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CUSTOM DATA FILES FOR PERSONALIZED MEDICINE

CROSS-REFERENCE TO RELATED APPLICATIONS
(8001} This application claims priority to US. Provisional Application No.
63/078,215, filed September 14, 2020, the content of which is incorporated by reference in its

entirety.

REFERENCE TO COMPUTER PROGRAM LISTING
[6002] This application is submuiited with a computer program listing appendix
imcluding one file entitled “biomarker definitions schema. ixt” ereated July 19, 2019, (2,139
bytes), one file entitled “nirvana defimtions schema.txt” created August 5, 2019, (6,721
bytes), one file entitled “sample analysis results.ixt” created August 12, 2019, (16,154
bytes), one file entitled “sample analysis results schema.txt” created July 24, 2019, (9,368
bytes), and one file entitled “variant definitions. schema txt” created August 12, 2019,

{6,857 bytes), and s incorporated by reference herein for all purposes.

BACKGROUND OF THE INVENTION

TField of the Invention

[B303] Aspects of the mvention relate to methods and systems for generating a
custom data file.  In particular, embodiments nclude methods and systems for gathering,
analyzing, filtering, aggregating, and storing genomic mformation and sequence variant
mformation of biological samples from a plurality of files having various formats mnto a

single standard file.

Description of the Related Art

[8004] Technology for determining the sequence of an orgamism's DNA sequence
and RNA expression has progressed dramatically. With the development of dye-terminator
based sequencing {Sanger sequencing) and related automated technologies, the field of

nucleic acid sequencing took a giant step forward. The advent of dye-based technologies and
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instrumentation and automated sequencing methods required development of related
software and data processes to manage all the generated data.

{8005] (Genetic sequencing has become an increasingly important area of genstic
research, promising future uses in diagnostic and other apphications. In general, genetic
sequencing involves determining the order of nucleotides for a nucleic acid such as a
fragment of RNA or DNA. Relatively short sequences are typically analyzed, and the
resulting sequence information may be used in various bioinformatics methods to logically fit
fragments together to reliably determine the sequence of much more extensive lengths of
genetic material from which the fragments were derived. Automated, computer-based
exanunations of characteristic fragments have been developed and have been used more
recently in genome mapping, identification of genes and their function, and so forth.

[8006] In recent years, the cost of sequencing and the time required to deternune
the sequence of a genetic sample has dramatically decreased. Samples that previcusly
required months to sequence can now be sequenced in a matter of days or weeks. Whole
genome sequencing ot partial genome sequencing can now be performed at a much lower
cost, which removes the cost barrier for many consumers.

{8007] Besides the data gathered duning and after sequencing, the genomic
analysis workflow from sample extraction to reporting of the data analysis may mvolve the
generation of a significant amount of information and various manifests for tracking sample
and content information. In addition, different sequencing assays generate different data
ouiputs, but having multiple different data outputs can be clunky and duplicative. Thus, there
is a need for improved techniques in the management of such information before, during, and

after the genomic analysis workflow.

SUMMARY OF THE INVENTION
[0008] The systems, devices, kits, and methods disclosed herein each have
several aspects, no single one of which is solely responsible for their desirable atiributes.
Without limiting the scope of the claims, some promment features will now be discussed
briefly. Numerous other embodiments are also contemplated, mcluding embodiments that
have fewer, additional, and/or different components, steps, features, objects, benefits, and

advantages. The components, aspects, and steps may also be arranged and ordered
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differently.  After considering this discussion, and particularly after reading the section
entitled “Detailed Description,” one will understand how the features of the devices and
methods disclosed herein provide advantages over other known devices and methods.

{60409] in one aspect, the disclosed technology relates to a computer-implemented
method of generating a custom file. The method comprises receiving a query for information
associated with a desired sample. The method further comprises determining a schema for
structuring the custom file. The method further comprises obtaining, according to the
schema, a plurality of nucleic acid sequencing analysis files, wherein each one of the
plurality of nucleic acid sequencing analysis files comprises nucleic acid sequence
information, genetic variant information, gene expression information, or any combination
thereof, of a plurality of biological samples, wherein the plurality of biological samples
comprise the desired sample. The method further corprises, for each one of the plurality of
nuclewe acid sequencing analysis files: determining, according to the schema, a pluraluy of
data objects in the nucleic acid sequencing analysis file to be stored in the custom file;
determining, according to the schema, a plurality of custom data fields 1o the custom file to
store the data objects; and storing the data objects mn the custom data fields. The method
further comprises generating a checksurm by evaluating a cryptographic hash function for a
portion of the custom file according to the schema. The method further comprises storing the
checksum n the custom file.

{0019] In some embodiments, determining a schema for structuring the custom
file comprises: choosing a schema from a plurality of pre-defined schemas; optionally,
receiving user modifications for modifying the schema; and storing the user modifications
and a version value associated with the schema in the custom file,

[0011] in some embodiments, obtaining, according to the schema, a plurality of
nucleic acid sequencing analysis files comprises: searching a database for a plurality of files
comprising one or more keywords specified by the schema; and copying the plurality of files.

[0012] In some embodiments, determining, according to the schema, a plurality
of data objects i the nucleic acid sequencing analysis file to be stored in the custom file
comprises: parsing the nucleic acid sequencing analysis file; identifying, according to the

schema, the plurality of data objects to be stored; and extracting the plurality of data objects.
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{0013] In some embodiments, each of the nucleic acid sequencing analysis files
further comprises at least one of sequencing device condition, sequencing related data,
analysis software information, analysis pipeline information, base calls, run quality control
metrics, DNA quality control metrics, RNA guality control metrics, DNA small variants
outputs, copy number variant outputs, RNA fusion outputs, DNA fusion outputs, splice
variani outputs, tumor mutational burden biomarker ocutputs, and microsatellite instability
biomarker outputs. In some embodiments, the sequencing device condition comprises
sequencing parameters and/or information about errors in the sequencing device.

{0014 In some embodiments, each of the nucleic acid sequencing analysis files
further comprises at least one of sample preparation related data, sample identification
number, sample manifest, patient identify, tissue type, genomic area of interest, disease
information, and treatment information,

[B8015] In some embodiments, the method further comprises: receiving a user
input associated with the desired sample; determitung, according to the schema, a plurality of
data objects in the user input to be stored 1o the custom file; determining, according to the
schema, a plurality of custom data fields in the custom file to store the data objects; and
storing the data objects in the custom data fields. In some embodiments, the user input
associated with the desired sample comprises at least one of: sample preparation related data,
sample identification number, sample mamifest, patient identify, tissue type, genomic area of
interest, disease information, and treatment information.

{0016] in some embodiments, the cryptographic hash function s a MDS5 hash
function, a MD6 hash function, a SHA-1 hash function, a SHA-256 hash function, or a SHA-
512 hash function.

[06017] in some embodiments, the method further comprises: generating a
verification value by adding or multiplying the checksum by a number; and storing the
verification value in the custom file. In some embodiments, the number is x.

[0018] In some embodiments, the portion of the custom file according to the
schema comprises a plurality of custom data fields declared by the schema as not permitting
user corrections.  In some embodiments, the method may further comprise: generating an
additional checksum by evaluating a cryptographic hash function for an additional portion of

the custom file according to the schema, wherein the additional portion of the custom file
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comprises a plurality of custom data fields declared by the schema as permiiting user
corrections; and storing the additional checksum in the custom file.

{8019] In some embodiments, the method further comprises: receiving and
storing a plurality of user changes to a plurality of custom data fields; updating the checksum
by re-evaluating the cryptographic hash function for the portion of the custom file according
to the schema; and storing the updated checksum in the custom file.

{0020] In some embodiments, some of the nucleic acid sequencing analysis files
ate compressed.

{0021} In some embodiments, the method further comprises: compressing and/or
encrypting the custom file.

{0022] In some embodiments, the custom file 1s in text-based JavaScript Object
Notation {JSON) format or binary ISON format.

[6023] In some embodiments, each of the nucleic acid sequencing analysis files 18
i one of ISON, CSV, TSV, XML, Nirvana]SON, VCF, CSVVCF, or SphiceJSON format.

[p024] In some embodiments, the method s implemented 1 a cloud computing
gnvironment.

{8025] In another aspect, the disclosed technology relates to a database
comprising a plurality of files, wherem each of the plurality of files 15 generated according to
the disclosed method.

{8026] In yet another aspect, the disclosed technology relates to a system for
generating a custom file, compnising. a memory storing mnstructions to implement the
disclosed method; and one or more processors configured to execute the instructions.

{80271 in yet another aspect the disclosed technology relates to a computer
program product for generating a custom file, comprising a computer readable storage

medium having program instructions to implement the disclosed method.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIG. 1 iHustrates an exemplary system for generating a SARIJ file from
sequencing and vartant analyses results for downstream genomic analyses.
[0029] FIG. 2A shows an exemplary portion of the SARJ schema. FIG 2B

shows an exemplary portion of a SARJ file.
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{8038] FIG. 3 illostrates an exemplary workflow of one method of generating a

SARI] file.

DETAILED DESCRIPTION

{8031} All patents, applications, published applications and other publications
referred to herein are incorporated herein by reference to the referenced material and in their
entireties. If a term or phrase is used heremn in a way that 15 contrary to or otherwise
inconsistent with a definition set forth in the patents, applications, published applications and
other publications that are herein incorporated by reference, the use herein prevails over the
definition that is incorperated herein by reference.

{0032] Embodiments relate to methods and systems for generating a custom file
by gathering, analyzing, filteting, aggregating, and storing genome mformation and
sequence variant ioformation of biclogical samples from a plurality of files baving various
formats. Disclosed methods and processes may be apphcable to the fields of genomic DNA
and RNA sequencing, whole genome sequencing, whole genome haplotyping, cancer
sequencing, resequencing, gene expression analysis, drog discovery, disease discovery and
diagnosis, targeted resequencing, therapeutics and disease related treatment response,
prognostics, disease correlations, evolutionary genetics, ete. Disclosed methods may further
be applicable to other fields, such as signal processing or and information retrieval and data
compression fields, such as when experiments or data acquisition processes produce large
datasets and a variety of analysis results and file formats.

{6633] Embodiments of the invention relate to systems and methods for mputting
a variety of different files containing genetic information and outputting a standard file,
termed herein a Sample Analysis Resulis JSON (SARIJ) file, that can be used for a variety of
genomic analyses. For example, in one embodiment, genetic sequence mformation is
received from DNA sequencing of a particular biological sample. That genetic sequence
information is analyzed to determine variants or other features of the genetic sequence
nformation.  The data output of that vanant analysis may be n the form of a varnety of
ditferent file formats, mcluding DNA variant files, RNA variant files, guality control metrics,
biomarkers, and other sample information such as the date/time/place where the sample was

taken. The data output from the variant files may then be input into a system to generate the
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SARIJ file using one or more electrome schema defining the structure of the data output being
stored as a SARJ file. In one embodiment, once the SARJ file is generated by a SARJ
generator system, the system calculates a checksum that 1s appended to the SARIJ file to
prevent the file from being altered. For example, the data within the SARJ file may be run
through a cryptographic hash function to generate the checksum and that checksum stored in
the header of the SARJ file.

[8034] Using the standard SARJ file can mmprove the efficiency of downstream
genomic analyses. Currently, different vanant analysis tools and software pregrams from
different providers may store their data output in a variety of different file formats, such as
bam, bel, vef, csv, xml, JSON, or SpliceJSON. These data output files may not contain the
same kinds of information, or may containn information that are not needed for downstream
genomic analyses. For example, one data output file may contain RNA variant mformation
of a few different tissue types of one patient, and another data output file may contain DNA
variant information of that patient together with a few other people. Furthermore, these data
ouiput files mayv be compressed or encrypted. The SARJT generator can automatically search
for relevant variant analysis data output files and extract only the desired mformation, as
defined by the electronic schema. The resulting SARJ file presented to the downstream
analyses will be 1n a standard format and will contan only the desired mformation, for
example, mformation of a particular tissue type of only one patient Therefore, the
downstream genomic analyses do not have to work with different file formats, locate the
relevant files, or parse through the files to find the desired information. For example, the
downstream genomic analysis can quickly identify a disease related to the particular tissue
type of that patient and select treatments for the disease, based on biomarkers reported in the
SARJ file.

{GG35] One embodiment 1s shown in the flow diagram of FI(z. 1. As shown, FIG.
1 illustrates an exemplary workflow of generating a standardized SARJ file 320 for
personalized medicine from a plurality of nucleic acid sequencing analysis output files 220,

[0036] The exemplary workflow starts from adding bological samples to assay
mstruments, for example, nucleic acid sequencers 100, In some embodiments, one of the
assay mstruments may be a microarray mnstrament, a scanner, or a fluorescent imaging

mstrument. Data generated by the assay mstruments may be computationally analyzed either
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directly on the assay instruments (e.g., via software stored on or loaded onto the sequencers
100 or mdirectly (e.g., on a computer systerm or storage device, a desktop computer, a laptop
compuier, of a server that is operationally connected t0 an assay instrument). In some
embodiments, the sequencers 100 include separate sample processing devices and associated
compuiers. In alternative embodiments, these may be implemented as a single device. In
some embodiments, the associated computers may be local to or networked with the sample
processing devices. In other embodiments, the associated computers may be capable of
communicating with the sequencers 100 through a cloud computing environment.

{8037} In some embodiments, the biological samples are tumor samples from a
patient. The tumor samples may be prepared for next-generation sequencing (NGS) using
THumina’s TruSight Oncology 500 assay before being added to the assay instruments. In
some embodiments, both DNA sequencing and RNA sequencing (RNASeq) may be
performed to determine the gene structure and the transcriptome data of the biological
samples.

[0038] The sequencers 100 may perform primary analysis 110 to determine the
nucleic acid sequences 120 in the biological samples. In some embodiments, the ouvtput
sequences 120 may comprise a large number of short sequences, called “reads”, plus
mwetadata associated with each read and a quality score that estimates the confidence of each
nucleotide base int a read.

{8039] The primary analysis stage processing 110 functions to translate physical
signals detected mside the sequencer into “reads” of nuclectide sequences with associated
quality or confidence scores, e.g. FASTQ format files, or other formats containing sequence
and usually quality information. Primary analysis may be specific to the sequencing
technology emploved. In various sequencers, nucleotides are detected by sensing electrical
charges, electrical currents, or radiated light In some embodiments, primary analysis may
include: signal processing to amplify, filter, separate, and measure sensor output, data
reduction, such as by quantization, decimation, averaging, transformation, etc., image
processing or numerical processing to identify and enhance meaningtul signals, and associate
them with specific reads and nucleotides (e.g. image offset calculation, cluster identification);
data correction and optimization methods to compensate for sequencing technology artifacts

{e.g. phasmng estimates, cross-talk matrices);, Bayesian probabiliy calculations; hidden
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Markov models; base calling (selecting the most hikely nucleotide at each position in the
sequence); base call quality (confidence)} estimation, and the like.

{8046] Once the sequences 120 are produced by the sequencers 100, the
sequences 120 are transmitted to variant analysis engines 200. The variant analysis engines
200 perform a secondary analysis 210, and produce secondary analysis ocutput files 220.

[6041] Secondary analysis 210 determines the content of the sequenced sample
DNA or RNA, such as by mapping and aligning reads to a reference genome, sorting,
duplicate marking, base quality score recalibration, local re-alignment, and variant calling.
Performing a secondary analysis on a subject's sequenced DNA may, for example, determine
how the subject's DNA varies from that of the reference.

{0042] In some embodiments, secondary analysis 210 may invelve de novo
sequence asserably, comparison of test genome sequences to those of reference genomic
sequences, determuning the presence or absence of single-nucleotide vanants (SNVs),
sertions, deletions, single-nucleotide polymorphism (SNPs) and other genomic variant
mutations i a genome, comparing test RNA sequences to those of reference RNA
sequences, determumng sphice variants, RNA sequence anomalies, presence or absence of
RNA sequences, or resequencing of a genome,

[06643] In some embodiments, the variant analysis engines 200 may be any
general-purpose computers mplementing analysis software for analyzing sequencing
datasets, for example software programs such as Pipeline, CASAVA and GenomeStudio data
analysis software (Ilumma®, Inc ), SOLID™, DNASTAR® SeqMan® NGen® and Partek®
Genomics Suite™ data analysis software (Life Technologies), Feature Extraction and Agilent
Genomics Workbench data  analysis  software (Agilent Technologies), Genotyping
Console™ Chromosome Analysis Suite data analysis software (Affvmetrix®). In alternative
embodiments, a single device may perform both the primary analysis and the secondary
analysis. The secondary analysis outputs 220 generated from various software programs may
take the form of FAST(Q files, binary alignment files {(bam)} * bel, * vef, and/or * csv files.
The secondary analysis outputs 220 may be of JSON, C8V, TSV, XML, NirvanalSON,
VCF, CSVVCE, or Splice]SON format. In some embodiments, the secondary analysis output

files 220 may be compressed.
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[0044] In some embodiments, secondary analysis output files 220 may comprise
at least one of sequencing device condition, sequencing related data, analysis software
information, analysis pipeline information, base calls, ran quality control metrics, DNA
quality control metrics, RNA quality control metrics, DNA small variants outputs, copy
number variant outputs, RNA fusion outputs, DNA fusion outputs, splice variant outputs,
tumor mutational burden biomarker cutputs, and microsatelite instability biomarker sutputs.
The sequencing device condition may comprise sequencing parameters and/or information
about errors it the sequencing device. In some embodiments, secondary analysis output files
220 may include one or more of the following: run quality control {QC) metrics, DNA QC
metrics, RNA QC metrics, DNA small variants outputs, copy number variant outputs, RNA
fusion cutputs, DNA fusion outputs, splice variant outputs, additional variants, tumor
mutational burden biomarker outputs, microsatellite instability biomarker outputs or
additional biomarkers, and at least one of: sarople preparation related data, sample
identification nurober, sample manifest, patient wdentiy, tissue type, genomic area of interest,
disease mformation, and treatment information.

[{8045] Once the secondary analysis output files 220 are available, a SARI
generator {SARJeant) 300 may gather and analyze a phlurality of sequencing analysis output
files 220, The SARIJ generator 300 can filter, extract and aggresate relevant data from these
files, and generate a single Sample Analysis Results ISON (SARJ)} file 320 for each desired
biclogical sample.

{0046] in some embodiments, the SARJ generator 300 may receive a query for
information associated with a desired biological sample, and determine a schema for
structuring the SARJ file 320. The schema may be chosen from a plurality of pre-defined
schemas, and can allow user modifications. One example of a schema s shown in FIG. 2A
The user modifications and a version value associated with the schema will be stored in the
SARIJ file 320.

[0047] The SARJ generator 300 may obtain a plurality of secondary analysis
ouiput files 220 that are associated with the deswred biological sample, for example a sample
formation file 221, several DNA variant files 222, several RNA variant files 223, files that
contain quality control (QC) metrics 224 and files that contain biomarkers 223 The

secondary analysis output files 220 may additionally contain data associated with other
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biological samples. In some embodiments, to obtain the secondary analysis output files 220,
the SARJ generator 300 may search a database for a plurality of files comprising one or more
keywords specified by the schema, and copying the plorality of files.

{6048] The SARI generator 300 may then determine the data objects in the
secondary analysis output files 220 to be stored in the SARIJ file 320, according to the
filtering and calculation logic 311, In some embodiments, to determine the data objects, the
SARJ generator 300 may parse and analyze the secondary analysis output files 220, and
extract the data objects identified according to the logic 311, In some embodiments, the
SARJ generator 300 may receive a user input associated with the desired sample which
includes a plurality of data objects to be stored.

{8049 The SARJ generator 300 may also determine the custom data fields used
to store the data objects in the SARJ file 320, according to the mapping rules 312, The SARJ
generator 300 may then store the data objects n the custom data fields. In some
embodiments, the SARJ generator 300 may store a plurabity of data objects from a user mput.

[0054] The filtering and calculation logic 311 and the mapping rules 312 may be
customizable.

{8051 In some embodiments, the user wput associated with the desired sample
may comprise at least one oft sample preparation related data, sample wdentification number,
sample manifest, patient identify, tissue type, genomic area of interest, disease information,
and treatment information.

{0052] To authenticate or validate the SARJ file 320 after transmission, the SARJ
generator 300 may generate a checksum by evaluating a cryptographic hash function for a
portion of the SARJ file 320 and store the checksum in the SARIJ file 320 In some
embodiments, the checksum 5 salted by adding or multiplying the checksum by a number.
The number may be 7. In some embodiments, the cryvptographic hash function 1s a MDS hash
function, a MD6 hash function, a SHA-1 hash function, a SHA-256 hash function, or a SHA-
31Z hash function. In some embodiments, the SARJ generator 300 may checksum a portion
of the SARJ file 320 which 1s a section declared by the schema as not permitting user
corrections. In some embodiments, the SARJ generator 300 may generate an additional
checksum by evaluating a cryptographic hash function for an additional portion of the SARJ

file 320, which comprises a plurality of custom data fields declared by the schema as
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permitting user corrections. In some embodiments, the SARJ generator 300 may receive and
store a plurality of user changes to a plurality of custorn data fields, and allow users 1o update
the checksum by re-evaluating the cryptographic hash function and store the updated
checksum in the custom file.

{8053] In some embodiments, the SARJ file 320 may be in text-based JavaScript
Object Notation (JSON) format or binary JSON format. In some embodiments, the SARJ
generator 300 may compress and/or encrypt the SARJ file 320 before sending the file to
downstream processing.

[8054] In one embodiment, the SARJ generator 300 creates the SARJ file 320
according to the exemplary workflow 3000 of one method illustrated in FIG. 3. As shown,
the process 3000 begins at a start state 3005 and then moves to a state 3010, where a query
for iformation associated with a desired sample s received. The process then moves 1o a
state 3020 that determunes an electronuc schema for structuring a custom SARJ file to be
created for the desired sarople. Determuming an electronic schema roay mvolve choosing a
schema from a plurality of pre-defined schemas and/or receiving user modifications for
modifying the schema. In some embodiments, the schema is created offline to maitch the
requirements of the desired SARJT file 320 outputs. In alternative embodiments, the schema
is selected dynamically or onling. The user modifications and a version value associated
with the schema may be stored 1 the SARJ file. After the electronic schema 15 determined,
the process then moves to a state 3030 where a plorality of nucleic acid sequencing analysis
or secondary analysis output files are obtained according fo the schema. Obtaming the
secondary analysis output files may involve searching a database for one or more keywords
specified by the schema. After the secondary analysis output files are obtained, the process
then moves to a state 3040 where the secondary analysis output files are analyzed. The
secondary analysis output files are parsed, and a plurality of desired data objects or relevant
information to be stored are identified according to the schema. The process then moves to a
state 3030 that extracts and/or copies the plurality of desired data objects or relevant
nformation from the secondary analysis output files. The process further moves to a state
3060 that determines the custom data fields in the SART file corresponding to the desired
data objects and stores the desired data objects in the corresponding custom data fields. After

the custom data fields of the SARJ file have been assigned, the process then moves to a state
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3070, where a checksum 1s generated for a portion of the custom SARJ file, and the
checksum 15 stored in the SARJ file. For example, the schema may declare that some of the
custom data fields of the SARJ file does not pernmt user corrections, such that a
cryptographic hash function will be evaluated on this portion of the SARJ file to generate a
checksum. The process 3000 then terminates at an end state 3105, One example of a SARJ
file 326 1s shown n FIG. 2B,

{8055] Once the SARJ file 320 1s generated, the SARJ generator 300 may send it
to a downstream clinical analysis system 400 for performing tertiary analysis 410 {e.g. tumor
profiling} and further reporting.

{8056] In some embodiments, the SARJ file 320 may be accessed by the clinical
analysis system 400 through security parameters such as a password-protected client account
in a cloud computing environment or the association with a particular institution or IP
address. The SARI file 320 may be accessed by the clincal analysis system 400 by
downloading one or more files from the cloud computing environment or by logging nto a
web-based interface or software program that provides a graphical user display in which the
SARJ file 320 15 depicted as text, umages, and/or hyperlinks. In some embodiments, the
SARIJ file 320 may be provided to users 1 the form of data packets transmitted via a
communications link or network.

{08357] In some embodiments, the chimcal analysis system 400 may be designed to
deliver n-vitro diagnostic (IVD) solutions to improve the management of cancer patients in
the clinic. In some embodiments, the clinical analysis system 400 may develop cancer
companion diagnostics {{Dx) useful for therapeutics or companion therapeutics. In some
embodiments, the clinical analysis system 400 may identity biomarkers for targeted therapies
for cancer patients, perform treatment selection through response monttoring which allows
physicians to follow the evolution of a patient’s tumor over time through the downstream
patient/hospital system S500. In some embodiments, the clinical analysis system 400 may
analyze the biology that drives cancer predisposition and proliferation that supporis the
development of targeted therapeutics and multi-analyte tumor analysis. In some
embodiments, the chinical analysis systerm 400 may be used for discovery of novel methods
to monitor cancer treatment and recurrence and developing precision medicine or

personalized medicine.
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{8058] In some embodiments, the terflary analysis 410 extracts medical or
research implications from the nucleic acid sequence and vanant information in the SARJ
file 320. In some embodiments, the tertiary analysis 410 may include genome-wide variation
analysis, gene function analysis, protein function analysis, eg., protein binding analysis,
quantitative and/or assembly analysis of genomes and/or transcriptomes, as well as various
diagnostic, and/or prophylactic and/or therapeutic evaluation analyses.

{0059] In some embodiments, the tertiary analysis 410 may predict the potential
for the occurrence of a diseased state due to a genetic abnormality. In some embodiments, the
tertiary analysis 410 may identify candidates for clinical trials. In some embodiments, the
tertiary analysis 410 may predict the likelihood of success of a prophylactic or therapeutic
modality based on how a prophylactic or therapeutic is expecied to interact with the patient's
genomie ot transeriptonuc nformation. In somwe embodiments, the tertiary analysis 410 may
interpret the SARJ file 320, such as for determuning what the data means with respect to
identifyimg what diseases a patient may have, and/or for determinming what treatments or
Iifestyle changes a patient may waunt to employ so as o ameliorate or prevent a diseased
state. In some embodiments, a subject's genetic seguence or their variant calls may be
analyzed to determine chnically relevant gesetic markers that indicate the existence or
potential for a diseased state, and/or the efficacy of a proposed therapeutic or prophylactic
regimen may have on the subject.

{8060] In some embodiments, once the tertiary analysis 410 is performed by the
clinical analysis system 400, the result of tertiary analysis 410 is optionally reported to a
downstream patient/hospital system 500,

{0061 ] in some embodiments, the patient/hospital system 500 may use the result
of tertiary analysis 410 to diagnose a disease or its potential, perform chinical interpretation
{e.g., looking for markers that represent a disease variant), or determine whether a subject
should be imncluded or excluded in various clinical trials. In some embodiments, the
patient/hospital system 500 may query for a ceriain type of information that are known to be
associated with a certain disease by determinung if one or more genetic based diseased

markers are included in the result of the tertiary analysis 410,
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{8062] Other aspects and advantages of the disclosure will becore apparent from
this detailed description taken m comjunction with the accompanying drawings which
ilnstrate, by way of example, the principles of the disclosure.

{6063] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled i the art. It is,
therefore, to be undersicod that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the invention.

[8064] Various modification and varation of the described methods and
compositions of the invention will be apparent to those skilled in the art without departing
from the scope of the mvention Although the invention has been described in connection
with specific preferred embodiments, it should be understood that the mvention as claimed
should not be unduly limited to such specific embodiments. Indeed, various modifications of
the described modes for carrving out the mvention that are obvious to those skilled tn the
relevant fields are intended to be within the scope of the following claims.

[B065] Embodumnents of the present techruques are described herein by reference
to sample preparation data generated by a sample preparation device, sequencing data
generated by a sequencing device, and/or mformation related to generating, analyzing, and
reporting this type of data. The disclosure 1s not, however, limited by the advantages of the
aforementioned embodiment. The present techniques may alternatively or additionally be
applied to devices capable of generating other types of high throughput biological data, such
as microarray data. Microarray data may be in the form of expression data, and the
expression data may be stored, processed, and/or accessed by primary or secondary users in
conjunction with the cloud computing environment as provided herein. Other devices that
can be used include, but are not limited to, those capable of generating biological data
pertaining to enzyme activity {e.g. enzyme kinetics), receptor-ligand binding {e.g. antibody
binding to epitopes or receptor binding to drug candidates), protein binding interactions (e.g.
binding of regulatory components to nucleic acid enzymes), or cell activity {e.g. cell binding
or cell activity assays).

[0866] Advantages of practicing the methods and systems as described herein can
provide mvestigators with more efficient systems that wtilize fewer computer resources while

maximizing data analysis time, thereby providing nvestigators with additional tools for
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determuining the presence or absence of disease related genomic anomalies which may be
used by a chimician to diagnose a subject with a disease, to provide a prognosis {0 a subject, {o
deternmiine whether a patient 1s at risk of developing a disease, to monitor or determine the
outcome of a therapeutic regimen, and for drug discovery. Further, information gained by
practicing computer implemented methods and systems comprising processes as described
herein finds utility in personalized healthcare initiatives wherein an individual's genomic
sequence may provide a clinician with information unique to a patient for diagnosis and
specialized treatment Therefore, practicing the methods and systems as described herein can
help provide investigators with answers to their questions in shorter periods of time using

iess valuable computer resources.

Sequencing Technologies

[B8067] In some embodiments, the sequencers 100 are provided by THuroina®, Inc
{NovaSeq 6000, NextSeq 550, NextSeq 1000, NextSeq 2000, HiSeq 1000, HiSeq 2000,
Genome Analyzers, MiSeq, HiScan, 1Scan, BeadExpress systems), Applied Biosysterns™
Life Technologies {ABI PRISM® Sequence detection systems, SCLID™ System}, Roche
4534 Life Sciences {FLX Genome Sequencer, S Junior), Applied Biosystems™ Life
Technologies {ABI PRISM® Sequence detection systems, SCLiD™ System}, or Ion
Torrent® Life Technologies {Personal Genome Machine sequencer).

{8068] The sequencers 100 may be implemented according to any sequencing
technique, such as those incorporating sequencing-by-synthesis methods deseribed in US
Patent Publication Numbers 2007/0166705, 2006/0188901, 2006/0240439, 2006/0281109,
2005/0100900, U.8. Patent Number 7,057,026, PCT Publication Numbers W 2005/065814,
WO 2006/064199, and WO 2007/010251, the disclosures of which are incorporated herein
by reference in their endireties. Alternatively, sequencing by ligation techniques may be used
in the sequencers 100, such as described in U.S. Patent Numbers 6,969,488, 6,172,218, and
6,306,597, the disclosures of which are incorporated herein by reference in their entireties.
Sequencing by higation techniques use DNA ligase to incorporate oligonucleotides and
identify the mcorporation of such oligonuclectides. Some embodiments can utilize nanopore
sequencing, whereby target nucleie acid strands, or nucleotides exonucleoiytically removed

from target nucleic acids, pass through a nanopore. As the target nucleic acids or nucleotides
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pass through the nanopore, each type of base can be identified by measuring fluctuations in
the electrical conductance of the pore, such as descnibed i U8, Patent Number 7,001,792;
Somi & Meller, Clin. Chem. 53, 1996-2001 (2007); Healy, Nanomed. 2, 459-481 {2007); and
Cockroft, et al. J. Am. Chem. Soc. 130, 818-820 {(2008), the disclosures of which are
incorporated herein by reference in their entireties. Yet other embodiments include detection
of a proton released upon mcorporation of a nucleotide into an extension product. For
example, sequencing based on detection of released protons can use an electrical detector and
associated techniques that are commercially available from lon Torrent {Guilford, Conn,, a
Life Technologies subsidiary} or sequencing methods and systems described in U.S. Patent
Publication Numbers US 2009/0026082 A1, US 2009/0127589 A1, US 2010/0137143 A1, or
US 2010/0282617 Al, each of which is incorporated herein by reference in is entirety.
Particular embodiments can utilize methods mvolving the real-time monttoring of DNA
polymerase activity. Nucleotide mcorporations can be detected through fluorescence
resonance energy transfer (FRET) nteractions between a fluorophore-bearing polymerase
and vy-phosphate-labeled nucleotides, or with zeromode waveguides as described, for
example, in Levene et al. Science 299, 632-686 {2003}, Lundquist et al. Opt. Lett. 33, 1026~
1028 (2008); and Korlach et al. Proc. Natl Acad Sci. USA 105, 1176-1181 {2008), the
disclosures of which are mcorporated herein by reference 1n their entireties. Other suitable
alternative techniques include, for example, fluorescent in situ sequencing {(FISSEQ), and
Massively Parallel Signature Sequencing (MPSS). In particular embodimenis, one of the
sequencers 100 may be a HiSeq, MiSeq, or HiScanSQ from Hlumina (San Diego, Calif).
{6669] In some embodiments, the biological samples may be loaded into the
sequencers 100 as sample slides and may be imaged to generate sequence data. For example,
reagents that interact with the biological sample fluorescently at particular wavelengths in
response 1o an excitation beam generated by an imaging module and thereby return radiation
for imaging. For instance, the fluorescent components may be generated by fluorescently
tagged nucleic acids that hybridize to complementary molecules of the components or to
fluorescently tagged nucleotides that are incorporated into oligonucleotides 1o the biological
samples using a polymerase. The wavelength at which the dyes of the sample are excited and
the wavelength at which they fluoresce may depend upon the absorption and emission

spectra of the specific dyes. Such returned radiation may propagate back through directing
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optics of the imaging module. The 1maging module detection optics may be based upon any
suitable technology, and may be, for example, a charged coupled device (CCD) sensor that
generates pixilated image data based upon photons mmpacting locations in the device
Alternatively, the mmaging module detection opiics may be based upon a detector array
configured for time delay integration (TDI) operation, a complementary metal oxide
semiconductor {TMOS) detector, an avalanche photodiode {(APD) detector, a Geiger-mode
photon counter, or any other suitable detector. TDI mode detection can be coupled with line
scanning as described i U.S. Patent Number 7,329,860, which i1s incorporated herein by

reference.

Computing Systems

[6078] In some embodiments, the SART generator (SARJeant) 300 may mvolve
approach for shifting or distributing certain sequence data analysis features and sequence
data storage to a cloud computing environment or cloud-based network. User interaction with
sequencing data, genome data, or other types of biological data may be mediated via a central
hub that stores and controls access to varipus interactions with the data. In some
embodiments, the cloud computing environment may also provide sharing of protocols,
analysis methods, hbraries, sequence data as well as distributed processing for sequencing,
analysis, and reporting. In some embodiments, the cloud computing environment facilitates
modification or annotation of sequence data by users. In some embodiments, the SARJ
generator 300 may be implemented in a computer browser, on-demand or on-line.

{6671] In some embodiments, software written fo perform the SARJ generator
300 as described herein is stored in some form of computer readable medium, such as
memory, CD-ROM, DVD-ROM, memory stick, flash drive, hard drive, SSD hard drive,
server, mainframe storage system and the hike.

[0072] In some embodiments, the SARJ generator 300 may be written in any of
various suitable programming languages, for example compiled languages such as C, C#,
C-++, Fortran, and Java. Other programming languages could be script languages, such as
Perl, MatLab, SAS, SPSS, Python, Ruby, Pascal, Delpht, R and PHP. In some embodiments,
the SARJ generator 300 are written in C, C#, C++, Fortran, Java, Perl, R, Java or Python. In

some embodiments, the SART generator 300 may be an imdependent apphceation with data
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input and data display modules. Alternatively, the SARJ generator 300 may be a computer
software product and may mclude classes wherein distributed objects comprise applications
inclading computational methods as described herein. Further, computer software products
may be part of a component software produet, including, but not himited to, computer
implemented software products associated with sequencing systems offered by [iumma, Inc.
{San Ddego, Calif), Applied Biosystems and lon Torrent {(Life Technologies; Carisbad,
Calif ), Roche 454 Life Sciences (Branford, Conn.}), Roche NimbleGen (Madison, Wis.},
Cracker Bic (Chulung, Hsinchy, Taiwan), Complete Genomics (Mountain View, Calify, GE
Global Research (Niskayuna, NY ), Halevon Molecular (Redwood City, Calif ), Helicos
Biosciences (Cambridge, Mass.), Intelligent Bio-Systems (Waltham Mass ), NABsys
{Providence, R.1), Oxford Nanopore (Oxford, UK), Pacific Biosciences (Menlo Park, Calif'},
and other sequencing software related products for determining sequence from a nucleic acid
sample.

[8073] In some embodiments, the SARJ generator 300 may be mncorporated into
pre-existing data analysis software, such as that found on sequencing instruments. An
example of such software 15 the CASAVA Software program (Bumina, Inc., see CASAVA
Software User Guide as an example of the program capacity, mcorporated herem by
reference n its entirety). Software comprising computer implemented methods as described
herein are installed either onto a computer system directly, or are mdirectly held on a
computer readable medium and loaded as needed onto a computer system. Further, the SARJ
generator 300 may be located on computers that are remote to where the data is being
produced, such as software found on servers and the like that are maintained in another
ocation relative to where the data is being produced, such as that provided by a third party
service provider,

{6074] An assay instrument, desktop computer, laptop computer, or server which
may contain a processor in operational communication with accessible memory comprising
istructions for implementation of the SARJ generator 300. In some embodiments, a desktop
computer or a laptop computer is in operational communication with one or more computer
readable storage media or devices and/or outputting devices. An assay instrument, desktop
computer and a laptop computer may operate under a nurober of different computer based

operational languages, such as those utilized by Apple based computer systems or PC based
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computer systems. An assay instrument, desktop and/or laptop computers and/or server
system may forther provide a computer nterface for creating or modifying experimental
definitions and/or conditions, viewing data results and momitoring experimental progress. In
some embodiments, an outputting device may be a graphic user mnterface such as a computer
montor of a compuler screen, a printer, a hand-held device such as a personal digital
assistant {1Le., PDA, Blackberry, iPhone), a tablet computer {e.g., iIPAD®), a hard drive, a
server, a memory stick, a flash drive and the like.

{B8075] A computer readable storage device or medium may be any device such as
a server, a mainframe, a super computer, a magnetic tape system and the like In some
embodiments, a storage device may be located onsite 1n a location proximate to the assay
mstrument, for example adjacent to or in close proximity to, an assay instrument. For
example, a storage device may be located in the same room, in the same buidding, n an
adjacent building, on the same floor in a building, on different floors 10 a building, ete. n
relation to the assay nstrument. In some embodiments, a storage device may be located oft-
site, or distal, to the assay wnstrument. For example, a storage device may be located in a
different part of a city, v a different city, in a different state, i a different country, etc.
relative to the assay nstrument. In embodiments where a storage device 1§ located distal to
the assay instrument, communication between the assay instrument and one or more of a
deskiop, laptop, or server is typically via Internet connection, either wireless or by a network
cable through an access point. In some embodiments, a storage device may be maintaimed
and managed by the individual or entity directly associated with an assay instrument,
whereas 1in other embodiments a storage device may be mamntamed and managed by a third
party, typically at a distal location to the individual or entity associated with an assay
mstrument. In embodiments as described herein, an outputiing device may be any device for
visualizing data.

[0076] An assay instrument, desktop, laptop and/or server system may be used
itself to store and/or retrieve compuier implemented software programs incorporating
computer code for performing and implementing computational methods as described herein,
data for use in the implementation of the corputational methods, and the like. One or more
of an assay instrument, desktop, laptop and/or server may contprise one or more computer

readable storage media for storing and/or retrieving software programs incorporating
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computer code for performing and implementing computational methods as described herein,
data for use in the implementation of the computational methods, and the like. Computer
readable storage media may include, but is not limited to, one or more of a hard drive, a 88D
hard drive, a CB-ROM drive, a DVD-ROM drive, a floppy disk, a tape, a flash memory stick
or card, and the like. Further, a network including the Internet may be the computer readable
storage media. In some embodiments, computer readable siorage media refers to
computational resource storage accessible by a computer network via the Internet or a
company network offered by a service provider rather than, for example, from a local
desktop or laptop computer at a distal focation to the assay instrument.

{8677] In some embodiments, computer readable storage media for storing and/or
retrieving computer implemented software programs incorporating computer code for
performing and iroplementing computational methods as described herein, data for use in the
implementation of the computational methods, and the hike, 15 operated and maintained by a
service provider m operational communication with an assay instrument, desktop, laptop
and/or server syster via an Internet connection or network connection.

[{6078] In some embodiments, a hardware platform for providing a compuiational
environment comprises a processor {1.e., CPU) wherein processor time and memory lavout
such as random access memory {1.e., RAM) are systems considerations. For example, smaller
computer systems offer mexpensive, {ast processors and large memory and storage
capabilities. In some embodiments, graphics processing units (GPUs) can be used. In some
embodiments, hardware platforms for performing computational methods as described hergin
cOmprise one or more computer systems with one or more processors. In some embodiments,
smaller computer are clustered together to vield a supercomputer network.

{0079 In some embodiments, computational methods as described herein are
carried out on a collection of inter- or intra-connected computer systems (re., gnd
technology) which may run a variety of operating systems in a coordinated manner. For
example, the CONDOR framework (University of Wisconsin-Madison) and systems
available through United Devices are exemplary of the coordination of maultiple stand-alone
computer systems for the purpose dealing with large amounts of data. These systems may
offer Perl interfaces to submit, monttor and manage large sequence analysis jobs on a cluster

in serial or parallel configurations.
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Defimtions

{8086] As used herein, the singular forms “a”, “and”, and “the” mclude plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
sequence” may include a plurality of such sequences, and so forth. All techmical and
scientific terms used herein have the same meaning as commonly undersiocod to one of
ordinary skill in the art to which this invention belongs unless clearly indicated otherwise.

[8081] As used herein, the term “data strings” refers to a group or list of
characters derived from a data set. As used herein, the term “collection,” when used in
reference to “data strings” refers to one or more data strings. A collection can comprise one
or more data strings, each data string comprising characters derived from a data set A
collection of data strings can be made up of a group or list of characters from more than one
data set, such that a collection of data strings can be, for example, a collection of data strings
from two or more different data sets. Or, a collection of data strings can be derived from one
data set. As such, a “collection of characters” 1s one or more letters, symbols, words, phrases,
sentences, or data related identifiers collated together, wherein said collation creates a data
string or a string of characters. Further, a “plurality of data strings” refers to two or more data
strings. In one example, a data string can form a row of characters and two or more rows of
characters can be aligned to form multiple columns. For example, a collection of 10 strings,
each string having 20 characters, can be aligned to form 10 rows and 20 columns.

{3082] As used herein, a “subsequence”, “substring”, “prefix” or “suffix” of a
string represents a subset of characters, letters, words, etc, of a longer list of characters,
letters, words, etc, {i.e., the longer list being the sequence or string) wherein the order of the
elements 1s preserved. A “prefix” typically refers to a subset of characters, letters, numbers,
etc. found at the beginning of a sequence or string, whereas a “suffix” typically refers to a
subset of characters, letters, numbers, etc. found at the end of a string. Substrings are also
known as subwords or factors of a sequence or string.

[00383] As used herein, the term “protocol” refers to a method, step or 1nstruction
or set of methods, steps or instructions performed i completing a task, such as preparing a
biological sample. A sample preparation protocol typically includes, for example, a step-by-

step set of instructions to complete a task. The protocol may contamn only a sub-set of the
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steps needed to complete the task. The set of instructions can be performed entively 1 a
manual manner, entirely i an automated manner, or a mixture of one or more manual and
automated steps may be performed in combination. For example, a sample preparation
protocol may have as an mitial step the manual introduction of a nucleic acid sample or cell
iysate into an inlet port of a sample preparation cartridge, after which the rest of the protocol
18 performed in an automated manner by a device.

{0084] As used hergin, the term “sample preparation related data” refers to
information related to a sample preparation procedure, including executable instructions for
carrying out a sample preparation procedure on a device, and/or data related to a specific
sample preparation procedure such as sample wdentification, date, time and other particular
details of sample preparation procedure. For example, sample preparation related data can
mclude sample preparation recipe/protocol identification, sample preparation cartridge
identification,  carinidge  preparation  dergification, samople  preparation  instruroent
identification, and other parameters. In some emnbodiments, sample preparation related data is
nput or provided by a user to a sample preparation device. In some embodiments, sample
preparation related data s provided by a user to a third party, or to a cloud computing
environment. In some embodunents, sample preparation related data 15 provided from a cloud
computing environment or a third party to a sample preparation device.

{0085] As used heremn, the term “sequencing related data” refers to mformation
provided in connection with sequencing. For example, sequencing related data can include,
but s not hmited to, flowcell identification, sequencing cartridge identification, sequencing
instrument identification, and sequencing parameters. Sequencing related data can be
provided, for example, by a user, a third party, or by a sequencing instrument. In some
embodiments, sequencing related data is input or provided by a user to a sample preparation
device. In some embodiments, sequencing related data is provided by a user to a third party,
or to a cloud computing environment. In some embodiments, sequencing related data is
provided from a cloud computing environment or a third party to a sample preparation
device.

[0086] As used herein, the term “sample manifest” refers to a list including ove or
more of the samples being processed in a sample preparation procedure. The sample manifest

may include, for example, identifier numbers or other wentifying information for the one or
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more samples. In some embodiments, the samples on the sample mamfest are processed n
parallel. In some embodiments, the samples on the sample manfest are processed
consecutively.

{6087] As used herein, the term “user” may refer to the owner of the sequence
data, a researcher or clinician who uploads the sequence data to the cloud, or an original
researcher who performed the sequencing run, a doctor or chinician who is handling a
particidar aspect of a patient's care, a primary care physician, oncologist and genetic
counselor who are caring for the individual whose sequence s being accessed. Different
users can have different permission levels with regard to the number and types of annotations

and modifications they can make to the files.

EXAMPLES
[B3088] The following exaroples are offered to illustrate but not to hnut the
mvention. In order to facilitate understanding, the specific embodiments are provided to help
interpret the techiucal proposal, that is, these emnbodiments are only for illustrative purposes,
but not in any way to limit the scope of the invention. Unless otherwise specified,
embodiments do not indicate the specific conditions, are in accordance with the conventional

conditions or the manufacturer’s recommended conditions.

Example 1

{3089] The output file, Sample Analysis Results JSON (SARJ) file, was
generated as a standard text based favaScript Object Notation (JSON) file. The content of the
SARJ file included:

{0090] 1. Checksum — checksum of the data section, can be salted to safeguard
from undesired user modifications to the file.

{0091 ] 2. Data Section

[6092] a. Schema version.

[0093] b Sample mformation — a set of properties for describing the
sample, including disease information.

[0094] c. Software configuration information — set of properties

capturing version mformation for upstream software such as the analysis pipeline.
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[6095] d. Quality control mformation
1. Run metrics.
ii. Sequencing library status (e.g. RNA and DNA libraries).
i1, QC metrics.

{8096] 3. Variants — lists of data for multiple variant types, where the type of
variants included depends on the analysis pipeline {e.g. small variants, copy number variation
{CNV}, fusions, splice variants).

{3097] 4. Biomarkers — sets of properties grouped by biomarker tvpe {e.g. tumor

mutational burden, microsatellite instability).

{8098] While certain embodiments of the inventions have been described, these
embodiments have been presented by way of example ounly, and are not intended to Tt the
scope of the disclosure. Indeed, the novel methods and systems described herein may be
embodied m a variety of other forms. Furthermore, various omussions, substitutions and
changes in the systems and methods described herem may be made without departing from
the spirit of the disclosure. The accompanving claims and their equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the disclosure.
Accordingly, the scope of the present mnventions 13 defined only by reference to the appended
claima.

{0099] Features, materials, characteristics, or groups described in conjunction
with a particular aspect, embodiment, or example are to be understood to be applicable to any
other aspect, embodiment or example described mm this section or elsewhere m this
specification unless incompatible therewith. All of the features disclosed in this specification
{including any accompanying claims, abstract and drawings), and/or all of the steps of anv
method or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The protection is
not restricted to the details of any foregoing embodiments. The protection extends to any
novel one, or any novel combination, of the features disclosed 1n this specification {including
any accompanying claims, abstract and drawings), or 1o any novel one, or any novel

combination, of the steps of any method or process so disclosed.
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{8108] Furthermore, cerfain features that are described wn this disclosure i the
context of separate implementations can also be implemented in combmation in a single
implementation. Conversely, various features that are described in the context of a single
implementation can also be implemented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain combinations, one or more features from a claimed combination can, in some cases,
be excised from the combination, and the combination may be claimed as a subcombination
or varation of a subcombination.

{8101 Moreover, while operations may be depicted in the drawings or described
in the specification 1n a particular order, such operations seed not be performed in the
particidar order shown or in sequential order, or that all operations be performed, to achieve
desirable results. Other operations that are not depicted or described can be incorporated in
the example methods and processes. For exarople, one or more additional operations can be
performed before, after, simultaneously, or between any of the described operations. Further,
the operations may be rearranged or reordered in other implementations. Those skilled in the
art will appreciate that m some embodiments, the actual steps taken m the processes
ilfustrated and/or disclosed may differ from those shown in the figures. Depending on the
embodiment, certain of the steps described above may be removed, others may be added.
Furthermore, the features and attributes of the specific embodiments disclosed above may be
combined in different ways to form additional embodiments, all of which fall within the
scope of the present disclosure.  Also, the separation of various system components in the
implementations described above should not be understood as requiring such separation in all
implementations, and it should be understood that the described components and systems can
generally be integrated together in a single product or packaged into multiple products. For
example, any of the components for an energy storage system described herein can be
provided separately, or integrated together (e.g., packaged together, or attached together) to
form an energy storage svstem.

[0102] For purposes of this disclosure, certain aspects, advantages, and vovel
features are described herein.  Not necessarily all such advantages may be achieved in
accordance with any particular embodument. Thus, for example, those skilled i the art will

recognize that the disclosure may be embodied or carried out in a manner that achieves one
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advantage or a group of advaniages as taught herein without necessarily achieving other
advantages as may be taught or suggested herem,

25 &C

{6103] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, 1s generally
intended 1o convey that certain embodiments include, while other embodiments do not
include, certain features, elements, and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements, and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without user nput or prompting, whether these features, elements, and/or
steps are included or are to be performed in any particular embodument.

[8104] Conjunctive language such as the phrase “at least one of X, Y, and 27
unless specifically stated otherwise, 15 otherwise understood with the context as used in
general to convey that an item, term, etc. mway be ether X, Y, or Z. Thus, such counjunciive

anguage 15 not generally mtended to noply that certain embodiments require the presence of
at least one of X, at least one of Y, and at least one of Z.

[6105] Language of degree used herein, such as the terms “approximately,”
“about,” “generally,” and “substantially” represent a value, amount, or characteristic close to
the stated value, amount, or charactenistic that still performs a desired function or achieves a
desired result.

[{8106] The scope of the present disclosure 18 not intended to be himited by the
specific disclosures of preferred embodiments i this section or elsewhere i this
specification, and may be defined by claims as presented in this section or elsewhere i this
specification or as presented in the future. The language of the claims is to be interpreted
broadly based on the language employed in the claims and not limited to the examples
described in the present specification or during the prosecution of the application, which

examples are to be construed as non-exclusive.
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APPENDIX

{

“$schema”: "http://jison-schema.org/draft-86/schemai”,

“definitions™: {
"biomarkerMetric™: {
"type”: "obiject”,
"properties”: {
"name": {
“description™: "Name of the metric.”,
“type®: “string”
¥
"value™: {
“description™: "Value of the metric. This property is optional. When
not present, the value 1s assumed to be NaN.",
“type": "number”
¥
"RAD": {
"description™: "Rounding After Decimal, also known as the scale of the
value which is the number of digits to the right of the decimal.”,
“type": "number"®
h
¥s
"required”: |
"nama®,
RADT

]
s

"tumorMutationalBurden”: {
“type": "object™,
"title®: "tumorMutationalBurden™,
"nroperties”: {
"tumorMutationalBurdenPerMegabase™: {
"type”: “number”
¥
"additionalMetrics™: {
“type’: "array®,
"items": { "$ref": "#/definitions/biomarkerMetric” }
¥
}7
"required”: |
"tumorMutationalBurdenPerMagabase”
]

¥

"

icrosatellitelnstability™: {
“"type”: “"object”,
"title®: "microsatelliteIlnstability”™,
"properties”: {
“microsatellitelnstabilityStatus™: {
"type": “string”

b
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"msiPercentinstableSites™: {
"description™: "Percentage of unstable MSI sites.”,
“type”: "numbep”

¥s
"msiPercentThreshold™: {
"description™: "Threshold used to determine the status. The status is
stable if the percent unstable MSI sites is <= this value.”®,
“type”: “number”
1
3
”RAD“: {
“description™: "Rounding After Decimal, also known as the scale of the

value which is the number of digits to the right of the decimal.”,
“type": "integer”
ta
"additionalMetrics™: {
"type®: "array”,
“items": { "$ref”: "#/definitions/biomarkerMetric” }
b
Fa
"reguired”: |
"msiPercentinstableSites”,
"RAD™

Nt

p—
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{
“checksum”: "238¢15bdf4395%be420048F8663788924",
“data”: {
"schemaVersion”: "6.1.8",

"sampleInformation”: {

“sampleId”: "Samplel”,

Ysax": "Male”,

“analysisbate™ : "2818-86-85",

“analysisTime”™ : "19:88",

“analysisName": "analysis™,

“runid®: "runl”,

“diseaseInformation”™: {
“code": "254637087",

“"label™: "Nonsmall-cell lung cancer®,
“source™: "SNOMED",
"sourceVersion”: "1.8.8"
¥
¥

“softwareConfiguration”: {
"analysisSoftwareName™: "0GP176",

"analysisSoftwarsVersion”: "1.8.8.6",
"nirvanaVersionbist™: |
{

“instanceName"”: "CDxNirvana”,

"nirvanaSoftwareVersion”: "Nirvana 3.8.8-alpha.s5+gbcb2e247",
"genomeAssembly”: "GRCh37",

"refsegVersion”: "2818-82-28",

“dataSources”:|

{
name” : "VEPY,
"version”:"84",
“description”: "RBothRefSegAndEnsembl”,
"releasebate” "2017-81-16"
}.!
{

"name" : "COSMICT,
"version™:"88",
"description”:"Somatic mutation and related details and information
relating to human cancers”,
"releasebDate” : T2017-82-13"
¥
{

"name”: "gnomAD exome"™,

"version":"2.8.2",

“description” :"Exome allele frequencies from Genome Aggregation
Database (gnomaD)”,

"releaseDate” 1 "2017-18-85"

(LT

"name” : "gnomADT
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“version®:"2.6.2",

“description”:"Whole genome allele frequencies from Genome
Aggregation Database {gnomaAD)}",

“releaseDate”:"2817-16-85"

}
i
s
{
“instanceNama”: "TumorProfileNirvana”,
"nirvanaSoftwareVersion”: "Nirvana 3.8.8-alpha.5+g6c52e247",
“genomeAssambly”: "GRCh37%,
"refsegVersion™: "2818-82-28",
“dataSources”:|
{
“name” 1 "VEP",
“vepsion” 847,
“description”: "BothRefSegAndEnsembl®,
“releaseDate”: " 2817-61-16"
}
i
}
1
“genomeBulld®: “GRCh37"
}s
“sampleMetrics™: {

“run': {
"passRunQualityControl™: true,
"metrics”: |

{
“name”: "PCT_PF_READSY,
"LSLY: 80.8,
“value": 986.7,
"UOMT: “NAT,
“RADT: 1

e St

“name”: "PCT_(36_R1~,
"LSLY: 88.9,

"value": 91.5;

TUOMT O TNAT,

"RAD™: 1

“name”: "PCT_Q38_R27,
"LSLY: 88,8,

“value”: 85.6,

UM UNAY,

“RAD™: 1
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¥
“sequencingiibraries”: |
{
"libraryType”: "RNAR",
“libraryId”: "Samplel-RNA",
"analysisCompleted” : true,
“passQualitylontrol”: true

“libraryType™: "DNA",
“libraryId”: "Samplel-DNA",
"analysisCompleted” : true,
“passQualityControl”: true
¥
1
"qualityControlMetrics™: |
{
"name”: "DNA Library QC Metrics®,
"passQualityControl”: true,

"metrics”: |

i

“name”: "CONTAMINATION SCORE",
"value®™: 1382,

LSLT: @,

"USLT: 3186,

TUOMT s TNAY,

"RAD": @

pndan, tomg

“name"”: "CHROMOSOMAL IMBALANCE®,
"LSLY: 8.8,

SUSL: 9.49,

TUOM" T TNAT,

“RAD: 2

}s

1
"name”: "RNA Library QU Metrics",
"passQualitylontrol™: true,
"metrics®: {
{
“name”: “"MEDIAN_INSERT_SIZE",
“value™: 116,
"LSLY: 88.4,
TUOMT s "oount®,
"RAD*: 1

“name”: "MEDIAN_CV_GENE_586X",
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“value”: 8.57,
TLSLY: 8.8,
“USL": 8.93,
TUOMT . “"count”,
“RAD™: 2

s
{
"mame: "DNA Library QC Metrics for Small Vardant Calling”,
“passQualityControl”™: trus,
"metrics®: |
{
“name": "MEDIAN INSERT _SIZE",
“value™: 162,
SLSLY: 78,
"UOM": "cp”,
“RADY: @

oo Nt

"name": "MEDIAN_ EXON_COVERAGE",
“value": 85,

"LSLE: e,

FUHOMT . "count”™,

"RAD": &

P R

“name”: "PUT_EXON_56X",
"value®™: 98.6,

TLELT: 92,

"USL*: 188,

TUOMT: %M,

“"RAD®: 1

"name™: "DNA Library QC Metrics for Copy Number Variant Calling”,
"passQualityControl”™: true,
"metrics": {

c
1

“name”: "PCT_CHIMERIC_READS™,
"value®: 3.5,

TLELT: 92,

"USLY D 188,

SUOMT s "%,

"RAD“: 1

"name” 1 "COVERAGE_MAD",
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“value”: 8.89,
TLSLY: 8.8,
"USLT: 8.2,
TUOMT . “"count”,
“RAD™: 2

“name": "MEDIAN RIN COUNT CNV _TARGET"Y,
“value™: 5.3,

LS 1.8,

UM “count®,

“RAD": 1

e, Nl

“name”: "DNA Library QC Mstrics for MSIY,
"passQualitylontrol™: true,
"metrics”: |

{

"name”: "USABLE _MSI SITES™,
“value": 3,
"LSLY: 48,
FUHOMT . "count”™,
"RADT: @
¥
i
¥
1
"expandedMetrics”: |
{
“name”: "RNA Expanded Metrics”,
"metrics”: |

{

"name”: "TOTAL_PF_READS™Y,
“value": 17836644,

"UOMT: Tcount®,

TRAD": @

"name”: "DNA Expanded Metrics”,
“metrics”: |
{
“name”: "PLT_PF_UQ _READS",
"value®: 21.8,
TUOMT %,
"RAD“: 1
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i
¥
]
b
"variants”: {
“smallVariants™: |

£
L

“totalDepth": 1645,
“altAllelebepth™: 133,
"guality": 199,
“vcfChromosome™: “"chpr22”,
"vofPosition”: 29892928,
“vefRefallala™: "AY,
"vefAltAllele”: "GV,
“vefVariantFrequency™: 8.881,
"nirvana®: {
{
“sourceInstanceName™: "CDxNirvana™,
“chromosome™: "chr22”,
“hegin®™: 29692928,
“end": 298192924,
"refallele”: AT,
"altAllele™: "G",
“hgvsg": "gsyntax®,
"variantType": "SNV",
“transcripts™: |
{
“transcript®: "NM_667184.3%,
"source”: "RefSeqg”,
"bioType": “protein_coding”,
“odnaPos": "1138",
"exons': 187157,
“geneld®: "11266",
“hgnc': "CHEK2",
"consequence”: |
"missense_variant”
1
"hgvsc”: “NM_8087194.3:¢.186847>C",
"proteinid”: "NP_@a9125.1",
“codons™: “clg/clg”,
"aminoAcids": "L/PT,
"cdsPos™: Tilas4",
"proteinPos™: "355%,
"hgvsp": "NP_889125.1:p.{(Leu355Pro}”,
“isCanonical™: true,
"polyPhenScore™: 1,
“polyPhenPrediction”: "probably damaging”,
"siftScore”: &,
“siftPrediction”: “deleterious”
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“transcript™: “NM_861257387.1%,
“source”: "RefSeqg”,
“bioType”: "protein_coding”,
"ganald": 112887,
“hgnc': "CHEK2",
“conseqguence”: |

"missense variant”
1,
“hgvsc: "NM_8B812357387.1:¢.4817>C",
"proteinId®: "NP_881244316.17,
“codons™: "ctg/elg®,
"aminocAcids”: "L/PY,
“cdnaPos”: "1258",
"cdsPost: 4817,
“exons: "i1/16",
"proteinfos®: "134%,
"hgvsp": "NP_881244316.1:p.{Leul34Pro)",
“polyPhenScore™: 1,
“polyPhenPradiction”: "probably damaging”,
"siftScore”: @,
"siftPrediction”: "deleterious”

P
-

"transcript™: "NM_881885735.1",
“"source": "RefSeq”,
“bioType”: "protein_coding”,
“geneld”: "112807,
“hgno: "CHEK2™,
“consequence”: |

“missense _variant”
1s
“proteinld”: "NP_881885735.17,
“codons™: “cTg/clg”,
"aminocAcids": "L/P",
"cdnaPos™: "12657,
“odsPos®: "1193",
"exons": "1l/16%,
"proteinPos™: "388%,
"hgvsc”: "NM_881665735.1:<.31937>C",
"hgysp™: "NP_861665735.1:p.{Leu3%8Pro)",
"polyPhenScore™: 1,
"polyPhenPrediction”: "probably damaging”,
"siftScore”: 8,
“sittPrediction"”: “deleteriocus”

-

"transcript: TNM_145862.27,
“source”: "RefSeqg”,
"hioType": “protein_coding”,
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"introns”: “8/137,
“seneld”: "11288",
"hgnc': "CHEK2”,
“conseguenca™: |
"intron_variant”
1
"hgvsc': "NM_145862.2:¢.1889-1853T>(",
“proteinId®: "NP_6658561.1°

“sourceinstanceName”: "TumorProfileNirvana®,

“chromosome”: "chr22”,

“begin”: 29992920,

Tend®: 29682928,

“refallele™: "AY,

“altAllele”: "G%,

“hgvsg®: "gsyntax”,

“variantType": "SNVY,

“transcripts”: {

{
“transcript”: "NM_887194.3",
“source": "RefSeq”,
"bioType": "protein_coding”,
“cdnaPos™: "il3e",
"exons': "16/15",
“geneld”: "11200",
“hgno: "CHEK2™,
“consequence™: |
“missense_variant”

1
“hgvsc™: "NM_887194.3:¢.16647>C",
“proteinid™: "NP_869125.1°,
“codons™: "cYg/clg”,
"aminoAcidsT: TL/PY,
“odsPos™: 18647,
“"proteinPos™: "35%",
“hgvsp': "NP_889125.1:p.(Leu3s5Pra)”,
"isCanonical”™: true,
“polyPhenScore™: 1,

"polyPhenPradiction”: "probably damaging”,

"siftScore”: 8,
"siftPrediction”: "deleterious”

R

“transcript”: “NM_881257387.1",
"source": "RefSeq”,

“bioType”: "protein_coding”,
"geneld : “112867,
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“hgne': "CHEK2™,
“consequence”: |
"missense_variant”
1
“hgvsc™: "NM_881257387.1:¢.4017>C",
“proteinid”: "NP_861244316.1",
"rodonst: YcTg/clg”,
"aminoAcids®: "L/PY,
"cdnaPost: 12587,
“cdsPos”: 481,
“exons': "i1/16",
“proteinPos®: "134",
“hgvsp': "NP_881244316.1:p. {Leul34Pro)”,
“polyPhenScore™: 1,

"polyPhenPrediction”: “probably damaging”,

“siftScore”: 8,
"siftPrediction”: "deleterious”

“transcript™: "NM_661885735.17,
"source": "RefSeqg”,
"bioType”: “protein_coding”,
“geneld®: "11266",
“hgnc: “CHEK2Y,
"consequence”: |
"missense_variant”
1B
"proteinid”: "NP_861885735.1",
“codons™: "cYg/clg®,
"aminoAcids™: "L/P",
“cdnaPos®: 12657,
"cdsPos™: 11937,
"exonsT: "ii/16",
“proteinPos™: "398",
“hgvsc™: TNM_801885735.1:c. 119377,
"hgvsp": "NP_881665735.1:p.{Leu398Pro)",
“polyPhenScore™: 1,

“polyPhenPradiction”: "probably damaging”,

"siftScore”: @,
"siftPrediction”: "deleterious”

"transcript™: "NM_145862.27,

"source": “RefSeq”,

"bioType”: "protein_coding”,

“introns“: “9/13"7,

“genald®: "11260",

“hgneo': “CHEK2Y,

“consequence”: |
"intron_variant”
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1
"hgvsc™: "NM_145862.2:¢.1889-18597>(",
"proteinfd”: "NP_665%861.1"

¥
]
}
i
}
1
“copyNumbervariants”: |
{
"foldChange": 0.648,
“gual®: 157,
“"copyNumber¥type": "GAIN",
“gene™: "MY(Y,
"chromosome™: “chrg”,
“staptPosition”: 128748838,
"endPosition”: 128753206
}
1
“"geneFusions™: |
{
"partnerl”: {
“gene: "BCRY,
"chromosame™: "chr22”,
“position”: 23632608,
“referenceReads”: 8
¥
"partner2”: {
“gene®: "ABL1Y,
"chromosome™: "chrg”,
“position™: 133728451,
"referenceReads”: 10845
¥
"fusionDirectionalityknownAndindicatedByGenelrder”:
"fusionSupportingReads™: 127,
“score”: 8,969
¥
1
"spliceVariants”: |
{

"breakPointStartChromosome™: "chrd®,
"breakPointStartPosition™: 133760488,
"breakPointeEndChromosome™: “"chrg",
"breakPointEndPosition®: 133768572,
“spliceSupportingReads”: 34,
"referenceReads”: 2251,

“score”: 1,

"nirvana“: {

{
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“sourceinstanceName”™: "CDxNirvana”,
“source": "RefSeg”,
“gene”: "ABLL1Y,
"atfectedbxons™: "ii/11v,
“transcript”: "NM_867313.2"
b
{
“sourceInstanceName™: "TumorProfileNirvana”,
“source”: "RefSeg”,
“gene: “ABL1Y,
“affectedExons™: "11/11",
“transcript”: "NM _807313.2"
}
]
¥
]
}J
"piomarkers™:
{
"tumorMutationalBurden™: {
“tumorMutationalBurdenPerMegabase”: 11.5
Fs
"microsatellitelnstability”: {
"microsatellitelnstabilityStatus™: "Stable”,
"msiPercentUnstableSites™: 8.1,
"msiPercentThreshold”: 286.06,
TRADT: 1
}
¥

e
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{

“$schema”: "http://jison-schema.org/draft-86/schemai”,

“definitions™: {
"dataSourceinformation”: {
“type”: "object”,

“title": “"dataScurcelntormation™,
“properties”: {
"name": {
“typa: “string”
s

"version®: {
“type”: “"string”®
ta
“"description”: {
"description™: "Optional description of the data source. e.g.
Ensembl/RefSeq when describing the transcript source.”,
"type": “string”
¥
"releaselate”: {
"description™: "format of date is yyy-MM-dd",
“type’: "string”
}
¥
"required”: |
"name”,
“version”

]
¥

2

irvanaVersionInformation™: {
Ttype": "object®,
"title™: "nirvanaVersionInformation”,
"nroperties”: {
"instanceName™”: {
"description™: "Unique ID used to associate a Nirvana instance to its

“type”: “string",
“enum”: ["CBxNirvana”, "TumcrProfileNirvana"]

¥

"nirvanaSoftwareVersion™: {
“type”: “string"

¥a

"genomeAssembly”: {
“type”: “"string"

¥

“refsegVersion”: {
"type": “string”

¥

"dataSources”: {
“type”: "array",
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"items": { "$r
I
bs
“regquired”: |
"instanceNama®™,

-~

et

"nirvanaSoftwareVersion®,

"genomeAssembly®
"refsegVersion”,
“dataSources®

]

3

“transcriptinformation”: {

“type": “"object®,

“title™:

"nroperties”: {
"transcript®: {

“transcriptInformation”,
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“#/definitions/dataSourcelnformation™ }

“description™: "The transcript ID. E.g. ENSTO888445583.17,
“type®: "string”

¥

"source: {

"description”™: "The annotation source”,

“type”: "string”,

"enum™: ["RefSeq", "Ensembl’]

¥a
"pioType": {

“"type”: "string"”

¥
"aminoAcids”: {

“type”: “"string”®

¥a
“cdnaPos™: {

“type®: "string”

¥
"codons™: {

“type”: “string”

¥

"cdsPos": {
"typa®: "string”

s

"exons': {

"description™: "The exons affected by the variant. E.g. 4-6/7 would
indicate that exons 4, 5, and 6 were affected and that this transcript contains
exons in total.”,

“type”: "string"

b

“introns”: {
"description”™: "The introns affected by the variant.”,
“type”: "string"

b

“geneld”: {

7
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“description™: "The gene ID. E.g. ENSGO08881168627,
"typﬁ_‘": "Sti“jng"

¥

"hgnc: {
“description™: "The gene symbol. E.g. MSHE",
“typae: “string”

A

Js

"conseguence”: {
“description™: "Values from the Seguence Ontology Project. Please see tha
Consequence section below for possible values.”,
“type”: "array",
"itremsT: { "type”: “"string" }

¥

"hgvse®: {
“description™: "HGVS coding nomenclature”,
“type": “string”

¥

"hgvsp©: {
"description™: "HGVS protein nomenclature®,
"type": "string”

¥

"isCanonical™: {
"description™: "True when this is a canonical transcript.”,

“type”: "boolean®

¥

"polyPhenScore™: {
“"description”™: "Range: 8 - 1.8",
“type: "number”
¥
"polyPhenPrediction™: {
“type": "string”,
"enum”: ["probably damaging”, "possibly damaging”, "benign", “unknown"]
¥
"proteinld®: {
"description™: "The protein ID. E.g. ENSPBGHBEG465294.17,
"type’: "string”
¥
"proteinPos”: {
“type”: “string”
¥
"siftScore®: {
"description”: "Range: @ - 1.8",
“type”: “number”
¥
"siftPrediction”: {
“type”: "string",
"enum": [“tolerated”, “deleterious", “tolerated - low confidence”,
"deleterious - low confidence”]

1

“affectedbminocbcids™: {
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“type”: "object”,
"properties”: {
“begin®: {
“type": "integer’

q

¥s
”Eﬂd": {

“type”: "integer”
b
“ref”: {

“type": "string”
}s
Taltr: {

“type”: "string"
}

b

¥

¥

"required”: [
“transcript®,
"sourca’
“"hioType”,
"geneld”,
“hgnc"

]

I8

"nirvanaSmallVariantinformation”: {
type": "object®,
"title": "nirvanaSmallVariantInformation”,
"oroperties”: {
"sourceinstanceName™: {
"description™: "The name of the Nirvana instance {instanceName) this data
originated from.”,
“type”: “string”,
"enum”: [ "ChxNirvana®™, "TumorProfileNirvana”, "DefaultNirvana"]
¥
"chromosome™: {

“type”: “string”

¥
"pegin®: {

"type’: "integer”
¥
"end": {

“type”: "integer”
¥a

"refallele”: {
“type”: "string”

}s

"altallele”: {
”t;\l’pe L1} : "Sti"i_ﬂg”

s

44
SUBSTITUTE SHEET (RULE 26)



WO 2022/056293 PCT/US2021/049917

“hgvsg": {
"description™: "G syntax as generated by Nirvana®,
“type”: "string"”

¥

W

ariantType”: {
“typa: “string”,
“enum”: ["SNVY, "insertion®”, “deletion”, "indel®, "MNV"]
1
"transcripts”: {
“type”: "array”,
“items": { "$ref": "#/definitions/transcriptinformation” }
}
T
“reguired”: [
"sourcelnstanceName™,
“chromosome”,
“begin®,
"end®,
"refallele”,
"altaliele”,
“hgvsg”,
"variantType",
“transcripts”®
]
¥
"nirvanaSplicelnformation™: {
Ttype": "object®,
"title": "nirvanaSpliceinformation”,
"properties”: {
"sourceinstanceName™: {
"description™: "The name of the Nirvana instance {instanceName) this data
originated from.”,
“type”: “string®
¥a
"source”: {
"description”: "The annotation source”,
“type”: “string”,
"enum™: ["RefSeq", "Ensembl”]

hS
3
!!geneii {
“type”: “string”
.
fa2

"affectedExons: {
“type”: "string"
s
“transcript’: {
”tylpe w : ﬂs_tr‘ing})
}
bs
"required®: [
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"spurcelnstanceName”,
"sourca”,

“gene",

"transcript”
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{
“$schema”: "http://jison-schema.org/draft-86/schemai”,
“definitions™: {
"metrict: {
“type”: "object”,
“nroperties”: {
"name”: {
“description™: "Name of the metric.”,
“"typa®: “string”
¥
"value®: {
“description™: "Value of the metric. This property is optional. When
not present, the value is assumed to be NaN.",
“type”: "numbepr”
¥
"LsLt:
"description”: "Lowar Specification Limit for the metric. This property
is optional. When not present, the value can be assumed to be undefined.”,
“type”: "number"
¥
"ysLEr {
"description”™: "Upper Specification Limit for the metric. This property
is opticnal. When not present, the value can be assumed to be undefined.”,
“type”: "number”
¥
HomMT: {
“description™: "Unit OFf Measure for the value, LSL, and USL.",
"type”: “string”
Fa
"RAD": {

“description®: "Rounding After Decimal, also known as the scale of the
value which 1is the number of digits to the right of the decimal.”,
“type”: "number®

b

¥
"required”: |
"name”,
TUOM",
"RADT
)
¥
“sequencinglibraryInformation™:
"type": "object”,
"properties”: {
"libraryType": {
"type": "string",
“enum”: ["DNA"“,"RNA"]

ey

¥
“IibraryId”: {
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“type”: "string"
¥
"analysisCompleted™: {
“typa™: "boolean”
¥
"passQualityControl™: {
“type”: "boolean”
}
T
“reguired”: |
"libraryType®,
"libraryId®,
“"analysisCompleted”
]
b
“qualityControlMetricInformation”: {
“type": "object®,
"properties”: {
"name™: {
"type®: "string”
¥
"passQualityControl™: {
“type”: “"boolean”
¥a
"metrics™: {
“type”: "array”,

o

"items": { "$ref": "#/definitions/metric” }

¥
¥
"required™: |
"name"
]
¥
"expandedMetricinformation™: {
Ttype': "object”,
"properties®: {
"name": {
"type™: "string”

¥

"metricsT: {
“type”: "array”,

“items™: { "$ref": "#/definitions/metric” }

¥
I
“required”: |
“name”
"metrics”
]
}s

"consumableInformation”: {
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“type': "object”,
“properties”: {
"name": {
"description™: “"Consumable name”,
“type": "string®
1
“lotNumber”: {
"description”: "Consumable lot number®,
“type": "integer”
¥
¥
“required™: |
“name"”,
“lotNumber”

]
}
b

“type’: "object™,
“title"”: "sampleAnalysisResults”,
"properties”: {
"checksum™: {
“"description”: "Salted checksum of the data object. This 1s used to check
for intended or unintended changes to contents of the JSON file.”,
Trype': "string”

¥

“data": {
"description”: "Analysis results for a given sample”,
Ttype": "object”,
"properties®: {
“schemaVersion™: {
"description”: "Semantic version for the schema definition. Format is
<MAJOR> . <MINOR> .<PATCH> .,
"type": "string”
¥
"sampleinformation™: {
“type”: “object”,
"properties”: {
“sampleld™: {
“"description”: "Unique ID for the sample associated with the data.”,
"type©: "string”

"sex": {
“type": “string”,
“enum™: {"Male”, “Female”, "Unknown"]
b
"analysisDate”: {
“type”: “string”
¥

“analysisTime": {
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“type”: "string"
¥
“analysisName": {
“type": "string”

Trunid®: {

55,

“string”

“consumableinformation”™: {
"description”™: "Optional information about the consumables.”,
“type”: "array",
“items*: { "$ref": "#/definitions/consumableinformation” }

¥

"diseaseInformation™: {
“type”: "object®,
“properties”: {

"code®: {
“type”: "string”
¥
"label™: {
"type’: "string”
s
"source:
“type”: "string”
¥
“"sourceVersion™: {
“type®: "string”
¥
¥
"required”: |
"code™,
“label",
"source”,
“sourceVersion®
1
¥

}s

"reqguired”: |
"sampleId®,
“analysisBbate”,
"analysisTime”
i
}_7
"softwareConfiguration™: {
"type": “object”,
“properties”: {
"analysisSoftwareName": {
“description”: "Name of the secondary analysis pipeline.”,
"type“: "string”
ks
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“description”™: "Version of the secondary analysis pipeline.”,

“type”: "string"
+s

“moduleSoftwareversion”™: {

"description”: "Version of the top level module (e.g. LRM module).”,

“type”: "string"
b

“nirvanaVersiontist”: {

"description”™: "Version of the Nirvana components used in the

analysis.
“type: "array"®,
“items®: { "$ref":

There may be more than one version used.”,

"nirvana_definitions.schema. json##/definitions/nirvanaVersionInformation™ }

¥

“genomeBuild”: {
"type”: "string”

}

}s

"required”: |
"analysisSoftwareName™,
“analysisSoftwareVersion”,
"nirvanaVersionbList",
"genomeBulld"

i

¥
“samplieMetrics®: {
“type’: "object®,
"properties™: {
"run”: {
"description”: "Run metrics.
the inputs used to run the analysis.”,
"type®: "object”,
"properties”: {
"passRunQualitylontrol™: {

This object may not exist, depending on

"description™: "True 1f the run succeeded without any software
errors.”,
“type”: "boolean”
¥
"metrics”: {
“type": "array”,
"items": { "$ref": "#/definitions/metric” }
¥
s
“reguired”: |
"metrics”

1
¥

"sequencinglibraries”: {

“"description”: "List of sequencing libraries that were executed in
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the analysis workflow.”,
“type”: "array",
“items”: { “$ref”: "#/definitions/sequencinglibraryinformation” }
b
“gqualityControlMetrics”™: {
“type": "array",
“items”: { “"$ref”: "#/definitions/qualityControlMetricinformation” }
b
“expandedMatrics®: {
“type": "array",
“items”: { "$ref”: "#/definitions/expandedMetricInformation” }

¥

¥s

"required”: |
“sequencinglibraries”,
"gualityControlMetrics™,
“expandedMetrics”
i
¥
"variants®: {
"description™: "All passing variants from the analysis run.”,
"type”: “"object™,
"properties”: {
"smallVariants": {
"type”: “array",
"items": { "$ref":
"variant_definitions.schema.json#i/definitions/smallVariant” }

¥

opyNumbarVariants™: {

“type”: "array®,

"items®: { "$ref":
“variant_definitions.schema.json#/definitions/copyNumbervariant” }

¥

“"geneFusions™: {
"type”: “array",
“items": { "$ref”:
"variant_definitions.schema. jsonf#/definitions/gensFusion” }
}.s
“dnaFusions™: {
“type": "array”,
"items®: { "$ref™:
"variant_definitions.schema. jsonf/definitions/dnafusion™ }

¥

“spliceVariants™: {
"type": "array",
“items": { “$ref":
“variant_definitions.schema.json#/definitions/splicevariant” }
}
}
¥
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“"piomarkers”: {
"type": “object”,
“properties®: {
"tumorMutationalBurden”: { "$ref":
"bilomarker definitions.schema.json#/definitions/tumorMutationalBurden” 3},
"microsatellitelnstability™: { "$ref”:
"biomarker_definitions.schema. json#t/definitions/microsatellitelnstability” }

¥

h

1

"reguired”: |
"schemaVersion”,
"sampleInformation”,
"softwareConfiguration™,
“sampleMetrics™,
"variants®,
"biomarkers”

]

}

}s

"reguired": {
"checksum"”,
“data”

1,

"additionalProperties”: false
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{

“$schema”: "http://jison-schema.org/draft-86/schemai”,

“definitions™: {
"smallvVariant™: {
“type”: "object”,
“title": "smallVariant®,
“properties”: {
"totalbepth”™: {
"type: "integer”

¥

"altAllelebepth”: {
“type": "integer”

ta

"guality”: {
"type”: "number”

¥s

"vefChromosome™: {

“type”: "string”

¥a
"vefPosition™: {

"type’: "integer”

¥
"vefRefAllele™: {

"description”™: "Equivalent to Nirvana refAllele field, which is exactly
as displayed in the VCF. Deletions and insertions always include ref base padding.
The position (vcfPosition) reported is the position preceding the inserted/deleted
sequence., SNVs and complex substitutions are reported at the first position of the
mutation, and do not include ref base padding. The reported positien {(vcfPosition)
is the position of the first base of the observed sequence. A complex substitution
is defined as follows: (length(REF)} >1 or length{(ALT) > 1) and {(length(REF} >=1 and
length (ALT) »>=1} and (REF I= ALT) , where REF and ALT are not ref base padded.”,

“type”: “string"®

¥
"vefaltallele™: {

“description™: "Eguivalent to Nirvana altAllele field, which is exactly
as displayed in the VCF. Deletions and insertions always include ref base padding.
The position {vcfPosition) reported is the position preceding the inserted/deleted
sequence. SMVs and complex substitutions are reported at the first position of the
mutation, and do not include ref base padding. The reported position (vcfPosition)
is the position of the first base of the observed sequence. A complex substitution
is defined as follows: (length(REF) >1 or length{ALT) > 1} and {length{REF) »>=1 and
length (ALT) »=1) and (REF I= ALT)} , where REF and ALT are not ref base padded.”,

“type": "string”

¥

“vefVariantFrequency™: {
"type®: “number”

b

"nirvana“: {
“type": Tarray”,
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"items": { "$reft:
"nirvana_definitions.schema.json#/definitions/nirvanaSmallvariantInformation” }
¥

¥,

"reguired”: |
"vofChromosome™,
“vcfPosition®,
"vefRefAllele®,
"vefaltallele®™,

"nirvana”
]
s
"copyNumberVariant®: {

“type”: “"obiect®,

"title": “"copyNumbervariant”,

“properties”: {

“foldChange”: {
“type: "number”

¥
"gual®: {

“type”: "number”
1

0 copyNumbepType . {
"type”: “string”

¥

"gene': {
“type”: “"string”
¥
“chromosome™: {
"type”: "string”
s
"startPosition™: {
“type”: “"integer”
¥
"endPosition™: {
"type’: "integer"”
}

¥
"reguired”: |
"copyNumberType”,
“gene",
"chromosome™,
“startPosition”,
"endPosition”
)
¥
“geneFusion”: {
"type“: "object”,
“title": “"geneFusion”,
"properties”: {
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"partnerl”: {
"type: “object”,
“properties®: {
"gene": {
“type”: "string”
b
“chromosome™: {
“type": "string®
¥
"position”: {
“type”: "integer”
b
“referencaReads”: {
“type": "integer”
}
}j
“required”: [
“gene”,
“chromosoma™,
"position”

]
¥
"partneri”: {

“type: “object”,

"properties®: {

“gene: {
“type": "string"
¥

hromosome”: {
Ttype": "string®

¥

“position": {
“type®: "integer”
}

eferenceReads”: {
“type": "integer”®
}
ba
"required”: {
“gene”,
"chromosome™,
“pasition”
s

"fusionDirectionalitykKnownAndIndicatedByGenelrder”:

“type”: "boolean”

}s
“fusionSupportingReads”™: {
"type": “integer”

¥
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"score”: {
“type": "numbepr”

¥
¥,
"reguired”: |
"partnerl”,
"partner2”,
"fusionDirectionalityKnownAndIndicatedByGeneOrder®

1
¥
"dnaFusion”: {
“type": “"object”,
“title": “"dnaFusion®,
“properties”: {
“partnerl”: {
“"type": “object”,
“properties®: {
“gene": {
"type": "string”
}.s
“chromosome™: {
“type": "string®

¥

"position”: {
"type®: "integer”
ks
"referenceReads”: {
“type": "integer”
}
¥
"required”: {
fgene”,
"chromosome™,
“position”
]
¥
"partneri”: {
“type”: “object”,
“"properties®: {
“gene: {
“type": "string"
}.!
“chromosome™: {
Ttype": "string®

T
3

“position”: {
"type“: “integer"

¥

"referenceReads”: {
“type": "integer”
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¥s

¥

+s

“required”: |
“gene,
“chromosome™
"position”

i

9

"totalReads”: {
"type: "integer”

¥s

"fusionSupportingReads™:

“type": "integer”

1s

“fusionAlleleFraguency™:

"type": "number”

¥

"required”: |

]

"partnerl”,
"partner”

"spliceVariant™: {

type': "obiject”,
"title": "spliceVariant™,
“oroperties™: {

"breakPointStartChromosome™:

“type”: "string”
I

"breakPointStartPosition™: {

“type: "integer"®
¥

emima

"breakPointEndChromosome™:

“type”: "string”
5

"breakPointEndPosition”:

"type": "integer"

¥

"spliceSupportingReads™:

“type": "integer”
¥
"referenceReads”: {
"type”: "integer”
s
“score”: {
“type": “numbepr”
s
"nirvana"“: {
“type®: "array®,
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"items": { "$reft:
"nirvana_definitions.schema.json#/definitions/nirvanaSpliceinformation™ }
¥
b
"reguired”: |
"breakPointStartChromosome™,
"BreakPointStartPosition”,
"breakPointEndChromosome”,
"breakPointEndPosition”,
"nirvana”

et
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