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TCR/BCR PROFILING 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[01] This application claims the benefit of priority under 35 U.S.C. § 119(e) to U.S.  

Provisional Application No. 63/013,130 filed April 21, 2020, U.S. Provisional Application No.  

63/084,459, filed on September 27, 2020 and U.S. Provisional Application No. 63/201,020 filed 

April 8, 2021. The content of each provisional application is incorporated herein by reference in 

its entirety.  

FIELD 

[02] This present disclosure relates to systems, methods, and compositions useful for 

profiling T cell receptor (TCR) and B cell receptor (BCR) repertoire using next-generation 

sequencing (NGS) methods. The present disclosure also relates to systems and methods for 

diagnosing, treating, or predicting infection, disease, conditions, or therapeutic outcome, or 

efficacy based on the TCR/BCR profile data from a subject in need thereof. In some embodiments, 

the methods comprise detecting SARS-CoV-2 exposure.  

BACKGROUND 

[03] The vertebrate immune system is comprised of two main arms: the innate arm and the 

adaptive arm. The innate arm of the immune system has evolved to quickly and effectively respond 

to foreign antigens or danger signals. However, in many cases an innate immune response is not 

sufficient to provide sterilizing immunity. In addition, the adaptive arm of the immune system has 

no capacity for "memory," meaning that a more effective response to a pathogen cannot be made 

upon subsequent challenges by the same pathogen or a similar pathogen. Therefore, the innate arm 

of the immune system (and/or non-immune cells, for example, infected cells) presents antigens to 

the adaptive immune system, which can then begin the process of selection of antigen-specific 

immune cells, T lymphocytes (T cells) and B lymphocytes (B cells). This process is facilitated by 

the presence of an incredible diversity of antigen-specific cells to be available to respond to any 

antigenic challenge.  
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SUMMARY 

[04] Disclosed herein are methods for determining a TCR/BCR profile of a patient. In some 

embodiments, the method comprises a) isolating RNA from a sample from the patient; b) enriching 

the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture probes and 

enriching for a targeted whole transcriptome panel using a set of transcriptome hybrid-capture 

probes; c) determining the sequence of the RNA of (b) to generate sequencing data; and e) 

analyzing the sequencing data to determine the TCR/BCR profile of the patient. In some 

embodiments, the set of TCR/BCR hybrid-capture probes comprises a first pool comprising BCR 

constant region probes, a second pool comprising BCR non-constant region probes, a third pool 

comprising TCR constant region probes, a fourth pool comprising TCR non-constant region 

probes, and a fifth pool comprising transcriptome hybrid-capture probes.  

[05] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 

pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments, the sample 

is a blood sample.  

[06] In some embodiments, step (d) comprises identifying a plurality of TCR/BCR clones in the 

sample, and/or comprises identifying the most abundant TCR/BCR clones in the sample, and/or 

comprises identifying the most abundant non-constant region sequences in the sample.  

[07] In some embodiments, step (c) comprises whole transcriptome sequencing or shortread 

sequencing.  

[08] In some embodiments, the patient's BCR/TCR profile is compared with a control 

TCR/BCR profile and the patient is identified as having a disease or medical condition based on 

the comparison. In some embodiments, the disease or condition is an infectious disease, a cancer, 

an autoimmune disease, or an allergy. In some embodiments, the cancer or infectious disease is 

one or more provided in the list in embodiment 114. In some embodiments, the infectious disease 

comprises exposure to SARS-CoV-2. In some embodiments, the subject is suspected of having or 

has been diagnosed with COVID-19. In some embodiments, the disease is cancer. In some 
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embodiments, analyzing comprises determining the presence or extent of tumor lymphocyte 

infiltration. In some embodiments, the methods comprises treating the patient with a therapy. In 

some embodiments, the therapy comprises an immunotherapeutic agent. In some embodiments, 

the immunotherapeutic agent is a vaccine. In some embodiments, the immunotherapeutic agent is 

a chimeric antigen receptor (CAR) T cell.  

[09] In some embodiments, a method for treating a disease or condition of a patient is provided.  

In some embodiments, the method comprises a) isolating RNA from a sample from the patient; b) 

enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture probes 

and enriching for a targeted whole transcriptome panel using a set of transcriptome hybrid-capture 

probes; c) determining the sequence of the RNA of (b) to generate sequencing data; and d) 

analyzing the sequencing data, wherein the analysis comprises identifying the most abundant 

TCR/BCR clones in the sample and optionally, determining the TCR/BCR profile of the patient; 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool comprising BCR 

constant region probes, a second pool comprising BCR non-constant region probes, a third pool 

comprising TCR constant region probes a fourth pool comprising TCR non-constant region 

probes; and a fifth pool comprising transcriptome hybrid-capture probes; and e) treating the 

patient.  

[010] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 

pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments, the sample 

is a blood sample.  

[011] In some embodiments, the treatment comprises expanding the most abundant TCR/BCR 

clones in vitro and administering the expanded clones to the patient. In some embodiments, the 

single most abundant clone is expanded. In some embodiments, the 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 

20, 30 or 50 most abundant clones are expanded.  

[012] In some embodiments, step (d) comprises identifying the most abundant TCR non-constant 

region sequences in the sample, and wherein the treatment administered in step (e) comprises 
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administering a CAR-T cell therapy, wherein the CAR-T cell comprises at least one of the most 

abundant TCR non-constant region sequences.  

[013] In some embodiments, methods for characterizing the effect of a therapy on the TCR/BCR 

profile of a patient are provided. In some embodiments, the methods comprise a) at a first time 

point; i) isolating RNA from a sample from the patient; ii) enriching the isolated RNA for 

TCR/BCR genes using a set of TCR/BCR hybrid-capture probes and enriching for a targeted whole 

transcriptome panel using a set of transcriptome hybrid-capture probes; iii) determining the 

sequence of the RNA of (b) to generate sequencing data; and iv) analyzing the sequencing data to 

determine the TCR/BCR profile of the patient; and b) at a second time point: i) isolating RNA 

from a sample from the patient; ii) enriching the isolated RNA for TCR/BCR genes using a set of 

TCR/BCR hybrid-capture probes and enriching for a targeted whole transcriptome panel using a 

set of transcriptome hybrid-capture probes; iii) determining the sequence of the RNA of (b) to 

generate sequencing data; and iv) analyzing the sequencing data to determine the TCR/BCR profile 

of the patient; and c) comparing the TCR/BCR profile determined in step (a) to the TCR/BCR 

profile determined in step (b) to characterize the effect of the therapy on the TCR/BCR profile of 

the patient; wherein the set of hybrid-capture probes comprises a first pool comprising TCR 

constant region probes, a second pool comprising TCR non-constant region probes, a third pool 

comprising BCR constant region probes, a fourth pool comprising BCR non-constant region 

probes, and fifth pool comprising transcriptome hybrid-capture probes.  

[014] In some embodiments, the first time point is before a therapy has been administered and 

the second time point is a time after the therapy has been administered. In some embodiments, the 

first time point comprises a first time during a first course of therapy, and the second time point is 

at a second time during treatment with a first therapy, or is after the course of treatment with the 

first therapy has finished. In some embodiments, a third, fourth, fifth or Nth time point is analyzed.  

One or more of the Nth time points may be time points used in longitudinal testing, e.g., during 

the course of a therapy, during the course of a clinical trial, or before, during or after multiple 

therapies.  

[015] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 
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pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments, the sample 

is a blood sample.  

[016] In some embodiments of any of the above-described methods, the sample comprises a 

blood sample or a solid tumor sample. In some embodiments of any of the above-described 

methods, step (c) comprises whole-transcriptome sequencing or short-read sequencing.  

[017] In some embodiments, a method of determining the TCR/BCR profile of a patient who has 

COVID-19 or another disease, is provided. In some embodiments, the method comprise a) 

isolating RNA from a sample from the patient; b) enriching the isolated RNA for TCR/BCR genes 

using a set of TCR/BCR hybrid-capture probes and enriching for a targeted whole transcriptome 

panel using a set of whole transcriptome hybrid-capture probes; c) determining the sequence of 

the RNA of (b) to generate sequencing data; and d) analyzing the sequencing data to determine the 

TCR/BCR profile of the patient, wherein the set of TCR/BCR hybrid-capture probes comprises a 

first pool comprising TCR constant region probes, a second pool comprising TCR non-constant 

region probes, a third pool comprising BCR constant region probes, a fourth pool comprising BCR 

non-constant region probes, and a fifth pool comprising transcriptome hybrid-capture probes.  

[018] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 

pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments, the sample 

is a blood sample. In some embodiments, the patient's TCR/BCR profile is compared to a SARS

CoV-2 TCR/BCR positive control profile, and in some embodiments, a determination of whether 

the patient has been exposed to SARS CoV-2 is made. In some embodiments, the subject is treated 

if the determining indicates exposure to SARS-CoV-2.  

[019] In some embodiments, a method of determining SARS CoV-2 exposure in a patient is 

provided. In some embodiments, the method comprises a) isolating RNA from a sample from the 

patient; b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set of transcriptome 
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hybrid-capture probes; c) determining the sequence of the RNA of (b) to generate sequencing data; 

and d) analyzing the sequencing data to determine the TCR/BCR profile of the patient; and e) 

comparing the TCR/BCR profile of the patient to a positive control to determine SARS-CoV-2 

exposure; wherein the set of TCR/BCR hybrid-capture probes comprises a first pool comprising 

TCR constant region probes, a second pool comprising TCR non-constant region probes, a third 

pool comprising BCR constant region probes, and a fourth pool comprising BCR non-constant 

region probes, and fifth pool comprising transcriptome hybrid-capture probes.  

[020] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 

pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments the sample 

is a blood sample. In some embodiments, the patient has been exposed to or is suspected to have 

been exposed to SARS-CoV-2. In some embodiments, the patient is experiencing flu-like 

symptoms or symptoms associated with a respiratory disease. In some embodiments, the method 

comprises treating the patient for SARS-CoV-2 exposure, if the patient is determined to have been 

exposed to SARS-CoV-2.  

[021] In some embodiments of any of the above-described methods, step (c) comprises whole

transcriptome sequencing or short-read sequencing.  

[022] In some embodiments, a method comprising identifying TCR/BCR non-constant region 

sequences that are enriched in a cohort of patients with SARS-CoV-2 is provide. In some 

embodiments, the method includes a) isolating RNA from a sample from each patient in the cohort; 

b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture probes 

and enriching for a targeted whole transcriptome panel using a set of transcriptome hybrid-capture 

probes; c) determining the sequence of the RNA of (b) to generate sequencing data; d) analyzing 

the sequencing data to determine the TCR/BCR profile of the patients in the cohort; and e) 

identifying TCR/BCR non-constant region sequences that are enriched in the cohort as compared 

to a control group without the disease or condition, wherein the set of hybrid-capture probes 

comprises a first pool of TCR constant region probes, a second pool of TCR non-constant region 

6



WO 2021/217181 PCT/US2021/070440 

probes, a third pool of BCR constant region probes, and a fourth pool of BCR non-constant region 

probes, and a fifth pool of transcriptome hybrid-capture probes.  

[023] In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the ratio of the first pool, second pool, third 

pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10. In some embodiments, 2% or 

less of the reads in the sequencing data map to TCR/BCR genes. In some embodiments, the sample 

is a blood sample.  

BRIEF DESCRIPTION OF THE FIGURES 

[024] Fig. 1A-B. (A) presents an exemplary TCR/BCR immune repertoire display (report) 

illustrating additional or alternative fields for review by a physician. (B) An example TCR/BCR 

immune repertoire display (report), showing patient clonality after analysis with novel hybrid

capture approach, in this case related to BCR clonality.  

[025] Fig. 2. Is a schematic of novel hybrid-capture approach to immune profiling. 1) Tumor 

sampling-RNA is isolated from formalin-fixed, paraffin-embedded primary tumor samples.  

Samples harbor a broad spectrum of lymphocyte infiltration, largely dependent on sample tissue 

origin. 2) TCR/BCR transcript enrichment- specially designed and optimized hybrid-capture probe 

pools target genes for seven lymphocyte receptors (TCR-a, TCR-3, TCR-T, TCR-6, Ig-Heavy, Ig

, and Ig-X) to enrich immune receptors in RNA-seq output without compromising downstream 

transcriptomic analysis. 3) RNA-sequencing- a state of the art RNA-seq platform (for an example 

of an RNA-seq platform, see U.S. Patent Application No. 16/657,804, titled "Data Based Cancer 

Research and Treatment Systems and Methods", and filed 10/18/2019 and U.S. Patent Application 

No. 17/112,877, titled "Systems and Methods for Automating RNA Expression Calls in a Cancer 

Prediction Pipeline", and filed 12/4/20) provides transcriptomic analysis of tumor samples.  

TCR/BCR reads enriched by the application of rep-seq probes do not exceed 2% total reads in 

95% of RNA-seq runs. 4) Repertoire-sequencing analysis- RNA-seq data is processed using a rep

seq bioinformatics pipeline (in one example, the rep-seq bioinformatics pipeline includes open

source rep-seq software TRUST4, see https://github.com/liulab-dfci/TRUST4). Candidate 

TCR/BCR reads are aligned against IMGT reference allele sequences and hypervariable 
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complementarity-determining region 3 (CDR3) sequence clonotypes. CDR3 gene assignments and 

relative abundances are quantified.  

[026] Fig. 3. Is a table demonstrating an exemplary embodiment of the novel hybrid-capture 

approach to immune profiling with the number of each individual probes (right column) per 

general target (left column).  

[027] Fig. 4. Is a schematic drawing showing the probe tiling strategy for enriching TCR and 

BCR sequences in the novel hybrid-capture approach to immune profiling.  

[028] Fig. 5. Is a histogram showing the distribution of frequency of TCR/BCR reads as a 

percentage of all unfiltered reads in a sequencing run from using the novel hybrid-capture approach 

to immune profiling.  

[029] Fig. 6A-B. (A) A sample subjected to an enriched RNA-based rep-seq and a highly 

sensitive TCR-P receptor DNA sequencing assay. Exact TCR-P CDR3 nucleotide sequences are 

quantified and compared between runs in this benchmark and (B) separate RNA-based rep-seq 

runs. The x-axis indicates the abundance of each CDR3 nucleotide sequence in data from one run 

of the RNA-based rep-seq assay. The y-axis indicates the abundance of each CDR3 nucleotide 

sequence in data from either a highly sensitive TCR-P receptor DNA sequencing assay (A) or a 

second run of the RNA-based rep-seq assay (B). While enriched RNA-based rep-seq may be less 

sensitive than stand-alone DNA-based assays in various examples, the RNA-based rep-seq method 

detects and recapitulates the relative abundance of the most frequent clonotypes, even in the 

relatively small TCR-P repertoire displayed in Fig. 6. Consistency is also high for abundant 

clonotypes in inter-assay tests.  

[030] Fig. 7. is a scatter-plot showing the productive clonotypes vs. the CDR3-supporting read 

fragments from 501 human cancer samples analyzed using the novel hybrid-capture immune 

profiling approach. Each datapoint represents data from one sample, where the cancer type 

associated with the sample is represented by a particular color/shape combination (see legend).  

The x-axis represents the number of productive clonotypes detected in each sample and the y-axis 

represents number of CDR3 supporting sequence read fragments (sequence read fragments having 

a portion that maps to a CDR3 locus) detected.  
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[031] Fig. 8. Repertoires generated from 501 tumor transcriptomes demonstrate broad 

distribution of clonotypic richness. Total productive clonotypes (excluding CDR3 sequences with 

partial alignments, frameshifts and internal stop codons) for BCRs (Ig-heavy,- K, and -X) and TCRs 

(TCR-a, TCR-, TCR-T, and TCR-6).  

[032] Fig. 9. Repertoires generated from 501 tumor transcriptomes demonstrate broad 

distribution of clonotypic richness. Gene expression-based estimations (published patent app. no.  

16/533,676 incorporated herein by reference and PM1D30864330) for B-cells (y-axis) correlate 

with clonotype yield (reads supporting productive CDR3s, x-axis) for respective receptors (one

tailed Pearson - 95% CI). Samples with infiltration estimations at or below 0.001 are displayed at 

that value.  

[033] Fig. 10. Repertoires generated from 501 tumor transcriptomes demonstrate broad 

distribution of clonotypic richness. Gene expression-based estimations (published patent app. no.  

16/533,676 incorporated herein by reference and 1VD:30864330) for CD4/CD8 T cells (y-axis) 

correlate with clonotype yield (reads supporting productive CDR3s, x-axis) for respective 

receptors (one-tailed Pearson - 9 5 % CI). Samples with infiltration estimations at or below 0.001 

are displayed at that value.  

[034] Fig. 11. (Left) is a scatter-plot showing the number of TCR Beta productive clonotypes vs.  

the normalized Shannon entropy within each immune profile from 501 human cancer samples that 

were sequenced using the novel hybrid-capture approach disclosed herein. A higher normalized 

Shannon entropy is correlated with increased diversity in clonotypes within the sample. 9 example 

repertoires were selected (indicated by asterisks, color coded by cancer type of the sample; 

asterisks, from bottom to top, in order are: Red-acute lymphocytic leukemia, Orange-T cell 

lymphoma, Yellow-T cell lymphoma, Turquoise-Clear cell renal cell carcinoma, Indigo-pancreatic 

cancer, Purple-ovarian cancer, Light green-non-small cell lung cancer, Green-non-small cell lung 

cancer, Black-breast cancer). (Right) Expansion of top 10 clonotypes in selected TRB repertoires.  

The productive receptor frequency for the top ten clonotypes are displayed (each color represents 

one of the top ten clonotypes and the remaining repertoire is shown in grey).  

9
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[035] Fig. 12. Is a bar graph showing the frequency of the top 10 clonotypes in an individual with 

B-cell lymphoma who has been previously treated with anti-CD19 CAR. Yellow asterisk indicates 

clonotype that represent reads aligned to the heavy chain of chimeric antigen receptor.  

[036] Fig. 13. Is a bar graph showing the productive frequency for the top 10 clonotypes assayed 

using the novel hybrid-capture approach from an individual that has been infected with SARS

CoV-2. The data were then compared to a database of putative SARS-CoV-2 reactive TCR B 

clonotypes. Yellow and purple asterisks indicate clonotypes matched to MIRA assay data, 

indicating that these clonotypes are likely SARS-CoV-2 specific.  

[037] Fig. 14 illustrates the number of genes in each class of IG (BCR) or TCR genes having 1, 

2, 3, 4, or 5+ alleles, demonstrating the allelic variation of these genes.  

[038] Fig. 15 illustrates an example of aligned TCR reference sequences.  

[039] Fig. 16 shows cumulative distributions of the number of mismatched base pairs (bp), and 

the proportion of mismatched bp (number mismatch over gene length).  

[040] Fig. 17 shows the difference in total desired coverage length (in base pairs) when using 

(Table 1) the complete set of IG and TCR allele sequences (upper bound) and (Table 2) when 

using gene-level consensus sequences.  

DETAILED DESCRIPTION 

[041] The various aspects of the subject disclosure are now described with reference to the 

drawings, wherein like reference numerals correspond to similar elements throughout the several 

views. It should be understood, however, that the drawings and detailed description hereafter 

relating thereto are not intended to limit the claimed subject matter to the particular form disclosed.  

Rather, the intention is to cover all modifications, equivalents, and alternatives falling within the 

spirit and scope of the claimed subject matter.  

[042] In the following detailed description, reference is made to the accompanying drawings 

which form a part hereof, and in which is shown by way of illustration, specific embodiments in 

which the disclosure may be practiced. These embodiments are described in sufficient detail to 
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enable those of ordinary skill in the art to practice the disclosure. It should be understood, however, 

that the detailed description and the specific examples, while indicating examples of embodiments 

of the disclosure, are given by way of illustration only and not by way of limitation. From this 

disclosure, various substitutions, modifications, additions rearrangements, or combinations thereof 

within the scope of the disclosure may be made and will become apparent to those of ordinary skill 

in the art.  

[043] In accordance with common practice, the various features illustrated in the drawings 

may not be drawn to scale. The illustrations presented herein are not meant to be actual views of 

any particular method, device, or system, but are merely idealized representations that are 

employed to describe various embodiments of the disclosure. Accordingly, the dimensions of the 

various features may be arbitrarily expanded or reduced for clarity. In addition, some of the 

drawings may be simplified for clarity. Thus, the drawings may not depict all of the components 

of a given apparatus (e.g., device) or method. In addition, like reference numerals may be used to 

denote like features throughout the specification and figures.  

[044] Information and signals described herein may be represented using any of a variety of 

different technologies and techniques. For example, data, instructions, commands, information, 

signals, bits, symbols, and chips that may be referenced throughout the above description may be 

represented by voltages, currents, electromagnetic waves, magnetic fields or particles, optical 

fields or particles, or any combination thereof. Some drawings may illustrate signals as a single 

signal for clarity of presentation and description. It will be understood by a person of ordinary skill 

in the art that the signal may represent a bus of signals, wherein the bus may have a variety of bit 

widths and the disclosure may be implemented on any number of data signals including a single 

data signal.  

[045] The various illustrative logical blocks, modules, circuits, and algorithm acts described 

in connection with embodiments disclosed herein may be implemented as electronic hardware, 

computer software, or combinations of both. To clearly illustrate this interchangeability of 

hardware and software, various illustrative components, blocks, modules, circuits, and acts are 

described generally in terms of their functionality. Whether such functionality is implemented as 

hardware or software depends upon the particular application and design constraints imposed on 
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the overall system. Skilled artisans may implement the described functionality in varying ways for 

each particular application, but such implementation decisions should not be interpreted as causing 

a departure from the scope of the embodiments of the disclosure described herein.  

[046] In addition, it is noted that the embodiments may be described in terms of a process 

that is depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram. Although 

a flowchart may describe operational acts as a sequential process, many of these acts can be 

performed in another sequence, in parallel, or substantially concurrently. In addition, the order of 

the acts may be re-arranged. A process may correspond to a method, a function, a procedure, a 

subroutine, a subprogram, etc. Furthermore, the methods disclosed herein may be implemented in 

hardware, software, or both. If implemented in software, the functions may be stored or transmitted 

as one or more instructions or code on a computer-readable medium. Computer-readable media 

includes both computer storage media and communication media including any medium that 

facilitates transfer of a computer program from one place to another.  

[047] It should be understood that any reference to an element herein using a designation 

such as "first," "second," and so forth does not limit the quantity or order of those elements, unless 

such limitation is explicitly stated. Rather, these designations may be used herein as a convenient 

method of distinguishing between two or more elements or instances of an element. Thus, a 

reference to first and second elements does not mean that only two elements may be employed 

there or that the first element must precede the second element in some manner. Also, unless stated 

otherwise a set of elements may comprise one or more elements 

[048] Definitions 

[049] As used in this specification and the claims, the singular forms "a," "an," and "the" 

include plural forms unless the context clearly dictates otherwise. For example, the term "a 

polypeptide fragment" should be interpreted to mean "one or more a polypeptide fragment" unless 

the context clearly dictates otherwise. As used herein, the term "plurality" means "two or more." 

[050] As used herein, "about," "approximately," "substantially," and "significantly" will be 

understood by persons of ordinary skill in the art and will vary to some extent on the context in 

which they are used. If there are uses of the term which are not clear to persons of ordinary skill 
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in the art given the context in which it is used, "about" and "approximately" will mean up to plus 

or minus 10% of the particular term and "substantially" and "significantly" will mean more than 

plus or minus 10% of the particular term.  

[051] As used herein, the terms "include" and "including" have the same meaning as the 

terms "comprise" and "comprising." The terms "comprise" and "comprising" should be 

interpreted as being "open" transitional terms that permit the inclusion of additional components 

further to those components recited in the claims. The terms "consist" and "consisting of' should 

be interpreted as being "closed" transitional terms that do not permit the inclusion of additional 

components other than the components recited in the claims. The term "consisting essentially of' 

should be interpreted to be partially closed and allowing the inclusion only of additional 

components that do not fundamentally alter the nature of the claimed subject matter.  

[052] As used herein, the term "subject" may be used interchangeably with the term "patient" 

or "individual" and may include an "animal" and in particular a "mammal." Mammalian subjects 

may include humans and other primates, domestic animals, farm animals, and companion animals 

such as dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, cows, and the like.  

[053] As used herein a "subject sample" or a "biological sample" from the subject refers to a 

sample taken from the subject, such as, but not limited to a tissue sample (for example fat, muscle, 

skin, neurological, tumor, biopsy (e.g., solid tumor biopsy), lymph node, etc.) or fluid sample (for 

example, saliva, mucus, blood, serum, plasma, lymph, urine, stool, cerebrospinal fluid, etc.), and 

or cells, cultured cells (for example, organoids) or sub-cellular structures such as vesicles and 

exosomes.  

[054] "BCR" or "B-cell receptor", depending on the context in which it is used herein, refers 

to immunoglobulin molecules that form a receptor protein usually located on the outer surface of 

a lymphocyte type known as a "B cell". In some contexts, the term BCR or b-cell receptor refers 

to at least a part of the region(s) of a genome responsible for the development of B-cell receptor(s).  

[055] "Comprehensive genomic profiling panel" as used herein, refers to a genomic profiling 

panel comprising more than 10 genes.  
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[056] "Contig" refers to a set of overlapping DNA segments that together represent a 

consensus region of DNA.  

[057] "IgM" refers to the immunoglobulin M antibody and its isotypes.  

[058] "IgD" refers to the immunoglobulin D antibody and its isotypes.  

[059] "IgG" refers to the immunoglobulin G antibody and its isotypes.  

[060] "IgA" refers to the immunoglobulin A antibody and its isotypes.  

[061] "IgE" refers to the immunoglobulin E antibody and its isotypes.  

[062] "NGS" refers to next-generation sequencing technologies.  

[063] "Profiling" refers to any one of various methods that may be used to learn about the 

genes in a person or in a specific cell type, and/or the way those genes interact with each other 

and/or with the environment.  

[064] "RNAseq" or "ma-seq" as used herein is an abbreviation of "RNA sequencing" and 

refers to a sequencing technique which uses NGS, to reveal the presence and quantity of RNA in 

a biological sample. R.NA-seq can be used in the analysis of whole transcriptone, whole exone, 

targeted panel analysis, and combinations thereof.  

[065] "Clonal" as used herein, refers to a population of cells derived from a single cell. For 

example, a single T cell undergoes several successive rounds of mitosis and generates many T 

cells with identical T cell receptors. This population of T cells would be considered to be clonal.  

[066] "Oligoclonal" as used herein, refers to a population of cells derived from more than 

one, but less than many single cells. For example, a population of T cells derived from the 

expansion by mitosis of 2, 3, 4, 5, 6, 7, 8, 9, or 10 distinct T cell clones would be considered to be 

oligoclonal.  
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[067] "Polyclonal" as used herein, refers to a population of cells derived from many single 

clones. For example, a population of T cells derived from the expansion by mitosis of 11, 20, 50, 

100 or more distinct T cell clones would be considered to be polyclonal.  

[068] "TCR" or "t-cell receptor," depending on the context in which it is used herein, refers 

to a protein complex found on the surface of T cells, or T lymphocytes, that is responsible for 

recognizing fragments of antigen as peptides bound to major histocompatibility complex (MC) 

molecules. In some contexts, the term TCR or t-cell receptor refers to at least a part of the region(s) 

of a genome responsible for the development of t-cell receptor(s).  

[069] As used herein, the term "repertoire" refers to the totality of information (including, but 

not limited to presence, absence, expression level, variants), derived from nucleic acid sequencing, 

such as NGS methods, related a particular class of molecules, such as receptors, for example B

cell receptors and/or T-cell receptors, or a collection of molecules within a system, such as an 

immune repertoire, which could include B-cell receptor information, T-cell receptor information 

and information about other immune-related genes, such as MHC genes.  

[070] As used herein, the term "TCR/BCR repertoire" refers to the totality of information 

derived from nucleic acid sequencing (such as by NGS methods) of a sample isolated from a 

subject, using the hybrid capture probes, comprising a TCR/BCR probe set (probe panel) alone, or 

in combination with a targeted exome panel. If a targeted whole transcriptome or targeted whole 

exome panel is used, the TCR/BCR repertoire does not include the remaining (non-TCR/BCR) 

transcriptome data. A TCR/BCR repertoire includes information, for example in the form of 

sequence data, about gene targets in the TCR/BCR panel. Such information can be analyzed by 

methods known in the art to determine receptor types (for example, TCR types a. or :6 ; BCR 

types IgD, IgM, IgA, IgG, or IgE) receptor identity (for example based on non-constant region 

sequences), and specific receptor abundance, to derive a TCR/BCR profile.  

[071] As used herein, a "TCR/BCR profile" refers to a subset of the information of the 

TCR/BCR repertoire that allows the prediction or identification of an insight into the status or state 

of a medical condition, disease, effect of a therapy, tumor infiltration, etc., of a subject or a cohort.  

In some embodiments, the TCR/BCR profile includes a clinically actionable insight. By way of 
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example, a TCR/BCR patient profile is typically derived by analysis, such as statistical analysis, 

ofNGS sequencing data (e.g., from a TCR/BCR repertoire or an immune repertoire) and the results 

of such analysis may be provided or output in any form, such as a report or other visual 

representation, a summary, a listing, display, etc. Exemplary information provided in a TCR/BCR 

profile may include, but is not limited to one or more of a plurality of TCR/BCR receptor sequences 

(clones), the abundance of receptors (e.g., showing clonal abundance), the most abundant 

receptors, the abundance of a specific receptor or receptors, the degree of variety of receptors 

(clonality), receptor types, abundance of non-constant regions, and any combination of the above.  

By way of example only, a TCR/BCR profile may include the identity of the top 10 most abundant 

receptors (see, for example, Example 3); the clonality within repertoires in various cancers (see, 

for example, Example 7), or the identification of receptors common to a cohort database (see, for 

example, Example 9).  

[072] "TCR/BCR profiling" refers to the profiling of at least a part of the regions of the 

genome responsible for the development of T cell receptors or B cell receptors.  

[073] "V(D)J recombination" refers to the nearly random rearrangement of variable (V), 

joining (J), and in some cases, diversity (D) gene segments, resulting in a variety of amino acid 

sequences in the antigen-binding regions of immunoglobulins and TCRs that allow for the 

recognition of antigens from pathogens including bacteria, viruses, fungus, parasites, and worms, 

as well as some cancer cells.  

[074] "V region" refers to a BCR or TCR variable gene segment or gene product thereof 

[075] "D region" refers to a BCR or TCR diversity gene segment or gene product thereof 

[076] "J region" refers to a BCR or TCR joining gene segment or gene product thereof.  

[077] "C region" refers to a BCR or TCR constant gene segment or gene product thereof.  

[078] As used herein "transcriptome" refers to the full range of messenger RNA molecules 

expressed by an organism, a particular tissue, or a particular cell. A transcriptome can be defined 

at a particular point in time, for example, at a particular developmental stage, in a particular disease 

stage, etc.  

16



WO 2021/217181 PCT/US2021/070440 

[079] "Whole transcriptome" refers to the coding and non-coding RNA expressed in cells, 

tissues, organs and/or an entire body.  

[080] "Whole transcriptome sequencing" or "whole transcriptome profile" refers to the 

measurement of the complete complement of transcripts in a sample at a given time. Whole 

transcriptome sequencing captures both coding (mRNA) and non-coding transcripts (such as 

miRNA, tRNA, rRNA, if rRNA is of interest), and provides a "snapshot" of expression levels, 

exons, introns, and variants. In some embodiments, whole transcriptome sequencing starts with 

the removal of rRNA from the sample (rRNA typically takes up a majority of the sequencing 

reads). In some embodiments, whole transcriptome sequencing is performed comprising a 

transcriptome enrichment step, using a targeting panel to enrich for certain RNA sequences, and/or 

to remove or reduce the presence of others (for example, by using species-specific rRNA probes 

to remove abundant RNA species). By way of example, whole transcriptome targeting panels to 

enrich for certain RNA sequences can include probes to enrich 5,000, 10,000, 20,000 RNA targets 

or more. In some embodiments, a whole transcriptome targeting panel, comprising transcriptome 

hybrid capture probes, can comprise a whole exome panel, for example, Integrated DNA 

Technologies xGen Exome Research Panel v2.  

[081] "Exome," as used herein refers to the part of the genome composed of exons, the 

sequences which, when transcribed, remain within the mature RNA after introns are removed by 

RNA splicing and contribute to the final protein product encoded by that gene.  

[082] As used herein "whole exome sequencing" refers to sequencing the protein-coding 

regions of the genome, typically using NGS sequencing methods. The human exome represents 

less than 2% of the genome, but contains ~ 8 5 % of known disease-related variants, making this 

method a cost-effective alternative to whole-genome sequencing. In some embodiments, whole 

exome sequencing is performed comprising an exome enrichment step, using an exome targeting 

panel to enrich for exome sequences (and to omit non-coding sequences, for example). Such panels 

are commercially available, and typically include probes to enrich 5,000, 10,000, 20,000 genes or 

more. By way of example, a non-limiting exome panel is Integrated DNA Technologies xGen 

Exome Research Panel v2.  
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[083] The terms "targeted panel" and "targeted gene sequencing panel" or "targeting 

panel" are used interchangeably herein to refer to a probe set directed to a select set of genes or 

gene regions of interest. Targeted panels are useful tools for detecting a set of specific sequences 

in a given sample. In some embodiments, a targeted panel produces a smaller, more manageable 

data set (e.g., TCR/BCR profile) as compared to broader approaches such as whole-genome 

sequencing. In some embodiments, a targeted panel comprises a whole exome panel, or a whole 

transcriptome panel, and encompasses 5,000, 10,000, 20,000, or more targets. In some 

embodiments, a targeted panel comprises hybrid capture probes.  

[084] "Hybridization-capture probes," or "hybrid-capture probes," as used herein refer to 

biotinylated oligonucleotides that contain a region of complementary to nucleic acid sequences of 

interest sufficient to bind (hybridize to) the nucleic acid sequences of interest and provide a means 

for their enrichment through the use of streptavidin linked capture moieties linked to a solid 

support structure, e.g. beads. In various embodiments, other capture moieties may be used instead 

of streptavidin and biotinylation. Examples of binding moieties include but are not limited to 

biotin: streptavidin, biotin: avidin, biotin:haba:streptavidin, antibody: antigen, antibody: antibody, 

covalent chemical linkage (ex. click chemistry).  

[085] As used herein, the terms "probe pool" or "probe set" and "panel" refer to a collection 

of probes useful for enrichment of a nucleic acid target prior to sequencing. In some embodiments, 

a probe set and a probe panel are used interchangeably. In some embodiments, a panel may be 

described as a probe set comprising a collection of probe pools. In some embodiments, additional 

probe pools are provided in combination with a TCR/BCR panel to enrich for additional target 

genes or sequences of interest. By way of example, probe pools directed to cancer-specific 

sequences (for example, sequences that serve as diagnostic, prognostic, and/or therapeutic 

biomarkers) may be included with a BCR/TCR panel, instead of a whole transcriptome panel, a 

whole exome panel, or in addition to a whole transcriptome panel or a whole exome panel.  

[086] The terms "polynucleotide", "nucleic acid" and "nucleic acid molecules" are used 

interchangeably and refer to a covalently linked sequence of nucleotides (i.e., ribonucleotides for 

RNA and deoxyribonucleotides for DNA) in which the position of the pentose of one nucleotide 

is joined by a phosphodiester group to the 5' position of the pentose of the next. Sequenced 
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nucleotides may be of any form of nucleic acid, including, but not limited to RNA, DNA and 

cfDNA molecules. These terms also refer to complementary DNA (cDNA), which is DNA 

synthesized from a single-stranded RNA (e.g., messenger RNA (mRNA) or microRNA (miRNA)) 

template in a reaction catalyzed by the enzyme reverse transcriptase. The term "polynucleotide" 

includes, without limitation, single- and double-stranded polynucleotide.  

[087] As used herein, the term "gene" refers to a nucleic acid sequence that encodes a gene 

product, either a polypeptide or functional RNA molecule. The term "gene" is to be interpreted 

broadly herein, encompassing both the genomic DNA form of a gene (i.e., a particular portion of 

a particular chromosome), and mRNA and cDNA forms of the gene produced therefrom. During 

gene expression, genomic DNA is transcribed into RNA, which can be immediately functional or 

can be translated into a polypeptide that performs a function. In addition to a coding region (i.e., 

the sequence that encodes the gene product), a gene comprises "noncoding regions". Noncoding 

regions may be immediately adjacent to the coding region (e.g., 5' and 3' noncoding regions that 

flank the coding region) or may be far removed from the coding region (e.g., many kilobases 

upstream or downstream). Some noncoding regions are transcribed into RNA but not translated, 

including "introns" (i.e., regions that are removed via RNA splicing before translation) and 

translational regulatory elements (e.g., ribosome binding sites, terminators, and start and stop 

codons). Other noncoding regions are not transcribed, including essential transcriptional 

regulatory regions. Genes require a "promoter," a sequence that is recognized and bound by 

proteins (i.e., transcription factors) that recruit and help RNA polymerase bind and initiate 

transcription. A gene can have more than one promoter, resulting in messenger RNAs (mRNA) 

that differ in how far they extend on the 5' end. As used herein, genes may also comprise more 

distally located transcriptional regulatory elements (i.e., "enhancers" and "silencers") that can be 

looped into proximity of the promoter, allowing proteins (i.e., "transcription factors") bound to 

these distal regulatory sites to influence transcription. For example, an "enhancer" increases 

transcription by binding an activator protein that helps to recruit RNA polymerase or initiate 

transcription. Conversely, "silencers" bind repressor proteins that make the DNA less accessible 

to RNA polymerase or otherwise inhibit transcription. Genes may also comprise "insulator" 

elements that protect promoters from inappropriate regulation. Insulators may function by either 

blocking interaction with an enhancer or silencer or by acting as a barrier that prevents the 
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spreading of condensed chromatin. While enhancers and silencers are generally not considered to 

be part of a gene per se (given that a single enhancer or silencer may regulate the expression of 

multiple genes), as used herein, the term gene encompasses those distal elements that influence its 

expression.  

[088] As used herein, the term "promoter" refers to a DNA sequence capable of controlling 

the expression of a coding sequence or functional RNA. In general, a coding sequence is located 

3' to a promoter sequence. Promoters may be derived in their entirety from a native gene or be 

composed of different elements derived from different promoters found in nature, or even 

comprise synthetic DNA segments. It is understood by those skilled in the art that different 

promoters may direct the expression of a gene in different tissues or cell types, or at different stages 

of development, or in response to different environmental conditions. Artificial promoters that 

cause a gene to be expressed in most cell types at most times are commonly referred to as 

"constitutive promoters". Artificial promoters that allow the selective expression of a gene in most 

cell types are referred to as "inducible promoters".  

[089] The terms "genetic sequence" and "sequence" are used herein to refer to the series of 

nucleotides present in a DNA, RNA or cDNA molecule. In the context of the present invention, 

sequences are determined by sequencing nucleic acids present in a biological specimen.  

[090] The term "read" refers to a DNA sequence of sufficient length (e.g., at least about 30 

bp) that can be used to identify a larger sequence or region, e.g., by aligning it with a chromosome, 

genomic region, or gene. A read may be a paired-end or single-end read.  

[091] As used herein, the term "reference genome" refers to any particular known genome 

sequence, whether partial or complete, of any organism or virus which may be used to reference 

identified sequences from a subject. Many reference genomes are provided by the National Center 

for Biotechnology Information at www.ncbi.nlm.nih.gov. A "genome" refers to the complete 

genetic information of an organism or virus, expressed in nucleic acid sequences.  

[092] As used herein, the terms "aligned", "alignment", or "aligning" refer to a process used 

to identify regions of similarity. In the context of the present disclosure, alignment refers to 

matching sequences with positions in a reference genome based on the order of their nucleotides 
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in these sequences. Alignment can be performed manually or by a computer algorithm, for 

example, using the Efficient Local Alignment of Nucleotide Data (ELAND) computer program 

distributed as part of the Illumina Genomics Analysis pipeline. Alignment can refer to a either a 

100% sequence match or a match that is less than 100% (non-perfect match). In various examples, 

alignment includes pseudo-alignment.  

[093] The terms "library" and "sequencing library" are used herein to refer to a pool of DNA 

fragments with adapters attached. Adapters are commonly designed to interact with a specific 

sequencing platform, e.g., the surface of a flow-cell (Illumina) or beads (Ion Torrent), to facilitate 

a sequencing reaction.  

[094] The term "sequencing probe" or "sequencing primer" is used herein to refer to a short 

oligonucleotide that is used to sequence nucleic acids (i.e., cDNA or DNA). The sequencing probe 

may hybridize with a target sequence within the nucleic acids, or it may hybridize to an adapter 

sequence that has been attached to the nucleic acids to allow for nonspecific amplification and 

sequencing.  

[095] The term "RNA read count" is used herein to refer to the number of sequencing reads 

generated from a genetic analyzer. The term "RNA read count" is often used to refer to the number 

of reads overlapping a given feature (e.g., a gene or chromosome).  

[096] The term "genetic profile" is used herein to refer to information about specific genes 

in an individual or in a particular type of tissue. This information may include genetic variations 

(e.g., single nucleotide polymorphisms), gene expression data, other genetic characteristics, or 

epigenetic characteristics (e.g., DNA methylation patterns) determined by, for example, the 

analysis of next-generation sequencing data.  

[097] The term "variant" is used herein to mean a difference in a genetic sequence or genetic 

profile, as compared to a reference genome or reference genetic profile.  

[098] The term "expression level" is used herein to describe the number of copies of a 

particular RNA or protein molecule, which may or may not be normalized using standard methods 

(e.g., counts per million, finding the base 10 logarithm of the raw read count) generated by a gene 
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or other genetic regulatory region (e.g. long non-coding RNAs, enhancers), which may be defined 

by a chromosomal location or other genetic mapping indicator.  

[099] The term "gene product" is used herein to mean a protein or RNA molecule generated 

by the expression (i.e., transcription, translation, post-translational modification, etc.) of a gene or 

other genetic regulatory region.  

[0100] The terms "extracted", "recovered," "isolated," and "separated," refer to a compound, 

(e.g., a protein, cell, nucleic acid or amino acid) that has been removed from at least one component 

with which it is naturally associated and found in nature.  

[0101] The terms "enriched" or "enrichment" as used herein in conjunction with nucleic acid 

sample preparation, for example for NGS sequencing methods, refer to the process of enhancing 

the amount of one or more nucleic acid species in a sample. Exemplary enrichment methods may 

include chemical and/or mechanical means, and may also include amplifying nucleic acids 

contained in a sample. By way of example, enrichment may include the use of hybrid-capture 

probes, and the polymerase chain reaction (PCR). Enrichment can be sequence specific (for 

example using hybrid-capture probes or target-specific PCR primers) or nonspecific (i.e., 

involving any of the nucleic acids present in a sample). "Enriched" as used herein with reference 

to a level or an amount of one or more biomolecules in a sample, refers to an increased level or 

amount of the one or more biomolecules, such as nucleic acid or protein, as compared to a control 

level, or as compared to the other biomolecules in the sample (as a relative amount). In a data 

science context, "enrichment" refers to statistical enrichment.  

[0102] As used herein, "cancer" refers to any one or more of a wide range of benign or 

malignant tumors, including those that are capable of invasive growth and metastases through a 

human or animal body or a part thereof, such as, for example, via the lymphatic system and/or the 

blood stream. As used herein, the term "tumor" includes both benign and malignant tumors and 

solid growths. Typical cancers include but are not limited to carcinomas, lymphomas, or sarcomas, 

such as, for example, ovarian cancer, colon cancer, breast cancer, pancreatic cancer, lung cancer, 

prostate cancer, urinary tract cancer, uterine cancer, acute lymphatic leukemia, Hodgkin's disease, 
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small cell carcinoma of the lung, melanoma, neuroblastoma, glioma, and soft tissue sarcoma of 

humans.  

[0103] In the context of the present disclosure, the term "biomarker" shall be taken to mean 

any genetic variant or molecule or set of molecules, or characteristic of a molecule (such as 

location, expression level, etc.) that is indicative of or correlated with a characteristic of interest, 

for example, the existence of an infection, a medical condition or disease, such as cancer, or of a 

susceptibility to an infection, conditions, or disease in the subject, the likelihood that the infection, 

medical condition or disease is one subtype vs. another, the probability that a patient will or will 

not respond to a particular therapy or class of therapy, the degree of the positive response that 

would be expected for a therapy or class of therapies (e.g., survival and/or progression-free 

survival, which may be quantified as an interval of time), whether a patient is responding to a 

therapy, or the likelihood that an infection, medical condition, or disease has progressed or will 

progress, or has or will progress beyond its site of origin (i.e., metastasize). In some embodiments, 

a biomarker comprises a TCR/BCR profile.  

[0104] The terms "treatment", "treating" and the like are used herein to generally mean 

obtaining a desired pharmacologic and/or physiologic effect. The effect may be prophylactic in 

terms of completely or partially preventing a disease or symptom thereof and/or may be therapeutic 

in terms of a partial or complete cure for a disease and/or adverse effect attributable to the disease.  

"Treatment" as used herein covers any treatment of a disease in a mammal, and includes: (a) 

preventing the disease from occurring in a subject which may be susceptible to the disease but has 

not yet been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its development; or 

(c) relieving the disease, i.e., causing regression of the disease. The therapeutic agent may be 

administered before, during or after the onset of disease or injury. The treatment of ongoing 

disease, where the treatment stabilizes or reduces the undesirable clinical symptoms of the patient, 

is of particular interest. The subject therapy will desirably be administered during the symptomatic 

stage of the disease, and in some cases after the symptomatic stage of the disease.  

[0105] The term "effective amount" refers to an amount of an active agent that is sufficient to 

exhibit a detectable therapeutic effect without excessive adverse side effects (such as toxicity, 

irritation, and allergic response) commensurate with a reasonable benefit/risk ratio when used in 
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the manner of the present disclosure. The effective amount for a patient will depend upon the type 

of patient, the patient's size and health, the nature and severity of the condition to be treated, the 

method of administration, the duration of treatment, the nature of concurrent therapy (if any), the 

specific formulations employed, and the like. Thus, it is not possible to specify an exact effective 

amount in advance. However, the effective amount for a given situation can be determined by one 

of ordinary skill in the art using routine experimentation based on knowledge in the art and the 

information provided herein. The optimum dosing regimen can be determined by one skilled in 

the art without undue experimentation.  

[0106] Overview 

[0107] The diversity of lymphocyte receptors (T cell receptors, "TCRs" and B cell receptors 

"BCRs") is achieved by the process of recombination, producing a theoretical diversity of about 

1018 unique receptors. Therefore, upon antigenic challenge and antigen presentation by innate 

immune cells, lymphocytes that bear receptors with high affinity to antigen, or antigen bound to 

major histocompatibility complex I or II (MHCI or II), are activated and clonally expand.  

Importantly, lymphocytes that have been activated and have differentiated to become "effector" 

cells persist in an individual for some time. In addition, after resolution of infection or clearance 

of a pathogen, "memory" cells may persist for the lifetime of the host. The particular variety of 

lymphocyte receptors that are present in an individual subject are termed the "repertoire." 

Therefore, the repertoire of lymphocyte receptors in an individual subject contains a fingerprint of 

their response to antigenic challenges, including to diseases such as cancer, and provides a record 

of pathogens they have encountered. By way of example, for blood cancers, the repertoire can be 

monitored for the "tumor" or cancer cells, and for solid cancers, the repertoire can be used to study 

why the immune system is not recognizing/eliminating the cancer cells as non-self cells. For at 

least these reasons, there is great interest in the profile of an individual subject's lymphocyte 

receptors.  

[0108] The field of immune profiling leverages technology known as Next Generation 

Sequencing (NGS) to accurately sequence the immune receptor repertoire in an individual subject.  

NGS is capable of producing millions of sequencing "reads" which are then aligned to a reference 

genome or transcriptome to give a relatively complete picture of an individual's genome or a 
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sample's transcriptome. The technical and computational challenges, however, in assembling and 

analyzing reads to detect and assess T and B cell receptors are significant. High quality sequencing 

data depends on two factors known as breadth and depth of sequencing. The breadth of sequencing 

refers to the number of genome bases that are covered by the sequencing, or the percentage of 

total, while the depth of sequencing refers to roughly how many times a particular base or region 

is covered by the sequencing run. However, in a given sample the presence of transcripts encoding 

lymphocyte receptors, or in some cases lymphocytes at all, can be very limited. Therefore, 

obtaining deep sequencing results that accurately represent the individual subject's T and B cell 

repertoire, without directly enriching or selecting for the non-constant regions of TCRs and BCRs, 

can be challenging.  

[0109] T and B cell receptors are made up of discrete genes that are rearranged to form the 

large repertoire present in an individual. Thus, any strategy to selectively enrich T and B cell 

receptor transcripts must be tailored to combat the low abundance of transcripts encoding 

lymphocyte receptors, and the variety of different genes that are assembled to encode recombined 

antigen receptors. Additionally, sequencing reads mapping to TCRs and BCRs may not be 

balanced, causing a bias toward the detection of either TCR or BCR clones in a sample.  

Furthermore, the most critical information for immune profiling lies in the hypervariable (non

constant) regions, and not in the constant regions. Thus, sequences for hypervariable regions may 

require enrichment. In some cases sample volume and/or quality can be limiting because it is 

derived from biopsies or other precious samples. Therefore, there is a need in the art for a method 

that can extract both high-quality RNA sequencing and also provide deep and accurate immune 

profiling at scale, from a single sample or sequencing run. The methods and systems of the present 

disclosure address this need in the art.  

[0110] Targeted sequencing of T cells and B cells can be a powerful tool for mapping the 

immune system ("immunome") in cancer and other conditions, such as auto-immune disease, 

infectious disease, and transplantation. Each non-clonal T cell and B cell is unique at the DNA 

level, and in particular, they differ at the T cell receptor (TCR) gene or B cell receptor (BCR) gene 

that determines the pathogen or antigen the cell will respond to. By assembling (determining) the 

sequences of TCR and BCR genes via RNAseq, as disclosed herein, the immune system can be 

more accurately mapped, and a new class of immune-specific features can be generated to, for 
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example, predict immune responses; diagnose or confirm diseases, conditions, or pathogen 

exposure; determine disease severity; measure or confirm therapeutic effect and efficacy; 

determine minimal residual disease (MRD); and provide the information necessary to produce 

specific therapies such as chimeric antigen receptor (CAR) T cells (CAR-T cells), NK cells (CAR

NK cells), macrophages (CAR-M cells), or another cell type engineered to express a CAR, 

Immune mobilizing monoclonal T-cell receptors Against Cancer (ImmTAC), another adoptive cell 

therapy, and vaccines.  

[0111] Determining a TCR/BCR profile 

[0112] Disclosed herein are methods, systems, and compositions for determining the 

TCR/BCR profile of a subject. In some embodiments, the methods comprise (a) isolating RNA 

from a sample from the patient; (b) enriching the isolated RNA for TCR/BCR genes using a set of 

TCR/BCR hybrid-capture probes; (c) determining the sequence of the RNA of (b) to generate 

sequencing data; and (d) analyzing the sequencing data to determine the TCR/BCR profile of the 

patient. In some embodiments, the set of hybrid-capture probes comprises a first pool comprising 

BCR constant region probes, a second pool comprising BCR non-constant region probes, a third 

pool comprising TCR constant region probes, and a fourth pool comprising TCR non-constant 

region probes. In some embodiments, a TCR/BCR probe set is used that is obtained according to 

the methods of example 1.  

[0113] In some embodiments, TCR/BCR profiling may be performed as a standalone assay.  

In some embodiments, the TCR/BCR profiling methods and systems as disclosed herein may be 

configured for use within the context of a broader RNAseq whole transcriptome or whole exome 

RNA panel, thereby providing a novel and valuable method to conserve precious patient samples, 

speed time to diagnosis or therapy recommendation, and obtain, in addition to gene expression 

data and related genetic data (such as but not limited to alternative splicing events, fusions, and 

genetic variants), specific information about the subject's immune profile. When incorporated into 

an RNAseq platform, TCR/BCR profiling may have expanded utility and an even more unique 

and valuable resource for insight generation. By way of example but not by way of limitation, 

TCR/BCR profiling may be used to profile and track multiple disease states and related immune 

responses, including cancer, infectious disease, transplantation, allergic diseases (triggered by 
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airway, food, or other allergens), and autoimmunity. Allergic diseases may include contact 

dermatitis, asthma, anaphylaxis, non-IgE-mediated food allergies related to atopic dermatitis, etc.  

Autoimmune diseases may include type 1 diabetes, rheumatoid arthritis, lupus, celiac disease, 

Sjogren's syndrome, multiple sclerosis, polymyalgia rheumatica, ankylosing spondylitis, alopecia 

areata, vasculitis, temporal arteritis, etc. TCR/BCR profiling may include allele typing and may be 

used for biomarker discovery, for predicting immune response, health outcomes, and/or disease 

severity.  

[0114] Accordingly, in some embodiments, the TCR/BCR profiling methods disclosed herein 

are performed using a sequencing technique, such next-generation sequencing. In some 

embodiments, bulk (multiple cell) sequencing, using short-read RNA sequencing may be used.  

The resulting reads may then be used, for instance, to assemble contigs from TCR/BCR gene 

regions. In some embodiments a fifth pool of probes, comprising for example, an exon targeting 

panel, is provided.  

[0115] As noted above, one exemplary benefit of the present methods, compositions, and 

systems, is that TCR/BCR profiling may be included within the context of a broader RNAseq 

whole transcriptome panel. In an oncology or a more general profiling environment, TCR/BCR 

profiling may be added to other analysis on the rest of the transcriptome, such as cytokine 

expression, immune cell composition, potential viral/bacterial signals, and inflammatory 

signatures. Whole transcriptome analysis allows for the capture of that data while also providing 

a TCR/BCR snapshot.  

[0116] An exemplary method for sample preparation useful for TCR/BCR profiling, NGS, and 

related methods is provided below. The present technology is not intended to be limited by the 

sample preparation methods, and the skilled artisan will understand that substitutions, alternative 

reagents, and alternative processing steps, may be used.  

[0117] RNA extraction 

[0118] Transcriptome analysis, the study of the complete set of RNA transcripts that are 

produced by a cell (i.e., the transcriptome), and exome analysis, the study of RNAs that encode a 

protein product, offers a promising means to identify genetic variants that are correlated with 

27



WO 2021/217181 PCT/US2021/070440 

disease state and disease progression. For example, to identify genetic variants that are associated 

with cancer, transcriptome and/or exome analysis may be performed on a sample collected from a 

patient that contains cancer cells. Suitable patient samples include tissue samples, tumors (e.g., a 

solid tumor), biopsies, lymph nodes, and bodily fluids (e.g., blood, serum, plasma, lymph, sputum, 

lavage fluid, cerebrospinal fluid, urine, semen, sweat, tears, saliva). Alternatively, transcriptome 

and/or exome analysis may be performed on an organoid that was generated from a human cancer 

specimen (i.e., a "tumor organoid"). Sequencing may be performed on a single cell specimen or 

on a multi-cell specimen.  

[0119] While RNA sequencing (RNA-seq) can be performed on any patient sample that 

contains RNA, those of skill in the art will appreciate that the sequencing protocol should be 

tailored to the particular sample in use. For instance, RNA tends to be highly degraded in tissue 

samples that have been processed for histology (e.g., formalin fixed, paraffin embedded (FFPE) 

tissue sections). Accordingly, investigators will modify several key steps in the RNA-seq protocol 

to mitigate sequencing artifacts (see, e.g., BMC Medical Genomics 12, 195 (2019)).  

[0120] Today, transcriptome and exome analysis is predominantly performed using high

throughput RNA sequencing (RNA-Seq), which detects the RNA transcripts in a sample using a 

next-generation sequencer. The first step in performing RNA-seq is to extract RNA from the 

sample.  

[0121] Cell Lysis 

[0122] The first step in extracting RNA from a sample is often to lyse the cells present in that 

sample. Several physical disruption methods are commonly used to lyse cells, including, for 

example, mechanical disruption (e.g., using a blender or tissue homogenizer), liquid 

homogenization (e.g., using a dounce or French press), high frequency sound waves (e.g., using a 

sonicator), freeze/thaw cycles, heating, manual grinding (e.g., using a mortar and pestle), and bead

beating (e.g., using a Mini-beadbeater-96 from BioSpec). Cells are also commonly lysed using 

reagents that contain a detergent, many of which are commercially available (e.g., QIAzol Lysis 

Reagent from QIAGEN, FastBreakT M Cell Lysis Reagent from Promega). Often, physical 

disruption methods are performed in a "homogenization buffer" that contains, for example, lysis 
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reagents such as detergents or proteases (e.g., proteinase K) that increase the efficiency of lysis.  

Homogenization buffers may also include anti-foaming agents and/or RNase inhibitors to protect 

RNA from degradation. Those of skill in the art will appreciate that different cell lysis techniques 

may be required to obtain the best possible yield from different tissues. Techniques that minimize 

the degradation of the released RNA and that avoid the release of nuclear chromatin are preferred.  

[0123] RNA isolation 

[0124] After the cells have been lysed, RNA can be separated from other cellular components.  

Total RNA is commonly isolated using guanidinium thiocyanate-phenol-chloroform extraction 

(e.g., using TRIzol) or by performing trichloroacetic acid/acetone precipitation followed by phenol 

extraction. However, there are also many commercially available column-based systems for 

extracting RNA (e.g., PureLink RNA Mini Kit by Invitrogen and Direct-zol Miniprep kit by Zymo 

Research).  

[0125] Ideally, the isolated RNA will contain very little DNA and enzymatic contamination.  

To this end, the isolation method may utilize agents that eliminate DNA (e.g., TURBO DNase-I), 

and/or remove enzymatic proteins from the sample (e.g., Agencourt® RNAClean@ XP beads from 

Beckman Coulter).  

[0126] In some cases, whole transcriptome sequencing is used to analyze all of the transcripts 

present in a cell, including messenger RNA (mRNA) as well as all non-coding RNAs. By looking 

at the whole transcriptome, researchers are able to map exons and introns and to identify splicing 

variants. Notably, most whole transcription library preparation protocols include a step to remove 

ribosomal RNA (rRNA), which would otherwise take up the majority of the sequencing reads.  

Depletion of rRNA is commonly accomplished using a kit, e.g., Ribo-Zero Plus rRNA Depletion 

Kit from Illumina and Seq RiboFree Total RNA Library Kit from Zymo.  

[0127] In other cases, a more targeted RNA-Seq protocol is used to look at a specific type of 

RNA. For example, mRNA-seq is commonly used to selectively study the "coding" part of the 

genome, which accounts for only 1-2% of the entire transcriptome. Enriching a sample for mRNA 

increases the sequencing depth achieved for coding genes, enabling identification of rare 

transcripts and variants. Polyadenylated mRNAs are commonly enriched for using oligo dT beads 
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(e.g., DynabeadsTM from Invitrogen). This enrichment step can be performed either on isolated 

total RNA or on crude cellular lysate.  

[0128] Targeted approaches have also been developed for the analysis of microRNAs 

(miRNAs) and small interfering RNAs (siRNAs). These RNAs are commonly isolated using kits 

that have been designed to efficiently recover small RNAs (e.g., mirVanaTM miRNA Isolation Kit 

from Invitrogen).  

[0129] Library preparation 

[0130] After RNA has been extracted from the sample, the next major step is to convert the 

RNA into a form that is suitable for next-generation sequencing (NGS). Through a series of steps, 

the RNA is converted into a collection of DNA fragments known as a "sequencing library." After 

the library has been sequenced, the resulting sequencing "reads" are aligned to a reference genome 

or transcriptome to determine the expression profile of the analyzed cells.  

[0131] In some cases, library preparation is automated to enable higher sample throughput, 

minimize errors, and reduce hands-on time. Fully automated library preparation can be performed, 

for example, using a liquid handling robot (e.g., SciClone@ NGSx from PerkinElmer).  

[0132] Reverse Transcription/cDNA preparation 

[0133] After RNA has been extracted from the sample, the next major step is to convert the 

RNA into a form that is suitable for next-generation sequencing (NGS). Through a series of steps, 

the RNA is converted into a collection of DNA fragments known as a "sequencing library." After 

the library has been sequenced, the resulting sequencing "reads" are aligned to a reference genome 

or transcriptome to determine the expression profile of the analyzed cells.  

[0134] In some cases, library preparation is automated to enable higher sample throughput, 

minimize errors, and reduce hands-on time. Fully automated library preparation can be performed, 

for example, using a liquid handling robot (e.g., SciClone@ NGSx from PerkinElmer).  

[0135] For sequencing, RNA is converted to more stable, double-stranded complementary 

DNA (cDNA) using reverse transcription (RT). In some cases reverse transcription is performed 
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directly on a sample lysate, prior to RNA isolation. In other cases, reverse transcription is 

performed on isolated RNA.  

[0136] Reverse transcription is catalyzed by reverse transcriptase, an enzyme that uses an RNA 

template and a short primer complementary to the 3' end of the RNA to synthesize a 

complementary strand of cDNA. This first strand of cDNA is then made double-stranded, either 

by subjecting it to PCR or using a combination of DNA Polymerase I and DNA Ligase. In the 

latter method, an RNase (e.g., RNase H) is commonly used to digest the RNA strand, allowing the 

first cDNA strand to serve as a template for synthesis of the second cDNA strand.  

[0137] Many reverse transcriptases are commercially available, including Avian 

Myeloblastosis Virus (AMV) reverse transcriptases (e.g., AMV Reverse Transcriptase from New 

England BioLabs) and Moloney Murine Leukemia Virus (M-MuLV, MMLV) reverse 

transcriptases (e.g., SMARTscribeTM from Clontech, SuperScript IITM from Life Technologies, 

and Maxima H MinusTM from Thermo Scientific). Notably, many of the available reverse 

transcriptases have been engineered for improved thermostability or efficiency (e.g., by 

eliminating 3' - 5' exonuclease activity or reducing RNase H activity).  

[0138] The primers, which serve as a starting point for synthesis of the new strand, may be 

random primers (i.e., for RT of any RNA), oligo dT primers (i.e., for RT of mRNA), or gene

specific primers (i.e., for RT of specific target RNAs).  

[0139] Following reverse transcription, an exonuclease (e.g., Exonuclease I) may be added to 

the samples to degrade any primers that remain from the reaction, preventing them from interfering 

in subsequent amplification steps.  

[0140] Enrichment 

[0141] For some applications, it is not necessary to sequence the entire transcriptome of a 

sample. Instead, "targeted sequencing" may be used to study a select set of genes or specific 

genomic elements. Libraries that are enriched for target sequences are commonly prepared using 

hybridization based methods (i.e., hybridization capture-based target enrichment). Hybridization 

may be performed either on a solid surface (microarray) or in solution. In the solution based 
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method, a pool of biotinylated oligonucleotide probes that specifically hybridize with the genes or 

genomic elements of interest is added to the library. The probes are then captured and purified 

using streptavidin-coated magnetic beads, and the sequences that hybridized to these probes are 

subsequently amplified and sequenced. Many probe panels for library enrichment are 

commercially available, including those from IDT (e.g., xGen Exome Research Panel vl.O and 

v2.0 probes) and Roche (e.g., SeqCap@ probes). Many available probe panels can be customized, 

allowing investigators to design sets of capture probes that are precisely tailored to a particular 

application. In addition, many kits (e.g., SeqCap EZ MedExome Target Enrichment Kit from 

Roche) and hybridization mixes (e.g., xGen Lockdown from IDT) that facilitate target enrichment 

are available for purchase.  

[0142] In some cases, it may be advantageous to treat the libraries with reagents that reduce 

off-target capture prior to performing target enrichment. For example, libraries are commonly 

treated with oligonucleotides that bind to adapter sequences (e.g., xGen Blocking Oligos) or to 

repetitive sequences (e.g., human Cot DNA) to reduce non-specific binding to the capture probes.  

[0143] A detailed discussion of enrichment, and an exemplary enrichment scheme for 

TCR/BCR gene regions is provided below.  

[0144] Amplification of library 

[0145] While it may not be required for some sequencing applications, library preparation 

typically includes at least one amplification step to enrich for sequencing-competent DNA 

fragments (i.e.., fragments with adapter ligated ends) and to generate a sufficient amount of library 

material for downstream processing. Amplification may be performed using a standard polymerase 

chain reaction (PCR) technique. However, when possible, care should be taken to minimize 

amplification bias and limit the introduction of sequencing artifacts. This is accomplished through 

selection of an appropriate enzyme and protocol parameters. To this end, several companies offer 

high-fidelity DNA polymerases (e.g., KAPA HiFi DNA Polymerase from Roche), which have 

been shown to produce more accurate sequencing data. Often these DNA polymerases are 

purchased as part of a PCR master mix (e.g., NEBNext@ High-Fidelity 2X PCR Master Mix from 

New England BioLabs) or as part of a kit (e.g., KAPA HiFi Library Amplification kit by Roche).  
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[0146] Those of skill in the art will appreciate that PCR conditions must be fine-tuned for each 

sequencing experiment, even when a highly-optimized PCR protocol is used. For example, 

depending on the initial concentration of DNA in the library and on the input requirement of the 

sequencer to be used, it may be desirable to subject the library to anywhere from 4-14 cycles of 

PCR.  

[0147] In some cases, library preparation protocols include multiple rounds of library 

amplification. For example, in some cases, an additional round of amplification followed by PCR 

clean-up is performed after the libraries have been pooled.  

[0148] Spike-in control 

[0149] Because cells from different experimental conditions may not yield identical amounts 

of RNA, sequencing data may be normalized to accurately identify changes across experimental 

conditions. Normalization may be useful, for example, to address global changes in transcription 

between different experimental conditions. A "spike-in control" may be added to the sequencing 

libraries for normalization. In some embodiments, the spike-in control constitutes DNA sequences 

that are added at a known ratio to, for instance, the specimens. The control DNA can be any DNA 

that is readily distinguished from the experimental cDNA during data analysis. For example, 

control libraries commonly comprise synthetic DNA or DNA from an organism other than the 

organism of interest (e.g., a PhiX spike-in control may be added to a human-derived library).  

[0150] Fragmentation and size selection 

[0151] For sequencing technologies that cannot readily analyze long DNA strands, DNA is 

commonly fragmented into uniform pieces prior to sequencing. The optimal fragment length 

depends on both the sample type and the sequencing platform to be used. For example, whole 

genome sequencing typically works best with fragments of DNA that are -350 bp long, while 

targeted sequencing using hybridization capture (see Section 2G) works best with fragments of 

DNA that are -200 bp long.  

[0152] In some cases, fragmentation is performed after reverse transcription (i.e., on cDNA).  

Suitable methods for fragmenting DNA include physical methods (e.g., using sonication, 
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acoustics, nebulization, centrifugal force, needles, or hydrodynamics), enzymatic methods (e.g., 

using NEBNext dsDNA Fragmentase from New England BioLabs), and tagmentation (e.g., using 

the NexteraTM system from Illumina).  

[0153] In other cases, fragmentation is performed prior to reverse transcription (i.e., on RNA).  

In addition to the fragmentation methods that are suitable to DNA, RNA may also be fragmented 

using heat and magnesium (e.g., using the KAPA Hyper Prep Kit from Roche).  

[0154] A size selection step may subsequently be performed to enrich the library for fragments 

of an optimal length or range of lengths. Traditionally, size selection was accomplished by 

separating differentially sized fragments using agarose gel electrophoresis, cutting out the 

fragments of the desired sizes, and performing a gel extraction (e.g., using a MinElute Gel 

Extraction KitTM from Qiagen). However, size selection is now commonly accomplished using 

magnetic bead-based systems (e.g., AMPure XPTM from Beckman Coulter, ProNex® Size

Selective Purification System from Promega).  

[0155] Sequencing adapter ligation 

[0156] Prior to sequencing, the cDNA fragments are ligated to sequencing adapters.  

Sequencing adapters are short DNA oligonucleotides that contain (1) sequences needed to amplify 

the cDNA fragment during the sequencing reaction, and (2) sequences that interact with the NGS 

platform (e.g., the surface of the Illumina flow-cell or Ion Torrent beads). Accordingly, adapters 

must be selected based on the sequencing platform that is to be used.  

[0157] Libraries from multiple samples are commonly pooled and analyzed in a single 

sequencing run (see "pooling," below). To track the source of each cDNA in a pooled sample, a 

unique molecular barcode (or combination of multiple barcodes) is included in the adapters that 

are ligated to the cDNA fragments in each library. During the sequencing reaction, the sequencer 

reads this barcode sequence in addition to the cDNA's biological base sequence. The barcodes are 

then used to assign each cDNA to its sample of origin during data analysis, a process termed 

"demultiplexing".  
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[0158] The indexing strategy used for a sequencing reaction should be selected based on the 

number of pooled samples and the level of accuracy desired. For example, unique dual indexing, 

in which unique identifiers are added to both ends of the cDNA fragments, is commonly used to 

ensure that libraries will demultiplex with high accuracy. Adapters may also include unique 

molecular identifiers (UMIs), short sequences, often with degenerate bases, that incorporate a 

unique barcode onto each molecule within a given sample library. UMIs reduce the rate of false

positive variant calls and increase sensitivity of variant detection by allowing true variants to be 

distinguished from errors introduced during library preparation, target enrichment, or sequencing.  

Many index sequences and adapter sets are commercially available including, for example, 

SeqCap Dual End Adapters from Roche, xGen Dual Index UMI Adapters from IDT, and TruSeq 

UD Indexes from Illumina.  

[0159] Library clean-up 

[0160] Following PCR, the amplified DNA is typically purified to remove enzymes, 

nucleotides, primers, and buffer components that remain from the reaction. Purification is 

commonly accomplished using phenol-chloroform extraction followed by ethanol precipitation or 

using a spin column that contains a silica matrix to which DNA selectively binds in the presence 

of chaotropic salts. Many column-based PCR cleanup kits are commercially available including, 

for example, those from Qiagen (e.g., MinElute PCR Purification Kit), Zymo ResearchTM (DNA 

Clean & ConcentratorTM-5), and Invitrogen (e.g., PureLinkTM PCR Purification Kit). Alternatively, 

purification may be accomplished using paramagnetic beads (e.g., AxygenTM AxyPrep MagTM 

PCR Clean-up Kit).  

[0161] Pooling 

[0162] To keep sequencing cost-effective, clinical laboratory technicians or researchers often 

pool together multiple libraries, each with a unique barcode (see "sequencing adapter ligation," 

above), to be sequenced in a single run. The sequencer to be used and the desired sequencing depth 

should dictate the number of samples that are pooled. For example, for some applications it is 

advantageous to pool fewer than 12 libraries to achieve greater sequencing depth, whereas for 

other applications it may be advisable to pool more than 100 libraries.  
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[0163] If multiple libraries are sequenced in a single run, care should be taken to ensure that 

the sequencing coverage is roughly equal for each library. To this end, an equal amount of each 

library (based on molarity) should be pooled. Further, the total molarity of the pooled libraries 

must be compatible with the sequencer. Thus, it is important to accurately quantify the DNA in 

the libraries (e.g., using the methods discussed in "Quality Control," below) and to perform the 

necessary calculations before pooling the libraries. In some cases, to achieve a suitable total 

molarity, it may be necessary to concentrate the pooled libraries, e.g., using a vacufuge.  

[0164] In various examples, pooling is performed twice. In some examples, sequencer adapter 

ligation and pooling (for example, pooling approximately 5-10 samples) are performed before 

enrichment/library amplification and a second pooling step is performed after library clean-up.  

[0165] Quality control (cDNA library integrity, fragment size) 

[0166] Prior to sequencing, libraries may be evaluated to ensure that they comprise DNA of 

sufficient quantity and quality to generate useful sequencing results. To verify that the 

concentration of the library is sufficient for loading on the sequencer, the DNA may be quantified.  

Commonly used methods of DNA quantification include gel electrophoresis, UV 

spectrophotometry (e.g., NanoDrop®), fluorometry (e.g., QubitTM, PicofluorTM), real-time PCR 

(also known as quantitative PCR), or droplet digital emulsion PCR (ddPCR). DNA quantification 

is often aided by the use of dyes and stains, of which an extensive assortment is commercially 

available (e.g., ethidium bromide, SYBR Green, RiboGreen®). Notably, given that the 

recommended input range is very narrow for NGS, it is preferable that a highly precise method of 

quantitation is used to verify that the concentration of the final library is suitable.  

[0167] Additionally, the fragment size distribution of the final library should be assessed to 

verify that the length of the fragments is suitable for sequencing. Traditionally, fragment size 

distribution was determined by running out sample on an agarose gel. However, more advanced 

capillary electrophoretic methods (e.g., Bioanalyzer@, TapeStation, Fragment AnalyzerTMall 

from Agilent) that require less sample input are now more commonly employed. Conveniently, 

these methods can be used to analyze both the fragment size and the concentration of the DNA.  

[0168] Clonal amplification 
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[0169] To sequence a library, the library is applied to a device, typically a flow cell (Illumina) 

or chip (Ion Torrent), in which the sequencing chemistry occurs. These devices are decorated with 

short oligonucleotides that are complementary to the adapter sequences, allowing the cDNAs in 

the library to attach to the device. Prior to sequencing, the cDNAs are subjected to clonal 

amplification (e.g., by cluster generation (Illumina) or by microemulsion PCR (Ion Torrent)), 

which generates clusters of many copies of each cDNA on the surface of the device, thereby 

amplifying the signal produced by each cDNA during the sequencing reaction. Often clonal 

amplification is performed using a commercially available kit (e.g., Paired-end Cluster Kit from 

Illumina). Following clonal amplification, the library is ready for sequencing.  

[0170] Exemplary enrichment of TCR/BCR gene regions 

[0171] In some embodiments, a plurality of nucleic acid probes (for example, a hybrid-capture 

probe set) is used to enrich one or more target sequences in a nucleic acid sample (for example, an 

isolated nucleic acid sample or a nucleic acid sequencing library), for example, where one or more 

target sequences is informative for TCR/BCR profiling. Probes may be designed and created in 

accordance with methods known in the art. In some embodiments, a TCR/BCR probe set is 

obtained according to the methods of example 1. In some embodiments, the probe set includes 

probes targeting one or more gene loci, e.g., exon or intron loci. In some embodiments, the probe 

set includes probes targeting one or more loci not encoding a protein, for example, regulatory loci, 

miRNA loci, and other non-coding loci, e.g., that have been found, for example, to be associated 

with one or more particular disease or medical conditions (for example cancer). In some 

embodiments, the plurality of loci include at least 25, 50, 100, 150, 200, 250, 300, 350, 400, 500, 

750, 1000, 2500, 5000, or more human genomic loci.  

[0172] Generally, probes for enrichment of nucleic acids (e.g., complementary DNA, cDNA, 

generated from nucleic acids extracted or isolated from a biological specimen, including extracted 

or isolated RNA) include DNA, RNA, or a modified nucleic acid structure with a base sequence 

that is complementary to a locus of interest. For instance, a probe designed to hybridize to a locus 

in a cDNA molecule can contain a sequence that is complementary to either strand, because the 

cDNA molecules may be double stranded. In some embodiments, each probe in the plurality of 

probes includes a nucleic acid sequence that is identical or complementary to at least 10, at least 
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11, at least 12, at least 13, at least 14, or at least 15 consecutive bases of a locus of interest. In some 

embodiments, each probe in the plurality of probes includes a nucleic acid sequence that is 

identical or complementary to at least 20, 25, 30, 40, 50, 75, 100, 150, 200, or more consecutive 

bases of a locus of interest.  

[0173] By way of example but not by way of limitation, probe sequences may be selected in 

accordance with the methods set forth in FastPCR Software for PCR Primer and Probe Design and 

Repeat Search (Kalendar et al., 2009 Genes, Genomes, and Genomics, 3 (Special Issue 1), pp. 1

14) which is incorporated by reference herein.  

[0174] Targeted-panels provide several benefits for nucleic acid sequencing. In one example, 

panels targeting genes with high variability among individual subjects, humans, or even cells 

within subjects or humans (including TCR and BCR genes) may facilitate bioinformatics 

processing to determine the sequences of those genes. For example, if a "whole exome" or targeted 

sequencing panel is not generating a sufficient number of sequencing reads mapping to the high

variable genes, probes targeting the high-variable genes may be added to the whole exome or 

targeted sequence panel probes to increase the number of reads mapping to high-variable genes.  

[0175] In some embodiments, the gene panel is a whole-exome panel that analyzes the exomes 

of a biological sample. In some embodiments, the gene panel is a whole-genome panel that 

analyzes the genome of a specimen. In some embodiments, the gene panel is a whole

transcriptome panel that analyzes the transcriptome of a specimen. In some embodiments, the gene 

panel is a targeted whole-transcriptome panel that analyzes the transcriptome of a specimen. In 

some embodiments, the gene panel is used in conjunction with a TCR/BCR gene panel (for 

example, to provide clinical decision support related to immunological profiles or immunomes).  

[0176] In some embodiments, the probes of a panel include additional nucleic acid sequences 

that do not share any homology to the loci of interest. For example, in some embodiments, the 

probes also include nucleic acid sequences containing an identifier sequence, e.g., a unique 

molecular identifier (UMI), e.g., that is unique to a particular sample or subject. Examples of 

identifier sequences are described, for example, in Kivioja et al., 2011, Nat. Methods 9(1), pp. 72

74 and Islam et al., 2014, Nat. Methods 11(2), pp. 163-66, which are incorporated by reference 
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herein. Similarly, in some embodiments, the probes also include primer nucleic acid sequences 

useful for amplifying the nucleic acid molecule of interest, for example using the polymerase chain 

reaction (PCR). In some embodiments, the probes also include a capture sequence designed to 

hybridize to an anti-capture sequence for recovering the nucleic acid molecule of interest from the 

sample.  

[0177] Likewise, in some embodiments, the probes each include a non-nucleic acid affinity 

moiety covalently attached to nucleic acid molecule that is complementary to the loci of interest, 

for recovering the nucleic acid molecule of interest. Non-limited examples of non-nucleic acid 

affinity moieties include biotin, digoxigenin, and dinitrophenol. In some embodiments, the probe 

is attached to a solid-state surface or particle, e.g., a dip-stick or magnetic bead, for recovering the 

nucleic acid of interest. In some embodiments, the methods described herein include amplifying 

the nucleic acids that bound to the probe set prior to further analysis, e.g., sequencing. Methods 

for amplifying nucleic acids, e.g., by PCR, are well known in the art.  

[0178] An enrichment probe set for TCR/BCR gene regions (a TCR/BCR gene panel) may 

include probes targeting one or more of the TCR and/or BCR genes or gene regions. The probes 

may target TCR and BCR gene segments located in the V, D, J, and constant regions. The probes 

may target the gene segments responsible for TCR alpha, beta, gamma, and delta chains. The 

probes may target the gene segments responsible for BCR kappa, lambda, and heavy chains, as 

well as multiple B cell receptor constant region isotype variants (such as IgM, IgG, IgA, IgD and 

IgE).  

[0179] The targets in the constant regions may be adjacent to the site of V/D/J-recombination.  

For example, the targets may exclude the 1200bp region downstream of VDJ regions. For example, 

the probe design may be arranged so as to remove all but the most proximal probes covering each 

of the constant regions, for example, all but the 2, 3, 4, or 5 most proximal probes. In some 

embodiments, the probe design is arranged such that all but the 3 most proximal probes are 

removed. This arrangement provides enough signal to capture RNA fragments containing the VDJ 

junction, as well as identify and distinguish the different constant regions from one another, in 

order to determine whether the region is associated with IgG, IgM, or IgA. Annotated sequences 

are known in the art. See, for example, IGMT database, at http://www.imgt.org.  
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[0180] In some embodiments, the target genes for TCR/BCR enrichment via a TCR/BCR gene 

panel (e.g. a panel comprising pools of hybrid-capture probes directed to a portion of one or more 

TCR genes and one or more BCR genes) may include one or more of IGKV1OR1-1, IGKV2-18, 

IGKV3OR2-268, IGKC, IGKJ5, IGKJ4, IGKJ3, IGKJ2, IGKJ1, IGKV4-1, IGKV5-2, IGKV7-3, 

IGKV2-4, IGKV1-5, IGKV1-6, IGKV3-7, IGKV1-8, IGKV1-9, IGKV3-11, IGKV1-12, IGKV1

13, IGKV3-15, IGKV1-16, IGKV1-17, IGKV3-20, IGKV6-21, IGKV2-24, IGKV1-27, IGKV2

28, IGKV2-29, IGKV2-30, IGKV1-33, IGKV1-37, IGKV1-39, IGKV2-40, IGKV2D-40, 

IGKV1D-39, IGKV1D-37, IGKV1D-33, IGKV2D-30, IGKV2D-29, IGKV2D-28, IGKV2D-26, 

IGKV2D-24, IGKV6D-21, IGKV3D-20, IGKV2D-18, IGKV6D-41, IGKV1D-17, IGKV1D-16, 

IGKV3D-15, IGKV1D-13, IGKV1D-12, IGKV3D-11, IGKV1D-42, IGKV1D-43, IGKVD-8, 

IGKV3D-7, IGKV1OR2-118, IGKV1OR2-1, IGKV1OR2-2, IGKV1OR2-3, IGKV1OR2-9, 

IGKV2OR2-7D, IGKV1OR2-11, IGKV1OR2-108, TRGC2, TRGJ2, TRGJP2, TRGC1, TRGJP, 

TRGJP1, TRGV11, TRGV10, TRGV9, TRGVA, TRGV8, TRGV5P, TRGV5, TRGV4, TRGV3, 

TRGV2, TRGV1, TRBV1, TRBV2, TRBV3-1, TRBV4-1, TRBV5-1, TRBV6-1, TRBV7-1, 

TRBV4-2, TRBV6-2, TRBV7-2, TRBV6-4, TRBV7-3, TRBV5-3, TRBV9, TRBV1O-1, 

TRBV11-1, TRBV12-1, TRBV1O-2, TRBV11-2, TRBV12-2, TRBV6-5, TRBV7-4, TRBV5-4, 

TRBV6-6, TRBV5-5, TRBV6-7, TRBV7-6, TRBV5-6, TRBV6-8, TRBV7-7, TRBV5-7, TRBV7

9, TRBV13, TRBV1O-3, TRBV11-3, TRBV12-3, TRBV12-4, TRBV12-5, TRBV14, TRBV15, 

TRBV16, TRBV17, TRBV18, TRBV19, TRBV20-1, TRBV21-1, TRBV23-1, TRBV24-1, 

TRBV25-1, TRBV26, TRBV27, TRBV28, TRBV29-1, TRBD1, TRBJ1-1, TRBJ1-2, TRBJ1-3, 

TRBJ1-4, TRBJ1-5, TRBJ1-6, TRBC1, TRBJ2-1, TRBJ2-2, TRBJ2-2P, TRBJ2-3, TRBJ2-4, 

TRBJ2-5, TRBJ2-6, TRBJ2-7, TRBC2, TRBV30, IGLV8OR8-1, TRBV200R9-2, TRBV21OR9

2, TRBV230R9-2, TRBV240R9-2, TRBV260R9-2, TRBV290R9-2, IGKV1OR9-2, 

IGKV1OR-2, IGKV10R9-1, IGKV1OR-3, IGKV1ORI0-1, IGHG2, TRAVI-1, TRAVI-2, 

TRAV2, TRAV3, TRAV4, TRAV5, TRAV6, TRAV7, TRAV8-1, TRAV9-1, TRAV1O, 

TRAVI, TRAV12-1, TRAV8-2, TRAV8-3, TRAV13-1, TRAV12-2, TRAV8-4, TRAV13-2, 

TRAV14DV4, TRAV9-2, TRAV12-3, TRAV8-6, TRAV16, TRAV17, TRAV18, TRAV19, 

TRAV20, TRAV21, TRAV22, TRAV23DV6, TRDV1, TRAV24, TRAV25, TRAV26-1, 

TRAV8-7, TRAV27, TRAV29DV5, TRAV30, TRAV26-2, TRAV34, TRAV35, TRAV36DV7, 

TRAV38-1, TRAV38-2DV8, TRAV39, TRAV40, TRAV41, TRDV2, TRDD1, TRDD2, TRDD3, 

TRDJ1, TRDJ4, TRDJ2, TRDJ3, TRDC, TRDV3, TRAJ61, TRAJ60, TRAJ59, TRAJ58, 
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TRAJ57, TRAJ56, TRAJ55, TRAJ54, TRAJ53, TRAJ52, TRAJ51, TRAJ50, TRAJ49, TRAJ48, 

TRAJ47, TRAJ46, TRAJ45, TRAJ44, TRAJ43, TRAJ42, TRAJ41, TRAJ40, TRAJ39, TRAJ38, 

TRAJ37, TRAJ36, TRAJ35, TRAJ34, TRAJ33, TRAJ32, TRAJ31, TRAJ3O, TRAJ29, TRAJ28, 

TRAJ27, TRAJ26, TRAJ25, TRAJ24, TRAJ23, TRAJ22, TRAJ21, TRAJ20, TRAJ19, TRAJ18, 

TRAJ17, TRAJ16, TRAJ14, TRAJ13, TRAJ12, TRAJ1, TRAJ1O, TRAJ9, TRAJ8, TRAJ7, 

TRAJ6, TRAJ5, TRAJ4, TRAJ3, TRAJ2, TRAJI, TRAC, IGHA2, IGHE, IGHG4, IGHA1, 

IGHG1, IGHG2, IGHG3, IGHD, IGHM, IGHJ6, IGHJ3P, IGHJ5, IGHJ4, IGHJ3, IGHJ2P, 

IGHJ2, IGHJ1, IGHD7-27, IGHJ1P, IGHD1-26, IGHD6-25, IGHD5-24, IGHD4-23, IGHD3-22, 

IGHD2-21, IGHD1-20, IGHD6-19, IGHD5-18, IGHD4-17, IGHD3-16, IGHD2-15, IGHD1-14, 

IGHD6-13, IGHD5-12, IGHD4-11, IGHD3-10, IGHD3-9, IGHD2-8, IGHD1-7, IGHD6-6, 

IGHD4-4, IGHD3-3, IGHD2-2, IGHD1-1, IGHV6-1, IGHV1-2, IGHV1-3, IGHV4-4, IGHV7-4

1, IGHV2-5, IGHV3-7, IGHV3-64D, IGHV5-10-1, IGHV3-11, IGHV3-13, IGHV3-15, IGHV3

16, IGHV1-18, IGHV3-19, IGHV3-20, IGHV3-21, IGHV3-22, IGHV3-23, IGHV1-24, IGHV3

25, IGHV2-26, IGHV4-28, IGHV3-32, IGHV3-30, IGHV3-30-2, IGHV4-31, IGHV3-29, IGHV3

33, IGHV3-33-2, IGHV4-34, IGHV7-34-1, IGHV3-35, IGHV3-38, IGHV4-39, IGHV7-40, 

IGHV3-43, IGHV1-45, IGHV1-46, IGHV3-47, IGHV3-48, IGHV3-49, IGHV5-51, IGHV3-52, 

IGHV3-53, IGHV3-54, IGHV4-55, IGHV1-58, IGHV4-59, IGHV4-61, IGHV3-62, IGHV3-63, 

IGHV3-64, IGHV3-66, IGHV1-68, IGHV1-69, IGHV2-70D, IGHV3-69-1, IGHV1-69-2, 

IGHV1-69D, IGHV2-70, IGHV3-71, IGHV3-72, IGHV3-73, IGHV3-74, IGHV5-78, IGHV7-81, 

IGHV1OR15-9, IGHV1OR15-2, IGHV30R15-7, IGHV1OR15-1, IGHV1OR15-3, 

IGHV4OR15-8, IGHV1OR15-4, IGHV30R16-9, IGHV2OR16-5, IGHV30R16-15, 

IGHV30R16-6, IGHV30R16-10, IGHV30R16-8, IGHV30R16-12, IGHV30R16-13, 

IGHV30Ri6-16, IGHV10R21-1, IGKV10R22-5, IGKV2OR22-4, IGLV4-69, IGLV10-54, 

IGLV1-62, IGLV8-61, IGLV4-60, IGLV6-57, IGLV11-55, IGLV5-52, IGLV1-51, IGLV1-50, 

IGLV9-49, IGLV5-48, IGLV1-47, IGLV7-46, IGLV5-45, IGLV1-44, IGLV7-43, IGLV1-41, 

IGLV1-40, IGLV5-37, IGLV1-36, IGLV2-34, IGLV2-33, IGLV3-32, IGLV3-31, IGLV3-27, 

IGLV3-25, IGLV2-23, IGLV3-22, IGLV3-21, IGLV3-19, IGLV2-18, IGLV3-16, IGLV2-14, 

IGLV3-13, IGLV3-12, IGLV2-11, IGLV3-10, IGLV3-9, IGLV2-8, IGLV2-5, IGLV4-3, IGLV3

1, IGLJ1, IGLC1, IGLJ2, IGLC2, IGLJ3, IGLC3, IGLJ4, IGLJ5, IGLJ6, IGLC6, IGLJ7, IGLC7, 

TRBV3-2, TRBV4-3, TRBV6-9, TRBV7-8, and TRBV5-8.  
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[0181] Each probe may be designed to cover only a TCR and/or BCR region, or designed to 

cover both a TCR and/or BCR region as well as a non-TCR/BCR region.  

[0182] In some embodiments, gene regions may be expressed by gene name or by Ensembl 

ID. Ensembl ID may be expressed as ENSG or ENST. For example, the gene IGKV3OR2-268 

may be mapped to Ensembl ID ENSG00000233999-ENSG00000233999 or ENST00000421835

ENST00000421835.  

[0183] In some embodiments, probes sets for TCR/BCR profiling according to the systems 

and methods disclosed herein are derived according to the methods of example 1.  

[0184] In some embodiments, probes may be separated into various pools (groups). In some 

embodiments, the pools are: 1) BCR constant region group; 2) BCR non-constant region group 

(VDJ); 3) TCR constant region group, 4) TCR non-constant region group (VDJ). In some 

embodiments, a probe set comprises at least one probe from each probe pool. In some 

embodiments, a probe set comprises 1-5 probes from each pool; 5-10 probes from each pool; 10

50 probes from each pool; or 100-200 probes from each pool. In some embodiments, the number 

of probes in each pool is different. By way of example only, in one embodiment, the probes of 

each group are as follows: TCR non-constant region group comprises about 100-1000 probes; the 

TCR constant Region group comprises about 10-50 probes; the BCR Non-constant Region group 

comprises about 500-2000 probes; and the BCR Constant Region group comprises about 20-100 

probes. In some embodiments, a probe set comprises: a TCR non-constant region group 

comprising about 650 probes; a TCR constant region group comprising about 18 probes; a BCR 

non-constant region group comprising about 894 probes; and a BCR constant region group 

comprising about 45 probes.  

[0185] Probe concentration 

[0186] In some embodiments, TCR/BCR hybrid capture probes may be included as part of a 

comprehensive genomic profiling panel. Examples include a whole exome/whole transcriptome 

RNAseq panel, a targeted enrichment sequencing panel, a whole-exome panel, a whole genome 

panel, a whole transcriptome panel, etc. In some embodiments, probes may be separated into 

various pools (groups). In some embodiments, the pools are: 1) BCR constant; 2) BCR non
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constant (VDJ); 3) TCR constant, 4) TCR non-constant (VDJ). In some embodiments, a fifth panel, 

comprising a transcriptome-targeting, or other panel is included.  

[0187] In some embodiments, the resulting probe set may be defined by the number of 

different probes in a particular pool or group of probes. By way of example, for TCR/BCR 

enrichments and/or profiling, probes may be grouped or pooled as TCR non-constant Region 

group; the TCR Constant Region group; the BCR non-constant Region group; and the BCR 

Constant Region group. In some embodiments, each group has the same number of probes; in other 

embodiments, each group has a different number of probes. In some embodiments, two or more 

groups have the same number of probes. By way of example only, in one embodiment, the probes 

of each group are as follows: TCR Non-constant Region group has 100-1000 probes; the TCR 

Constant Region group has 10-50 probes; the BCR Non-constant Region group has 500-2000 

probes; and the BCR Constant Region group has 20-100 probes. In some embodiments, the TCR 

Non-constant Region group has 650 probes; the TCR Constant Region group has 18 probes; the 

BCR Non-constant Region group has 894 probes; and the BCR Constant Region group has 45 

probes.  

[0188] In some embodiments, the amount of each probe pool used in the genomic profiling 

panel is characterized as a ratio. For example, a first pool comprising BCR constant region probes, 

a second pool comprising BCR non-constant region probes, a third pool comprising TCR constant 

region probes, and a fourth pool comprising TCR non-constant region probes may be provided at 

a ratio of about 0.1-10:0.25-25:10-1000:10-1000, or about 0.5-5:1.25-12.5:50-500:50-500, or 

about 0.7-1.3:1.7-7.5:75-125:75-125, or about 1:2.5:100:100. In some embodiments, a fifth pool, 

comprising an exome-targeting panel is provided. In some embodiments, the ratio of the first pool, 

second pool, third pool, fourth pool, and fifth pool is about 0.1-10:0.25-25:10-1000:10-1000:1

100, or about 0.5-5:1.25-12.5:50-500:50-500:5-50, or about 0.7-1.3:1.7-7.5:75-125:75-125:7-12, 

or about 1:2.5:100:100:10.  

[0189] In some embodiments, the probe pool concentrations in the genomic profiling panel are 

characterized by concentrations in attomole/probe/capture (i.e. one reaction well).  
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By way of example, and not by way of limitation, in some embodiments, BCR constant probes= 

about 0.25-25, about 0.5-12.5, about 1-10, 1-5, or about 2.5 amole/probe/capture; BCR non 

constant probes = about 0.6-62.5, about 1-30, or about 2-20, about 5-15 or about 6.25 

amole/probe/capture; TCR constant probes = about 25-500, about 30-300, about 100-300, about 

200-300, or about 250 amole/probe/capture; TCR non constant probes =about 25-500, about 30

300, about 100-300, about 200-300, 250 amole/probe/capture.  

[0190] By way of example, and not by way of limitation, in some embodiments, the BCR 

constant probes = 2.5 amole/probe/capture; the BCR non constant probes = 6.25 

amole/probe/capture; the TCR constant probes = 250 amole/probe/capture; and the TCR non 

constant probes = 250 amole/probe/capture. In some embodiments, exome probes are additionally 

used. In some embodiments, exome probes are provided at 25 amole/probe/capture, so in some 

embodiments, the TCR and BCR probe pools are used at 0.1x, 0.25x, lOx, and lOx respectively, 

compared to the exome pool.  

[0191] Reads processing and analysis 

[0192] The sequenced reads may be processed for further analysis. In some embodiments, the 

processing may comprise one or more of an aligning step, an assembly step, an annotation step, 

and a quantification step.  

[0193] In one example, the systems and methods disclosed herein receive an RNA-seq FASTQ 

file having raw output from the NGS sequencing pipeline, including a list of all of the reads 

generated by the sequencer and any quality information associated with each read.  

[0194] In an optional filtering step, the systems and methods may remove amplification 

duplicates (for example, two or more reads derived from a PCR duplicate, the same source 

template, or same nucleic acid molecule). In one example, the systems and methods may utilize 

unique molecular identifiers (UMIs) to remove amplification duplicates. The systems and methods 

may remove low quality reads, or reads having a quality score below a selected threshold value.  

[0195] During a TCR/BCR gene sequence assembly step, the systems and methods may 

provide RNA-seq FASTQ (forward read and reverse read files) to a specialized aligner and/or gene 
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sequence assembler for repertoire-seq (rep-seq), especially a specialized aligner designed for 

quantifying immune receptors.  

[0196] Examples of TCR and/or BCR gene sequence assembly methods are described, for 

example, in Landscape of tumor-infiltrating T cell repertoire of human cancers (Li et al., 2016, 

Nat. Genet. 48(7), pp. 725-732), Landscape of B cell immunity and related immune evasion in 

human cancers (Hu et al., 2019, Nat. Genet. 51(3), pp. 560-567), BASIC: BCR assembly from 

single cells (Canzar et al., 2017, Bioinformatics 33(3), pp. 425-427), Simultaneously inferring T 

cell fate and clonality from single cell transcriptomes (Stubbington et al., 2015, BioRxiv 

https://doi.org/10.1101/025676), and Antigen receptor repertoire profiling from RNA-seq data 

(Bolotin et al., 2017, Nat. Biotech. 35(10), pp. 908-911), which are incorporated by reference 

herein.  

[0197] For example, paired-end reads may be aligned to a predetermined immunological 

receptor gene sequence or aligned to the whole genome, using identified anchor reads having a 

first paired end that aligns to TCR/BCR gene and a second paired end that does not. RNA-seq data 

in fastq files may be aligned to a reference, such as hg9, GRCh37, etc., using an alignment tool 

such as STAR or Kallisto. See, e.g., Nicolas L Bray, Harold Pimentel, Pill Melsted and Lior 

Pachter, Near-optimal probabilistic RNA-seq quantification, Nature Biotechnology 34, 525-527 

(2016), doi:10.1038/nbt.3519, incorporated by reference herein; see also 

https://pachterlab.github.io/kallisto/ (California Institute of Technology; Pasadena, CA). STAR, 

for example, may be used to prepare rna-seq data for deconvolution of immune CDR3 sequences.  

See Dobin et al, STAR: ultrafast universal RNA-seq aligner, Bioinformatics 2013 Jan; 29(1): 15

21, incorporated by reference herein.  

[0198] Reads may be filtered to those mapped to BCR or TCR regions. In one example, there 

are three TCR regions; for the hgl9 reference genome, for instance, the coordinates may include 

TCRa (chr. 14: 22,090,057-23,021,075), TCRP (chr. 7: 141,998,851-142,510,972) and TCRy 

(chr. 7: 38,279,625-38,407,656). The TCR6 gene region (chr. 14: 22,891,537-22,935,569) is 

embedded in the TCRa region, and therefore the reads for this region may be obtained along with 

those for TCRa. Counts of mapped reads in each non-constant gene region for the TCRa and TCR 

chains may be used to estimate the usage of different genes and PCA. In one example, there are 
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three BCR regions; for the hg19 reference genome, for instance, the coordinates may include IGH 

(chr. 14: 106,032,614-107,288,051) ; IGK (chr. 2: 89,890,568-90,274,235) ; IGL (chr. 22: 

22,380,474-23,265,085).  

[0199] Of all the mapped reads extracted in the above step, for the subset that had unmapped 

mates, which were potentially generated from the CDR3 regions and could not be aligned to the 

reference genome, the reads in the BAM file may be screened and searched for the mate for each 

such read until all mapped reads in the TCR regions were paired. The unmapped reads found in 

this step, which may be associated with CDR3 regions, may be used for CDR3 de novo assembly.  

[0200] As another example, each read may be aligned to a predetermined immunological 

receptor gene sequence. A plurality of anchor windows may be identified, each window being 

associated with a plurality of reads that exceed a threshold value. Reads that align to a region of 

an anchor window, called "anchor reads," may be used to generate an anchor sequence from the 

anchor reads. The anchor windows, the anchor sequences, and the un-aligned reads may be 

provided to an assembly process to generate a contig sequence. Each contig sequence may be 

annotated or otherwise associated with at least one immunological gene region class selected from 

one of V, D , J, and C. Optionally, portions of each contig sequence located outside of CDR3 

region may be deleted. The number of contig sequences annotated and/or associated with each 

class may be quantified.  

[0201] In some embodiments, to for instance, assist in the recognition of one or more antigens, 

at least one read that aligns to the predetermined immunological receptor gene sequence may be 

to a CDR3 region. At least one read that aligns to the predetermined immunological receptor gene 

sequence may be to a CDR3-adjacent region.  

[0202] In one example, the systems and methods include an assembler that outputs unique 

receptor sequence non-constant regions, including immune receptor clonotypes. In various 

embodiments, the assembler disclosed herein outputs a list of the CDR3 sequences at their 

nucleotide level and also shows read quantity (for example, the number of reads associated with 

each CDR3 sequence). In alternative embodiments, output sequences may correspond to entire or 

partial CDR1, CDR2, and/or CDR3 portions of TCR and/or BCR genes. In various embodiments, 

46



WO 2021/217181 PCT/US2021/070440 

the assembler may output data associated with between zero and multiple tens of thousands of 

different CDR3 sequences assembled from the sequencing reads. In one example, the 

complementarity determining region 3 (CDR3) is a region where immune genes recombine during 

VDJ recombination.  

[0203] Specimens may have varying quantities of immune cells. Some, such as glioblastoma 

specimens, may have few or no immune infiltrates. For such specimens, the number of output 

CDR3 sequences will be very low. Other specimens or tumors will have many immune cells. In 

some instances, the specimen includes immune cell cancers or a specimen from a patient having 

an active adaptive immune response to an infection or another class of disease state. Another 

example would be a large immune cell population originating from a lymph node with a very 

diverse collection of CDR3 sequences (for example, 5,000; 10,000; 20,000; 30,000; etc.  

sequences).  

[0204] In various embodiments, the output of the assembler is a table wherein each row is a 

sequence. Each sequence may have a number of nucleotides in the low hundreds or even less than 

a hundred nucleotides. For each sequence, the systems and methods may also output a confidence 

or quality metric.  

[0205] In one example, each sequence may be associated with a read quantity. In various 

embodiments, the quantity may reflect the number of reads and/or the proportion or percentage of 

total reads detected in the specimen that align to that sequence.  

[0206] The systems and methods return a list of genetic segment identifiers that comprise the 

CDR3 sequence, for example, the genetic segments that were most likely to have recombined 

during VDJ recombination to form a particular CDR3 sequence. In one embodiment, for each 

genetic segment (the V segment, the J segment, and if applicable, the D segment), the systems and 

methods return a list of multiple likely genetic segment identifiers, for example, identifiers for the 

top 3 most likely genetic segments.  

[0207] In various embodiments, the systems and methods may filter sequences to remove any 

sequences predicted to be non-productive. Non-productive sequences may include sequences 

having a detected frame-shift mutation, premature stop-codon, or partially assembled clonotype.  
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[0208] The systems and methods may calculate secondary statistics based on the read 

quantities associated with the sequences in the output table or the filtered output table. In various 

embodiments, categories of secondary statistics may include richness (for example, how many 

different clonotypes or unique sequences are detected in the specimen and/or represented in the 

table) and evenness (for example, whether the read quantities for all of the clonotypes are 

approximately equal or how skewed the distribution of the read quantities are to one or a few 

clones). Examples of statistics include Shannon entropy, Simpson index, GINI index, etc. For an 

example of statistical methods that may be applied to the output table data, see Bolotin et al, Nat 

Biotechnol 35, 908-911 (2017). https://doi.org/10.1038/nbt.3979, which is incorporated by 

reference herein in its entirety.  

[0209] The selection of the statistical calculation may be based on various criteria. In one 

example, the criteria may include: the distribution of the value calculated for multiple specimens 

in a database, the range of possible output values, and/or the reproducibility or similarity of the 

statistic for technical or biological duplicates. For example, if the value of a secondary statistic 

has a small distribution among multiple specimens, it may be difficult to distinguish one specimen 

from another. The distribution may be measured by a variety of statistical methods. In terms of 

possible value ranges, Shannon entropy is not bound to a range of 0-1, which may be advantageous 

in various embodiments. In other embodiments, a statistic that is bound to a range (for example, 

of 0-1), maybe desired. The technical duplicates maybe multiple NGS runs of the same specimen 

and the biological duplicates may be multiple slices of the same biopsy, and reproducibility may 

be calculated by comparing the value of the statistic calculated for each duplicate. The comparison 

may include calculating a standard deviation, standard error of the mean, etc.  

[0210] The systems and methods may also determine the protein structure that is associated 

with each sequence. The systems and methods may cluster sequences according to the similarity 

of their associated protein structures. The systems and methods may also analyze the protein 

structure, including any antigens and/or human leukocyte antigen (HLA)/major histocompatibility 

complex (MC) molecules that are predicted to bind to the TCR or BCR, especially antigens that 

are relevant to the patient's disease state (for example, antigens generated during infection by a 

specific pathogen, neoantigens generated by cancer cells, antigens or allergens that cause allergic 

reactions, or antigens that cause autoimmune diseases). The analysis may include combining 
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multiple sequences or predicting pairing of two or more sequences. The sequences may be 

predicted to be paired sequences from the same heterodimer protein, for example, a heavy chain 

sequence and a light chain sequence, an alpha chain sequence and a beta chain sequence, a gamma 

chain sequence and a delta chain sequence, etc. In various embodiments, two sequences may be 

predicted to be associated with the same heterodimer protein if the read quantities associated with 

each sequence is approximately equal. For example, if 30% of the detected heavy chain reads are 

sequence A and 28% of the detected light chain reads are sequence alpha, sequences A and alpha 

may be predicted to be paired. These predicted pairings may be confirmed by the use of single

cell sequencing or other methods for analyzing TCR or BCR genetic sequences and/or protein 

sequences. For examples of analyses of TCR or BCR protein structures, see Glanville et al, Nature 

547, 94-98 (2017). https://doi.org/10.1038/nature22976, which is incorporated by reference herein 

in its entirety.  

[0211] The systems and methods may include storing TCR/BCR sequencing results in a 

database, and TCR and/or BCR sequences may be associated with additional molecular data (for 

example, HLA sequences, genomic, transcriptomic, epigenomic, proteomic, metabolomic, etc.  

data) and/or clinical data (for example, demographic information, diagnosis data, disease severity, 

immune response, phenotype, therapy response data, etc.). The systems and methods may access 

a similar database to determine whether TCR/BCR sequences are associated with particular 

molecular or clinical data characteristics (for example, the presence of a variant in genomic data 

or a particular response to a therapy or class or therapies, for example, immunotherapy).  

[0212] The systems and methods may include discovering TCR or BCR sequences (individual 

sequences or groups of sequences) from pools of patients or from individual patient data that may 

be therapeutically effective to inform the development of therapies based on antibodies, vaccines, 

CAR-Ts, CAR-NKs, ImmTACs, etc.  

[0213] The systems and methods may include designing experiments to test therapy responses 

associated with one or more detected sequences. The experiments may be biochemical assays, 

organoid experiments, t-cell and organoid co-culturing experiments, etc.  
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[0214] The systems and methods may be used for differential gene expression determination.  

One use of RNA-seq data, including data derived using a TCR/BCR enrichment panel, is to 

identify genes that are differentially expressed between two or more experimental groups. For 

example, RNA sequencing data can be used to identify genes that are expressed at significantly 

higher or lower levels in patients (for example, patients having cancer, autoimmune disease(s), an 

infection, allergies and/or transplantation requirement) as compared to healthy individuals. This 

may be accomplished by performing a statistical analysis to compare the normalized read count of 

each gene across the different experimental groups. The aim of this analysis is to determine 

whether any observed difference in read count is significant, i.e., whether it is greater than what 

would be expected (enriched) compared to differences caused by natural random variation.  

[0215] Several data processing steps may be performed to prepare the raw sequencing data for 

analysis. Sequencing data is typically supplied in FASTQ format, in which each sequencing read 

is associated with a quality score. First, the data is processed to remove sequencing artifacts, e.g., 

adaptor sequences and low-complexity reads. Sequencing errors are identified based on the read 

quality score and are removed or corrected. Publicly available tools, such as TagDust, SeqTrim, 

and Quake, can be used to perform these "data grooming" steps.  

[0216] During the next stage of data processing, the reads are aligned to a reference genome 

using an alignment tool. Several publicly available tools can be used for this step including, for 

example, TopHat, Cufflinks, and Scripture. These programs can be used to reconstruct transcripts, 

identify variants, and quantitate expression levels for each transcript and gene.  

[0217] After the reads have been aligned and quantitated, a differential expression analysis 

may be performed. Statistical methods that are commonly used for differential expression analysis 

include those based on negative binomial distributions (e.g., edgeR and DESeq) and Bayesian 

approaches based on a negative binomial model (e.g., baySeq and EBSeq).  

[0218] Reports 

[0219] FIGS. 1A-B illustrate an example report.  

50



WO 2021/217181 PCT/US2021/070440 

[0220] The results of TCR/BCR profiling may be displayed to an ordering clinician or other 

individual. Results may be provided in a number of formats, such as a gene-by-gene or segment

by-segment basis. Results may also be aggregated. Results may include immune repertoire 

clonality, such as estimated clonality of BCR or TCR sequences in a specimen. One example 

result is displayed in the form of a report excerpt shown in FIGS. 1A-1B. The excerpt is from a 

report for a cancer specimen, but similar reports may be generated for other disease states, 

infections, or medical conditions.  

[0221] Summary tab 

[0222] This section may include multiple data fields and/or conclusions related to those data 

fields, based on TCR/BCR sequencing data. Data fields may include estimated tumor purity 

(burden), estimated immune cell composition (percentage of immune cells in sample that are B 

cells, macrophages, T cells, CD4 T cells, CD8 T cells, CD8 T cell subtypes, NK cells, etc.), 

estimated immune infiltration percentage, and immune receptor clonality percentages.  

[0223] Immune repertoire tab 

[0224] This section includes a profile of the immune repertoire generated by leveraging 

TCR/BCR sequencing data. For hematological malignancies this profile could potentially be used 

to highlight and track dominant clonotypes, and this information or related conclusions may be 

included in the report. For patients that have received CAR therapy, this profile could also be used 

to track abundance of that CAR product longitudinally, and this information or related conclusions 

may be included in the report.  

[0225] The bar chart: if the sequences detected in a specimen are mostly clonal or from one 

clone, that can indicate expansion of a particular V(D)J combination. In various embodiments, 

thresholds may be used to classify each CDR3 sequence as clonal, oligoclonal, or polyclonal. For 

example, CDR3 sequences associated with less than 25 reads may be classified as polyclonal, 

CDR3 sequences associated with 25 to 99 reads may be classified as oligoclonal, and CDR3 

sequences associated with 100 or more reads may be classified as clonal. In the bar chart, the 

percentage associated with each category indicates the percentage of reads associated with CDR3 

sequences that are classified into each category. In another example, if there is one dominant clone 
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expected for a disease condition, that clone's CDR3 sequence may be the only sequence classified 

as clonal. The CDR3 sequence table: the report may include a table or list that indicates the most 

common VDJ or VJ combinations (in one example, there may be one/a few V(D)J combination(s) 

that make up the majority of the sequences detected in the specimen).  

[0226] In this example, the most common heavy chain sequence accounts for approximately 

40% of the detected heavy chain sequences and the most common light chain sequence accounts 

for approximately 35% of the detected light chain sequences. These two sequences represent a 

similar percentage of the total reads for their respective chain types, and may be predicted to be 

paired in the same protein heterodimer based on the similar percentages.  

[0227] The report may include interpretations of any statistics calculated from the read 

quantities. For example, if the evenness is skewed such that a sequence has a proportion of reads 

that exceed a read threshold (for example, 10%, 20%, 50%, or more of reads), this may indicate 

that an immune cell population expanded. The sequence associated with a read quantity that 

exceeds a read threshold may indicate a TCR or BCR that recognizes or binds to an infectious 

pathogen (or antigen derived from a pathogen), an allergen, a neoantigen, or cancer cell. The 

report may include antigens and/or HLA sequences that are predicted to bind to a TCR or BCR 

sequence or combination of sequences and may further include any association between an antigen 

and genomic data associated with the specimen.  

[0228] The report may include treatment(s) and/or clinical trial(s) matched to the patient (or 

organoid) based on the TCR/BCR profile. For example, matched treatment(s) and/or clinical 

trial(s) may include adoptive cell therapy, cancer vaccine, immuno-oncology drugs, 

immunotherapy, checkpoint blockade, immune checkpoint inhibitors, chemotherapy, a cancer 

specific treatment, vaccine, antivirals, antibiotics, antiparasitics, antifungals, one or more 

antibodies (could be monoclonal, polyclonal, etc., could be isolated from another patient after 

recovery from infection), anti-histamines, nasal sprays, antileukotriene, leukotriene modifier, 

leukotriene receptor antagonist, allergy shots or another method to induce isotype switching from 

an allergenic IgE to a more tolerable IgG, anti-inflammatory treatment, steroids, oral 

corticosteroid, prednisone, anti-rheumatic drugs (DMARDS), biologics that target common anti

inflammatory pathways, TNF pathway antagonists (including Remicade), B cell depletion 
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(including Rituxan), immunosuppressant, insulin, bone marrow transplant, anti-inflammatory 

dietary restrictions, physical therapy, surgery, topical medication, and/or topical scalp medication.  

[0229] The report may include conclusions related to CAR-T cell, CAR-NK cell, CAR-M cell, 

another CAR cell or ImmTAC monitoring (for example, whether the CAR cells are present in high 

numbers) in the patient, based on detected sequences. The report may include conclusions related 

to the status of a heme cancer (for example, a lymphoid or myeloid cancer, a lymphoma, etc.) 

and/or minimal or measurable residual disease (MRD), based on the expanded immune cells 

detected in the patient.  

[0230] The report may include predicted therapy responses associated with TCR or BCR 

sequences detected in a specimen. For example, predicted immunotherapy response based on 

infiltrating lymphocytes detected or predicted to be present in a tumor specimen.  

[0231] The report may exclude sequences for various reasons. For example, if a sequence is 

known not to be relevant to the patient's disease state, the sequence may not be included in the 

report.  

[0232] In one example, a patient may have a genomic alteration that is a documented antigen 

or neoantigen. In one example, a TCR/BCR profile may be generated for a patient having 

colorectal cancer, a KRAS P12D alteration, and an HLA C08.02 allele known to present this 

altered KRAS peptide. The TCR/BCR profile may be analyzed for CDR3 sequences likely to 

recognize the altered KRAS peptide (see the world wide web and the NCBI NLM database 

nih.gov/pmc/ articles/PMC5178827/ ).  

[0233] In one example, a TCR/BCR profile may be generated for a patient having multiple 

myeloma and a RAS mutation. The TCR/BCR profile may be analyzed for CDR3 sequences likely 

to recognize the altered RAS peptide.  

[0234] In one example, a patient's TCR/BCR profile indicates that the patient's repertoire is 

skewed (for example 90% of the sequencing reads are associated with the top clone). This patient 

could be monitored over time with Longitudinal testing to determine if the clone is consistent over 

time. In one example, the top clone is associated with 50% of sequencing reads at time x, and only 
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20% of sequencing reads at a later time, which could imply that therapy the patient is receiving 

has some efficacy. If the clone is lower than the limit of detection of the systems and methods 

disclosed herein, the patient's report may indicate a follow-up MRD assay with high sensitivity 

and may include information about confounders/confounding factors (including biopsy site, 

variation in sample, etc.).  

[0235] The report may include various data visualizations, especially visualizations of 

repertoire sequencing (rep-seq) data, immunological profiling data, and/or TCR or BCR sequence 

data. Examples include Circos plots, heatmaps or histograms/distribution plots (for example, 

number of reads associated with each V, D, or J gene family, number of instances of an amino acid 

in a primary protein structure predicted from a TCR or BCR sequence, % of rearrangements vs.  

CDR3 length, subclasses of IgG/IgM/etc., etc.), box and whisker plots (for example, for diversity 

scores or mutation frequencies of various specimens or groups of specimens), transition tables 

demonstrating frequency of each possible base (nucleotide) change, plots showing genetic 

locations of mutations (base changes), etc. For examples of data visualizations relevant to rep-seq 

data, see IJSpeert et al, J Immunol 2017, 198:4156-4165, doi: 10.4049/jimmunol.1601921 and Ni 

Q, Zhang J, Zheng Z, Chen G, Christian L, Gronholm J, Yu H, Zhou D, Zhuang Y, Li Q-J and 

Wan Y (2020) VisTCR: An Interactive Software for T Cell Repertoire Sequencing Data Analysis.  

Front. Genet. 11:771. doi: 10.3389/fgene.2020.00771, the contents of each are incorporated herein 

by reference in their entirety for all purposes.  

[0236] The report may include antigens or epitopes that are predicted to be recognized by the 

TCR or BCR sequences included in the report. These predicted antigens or epitopes may be used 

in vaccine development. For example, the most prevalent antigen or epitope may be included as 

part of a vaccine, which may further include an adjuvant.  

[0237] For example, coronavirus epitopes (antigens recognized by BCRs or TCRs) may 

include those listed in Table 1: 

[0238] Table 1 

Amino acid SARS-CoV-2 amino acid 
T cell type positions sequence SARS-CoV-1 amino acid sequence 

CD4 :NP81-95 DDQIGYYRRATRRR DDQIGYYRRATRRVR 
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CD4 NP 266-280 KAYNVTQAFGRRGPE KQYNVTQAFGRRGPE 

CD4 NP 291-305 LIRQGTDYKHWPQIA LIRQGTDYKHWPQIA 

CD4 NP 301-315 WPQIAQFAPSASAFF WPQIAQFAPSASAFF 

CD4 NP 51-65 SWFTALTQHGKEDLK SWFTALTQHGKEELR 

MKDLSPRWYFYYLGTG 
CD4 NP 101-120 PEAG MKELSPRWYFYYLGTGPEAS 

GMEVTPSGTWLTYTGAI 
CD4/CD8 NP 321-340 KLD GMEVTPSGTWLTYHGAIKLD 

CD4 NSP7 21-35 RVESSSKLWAQCVQL RVESSSKLWAQCVQL 

[0239] In this table, each row represents a SARS-CoV-2 peptide and corresponding SARS

CoV-1 peptide that could be recognized by a T cell receptor. The table includes information about 

the T cell type (CD4 or CD8) of the TCR that recognizes the peptide and the protein/amino acid 

position of the peptide origin within the viral protein. See, Le Bert, N., Tan, A.T., Kunasegaran, 

K. et al. SARS-CoV-2-specific T cell immunity in cases of COVID-19 and SARS, and uninfected 

controls. Nature 584, 457-462 (2020). https://doi.org/10.1038/s41586-020-2550-z, the contents of 

which are incorporated herein by reference in their entirety for all purposes.  

[0240] Table 2 includes human coronavirus peptides and corresponding amino acid positions 

and the source viral protein for each peptide. Peptides in the same row are homologous peptides 

from distinct coronaviruses. See, Mateus et al, DOI. 10.1126/science.abd3871, the contents of 

which are incorporated herein by reference in their entirety for all purposes. In the Table, column 

1 "VP" is viral protein; column 2 "1st AA" is the position of first amino acid.  

[0241] Table 2 

1st SARS-CoV- 229E HKU1 NL63 OC43 
1VP AA 2 sequence sequence sequence sequence sequence 

NRYFRLTL NRFCKCTL NSVFRMPM NRFFKCTMG NSLFRMPLGVY 
nsp6 3801 GVYDYLV GVYDFCV GVYNYKI VYDFKV NYKI 

KHFYWFF 
SNYLKRR KSFSTFES NHVLWLFSGHFNEEFYNFNHAFWVFSYCR 

nsp4 3151 V AYMPIAD YCRKIGV LRLRG KLGT 
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PLNSIIKTI :PCPSILKVI:PSNSIVCRF :LLSSLTLTVKFPLLENDYFNMR 
nsp2 276 QPRVEK DGGKIW DTRVLN VVES RAK 

LMIERFVS ILLERYVS LLIERFVSL VLLERYVSLA 
nsp12:5246 LAIDAYP LAIDAYP AIDAYP IDAYP 

EFYAYLR :DFYGYLQ :EYYEFLCK :DYYGYLRKH :EYYEFLNT(IFS 
nsp12 5136 KHTFSMMIL KHTFSMMIL HFSMMIL FSMMIL MMIL 

NHNFLVQ 
AGNVQLR LHNFSIISG FYGPYRDA LHNFSVSHNG NDVAFVSTFNV 

nsp5 3326 V TAFLGV QVVQLPV VFLGV LQDV 

RDFAMRH 
REEAIRHV VRGWLGM KDEAIKRV RDFAIRNVRG KEEAVKRVRAW 

nsp14 6001 RAWIGFD D RGWVGFD WLGMD VGFD 

TFKVSIWN NDKITEFQ LERVSLWN LFTNSILMLD YQKVFRVYLAY 
ORF6:21 LDYIINL LDYSIDV YGKPINL KQGQL IKKL 

NVNRFNV NANRFNV NVNRFNVA NVNRFNLAIT NVNRFNVAITRA 
nsp1315881 AITRAKVGIAITRAKKG:ITRAKKG RAKKG RKG 

LRKHFSM LQKHFSM LCKHFSMM LRKHFSMMIL:LNKHFSMMILSD 
nspl2 5141 MILSDDAVIMILSDDSV:ILSDDGV SDDGV DGV 

[0242] Table 3 includes SARS-CoV-2 peptides, corresponding amino acid positions and the 

source viral protein for each peptide, and a compatible HLA for each peptide. See, Sekine et al, 

Robust T cell immunity in convalescent individuals with asymptomatic or mild COVID-19, Cell 

(2020), doi: https://doi.org/I0.1016/j.cell.2020.08.017, the contents of which are incorporated 

herein by reference in their entirety for all purposes.  

Table 3 

:Viral Protein (peptide 

Compatible HLA Peptide Sequence Position origin) 

A*02:01 YLQPRTFLL 269 Spike 

A*02:01 VLNDILSRL 976 Spike 

A*02:01 TLDSKTQSL 109 Spike 

A*02:01 KIADYNYKL 417 Spike 

A*02:01 RLDKVEAEV 983 Spike 

A*02:01 RLQSLQTYV 1000 Spike 
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A*02:01 LLFNKVTLA 821 Spike 

A*02:01 HLMSFPQSA 1048 Spike 

A*02:01 VVFLHVTYV 1060 Spike 

A*02:01 :FIAGLIAIV :1220 Spike 

B*07:02 SPRRARSVA 680 Spike 

B*07:02 GPKKSTNLV 526 Spike 

B*07:02 TPINLVRDL 208 Spike 

B*07:02 EPVLKGVKL 1262 Spike 

B*07:02 QPTESIVRF 321 Spike 

B*07:02 FPQSAPHGV 1052 Spike 

B*07:02 IPTNFTISV 714 Spike 

B*07:02 LPPAYTNSF 24 Spike 

B*07:02 :KPFERDIST :462 Spike 

[0243] Additional coronavirus peptides have been described in scientific publications. For 

example, see Dijkstra JM and Hashimoto K. Expected immune recognition of COVID-19 virus by 

memory from earlier infections with common coronaviruses in a large part of the world population 

[version 2; peer review: 2 approved]. F1000Research 2020, 9:285 

https://doi.org/10.12688/flOOresearch.23458.2; and Peng et al, Broad and strong memory CD4 

+and CD8 + T cells induced by SARS-CoV-2 in UK convalescent COVID-19 patients.  

bioRxiv2020.06.05.134551 (2020). Pmid:32577665, the contents of each are incorporated by 

reference herein in their entirety for all purposes.  

[0244] The methods and systems described above may be utilized in combination with or as 

part of a digital and laboratory health care platform that is generally targeted to medical care and 

research. It should be understood that many uses of the methods and systems described above, in 

combination with such a platform, are possible. One example of such a platform is described in 

U.S. Patent Application No. 16/657,804, titled "Data Based Cancer Research and Treatment 

Systems and Methods", and filed 10/18/2019, which is incorporated herein by reference and in its 

entirety for all purposes.  

57



WO 2021/217181 PCT/US2021/070440 

[0245] For example, an implementation of one or more embodiments of the methods and 

systems as described above may include microservices constituting a digital and laboratory health 

care platform supporting TCR/BCR profiling. Embodiments may include a single microservice for 

executing and delivering TCR/BCR profiling information or may include a plurality of 

microservices each having a particular role which together implement one or more of the 

embodiments above. In one example, a first microservice may execute TCR/BCR profiling in order 

to deliver profile results to a second microservice for reporting.  

[0246] Where embodiments above are executed in one or more micro-services with or as part 

of a digital and laboratory health care platform, one or more of such micro-services may be part of 

an order management system that orchestrates the sequence of events as needed at the appropriate 

time and in the appropriate order necessary to instantiate embodiments above. A micro-services 

based order management system is disclosed, for example, in U.S. Patent Application No.  

16/927,976, titled "Adaptive Order Fulfillment and Tracking Methods and Systems", filed 

7/13/2020, which is incorporated herein by reference and in its entirety for all purposes.  

[0247] For example, continuing with the above first and second microservices, an order 

management system may notify the first microservice that an order for RNA sequencing has been 

received and is ready for processing. The first microservice may execute and notify the order 

management system once the delivery of RNA sequencing is ready for the second microservice.  

Furthermore, the order management system may identify that execution parameters (prerequisites) 

for the second microservice are satisfied, including that the first microservice has completed, and 

notify the second microservice that it may continue processing the order to provide a completed 

RNA report according to an embodiment, above.  

[0248] Where the digital and laboratory health care platform further includes a genetic 

analyzer system, the genetic analyzer system may include targeted panels and/or sequencing 

probes. An example of a targeted panel is disclosed, for example, in U.S. Patent Application Nos.  

16/789,288 and 15/930,234, filed February 12, 2020 and May 12, 2020, respectively which are 

incorporated herein by reference and in its entirety for all purposes. In one example, targeted panels 

may enable the delivery of next generation sequencing results for genes having a high degree of 

sequence variability among individuals and/or cells within an individual, including immunological 
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genes (for example, TCR and BCR genes) according to an embodiment, above. An example of the 

design of next-generation sequencing probes is disclosed, for example, in U.S. Patent Application 

No. 17/706,704, titled "Systems and Methods for Next Generation Sequencing Uniform Probe 

Design", and filed 10/21/20, which is incorporated herein by reference and in its entirety for all 

purposes.  

[0249] Where the digital and laboratory health care platform further includes a bioinformatics 

pipeline, the methods and systems described above may be utilized after completion or substantial 

completion of the systems and methods utilized in the bioinformatics pipeline. As one example, 

the bioinformatics pipeline may receive next-generation genetic sequencing results and return a 

set of binary files, such as one or more BAM files, reflecting DNA and/or RNA read counts aligned 

to a reference genome. The methods and systems described above may be utilized, for example, 

to ingest the DNA and/or RNA read counts and produce TCR/BCR sequence profiling as a result.  

[0250] When the digital and laboratory health care platform further includes an RNA data 

normalizer, any RNA read counts may be normalized before processing embodiments as described 

above. An example of an RNA data normalizer is disclosed, for example, in U.S. Patent 

Application No. 16/581,706, titled "Methods of Normalizing and Correcting RNA Expression 

Data", and filed 9/24/19, which is incorporated herein by reference and in its entirety for all 

purposes.  

[0251] When the digital and laboratory health care platform further includes a genetic data 

deconvoluter, any system and method for deconvoluting may be utilized for analyzing genetic data 

associated with a specimen having two or more biological components to determine the 

contribution of each component to the genetic data and/or determine what genetic data would be 

associated with any component of the specimen if it were purified. An example of a genetic data 

deconvoluter is disclosed, for example, in U.S. Patent Application No. 16/732,229 and 

PCT/US19/69161, both titled "Transcriptome Deconvolution of Metastatic Tissue Samples", and 

filed 12/31/19, and U.S. Patent Application No. 17/074,984, titled "Calculating Cell-type RNA 

Profiles for Diagnosis and Treatment", and filed 10/20/20, which are incorporated herein by 

reference and in their entirety for all purposes.  
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[0252] When the digital and laboratory health care platform further includes an automated 

RNA expression caller, RNA expression levels may be adjusted to be expressed as a value relative 

to a reference expression level, which is often done in order to prepare multiple RNA expression 

data sets for analysis to avoid artifacts caused when the data sets have differences because they 

have not been generated by using the same methods, equipment, and/or reagents. An example of 

an automated RNA expression caller is disclosed, for example, in U.S. Patent Application No.  

17/112,877, titled "Systems and Methods for Automating RNA Expression Calls in a Cancer 

Prediction Pipeline", and filed 12/4/20, which is incorporated herein by reference and in its entirety 

for all purposes.  

[0253] The digital and laboratory health care platform may further include one or more insight 

engines to deliver information, characteristics, or determinations related to a disease state that may 

be based on genetic and/or clinical data associated with a patient and/or specimen. Exemplary 

insight engines may include a tumor of unknown origin engine, a human leukocyte antigen (HLA) 

loss of homozygosity (LOH) engine, a tumor mutational burden engine, a PD-Li status engine, a 

homologous recombination deficiency engine, a cellular pathway activation report engine, an 

immune infiltration engine, a microsatellite instability engine, a pathogen infection status engine, 

and so forth. An example tumor of unknown origin engine is disclosed, for example, in U.S. Patent 

Application No. 15/930,234, titled "Systems and Methods for Multi-Label Cancer Classification", 

and filed 5/12/20, which is incorporated herein by reference and in its entirety for all purposes. An 

example of an HLA LOH engine is disclosed, for example, in U.S. Patent Application No.  

16/789,413, titled "Detection of Human Leukocyte Antigen Class I Loss of Heterozygosity in 

Solid Tumor Types by NGS DNA Sequencing", and filed 2/12/20, which is incorporated herein 

by reference and in its entirety for all purposes. An example of a tumor mutational burden (TMB) 

engine is disclosed, for example, in U.S. Patent Application No. 16/789,288, titled "Targeted

Panel Tumor Mutational Burden Calculation Systems and Methods", and filed 2/12/20, which is 

incorporated herein by reference and in its entirety for all purposes. An example of a PD-Li status 

engine is disclosed, for example, in U.S. Patent Application No. 16/888,357, titled "A Pan-Cancer 

Model to Predict The PD-Li Status of a Cancer Cell Sample Using RNA Expression Data and 

Other Patient Data", and filed 5/29/20, which is incorporated herein by reference and in its entirety 

for all purposes. An additional example of a PD-Li status engine is disclosed, for example, in U.S.  

60



WO 2021/217181 PCT/US2021/070440 

Patent Application No. 16/830,186, titled "Determining Biomarkers from Histopathology Slide 

Images", and filed 3/25/20, which is incorporated herein by reference and in its entirety for all 

purposes. An example of a homologous recombination deficiency engine is disclosed, for example, 

in U.S. Patent Application No. 16/789,363 and PCT/US20/18002, both titled "An Integrative 

Machine-Learning Framework to Predict Homologous Recombination Deficiency", and filed 

2/12/20, which is incorporated herein by reference and in its entirety for all purposes. An example 

of a cellular pathway activation report engine is disclosed, for example, in U.S. Patent Application 

No. 16/994,315, titled "Systems And Methods For Detecting Cellular Pathway Dysregulation In 

Cancer Specimens", and filed 8/14/20, which is incorporated herein by reference and in its entirety 

for all purposes. An example of an immune infiltration engine is disclosed, for example, in U.S.  

Patent Application No. 16/533,676, titled "A Multi-Modal Approach to Predicting Immune 

Infiltration Based on Integrated RNA Expression and Imaging Features", and filed 8/6/19, which 

is incorporated herein by reference and in its entirety for all purposes. An additional example of 

an immune infiltration engine is disclosed, for example, in U.S. Patent Application No.  

62/804,509, titled "Comprehensive Evaluation of RNA Immune System for the Identification of 

Patients with an Immunologically Active Tumor Microenvironment", and filed 2/12/19, which is 

incorporated herein by reference and in its entirety for all purposes. An example of an MSI engine 

is disclosed, for example, in U.S. Patent Application No. 16/653,868, titled "Microsatellite 

Instability Determination System and Related Methods", and filed 10/15/19, which is incorporated 

herein by reference and in its entirety for all purposes. An additional example of an MSI engine is 

disclosed, for example, in U.S. Patent Application No. 16/945,588, titled "Systems and Methods 

for Detecting Microsatellite Instability of a Cancer Using a Liquid Biopsy", and filed 7/31/20, 

which is incorporated herein by reference and in its entirety for all purposes.  

[0254] When the digital and laboratory health care platform further includes a report 

generation engine, the methods and systems described above may be utilized to create a summary 

report of a patient's genetic profile and the results of one or more insight engines for presentation 

to a physician. For instance, the report may provide to the physician information about the extent 

to which the specimen that was sequenced contained tumor or normal tissue from a first organ, a 

second organ, a third organ, and so forth. For example, the report may provide a genetic profile 

for each of the tissue types, tumors, or organs in the specimen. The genetic profile may represent 
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genetic sequences present in the tissue type, tumor, or organ and may include variants, expression 

levels, information about gene products, or other information that could be derived from genetic 

analysis of a tissue, tumor, or organ. The report may include therapies and/or clinical trials matched 

based on a portion or all of the genetic profile or insight engine findings and summaries. For 

example, the clinical trials may be matched according to the systems and methods disclosed in 

U.S. Patent Application No. 16/889,779, titled "Systems and Methods of Clinical Trial 

Evaluation", filed 6/1/2020, which is incorporated herein by reference and in its entirety for all 

purposes.  

[0255] The report may include a comparison of the results to a database of results from many 

specimens. An example of methods and systems for comparing results to a database of results are 

disclosed in U.S. Patent Application No. 16/732,168 and PCT/US19/69149, both titled "A Method 

and Process for Predicting and Analyzing Patient Cohort Response, Progression and Survival", 

and filed 12/31/19, which is incorporated herein by reference and in its entirety for all purposes.  

The information may be used, sometimes in conjunction with similar information from additional 

specimens and/or clinical response information, to discover biomarkers or design a clinical trial.  

[0256] When the digital and laboratory health care platform further includes application of one 

or more of the embodiments herein to organoids developed in connection with the platform, the 

methods and systems may be used to further evaluate genetic sequencing data derived from an 

organoid to provide information about the extent to which the organoid that was sequenced 

contained a first cell type, a second cell type, a third cell type, and so forth. For example, the report 

may provide a genetic profile for each of the cell types in the specimen. The genetic profile may 

represent genetic sequences present in a given cell type and may include variants, expression 

levels, information about gene products, or other information that could be derived from genetic 

analysis of a cell. The report may include therapies matched based on a portion or all of the 

deconvoluted information. These therapies may be tested on the organoid, derivatives of that 

organoid, and/or similar organoids to determine an organoid's sensitivity to those therapies. For 

example, organoids may be cultured and tested according to the systems and methods disclosed in 

U.S. Patent Application No. 16/693,117, titled "Tumor Organoid Culture Compositions, Systems, 

and Methods", filed 11/22/2019; PCT/US20/56930, titled "Systems and Methods for Predicting 

Therapeutic Sensitivity", filed 10/22/2020; and U.S. Patent Application No. 17/114,386, titled 
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"Large Scale Phenotypic Organoid Analysis", filed 12/7/2020, which are incorporated herein by 

reference and in their entirety for all purposes.  

[0257] When the digital and laboratory health care platform further includes application of one 

or more of the above in combination with or as part of a medical device or a laboratory developed 

test that is generally targeted to medical care and research, such laboratory developed test or 

medical device results may be enhanced and personalized through the use of artificial intelligence.  

An example of laboratory developed tests, especially those that may be enhanced by artificial 

intelligence, is disclosed, for example, in U.S. Provisional Patent Application No. 62/924,515, 

titled "Artificial Intelligence Assisted Precision Medicine Enhancements to Standardized 

Laboratory Diagnostic Testing", and filed 10/22/19, which is incorporated herein by reference and 

in its entirety for all purposes.  

[0258] It should be understood that the examples given above are illustrative and do not limit 

the uses of the systems and methods described herein in combination with a digital and laboratory 

health care platform.  

[0259] Applications 

[0260] The present disclosure provides methods to analyze the number of clones and 

distribution of clones of T cell receptors (TCRs) and B cells receptors (BCRs). Sequences encoding 

TCRs and BCRs contain a variety of information that is useful for medical and research 

applications. For example, by performing immune profiling, the clonality of the T and B cell 

repertoire can be determined.  

[0261] In one example, T and B cells that are specific to the pathogen SARS-CoV-2 are 

activated and expand following infection that is accompanied by no obvious symptoms. Immune 

profiling of an individual in such a case would reveal the expansion of SARS-CoV-2 specific 

lymphocytes. Furthermore, humoral immune responses to SARS-CoV-2 have been shown to wane 

over time, leaving fewer SARS-CoV-2 specific antibodies in the circulation (Self WH et al.  

MMWR Morb Mortal Wkly Rep 2020;69:1762-1766). This feature of SARS-CoV-2 infection 

(COVID-19) reduces the potential effectiveness of tests for SARS-CoV-2 exposure based on virus

specific antibody titer.  
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[0262] Immune profiling is also important, for example, in detecting T and B cell lymphomas, 

as these cancers generally have dominant clones that arise and expand as the cancer progresses.  

The presence of dominant T or B cell clones could be assessed in an individual that would aid in 

determining the extent or severity of disease.  

[0263] However, missing from traditional immune profiling assays is the ability to assess the 

molecular phenotype of cells of interest. Therefore, the technology of the current application 

combines complete next generation sequencing of DNA or RNA based samples with immune 

profiling. Traditionally, to perform RNA or exome sequencing and immune profiling on a sample, 

the sample material would have to be split into two separate assays and the data combined after 

sequencing. The method of the present application allows for the analysis of both 

genomic/transcriptomic data and immune profiling in one assay without compromising the quality 

of the data derived from either component. Therefore, the method of the present application has 

superior efficiency that could be translated to provide precision medicine at a scale that would 

make it viable for routine use by medical practitioners for a variety of potential applications.  

[0264] The method of the present disclosure leverages hybrid capture probes to enrich 

sequences most vital to understanding the T and B cell repertoire in an individual subject. Novel 

probes are designed to tile constant and non-constant regions of TCR and BCR sequences. The 

probe sets are designed so that sequencing is deep in critical areas of the TCR and BCR sequences 

so that a complete immune profile can be developed with fewer reads than traditional assays.  

Furthermore, the probe sets are formulated to provide productive sequences that cover both TCRs 

and BCRs. In addition, using the method of the present application, the formulation of probes may 

be further tuned to each individual application to provide maximum coverage of the immune 

repertoire. This novel hybrid capture approach allows immune profiling to be accomplished while 

dedicating less than 2% of the reads in a given sequencing run to TCR/BCR profiling.  

Consequently, with 98% or greater of the sequencing reads available for other applications, high 

quality, deep sequencing can be accomplished concurrently with immune profiling.  

[0265] General 
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[0266] In a given tumor sample, tissue sample, or blood sample, there are hundreds, thousands, 

tens of thousands, or even millions of different TCR and BCR sequences. These sequences can be 

used to predict, for example, past infections and potentially which T cells are killing tumor cells.  

While standard RNAseq allows us to infer the proportion of T cells in a tumor (infiltration), TCR 

sequencing can tell us whether the majority of the T cells in the tumor are specific for a single 

neoantigen or arise from a diverse pool. By tracking TCRs and BCRs over the entirety of a patient 

cohort, it is possible to identify specific receptors that recur in patients with the same alterations, 

generating information that may be directed to TCR-based/CAR cell therapies.  

[0267] In the context of past or present infections, TCR and BCR sequencing results may be 

useful for characterizing an infection and/or an immune response to infection. When the TCR/BCR 

sequencing is performed as part of a whole-exome RNAseq assay, RNA sequences and expression 

levels of various immune genes (for example, cytokines, checkpoint molecules, innate immune 

genes) may also contribute to that characterization.  

[0268] By way of example, but not by way of limitation, TCR/BCR profiling results may be 

used to: determine whether an individual has been exposed to one or more infectious pathogens; 

detect whether an individual has TCR or BCR sequences associated with sterilizing immunity 

and/or neutralizing antibodies for a group of infectious pathogens or a specific infectious pathogen; 

identify an adaptive immune response to a particular pathogen or antigen; analyze and improve 

treatment protocols for the infectious disease for the general patient population or a patient 

subpopulation; identify associations between severity of disease and immune profile; categorize 

or predict the severity of an individual's disease (for example, see SchultheiB et al, 2020, 

Immunity, https://doi.org/10.1016/j.immuni.2020.06.024, which is incorporated by reference 

herein in its entirety), assist a physician in selecting treatment protocols, tailor a treatment protocol 

to an individual's immune response, develop and/or assess the efficacy of therapeutics or 

preventative treatments (for example, vaccines), design clinical trials or better define patient 

cohorts, and/or gain additional relevant information.  

[0269] In some examples, serologic tests may determine whether an individual has developed 

antibodies that react to an infectious pathogen and/or antigen. However, it is known that not all 

infectious pathogens elicit a strong antibody (B cell) response or cause seroconversion in each 
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instance of infection. These infections may be caused by pathogens with life cycles that occur 

mostly within the host cell (for example, listeria, etc.), viruses that do not cause viremia or are not 

found in high concentrations in the blood of an individual. One example of viruses that generally 

do not cause viremia includes coronaviruses, for example, SARS, MERS, SARS-CoV-2, etc.  

[0270] In some cases, infections that do not elicit a strong B cell response may still be 

controlled and cleared by an individual, and one of the hypothesized mechanisms for this control 

in the absence of a B cell responseisaTcellresponse (see, Gallais et al, 2020, MedRxiv 

https://doi.org/10.1101/2020.06.21.20132449) A number of assays (for example, ELISpot, 

Fluorospot, ELISA, etc.) may be used to analyze an individual's T cell response and/or memory 

B cells that are specific to a particular pathogen and/or antigen. However, these assays often 

require cell culturing techniques and/or an incubation period that limits the number of tests that 

can be performed each day. In various examples, TCR/BCR sequencing may be more amenable 

to high volume testing allowing many samples to be processed each day.  

[0271] The aforementioned T cell, B cell, and antibody assays detect TCR and BCR that react 

to the antigens included in the assay and may not detect TCR or BCR that react to antigens 

generated during an infection, cancer, or other disease state that are not included in the assay.  

Furthermore, these assays do not automatically provide the genetic sequence (and thus, the protein 

structure) of the BCR or TCR molecule, which is another advantage of methods of TCR/BCR 

sequencing disclosed herein.  

[0272] Additional, exemplary, non-limiting applications of the present technology are 

provided below.  

[0273] Applications related to direct analysis of a patient TCR/BCR profile 

[0274] Disease Testing - measurement/confirmation of cancer diagnosis and severity 

[0275] In some embodiments, patient samples are collected including blood or tumor samples, 

and the severity of disease is evaluated. By way of example, but not by way of limitation, the 

severity of disease for hematological malignancies including T and B cell lymphoma may be 

evaluated by performing TCR/BCR hybrid-capture and sequencing to develop an immune profile 
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for the patient. The immune profile provides information regarding the clonality of normal and of 

the malignant cells. This information can be used by a healthcare practitioner to develop an 

understanding of the tumor burden in the patient, and to help guide treatment decisions.  

[0276] In some embodiments, a therapy is recommended or matched based on a TCR/BCR 

profile. The TCR/BCR profile provides information regarding the major clones that make up the 

malignancy. Therefore, the TCR/BCR profile may help inform treatment decisions made by a 

healthcare practitioner. By way of example, but not by way of limitation, therapies recommended 

subsequent to TCR/BCR profiling may include adoptive cell therapy/ACT, CAR-T cell therapy, 

chimeric antigen receptor macrophage (CAR-M) therapy, or other classes of cells engineered to 

express a chimeric antigen receptor (CAR). Additional therapies include, but are not limited to, 

cancer vaccine, immuno-oncology drugs, immunotherapy, checkpoint blockade, immune 

checkpoint inhibitors, chemotherapy, a cancer specific treatment, vaccine, antivirals, antibiotics, 

antiparasitics, antifungals, one or more antibodies (could be monoclonal, polyclonal, etc., could 

be isolated from another patient after recovery from infection), anti-histamines, nasal sprays, 

antileukotriene, leukotriene modifier, leukotriene receptor antagonist, allergy shots or another 

method to induce isotype switching from an allergenic IgE to a more tolerable IgG, anti

inflammatory treatment, steroids, oral corticosteroid, prednisone, anti-rheumatic drugs 

(DMARDS), biologics that target common anti-inflammatory pathways, TNF pathway antagonists 

(including Remicade), B cell depletion (including Rituxan), immunosuppressant, insulin, bone 

marrow transplant, anti-inflammatory dietary restrictions, physical therapy, surgery, topical 

medication, and/or topical scalp medication.  

[0277] In some embodiments, the present technology is used to perform only one or several of 

the following functions simultaneously: evaluate the presence and extent of lymphocyte infiltration 

in a solid tumor sample, to measure/confirm disease severity, or detect infiltration biomarker.  

TCR/BCR profiles of patient samples derived from a solid tumor provide information about the 

frequency and clonality of tumor infiltrating lymphocytes (TILs). In some embodiments, a therapy 

is recommended based on the analysis of TILs made using TCR/BCR profiling. By way of 

example, but not by way of limitation, treatments that may be recommended following TCR/BCR 

profiling include: ACT, CAR-T, and/or other immune oncological (IO) modalities.  
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[0278] In some embodiments, TCR/BCR data is combined with other infiltration predictors 

(engines), and/or as a feature to refine those prediction models. An example of an immune 

infiltration engine is disclosed, for example, in U.S. Patent Application No. 16/533,676, titled "A 

Multi-Modal Approach to Predicting Immune Infiltration Based on Integrated RNA Expression 

and Imaging Features", and filed 8/6/19, which is incorporated herein by reference and in its 

entirety for all purposes. An additional example of an immune infiltration engine is disclosed, for 

example, in U.S. Patent Application No. 62/804,509, titled "Comprehensive Evaluation of RNA 

Immune System for the Identification of Patients with an Immunologically Active Tumor 

Microenvironment", and filed 2/12/19, which is incorporated herein by reference and in its entirety 

for all purposes.  

[0279] In one example, a TCR/BCR profile may be generated for a patient having non-small 

cell lung cancer (NSCLC) and an EGFR mutation. This TCR/BCR profile may be analyzed with 

or without output from infiltration predictors used to analyze the patient's data. These results may 

be used to match a therapy (for example, immunotherapy, checkpoint blockade, etc.) with the 

patient.  

[0280] Therapeutic Efficacy Testing 

[0281] In some embodiments, the present technology is used to identify whether a therapeutic 

immune cell has infiltrated a target tumor. By way of example, but not by way of limitation, cells 

that are detected using TCR/BCR profiling include CAR-T cells, or cells delivered through 

adoptive cell transfer (ACT) therapy. By way of example, but not by way of limitation, additional 

probes may be added to specifically target a sequence unique to the particular therapeutic modality.  

[0282] In some embodiments, the present technology can be used to perform longitudinal 

testing, for example, before and after administration of immune-affecting therapy, such as 

chemotherapy. Chemotherapeutic drugs often adversely affect a patient's immune system. By way 

of example, but not by way of limitation, chemotherapeutic drugs may include Anthracyclines, 

such as doxorubicin and epirubicin, taxanes such as paclitaxel and docetaxel, 5-fluorouracil, 

cyclophosphamide, or carboplatin, or other drugs used in the treatment of cell proliferative 

diseases. In some embodiments, the present technology can be used to monitor the extent and 
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nature of immune repertoire adverse events or off target effects. By way of example, but not by 

way of limitation, the TCR/BCR profile is used to understand whether the subject is more 

susceptible to infection or other disease associated with being immunocompromised. In some 

embodiments, the TCR/BCR profile allows a physician to provide additional directed therapy in 

response to TCR/BCR profile analysis. By way of example, but not by way of limitation, 

TCR/BCR profile may lead to administration of cytokines known to positively affect the immune 

system, and in some embodiments, longitudinal TCR/BCR analysis provides data to determine the 

extent and nature of immune repertoire improvement, and to provide data to modify the treatment 

as necessary.  

[0283] Sequence, analyze, and report list of cells and/or receptor sequences in a patient sample 

[0284] In some embodiments, the present technology is used to determine a TCR/BCR profile 

for the patient or patient sample taken from, for example, malignant tissue. In some embodiments, 

the methods are useful to determine the presence and extent of lymphocyte infiltration in a tumor 

sample and identify the most abundant clones in a tumor sample. By way of example, but not by 

way of limitation, such profiles can allow selection of highly represented clones to be expanded 

for patient-specific Adoptive Cell Transfer, and/or used to identify receptor non-constant regions 

that are highly expressed to generate patient-specific chimeric receptors. This information provides 

a basis for developing a personalized medicine treatment approach using, for example, CAR-T cell 

therapy.  

[0285] In some embodiments, the present technology is used to determine the TCR/BCR 

profile of a patient suffering from or suspected of having a pathogenic infection. In some 

embodiments, the most abundant clones in a patient sample (e.g., blood sample) are identified, to 

be expanded for patient-specific Adoptive Cell Transfer. In some embodiments, the receptor non

constant regions for this patient sample are identified to generate patient-specific chimeric 

receptors for use in CAR cell therapy.  

[0286] Diagnosis or confirmatory diagnosis for a patient based on TCR/BCR analysis 

[0287] In some embodiments, the TCR/BCR data is used in combination with other pathogen 

detection or prediction methods and/or can be used as a feature to revise those prediction models.  
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An example of a pathogen detection or prediction method is disclosed, for example, in U.S. Patent 

Application No. 16/802,126, filed February 26, 2020, which is incorporated herein by reference 

and in its entirety for all purposes. Another example of a pathogen detection or prediction method 

is disclosed, for example, in PCT/US21/18619, filed February 18, 2021, which is incorporated 

herein by reference and in its entirety for all purposes. In some embodiments, data could be used 

to predict whether a patient is protected from future infection. By way of example, but not by way 

of limitation, this information would be valuable for patients following vaccination or natural 

infection with a virus. In some embodiments, analysis could be performed longitudinally to 

characterize the immune response to a pathogenic organism. For oncogenic pathogens, immune 

profiling may be used to predict whether the patient has/had an infection and can guide treatment 

decisions made by a healthcare practitioner.  

[0288] In some embodiments, a list of receptor sequences associated with a pathogen (see the 

application of the technology above) is provided. In some embodiments a large dataset with 

positive controls and negative controls to determine which TCR/BCR sequences are associated 

with, for example, a given disease, pathogen, or antigen is provided (see e.g., Example 2). By way 

of example, but not by way of limitation, an example of utilizing the present TCR/BCR profiling 

methods for a diagnostic or confirmatory diagnostic application is provided below.  

[0289] SARS-CoV-2 diagnosis 

[0290] In various embodiments, BCR sequences that recognize SARS-CoV-2 antigens may 

include those shown in Table 4. Table 4 provides an example of positive control data for SAR

CoV-2 exposure and/or infection: 

[0291] Table 4: 

HEAVY HEAVY HEAVY HEAVY LIGHT LIGHT LIGHT 

CDRH3 
(amino CDRL3 (amino 

IGHV :IGIID IGHJ acid) IGVIGLJ acid) 

AAPHCSG 
IGHV1- IGHD2- GSCLDAF IGKV3
58*01 15*01 JGHJ3*02:DI :20*01 JGKJ*0 QQYGSSPWT 
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IGHV1- HIGTD2- IGKV3
58*01 15*01 IGHJ3*02~Y~ 20*01 IGKJ1*01 ~~~~~~~~~ 

*IGHV- IGHD2- N ----- IGKV3 
58*02 15*01 IGHJ3*02 Y~G--- 20*01 IGKJ1*01 ~~~~~~~~M 

IGHV1- IGHD2- TY IGKV3
58*02 :15*01 :IGHJ3*02:~~N~~~~~- 20*01 IGKJ1*01 ~~~~~~~~~ 

IGHV1- IGHD2- ~~~~~~ST IGKV3 
58*01 2*01 IGHJ3*02 ~~F~-~-- 20*01 IGKJ1*01 N~-~~ 

IGHV1- IGHD2- -Y~~~~- IGKV3 
58*01 15*01 IGHJ3*02 ~S~~~~~ 20*01 IGKJ1*01 ~~~~~~~~~ 

ARDGIVD 
IGHV3- IGHD5- TAMVTW IGKV1
30-3*01 18*01 IGHJ4*02:FDY 39*01 IGKJ1*01 QQSYSTPPWT 

~~~~~QG 
IGHV3- IGHD5- MATTY~~ IGKV1
30-3*01 24*01 IGHJ4*02 ~39*01 IGKJ1*01 N~-~~ 

IGHV3- IGHD5- ~~~~~~~~~ IGKV1
30-3*01 18*01 IGHJ4*02L~~~~~ 39*01 IGKJ1*01 

IGHV3- IGHD5-- SD-~-- IGKV1
30-3*01 18*01 IGHJ5*011S 39*01 IGKJ1*01 

IGHV3- IGHD5- ~~~SD--- IGKV1
30-3*01 18*01 IGHJ5*01 39*01 IGKJ1*01 

[0292] Each row in Table 4 represents a BCR sequence, which includes a V, D, J family 

classification for the heavy chain and an amino acid sequence for the heavy chain CDR3, and a V 

and J family classification for the light chain and an amino acid sequence for the light chain CDR3.  

The amino acid sequence may represent a consensus sequence of the amino acids that are present 

in multiple CDR3 sequences when aligned and compared, and a tilde (-) may indicate a location 

in the sequence that does not have the same amino acid in the aligned CDR3 sequences. In various 

embodiments, two BCR sequences may be paired. For example, the third and fourth rows may 

represent two alleles that are expressed by the same cell to create a heterodimer protein BCR 

structure. Similarly, the fifth and sixth rows may be paired sequences, the seventh and eighth rows 

may be paired, the ninth and tenth rows may be paired, etc.  

[0293] Table 5 
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IGH VDJ IGH VDJ TGL VJ TGL VJ 
(nucleotide) (amino acid) (nucleotide) (aminoacid) 

GAGGTGCAGCT EVQLVESGGGVVQ GACATCCAGTTG DIQLTQSPSSLSA 
GGTGGAGTCTG PGRSLRLSCAASGF ACCCAGTCTCCA:SVGDRVTITCRA 
GGGGAGGCGTG TFSIYGMHWVRQA TCCTCCCTGTCT SQSISSYLNWYQ 
GTCCAGCCTGGG PGKGLEWVAVISYD GCATCTGTAGGA QKPGKAPKLLIY 
AGGTCCCTGAG GSNKYYADSVKGR GACAGAGTCAC AASSLQSGVPSR 
ACTCTCCTGTGC FTISRDNSKNTLYL CATCACTTGCCG FSGSGSGTDFTL 
AGCCTCTGGATT QMNSLRAEDTAVY GGCAAGTCAGA TISSLQPEDFATY 
CACCTTCAGTAT YCAKEGRPSDIVVV GCATTAGCAGCT YCQQSYSTPRTF 
CTATGGCATGCA VAFDYWGQGTLVT:ATTTAAATTGGT GQGTKVEIK 
CTGGGTCCGCCA VSS ATCAGCAGAAA 
GGCTCCAGGCA CCAGGGAAAGC 
AGGGGCTGGAG CCCTAAGCTCCT 
TGGGTGGCAGTT GATCTATGCTGC 
ATATCATATGAT ATCCAGTTTGCA 
GGAAGTAATAA AAGTGGGGTCCC 
ATACTATGCAGA ATCAAGGTTCAG 
CTCCGTGAAGG TGGCAGTGGATC 
GCCGATTCACCA TGGGACAGATTT 
TCTCCAGAGACA CACTCTCACCAT 
ATTCCAAGAAC CAGCAGTCTGCA 
ACGCTGTATCTG ACCTGAAGATTT 
CAAATGAACAG TGCAACTTACTA 
CCTGAGAGCTG CTGTCAACAGAG 
AGGACACGGCT TTACAGTACCCC 
GTGTATTACTGT TCGGACGTTCGG 
GCGAAAGAGGG CCAAGGGACCA 
GAGACCATCTG AGGTGGAAATC 
ATATTGTAGTGG AAAC 
TGGTGGCCTTTG 
ACTACTGGGGCC 
AGGGAACCCTG 
GTCACCGTCTCC 
TCAG 
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GAGGTGCAGCT EVQLVESGGGLIQP GAAATTGTGTTG:EIVLTQSPGTLSL 
GGTGGAGTCTG GGSLRLSCAASGFT ACGCAGTCTCCA SPGERATLSCRA 
GAGGAGGCTTG VSSNYMSWVRQAP GGCACCCTGTCT SQSVSSTYLAW 
ATCCAGCCTGGG:GKGLEWVSVIYSGG TTGTCTCCAGGG YQQKPGQAPRL 
GGGTCCCTGAG STYYADSVKGRFTI GAAAGAGCCAC LIYGASSRATGIP 
ACTCTCCTGTGC SRDNSKNTLYLQM CCTCTCCTGCAG DRFSGSGSGTDF 
AGCCTCTGGGTT NSLRAGDTAVYYC GGCCAGTCAGA TLTISRLEPEDFA 
CACCGTCAGTAG ARDYGDFYFDYWG GTGTTAGCAGCA VYYCQQYGSSP 
CAACTACATGA QGTLVTVSS CCTACTTAGCCT RTFGQGTKLEIK 
GCTGGGTCCGCC GGTACCAGCAG 
AGGCTCCAGGG AAACCTGGCCA 
AAGGGGCTGGA GGCTCCCAGGCT 
GTGGGTCTCAGT CCTCATCTATGG 
TATTTATAGCGG TGCATCCAGCAG 
TGGTAGCACATA GGCCACTGGCAT 
CTACGCAGACTC CCCAGACAGGTT 
CGTGAAGGGCC CAGTGGCAGTG 
GATTCACCATCT GGTCTGGGACA 
CCAGAGACAAT GACTTCACTCTC 
TCCAAGAACAC ACCATCAGCAG 
GCTGTATCTTCA ACTGGAGCCTGA 
AATGAACAGCC AGATTTTGCAGT 
TGAGAGCCGGG GTATTACTGTCA 
GACACGGCCGT GCAGTATGGTAG 
GTATTACTGTGC CTCACCTAGGAC 
GAGGGATTACG TTTTGGCCAGGG 
GTGACTTCTACT GACCAAGCTGG 
TTGACTACTGGG AGATCAAAC 
GCCAGGGAACC 
CTGGTCACCGTC 
TCCTCAG 

CAGGTGCAGCT QVQLVQSGAEVKK GCCATCCGGATG AIRMTQSPSSLS 
GGTGCAGTCTGG PGASVKVSCKASGY ACCCAGTCTCCA ASVGDRVTITCQ 
GGCTGAGGTGA TFTGYYMHWVRQA TCCTCCCTGTCT ASQDISNYLNW 
AGAAGCCTGGG PGQGLEWMGWINPI GCATCTGTAGGA YQQKPGKAPKL 
GCCTCAGTGAA SGGTNYAQKFQGR GACAGAGTCAC LIYDASNLETGV 
GGTCTCCTGCAA VTMTRDTSISTAYM CATCACTTGCCA PSRFSGSGSGTD 
GGCTTCTGGATA ELSRLRSDDTAVYY GGCGAGTCAGG FTFTISSLQPEDI 
CACCTTCACCGG CASPASRGYSGYDH ACATTAGCAACT ATYYCQQYDNL 
CTACTATATGCA GYYYYMDVWGKG ATTTAAATTGGT:PITFGQGTRLEIK 
CTGGGTGCGAC TTVTVSS ATCAGCAGAAA 
AGGCCCCTGGA CCAGGGAAAGC 
CAAGGGCTTGA CCCTAAGCTCCT 
GTGGATGGGAT GATCTACGATGC 
GGATCAACCCTA ATCCAATTTGGA 
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TCAGTGGTGGCA: AACAGGGGTCC 
CAAACTATGCAC CATCAAGGTTCA 
AGAAGTTTCAG GTGGAAGTGGA 
GGCAGGGTCAC TCTGGGACAGAT 
CATGACCAGGG TTTACTTTCACC 
ACACGTCCATCA ATCAGCAGCCTG 
GCACAGCCTAC CAGCCTGAAGAT 
ATGGAGCTGAG ATTGCAACATAT 
CAGGCTGAGAT TACTGTCAACAG 
CTGACGACACG TATGATAATCTC 
GCCGTGTATTAC CCTATCACCTTC 
TGTGCGAGCCCA GGCCAAGGGAC 
GCATCACGTGG ACGACTGGAGA 
ATATAGTGGCTA T TAAAC 
CGATCATGGGTA 
CTACTACTACAT 
GGACGTCTGGG 
GCAAAGGGACC 
ACGGTCACCGTC 
TCCTCA 

CAGGTGCAGCT QVQLVQSGPEVKKP GAAATTGTGTTG EIVLTQSPGTLSL 
GGTGCAGTCTGG GTSVKVSCKASGFT ACGCAGTCTCCA SPGERATLSCRA 
GCCTGAGGTGA FTSSAVQWVRQAR GGCACCCTGTCT SQSVRSSYLAW 
AGAAGCCTGGG GQRLEWIGWIVVGS TTGTCTCCAGGG YQQKPGQAPRL 
ACCTCAGTGAA GNTNYAQKFQERV GAAAGAGCCAC LIYGASSRATGIP 
GGTCTCCTGCAA TITRDMSTSTAYME CCTCTCCTGCAG DRFSGSGSGTDF 
GGCTTCTGGATT LSSLRSEDTAVYYC GGCCAGTCAGA TLTISRLEPEDFA 
CACCTTTACTAG AAPHCSGGSCLDAF GTGTTAGAAGCA VYYCQQYGSSP 
CTCTGCTGTGCA:DIWGQGTMVTVSS GCTACTTAGCCT WTFGQGTKVEI 
GTGGGTGCGAC GGTACCAGCAG K 
AGGCTCGTGGA AAACCTGGCCA 
CAACGCCTTGAG GGCTCCCAGGCT 
TGGATAGGATG CCTCATCTATGG 
GATCGTCGTTGG TGCATCCAGCAG 
CAGTGGTAACA GGCCACTGGCAT 
CAAACTACGCA CCCAGACAGGTT 
CAGAAGTTCCA CAGTGGCAGTG 
GGAAAGAGTCA GGTCTGGGACA 
CCATTACCAGGG GACTTCACTCTC 
ACATGTCCACAA ACCATCAGCAG 
GCACAGCCTAC ACTGGAGCCTGA 
ATGGAGCTGAG AGATTTTGCAGT 
CAGCCTGAGATC GTATTACTGTCA 
CGAGGACACGG GCAGTATGGTAG 
CCGTGTATTACT CTCACCGTGGAC 
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GTGCGGCTCCCC: GTTCGGCCAAGG: 
ATTGTAGCGGTG GACCAAGGTGG 
GTAGCTGCCTTG AAATCAAAC 
ATGCTTTTGATA 
TCTGGGGCCAA 
GGGACAATGGT 
CACCGTCTCTTC 
AG 

CAGGTGCAGCT QVQLVESGGGLVK CAGTCTGTGCTG QSVLTQPPSASG 
GGTGGAGTCTG PGGSLRLSCAASGFI:ACTCAGCCACCC:TPGQRVTVSCSG 
GGGGAGGCTTG FSDYCMSWIRRAPG TCAGCGTCTGGG SSSNIGSNTVNW 
GTCAAGCCTGG KGLEWLSYISNSGT ACCCCCGGACA YQQLPGTAPKLL 
AGGGTCCCTGA TRYYADSVKGRFTI GAGGGTCACCGT:IYSNNQRPSGVP 
GACTCTCCTGTG SRDNGRNSLYLQM CTCTTGTTCTGG DRFSGSKSGTSA 
CAGCCTCTGGAT DSLSAEDTAVYYCA AAGCAGCTCCA SLAISGLQSEDE 
TCATCTTCAGTG RRGDGSSSIYYYNY ACATCGGAAGC ADYFCAAWDDS 
ACTACTGCATGAMDVWGKGTTVTVS AATACTGTAAAC LNGPVFGGGTK 
GCTGGATCCGCC S TGGTACCAGCAG LTVL 
GGGCTCCAGGG CTCCCAGGAACG 
AAGGGGCTGGA GCCCCCAAACTC 
ATGGCTTTCATA CTCATCTATAGT 
TATTAGTAATAG AATAATCAGCG 
TGGTACCACCAG GCCCTCAGGGGT 
ATACTACGCAG CCCTGACCGATT 
ACTCTGTGAAGG CTCTGGCTCCAA 
GCCGATTCACCA GTCTGGCACCTC 
TCTCCAGGGACA AGCCTCCCTGGC 
ACGGCAGGAAC CATCAGTGGGCT 
TCACTGTATCTG CCAGTCTGAGGA 
CAAATGGACAG TGAGGCTGATTA 
CCTGAGCGCCG TTTCTGTGCAGC 
AAGACACGGCC ATGGGATGACA 
GTTTATTACTGT GCCTGAATGGTC 
GCGAGAAGGGG CGGTATTCGGCG 
GGACGGTAGCA GAGGGACCAAG 
GCTCGATCTACT CTGACCGTCCTA 
ACTACAACTACA G 
TGGACGTCTGGG 
GCAAAGGGACC 
ACGGTCACCGTC 

7TCCTCA 
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GAGGTGCAGCT EVQLVESGGGVVQ GACATCCAGATG:DIQMTQSPSTLS 
GGTGGAGTCTG PGRSLRLSCAASGF ACCCAGTCTCCT ASVGDRVTITCR 
GGGGAGGCGTG TFSSYGMIWVRQA TCCACCCTGTCT ANQSISSWLAW 
GTCCAGCCTGGG PGKGLEWVTVISYD GCATCTGTAGGA YQQKPGKAPKL 
AGGTCCCTGAG GRNKYYADSVKGR GACAGAGTCAC LIYKASSLESGV 
ACTCTCCTGTGC FTISRDNSKNTLYL CATCACTTGCCG PSRFSGSGSGTE 
AGCCTCTGGATT QMNSLRAEDTAVY GGCCAATCAGA FTLTISSLQPDDF 
CACCTTCAGTAG YCAREFGDPEWYF GTATTAGTAGCT ATYYCQQYNSY 
CTATGGCATGCA:DYWGQGTLVTVSS GGTTGGCCTGGT WTFGQGTKVEI 
CTGGGTCCGCCA ATCAGCAGAAA K 
GGCTCCAGGCA CCAGGGAAAGC 
AGGGGCTGGAG CCCTAAGCTCCT 
TGGGTGACAGTT GATCTATAAGGC 
ATTTCATATGAT GTCTAGTTTAGA 
GGAAGGAATAA AAGTGGGGTCCC 
ATACTATGCAGA ATCAAGGTTCAG 
CTCCGTGAAGG CGGCAGTGGATC 
GCCGATTCACCA TGGGACAGAATT 
TCTCCAGAGACA CACTCTCACCAT 
ACTCCAAGAAC CAGCAGCCTGCA 
ACGCTGTATCTG GCCTGATGATTT 
CAAATGAACAG TGCAACTTATTA 
CCTGAGAGCTG CTGCCAACAGTA 
AGGACACGGCT TAATAGTTATTG 
GTGTATTACTGT GACGTTCGGCCA 
GCGAGAGAATT AGGGACCAAGG 
CGGTGACCCCG TGGAAATCAAA 
AGTGGTACTTTG C 
ACTACTGGGGCC 
AGGGAACCCTG 
GTCACCGTCTCC 
TCAG 

CAGGTGCAGCT QVQLVQSGAEVKK CAGTCTGCCCTG QSALTQPPSASG 
GGTGCAGTCTGG PGASVKVSCMASG ACTCAGCCTCCC SPGQSVTISCTG 
GGCTGAGGTGA YTFTGYYMIIWVRQ TCCGCGTCCGGG TSSDVGGYNYV 
AGAAGCCTGGG APGQGLEWMGWIN TCTCCTGGACAG SWYQQHPGKAP 
GCCTCAGTGAA PNSGGTNYAQKFQ TCAGTCACCATC KLMIYEVSKRPS 
GGTCTCCTGCAT GRVTMTRDTSISTA TCCTGCACTGGA GVPDRFSGSKSG 
GGCTTCTGGATA:YMELSRLRSDDTAV ACCAGCAGTGA NTASLTVSGLQA 
CACCTTCACCGG YYCARDSPFSALGA CGTTGGTGGTTA EDEAEYYCSSD 
CTACTATATGCA SNDYWGQGTLVTV TAACTATGTCTC AGSNNVVFGGG 
CTGGGTGCGAC SS CTGGTACCAACA TKLTVL 
AGGCCCCTGGA GCACCCAGGCA 
CAAGGGCTTGA AAGCCCCCAAA 

7GTGGATGGGAT CTCATGATTTAT 
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GGATCAACCCTA: GAGGTCAGTAA 
ACAGTGGTGGC GCGGCCCTCAGG 
ACAAACTATGC GGTCCCTGATCG 
ACAGAAGTTTCA CTTCTCTGGCTC 
GGGCAGGGTCA CAAGTCTGGCAA 
CCATGACCAGG CACGGCCTCCCT 
GACACGTCCATC GACCGTCTCTGG 
AGCACAGCCTA GCTCCAGGCTGA 
CATGGAGCTGA GGATGAGGCTG 
GCAGGCTGAGA AGTATTACTGCA 
TCTGACGACACG GCTCAGATGCAG 
GCCGTGTATTAC GCAGCAACAAT 
TGTGCGAGAGA GTGGTATTCGGC 
CTCCCCATTTAG GGAGGGACCAA 
TGCTTTAGGGGC GCTGACCGTCCT 
CTCCAATGACTA AG 
CTGGGGCCAGG 
GAACCCTGGTCA 
CCGTCTCCTCAG 

GAGGTGCAGCT EVQLVESGGGVVQ GACATCCAGTTG DIQLTQSPSSLSA 
GGTGGAGTCTG PGRSLRLSCAASGF ACCCAGTCTCCA SVGDRVTITCRA 
GGGGAGGCGTG TFSSYAMIWVRQA TCCTCCCTGTCT SQSISTYLNWYQ 
GTCCAGCCTGGG PAKGLEWVAVILY GCATCTGTAGGA QKPGKAPKLLIY 
AGGTCCCTGAG DGSGKYYADSVKG GACAGAGTCAC AASSLQSGVPSR 
ACTCTCCTGTGC RFTISRDNSKNTLYL CATCACTTGCCG FSGSGSGTDFTL 
AGCCTCTGGATT QMNSLRAEDTAVY GGCAAGTCAGA TISSLQPEDFATY 
CACCTTCAGTAG YCARDGIVDTALVT GCATTAGCACCT YCQQSYSTPPW 
CTATGCTATGCA:WFDYWGQGTLVTV ATTTAAATTGGT TFGQGTKVEIK 
CTGGGTCCGCCA SS ATCAGCAGAAA 
GGCTCCAGCCA CCAGGGAAAGC 
AGGGGCTGGAG CCCTAAGCTCCT 
TGGGTGGCAGTT GATCTATGCTGC 
ATATTATATGAT ATCCAGTTTGCA 
GGAAGCGGTAA AAGTGGGGTCCC 
ATACTACGCAG ATCAAGGTTCAG 
ACTCCGTGAAG TGGCAGTGGATC 
GGCCGATTCACC TGGGACAGATTT 
ATCTCCAGAGAC CACTCTCACCAT 
AATTCCAAGAA CAGCAGTCTGCA 

CACGTTGTATCT ACCTGAAGATTT 
GCAAATGAACA TGCAACTTACTA 
GCCTGAGAGCT CTGTCAACAGAG 
GAGGACACGGC TTACAGTACCCC 
TGTGTATTACTG TCCGTGGACGTT 

TGCGAGAGACG CGGCCAAGGGA 
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GGATCGTGGAT :CCAAGGTGGAG 
ACAGCTCTGGTT ATCAAAC 
ACGTGGTTTGAC 
TACTGGGGCCA 
GGGAACCCTGG 
TCACCGTCTCCT 
CAG 

CAGGTGCAGCT QVQLVQSGAEVKK GAAATTGTGTTG EIVLTQSPATLSL 
GGTGCAGTCTGG:PGSSVKVSCKASGG:ACACAGTCTCCA:SPGERATLSCRA 
GGCTGAGGTGA TFSSYAISWVRQAP GCCACCCTGTCT SQSVSSYLAWY 
AGAAGCCTGGG GQGLEWMGGIIPIF TTGTCTCCAGGG QQKPGQAPRLLI 
TCCTCGGTGAAG GTANYAQKFQGRV GAAAGAGCCAC YDASNRATGIPA 
GTCTCCTGCAAG TITADESTSTAYME CCTCTCCTGCAG RFSGSGSGTDFT 
GCTTCTGGAGGC LSSLRSEDTAVYYC GGCCAGTCAGA LTISSLEPEDFAV 
ACCTTCAGCAGC ARGNRLLYCSSTSC GTGTTAGCAGCT YYCQQRSNWPL 
TATGCTATCAGC YLDAVRQGYYYYY ACTTAGCCTGGT TFGGGTKVEIK 
TGGGTGCGACA YMDVWGKGTTVT ACCAACAGAAA 
GGCCCCTGGAC VSS CCTGGCCAGGCT 
AAGGGCTTGAG CCCAGGCTCCTC 
TGGATGGGAGG ATCTATGATGCA 
GATCATCCCTAT TCCAACAGGGCC 
CTTTGGTACAGC ACTGGCATCCCA 
AAACTACGCAC GCCAGGTTCAGT 
AGAAGTTCCAG GGCAGTGGGTCT 
GGCAGAGTCAC GGGACAGACTTC 
GATTACCGCGG ACTCTCACCATC 
ACGAATCCACG AGCAGCCTAGA 
AGCACAGCCTA GCCTGAAGATTT 
CATGGAGCTGA TGCAGTTTATTA 
GCAGCCTGAGA CTGTCAGCAGCG 
TCTGAGGACAC TAGCAACTGGCC 
GGCCGTGTATTA CCTCACTTTCGG 
CTGTGCGAGAG CGGAGGGACCA 
GGAATCGACTA AGGTGGAGATC 
CTTTATTGTAGT AAAC 
AGTACCAGCTGC 
TATCTAGATGCG 
GTTAGGCAGGG 
GTACTACTACTA 
CTACTACATGGA 
CGTCTGGGGCA 
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AAGGGACCACG: 
GTCACCGTCTCC 
TCA 

GAGGTGCAGCT EVQLVESGGGVVQ GCCATCCGGATG AIRMTQSPSSLS 
GGTGGAGTCTG PGRSLRLSCAASGF ACCCAGTCTCCA ASVGDRVTITCQ 
GGGGAGGCGTG TFSRYGMHWVRQA TCCTCCCTGTCT ASQDISNYLNW 
GTCCAGCCTGGG PGKGLEWVAVISYD GCATCTGTAGGA:YQQKPGKAPKL 
AGGTCCCTGAG GSNKYYADSVKGR GACAGAGTCAC LIYDASNLETGV 
ACTCTCCTGTGC FTISRDNSKNTLYL CATCACTTGCCA PSRFSGSGSGTD 
AGCCTCTGGATT QMNSLRAEDTAVY GGCGAGTCAGG FTFTINSLQPEDI 
CACCTTCAGTAG YCAKVTAPYCSGGS ACATTAGCAACT ATYYCQQYDNL 
ATATGGCATGCA CYGGNFDYWGQGT ATTTAAATTGGT PPTFGGGTKVEI 
CTGGGTCCGCCA LVTVSS ATCAGCAGAAA K 
GGCTCCAGGCA CCAGGGAAAGC 
AGGGGCTGGAG CCCTAAGCTCCT 
TGGGTGGCAGTT GATCTACGATGC 
ATATCATATGAT ATCCAATTTGGA 
GGAAGTAATAA AACAGGGGTCC 
ATACTATGCAGA CATCAAGGTTCA 
CTCCGTGAAGG GCGGAAGTGGA 
GCCGATTCACCA TCTGGGACAGAT 
TCTCCAGAGACA TTTACTTTCACC 
ATTCCAAGAAC ATCAACAGCCTG 
ACGCTGTATCTG CAGCCTGAAGAT 
CAAATGAACAG ATTGCAACATAT 
CCTGAGAGCTG TACTGTCAACAG 
AGGACACGGCT TATGATAATCTC 
GTGTATTACTGT CCTCCTACTTTC 
GCGAAAGTGAC GGCGGAGGGAC 
CGCCCCTTATTG CAAGGTGGAGA 
TAGTGGTGGTAG TCAAAC 
CTGCTACGGAG 
GTAACTTTGACT 
ACTGGGGCCAG 
GGAACCCTGGTC 
ACCGTCTCCTCA 
G 

GAAGTGCAGCT EVQLVESGGGLVQP GAAATTGTGTTG:EIVLTQSPATLSL 
GGTGGAGTCTG GRSLRLSCAASGFT ACACAGTCTCCA SPGERATLSCRA 
GGGGAGGCTTG FDDYAMIWVRQAP GCCACCCTGTCT SQSVSSYLAWY 
GTACAGCCTGGC GKGLEWVSGISWN TTGTCTCCAGGG QQKPGQAPRLLI 
AGGTCCCTGAG SGTIGYADSVKGRF GAAAGAGCCAC YDASNRATGIPA 
ACTCTCCTGTGC TISRDNAKNSLYLQ CCTCTCCTGCAG RFSGSGSGTDFT 
AGCCTCTGGATT MNSLRAEDTAFYY GGCCAGTCAGA LTISSLEPEDFAV 
CACCTTTGATGACAKAGVRGIAAAG GTGTTAGCAGCT 
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TTATGCCATGCA PDLNFDHWGQGTL ACTTAGCCTGGTYYCQQRITFGQG 
CTGGGTCCGGCA VTVSS ACCAACAGAAA TRLEIK 
AGCTCCAGGGA CCTGGCCAGGCT 
AGGGCCTGGAG CCCAGGCTCCTC 
TGGGTCTCAGGT ATCTATGATGCA 
ATTAGTTGGAAT TCCAACAGGGCC 
AGTGGTACCATA ACTGGCATCCCA 
GGCTATGCGGA GCCAGGTTCAGT 
CTCTGTGAAGGG GGCAGTGGGTCT 
CCGATTCACCAT GGGACAGACTTC 
CTCCAGAGACA ACTCTCACCATC 
ACGCCAAGAAC AGCAGCCTAGA 
TCCCTGTATCTG GCCTGAAGATTT 
CAAATGAACAG TGCAGTTTATTA 
TCTGAGAGCTGA CTGTCAGCAGCG 
GGACACGGCCTT TATCACCTTCGG 
TTATTACTGTGC CCAAGGGACAC 
AAAAGCGGGCG GACTGGAGATTA 
TAAGGGGTATA AAC 
GCAGCAGCTGG 
TCCCGACCTCAA 
CTTCGACCACTG 
GGGCCAGGGAA 
CCCTGGTCACCG 
TCTCCTCAG 

GAGGTGCAGCT EVQLVESGGGVVQ GACATCCAGTTG DIQLTQSPSSLSA 
GGTGGAGTCTG PGRSLRLSCAASGF ACCCAGTCTCCA SVGDRVTITCRA 
GGGGAGGCGTG TFSNYAIHWVRQAP TCCTCCCTGTCT SQSIRSYLNWYQ 
GTCCAGCCTGGG GKGLEWVAVISYD GCGTCTGTAGGA QKPGKAPKLLIY 
AGGTCCCTGAG GSNKYYADSVKGR GACAGAGTCAC AASSLQSGVPSR 
ACTCTCCTGTGC FTISRDNSKNTLYL CATCACTTGCCG FSGSGSGTDFTL 
AGCCTCTGGATT QMNSLRAEDTAVY GGCAAGTCAGA TISSLQPDDFAT 
CACCTTCAGTAA YCARDFDDSSFWAF GCATTCGCAGCT YYCQQSYSTPPA 
CTATGCTATACA DYWGQGTLVTVSS ATTTAAATTGGT TFGQGTKLEIK 
CTGGGTCCGCCA ATCAACAGAAA 
GGCTCCAGGCA CCAGGGAAAGC 
AGGGGCTGGAG CCCTAAGCTCCT 
TGGGTGGCAGTT GATCTATGCTGC 
ATATCATATGAT ATCCAGTTTGCA 
GGAAGCAATAA AAGTGGGGTCCC 
ATACTACGCAG TTCAAGGTTCAG 
ACTCCGTGAAG TGGCAGTGGATC 
GGCCGATTCACC TGGGACAGATTT 
ATCTCCAGAGAC CACTCTCACCAT 
AATTCCAAGAA CAGCAGTCTGCA 
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CACGCTGTATCT: :ACCTGATGATTT: 
GCAAATGAACA TGCAACTTACTA 
GCCTGAGAGCT CTGTCAACAGAG 
GAGGACACGGC TTACAGTACCCC 
TGTGTATTACTG TCCGGCCACTTT 
TGCGAGAGATTT TGGCCAGGGGA 
TGACGATAGTTC CCAAGCTGGAG 
GTTCTGGGCGTT ATCAAAC 
TGACTACTGGGG 
CCAGGGAACCC 
TGGTCACCGTCT 
CCTCAG 

CAGGTGCAGCT QVQLVQSGAEVKK TCCTATGAGCTG SYELTQPPSVSV 
GGTGCAGTCTGG PGASVKVSCKASGY ACACAGCCACCC APGKTARITCGE 
GGCTGAGGTGA TFTSYYMHWVRQA:TCAGTGTCAGTG NNIGSKSVHWY 
AGAAGCCTGGG PGQGLEWMGIINPS GCCCCAGGAAA QQKPGQAPVLVI 
GCCTCAGTGAA GGSTSYAQKFQGR GACGGCCAGGA YYDSDRPSGIPE 
GGTTTCCTGCAA VTMTRDTSTSTVY TTACCTGTGGGG RFSGSNSGNTAT 
GGCATCTGGATA MELSSLRSEDTAVY AAAACAACATT LTINRVEAGDEA 
CACCTTCACCAG YCARVPREGTPGFD GGAAGTAAAAG DYYCQVWDSSS 
TTACTATATGCA PWGQGTLVTVSS TGTGCACTGGTA DHVVFGGGTKL 
CTGGGTGCGAC CCAGCAGAAGC TVL 
AGGCCCCTGGA CAGGCCAGGCC 
CAAGGGCTTGA CCTGTGCTGGTC 
GTGGATGGGAA ATCTATTATGAT 
TAATCAACCCTA AGCGACCGGCC 
GTGGTGGTAGC CTCAGGGATCCC 
ACAAGCTACGC TGAGCGATTCTC 
ACAGAAGTTCC TGGCTCCAACTC 
AGGGCAGAGTC TGGGAACACGG 
ACCATGACCAG CCACCCTGACCA 
GGACACGTCCA TCAACAGGGTCG 
CGAGCACAGTCT AAGCCGGGGAT 
ACATGGAGCTG GAGGCCGACTAT 
AGCAGCCTGAG TACTGTCAGGTG 
ATCTGAGGACA TGGGATAGTAGT 
CGGCCGTGTATT AGTGATCATGTG 
ACTGTGCTAGAG GTATTCGGCGGA 
TGCCCCGTGAGG GGGACCAAGCT 
GGACCCCAGGG GACCGTCCTAG 
TTCGACCCCTGG 
GGCCAGGGAAC 
CCTGGTCACCGT 

8CTCCTCAG 
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CAGGTGCAGCT QVQLQESGPGLVKP GATATTGTGATG:DIVMTQSPLSLP 
GCAGGAGTCGG SQTLSLTCTVSGGSI ACTCAGTCTCCA VTPGEPASISCRS 
GCCCAGGACTG SSGGYYWSWIRQH CTCTCCCTGCCC SQSLLHSNGYN 
GTGAAGCCTTCA:PGKGLEWIGYIYYS GTCACCCCTGGA YLDWYLQKPGQ 
CAGACCCTGTCC GSTYYNPSLKSRVTI:GAGCCGGCCTCC SPQLLIYLGSNR 
CTCACCTGCACT SVDTSKNQFSLKLS ATCTCCTGCAGG ASGVPDRFSGSG 
GTCTCTGGTGGC SVTAADTAVYYCA TCTAGTCAGAGC SGTDFTLKISRV 
TCCATCAGCAGT RVWQYYDSSGSFD CTCCTGCATAGT EAEDVGVYYCM 
GGTGGTTACTAC:YWGQGTLVTVSS AATGGATACAA QALQTPFTFGPG 
TGGAGCTGGATC CTATTTGGATTG TKVDIK 
CGCCAGCACCC GTACCTGCAGAA 
AGGGAAGGGCC GCCAGGGCAGT 
TGGAGTGGATTG CTCCACAGCTCC 
GGTACATCTATT TGATCTATTTGG 
ACAGTGGGAGC GTTCTAATCGGG 
ACCTACTACAAC CCTCCGGGGTCC 
CCGTCCCTCAAG CTGACAGGTTCA 
AGTCGAGTTACC GTGGCAGTGGAT 
ATATCAGTAGAC CAGGCACAGATT 
ACGTCTAAGAA TTACACTGAAAA 
CCAGTTCTCCCT TCAGCAGAGTG 
GAAGCTGAGCT GAGGCTGAGGA 
CTGTGACTGCCG TGTTGGGGTTTA 
CGGACACGGCC TTACTGCATGCA 
GTGTATTACTGT AGCTCTACAAAC 
GCGAGAGTTTG TCCATTCACTTT 
GCAATACTATGA CGGCCCTGGGAC 
TAGTAGTGGTTC CAAAGTGGATAT 
CTTTGACTACTG CAAAC 
GGGCCAGGGAA 
CCCTGGTCACCG 
TCTCCTCAG 

[0294] Each row in table 5 represents a BCR sequence, which includes a nucleotide and amino 

acid sequence for the VDJ regions of the heavy chain and the VJ regions of the light chain (see 

Robbiani et al, doi: https://doi.org/10.1101/2020.05.13.092619, the contents of which are 

incorporated herein by reference in their entirety for all purposes).  

[0295] Characteristics and phenotypes of SARS-CoV-2 specific T cells and the viral antigens 

(epitopes) that they recognize have been described in scientific literature. For example, see 
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Weiskopf et al, Phenotype and kinetics of SARS-CoV-2-specific T cells in COVID-19 patients 

with acute respiratory distress syndrome. Sci. Immunol. 5, eabd2071 (2020).  

doi:10.1126/sciimmunol.abd2071pmid:32591408, the contents of which are incorporated herein 

by reference in their entirety for all purposes.  

[0296] TCR and/or BCR sequences that recognize coronaviruses may further include 

sequences found in the iReceptor database (https://gateway.ireceptor.org/login). For an example 

of a database comprising data associated with 1,414 specimens, including metadata, clinical data, 

coronavirus infection status, sequences of over 135,000 TCRs, coronavirus peptide sequences, and 

peptide and TCR binding pair data, see Nolan et al, DOI: 10.21203/rs.3.rs-51964/v1, the contents 

of which are incorporated herein by reference in their entirety for all purposes.  

[0297] Accordingly, a diagnosis, or confirmatory diagnosis of COVID, or SARS-CoV-2 

exposure can be provided, based on a TCR/BCR analysis.  

[0298] While the above example is directed to SARS-CoV-2, the present technology is not so 

limited and can be used to diagnose, confirm a diagnosis, predict, or identify other diseases, 

infections, or conditions. By way of example, but not by way of limitation, in some embodiments, 

one or more of specific cancer types, infectious disease, e.g., flu A, HIV, EBV, CMV, SARS-CoV

2, Lyme, allergy, and autoimmune (diabetes, Celiac, psoriasis, etc.) is diagnosed or exposure is 

confirmed by determining the TCR/BCR profile of a subject sample.  

[0299] Minimal Residual Disease (MRD) testing 

[0300] In some embodiments, the present technology is used to detect a small number of 

remaining tumor cells in, for example, a patient being treated for a hematological malignancy. In 

some embodiments, the present methods detect 1 malignant T/B cell clone in 1,000, 10,000, or 

100,000 cells. By way of example, but not by way of limitation, the detection of 1 cell in 1,000, 

10,000, or 100,000 cells may be useful to a healthcare practitioner in a decision to resume therapy 

or to choose a second-line therapy to treat the disease.  

[0301] Applications of TCR/BCR profiling related to comparison of patient data to known 

cohort data 
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[0302] Biomarkers for disease and therapy development 

[0303] In some embodiments, many TCR/BCR profiles from a cohort of patients suffering 

from a particular disease, infection, or medical condition are developed and analyzed. In some 

embodiments, the TCR/BCR profiles from a cohort of patients suffering from a particular disease, 

infection, or medical condition includes positive controls, i.e. patients known to have been 

diagnosed with a particular disease, infection, or medical condition, and negative controls, or 

patients known not to have the particular disease, infection, or medical condition, are provided. By 

way of example, in some embodiments, TCR/BCR profiles are developed from a cohort of 

individuals suffering from a single type of tumor or cancer, a specific infectious disease, specific 

autoimmune disease, specific allergy, or specific medical condition.  

[0304] In some embodiments, receptor chain pairs are identified. In some embodiments, TCR 

reactivity is validated with major histocompatibility complex (MIC) tetramer assay testing.  

[0305] In some embodiments, the identified common TCR/BCR sequences are used for 

immunotherapy production e.g., CAR-T cell production for various disease states, including, but 

not limited to infection, autoimmune disease, allergies, and cancer.  

[0306] In some embodiments, the identified common TCR/BCR sequences of a disease cohort 

are used for antigen prediction (e.g., for vaccine development) for diseases or conditions including 

but not limited to infection, autoimmune disease, allergies, and cancer. In some embodiments, the 

patients would be grouped by HLA type to facilitate predicting the antigen that corresponds to a 

common receptor sequence. In some embodiments, machine learning would be used to predict one 

or more antigens. In some embodiments, the antigen would be validated with, for example, wet 

lab experiments including but not limited to multiplex identification of antigen specific T cell 

(MIRA) assay and Biacore or other similar assays based on surface plasmon resonance to detect 

binding energies and molecular interactions.  

[0307] Predictive testing 

[0308] In some embodiments, models generated from TCR/BCR profiles derived from disease 

cohort analyses can also be applied to individual patient data.  
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[0309] In some embodiments, longitudinal testing of TCR/BCR profiles is performed during 

a therapy, or during clinical trials to determine effectiveness/efficacy of a given therapeutic 

approach. Likewise, longitudinal testing of TCR/BCR profiles concurrently with vaccination in 

the context of, for example, cancer vaccines, can be performed to determine efficacy and estimated 

time to progression or time to remission, disease progression (with or without therapy), and/or 

therapeutic outcome or efficacy. In some embodiments, longitudinal testing of TCR/BCR profiles 

concurrent with immune oncology (IO) therapies provides detailed and accurate information 

regarding the efficacy of an immune oncological modality.  

[0310] In some embodiments, a single sampling point may be sufficient to evaluate a patient's 

response or efficacy of an IO modality.  

[0311] In some embodiments, TCR/BCR profile data is integrated with other immunotherapy 

response predictors to accurately evaluate the response of a patient to an immunotherapy. In some 

embodiments, TCR/BCR profiles can be used as additional data to refine other existing and not as 

yet conceived prediction models.  

[0312] In some embodiments, large cohort data of individuals suffering from a particular 

disease or disorder includes TCR/BCR profile data and therapy outcomes.  

[0313] In some embodiments, the TCR/BCR analysis predicts protective or sterilizing 

immunity after natural infection/pathogen exposure or vaccination. In some embodiments, a large 

dataset with positive and negative controls and distribution of receptor sequence enrichment levels 

is used to identify threshold levels for certain receptor sequence enrichment associated with 

infection/exposure to the pathogen is provided.  

[0314] In some embodiments, the TCR/BCR analysis is used for HLA typing. In some 

embodiments, the TCR/BCR data is used in combination with other HLA typing methods and/or 

can be used as a feature to refine those prediction models. An example of an HLA typing method 

is disclosed, for example, in U.S. Patent Application No. 16/789,413, filed August 20, 2019, which 

is incorporated herein by reference and in its entirety for all purposes.  
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ILLUSTRATIVE EMBODIMENTS 

[0315] Disclosed herein are several non-limiting illustrative embodiments of the present 

technology.  

[0316] Embodiment 1. In a first embodiment, a method of determining a TCR/BCR profile of a 

patient is provided. In some embodiments, the method comprises (a) isolating RNA from a sample 

from the patient; (b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR 

hybrid-capture probes; (c) determining the sequence of the RNA of (b) to generate sequencing 

data; and (d) analyzing the sequencing data to determine the TCR/BCR profile of the patient. In 

some embodiments, the set of TCR/BCR hybrid-capture probes comprises a first pool of BCR 

constant region probes, a second pool of BCR non-constant region probes, a third pool of TCR 

constant region probes, and a fourth pool of TCR non-constant region probes.  

[0317] Embodiment 2. The method of embodiment 1, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0318] Embodiment 3. The method of embodiment 1, wherein step (b) further comprises enriching 

for (1) a targeted whole transcriptome panel, (2) a targeted whole exome panel; (3) a targeted panel 

directed to at least 10 target sequences of interest, or (4) a combination of any of 1-3, using a fifth 

pool of hybrid-capture probes.  

[0319] Embodiment 4. The method of embodiment 3, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0320] Embodiment 5. The method of embodiment 4, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0321] Embodiment 6. The method of embodiment 1, wherein step (b) further comprises enriching 

for a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0322] Embodiment 7. The method of embodiment 1 wherein step (d) comprises identifying a 

plurality of TCR/BCR clones in the sample.  
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[0323] Embodiment 8. The method of embodiment 1 wherein step (d) comprises identifying the 

most abundant TCR/BCR clones in the sample.  

[0324] Embodiment 9. The method of embodiment 1 wherein step (d) comprises identifying the 

most abundant non-constant region sequences in the sample.  

[0325] Embodiment 10. The method of embodiment 1, wherein the sample is a blood sample or a 

solid tumor sample.  

[0326] Embodiment 11. The method of any of the previous embodiments, further comprising 

diagnosing the subject with a disease or condition based on the TCR/BCR profile.  

[0327] Embodiment 12. The method of embodiment 11, wherein the disease or condition 

comprises one or more of cancer, an infection, an autoimmune condition, allergy, or graft versus 

host disease.  

[0328] Embodiment 13. The method of embodiment 12, wherein the cancer or infection 

(infectious disease) is one or more provided in the list in embodiment 114.  

[0329] Embodiment 14. The method of embodiment 11, wherein the diagnosing comprises 

comparing the subject's TCR/BCR profile to a control, wherein if the subject's BCR/TCR profile 

is similar to the control (for example, the abundance, identity, and/or clonality of one or more 

BCR/TCR receptors is similar to or identical to the control) the subject is diagnosed as having the 

disease or condition.  

[0330] Embodiment 15. In some methods of any of the previous embodiments, a control 

TCR/BCR panel for a disease (such as cancer or an infection), or medical condition is provided.  

[0331] Embodiment 16. In some embodiments, a method of diagnosing a patient with a disease or 

condition based on the patient's TCR/BCR profile is provided. In some embodiments, the method 

comprises: a) isolating RNA from a sample from the patient; b) enriching the isolated RNA for 

TCR/BCR genes using a set of TCR/BCR hybrid-capture probes; c) determining the sequence of 

the RNA of (b) to generate sequencing data; d) analyzing the sequencing data to determine the 

TCR/BCR profile of the patient; and e) comparing the TCR/BCR profile of the patient to a set of 
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standards to diagnose the patient with a disease or condition; wherein the set of TCR/BCR hybrid

capture probes comprises a first pool of TCR constant region probes, a second pool of TCR non

constant region probes, a third pool of BCR constant region probes, and a fourth pool of BCR non

constant region probes.  

[0332] Embodiment 17. The method of embodiment 16, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0333] Embodiment 18. The method of embodiment 16, wherein step (b) further comprises 

enriching for a targeted whole-transcriptome panel using a fifth pool of hybrid-capture probes.  

[0334] Embodiment 19. The method of embodiments 18, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0335] Embodiment 20. The method of embodiment 19, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0336] Embodiment 21. The method of embodiment 16, wherein step (b) further comprises 

enriching for a targeted whole-exome panel using a fifth pool of hybrid-capture probes.  

[0337] Embodiment 22. The method of embodiment 16, wherein the disease or condition is an 

infectious disease, a cancer, an autoimmune disease, an allergy, or graft versus host disease.  

[0338] Embodiment 23. The method of embodiment 22, wherein the cancer, infection or infectious 

disease is wherein the cancer or infection (infectious disease) is one or more provided in the list in 

embodiment 114.  

[0339] Embodiment 24. The method of embodiment 23, wherein the diagnosing comprises 

comparing the subject's TCR/BCR profile to a control, wherein if the subject's BCR/TCR profile 

is similar to the control (for example, the abundance, identity, and/or clonality of one or more 

BCR/TCR receptors is similar to or identical to the control) the subject is diagnosed as having the 

disease or condition.  

[0340] Embodiment 25. In some embodiments, a control TCR/BCR panel for a disease (such as 

cancer or an infection), or medical condition is provided.  
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[0341] Embodiment 26. In some embodiments, a method of evaluating the severity or progression 

of a disease or condition based on the TCR/BCR profile of a patient is provided. In some 

embodiments, the method comprises: a) isolating RNA from a sample from the patient; b) 

enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture probes; 

c) determining the sequence of the RNA of (b) to generate sequencing data; d) analyzing the 

sequencing data to determine the TCR/BCR profile of the patient; and e) comparing the TCR/BCR 

profile of the patient to a set of standards to characterize the severity or progression of the disease; 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool of TCR constant region 

probes, a second pool of TCR non-constant region probes, a third pool of BCR constant region 

probes, and a fourth pool of BCR non-constant region probes.  

[0342] Embodiment 27. The method of embodiment 26, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0343] Embodiment 28. The method of embodiment 26, wherein step (b) further comprises 

enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture probes.  

[0344] Embodiment 29. The method of embodiment 28, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0345] Embodiment 30. The method of embodiment 29, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0346] Embodiment 31. The method of embodiment 26, wherein step (b) further comprises 

enriching for a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0347] Embodiment 32. The method of embodiment 26, wherein the disease is an infectious 

disease, a cancer, an autoimmune disease, or an allergy.  

[0348] Embodiment 33. The method of embodiment 29, wherein the sample is a solid tumor 

sample.  

[0349] Embodiment 34. The method of embodiment 30, wherein step (e) comprises determining 

the presence or extent of tumor lymphocyte infiltration.  
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[0350] Embodiment 35. The method of embodiment 32, wherein the cancer or infection 

(infectious disease) is one or more provided in the list in embodiment 114.  

[0351] Embodiment 36. The method of embodiment 35, wherein the diagnosing comprises 

comparing the subject's TCR/BCR profile to a control, wherein if the subject's BCR/TCR profile 

is similar to the control (for example, the abundance, identity, and/or clonality of one or more 

BCR/TCR receptors is similar to or identical to the control) the subject is diagnosed as having the 

disease or condition.  

[0352] Embodiment 37. In some embodiments, a control TCR/BCR panel for a disease (such as 

cancer or an infection), or medical condition is provided.  

[0353] Embodiment 38. In some embodiments, a method for treating a disease or condition of a 

patient based on the patient's TCR/BCR profile is provided. In some embodiments the method 

comprises: a) isolating RNA from a sample from the patient; b) enriching the isolated RNA for 

TCR/BCR genes using a set of TCR/BCR hybrid-capture probes; c) determining the sequence of 

the RNA of (b) to generate sequencing data; d) analyzing the sequencing data to determine the 

TCR/BCR profile of the patient; and e) administering a treatment based on the TCR/BCR profile 

of the patient; wherein the set of TCR/BCR hybrid-capture probes comprises a first pool of TCR 

constant region probes, a second pool of TCR non-constant region probes, a third pool of BCR 

constant region probes, and a fourth pool of BCR non-constant region probes.  

[0354] Embodiment 39. The method of embodiment 38, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0355] Embodiment 40. The method of embodiment 38, wherein step (b) further comprises 

enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture probes.  

[0356] Embodiment 41. The method of embodiment 40, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0357] Embodiment 42. The method of embodiment 41, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  
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[0358] Embodiment 43. The method of embodiment 38, wherein step (b) further comprises 

enriching for a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0359] Embodiment 44. The method of embodiment 38, wherein step (d) comprises identifying 

the most abundant TCR/BCR clone in the sample, and wherein the treatment administered in step 

(e) comprises expanding the most abundant clones in vitro and re-administering the expanded cells 

to the patient.  

[0360] Embodiment 45. The method of embodiment 38, wherein step (d) comprises identifying 

the most abundant TCR non-constant region sequences in the sample, and wherein the treatment 

administered in step (e) comprises administering a CAR-T cell therapy comprising at least one of 

the most abundant TCR non-constant region sequences.  

[0361] Embodiment 46. The method of embodiment 38, wherein the disease or condition is an 

infectious disease, a cancer, an autoimmune disease, or an allergy.  

[0362] Embodiment 47. The method of embodiment 46, wherein the cancer or infection 

(infectious disease) is one or more provided in the list in embodiment 114.  

[0363] Embodiment 48. In some embodiments, a method for characterizing the effect of a therapy 

on the TCR/BCR profile of a patient is provided. In some embodiments the method comprises: (a) 

at a first time point before the therapy is administered: (i) isolating RNA from a sample from the 

patient; (ii) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes; (iii) determining the sequence of the RNA of (ii) to generate sequencing data; and 

(iv) analyzing the sequencing data to determine the TCR/BCR profile of the patient; and (b) at a 

second time point after the therapy has been administered: (i) isolating RNA from a sample from 

the patient; (ii) enriching the isolated RNA for TCR/BCR genes using a set of hybrid-capture 

probes; (iii) determining the sequence of the RNA of (ii) to generate sequencing data; and (iv) 

analyzing the sequencing data to determine the TCR/BCR profile of the patient; and (c) comparing 

the TCR/BCR profile determined in step (a) to the TCR/BCR profile determined in step (b) to 

characterize the effect of the therapy on the TCR/BCR profile of the patient; wherein the set of 

TCR/BCR hybrid-capture probes comprises a first pool of TCR constant region probes, a second 
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pool of TCR non-constant region probes, a third pool of BCR constant region probes, and a fourth 

pool of BCR non-constant region probes.  

[0364] Embodiment 49. The method of embodiment 48, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0365] Embodiment 50. The method of embodiment 48, wherein step (b) further comprises 

enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture probes.  

[0366] Embodiment 51. The method of embodiment 50, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0367] Embodiment 52. The method of embodiment 51, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0368] Embodiment 53. The method of embodiment 48, wherein step (b) further comprises 

enriching for a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0369] Embodiment 54. The method of embodiment 48, wherein the therapy is an 

immunotherapeutic agent.  

[0370] Embodiment 55. The method of embodiment 54, wherein the immunotherapeutic agent is 

a vaccine.  

[0371] Embodiment 56. The method of embodiment 54, wherein the immunotherapeutic agent is 

a chimeric antigen receptor (CAR) T cell.  

[0372] Embodiment 57. The method of any one of embodiments 48-57 further comprising 

modifying the treatment prescribed to the patient based on the observed effect.  

[0373] Embodiment 58. In some embodiments, a method of identifying TCR/BCR non-constant 

region sequences that are enriched in a cohort of patients that have a specific disease or condition 

is provided. In some embodiments the method comprises: a) isolating RNA from a sample from 

each patient in the cohort; b) enriching the isolated RNA for TCR/BCR genes using a set of 

TCR/BCR hybrid-capture probes; wherein the set of hybrid-capture probes comprises a first pool 
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of TCR constant region probes, a second pool of TCR non-constant region probes, a third pool of 

BCR constant region probes, and a fourth pool of BCR non-constant region probes; c) determining 

the sequence of the RNA of (b) to generate sequencing data; d) analyzing the sequencing data to 

determine the TCR/BCR profile of the patients in the cohort; and e) identifying TCR/BCR non

constant region sequences that are enriched in the cohort as compared to a control group without 

the disease or condition.  

[0374] Embodiment 59. The method of embodiment 58, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0375] Embodiment 60. The method of embodiment 58, wherein the set of hybrid-capture probes 

further comprises a fifth pool of probes comprising a targeted whole transcriptome panel.  

[0376] Embodiment 61. The method of embodiment 60, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0377] Embodiment 62. The method of embodiment 61, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0378] Embodiment 63. The method of embodiment 58, wherein the set of hybrid-capture probes 

further comprises a fifth pool of probes comprising a targeted whole exome panel.  

[0379] Embodiment 64. The method of embodiment 58, wherein the disease or condition is an 

infection, an autoimmune disease, an allergy, or cancer.  

[0380] Embodiment 65. The method of embodiment 58 further comprising using the enriched 

TCR/BCR non-constant region sequences to identify disease-specific antigens.  

[0381] Embodiment 66. The method of embodiment 65 further comprising producing a vaccine 

comprising the disease-specific antigens.  

[0382] Embodiment 67. The method of embodiments 65 or 66, wherein the disease-specific 

antigens are tumor antigens.  
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[0383] Embodiment 68. The method of embodiment 64, wherein the cancer or infection 

(infectious disease) is one or more provided in the list in embodiment 114.  

[0384] Embodiment 69. In some embodiments, a kit for determining the TCR/BCR profile of a 

patient is provided. In some embodiments, the kit comprises a set of TCR/BCR hybrid-capture 

probes.  

[0385] Embodiment 70. In some embodiments, a method of determining the TCR/BCR profile of 

a patient is provided. In some embodiments, the method comprises: a) isolating RNA from a 

sample from the patient; b) enriching the isolated RNA for TCR/BCR genes using a set of 

TCR/BCR hybrid-capture probes and enriching for a targeted whole transcriptome panel using a 

set of hybrid-capture probes; c) determining the sequence of the RNA of (b) to generate sequencing 

data; and d) analyzing the sequencing data to determine the TCR/BCR profile of the patient, 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool of BCR constant region 

probes, a second pool of BCR non-constant region probes, a third pool of TCR constant region 

probes, and a fourth pool of TCR non-constant region probes, wherein the ratio of the whole 

transcriptome-targeting panel, first pool, second pool, third pool, and fourth pool within the set is 

10:1:2.5:100:100, wherein 2% or less of the reads in the sequencing data map to TCR/BCR genes.  

[0386] Embodiment 71. In some embodiments, a method of determining the TCR/BCR profile of 

a patient is provided. In some embodiments, the method comprises: a) isolating RNA from a 

sample from the patient; b) enriching the isolated RNA for TCR/BCR genes using a set of 

TCR/BCR hybrid-capture probes; c) determining the sequence of the RNA of (b) to generate 

sequencing data; and d) analyzing the sequencing data to determine the TCR/BCR profile of the 

patient, wherein the patient has been exposed to or is suspected to have been exposed to SARS

CoV-2, wherein the set of TCR/BCR hybrid-capture probes comprises a first pool of TCR constant 

region probes, a second pool of TCR non-constant region probes, a third pool of BCR constant 

region probes, and a fourth pool of BCR non-constant region probes.  

[0387] Embodiment 72. The method of embodiment 71, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  
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[0388] Embodiment 73. The method of embodiment 71, wherein step (b) further comprises 

enriching for a targeted whole-transcriptome panel using a fifth pool of hybrid-capture probes.  

[0389] Embodiment 74. The method of embodiment 73, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0390] Embodiment 75. The method of embodiment 74, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0391] Embodiment 76. The method of embodiment 71, wherein step (b) further comprises 

enriching for a whole exome targeting panel using a fifth pool of hybrid-capture probes.  

[0392] Embodiment 77. The method of embodiment 71 further comprising identifying a plurality 

of TCR/BCR clones in the sample.  

[0393] Embodiment 78. The method of embodiment 71 further comprising identifying the most 

abundant TCR/BCR clone in the sample.  

[0394] Embodiment 79. The method of embodiment 71 further comprising identifying the most 

abundant non-constant region sequences in the sample.  

[0395] Embodiment 80. The method of embodiment 71, wherein the sample is a blood sample or 

a solid tumor sample.  

[0396] Embodiment 81. In some embodiments, a method of evaluating the severity or progression 

of COVID-19 based on the TCR/BCR profile of a patient is provided. In some embodiments, the 

method comprises: a) isolating RNA from a sample from the patient; b) enriching the isolated 

RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture probes; c) determining the 

sequence of the RNA of (b) to generate sequencing data; d) analyzing the sequencing data to 

determine the TCR/BCR profile of the patient; and e) comparing the TCR/BCR profile of the 

patient to a set of standards to characterize the severity or progression of the disease; wherein the 

set of TCR/BCR hybrid-capture probes comprises a first pool of TCR constant region probes, a 

second pool of TCR non-constant region probes, a third pool of BCR constant region probes, and 

a fourth pool of BCR non-constant region probes.  
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[0397] Embodiment 82. The method of claim 81, wherein the ratio of the first pool, second pool, 

third pool, and fourth pool within the set is 1:2.5:100:100.  

[0398] Embodiment 83. The method of claim 81, wherein step (b) further comprises enriching for 

a targeted transcriptome panel using a fifth pool of hybrid-capture probes.  

[0399] Embodiment 84. The method of claim 83, wherein the ratio of the first pool, second pool, 

third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0400] Embodiment 85. The method of claim 84, wherein 2% or less of the reads in the sequencing 

data map to TCR/BCR genes.  

[0401] Embodiment 86. The method of claim 81, wherein step (b) further comprises enriching for 

a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0402] Embodiment 87. In some embodiments, a method for treating COVID-19 based on the 

patient's TCR/BCR profile is provided. In some embodiments, the method comprises: a) isolating 

RNA from a sample from the patient; b) enriching the isolated RNA for TCR/BCR genes using a 

set of TCR/BCR hybrid-capture probes; c) determining the sequence of the RNA of (b) to generate 

sequencing data; d) analyzing the sequencing data to determine the TCR/BCR profile of the 

patient; and e) administering a treatment based on the TCR/BCR profile of the patient; wherein 

the set of TCR/BCR hybrid-capture probes comprises a first pool of TCR constant region probes, 

a second pool of TCR non-constant region probes, a third pool of BCR constant region probes, 

and a fourth pool of BCR non-constant region probes.  

[0403] Embodiment 88. The method of embodiment 87, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0404] Embodiment 89. The method of embodiment 87, wherein step (b) further comprises 

enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture probes.  

[0405] Embodiment 90. The method of embodiment 89, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  
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[0406] Embodiment 91. The method of embodiment 90, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0407] Embodiment 92. The method of embodiment 87, wherein step (b) further comprises 

enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture probes.  

[0408] Embodiment 93. The method of embodiment 87, wherein step (d) comprises identifying 

the most abundant TCR/BCR clone in the sample, and wherein the treatment administered in step 

(e) comprises expanding the most abundant clones in vitro and re-administering the expanded cells 

to the patient.  

[0409] Embodiment 94. The method of claim 1, wherein step (d) comprises identifying the most 

abundant TCR non-constant region sequences in the sample, and wherein the treatment 

administered in step (e) comprises administering a CAR-T cell therapy comprising at least one of 

the most abundant TCR non-constant region sequences.  

[0410] Embodiment 95. In some embodiments, a method for characterizing the effect of a COVID

19 therapy on the TCR/BCR profile of a patient is provided. In some embodiments, the method 

comprises a) at a first time point before the therapy is administered: i. isolating RNA from a sample 

from the patient; ii. enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR 

hybrid-capture probes; iii. determining the sequence of the RNA of (aii) to generate sequencing 

data; and iv. analyzing the sequencing data to determine the TCR/BCR profile of the patient; and 

b) at a second time point after the therapy has been administered: i) isolating RNA from a sample 

from the patient; ii) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR 

hybrid-capture probes; iii) determining the sequence of the RNA of (bii) to generate sequencing 

data; and iv) analyzing the sequencing data to determine the TCR/BCR profile of the patient; and 

c) comparing the TCR/BCR profile determined in step (a) to the TCR/BCR profile determined in 

step (b) to characterize the effect of the therapy on the TCR/BCR profile of the patient; wherein 

the set of TCR/BCR hybrid-capture probes comprises a first pool of TCR constant region probes, 

a second pool of TCR non-constant region probes, a third pool of BCR constant region probes, 

and a fourth pool of BCR non-constant region probes.  
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[0411] Embodiment 96. The method of embodiment 95, wherein the ratio of the first pool, second 

pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0412] Embodiment 97. The method of embodiment 95, wherein step (aii) and (bii) further 

comprises enriching for a targeted whole transcriptome panel using a fifth pool of hybrid-capture 

probes.  

[0413] Embodiment 98. The method of embodiment 97, wherein the ratio of the first pool, second 

pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0414] Embodiment 99. The method of embodiment 98, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0415] Embodiment 100. The method of embodiment 95, wherein step (aii) and (bii) further 

comprises enriching for a targeted whole exome panel using a fifth pool of hybrid-capture probes.  

[0416] Embodiment 101. The method of embodiment 95, wherein the therapy is an 

immunotherapeutic agent.  

[0417] Embodiment 102. The method of embodiment 101, wherein the immunotherapeutic agent 

is a vaccine.  

[0418] Embodiment 103. The method of embodiment 101, wherein the immunotherapeutic agent 

is a chimeric antigen receptor (CAR) T cell.  

[0419] Embodiment 104. The method of any one of embodiments 95-104 further comprising 

modifying the treatment prescribed to the patient based on the observed effect.  

[0420] Embodiment 105. In some embodiments, a method of identifying TCR/BCR non-constant 

region sequences that are enriched in a cohort of patients with SARS-CoV-2 is provided. In some 

embodiments, the method comprises: a) isolating RNA from a sample from each patient in the 

cohort; b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid-capture 

probes; c) determining the sequence of the RNA of (b) to generate sequencing data; d) analyzing 

the sequencing data to determine the TCR/BCR profile of the patients in the cohort; and e) 

identifying TCR/BCR non-constant region sequences that are enriched in the cohort as compared 
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to a control group without the disease or condition, wherein the set of hybrid-capture probes 

comprises a first pool of TCR constant region probes, a second pool of TCR non-constant region 

probes, a third pool of BCR constant region probes, and a fourth pool of BCR non-constant region 

probes.  

[0421] Embodiment 106. The method of embodiment 105, wherein the ratio of the first pool, 

second pool, third pool, and fourth pool within the set is 1:2.5:100:100.  

[0422] Embodiment 107. The method of embodiment 105, wherein the set of hybrid-capture 

probes further comprises a fifth pool of probes comprising a whole transcriptome targeting panel.  

[0423] Embodiment 108. The method of embodiment 107, wherein the ratio of the first pool, 

second pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

[0424] Embodiment 109. The method of embodiment 108, wherein 2% or less of the reads in the 

sequencing data map to TCR/BCR genes.  

[0425] Embodiment 110. The method of embodiment 105, wherein the set of hybrid-capture 

probes further comprises a fifth pool of probes comprising a whole exome targeting panel.  

[0426] Embodiment 111. The method of embodiment 105 further comprising using the enriched 

TCR/BCR non-constant region sequences to identify SARS-CoV-2-specific antigens.  

[0427] Embodiment 112. The method of embodiment 108 further comprising producing a vaccine 

comprising the SARS-CoV-2-specific antigens.  

[0428] Embodiment 113. In some embodiments, a kit for determining the TCR/BCR profile of a 

patient with COVID-19 is provided. In some embodiments, the kit comprises a set TCR/BCR 

hybrid capture probes. In some embodiments, the set of probes is provided as four separate pools, 

comprising a first pool of TCR constant region probes, a second pool of TCR non-constant region 

probes, a third pool of BCR constant region probes, and a fourth pool of BCR non-constant region 

probes. In some embodiments, the ratio of the first pool, second pool, third pool, and fourth pool 

within the set is 1:2.5:100:100. In some embodiments, the probe set is used in combination with 

one of (1) a whole transcriptome targeting panel, (2) a whole exome targeting panel; or (3) a 

99



WO 2021/217181 PCT/US2021/070440 

targeted panel directed to 10-20,000 targets of interest, as a fifth pool of probes, and the ratio of 

the first pool, second pool, third pool, fourth pool, and fifth pool within the set is 1:2.5:100:100:10.  

When used in a sequencing reaction such as rna-seq, the TCR/BCR panels are configured such 

that 2% or less of the reads in the sequencing data map to TCR/BCR genes.  

[0429] Embodiment 114. In some of the above embodiments, (a) a subject or a cohort is diagnosed 

with, suspected of having, or is suffering from a disease or medical condition, such as a cancer or 

infection (infectious disease); or (b) a method for diagnosing a disease or medical condition, such 

as a cancer or infection (infectious disease) is provided. By way of example, but not by way of 

limitation, in any of the aforementioned embodiments, the cancer may be one or more of 

chondrosarcoma, Ewing's sarcoma, malignant fibrous histiocytoma of bone/osteosarcoma, 

osteosarcoma, rhabdomyosarcoma, leiomyosarcoma, myxosarcoma, astrocytoma, brainstem 

glioma, pilocytic astrocytoma, ependymoma, primitive neuroectodermal tumor, cerebellar 

astrocytoma, cerebral astrocytoma, glioblastoma, glioma, medulloblastoma, neuroblastoma, 

oligodendroglioma, pineal astrocytoma, pituitary adenoma, breast cancer, invasive lobular 

carcinoma, tubular carcinoma, invasive cribriform carcinoma, medullary carcinoma, male breast 

cancer, phyllodes tumor, inflammatory breast cancer adrenocortical carcinoma, islet cell 

carcinoma (endocrine pancreas), multiple endocrine neoplasia syndrome, parathyroid cancer, 

pheochromocytoma, thyroid cancer, Merkel cell carcinoma, uveal melanoma, retinoblastoma anal 

cancer, appendix cancer, cholangiocarcinoma, carcinoid tumor, gastrointestinal, colon cancer, 

extrahepatic bile duct cancer, gallbladder cancer, gastric (stomach) cancer, gastrointestinal 

carcinoid tumor, gastrointestinal stromal tumor (gist), hepatocellular cancer, pancreatic cancer, 

islet cell, rectal cancer bladder cancer, cervical cancer, endometrial cancer, extragonadal germ cell 

tumor, ovarian cancer, ovarian epithelial cancer (surface epithelial-stromal tumor), ovarian germ 

cell tumor, penile cancer, renal cell carcinoma, renal pelvis and ureter, transitional cell cancer, 

prostate cancer, testicular cancer, gestational trophoblastic tumor, ureter and renal pelvis, 

transitional cell cancer, urethral cancer, uterine sarcoma, vaginal cancer, vulvar cancer, Wilms 

tumor esophageal cancer, head and neck cancer, nasopharyngeal carcinoma, oral cancer, 

oropharyngeal cancer, paranasal sinus and nasal cavity cancer, pharyngeal cancer, salivary gland 

cancer, hypopharyngeal cancer, acute biphenotypic leukemia, acute eosinophilic leukemia, acute 

lymphoblastic leukemia, acute myeloid leukemia, acute myeloid dendritic cell leukemia, aids
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related lymphoma, anaplastic large cell lymphoma, angioimmunoblastic t-cell lymphoma, b-cell 

prolymphocytic leukemia, burkitt's lymphoma, chronic lymphocytic leukemia, chronic 

myelogenous leukemia, cutaneous t-cell lymphoma, diffuse large b-cell lymphoma, follicular 

lymphoma, hairy cell leukemia, hepatosplenic t-cell lymphoma, Hodgkin's lymphoma, hairy cell 

leukemia, intravascular large b-cell lymphoma, large granular lymphocytic leukemia, 

lymphoplasmacytic lymphoma, lymphomatoid granulomatosis, mantle cell lymphoma, marginal 

zone b-cell lymphoma, mast cell leukemia, mediastinal large b cell lymphoma, multiple 

myeloma/plasma cell neoplasm, myelodysplastic syndromes, mucosa-associated lymphoid tissue 

lymphoma, mycosis fungoides, nodal marginal zone b cell lymphoma, non-Hodgkin lymphoma, 

precursor b lymphoblastic leukemia, primary central nervous system lymphoma, primary 

cutaneous follicular lymphoma, primary cutaneous immunocytoma, primary effusion lymphoma, 

plasmablastic lymphoma, Sezary syndrome, splenic marginal zone lymphoma, t-cell 

prolymphocytic leukemia, basal cell carcinoma, squamous cell carcinoma, skin adnexal tumors 

(e.g. sebaceous carcinoma), melanoma, sarcomas of primary cutaneous origin (e.g.  

dermatofibrosarcoma protuberans), lymphomas of primary cutaneous origin, bronchial 

adenomas/carcinoids, small cell lung cancer, mesothelioma, non-small cell lung cancer, 

pleuropulmonary blastoma, laryngeal cancer, thymoma and thymic carcinoma, Kaposi sarcoma, 

epithelioid hemangioendothelioma (EHE), desmoplastic small round cell tumor, or liposarcoma.  

In any of the aforementioned embodiments, the infection (infectious disease may be one or more 

of: Acinetobacter infections, Actinomycosis, African sleeping sickness (African trypanosomiasis), 

AIDS (acquired immunodeficiency syndrome), Amoebiasis, Anaplasmosis, Angiostrongyliasis, 

Anisakiasis, Anthrax, Arcanobacterium haemolyticum infection, Argentine hemorrhagic fever, 

Ascariasis, Aspergillosis, Astrovirus infection, Babesiosis, Bacillus cereus infection, Bacterial 

meningitis, Bacterial pneumonia, Bacterial vaginosis, Bacteroides infection, Balantidiasis, 

Bartonellosis, Baylisascaris infection, BK virus infection, Black piedra, Blastocystosis, 

Blastomycosis, Bolivian hemorrhagic fever, Botulism (and Infant botulism), Brazilian 

hemorrhagic fever, Brucellosis, Bubonic plague, Burkholderia infection, Buruli ulcer, Calicivirus 

infection (Norovirus and Sapovirus), Campylobacteriosis, Candidiasis (Moniliasis; Thrush), 

Capillariasis, Carrion's disease, Cat-scratch disease, Cellulitis, Chagas disease (American 

trypanosomiasis), Chancroid, Chickenpox, Chikungunya, Chlamydia, Chlamydophila 

pneumoniae infection (Taiwan acute respiratory agent or TWAR), Cholera, 
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Chromoblastomycosis, Chytridiomycosis, Clonorchiasis, Clostridium difficile colitis, 

Coccidioidomycosis, Colorado tick fever (CTF), Common cold (Acute viral rhinopharyngitis; 

Acute coryza), Coronavirus disease 2019 (COVID-19), Creutzfeldt-Jakob disease (CJD), 

Crimean-Congo hemorrhagic fever (CCHF), Cryptococcosis, Cryptosporidiosis, Cutaneous larva 

migrans (CLM), Cyclosporiasis, Cysticercosis, Cytomegalovirus infection, Dengue fever, 

Desmodesmus infection, Dientamoebiasis, Diphtheria, Diphyllobothriasis, Dracunculiasis, Ebola 

hemorrhagic fever, Echinococcosis, Ehrlichiosis, Enterobiasis (Pinworm infection), Enterococcus 

infection, Enterovirus infection, Epidemic typhus, Erythema infectiosum (Fifth disease), 

Exanthem subitum (Sixth disease), Fasciolasis, Fasciolopsiasis, Fatal familial insomnia (FFI), 

Filariasis, Food poisoning by Clostridium perfringens, Free-living amebic infection, 

Fusobacterium infection, Gas gangrene (Clostridial myonecrosis), Geotrichosis, Gerstmann

Straussler-Scheinker syndrome (GSS), Giardiasis, Glanders, Gnathostomiasis, Gonorrhea, 

Granuloma inguinale (Donovanosis), Group A streptococcal infection, Group B streptococcal 

infection, Haemophilus influenzae infection, "Hand, foot and mouth disease (HFMD)", Hantavirus 

Pulmonary Syndrome (HPS), Heartland virus disease, Helicobacter pylori infection, Hemolytic

uremic syndrome (HUS), Hemorrhagic fever with renal syndrome (HFRS), Hendra virus infection, 

Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, Hepatitis E, Herpes simplex, Histoplasmosis, 

Hookworm infection, Human bocavirus infection, Human ewingii ehrlichiosis, Human 

granulocytic anaplasmosis (HGA), Human metapneumovirus infection, Human monocytic 

ehrlichiosis, Human papillomavirus (HPV) infection, Human parainfluenza virus infection, 

Hymenolepiasis, Epstein-Barr virus infectious mononucleosis (Mono), Influenza (flu), 

Isosporiasis, Kawasaki disease, Keratitis, Kingella kingae infection, Kuru, Lassa fever, 

Legionellosis (Legionnaires' disease), Pontiac fever, Leishmaniasis, Leprosy, Leptospirosis, 

Listeriosis, Lyme disease (Lyme borreliosis), Lymphatic filariasis (Elephantiasis), Lymphocytic 

choriomeningitis, Malaria, Marburg hemorrhagic fever (MHF), Measles, Middle East respiratory 

syndrome (MERS), Melioidosis (Whitmore's disease), Meningitis, Meningococcal disease, 

Metagonimiasis, Microsporidiosis, Molluscum contagiosum (MC), Monkeypox, Mumps, Murine 

typhus (Endemic typhus), Mycoplasma pneumonia, Mycoplasma genitalium infection, Mycetoma, 

Myiasis, Neonatal conjunctivitis (Ophthalmia neonatorum), Nipah virus infection, Norovirus, 

"(New) Variant Creutzfeldt-Jakob disease (vCJD, nvCJD)", Nocardiosis, Onchocerciasis (River 

blindness), Opisthorchiasis, Paracoccidioidomycosis (South American blastomycosis), 
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Paragonimiasis, Pasteurellosis, Pediculosis capitis (Head lice), Pediculosis corporis (Body lice), 

"Pediculosis pubis (pubic lice, crab lice)", Pelvic inflammatory disease (PID), Pertussis (whooping 

cough), Plague, Pneumococcal infection, Pneumocystis pneumonia (PCP), Pneumonia, 

Poliomyelitis, Prevotella infection, Primary amoebic meningoencephalitis (PAM), Progressive 

multifocal leukoencephalopathy, Psittacosis, Q fever, Rabies, Relapsing fever, Respiratory 

syncytial virus infection, Rhinosporidiosis, Rhinovirus infection, Rickettsial infection, 

Rickettsialpox, Rift Valley fever (RVF), Rocky Mountain spotted fever (RMSF), Rotavirus 

infection, Rubella, Salmonellosis, Severe acute respiratory syndrome (SARS), Scabies, Scarlet 

fever, Schistosomiasis, Sepsis, Shigellosis (bacillary dysentery), Shingles (Herpes zoster), 

Smallpox (variola), Sporotrichosis, Staphylococcal food poisoning, Staphylococcal infection, 

Strongyloidiasis, Subacute sclerosing panencephalitis, Bejel, Syphilis, Yaws, Taeniasis, Tetanus 

(lockjaw), Tinea barbae (barber's itch), Tinea capitis (ringworm of the scalp), Tinea corporis 

(ringworm of the body), Tinea cruris (Jock itch), Tinea manum (ringworm of the hand), Tinea 

nigra, Tinea pedis (athlete's foot), Tinea unguium (onychomycosis), Tinea versicolor (Pityriasis 

versicolor), Toxic shock syndrome (TSS), Toxocariasis (ocular larva migrans (OLM)), 

Toxocariasis (visceral larva migrans (VLM)), Toxoplasmosis, Trachoma, Trichinosis, 

Trichomoniasis, Trichuriasis (whipworm infection), Tuberculosis, Tularemia, Typhoid fever, 

Typhus fever, Ureaplasma urealyticum infection, Valley fever, Venezuelan equine encephalitis, 

Venezuelan hemorrhagic fever, Vibrio vulnificus infection, Vibrio parahaemolyticus enteritis, 

Viral pneumonia, West Nile fever, White piedra (tinea blanca), Yersinia pseudotuberculosis 

infection, Yersiniosis, Yellow fever, Zeaspora, Zika fever, Zygomycosis.  

[0430] Embodiment 115. A method of sequencing at least one TCR or BCR region of a specimen 

using a plurality of probes, wherein the probes comprise: a first pool of TCR constant region 

probes, a second pool of TCR non-constant region probes, a third pool of BCR constant region 

probes, and a fourth pool of BCR non-constant region probes, wherein the first pool has a first 

concentration level, the second pool has a second concentration level, the third pool has a third 

concentration level, and the fourth pool has a fourth concentration level.  

[0431] Embodiment 116. The method of embodiment 115, wherein the first concentration level, 

the second concentration level, the third concentration level, and the fourth concentration level are 

different from each other.  
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[0432] Embodiment 117. The method of embodiment 115 or 116, wherein the concentration level 

of probes in the first pool is less than the concentration level of probes in the second pool, and 

wherein the concentration level of probes in the third pool is less than the concentration level of 

probes in the fourth pool. In some embodiments, the concentration level of probes in the first pool 

is about the same as the concentration level of probes in the second pool, and wherein the 

concentration level of probes in the third pool is less than the concentration level of probes in the 

fourth pool.  

[0433] Embodiment 118. The method of any one of embodiments 115-117, wherein the 

concentration level of probes in the first and third pool are independently at least about 2-fold, at 

least about 5-fold, at least about 10-fold, at least about 15-fold, at least about 20-fold, at least about 

30-fold, at least about 40-fold, or at least about 50-fold less the concentration level of probes in 

the second and fourth pools. In some embodiments, the concentration level of probes in the third 

and fourth pool are independently at least about 2-fold, at least about 5-fold, at least about 10-fold, 

at least about 15-fold, at least about 20-fold, at least about 30-fold, at least about 40-fold, or at 

least about 50-fold less than the concentration level of probes in the first and second pools.  

[0434] Embodiment 119. A method of sequencing at least one TCR or BCR region of a specimen, 

comprising, selecting more than one probe from a set of probes to form a pool, wherein the more 

than one probes in the pool are selected to omit at least a portion of a constant region of the at least 

one TCR or BCR region.  

[0435] Embodiment 120. The method of embodiment 119, wherein the pool comprises probes for 

sequencing at least a portion of the constant region of the TCR or BCR.  

[0436] Embodiment 121. The method of any of embodiments 119-120, wherein the sequencing is 

whole-transcriptome sequencing.  

[0437] Embodiment 122. The method of any of embodiments 117-121, wherein the sequencing is 

short-read sequencing.  
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[0438] Embodiment 123. The method of embodiment 115, wherein the sequencing is performed 

on a specimen collected from a patient and the results are used to predict the disease susceptibility 

of the patient.  

[0439] Embodiment 124. The method of embodiment 115, wherein the TCR or BCR region is 

associated with a viral infection, and the specimen is collected prior to the administration to the 

patient of a vaccine designed to protect against the viral infection.  

[0440] Embodiment 125. The method of embodiment 115, wherein the sequencing is performed 

on a specimen collected from a patient, wherein the patient was exposed to an infectious pathogen 

prior to specimen collection.  

[0441] Embodiment 126. The method of embodiment 125, wherein the patient generated 

antibodies against the infectious pathogen.  

[0442] Embodiment 127. The method of embodiment 125, wherein the patient did not generate a 

substantial amount of antibodies against the infectious pathogen.  

[0443] Embodiment 128. The method of embodiment 125, wherein the infectious pathogen did 

not cause seroconversion.  

[0444] Embodiment 129. The method of embodiment 125, wherein high concentrations of the 

infectious pathogen were not detectable in the patient's blood.  

[0445] Embodiment 130. The method of embodiment 125, wherein the infectious pathogen is 

SARS-CoV-2.  

[0446] Embodiment 131. The method of embodiment 115, wherein the sequencing is performed 

on a specimen collected from a patient, wherein the patient is experiencing symptoms associated 

with respiratory disease.  

[0447] Embodiment 132. The method of embodiment 115, wherein the sequencing is performed 

on a specimen collected from a patient, wherein the patient is experiencing flu-like symptoms.  
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[0448] Embodiment 133. The method of embodiment 115, wherein the specimen is a tissue 

specimen.  

[0449] Embodiment 134. The method of embodiment 115, wherein the specimen is a tumor 

specimen.  

[0450] Embodiment 135. The method of embodiment 115, wherein the specimen is a blood 

specimen.  

[0451] Embodiment 136. The method of claim 115, wherein the specimen is a saliva specimen.  

[0452] Embodiment 137. The method of claim 115, wherein the specimen is a mucus specimen.  

[0453] Embodiment 138. The method of claim 115, wherein the specimen is a spinal fluid 

specimen.  

[0454] Embodiment 139. The method of claim 115, wherein the sequencing is conducted in whole

transcriptome sequencing.  

[0455] Embodiment 140. A method of sequencing RNA transcriptome, comprising the method of 

embodiment 115.  

[0456] Embodiment 141. The method of embodiment 115, further comprising identifying a 

plurality of TCR clones in the specimen.  

[0457] Embodiment 142. The method of embodiment 141, further comprising identifying the 

proportion of at least one TCR clone in the plurality of TCR clones in the specimen.  

[0458] Embodiment 143. The method of embodiment 115 further comprising identifying a 

plurality of BCR clones in the specimen.  

[0459] Embodiment 144. The method of embodiment 143, further comprising identifying the 

proportion of at least one BCR clone in the plurality of BCR clones in the specimen.  
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[0460] Embodiment 145. The method of any of embodiments 115-141, wherein the set comprises 

at least one oligonucleotide from a TCR constant region pool, a TCR non-constant region pool, a 

BCR constant region pool, and a BCR non-constant region pool.  

[0461] Embodiment 146. The method of any of the previous embodiments, wherein the TCR/BCR 

probe set is obtained as described in Example 1.  

EXAMPLES 

[0462] The following Examples are illustrative and should not be interpreted to limit the 

claimed subject matter.  

[0463] Example 1 - TCR/BCR profiling probe and assay development 

[0464] A. Methods for selecting or designing the sequences of hybrid capture probes 

[0465] Probes may be designed for enriching nucleic acids associated with TCR/BCR genes in a 

sequencing library, for example, within an RNA-seq assay.  

[0466] Step 1 is the step of generating a list of reference target genetic sequences located in desired 

target genes.  

[0467] Step 1 may include gathering the complete set of reference sequences for these genes and 

corresponding alleles from the database for potential probe design. In another embodiment, a 

portion of the set of reference sequences for these genes may be collected to generate the list. In 

one embodiment, a gene's reference sequence may include all exons and all introns, only a portion 

of exons, only a portion of introns, or no introns associated with that gene. In one example, for 

each gene, segments (portions) of the gene may be selected as a target genetic sequence. In one 

embodiment, each target genetic sequence has a length of approximately 400 bp. Each gene may 

have multiple alleles and each allele may have a unique reference sequence.  

[0468] In one embodiment, step 1 comprises gathering the complete set of IG and TCR gene 

sequences from a genetic sequence database, for example, the IMGT database. In one example, 

the database has 296 IG (BCR) and 222 TCR genes which generally range from -100-1000 bp in 

length. As seen in Fig. 14, approximately half of these genes have more than one annotated allele.  
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[0469] IG and TCR loci may contain hundreds of genes with substantial homology as well as 

allelic variation. Fig. 14 ("Gene and Allele Counts") illustrates the number of genes (y-axis) in 

each class of IG (BCR) or TCR genes having 1, 2, 3, 4, or 5+ alleles (see legend for color coding), 

demonstrating the allelic variation of these genes. Each class of genes is denoted along the x-axis 

(IGHC, IGHD, IGHJ, IGHV, IGKC, IGKJ, IGKV, IGLC, IGLJ, IGLV, TRAC, TRAJ, TRAV, 

TRBC, TRBD, TRBJ, TRBV, TRDC, TRDD, TRDJ, TRDV, TRGC, TRGJ, TRGV, etc.).  

[0470] Step 2 is the optional set of determining a gene consensus sequence across alleles. This 

step may include comparing a gene's allele sequences to determine the consensus sequence.  

[0471] While a probe set covering all alleles may guarantee complete coverage, it may be possible 

to eliminate a substantial amount of redundancy due to high sequence similarity between alleles.  

At a basic level, gene-level representative (consensus) target sequences may result in a probe panel 

that covers the majority of allelic variations.  

[0472] Comparing allele sequences may include filling in missing portions of reference sequences 

prior to comparison. In this example, IMGT provides reference sequences in a curated alignment 

format (IMGT gapped fasta). Unfortunately, many of these IMGT reference sequences are 

incompletely sequenced at the 5' or 3' ends. As a consequence, besides single nucleotide 

variations, there are frequently substantial truncations in raw IMGT allelic sequences. This issue 

is illustrated by the example TRAV 8 - 4 in Fig. 15 with truncations in various alleles at both the 

5' and 3' ends. Fig. 15 illustrates an example of aligned TCR reference sequences.  

[0473] In one example, filling in missing portions of reference sequences (converting raw IMGT 

references sequences to complete allele reference sequences), is done by determining the 

consensus sequence, based on IMGT's curated alignment (most frequent nucleotide per position) 

and using that consensus sequence to fill in (replace) any truncated or missing segment in each 

allele. In this example, this processed set of filled in reference sequences comprises the set of target 

sequences that the probes should cover. (See Fig. 15, "IMGT Sequence Processing") 

[0474] Step 3 is the optional step of evaluating sequence similarity across alleles.  
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[0475] This step may use the processed IMGT reference sequences (filled in, if applicable and/or 

if a portion of the sequence was missing as described above) to determine if gene-level consensus 

sequences could cover potential allelic diversity.  

[0476] This step may include comparing each allele sequence to its corresponding gene consensus 

sequence. Fig. 16 shows cumulative distributions of the number of mismatched base pairs (bp), 

and the proportion of mismatched bp (number mismatch over gene length).  

[0477] Fig. 16 ("Allele Sequence Similarity") illustrates that most alleles are very similar to their 

gene consensus sequence, according to an empirical cumulative distribution function (CDF).  

[0478] In this example, 98.6% of all alleles have fewer than 15 bp mismatches, and 98.2% of all 

alleles have at least 95% identity compared to gene consensus. For the handful of alleles (<20) 

with low consensus sequence identity, it may be more appropriate to separately cover their 

sequence differences in order to design a set of probes that cover all alleles.  

[0479] Step 4 is the optional step of filtering the list of genes, alleles, and/or target segments. The 

filtering strategies described here may be used individually, with other probe design list filtering 

strategies known in the art, or any combination thereof.  

[0480] The list may be filtered with the goal of reducing sequencing reads from less desirable 

targets. In one example, constant region targets are less desirable than non-constant region targets.  

In this example, constant region targets may be filtered out and eliminated from the list if they are 

located at a distance from the non-constant region that exceeds a specified distance threshold (in 

bp). In another example, constant region targets may be filtered out and eliminated from the list if 

they are not within the 2-5 targets located most closely to the non-constant region of a gene.  

[0481] The list may be filtered with the goal of reducing redundancy of targets and duplicate or 

substantially similar probe sequences designed based on those targets.  

[0482] In one example, allele reference sequences may be eliminated from the list or replaced by 

their gene consensus sequence when they have at least 95% sequence identity (for example, at 

least 95% of their sequence has the same nucleotide as the consensus sequence, for each position 

in the consensus sequence and corresponding position in the allele sequence). For the 19 alleles in 
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which 95% sequence identity is not achieved, the original allele sequence is retained. In this 

example, the likelihood is high that every allele sequence with at least 95% identity with this gene 

consensus set would be covered by the final probe set.  

[0483] Step 5 is the optional step of calculating estimates for total desired probe coverage for these 

loci.  

[0484] The tables in Fig. 17 show the difference in total desired coverage length (in base pairs) 

when using (Table 1 of Fig. 17) the complete set of IG and TCR allele sequences (upper bound, 

the unfiltered target list) and (Table 2 of Fig. 17) when using gene-level consensus sequences (the 

filtered target list). Using a gene-level consensus sequence strategy reduces the number of gene 

sequences in the set from 1098 total allele sequences to 532 total gene consensus sequences and 

reduces the total coverage length from 325kb to 125kb. It is expected this sequence set reduction 

to correspondingly reduce the number of probes required for coverage. In this example, using the 

gene-level consensus strategy reduces the number of possible target sequences/distinct 120-mers 

(example probe length) contained in the IG/TCR sequences from 115,920 to 68,746. Results may 

vary depending on selected probe length.  

[0485] Step 6 is the optional step of delivering the list of targets to a probe design specialist. The 

list may be a list of filtered targets generated in step 4. A probe design specialist, may be a 

commercial vendor that designs and/or manufactures sequencing probes and/or primers. One 

example of such a commercial vendor is IDT.  

[0486] Step 7 is the step of selecting (designing) probe sequences based on the list (for example, 

using probe design software). The probe sequence selection may be performed by a probe design 

specialist.  

[0487] By way of example but not by way of limitation, probe sequences may be selected or 

designed in accordance with the methods set forth in FastPCR Software for PCR Primer and Probe 

Design and Repeat Search (Kalendar et al., 2009 Genes, Genomes, and Genomics, 3 (Special Issue 

1), pp. 1-14) which is incorporated by reference herein.  

[0488] B. TCR/BCR assay development using probes derived by the method in step A 
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[0489] This Example illustrates the development of one embodiment of a TCR/BCR profiling 

assay. In this embodiment, TCR/BCR sequencing is performed in combination with RNAseq. The 

embodiment described herein tiles 7 receptors: IGH, IGK, IGL, TRA, TRB TRG and TRD. Thus, 

repertoire data includes annotated CDR3 hypervariable sequence quantification for IgH, IgK, IgL, 

TCR-alpha, TCR-beta, TCR-delta and TCR-gamma receptors. (See e.g., Fig. 4).  

[0490] The capture method of the present embodiment has been optimized to yield RNAseq 

output wherein no more than 2% of all unfiltered read pairs map to TCR and BCR sequences in 

95% of samples. This capture rate preserves the integrity of the transcriptome for downstream 

analysis while still capturing enough depth to correctly identify receptor clonotypes from the most 

abundant infiltrating lymphocyte clones. (See Figs. 3 and 5).  

[0491] In several early attempts to perform this analysis, some of the least informative regions 

(the constant regions) were taking up the majority of reads. Additionally, BCR region coverage 

vastly outweighed TCR region coverage. To address these problems, in some embodiments useful 

constant region coverage was identified and retained, while a number of constant region probes 

that were unlikely to generate informative TCR/BCR reads were removed. Probes were also 

separated into distinct pools for TCR and BCR, so that the signal from the TCR and BCR regions 

could be independently tuned. In some embodiments, probes were separated into TCR non

constant, TCR constant, BCR non-constant, and BCR constant probe concentration pools. By 

independently tuning TCR non-constant, TCR constant, BCR non-constant, and BCR constant 

probe concentrations more informative TCR/BCR information with many fewer reads was 

obtained. We also were able to ensure that the information from TCR/BCR profiling is more evenly 

balanced between TCR and BCR.  

[0492] Several experiments were performed leading to a configuration of TCR/BCR probes 

that can be successfully used in an RNAseq assay. Brief descriptions of such experiments are 

presented below, and a schematic of the method is shown in Figure 2.  

[0493] First, two sets of TCR/BCR probes were designed. Design 1 included all TCR/BCR 

probes in a single tube. Several attempts to optimize this configuration, including omitting certain 

probes from the pool, and changing the concentration of the probes in the pool relative to the 
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concentration of the whole exome panel probes, were performed, however, in each case, results 

were deemed unacceptable. Design 2 included dividing the probes into 4 groups: TCR non

constant, TCR constant, BCR non-constant, BCR constant. Then, probes for each group were 

selected, resulting in a final configuration for each group as follows: 

[0494] I. "BCR constant" - 45 probes 

[0495] II. "BCR non-constant" - 893 probes 

[0496] III. "TCR constant" - 18 probes 

[0497] IV. "TCR non-constant" - 650 probes 

[0498] TCR/BCR probe concentrations relative to each other and relative to the exome probes 

were also evaluated. Exome probes were tested at 25 attomole/probe/capture. Ratios noted below 

reference the relative concentrations to the exome. For example lOx spike means a final amount 

of 250 attomole/probe/capture (with exome at 25 attomole/probe/capture). In various 

embodiments, probes designed to target a whole human exome may be hybridized with DNA or 

RNA molecules. When the probes are hybridized with RNA molecules, the molecules in the library 

may be referred to as a human transcriptome.  

Ratio to main Final amount 
FINAL CONDITIONS panel (amole/probe/capture) 

Exome main panel 25 

BCR Constant Region Probes 
0.1:1 2.5 

BCR Non-Constant Region Probes 
0.25:1 6.25 

TCR Constant Region Probes 

10:1 250 

TCR Non-Constant Region Probes 
10:1 250 

[0499] We have leveraged specially designed probes to integrate repertoire-sequencing (rep

seq) into a high-volume RNA-seq workflow. The methods disclosed herein can capture a snapshot 

of immune receptor repertoire without compromising transcriptome analysis.  
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[0500] Example 2 - Sequencing Results 

[0501] In this example, TCR and BCR sequences in a blood specimen collected from a patient 

having B cell lymphoma were analyzed according to the systems and methods disclosed herein.  

[0502] Methods 

[0503] Sample preparation (including enrichment with TCR/BCR hybrid capture probes 

obtained according to the methods of Example 1): 

[0504] RNA was quantified using Quant-it Ribogreen RNA assay (ThermoFisher Scientific, 

P/N RI1490), and qualified using Fragment Analyzer High Sens RNA Analysis Kit (Agilent 

Technologies, P/N DNF-472-1000). RNA was normalized to 10 ng/uL in 10 uL starting volume 

and then subjected to heat and chemical fragmentation, with variable parameters to yield similar 

sized fragments from RNA inputs with different starting size distributions. Library preparation 

was performed using an off the shelf kit (KAPA RNA HyperPrep Kit for Illumina, P/N KK8544) 

with IDT unique dual indexed (UDI) unique molecular identifier (UMI) adapters. This involved 

first-strand synthesis using a reverse transcriptase (RT) enzyme to create first strand cDNA 

followed by treatment with RNAse to degrade RNA, and DNA polymerase to accomplish second

strand synthesis to create double stranded cDNA. IDT UDI-UMI adapters were ligated to cDNA 

and the adapter-ligated libraries were cleaned using a magnetic bead-based method (Roche 

Diagnostics, P/N KK8002). The libraries were amplified with high fidelity, low-bias PCR using 

primers complementary to adapter sequences. Amplified libraries were subjected to magnetic bead 

based clean-up (Axygen, P/N MAG-PCR-CL-250) to eliminate unused primers, and quantity was 

assessed. Prior to hybridization, samples were normalized by library mass and multiplexed into 

pools of 6-8 samples per capture pool. Library hybridization and capture was conducted using the 

xGen Exome Research Panel v2 probe set with supplemental custom designed probes, including 

the TCR/BCR probes derived by the method in step A, along with xGen Universal Blockers 

(Integrated DNA Technologies, P/N 1075475) and xGen Hybridization and Wash Kit (Integrated 

DNA Technologies, P/N 1080584). The enriched targets were amplified using the KAPA HiFi 

HotStart ReadyMix and primers (Roche Diagnostics, P/N KK2621) and underwent an additional 

magnetic bead based clean-up. Quantity and quality of the final library was assessed and success 
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was determined based on a calculated molarity incorporating both quantification and qualification 

measurements.  

[0505] Sequencing: Amplified target-captured libraries were sequenced to an average of 50 

million reads on an Illumina NovaSeq 6000 System using patterned flow cell technology.  

[0506] Analysis: RNA-sequencing data in the form of FASTQ files containing read pairs were 

subjected to repertoire sequencing analysis using TRUST4v1.0.0 software. TRUST4v1.0.0 was 

run with no modifications, per the developer's instructions, where FASTQ files containing read 

pairs were used as input and the human IMGT reference sequence files provided with the software 

were used to generate quantitative data related to TCR and BCR clonotypes (productive, non

productive and partial) identified by the software. The tabulated clonotype report generated by 

TRUST4 was used to calculate Shanon entropy for productive clonotypes in each immune receptor 

chain (IGH, IGK, IGL, TRA, TRB, TRG and TRD). TRUST4 report columns and additional non

statistical annotations are combined into a final data table with column descriptions itemized 

below.  

[0507] Results 

[0508] 1,957 clonotypes of expanded B cells and T cells were detected in the specimen, and 

1,074 of those detected clonotypes were determined to be productive sequences (for example, they 

did not include a stop codon, were not out of frame, were not partial sequences, etc.).  

[0509] Table 6 is a table showing the top ten most abundant sequences (for example, sequences 

associated with the largest number of supporting sequence reads). Each column represents a clone.  

The closer a column is to the left, the more raw abundance (for example, supporting, detected 

sequence reads) is associated with that clone. Clones demonstrating a greater degree of expansion 

are closer to the left. In this example, the first (left-most) IGH CDR3 is ~25% of IGH productive 

clonotypes by abundance (see the "receptorproductive-frequency" row). The complete results 

are included as a separate table in Appendix I of U.S. Provisional Application Nos. 63/013,130, 

63/084,459, and 63/201,020. The most frequent clones may be assumed to represent expanded 

populations of B cells or T cells. In this case, the expanded populations of B cells may be analyzed 

to track the B cell lymphoma to detect progression, response to treatment, MRD, etc. In one 
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embodiment, the TCR/BCR sequencing methods disclosed herein are utilized on multiple 

specimens collected from the patient at different times in order to track disease over time.  

[0510] The following are titles and descriptions of the rows in the appendix, as an example of 

the variety of data that may comprise TCR/BCR immune repertoire sequencing data associated 

with each CDR3 sequence or clonotype: 

a. count - integer number of read fragments supporting clonotype (for example, the 

number of read fragments aligning to a clonotype reference sequence) 

b. frequency - clonotype frequency within BCRs or TCRs 

c. CDR3nt - CDR3 nucleotide sequence 

d. CDR3aa - CDR3 amino acid sequence (if sequence is non-productive,'_' indicates 

a STOP codon; 'outofframe'indicates a frameshift mutation, or'partial' 

indicates a partial sequence) 

e. V - V gene clonotype assignment called {formatted as gene*allele} ("null" 

indicates no gene called) (may comprise a V gene family, V gene, and/or V 

allele) 

f. D - D gene clonotype assignment {gene*allele} called (null if no gene called or 

not applicable to receptor) (may comprise a D gene family, D gene, and/or D 

allele) 

g. J - J gene clonotype assignment {gene*allele} called (null if no gene called) (may 

comprise a J gene family, J gene, and/or J allele) 

h. C - C gene clonotype assignment {gene} (no allele info returned for C genes) 

called (null if no gene called) 

i. Receptor [type] - {'IGH','IGK','IGL','TRA','TRB','TRG','TRD','mixed'} (in some 

examples, mixed may be alpha/delta TCR) 

j. productivestatus - {'in','partial','outofframe','internalstop'} (in= in

frame/productive, partial is a partial sequence, outofframe means the sequence 
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is frame shifted and is not expected to be productive, internalstop means that the 

sequence has a stop codon and is not expected to be productive) 

k. receptor frequency - clonotype frequency by receptor (for the receptor type) 

1. receptorproductivefrequency - productive clonotype frequency within all 

productive receptor clonotypes 

m. Vgene family - (e.g. IGLV3-25*03 -> IGLV3) 

n. Vgene - (e.g. IGLV3-25*03-> IGLV3-25) 

o. Vallele - (e.g. IGLV3-25*03-> 03) 

p. Dgene family 

q. Dgene 

r. Dallele 

s. Jgene family 

t. Jgene 

u. Jallele 

v. IGH isotype - null if not called/applicable, otherwise: 

{'Al','A2','D','E','G1','G2','G3','G4','M' 

w. hasCDR3nt-twin - "True" entered if there are duplicates of this clonotype's nt 

sequence in the repertoire 

x. hasCDR3aatwin - "True" entered if there are duplicates of this clonotype's aa 

sequence in the repertoire 

[0511] In various embodiments, the clonotype frequency and/or gene clonotype assignments 

may be determined by a TCR or BCR sequence assembly algorithm included in the systems and 

methods described herein.  

[0512] Table 6 

count 315 311 229 225 220 187 183 173 170 170 
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frequency 0.183 0.068 0.058 0.055 0.055 0.041 0.045 0.042 0.042 0.042 

CDR3 nt TGTGC TGC TGT TGT TGC TGC TGT TGT TGT TGT 
GAGA GCC CAG GGT CAA AGT GTC GTG TGA GTG 
GAAG AGC CAT TCT CAG GCT TTA GAT GCA ATC 
AGGTC AGC CGT AAC TAT AGA TAA AGC AAT AAA 
AGGG CAA GGC GAC AAT AGA CAC AAC CAT GCT 
ATGGA GTA AAC TAC AGT CTA CGA TAT AGT GCA 
TCGTA GCG CGG AAG TAT GCG CAA CAG GTT GGC 
TTACG GGA CCC CTC TCT GGA GCT TTA TCT AAC 
ATTTT CCC ACT AGC CGG GGA CAT ATC TCT AAG 
TGGAG TAC TTC TTT AGT CTT CTT TGG GGT CTA 
TGGTT GAG TTT AGC T TCT ACT 
ACCCC CAG ACA GCA TTT 
TACCC TAC GAT AGG 
GGAAT TTC ACG CAA 
ACTAC CAG CTG 
TACTA TAT ACC 
CTACA TTT TTT 
TGGAC 
GTCTG 
G 

CDR3 aa CAREE CAS CQH CGS CQQ CSA partia partia CA CVI 
VRDGS SQV RGN NDY YNS RRL 1 1 NHS KAA 
YYDF AGP RPTF KLS YSR AGG VSS GNK 
WSGYP YEQ F SF LST GSA LTF 
YPEYY YF DTQ RQL 
YYYM YF TF 
DVW 

V IGHV3- TRB IGK TRA IGK TRB TRA TRA TRA TRA 
21*01 V4- V3- V17* V1- V20- V8- V3*0 V24* V19* 

1*01 11*0 01 5*03 1*02 6*01 1 01 01 
1 

D IGHD3- TRB TRB 
3*01 D2*0 D2*0 

2 2 

J IGHJ6* TRBJ IGKJ TRAJ IGKJ TRBJ TRAJ TRAJ TRAJ TRAJ 
04 2- 4*01 20*0 2*03 2- 34*0 33*0 22*0 17*0 

7*01 1 3*01 1 1 1 1 

C IGHA1 TRB IGK IGK TRB TRA TRA 
C C C C C C 
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receptor IGH TRB IGK TRA IGK TRB TRA TRA TRA TRA 

productive in in in in in in partia partia intern in 
status 1 1 alisto 

p 

receptorf 0.185 0.068 0.094 0.055 0.090 0.041 0.045 0.043 0.042 0.042 
requency 

receptorp 0.254 0.115 0.107 0.131 0.103 0.069 0.099 
roductive_ 
frequency 

Vgenef IGHV3 TRB IGK TRA IGK TRB TRA TRA TRA TRA 
amily V4 V3 V17 VI V20 V8 V3 V24 V19 

Vgene IGHV3- TRB IGK TRA IGK TRB TRA TRA TRA TRA 
21 V4-1 V3- V17 V1-5 V20- V8-6 V3 V24 V19 

11 1 

V_allele 01 01 01 01 03 02 01 01 01 01 

D_genef IGHD3 TRB TRB 
amily D2 D2 

D_gene IGHD3- TRB TRB 
3 D2 D2 

D_allele 01 02 02 

Jgenefa IGHJ6 TRBJ IGKJ TRAJ IGKJ TRBJ TRAJ TRAJ TRAJ TRAJ 
mily 2 4 20 2 2 34 33 22 17 

Jgene IGHJ6 TRBJ IGKJ TRAJ IGKJ TRBJ TRAJ TRAJ TRAJ TRAJ 
2-7 4 20 2 2-3 34 33 22 17 

J_allele 04 01 01 01 03 01 01 01 01 01 

IGHisoty Al 
pe 

hasCDR False False False False False False False False False False 
3nttwin 

hasCDR False False True False True False False False False False 
3aatwin 

[0513] Example 3 - TCR/BCR sequence database and uses thereof 
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[0514] In this example, a reference dataset may be generated or an existing reference dataset 

may be selected. The data may be de-identified data. The data may have protected health 

information (PHI) removed. The reference dataset can include TCR/BCR sequencing data 

associated with annotated clinical documentation as well as additional NGS-based outputs 

(including but not limited to, patient HLA type or matched NGS DNA/RNA sequencing, 

viral/pathogen sequencing, whole exome or targeted panel sequencing of patient specimen(s)).  

Clinical documentation may include: disease characterization and duration, severity of symptoms 

or disease (for example, disease associated with infection by the pathogen(s)), symptom 

descriptions and/or severity ratings, therapy or therapies (for example, a cancer therapy such as an 

immunotherapy, or a vaccine) and duration and outcome, time between start and/or end of disease 

and sample collection, sample collection site/specimen information (for example, saliva, blood, 

mucus, nasal/anterior nares swab, nasopharyngeal swab, nylon flocked swabs, spun polyester 

swabs, nasopharyngeal aspirate, bronchoalveolar lavage, specimens collected in Mawls tubes or 

Longhorn Primerstore MTM tubes, nasopharyngeal/nasal/nares or other specimens collected in 

viral transport medium/VTM, fecal, etc.), infection status for one or more pathogens as determined 

by one or more diagnostic assays (for example, PCR-based, isothermal nucleic acid amplification

based, NGS-based, serology-based, array/microarray/array card/openarray plate/FilmArray/etc., 

ELISA, ELISpot, FluoroSpot, antigen-based, rapid antigen testing, or other molecular assay), etc.  

HLA data may be used to further annotate or contextualize the TCR sequence data. For example, 

certain combinations of TCR sequences and HLA types may be incompatible, implying that certain 

TCR sequences may be expected in the context of certain HLA types. For example, for patients 

missing a TCR sequence that would be expected in the context of exposure to a specific pathogen, 

the absence of that sequence may be expected if the patient does not have HLA types that are 

compatible with that TCR sequence.  

[0515] This reference dataset may be mined to identify TCR or BCR sequences that are 

enriched in patients that are responding to or have recently recovered from disease caused by a 

specific pathogen or combination of pathogens. For example, see Emerson, R., DeWitt, W., 

Vignali, M. et al. Immunosequencing identifies signatures of cytomegalovirus exposure history 

and HLA-mediated effects on the T cell repertoire. Nat Genet 49, 659-665 (2017).  
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https://doi.org/10.1038/ng.3822, the contents of which are incorporated by reference herein in their 

entirety for all purposes.  

[0516] The mining may include the use of machine learning clustering techniques on the 

TCR/BCR sequence database. Example methods include detecting a pathogen-associated TCR or 

BCR sequence in data from patients having a particular cancer type. These sequences could be 

used as a biomarker, an indication for prescribing checkpoint inhibitors or predicting response to 

IO. Cross-reactivity means the sequence could be present in a higher percentage of patients, 

especially if the infection by the pathogen is common, so these are more likely to be the first 

sequences discovered that are common to many patients.  

[0517] The systems and methods could be used to detect receptor sequences that are generated 

in response to one disease state, but are cross reactive and can be used as adoptive cell therapy for 

another. For example, influenza infection or vaccine, or SARS-CoV-2 infection or vaccine can 

give rise to a receptor sequence that then attacks cancer cells (see 

https://onlinelibrary.wiley.com/doi/10.1111/bjh.17116).  

[0518] In one example, the patients have non-small cell lung cancer (NSCLC) and a viral

associated TCR sequence. TCRbeta chains were grouped into affinity groups (based on similar 

amino acid structure). Certain viral associated TCRs cross react with cancer antigens (for patients 

having the same HLA). (see Cell press immunity paper "Global analysis of shared T cell 

specificities inhuman non-small cell lung cancer enables HLA inference and antigen discovery" 

Chiou et al hus:woscience rectcom/science/article/pii/S1074761321000807).  

[0519] Subsequent observation of these TCR and BCR sequences in a patient can then be 

analyzed by a predictive model trained on the reference dataset or a subset of the reference dataset 

(for example, only records having data deemed relevant to the prediction, including data associated 

with a known negative or positive status or numeric score related to the prediction target or 

category of prediction) to calculate a likelihood of the patient having an infection status, exposure 

history, and/or potential protection or resistance to infection associated with any of the TCR and/or 

BCR sequences, where the associations may be based on associations or trends captured in the 

reference dataset.  
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[0520] The reference dataset may also be analyzed to find associations between the severity 

of disease and various genetic, immunological, or clinical factors or characteristics. For example, 

factors may include alleles or variants associated with the ABO blood type gene, the gene located 

on chromosome 9q34.2, immunological genes, genes located on chromosomes 3 or 6, HLA genes, 

etc., immunological characteristics, clinical data/status (age, history of cardiac disease, diabetic, 

blood sugar levels, hypertension, obesity, asthma, COPD, etc.), and/or the presence of specific 

TCR and/or BCR sequences.  

[0521] The TCR and/or BCR sequences may have been generated in response to the pathogen 

that causes the disease or in response to another pathogen. For example, if the disease is COVID

19, SARS, or MERS, the TCR or BCR may have been generated in response to OC43, HKU1, 

229E, and NL63 coronaviruses and may cross-react with SARS-CoV-2, SARS-CoV-1, MERS, 

etc.  

[0522] By way of example, immunological characteristics associated with severe COVID-19 

disease may include any of the following: large populations of activated CD4 T cells, little or no 

circulating follicular helper T Cells (cTfh), activated and/or exhausted populations of CD8 T cells, 

little or no TEMRA-like cells, T-bet+ cells (including plasmablast cells), Ki67+ cells (including 

plasmablast cells), memory B cells, strong or Tbetbright effector-like CD8 T cell responses, weak 

CD4 T cell responses, reduced lymphocyte response, strong plasmablast response without large 

populations of activated cTfh, or failed T or B cell responses. (see Mathew et al, Science 04 Sep 

2020: Vol. 369, Issue 6508, the contents of which are incorporated herein by reference in their 

entirety for all purposes).  

[0523] By way of example, immunological characteristics associated with mild or 

asymptomatic COVID-19 may include any of the following: SARS-CoV-2 specific T cell 

responses (for example, targeting internal viral proteins, viral surface proteins, viral nucleocapsid, 

viral membrane, or viral spike protein); durable functioning memory T cell responses; T cells 

expressing CD38, HLA-DR, Ki-67, PD-i (or other inhibitory receptors), CCR7, CD127, 

CD45RA, and/or TCF1; SARS-CoV-2-specific IgG; inflammatory markers (for example, in 

patient plasma). (see Sekine et al, Robust T cell immunity in convalescent individuals with 
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asymptomatic or mild COVID-19, Cell (2020), doi: https://doi.org/10.1016/j.cell.2020.08.017, the 

contents of which are incorporated herein in their entirety for all purposes).  

[0524] Accordingly, in some embodiments, the reference TCR/BCR sequence dataset may be 

analyzed to find associations between, for example, immunological characteristics and/or clinical 

characteristics (including diagnosis) associated with severe, mild or asymptomatic COVID-19.  

Such information can then be used to provide or to confirm a diagnosis, to predict disease severity, 

and predict therapeutic efficacy, for example.  

[0525] Example 4 - Coronavirus Specific TCR/BCR Sequences 

[0526] In this example, a coronavirus cohort (for example, data collected from a group of 

patients having a coronavirus infection or exposure and/or negative controls known to have been 

unexposed to or unaffected by coronavirus for a specified amount of time immediately before their 

specimens were collected) may be analyzed. A coronavirus cohort may be assembled from a 

reference dataset, for example the reference dataset described in Example 2, especially a subset of 

the dataset where the patients have a known or inferred coronavirus exposure status. Coronavirus 

may include any individual coronavirus that infects humans (for example, SARS-CoV-1, SARS

CoV-2, MERS-CoV, Coronavirus HKU1, Coronavirus NL63, Coronavirus 229E, Coronavirus 

OC43, etc.), or a combination thereof.  

[0527] The cohort or reference dataset may be used to determine which TCR and/or BCR 

sequences are associated with coronavirus infection or exposure. For coronavirus associated TCR 

sequences, the systems and methods may control for HLA types as described in Example 1. For 

example, the method may assume that the top 5 or 10 HLA alleles in the population of interest are 

present in all patients unless the HLA types of the patient are known.  

[0528] The quantity, presence or absence of these TCR and/or BCR sequences in a patient may 

be used to predict the patient's exposure to a coronavirus (for example, including the use of a 

predictive model trained on the reference dataset in Example 1, a subset of that dataset, or another 

dataset), the likelihood that the patient will have mild symptoms or severe symptoms if exposed 

to a coronavirus, and/or to measure the patient's response to a vaccine. It would be possible to 

determine whether the presence of those TCRs and/or BCRs afforded protection from (or 
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susceptibility to) severe COVID symptoms, which could then be used to stratify subjects based on 

their potential risk of complications following SARS-CoV-2 (or other coronavirus) infection.  

[0529] The analysis may also be used to predict which TCR and/or BCR sequences associated 

with a coronavirus exposure are cross-protective against SARS-CoV-2 (or another coronavirus), 

to measure prevalence of certain sequences across population, or for a trial design to determine if 

a TCR-HLA combination is protective or associated with a certain symptom severity level.  

[0530] Example 5 - Predicting Pathogen and/or Disease Susceptibility of a Patient 

[0531] In this example, a specimen from a patient may be analyzed for TCR and/or BCR 

sequences according to the methods disclosed above. The patient may be having respiratory 

infection and/or flu-like symptoms without a specific diagnosis as to which respiratory infection 

is the cause of the symptoms The detected TCR and/or BCR sequences may be analyzed by a 

predictive model trained by a reference dataset, for example the dataset described in Example 2, 

to predict the most likely pathogen causing the symptoms, and/or the likelihood that the patient 

will have mild disease or severe disease (for example, the patient's disease susceptibility). In 

various embodiments, the patient's COVID-19 status (infected or not infected with SARS-CoV

2) is unknown. In another embodiment, the patient has a COVID-19 diagnosis and/or previous 

positive result from a SARS-CoV-2 diagnostic assay.  

[0532] A specimen from the patient may also be analyzed for evidence of the presence of a 

pathogen (for example, by the assay(s) listed in Example 1). The pathogens screened by the 

assay(s) may include any pathogen commonly associated with respiratory infection and/or flu-like 

symptoms, for example, SARS-CoV-1, SARS-CoV-2, MERS-CoV, Coronavirus HKU1, 

Coronavirus NL63, Coronavirus 229E, Coronavirus OC43, Influenza A, Influenza A HI, Influenza 

A H1-2009, Influenza A HINI, Influenza A H3, Influenza B, Influenza C, Parainfluenza virus 1, 

Parainfluenza virus 2, Parainfluenza virus 3, Parainfluenza virus 4, Rhinovirus/Enterovirus, 

Adenovirus, Respiratory Syncytial Virus, Respiratory Syncytial Virus A, Respiratory Syncytial 

Virus B, Human Metapneumovirus, Bocavirus, Human Bocavirus, Chlamydophila pneumoniae, 

Mycoplasma pneumoniae, Legionella pneumophila, Bordetella, Bordetella holmesii, Bordetella 

pertussis, Streptococcus pneumoniae, Coxiella burnetii, Staphylococcus aureus, Klebsiella 
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pneumoniae, Moraxella catarrhalis, Haemophilus influenzae, Pneumocystisjirovecii, Enterovirus 

D68, Epstein-Barr virus (EBV), Mumps, Measles, Cytomegalovirus, Human herpesvirus 6 (HHV

6), Varicella zoster virus (VZV), Parechovirus, etc..  

[0533] Example 6-Assessing response to therapy - vaccine 

[0534] In this example, specimen(s) from either a vaccine trial subject or a patient receiving a 

vaccine in another context may be analyzed for TCR and/or BCR sequences according to the 

methods disclosed above to assess the patient's response to the vaccine and the patient's disease 

susceptibility to the disease associated with the vaccine (for example, the disease that the vaccine 

is designed to prevent, attenuate, or ameliorate) or another disease.  

[0535] A reference dataset as described in Example 2 may be used to determine which TCR 

and/or BCR sequences are associated with a response to a vaccine. The presence or absence of 

these TCR/BCR sequences and additional statistics or results associated with TCR/BCR sequences 

in the patient may be used to predict the degree of disease susceptibility of the patient. Additional 

clinical or molecular data as described in the previous examples may also be factored into the 

disease susceptibility prediction.  

[0536] The report may include detected TCR/BCR sequences, predicted disease susceptibility, 

the basis or bases for the predicted disease susceptibility, and other related information.  

[0537] In one embodiment, the specimen is collected after the vaccine is administered to the 

subject. In another embodiment, multiple specimens are collected from the patient, including a 

first specimen collected before the vaccine is administered to the patient and a second specimen 

collected after the vaccine is administered to the patient. In another embodiment, multiple doses 

of the vaccine are administered to the patient and a specimen may be collected after each dose of 

vaccine is administered.  

[0538] Example 7- T cell clonal expansion and estimates of clonality within repertoires in 

various cancers 

[0539] Introduction 
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[0540] The level of immune cell infiltration into a tumor is due to a variety of factors, for 

example: the level of immunogenicity of the tumor, the type of tissue where the tumor has arisen, 

the degree by which immune cells are able to physically move through the tumor stromal material, 

or metabolically repressive and hypoxic nature of solid tumors. However, the level of immune 

filtration may be characteristic among similar tumor types, with brain tumors having 

characteristically low immune filtration, and lung and skin malignancies having characteristically 

high infiltration. Tumors of different origins may also have more or fewer distinct clones of 

lymphocytes present within the tumor microenvironment. Lymphomas and leukemias present 

unique cases, because the malignant T or B cells may arise from a single clone. Thus, samples 

from patients suffering from lymphoma may have a very few T cell receptor (TCR) or B cell 

receptor (BCR) clones represented in their immune profile. In summary, sequencing a variety of 

tumor samples of different cellular origin, and developing immune profiles, provides valuable 

insight into the effectiveness of a particular immune profiling assay. Developing immune profiles 

from a variety of malignancies allows for an unbiased evaluation of the novel hybrid-capture 

approach described herein for application to real-world diagnostic challenges.  

[0541] Methods 

[0542] Sample preparation and sequencing were performed as described in Example 2, above.  

[0543] Analysis: The analysis was performed as described above for Example 2 (gene 

expression RUO infiltration analysis is known in the art and is described, for example at 

https://www.worldscientific.com/doi/abs/10.1142/9789813279827_0026 and also described in 

(published) patent app. no. 16/533,676 incorporated herein by reference.  

[0544] Results 

[0545] We hypothesized that the novel hybrid-capture approach disclosed herein would 

provide accurate and efficient sampling of immune profiles. To test this hypothesis, RNA samples 

were derived from 501 individuals, cDNA libraries were prepared, and the novel hybrid-capture 

probe approach described herein was used to isolate sequences. Sequencing produced an average 

of about 20,000 reads per sample for each of the 501 samples sequenced. Sequencing data was 

plotted with productive clonotypes on the X axis and CDR3-supporting read fragments on the Y 
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axis to demonstrate the average number of clonotypes present in the tumor sample (Fig. 7).  

Consistent with other reports, brain tumor samples (solid blue circles) revealed few productive 

clonotypes, whereas lung tumor samples showed significant infiltration of diverse lymphocyte 

clonotypes. Furthermore, immune cell profiles demonstrated broad clonal richness (Fig. 8) In 

addition, productive T and B cell reads correlated with estimated T and B cell infiltration into the 

tumor (Figs. 9, 10). These data support the hypothesis that the novel hybrid-capture approach can 

be used to efficiently collect valuable immune profiling data from a variety of tumor types, 

especially where repertoire yields recapitulate tissue-specific expectations for lymphocyte 

infiltration.  

[0546] Next, immune profiles from hematological malignancies were further analyzed.  

Hematological cancers often consist of few clonotypes due to the clonal nature of tumor cell 

expansion. Therefore, we hypothesized that the novel hybrid-capture approach would reveal few 

clones in the samples derived from leukemia and lymphoma, while revealing many clones in other 

tumor types. Shannon entropy was normalized against the theoretical maximum evenness for a 

given repertoire size to represent clonal distributions for each receptor. This provided a measure 

to evaluate the expected versus the observed diversity of clonotypes in each sample. Samples 

derived from T cell lymphoma or leukemia demonstrated low normalized Shannon entropy while, 

for example, samples derived from melanoma, breast cancer, or oropharyngeal cancers 

demonstrated high normalized Shannon entropy (Fig. 11, left panel). Further resolution of relative 

frequencies for the top 10 most productive TCRBeta (TRB) clonotypes are displayed Fig. 11, right 

panel. Therefore, these data support the hypothesis that the novel hybrid-capture assay described 

herein efficiently isolates and amplifies sequences that are highly relevant to making clinical 

diagnostic decisions. Indeed, applying the novel hybrid-capture assay described herein to a diverse 

set of tumor samples demonstrated that the assay is effective at capturing a diverse landscape of 

immune infiltration and repertoire differences that reflect known biological trends.  

[0547] Example 8- B cell lymphoma case study: demonstrating anti-CD19 CAR detection in 

a patient 

[0548] Introduction 
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[0549] Chimeric antigen receptor (CAR) technology leverages synthetic biological approaches 

to treat disease in an antigen specific manner. CARs are designed to function as "replacement" T 

cell receptors directed to an antigen of choice. Therefore, T cells may be isolated from a patient, 

transduced with the CAR, and administered as an autologous transplant. CARs are constructed 

from the antigen recognition domain of an antibody (scFv) and various intracellular signaling 

domains. When a CAR binds to cognate antigen, the signaling domains on the intracellular portion 

transduce a signal similar to native T cell receptor, along with co-stimulatory signals, activating 

the effector functions of the CAR T cell. Successful and durable CAR T cell treatment depends on 

engraftment and persistence of the CAR T cells in the patient. Thus, technology that can detect the 

presence and state of CAR T cells in a patient longitudinally, would aid in the ability of a health 

care practitioner to make informed decisions regarding treatment.  

[0550] Methods 

[0551] Subject sample preparation and sequencing were performed as described in Example 

2.  

[0552] Analysis was performed as previously described (no special analysis was required to 

prepare data for detection of this CAR's CDR3 amino acid sequence in the rep-seq data.  

[0553] Sub Ject history 

[0554] The subject was diagnosed with B-cell lymphoma in 2015. Initial treatment with 

rituximab lead to complete remission of disease. Disease recurred in 2017 prompting a second 

treatment with rituximab, again leading to complete remission. The subject again experienced 

disease recurrence in 2019 and underwent treatment with anti-CD19 CAR (Axicabtagene 

ciloleucel), leading to complete remission. The subject again experienced recurrence in 2020 and 

was placed on rituximab and anti-CD79b monoclonal antibody treatment. Subject samples were 

collected 1 year post-treatment with anti-CD19 CAR. At this time, malignant cells were CD19', 

CD20- by flow cytometry.  

[0555] Results 
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[0556] We hypothesized that the novel hybrid capture and sequencing approach disclosed 

herein would efficiently and accurately detect CAR T cell engraftment. Therefore, to test this 

hypothesiswe developed animmuneprofile fora subject that had undergone successful anti-CD19 

CAR treatment, but had experienced subsequent recurrence. The anti-CD19 CAR axicabtagene 

ciloleucel utilizes the FMC63 scFv as an ectodomain to detect CD19. In various embodiments, 

any CAR sequence could be detected by using the systems and methods disclosed herein. Though 

the IGHJ4 heavy chain is derived from mouse, the high sequence homology between human and 

mouse in this region should allow detection using the novel hybrid-capture approach designed, in 

this example, for human application. In various embodiments additional probes specific to the 

desired CAR sequence could be added to the systems and methods disclosed herein to increase the 

number of sequencing reads corresponding to the CAR sequence. Immune profiling revealed an 

overall repertoire -60% of the size of similar B-cell lymphoma repertoires. Furthermore, T cells 

were highly represented in the subject's repertoire (Fig. 12). One interpretation of this result is that 

extensive rituximab treatment has reduced the B cell repertoire. Notably, this approach allowed 

for detection of 20/164 IGH-aligned reads to be mapped to the anti-CD19 CAR (Figure 12, yellow 

asterisk). Thus, these data demonstrate that the novel hybrid-capture approach efficiently and 

accurately detects anti-CD19 CAR scFv sequences in a subject.  

[0557] Example 9- COVID 19 case study: demonstrating the rep-seq data compatibility with 

external data- detection of putative SARS-CoV-2 specific TCRs found in COVID-19 patients 

[0558] Introduction 

[0559] Antigen-specific immune cell repertoires contain potentially vital information of the 

immunological history of a subject. For example, a subject's T and B cell repertoire reflects their 

exposure to pathogens. Furthermore, circulating antibodies directed to pathogens may wane over 

time. In contrast, pathogen-specific T cells may persist indefinitely. Therefore, sequencing a 

subject's immune repertoire and developing an immune profile may be a more efficient and 

accurate way of determining exposure than, for example, serology testing.  

[0560] The pandemic caused by SARS-CoV-2 has led to incredible loss of life and hardship 

for individuals around the world. However, in response to the pandemic, unprecedented effort and 
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resources have been allocated to immunological research. Through these efforts, immune 

repertoires have been obtained from individuals that have been infected with SARS-CoV-2 and 

made publicly available. Therefore, immune profiles created using the novel hybrid-capture 

approach disclosed herein can be made from individuals that have been infected with SARS-CoV

2 and validated to externally produced data.  

[0561] Methods 

[0562] Sample preparation, sequencing, and analysis were performed as previously described.  

[0563] Results 

[0564] The novel hybrid-capture approach disclosed herein efficiently produces high quality 

immune profiles from patient samples. To test the hypothesis that the novel hybrid-capture 

approach could detect pathogen-specific TCR sequences, we developed an immune profile from 

an individual that had been infected with SARS-CoV-2. The immune profiling revealed 47 and 56 

TCR beta and alpha clonotypes, respectively. Next, we compared the TCR beta clonotypes to a 

publicly available database of SARS-CoV-2 specific TCR beta clonotypes developed using 

multiplexed identification of T cell receptors antigen assay (MIRA) (PMID: 32793896). This 

repository contains 160,000 TCR beta clonotypes with affinity for SARS-CoV-2 peptides and can 

be considered a positive control panel for SARS-CoV-2 exposure and/or infection. Intriguingly, 

four TCR beta clonotypes were matches for clonotypes discovered by MIRA assay (Fig. 13). The 

four CDR3 reads that matched MIRA assay data were the following: CASSIGVNTEAFF (11 

reads, found in 509 COVID-19+ repertoires, Fig. 13- purple asterisk), CASSLSGGPYNEQFF (7 

reads, found in 30 COVID-19+ repertoires, Fig. 13- yellow asterisk), CASSSGIQPQHF (not 

detected in 500 COVID19- validation samples), and CASSVSYEQYF (not detected in 500 

COVID19- validation samples). These data support the hypothesis that the novel hybrid-capture 

approach described herein efficiently and accurately allows for the identification of immune 

profiles (TCR/BCR profiles) of individuals that have been infected with a pathogen, for example 

SARS-CoV-2.  

[0565] Example 10 
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[0566] In one example, a TCR/BCR profile may be generated for a patient suffering from 

colorectal cancer. Thepatientmay also harboraKRAS P12D alteration, and anlHLAC08.02 allele 

known to present this altered KRAS peptide. The TCR/BCR profile may be analyzed for CDR3 

sequences likely to recognize the altered KRAS peptide.  

[0567] Subject sample preparation and sequencing may be performed as described in Example 

2. Analysis may be performed as previously described in Example 2.  

[0568] The novel hybrid capture approach described in the current application may be used to 

develop an immune profile for an individual suffering from colorectal cancer. In some 

embodiments, the patient harbors a KRAS P12D mutation. In further embodiments, the patient 

harbors the HLA C08.02 allele, which is known to present the mutated KRAS peptide as a 

neoantigen. Therefore, in some embodiments, the immune profile developed from the individual 

harboring the aforementioned KRAS mutation and specific HLA allele C08.02 contains TCR 

clonotypes that recognize the KRAS neoantigen created by the P12D mutation in KRAS. In some 

embodiments, these clonotype sequences may be used to select lymphocyte clones for generation 

of patient-specific precision medicine therapies. In some embodiments, the putative neoantigen 

specific clonotypes derived from patient immune profiles may be used to assemble a database of 

such clonotypes. In some embodiments, the database of neoantigen-associated clonotypes may be 

further used in comparison to patients with unknown mutational status of KRAS. In some 

embodiments, the database of neoantigen-associated clonotypes may be used to diagnose patients 

with KRAS P12D mutation based on their immune profile, in addition to or without requiring a 

biopsy and an additional sequencing step.  

[0569] In some embodiments, the immune profile developed from the patient suffering from 

colorectal cancer may be used to select the appropriate therapy to treat the tumor. In further 

embodiments, the therapy chosen to treat the colorectal cancer based on the immune profile is 

selected from the following: a cytotoxic chemotherapy, a targeted therapy, for example a Janus 

kinase inhibitor, or an immunotherapy. In some embodiments, the immunotherapy chosen is 

selected from the group consisting of: checkpoint blockade therapy, CAR T cell therapy, CAR M 

therapy, cancer vaccine, or other immune oncological modality.  
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[0570] In some embodiments, the results of the TCR/BCR profiling of the colorectal cancer 

patient may be used to prepare a report that details the most abundant T cell and B cell clones. In 

some embodiments, the top ten most abundant clones may be displayed. The most abundant clones 

may be assumed to represent expanded populations of B cells or T cells. In one embodiment, the 

TCR/BCR sequencing methods disclosed herein are utilized on multiple specimens collected from 

the patient at different times in order to track disease over time.  

[0571] Example 11 

[0572] In one example, a TCR/BCR profile may be generated for a patient having non-small 

cell lung cancer (NSCLC) and an EGFR mutation. The TCR/BCR profile may be analyzed for 

CDR3 sequences likely to recognize peptides encoded by the mutated EGFR gene.  

[0573] Subject sample preparation and sequencing may be performed as described in Example 

2. Analysis may be performed as previously described in Example 2.  

[0574] The novel hybrid capture approach described in the current application may be used in 

conjunction with sequencing to develop an immune profile for an individual suffering from non

small cell lung cancer. In some embodiments, the patient harbors a mutation in EGFR. In some 

embodiments, an immune profile developed from the individual harboring EGFR mutation 

contains TCR clonotypes that recognize the EGFR neoantigen. In some embodiments, these 

clonotype sequences may be used to select lymphocyte clones for generation of patient-specific 

precision medicine therapies. In some embodiments, the putative neoantigen specific clonotypes 

derived from patient immune profiles may be used to assemble a database of such clonotypes. In 

some embodiments, the database of neoantigen-associated clonotypes may be further used in 

comparison to patients with unknown mutational status of EGFR. In some embodiments, the 

database of neoantigen-associated clonotypes may be used to diagnose patients with EGFR 

mutation based on their immune profile, in addition to or without requiring a biopsy and an 

additional sequencing step.  

[0575] In some embodiments, the immune profile developed from the patient suffering from 

non-small cell lung cancer may be used to select the appropriate therapy to treat the tumor. In 

further embodiments, the therapy chosen to treat the colorectal cancer based on the immune profile 
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is selected from the following: a cytotoxic chemotherapy, a targeted therapy, for example a Janus 

kinase inhibitor, or an immunotherapy. In some embodiments, the immunotherapy chosen is 

selected from the group consisting of: checkpoint blockade therapy, CAR T cell therapy, CAR M 

therapy, a cancer vaccine, or other immune oncological modality.  

[0576] In some embodiments, the results of the TCR/BCR profiling of the NSCLC patient may 

be used to prepare a report that details the most abundant T cell and B cell clones. In some 

embodiments, the top ten most abundant clones may be displayed. The most abundant clones may 

be assumed to represent expanded populations of B cells or T cells. In one embodiment, the 

TCR/BCR sequencing methods disclosed herein are utilized on multiple specimens collected from 

the patient at different times in order to track disease over time.  
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CLAIMS 

1. A method of determining a TCR/BCR profile of a patient, the method comprising: 

a) isolating RNA from a sample from the patient; 

b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set 

of hybrid-capture probes; 

c) determining the sequence of the RNA of (b) to generate sequencing data; and 

d) analyzing the sequencing data to determine the TCR/BCR profile of the patient, 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool comprising BCR 

constant region probes, a second pool comprising BCR non-constant region probes, a third pool 

comprising TCR constant region probes, a fourth pool comprising TCR non-constant region 

probes, and a fifth pool comprising transcriptome hybrid-capture probes.  

2. The method of claim 1, wherein the ratio of the first pool, second pool, third pool, and 

fourth pool within the set is 1:2.5:100:100.  

3. The method of claim 1, wherein the ratio of the first pool, second pool, third pool, fourth 

pool, and fifth pool within the set is 1:2.5:100:100:10.  

4. The method of claim 3, wherein 2% or less of the reads in the sequencing data map to 

TCR/BCR genes.  

5. The method of claim 1, wherein step (c) comprises whole transcriptome sequencing or 

short-read sequencing.  

6. The method of claim 1 wherein step (d) comprises identifying a plurality of TCR/BCR 

clones in the sample.  

7. The method of claim 1 wherein step (d) comprises identifying the most abundant 

TCR/BCR clones in the sample.  

8. The method of claim 1 wherein step (d) comprises identifying the most abundant non

constant region sequences in the sample.  
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9. The method of claim 1, wherein the sample is a blood sample or a solid tumor sample.  

10. A method of determining the TCR/BCR profile of a patient, the method comprising: 

a) isolating RNA from a sample from the patient; 

b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set 

of transcriptome hybrid-capture probes; 

c) determining the sequence of the RNA of (b) to generate sequencing data; and 

d) analyzing the sequencing data to determine the TCR/BCR profile of the patient, 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool comprising BCR 

constant region probes, a second pool comprising BCR non-constant region probes, a third pool 

comprising TCR constant region probes, and a fourth pool comprising TCR non-constant region 

probes, wherein the ratio of the transcriptome targeting panel probe pool; first pool, second pool, 

third pool, and fourth pool within the set is 10:1:2.5:100:100, wherein 2% or less of the reads in 

the sequencing data map to TCR/BCR genes.  

11. The method of any of the previous claims, wherein step (c) comprises whole transcriptome 

sequencing or short-read sequencing.  

12. The method of any of the previous claims, comprising: comparing the patient's BCR/TCR 

profile with a control TCR/BCR profile and identifying the patient as having a disease or medical 

condition based on the comparison.  

13. The method of claim 12, wherein the disease or condition is an infectious disease, a cancer, 

an autoimmune disease, or an allergy.  

14. The method of claim 13, wherein the cancer or infectious disease is one or more provided 

in the list in embodiment 114.  

15. The method of any one of claims 1-11, wherein analyzing comprises determining the 

presence or extent of tumor lymphocyte infiltration.  

16. The method of any one of claims 12-14, further comprising treating the patient with a 

therapy.  

17. The method of claim 16, wherein the therapy is an immunotherapeutic agent.  
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18. The method of claim 17, wherein the immunotherapeutic agent is a vaccine.  

19. The method of claim 17, wherein the immunotherapeutic agent is a chimeric antigen 

receptor (CAR) T cell.  

20. A method for treating a disease or condition of a patient, the method comprising: 

a) isolating RNA from a sample from the patient; 

b) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set 

of hybrid-capture probes; 

c) determining the sequence of the RNA of (b) to generate sequencing data; and 

d) analyzing the sequencing data, wherein the analysis comprises identifying the 

most abundant TCR/BCR clones in the sample and optionally, determining the TCR/BCR 

profile of the patient; 

wherein the set of TCR/BCR hybrid-capture probes comprises a first pool comprising BCR 

constant region probes, a second pool comprising BCR non-constant region probes, a third 

pool comprising TCR constant region probes a fourth pool comprising TCR non-constant 

region probes; and a fifth pool comprising transcriptome hybrid-capture probes; and 

e) treating the patient.  

21. The method of claim 20, wherein the ratio of the first pool, second pool, third pool, and 

fourth pool within the set is 1:2.5:100:100.  

22. The method of claim 20, wherein the ratio of the first pool, second pool, third pool, fourth 

pool, and fifth pool within the set is 1:2.5:100:100:10.  

23. The method of claim 22, wherein 2% or less of the reads in the sequencing data map to 

TCR/BCR genes.  

24. The method of claim 20, wherein the treatment comprises expanding the most abundant 

TCR/BCR clones in vitro and administering the expanded clones to the patient.  

25. The method of claim 20, wherein step (d) comprises identifying the most abundant TCR 

non-constant region sequences in the sample, and wherein the treatment administered in step (e) 
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comprises administering a CAR-T cell therapy, wherein the CAR-T cell comprises at least one of 

the most abundant TCR non-constant region sequences.  

26. A method for characterizing the effect of a therapy on the TCR/BCR profile of a patient, 

the method comprising: 

a) at a first time point before the therapy is administered: 

i) isolating RNA from a sample from the patient; 

ii) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set 

of transcriptome hybrid-capture probes; 

iii) determining the sequence of the RNA of (b) to generate sequencing data; and 

iv) analyzing the sequencing data to determine the TCR/BCR profile of the patient; 

and 

b) at a second time point after the therapy has been administered: 

i) isolating RNA from a sample from the patient; 

ii) enriching the isolated RNA for TCR/BCR genes using a set of TCR/BCR hybrid

capture probes and enriching for a targeted whole transcriptome panel using a set 

of transcriptome hybrid-capture probes; 

iii) determining the sequence of the RNA of (b) to generate sequencing data; and 

iv) analyzing the sequencing data to determine the TCR/BCR profile of the patient; 

and 

c) comparing the TCR/BCR profile determined in step (a) to the TCR/BCR profile 

determined in step (b) to characterize the effect of the therapy on the TCR/BCR profile of 

the patient; 

wherein the set of hybrid-capture probes comprises a first pool comprising TCR constant region 

probes, a second pool comprising TCR non-constant region probes, a third pool comprising BCR 

constant region probes, a fourth pool comprising BCR non-constant region probes, and fifth pool 

comprising transcriptome hybrid-capture probes.  
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27. The method of claim 26, wherein the ratio of the first pool, second pool, third pool, and 

fourth pool within the set is 1:2.5:100:100.  

28. The method of claim 27, wherein the ratio of the first pool, second pool, third pool, fourth 

pool, and fifth pool within the set is 1:2.5:100:100:10.  

29. The method of claim 28, wherein 2% or less of the reads in the sequencing data map to 

TCR/BCR genes.  
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