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(57) ABSTRACT 

Systems and methods are provided for calibrating emission 
data or other information signals collected during a poly 
merase chain reaction (PCR), amplification reaction, assay, 
process, or other reaction. Calibration of multiple detectable 
materials can be achieved during a single cycle or run, or 
during a plurality of runs of the reaction. A reading from every 
well, container, or other Support region of a sample Support 
does not have to be taken. Interpolation can be used to deter 
mine values for emission data or other information signals 
that were not taken, or are unknown, using detected emission 
data, or other detected information signals. By calibrating the 
detected emission data and the interpolated data, a more 
accurate reading of emission data or information signal can 
be obtained. 
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SYSTEMAND METHOD FOR 
INTERPOLATIVE CALIBRATION 

RELATED APPLICATION 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 60/898,064, filed Jan. 29, 2007, 
entitled “Systems and Methods for Optical and Spectral Cali 
bration of Real-Time PCR Instrumentation, which is incor 
porated herein in its entirety. 

FIELD 

0002 The present application relates to biological testing 
devices, systems that contain Such devices, and methods that 
use Such devices and/or systems. 

INTRODUCTION 

0003. In various known polymerase chain reaction (PCR) 
methods, better accuracy in the detection of an amplification 
signal, and hence original sample quantity, is frequently 
sought by calibrating each dye, fluorescent marker, or other 
reference material to be used in the PCR implementation. 
Such efforts reduce error in the emission signal coming from 
the sample container, for example, an amplification well. 
Such errors can result from the dye, the sample container, and 
other sources ofbackground signal noise. Under current prac 
tice, calibration of Such systems typically involves testing one 
dye at a time, and typically the entire well plate is filled with 
that one dye. Once the system has finished with that one dye, 
the plate must be removed and replaced, or cleaned, and a new 
dye inserted. The drawbacks of such a system include the 
expenditure of extensive amounts of time to calibrate for each 
of plurality of different dyes or other reference materials, a 
lack of uniformity between instruments, between well plates, 
and between dyes, and the inability to perform PCR, RT-PCR, 
or other assays, processes, or reactions while calibrating the 
emission signal. A need exists for a method of calibration and 
related techniques that addresses these and other issues. 

SUMMARY 

0004. According to various embodiments, the present 
teachings relate to the calibration of PCR and real-time poly 
merase chain reaction (“RT-PCR) instruments. These meth 
ods, teachings, and systems, relate to calibrating or adjusting 
signals from a plurality of dyes over a single well plate, using 
less than all the wells, and then using interpolation to deter 
mine the unknown calibration signals for the wells which 
were skipped. By skipping wells and/or using multiple dyes at 
the same time, the calibration or adjustment process requires 
less time. 
0005 According to various embodiments, the present 
teachings also relate to methods for fixing a calibration, to 
algorithms for calibration, and to reference standards. 
0006. These and other features of the present teachings are 
set forth herein. 

FIGURES 

0007 FIG. 1 illustrates an exemplary PCR machine and 
sample well plate, according to various embodiments. 
0008 FIG. 2 illustrates a sample well plate containing 
sample wells, and a combination of dyes loaded into the 
wells, according to various embodiments. 
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0009 FIG. 3 illustrates a top perspective view of a portion 
of a sample well plate loaded with two different dyes in an 
alternating, horizontal pattern, according to various embodi 
mentS. 

0010 FIG. 4 illustrates a top perspective view of a portion 
of a sample well plate loaded with three different dyes in an 
alternating, horizontal pattern, according to various embodi 
mentS. 

0011 FIG. 5 illustrates a top perspective view of a portion 
of a sample well plate loaded with two different dyes in a 
different alternating pattern, according to various embodi 
mentS. 

0012 FIG. 6 illustrates a top perspective view of a portion 
ofa sample well plate loaded with two different dyes, and also 
wells left empty, in an alternating, horizontal pattern, accord 
ing to various embodiments. 
0013 FIG. 7 illustrates a top perspective view of a portion 
of a sample well plate loaded with two different dyes in an 
alternating pattern, according to various embodiments. 
0014 FIG. 8 illustrates a top perspective view of a portion 
of a sample well plate loaded with 3 different dyes in a 
predetermined pattern, according to various embodiments. 
0015 FIG. 9 illustrates a flow chart for interpolating emis 
sion data from a sample well plate, using an apparatus or 
instrument, such as a PCR instrument. 

DESCRIPTION 

0016. According to various embodiments, a method of 
generating emission data for a sample Support is provided. 
The method comprises providing a sample Support compris 
ing a plurality of Support regions, loading a detectable mate 
rial into the plurality of Support regions such that at least one, 
but less than all, of the plurality of support regions contain the 
detectable material, receiving emission data values for the 
detectable material detected from at least two or more of the 
plurality of Support regions, identifying at least one Support 
region of the plurality of Support regions, that did not emitan 
emission data value for the detectable material, and interpo 
lating an emission data value for the at least one Support 
region that did not emit an emission data value for the detect 
able material. 
0017. Herein, the term "emission' is used to exemplify a 
signal detected and/or calibrated according to various 
embodiments of the present teachings. It is to be understood 
that by “emission' the present teachings are referring to not 
only electromagnetic radiation but rather are also referring to 
any physical or chemical signal or other data that can be read, 
detected, imaged, or Surmised from one or more area of 
interest, for example, a Support region Such as a well of a 
multi-well plate. "Emission' herein is intended to encompass 
electromagnetic radiation, optical signals, chemiluminescent 
signals, fluorescent signals, radiation transmission values, 
and radiation absorption values. 
0018. The method can further comprise calibrating the 
emission data with the received emission data, calibrating the 
emission data with the interpolated emission data, or calibrat 
ing the emission data with the received emission data and the 
interpolated emission data. The detectable material can com 
prise a dry material or a wet material. In some embodiments, 
the detectable material can comprise a dye, a fluorescent 
marker, or another reference material. 
0019. In some embodiments, the method can also com 
prise loading a second detectable material into the plurality of 
Support regions such that at least one, but less than all, of the 
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plurality of Support regions contains the second detectable 
material, and identifying at least one Support region of the 
plurality of support regions that did not emit an emission data 
value for at least one of the first and second detectable mate 
rials. In some embodiments, at least one of the first and 
second detectable materials can comprise a plurality of dif 
ferent detectable materials. Each of the first and second 
detectable materials can be equally distributed between two 
or more of the plurality of Support regions. In some embodi 
ments, at least one of the first and second detectable materials 
is distributed in the plurality of Support regions according to 
a predetermined pattern of Support regions of the sample 
Support. The predetermined pattern can comprise an alternat 
ing pattern. In some embodiments, at least one of the first and 
second detectable materials is randomly distributed in the 
plurality of Support regions. In some cases, one or more, for 
example, two or more of the plurality of Support regions are 
left empty. According to various embodiments, Support 
regions containing a first detectable material, Support regions 
containing a second detectable material, and two or more 
empty Support regions, are arranged according to a predeter 
mined pattern on a sample Support. The predetermined pat 
tern can comprise an alternating pattern. In other embodi 
ments, Support regions containing a first detectable material, 
Support regions containing a second detectable material, and 
two or more empty Support regions, are randomly arranged. 
0020. In yet other embodiments, a method of interpolating 
signal information for a sample Support is provided and com 
prises providing a sample Support that comprises a plurality 
of support regions, loading a first detectable material into the 
plurality of support regions such that at least one, but less than 
all, of the plurality of Support regions contains the first detect 
able material, loading at least a second detectable material 
into the plurality of support regions such that at least one, but 
less than all, of the plurality of Support regions contains the 
second detectable material, receiving signal information val 
ues for at least one of the first and second detectable materials 
detected from two or more of the plurality of support regions, 
identifying at least one Support region of the plurality of 
Support regions, where signal information was not detected 
for at least one of the first and second detectable materials, 
and interpolating signal information for the at least one Sup 
port region. 
0021 Various embodiments of the present teachings relate 
to systems and methods for spectral and other calibration of 
emission data detected from PCR, RT-PCR, or other instru 
ments used to detect various reactions, amplifications, assays, 
processes, systems, and analyses. The calibration systems 
and methods can be implemented in or applied to scanning 
systems and methods, imaging systems and methods, biologi 
cal scanning systems and methods, biological imaging sys 
tems and methods, assays, reactions, analyses, or other pro 
cesses in which a read head containing a photodetector, 
photosensor, COD device, CID device, or other optical detec 
tor, for example, a photodiode, can read fluorescent output, 
signal information, or other output from a sample well, con 
tainer, or other Support region. The detector can then travel to 
a location to read the spectral dye or other output at that 
location, and step or repeat across a plate, sample Support, or 
other platform to take spectra from the entire group of sample 
wells, containers, or other Support regions. The platform can 
comprise any type of well plate, sample Support, or other 
platform capable of holding, containing, storing, or enclosing 
a material, for example, a microtiter or multiwell plate. The 
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detector can be used to detect signals that are not optical, for 
example, a scanning electron microscope signal, a thermal 
signal, a radiation signal, or any other kind of signal. 
0022. According to some embodiments, the detector can 
take a reading from every well, container, or Support region, 
throughout the well plate, sample Support, or other platform, 
in which one, or more than one, dye, fluorescent marker, or 
reference material has been loaded. In some embodiments, 
the detector does not need to take a reading from every well, 
container, or Support region of the well plate, Sample Support, 
or other platform. It will be appreciated that only a portion of 
the platform needs to be detected, for a calibration or an 
adjustment to be calculated, estimated, approximated, or oth 
erwise determined. For example, only half of the wells, con 
tainers, or other Support regions, can be filled with dye, fluo 
rescent marker, or other reference material. The detector can 
take a reading for emission data from only those wells, con 
tainers, or support regions that have been filled or loaded with 
one or more dyes, fluorescent marker, or other reference 
material, herein also referred to as one or more detectable 
materials. In another example, all of the wells, containers, or 
Support regions can be loaded with a dye, or multiple dyes, 
fluorescent marker, or other reference material and the detec 
tor can take a reading for emission data from only some of 
those wells, containers, or support regions, and skip across, or 
avoid some of the wells, containers, or other Support regions. 
For those wells, containers, or other Support regions that have 
been skipped, avoided, or left empty, an emission data value 
can be estimated, approximated, calculated, or otherwise 
determined using interpolation. It will be appreciated that 
different portions of the plate can be loaded, left empty, 
detected, skipped, and/or avoided. 
0023 The present teachings are intended to encompass the 
calibration of not only wells of a multiwell plate, but of 
locations on other platforms as well, for example, locations 
on gene chips, locations on hybridization arrays, and loca 
tions in flow cells. Such other platforms are also referred to 
hereinas sample Supports and Such locations are also referred 
to herein as Support regions. 
0024. According to various embodiments, the calibration 
systems and methods can be implemented in or applied to 
PCR imaging systems, or other instruments, systems, or 
apparatuses, in which a detector, for example, a scanning 
detector, an imaging detector, a CCD, a CD, a photodiode, a 
photodetector, or another detector, can image a portion of the 
entirety of a well plate, Sample Support, or other platform. An 
image or other detected signal can be taken from a portion of 
or from all of the sample wells, containers, or other Support 
regions contained therein, all at one time or Substantially all at 
one time. For example, the detector can take a spectral image 
of all 96 wells, or a portion of the 96 wells, of a standard 
microtiter plate. In some embodiments, the wells can be 
imaged one-at-a-time using a scanning technique, while in 
Some embodiments more than one well can be imaged simul 
taneously, for example, using a CCD camera. Various types of 
instruments, systems, apparatuses, or other devices can be 
used, for example, as illustrated in FIG. 1, a PCR instrument 
102 that is capable of holding a well plate 104. 
0025. According to various embodiments, each sample 
well, container, or other Support region in a well plate, sample 
Support, or other platform, can contain samples, for example, 
samples of DNA fragments or other materials. These samples 
can be affixed with one or more spectrally distinct dye, fluo 
rescent marker, or other reference material, for detection and/ 
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or analysis. A calibration or adjustment can be performed to 
normalize, compensate, correct, adjust, or otherwise increase 
the consistency or accuracy of readings that have been taken 
from the sample wells, containers, or other Support regions. 
The calibration or adjustment can correct or compensate for 
variations due to or affected by factors including, but not 
limited to, differences in signal strength, dye or sample con 
centrations, contaminations, spectral or amplitude distor 
tions, deviations in optical paths, plate geometry, fluorescent 
noise floor, Sample population or size, or other variations or 
anomalies that can arise from dye to dye, well to well, plate to 
plate, or instrument to instrument, among other corrections. 
0026. According to various embodiments of the present 
teachings, the calibration or adjustment can comprise cali 
brating the emission data for variations in response to indi 
vidual dyes, fluorescent marker, or other reference material. 
This can be done by measuring the fluorescence, signal infor 
mation, or other output from a nucleic acid amplification, or 
other reaction, analysis, or process that use the dyes, fluores 
cent markers, or other reference materials. Each sample well, 
container, or other Support region, can be prepared to contain 
a single dye, fluorescent marker, or other reference material 
that can change throughout an amplification reaction, analy 
sis, or other process. Bach sample well, container, or other 
Support region can be prepared to contain a plurality of dyes, 
fluorescent marker, other reference material, or any combi 
nation thereof that can exhibit a detectable property that can 
change during an amplification reaction, analysis, or other 
process. 
0027. According to various embodiments, assays can be 
detected by an optical detection system having a set offilters, 
lenses, channels, or a combination thereof, which can be 
adapted to detect an emission wavelength of the one or more 
dyes, fluorescent marker, or other reference material. The dye 
or dyes or other materials can comprise dyes such as VIC, 
FAM, TAMPA, NED, JOE, ROX, or other dyes or combina 
tions of dyes or materials. The change in a detected signal or 
detected signals can be derived using the filters, lenses, chan 
nels, or a combination thereof, to determine a spectral cali 
bration matrix for a respective dye in a respective well. Tech 
niques for generating a spectral calibration matrix are 
described, for example, in U.S. Pat. No. 6,991,712 B2 to 
Sharaf et al., and in U.S. Patent Application Publication No. 
US 2006/0138344A1, entitled “Spectral Calibration Method 
and System for Multiple Instruments' to Gunstream et al., 
each of which is incorporated herein by reference in its 
entirety. 
0028. According to various embodiments, calibrating or 
adjusting the spectral response to one or more dyes, fluores 
cent marker, or other reference material, by conducting an 
end-point PCR, RT-PCR, or other reaction, process, amplifi 
cation, assay, or analysis, can provide a more accurate repre 
sentation of the dye signal, information signal, or other out 
put. This method of detection can be done at an endpoint, on 
a real-time basis, on a cycle per cycle basis, or at any other 
time, point, or points in the reaction, process, amplification, 
assay, or analysis. According to some embodiments, by cali 
brating or adjusting the spectral response at each cycle of a 
multi-cycle process, a more precise calibration, compensa 
tion, adjustment, normalization, or other correction can be 
achieved. 

0029. According to various embodiments of the present 
teachings, the calibration or adjustment can comprise utiliz 
ing a universal reference standard or group of standards or 
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other normalization methods that can calibrate the dye, fluo 
rescent marker, or other reference material. A universal ref 
erence standard can be used to calibrate multiple dyes, fluo 
rescent markers, or other information signals used in a 
reaction, assay, amplification, analysis, or other process, for 
example, the reference standard can be formulated to spec 
trally behave similarly to, or exactly like, one or more dye. 
With this reference standard or group of standards, a well 
plate, Sample Support, or other platform, or a locationina well 
plate, sample Support, or other platform, can be calibrated for 
one or more dyes, fluorescent markers, or reference materials 
at a time. 

0030. According to various embodiments, the spectral 
response of the universal reference standard or standards need 
not match the spectral response of each of a plurality of 
individual dyes. If the spectral behavior of the universal ref 
erence standard does not match all Subject dyes, according to 
various embodiments, the behavior or response of one or 
more dyes can be predicted or generated using a transforma 
tion, alteration, or other method, based upon the universal 
reference standard. The universal reference standard can 
comprise Solid material, liquid material, one fluorescent dye 
or material, multiple fluorescent dyes or materials, or any 
combination of types of materials. 
0031. According to various embodiments of the present 
teachings, spectral calibration can comprise Suspending, 
inserting, wrapping, applying, or some other method of cap 
turing and/or encapsulating each dye, fluorescent marker, or 
other reference material used for spectral calibration in a 
medium that can comprise, for example, a Solid, a polymer, or 
another medium. The Suspension, insertion, application, or 
other method of capturing or encapsulating the one or more 
dyes or other Substances in the medium, can enable a dry or 
Solid Substance to exhibit similar spectral responses com 
pared to wet dyes, wet media, or other wet material. The use 
of a dry chemical or solid material can help to eliminate the 
drawbacks of wet chemistry, such as, evaporation, condensa 
tion, sloshing, storage stability, lifetime, expiration, and Vari 
ous other drawbacks. 

0032. According to various embodiments of the present 
teachings, the dyes, fluorescent markers, or other reference 
materials used to perform calibration or adjustment, can be 
placed, loaded, inserted, enclosed, wrapped around, or other 
wise built into locations other than the sample wells or con 
tainers, for example, built into the interstitial spaces on a 
multi well plate, sample Support, or other platform. By using 
the interstitial spaces, the individual wells or containers of the 
plate, platform, or other Support can be loaded with an ana 
lyte, dye, reaction material, or Some other material, for 
example, samples of DNA fragments, to which one or more 
spectrally distinct dye, fluorescent marker, or other reference 
material can be reacted with or attached for detection and/or 
analysis. At the same time, a calibration of the emission data 
can be established by detecting signals from the interstitial 
spaces that have a dye or other reference material built 
therein. 

0033 According to various embodiments of the present 
teachings, the calibration or adjustment can comprise per 
forming a calibration on emission data from a system, appa 
ratus, device, or other instrument, in which there are more 
spectral channels or filters than there are dyes. These systems 
or other instruments can be used to adjust an estimated cali 
bration matrix by calculating the mean squared error (MSE) 
as amplification occurs. The calibration of Such systems can 
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be significantly affected by the off-axis elements of the cor 
responding calibration matrix. According to Some embodi 
ments, an adjustment can be made to a known, approximate, 
calibration matrix, in a run employing more filters than dyes. 
0034. According to various embodiments of the present 
teachings, the calibration or adjustment can comprise the 
calibration of emission data from multiple dyes, fluorescent 
markers, or other reference materials that are loaded in the 
same well plate, sample Support, or other platform. The 
sample wells, containers, or other Support regions on the well 
plate, sample Support, or other platform, can be interspersed 
with reference sample wells, containers, or other Support 
regions on the same well plate, Sample Support, or other 
platform. The reference sample wells, containers, or other 
Support regions can be loaded with different dyes, fluorescent 
markers, or other reference materials. The loaded sample 
wells, containers, or other Support regions used for calibra 
tion can therefore be spread across the well plate, sample 
Support, or other platform, such that more than one dye, 
fluorescent marker, or other reference material, can be cali 
brated at one time. As illustrated in FIG. 2, for example, a 
portion of a multi-well plate 200 comprises a plurality of 
wells 202. The plurality of wells 202 can comprise empty 
wells 204, wells 206 comprising a first dye D1, wells 208 
comprising a second dye D2 that differs from dye D1, and 
wells 210 comprising both dyes D1 and D2. 
0035. According to various embodiments, various 
amounts of dyes, fluorescent markers, or other reference 
materials can be used on the same well plate, sample support, 
or other platform, for example, one dye, two dyes, three dyes, 
or more than three dyes. In some embodiments, two or more 
dyes can be loaded Such that each dye is inserted into sample 
regions in a predetermined format or pattern. For example, 
the pattern can comprise a diagonal or alternating format as 
seen in FIG. 3, where a portion of a sample well plate 300 is 
shown with 2 different dyes D1 and D2, alternating from one 
well to the next well of sample well plate 300. In another 
example, as shown in FIG. 4, a portion of sample well plate 
400 can contain 3 different dyes D1, D2, and D3, that can be 
disposed in an alternating pattern for one well to the next in 
sample well plate 400. It will be appreciated that an alternat 
ing pattern is not the only type of predetermined pattern that 
can be utilized. Any predetermined pattern can be used, for 
example, filling each row with a particular dye, filling one 
half of the plate with a particular dye, filling specific areas of 
the plate with a specific dye, or disposing one or more dyes in 
any other predetermined pattern. The loaded wells can also be 
dispersed randomly throughout the well plate, sample Sup 
port, or other platform. It will be appreciated that while dyes, 
fluorescent markers, or other reference materials can be 
loaded or disposed randomly throughout the well plate, 
sample Support, or other platform, they can also be filled to 
random levels or predetermined levels, in each sample well, 
container, or other Support region. 
0036. According to various embodiments, a plurality of 
different dyes can be used and each dye can be disposed in one 
or more Support regions. Each dye can independently be 
disposed in the same number of support regions, or a different 
number of Support regions, relative to the number of Support 
regions that at least one other dye is disposed in. In some 
embodiments, each of a plurality of different dyes can be 
disposed in the same number of Support regions relative to the 
number of Support regions in which each of the other dyes is 
disposed. In some embodiments, a dye which provides a 
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constant signal across a multi-region platform can be dis 
posed in relatively few regions of the platform whereas dyes 
that vary more in detected signal intensity can be disposed in 
relatively many regions of the platform. For example, as 
illustrated in FIG. 5, a portion of a sample well plate 500 
shows a first dye D1 and a second dye D2, wherein first dye 
D1 is loaded into a first row of wells, second dye D2 is loaded 
into a second row of wells, and the pattern repeats itself. 
Using an entire row for one dye, and the next row for a 
different dye, and repeating the pattern, can create an equal 
number of loaded wells for both dye D1 and dye D2. For 
example, on a 96 well microtiter plate, dye D1 would be 
loaded into 48 wells and dye D2 would also be loaded into 48 
wells. This is just one example and is not meant to limit the 
different combinations that can be used. In a second example, 
first dye D1 can be loaded into 32 wells of a standard 96 well 
microtiter plate, second dye D2 can be loaded into 32 differ 
ent wells of the sample plate, exclusive of dye D1, and a third 
dye D3 can be loaded into the remaining 32 wells, exclusive 
of both dye D1 and dye D2. Different combinations and 
different numbers of different dyes or other reference mate 
rials can be included on a single well plate, Sample Support, or 
other platform. 
0037 According to various embodiments, and as shown in 
these illustrations, only one dye is placed in a particular 
sample well, container, or other Support region during the 
calibration process, however, multiple dyes can be placed into 
the individual wells or containers, during an assay, amplifi 
cation reaction, or other reaction. It will be appreciated that 
there is no limit on the possible patterns and placements of 
various dyes, or other reference materials, throughout the 
well plate, sample support, or other platform. Different types 
of materials, and different variations on patterns and place 
ments can be used. Different numbers of dyes, fluorescent 
markers, or other reference materials can be used, and more 
than one dye can be loaded into each individual well, con 
tainer, or Support region. 
0038 According to various embodiments, the wells, con 
tainers, or Support regions that are loaded with one or more 
dyes, fluorescent markers, or other reference materials, can be 
interspersed on the same well plate, sample Support, or other 
platform, with wells that are loaded with a different dye or 
dyes, and/or they can be interspersed with empty sample 
wells, containers, or other Support regions. In some embodi 
ments, the loaded wells and empty wells used for calibration 
can be spread across the well plate, Sample Support, or other 
platform, in a predetermined format or pattern. Another 
example is illustrated in FIG. 6, wherein a portion of a sample 
well plate 600 is shown, and wells with a first dye D1, wells 
with a second dye D2, and empty wells are arranged in an 
alternating horizontal pattern. The predetermined format is 
not limited to this type of pattern or to using two dyes, and it 
will be appreciated from some embodiments, that different 
numbers of dyes can be used, different predetermined pat 
terns can be used, and multiple patterns can be used at the 
same time on the same platform. 
0039. According to some embodiments, the loaded wells 
and empty wells used for calibration can be dispersed ran 
domly across the well plate, sample Support, or other plat 
form. For example, each dye, fluorescent marker, or other 
reference material can be loaded into a different number of 
wells, containers, or Support regions. For example, 40 wells 
can be loaded with a first dye D1, 30 different wells can be 
loaded with a second dye D2, and 26 different wells can be 
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left empty. The empty wells, the wells containing dye D1, and 
the wells containing dye D2, can be randomly arranged. 
0040. According to some embodiments, the well plate, 
sample Support, or other platform, can be left empty. By 
leaving the well plate empty, the machine, system, apparatus, 
device, or other instrument to be calibrated, can be calibrated 
to adjust for unwanted signals coming from the empty well 
plate, sample Support, or other platform. The unwanted sig 
nals, which can occur from the well plate, Sample Support, or 
other platform, can include, but are not limited to, spurious 
signal contributions such as the residual fluorescence contrib 
uted by the plastic or other material of the platform, the 
fluorescence of a running buffer or other non-reactant liquid 
material, the thickness, temperature, design, or other property 
of the platform, and other causes of unwanted signals. With 
the combination of separate dyes, fluorescent markers, or 
other reference materials, and empty sample wells, contain 
ers, or other support regions, two or more calibrations and/or 
adjustments can be performed at the same time. A calibration 
and/or adjustment of the emission data can be performed for 
the unwanted signals from one or more dyes, fluorescent 
markers, or other reference materials, and at the same time, a 
calibration and/or adjustment of the emission data can be 
performed for unwanted signals such as signals from the 
plastic or other material of which the well plate, support 
container, or other platform can be made. 
0041 According to various embodiments, the system can 
use a method of interpolation, spatial interpolation, or another 
calculation method that takes known data values to deter 
mine, estimate, generate, or approximate unknown data val 
ues. The system and methods described herein can generate, 
determine, estimate, or approximate the well calibration and/ 
or adjustment value for emission data for those sample wells, 
containers, or other Support regions in a well plate, sample 
Support, or other platform that are left empty, or that contain 
one or more dyes or other reference materials. In some 
embodiments, biological scanning systems detect the fluo 
rescence output or other signal information from a sample 
well, container, or other Support region, and then travel to a 
next location to detect output at that next location. In some 
embodiments, the system does not have to step or repeat 
across an entire platform. Detection does not need to be taken 
from each individual Support region. A value for the regions 
that did not have a reading taken, can be estimated, approxi 
mated, or otherwise determined from the readings that were 
taken by the detector. According to Some embodiments, data 
values detected, read, or imaged from the detection unit, 
which are faulty or in error, can be excluded from the inter 
polation process by comparing the data values detected, read, 
or imaged to a predetermined range of values. The predeter 
mined range of values can be a range that is considered to 
encompass appropriate values. Using this comparison, values 
found not to be in the predetermined range, or outliers, can be 
thrown out or removed, thus creating a more efficient calcu 
lation, approximation, estimation, or other determination. 
0042. According to some embodiments, the method of 
interpolation, spatial interpolation, or other calculation can 
include, but is not limited to, detecting or receiving an emis 
sion value for a given dye, fluorescent marker, or other refer 
ence material throughout a specific row or column of wells, 
containers, or other regions of the sample Support, while 
skipping over empty regions and/or regions that contain a 
different reference material. The detected values can be used 
to determine or approximate the emission data value for the 
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empty regions and/or regions that contain different reference 
material, in that same row. Another method of interpolation 
can include, but is not limited to, detecting or receiving an 
emission data value for a given dye, fluorescent marker, or 
other reference material, throughout an entire sample Sup 
port, while skipping over the wells, containers, or other 
regions that contain a different dye, or regions that are left 
empty. The detected emission data values can be used to 
determine or approximate the emission data value for one or 
more of those Support regions that were skipped. In another 
example, the interpolation can comprise, but is not necessar 
ily limited to, taking an average of more than two adjacent 
sample regions, on a sample Support, which contain a given 
dye, and using that to determine, generate, or approximate the 
emission data value for an empty region, or a region that 
contains a different dye. The adjacent sample wells, contain 
ers, or other Support regions can be located in predetermined 
locations throughout the well plate, Support, or other plat 
form, or at random locations throughout the well plate, Sup 
port, or platform. According to various embodiments, it will 
be appreciated that a variety of interpolation processes, func 
tions, or calculations adapted to determine unknown values 
from known values, can be used to determine, generate, or 
approximate emission data values for unknown signal infor 
mation from wells, containers, or other support regions. 
0043. According to various embodiments, and as shown in 
FIG. 7, for example, the interpolation can comprise different 
calculations, estimations, approximations, or determinations, 
and the interpolation can be achieved using a different num 
ber of wells at different locations on a multiwell plate 700. A 
portion, for example, multiple wells of multiwell plate 700, 
can be loaded with a first dye D1 and with a second dye D2. 
The two dyes can be disposed or loaded throughout the por 
tion of the multi well plate 700, for example, as illustrated, 
where the dyes are disposed in an alternating format. Accord 
ing to various embodiment, while individual well 702 con 
tains dye D1, an emission data value for D2 can be interpo 
lated for individual well 702, for example, using the emission 
data readings received from individual wells 704, 706, and 
708. In some embodiments, the average of the three can be 
calculated, and that average value can be used as the approxi 
mation or estimation for the emission data reading for indi 
vidual well 702. It will be appreciated that this is not the only 
method for interpolating a value for individual well 702. The 
interpolation can instead result from averaging emission data 
values from different wells, for example, from wells 704 and 
710, from wells 704 and 708, from wells 704 and 706, from 
wells 708 and 710, or from a combination thereof. 
0044 According to some embodiments, the method of 
interpolation can comprise using an algorithm instead of an 
average. Using the emission data detected from different 
wells, the values can be inserted into an algorithm, which can 
be used to calculate, approximate, estimate, or otherwise 
determine a value for an empty location or for a location 
containing a different dye, fluorescent marker, or other refer 
ence material. In some embodiments, given two detected data 
emission values, a first detected data value V1, and a second 
detected data value V2, a third data value can be calculated, 
for example, using a linear interpolation algorithm. Linear 
interpolation can be used to estimate, approximate, or deter 
mine a third emission data value V3, from a location that is 
somewhere on a line between the locations analyzed that 
resulted in emission data values V1 and V2, or approximately 
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on that line. According to various embodiments, the follow 
ing algorithm for linear interpolation can be used: 

0.045 wherein the values for V1 and V2 are known, leav 
ing only V3 as an unknown. Therefore the algorithm can be 
Solved to estimate, approximate, or otherwise determine a 
value for V3. Many other ways can be used to interpolate, for 
example, averaging. The algorithm shown above is exem 
plary only and not to be construed as limiting the present 
teachings. 
0046 According to various embodiments, a method of 
interpolation can be used to estimate, approximate, or other 
wise determine emission data values when more than one 
dye, fluorescent marker, or other reference material is used, 
and/or when some locations are left empty. As illustrated in 
FIG. 8, a portion of a sample well plate 800 is shown, with 
wells 802 loaded with 3 separate dyes, namely, a first dye D1, 
a second dye D2, and a third dye D3. Also, as shown in FIG. 
8. Some of the wells are left empty. Using interpolation, an 
emission data value for each of dye D1, dye D2, and dye D3, 
can all be estimated, approximated, or otherwise determined 
for any of the wells throughout the portion of the sample well 
plate. As shown, well 804 is located in the middle of the 
portion of sample well plate 800, however, this is not meant to 
limit the different wells, containers, or other Support regions, 
that can have emission data estimated, approximated, or oth 
erwise determined using interpolation. A value for emission 
data emitted from well 804 can be estimated, approximated, 
or otherwise determined for dye D1 using a method of inter 
polation that takes an average of the detected emission values 
for two adjacent wells, for example, an average of the 
detected emission values from wells 806 and 808, from wells 
810 and 812, from wells 806 and 810, from wells 808 and 810, 
from wells 808 and 812, from wells 806 and 812, or from 
another combination of two wells. 

0047. In some embodiments, the interpolation can be per 
formed by taking an average of the detected emission values 
from three wells, for example, from wells 806, 808, and 810, 
from wells 808, 810, and 812, from wells 806, 810, and 812, 
from wells 808, 810, and 812, or from any other combination 
of three wells. The interpolation can also be performed by 
taking an average of the detected emission values for more 
than three wells that contain dye D1, for example, from wells 
806,808,810, and 812, or from any other number of wells that 
are available. 

0048. According to some embodiments, a value for emis 
sion data at well 804 can be estimated, approximated, or 
otherwise determined for dye D2 using a method of interpo 
lation, for example, a linear interpolation algorithm as men 
tioned above. The method can interpolate using wells 814 and 
816, wells 818 and 820, or any other combination of wells that 
that create a path between the two wells, which cuts across 
well 804, or such that well 804 is directly between the two 
wells from which actual emission data is taken. According to 
various embodiments, averaging and algorithms are just illus 
trative possibilities and are not meant to limit the various 
methods to approximate, estimate, or otherwise determine a 
value for unknown emission data. Other methods that can be 
used comprise, for example, spatial interpolation or three 
dimensional interpolation. Any of these methods, or any com 
bination of these methods, can be used to estimate, approxi 
mate, or otherwise determine an emission data value at well 
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804, for dye D3, or for any other dye, fluorescent marker, or 
other reference material, loaded into a well plate, sample 
Support, or other platform. 
0049 According to various embodiments, the interpola 
tion process can comprise, for example, the various steps 
depicted in the flow illustrated in FIG. 9. The process begins 
with step 902, determining the number dyes that will be used 
in the process, reaction, amplification, or other run, for 
example, one, two, three, or more, different dyes. From this 
stage, the process can comprise selecting from three options, 
the first of which is step 908, loading a platform, or at least 
loading a portion of the platform. If empty wells are to be 
utilized, the process can comprise a step 904, determining the 
number of empty wells, and that step would come before step 
908, loading the platform. If a predetermined pattern is to be 
utilized, the process can comprise a step 906, determining a 
pattern, and step 906 should also come before step 908, load 
ing the platform. Step 906, determining a pattern, should 
come after step 904, determining the number of empty wells. 
After the platform has been loaded, the process, reaction, 
amplification, or other run can be performed in step 910. Step 
910 can comprise, for example, a PCR oran RT-PCR run. The 
emission data or information signal created by the reaction or 
other analyses, from the dye, fluorescent marker, or other 
reference material, can be read by a photodetector, or other 
detector, and the information can be received in a step 912. 
0050. In some embodiments, the method can comprise 
storing the data and continuing on with more processes, reac 
tions, amplifications, or other runs, and beginning the process 
all over again at step 902, determining the number of dyes. 
Alternatively, the process can use the emission data collected 
and begin a calibration process. To begin a calibration pro 
cess, a determination of unknown data values 914 can be used 
to enable the system to determine which wells, containers, or 
other Support regions have emitted data, and which do not. 
For those wells, containers, or other regions that have no 
emitted data for a certain dye, an interpolation 916 can be 
performed, using the received emission data for that dye. The 
unknown data values for a dye can then be estimated, deter 
mined, or approximated. The method of interpolation can 
involve taking an average of the known data, putting the 
known data into an algorithm, or some other method of cal 
culating unknown data from known data values. 
0051. According to various embodiments, each different 
dye loaded into the well plate, sample Support, or other plat 
form can have an interpolation process run for it. The process 
can be programmed to carry out a step 918, determining 
whether there needs to be more interpolation. If so, the pro 
cess can begin with identifying unknown data values for a 
certain dye 914. If no more interpolation is needed, a calibra 
tion process can then occur. The calibration process can occur 
at step 924, using only the interpolated data, using only the 
received emission data 922, or using only the well plate data 
obtained from empty wells in step 920. The calibration pro 
cess can also comprise using all three types of data, calibrat 
ing for the interpolated data in step 924, calibrating for 
received emission data in step 922, and calibrating the empty 
well data in step 920. In some embodiments, the calibration 
process can comprise a combination of two of these three 
steps, for example, calibrating for the interpolated data in step 
924, and calibrating for the empty well data in step 920, or any 
other combination of these steps 920, 922, and 924. 
0.052 According to various embodiments, the well plate, 
sample Support, or other platform can contain dyes, fluores 
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cent markers, or other reference materials, used to perform 
calibration, preloaded, into locations other than the sample 
wells or containers, themselves. These other locations can 
comprise locations contained in or on a well plate, sample 
Support, or other platform and the locations comprise a wet 
dye, a dry dye, a Solid dye, different dyes, multiple dyes, any 
combination thereof, or left empty. 
0053 According to some embodiments, using interpola 
tion and interstitial spacing together during a process, reac 
tion, amplification, or other run, for example, during a PCR 
run or during an RT-PCR run, can enable a calibration to 
occur using the dyes, fluorescent markers, or other reference 
materials contained inside the sample wells or containers. At 
the same time, a calibration can occur using the dyes, fluo 
rescent markers, or other reference materials interstitially 
spaced throughout the well plate, Sample Support, or other 
platform. The incorporation of both techniques can conserve 
both time and expense, because calibration can be performed 
for the dye, fluorescent markers, or other reference materials 
in the wells or containers, and a calibration can be performed 
for the dye, fluorescent marker, or other reference material 
interstitially spaced throughout the well plate, sample Sup 
port, or other platform. 
0054 According to various embodiments, the calibration 
operations and related systems and methods can be further 
used to produce various uniformity corrections, calculations, 
or adjustments. Emission data detected and processed 
according to embodiments described herein can be used to 
generate a uniformity comparison or correction on a plate-to 
plate basis, on a filter-to-filter basis, on an instrument-to 
instrument basis, or on another basis. In some embodiments, 
for example, a uniformity correction can be generated to 
ensure that emission data detected for the same dye will 
produce a uniform range of outputs when that dye is loaded 
into any of a set of different sample plates. According to 
various embodiments, a plurality of sample plates or other 
Supports or platforms can be processed to derive individual 
emission data from each plate or other Support, using the 
same dye or set of dyes, or other reference materials. The 
intensity readings, spectral readings, and other detected emis 
sion data from those plates or other Supports can be detected 
and recorded so that they can be compared to each other. For 
example, according to various embodiments, the intensity 
ranges or spectral response based on a first dye or set of dyes 
can be detected and recorded for all plates in a set of plates. 
0055. The range of absolute detected signal intensity can 
vary across individual plates within that group of plates, for 
instance, due to differences in background fluorescent emis 
sions, manufacturing tolerances, transparency, or other char 
acteristics of the plates or other Supports. According to vari 
ous embodiments, a correction factor can be generated for 
each Subject dye for each plate, so that, for instance, the 
absolute value of the intensity can be scaled by a factor 
specific to each plate to ensure that dye readings for each 
given dye will be consistent, when compared across various 
plates. In some embodiments, the uniformity correction or 
adjustment can be repeated for multiple dyes across each of 
the plates or other Supports being analyzed. In some embodi 
ments, the uniformity correction can be generated by taking 
reference readings for more than one dye or other reference 
material in each plate, at one time. 
0056. According to various embodiments, a sample plate 
or other Support having a known or calibrated spectral 
response can be used to generate a uniformity correction for 
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the spectral filters and channels for a set of instruments. A 
sample plate, or a set of plates whose spectral characteristics 
have been corrected for uniformity, can be inserted into an 
instrument to generate readings of the spectral response for 
one or more filters present in the instrument. The filter output 
can be adjusted or corrected to a known uniform standard or 
scale. A sample plate, or a set of plates whose intensity char 
acteristics have been corrected for uniformity, can be inserted 
into an instrument to generate readings of the intensity or 
output level for that instrument. For example, the intensity 
range can be corrected to a uniform scale of 0 to 1, or other 
limits or ranges. 
0057 According to various embodiments, the output 
intensity of an instrument can be expressed in relative inten 
sity units (RIUs), or other scales, dimensions, or units. 
According to various embodiments, the spectral and intensity 
output of each instrument can be corrected or adjusted by a 
uniformity correction, to ensure that the spectrum and/or 
output levels produced by each instrument conforms to a 
consistent scale or range. The correction or adjustment of the 
output characteristics of multiple instruments can permit the 
direct comparison of detected emission data collected by 
those instruments, on a uniform basis or scale. 
0.058 According to various embodiments, the set of uni 
formity corrections or adjustments can be carried out on a set 
of plates or other supports, instruments, or other components, 
hardware, or equipment, at the time of manufacture. The 
uniformity correction, Scaling, calibration, or other adjust 
ment can be stored in electronic memory, such as in a read 
only memory (ROM) embedded in an instrument, or in a 
database stored on a local or remote server or other resource. 
The uniformity correction, Scaling, calibration, or other 
adjustment can be stored in portable media, Such as on a 
CD-ROM or other optical or electronic memory storage 
device. According to Some embodiments, a uniformity cor 
rection can be performed to calibrate a sample plate or other 
Support at any time during the operational use or life cycle of 
that Support, or to calibrate filters, instruments, or other 
equipment, at any time during the operational use or life cycle 
of that equipment. 
0059. According to various embodiments, more than one 
type of uniformity correction can be combined together. For 
example, a uniformity correction for sample plate variations 
can be combined with a uniformity correction for intensity or 
spectral response of an instrument. The uniformity correction 
on a per-plate basis or on a per-instrument basis can be con 
ducted at the same time as the other uniformity correction, or 
at different times. The dye or other reference material used for 
performing uniformity correction can comprise liquid or 
other material loaded into sample wells of a standard sample 
plate. According to various embodiments, the dye or other 
reference material used for performing uniformity correction 
can comprise embedded liquid or other material embedded in, 
encapsulated in, or affixed to interstitial spaces, interstitial 
cavities, or other locations adjacent or outside wells or other 
regions of a Support. According to various embodiments, the 
dye or other reference material used to perform uniformity 
correction can be loaded in less than all the wells or locations 
of the support. The emission data for the wells or locations 
that are not loaded with dye or other reference material can be 
interpolated or estimated according to methods described 
herein. 

0060 According to various embodiments, the calibration 
or adjustment of emission data, emission signals, or some 
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other signal information, can be performed in separate planes. 
A well plate, when imaged or detected from above, as shown 
in FIG. 3, FIG. 4, FIG. 5, and FIG. 6, can appear as a two 
dimensional view, or in a 2 dimensional plane. The detect 
image has a width and a length, and it is possible to interpolate 
values for points in that image that are contained in that two 
dimensional plane. Various points in the plane can be identi 
fied with an X coordinate for the length, and a Y coordinate 
for the width. Using these points, an approximation for any 
point on the plane can be made using a method of interpola 
tion that uses data emission detected from other points in the 
plane. According to some embodiments, the image can be 
taken and viewed in three dimensions. The extra dimension 
can allow for movement along a Z axis, up and down from the 
top of the well plate, Support region, or other platform. Such 
a method can allow for interpolation to be performed in three 
dimensions, for example, for a Support region that is in the 
shape of a cube, or block, and that has a width, X, and length, 
Y. and a height, Z. In some embodiments, data emission can 
be detected from the Support regionata first point in the image 
and that first point can be located at coordinate X1, Y1, and 
Z1. Another data emission can be detected at a second point 
located at coordinate X2, Y2, and Z2, in the Support region. In 
Some embodiments, a method of interpolation, for example, a 
linear interpolation algorithm, can be used to estimate, 
approximate, or otherwise determine a data emission value 
for Some point located on a path, or near a path, between the 
first point and the second point. 
0061 According to various embodiments, these examples 
are just illustrative possibilities and are not meant to limit the 
different algorithms, equations, and estimations that can be 
used, and are not meant to limit the different locations, dif 
ferent numbers of points, and different areas of a Support 
region, that can be used. 
0062 According to various embodiments, the calibration 
can comprise normalizing a pure dye calibration to the high 
est filter signal, and ignoring relative intensities. According to 
other embodiments, the calibration can comprise correcting 
for non-uniformity using relative intensities. 
0063. According to various embodiments, the calibration 
can comprise utilizing a calibration dye, a mixture of calibra 
tion dyes, or other detectable material dispersed or dissolved 
within a reaction mixture in every location of a Support plat 
form, to correct for optical non-uniformity or other sources of 
non-uniformity. According to various embodiments, the opti 
cal uniformity correction can comprise detecting only a Sub 
set of regions of the platform, for example, wells in a plate, 
and utilizing interpolation across unknown regions or wells. 
0064. According to various embodiments, the calibration 
can involve a well plate, Sample Support, or other platform 
comprising uniformity and spectral calibration locations or 
wells that are dispersed throughout the plate, and multiple 
interpolations can be carried out to perform both spectral and 
uniformity calibrations on one platform. 
0065 According to various embodiments, various exem 
plary teachings are illustrated in the document entitled 
Applied Biosystems Step One Real-Time PCR System Get 

ting Started Guide.” (Applied Biosystems, Foster City, 
Calif.), which is incorporated herein in its entirety by refer 
CCC. 

0066 Various embodiments of the present teachings can 
be implemented, in whole or in part, in digital electronic 
circuitry, or in computer hardware, firmware, Software, or 
combinations thereof. Apparatuses of the present teachings 
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can be implemented in a computer program, Software, code, 
or an algorithm embodied in machine-readable media. Such 
media can comprise, for example, electronic memory, CD 
ROM, DVD discs, hard drives, or other storage devices or 
media, used for execution by a programmable processor. Vari 
ous method steps can be performed by a programmable pro 
cessor to generate output data by executing a program of 
instructions, functions, or processes on input data. 
0067. The present teachings can be implemented in one or 
more computer programs that are executable on a program 
mable system that can include at least one programmable 
processor coupled to receive and transmit data and instruc 
tions, to and from a data storage system or memory. The 
system can include at least one input device, such as, a key 
board or mouse, and at least one output device, such as, a 
display or printer. Each computer program, Software, code, or 
algorithm, can be implemented in a high-level procedural or 
object-oriented programming language, or in assembly, 
machine, or other low-level language, if desired. The code or 
language can be a compiled, interpreted, or otherwise pro 
cessed for execution. 

0068 According to various embodiments, processes, 
methods, techniques, and algorithms can be executed on pro 
cessors that can include, for example, both general and spe 
cial purpose microprocessors, such as those manufactured by 
Intel Corp. (Santa Clara, Calif.) or AMD Inc. (Sunnyvale, 
Calif.). The processors can also include digital signal proces 
sors, programmable controllers, or other processors or 
devices. According to various embodiments, a processor can 
receive instructions and data from a read-only memory and/or 
a random access memory. A computer implementing one or 
more aspects of the present teachings can, in some embodi 
ments, comprise one or more mass storage devices for storing 
data files, such as magnetic disks, internal hard disks, remov 
able disks, magneto-optical disks, CD-ROM disks, DVD 
disks, Blu-Ray disks, or other storage disks or media. 
0069. According to various embodiments, memory or 
storage devices suitable for storing, encoding, or embodying 
computer program instructions or software and data can com 
prise, for example, all forms of volatile and non-volatile 
memory. This type of memory can comprise, for example, 
semiconductor memory, random access memory, electroni 
cally programmable memory (EPROM), electronically eras 
able programmable memory (EEPROM), flash memory, opti 
cal memory, and magnetic memory such as memory stored on 
magnetic disks, internal hard disks, removable disks, and 
magneto-optical disks. Any of the foregoing can be supple 
mented by, or incorporated in, ASICs. In some embodiments, 
processors, workstations, personal computers, storage arrays, 
servers, and other computer, information, or communication 
resources used to implement features of the present teachings, 
can be networked or network-accessible. 

0070. It will be appreciated that while various embodi 
ments described above involve the calibration of one or more 
aspects of instrument reading, dye selection, Support prepa 
ration, or other calibrations, in various embodiments more 
than one type of calibration can be performed, simultaneously 
or in sequence. 
0071. Other embodiments will be apparent to those skilled 
in the art from consideration of the present specification and 
practice of the present teachings disclosed herein. It is 
intended that the present specification and examples be con 
sidered as exemplary only. 



US 2008/0178653 A1 

What is claimed is: 
1. A method of generating emission data for a sample 

Support, comprising: 
providing a sample Support, the sample Support comprising 

a plurality of Support regions; 
loading a detectable material into the plurality of Support 

regions such that at least one, but less than all, of the 
plurality of support regions contain the detectable mate 
rial; 

receiving emission data values for the detectable material 
detected from at least two or more of the plurality of 
Support regions; 

identifying at least one Support region of the plurality of 
Support regions, that did not emit an emission data value 
for the detectable material; and 

interpolating an emission data value for the at least one 
Support region. 

2. The method of claim 1, further comprising calibrating 
the emission data with the received emission data. 

3. The method of claim 1, further comprising calibrating 
the emission data with the interpolated emission data. 

4. The method of claim 1, further comprising calibrating 
the emission data with the received emission data and the 
interpolated emission data. 

5. The method of claim 1, wherein the detectable material 
comprises a dry material. 

6. The method of claim 1, wherein the detectable material 
comprises a wet material. 

7. A method of generating emission data for a sample 
Support, comprising: 

providing a sample Support, the sample Support comprising 
a plurality of Support regions; 

loading a first detectable material into the plurality of sup 
port regions such that at least one, but less than all, of the 
plurality of Support regions contains the first detectable 
material; 

loading a second detectable material into the plurality of 
Support regions such that at least one, but less than all, of 
the plurality of Support regions contains the second 
detectable material; 

receiving emission data values for at least one of the first 
and second detectable materials detected from two or 
more of the plurality of Support regions; 

identifying at least one Support region of the plurality of 
Support regions that did not emit an emission data value 
for at least one of the first and second detectable mate 
rials; and 

interpolating an emission data value for the at least one 
Support region. 

8. The method of claim 7, further comprising calibrating 
the emission data with the received emission data. 

9. The method of claim 7, further comprising calibrating 
the emission data with the interpolated emission data. 
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10. The method of claim 7, further comprising calibrating 
the emission data with the received emission data and the 
interpolated emission data. 

11. The method of claim 7, wherein first detectable mate 
rial comprises a plurality of different detectable materials. 

12. The method of claim 7, wherein each of the first and 
second detectable materials is equally distributed between 
two or more of the plurality of Support regions. 

13. The method of claim 7, wherein at least one of the first 
and second detectable materials is distributed in the plurality 
of Support regions according to a predetermined pattern of 
Support regions of the sample Support. 

14. The method of claim 13, wherein the predetermined 
pattern comprises an alternating pattern. 

15. The method of claim 7, wherein at least one of the first 
and second detectable materials is randomly distributed in the 
plurality of Support regions. 

16. The method of claim 7, wherein two or more of the 
plurality of Support regions are left empty. 

17. The method of claim 16, wherein the support regions 
containing the first detectable material, the Support regions 
containing the second detectable material, and the two or 
more empty Support regions, are arranged according to a 
predetermined pattern on the sample Support. 

18. The method of claim 17, wherein the predetermined 
pattern comprises an alternating pattern. 

19. The method of claim 16, wherein the support regions 
containing the first detectable material, the Support regions 
containing the second detectable material, and the two or 
more empty support regions, are randomly arranged in the 
sample Support. 

20. A method of interpolating signal information for a 
sample Support, comprising: 

providing a sample Support, the sample Support comprising 
a plurality of Support regions; 

loading a first detectable material into the plurality of Sup 
port regions such that at least one, but less than all, of the 
plurality of Support regions contains the first detectable 
material; 

loading at least a second detectable material into the plu 
rality of Support regions such that at least one, but less 
than all, of the plurality of Support regions contains the 
second detectable material, 

receiving signal information values for at least one of the 
first and second detectable materials detected from two 
or more of the plurality of Support regions; 

identifying at least one Support region of the plurality of 
Support regions, where signal information was not 
detected for at least one of the first and second detectable 
materials; and 

interpolating signal information for the at least one Support 
region. 


