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METHODS AND SYSTEMS FOR VISUALIZING DATA QUALITY
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 receiving a plurality of data points related to fluorescent
emissions values from a plurality of reaction sites. The fluorescent emission values include
information for a first type of dye and a second type of dye. The method further includes
displaying a first portion of the plurality of data points related to the first type of dye in a
representation of location of the plurality of reaction sites, and displaying a second portion of the
plurality of data points related to the second type of dye in the representation. The method
further includes displaying the first portion of the plurality of data points in a scatter plot display.
The scatter plot shows fluorescent values related to the first dye on the y-axis and fluorescent
values related to the second dye on the x-axis. The method includes displaying the second

portion of the plurality of date points in the scatter plot display.
DESCRIPTION OF THE FIGURES

[0007] FIG. 1 illustrates an exemplary computing system that various embodiments

described herein may be implemented.

[0008] FIG. 2 illustrates a data visualization including a chip representation and histograms

according to various embodiments described herein.

[0009] FIG. 3 illustrates a data visualization including a chip representation and histograms

according to various embodiments described herein.

[0010] FIG. 4 illustrates data visualization including a chip representation and histograms

according to various embodiments described herein.
[0011] FIG. 5 illustrates a slider bar according to various embodiments described herein.

[0012] FIG. 6 illustrates data visualization including a chip representation and histograms

according to various embodiments described herein.

[0013] FIG. 7 illustrates a data visualization including a chip representation and a scatter plot

according to various embodiments described herein.
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[0014] FIG. § illustrates a data visualization including a chip representation and a scatter plot

according to various embodiments described herein.

[0015] FIG. 9 illustrates a data visualization including a chip representation and a scatter plot

according to various embodiments described herein.

[0016] FIG. 10 illustrates a data visualization including a chip representation and a scatter

plot according to various embodiments described herein.

[0017] FIG. 11 illustrates a data visualization including a scatter plot according to various

embodiments described herein.

[0018] FIG. 12 illustrates a data visualization including a scatter plot according to various

embodiments described herein.

[0019] FIG. 13 illustrates a data visualization including a scatter plot 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] 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
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.

[0022] 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
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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. .

[0023] 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.

[0024] 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.

[0025] 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.

[0026] 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.

[0027] 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
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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.

[0028] 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.

[0029] Embodiments described herein solve these and other dPCR design constraints by
distributing an initial sample solution into a plurality of reaction sites in a way that accounts for

all, or essentially all, of sample solution.

[0030] 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

variation.

[0031] As described above, digital PCR technology generates thousands of data points. Itis
useful for a user to be able to visualize the data in order to quickly and easily know information
about their experiment such as a preliminary indication of useful data or good quality data. New

graphical techniques are required to allow people to review and manipulate the data.
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[0032] In various embodiments of the present teachings, data may be displayed at a special
location. For example, data may be displayed to the user in two-dimensions (X,y coordinates).
Data may also be displayed so that a quality value is apparent to the user indicating good to bad
quality data. In yet other embodiments, different dyes associated with the data may be displayed.
For example, data associated with the FAM dye and data associated with the VIC dye may be
indicated so that a user may be able to visualize the results. In other embodiments, positive and
negative calls the processing system has determined associated with the data points may be

visualized.

[0033] 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
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.

[0034] 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.

[0035] 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,
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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.

[0036] Computing system 100 may include bus 102 or other communication mechanism for

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

[0037] 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
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.

[0038] 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.

[0039] 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
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removable storage units and interfaces that allow software and data to be transferred from the

storage device 110 to computing system 100.

[0040] 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
cellular phone link, an RF link, a network interface, a local or wide area network, and other

communications channels.

[0041] 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., x) 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
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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.

[0042] 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
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.

[0043] 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.

[0044] 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
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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.

[0045] 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.

Color coding by a continuous variable

[0046] According to various embodiments of the present teachings, a user may view the
spatial distribution of the data by a quality value to examine the statistical distribution of FAM

and VIC, for example. The user may then be able to select the data by way of the quality value.

[0047] A quality value maybe a numerical value, determined by a processor, indicating the
quality of the data. A quality value may indicate a confidence value a user may use to rely on to
determine if an experiment was successtul. For example, a clearly amplified target nucleic acid
in a reaction may produce a signal expected for a successful amplification. The data from this
reaction may be assigned a good quality value to indicate that a user may have confidence that
the data is reliable. On the other hand, a quality value indicating bad quality may indicate the
processor was able to determine if amplification occurred, but there are other indications that
may indicate there may have been an error. As such, a quality value indicating bad quality may

indicate to a user that the data may not be as reliable.

[0048] According to various embodiments, the quality value may be indicated by an
indicator. An indicator may be color, in various embodiments. As an example, good quality
values may be indicated with green color and bad quality values may be indicated with a red

color, with different shades of green and red to indicate a range of quality values.

10
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[0049] The system may display the quality values and associated indicator s in a spatial
format. For example, as illustrated in FIG. 2, the spatial format may display the data in a
representation of the chip 200. Thus, each data point is displayed in a relative location that the
signal was obtained on the chip. The user is then able to visualize the data quality across the

whole chip.

[0050] In the example of FIG. 2 the chip representation 200 colors a position in the two-
dimensional grid with the color assigned to the quality value. The color bar under the chip
representation 200 shows the indicator of high quality data 210 and the indicator of low quality
data 214. Good quality data 212 is indicated by a green color in chip representation 200. Bad
quality data 216 is indicated by a red color in chip representation 200. The user may be able to
set a quality value threshold 212 that will change the display of data to show only the data with
quality values above the quality value threshold 212. In the example illustrated in FIG. 2, the
data that have a quality value above 0.02 will be displayed. Data with a quality value below 0.02

is not displayed and appear as white background in chip representation 200.

[0051] FIG. 2 also illustrates a histogram view 202 that may be displayed to a user in various
embodiments. Histogram view may be viewed independently or along with chip representation
200. FAM histogram view 220 illustrates quality values as well as the call of the data. The call
of data means if the system has determined the data represents positive or negative amplification
of the target nucleic acid. FAM histogram view 220 indicates the positive or negative calls of
data from the plurality of reaction sites of the target nucleic acid associated with FAM, while
VIC histogram view 230 indicates positive or negative calls of data from the plurality of reaction
sites of the target nucleic acid associated with VIC. The x-axis of FAM histogram view 220 and
VIC histogram view 230 indicate the fluorescence values of a reaction site, and the y-axis
indicate the number of reaction sites having a particular fluorescence value. Negative calls will
have a low fluorescence value, while positive calls will have a higher fluorescence value. Thus,

two peaks (one negative calls, and one positive calls) can generally be visualized by the user.

[0052] FAM histogram view 220 and VIC histogram view 230 also indicate to the user the
quality values of the data. Good quality data may be indicated by a green color indicator and bad

quality data may be indicated by a red color indicator.

11
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[0053] As mentioned above, displaying chip representation 200 along with FAM histogram
view 220 and VIC histogram view 230 may provide information regarding quality of the data
and positive and negative calls to the user such that the user is able to adjust the set of data used
to calculate information. For example, a user may be able to remove bad quality data from their
experiment while at the same time balancing the quality of data with the positive and negative
calls. In this way, a user can make a judgment regarding confidence and reliability of the data
set. The chip representation 200 , FAM histogram view 220 and VIC histogram view 230 may
dynamically change to indicate a user’s adjustment of quality threshold 212.

[0054] FIG. 3 shows the same data visualized in FIG. 2 when quality threshold 312 is raised
to 0.38. It can be observed that more data points are assigned the white background color since
the data with quality values lower than 0.38 are no longer displayed. The outcome of this

assignment is that points that are deeper red (lower quality) have been graphically eliminated.

[0055] With reference back to FIG. 2, the FAM and VIC histogram view 220, 230 indicate
the statistical distribution of FAM and VIC. The colors shown in the histograms encodes the
quality value. For a given bin in the FAM histogram view 220, points within the FAM interval
for that bin, the count of points with higher quality value are shown lower in the bin’s graphical
column and the count of points with lower quality value are shown higher up in the bin’s
graphical column. By doing this, it is easy to see the affects on the statistical distribution of
FAM as the quality threshold is changed. For example, by raising the quality threshold, the
reddish fringe riding on top of the histograms of FIG. 2 are eliminated leaving only the

yellowish fringe on the top as shown in FIG. 3.

Color coding by a discrete variable

[0056] According to various embodiments, FIG. 4 illustrates a display of the spatial
distribution of the positive and negative calls as well as the statistical distribution of positive and
negative calls among FAM and VIC data. In this example, indicators are used to display to a
user the calls of data points from reaction sites. For example, a color indicator is displayed to the
calls in a spatial format (chip representation 400) and a FAM histogram view 420 and VIC
histogram view 430. Chip representation 400, FAM histogram view 420, and VIC histogram

view 430 may be displayed individually or along side each other.

12
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[0057] In FIG. 4, FAM calls are indicated by a first indicator 402, VIC calls are indicated by
a second indicator 404, reactions sites including both FAM and VIC signals are indicated by a
third indicator 406, and negative calls are indicator by a fourth indicator 408. The indicators in

some embodiments may be different colors.

[0058] In the example of FIG. 4, chip representation 400 shows that there is several data
points with FAM and VIC signals in area 412 of chip representation 400. Area 412 appears to be
a strip in the center of chip representation 400. Further, most VIC calls appear in areas 410 of
chip representation 400. Area 414 shows several negative calls. In dPCR, the expectation is that
all of these types of calls (positive for VIC, positive for FAM, positive for VIC and FAM, and
negative calls) should be uniformly distributed across the substrate rather than clumped in
various areas as shown in FIG. 4. This way, the user is able to visualize the types of calls and
perhaps come to the conclusion that there is something wrong with this data set. Further, the
user may then look to FAM histogram view 420 and VIC histogram 430 and confirm their
conclusion that there are several errors within this data. The FAM and VIC histogram views 420
and 430 also include a slider button 432, adjustable by the user. The user, when viewing the
display of FIG. 4, may realize that the fluorescence threshold the processor has used to determine
positive and negative calls is not accurate. The user may then adjust the slider button to where
they believe the fluorescence threshold should be and the processor will then recalculate the

results. The slider button 432 is illustrated in FIG. 5.

[0059] With reference back to FIG. 4, slider button 432 on VIC histogram view 430 appears
to be in an incorrect position. The user may select slider button 432 and adjust it to the left so
that the fluorescence threshold to determine positive and negative calls is at a lower fluorescence

level than previously set. FIG. 6 illustrates a more accurate fluorescence threshold.

Scatter plot views

[0060] According to various embodiments of the present teaching, statistical characteristics
of the data can also be shown using a scatter plot. For example, with a scatter plot, quality
values, as well as VIC and FAM fluorescence calls may be visualized. FIG 7 illustrates a chip
representation 700 and a scatter plot 720. Chip representation 700 and scatter plot 720 may be

displayed separately as well as alongside each other.

13
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[0061] Scatter plot 720 has a y-axis that indicates FAM fluorescence value and a x-axis that
indicates VIC fluorescence value. If data from a reaction site indicates no amplification, FAM
and VIC fluorescence should be at a minimal value. As such, the data point will be displayed in
the lower left corner of scatter plot 720. The data point cluster 722 indicates data that may be

determined to be negative calls, or have no amplification for its respective reaction sites.

[0062] If a reaction site had only amplification of the target nucleic acid labeled with the
FAM dye, the fluorescence value of FAM (y-axis) will be present, but the VIC signal (x-axis)
will be minimal. Thus, the data points associated with reaction sites emitting FAM fluorescence
will be displayed in the upper left corner of scatter plot 720. Data cluster 724 indicates data

points associated with reaction sites emitting FAM fluorescence.

[0063] Similarly, if a reaction site had amplification of only the target nucleic acid labeled
with VIC, the FAM fluorescence value (y-axis) will be minimal while the VIC fluorescence
value (x-axis) will be significant. Thus, the data points associated with reaction sites emitting
VIC fluorescence will be displayed in the lower right corner of scatter plot 720. Data cluster 726

indicates data points associated with reaction sites emitting VIC fluorescence.

[0064] If a reaction site contains both the target nucleic acid associated with FAM and the
target nucleic acid associated with VIC, both FAM and VIC fluorescent signals will be
significant. As such, data points associated with reaction sites emitting both FAM and VIC will
be displayed in the upper right corner of scatter plot 720. As such, data cluster 728 indicates data

points associated with reaction sites emitting FAM and VIC fluorescence.

[0065] FIG. 7 also illustrates that the data displayed is above a quality level of 0. A quality
threshold may be changed by the user. FIG. 8 shows data points that have a quality value over
0.38 because the quality threshold 802 has been set at 0.38. Data points below the quality

threshold 802 are removed from chip representation 800 and also scatter plot 820.

[0066] FIG. 9 shows the same data displayed in chip view 800 and scatter plot 8§20, but the
indicator has changed to indicate the positive or negative call of each data point. In FIG. 9, FAM
calls are indicated by a first indicator 902, VIC calls are indicated by a second indicator 904,

reactions sites including both FAM and VIC signals are indicated by a third indicator 906,

14
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negative calls are indicator by a fourth indicator 908, and reaction sites where the call could not
be determined by the processor are indicated by a fifth indicator 910. The indicators in some

embodiments may be different colors.

[0067] Scatter plot 920 has a y-axis that indicates FAM fluorescence value and a x-axis that
indicates VIC fluorescence value. If data from a reaction site indicates no amplification, FAM
and VIC fluorescence should be at a minimal value. As such, the data point will be displayed in
the lower left corner of scatter plot 920. The data point cluster 922 indicates data that may be
determined to be negative calls, or have no amplification for its respective reaction sites. The

data points in data cluster 922 mostly show fourth indicator 908.

[0068] If a reaction site had only amplification of the target nucleic acid labeled with the
FAM dye, the fluorescence value of FAM (y-axis) will be present, but the VIC signal (x-axis)
will be minimal. Thus, the data points associated with reaction sites emitting FAM fluorescence
will be displayed in the upper left corner of scatter plot 920. Data cluster 924 indicates data
points associated with reaction sites emitting FAM fluorescence. The data points in data cluster

924 mostly show first indicator 902.

[0069] Similarly, if a reaction site had amplification of only the target nucleic acid labeled
with VIC, the FAM fluorescence value (y-axis) will be minimal while the VIC fluorescence
value (x-axis) will be significant. Thus, the data points associated with reaction sites emitting
VIC fluorescence will be displayed in the lower right corner of scatter plot 920. Data cluster 926
indicates data points associated with reaction sites emitting VIC fluorescence. The data points in

data cluster 926 mostly show second indicator 904.

[0070] If a reaction site contains both the target nucleic acid associated with FAM and the
target nucleic acid associated with VIC, both FAM and VIC fluorescent signals will be
significant. As such, data points associated with reaction sites emitting both FAM and VIC will
be displayed in the upper right corner of scatter plot 920. As such, data cluster 928 indicates data
points associated with reaction sites emitting FAM and VIC fluorescence. The data points in

data cluster 928 mostly show third indicator 908.
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[0071] A user utilizing scatter plot 920 may be able to determine whether the calls were

assigned correctly.

[0072] FIG. 10 shows color by call where it is clear that calls have been assigned incorrectly.
Each cluster of points in the figure should mostly show one indicator type if calls are assigned
correctly. In cluster 1002, at least two different indicators are prominent. As such, the user may

be able to determine there may be a problem with the data set displayed.

[0073] FIG. 11 also illustrates another scatter plot 1100. Data cluster 1102 and data cluster
1104 both have a significant amount of at least two indicators. A user viewing scatter plot 1100
will be able to determine the calls are not correct or there were errors in the experiment that

generated the data.

[0074] Various embodiments of the present disclosure give a user the ability to quickly spot
anomalies in the data. For example, the user would be alerted that there was a systemic issue
with their experimental procedures if, for example, in FIG. 2, the low quality values were not
distributed throughout the histograms but were localized to one area of chip representation 200
or one area of the histogram views 220 and 230. Similarly, the call distribution as illustrated in
FIG. 3 is not probable without some error in the data or experiment. As such, embodiments of
the present disclosure allow for visualization of a large quantity of data points and allow a user to

determine useful information from the data quickly and easily.

[0075] Further, embodiments of the present disclosure allow a user to view data based on
quality values. In this way, the consequences of rejecting data based on a quality can be

anticipated and quickly observed.

[0076] One downside of viewing a dense two-dimensional scatter plots is that points are
plotted on top of each other. This means points with one value assigned could completely hide
points that have another and incorrect value assigned. FIG. 11 shows a case where there should
be four clusters of clearly separated points, each cluster having a uniform color. The control on
top of the figure provides a mechanism to get around the hidden point problem. In FIG. 11, the
“All” option 1106 is selected. This means all data points are in the foreground and will be

affected by graphical tools used to encircle and override calls assigned to the points.
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[0077] FIG. 12 illustrates the data points displayed if the “No Amp” option 1202 is selected.
Only the points where a negative call, or no amplification of a target nucleic acid, was

determined are displayed.

[0078] FIG. 13 shows the same data where the “FAM” option 1302 is selected. Comparing
FIGS. 12 and 13, it is apparent that many “No Amp” points are hidden in FIG. 12. By bringing
all the “No Amp” points to the foreground, all of them are exposed and are activated for
overriding call assignments using graphical tools. The user can be assured that all points initially
assigned the “No Amp” call have been corrected (once the user has done so). The user would
then continue to select the other calls and correct calls where needed. After moving through all

call types the user can be assured that all calls are correct.

[0079] Methods and systems according to various embodiments may allow a user to quickly
and easily view quality and calls without the time and effort needed to analyze every data point
using other methods. If the user were to only have the option shown in FIG. 11 where the “All”
option is selected, the user would be obligated to encircle each region of points whether or not
there appeared to be incorrect calls in the region and assign the correct call value to that region.
By having the option to only bring to the foreground one call at a time, the user might only need
to perform manual corrections on a small part of the graph. FIG. 13 shows that for the case of

the “FAM” call, only two small areas of points need to be corrected.

[0080] 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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CLAIMS
What is claimed is:

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

generating a first portion of plurality of data points of a first data quality level with a
first indication;

generating a second portion of the plurality of data points of a second data quality
level determined by a quality threshold with a second indication;

displaying the first portion and second portion of the plurality of data points in a
representation of location of where the plurality of data points were obtained;

displaying a histogram along with the representation including the first portion and

the second portion of the plurality of data points.

2. The method of claim 1, wherein the quality threshold is adjusted causing the first

portion and the second portion of the plurality of data points to be adjusted.

3. The method of claim 1, wherein the first indication is one color, and the second

indication is a second color.

4. The method of claim 1, wherein the first data quality level and second data quality

level each comprises a range of data quality values.

5. The method of claim 1, wherein the plurality of data points represent fluorescent

emissions from a plurality of reaction sites in a substrate.

6. The method of claim 5, wherein the fluorescent emission indicate positive or

negative amplification of a target nucleic acid.

7. The method of claim 1, wherein the histogram displays the number of data points

binned by fluorescent emission values.

8. A system for generating a data visualization, the system comprising:
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a memory; and

a processor for:

generating a first portion of plurality of data points of a first data quality level with a
first indication;

generating a second portion of the plurality of data points of a second data quality
level determined by a quality threshold with a second indication;

displaying the first portion and second portion of the plurality of data points in a
representation of location of where the plurality of data points were obtained;

displaying a histogram along with the representation including the first portion and

the second portion of the plurality of data points.

9. The system of claim 8, wherein the quality threshold is adjusted causing the first

portion and the second portion of the plurality of data points to be adjusted.

10. The system of claim 8, wherein the first indication is one color, and the second

indication is a second color.

11. The system of claim 8, wherein the first data quality level and second data quality

level each comprises a range of data quality values.

12. The system of claim 8, wherein the plurality of data points represent fluorescent

emissions from a plurality of reaction sites in a substrate.

13. The system of claim 12, wherein the fluorescent emission indicate positive or

negative amplification of a target nucleic acid.

14. The system of claim 8, wherein the histogram displays the number of data points

binned by fluorescent emission values.

15. A computer-readable storage medium encoded with instructions, executable by a
processor, for generating a data visualization, the instructions including instructions for:
generating a first portion of plurality of data points of a first data quality level with a

first indication;
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generating a second portion of the plurality of data points of a second data quality
level determined by a quality threshold with a second indication;

displaying the first portion and second portion of the plurality of data points in a
representation of location of where the plurality of data points were obtained;

displaying a histogram along with the representation including the first portion and

the second portion of the plurality of data points.

16. The computer-readable storage medium of claim 15, wherein the quality threshold
is adjusted causing the first portion and the second portion of the plurality of data points to be

adjusted.

17. The computer-readable storage medium of claim 15, wherein the first indication is

one color, and the second indication is a second color.

18. The computer-readable storage medium of claim 15, wherein the first data quality

level and second data quality level each comprises a range of data quality values.

19. The computer-readable storage medium of claim 15, wherein the plurality of data

points represent fluorescent emissions from a plurality of reaction sites in a substrate.

20. The computer-readable storage medium of claim 19, wherein the fluorescent

emission indicate positive or negative amplification of a target nucleic acid.

21. The computer-readable storage medium of claim 15, wherein the histogram

displays the number of data points binned by fluorescent emission values.

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

receiving a plurality of data points related to fluorescent emissions values from a
plurality of reaction sites, wherein the fluorescent emission values include information for a first
type of dye and a second type of dye;

displaying a first portion of the plurality of data points related to the first type of dye
in a representation of location of the plurality of reaction sites;

displaying a second portion of the plurality of data points related to the second type of

dye in the representation;
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displaying the first portion of the plurality of data points in a scatter plot display,
wherein the scatter plot shows fluorescent values related to the first dye on the y-axis and
fluorescent values related to the second dye on the x-axis; and

displaying the second portion of the plurality of date points in the scatter plot display.

23. The method of claim 22, wherein a presence of fluorescent emissions from the
first type of dye indicate amplification of a first target nucleic acid, and a presence fluorescent

emission from the second type of dye indication amplification of a second target nucleic acid.

24. The method of claim 23, further comprising displaying a third portion of the
plurality of data points related to detection of the first type of dye and the second type of dye,
wherein data points related to the first type of dye and the second type of dye indicate

amplification of the first target nucleic acid and the second target nucleic acid.

25. A system for generating a data visualization, the system comprising:

a memory; and

a processor for:

receiving a plurality of data points related to fluorescent emissions values from a
plurality of reaction sites, wherein the fluorescent emission values include information for a first
type of dye and a second type of dye;

displaying a first portion of the plurality of data points related to the first type of dye
in a representation of location of the plurality of reaction sites;

displaying a second portion of the plurality of data points related to the second type of
dye in the representation;

displaying the first portion of the plurality of data points in a scatter plot display,
wherein the scatter plot shows fluorescent values related to the first dye on the y-axis and
fluorescent values related to the second dye on the x-axis; and

displaying the second portion of the plurality of date points in the scatter plot display.

26. The system of claim 25, wherein a presence of fluorescent emissions from the
first type of dye indicate amplification of a first target nucleic acid, and a presence fluorescent

emission from the second type of dye indication amplification of a second target nucleic acid.
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27. The system of claim 26, further comprising displaying a third portion of the
plurality of data points related to detection of the first type of dye and the second type of dye,
wherein data points related to the first type of dye and the second type of dye indicate

amplification of the first target nucleic acid and the second target nucleic acid.

28. A computer-readable storage medium encoded with instructions, executable by a
processor, for generating a data visualization, the instructions including instructions for:

receiving a plurality of data points related to fluorescent emissions values from a
plurality of reaction sites, wherein the fluorescent emission values include information for a first
type of dye and a second type of dye;

displaying a first portion of the plurality of data points related to the first type of dye
in a representation of location of the plurality of reaction sites;

displaying a second portion of the plurality of data points related to the second type of
dye in the representation;

displaying the first portion of the plurality of data points in a scatter plot display,
wherein the scatter plot shows fluorescent values related to the first dye on the y-axis and
fluorescent values related to the second dye on the x-axis; and

displaying the second portion of the plurality of date points in the scatter plot display.

29. The computer-readable storage medium of claim 28, wherein a presence of
fluorescent emissions from the first type of dye indicate amplification of a first target nucleic
acid, and a presence fluorescent emission from the second type of dye indication amplification of

a second target nucleic acid.

30. The computer-readable storage medium of claim 29, further comprising

instructions for:

displaying a third portion of the plurality of data points related to detection of the first
type of dye and the second type of dye, wherein data points related to the first type of dye and
the second type of dye indicate amplification of the first target nucleic acid and the second target

nucleic acid.
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