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VISUALIZATION TOOLS FOR DIGITAL PCR DATA
BACKGROUND

[0001] Systems for biological and biochemical reactions have been used to monitor,
measure, and/or analyze such reactions in real time. Such systems are commonly used in
sequencing, genotyping, polymerase chain reaction (PCR), and other biochemical reactions to

monitor the progress and provide quantitative data.

[0002] Currently, there is an increasing demand to provide greater numbers of reactions per
test or experiment have resulted in instruments that are able to conduct ever higher numbers of
reactions simultaneously. The increase in the number sample sites in a test or experiment has led
to microtiter plates and other sample formats that provide ever smaller sample volumes. In
addition, techniques such as digital PCR (dPCR) have increased the demand for smaller sample
volumes that contain either zero or one target nucleotide sequence in all or the majority of a large

number of test samples.

[0003] Digital PCR may be used to detect and quantify the concentration of rare alleles, to
provide absolute quantitation of nucleic acid samples, and to measure low fold-changes in
nucleic acid concentration. Generally, increasing the number of replicates increases the accuracy

and reproducibility of dPCR results.

[0004] In dPCR, a solution containing a relatively small number of a target polynucleotide or
nucleotide sequence may be subdivided into a large number of small test samples, such that each
sample generally contains either one molecule of the target nucleotide sequence or none of the
target nucleotide sequence. When the samples are subsequently thermally cycled in a PCR
protocol, procedure, or experiment, the samples containing the target nucleotide sequence are
amplified and produce a positive detection signal, while the samples containing no target

nucleotide sequence are not amplified and produce no detection signal.

[0005] For further analysis, the immense number of data points the data collected from a

dPCR experiment is challenging to organize and visualize in a manner that is useful to a user.
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SUMMARY

[0006] In one exemplary embodiment, a method for generating a data visualization is
provided. The method includes displaying a representation of a portion of detected data from a
substrate to a user. The method further includes generating a data quality value for the portion of
detected data and displaying, along with the representation of the portion of detected data, an
indication of data quality value for the portion of detected data. The method further includes
selecting, by the user, a quality value threshold, and displaying an adjusted indication of data

quality value for the portion of detected data meeting the quality value threshold.

[0007] In another exemplary embodiment, a method for calculating a result for a biological
analysis 1s provided. The method includes displaying to a user a scatter plot of emission data
from a plurality of reaction sites and determining a classification for each data point. The
method further includes receiving a selection of a data point to change the determined
classification to a second classification. The method includes calculating a result based on a
number of data points in each classification. In some embodiments, the result is a concentration
of a target molecule. According to various embodiments, classifications may include: positive
reaction, negative reaction, FAM, VIC, FAM and VIC, no amplification, empty, and

undetermined.
DESCRIPTION OF THE FIGURES

[0008] FIG. 1 illustrates an exemplary computing system that various embodiments

described herein may be implemented.

[0009] FIG. 2 illustrates a data visualization according to various embodiments described

herein.

[0010] FIG. 3 illustrates a data visualization according to various embodiments described

herein.

[0011] FIG. 4 illustrates a data visualization according to various embodiments described

herein.
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[0012] FIG. 5 illustrates a data visualization according to various embodiments described

herein.

[0013] FIG. 6 illustrates a generated plot to visualize data according to various embodiments

described herein.

[0014] FIG. 7 illustrates a generated plot to visualize data according to various embodiments

described herein.

[0015] FIG. 8 illustrates a tool for organizing experiments according to embodiments

described herein.

[0016] FIG. 9 illustrates a histogram of fluorescent values from a plurality of data points

according to various embodiments described herein.

[0017] FIG. 10 illustrates a chip including reaction sites where data is gathered from and

visualized according to various embodiments described herein.

[0018] FIG. 11 illustrates a tool for reviewing data according to various embodiments

described herein.

[0019] FIG. 12 illustrates a tool for adjusting and organizing data according to various

embodiments described herein.
DETAILED DESCRIPTION

[0020] To provide a more thorough understanding of the present invention, the following
description sets forth numerous specific details, such as specific configurations, parameters,
examples, and the like. It should be recognized, however, that such description is not intended as
a limitation on the scope of the present invention, but is intended to provide a better description

of the exemplary embodiments.

[0021] Those skilled in the art will recognize that the operations of the various embodiments
may be implemented using hardware, software, firmware, or combinations thereof, as

appropriate. For example, some processes can be carried out using processors or other digital
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circuitry under the control of software, firmware, or hard-wired logic. (The term “logic” herein
refers to fixed hardware, programmable logic and/or an appropriate combination thereof, as
would be recognized by one skilled in the art to carry out the recited functions.) Software and
firmware can be stored on computer-readable media. Some other processes can be implemented
using analog circuitry, as is well known to one of ordinary skill in the art. Additionally, memory
or other storage, as well as communication components, may be employed in embodiments of

the invention.

[0022] FIG. 1 is a block diagram that illustrates a computer system 100 that may be
employed to carry out processing functionality, according to various embodiments, upon which
embodiments of a thermal cycler system (not shown) may utilize. Computing system 100 can
include one or more processors, such as a processor 104. Processor 104 can be implemented
using a general or special purpose processing engine such as, for example, a microprocessor,
controller or other control logic. In this example, processor 104 is connected to a bus 102 or

other communication medium.

[0023] Further, it should be appreciated that a computing system 100 of FIG. 1 may be
embodied in any of a number of forms, such as a rack-mounted computer, mainframe,
supercomputer, server, client, a desktop computer, a laptop computer, a tablet computer, hand-
held computing device (e.g., PDA, cell phone, smart phone, palmtop, etc.), cluster grid, netbook,
embedded systems, or any other type of special or general purpose computing device as may be
desirable or appropriate for a given application or environment. Additionally, a computing
system 100 can include a conventional network system including a client/server environment and
one or more database servers, or integration with LIS/LIMS infrastructure. A number of
conventional network systems, including a local area network (LAN) or a wide area network
(WAN), and including wireless and/or wired components, are known in the art. Additionally,

client/server environments, database servers, and networks are well documented in the art.

[0024] Computing system 100 may include bus 102 or other communication mechanism for

communicating information, and processor 104 coupled with bus 102 for processing information.

[0025] Computing system 100 also includes a memory 106, which can be a random access

memory (RAM) or other dynamic memory, coupled to bus 102 for storing instructions to be
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executed by processor 104. Memory 106 also may be used for storing temporary variables or
other intermediate information during execution of instructions to be executed by processor 104.
Computing system 100 further includes a read only memory (ROM) 108 or other static storage

device coupled to bus 102 for storing static information and instructions for processor 104.

[0026] Computing system 100 may also include a storage device 110, such as a magnetic
disk, optical disk, or solid state drive (SSD) is provided and coupled to bus 102 for storing
information and instructions. Storage device 110 may include a media drive and a removable
storage interface. A media drive may include a drive or other mechanism to support fixed or
removable storage media, such as a hard disk drive, a floppy disk drive, a magnetic tape drive, an
optical disk drive, a CD or DVD drive (R or RW), flash drive, or other removable or fixed media
drive. As these examples illustrate, the storage media may include a computer-readable storage

medium having stored therein particular computer software, instructions, or data.

[0027] In alternative embodiments, storage device 110 may include other similar
instrumentalities for allowing computer programs or other instructions or data to be loaded into
computing system 100. Such instrumentalities may include, for example, a removable storage
unit and an interface, such as a program cartridge and cartridge interface, a removable memory
(for example, a flash memory or other removable memory module) and memory slot, and other
removable storage units and interfaces that allow software and data to be transferred from the

storage device 110 to computing system 100.

[0028] Computing system 100 can also include a communications interface 118.
Communications interface 118 can be used to allow software and data to be transferred between
computing system 100 and external devices. Examples of communications interface 118 can
include a modem, a network interface (such as an Ethernet or other NIC card), a communications
port (such as for example, a USB port, a RS-232C serial port), a PCMCIA slot and card,
Bluetooth,etc. Software and data transferred via communications interface 118 are in the form of
signals which can be electronic, electromagnetic, optical or other signals capable of being
received by communications interface 118. These signals may be transmitted and received by
communications interface 118 via a channel such as a wireless medium, wire or cable, fiber

optics, or other communications medium. Some examples of a channel include a phone line, a
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cellular phone link, an RF link, a network interface, a local or wide area network, and other

communications channels.

[0029] Computing system 100 may be coupled via bus 102 to a display 112, such as a
cathode ray tube (CRT) or liquid crystal display (LCD), for displaying information to a computer
user. An input device 114, including alphanumeric and other keys, is coupled to bus 102 for
communicating information and command selections to processor 104, for example. An input
device may also be a display, such as an LCD display, configured with touchscreen input
capabilities. Another type of user input device is cursor control 116, such as a mouse, a trackball
or cursor direction keys for communicating direction information and command selections to
processor 104 and for controlling cursor movement on display 112. This input device typically
has two degrees of freedom in two axes, a first axis (e.g., Xx) and a second axis (e.g., y), that
allows the device to specify positions in a plane. A computing system 100 provides data
processing and provides a level of confidence for such data. Consistent with certain
implementations of embodiments of the present teachings, data processing and confidence values
are provided by computing system 100 in response to processor 104 executing one or more
sequences of one or more instructions contained in memory 106. Such instructions may be read
into memory 106 from another computer-readable medium, such as storage device 110.
Execution of the sequences of instructions contained in memory 106 causes processor 104 to
perform the process states described herein. Alternatively hard-wired circuitry may be used in
place of or in combination with software instructions to implement embodiments of the present
teachings. Thus implementations of embodiments of the present teachings are not limited to any

specific combination of hardware circuitry and software.

[0030] The term "computer-readable medium" and “computer program product” as used
herein generally refers to any media that is involved in providing one or more sequences or one
or more instructions to processor 104 for execution. Such instructions, generally referred to as
“computer program code” (which may be grouped in the form of computer programs or other
groupings), when executed, enable the computing system 100 to perform features or functions of
embodiments of the present invention. These and other forms of computer-readable media may
take many forms, including but not limited to, non-volatile media, volatile media, and

transmission media. Non-volatile media includes, for example, solid state, optical or magnetic
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disks, such as storage device 110. Volatile media includes dynamic memory, such as memory
106. Transmission media includes coaxial cables, copper wire, and fiber optics, including the

wires that comprise bus 102.

[0031] Common forms of computer-readable media include, for example, a floppy disk, a
flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other
optical medium, punch cards, paper tape, any other physical medium with patterns of holes, a
RAM, PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier

wave as described hereinafter, or any other medium from which a computer can read.

[0032] Various forms of computer readable media may be involved in carrying one or more
sequences of one or more instructions to processor 104 for execution. For example, the
instructions may initially be carried on magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computing system 100 can receive the data on
the telephone line and use an infra-red transmitter to convert the data to an infra-red signal. An
infra-red detector coupled to bus 102 can receive the data carried in the infra-red signal and place
the data on bus 102. Bus 102 carries the data to memory 106, from which processor 104 retrieves
and executes the instructions. The instructions received by memory 106 may optionally be stored

on storage device 110 either before or after execution by processor 104.

[0033] It will be appreciated that, for clarity purposes, the above description has described
embodiments of the invention with reference to different functional units and processors.
However, it will be apparent that any suitable distribution of functionality between different
functional units, processors or domains may be used without detracting from the invention. For
example, functionality illustrated to be performed by separate processors or controllers may be
performed by the same processor or controller. Hence, references to specific functional units are
only to be seen as references to suitable means for providing the described functionality, rather

than indicative of a strict logical or physical structure or organization.

[0001] In various embodiments, the devices, instruments, systems, and methods described
herein may be used to detect one or more types of biological components of interest. These

biological components of interest may be any suitable biological target including, but are not
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limited to, DNA sequences (including cell-free DNA), RNA sequences, genes, oligonucleotides,
molecules, proteins, biomarkers, cells (e.g., circulating tumor cells), or any other suitable target

biomolecule.

[0002] In various embodiments, such biological components may be used in conjunction
with various PCR, qPCR, and/or dPCR methods and systems in applications such as fetal
diagnostics, multiplex dPCR, viral detection and quantification standards, genotyping,
sequencing validation, mutation detection, detection of genetically modified organisms, rare
allele detection, and copy number variation. Embodiments of the present disclosure are
generally directed to devices, instruments, systems, and methods for monitoring or measuring a
biological reaction for a large number of small volume samples. As used herein, samples may

be referred to as sample volumes, or reactions volumes, for example.

[0003] While generally applicable to quantitative polymerase chain reactions (QPCR) where
a large number of samples are being processed, it should be recognized that any suitable PCR
method may be used in accordance with various embodiments described herein. Suitable PCR
methods include, but are not limited to, digital PCR, allele-specific PCR, asymmetric PCR,
ligation—mediated PCR, multiplex PCR, nested PCR, qPCR, genome walking, and bridge PCR,

for example.

[0004] As described below, in accordance with various embodiments described herein,
reaction sites may include, but are not limited to, through-holes, wells, indentations, spots,

cavities, sample retainment regions, and reaction chambers, for example.

[0005] Furthermore, as used herein, thermal cycling may include using a thermal cycler,
isothermal amplification, thermal convention, infrared mediated thermal cycling, or helicase
dependent amplification, for example. In some embodiments, the chip may be integrated with a
built-in heating element. In various embodiments, the chip may be integrated with

semiconductors.

[0006] According to various embodiments, detection of a target may be, but is not limited to,
fluorescence detection, detection of positive or negative ions, pH detection, voltage detection, or

current detection, alone or in combination, for example.
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[0007] Various embodiments described herein are particularly suited for digital PCR
(dPCR). In digital PCR, a solution containing a relatively small number of a target
polynucleotide or nucleotide sequence may be subdivided into a large number of small test
samples, such that each sample generally contains either one molecule of the target nucleotide
sequence or none of the target nucleotide sequence. When the samples are subsequently
thermally cycled in a PCR protocol, procedure, or experiment, the sample containing the target
nucleotide sequence are amplified and produce a positive detection signal, while the samples
containing no target nucleotide sequence are not amplified and produce no detection signal.
Using Poisson statistics, the number of target nucleotide sequences in the original solution may

be correlated to the number of samples producing a positive detection signal.

[0008] In order to conduct a typical dPCR protocol, procedure, or experiment, it is
advantageous to be able to divide an initial sample solution into tens of thousands or hundreds of
thousands of test samples each having a volume of several nanoliters, at or about one nanoliter,
or less than one nanoliter, in a way that is simple and cost effective. Because the number of
target nucleotide sequences may be very small, it may also be important in such circumstances
that the entire content of the initial solution be accounted for and contained in the plurality of

reaction sites.

[0009] Embodiments described herein solve these and other dPCR design constraints by
displaying results from an experiment in a user-friendly and valuable way for a user so that the
user may be able evaluate the quality of an experiment as well as determine information about

the biological components, as will be described in this document.

[0010] In various embodiments, the devices, instruments, systems, and methods described
herein may be used to detect one or more types of biological components of interest. These
biological components of interest may include, but are not limited to, DNA sequences, RNA
sequences, genes, oligonucleotides, or cells (e.g., circulating tumor cells). In various
embodiments, such biological components may be used in conjunction with various PCR, qPCR,
and/or dPCR methods and systems in applications such as fetal diagnostics, multiplex dPCR,
viral detection and quantification standards, genotyping, sequencing validation, mutation

detection, detection of genetically modified organisms, rare allele detection, and copy number
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variation. With reference to FIG. 10, in certain embodiments of the present teachings a chip 100
comprises a substrate 1002 and a plurality of reaction sites. Chip 1000 may also be referred to as

an article, device, array, slide, or platen, for example.

[0011] According to various embodiments of the present disclosure, reaction sites may be,
but are not limited to, wells, cavities, indentations, spots, reaction chambers, sample retainment
regions, or through-holes, for example, located in substrate 1002. Reaction sites may be any
structure that allows a sample to be independent of other samples located on the substrate.

Substrate 1002 comprises a first surface 1010 and an opposing second surface 1012.

[0012] The reactions sites 1004 are configured to provide sufficient surface tension by
capillary action to hold respective liquid samples containing a biological sample to be processed

or examined.

[0013] Substrate 1002 may be a flat plate or comprise any form suitable for a particular
application or design. Substrate may comprise, in total or in part, any of the various materials
known in the fabrication arts including, but not limited to, a metal, glass, ceramic, silicon
material, or the like. Additionally or alternatively, substrate 1002 may comprise a polymer
material such as an acrylic, styrene, polyethylene, polycarbonate, and polypropylene material.
Substrate 1002 and reaction sites 1004 may be formed by one or more of machining, injection

molding, hot embossing, laser drilling, photolithography, or the like.

[0014] FIG. 2 illustrates a graphical user interface (GUI) 200 for a display showing various
data visualizations to a user. GUI 200 provides data visualizations to the user from an
experiment performed on a chip so the user may review the data. According to various
embodiments described herein, to help a user identify data for further analysis based on quality,
for example, different data visualizations may be generated by a processor for displaying to a
user. According to various embodiments, the data includes detected fluorescence data from each
of the plurality of reaction sites. GUI 200 may allow a user to select a chip whose data the user
wishes to view. GUI 200 may display data from at least one experiment. In the example shown
in FIG. 2, data from several different chips are displayed on GUI 200 for a user. The available
chip data may be displayed in menu 202 for a user to select. When a user selects a chip to view,

the corresponding data may be displayed in various ways so that a user may identify the positive

10
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and negative reactions in the plurality of reactions sites. In other words, the positive reactions
(fluorescence detected) in a reaction site will be displayed in one color while the negative

reactions (no fluorescence detected) in a reaction site will be displayed in a second color.

[0015] Further, a user viewing representations of the positive and negative reactions and
positions of positive and negative reactions may be able to better identify any errors or
aberrations in the data or in the experiment. For example, insufficient loading of the sample into
a plurality of reaction sites in one portion of the chip may be obvious from a data visualization
the chip. Because of the large number of reaction sites in a chip, to be able to usefully view the
positive and negative reactions, the chip may visualized in a plurality of portion views. In this
way, the user may be able to view a display of positive and negative reactions in smaller portions
for case of viewing. For example, a first quadrant of data 206 may be selected by the user to
view. The data from three other quadrants of the chip 210 may be available to view when the

user selects them.

[0016] For example, FIG. 3 illustrates a representation 306 of a selected portion of a chip. In
this representation, positive and negative reaction sites may be displayed. Further, the positive
reaction sites for a plurality of fluorescent dyes may be displayed. In representation 306, both

FAM and VIC positive reaction sites are displayed.

[0017] In various embodiments described herein, a user may also desire to view the quality
of data from the plurality of reaction sites. The quality value may be used to measure the degree
to which data values from a given reaction site can be trusted as reliable or accurate data. With
reference to FIG. 2, in GUI 200, a heatmap 204 illustrating the data quality of the detected
emission data may be generated for a user so that a user may see where the quality of data may
be good or poor. In various embodiments, data quality may be based on detected intensity, for
example. Data quality may also be based on determining characteristics of the detected data
from reaction sites around the reaction site where the data quality is being determined. For
example, if there is a large number of positive reactions sites surrounding a particular reaction
site, the data from the particular reaction site may be determined to be of a low quality because
the experimental setup is not expected to generate such a high density of positive reactions. This

may be due to bridging of a sample across reaction sites or an error when loading the sample to

11
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the reaction sites, for example. Methods of determining data quality may be found in application

nos. 61/803,028 and 61/827,483 (LT00800 PRO and LT00800 PRO 2), for example.

[0018] A user may be able to select a threshold using slider 208. A threshold allows a user
to select data points meeting or exceeding a desired threshold. The data points displayed may be
only the points that meet or exceed the desired quality threshold. Further, data may be selected
for further analysis based on determined quality. Additionally, other plots may be generated

based on a selected threshold such as scatter plots or histograms.

[0019] In addition to FIG. 2, FIGS. 3 and 4 illustrate various methods and displays for
viewing a zone, or portion, of a chip including reactions sites and associated quality values of

data.

[0020] FIG. 4 illustrates a histogram of the plurality of data points of the reaction sites.
According to various embodiments, histograms 406 and 408 may be generated by determining
quality values for the emission data from a chip. Histograms 406 and 408 allow a user to
visualize the frequency of reaction sites at a certain quality level. In this way, a user may be able
to determine if the quality value threshold they selected is a good threshold to set based on the

number of data points at a certain quality value.

[0021] Histogram 406 may be displayed to a user. On histogram 406, an indicator 410
showing an automatic threshold determined by a processor may be displayed. Further, a user
may also have the ability to manually select a threshold using indicator 412. The data values
used in generating histogram 406 may be selected by setting a threshold for quality value as
described above. Additionally, according to various embodiments, a histogram may generated

by weighting fluorescence values with the quality values.

[0022] By displaying heatmap 404 along with histogram 406 and 408, a user can easily

determine how changing the threshold for quality value affects the data and subsequent analysis.

[0023] FIG. 5 illustrates GUI 500 including a point density plot 504 according to various
embodiments described herein. Point density plot 504 is a plot of detected florescent values of

one fluorescent label versus another fluorescent label. In this example, FAM emission values are

12
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plotted against VIC emission values for each reaction site. In this way, the density of data values

may be visualized.

[0024] Furthermore, GUI 500 includes data table 502 showing more information for data
points selected and displayed in scatter plot 504. Since the number of data values associated
with an assay may be very large, sometimes millions of points, the scatter plot may only display
a portion of the data points. The details associated with the selected data points in scatter plot
504 may be viewable in data table 502. A processor may use a whole set of data to generate a

complete scatter plot. However, various portions of the data may be selected by the user to be

displayed on GUI 500.

[0025] In other embodiments, a smooth scatter plot view (not shown) may be generated

instead of a density view.

[0026] Further, scatter plot 504 may be used as a principal axis tool. According to various
embodiments, a principal axis tool allows the user to place one or more pairs of axes on the

scatter plot and rotate these axes to align with the data.

[0027] For example, in FIG. 6, the user has placed three principal axes within high density
areas in scatter plot 600. Scatter plot 600 shows FAM v. VIC positive reaction calls. There are
three high density areas 602, 604, and 606. In each of these high density areas, a principal axis is
displayed on GUI 600. Principal axis 608 is displayed in high density area 602. Principal axis
610 is displayed in high density area 604. Principal axis 612 is displayed in high density arca
612. The origin of the axes is placed at or close to the center of mass of a cluster of points. The
axes are lined up with the major and minor axes of the cluster of points (assumed to be roughly
ellipsoidal). These axes can be used as guides to better identify subset membership of points.
Simple algorithms may be used to determine cluster membership such as searching along a given
axis to find when point density has decreased to a target level or computing the variation of the
data along each axis and including points that fall within a specified number of standard

deviations from the center of mass.

[0028] In other embodiments, other methods for placing guides to determine cluster

membership such as drawing dividing lines between the clusters may be used.

13



WO 2014/074735 PCT/US2013/068984

Matter No. LT00747 PCT

[0029] FIG. 7 illustrates another way to represent a large quantity of data alongside context
information. Plot 706 shows a plurality of assays and associated range of ratios of detected
emission data. Data table 702 may also show information associated with a plurality of different
samples/assays displayed in plot 706. Data table 702 may be sorted in a plurality of ways. In
this example, each point on plot 702 is a row of data table 702. Furthermore, according to
various embodiments, rows of data table 702 may be color coded by a user using tool box 704 so
that the corresponding points in plot 706 are also labeled with the selected color for easy
identification. A user selects a color from tool box 704 to associate a color to a row in data table

702 corresponding to data from a certain assay/sample.

[0030] FIG. 8 illustrates GUI 800 showing various experiment data that a user may store
after performing a plurality of reactions according to various embodiments described herein.
The user may then select an experiment to view and analyze the data associated with an
experiment. Information such as the experiment name, barcode identifier on the chip used, the
reader used for emission detection, and the date the experiment was performed may also be

displayed, for example.

[0031] FIG. 9 shows a histogram that may be generated based on fluorescent emission values
to assist a user in distinguishing positive versus negative reactions. A user may adjust the
threshold for counting data values as positive versus negative according to various embodiments.
GUI 900 is displayed to a user on a display screen. The user can visualize the fluorescent
emission data values in a histogram view. The example in FIG. 9 illustrates 2 peaks, 904 and
902. GUI 900 shows data values that were binned at a higher fluorescent intensity value in peak
902. GUI 900 also shows data values that were binned at a lower fluorescent intensity value in
peak 904. The user may be able to change the threshold value with slider 906 that the processor
will use to distinguish a positive reaction site from a negative reaction site. In this example, all
the data emission values to the left of slider 906 will be identified as negative reaction sites by
the processor, and the data emission values to the right of slider 906 as positive reaction sites.
These values are used in further analysis. A user may recognize that a cluster of emission data
values should be identified as positive reaction sites when the processor had previously
determined the same reaction sites as negative reaction sites. As such, the user may adjust the

threshold to adjust positive/negative determination results, which may affect further analysis by
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the user. In this way, the user can improve their analysis results from a visual inspection of the

data.

[0032] FIG. 11 illustrates a tool a user may use to adjust the data for analysis based on the
data results from a biological reaction. For example, a user may notice the quality of the data for
a set of reactions may be low and wish to filter the low quality data out of the analysis for the
overall results of an experiment. Low quality data may occur by contamination, bridging of
liquid sample between reaction sites, or optical errors, for example. A user may adjust the
quality value threshold to filter the data with user control 1104 in various embodiments. A user
may be able to visualize the quality of data across the chip with a data visualization such as
heatmap 1106. In heatmap 1106, data determined to be of low quality is displayed as a different
color than data of higher quality.

[0033] A user may also visualize data by thumbnail images 1102. Thumbnail images 1102
may illustrate data results from the biological reactions of other chips. In this way, a user may be
able to visualize the data results in order to determine overall quality of data or determine if
certain results should be omitted from the overall analysis for the experiment. A user may toggle

between a visual view with the thumbnails 1102 or view the data results in a table format.

[0034] FIG. 12 illustrates another data visualization tool according to embodiments of the
present teachings. Although a processor may automatically classify data based on a
predetermined threshold or a calculated threshold, a user may recognize that data should be
reclassified based on experience or pattern recognition, for example. The classification of data
may affect the overall results from the experiment so a user may desire reclassifying data if she
believes there is a more accurate classification for specific data points after visualizing the data
points on plot 1201, for example. Thus, a user may adjust the classification of specific data
points by using tool 1204, for example. Using tool 1204, the user may select a group of data
points she wishes to reclassify. For example, the use may reclassify data points classified as
“rare” to “no-amplification.” A user may select the points using tool 1204 and change the data
classification. In other embodiments, a user may be able to click on individual data points and

adjust the point’s classification.
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[0035] In the example illustrated in FIG. 12, plot 1201 displays 4 main clusters of data
points, cluster 1208, cluster 1210, cluster 1212, and cluster 1214. In this example, two different
fluorescent dyes, FAM and VIC, were used to identify molecules. Cluster 1208 represents data
points that were classified as including FAM dye. Cluster 1210 represents data points that were
classified as having no amplification. Cluster 1212 represents data points that were classified as
having both FAM and VIC dyes. Cluster 1214 represents data points that were classified as
including VIC dye. Upon visual inspection of plot 1201, a user may see that some data points,
not within the main cluster were classified by the processor in a certain category. The user,
however, determines that the data point should be classified within another category. For
example, a user may see some data points classified as including FAM dye when the user
believes that those data points should be classified as including both FAM and VIC dye.
According to various embodiments, the user may select those data points and change the
classification. According to various embodiments, classifications may include, but are not
limited to, the type of fluorescent dye detection, like FAM and VIC, no amplification, or
undetermined, for example. A user may select the data points to change classification by
clicking on an individual data point or by selecting a group of data points with tool 1204, for
example. As a result, the processor than uses the adjusted number of data points to calculate
results, such as concentration of a molecule within the sample or copy number. As described
above, based on the Poisson algorithm and the number of positive and negative reaction sites, the

number of molecules of interest may be determined.

[0036] According to various embodiments, plot 1202 is a data visualization that helps a user
make a determination about the nature and quality of the data from their experiment. Plot 1202

also allows a user to make adjustments to classification of data

[0037] In yet other embodiments, a user may use a classification tool to select all the points
she believes should be a particular classification that were not originally classified that way by
the system. For example, a user may wish to re-classify several points as “wild” type. A user
may seclect a wild-type classification tool and then select all the points she believes should be re-
classified as “wild.” The data points will be adjusted to reflect the new classification, such as by

changing color on plot 1202.
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[0038] Further, according to various embodiments, a summary of various assays 1206 may
be accessed by the user. A user may access a nested hierarchy of information that will indicate
various levels of information a user may choose to view. A user may be initially offered a high
overview of assay data available and may choose to view more details of an assay. For example,
as shown in summary 1206, a use may select the first assay. The view may change so that the
user may view the different samples that were used with the first assay. In this example, three
samples, Liver week 1, Liver week 2, and Liver week 3, may be viewed by the user. Further, the
user may then choose to expand the viewed data for a sample to view the different dilutions used
with a particular sample. In this example, two dilutions were used with the Liver week 1 sample.
The user may also view the chip used to run a particular dilution and also have a choice as to

whether this particular data is shown on the visualization 1202.

[0039] Although the present invention has been described with respect to certain exemplary
embodiments, examples, and applications, it will be apparent to those skilled in the art that

various modifications and changes may be made without departing from the invention.
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What is claimed is:

1. A method for generating a data visualization, the method comprising:

displaying a representation of a portion of detected data from a substrate to a user;

generating a data quality value for the portion of detected data;

displaying, along with the representation of the portion of detected data, an indication
of data quality value for the portion of detected data;

selecting, by the user, a quality value threshold; and

displaying an adjusted indication of data quality value for the portion of detected data
meeting the quality value threshold.

2. The method of claim 1, wherein the indication of data quality value is a color.

3. The method of claim 1, wherein the indication of data quality value for the

portion of detected data is a heatmap display.

4. The method of claim 1, wherein the portion of detected data is fluorescent

emission data.

5. The method of claim 4, wherein the fluorescent emission data is detected from a

plurality of reaction sites on the substrate.

6. The method of claim 5, wherein the plurality of reaction sites is at least 20000

reaction sites.

7. The method of claim 5, wherein the plurality of reaction sites is at least 40000

reaction sites.

8. The method of claim 1, further comprising:

displaying at least two portions of detected data from a substrate to the user.
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9. The method of claim 1, wherein the portion of detected data meeting the quality

value threshold is used in a quantification calculation.

10. The method of claim 9, wherein the quantification is based on a Poisson

maximum-likelihood algorithm.

11. The method of claim 5, wherein the representation represents the data detected

corresponding to the arrangement of the plurality of reaction sites.

12. A method of claim 1, further comprising:
displaying a first histogram of intensity of emission data along with the indication of

data quality value for the detected data.

13. The method of claim 12, further comprising:
displaying a second histogram of intensity of emission data along with the first

histogram and the indication of quality value.

14. A system for generating a data visualization, the system comprising:
a processor; and
a memory encoded with instructions for:
displaying a representation of a portion of detected data from a substrate to a user;
generating a data quality value for the portion of detected data;
displaying, along with the representation of the portion of detected data, an
indication of data quality value for the portion of detected data;
selecting, by the user, a quality value threshold; and
displaying an adjusted indication of data quality value for the portion of detected

data meeting the quality value threshold.
15. A non-transitory computer-readable storage medium encoded with instructions,

executable by a processor, the instructions comprising instructions for:

displaying a representation of a portion of detected data from a substrate to a user;
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generating a data quality value for the portion of detected data;

displaying, along with the representation of the portion of detected data, an indication
of data quality value for the portion of detected data;

selecting, by the user, a quality value threshold; and

displaying an adjusted indication of data quality value for the portion of detected data
meeting the quality value threshold.

16. The computer-readable medium of claim 15, wherein the indication of data
quality value is a color.
17. The computer-readable medium of claim 15, wherein the indication of data

quality value for the portion of detected data is a heatmap display.

18. The computer-readable medium of claim 15, wherein the portion of detected data

is fluorescent emission data.

19. The computer-readable medium of claim 18, wherein the fluorescent emission

data is detected from a plurality of reaction sites on the substrate.

20. The computer-readable medium of claim 19, wherein the plurality of reaction

sites is at least 20000 reaction sites.

21. The computer-readable medium of claim 19, wherein the plurality of reaction

sites is at least 40000 reaction sites.

22. The computer-readable medium of claim 15, further comprising instructions for:

displaying at least two portions of detected data from a substrate to the user.
23. A method comprising:

displaying to a user a scatter plot of emission data from a plurality of reaction sites,

determining a classification for each data point;
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receiving a selection of a data point to change the determined classification to a
second classification; and

calculating a result based on a number of data points in each classification.

24. The method of claim 23, wherein the scatter plot displays one fluorescent type

versus a second fluorescent type.

25. The method of claim 23, wherein the classification is one of the following group:
positive reaction, negative reaction, FAM, VIC, FAM and VIC, no amplification, empty, and

undetermined.

26. The method of claim 23, wherein the second classification is different than the

determined classification.

27. The method of claim 23, wherein the calculated result is a copy number of a target

molecule.

28. The method of claim 23, wherein the calculated result is a concentration of a

target molecule.

29. The method of claim 23, wherein the calculated result is based on a Poisson

maximum-likelihood algorithm.

30. A non-transitory computer readable storage medium encoded with instructions,
executable by a processor, the instructions for:

displaying to a user a scatter plot of emission data from a plurality of reaction sites,

determining a classification for each data point;

receiving a selection of a data point to change the determined classification to a
second classification; and

calculating a result based on a number of data points in each classification.
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31. The non-transitory computer readable storage medium of claim 30, wherein the

scatter plot displays one fluorescent type versus a second fluorescent type.
32. The non-transitory computer readable storage medium of claim 30, wherein the
classification is one of the following group: positive reaction, negative reaction, FAM, VIC,

FAM and VIC, no amplification, empty, and undetermined.

33. The non-transitory computer readable storage medium of claim 30, wherein the

second classification is different than the determined classification.

34. The non-transitory computer readable storage medium of claim 30, wherein the

calculated result is a copy number of a target molecule.

35. The non-transitory computer readable storage medium of claim 30, wherein the

calculated result is a concentration of a target molecule.

36. The non-transitory computer readable storage medium of claim 30, wherein the

calculated result is based on a Poisson maximum-likelihood algorithm.
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