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Fig. 2 
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Figure 1 1A 
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Figure 11B 
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lnlamal OIIicB 2B1] UPS Sputum 

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 
lnput/ output frequency 60/80 
Output 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 (rnin.) 4 
1/2 load runtimc (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) 24 
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 bene?t of US. 
provisional application With Serial No. 60/326,620, ?led 
Oct. 2, 2001 and US. provisional application With Serial No. 
60/346,812, ?led 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 
ci?c ampli?cation and detection of as little as a single copy 
of a target nucleic acid sequence. PCR also is used for the 
quanti?cation 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 ampli?cation reaction 
Which is detected and/or quanti?ed. In contrast, real time 
quantitative PCR (QPCR) monitors the progress of a PCR 
ampli?cation as it is occurring. In real-time QPCR tech 
niques, signals (generally ?uorescent) are monitored as they 
are generated. The number of cycles required to achieve a 
chosen level of ?uorescence varies directly With the con 
centration of ampli?able targets at the beginning of the PCR 
process, enabling a measure of ?uorescent 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 
?cation 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 ampli?cation is normal 
iZed by the processor Which identi?es 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 re?ects 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 ampli?cation as the baseline. The range of cycles 
before ampli?cation occurs is de?ned 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 ?rst 
feW cycles has abated and the ending cycle is chosen before 
ampli?cation has occurred in any tube. Typically, signal 
obtained from these cycles is ?tted With a line using a least 
mean squares algorithm. This best ?t 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 
US. Pat. No. 5,928,907). 

[0006] This system of setting a range for the calculation of 
a best-?t 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 ?nal 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 ampli? 
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 ?rst plot, determining a 
starting cycle and an ending cycle for the Well, and ?tting 
points betWeen and including the starting and ending cycle 
to a line to determine the best ?t betWeen the points and the 
line. HoWever, in one aspect, a non-linear function is used 
for determine the best ?t. The best ?t 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 ?t, 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 identi?ed from the 
?rst 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 identi?ed Within 
the ?rst 8 cycles of the PCR reaction and an ending cycle is 
identi?ed Which is three cycles, or tWo cycles, or one cycle 
before Cycle X. HoWever, in another aspect, Cycle X is not 
identi?ed Within ?rst 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 ?rst 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-?t line is calculated using a 
standard least root-mean-square-error algorithm: 

Mm 
771156 I 

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; yi is a signal of an ith cycle; and m and b 
are parameters of said best ?t 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 ?uorescent label) speci?c 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 ?rst plot plotted for the 
at least one Well to generate an adapted signal plot. Prefer 
ably, the adapted signal plot is compared to a ?rst 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 ampli?cation 
reaction calculated With a baseline using ?Xed starting and 
ending cycles for 4 samples according to one embodiment of 
the invention. 

[0020] FIG. 2A is a graph shoWing the actual ampli?ca 
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 
?cation reaction calculated With a baseline using ?Xed 
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 ampli?cation 
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 
ampli?cation can be detected. 

[0024] FIG. 3. Detection of ?uorescent 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 ?uorescent signals in 
a single sample tube according to one aspect of the inven 
tion. 

[0026] FIG. 5. Signal-to-noise ratios of various ?uores 
cent dyes as measured by optimiZed ?lter 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 ampli?cation plots as PCR 
progresses shoWn as ?uorescent signal as a function of cycle 
number according to one aspect of the invention. 

[0029] FIG. 8. Up to 4 ?uorescent signals are vieWed in a 
single ampli?cation plot according to one aspect of the 
invention. 

[0030] FIG. 9. Ampli?cation 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 
ampli?cation 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 ampli?cation 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 ampli?cation reaction. In one 
aspect, the method measures an actual signal obtained 
during a PCR cycle and generates a ?rst 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 


















