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COMPUTER-IMPLEMENTED LIQUID-HANDLER PROTOCOL

CLAIM OF PRIORITY
8001} This patent application claims the benefit of priority to U.S.
Provisional Application Serial No. 62/949,169, filed December 17, 2019, which

is incorporated by reference herein in its entirety.

TECHNICAL FIELD
[6602] Embodiments pertain to liquid bandlers. Some embodiments

relate to computer-implemented liquid-handler protocol(s).

BACKGROUND
16603] Handling liquids in a laboratory is typically an error-prone and
inefficient process, as lab operators might make mistakes in implementing
protocols. Techniques for reducing errors and increasing efficiency in

performing liquid-handler protocol(s) may be desirable.

BRIEF BESCRIPTION OF THE DRAWINGS
10004} FIG. 1illustrates an example system in which a liguid-handler
protocol may be implemented, in accordance with some embodiments.
8005} FIG. 2 illustrates an example data flow diagram for a computer-
implemented liquid-handler protocol, in accordance with some embodiments.
{6006} FIG. 3 is a flow chart illustrating an example method for
performing a computer-implemented liquid-handier protocol, in accordance with
some embodiments.
{6087} FIG. 4 illustrates an example high-level workflow for sequencing
saraples, in accordance with some embodiments.
{8008} FIG. 5 llustrates an example data flow for application and
configuration management, in accordance with some embodiments.
[6069] FI1G. 6 llustrates an example graphical user interface for

managing an application, in accordance with some embodiments.
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{8010} FIG. 7 is a diagram of a reagent kit protocol’s table of contents,
the corresponding protocol text, and the display of the options, in accordance
with some embodiments.

{6011} FiG. 815 a block diagram of a computing machine, in accordance

with some embodiments.

SUMMARY
[6012) The present disclosure generaliy relates to a computer-
implemented liquid handler protocol.
{6013} According to some aspects of the technology described herein, a
computer-implemented method comprises storing, in a memory, a set of
laboratory applications for usage on a batch of samples. The method comprises
storing, in a memory, a set of laboratory applications to process batches of
saroples. The method comprises receiving, from a first lab admnistrator client
device associated with a first laboratory, a selection of a first subset of the
taboratory applications to process the batches of samples in the first laboratory
and an admin configuration for at feast one laboratory application in the first
subset for use in the first laboratory. The method comprises receiving, via a web
software platform, one or more configurations of one or more batches to be used
for running at least a portion of the first subset of laboratory applications
configured according to the adrin configuration. The ruethod comprises
recetving, from a first scientific device in the first laboratory, a request to run a
laboratory application from the first subset to process a batch, wherein the first
scientific device is selected, by a user, from one or more scientific devices in the
first laboratory. The method comprises providing, in response to the request, one
or more laboratory applications from the first subset that are capable of being
executed using the first scientific device. The method coraprises receiving, from
the first scientific device, a selected laboratory application from the one or more
laboratory applications. The method comprises transmitting, to the first scientific
device, a control signal for executing a first past of the selected laboratory
application to process the batch in accordance with the admin configuration. The

method comprises receiving, from the first scientific device, a result signal
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indicating whether executing at least the first part of the selectied laboratory
application to process the batch was successtul.
16014] Other aspects include a machine-readable medium storing
instructions to perform the above method and & system comprising processing

5 circuitry and mewory, the memory storing nstructions which, when executed by
the processing circuitry, cause the processing circuitry to perform the above

method.

DETAILED DESCRIPTION

0 {0015] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Gther
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be incladed iny, or
substituted for, those of other embodiments. Embodiments set forth in the claims

15 encompass all available equivalents of those claims.

[8016] As discussed above, handling Hquids tn a laboratory 1s typically
an error-prone and inefficient process, as lab operators might make mistakes in
implementing protocols at scientific devices. Techuiques for reducing errors and
increasing efficiency in performing protocol(s}) at scientific device(s) (e.g.,

20 lHquid-handler protocol(s)) may be desirable. Some aspects are directed to
computer-implemented techuiques for performing protocol(s) at scientific
device(s}). These techniques might, in some cases, reduce human error or
increase efficiency.

{6017} FiG. 1 llustrates an example system 100 in which a liquid-

25  handler protocol may be implemented, in accordance with some embodiments.
As shown, the system 100 includes a cloud server 102 and a first laboratory 104
[6018] The first laboratory 104 may be one of multiple laboratories that
implement some embodiments described herein. As shown, the first laboratory
104 includes a lab admin (administrator) client device 106 and one or more

30 scientific devices 10& 1-n (where n is a positive integer). The scientific devices
108 1-n may include, for example, scientific or laboratory instruments. In some
embodiments, any laboratory equipment that processes sarple(s) or baich{es) of

liquid may be a scientific device. Each scientific device 108 k (where k is a
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positive integer between 1 and n) includes an embedded or attached computer.
The embedded or attached computer comprises at least processing circuitry,
memory, and a network interface for communicating {e.g., with the cloud server
102} over a network 110, The embedded or attached computer may be capable of
running laboratory application(s), which process baich{es) of sample{s} at the
scientific device. The lab admin client device 106 may be, for example, a laptop
computer, a desktop computer, a mobile phoue, a tablet computer, a sroart
watch, a digital music player, a personal digital assistant (PDNA), and the like. As
shown, the network 110 connects the cloud server 102, the fab admin client
device 106, and the scientific devices 108.1-n to allow for communication
between those machines.

j6019] The network 110 may include one or more of the internet, an
intranet, a iocal area network, a wide area network, a wired network, a wireless
network, a virtual private network, and the like. In addition, the fab admin chent
device 106 and the scientific devices 108 1-n may be capable of communicating
with one another over an internal network (or other communication system) of
the first laboratory 104.

{6620} The cloud server 102 may include any server with processing
circuitry, a memory, and a network interface for communicating over the
network 110. The cloud server 102 may include a single server or multiple
servers {e.g., a server farm). The cloud server 102 may include one or more
memory units, which may be implemented as a data repository {e.g., a database
or other data storage unit). The one or more memory units may include a cache
unit, a long-term storage unit, and the like.

0021} According to some embodiments, the cloud server 102 stores, in
memory, a set of laboratory applications to process batches of samples. (As used
herein, a batch of saroples may toclude, among other things, a group of one ot
more samples that are processed using the same protocol / laboratory application
at the same time and on the same scientific device or set of devices. The same
time may include, among other things, the exact same time or a time difference
{e.g., one second, one minute, one hour, etc.) caused by hardware-related or
other processing delays. The phrases “batch of sarples” and “same time” also

encompass their plain and ordinary meanings.} The cloud server 102 receives,
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from the lab administrator client device 106 associated with the first [aboratory
104, a selection of a first subset of the laboratory applications to process the
batches of samples in the first laboratory 104 {which may be a subset of the
batches of samples stored in memory) and an administrator {admin)
coufiguration for at Jeast one laboratory application in the first subset for use in
the first laboratory 104. The cloud server 102 receives, via a web software
platform and from the lab administrator client device 106 or from a lab operator
client device associated with the first laboratory 104, one or more configurations
of one or more batches (e.g., batch configurations) for running at least a portion
of the first subset of Iaboratory applications configured according to the admin
configuration. The cloud server 102 receives, from a first scientific device 1081
{e.g., any one of the scientific devices 180.1-n) in the first laboratory, a request
to run a laboratory application from the first subset to process a batch of samples
{e.g, from among the batches of samples), wherein the first scientific device
108.1 is selected, by a user {e.g., a laboratory operator), from one or more
scientitic devices 108 1-n in the first laboratory 104, The cloud server 102
provides, in response to the request, the one or more laboratory applications
from the first subset that are capable of being executed using the first scientific
device 108.1. The cloud server 102 receives, from the first scientific device
108.1, a selected laboratory application to process the batch from the one or
more laboratory applications. The cloud server 102 transmiis, to the first
scientific device 108.1, a control signal for executing a first part of the selected
laboratory application in accordance with the admin configuration. The first part
may include a single part or multiple parts. The cloud server 102 receives, from
the first scientific device 108.1, a result signal indicating whether executing at
teast the first part of the selected laboratory application to process the batch was
successful.

8022} As used herein, the phrase “batch configuration” or
“configuration(s) of batch(es)” encompasses its plain and ordinary meaning. For
exampie, a batch configuration may include electronic data for a batch of
samples.

{8023} As used herein, the phrase “laboratory application” encompasses

its plain and ordinary meaning. For example, a laboratory application may

(4]
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include a set of software or hardware instructions for processing a batch on a
scientitic device. A laboratory application may run or execute on a scientific
device {e.g., scieniific device 108k, where k is a number between 1 and n}. A
taboratory application may include one or more protocols.

[0024] In accordance with some embodiments, a sample is a part of a
batch. A batch is a group of one or more samples. A batch configuration contains
electronic or digital data for a batch. A laboratory application processes baiches
and runs on a scientific device {e.g., scientific device 108 k). A laboratory
application includes one or more protocols.

j8025] FIG. 2 illustrates an example data flow diagram for a computer-
implemented liquid-handler protocol 200, in accordance with some
embodiments. As shown, the protocol 200 is implemented with the cloud server
102, the lab admin client device 106 and the first scientific device 108.1.

{6026} At block 202, the cloud server 102 stores a set of laboratory
applications {lab apps) to processes batches of samples at scientific devices (e.g.,
scientific devices 108 1-n). The set of laboratory applications may be stored in
the memory of the cloud server 102 or in a data repository {e.g., database or
other data storage unit) in communication with the cloud server 102. The
memory of the cloud server may tnclude this data repository.

18027} At blocks 204.1-2, the cloud server 102 receives, from the lab
admin clieot device 106, a selection of a first subset of the laboratory
applications (block 204.1) to process on batches of samples in the first
faboratory 104 and an admin configuration (block 204.2) for at least oune
laboratory application in the first subset for use in the first laboratory 104, In
some cases, the cloud server 102 sets a production status of at least one
taboratory application to in-production based on indications from the laboratory
administrator client device 106 as part of the admin configuration. Laboratory
applications that are in-production are accessible to both the lab administrator
and lab operators. Laboratory applications that are not in-production are
accessible to the lab administrator and not accessible to lab operators.

[6028] At block 206, the cloud server 102 receives, from the {ab admin
client device 106 {or, alternatively, from a lab operator client device associated

with the first laboratory 104), one or more configurations of one or more batches
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{batch config) for running in accordance with the first subset of laboratory
applications. The batch config{s) may be received via a web software platform.
The one or more configurations of the one or more batches may include
electronic data related to the one or more batches that is requested by the
faboratory applications to process the batches. The web software platform may
be accessible, from the lab admin client device 106 or the lab operator client
device, via a webpage.

[6029] At block 208, the cloud server 102 receives, from the first
scientific device 108.1, a request to run a laboratory application to process a
batch. In some cases, the request to run the laboratory application to process the
batch includes, possibly among other things, a scan {e.g., with a camera) of a
contaiver of a sample from the batch. The cloud server 102 and/or the first
scientific device 108.1 may identify the sample based on the scan. Identifying
the sample may wnclude applying optical character recognition (OCR) to at least
a portion of the scan.

8030} At block 210, the cloud server 102 provides to the first scientific
device 108.1, in response to the request, the laboratory applications that are
capable of execution at the first scientific device 108.1.

{8031} At block 212, the cloud server 102 receives, from the first
scientific device 108.1, a selection of a laboratory application from the one or
more laboratory applications that are capable of execution at the first scientific
device 108.1.

{8032} At block 214, the cloud server 102 transmits, to the first scientific
device, a control signal for executing a first part of the selected laboratory
application to process the batch tn accordance with the admin configuration. Io
some cases, the cloud server 102 also receives {e.g., as part of or in conjunction
with block 206), from a [ab operator client device, an operator configuration for
the selected batch. The control signal is for executing the first part of the
selected laboratory application in accordance with the admin configuration and
the operator configuration.

{6033} At block 216, the cloud server 102 receives, from the first

scientific device 108.1, a result signal indicating whether executing at feast the
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first part of the selected laboratory application 1o process the batch was
successful.
16034] In some cases, the result signal indicates that the executing the
first part of the selected laboratory application to process the batch was
5 successful. The cloud server 102 transmits another control signal for running a

second part of the selected laboratory application to process the batch at a
second scientific device 108.2 different from the firsi scientific device 108 1.
The second scientific device 108.2 is selected, by the user, from the scientific
device(s) 108.1-n in the first laboratory 104. At least one laboratory application,

10 stored at the cloud server 102 at block 202, includes an indication of the first part
and the second part.
[0035] In some cases, the cloud server 102 determines if an additional
run is necessary based on both the laboratory application stored at the cloud
server 102 and the configuration for the batch provided by the lab operator at

15 block 206, Communicating the change in status of the batch to the lab operator
may be done via the web application the lab operator accesses from the lab
operator client device. The sequence of events from block 206 through block
216 may be repeated for subsequent runs. It repeats starting back with 206
because in some embodiments the lab operator might be reguired to provide

20 additional batch configuration(s) for the next run.
{08036} In some embodiments, upon completion of the selected baich, the
cloud server 102 receives a result of the selected batch. The result may be
received from the first scientific device 108.1 or from the user (e.g., via the lab
operator client device) while the first scientific device is oftline). The cloud

25 server 102 determines whether the result falls within a predefined range. The
cloud server 102 provides, to the lab operator client device, the result of the
sefected baich and an indication whether the result falls within the predefined
range.
8037} In some cases, the first scientific device 108.1 determines, upon

30 completing execution of the first part of the selected batch, whether the first
scientific device 108.1 is connected to the network 110, If the first scientific
device 108.1 is connected to the cloud server 102 via the network 110, the first

scientific device 108.1 transmits the result signal to the cloud server 102, If the

8
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first scientific device 108 1 is not connected to the cloud server 102, the first
scientific device 108.1 pertodically pings the cloud server 102 to determine
whether the first scientific device 108.1 has reestablished network connectivity
to the cloud server 102, Upon reestablishing network connectivity to the cloud
server 102, the first scientific device 108.1 transmits the result signal to the
cloud server 102

[0038] In some cases, the set of laboratory applications stored at the
cloud server 102 at block 202 includes applications for multiple different
taboratories. The cloud server 102 may receive from a second lab administrator
client device associated with a second laboratory, a selection of a second subset
of the selected laboratory applications a second admin configuration for at least
one laboratory application in the second subset for use in the second laboratory.
The second subset is different from the first subset. The second admin
configuration is different from the admin configuration received from the lab
admin client device 106,

{8039] FIG. 3 is a flow chart illustrating an example method 300 for
performing a computer-implemented liguid-handler protocol, in accordance with
some embodiments.

8040} At operation 302, one or more servers {e.g., cloud server 102)
store, in memory (e.g., a data repository coupled to the one or more servers), a
set of laboratory applications to process batches of samples.

{6041} At operation 304, the one or more servers receive, from a first lab
administrator client device {e.g., lab admin client device 106) associated with a
first laboratory {e.g., first laboratory 104), a selection of a first subset of the
faboratory applications to process batches of samples in the first laboratory and
an admin configuration for at least one laboratory application in the first subset
for use in the first laboratory.

{0042} At operation 306, the one or more servers receive, via a web
software platform (e g., a webpage accessible from the lab admin client device
106 or another computing device)}, one or more configurations of one or more
batches for running at least a portion of the first subset of laboratory applications

configured according to the admin configuration.
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{8043} At operation 308, the one or more servers receive, from a first
scientitic device {e.g., scientific device 108.1) in the first laboratory, a request to
run a laboratory application to process a batch. The first scientific device is
selected, by a user, from one or more scientific devices in the first laboratory.
[0844] At operation 310, the one or more servers provide, in tesponse to
the request, one or more laboratory applications from the first subset that are
capable of being executed using the first scientific device.

{6045] At operation 312, the one or more servers recetve, from the first
scientific device, a selected laboratory application from the one or more
laboratory applications to process the batch by executing the selected laboratory
application at the first scientific device.

{6846] At operation 314, the one or more servers fransmit, {o the first
scientific device, a control signal for executing a first part of the selected
faboratory applicaiton in accordance with the admin configuration.

8047} At operation 316, the one or more servers receive, from the first
scientitic device, a result signal indicating whether executing at least the first
part of the selected laboratory application to process the batch was successful.
[6048] As described above, the operations 302-316 of the method 300
are performed in the given order and in sertes. However, in alternative
embodiments, the operations may be performed in any order. In some cases, two
or more operations may be performed in parallel. Furthermore, one or more
operations may be added to the operations 302-316 and/or one or more
operations may be removed or replaced with other operations.

{8049} Some embediments are directed to one or more of the following
workflows. In one workflow, a computer tracks the batch of samples (by
receiving and storing electronic data related to the batch of samples) from
begtouing 10 end of processing with an admin~configured application. This is the
sample aliquot case that sometimes generates an archived sample. In another
workflow, execution of a laboratory application on a baich of samples is started
in the middie of an admin-configured laboratory application because the lab
operator is starting with an archived sample (from the batch) that has previously

been partially processed.

10
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{8050} For some next generation sequencing (NGS) kits, part of library
construction involves using a small aliquot of a relatively large amount of
partially prepared sample. The unused portion remaining is no longer used in the
library construction workflow for the kit. This idea may be called “split stock™ as
it splits the inttial stock of sample into two parts — one that coutinues through the
workflow and one that does not {potentially being saved for later use}. For ease
of description, some aspects refer to the unused portion of partially prepared
sample that gets saved the “archived sample” and the aliquot that continues
through the workflow the “sample aliquot”

{8051 One problem has two parts. For storage, during the process, the
archived sample may be put somewhere on the system and then later removed
from the system for storage. For future use, the archived sample way be used
again in the future. This would mean picking up with the workflow mid-process
and then continuing with the remaining steps of the workflow.

8032} Storage may be addressed by having extra labware for storage on
the system. This should be done on a cooled storage location to help preserve the
archived sample. However, many systems do not have space and therefore do
not have extra labware and/or do not have exira storage locations that are cooled.
In many cases this may lead to simply discarding the archived sample instead of
saving it.

[B053] From a workflow perspective, users (e.g., lab operators) may
want to remove the extra labware with the archived sample at various times,
either immediately, at a set time during the run, or at the end of the run. The
choice of when to remove it may depend on user preference, lab policy, or the
instructions for use for the kit

{6054} Future use may involve reintroducing the archived sample in the
middle of the workflow. Without direct support, within the software or
hardware, for reintroducing the archived sample midway through a workflow,
users might manually process them. Open systems {general purpose liquid
handlers} provide another option by allowing for custom programming to
provide a workaround.

[B055] Unline storage of archived sample occupies valuable real estate

on the scientific device. Prompting the user to remove the archived sample

i
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breaks the unattended workflow of the automation system, causing a user to be
present at the right time to manually intervene. Having choices for when to
remove the archived sample from the system presents added complexity to the
software. Therefore, it might be cheaper and easier for the archived sample to be
5 discarded, so it is lost/wasted.

j8056] Without direct support for reintroducing an archived sample
midway through a workflow, users {e.g., lab operators) might manually process
any stored samples that is to be processed later. This negates some of the benefit
of having automation. The workaround of custom programming on open systems

10 is complex, time consuming, and expensive to implement. It can also be difficult
to understand, leading to errors.
{0057 According to some embodiments, the concept for solving the
problem with split stock is threefold: (i} automate the storage of archived
saraple, (1) allow for customized retrieval of archived sample, and (111} allow

15 reintroduction of archived sample.
8058} Automating storage includes making space available on the
system for the additional {abware (including a lid). It also includes providing a
cooled location to store the archived sample after the split.
{8059} Allowing the customer to decide when to retrieve the archived

20 sample includes user interaction pre-run to determine the desired retrieval time.
1t also includes providing notification of when retrieval is useful (after the split,
at a user-specitied time during the run, or at the end of the run).
{8060} To allow reintroduction of archived sample, the software is
designed to allow for picking up after the split, but using the archived sample

25  instead of the original sample aliguot This includes the user interface to allow
the user to understand how to reintroduce a sample via an archived sample. It
also inchudes the automation and data handling activities for creating a new
sample aliquot from an archived sample. Some aspects of the technology
disclosed herein allow for starting a workflow with an archived sample at an

30 appropriate location in the workflow.
[6061] One approach to on-system cold storage includes having one
option for split stock being that of the user immediately removing the archived

sample {prompted by the software). If this option is not chosen, then the

12
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archived sample may be discarded to waste. This approach frees up space
otherwise oceupied by the archived sample. Another approach includes having a
“cold block™ placed on an otherwise room-temperature location by the user at
the beginning of the run. Use this “cold block”™ to temporarily store the archived
sarople until the user removes it. This option could still support allowing for a
user-configured removal time.

{06062} Another possible roechanism for handling reintroduction of
archived sample s to have at least two techniques available to the user. The first
would be the end-to-end workflow that would generate the archived sample. The
second would be an application to start from the archived sample and continue
with the rest of the workflow. This may be ecasier to implement and easier to
understand than the approach of allowing the user to pick a midpoint at which to
start.

10063] FIG. 4 illustrates an example high-level workflow 400 for
sequencing samples, in accordance with some embodiments.

{3064} In accordance with the workflow 400, nucleic acid {e.g, DNA or
RINAY 406, extracted via an extraction 404 from sample(s) 402, is turned into a
tibrary 410 as a result of the library construction 408 process. As part of this
process index adapters, either cne or two depending on the sequencing
compatibility with the various sequencers and for result identification in the later
data analysis. The libraries 410 from multiple samples 402 are pooled 412
together into the same input vessel well {pooled library 414) and put onto the
sequencer 416. This pooling 412 allows the expensive and time-consuming
sequencing operation o be multiplexed. The sequencer 416 returns the sequence
data 418 for the pooled library 414. Bicinformatics 420 is then used to separate
the data into results 422 for each sample 402.

16665] When beginning the library construction 408 process, the scientist
may have a strategy for what index adapters to add to each sample. This index
adapter may be unique amongst the other samples in the library pool 414, The
scientist may later program the sample identifier (ID)} and index information for
sach sarople, along with additional sequencer specific tnputs, into the sequencer.

This information is then packaged into the sequencing data output and used by
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bioinformaticians to identify samples within the resulting data. In some
embodiments, one problem being solved is minimizing the number of times the
scientist associates the sample H2 with index information to reduce the chance
for sample result mix-up.

5 (0666} Some erobodiments perform the library construction 408 and
peoling 412 sections of the worktlow 400 outlined above. To enable
embodiment(s) to perform these steps, the user inputs the sample 1D, index
adapter selection, and which samples to podl together. The embodiment(s) use
this to prepare the libraries with the proper indexes and later pool them together.

10 j6067] In some embodiments, a computing machine has access to the
sampie ID, index, and pooling information, the techunical feature is to use this
information to generate a file cutput that can be directly input into a sequencer.
The sequencer requires this data {and more) to setup a sequencing run. This
computing machine feature eliminates rework of keying in information, but

15 more importantly eliminates errors that could occur during that rework. The user
inputs the remaining sequencing specific parameters into the sequencer. The
generated file may be delimited plain text. In some aspects, the computing
machine may integrate seamlessly with sequencing platforsus.

0068] Some aspects automate library construction 408 of the workflow

20 400. Library construction reagent kits may come with protocols, a series of
instructions on how to use the chemistry to properly process samples,
Implementing a new protocol in a lab might include protocol modifications.
Protocols modifications can be driven by sample type, quantity, and quality {e.g.
vary number of PCR cycles) as well as lab environmental differences (e.g. vary

25 cleanup dry fimes).

{6069} In a clinical setting, once a lab finds the right set of protocol
modifications and proves that the optimal results are achieved using them, the
protocol and its modifications are written inio a standard operating procedure
(SOP). This process is called validation. Clinical samples are expected to be run

30 using the validated SOP. Research users, depending on their process rigor, may
have a similar process. Problems may include: (1) bundling protocol
modifications together into a standard way of processing, and (2) ensuring that

samples are processed according to the standard.
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{6876} Some aspects are designed specifically with NGS in mind. In
some cases, the automated applications, stored in the memory of the cloud server
102, are authored by a ceniralized developer. Lab admins create (via lab admin
client device 106) application configurations — a series of parameters that are
passed to into the application for execution on the scientific device. Once the lab
admin has proven that an application configuration is working well, the
application configuration is marked for production use by lab operators, who
operate the scientific devices 108.1-n. The notion of bundling parameters
together into an application configuration may be implemented. A developer
may include any entity or entities that author laboratory application{s} for
storage, for example, a software developer, a scientist, a systems engineer or a
group or business associated with one or more of the above. The term
“developer” also encompasses its plain and ordinary meaning.

{6071} Some embodiments include a permission systern with the roles of
administrator and operator. An administrator maps to the lab admin client device
106. An operator or lab technician operates the scientific devices 108 1-n. The
lab administrator installs new applications and creates application
configurations. Once the administrator validates a library construction process
on the cloud server 102, the application configuration is marked for production
use within the laboratory {e.g. the first laboratory 104). Gperators can run
application configurations that have been marked for production use by an
administrator. In some embodiments, operators cannot edit application
configurations.

8072} FiG. 5 llustrates an example data flow 500 for application and
configuration management, 10 accordance with sorme embodiments.

{6873) As shown in FIG. 5, a developer 502 installs applications,
tncluding the application 504 {e.g., at the cloud server 102). The application is
accessible to lab administrators (Iab admins). The lab admin(s}) create and edit
application (app} configuration 506 for the application 504. The lab admin(s) run
app configuration on samples, causing batch configuration and run 508, The lab
admin(s) then evaluate the results and tweak the app configuration 506 based on
the results. This causes a validated app configuration 510, which is accessible to

both lab admin{s)} and operators in the laboratory {e.g., first laboratory 104).
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{8074} FIG. 6 illustrates an example graphical user interface {GUT) 600
for managing an application, in accordance with some embodiments. The GUIT
600 may be presented at the fab admin client device 106, FIG. 6 shows the
prototype GUI 600 with one application, ABC Application | installed. The
5 adwministrator Abe Lincoln is logged in. There are three application

configurations, each that work on different sample types (FFPE, Fresh Frozen).
The example shows two of the application configurations are validated. This
means that a lab operator could run ABC FFPE or ABC Fresh Frozen.
[6075] Reagent kits may come with protocols, a series of instructions on

10 how to use the chemistry to properly process samples. The protocols are
designed for manual pipetting with typical lab equiprment. Lab administrators
and operators understand these protocols intimately and use them daily to drive
library construction manual processing. Labs may vary from the protocols (e.g.
vary PCR cycles) depending on the sample type, quauntity, and quality as well as

15 lab environmental differences (e.g. vary cleanup dry times).
18076} Wheun a reagent kit is automated onto a liquid handler, the
mapping of manual protocol step to automation step may be difficult to trace.
This problem is exacerbated when a lab administrator or operator wanis to vary
processing from what is prescribed in the reagent kit protocol, and thus what is

20 written in the correlated automation steps. This is something easily managed
during manual processing, but harder to manage on an automated system.
{6077} Enabling the lab administrators or operators to know which
automated liquid handler options to change and how to change them is one
problem that is solved by some embodiments of the technology disclosed herein.

25 j6078] In some cases, the automation methods are authored by a given
developer for scientific laboratories. Lab administrators are able to edit
parameters of the automated methods that the developer authors. Once edited
and configured to their liking, lab administrators may restrict parameters
available for use by lab operators.

30 {667Y) To edit parameters, the lab administrator: (1} navigates tc the
cloud software, {2} selects the application, (3) creates an application
configuration, {4) modifies parameters and runs, {5} iteraies on operation 4 until

satisfied, and (6} marks an application configuration as in-production.
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{8080} Some aspects provide a user interface (U1) that allows lab
administrators to edit parameters. The Ul is displayed in a way that solves the
problem of correlating the liquid handler program into a display format with
which the user is familiar. Some aspecis present the parameters in direct
correlation to the reagent kit’s protocol. It allows labs to easily scale up from the
bench without becoming automation experts.

(0081} FIG. 7 is a diagram 700 of a reagent kit protocol’s table of
comtients, the corresponding protocol text, and the display of the options, in
accordance with some embodiments, This approach makes it easy for the lab
administrator to affect the robotic operation in a manner that is familiar. FIG. 7
represents only some embodiments and alternative embodiments could be used
that are simpler than the ove illustrated in FIG. 7.

{6082} Part of library construction is normalization of samples.
Normalization entails adding the correct amount of a diluent to each sample so
that the resulting samples are all the same concentration. This is based on data
coliected from analyzing an aliguot of each sample using a quantification device
{such as a Tape Station). Calculations are then done to determine the amount of
diluent to add to each sample so that the resulting samples all end up with the
same target concentration.

8083} The problem is that during the normalization process, errors can
oceur while entering quantification data and when calculating normalization
values. When these errors occur, the errors may not be recognized until after the
samples are sequenced, which wasies reagents, samples, and time,

{8084} An automation system: could track data entered into the system
for normalization and could also allow for annotations to be added. Storing this
data in a digital format (such as files or database entries) would enable the ability
to search through data and annotations looking for patterns. This searching could
be simple “find” functionality or could be extended to include automated pattern
recognition, neural net training, or any of a variety of data mining techuiques.
[6085) Data logging is a well-known and understood feature of some
automation platforms. Searching via various mechanisms is also a well-known

and understood staple of computer science. The vovel item here is the
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application of these to a domain where nothing currently exists in a persisted
digital form.
16086] Electronic lab notebooks have been used for the above. Electronic
tab notebooks may be used with integration with the automation system or
5 duplicate manual entry of the same data entered 1uto the automation system.

{0087} In some cases, sequencing results 422 are dependent on the
quality of their input libraries 410. There are places in the library construction
workflow where the quality and quantity of nucleic acid is tested (referred to as
“QC” or “guant/qual”). Library construction kits may provide some guidance on

10 what constitutes a “good” sample, and some labs may provide their own criteria
that 1s used to assess sample quality. If a sample does not meet the criteria, the
lab operator may choose not to continue the sample on to sequencing, with the
approval of the lab administrator.
{0088} Additionally, during the pooling operation 412, if two samples

15 with the same indices are assigned to the same pool, then their sequencing data
is not able to be separated from each other at the end of sequencing. In both of
these scenarios, the lab operator may be aware that there is a potential problem
s0 that he/she can make an informed decision about how to continue,
{8089} In QC value flagging, a library construction kit automated onto

20 the cloud server 102 may be referred to as an application. A lab (e.g,, first
laboratory 104) may create multiple application configurations from each
application and run multiple batches of samples for each application
configuration. In some aspects, the developer defines default flagging “rules” at
the application level, based on the written guidelines provided by the kit

25  manufacturer. The Jaboratory administrator may then define additional rules at
the application configuration level using the lab admin client device 106.
[6090] In some cases, the lab operator user enters data from the QC
devices into the cloud software {e.g., via a webpage accessed from a computing
machine} at appropriate times during the execution of the library construction

30 process for a batch of samples, including (but not limited to) before
normalization, after fragrmentation, and during library validation in advance of
fival normalization and pooling. Auy time that the data entry screen is shown,

the values are checked against the rules, and any values that do not meet the
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rules are visually highlighted. This may also include a tooltip or other indication
of which rule has been violated. A violation of one or more rules may cause the
value to be highlighted.

{6091} The format of a rule is the name of the parameter being checked
{e.g. “concentration,” “size” or auy other parameter the lab operator chooses to
check), a numeric value to compare against, and a mathematical comparison
operator. For example, a rule may check that the “size” is greater than 250. A
second rule may check that the “size” is less than or equal to 450, This would
result in flagging anv size values 250 or below and flagging any size values
greater than 450.

10092 The lab administrator, via the lab admin client device 106, may
create rules on any parameter that has a numerical value. The lab administrator
may also define new numeric parameters. For example, if the lab administrator
defives a rule on a parameter called “My QC Parameter,” the data entry screen
may be updated to include the ability to enter values for “My QC Parameter”
8093} Mathematical operators acceptable for use in defining rules
include but are not limited to less than, less than or equal to, greater than, greater
than or equal to, equals, and not equals. As numeric values are involved, equality
comparison may be carried out to a specific floating point precision to be
determined by the developer. The lab administrator may add or remove rules as
desired, including removing the flags provided by the developer.

{6094} A possible addition to the interface by which the ab administrator
enters rules would be to check the rules for inconsistencies. For example, if the
lab administrator enters rules that parameter “A” be less than 3§, but also that
parameter “A” be greater than §, it 1s not possible for any value to satisty the
rules.

[6695] The software may only visually highlight nonconforming values
s0 that the operator is aware of the potential issue. There are cases where the lab
operators may wish to accept a sample despite being out of range, for example if
the sample is scarce and the lab operator is unable to obtain a betier sample.
[06096] In the same data entry screen where nonconforming sample
values are highlighted, the lab operator has the option to mark that a sample

should not continue through to the end of the process. This keeps the decision
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point about continuing the sample together with the logical point at which the
lab operator becomes aware of a potential problem.

{6097} For index collision checking, in the data entry screen, the operator
also enters the indices to use on a sample, and into which pool the sample should
go. In order for the biotnformatics at the end to be successful, each sample ina
given pool must have a unique combination of indices.

[6698] Depending on the library construction kit, there may be a single
index used per sample, or a combination of indices. It might be acceptable for an
index or combination of indices to be used on multiple samples, provided those
samples are placed into different pools. For example, Sample I and Sample 2
may both have Index A, but as long as Sample 1 18 in Pool 1 and Sample 2 is in
Pool 2 that might be acceptable. If both samples are assigned to Pool 1, there iz a
duplication of Index A within the pool.

{6099} The data entry screen visually tndicates duplicate indices or
combinations of indices within a pool. This might not be customized by the user
and 1s built into the design. As with the QC flagging, all that the system does is
draw the user’s attention to the problem, not make any decisions based on it
{66108] Some approaches may include allowing flagging of non-numeric
values via text operatoss, and allowing a rule to be specified as a range, rather
than using two rules to require a range. Specifying a range in a rule rather than
multiple rules is still a possible approach.

{60101 In clinical or transiational medicine laboratories, the samples
move among several different scientific devices and possibly different physical
laboratories during the library construction process. This includes automated
Hauid bandlers as well as guantitation and qualification devices such as
fluorometers, focused-ultrasonicators, and microfluidic size analyzers.
Frequently, pre-PCR and post-PCR workflows are physically separated into
different physical rooms to help prevent contamination.

160162] This means that to process a batch of samples all the way through
library construction, the fab operator must keep track of the status of the samples
and ali their associated data between multiple scientific devices and physical
tocations. This is prone to errors due to the transportation and transcription of

data, as well as involving extra overhead.
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{80103} Sample tracking across multiple scientific devices can be broken
down into a handtul of scenarios: (1) tracking samples across fragmentation
devices, {2} tracking samples across QU devices, and (3} tracking samples across
multiple scientific devices.

[66104] For tracking samples across fragmentation devices, fragroentation
may be performed on the scientific device if it is to be done enzymatically.
However, many library construction kits rely on ultrasonic fragmentation using
the scientific device. In this scenario, the cloud software may prevent the lab
operator from selecting a stopping point that is bevond the point of
fragmentation. The run that the lab operator configures may stop before the
fragmentation step, at which point the lab operator may be instructed to retrieve
the samples from the scientific device.

{60105] Once samples have been retrieved, the cloud server 102 (e.g., via
a website) may indicate that fragmentation is the next step. The [ab operator
takes the sample to the focused-ultrasonicator, performs fragmentation, then
toads the resulting saraples into a new reaction vessel (RV) and brings them
back to the system. At that point, the lab operator goes back to the cloud server
102 {e.g,, via a website) to select the stopping point for the next run, starting
from the step immediately following fragmentation. When the lab operator has
configured the run, the lab operator submits it to the scientific device(s).
[68108] At the scientific device, the lab operator may begio the run. The
scientific device may scan the barcode of the RV and confirm that it does not
maich any barcodes that are expected for other samples {effectively checking
that a new barcode is presented, as a new RV was expected).

[60107] For tracking samples across QC devices, at various points during
the library construction process, an aliquot of the sample must be taken to be
avalyzed for quantity and guality of nucleic acid. As with fragmentation, the
cloud software might not allow the fab operator to select starting and stopping
points for a run that cross over a QC boundary, as the samples may be removed
from the scientific device to be run on the QC devices.

{60108} When the run has progressed to the point of requesting QC
information before continuing, the lab operator removes the samples from the

scientific device. In order to begin the next run, the data from the QC step may
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be entered into the cloud software. This operation can be performed at any
computer, such as one that is attached to or located near the QC devices. Once
data has been entered, the run may have a new stopping point selected and be
submitted to the scientific device(s) again.

[66109] At this point, the scientific device may scan the barcode of the
sample RV that is presented. Since only aliquots are used for QC devices, the
scientific device may confirmo that the RV barcode is the same barcode that was
used for the previous run in the process.

{60110} For tracking samples across multiple scientific devices, since runs
are submiited to a common collection for all scientific devices in the lab, at any
safe stop point, a sample RV may be removed from one scientific devices and
the subsequent run performed on a different scientific device v the same lab. For
example, a sample may be run through the pre-PCR portion of the workflow,
then removed at the safe stopping point. The RV could then be transported to a
post-PCR lab and placed onto a different scientific device to continue with the
PCR and subsequent steps as part of another run on the same batch. The cloud
software tracks the sample RV barcode to ensure that the correct samples are
presented to the system.

{80111} For all of these different scenarios, a batch of samples may have a
consolidated log available. Rather than separate logs for each run or for each
scientific device, the lab operator can obtain a single log of all processing that
happened to the baich of samples or an individual sample.

80112} Using a local server, rather than accessing a cloud website to do
setup, the 1ab operator may access a website running on an on-premises server
within their laboratory’s network. This may allow setup from any computer
connected to the local network. However, it might not be possible to access the
system from outside the lab network and would require the user to purchase and
manage a separate server computer.

[80113] For unconnected scientific device desktop software, rather than
using a website on a server o do setup, the lab operator may install a separate
software product on any computer he/she wishes to use to perform setup
activities. Then the lab operator may use either a network file share or a

universal serial bus (USB) drive to transfer run files from that computer to the
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scientific device and back. This might add additional overhead to the user for
transferring files and for installing and maintaining the offline software on all
desired computers.

{60114} For an unconnected scientific device, each scientific device in the
fab would have a computer attached to it that contained the setup software ag
well as the run software. This might require all workflows to happen physically
at the scientific device, so lab operators may still carry pieces of data around the
lab.

[00115] In clinical or franslational medicine laboratories, there are a
number of data entry steps the {ab operator may complete that take place outside
the pipetting process. This includes documentation for tracking sarple IDs and
other identifving information, recording ot numbers, recording sample
properties such as volume or concentration, deciding which options to use in the
fibrary construction kit, calculating reagent volumes, tracking QC data, and the
like. The places at which all of the relevant information are located may not be
physically collocated. Additionally, QC devices may be in a different lab than
the liquid handling occurs in or a different part of the lab, and data may be
transported or transcribed from those devices to whatever records are in use.
{80116} Some aspects support contiguration and data entry via a cloud
website connected to the cloud server 102, This means that from any computer
with a connection to the network 110 (e.g., deskiop, laptop or mobile device),
the lab operator may log into the website software and configure a batch or
perform data entry. This could be a computer in hisher office, his/her home,
his’her iab or elsewhere. The lab operator is able to perform setup or data entry
at the place where it makes the most sense for him/herseltf seamlessly.

{60117} When a lab operator wants to begin a run, whether it is a new
batch of saruples or the continuation of a batch that was taken off for storage at a
safe stopping point, the fab operator logs into the website connected to the cloud
server 102. There, the lab operator can begin a new batch and perform all data
entry activities, or he/she may edit an existing batch to perform the relevant data
entry to continue that batch into its next run. The data entered may include, but
is vot Hmited to: sample IDs, run configuration information (e.g., which

application configuration to run, number of samples, starting and stopping points
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for the run, input parameters or options for the application configuration, the
pool in which each sampie should end up, which index or indices to apply to
each sample, which sample is in which well, etc.}, and QC information (e g,
sample concentration, nucleic acid mass, qualitative measures, etc.). When the
user is ready to begin a run on the scientific device, the user clicks a button in
the cloud user interface to submit the run to all the scientific devices in the lab.
[661138] Once a batch run has been submitted, it roay be started from any
scientiftc device in that user’s laboratory. The scientific devices authorized in a
given laboratory are managed via the cloud website administrative section,
where a lab operator may enroll a new scientific device or remove a scientific
device that is no longer in use.

[eati9] After submitting the run, when the fab operator walks up to any
scientific device in the lab, the scientific device displays a list of all runs that are
pending and avatlable to start on its embedded touchscreen (or any other display
device). The lab operator may select one of the pending runs to begin it on that
scientific device.

160120} Library construction is done differently depending on the library
construction kit {set of reagents and manual tnstructions from a reagent vendor).
There are many kits on the market, with new kits introduced every few months.
80121} Fach individual iab uses a different small subset of these kits (e.g.
usivg a dozen kits for different tests). Labs follow industry trends and news
about new kit releases. Sometimes, labs purchase and begin using new kits.
166122] When automating library construction on a scientific device, the
scientific device leverages an application {software package with a set of
automated instructions and related information) for each kit that it supports. The
set of applications that a scientific device supports is its meny,

{80123} A successful library construction device may have a menu that is
broad encugh to be appealing to its target customers and may regularly expand
that menu to support new kits to remain relevant. Menu deployment is the
process of releasing applications that expand the supported menu and installing
those applications in the labs of customers that want them.

[66124] Each application way be packaged independently from the

scientific device software and from each other. When the developer finishes
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developing an application, it publishes the application to a public, online
application catalog.
{60125 The lab admin-facing product software includes a website where
the lab admin manages her/his lab. Integrated into this website 15 a portion where
5  the lab admin can browse released applications. It may highlight newly released
applications and/or popular applications that the Iab admin is not already using.
It may highlight updated versions of applications the lab admin is already using.
The lab admin can browse the application catalog to view the entire menu. The
tab admin may search the application catalog based on keywords related to the
10 reagent kit the application supports, the reagent vendor, and the description of
the application.
[80126] Because the lab admin-facing website i3 used to manage her/his
tab, it knows which scientific devices the lab admin has and the version of
software ranning on each scientific device. This enables it to identify
15 applications that are incompatible with their current lab configuration and either
hide those applications or suggest how to address the problem (e.g , upgrading
the software of the scientific device).
{60127} Once the lab admin has selected a compatible application that
he/she wishes to use, the lab admin clicks a button to use that application in the
20 lab. This associates the application as being used by that lab and allows the user
io configure any application settings to match the use cases of the fab. (The
available settings are might be specific to each application and are made
available as part of application development.)
60128} The software downloads the relevant portions of an application
25 {e.g., the set of automated instructions for runmng the kit) to each compatible
scientific device in the 1ab. The application is installed and ready for the lab to
use without requiring a field visit from an employee of the developer. As
described above, the applications are controlled by the developer. However, in
some cases, reagent vendors may also provide software for applications
30 themselves, without going through the developer. In addition, different
applications may be offered in different geographic regions (e.g., different

applications may be available to labs in California than to labs in Texas}.
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160129} 1.ab operators, especially clinical lab operators, record lot
numbers of reagents used to process samples. Lot number records are used to
comply with lab nides and can be used to identify affected samples in the event
of a lot recall.

[80130¢] For library consiruction kits, there are a multitude of lot numbers.
Library construction kits may contain anywhere from, for example, 12 to 87
reagent vials. The reagent vials are stored boxes, anywhere from, for example, 1
to 10 boxes, per kit. In most cases, each box has a lot number and each
individual reagent vial has a lot number. The format and details of the 1ot
{abelling varies by library construction kit vendor.

180131] One problem is that lab operators may record the lot numbers of
reagents used. Done manually, this is a tedious and error proue activity as each
tot number is a series of alphanumeric characters. As such, many customers
record ouly the box lot numbers used on a sample and neglect to record lot
numbers of each reagent vial. This relies on a presumption that the reagent vials
are returned to the correct kit for storage, and that the vendor provides accurate
box to content lot tracking,

[60132] Lot numbers may be recorded manually in a paper-based or
computerized solution. Alternatively, bar codes can be used - a lab operator may
scan boxes and reagent vials to record lot information encoded in barcodes. The
manual solution 1s tedious and ervor prone. Bar codes may be missing or hard-to-
scan on some boxes,

{60133] Recording box lot information for the user might be unchanged.
The user may manually record box lot number into the cloud website associated
with the cloud server 102

{60134} Some embodiments enable tracking reagent lots at the vial level.
Reagent vials presented to the scientific device are imaged. The resulting image,
which is of the reagent vial’s label, may be processed using Cptical Character
Recognition (OCR). The reagent lot information may be deciphered and
recorded as part of the fog. It may be associated in a computing machine with the
samples being processed. A sample audit log may be generated and printed as a

record.
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{80135] The reagent vial image is captured. The reagent vial is placed into
a clear scanning tube. The tube provides support for later pipetting steps and also
allows the ability for the tube to be spun 360 degrees in place while being
imaged. This spinning of the vials may occur in front of a camera. The camera
may use slit scan photography to record a sevies of 1px by 2px (or other size)
images. The images are then combined to make an unrolled image of the reagent
vial.

{60136} The unrolied image may be uploaded to a cloud-based OCR
technology. The cloud returns the text it finds in the image, as well as a statistic
that represents how confident the OCR algorithm is in the result returned. Based
on a threshold of the OCR statistic, some embodiments either record the lot
number returned ot prompt the user to verify the lot number. This design allows
some the reagent vial lot numbers to be recorded without additional user
tntervention.

180137] Some aspects of the technology disclosed herein include: the
application of slit scan photography, application of OCR, and the carcusel
apparatus to achigve the imaging. In alternative embodiments, an OCR software
application on the scientific device, rather than cloud-based OCR, may be used.
{00138} According to some embodiments, library construction kits might
contain anywhere from 12 to 87 reagent containers. The reagent containers may
stote boxes, for example, anywhere from 1 to 10 boxes, per kit. The reagent
boxes are stored in varying conditions, for example, -80°C, -20°C, 4°C, or room
temperature.

[80139] Library construction protocols might alsoe call for additional lab
operator-provided reagents that are not packaged with the library construction
kits. These “bulks” are generally provided from the vendor in large volume
coutainers and are generally poured out into stualler containers for daily use,
{66140 Based on the section of the library construction protocol being
executed, a subset of the reagent kit’s contents and some number of bulks might
be used. Additionally, the lab operator may keep track of samples he/she is
processing to avoid sample mix up.

{80141} For an automated workflow, some potential problems can be

summarized as: {1} locating reagents, both kit reagents and bulk reagents, fora
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protocol section or series of sections, (2) knowing reagent volumes requested, of
both kit reagents and bulk reagents, to complete a protocol section or series of
sections, {3} knowing how/where to present reagents to the automated system,
and (4) knowing how to pipette the samples for presentation to an automated
system.

160142] In some embodiments, the run setup work aid may be a
dynamically generated, printable .pdf that includes instructions for the user that
are relevant to a particular run, based on run configuration and number of
samples. The run setup work aid may include: (1) st of boxes that contain
reagent vials requesied, including box storage conditions (this aids user in
knowing where to locate reagent boxes), (2} list of reagent vials requested within
each box (this aids users in knowing which reagents vials io retrieve from the
boxes found in the prior operation), (3} list of bulk reagents requested, (4}
volume of each reagent requirved (this aids the user in knowing if the user is to
open ancther reagent kit or bulk solution bottle), (5} per reagent handiing
conditions (e.g., thaw at room temp, thaw on ice, resuspend, centrifuge briefly,
etc.). In order to how/where to present reagents to the automated system, the run
setup work aid may include: (1) location to place kit reagents on reagent
carousel {reagent carousel is loaded onto the system), and (2} bulk reservoir
plating aid (this instructs lab operators on what bulk reagents and volumes
requested to be pipetted into the bulk reservoir labware). In order to know how
to pipette the samples for presentation to an automated system, the run setup
work aid may include: a sample plating aid. This instructs iab operators what
sampies should be placed in what wells on the reaction vessel. The volume
required 18 also presented.

{60143} In some cases, lab operators print the run setup work aid. Lab
operators can store this, if desired, in their saraple processing records. This
might fit naturally into lab operator workflow in abs that are paper oriented.
[80144] As used herein, a protocol includes, among other things, the
defined series of programmed steps to be performed by the scientific device

108 k (where k is a number between 1 and n) in order to prepare the desired

NGS Tibrary from a selected number of samples using a given reagent kit.

Traditionally, a protocel or method for a liquid handler 1s stored on the local
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controller of the scientific device 108 k. According to some embodiments, the
protocols are stored on the cloud server 102,

{60145} By storing the protocols (e.g., as component(s) of lab
application(s}}) on the cloud server 102, the protocols can be accessible to any
and every scientific device 108.1-n in the laboratory 104, Because each scientific
device 108.1-n has access to the same library of approved protocols, consistent
performance throughout the laboratory 104 is ensured, and the possibility of
devices 108 1-n is avoided. Moreover, the ability to run a given protocol on any
scientific device 108.1-n in the laboratory 104 provides flexibility should a
particular scientific device 108 k become unavailable due to use by ancther, or
due to a malfunction. Furthermore, a Hibrary preparation that has been stopped at
an intermediate point on one scientific device 108.1 may be seamlessly resumed
on any other scientific device 108 2.

80146} Storing the protocols on the cloud server 102 also simplifies the
admirustration and control of the protocols, since a fab admin need only define
and maintain a single copy of any particular protocol. Moreover, the lab admin
can configure, change, or approve the protocols from any computer in the world
over the network 110 {e.g., using the lab admin client device 106).

180147} The cloud server 104 not only maintains a data repository (e.g., a
database) of approved protocols, but also maintains a data repository {¢.g., &
database) of all information related to each sample and to each sample’s
processing and library preparation. Any information entered by a {ab operator
relating to the sample, or generated by the scientific device 108 .k while
processing the sample, 1 kept together and is made available to any user
associated with the laboratory 104 at any computer associated with the
faboratory 104 (over the network 110). Some information can be automatically
generated by the scientific device 108 k, such as information read from a reagent
label using machine vision.

[601438] The cloud server 102 also maintains a database of iaboratory
applications or protocols for each NGS library construction kit that can be used
on the scientific device 108 k. Because the laboratory applications or protocols

for many kits include optional features, the cloud server 102 (e.g., via a website
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accessed from the lab admin client device 106) guides the lab admin in
configuring a lsboratory application or a protocol for any particular kit by listing
the options or variabie parameters available for that kit, aliowing the lab admin
to select the appropriate variable or customizable parameters based on the
number of samples, types of samples, volume of samples, and any fab
preferences.

[80149] Once a protocol is configured and approved by the lab
administrator, the protocol can be run by any lab operator at any scientific device
108.1-n in the laboratory 104, To assist the [ab operator, a computing machine
{e.g., operated by the lab operator or by the 1ab adminisirator) that is connected
to the network 110 prints out the run work aid (e.g, a customized instruction
sheet) for that protocol to simplify reagent loading and to reduce set-up errors.
{60150} The cloud server 102 also maintains QC rules specific for each
reagent kit. In some embodiments, the cloud server 102 notifies the Iab operator
if any intermediate test result or configuration violates these rules, indicating that
the library preparation protocol might not perform well. This might cause the lab
operators to terminate the run early, thus reducing waste in time and costly
reagents.

180151} As used herein, the phrase “computing machine” encompasses its
plain and ordinary meaning. A computing machine may include, among cther
things, a single machine with a processor and a memory or multiple machines
that have access to One OF MOTe ProCcEsSSOrs OF ONe Of MOFe Memaories,
sequentially or in parallel. A server may be a computing machine. A client
device may be a computing machine. A data repository may be a computing
machioe.

[60152] Throughout this document, some method(s) (e.g., in FIG. 2 and
FIG. 3) are described as being implemented serially and in a given order.
However, unless explicitly stated otherwise, the operations of the method(s) may
be performed in any order. In some cases, two or more operations of the
method{(s) may be performed in parallel using anv known paraliel processing
techniques. In some cases, some of the operation{s) may be skipped and/or

replaced with other operations. Furthermore, skilled persous in the relevant art
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may recognize other operation(s) that may be performed in conjunction with the
operation(s) of the method(s) disclosed herein.

160153] 1. 8 tllustrates a circuit block diagram of a computing machine
800 in accordance with some embodiments. In some embodiments, components
of the computing machine 300 may store or be integrated into other components
shown in the circuit block diagram of FIG. 8 For example, portions of the
computing machine 8§00 may reside in the processor 802 and may be referred to
as “processing circuitry.” Processing circuitry may include processing hardware,
for exampie, one or more central processing units {CPUSs), one or more graphics
processing units (GPUs), and the like. In alternative embodiments, the
computing machine 800 may operate as a standalone device or may be
connected {e.g., networked} to other computers. In a networked deployment, the
computing machine 800 may operate in the capacity of a server, a client, or both
in server-client network environments. In an example, the computing machine
800 may act as a peer machine in peer-to-peer (P2P} {or other distributed)
network environment. In this document, the phrases P2P, device-to-device
{1320} and sidelink may be used interchangeably. The computing machine 800
may be a specialized computer, a personal computer (PC), atablet PC, a
personal digital assistant (PDA), a mobile telephone, a smart phone, 3 web
appliance, a network router, switch or bridge, or any machine capable of
executing instructions (sequential or otherwise) that specify actions to be taken
by that machine.

{06154] Examples, as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules and
components are tangible entities (e.g., hardware} capable of performing specified
operations and may be configured or arranged in a certain manner. In an
example, circuits may be arranged (e.g., internally or with respect to external
entities such as other circuits} in a specified manner as 2 module. In an example,
the whole or part of one or more computer systems/apparatus {e.g., a standalong,
client or server computer system} or one or more hardware processors may be
configured by firmware or software (e g, instructions, an application portion, or
an application} as a module that operates to perforru specified operations. In an

example, the software may reside on a machine readable medium. In an

43
[y



WO 2021/127014 PCT/US2020/065363

10

15

20

25

30

example, the software, when executed by the underlying hardware of the
module, causes the hardware to perform the specified operations.

[60155] Accordingly, the term “module” {and “component”) is understood
to encompass a tangible entity, be that an entity that is physically constructed,
specifically configured (e.g., hardwired), or ternporarily {e.g., transitorily}
configured (e.g., programmed} to operate in a specified manner or to perform
part or all of any operation described herein. Considering examples in which
modules are temporarily configured, each of the modules might not be
instantiated at any one moment in time. For example, where the moduies
comprise a general-purpose hardware processor configured using software, the
general-purpose hardware processor may be configured as respective different
modules at different times. Software may accordingly configure a hardware
processor, for example, to constitute a particular module at one instance of time
and to constitute a different module at a different instance of time.

80156] The computing machine 800 may include a hardware processor
802 (e.g., a central processing unit (CPU), a GPU, a hardware processor core, or
any combination thereof), a main memory 804 and a static memory 806, some or
all of which may communicate with each other via an interlink (e g, bus) 808,
Although not shown, the main memory 804 may contain any or all of removable
storage and non-removable storage, volatile memory or non-volatile memory.
The computing wachine 800 may further include a video display unit 810 (or
other display unit), an alphanumeric input device 812 {(e.g., a keyboard), and a
user interface (Ul navigation device 814 {e.g., a mouse}. In an example, the
display unit 810, input device 812 and Ul navigation device 814 may be a touch
screen display. The computing machine 800 may additionally include a storage
device {e.g., drive unit) 816, a signal generation device 818 {e.g., a speaker}, a
network interface device 820, and one or more sensors 821, such as a global
positioning system {GPS8) sensor, compass, accelerometer, or other sensor. The
computing machine 800 may include an output controller 828, such as a serial
{e.g., universal serial bus (UUSB), parallel, or other wired or wireless {e.g.,
infrared (IR), near field communication (NFC), etc.) connection to communicate

or control one or more peripheral devices {e.g., a printer, card reader, et¢.).
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{80157} The drive unit 816 {e.g., a storage device) may inchide 2 machine
readable medium 822 on which is stored one or more sets of data structures or
instructions 824 (e.g., software} embodving or utilized by any one or more of the
techniques or functions described herein. The instructions 824 may also reside,
completely or at least partially, within the wain memory 804, within static
memory 806, or within the hardware processor 802 during execution thereof by
the computing roachine 800. In an example, oune or any combination of the
hardware processor 802, the main memory 304, the static memory 806, or the
storage device 816 may constitute machine readable media.

160158} While the machine readable medium 822 is illustrated as a single
medium, the term “machine readable medium” may include a single medium or
multiple media {e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more instructions 824.
{00159] The term “machine readable medium” may 1nclude any medium
that is capable of storing, encoding, or carrying instructions for execution by the
computing machine 800 and that cause the computing machine 800 to perform
any one or more of the techniques of the present disclosure, or that is capable of
storing, encoding or carrying data structures used by or associated with such
instructions. Non-limiting machine-readable medium examples may include
solid-state memories, and optical and magnetic media. Specific examples of
machine-readable media may include: non-volatite memory, such as
semiconductor memory devices (e g, Electrically Programmable Read-Only
Memory (EPROM), Electrically Frasable Programmable Read-Ounly Memory
(EEPROM)}) and flash memory devices, magnetic disks, such as internal hard
disks and removable disks; magneto-optical disks; Random Access Memory
{(RAM}; and CD-ROM and DVD-ROM disks. In some examples, machine
readable media may iuclude non-transitory machine-readable media. In some
examples, machine readable media may inchude machine readable media that is
not a transitory propagating signal.

{60160} The instructions 824 may further be transmitted or received over
a communications network 826 using a transmission medium via the network
tnterface device 820 utilizing any one of a nurober of transfer protocols (e.g.,

frame relay, internet protocol (IF), transmission control protocol (TCP), user
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datagram protocol (UDP), hypertext transfer protocol (HTTP), etc.). Example
communication networks may include a local area network (LAN), a wide area
network (WAN), a packet data network {e.g., the Internet), mobile telephone
networks {e.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks {(e.g., lustitute of Electrical and Electronics Engineers
(IEEE} 802.11 family of standards known as Wi-Fi®, IEEE 802 16 family of
standards known as WiMax®), IEEE 802.15.4 family of standards, a Long Term
Evolution (LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 820 may include one or more
physical jacks {e.g., Ethernet, coaxial, or phone jacks) or one or more antennas
io connect to the communications network 826,

{60161} Some aspects are described below as numbered examples
(BExample 1, 2, 3, etc.). These numbered examples do not limit the technology
disclosed herein.

[80162] Example 1 is a systermn comprising: processing circuitry of one or
more servers; and a memory in communication with the processing circuitry, the
memory storing instructions which, when executed by the processing circuitry,
cause the processing circuitry to perform operations comprising: storing, in the
memory, a set of laboratory applications to process batches of samples;
receiving, from a first lab administrator client device associated with a fivst
taboratory, a selection of a first subset of the laboratory applications to process
the batches of samples in the first laboratory and an admin configuration for at
least one laboratory application in the first subset for use in the first laboratory;
recetving, via a web software platform, one or more configurations of one or
more batches to be used for running at feast a portion of the first subset of
taboratory applications configured according to the admiu configuration;
receiving, from a first scientific device in the first laboratory, arequest torun a
laboratory application from the first subset to process a batch, wherein the first
scientific device is selected, by a user, from one or more scientific devices in the
first laboratory; providing, in response to the request, one or more laboratory
applications fromw the first subset that are capable of being executed using the

first scientific device; receiving, from the first scientific device, a selected
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laboratory application from the one or more laboratory applications;
transmitting, to the first scientific device, a control signal for executing a first
part of the selected laboratory application to process the batch tn accordance
with the admin configuration; and receiving, from the first scientific device, a
result sigoal tndicating whether executing at feast the first part of the selected
laboratory application to process the batch was successful.

100163} In Example 2, the subject matter of Example 1 includes, the
operations further comprising: receiving, from a lab operator client device, an
operator configuration for the selected laboratory application, wherein the
control signal is for executing the at least the first part of the selected laboratory
application in accordance with the admin configuration and the operator
configuration.

{60164} in Example 3, the subject matter of Examples 1-2 includes,
wherein the result sigoal indicates that the first part of the selected batch was
successful, the operations further comprising: running a second part of the
selected laboratory application to process the batch at a second scientific device,
wherein the second scientific device is selected, by the user, from the one or
more scientific devices in the first laboratory.

80165} in Example 4, the subject matter of Example 3 includes, wherein
the second scientific device is different from the first scientific device.

[00166] In Example 5, the subject matter of Examples 3—4 includes,
wherein the selected iaboratory application includes an indication of the first part
and the second part.

80167} In Example 6, the subject matter of Examples 1-5 includes,
wherein the set of laboratory applications comprises applications for multiple
different laboratories, the operations further comprising: receiving, from a
second lab administrator client device associated with a second laboratory, &
selection of a second subset of the selected laboratory applications a second
admin configuration for at least one laboratory application in the second subset
for use in the second laboratory, wherein the second subset is different from the
first subset, and wherein the second admin configuration is different from the

admin configuration recetved from the first lab administrator chient device.
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{06168] In Example 7, the subject matter of Examples 1-6 includes, the
operations further comprising: receiving, upon completion of the selected
laboratory application to process the batch, a result of the selected laboratory
application to process the batch; determining whether the result falls within a
predefined range; and providing, 10 a lab operator client device, the resuit of the
selected laboratory application to process the batch and an indication whether
the result falls within the predefined range.

[60169] In Example &, the subject matter of Example 7 includes, wherein
the result is received from the user while the first scientific device is offline.
16017¢] in Example 9, the subject matter of Examples 1-8 includes,
wherein the first scientific device is configured to: determine, upon completing
executing the first part of the selected laboratory application to process the
batch, whether the first scientific device is connected to the one or more servers
via a network; if the fivst scientific device ts connected to the one or more
servers: transmit the result signal to the one or more servers; and if the first
scientific device is not connected to the one or more servers: pericdically ping
the one or more servers to determine whether the first scientific device has
reestablished connectivity with the one or more servers; and upon reestablishing
connectivity: transmit the result signal to the one or more servers.

80171} In Example 10, the subject matter of Examples 1-9 includes, the
operations further comprising. setting a production status of at least one
taboratory application to in-production, wherein laboratory applications that are
in-production are accessible to both the lab administrator and lab operators, and
wherein laboratory applications that are not in-production are accessible to the
fab administrator and not accessible to lab operators,

{60172} In Example 11, the subject matter of Examples 110 includes,
wherein the request to run the laboratory application to process the batch
comprises at least a scan of a container of a sample, the operations further
comprising: identifying the sample based on the scan.

[60173) In Example 12, the subject matter of Example 11 includes,
wherein identifying the sample comprises applying optical character recognition

{OCR) to at least a portion of the scan.
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80174} FExample 13 is a machine-readable medium storing instructions
which, when executed by processing circuitry of one or more servers, cause the
processing circuitry to perform operations comprising: storing, in 2 memory, a
set of laboratory applications to process batches of samples; receiving, from a
first lab administrator client device associated with a first laboratory, a selection
of a first subset of the laboratory applications to process the batches of samples
in the first laboratory and an adwin configuration for at least one laboratory
application in the first subset for use in the first laboratory; receiving, via a web
software platform, one or more configurations of one or more baiches to be used
for running at least a portion of the first subset of laboratory applications
configured according to the admin configuration; receiving, from a first
scientific device in the first laboratory, a request to run a laboratory application
from the first subset to process a batch, wherein the first scientific device is
selected, by a user, from one or mwore scientific devices in the first laboratory;
providing, in response to the request, one or more laboratory applications from
the first subset that are capable of being executed using the first scientific
device; receiving, from the first scientific device, a selected laboratory
application from the one or more laboratory applications; transmitting, to the
first scientific device, a control signal for executing a first part of the selected
laboratory application to process the batch in accordance with the admin
configuration; and receiving, from the first scientific device, a result sigual
indicating whether executing at least the first part of the selected laboratory
application to process the batch was successtul.

80175} In Example 14, the subject matter of Example 13 includes, the
operations further comprising: receiving, from a lab operator client device, an
operator configuration for the selected laboratory application, wherein the
countrol signal is for executing the at least the first part of the selected laboratory
application in accordance with the admin configuration and the operator
configuration.

{60176} In Example 15, the subject matter of Examples 1314 includes,
wherein the result signal indicates that the first part of the selected batch was
successfid, the operations further comprising: running a second part of the

selected laboratory application to process the batch at a second scientific device,
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wherein the second scientific device is selected, by the user, from the one or
more scientific devices in the first laboratory.

1601771 In Example 16, the subject matter of Hxample 15 includes,
wherein the second scientific device is different from the first scientific device.
{80178} In Example 17, the subject matter of Examples 15-16 includes,
wherein the selected iaboratory application includes an indication of the first part
and the second part.

[60179) In Example 18, the subject matter of Examples 1317 includes,
wherein the set of laboratory applications comprises applications for multiple
different laboratories, the operations further comprising: receiving, from a
second lab administrator client device associated with a second laboratory, a
selection of a second subset of the selected laboratory applications a second
admin configuration for at least one laboratory application in the second subset
for use i the second laboratory, wherein the second subset 18 different from the
first subset, and wherein the second admin configuration is different from the
admin configuration received from the first lab administrator client device.
{60180} In Example 19, the subject matter of Examples 1318 includes,
the operations further comprising: receiving, upon completion of the selected
{aboratory application to process the baich, a result of the selected laboratory
application to process the batch; determining whether the result falls within a
predefined range; and providiog, to a lab operator client device, the result of the
selected laboratory application to process the batch and an indication whether
the result falls within the predefined range.

60181} In Example 20, the subject matter of Example 19 includes,
wherein the result 18 recetved from the user while the first scientific device is
offline.

[B0182] In Example 21, the subject matter of Examples 13-20 includes,
wherein the first scientific device is configured to: determine, upon completing
executing the first part of the selected laboratory application to process the
batch, whether the first scientific device is connected o the one or more servers
via a network; if the first scientific device is connected to the one or more
servers: transmit the result signal to the one or more servers; and if the first

scientific device is not connected to the one or more servers: pericdically ping
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the one or more servers to determine whether the first scientific device has
reestablished connectivity with the one or more servers; and upon reestablishing
connectivity: transmit the result signal to the one or more servers.

{60183} In Example 22, the subject matter of Examples 1321 includes,
the operatious further comprising: setting a production status of at least one
laboratory application to in-production, wherein laboratory applications that are
in-production are accessible to both the lab administrator and fab operators, and
wherein laboratory applications that are not tn-production are accessible to the
fab administrator and not accessible to lab operators.

60184 in Example 23, the subject matter of Examples 13-22 includes,
wherein the request to run the laboratory application to process the batch
comprises af least a scan of a container of a sample, the operations further
comprising: identitying the sample based on the scan.

{00185 In Example 24, the subject matter of Example 23 includes,
wherein identifying the sample comprises applying optical character recognition
{OCR)} to at least a portion of the scan.

{60186} Example 25 is a method implemented at one or more servers, the
method comprising: storing, in a memory, a set of laboratory applications to
process batches of samples; receiving, from a first lab administrator client device
associated with a first laboratory, a selection of a first subset of the laboratory
applications to process the batches of samples in the first laboratory and an
admin configuration for at least one laboratory application in the first subset for
use in the first laboratory; receiving, via a web software platform, one or more
configurations of one or more batches to be used for running at least a portion of
the first subset of laboratory applications configured according to the admin
configuration; receiving, from a first scientific device in the first laboratory, a
request to run a laboratory application from the first subset to process a batch,
wherein the first scientific device is selected, by a user, {from one or more
scientitic devices in the first laboratory; providing, in response to the request,
one or more laboratory applications from the first subset that are capable of
being executed using the first scientific device; receiving, from the first scientific
device, a selected laboratory application from the oue or rore laboratory

applications; transmitting, to the first scientific device, a control signal for
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executing a first part of the selected laboratory application to process the batch
in accordance with the admin configuration; and receiving, from the first
scientific device, a result signal indicating whether executing at least the first
part of the selected laboratory application to process the batch was successful.
[B0187] In Example 26, the subject matter of Example 25 includes,
receiving, from a lab operator client device, an operator configuration for the
selected faboratory application, wherein the control signal is for executing the at
feast the first part of the selected laboratory application in accordance with the
admin configuration and the operator configuration.

{60188} in Example 27, the subject matter of Examples 25-26 includes,
wherein the result signal indicates that the first part of the selected batch was
successful, the operations further comprising: running a second part of the
selected laboratory application to process the batch at a second scientific device,
wherein the second scientific device 18 selected, by the user, from the one or
more scientific devices in the first laboratory.

{30189} In Example 28, the subject matter of Example 27 includes,
wherein the second scientific device is different from the first scientific device.
{60190 In Example 29, the subject matter of Examples 27-28 includes,
wherein the selected laboratory application includes an indication of the first part
and the second part.

(60191} In Example 30, the subject matter of Examples 25-29 includes,
wherein the set of laboratory applications comprises applications for muitiple
different laboratories, the operations further comprising: receiving, from a
second lab administrator client device associated with a second laboratory, a
selection of a second subset of the selected laboratory applications a second
admin configuration for at feast one laboratory application in the second subset
for use in the second laboratory, wherein the second subset is different from the
first subset, and wherein the second admin configuration is different from the
admin configuration received trom the first iab administrator client device.
{60192} In Example 31, the subject matter of Examples 25-30 includes,
the operations further comprising: receiving, upon completion of the selected
faboratory application to process the baich, a result of the selected laboratory

application to process the batch; determining whether the result falls within a
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predefined range; and providing, o a lab operator client device, the resuit of the
selected laboratory application to process the batch and an indication whether
the resuit falls within the predefined range.

{60193} In Example 32, the subject matter of Example 31 includes,
wherein the result is received froro the user while the first scientific device is
oftline.

[00194] In Example 33, the subject matter of Examples 25-32 includes,
wherein the first scientific device is configured to: determine, upon completing
executing the first part of the selected laboratory application to process the
batch, whether the first scientific device is connected to the one or more servers

viag a network; if the first scientific device 18 connected to the one or more

w0

servers: transmit the result signal to the one or more servers; and if the first
scientific device is not connected to the one or more servers: periodically ping
the one or more servers to determine whether the first scientific device has
reestablished connectivity with the one or more servers; and upon reestablishing
connectivity: transmit the result signal to the one or more servers.

[60195]) In Example 34, the subject matter of Examples 25-33 includes,
setting a production status of at least one laboratory application to in-production,
wherein laboratory applications that are in-production are accessible to both the
lab administrator and lab operators, and wherein laboratory applications that are
not in-production are accessible to the lab administrator and not accessible to lab
operators.

{80196} In Example 35, the subject matter of Examples 25-34 includes,
wherein the request to run the laboratory application to process the batch
comprises at least a scan of a container of a sample, the method further
comprising: identifying the sample based on the scan.

{80197} In Example 36, the subject matter of Example 35 includes,
wherein identifying the sample comprises applying optical character recognition
{OCR) to at least a portion of the scan.

[60198] Example 37 is at least one machine-readable medium tncluding
instructions that, when executed by processing circuitry, cause the processing

circuitry to perform operations to tmplement of any of Examples 1-36.
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{80199} Example 38 is an apparatus comprising meauns to implement of

any of Examples 1-36.

{60200} Example 39 is a system to implement of any of Examples 1-36.
{00201 Example 40 is a method to implement of any of Examples 1-36.
(60282} Although an embodiment has been described with reference to

specific example embodiments, it will be evident that various modifications and
changes may be made to these embodiments without departing from the broader
spirit and scope of the present disclosure. Accordingly, the specification and
drawings are to be regarded in an tllustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof show, by way of tlustration, and
not of limitation, specific embodiments in which the subject matter may be
practiced. The embodiments illustrated are described in sufficient detail to
enable those skilied in the art to practice the teachings disclosed herein. Other
embodiments may be utilized and denived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
Hmiting sense, and the scope of various embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.

80203 Although specific embodiments have been illustrated and
described herein, i should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of varicus embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

[60284] In this docurnent, the terms "a" or "an" are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of "at least one” or "one or more.” In this document, the term
"or" is used to refer to a nonexclusive or, such that "A or B" includes "A but not
B," "B but not A" and "A and B," unless otherwise indicated. In this document,
the terms "including” and "in which” are used as the plain-English equivalenis of

the respective terms "comprising” and "wherein.” Also, in the following claims,
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the terms "including” and "comprising” are open-ended, that is, a system, user
equipment (UE), article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fali within the scope of that claim. Moreover, in the following claims, the

1"of L,

terms "first,” "second,” and "third," etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[68205] The Abstract of the Disclosure is provided to comply with 37
CF R §1.72(b), requiring an abstract that will aliow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed Description, it can be seen
that various features are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect, inventive subject matter lies in less than all features of a single disclosed
embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate

embodiment.
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CLAIMS

What is claimed 1s:

1. A system comprising;
5 processing circuitry of one or more servers; and

a memory in communication with the processing circuitry, the memory
storing instructions which, when executed by the processing circuitry, cause the
processing circuitry to perform operations comprising:

storing, in the memory, a set of laboratory applications to process
10 baiches of samples;
receiving, from a first lab administrator client device associated
with a first laboratory, a selection of a first subset of the laboratory
applications to process the batches of samples in the first laboratory and
an admin configuration for at least one laboratory application in the first
15 subset for use in the first laboratory;
receiving, via a web software platform, one or more

configurations of one or more batches to be used for running at least a

portion of the first subset of laboratory applications configured according

to the admin configuration,;

20 receiving, from a first scientific device in the first laboratory, a
request to run a isboratory application from the fivst subset to process a
batch, wherein the first scientific device is selected, by a user, from one
or more scientific devices in the first laboratory;

providing, in response to the request, one or more laboratory
25 applhications from the first subset that are capable of being executed using
the first scientific device;
receiving, from the first scientific device, a selected laboratory
application from the one or more laboratory applications;
transmitting, to the first scientific device, a control signal for
30 executing a first part of the selected laboratory application to process the

batch in accordance with the admin configuration; and
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receiving, from the first scientific device, a result signal
indicating whether executing at least the first part of the selected

laboratory application to process the batch was successful.

5 2. The systers of claim 1, the operations further comprising:
receiving, from a lab operator client device, an operator configuration for
the selected laboratory application, wherein the control signal is for executing
the at least the first part of the seiected laboratory application in accordance with
the admin configuration and the operator configuration.
10
3. The system of any of claims 1-2, wherein the result signal
indicates that the first part of the selected batch was successtul, the operations
further comprising:
running a second part of the selected Iaboratory application to process the
15 batch at a second scientific device, wherein the second scientific device is
selected, by the user, from the one or more scientific devices in the first

laboratory.

4. The system of claim 3, wherein the second sctentific device is

20 different from the first scientific device.

3. The system of claim 3, wherein the selected laboratory

application includes an indication of the first part and the second part.

25 &, The system of any of claims 1-5, wherein the set of laboratory
applications comprises applications for multiple different laboratories, the
operations further corprising:

receiving, from a second fab administrator client device associated with a
second laboratory, a selection of a second subset of the selected iaboratory

30 applications a second admin configuration for at least one laboratory application
in the second subset for use in the second laboratory, wherein the second subset

is different from the first subset, and wherein the second admin configuration is
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different from the admin configuration received from the first lab administrator

client device.

7. The system of any of claims 1-6, the operations further
5 comprising:

receiving, upon completion of the selected laboratory application to
process the batch, a result of the selected laboratory application to process the
batch;

determining whether the result falls within a predefined range; and

10 providing, to a lab operator client device, the result of the selected

taboratory application to process the batch and an indication whether the result

falls withio the predefined range.

8. The system of claim 7, wherein the result is received from the

15 user while the first scientific device is offline.

9. The system of any of claims 1-8, wherein the first scientific
device is configured to:
determine, upon completing executing the first part of the selected
20 laboratory application to process the batch, whether the first scientific device is
connected to the one or more servers via a network;
if the first scientific device is connected to the one or more servers:
transmit the result signal to the one or more servers; and
if the first scientific device is not connected to the one or more servers:
25 pertodically ping the one or more servers to determine whether
the first scientific device has reestablished connectivity with the one or
more servers; and
upon reestablishing connectivity: transmit the result signal to the
ONEe OF NMOTE Servers,

30
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10.  The system of any of claims 1-9, the operations further
comprising:

setting a production status of at ieast one laboratory application 1o in-
production, wherein laboratory applications that are in-production are accessible
to both the lab administrator and lab operators, and wherein laboratory
applications that are not in-production are accessible to the lab administrator and

not accessible to lab operators.

1. The system of any of claims 1-10, wherein the request to run the
{aboratory application to process the batch comprises at least a scan of a
contatner of a sample, the operations further comprising:

identifying the sample based on the scan.

12. The system of claim 11, wherein identifying the sample
comprises applying optical character recognition {(OCR) to at least a portion of

the scan.

13, A machine-readable medium storing instructions which, when
executed by processing circuitry of one or more servers, cause the processing
circuitry to perform operations comprising:

storing, in a memory, a set of laboratory applications to process baiches
of samples;

receiving, from a first lab administrator client device associated with a
first laboratory, a selection of a first subset of the laboratory applications to
process the batches of samples in the first faboratory and an admio configuration
for at least one laboratory application in the first subset for use in the first
faboratory;

receiving, via a web software platform, one or more configurations of
one or more batches to be used for running at least a portion of the first subset of
faboratory applications configured according to the admin configuration;

receiving, from a first scientific device in the first laboratory, a request to

run a laboratory application from the first subset to process a batch, wherein the
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first scientific device is selected, by a user, from one or more scientific devices
in the first laboratory;

providing, in response to the request, one or more laboratory applications
from the first subset that are capable of being executed using the first scientific

5  device;

receiving, trom the first scientific device, a selected laboratory
application from the one or more laboratory applications;

transmitting, to the first scientific device, a control signal for executing a
first part of the selected laboratory application to process the batch in accordance

10 with the admin configuration; and

receiving, from the first scientific device, a result signal indicating

whether executing at least the first part of the selected laboratory application to

process the batch was successful.

15 14. The machine-readable medium of claim 13, the operations further
comprising:
receiving, from a lab operator client device, an operator configuration for
the selected laboratory application, wherein the control signal is for executing
the at least the first part of the selected {aboratory application in accordance with

20 the admin configuration and the operator configuration.

15, A method implemented at one or more servers, the method
comprising:
storing, in a memory, a set of laboratory applications to process batches
25  of samples;
receiving, from a first lab administrator client device associated with a
first laboratory, a selection of & first subset of the laboratory applications to
process the batches of samples in the first laboratory and an admin configuration
for at least one laboratory application in the first subset for use in the first
3¢  laboratory;
receiving, via a web software platform, one or more configurations of
one ot more batches to be used for running at least a portion of the first subset of

laboratory applications configured according to the admin configuration;

48
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recetving, from a first scientific device in the first laboratory, a request 1o
run a laboratory application from the first subset to process a batch, wheretn the
first scientific device is selected, by a user, from one or more scientific devices
in the first laboratory;

5 providing, in response to the request, one or rore laboratory applications
from the first subset that are capable of being executed using the first scientific
device;

receiving, from the first scientific device, a selected laboratory
application from the one or more laboratory applications;

10 transmitting, to the first scientific device, a control signal for executing a
first part of the selected laboratory application to process the batch in accordance
with the admin configuration; and

receiving, from the first scientific device, a result signal indicating
whether executing at least the first part of the selected laboratory application to

15 process the batch was successful.



