signal lines to generate experimental
intersecting time values and standard control
intersecting time values for each of the different
threshold signal lines; iii) processes the standard
control intersecting time values and the known
targetcopy numbers to generate log plot data for each
of the plurality of different threshold signal lines,
wherein the log plot data comprises coordinates for a
log/log plot, or a linear/log plot, of the
intersecting time values versus the known target copy
numbers; iv) processes the log plot data to generate a
plurality of slope equations describing a plurality of
resulting slopes fit to the log plot data, wherein
each of the plurality of resulting slopes has a fit
value (e.g., an R2 value); and v) processes the
experimental intersecting time values with at least
one of the plurality of slope equations to generate a
quantified target copy number for the experimental
sample. In some embodiments, the present invention
provides systems for quantifying a target in an
experimental sample comprising: a) a device configured
to detect assay signal level at a plurality of time
intervals from an experimental sample and at least two
standard control samples containing known target copy
numbers that are different, to generate initial signal
data; b) a target quantifying software application
configured to: i) process the initial signal data to
generate signal data that is capable of being plotted
as an experimental curve and at least two standard
control curves; ii) generate a plurality of different
threshold signal lines each having i) an initial
signal value at time zero, and ii) a threshold slope;
wherein 



each of the threshold signal lines are above
background, and intersects the experimental curve and
two or more of the at least two standard control
curves; iii) process the signal data and the plurality
of threshold signal lines to generate experimental
intersecting time values and standard control
intersecting time values for each of the different
threshold signal lines; iv) process the standard
control intersecting time values and the known target
copy numbers to generate log plot data for each of the
plurality of different threshold signal lines, wherein
the log plot data comprises coordinates for a log/log
plot, or linear/log plot, of the intersecting time
values versus the known target copy numbers; v)
process the log plot data to generate a plurality of
slope equations describing a plurality of resulting
slopes fit to the log plot data, wherein each of the
plurality of resulting slopes has a fit value (e.g.,
an R2 value); and vi) process the experimental
intersecting time value with at least one of the
plurality of the slope equations to generate a
quantified target copy number for the experimental
sample; and c) a computer system having stored therein
the target quantifying software application, wherein
the computer system comprises computer memory and a
computer processor. In other embodiments, the present
invention provides computer memory devices having
stored therein a target quantifying software
application, wherein the target quantifying software
application is configured to: a) process initial
signal data to generatesignal data that is capable of
being plotted as an experimental curve and at least
two standard control curves, wherein the initial
signal data comprises assay signal level detected at a
plurality of time intervals from an experimental
sample and at least two standard control samples
containing known target copy numbers that are
different; b) generates a plurality of different
threshold signal lines each having i) an initial
signal value at time zero, and ii) a threshold slope;
wherein each of the threshold signal lines are above
background and intersects the experimental curve and
two or more of the at least two standard control
curves; c) process the signal data and the plurality
of threshold signal lines to generate experimental
intersecting time values and standard control
intersecting time values for each of the different
threshold signal lines; d) process the standard
control intersecting time values and the known target
copy numbers to generate log plot data for each of the
plurality of different threshold signal lines, wherein
the log plot data comprises coordinates for a log/log
plot, or linear/log plot, of the intersecting time
values versus the known target copy 



numbers; e) process the log plot data to generate a
plurality of slope equations describing a plurality of
resulting slope fit to the log plot data, wherein each
of the plurality of resulting slopes has a fit value
(e.g., an R2 value); and f) process the experimental
intersecting time value with at least one of the
plurality of slope equations to generate a quantified
target copy number for the experimental sample. In
certain embodiments, the present invention provides
methods of quantifying a target in an experimental
sample, comprising: a) exposing an experimental sample
and at least two standard control samples to a nucleic
acid detection assay, wherein the at least two
standard control samples contain known target copy
numbers that are different; b) detecting assay signal
levels from: i) the experimental sample, ii) the at
least two standard control samples, and iii) at least
two internal dye control samples, wherein the assay
signal levels are detected at the plurality of time
intervals to generate raw signal data; c) normalizing
the raw signal data to generate: i) normalized
experimental signal data, ii) normalized standard
control signal data; and iii) a normalized internal
dye control signal value; d) processing the normalized
experimental signal data and the normalized standard
control signal data to generate signal data that is
capable of being plotted as an experimental curve and
at least two standard control curves; e) determining a
plurality of threshold signal lines each having an
initial signal value at time zero and a threshold
slope, wherein each of the threshold signal lines are:
i) above the normalized internal dye control value;
ii) intersects the experimental curve; and iii)
intersects two or more of the at least two standard
control curves; f) processing the signal data and the
plurality of threshold signal lines to generate
anexperimental intersecting time value and standard
control intersecting time values for each of the
different threshold signal lines; g) processing the
standard control intersecting time values and the
known target copy numbers to generate log plot data
for each of the plurality of different threshold
signal lines, wherein the log plot data comprises
coordinates for a log/log plot, or linear/log plot, of
the intersecting time values versus the known target
copy numbers; h) processing the log plot data to
generate a plurality of slope equation describing a
plurality of resulting slope fit to the log plot data,
wherein each of the plurality of resulting slopes has
a fit value (e.g., an R2 value); and i) processing the
experimental intersecting time value with at least one
of the plurality of slope equations to generate a
quantified target copy number for the experimental
sample. 



In some embodiments, the at least one slope equation
has the best fit value of any of the plurality of
resulting slopes. In other embodiments, the plurality
of different threshold signal lines is at least two
different threshold signal lines (e.g., at least 2, 3,
4 ... 10 ... 15 ... 25 ... 100 ... 1000 ... 10,000 ...
all the possible threshold signal lines that could be
generated by a computer). In certain embodiments, the
threshold slope is zero (horizontal line). In further
embodiments, the threshold slope is negative (downward
sloping line). In particular embodiments, the
threshold slope is positive (upward sloping line). In
particular embodiments, the quantified target copy
number in the experimental sample is generated within
about 150 seconds or less from the time when an assay
signal level is first detected from the experimental
sample (e.g., within about 75 seconds ... about 100
seconds ... about 125 seconds ... or about 150
seconds). In some embodiments, the quantified target
copy number in the experimental sample is generated
within about 45 minutes or less from the time when an
assay signal level is first detected from the
experimental sample (e.g., within about 5 minutes ...
about 15 minutes ... about 30 minutes ... or about 45
minutes). In certain embodiments, the quantified
target copy number in the experimental sample is
generated between about 2 minutes and about 35 minutes
from the time when an assay signal is first detected
from the experimental sample. In some embodiments, the
assay signal level is generated by a nucleic acid
detection assay. In other embodiments, the nucleic
acid detection assay comprises an invasive cleavage
assay. In further embodiments, the nucleic acid
detection assay is performed, or configured to
perform, under isothermal conditions. In particular
embodiments, the target comprises a nucleic acid
sequence. In additional embodiments, the nucleic acid
sequence comprises an RNA or DNA sequence. In other
embodiments, the nucleic acid sequencecomprises a
micro-RNA or siRNA sequence. In some embodiments, the
assay signal level is generated by a protein,
carbohydrate, or small-molecule detection assay (e.g.,
capable of generating data over time that can be
plotted to a curve). In certain embodiments, the
plurality of time intervals are regularly spaced time
intervals (e.g., every second ... every 5 seconds ...
every 30 seconds ... every minute ... every 5
minutes). In other embodiments, the plurality of time
intervals comprises at least 5 time intervals (e.g.,
at least 7 ...15 ... 25 ... 50 ... 100 ... 200 ... 400
... 600 ... 800 ... 1000 ... 5000 



time intervals). In particular embodiments, the timer
intervals are every 5 to 30 seconds. In some
embodiments, the amount of the target in the
experimental sample is unknown. In particular
embodiments, the at least two standard control samples
contain known target copy numbers that differ from
each other by a factor of at least about ten (e.g.,
they differ by 10-fold ... 15-fold ... 20-fold ...
50-fold ... 100-fold ... or more). In other
embodiments, the at least two standard control samples
comprise 2 to 100 standard control samples or more
(e.g., 2 ... 5 ... 10 ... 25 ... 50 ... or 100
standard control samples). In certain embodiments, at
least two, three, four, or more experimental samples
are assayed together. In other embodiments, multiple
experimental samples are employed and these samples
are successfully quantitated even though they differ
in copy number from each other by 4, 5, or 6 logs
(e.g., the dynamic range of the methods allows
experimental samples with greatly different copy
numbers to be assayed together). In some embodiments,
the threshold signal line intersects the experimental
curve and two or more of the at least two standard
control curves at a linear portion of these curves. In
particular embodiments, the initial signal data
comprises normalized signal data (e.g., normalized
automatically by an assay signal reading device
configured to normalize the signal or by dividing the
assay signals by the signal from an internal signal
control sample). In additional embodiments, the
initial signal data further comprises assay signal
level detected at a plurality of time intervals from
an internal signal control sample. In further
embodiments, the initial signal data is normalized
based on the internal signal control sample or other
internal signal control sample. In particular
embodiments, the slope equation is generated using
linear regression. In other embodiments, the slope is
a best-fit slope. In some embodiments, the initial
signal data further comprises assay signal level
detected at the plurality of time intervals from at
least one additional experimental sample. In other
embodiments, the processing in any, all, or some of
the steps is performed by a computer, or in part by a
computer (e.g., by the processor of a computer). In
particularembodiments, the processing in any, all, or
some of the steps is performed, at least in part,
manually. In some embodiments, the present invention
provides systems for displaying output results
simultaneously on a single screen comprising; a) a
computer system having stored therein a target
quantifying software application, wherein the computer
system comprises computer memory and a 



computer processor, and wherein the target quantifying
software is configured to generate output results; and
b) a user interface comprising a screen configured to
display the output results from the target quantifying
software application, wherein the output results are
displayed simultaneously on the screen, and wherein
the output results comprise: i) a first graph plotting
signal over time, wherein the first graph comprises:
A) at least two curves based on normalized standard
control samples, and B) a threshold signal line that
intersects the at least two curves (and at least one
curve based on an experimental sample); and ii) a
second graph plotting signal over time, wherein the
second graph comprises a resulting slope fit to data
points determined by the location where the threshold
signal line on the first graph intersects the at least
two curves. In particular embodiments, the output
results further comprise: iii) a plate display,
wherein the plate display provides a visual
representation of a plurality of sample wells, wherein
at least a portion of the plurality of sample wells
comprise the normalized standard control samples. In
certain embodiments, the output results further
comprise: a statistics summary box, wherein the
statistics summary box comprises at least one of the
following: A) an initial signal value for the
threshold signal line; B) a threshold slope for the
threshold signal line; or C) numerical values from the
normalized standard control samples. DESCRIPTION OF
THE FIGURES Figure 1 shows a flow chart of one
exemplary embodiment for implementing the methods and
software applications of the present invention. Figure
2 shows normalized signal data from 249 time intervals
( 11 second intervals) from a plurality of standard
control samples, run in duplicate, with different
target copy numbers. Figures 2A, 2B, and 2C show data
for time intervals 1-29, Figures 2D, 2E, and 2F show
data for time intervals 30- 58, Figures 2G, 2H, and 2
1 show data for time intervals 59-87, Figures 2J, 2K,
and 2L show data for time intervals 88-1 16, Figures
2M, 2N, and 2O show data for time intervals 117-145,
Figures 2P, 2Q, and 2R show data for time intervals
146-174, Figures 2S, 2T, and 2U show data for time
intervals 175- 203, Figures 2V, 2W, and 2X show data
for time intervals 204-232, and Figures 2Y, 2Z, and
2AA show data for time intervals 233-249. Figure 3
shows normalized signal data from 249 time intervals (
11 second intervals) from three experimental samples
(B4, E4, and F4). Figure 3A shows data for time
intervals 1-44, Figure 3B shows data for time
intervals 45-90, Figure 3C shows data for time
intervals 91-136, Figure 3D shows data fortime
intervals 137-182, and Figure 3E shows data for time
intervals 183-228, and Figure 3F shows data 



for time intervals 229-249. Figure 4 shows curves
generated from normalized signal data. Figure 4A shows
the curves generated from the normalized standard
control signal data, and Figure 4B shows the curves
generated from the normalized experimental signal
data. Figure 5A shows curves generated from normalized
standard control signal data with an added threshold
signal line (drawn as a horizontal line), and Figure
5B shows curves generated from experimental signal
data with an added threshold signal line (drawn as a
horizontal line). Figure 6 shows standard control
intersecting time values in a log/log plot of time
values versus target copy numbers and a slope (and
slope equation) fit to the values on the log/log plot.
Figure 7 shows a screen shot, from Example 2,
displaying output results from a target quantifying
software application including: i) a first graph
plotting signal over time with a threshold signal line
that intersects most of the curves; ii) a second graph
plotting signal over time (on a log-log basis),
wherein the second graph comprises a resulting slope
fit to data points determined by where the threshold
signal line on the first graph intersects the curves;
and iii) a plate display showing the dye and content
(e.g., sample number content of control wells) of each
sample well. Figures 8 shows the same screen shot as
Figure 7, except no plate display is shown and the
threshold signal line is shown at a higher level.
Setting the threshold signal line at a higher level
leads to the generation of a different R2 for the
resulting slope. Figure 9 shows the same screen shot
as Figures 8, except two threshold signal lines are
shown, which generates two resulting slopes shown side
by side. As can be seen in the panel in the upper
right hand corner, the two resulting slopes have
different R2 values. In certain embodiments, a user
chooses to use the resulting slope with the highest R2
value. Figure 10 shows the same screen shot as Figure
8, except that the threshold signal line has a
negative (downward) slope. As can be seen, this
negative slope intersects all of the curves shown.
Using a negative slope, rather than a zero slope
(horizontal) threshold signal line, generates a
different R2 value, which can be compared to other R2
values obtained to select, for example, the highest
value. Figure 11 shows the same screen shot as Figure
8, except that the slope of the threshold signal value
has been changed, and the resulting slope fit is
plotted on a log-linear basis rather than log-log
basis.Figure 12 shows the same screen shot as Figure
8, except that seven different 



sloping threshold signal values are shown, along with
seven resulting slopes, each of which has a different
R2 value which can be compared. This screen shot
illustrates, for example, the search computer software
can perform by trying many (e.g., thousands or
millions) of different thresholds to find the one that
generates the resulting slope with the highest R2
value between two or more (e.g., all) of the data
points. DESCRIPTION OF THE INVENTION The present
invention provides methods and software applications
for quantifying a target in an experimental sample by
collecting and processing initial signal data from the
experimental sample and at least two standard control
samples containing known target copy numbers. In
particular embodiments, the initial signal data is
capable of being plotted as an experimental curve and
at least two standard control curves. In certain
embodiments, the initial signal data is processed with
a threshold signal line to generate control and
experimental intersecting time values that can be
further processed to generate log plot data comprising
coordinates for a log/log plot, or linear/log plot (or
similar plot). In some embodiments, the log plot data
may be processed to generate a slope equation that can
be used with the experimental time value to quantify
target copy number in the experimental sample. I.
Exemplary Target Sequence Quantification Methods and
Applications Figure 1 shows an exemplary embodiment of
how target sequences can be quantified in experimental
samples using nucleic acid detection assays and
methods that employ a threshold signal line and a
log/log plot generated from standard control curves.
In this exemplary embodiment, the nucleic acid
detection assay is one that can generate timecourse
data that can be fit, using a localized linear model
or other model, to fit to a curve (e.g., INVADER
detection assay or other cleavage based assay). The
ten exemplary steps in Figure 1 are described below.
Figure 1: Step 1 In Step 1 of Figure 1, a nucleic acid
detection assay is employed to detect a target
sequence in both experimental and control samples. The
nucleic acid detection assay generates a signal when
the target is detected which can be measured over
time. The nucleic acid detection assay (e.g., INVADER
detection assay) employed is also one that cangenerate
data over time that can be fit to a curve (e.g.,
sigmoidal or sigmoidal-like curve). 



In certain embodiments, the nucleic acid detection
assay is run under isothermal conditions. The
experimental and standard control samples may be PCR
amplified prior to or during detection. A device is
employed to detect the signal that is generated (e.g.,
a device configured to read and record a fluorescent
signal in multiple samples). The device is set to
detect and record the signal at various time points in
each sample (e.g., every 5 seconds, every 10 seconds,
every 30 seconds, or every minute). At least two
standard control samples are employed, each containing
different, known amounts of the target sequence. In
certain embodiments, between two and ten control
samples are employed. Preferably, a standard control
sample with no target is also included. In some
embodiments, the target copy number in the standard
control samples ranges from hundreds to millions, and
values therebetween. Preferably, the control samples
differ from each other by about a factor often. In
some embodiments, each of the standard control samples
has a corresponding internal dye control sample which
contains the same (or about the same) target copy
number as the control sample, but is missing a
component necessary for operation of the nucleic acid
detection assay. In certain embodiments where a
standard control sample with no target is employed, a
corresponding internal dye control sample is also
employed with no target. Preferably, the internal dye
control sample employs a different dye than used in
the standard control samples. Generally, the internal
dye control samples serve to measure background signal
generated by the nucleic acid detection assay. If the
INVADER assay is employed, for example, the internal
dye control samples may lack the INVADER
oligonucleotide, but still contain the probe
oligonucleotide, a Cleavase enzyme, and a FRET
cassette linked to a dye different from the dye in the
standard control samples. In certain embodiments,
duplicates of each of the standard control samples and
each of the internal dye control samples are employed.
In certain embodiments, a second internal housekeeping
type sequence is detected to allow, for example,
relative quantification. The target sequence that is
detected can be any target sequence desired,
including, for example, micro RNAs, siRNA sequences,
DNA sequences, viral sequences, or other pathogen
related sequences. In certain embodiments, the target
sequence is a cancer related gene, or a viral sequence
such as HCV, HPV, or HIV. The dyes, or other labels
employed, 



can be any suitable dye or label including, for
example, FAM, Yakima yellow internal normalizing dye,
Cy3, Cy5, and other dyes known in the art.Figure 1:
Step 2 In general, if the results are obtained on a
device that is not capable of normalizing the signal,
then, as shown in Step 2A of Figure 1, normalized
signals can be obtained by dividing the signal from
the standard control samples and experimental samples
with the corresponding signal from the internal dye
control samples. If the results are obtained on a
device capable of normalizing the signal
automatically, as shown in Step 2B, then no additional
processing is necessary to obtain normalized results.
One example of normalized results for standard control
samples is shown in Figure 2, and one example of
normalized results for experimental samples is shown
in Figure 3. Figure 1: Step 3 In certain embodiments,
the normalized standard control and experimental
samples are plotted on an X-Y graph in a signal versus
time manner. Figure 1: Step 4 The normalized standard
control and experimental sample signals can then fit
to a curve using any number of known mathematical
equations (there are, for example, about 50 well known
mathematical equations that can be used for such
purpose). Preferably, this function is performed by a
computer program configured to generate such curves.
In certain embodiments, equations are employed that
fit each two signal data points to a line to generate
the curve, while in other embodiments spline
interpolation is employed. One example of fitting
signal data to a curve is shown in Figure 4, with the
standard control curves shown in Figure 4A and the
experimental curves shown in Figure 4B. Figure 1: Step
5 Then, in certain embodiment (while not necessary in
other embodiments) a method is employed to distinguish
the standard control curves from the experimental
curves, such as using sample position ID or other
associated data. Figure 1: Step 6 Next, a threshold
signal line is determined (e.g., either automatically
by a software application or by a user). For
convenience, as shown in Figure 5, this threshold
signal linecan be drawn as a horizontal line on the
standard control and experimental curve graphs. It is
noted that other, non-horizontal lines (e.g., sloping
thresholds and/or curved lines) maybe 



employed. It should be understood that the threshold
signal line may not actually be shown (e.g., on a
computer screen) as a line, but instead may be
represented in computer memory as an equation that
would describe a line if it were drawn and presented
to a user (e.g., on a computer screen). In certain
embodiments, the threshold signal line is a curve
(i.e., not a straight line). A threshold signal line
will have an initial signal value at time zero. Even
if the line is now drawn back to zero (e.g., the first
read is not until 15 seconds or so), the threshold
signal line could be extended back until hitting the Y
axis to determine what signal value would be present
for the line at time zero. A threshold signal line
will also have a slope, which may be zero (horizontal
line), negative (downward sloping line) or positive
(upward sloping line). The signal line may be linear
or may be a curve. A displayed threshold line may be
moved by the use to any desired position or slope. The
threshold signal line can, for example, be set at any
level that: 1) is above background levels (e.g., above
the normalized internal dye control value); 2)
intersects the experimental curve; and 3) intersects
at least two of the standard control curves. In
certain embodiments, additional criteria may be
employed. For example, the threshold signal line may
be chosen such that is intersects more than two
standard control curves if there are more than two
present. In certain embodiments, the threshold signal
line is chosen such that it intersects all or most of
the standard control curves. In other embodiments, if
multiple experimental curves are present, the
threshold signal line is chosen such that it intersect
at least two of these curves, and preferably all of
these curves. In particular embodiments, the threshold
signal line is chosen such that any variability
between duplicate standard control curves (if
duplicate samples are assayed) are minimized. In other
embodiments, the threshold signal line is chosen such
that the linear portion of most or all of the curves
(e.g., the curves of interest) are intersected. In
certain embodiments, multiple threshold signal lines
are chosen and employed in the remainder of the steps.
In some embodiments, multiple threshold signal lines
are chosen (e.g., by use or by computer software) such
that the R2 values that result may be compared. In
particular embodiments, the threshold signal line that
gives the higher R2 value (e.g., closest to 1.0) is
chosen as the value used to calculate the copy numbers
in the unknown samples. The R2 



may be measured using all of the points in the in the
curve or a sub-set thereof. For example, data points
that either extreme may be deselected so as to not be
included in thebest fit calculation. This finds use,
for example, where the most accurate prediction is
desired for a sub-set of the samples within a
particular concentration range. In certain
embodiments, a sloping threshold signal line is
employed. In particular embodiments, a sloping
threshold signal line is employed such that many or
all of the curves (e.g., both control and experimental
curves) are intersected. In some embodiments, as
explained below, the resulting intersection points are
plotted on a log/linear chart (copy number vs. time)
rather a log/log chart. Figure 1: Step 7 The threshold
signal line (or values) is then used to determine the
time value where each of the relevant standard control
and experimental curves intersects the threshold. This
can be done for example, by using a graph of the
standard control curves (e.g., Figure 5A) and
experimental curves (e.g., Figure 5B) and looking to
see at what point in time where the threshold
intersects each curve. This can also be done using a
software application that automatically calculates the
intersection points. The results of this determination
can, for example, be charted in a table listing target
copy number for each of the standard control curves
and time value where the standard control and
experimental curves intersect the threshold. Figure 1:
Step 8 The intersecting time values for each standard
control curve can then be plotted against the target
copy number of each standard control in a log / log
plot, or a log/linear plot (copy number vs. time), to
generate log plot data which can be aligned in a
generally linear slope. Preferably, the plot is
generated with copy number along the X-axis and the
time along the Y-axis. An example of six standard
controls plotted on a graph is shown in Figure 6.
Figure 1: Step 9 Next, standard linear regression
methods are employed to determine the best fit for a
slope between the plotted data points from Step 8.
Determining this slope generates a slope equation
describing the slope, as well as an R2 value for the
resulting slope. In certain embodiments, the threshold
signal line (which may be described by a slope
equation) is 



tested at many different positions (e.g.,
automatically by a computer) such that multiple R2
values are determined. In certain embodiments, the
threshold signal line that has an R2value that is the
highest (e.g., closest or equal to 1.0) is chosen for
use in determining the copy numbers in the
experimental samples (e.g., used in Step 10 below).
Figure 1: Step 10 Plugging in the intersecting time
values determined for the experimental samples (from
Step 7) into the slope equation determined in Step 9
allows a back calculation of the target copy number in
the experimental sample(s). In certain embodiments
(e.g., computer software aided embodiments) where
samples are being read in real time, once an target
copy number is determined for a given experimental
sample (or all experimental samples) the data
collection can be stopped (e.g., no need to continue
the sample reading of signal once answer is achieved).
This is useful as extra time and resources can be
saved by stopping a real time read (e.g., another set
of samples could be loaded into the reading device).
This is particularly useful where the software is
configured to use multiple threshold signal lines,
including angled thresholds, where an answer is
achieved quickly (e.g., 10-20 minutes), such as when a
certain R2 value is achieved for a given threshold. In
certain embodiments where multiple threshold signal
lines are employed, the software may be configured to
report an experimental copy number result once a
particular R2 value is achieved based on any of the
thresholds. In other embodiments, the use of multiple
threshold signal values (e.g., all employed or all
that meet a minimum R2 value for the resulting slope)
allows a range of results to be reported for the
experimental (unknown) samples. For example, when
multiple threshold signal values are employed, it may
be that five generate resulting slopes that have R2
values above .98. These five results may lead to an
experimental copy number in a sample of 29, 36, 38,
42, and 45. In turn, this allows the software to
report a range for the experimental sample (e.g.,
29-45 copies in the unknown sample). Likewise,
generation of a range may be used in conjunction with
limits that are set (e.g., FDA mandated limits), such
as, for example, in blood screening. Any particular
blood sample that has too many target copies numbers
of a particular target may be deemed as "failed"
(e.g., if the cut off range is 30, and a range of
29-45 is reported, this sample is deemed to have
failed even though setting the threshold at other
higher R2 value levels would have caused the sample to
"pass."). Thus, in some embodiments, the lowest 



predicted copy number result is used to select a
course of action. In other embodiments, where a
minimum amount of a target is required, the system
requires that each of the curves report a result above
a predetermined copy number in selecting a course of
action.II. Rapid Quantitative Results The methods and
applications of the present invention allow
surprisingly rapid quantitation of copy number in an
experimental sample. Methods known in the art often
require an hour or hours to provide reliable
quantitative results. However, the present invention
allows reliable quantitative results to be achieved in
time values measured in second or minutes. For
example, in particular embodiments, the quantified
target copy number in the experimental sample is
generated within about 150 seconds or less from the
time when an assay signal level is first detected from
the experimental sample (e.g., within about 75 seconds
... about 100 seconds ... about 125 seconds ... or
about 150 seconds). In some embodiments, the
quantified target copy number in the experimental
sample is generated within about 45 minutes or less
from the time when an assay signal level is first
detected from the experimental sample (e.g., within
about 5 minutes ... about 15 minutes ... about 30
minutes ... or about 45 minutes). In certain
embodiments, the quantified target copy number in the
experimental sample is generated between about 2
minutes and about 35 minutes from the time when an
assay signal is first detected from the experimental
sample. Rapid quantification may be achieved with the
methods of the present invention as reliable
quantitative information can be produced once at least
two standard control signmoidal curves and the
experimental curve pass the threshold signal line,
which often happens very early for many experimental
samples. For example, Figure 5 shows the standard
control and experimental curves from Example 1.
Experimental sample B4 (shown in Figure 5B) is seen to
pass the threshold at about 110 seconds. Three of the
standard control curves, as shown in Figure 5A, all
pass the threshold by about 120-130 seconds.
Consequently, the target copy number in experimental
sample B4 could be calculated after about 130 seconds
from the initial signal detection in the experimental
sample. This rapid quantitation could be even further
reduced for the B4 sample if the threshold signal line
were set lower than the 1.6 shown in Figure 5. For
example, the threshold could be set anywhere above 1.0
(which represents the background signal) and still
intersect each of the three standard control curves
and the B4 experimental curve. For 



example, the threshold signal line could be set at
about 1.1, which would allow quantitative results to
be achieved at about 105-1 10 seconds. In certain
embodiments, the threshold signal line is set as a
non-horizontal slope (e.g., downward slope) which may
allow more curves to be intersected sooner. In such
embodiments, quick quantitative results can be
obtained, as one does not have to wait for the curves
of interest to reach a horizontal threshold signal
line. In such embodiments,results may be achieved in
20 minutes or less or 15 minutes or less (e.g.,
between 12 and 15 minutes; or between 5-10 minutes; or
between 1-5 minutes). Preferably, the methods of the
present invention are embodied in a software
application on a computer that is operably linked to
the signal detection device. In this regard, curves
could be generated automatically (and quickly), and
once the requisite curves have passed the threshold
signal line, the final quantitative copy number in the
experimental sample can be calculated rapidly (e.g.,
in a second or less), thereby allowing a user to have
a quantitative copy number as rapidly as possible.
III. Exemplary Nucleic Acid Detection Assays The
methods and systems of the present invention may be
employed with any nucleic acid detection assay that
can generate results over time that can be fit to a
curve. For example, the methods, systems, and
applications of the present invention may find use in
detection assays that include, but are not limited to,
enzyme mismatch cleavage methods (e.g., Variagenics,
U.S. Pat. Nos. 6,1 10,684, 5,958,692, 5,851,770,
herein incorporated by reference in their entireties);
polymerase chain reaction; branched hybridization
methods (e.g., Chiron, U.S. Pat. Nos. 5,849,481,
5,710,264, 5,124,246, and 5,624,802, herein
incorporated by reference in their entireties);
rolling circle replication (e.g., U.S. Pat. Nos.
6,210,884, 6,183,960 and 6,235,502, herein
incorporated by reference in their entireties); NASBA
(e.g., U.S. Pat. No. 5,409,818, herein incorporated by
reference in its entirety); molecular beacon
technology (e.g., U.S. Pat. No. 6,150,097, herein
incorporated by reference in its entirety); E-sensor
technology (Motorola, U.S. Pat. Nos. 6,248,229,
6,221,583, 6,013,170, and 6,063,573, herein
incorporated by reference in their entireties);
cycling probe technology (e.g., U.S. Pat. Nos.
5,403,71 1, 5,01 1,769, and 5,660,988, herein
incorporated by reference in their entireties); Dade
Behring signal amplification methods (e.g., U.S. Pat.
Nos. 6,121,001, 6,1 10,677, 5,914,230, 5,882,867, and
5,792,614, herein 



incorporated by reference in their entireties); ligase
chain reaction (Barnay Proc. Natl. Acad. Sci USA 88,
189-93 (1991)); FULL-VELOCITY assays; and sandwich
hybridization methods (e.g., U.S. Pat. No. 5,288,609,
herein incorporated by reference in its entirety).
Preferably, the nucleic acid detection assay is
configured to run under isothermal conditions. One
example of such a nucleic acid detection assay is an
invasive cleavage assay, such as the INVADER assay. In
INVADER assay, when two strands of nucleic acid, or
oligonucleotides (the probe oligonucleotide and the
INVADER oligonucleotide), both hybridize to a target
nucleic acid strand such that they form an overlapping
invasivecleavage structure, as described below,
invasive cleavage can occur. Through the interaction
of a cleavage agent (e.g., a 5' nuclease) and the
upstream oligonucleotide (INVADER oligonucleotide),
the cleavage agent can be made to cleave the
downstream oligonucleotide (probe) at an internal site
in such a way that a distinctive fragment is produced.
Such embodiments have been termed the INVADER assay
(Third Wave Technologies) and are described in U.S.
Patent Nos. 5,846,717, 5,985,557, 5,994,069,
6,001,567, and 6,090,543, WO 97/27214 WO 98/42873,
Lyamichev et al, Nat. Biotech., 17:292 (1999), Hall et
al., PNAS, USA, 97:8272 (2000), each of which is
herein incorporated by reference in their entirety for
all purposes). The INVADER assay detects hybridization
of probes to a target by enzymatic cleavage of
specific structures by structure specific enzymes. The
INVADER assay detects specific DNA and RNA sequences
by using structurespecific enzymes (e.g. FEN
endonucleases) to cleave a complex formed by the
hybridization of overlapping oligonucleotide probes.
Elevated temperature and an excess of one of the
probes enable multiple probes to be cleaved for each
target sequence present without temperature cycling.
In some embodiments, these cleaved probes then direct
cleavage of a second labeled probe (e.g., FRET
cassette). The secondary probe oligonucleotide can be
5'-end labeled with fluorescein that is quenched by an
internal dye. Upon cleavage, the de-quenched
fluorescein labeled product may be detected using a
standard fluorescence plate reader. The INVADER assay
can detect specific mutations and SNPs in unamplified,
as well as amplified, RNA and DNA including genomic
DNA. In certain embodiments, the INVADER assay uses
two cascading steps (a primary and a secondary
reaction) both to 



generate and then to amplify the target-specific
signal. For convenience, the alleles in the following
discussion are described as wild-type (WT) and mutant
(MT), even though this terminology does not apply to
all genetic variations. In the primary reaction, the
WT primary probe and the INVADER oligonucleotide
hybridize in tandem to the target nucleic acid to form
an overlapping structure. An unpaired "flap" is
included on the 5' end of the WT primary probe. A
structure-specific enzyme (e.g. the CLEAVASE enzyme,
Third Wave Technologies) recognizes the overlap and
cleaves off the unpaired flap, releasing it as a
target-specific product. In the secondary reaction,
this cleaved product serves as an INVADER
oligonucleotide on the WT fluorescence resonance
energy transfer (WT-FRET) probe to again create the
structure recognized by the structure specific enzyme.
When the two dyes on a single FRET probe are separated
by cleavage, a detectable fluorescent signalabove
background fluorescence is produced. Consequently,
cleavage of this second structure results in an
increase in fluorescence, indicating the presence of
the WT allele (or mutant allele if the assay is
configured for the mutant allele to generate the
detectable signal). In preferred embodiments, FRET
probes having different labels (e.g. resolvable by
difference in emission or excitation wavelengths, or
resolvable by time-resolved fluorescence detection)
are provided for each allele or locus to be detected,
such that the different alleles or loci can be
detected in a single reaction. In such embodiments,
the primary probe sets and the different FRET probes
may be combined in a single assay, allowing comparison
of the signals from each allele or locus in the same
sample. If the primary probe oligonucleotide and the
target nucleotide sequence do not match perfectly at
the cleavage site, the overlapped structure does not
form and cleavage is suppressed. The structure
specific enzyme (e.g., CLEAVASE VIII enzyme, Third
Wave Technologies) used cleaves the overlapped
structure more efficiently (e.g. at least 340-fold)
than the non-overlapping structure, allowing excellent
discrimination of the alleles. In the INVADER assays,
the probes turn can over without temperature cycling
to produce many signals per target (i.e., linear
signal amplification). Similarly, each targetspecific
product can enable the cleavage of many FRET probes.
The primary INVADER assay reaction is directed against
the target DNA (or RNA) being detected. The target DNA
or RNA is the limiting component in the first invasive
cleavage, since the INVADER and primary probe are
supplied in molar excess. In the second invasive
cleavage, it is the 



released flap that is limiting. When these two
cleavage reactions are performed sequentially, the
fluorescence signal from the composite reaction
accumulates linearly with respect to the target DNA
amount. IV. Genotyping Applications Besides the use of
the methods, systems, and software applications of the
present invention to determine copy number in sample,
the present invention is also useful for genotyping.
One exemplary embodiment of such use is with the
INVADER detection assay. A genotyping INVADER
reaction, were two probes differing at the base of
cleavage and corresponding to the base change or
genotype of the target can be used by having two
different 5'-flaps attached to the probes. Upon
cleavage of the 5'-flap, a secondary cleavage of a
FRET cassettes can be obtained by using the cleaved
flap as an invasive oligo on the FRET cassette. The
FRET cassettes are labeled with different dyes (e.g.,
FAM and RED) corresponding to the genotype-specific
cleaved primary probe.A typical genotyping real-time
INVADER assay may be performed by monitoring FAM and
RED fluorescence signal as a function of time. A
threshold for each dye that is above the background
level is assigned and time points at which each sample
crosses the threshold for each dye are determined.
Plotting a scatter plot of threshold times of FAM
versus RED will result in a scatter plot that can be
used to determine genotypes of unknown samples.
Samples with low FAM times and high RED times
correspond to the FAM probe or allele and those with
high FAM and low RED times correspond to the RED probe
or allele. Similarly, samples with moderate FAM and
RED times (i.e, fall in the middle of the scatter
plot) are heterozygous samples. This same approach can
also be employed with other nucleic acid detection
assays. EXPERIMENTAL The following examples are
provided in order to demonstrate and further
illustrate certain preferred embodiments and aspects
of the present invention and are not to be construed
as limiting the scope thereof. In the experimental
disclosure which follows, the following abbreviations
apply: N (normal); M (molar); mM (millimolar); mM
(micromolar); mol (moles); mmol (millimoles); mmol
(micromoles); nmol (nanomoles); pmol (picomoles); g
(grams); mg (milligrams); mg (micrograms); ng
(nanograms); 1or L (liters); ml 



(milliliters); ml (microliters); C (degrees
Centigrade); and R2 (R2) . EXAMPLE 1 Target Sequence
Quantification Using a Threshold and Log/Log Plot This
example describes quantifying the copy number of a
target sequence in three unknown experimental samples
using a nucleic acid detection assay that can generate
a detection curve and using methods that employ a
threshold and log/log plot generated from standard
control curves. The target sequence in this example
was micro RNA miR-21, and the nucleic acid detection
assay was the INVADER nucleic acid detection assay
employing a FRET cassette with a FAM label. The seven
known standards employed had the following target copy
numbers: 1) 6 x 106; 2) 857,143; 3) 122,449; 4)
17,493; 5) 2,499; 6) 357; and 7) 51. A normalizing
dye-labeled oligonucleotide was added to the reaction
to account for signal fluctiations due to machine
noise of pipetting errors. This
dye-labeledoligonucleotide does not interfere or
function in the INVADER reaction and is spectrally
distinct and differentiated from the dye used in
INVADER reaction FRET cassette. Yakima yellow labeled
oligonucleotide (T10) was used as internal normalizing
dye (25 nM) and was included in the wells of all the
reactions. Three experimental samples tested were
labeled B4, E4, and F4. These samples were run with
the FAM labeled FRET as well as with the internal
Yellow dye. PCR was initially performed on both the
standards and the experimentals using the parameters
shown in Table 1. Table 1 Stage Temperature Time
Cycles Data Collection 1 42 oC 45 min 1 Off 95 oC 2
min 2 95 oC 30 sec 22 Off 60 oC 1 min 3 99 oC 10 min 1
Off 4 50 oC 11 sec 255 ON INVADER assay reagents
(e.g., probe oligos, INVADER oligos, FRET cassettes,
and a Cleavase enzyme) were then added to the
experimental, standard control, and internal 



control samples. Reactions were run at 50 degrees
Celsius and fluorescent signal readings were taken
every 11 seconds for 249 cycles. The results from the
standard controls and internal controls (normalized
based on the internal dye control) are shown in
Figures 2A-22D. The results for the three experimental
samples (normalized based on the internal dye control)
are shown in Figures 3A-3E. The normalized results
from Figures 2 and 3 were then plotted (fluorescence
vs. time) in an X-Y graph. The normalized plots from
Figures 2 and 3 were then fit to a curve using a
program that fits each two data points to a line. The
results of this are shown in Figure 4. For
convenience, the standard control curves are shown in
Figure 4A, and experimental curves are shown in Figure
4B. Next, a threshold signal line was determined,
which can be drawn onto the curve graphs shown in
Figure 4. The threshold signal line is set at a
fluorescent signal level based on the following
exemplary criteria. First, the threshold value is set
at a signal level that is greater than the background
represented by the normalized internal dye controls
(those samples with the Yellow internal dye). In this
example, the normalized signal from the internal dye
controls is 1.0 as dividing the raw numbers obtained
by themselves leads to avalue of 1.0. Next, the
threshold signal line is set so that it intersects all
of the standards control and experimental curves that
are above the background (above 1.0 in this example).
In this example, experimental sample F4 only extends
up to 1.7. As such, to intersect this curve, and all
other curves, the threshold is chosen to be below
about 1.7. Another parameter that could be employed,
but that does not affect the threshold in this
example, is choosing a threshold that minimizes the
variability between the two duplicate curves for each
standard. In light of the above criteria, the
threshold signal line for this example could be set
anywhere between 1.0 and about 1.7. However, one
additional parameter that is preferentially employed,
is setting the threshold value such that the signal
growth portion of most or all of the curves is
intersected. In this example, in order to ensure that
that the signal growth portion of all the standard and
unknown curves were intersected at a nonsaturating
point in the curves, the final threshold value was set
around 1.6. Figure 5 shows the threshold signal line
depicted as a horizontal line set at about 1.6 for
both the standard control curves (Figure 5A) and the
experimental curves (Figure 5B). Once the threshold
signal line is set, this allows a determination of the
time point 



where each of the standard control curves intersects
the threshold signal line. In this example, it was
determined that the threshold signal line intersects
the standard control curves at the time points shown
in Table 2 below. Table 2 Surprisingly, it was found
that the average intersecting time values for each of
the six standards can be plotted against the target
copy number of the standards in a log vs. log format
to generate a generally linear slope. In particular,
the copy number and times for each standard control
(in log format) are first plotted on a graph (see six
data points in Figure 6). Next, standard linear
regression methods were used to determine the best fit
for a slope between these data points (see Figure 6).
This slope is described by a slope equationthat is
determined based on the linear regression. In this
example, the slope is described by the following slope
equation: y = 11647 X 0-3453 . Next, it was determined
where the threshold signal line intersects the
experimental curves. In this example, it was
determined that the threshold signal line intersects
the three experimental curves at the time points shown
in Table 3 below. Table 3 Using the slope equation
determined above (y = 11647 X-0 .3453 ) and the
intersecting time points presented in Table 3 as X in
the equation, allowed a back calculation of the copies
of miR-21 present in the experimental samples. The
calculated amounts for each of the three experimental
samples are presented in Table 3. EXAMPLE 2 Target
Sequence Quantification with Alternate Thresholds This
Example was run in a similar manner to Example 1. In
this Example, all the data corresponds to known copy
numbers for miR-21 (FAM) or U6 snRNA (ROX). FAM data
correspond to miR-21 in duplicates for each level. The
target levels (i.e., copy #) are shown in the plate
display in Figure 7 and as follows: 6,000,000;
1,200,000; 240,000; 48,000; 9,600; 1,920; 384; and 0.
ROX data correspond to U6 and/or U24 snRNA in
duplicates for each level and the target levels (i.e.,
copy #) are as follows: 36,000,000; 7,200,000;
1,440,000; 288,000; 57,600; 11,520; 2,304; and O. This
example shows how the selection of different threshold
signal values can impact the results, and quality of
results, that are generated by embodiments of the
methods 



and applications of the present invention. Figure 7
shows a screen shot displaying the standard control
curves. Also shown is a horizontal signal threshold
that intersects most of the curves. The intersecting
time points are plotted (on a log-log basis) on a
second graph shown in the bottom right hand corner of
Figure 7. These intersecting time points are fit to a
resulting slope that has a particular R2 value. Also
shown in Figure 7 in the bottom left panel is a plate
display showing the dye and content (e.g., sample
number content of controlwells) of each sample well.
As shown in Figure 8, the threshold signal value can
be adjusted higher which allows real-time changes in
R2. The threshold level in screen in Figure 8 has a
worse fit (R2 is lower) than the threshold level in
screen Figure 7. In some cases, a single (linear)
threshold cannot intersect all of the sample curves
making it only regionally applicable. In such a case,
more than one threshold can be added to the system and
each adjusted and applied separately as shown in
Figure 9. In certain embodiments, the applications and
methods allow for the slope of the threshold signal
line to be fully adjustable. For example, a downward
sloping threshold signal line can be used instead of a
horizontal threshold signal line. As shown in Figure
10, the threshold signal line now has an even higher
R2 (as compared to the best fit flat threshold in
Figure 7), and it now intersects all of the sample
curves making it useful in predicting the amount of
target in each tested sample. Additionally, the
log-log 'best fit' chart (lower right) can be made
loglinear, often resulting in an even better goodness
of fit (e.g., R2 value) or at least (as shown in
screen Figure 11), a much greater slope for the best
fit threshold - meaning total required run times are
greatly reduced. Finally, Figure 12 shows the same
screen shot as Figure 8, except that seven different
sloping threshold signal values are shown, along with
seven resulting slopes, each of which has a different
R2 value which can be compared. This screen shot
illustrates, for example, the search computer software
can perform by trying many (e.g., thousands or
millions) of different thresholds to find the one that
generates the resulting slope with the highest R2
value. All publications and patents mentioned in the
above specification are herein incorporated by
reference. Various modifications and variations of the
described method and system of the invention will be
apparent to those skilled in the art without departing
from the scope and spirit of the invention. Although
the invention has been described in 



connection with specific preferred embodiments, it
should be understood that the invention as claimed
should not be unduly limited to such specific
embodiments. Indeed, various modifications of the
described modes for carrying out the invention which
are obvious to those skilled in molecular biology,
mathematics, or related fields are intended to be
within the scope of the following claims.We Claim: 1.
A method of quantifying a target in an experimental
sample comprising: a) providing: i) initial signal
data comprising assay signal level detected at a
plurality of time intervals from an experimental
sample and at least two standard control samples
containing known target copy numbers that are
different, wherein said initial signal data is capable
of being plotted as an experimental curve and at least
two standard control curves; and ii) a threshold
signal line having i) an initial signal value at time
zero, and ii) a threshold slope; wherein said
threshold signal line is above background level and
intersects said experimental curve and two or more of
said at least two standard control curves; and b)
processing said initial signal data and said threshold
signal line to generate an experimental intersecting
time value and at least two standard control
intersecting time values; c) processing said at least
two standard control intersecting time values and said
known target copy numbers to generate log plot data
comprising coordinates for a log/log plot, or
linear/log plot, of said intersecting time values
versus said known target copy numbers; d) processing
said log plot data to generate a slope equation
describing a resulting slope fit to said log plot
data; and e) processing said experimental intersecting
time value with said slope equation to generate a
quantified target copy number for said experimental
sample. 2. The method of Claim 1, wherein said
threshold slope is zero, or wherein said threshold
slope is negative. 3. The method of Claim 1, wherein
said assay signal level is generated by a nucleic 



acid detection assay. 4. The method of Claim 3,
wherein said nucleic acid detection assay comprises an
invasive cleavage assay.5. The method of Claim 3,
wherein said nucleic acid detection assay is performed
under isothermal conditions. 6. The method of Claim 1,
wherein said target comprises a nucleic acid sequence.
7. The method of Claim 5, wherein said nucleic acid
sequence comprises a micro-RNA or siRNA sequence. 8. A
method of quantifying a target in an experimental
sample comprising: a) providing; i) a user interface
configured to receive initial signal data, and ii) a
computer system having stored therein a target
quantifying software application, and b) transmitting
said initial signal data from said user interface to
said computer system, wherein said initial signal data
comprises assay signal level detected at a plurality
of time intervals from an experimental sample and at
least two standard control samples containing known
target copy numbers that are different, wherein said
signal data is capable of being plotted as an
experimental curve and at least two standard control
curves; c) processing said signal data with said
target quantifying software application such that said
target quantifying software: i) generates a threshold
signal line having i) an initial signal value at time
zero, and ii) a threshold slope; wherein said
threshold signal line is above background level and
intersects said experimental curve and two or more of
said at least two standard control curves; ii)
processes said signal data and said threshold signal
line to generate an experimental intersecting time
value and at least two standard control intersecting
time values; iii) processes said at least two standard
control intersecting time values and said known target
copy numbers to generate log plot data comprising
coordinates for a log/log plot, or a linear/log plot,
of said intersecting time values versus said known
target copy numbers; 



iv) processes said log plot data to generate a slope
equation describing a resulting slope fit to said log
plot data; andv) processes said experimental
intersecting time value with said slope equation to
generate a quantified target copy number for said
experimental sample. 9. The method of Claim 8, wherein
said threshold slope of is zero , or wherein said
threshold slope is negative . 10. The method of Claim
8, wherein said assay signal level is generated by a
nucleic acid detection assay. 11. The method of Claim
10, wherein said nucleic acid detection assay
comprises an invasive cleavage assay. 12. The method
of Claim 10, wherein said nucleic acid detection assay
is performed under isothermal conditions. 13. The
method of Claim 8, wherein said target comprises a
nucleic acid sequence. 14. The method of Claim 13,
wherein said nucleic acid sequence comprises a micro-
RNA or siRNA sequence.15. A system for quantifying a
target in an experimental sample comprising: a) a
device configured to detect assay signal level at a
plurality of time intervals from an experimental
sample and at least two standard control samples
containing known target copy numbers that are
different, to generate initial signal data; b) a
target quantifying software application configured to:
i) process said initial signal data to generate signal
data that is capable of being plotted as an
experimental curve and at least two standard control
curves; ii) generate a threshold signal line having i)
an initial signal value at time zero, and ii) a
threshold slope; wherein said threshold signal line is
above background, and intersects said experimental
curve and two or more of said at least two standard
control curves; iii) process said signal data and said
threshold signal line to generate an experimental
intersecting time value and at least two standard
control intersecting time values; iv) process said at
least two standard control intersecting time values
and said known target copy numbers to generate log
plot data comprising coordinates for a log/log plot,
or linear/log plot, of said intersecting time values
versus said known 



target copy numbers; v) process said log plot data to
generate a slope equation describing a resulting slope
fit to said log plot data; and vi) process said
experimental intersecting time value with said slope
equation to generate a quantified target copy number
for said experimental sample; and c) a computer system
having stored therein said target quantifying software
application, wherein said computer system comprises
computer memory and a computer processor. 16. The
system of Claim 15, wherein said assay signal level is
generated by a nucleic acid detection assay. 17. The
system of Claim 16, wherein said nucleic acid
detection assay comprises an invasive cleavage
assay.18. The system of Claim 16, wherein said nucleic
acid detection assay is configured to run under
isothermal conditions. 19. The system of Claim 15,
wherein said target comprises a nucleic acid sequence.
20. The system of Claim 19, wherein said nucleic acid
sequence comprises an RNA or DNA sequence. 


