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(57) ABSTRACT 

The invention relates to methods, compositions, and systems 
for calibrating a fluorescent polynucleotide separation appa 
ratus. One aspect of the invention is multiple color calibration 
standards and their use. A multiple color calibration standard 
is a mixture of at least two polynucleotides of different length, 
wherein each of the polynucleotides is labeled with a spec 
trally distinct fluorescent dye. Another aspect of the invention 
is to produce total emission temporal profiles of multiple 
color calibration standards for use in calibrating fluorescent 
polynucleotide separation apparatus. The peaks correspond 
ing to the fluorescently labeled polynucleotides in the total 
emission temporal profile may be detected using a peak 
detector that is driven by changes in the slopes of the total 
emission temporal profile. Calibration of fluorescent poly 
nucleotide separation apparatus, with various embodiments 
of the methods of the invention, includes the step of identifi 
cation of the labeled polynucleotides of the multiple color 
calibration standards. The process of spectral calibration of a 
fluorescent polynucleotide separation apparatus using a mul 
tiple color calibration standard may include the step of the 
estimating (extracting) of the dyes reference spectra, using 
information from the peak detection process performed on 
the total emission temporal profile. Other aspects of the 
invention include systems for separating and detecting fluo 
rescently labeled polynucleotides, wherein the system is 
designed for spectral calibration in accordance with the Sub 
ject calibration methods employing multiple color calibration 
standards. Another aspect of the invention is methods and 
compositions for detecting the flow of electrical current 
through a separation channel of a fluorescent polynucleotide 
separation apparatus. These methods and compositions 
employ monitoring dyes. Monitoring dyes are fluorescent 
dyes that are spectrally distinct from the dye on the polynucle 
otide intended to convey genetic information, e.g., fluores 
cent polynucleotide sequencing reaction products. 
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SPECTRAL CALIBRATION OF 
FLUORESCENT POLYNUCLEOTDE 

SEPARATION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 1 1/323,620, filed Dec. 30, 
2005, which is a divisional application of U.S. patent appli 
cation Ser. No. 09/927,791, filed Aug. 10, 2001, which is a 
continuation-in-part of U.S. patent application Ser. No. 
09/154,178 filed Sep. 16, 1998, both of which are incorpo 
rated herein in their entireties by reference. 

FIELD OF THE INVENTION 

0002 The invention is in the field of spectral calibration of 
fluorescence based automated polynucleotide length mea 
Surement instruments. 

BACKGROUND 

0003. In fluorescence-based DNA analyzers, fluorescence 
spectra are acquired by exciting the sample during the analy 
sis/assay. The information of interest, e.g. called bases or 
genotypes, is generated by transforming the fluorescence 
spectra acquired during analysis/assay to "dye amounts, i.e., 
how much of each dye is present or being generated during 
the analysis/assay. 
0004 Consider, for example, the simple case of determin 
ing the amounts of two dyes present in a solution using 
spectral sensors. The fluorescence emission at each spectral 
sensor (wavelength region or CCD bin) is the sum of the 
contributions of each dye. This can be expressed mathemati 
cally as: 

Signal at sensor i=Emission of Dye 1 at sensor 
i+Emission of Dye 2 at sensori (I) 

0005. The first thing to note about equation (I) above is 
that it contains one known quantity (measured signal at sensor 
i), and two unknown quantities (the emission of each dye at 
sensori). Since there is one equation having two unknowns, 
no unique Solution can be found. It is important to note that 
including more sensors (for example a second sensori) is not 
necessarily helpful because each sensor adds an equation 
similar to equation (I) with two unknown quantities, namely 
the contributions of the individual dyes to the signal acquired 
at the sensor. In order to determine the amounts of two dyes in 
a solution more information is needed. 

0006. The additional information that enables a determi 
nation of the amounts of two dyes in a solution comes from 
the physical laws of fluorescence emission. FIG. 2 shows a 
typical emission intensity profile as a function of dye amount 
at a spectral sensor. (FIG. 2 is also referred to as the dye 
response function.) The segment of the dye response function 
that shows a linear relationship between the emission inten 
sity at the spectral sensor and the dye amount is also referred 
to as the linear response range (or linear range). In FIG. 2, this 
range is from dye amount 1 to dye amount 5. In practice, 
experimental and sample conditions are optimized such that 
the analysis/assay is performed in this range. Under these 
conditions, the emission of any dye at any sensor is equal to 
the product of the amount of dye and the slope of the response 
function in the linear range. The slope of the dye's response 
function in the linear range is determined by the physical 
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nature of the dye and is also known as the sensitivity. For a 
pure dye and a specific spectral sensor, the sensitivity is a 
physical constant over a given range of dye amounts. Equa 
tion (I) can thus be expressed as: 

Signal at sensor i=Ki1*A1+Ki2*A2 (II) 

0007 where Kil is the sensitivity of dye 1 at sensori, 
0008 A1 is the amount of dye 1, 
0009 Ki2 is the sensitivity of dye 2 at sensor i, and 
0010 A2 is the amount of dye 2. 
0011. There are now four unknown quantities (Kil, Ki2. 
A1, and A2) to determine. Two of these unknowns (A1 and 
A2) depend on the sample. The other two unknowns (Kil and 
Ki2) depend on the nature of the dye and the spectral sensors 
and thus can be estimated independent of the sample by what 
is referred to as spectral calibration. 
0012 Spectral calibration is thus the process by which the 
sensitivity of each dye is determined at each sensor. Doing so 
enables us to estimate the parameters that are needed to ana 
lyze samples independent of the samples. Continuing with 
our example of estimating the amount of two dyes in a sample 
in a solution, equations (3) and (4) express the measurements 
acquired at two sensors i and in relation to the dye amounts 
of interest A1 and A2: 

Signal at sensori=Ki1* A1+Ki2*A2 (III) 

Signal at sensori=Ki1* A1+Ki2*A2 (IV) 

0013 where Kil, A1, Ki2 and A2 are as defined above 
(Equation (II)) and K1 and K2 are the sensitivity at sensor 
for dyes 1 and 2 respectively. 
0014) To determine A1 and A2 using equations (III) and 
(IV), we first estimate Kil, Ki2, K1 and Kj2 using pure dyes. 
Then we solve equations (III) and (IV) to estimate A1 and A2. 
The process of estimating Kil, Ki2, K1 and K2 using pure 
dyes is known as spectral calibration. The process of using 
Kil, Ki2, K1, K2, Signal at sensori and Signal at sensori to 
estimate A1 and A2 is known as multicomponent analysis. 
00.15 Equations (III) and (IV) can be expressed in linear 
algebraic from as: 

Signal at sensor . | 
Signal at sensor i Ki1 Ki2 A2 

0016. The matrix containing Kil, Ki2, K1 and K2 is 
referred to as the calibration matrix. 
0017. To summarize, pure dyes are used to determine the 
calibration matrix (Kil, Ki2, K1 and K2 above). This is 
known as spectral calibration. The calibration matrix is Sub 
sequently used to analyze samples according to equation (V) 
above. 
0018 For more details on the above background materials, 
see for example M. A. Sharaf, D. L. Illman and B. R. Kow 
alski, Chemometrics, Wiley, N.Y., 1986, Chapter 4 (p 119-p 
147). 
(0019 Charge Coupled Devices (CCD) can be used to 
detect emission spectra of fluorescent dyes. A CCD-based 
detector can be employed in a variety of configurations. For 
example, the CCD can be set up to cover the spectral range of 
interest as an array whose elements detect discrete regions of 
the spectral wavelength range of interest. FIG.3, for example, 
shows an example of an emission spectrum (top panel, blue 
line), and 24 discrete regions in the wavelength domain. (top 



US 2010/0096.548 A1 

panel, redlines). Each of the 24 discrete regions is referred to 
as a spectral bin. In this example, the wavelength range from 
530 nm to 650 m is divided into 24 spectral bins of 5 nm each. 
0020. The bottom panel of FIG.3 represents the spectral 
intensities as depicted on the CCD. The term “spectral chan 
nel is often used to refer to a “spectral bin.” 
0021. As has been discussed, spectral calibration is to 
estimate reference spectral profiles (reference spectra) of par 
ticular fluorescent dyes using the optical measurement sys 
tem of an automated DNA sequencer or similar fluorescent 
polynucleotide separation apparatus where the particular 
dyes will be utilized. The current practice of spectral calibra 
tion relies on measuring the spectral profile of each fluores 
cent dye separately. This approach to spectral calibration of 
fluorescent polynucleotide separation apparatus results in 
reduced throughput because it requires N lanes on gel-based 
instruments and requires N separate runs on capillary-based 
instrument. As more fluorescent dyes are developed and ulti 
lized routinely (N is expected to increase), the spectral cali 
bration of fluorescent polynucleotide separation apparatus 
becomes more demanding and less efficient under the current 
practice. Additionally, the amount of computer resources 
devoted to spectral calibration also increases with the number 
of dyes and separation channels analyzed. 

SUMMARY 

0022. The invention relates to methods, compositions, and 
systems for calibrating a fluorescent polynucleotide separa 
tion apparatus. Fluorescent polynucleotide separation appa 
ratus, such as an automated DNA sequencer, must be spec 
trally calibrated for use with the different fluorescent dyes to 
be used in conjunction with the separation system. 
0023. One aspect of the invention is multiple color cali 
bration standards and their use. A multiple color calibration 
standard is a mixture of at least two polynucleotide of differ 
ent length, wherein each of the polynucleotide is labeled with 
a spectrally distinct fluorescent dye. In a preferred embodi 
ment of the invention, the multiple color calibration standard 
comprises at least four polynucleotides of different length, 
and each of the polynucleotides is labeled with a spectrally 
distinct dye. 
0024. The invention includes numerous methods of spec 

trally calibrating a fluorescent polynucleotide separation 
apparatus with a multiple color calibration standard. 
0025. Another aspect of the invention is to produce total 
emission temporal profiles of multiple color calibration stan 
dards for use in calibrating fluorescent polynucleotide sepa 
ration apparatus. A total emission temporal profile is a sum of 
the intensities of the fluorescence signal obtained in all spec 
tral channels as a function of time. The peaks corresponding 
to the fluorescently labeled polynucleotides in the total emis 
sion temporal profile may be detected using a peak detector 
that is driven by changes in the slopes of the total emission 
temporal profile. Calibration of fluorescent polynucleotide 
separation apparatus, with various embodiments of the meth 
ods of the invention, includes the step of identification of the 
labeled polynucleotides of the multiple color calibration stan 
dards. The process of spectral calibration of fluorescent poly 
nucleotide separation apparatus using a multiple color cali 
bration standard may include the step of the estimating 
(extracting) of the dyes reference spectra, using information 
from the peak detection process performed on the total emis 
sion temporal profile. 
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0026. Other aspects of the invention include systems for 
separating and detecting fluorescently labeled polynucle 
otides, wherein the system is designed for spectral calibration 
in accordance with the Subject calibration methods employ 
ing multiple color calibration standards. 
0027. Other aspects of the invention include systems for 
separating and detecting fluorescently labeled polynucle 
otides, wherein the system is designed for spectral calibration 
in accordance with the Subject calibration methods employ 
ing multiple color calibration standards. The Subject systems 
comprise a fluorescent polynucleotide separation apparatus 
and a computer in functional combination with the apparatus. 
0028. Another aspect of the invention is methods and com 
positions for detecting the flow of electrical current through a 
separation channel of a fluorescent polynucleotide separation 
apparatus. These methods and compositions employ moni 
toring dyes. Monitoring dyes are fluorescent dyes that are 
spectrally distinct from the dye on the polynucleotide 
intended to convey genetic information. e.g., fluorescent 
polynucleotide sequencing reaction products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. The file of this patent contains at least one drawing 
executed in color. Copies of this patent with color drawing(s) 
will be provided by the Patent and Trademark Office upon 
request and payment of the necessary fee. 
0030 FIG. 1 is diagram of an example of a portion of a 
temporal profile labeled as to show examples of some of the 
terms used herein. 
0031 FIG. 2 shows a typical response function of a dye at 
a spectral sensor. 
0032 FIG. 3 shows an example of an emission spectrum 
(top panel, blue line), and 24 discrete regions in the wave 
length domain (top panel, red lines). Each of the 24 discrete 
regions is referred to as a spectral bin. In this example, the 
wavelength range from 530 nm to 650 nm is divided into 24 
spectral bins of 5 nm each. 
0033 FIG. 4 illustrates a data flow scheme, according to 
an embodiment of the present invention. 

DEFINITIONS 

0034. The term “fluorescent polynucleotide separation 
apparatus' as used herein denotes an apparatus for separating 
fluorescently labeled polynucleotide mixtures (e.g., by elec 
trophoresis) and detecting the separated polynucleotides by 
the fluorescence emission produced from exciting the fluo 
rescent dye. Examples of fluorescent polynucleotide separa 
tion apparatus include automated DNA sequencers such as 
the PE Applied Biosystems 310 and 377 (Foster City, Calif.). 
Examples of fluorescent polynucleotide separation apparatus 
are also described in, among other places, U.S. Pat. Nos. 
4,971,677; 5,062,942: 5,213,673; 5,277,780; 5,307,148; 
4,811,218; and 5,274,240. The term fluorescent polynucle 
otide separation apparatus also includes similar instruments 
for polynucleotide fragment length analysis that are not 
capable of the single base pair resolution required to obtain 
DNA base sequence information. Fluorescent polynucleotide 
separation apparatus comprises one or more separation 
regions or channels, typically the path of electric current flow 
in electrophoretic separation devices. Types of separation 
channels include capillaries, microchannels, tubes, slab gels, 
and the like. Fluorescent polynucleotide separation apparatus 
collect several types of data during their operation. This data 
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includes spectral data and temporal data relating to the fluo 
rescent labeled polynucleotides separated by the apparatus. 
Typically, such data is collected by a detector (e.g. a CCD 
array, photomultiplier tubes, and the like) designed to obtain 
quantitative spectral data over a predetermined region or 
regions of the separation channels. Spectral data collected by 
the apparatus includes the intensity of fluorescence at a plu 
rality of wavelengths. The different wavelengths sampled are 
referred to as bins or channels. The apparatus also collects 
temporal data that is correlated with the spectral data. The 
temporal data is collected at numerous different time points. 
For example, a detector at a fixed position will measure 
increases and decreases in fluorescence intensity as a function 
of time as a labeled polynucleotide peak passes by the detec 
tor. This temporal data may be expressed as “frame' or “scan 
number to indicate the different temporal sampling points. 
0035 A temporal profile is a plot of the intensity of a 
spectral signal as a function of time or scan/frame number. A 
temporal profile consists of systematic and random varia 
tions. Systematic variations are caused by peaks, spikes and 
background drifts. These variations cause the shape of the 
profile to undergo specific, and often predictable, changes. By 
contrast, random variations do not cause specific or predict 
able changes in the temporal profile. A temporal profile has 
segments that correspond to baseline (baseline segment) and 
segments that correspond to peaks (peak segments), and seg 
ments that correspond to spikes. Baseline segments are made 
of random variations Superimposed on offset value(s). 
0036) An emission temporal profile is a plot of the inten 
sity of the signals obtained in a certain spectral channel/binas 
a function of time or scan/frame number. 

0037. A total emission temporal profile is a plot of the sum 
of the intensities of the signals obtained in all spectral chan 
nels/bin as a function of time or scan/frame number. 
0038. The analytical background of a temporal profile is 
the average of the signals obtained along a segment of the 
profile where the segment is void of peaks, spikes and sys 
tematic variations (i.e., a baseline segment.) This is schemati 
cally shown in FIG. 1. The analytical noise of a temporal 
profile is the standard deviation of the signals obtained along 
a segment of the profile where the segment is void of peaks, 
spikes and systematic variations. Analytical background and 
noise may change as a function of time along the temporal 
profile. This occurs when there are drifts in the background. 
0039. The term net analytical signal refers to the intensity 
at any point of a profile after correcting for background and 
baseline offsets and/or drifts. The analytical signal to noise 
ratio (S/N) is the ratio of the net analytical signal to the 
analytical not se. Net analytical signals may, or may not, be 
significant depending on their S/N's. 
0040. A peak detector is a mathematical transformation of 
a profile (e.g., a temporal profile) whose purpose is to locate 
peaks along the profile. A peak detector is defined by the type 
of the transformation, and the detection parameters associ 
ated with its operation. A typical peak detector distinguishes 
between segments of a profile that represent baseline (an 
offset with random noise) and other segments that represent 
peaks and spikes based on the slope of the temporal profile. 
From the peak detector's point of view, a baseline segment is 
a set of data points along the temporal profile where the 
absolute value of the slope of the profile does not exceed the 
peak detector's threshold. An ideal peak detector ignores 
baseline and spike segments, and retains information relevant 
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only to peaks (in our case the component polynucleotides of 
the multiple color calibration standard.) 
0041) Peak slope threshold is a value which if exceeded by 
the slope of a temporal profile, the presence of a potential 
peak is indicated. This value may be referred to as the “thresh 
old parameter of the peak detector. If a peak is actually 
present, the threshold value is also used to indicate that the 
temporal profile has returned to baseline levels and that the 
peak has ended. 
0042 Peak start is the first point along the peak segment of 
a temporal profile. A peak start may be found at baseline 
levels, or in the valley between two peaks. Peak end is the last 
point along the peak segment of a temporal profile. A peak 
end may be found at baseline levels, or in the valley between 
two peaks. Peak maximum is a point along the peak segment 
of a profile where the highest intensity is found. Peak width is 
the number of data points between the start of the peak and the 
end of the peak (see FIG. 1.) The peak width attribute is 
helpful in discriminating between peaks that correspond to 
labeled DNA fragments and spikes. The latter have relatively 
Smaller peak widths. 
0043 Peak height at maximum is the intensity at peak 
maximum corrected for the analytical background (see FIG. 
1.) Peak S/N ratio refers to the ratio of the peak height at 
maximum to the analytical noise of the temporal profile. A 
peak's S/N attribute is an effective parameter that is used to 
retain the peak information of the dye-labeled fragments of 
the multiple color calibration standard. 
0044) Migration time of a peak is the time elapsed from the 
start of the electrophoresis to peak maximum. A particular 
peak corresponding to a certain labeled polynucleotide of the 
multiple color calibration standard may serve as a reference 
peak whose migration time is a reference point from which 
the migration time of other peaks are measured. 
0045 Migration time offset is the difference between the 
migration time of a particular peak and the migration time of 
the reference peak (see FIG. 1.) Peaks to the left of the 
reference peak will have negative migration time offsets, 
while those to the right of the reference peak will have posi 
tive migration time offsets. Reference peaks are located based 
on rank or migration time. Subsequently, migration time off 
sets are used to locate all other dye-labeled fragments. 
0046. Input parameters are attributes that are used by a 
particular implementation of the algorithm. These parameters 
may be specific to the multiple color calibration standard as 
well as to the platform being used. The implementation 
attributes may include the peak width, the threshold variable, 
the peak S/N ratio, the reference peak locator (migration time 
vs. rank), the migration time offsets, and the appropriate 
tolerances, if necessary, to account for instrumental and 
experimental variations. 
0047. The term “polynucleotide' as used herein refers to 
naturally occurring polynucleotides such as DNA and RNA 
and to synthetic analogs of naturally occurring DNA, e.g. 
phosphorothioates, phosphoramidates, peptide nucleic acids 
(PNAS), and the like. The term “polynucleotide' does not 
convey any length limitation and should be read to include in 
vitro synthesized oligonucleotides. 

SPECIFIC EMBODIMENTS OF THE INVENTION 

0048. The fluorescence spectra that are acquired during a 
sequencing reaction or a homogenous assay are typically 
mixture spectra originating from co-migration of DNA frag 
ments with different dye labels (e.g., in the case of sequenc 
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ing) or the utilization of multiple probes with different dye 
labels (e.g., in the case of homogeneous assays). In order to 
determine the type and amount of each dye being detected, 
the acquired mixture spectra need to be decomposed Such that 
the contribution of each dye is estimated. In order to do so, 
one needs to measure the emission spectrum of each pure dye. 
The process of estimating the spectral profile of each pure dye 
is often referred to as “spectral calibration'. Once the spectral 
profile of each of the pure dyes is estimated, one can analyze 
mixture spectra and estimate the contribution of each dye 
being detected. This process (analyzing mixture spectra asso 
ciated with samples and assays) is generally Down as “mul 
ticomponent analysis.” (See, e.g., J. Yin et al., “Automated 
Matrix Determination in Four Dye Fluorescence-Based DNA 
Sequencing.” Electrophoresis 17:1143-1150 (1996): W. 
Huang et al., “A Method to Determine the Filter Matrix in 
Four-Dye Fluorescence-Based DNA Sequencing.” Electro 
phoresis 18:23-25 (1997); K. M. O’Brien et al., “Improving 
Read Lengths by Recomputing the Matrices of Model 377 
DNA Sequencers.” BioTechniques 24:1014-1016 (1998); 
and “User Bulletin, Making a Matrix”, PE Applied Biosys 
tems (1996); each of which is incorporated herein by refer 
CCC. 

0049. The invention relates to methods, compositions, and 
systems for calibrating a fluorescent polynucleotide separa 
tion apparatus. Fluorescent polynucleotide separation appa 
ratus, such as an automated DNA sequencer, must be spec 
trally calibrated for use with the different fluorescent dyes to 
be used in conjunction with the separation system. Spectral 
calibration may also be used to account for variations 
between individual fluorescent polynucleotide separation 
apparatus and account for changes that occur in a given 
instrument over time. Fluorescent dyes have characteristic 
emission spectra for a given excitation wavelength. When 
multiple different dyes are present in a mixture for separation, 
the individual contributions of the different dyes to a spectral 
detection reading must be separated from one another. Such 
separation may be achieved through the use of a matrix con 
taining spectral emission data of the various dyes used for 
analysis, see Yin et al., Electrophoresis 17:1143-1150 (1996) 
and U.S. patent application Ser. No. 08/659,115, filed Jun. 3, 
1996. The generation of a spectral calibration data matrix for 
calibrating a fluorescent polynucleotide separation apparatus 
typically includes the steps of introducing a fluorescent poly 
nucleotide calibration standard into a fluorescent polynucle 
otide separation apparatus, separating the labeled polynucle 
otides from each other, and detecting the separated 
polynucleotides with a detector. The detector collects spectral 
information relating to the concentration of labeled poly 
nucleotides at a specific location (or locations) on the appa 
ratus. The information collected is the fluorescent emissions 
at a plurality of wavelengths, (e.g. bins/channels). The infor 
mation obtained by the detector includes the recording of 
temporal data (e.g. scan number, for a fluorescent polynucle 
otide separation apparatus that employs a scanning detector) 
correlated with the spectral emission data for the measured 
time points. 
0050. One aspect of the invention is to produce total emis 
sion temporal profiles of multiple color calibration standards 
for use in calibrating fluorescent polynucleotide separation 
apparatus. A total emission temporal profile is a sum of the 
intensities of the fluorescence signal obtained in all spectral 
channels as a function of time. Peaks corresponding to the 
different oligonucleotides in the multiple color calibration 
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standard may then be determined by analyzing the total emis 
sion temporal profile with a peak detection transformation 
function. A reference spectrum for each of the fluorescent 
dyes of interest used in the multiple color calibration standard 
may then be produced by selecting a reference spectrum that 
substantially corresponds to the relevant peak of the total 
emission profile. 
0051. Other aspects of the invention are multiple color 
calibration standards and their use. A multiple color calibra 
tion standard is a mixture of at least two polynucleotides of 
different length. (It will be understood by persons skilled in 
the art that each polynucleotide is presentina large number of 
essentially identical copies so as to provide useful amounts of 
the subject compositions) Preferably, the length (in number of 
bases) of each labeled polynucleotide is known precisely so 
as to maximize the accuracy of the standard. Each of the 
different length polynucleotides in the standard is labeled 
with a different fluorescent dye. The predetermined correla 
tion between the length of the given polynucleotide and the 
particular fluorescent dye that is attached to that polynucle 
otide is used to identify the polynucleotide of the multiple 
color calibration standard during the calibration process. The 
different fluorescent dyes are selected so as to have distinctive 
spectral profiles (for the same excitation frequency). Prefer 
ably the sizes of the polynucleotides in the multiple color 
calibration standard are selected so as to ensure Sufficient 
separation between the polynucleotides labeled with different 
dyes such that the spectral profile peaks of the fluorescent 
dyes do not significantly overlap. In other words, there is 
preferably sufficient difference between the lengths of the 
constituent polynucleotides so that for any given polynucle 
otide peak that is being detected, the possibility that the 
fluorescence intensity readings are the result of multiple dif 
ferent dyes is minimal. 
0.052 The sizes of the polynucleotides that are in multiple 
color calibration standards are selected so as to be within the 
size separation for the particular fluorescent polynucleotide 
separation apparatus for which they are designed to be used. 
Exemplary of such a range is about 10-1500 bases in length, 
preferably about 10-1000 bases in length, more preferably 
about 20-500 bases in length. Preferably polynucleotides in 
the standard are separated by at least 10 bases in length. 
Methods of making the polynucleotide components of the 
Subject standards are well known to persons of ordinary skill 
in the art. Such methods include the complete in vitro syn 
thesis of the polynucleotide, e.g. through the use of phos 
phoramidite chemistry. Alternatively, the polynucleotides 
may be synthesized enzymatically. For example a PCR (poly 
merase chain reaction) amplification may be performed using 
primers separated by the desired distance, wherein one of the 
amplification primers is labeled with a fluorescent dye of 
interest. 

0053. In preferred embodiments of the invention, the mul 
tiple color calibration standard comprises at least four poly 
nucleotides of different length, and each of the polynucle 
otides is labeled with a spectrally distinct dye. The use of four 
spectrally distinct dyes, each being essentially the same as the 
dyes used for producing polynucleotide sequencing reaction 
products is of particular interest for use in four color chain 
termination type sequencing (employing either fluorescently 
labeled chain terminating nucleotides or fluorescently labeled 
primers). The multiple color calibration standard may com 
prise one or more fluorescent dyes in addition to the dyes in 
the standard that correspond to the dyes used in sequencing 



US 2010/0096.548 A1 

reactions that are designed for use in conjunction with the 
particular standard. These additional dyes may be "signal 
dyes” as described later in this application. These additional 
dyes, which are preferably attached to polynucleotides, may 
be used to monitor the electrical current flow through the 
separation channel or channels of a fluorescent polynucle 
otide separation apparatus. While detection of electrical cur 
rent flow through a fluorescent polynucleotide separation 
apparatus without the use of additional dyes is relatively 
simple for apparatus employing a single separation channel, 
e.g. a slab gel, the detection of current through a multi 
channel system, e.g., a multiple capillary system, is difficult 
without using additional dyes. The movement of these addi 
tional dyes, which should also be added to the sample for 
analysis, through the fluorescent polynucleotide apparatus 
may be detected in order to verify the flow of electrical current 
through a separation channel, e.g., an individual capillary. 
0054 The invention also includes kits for performing the 
subject method. The kits comprise the individual fluores 
cently labeled polynucleotide components of the subject mul 
tiple color spectral calibration standards. By providing the 
individual components of a standard, end users may conve 
niently produce their own standard for specific applications. 
0055. A wide variety of florescent dyes may be used to 
label the polynucleotides in multiple color calibration stan 
dards. Fluorescent dyes are well known to those skilled in the 
art. Examples of fluorescent dyes include fluorescein, 6-car 
boxyfluorescein, 2',4',5'7"-tetrachloro-4,7-d-ichlorofluores 
cein, 2,7-dimethoxy-4',5'-6-carboxyrhodamine (JOE), 
N',N',N',N'-tetramethyl-6-carboxyrhodamine (TAMRA) and 
6-carboxy-X-rhodamine (ROX). Fluorescent dyes are 
described in, among other places, U.S. Pat. No. 4,855.225; 
Menchen et al., U.S. Pat. No. 5,188,934; Bergot et al. Inter 
national Application PCT/U.S. Pat. No. 90/05565; Haugland, 
R. P., Handbook of Fluorescent Probe and Research Chemi 
cals, 6th edition (1996) and like references. Methods of 
attaching fluorescent dyes to polynucleotides are also well 
known to those skilled in the art. Examples of such attach 
ment methods can be found in, among other places, U.S. Pat. 
Nos. 4,789,737; 4,876,335; 4,820,812; and 4,667,025. 
0056. The multiple color calibration standards of the 
invention may also comprise various other components in 
addition to fluorescent labeled polynucleotides. Such addi 
tional components may be used to improve the movement of 
the polynucleotide through a separation channel of a fluores 
cent polynucleotide separation apparatus. Examples of addi 
tional components include, but are not limited to, buffers, 
denaturants, and the like. 
0057 The invention includes numerous methods of spec 

trally calibrating a fluorescent polynucleotide separation 
apparatus with a multiple color calibration standard. A mul 
tiple color calibration standard is introduced, i.e., loaded, into 
a fluorescent polynucleotide separation apparatus. The intro 
duction of a multiple color calibration standard into a flores 
cent polynucleotide separation apparatus and the Subsequent 
separation of the components of the standard along with the 
collection of the spectral and temporal data obtained from 
detecting the separated labeled polynucleotides may be con 
Veniently referred to as producing a spectral calibration run. 
Spectral calibration runs may be performed on a single sepa 
ration channel or may be simultaneously performed on sev 
eral separation channels. 
0058. A spectral calibration run produces data that can 
conveniently be analyzed in the form of a matrix, D, with R 
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rows and C columns, that contains the measured intensities in 
each spectral channel/bin (the columns of the data matrix) as 
a function of time or frame/scan number (the rows of the data 
matrix). Each of the C columns represents an emission tem 
poral profile for the corresponding spectral channel/bin. Each 
of the R rows represent the spectrum acquired during the 
corresponding data collection/acquisition period. The person 
of skillinart may devise numerous equivalent representations 
of the data obtained from a calibration run rather the specific 
matrix described above, e.g. the components of the rows and 
columns may be transposed or the data may be manipulated 
without the use of a 2-D matrix. Each temporal profile con 
tains peaks of different shapes that correspond to the dye 
labeled polynucleotides of the multiple color calibration stan 
dard. The shape of each of these peaks depends on the 
emission characteristics of the corresponding dye at the spe 
cific spectral channel/bin represented by the temporal profile. 
A total emission temporal profile may then be prepared by 
Summing the intensities of the signals obtained for all spectral 
channels/bins as a function of the temporal parameter, e.g. 
scan/frame number. Ideally, the emission temporal profiles 
for the labeled polynucleotides of a multiple color spectral 
calibration standard are “parallel. In practice, however, this 
ideal property may show deviations that are caused by het 
erogeneous emission efficiencies, baseline drifts, minor spec 
tral measurements anomalies and deviations from the analyti 
cal linear dynamic range. Despite sharing important general 
properties (peaks of multiple color spectral calibration stan 
dard constituent labeled polynucleotide separated by baseline 
segments.) the temporal profiles of the individual spectral 
channels/bins may exhibit large variations in S/N ratios, noise 
distribution as well as peak shapes. In order to minimize Such 
problems, total emission temporal profiles may be used for 
calibration rather than individual emission temporal profiles. 
An advantage of total emission profiles is the inclusion of all 
polynucleotide components of the standard regardless of dif 
ferences in emission intensities between the spectral chan 
nels/bins. The total emission profile, thus, provides a tempo 
ral profile that contains all the peaks of the multiple color 
spectral calibration standards labeled polynucleotide, and 
only one set of detection input parameters is necessary. 
0059. The peaks corresponding to the fluorescently 
labeled polynucleotide in the total emission temporal profile 
may be detected using a peak detector that is driven by 
changes in the slopes of the total emission temporal profile. 
When the slope of the total emission temporal profile exceeds 
a certain threshold, the start of a potential peak is detected. 
The potential peak may then be traced through its crest/ 
maximum and until the potential peak ends by either having 
the total emission temporal profile returns to background 
levels, or detecting the start of another peak. The information 
regarding the start, maximum and end of the potential peak 
may then be evaluated to assess the significance of the peak. 
Only significant peaks (in terms of the minimum require 
ments indicated by the peak width and peak S/N ratio input 
parameters) are used to select reference spectra. This process 
may be used to reject spikes and insignificant/non-target 
peaks while retaining the peaks corresponding to the compo 
nents of the multiple color calibration standard. 

Peak Detection Transformation 

0060 Peak detection is performed on a total emission 
temporal profile. A preferred transformation to detect peaks is 
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the slope of the total emission temporal profile, and is given 
aS 

S-(1-1)+(I-2-I) (1) 

where S, is the slope (as estimated by the detection transfor 
mation) at point i, and I is the intensity of the total emission 
temporal profile at point k. However, other peak detection 
transformations based on changes of intensity may also be 
used in the Subject methods. 

Statistical Distribution of Detection Transformation 
and Failure Analysis 

0061 The threshold parameter used in a peak detector 
may be an actual value for the slope. However, in a preferred 
embodiment of the invention the threshold is determined by 
the distribution of the peak detection transformation based on 
a probabilistic model. An input variable is used to estimate the 
threshold. The detection transformations produce a param 
eter, for example S in Equation 1, that is used for peak detec 
tion. The performance of S in distinguishing baseline seg 
ments from peak segments in a temporal profile is highly 
influenced by the distribution of S when I is subjected to 
random variations only. The variance in S can be estimated by 
applying error propagation theory to Equation 1, and is given 
according to: 

0062 where F(S) is the detection transformation (Equa 
tion 1). For independent measurements, the above expression 
reduces to: 

0063 Thus, segments of a temporal profile that corre 
spond to baselines with random variations are expected to 
produce amplified variations, according to Equation 2, after 
the detection transformation. 
0064. The start of a peak is considered the first data point 
along the peak segment of the total emission profile that does 
not belong in the baseline population. The baseline segment's 
population produces a transformation distribution with a vari 
ance of 4o (I) (Equation 2). The S distribution's variance can, 
therefore, be used to set a detection threshold with a prob 
ability of failure (incorrectly classifying a data point from the 
baseline population as the start of a peak segment) that is 
given as 

0065 where LL(S) is the mean of the S distribution, and is 
expected to be zero. 
0066 For example if the threshold is set at 3O(S), the 
probability of selecting a data point from the baseline seg 
ment's population as a peak start is, according to Equation 3. 
100/9 or about 11%. (Equation (3) does not assume a Gaus 
sian, or any other, distribution of the baseline data points 
population.) To decrease the probability of failure, the thresh 
old may be increased, or one may consider the peak start as 
two consecutive data points whose transformation exceeds 
the threshold value. If the threshold is set, again, at 3O(S), the 
probability of S. Subiexceeding this value at two consecutive 
measurements when only random variation are present is 
about 1%. The peaks corresponding to the labeled polynucle 
otides of the multiple color calibration standards are expected 
to be among the peaks with the highest peak S/N ratios. Since 
all detected peaks may be subjected to additional criteria such 
as minimum peak S/N ratio and minimum peak width, false 
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peak starts (detected with a probability of 1% as outlined 
above) are not expected to cause any significant problems in 
detecting and retaining the peaks corresponding to the labeled 
polynucleotides of the multiple color calibration standards 
while rejecting spikes and other non-target peaks. 
0067. The outcome of the peak detection process is a set of 
attributes for all peaks that satisfy the minimum peak width 
and the minimum peak S/N ratio requirements. This informa 
tion includes the data point at the start of the peak, the data 
point at the end of the peak. Appropriate descriptors indicat 
ing whether the peak start point is at baseline levels or in a 
Valley between two peaks are also compiled during the peak 
detection process. Similarly, peak end points are flagged as 
either being at baseline levels or in a valley between two 
peaks. Peak information also includes the data point at which 
the peak maximizes, and the intensity at the peaks maxima as 
well as the actual peak width. Where available, the locations 
of baseline segments to the left of the peak start and to the 
right of the peak end may also be compiled. 

Identification of the Components of Multiple Color 
Calibration Standards 

0068 Calibration of fluorescent polynucleotide separa 
tion apparatus with various embodiments of the methods of 
the invention include the step of identification of the labeled 
polynucleotides of the multiple color calibration standards. 
The identification of the colored ladder fragments refers to 
the assignment of each labeled polynucleotide in a multiple 
color calibration standard to one of the peaks retained by the 
peak detector. Assignment can be accomplished by a variety 
of methods. Since the spectral calibration of fluorescent poly 
nucleotide separation apparatus is accomplished under con 
trolled conditions (known and prespecified materials and 
experimental parameters), an efficient way to identify the 
labeled polynucleotides of the multiple color calibration stan 
dards is to take advantage of the controlled experimental 
conditions and the design of the colored ladder. For example, 
the multiple color spectral calibration standard design may be 
such that the fragment labeled with the dye DR110 in a 
multiple color calibration standard has the largest migration 
time. Under optimized and controlled experimental condi 
tions, where the peak width and peak S/N ratio parameters 
allow multiple color calibration standard constituent poly 
nucleotides to be detected and retained, the last peak would be 
the DR110-labeled fragment. A peak with such a high prob 
ability of being detected may serve as a reference peak to 
locate peaks corresponding to the other labeled polynucle 
otides of the multiple color calibration standard. Since the 
migration of a labeled DNA fragment is influenced primarily 
by the size of the DNA fragment, the labeling dye and the 
separation matrix, migration time offsets over a short migra 
tion interval are effective parameters to use in locating the 
peaks corresponding to the labeled polynucleotides of the 
multiple color calibration standards given the location of a 
reference peak such as the DR110-labeled peak. 
0069. If the mobilities of the labeled polynucleotides of 
the standard exhibit significant nonlinearities, and the migra 
tion of the colored ladder fragments is not easily (and reli 
ably) predictable over a large range of migration times using 
offsets from one reference peak, the prediction range may be 
reduced by relying on offsets from neighboring peaks. For 
example, a polynucleotide labeled with DR110 may be used 
as a reference peak to locate the polynucleotide (in the same 
multiple color calibration standard mixture) labeled with 
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DR6G. Subsequently, the polynucleotide labeled with DR6G 
(in the same standard) may serve as a reference peak to locate 
the polynucleotide labeled with DTAM. The polynucleotide 
labeled with DTAM (in the same standard) may then used to 
locate the polynucleotide labeled with DROX. Finally, the 
polynucleotide labeled with DROX (in the same standard) 
may serve as a reference peak to locate the polynucleotide 
labeled with JAZ. 

Peak Detection Parameters 

0070 The input parameters of labeled polynucleotides of 
the multiple color calibration standards for peak detectors 
may include, but are not limited to: 
0071 (a) The starting point and the sample size to be used 
in estimating the analytical background and the analytical 
noise in the total emission temporal profile (O(I) in Equation 
2.) The analytical background and noise are used to assess the 
peak S/N ratio. 
0072 (b) The threshold variable corresponding to k in 
Equation 3. This determines the sensitivity of the peak detec 
tor to baseline variations. 
0073 (c) The threshold variable to be used in detecting 
baseline segments to the left of peak starling points and to the 
right of peak ending points, where available. Typically, this is 
a value less than that used for detecting peak starting points 
0074 (d) Minimum peak width and peak S/N ratio 
requirements. These two parameters are selected Such that 
spikes and non-target peaks are ignored. Ideally, only the 
peaks corresponding to the fragments of the colored ladder 
are retained by the peak detector. 
0075 (e) Reference peak migration time and its tolerance. 
If this parameter is zero, the last peak found is by default the 
reference peak. 
0076 (f) Migration time offsets of the colored ladder frag 
ment peaks and their tolerances. 
0077 (g) The appropriate search windows for maxima and 
baseline values for the emission temporal profiles. 
0078 (h) Number of the colored ladder fragment peaks 
and the maximum number of peaks expected to be found in 
the total emission temporal profile. These parameters are used 
for memory management. 

Estimation of Dyes’ Reference Spectra 
007.9 The process of spectral calibration of fluorescent 
polynucleotide separation apparatus using multiple color 
calibration standard may include the step of the estimating 
(extracting) of the dyes’ reference spectra from the acquired 
data matrix, D, using information from the peak detection 
process. As stated earlier, the rows of the data matrix, D. 
contain the spectral information. Any spectrum acquired dur 
ing any data collection/acquisition period can be estimated 
from the net analytical signals obtained in the spectral chan 
nels/bins. A spectrum is, thus, a background/baseline cor 
rected row of D. 
0080. The dyes’ reference spectra are, therefore, estimated 
from the corrected rows of D that correspond to data points 
along the peak segments of the total emission temporal pro 
file. The peak maximum is the data point (row of D) recom 
mended for estimating the dyes reference spectra. Since the 
emission temporal profiles of the individual spectral chan 
nels/bins are not expected to be perfectly parallel, a row of D 
is corrected by estimating the net analytical signal in each 
spectral channel/bin using the peak detection information 
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from the total emission temporal profile and appropriate 
search windows. Spectral calibration reference spectra are, 
also, normalized Such that the maximum spectral intensity in 
each spectrum is set to equal 1. This is accomplished by 
dividing all corrected spectral intensities in each spectrum by 
the maximum corrected spectral intensity found in the spec 
trum. 

I0081 Uncertainties In Dyes’ Reference Spectra The 
spectral intensity in a particular channel/bin of a normal 
ized dye's reference spectrum can be expressed as: 
RFI/I. (4) 

I0082 where R, is the normalized spectral intensity in the 
reference spectrum at the ith spectral channel/bin, 
I0083) I, is the net analytical signal in the ith spectral chan 
nel/bin, and I, is the highest net analytical signal in the 
spectrum. 
I0084. The uncertainty in R, is given according to: 

o’(R)/R’=(o/I)[1+m? (5) 

I0085 where misgiven as I/I, and of the variance in the 
spectral intensities and is assumed to be equivalent in both 
spectral channels/bins. 
I0086) The relative error in R, may be expressed according 
tO: 

o(R), R=1/SNR1+m2 (6) 

I0087 where SNR, is the signal-to-noise ratio of the net 
analytical signal in the ith spectral channel/bin. 
10088. The term1 +m in Equations 5 and 6 neverexceeds 
the value of 2 according to the normalization defined by 
Equation 4. The relative error in R, can, therefore, be 
expressed as: 

I0089 where SNR, is the signal-to-noise ratio of the net 
analytical signal in the ith spectral channel/bin. 
0090 The analytical implication of Equation 6 (and Equa 
tion 7) is that the quality of the dyes reference spectra 
increases (i.e., the relative errors in the spectral bins 
decreases) as the signal-to-noise ratio of the net analytical 
signal increases. The reliability of spectral estimation is 
determined primarily by the signal-to-noise ratio, not by the 
number of spectra being used to obtain an average estimate. 
Since the spectra acquired at peaks maxima have the highest 
S/N ratio, these spectra are the preferred spectra to be selected 
as reference spectra as they are expected to have the lowest 
relative errors. However, other spectra that substantially cor 
respond to the peak maxima may also be used as reference 
spectra. 
0091. Other embodiments of the invention include sys 
tems for separating and detecting fluorescently labeled poly 
nucleotides, wherein the system is designed for spectral cali 
bration in accordance with the subject calibration methods 
employing multiple color calibration standards. The Subject 
systems comprise a fluorescent polynucleotide separation 
apparatus and a computer in functional combination with the 
apparatus. The term “in functional combination' is used to 
indicate that data from the fluorescent polynucleotide sepa 
ration apparatus, such data including fluorescence intensity 
data over a range of detection wavelength and the associated 
temporal data, is transferred to the computer in Such a form 
that the computer may use the data for calculation purposes. 
The computer in the system of the invention is programmed to 
perform the spectral calibration method of the invention using 
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the data produced from running a multiple color spectral 
calibration standard. Thus the computer is programmed to 
produce a total emission temporal profile from the spectral 
and temporal data obtained from the calibration run. The 
computer may also be programmed to detect peaks in the total 
emission temporal profile, and determine reference spectral 
profiles of the dyes attached to the labeled polynucleotide 
represented by the peaks. A wide variety of computers may be 
used in the Subject system. Typically, the computer is a micro 
processor and the attendant input, output, memory, and other 
components required to perform the necessary calculations. 
The computers may be generally programmable so as to 
facilitate modifications or the apparatus of the computer pro 
gram may be in the form of “firmware” that is not readily 
Subjected to modification. 
0092. Other embodiments of the invention include sys 
tems for calibrating a fluorescent polynucleotide separation 
apparatus. The calibration systems include computer code 
that receives a plurality of spectral and temporal data from a 
fluorescent polynucleotide separation apparatus. The system 
also comprises computer code that calculates a total emission 
temporal profile from the spectral and temporal data. The 
system may further comprise additional computer code for 
performing the subject methods of spectral calibration. Such 
additional code includes code for detecting peaks, and code 
for preparing a spectral profile for each of the dyes included in 
a calibration standard. As the computer code of the Subject 
system requires a physical embodiment to function, the sys 
tem also comprises a processor and computer readable 
medium (e.g. optical or magnetic storage medium) for storing 
the computer program code. The computer readable medium 
is functionally coupled to the processor. 
0093. Another aspect of the invention is methods and com 
positions for detecting the flow of electrical current through a 
separation channel of a fluorescent polynucleotide separation 
apparatus. Such methods and compositions are particularly 
useful with fluorescent polynucleotide separation apparatus 
that employ multiple separation channels, e.g. a multi capil 
lary or multiple microchannel system, because of interrup 
tions in current flow in individual separation channels may be 
difficult to detect if a substantial percentage of the channels 
have proper current flow. The subject electrical flow monitor 
ing methods involve the use of fluorescent dyes that are spec 
trally distinct from fluorescently labeled polynucleotides of 
primary interest. These spectrally distinct fluorescent dyes 
are referred to herein as monitoring dyes. In a preferred 
embodiment of the invention, the monitoring dye is selected 
So as to produce significant emission when excited by the 
same excitation source or sources used to excite the other 
fluorescent dyes in the composition of interest. 
0094 For example, a polynucleotide sequencing reaction 
product mixture (chain termination sequencing) may contain 
(1) four spectrally distinct fluorescent dyes, wherein each of 
the four dyes is correlated with a different polynucleotide 
base (e.g., fluorescently labeled dideoxy sequencing) and (2) 
a monitoring dye that is spectrally distinct from the four other 
dyes. Movement of the monitoring dye in a separation chan 
nel can be used to confirm that current flow and therefore 
proper separation of the sequencing reaction products is 
occurring. Monitoring dyes may be used in conjunction with 
sequencing reaction mixtures that employ either more or less 
than four dyes. 
0095. Another aspect of the invention is methods and com 
positions for detecting the flow of electrical current through a 
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separation channel of a fluorescent polynucleotide separation 
apparatus. Such methods and compositions are particularly 
useful with fluorescent polynucleotide separation apparatus 
that employ multiple separation channels, e.g. a multi capil 
lary or multiple microchannel system, because of the possi 
bility of failure of a subject separation channel. The subject 
electrical current flow monitoring methods involve the use of 
fluorescent dyes that are spectrally distinct from fluorescently 
labeled polynucleotides of primary interest. These spectrally 
distinct fluorescent dyes are referred to herein as monitoring 
dyes. In a preferred embodiment of the invention, the moni 
toring dye is selected so as to produce significant emission 
when excited by the same excitation source or sources used to 
excite the other fluorescent dyes in the composition of inter 
eSt. 

0096. For example, a polynucleotide sequencing reaction 
product mixture (chain termination sequencing) may contain 
(1) four spectrally distinct fluorescent dyes, wherein each of 
the four dyes is correlated with a different polynucleotide 
base (e.g., fluorescently labeled dideoxy sequencing) and (2) 
a monitoring dye that is spectrally distinct from the four other 
dyes. Movement of the monitoring dye in a separation chan 
nel can be used to confirm that current flow and therefore 
proper separation of the sequencing reaction products is 
occurring. Monitoring dyes can be used in conjunction with 
sequencing reaction mixtures that employ either more or less 
than four dyes, e.g., one color or two color based sequencing. 
0097 Monitoring dyes may also be used in conjunction 
with other forms of fluorescent polynucleotide fragment 
analysis in addition to polynucleotide sequencing. Such other 
forms of analysis include nucleic acid amplification products, 
ligation products, and the like. 
0098. The monitoring dyes may be used by themselves or 
may be conjugated to other molecules that can modify the 
migration rate of the monitoring dyes during electrophoresis, 
i.e., a mobility modifier. Examples of Such migration modi 
fying molecules include polynucleotides, polynucleotide 
analogs, peptides, polypeptides, the mobility modifying mol 
ecules described in U.S. Pat. No. 5,514,543, and the like. 
Preferably, these mobility modifying molecules are selected 
so as to not have spectral properties that interfere with fluo 
rescent detection of the dyes of interest. Detailed descriptions 
of how to conjugate fluorescent dyes to various compounds 
can be found in, among other places, Hermanson, Bioconju 
gate Techniques, Academic Press, San Diego, Calif. (1996). 
Unless indicated otherwise by context of usage, the term 
“monitoring dye includes monitoring dye conjugates. 
0099 Embodiments of the invention include composi 
tions comprising fluorescently labeled polynucleotides and 
one or more monitoring dyes, wherein the monitoring dyes 
are spectrally distinct from the other fluorescent dyes in the 
mixture. The monitoring dyes may be added to the composi 
tion either before, after, or during the formation of the fluo 
rescently labeled polynucleotides for analysis. For example, a 
monitoring dye may be added to a polynucleotide sequencing 
reaction either before or after the reaction is terminated. In 
Some embodiments of the invention, the Subject compositions 
comprise multiple different monitoring dyes. In such embodi 
ments, the monitoring dyes are preferably conjugates having 
different electrophoretic mobilities. In other embodiments of 
the Subject compositions, a single signal fluorescent dye is 
present, but the dye molecules are conjugated to two or more 
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different mobility modifier species so as to produce multiple 
opportunities to detect the monitoring dye during electro 
phoretic separation. 
0100. The invention also includes methods of detecting 
the flow of electrical current through a separation channel of 
a fluorescent polynucleotide separation apparatus by intro 
ducing a fluorescently labeled polynucleotide composition 
into a channel of a fluorescent polynucleotide separation 
apparatus. The fluorescently labeled polynucleotide compo 
sition comprises a polynucleotide labeled with a first fluores 
cent dye and a monitoring dye that is spectrally distinct from 
the first fluorescent dye. In most embodiments of the inven 
tion, the fluorescently labeled polynucleotide is a complex 
mixture of different length polynucleotides. Exemplary of 
such fluorescently labeled polynucleotide mixtures are the 
products of DNA sequencing reactions employing either 
fluorescently labeled primers or fluorescently labeled termi 
nators, PCR amplification products formed by using fluores 
cently labeled primers, fluorescently labeled mini-sequenc 
ing reactions, products, fluorescently labeled oligonucleotide 
ligation reaction products, and the like. Such reactions pro 
duce genetic information that may be analyzed in the fluo 
rescent polynucleotide separation apparatus. The monitoring 
dye is spectrally distinct from the fluorescent dyes used to 
label the polynucleotides that convey genetic information. 
For example, the invention includes a composition compris 
ing a complex mixture of different fluorescently labeled poly 

nucleotides produced from four color chain termination 
sequencing and signal dye that is spectrally distinct from the 
four fluorescent dyes on the different sequencing reaction 
products. 
0101. After the fluorescently labeled polynucleotide com 
position is introduced in the separation channel of a fluores 
cent polynucleotide separation apparatus, the apparatus is 
activated and the polynucleotide (and signal dyes, if not 
joined to a polynucleotide) permitted to separate along the 
separation channel. The movement of the monitoring dye 
through the separation channel may then be detected by the 
apparatus. Lack of movement of the monitoring dye (or dyes) 
or permutations of the movement of the monitoring dyes 
through the separation channels may be used to detect prob 
lems with the flow of electrical current through the separation 
channel. The movement of monitoring dyes in different chan 
nels of a multiple channel fluorescent polynucleotide separa 
tion apparatus may be compared with one another so as to 
facilitate the detection of problems with current flow. 
0102 Embodiments of the invention also include com 
puter code for using monitoring dyes to monitor current flow 
in the Subject methods, computer storage media embodying 
Such code, and programmable electronic computer pro 
grammed with Such code. 

Apr. 22, 2010 

0103) The following example is intended to illustrate, and 
not limit, the invention. 

Example 1 

0104. The data matrix, D, is essentially a table whose rows 
are the acquisition time points, and whose columns are the 
spectral bins/channels. This is schematically shown below in 
Table 1. 

TABLE 1 

A Representation of the Data Matrix, D. 

Bin 1 Bin 2 Bin 3 Bink - 1 Bink 

T1 I11 I12 I13 I1(k - 1) I1k 
T2 I21 I22 I23 I2(k-1) I2k 
T3 I31 I32 I33 I3(k - 1) I3k 

T(N - 1) I(N-1)1 I(N - 1)2 I(N - 1)3 I1(k - 1) I1k 
TN IN1 1N2 1N3 I1 (1 - 1) I1k 

0105. The total emission profile is constructed by adding 
the intensities in all columns for each row. Table 2, below, 
shows a representation of the total emission profile. 

TABLE 2 

Total Emission Profile of the Data Matrix, D. 
Total Emission 

I 11 + I 12 + I 13 + ... +...+ I 1(k - 1) + I 1k 
I 21 + I 22 + I 23 +...+...+ I2(k-1) + I2k 
I31 + I32 + I 33 + ... +...+ I3(k - 1) + I 3k 

I (N-1) 1 + I (N - 1)2 + I (N-1) 3 +...+...+. I 1 (k - 1) + I 1k 
I N1 + IN2 + IN3 +...+...+. I 1(k - 1) + I 1k 

0106 The total emission profile represents peaks super 
imposed on background, as shown in FIG. 1 of the present 
application. The peaks in the total emission profile are 
detected, and each peak's maximum referenced by its time 
point, Tm, which corresponds to a particular row in Table 1. 
The reference spectrum of each dye may be taken as the 
background-corrected signal obtained in each spectral bin at 
the peaks maximum. For example, if the start of the peak (Ts) 
is taken as the background spectrum (peaks usually start in 
background), the corrected spectrum is the difference 
between row in and rows in Table 1. This is shown in Table3, 
below. 

TABLE 3 

Background-corrected Spectral Intensities (Peak 
maximum at pointm and background taken at points) 

Bin 1 Im1 - Isl 
Bin 2 Im2 - I s2 
Bin 3 Im3 - I s3 

Bin (k - 1) Im (k - 1) - Is (k - 1) 
Bink Im k - Isk 
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Example 2 
0107. A major advantage of fluorescent dye labeling is the 
ability to multiplex short tandem repeat (STR) loci with dif 
ferent dyes and automate the sequencing process. The ABI 
377 is equipped to detect each dye based on its emission 
spectrum. For example, four different fluorescent dyes can be 
used to detect the bases in an mtDNA sequence and the alleles 
of STR loci. These can include, for example, 5-FAM (blue), 
JOE (green), NED (yellow) and ROX (red). Each of the four 
dyes emits their maximum fluorescence at different wave 
lengths with some overlap in the emission range. 
0108. A matrix file is a mathematical description of the 
spectral overlap, which is determined from the automated 
analysis of dye-labeled DNA fragments (matrix standard 
samples) for each of the four dyes. With this information, the 
matrix file virtually instructs the sequencer to filter out the 
overlap, allowing the sequencer to distinguish between the 
signals of each dye and display only one color for each base 
or allele on an electropherogram. 
0109. In some cases, poor data collected can be success 
fully re-evaluated using newly created matrices. 
0110. To utilize a different dye set, one can perform a 
spectral calibration using an appropriate matrix standard 
(e.g., the DYEnamic ET matrix standard for the ABI 3700 
(Amersham Pharmacia Biotech)). This will create a new 
spectral calibration matrix for the new dye set. 

Example 3 

0111. A kit comprising dye standards can be used to cali 
brate the sequence detection systems instruments. Particu 
larly, the kit can be employed to establish pure dye spectra and 
multi-component values on sequencing instruments. Pure 
spectra information of the dye standards is collected as part of 
the instrument installation and/or periodic maintenance pro 
cedure. The spectra data files are stored on a computer system 
and used by the sequencer application algorithm during data 
analysis. 

Example 4 

0112 FIG. 4 illustrates a data flow scheme, according to 
an embodiment of the present invention. 

INCORPORATION BY REFERENCE 

0113 All publications, patent applications, and patents 
referenced in the specification are herein incorporated by 
reference to the same extent as if each individual publication 
or patent application was specifically and individually indi 
cated to be incorporated by reference. 

EQUIVALENTS 
0114 All publications, patent applications, and patents 
mentioned in this specification are indicative of the level of 
skill of those skilled in the art to which this invention pertains. 
Although only a few embodiments have been described in 
detail above, those having ordinary skill in the molecular 
biology art will clearly understand that many modifications 
are possible in the preferred embodiment without departing 
from the teachings thereof. All such modifications are 
intended to be encompassed within the following claims. The 
foregoing written specification is considered to be sufficient 
to enable skilled in the art to which this invention pertains to 
practice the invention. Indeed, various modifications of the 
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above-described modes for carrying out the invention which 
are apparent to those skilled in the field of molecular biology 
or related fields are intended to be within the scope of the 
following claims. 
What is claimed is: 
1. A method of monitoring a separation channel of a fluo 

rescent polynucleotide separation apparatus, said method 
comprising: 

(i) introducing a fluorescently labeled polynucleotide com 
position to an inlet end of a separation channel of a 
fluorescent polynucleotide separation apparatus, said 
composition comprising (a) a polynucleotide labeled 
with a first fluorescent dye, and (b) a monitoring dye that 
is spectrally distinct from the first fluorescent dye; 

(ii) causing the fluorescently labeled polynucleotide com 
position to migrate down the channel; and 

(iii) detecting for the monitoring dye at one or more regions 
downstream of said inlet end; 

whereby detection of the monitoring dye at said one or 
more regions is indicative of flow along the channel. 

2. The method of claim 1, wherein the fluorescently labeled 
polynucleotide composition comprises: 

a plurality of polynucleotides comprising at least two poly 
nucleotides labeled with at least two respective spec 
trally distinct fluorescent dyes, wherein the monitoring 
dye is spectrally distinct from each of the at least two 
spectrally distinct fluorescent dyes. 

3. The method of claim 2, wherein the plurality of poly 
nucleotides labeled with at least two spectrally distinct fluo 
rescent dyes comprises a polynucleotide sequencing reaction 
product mixture. 

4. The method of claim 1, wherein the monitoring dye is 
attached to a polynucleotide. 

5. The method of claim 1, wherein the monitoring dye 
produces significant emission when excited by the same exci 
tation source or sources used to excite other fluorescent dyes 
of the fluorescently labeled polynucleotide composition. 

6. The method of claim 1, further comprising detecting 
current in the separation channel by detecting migration of 
the monitoring dye. 

7. The method of claim 1, further comprising detecting 
separation of the sequencing reaction products by detecting 
migration of the monitoring dye. 

8. A method of monitoring a separation channel of a fluo 
rescent polynucleotide separation apparatus, said method 
comprising: 

(i) introducing a fluorescently labeled polynucleotide com 
position to an inlet end of a separation channel of a 
fluorescent polynucleotide separation apparatus, said 
composition comprising (a) at least two spectrally dis 
tinct fluorescent dyes, wherein each of the at least two 
dyes is correlated with a different polynucleotide base, 
and (b) a monitoring dye that is spectrally distinct from 
each of the at least two spectrally distinct fluorescent 
dyes; 

(ii) causing the fluorescently labeled polynucleotide com 
position to migrate down the channel; and 

(iii) detecting for the monitoring dye at one or more regions 
downstream of said inlet end; 

whereby detection of the monitoring dye at said one or 
more regions is indicative of flow along the channel. 

9. The method of claim 8, wherein the fluorescently labeled 
polynucleotide composition comprises a polynucleotide 
sequencing reaction product mixture. 
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10. The method of claim 8, wherein the monitoring dye is 
attached to a polynucleotide. 

11. The method of claim 8, wherein the monitoring dye 
produces significant emission when excited by the same exci 
tation source or sources used to excite the at least two spec 
trally distinct fluorescent dyes of the fluorescently labeled 
polynucleotide composition. 

12. The method of claim 8, further comprising detecting 
current in the separation channel by detecting migration of 
the monitoring dye. 

13. The method of claim 8, further comprising detecting 
separation of the sequencing reaction products by detecting 
migration of the monitoring dye. 

14. The method of claim 8, wherein the at least two spec 
trally distinct fluorescent dyes comprise four spectrally dis 
tinct fluorescent dyes. 

15. The method of claim 8, wherein the at least two spec 
trally distinct fluorescent dyes comprise at least four spec 
trally distinct fluorescent dyes. 

16. A computer readable medium having computer code 
for detecting a monitoring dye at one or more regions down 
stream of an inlet end of a separation channel of a fluorescent 
polynucleotide separation apparatus, during a method com 
prising: 

(i) introducing a fluorescently labeled polynucleotide com 
position to the inlet end, the composition comprising (a) 
at least two spectrally distinct fluorescent dyes, wherein 
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each of the at least two dyes is correlated with a different 
polynucleotide base, and (b) the monitoring dye, the 
monitoring dye being spectrally distinct from each of the 
at least two spectrally distinct fluorescent dyes; and 

(ii) causing the fluorescently labeled polynucleotide com 
position to migrate down the channel, 

wherein detection of the monitoring dye at the one or more 
regions is indicative of flow along the channel. 

17. The computer readable medium of claim 16, further 
comprising computer code for detecting current in the sepa 
ration channel by detecting migration of the monitoring dye. 

18. The computer readable medium of claim 16, further 
comprising computer code for detecting separation of 
sequencing reaction products by detecting migration of the 
monitoring dye. 

19. The computer readable medium of claim 16, further 
comprising: 

computer code for causing a computer to compare a signal 
to-noise ratio of a first dye to a minimum signal-to-noise 
ratio; and 

computer code for causing a computer to determine 
whether the signal-to-noise ratio of the first dye exceeds 
the minimum signal-to-noise ratio. 

20. An electronic computer comprising the computer read 
able medium of claim 16 and programmed with the computer 
code. 


