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COMPOSITIONS AND METHODS FOR EVALUATING 

GENOMIC ALTERATIONS 

 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 62/683,469, filed June 5 

11, 2018.  The contents of the aforementioned application are hereby incorporated by reference in 

their entirety. 

SEQUENCE LISTING 

The instant application contains a Sequence Listing which has been submitted electronically 

in ASCII format and is hereby incorporated by reference in its entirety.  Said ASCII copy, created 10 

on June 6, 2019, is named F2036-7072WO_SL.txt and is 840 bytes in size. 

 

FIELD OF THE INVENTION 

The invention relates to compositions and methods for evaluating genomic alterations. 

 15 

BACKGROUND OF THE INVENTION 

Cancer cells accumulate mutations during cancer development and progression.  These 

mutations may be the consequence of intrinsic malfunction of DNA repair, replication, or 

modification, or exposures to external mutagens.  Certain mutations have conferred growth 

advantages on cancer cells and are positively selected in the microenvironment of the tissue in which 20 

the cancer arises.  While the selection of advantageous mutations contributes to tumorigenesis, the 

likelihood of generating tumor neoantigens and subsequent immune recognition may also increase as 

mutations develop (Gubin and Schreiber. Science 350:158-9, 2015).  Therefore, total mutational 

burden, as measured by whole exome sequencing (WES), can be used to guide patient treatment 

decisions, for example, to predict a durable response to a cancer immunotherapy.  However, 25 

translating genomic studies to routine clinical practice remains problematic as whole exome 

sequencing is not widely available and is expensive, time intensive, and technically challenging.   

Therefore, the need still exists for novel approaches, including genomic profiling targeting a 

subset of the genome or exome from patient samples. 

 30 

SUMMARY  

The present disclosure features a plurality of target capture reagents, comprising first target 

capture reagents (R1s) and second target capture reagents (R2s),  

wherein: 

R1s comprise R1s that comprise a functional first member of a binding pair (e.g., a binding 35 

pair described herein), and optionally, R1s that lack a functional first member of the binding pair; and 
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R2s comprise R2s that comprise a functional first member of the binding pair and R2s that 

lack a functional first member of the binding pair; 

wherein the first member of the binding pair is capable of binding to a second member of the 

binding pair disposed on substrate, and 

wherein the proportion of R1s that comprises a functional first member of the binding pair is 5 

greater than the proportion of R2s that comprise a functional first member of the binding pair.

In one aspect, the present disclosure refers to a plurality of target capture reagents, comprising 
first target capture reagents (R1s), wherein each R1comprises the same first nucleic acid sequence 
configured to hybridize to a first target nucleic acid sequence, and second target capture reagents 
(R2s), wherein each R2 comprises the same second nucleic acid sequence configured to hybridize to a 10 
second target nucleic acid sequence, wherein: 

at least a portion of the R1s comprise a first member of a binding pair; and 
a first portion of the R2s comprise the first member of the binding pair and  
a second portion of the R2s lack the first member of the binding pair; 

wherein the first member of the binding pair is capable of binding to a second member of the 15 
binding pair disposed on substrate, and 

wherein the proportion of R1s that comprises a first member of the binding pair is greater 
than the proportion of R2s that comprise a first member of the binding pair. 

In some examples of the plurality of target capture reagents, the proportion of R1s that 

comprise a functional first member of the binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 20 

40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the 

proportion of R2s that comprise a functional first member of the binding pair. 

In some examples of the plurality of target capture reagents, each of the R1s is capable of 

forming a first fragment/first target capture reagent (F1/R1) hybrid, and each of the R2s is capable of 

forming a second fragment/second target capture reagent (F2/R2) hybrid, and wherein F1, F2, or both, 25 

comprises a subject interval from a gene described in Tables 1A-5A. 

In some examples, F1 comprises a high sequencing depth event.  

In some examples, F2 comprises a low sequencing depth event. In other examples, the level 

of the low sequencing depth event is associated with determination of one or more biomarkers, e.g., 

tumor mutational burden (TMB), or microsatellite instability (MSI). 30 

In some examples, the plurality of target capture reagents further comprises third target 

capture reagents (R3s),  

wherein R3s comprise R3s that comprise a functional first member of the binding pair and 

R3s that lack a functional first member of the binding pair;  35 

wherein the first member of the binding pair is capable of binding to a second member of the 

binding pair disposed on substrate, and  

wherein the proportion of R2s that comprises a functional first member of the binding pair is 

greater (e.g., at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 
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500, 600, 700, 800, 900, or 1,000-fold) than the proportion of R3s that comprise a functional first 

member of the binding pair. 

In some examples of the plurality of target capture reagents, each of the R3s is capable of 

forming a third fragment/first target capture reagent (F3/R3) hybrid, and wherein F3 comprises a 

subject interval from a gene described in Tables 1A-5A. 5 

In some examples of the plurality of target capture reagents, the ratio of R1s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R1s that lack a 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 10 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 15 

In some examples of the plurality of target capture reagents, the ratio of R1s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R1s that comprise a 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 20 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 25 

In some examples of the plurality of target capture reagents, the ratio of R2s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R2s that lack a 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 30 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 35 

In some examples of the plurality of target capture reagents, the ratio of R2s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R2s that comprise a 
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functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 5 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In some examples of the plurality of target capture reagents, the ratio of R3s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R3s that lack a 10 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 15 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In some examples of the plurality of target capture reagents, the ratio of R3s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R3s that comprise a 20 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 25 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In an example of the plurality of target capture reagents, the ratio of A to B is about 2% to 

about 50%, e.g., about 3% to about 40%, about 4% to about 30%, about 5% to about 25%, about 8% 30 

to about 20%, about 10% to about 15%, e.g., about 2%, about 3%, about 4%, about 5%, about 6%, 

about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 

15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, 

about 24%, about 25%, about 26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 

32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%, 35 

about 41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 

49%, or about 50%, wherein: 
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A comprises R1s (e.g., that comprise a functional first member of the binding pair), and R2s 

that lack a functional first member of a binding pair (e.g., a binding pair described herein); and 

B comprises R1s (e.g., that comprise a functional first member of a binding pair), and R2s 

that comprise a functional first member of a binding pair. 

 5 

In an example of the plurality of target capture reagents, the ratio of A to B is about 2% to 

about 50%, e.g., about 3% to about 40%, about 4% to about 30%, about 5% to about 25%, about 8% 

to about 20%, about 10% to about 15%, e.g., about 2%, about 3%, about 4%, about 5%, about 6%, 

about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 

15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, 10 

about 24%, about 25%, about 26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 

32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%, 

about 41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 

49%, or about 50%, wherein: 

A comprises R1s that comprise a functional first member of the binding pair; and R2s that 15 

lack a functional first member of a binding pair (e.g., a binding pair described herein); and 

B comprises R1s that comprise a functional first member of a binding pair and R2s that 

comprise a functional first member of a binding pair. 

 

In an example, the ratio of the plurality of target capture reagents is determined by an assay 20 

described in Example 1. In an example, the ratio is determined based on a first sequencing depth, e.g., 

the sequencing depth of one or more subgenomic intervals comprising a high sequencing depth event, 

e.g., as described herein. In an example, the ratio is determined based on a second sequencing depth, 

e.g., the sequencing depth of a different subgenomic interval, e.g., one or more subgenomic intervals 

comprising a low sequencing depth event. In an example, the ratio is determined based on a first 25 

sequencing depth, e.g., the sequencing depth of one or more subgenomic intervals comprising a high 

sequencing depth event, e.g., as described herein; and a second sequencing depth, e.g., the sequencing 

depth of a different subgenomic interval, e.g., one or more subgenomic intervals comprising a low 

sequencing depth event. In an example, the ratio is determined based on the sequencing depth of a 

first fragment (F1), e.g., an F1 comprising a high sequencing depth event. In an example, the ratio is 30 

determined based on the sequencing depth of a second fragment (F2), e.g., an F2 comprising a low 

sequencing depth event. In an example, the ratio is determined based on the sequencing depth of F1, 

e.g., an F1 comprising a high sequencing depth event; and the sequencing depth of F2, e.g., an F2 

comprising a low sequencing depth event.  

In an example, the ratio is determined based on the sequencing depth of one or more genes, 35 

e.g., pre-selected genes. In an example, the ratio is chosen by determining the sequencing depth of one 

or more genes or subgenomic intervals, e.g., pre-selected genes or pre-selected subgenomic intervals. 
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In an example, the ratio is altered, e.g., increased or decreased, based on the sequencing depth of one 

or more genes, e.g., pre-selected genes or pre-selected subgenomic intervals. In an example, the ratio 

is altered, e.g., increased or decreased, to obtain a pre-selected sequencing depth of one or more genes 

or subgenomic intervals. 

In an example, the plurality of target capture reagents has a ratio of target capture reagents 5 

that comprise a functional first member of a binding pair to target capture reagents that lack a  

functional first member of a binding pair that allows for a first sequencing depth. In an example, the 

plurality of target capture reagents has a ratio of target capture reagents that comprise a functional 

first member of a binding pair to target capture reagents that lack a functional first member of a 

binding pair that allows for a second sequencing depth.  In an example, the second sequencing depth 10 

is other than a first sequencing depth. In an example, the first sequencing depth is greater than the 

second sequencing depth, e.g., at least 1.1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold greater than the second 

sequencing depth. In an example, the first sequencing depth is about 1.1 to 10-fold, about 1.1 to 9-

fold, about 1.1 to 8 fold, about 1.1 to 7-fold, about 1.1 to 6-fold, about 1.1 to 5-fold, about 1.1 to 4-

fold, about 1.1 to 3-fold, about 1.1 to 2-fold, about 2 to 10-fold, about 3 to 10-fold, about 4 to 10-fold, 15 

about 5 to 10-fold, about 6 to 10-fold, about 7 to 10-fold, about 8 to 10-fold, or about 9 to 10-fold 

greater than the second sequencing depth. In an example, the first sequencing depth is about 1.1-fold, 

about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold, about 8-fold, about 

9-fold, about 10-fold greater than the second sequencing depth.  

In an example, the second sequencing depth is greater than the first sequencing depth, e.g., at 20 

least 1.1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold greater than the first sequencing depth. In an example, the 

second sequencing depth is about 1.1 to 10-fold, about 1.1 to 9-fold, about 1.1 to 8 fold, about 1.1 to 

7-fold, about 1.1 to 6-fold, about 1.1 to 5-fold, about 1.1 to 4-fold, about 1.1 to 3-fold, about 1.1 to 2-

fold, about 2 to 10-fold, about 3 to 10-fold, about 4 to 10-fold, about 5 to 10-fold, about 6 to 10-fold, 

about 7 to 10-fold, about 8 to 10-fold, or about 9 to 10-fold greater than the first sequencing depth. In 25 

an example, the second sequencing depth is about 1.1-fold, about 2-fold, about 3-fold, about 4-fold, 

about 5-fold, about 6-fold, about 7-fold, about 8-fold, about 9-fold, about 10-fold greater than the first 

sequencing depth. 

In an example, a first sequencing depth, e.g., F1 sequencing depth, is a narrow high 

sequencing depth, e.g., as described in Example 1. 30 

In an example, a second sequencing depth, e.g., F2 sequencing depth, is a wide moderate 

sequencing depth, e.g., as described in Example 1. 

In an example, a first sequencing depth, e.g., F2 sequencing depth, is a narrow high 

sequencing depth, e.g., as described in Example 1. 

In an example, a second sequencing depth, e.g., F1 sequencing depth, is a wide moderate 35 

sequencing depth, e.g., as described in Example 1. 
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In an example, F1 comprises a high sequencing depth event. In an example, the high 

sequencing depth event comprises an actionable event, e.g., an actionable event described herein.  In 

an example, the high sequencing depth event comprises a sequence (e.g., a subgenomic interval 

sequence) that is sequenced to a high sequencing depth, e.g., a depth which is at least 1, 2, 3, 4, 5, 6, 

7, 8, 9, or 10-fold greater, than a low sequencing depth event. 5 

 In an example, F1 does not comprise a low sequencing depth event. 

In an example, F2 comprises a low sequencing depth event. In an example, the low 

sequencing depth event comprises an event. In an example, the level of the low sequencing depth 

event is associated with determination of one or more biomarkers, e.g., tumor mutational burden 

(TMB), microsatellite instability (MSI), or both.  In an example, the low sequencing depth event 10 

comprises an actionable event, e.g., an actionable event described herein.  In an example, the low 

sequencing depth event does not comprise an actionable event, e.g., not an actionable event described 

herein.  In an example, the low sequencing depth event comprises a sequence (e.g., a subgenomic 

interval sequence) that is sequenced to a low sequencing depth, e.g., a depth which is less than 1, 2, 3, 

4, 5, 6, 7, 8, 9, or 10-fold lower, than a high sequencing depth event. 15 

In an example, F2 does not comprise a high sequencing depth event.  

 

In an example, the plurality of target capture reagents, e.g., R1s, R2s and/or R3s, is not 

limiting, e.g., is at an excess e.g., a molar excess, of about 100-2000X. In an example, the plurality of 

target capture reagents is at an excess, e.g., a molar excess, of about 100X, 200X, 300X, 400X, 500X, 20 

600X, 700X, 800X, 900X, 1000X, 1100X, 1200X, 1300X 1400X, 1500X, 1600X 1700X, 1800X, 

1900X, or 2000X. In an example, the plurality of target capture reagents is at an excess, e.g., a molar 

excess, of about 100-1900X, 100-1800X, 100-1700X, 100-1600X, 100-1500X, 100-1400X, 100-

1300X, 100-1200X, 100-1100X, 100-1000X, 100-900X, 100-800X, 100-700X, 100-600X, 100-500X, 

100-400X, 100-300X, 100-200X, 200-2000X, 300-2000X, 400-2000X, 500-2000X, 600-2000X, 700-25 

2000X, 800-2000X, 900-2000X, 1000-2000X, 1100-2000X, 1200-2000X, 1300-2000X, 1400-2000X, 

1500-2000X, 1600-2000X, 1700-2000X, 1800-2000X, or 1900-2000X. 

 

In an example of the plurality of target capture reagents, the concentrations of: (i) R2s 

comprising a first member; (ii) R2s not comprising a first member; and (iii) F2; are such that the 30 

proportion of R2s not comprising a first member to R2s comprising a first member affects the number 

of complexes of F2—R2s comprising a first member.  

In an example of the plurality of target capture reagents, the concentrations of: (i) R1s 

comprising a first member; (ii) R1s not comprising a first member; and (iii) F1; are such that the 

proportion of R1s not comprising a first member to R1s comprising a first member affects the number 35 

of complexes of F1—R1s comprising a first member.  
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In another example, disclosed herein is a method of analyzing a sample, comprising: 

contacting a plurality of first fragment/first target capture reagent (F1/R1) hybrids with 

substrate to form F1/R1 hybrid/substrate complexes; and  

contacting a plurality of second fragment/second target capture reagent (F2/R2) hybrids with 

substrate to form F2/R2 hybrid/substrate complexes, 5 

wherein the proportion of F1/R1 hybrids which bind to substrate is greater than the proportion 

of F2/R2 hybrids which bind to substrate, 

thereby analyzing the sample. 

In one aspect, the present disclosure refers to a method of analyzing a sample, comprising: 
contacting a plurality of first fragments (F1s) and a plurality of second fragments (F2s) with 10 

the plurality of target capture reagents as disclosed herein; 
contacting a plurality of first fragment/first target capture reagent (F1/R1) hybrids with 

substrate to form F1/R1 hybrid/substrate complexes; and 
contacting a plurality of second fragment/second target capture reagent (F2/R2) hybrids with 

substrate to form F2/R2 hybrid/substrate complexes, 15 
wherein the proportion of F1/R1 hybrids which bind to substrate is greater than the proportion 

of F2/R2 hybrids which bind to substrate, 
thereby analyzing the sample. 
In some examples, a portion of the R1s and a portion of the R2s comprise a functional first 

member of a binding pair. In some examples, the first member of the binding pair is capable of 20 
binding to a second member of the binding pair disposed on substrate. 

In some examples, a portion of the R1s, a portion of the R2s, or both, lack a functional first 
member of a binding pair, e.g., an altered or blocked first member that is not capable of binding, or 
has reduced binding affinity, to a second member of the binding pair disposed on substrate. 

In some examples, the R1s comprise R1s that comprise a functional first member of a binding 25 
pair and R1s that lack a functional first member of the binding pair; and the R2s comprise R2s that 
comprise a functional first member of a binding pair and R2s that lack a functional first member of 
the binding pair. 

In some examples, the proportion of R1s that comprise a functional first member of the 
binding pair is greater than the proportion of R2s that comprise a functional first member of the 30 
binding pair. 

In some examples, the proportion of R1s that comprise a functional first member of the 
binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 
400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the proportion of R2s that comprise a 
functional first member of the binding pair. 35 

In some examples, F1 comprises a high sequencing depth event.  

In some examples, F2 comprises a low sequencing depth event. In other examples, the level 

of the low sequencing depth event is associated with determination of one or more biomarkers, e.g., 

tumor mutational burden (TMB), or microsatellite instability (MSI). 

40 

In some examples, the proportion of R1s that comprise a functional first member of the 

binding pair and the proportion of R2s that comprise a functional first member of the binding pair are 

such that, upon formation of the F1/R1 hybrid/substrate complexes and the F2/R2 hybrid/substrate 

complexes, the number of F1s in the F1/R1 hybrid/substrate complexes and the number of F2s in the 

F2/R2 hybrid/substrate complexes have one or both of the following relationships: 45 

(i) the number of F1s is greater than, or is substantially the same as, the number of F2s; and/or 
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(ii) the number of F1s comprising an alteration in a first subject interval is greater than, or is 

substantially the same as, the number of F2s comprising an alteration in a second subject interval. 

In some examples, the number of F1s is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the number of 

F2s 5 

In some examples, the number of F1s comprising an alteration in a first subject interval is at 

least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 

800, 900, or 1,000-fold, greater than the number of F2s comprising an alteration in a second subject 

interval. 

In some examples, the first subject interval, the second subject interval, or both, is from a 10 

gene described in Tables 1A-5A. 

In some examples, the alteration in the first subject interval is present at a mutant allele 

frequency (MAF) of about 0.01-20%, e.g., about 0.02-19%, 0.03-18%, 0.04-17%, 0.05-16%, 0.06-

15%, 0.07-14%, 0.08-13%, 0.09-12%, 0.1-10%, 0.2-9%, 0.3-8%, 0.4-7%, 0.5-6%, 0.6-5%, 0.7-4%, 

0.8-3%, 0.9-2%, 1-1.9%, 1.1-1.8%, 1.2-1.7%, 1.3-1.6%, or 1.4-1.5%, in the sample. In some 15 

examples, the first subject interval is present at a mutant allele frequency (MAF) of equal to or greater 

than about 0.1% (e.g., equal to or greater than about 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, or 

0.9%, e.g., about 0.1% to 0.9%, 0.2% to 0.8%, 0.3% to 0.7%, or 0.4% to 0.6%) in the sample. In some 

examples, the first subject interval is present at a mutant allele frequency (MAF), of equal to or 

greater than about 1% (e.g., equal to or greater than about 2%, 3%, 4%, 5%, 6%, 7%, 8%, or 9%, e.g., 20 

about 1% to 9%, 2% to 8%, 3% to 7%, or 4% to 6%) in the sample. 

In some examples, F1, F2, or both, comprises a subject interval from a gene described in 

Tables 1A-5A. 

In some examples, the subject interval in F1 is sequenced to a first depth, and the subject 

interval in F2 is sequenced to a second depth, wherein the first depth is at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 25 

10-fold greater than the second depth. 

In some examples, F1 comprises a subject interval from a gene described in Tables 1A-5A, 

and wherein the subject interval comprises an alteration, e.g., a somatic alteration, e.g., a functional 

alteration in cancer. 

In some examples, the subject interval is sequenced to at least about 5,000X depth.  30 

In some examples, F2 comprises a subject interval from a gene described in Tables 1A-5A, 

and wherein the subject interval comprises an alteration, e.g., a somatic alteration, wherein the 

determination of the alteration is used for evaluating one or more genomic signatures, e.g., 

continuous/complex biomarkers, e.g., tumor mutational burden (TMB), e.g., blood tumor mutational 

burden (bTMB). 35 
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In some examples, the subject interval is sequenced to at least about 800X but less than about 

5,000X, e.g., for evaluating one or more genomic signatures, e.g., continuous/complex biomarkers, 

e.g., tumor mutational burden (TMB), e.g., blood tumor mutational burden (bTMB). 

In some examples, any of the methods disclosed herein further comprise contacting a plurality 

of third fragment/third target capture reagent (F3/R3) hybrids with substrate to form F3/R3 5 

hybrid/substrate complexes. 

In some examples, R3s comprise R3s that comprise a functional first member of the binding 

pair and R3s that lack a functional first member of the binding pair. 

In some examples, the proportion of R2s that comprise a functional first member of the 

binding pair is greater than the proportion of R3s that comprise a functional first member of the 10 

binding pair. 

In some examples, the proportion of R2s that comprise a functional first member of the 

binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 

400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the proportion of R3s that comprise a 

functional first member of the binding pair. 15 

In some examples of the plurality of target capture reagents, the ratio of R1s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R1s that lack a 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 20 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 25 

In some examples of the plurality of target capture reagents, the ratio of R1s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R1s that comprise a 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 30 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 35 

In some examples of the plurality of target capture reagents, the ratio of R2s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R2s that lack a 
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functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 5 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In some examples of the plurality of target capture reagents, the ratio of R2s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R2s that comprise a 10 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 15 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In some examples of the plurality of target capture reagents, the ratio of R3s that comprise a 

functional first member of a binding pair (e.g., a binding pair described herein) to R3s that lack a 20 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 25 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 

36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In some examples of the plurality of target capture reagents, the ratio of R3s that lack a 

functional first member of a binding pair (e.g., a binding pair described herein) to R3s that comprise a 30 

functional first member of the binding pair is about 2% to about 50%, e.g., about 3% to about 40%, 

about 4% to about 30%, about 5% to about 25%, about 8% to about 20%, about 10% to about 15%, 

e.g., about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, 

about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 

19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, 35 

about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 
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36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, 

about 45%, about 46%, about 47%, about 48%, about 49%, or about 50%. 

In an example of the plurality of target capture reagents, the ratio of A to B is about 2% to 

about 50%, e.g., about 3% to about 40%, about 4% to about 30%, about 5% to about 25%, about 8% 

to about 20%, about 10% to about 15%, e.g., about 2%, about 3%, about 4%, about 5%, about 6%, 5 

about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 

15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, 

about 24%, about 25%, about 26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 

32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%, 

about 41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 10 

49%, or about 50%, wherein: 

A comprises R1s (e.g., that comprise a functional first member of the binding pair), and R2s 

that lack a functional first member of a binding pair (e.g., a binding pair described herein); and 

B comprises R1s (e.g., that comprise a functional first member of a binding pair), and R2s 

that comprise a functional first member of a binding pair. 15 

 

In an example of the plurality of target capture reagents, the ratio of A to B is about 2% to 

about 50%, e.g., about 3% to about 40%, about 4% to about 30%, about 5% to about 25%, about 8% 

to about 20%, about 10% to about 15%, e.g., about 2%, about 3%, about 4%, about 5%, about 6%, 

about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%, about 20 

15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, 

about 24%, about 25%, about 26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 

32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about 40%, 

about 41%, about 42%, about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 

49%, or about 50%, wherein: 25 

A comprises R1s that comprise a functional first member of the binding pair; and R2s that 

lack a functional first member of a binding pair (e.g., a binding pair described herein); and 

B comprises R1s that comprise a functional first member of a binding pair and R2s that 

comprise a functional first member of a binding pair. 

 30 

In an example, the ratio of the plurality of target capture reagents is determined by an assay 

described in Example 1. In an example, the ratio is determined based on a first sequencing depth, e.g., 

the sequencing depth of one or more subgenomic intervals comprising a high sequencing depth event, 

e.g., as described herein. In an example, the ratio is determined based on a second sequencing depth, 

e.g., the sequencing depth of a different subgenomic interval, e.g., one or more subgenomic intervals 35 

comprising a low sequencing depth event. In an example, the ratio is determined based on a first 

sequencing depth, e.g., the sequencing depth of one or more subgenomic intervals comprising a high 
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sequencing depth event, e.g., as described herein; and a second sequencing depth, e.g., the sequencing 

depth of a different subgenomic interval, e.g., one or more subgenomic intervals comprising a low 

sequencing depth event. In an example, the ratio is determined based on the sequencing depth of a 

first fragment (F1), e.g., an F1 comprising a high sequencing depth event. In an example, the ratio is 

determined based on the sequencing depth of a second fragment (F2), e.g., an F2 comprising a low 5 

sequencing depth event. In an example, the ratio is determined based on the sequencing depth of F1, 

e.g., an F1 comprising a high sequencing depth event; and the sequencing depth of F2, e.g., an F2 

comprising a low sequencing depth event.  

In an example, the ratio is determined based on the sequencing depth of one or more genes, 

e.g., pre-selected genes. In an example, the ratio is chosen by determining the sequencing depth of one 10 

or more genes or subgenomic intervals, e.g., pre-selected genes or pre-selected subgenomic intervals. 

In an example, the ratio is altered, e.g., increased or decreased, based on the sequencing depth of one 

or more genes, e.g., pre-selected genes or pre-selected subgenomic intervals. In an example, the ratio 

is altered, e.g., increased or decreased, to obtain a pre-selected sequencing depth of one or more genes 

or subgenomic intervals. 15 

In an example, the plurality of target capture reagents has a ratio of target capture reagents 

that comprise a functional first member of a binding pair to target capture reagents that lack a  

functional first member of a binding pair that allows for a first sequencing depth. In an example, the 

plurality of target capture reagents has a ratio of target capture reagents that comprise a functional 

first member of a binding pair to target capture reagents that lack a functional first member of a 20 

binding pair that allows for a second sequencing depth.  In an example, the second sequencing depth 

is other than a first sequencing depth. In an example, the first sequencing depth is greater than the 

second sequencing depth, e.g., at least 1.1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold greater than the second 

sequencing depth. In an example, the first sequencing depth is about 1.1 to 10-fold, about 1.1 to 9-

fold, about 1.1 to 8 fold, about 1.1 to 7-fold, about 1.1 to 6-fold, about 1.1 to 5-fold, about 1.1 to 4-25 

fold, about 1.1 to 3-fold, about 1.1 to 2-fold, about 2 to 10-fold, about 3 to 10-fold, about 4 to 10-fold, 

about 5 to 10-fold, about 6 to 10-fold, about 7 to 10-fold, about 8 to 10-fold, or about 9 to 10-fold 

greater than the second sequencing depth. In an example, the first sequencing depth is about 1.1-fold, 

about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold, about 8-fold, about 

9-fold, about 10-fold greater than the second sequencing depth.  30 

In an example, the second sequencing depth is greater than the first sequencing depth, e.g., at 

least 1.1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold greater than the first sequencing depth. In an example, the 

second sequencing depth is about 1.1 to 10-fold, about 1.1 to 9-fold, about 1.1 to 8 fold, about 1.1 to 

7-fold, about 1.1 to 6-fold, about 1.1 to 5-fold, about 1.1 to 4-fold, about 1.1 to 3-fold, about 1.1 to 2-

fold, about 2 to 10-fold, about 3 to 10-fold, about 4 to 10-fold, about 5 to 10-fold, about 6 to 10-fold, 35 

about 7 to 10-fold, about 8 to 10-fold, or about 9 to 10-fold greater than the first sequencing depth. In 

an example, the second sequencing depth is about 1.1-fold, about 2-fold, about 3-fold, about 4-fold, 
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about 5-fold, about 6-fold, about 7-fold, about 8-fold, about 9-fold, about 10-fold greater than the first 

sequencing depth. 

In an example, a first sequencing depth, e.g., F1 sequencing depth, is a narrow high 

sequencing depth, e.g., as described in Example 1. 

In an example, a second sequencing depth, e.g., F2 sequencing depth, is a wide moderate 5 

sequencing depth, e.g., as described in Example 1. 

In an example, a first sequencing depth, e.g., F2 sequencing depth, is a narrow high 

sequencing depth, e.g., as described in Example 1. 

In an example, a second sequencing depth, e.g., F1 sequencing depth, is a wide moderate 

sequencing depth, e.g., as described in Example 1. 10 

 

In an example, the plurality of target capture reagents, e.g., R1s, R2s and/or R3s, is not 

limiting, e.g., is at an excess e.g., a molar excess, of about 100-2000X. In an example, the plurality of 

target capture reagents is at an excess, e.g., a molar excess, of about 100X, 200X, 300X, 400X, 500X, 

600X, 700X, 800X, 900X, 1000X, 1100X, 1200X, 1300X 1400X, 1500X, 1600X 1700X, 1800X, 15 

1900X, or 2000X. In an example, the plurality of target capture reagents is at an excess, e.g., a molar 

excess, of about 100-1900X, 100-1800X, 100-1700X, 100-1600X, 100-1500X, 100-1400X, 100-

1300X, 100-1200X, 100-1100X, 100-1000X, 100-900X, 100-800X, 100-700X, 100-600X, 100-500X, 

100-400X, 100-300X, 100-200X, 200-2000X, 300-2000X, 400-2000X, 500-2000X, 600-2000X, 700-

2000X, 800-2000X, 900-2000X, 1000-2000X, 1100-2000X, 1200-2000X, 1300-2000X, 1400-2000X, 20 

1500-2000X, 1600-2000X, 1700-2000X, 1800-2000X, or 1900-2000X. 

In an example of the plurality of target capture reagents, the concentrations of: (i) R2s 

comprising a first member; (ii) R2s not comprising a first member; and (iii) F2; are such that the 

proportion of R2s not comprising a first member to R2s comprising a first member affects the number 

of complexes of F2—R2s comprising a first member.  25 

In an example of the plurality of target capture reagents, the concentrations of: (i) R1s 

comprising a first member; (ii) R1s not comprising a first member; and (iii) F1; are such that the 

proportion of R1s not comprising a first member to R1s comprising a first member affects the number 

of complexes of F1—R1s comprising a first member.  

 30 

In some examples, the proportion of R2s that comprise a functional first member of the 

binding pair and the proportion of R3s that comprise a functional first member of the binding pair are 

such that, upon formation of the F2/R2 hybrid/substrate complexes and the F3/R3 hybrid/substrate 

complexes, the number of F2s in the F2/R2 hybrid/substrate complexes and the number of F3s in the 

F3/R3 hybrid/substrate complexes have one or both of the following relationships: 35 

(i) the number of F2s is greater than the number of F3s; and/or 
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(ii) the number of F2s comprising an alteration in a second subject interval is greater than the 

number of F3s comprising an alteration in a third subject interval. 

In some examples, the number of F2s is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the number of 

F3s. 5 

In some examples, the number of F2s comprising an alteration in a second subject interval is 

at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 

700, 800, 900, or 1,000-fold, greater than the number of F3s comprising an alteration in a third subject 

interval. 

In some examples, the second subject interval, the third subject interval, or both, is from a 10 

gene described in Tables 1A-5A. 

In some examples, one, two or all of F1, F2, or F3 comprises a subject interval from a gene 

described in Tables 1A-5A. 

In some examples, the subject interval in F2 is sequenced to a second depth, and the subject 

interval in F3 is sequenced to a third depth, wherein the second depth is at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 15 

10-fold greater than the third depth. 

In some examples, F3 comprises a subject interval from a gene described in Tables 1A-5A, 

and wherein the subject interval comprises a germline alteration, e.g., a germline single nucleotide 

polymorphism (SNP). 

In some examples, the subject interval is sequenced to at least about 100X depth but less than 20 

about 800X. 

In some examples, any of the methods disclosed herein further comprises providing the 

sample from a subject. In some examples, the sample comprises DNA, e.g., genomic DNA, e.g., cell-

free DNA (cfDNA) or circulating tumor DNA (ctDNA). In some examples, the sample comprises 

RNA, e.g., mRNA. In some examples, the method further comprises providing cDNA from RNA. 25 

In some examples, any of the methods disclosed herein further comprises obtaining, e.g., 

isolating, nucleic acids from the sample. 

In some examples, any of the methods disclosed herein further comprises fragmenting nucleic 

acids in the sample to provide F1 and F2. 

In some examples, any of the methods disclosed herein further comprises amplifying F1 to 30 

provide a plurality of F1s, and amplifying F2 to provide a plurality of F2s. 

In some examples, any of the methods disclosed herein further comprises attaching adapter 

sequences to F1 and F2 to provide adapterized F1 (AF1) and adapterized F2 (AF2). 

In some examples, any of the methods disclosed herein further comprises amplifying AF1 to 

provide a plurality of AF1s, and amplifying AF2 to provide a plurality of AF2s. 35 
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In some examples, any of the methods disclosed herein further comprises contacting a 

plurality of F1s to R1 to provide a plurality of F1/R1 hybrids, and contacting a plurality of F2s to R2 

to provide a plurality of F2/R2 hybrids. 

In some examples, any of the methods disclosed herein further comprises contacting a 

plurality of AF1s to R1 to provide a plurality of AF1/R1 hybrids, and contacting a plurality of AF2s to 5 

R2 to provide a plurality of AF2/R2 hybrids. 

In some examples, a method disclosed herein comprises contacting a plurality of F1/R1 

hybrids with substrate to form F1/R1 hybrid/substrate complexes comprises contacting a plurality of 

AF1/R1 hybrids with substrate to form AF1/R1 hybrid/substrate complexes; and contacting a plurality 

of F2/R2 hybrids with substrate to form F2/R2 hybrid/substrate complexes comprises contacting a 10 

plurality of AF2/R2 hybrids with substrate to form AF2/R2 hybrid/substrate complexes. 

In some examples, the contacting occurs in solution or on a solid surface. 

In some examples of any of the methods disclosed herein, the first member of the binding pair 

comprises a biotin moiety, and wherein the second member of the binding pair comprises a 

streptavidin or avidin (or a modified version, e.g., NeutrAvidin or CaptAvidin) moiety. 15 

In some examples of any of the methods disclosed herein, the first member of the binding pair 

comprises a digoxigenin moiety, and wherein the second member of the binding pair comprises an 

anti-digoxigenin antibody moiety.  

In some examples of any of the methods disclosed herein, the first member of the binding pair 

comprises an FITC moiety, and wherein the second member of the binding pair comprises an anti-20 

FITC antibody moiety. 

In some examples of any of the methods disclosed herein, the first member of the binding pair 

in R1 is coupled to a moiety (e.g., a nucleotide sequence) in R1 that captures (e.g., hybridizes to) F1 

via a linker. In some examples, the first member of the binding pair in R2 is coupled to a moiety (e.g., 

a nucleotide sequence) in R2 that captures (e.g., hybridizes to) F2 via a linker. In some examples, the 25 

linker is a cleavable linker. 

In some examples, any of the methods disclosed herein further comprises sequencing F1 from 

the plurality of F1/R1 hybrid/substrate complexes, and sequencing F2 from the plurality of F2/R2 

hybrid/substrate complexes. In some examples, F1 is sequenced to a greater depth than F2, e.g., at 

least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10-fold greater. 30 

In yet another example, the disclosure provides a method of analyzing a sample, comprising: 

a) providing a plurality of first fragment/first target capture reagent (F1/R1) hybrids and a 

plurality of second fragment/second target capture reagent (F2/R2) hybrids, 

wherein the proportion of R1s that comprise a functional first member of the binding pair is 35 

greater than the proportion of R2s that comprise a functional first member of the binding pair, and 
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wherein the first member of the binding pair is capable of binding to a second member of the 

binding pair disposed on substrate; 

b) contacting the plurality of F1/R1 hybrids with substrate to form F1/R1 hybrid/substrate 
complexes, and contacting the plurality of F2/R2 hybrids with substrate to form F2/R2 
hybrid/substrate complexes, 5 

wherein the proportion of F1/R1 hybrids which bind to the substrate is greater than the 
proportion of F2/R2 hybrids which bind to the substrate; and 

c) sequencing F1 from the plurality of F1/R1 hybrid/substrate complexes, and sequencing F2 
from the plurality of F2/R2 hybrid/substrate complexes, 

wherein F1 is sequenced to a greater depth than F2, 10 
thereby analyzing the sample. 

In one aspect, the present disclosure refers to a method of analyzing a sample, comprising: 
a) contacting a plurality of first fragments (F1s) and a plurality of second fragments (F2s) 

with the plurality of target capture reagents as disclosed herein to provide a plurality of first 
fragment/first target capture reagent (F1/R1) hybrids and a plurality of second fragment/second target 15 
capture reagent (F2/R2) hybrids; 

b) contacting the plurality of F1/R1 hybrids with substrate to form F1/R1 hybrid/substrate 
complexes, and contacting the plurality of F2/R2 hybrids with substrate to form F2/R2 
hybrid/substrate complexes, 

wherein the proportion of F1/R1 hybrids which bind to the substrate is greater than the 20 
proportion of F2/R2 hybrids which bind to the substrate; and 

c) sequencing F1 from the plurality of F1/R1 hybrid/substrate complexes, and sequencing F2 
from the plurality of F2/R2 hybrid/substrate complexes, 

wherein F1 is sequenced to a greater depth than F2, 
thereby analyzing the sample. 25 
In an example, disclosed herein is a method of analyzing a sample, comprising: 
1) providing a sample, e.g., a sample comprising genomic DNA, e.g., cell-free DNA (cfDNA) 

or circulating tumor DNA (ctDNA), from a subject; 
2) obtaining, e.g., isolating, nucleic acids from the sample; 
3) fragmenting the nucleic acids to provide a plurality of fragments (Fs); 30 
4) attaching adapter sequences to the plurality of fragments (Fs) to provide a plurality of 

adapterized fragments (AFs); 
5) amplifying a first AF (AF1) to provide a plurality of AF1, and amplifying a second AF 

(AF2) to provide a plurality of AF2; 
6) contacting a plurality of AF1 with first target capture reagents (R1s), each comprising a 35 

nucleotide sequence that hybridizes to AF1, to provide a plurality of AF1/R1 hybrids, and contacting 
a plurality of AF2 with second target capture reagents (R2s), each comprising a nucleotide sequence 
that hybridizes to AF2, to provide a plurality of AF2/R2 hybrids,  

wherein a portion of the R1s and a portion of the R2s comprise a functional first member of a 
binding pair, and wherein the first member of the binding pair is capable of binding to a second 40 
member of the binding pair disposed on substrate, and 

wherein a portion of the R1s, a portion of the R2s, or both, lack a functional first member of a 

binding pair;  

7) contacting the plurality of AF1/R1 hybrids with substrate to form AF1/R1 hybrid/substrate 
complexes, and contacting the plurality of AF2/R2 hybrids with substrate to form AF2/R2 45 
hybrid/substrate complexes, 

wherein the proportion of AF1/R1 hybrids which bind to the substrate is greater than the 
proportion of AF2/R2 hybrids which bind to the substrate; and 

8) sequencing AF1 from the plurality of AF1/R1 hybrid/substrate complexes, and sequencing 

AF2 from the plurality of AF2/R2 hybrid/substrate complexes, 50 
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optionally, wherein AF1 is sequenced to a greater depth than AF2, e.g., at least 1, 2, 3, 4, 5, 6, 
7, 8, 9, or 10-fold greater; 

thereby analyzing the sample. 
In one aspect, the present disclosure refers to a method of analyzing a sample, comprising: 
1) providing a sample, e.g., a sample comprising genomic DNA, e.g., cell-free DNA (cfDNA) or 5 

circulating tumor DNA (ctDNA), from a subject; 
2) obtaining, e.g., isolating, nucleic acids from the sample; 
3) fragmenting the nucleic acids to provide a plurality of fragments (Fs); 
4) attaching adapter sequences to the plurality of fragments (Fs) to provide a plurality of 

adapterized fragments (AFs); 10 
5) amplifying a first AF (AF1) to provide a plurality of AF1, and amplifying a second AF (AF2) 

to provide a plurality of AF2; 
6) contacting a plurality of AF1 and a plurality of AF2 with the plurality of target capture reagents 

as disclosed herein to provide a plurality of AF1/R1 hybrids and a plurality of AF2/R2 hybrids; 
7) contacting the plurality of AF1/R1 hybrids with substrate to form AF1/R1 hybrid/substrate 15 

complexes, and contacting the plurality of AF2/R2 hybrids with substrate to form AF2/R2 hybrid/substrate 
complexes, 

wherein the proportion of AF1/R1 hybrids which bind to the substrate is greater than the 
proportion of AF2/R2 hybrids which bind to the substrate; and 

8) sequencing AF1 from the plurality of AF1/R1 hybrid/substrate complexes, and sequencing AF2 20 
from the plurality of AF2/R2 hybrid/substrate complexes, 

optionally, wherein AF1 is sequenced to a greater depth than AF2, e.g., at least 1, 2, 3, 4, 5, 6, 7, 
8, 9, or 10-fold greater; 

thereby analyzing the sample. 

In some examples, any of the methods disclosed herein further comprises acquiring a library 25 
comprising a plurality of nucleic acid molecules from the sample. 

In some examples, any of the methods disclosed herein further comprises contacting the library 
with target capture reagents to provide selected nucleic acid molecules, wherein said target capture 
reagents hybridize with the nucleic acid molecule, thereby providing a library catch. 
In some examples, any of the methods disclosed herein further comprises acquiring a read for a subject 30 
interval comprising an alteration (e.g., a somatic alteration) from a nucleic acid molecule from said library 
or library catch, thereby acquiring a read for the subject interval, e.g., by a next-generation sequencing 
method.  

In some examples, the method comprises acquiring reads for subject intervals in a plurality of 
genes.  35 

In some examples, the plurality of genes comprises genes in mutant form, e.g., the mutant 
genes are associated with an effect on cell division, growth or survival, or are associated with cancer. 
In some examples, the plurality of genes comprises at least about 50 or more, about 100 or more, 
about 150 or more, about 200 or more, about 250 or more, about 300 or more, about 350 or more, 
about 400 or more, about 450 or more, about 500 or more genes, or about 1,000 or more genes, or all 40 
genes for whole exon sequencing (WES).  

In some examples, the plurality of genes comprises at least about 50 or more, about 100 or 
more, about 150 or more, about 200 or more, about 250 or more, about 300 or more, or all of the 
genes described in Tables 1A-5A. 

In some examples, acquiring reads for subject intervals comprises sequencing subject 45 
intervals from at least about 50 or more, about 100 or more, about 150 or more, about 200 or more, 
about 250 or more, about 300 or more, or all of the genes described in Tables 1A-5A. 

In some examples, subject intervals are sequenced to greater than about 100X, greater than 
about 250X, greater than about 500X, greater than about 800X, greater than about 1,000X, greater 
than about 2,000X, greater than about 3,000X, greater than about 4,000X, or greater than about 50 
5,000X, average depth. 

In some examples, subject intervals are sequenced to greater than about 100X, greater than 
about 250X, greater than about 500X, greater than about 800X, greater than about 1,000X, greater 
than about 2,000X, greater than about 3,000X, greater than about 4,000X, or greater than about 
5,000X, average depth, at greater than about 95%, greater than about 97%, or greater than about 99%, 55 
of the genes (e.g., exons) sequenced. 
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In some examples, any of the methods disclosed herein further comprises aligning said read 

by an alignment method. 

In some examples, any of the methods disclosed herein further comprises assigning a 

nucleotide value from said read for a nucleotide position. 

In some examples of any of the methods disclosed herein, evaluating one or more genomic 5 

signatures, e.g., continuous/ complex biomarkers in the sample, e.g., tumor mutational burden (TMB), 

e.g., blood TMB (bTMB). 

In some examples, the sample is a blood sample and bTMB is evaluated. 

In some examples, any of the methods disclosed herein further comprises characterizing an 

alteration in the sample as a somatic or germline alteration. 10 

In some examples, any of the methods disclosed herein further comprises determining the 

zygosity of an alteration in the sample. 

In some examples, any of the methods disclosed herein further comprises classifying the 

sample or a subject from which the sample was obtained responsive to the analysis of the sample. 

In some examples, any of the methods disclosed herein further comprises providing a report, 15 

e.g., an electronic, web-based, or paper report, to the subject from which the sample is obtained or to 

another person or entity, a caregiver, a physician, an oncologist, a hospital, clinic, third-party payor, 

insurance company or government office.   

 

Any of the compositions and methods disclosed herein can be combined with one or more of 20 

the examples below. 

 

MULTIGENE ANALYSIS 

The methods and compositions described herein can be used to evaluate a set of subject 

intervals, e.g., from a set of genes or gene products described herein. 25 

In certain examples, the set of genes comprises a plurality of genes, which in mutant form, are 

associated with an effect on cell division, growth or survival, or are associated with a cancer, e.g., a 

cancer described herein.   

In certain examples, the set of genes comprises at least about 50 or more, about 100 or more, 

about 150 or more, about 200 or more, about 250 or more, about 300 or more, about 350 or more, 30 

about 400 or more, about 450 or more, about 500 or more, about 550 or more, about 600 or more, 

about 650 or more, about 700 or more, about 750 or more, or about 800 or more genes, e.g., as 

described herein.  In some examples, the set of genes comprises at least about 50 or more, about 100 

or more, about 150 or more, about 200 or more, about 250 or more, about 300 or more, or all of the 

genes chosen described in Tables 1A-5A. 35 

In certain examples, the method comprises acquiring a library comprising a plurality of tumor 

nucleic acid molecules from the sample.  In certain examples, the method further comprises 
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contacting a library with target capture reagents to provide selected tumor nucleic acid molecules, 

wherein said target capture reagents hybridize with a tumor nucleic acid molecule from the library, 

thereby providing a library catch.  In certain examples, the method further comprises acquiring a read 

for a subject interval comprising an alteration (e.g., somatic alteration) from a tumor nucleic acid 

molecule from a library or library catch, thereby acquiring a read for the subject interval, e.g., by a 5 

next-generation sequencing method.  In certain examples, the method further comprises aligning a 

read for the subject interval by an alignment method, e.g., an alignment method described herein.  In 

certain examples, the method further comprises assigning a nucleotide value for a nucleotide position 

from a read for the subject interval, e.g., by a mutation calling method described herein. 

In certain examples, the method comprises one, two, three, four, or all of: 10 

(a) acquiring a library comprising a plurality of tumor nucleic acid molecules from a sample; 

(b) contacting the library with a plurality of target capture reagents to provide selected tumor 

nucleic acid molecules, wherein said plurality of target capture reagents hybridize with the tumor 

nucleic acid molecules, thereby providing a library catch; 

(c) acquiring a read for a subject interval comprising the alteration (e.g., somatic alteration) 15 

from a tumor nucleic acid molecule from said library catch, thereby acquiring a read for the subject 

interval, e.g., by a next-generation sequencing method; 

(d) aligning said read by an alignment method, e.g., an alignment method described herein; or 

(e) assigning a nucleotide value from said read for a nucleotide position, e.g., by a mutation 

calling method described herein. 20 

In certain examples, acquiring a read for the subject interval comprises sequencing a subject 

interval from at least about 50 or more, about 100 or more, about 150 or more, about 200 or more, 

about 250 or more, about 300 or more, about 350 or more, about 400 or more, about 450 or more, 

about 500 or more, about 550 or more, about 600 or more, about 650 or more, about 700 or more, 

about 750 or more, or about 800 or more genes.  In certain examples, acquiring a read for the subject 25 

interval comprises sequencing a subject interval from at least about 50 or more, about 100 or more, 

about 150 or more, about 200 or more, about 250 or more, about 300 or more, or all of the genes 

described in Tables 1A-5A. 

In certain examples, acquiring a read for the subject interval comprises sequencing with 100X 

or more average depth.  In certain examples, acquiring a read for the subject interval comprises 30 

sequencing with about 250X or more average depth.  In other examples, acquiring a read for the 

subject interval comprises sequencing with about 500X or more average depth.  In certain examples, 

acquiring a read for the subject interval comprises sequencing with about 800X or more average 

depth.  In other examples, acquiring a read for the subject interval comprises sequencing with about 

1,000X or more average depth.  In other examples, acquiring a read for the subject interval comprises 35 

sequencing with about 1,500X or more average depth.  In other examples, acquiring a read for the 

subject interval comprises sequencing with about 2,000X or more average depth.  In other examples, 
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acquiring a read for the subject interval comprises sequencing with about 2,500X or more average 

depth.  In certain examples, acquiring a read for the subject interval comprises sequencing with about 

3,000X or more average depth.  In certain examples, acquiring a read for the subject interval 

comprises sequencing with about 3,500X or more average depth.  In certain examples, acquiring a 

read for the subject interval comprises sequencing with about 4,000X or more average depth.  In 5 

certain examples, acquiring a read for the subject interval comprises sequencing with about 4,500X or 

more average depth.  In certain examples, acquiring a read for the subject interval comprises 

sequencing with about 5,000X or more average depth.  In certain examples, acquiring a read for the 

subject interval comprises sequencing with about 5,500X or more average depth.  In certain examples, 

acquiring a read for the subject interval comprises sequencing with about 6,000X or more average 10 

depth.   

In certain examples, acquiring a read for the subject interval comprises sequencing with about 

100X or more average depth, at greater than about 99% of genes (e.g., exons) sequenced.  In certain 

examples, acquiring a read for the subject interval comprises sequencing with about 250X or more 

average depth, at greater than about 99% of genes (e.g., exons) sequenced.  In other examples, 15 

acquiring a read for the subject interval comprises sequencing with about 500X or more average 

depth, at greater than about 95% of genes (e.g., exons) sequenced.  In other examples, acquiring a 

read for the subject interval comprises sequencing with about 800X or more average depth, at greater 

than about 95% of genes (e.g., exons) sequenced.  In other examples, acquiring a read for the subject 

interval comprises sequencing with greater than about 1,000X average depth, at greater than about 20 

90% of genes (e.g., exons) sequenced.  In other examples, acquiring a read for the subject interval 

comprises sequencing with about 2,000X or more average depth, at greater than about 90% of genes 

(e.g., exons) sequenced.  In other examples, acquiring a read for the subject interval comprises 

sequencing with about 3,000X or more average depth, at greater than about 90% of genes (e.g., exons) 

sequenced.  In other examples, acquiring a read for the subject interval comprises sequencing with 25 

about 3,500X or more average depth, at greater than about 90% of genes (e.g., exons) sequenced.  In 

other examples, acquiring a read for the subject interval comprises sequencing with about 4,000X or 

more average depth, at greater than about 90% of genes (e.g., exons) sequenced.  In other examples, 

acquiring a read for the subject interval comprises sequencing with about 4,500X or more average 

depth, at greater than about 90% of genes (e.g., exons) sequenced.  In other examples, acquiring a 30 

read for the subject interval comprises sequencing with about 5,000X or more average depth, at 

greater than about 90% of genes (e.g., exons) sequenced.  In other examples, acquiring a read for the 

subject interval comprises sequencing with about 5,500X or more average depth, at greater than about 

90% of genes (e.g., exons) sequenced.  In other examples, acquiring a read for the subject interval 

comprises sequencing with about 6,000X or more average depth, at greater than about 90% of genes 35 

(e.g., exons) sequenced.  In certain examples, acquiring a read for the subject interval comprises 

sequencing with about 100X or more, about 250X or more, about 500X or more, about 1,000X or 
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more, about 1,500X or more, about 2,000X or more, about 2,500X or more, about 3,000X or more, 

about 3,500X or more, about 4,000X or more, about 4,500X or more, about 5,000X or more, about 

5,500X or more, or about 6,000X or more average depth, at greater than about 99% of genes (e.g., 

exons) sequenced. 

In certain examples, the sequence, e.g., a nucleotide sequence, of a set of subject intervals 5 

(e.g., coding subject intervals), described herein, is provided by a method described herein.  In certain 

examples, the sequence is provided without using a method that includes a matched normal control 

(e.g., a wild-type control), a matched tumor control (e.g., primary versus. metastatic), or both. 

 

SAMPLES 10 

The methods and compositions described herein can be used to evaluate subject intervals in 

various types of samples from a number of different sources. 

In some examples, the sample comprises a nucleic acid, e.g., DNA, RNA, or both.  In certain 

examples, the sample comprises one or more nucleic acids from a tumor.  In certain examples, the 

sample further comprises one or more non-nucleic acid components from the tumor, e.g., a cell, 15 

protein, carbohydrate, or lipid.  In certain examples, the sample further comprises one or more nucleic 

acids from a non-tumor cell or tissue.  In certain examples, the sample is acquired from a solid tumor, 

a hematological cancer, or a metastatic form thereof.  In certain examples, the sample is obtained from 

a subject having a cancer, or a subject who has not received a therapy to treat a cancer, is receiving a 

therapy to treat a cancer or has received a therapy to treat a cancer, as described herein. 20 

In some examples, the sample comprises one or more of: premalignant or malignant cells; 

cells from a solid tumor, a soft tissue tumor or a metastatic lesion; tissue or cells from a surgical 

margin; a histologically normal tissue; one or more circulating tumor cells (CTCs); a normal adjacent 

tissue (NAT); a blood sample; or a formaldehyde- or paraformaldehyde-fixed paraffin-embedded 

(FFPE) sample.  In certain examples, the sample is a blood sample.  In certain examples, the sample is 25 

a plasma sample.  In certain examples, the sample comprises cell-free DNA (cfDNA).  In certain 

examples, the sample comprises circulating tumor DNA (ctDNA).  In certain examples, the sample 

comprises cerebral spinal fluid (CSF).  In certain examples, the sample comprises urine. In certain 

examples, the sample comprises pleural effusion.  In certain examples, the sample comprises ascites.  

In certain examples, the sample is a FFPE sample.  In certain examples, the sample comprises a 30 

resection, a needle biopsy, a fine needle aspirate, or a cytology smear.   

 

TARGET CAPTURE REAGENTS 

 Compositions and methods described herein provide for optimized sequencing of a large 

number of genes and gene products from samples, e.g., from a cancer described herein, from one or 35 

more subjects by the appropriate selection of target capture reagents, e.g., target capture reagents for 

use in solution hybridization, for the selection of target nucleic acid molecules to be sequenced.  
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Target nucleic acid molecules captured by target capture reagents are typically recovered by substrate.  

In some examples, a target nucleic acid molecule captured by a target capture reagent is recovered by, 

e.g., bound to, a substrate. In some examples, two or more pluralities of target capture reagents, each 

capturing different target nucleic acid molecules, are used.   

 In some examples, a recovery efficiency is the ratio of target nucleic acid molecules captured 5 

by a target capture reagent which is recovered by (e.g., bound to), a substrate, to total target nucleic 

acid molecules. In some examples, at least two pluralities of target capture reagents have different 

recovery efficiencies. In some examples, the recovery efficiency correlates to the sequencing depth as 

it is adjusted according to a target subject interval. In some examples, the recovery efficiency 

correlates to the sequencing depth with respect to a target subject interval. In some examples, the 10 

recovery efficiency of a target capture reagent is corelated with the proportion of target capture 

reagent comprising a functional binding pair.   

Thus, in some examples, a method described herein comprises contacting a library with two, three, or 

more pluralities of target capture reagents having different recovery efficiencies to identify or isolate 

selected nucleic acid molecules (e.g., a library catch).  In some examples, the library is contacted with 15 

the two, three, or more pluralities of target capture reagents having different recovery efficiencies at 

essentially the same time and/or in the same sample container (e.g., a tube).  In some examples, target 

nucleic acid molecules are captured by the two, three, or more pluralities of target capture reagents 

having different recovery efficiencies at essentially the same time and/or in the same sample container 

(e.g., a tube).  In some examples, target nucleic acid molecules captured by the two, three, or more 20 

pluralities of target capture reagents having different recovery efficiencies are recovered by substrate 

at essentially the same time and/or in the same sample container (e.g., a tube).   

In some examples, the first plurality of target capture reagents comprise target capture 

reagents that comprise a functional first member of a binding pair and target capture reagents that lack 

a functional first member of the binding pair, and the second plurality of target capture reagents 25 

comprise target capture reagents that comprise a functional first member of a binding pair and target 

capture reagents that lack a functional first member of the binding pair, wherein a functional first 

member of the binding pair is capable of binding to a second member of the binding pair disposed on 

substrate.  In some examples, the proportion of target capture reagents that comprise a functional first 

member of the binding pair in the first plurality is greater than the proportion of target capture 30 

reagents that comprise a functional first member of the binding pair in the second plurality, such that 

the recovery efficiency for the first plurality of target capture reagents is greater than the recovery 

efficiency for the second plurality of target capture reagents. 

Any combination of two, three, four, five, or more pluralities of target capture reagents can be 

used, for example, a combination of first and second pluralities of target capture reagents; first and 35 

third pluralities of target capture reagents; first and fourth pluralities of target capture reagents; first 

and fifth pluralities of target capture reagents; second and third pluralities of target capture reagents; 
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second and fourth pluralities of target capture reagents; second and fifth pluralities of target capture 

reagents; third and fourth pluralities of target capture reagents; third and fifth pluralities of target 

capture reagents; fourth and fifth pluralities of target capture reagents; first, second and third 

pluralities of target capture reagents; first, second and fourth pluralities of target capture reagents; 

first, second and fifth pluralities of target capture reagents; first, second, third, and fourth pluralities of 5 

target capture reagents; first, second, third, fourth and fifth pluralities of target capture reagents, and 

so on. 

In some examples, the method comprises: 

 (a) acquiring a library comprising a plurality of nucleic acid molecules (e.g., target nucleic 

acid molecules) from a sample, e.g., a plurality of tumor nucleic acid molecules from a sample, e.g., a 10 

sample described herein;  

 (b) contacting the library with two, three, or more pluralities of target capture reagents to 

provide selected nucleic acid molecules (e.g., a library catch); 

 (c) acquiring a read for a subject interval from a nucleic acid molecule, e.g., a tumor nucleic 

acid molecule from said library or library catch, e.g., by a method comprising sequencing, e.g., with a 15 

next-generation sequencing method; 

 (d) aligning said read by an alignment method, e.g., an alignment method described herein; 

and 

 (e) assigning a nucleotide value (e.g., calling a mutation, e.g., with a Bayesian method or a 

method described herein) from said read for a nucleotide position.  20 

 In some examples, the method comprises contacting the library with at least two or three 

pluralities of target capture reagents, wherein each plurality has a unique (as opposed to the other 

target capture reagents in the plurality), recovery efficiency.  For example, each unique plurality of 

target capture reagents results in, or is correlated with, a unique depth of sequencing.   

In an example, the method comprises acquiring a library from which a nucleic acid molecule 25 

corresponding to a subgenomic interval and a nucleic acid molecule corresponding to an expressed 

subgenomic interval, are each obtained.  In an example, the method comprises acquiring a first library 

from which a nucleic acid molecule corresponding to a subgenomic interval is obtained and acquiring 

a second library from which a nucleic acid molecule corresponding to an expressed subgenomic 

interval is obtained.  In an example, target capture reagents are used to provide nucleic acid molecules 30 

or a library catch comprising both a subgenomic interval and an expressed subgenomic interval.  In an 

example, a first target capture reagent is used to provide nucleic acid molecules or a library catch 

comprising a subgenomic interval and a second target capture reagent is used to provide nucleic acid 

molecules or a library catch comprising an expressed subgenomic interval. 

In an example, the recovery efficiency of a first plurality of target capture reagents differs 35 

from the recovery efficiency of a second plurality of target capture reagents by at least 2, 5, 10, 25, 

50, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 fold.  In an example, the first and second 
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pluralities of target capture reagents provide for a depth of sequencing that differs by at least 2, 5, 10, 

25, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 fold. 

In some examples, the level of sequencing depth as used herein (e.g., X-fold level of 

sequencing depth) refers to the number of reads (e.g., unique reads), after detection and removal of 

duplicate reads, e.g., PCR duplicate reads.  In other examples, duplicate reads are evaluated, e.g., to 5 

support detection of copy number alteration (CNAs). 

In one example, the target capture reagent selects a subject interval containing one or more 

rearrangements, e.g., an intron containing a genomic rearrangement.  In such examples, the target 

capture reagent is designed such that repetitive sequences are masked to increase the selection 

efficiency.  In those examples where the rearrangement has a known juncture sequence, 10 

complementary target capture reagents can be designed to the juncture sequence to increase the 

selection efficiency.   

In some examples, the method comprises the use of target capture reagents designed to 

capture two or more different target categories, each category having a different design strategy.  In 

some examples, the method (e.g., hybrid capture method) and composition disclosed herein capture a 15 

subset of target sequences (e.g., target nucleic acid molecules) and provide homogenous coverage of 

the target sequence, while minimizing coverage outside of that subset.  In one example, the target 

sequences include the entire exome out of genomic DNA, or a selected subset thereof.  In another 

example, the target sequences include a large chromosomal region, e.g., a whole chromosome arm.  

The methods and compositions disclosed herein provide different target capture reagents for 20 

achieving different sequencing depths and patterns of coverage for complex target nucleic acid 

sequences (e.g., nucleic acid libraries).   

In an example, the method comprises providing selected nucleic acid molecules of one or a 

plurality of nucleic acid libraries (e.g., a library catch).  For example, the method comprises: 

 providing one or a plurality of libraries (e.g., one or a plurality of nucleic acid libraries) 25 

comprising a plurality of nucleic acid molecules, e.g., target nucleic acid nucleic acid molecules (e.g., 

including a plurality of tumor nucleic acid molecules and/or reference nucleic acid molecules); 

 contacting the one or a plurality of libraries, e.g., in a solution-based reaction, with two, three, 

or more pluralities of target capture reagents (e.g., oligonucleotide target capture reagents) to form a 

hybridization mixture comprising a plurality of target capture reagent/nucleic acid molecule hybrids;  30 

 separating the plurality of target capture reagent/nucleic acid molecule hybrids from said 

hybridization mixture, e.g., by contacting said hybridization mixture with a binding entity that allows 

for separation of said plurality of target capture reagent/nucleic acid molecule hybrids from the 

hybridization mixture, 

thereby providing a library catch (e.g., a selected or enriched subgroup of nucleic acid 35 

molecules from the one or a plurality of libraries).  
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 In one example, each of the first, second, or third pluralities of target capture reagents has a 

unique recovery efficiency.  In some examples, at least two, or all three pluralities of target capture 

reagents have recovery efficiency values that differ.  For example, a value for recovery efficiency 

chosen from one of more of:  

(i) the first recovery efficiency has a value that is at least about 5,000X or higher sequencing 5 

depth e.g., has a value for recovery efficiency that is greater than the value for the second or third 

recovery efficiency (e.g., about 5-10 fold (e.g., 6-7 fold) greater than the value for the second 

recovery efficiency; or about 40-60 fold (e.g., 45-50 fold) greater than the value for the third recovery 

efficiency);  

 (ii) the second recovery efficiency has a value that is at least about 800X or higher sequencing 10 

depth, e.g., has a value for recovery efficiency that is greater than the value for the third recovery 

efficiency (e.g., about 5-10 fold (e.g., 7-9 fold) greater than the value for the third recovery 

efficiency); or 

(iii) the third recovery efficiency has a value that is at least about 100X or higher sequencing 

depth. 15 

In certain examples, the value for recovery efficiency is modified by one or more of: 

differential representation of different target capture reagents, differential overlap of target capture 

reagent subsets, differential target capture reagent parameters, mixing of different target capture 

reagents, and/or using different types of target capture reagents.  For example, a variation in recovery 

efficiency (e.g., relative sequence coverage of each target capture reagent/target category) can be 20 

adjusted, e.g., within a plurality of target capture reagents and/or among different pluralities of target 

capture reagents, by altering one or more of: 

(i) Differential representation of different target capture reagents – The target capture reagent 

design to capture a given target (e.g., a target nucleic acid molecule) can be included in more/fewer 

number of copies to enhance/reduce relative target sequencing depths; 25 

(ii) Differential overlap of target capture reagent subsets – The target capture reagent design 

to capture a given target (e.g., a target nucleic acid molecule) can include a longer or shorter overlap 

between neighboring target capture reagents to enhance/reduce relative target sequencing depths; 

(iii) Differential target capture reagent parameters – The target capture reagent design to 

capture a given target (e.g., a target nucleic acid molecule) can include sequence modifications/shorter 30 

length to reduce capture efficiency and lower the relative target sequencing depths;  

(iv) Mixing of different target capture reagents – Target capture reagents that are designed to 

capture different target sets can be mixed at different molar ratios to enhance/reduce relative target 

sequencing depths; 

(v) Mixing of differently modified target capture reagents – Target capture reagents modified 35 

to have different substrate binding properties can be mixed at different molar ratios to enhance/reduce 

relative target sequencing depths;  
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(vi) Using different types of oligonucleotide target capture reagents – In certain examples, the 

target capture reagent can include: 

(a) one or more chemically (e.g., non-enzymatically) synthesized (e.g., individually 

synthesized) target capture reagents,  

(b) one or more target capture reagents synthesized in an array, 5 

(c) one or more enzymatically prepared, e.g., in vitro transcribed, target capture 

reagents; 

(d) any combination of (a), (b) and/or (c), 

(e) one or more DNA oligonucleotides (e.g., a naturally or non-naturally occurring 

DNA oligonucleotide), 10 

(f) one or more RNA oligonucleotides (e.g., a naturally or non-naturally occurring 

RNA oligonucleotide),  

(g) a combination of (e) and (f), or 

(h) a combination of any of the above.   

The different oligonucleotide combinations can be mixed at different ratios, e.g., a ratio 15 

chosen from 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:20, 1:50; 1:100, 1:1000, or the like.  In one example, the 

ratio of chemically-synthesized target capture reagent to array-generated target capture reagent is 

chosen from 1:5, 1:10, or 1:20.  The DNA or RNA oligonucleotides can be naturally- or non-

naturally-occurring.  In certain examples, the target capture reagents include one or more non-

naturally-occurring nucleotides to, e.g., increase melting temperature.  Exemplary non-naturally 20 

occurring oligonucleotides include modified DNA or RNA nucleotides.  Exemplary modified 

nucleotides (e.g., modified RNA or DNA nucleotides) include, but are not limited to, a locked nucleic 

acid (LNA), wherein the ribose moiety of an LNA nucleotide is modified with an extra bridge 

connecting the 2' oxygen and 4' carbon; peptide nucleic acid (PNA), e.g., a PNA composed of 

repeating N-(2-aminoethyl)-glycine units linked by peptide bonds; a DNA or RNA oligonucleotide 25 

modified to capture low GC regions; a bicyclic nucleic acid (BNA); a crosslinked oligonucleotide; a 

modified 5-methyl deoxycytidine; and 2,6-diaminopurine.  Other modified DNA and RNA 

nucleotides are known in the art.   

In certain examples, a substantially uniform or homogeneous coverage of a target sequence 

(e.g., a target nucleic acid molecule) is obtained.  For example, within each target capture 30 

reagent/target category, uniformity of coverage can be optimized by modifying target capture reagent 

parameters, for example, by one or more of: 

(i) Increasing/decreasing target capture reagent representation or overlap can be used to 

enhance/reduce coverage of targets (e.g., target nucleic acid molecules), which are under/over-

covered relative to other targets in the same category; 35 
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(ii) For low coverage, hard to capture target sequences (e.g., high GC content sequences), 

expand the region being targeted with the target capture reagents to cover, e.g., adjacent sequences 

(e.g., less GC-rich adjacent sequences);  

(iii) Modifying a target capture reagent sequence can be used to reduce secondary structure of 

the target capture reagent and enhance its recovery efficiency; 5 

(iv) Modifying a target capture reagent length can be used to equalize melting hybridization 

kinetics of different target capture reagents within the same category.  Target capture reagent length 

can be modified directly (by producing target capture reagents with varying lengths) or indirectly (by 

producing target capture reagents of consistent length, and replacing the target capture reagent ends 

with arbitrary sequence); 10 

(v) Modifying target capture reagents of different orientation for the same target region (i.e. 

forward and reverse strand) may have different binding efficiencies. The target capture reagent with 

either orientation providing optimal coverage for each target may be selected; 

(vi) Modifying the amount of a binding entity, e.g., a capture tag (e.g. biotin), present on each 

target capture reagent may affect its binding efficiency.  Increasing/decreasing the tag level of target 15 

capture reagents targeting a specific target may be used to enhance/reduce the relative target 

coverage; 

(vii) Modifying the type of nucleotide used for different target capture reagents can be used to 

affect binding affinity to the target, and enhance/reduce the relative target coverage; or 

(viii) Using modified oligonucleotide target capture reagents, e.g., having more stable base 20 

pairing can be used to equalize melting hybridization kinetics between areas of low or normal GC 

content relative to high GC content.   

In other examples, the recovery efficiency is adjusted by adjusting the relative abundance of 

the target capture reagents comprising a functional first member of a binding pair and the target 

capture reagents lacking a functional first member of the binding pair.  In some examples, the first 25 

member of the binding pair is capable of binding to a second member of the binding pair disposed on 

substrate, such that the target nucleic acid molecules captured by the target capture reagents 

comprising a first member of the binding pair are recovered by the substrate comprising a second 

member of the binding pair.  

In an example, the method comprises the use of a plurality of target capture reagents that 30 

includes a target capture reagent that selects a tumor nucleic acid molecule, e.g., a nucleic acid 

molecule comprising a subject interval from a tumor cell.  The tumor nucleic acid molecule can be 

any nucleotide sequence present in a tumor cell, e.g., a mutated, a wild-type, a reference or an intron 

nucleotide sequence, as described herein, that is present in a tumor or cancer cell.  In one example, the 

tumor nucleic acid molecule includes an alteration (e.g., one or more mutations) that appears at a low 35 

frequency, e.g., about 5% or less of the cells from the sample harbor the alteration in their genome.  In 

other examples, the tumor nucleic acid molecule includes an alteration (e.g., one or more mutations) 
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that appears at a frequency of about 10% of the cells from the sample.  In other examples, the tumor 

nucleic acid molecule includes a subgenomic interval from an intron sequence, e.g., an intron 

sequence as described herein, a reference sequence that is present in a tumor cell.   

In other examples, the method comprises amplifying the library catch (e.g., by PCR).  In other 

examples, the library catch is not amplified.  5 

 In another example, the disclosure features target capture reagents described herein and 

combinations of individual plurality of target capture reagents described herein.  The target capture 

reagents can be part of a kit which can optionally comprise instructions, standards, buffers or enzymes 

or other reagents.  

 10 

ALIGNMENT 

Methods disclosed herein can integrate the use of multiple, individually tuned, alignment 

methods or algorithms to optimize performance in sequencing methods, particularly in methods that 

rely on massively parallel sequencing of a large number of diverse genetic events in a large number of 

diverse genes, e.g., methods of analyzing samples, e.g., from a cancer described herein.   15 

In some examples, the alignment method used to analyze reads is not individually customized 

or tuned to each of a number of variants in different genes.  In some examples, a multiple alignment 

method that is individually customized or tuned to at least a subset of a number of variants in different 

genes is used to analyze reads.  In some examples, a multiple alignment method that is individually 

customized or tuned to each of a number of variants in different genes is used to analyze reads.  In 20 

some examples, tuning can be a function of (one or more of) the gene (or other subject interval) being 

sequenced, the tumor type in the sample, the variant being sequenced, or a characteristic of the sample 

or the subject.  The selection or use of alignment conditions that are individually tuned to a number of 

subject intervals to be sequenced allows optimization of speed, sensitivity and specificity.  The 

method is particularly effective when the alignments of reads for a relatively large number of diverse 25 

subject intervals are optimized.   

In some examples, a read from each of X unique subject intervals is aligned with a unique 

alignment method, wherein unique subject interval (e.g., subject interval or expressed subject interval) 

means different from the other X-1 subject intervals, and wherein the unique alignment method means 

different from the other X-1 alignment methods, and X is at least 2. 30 

In an example, subject intervals from at least X genes, e.g. at least X genes from Tables 1A-

5A, are aligned with a unique alignment method, and X is equal to 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 

60, 70, 80, 90, 100, 200, 300, 400, 500, or greater. 

In an example, a method comprises selecting or using an alignment method for analyzing, 

e.g., aligning, a read, wherein said alignment method is a function of, is selected responsive to, or is 35 

optimized for, one or more or all of: 

(i) tumor type, e.g., the tumor type in said sample; 
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(ii) the gene, or type of gene, in which said subject interval (e.g., subject interval or expressed 

subject interval) being sequenced is located, e.g., a gene or type of gene characterized by a variant or 

type of variant, e.g., a mutation, or by a mutation of a frequency; 

(iii) the site (e.g., nucleotide position) being analyzed; 

(iv) the type of variant, e.g., a substitution, within the subject interval (e.g., subject interval or 5 

expressed subject interval) being evaluated; 

(v) the type of sample, e.g., a sample described herein; and 

(vi) sequence in or near said subject interval being evaluated, e.g., the expected propensity for 

misalignment for said subject interval (e.g., subject interval or expressed subject interval), e.g., the 

presence of repeated sequences in or near said subject interval (e.g., subject interval or expressed 10 

subject interval). 

 As referred to elsewhere herein, in some examples, a method is particularly effective when 

the alignment of reads for a relatively large number of subject intervals is optimized.  Thus, in an 

example, at least X unique alignment methods are used to analyze reads for at least X unique subject 

intervals, wherein unique means different from the other X-1, and X is equal to 2, 3, 4, 5, 10, 15, 20, 15 

30, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000, or greater. 

In an example, subject intervals from at least X genes from Tables 1A-5A, are analyzed, and 

X is equal to 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or greater. 

In an example, a unique alignment method is applied to subject intervals in each of at least 3, 

5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or 500 different genes. 20 

In an example, a nucleotide position in at least 20, 30, 40, 60, 80, 100, 120, 140, 160 or 180, 

200, 300, 400, or 500 genes, e.g., genes from Tables 1A-5A, is assigned a nucleotide value.  In an 

example, a unique alignment method is applied to subject intervals in each of at least 10%, 20%, 30%, 

40%, or 50% of said genes analyzed. 

 Methods disclosed herein allow for the rapid and efficient alignment of troublesome reads, 25 

e.g., a read having a rearrangement.  Thus, in an example where a read for a subject interval (e.g., a 

subject interval or an expressed subject interval) comprises a nucleotide position with a 

rearrangement, e.g., a translocation, the method can comprise using an alignment method that is 

appropriately tuned and that includes:  

selecting a rearrangement reference sequence for alignment with a read, wherein said 30 

rearrangement reference sequence aligns with a rearrangement (in some examples, the reference 

sequence is not identical to the genomic rearrangement); and  

comparing, e.g., aligning, a read with said rearrangement reference sequence.   

 In some examples, a different method, e.g., another method is used to align troublesome 

reads.  These methods are particularly effective when the alignment of reads for a relatively large 35 

number of diverse subject intervals is optimized.  By way of example, a method of analyzing a sample 

can comprise: 
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performing a comparison, e.g., an alignment comparison, of a read under a first set of 

parameters (e.g., a first mapping algorithm or with a first reference sequence), and  

determining if said read meets a first alignment criterion (e.g., the read can be aligned with 

said first reference sequence, e.g., with less than a number of mismatches);  

if said read fails to meet the first alignment criterion, performing a second alignment 5 

comparison under a second set of parameters, (e.g., a second mapping algorithm or with a second 

reference sequence); and,  

optionally, determining if said read meets said second criterion (e.g., the read can be aligned 

with said second reference sequence with less than a predefined number of mismatches),  

wherein said second set of parameters comprises use of a set of parameters, e.g., said second 10 

reference sequence, which, compared with said first set of parameters, is more likely to result in an 

alignment with a read for a variant, e.g., a rearrangement, e.g., an insertion, deletion, or translocation. 

 These and other alignment methods are discussed in more detail elsewhere herein, e.g., in the 

section entitled “Alignment” in the Detailed Description.  Elements of that module can be included in 

methods of analyzing a tumor.  In examples, an alignment method from the section entitled 15 

“Alignment” (in the Summary and/or Detailed Description) is combined with a mutation calling 

method from the section entitled “Mutation Calling” (in the Summary and/or Detailed Description) 

and/or a target capture reagent from the section entitled “Target Capture Reagents” (in the Summary) 

and/or the sections entitled “Design and Construction of Target Capture Reagents” and “Competition 

of Target Capture Reagents” in the Detailed Description).  The method can be applied to a set of 20 

subject intervals from the section entitled “Gene Selection” (in the Summary and/or Detailed 

Description). 

 

MUTATION CALLING 

Methods disclosed herein can integrate the use of customized or tuned mutation calling 25 

parameters to optimize performance in sequencing methods, particularly in methods that rely on 

massively parallel sequencing of a large number of diverse genetic events in a large number of diverse 

genes, e.g., from samples, e.g., from a cancer described herein.   

Without wishing to be bound by the theory, it is believed that in some examples, mutation 

calling determines the expected probability for an observing non-reference alteration, e.g., an 30 

alteration described herein.  Mutation calling is typically based on a threshold value established to 

provide sufficient confidence that a called alteration is real and not the result of noise or other artifact 

of the sequencing or analysis process. 

In some examples, mutation calling for each of a number of subject intervals is not 

individually customized or fine-tuned.  In some examples, mutation calling for at least a subset of a 35 

number of subject intervals is, individually, customized or fine-tuned.  In some examples, mutation 

calling for each of a number of subject intervals is, individually, customized or fine-tuned.  The 
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customization or tuning can be based on one or more of the factors described herein, e.g., the type of 

cancer in a sample, the gene in which the subject interval to be sequenced is located, or the variant to 

be sequenced.  This selection or use of alignment conditions finely tuned to a number of subject 

intervals to be sequenced allows optimization of speed, sensitivity and specificity.  The method is 

particularly effective when the alignment of reads for a relatively large number of diverse subject 5 

intervals is optimized.   

In some examples, a nucleotide value is assigned for a nucleotide position in each of X unique 

subject intervals by a unique calling method, wherein unique subject interval (means different from 

the other X-1 subject intervals (e.g., subgenomic intervals, expressed subgenomic intervals, or both)), 

and wherein the unique calling method means different from the other X-1 calling methods, and X is 10 

at least 2.  The calling methods can differ, and thereby be unique, e.g., by relying on different 

Bayesian prior values. 

 In an example, assigning said nucleotide value is a function of a value which is or represents 

the prior (e.g., literature) expectation of observing a read showing a variant, e.g., a mutation, at said 

nucleotide position in a tumor of type. 15 

 In an example, the method comprises assigning a nucleotide value (e.g., calling a mutation) 

for at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000  

nucleotide positions, wherein each assignment is a function of a unique (as opposed to the value for 

the other assignments) value which is or represents the prior (e.g., literature) expectation of observing 

a read showing a variant, e.g., a mutation, at said  nucleotide position in a tumor of type. 20 

 In an example, assigning said nucleotide value is a function of a set of values which represent 

the probabilities of observing a read showing said variant at said nucleotide position if the variant is 

present in the sample at a frequency (e.g., 1%, 5%, 10%, etc.) and/or if the variant is absent (e.g., 

observed in the reads due to base-calling error alone). 

In an example, the mutation calling method described herein can include the following: 25 

 acquiring, for a nucleotide position in each of said X subject intervals: 

(i) a first value which is or represents the prior (e.g., literature) expectation of observing a 

read showing a variant, e.g., a mutation, at said nucleotide position in a tumor of type X; and 

(ii) a second set of values which represent the probabilities of observing a read showing said 

variant at said nucleotide position if the variant is present in the sample at a frequency (e.g., 30 

1%, 5%, 10%, etc.) and/or if the variant is absent (e.g., observed in the reads due to base-

calling error alone); 

 responsive to said values, assigning a nucleotide value (e.g., calling a mutation) from said 

reads for each of said nucleotide positions by weighing, e.g., by a Bayesian method described herein, 

the comparison among the values in the second set using the first value (e.g., computing the posterior 35 

probability of the presence of a mutation), thereby analyzing said sample. 

In an example, the method comprises one or more or all of: 
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(i) assigning a nucleotide value (e.g., calling a mutation) for at least 10, 20, 30, 40, 50, 60, 70, 

80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 nucleotide positions, wherein each 

assignment is based on a unique (as opposed to the other assignments) first and/or second values; 

(ii) the assignment of method of (i), wherein at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 

200, 300, 400, or 500 of the assignments are made with first values which are a function of a 5 

probability of a variant being present in less than 5%, 10%, or 20%, e.g., of the cells in a tumor type; 

(iii) assigning a nucleotide value (e.g., calling a mutation) for at least X  nucleotide positions, 

each of which of which being associated with a variant having a unique (as opposed to the other X-1 

assignments) probability of being present in a tumor of  type, e.g., the tumor type of said sample, 

wherein, optionally, each of said of X assignments is based on a unique (as opposed to the other X-1 10 

assignments) first and/or second value (wherein X= 2, 3, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 

200, 300, 400, or 500); 

(iv) assigning a nucleotide value (e.g., calling a mutation) at a first and a second nucleotide 

position, wherein the likelihood of a first  variant at said first nucleotide position being present in a 

tumor of  type (e.g., the tumor type of said sample) is at least 2, 5, 10, 20, 30, or 40 times greater than 15 

the likelihood of a second  variant at said second nucleotide position being present, wherein, 

optionally, each assignment is based on a unique (as opposed to the other assignments) first and/or 

second value; 

(v) assigning a nucleotide value to a plurality of  nucleotide positions (e.g., calling mutations), 

wherein said plurality comprises an assignment for variants falling into one or more, e.g., at least 3, 4, 20 

5, 6, 7, or all, of the following probability percentage ranges: less than or equal to 0.01%; greater than 

0.01% and less than or equal to 0.02%; greater than 0.02% and less than or equal to 0.03%; greater 

than 0.03% and less than or equal to 0.04%; greater than 0.04% and less than or equal to 0.05%; 

greater than 0.05% and less than or equal to 0.1%; greater than 0.1% and less than or equal to 0.2%; 

greater than 0.2% and less than or equal to 0.5%; greater than 0.5% and less than or equal to 1.0%; 25 

greater than 1.0% and less than or equal to 2.0%; greater than 2.0% and less than or equal to 5.0%; 

greater than 5.0% and less than or equal to 10.0%; greater than 10.0% and less than or equal to 20.0%; 

greater than 20.0% and less than or equal to 50.0%; and greater than 50% and less than or equal to 

100.0 %, 

wherein, a probability range is the range of probabilities that a variant at a nucleotide position 30 

will be present in a tumor type (e.g., the tumor type of said sample) or the probability that a variant at 

a nucleotide position will be present in the recited percentage (%) of the cells in a sample, a library 

from the sample, or library catch from that library, for a preselected type (e.g., the tumor type of said 

sample), and  

wherein, optionally, each assignment is based on a unique first and/or second value (e.g., 35 

unique as opposed to the other assignments in a recited probability range or unique as opposed to the 

first and/or second values for one or more or all of the other listed probability ranges). 
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(vi) assigning a nucleotide value (e.g., calling a mutation) for at least 1, 2, 3, 5, 10, 20, 30, 40, 

50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000  nucleotide positions each, 

independently, having a variant present in less than 50%, 40%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 

2%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1 % of the DNA in said sample, wherein, optionally, each 

assignment is based on a unique (as opposed to the other assignments) first and/or second value; 5 

(vii) assigning a nucleotide value (e.g., calling a mutation) at a first and a second nucleotide 

position, wherein the likelihood of a variant at the first position in the DNA of said sample is at least 

2, 5, 10, 20, 30, or 40 times greater than the likelihood of a variant at said second nucleotide position 

in the DNA of said sample, wherein, optionally, each assignment is based on a unique (as opposed to 

the other assignments) first and/or second value; 10 

(viii) assigning a nucleotide value (e.g., calling a mutation) in one or more or all of the 

following: 

(1) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in less than 1% 

of the cells in said sample, of the nucleic acids in a library from said sample, or the nucleic 

acid in a library catch from that library; 15 

(2) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in 1- 2% of the 

cells in said sample, of the nucleic acid in a library from said sample, or the nucleic acid in a 

library catch from that library; 

(3) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in greater than 

2% and less than or equal to 3% of the cells in said sample, of the nucleic acid in a library 20 

from said sample, or the nucleic acid in a library catch from that library;  

(4) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in greater than 

3% and less than or equal to 4% of the cells in said sample, of the nucleic acid in a library 

from said sample, or the nucleic acid in a library catch from that library; 

(5) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in greater than 25 

4% and less than or equal to 5% of the cells in said sample, of the nucleic acid in a library 

from said sample, or the nucleic acid in a library catch from that library; 

(6) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in greater than 

5% and less than or equal to 10% of the cells in said sample, of the nucleic acid in a library 

from said sample, or the nucleic acid in a library catch from that library; 30 

(7) at least 1, 2, 3, 4 or 5 nucleotide positions having a variant present in greater than 

10% and less than or equal to 20% of the cells in said sample, of the nucleic acid in a library 

from said sample, or the nucleic acid in a library catch from that library; 

(8) at least 1, 2 3, 4 or 5 nucleotide positions having a variant present in greater than 

20% and less than or equal to 40% of the cells in said sample, of the nucleic acid in a library 35 

from said sample, or the nucleic acid in a library catch from that library; 
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(9) at least 1, 2 3, 4 or 5 nucleotide positions having a variant present at greater than 

40% and less than or equal to 50% of the cells in said sample, of the nucleic acid in a library 

from said sample, or the nucleic acid in a library catch from that library; or 

(10) at least 1, 2 3, 4 or 5 nucleotide positions having a variant present in greater than 

50% and less than or equal to 100% of the cells in said sample, of the nucleic acid in a library 5 

from said sample, or the nucleic acid in a library catch from that library;  

wherein, optionally, each assignment is based on a unique first and/or second value (e.g., 

unique as opposed to the other assignments in the recited range (e.g., the range in (1) of less than 1%) 

or unique as opposed to a first and/or second values for a determination in one or more or all of the 

other listed ranges); or 10 

(ix) assigning a nucleotide value (e.g., calling a mutation) at each of X nucleotide positions, 

each nucleotide position, independently, having a likelihood (of a variant being present in the DNA of 

said sample) that is unique as compared with the likelihood for a variant at the other X-1 nucleotide 

positions, wherein X is equal to or greater than 1, 2, 3, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 

300, 400, 500, 600, 700, 800, 900, or 1,000, and wherein each assignment is based on a unique (as 15 

opposed to the other assignments) first and/or second value. 

 In some examples, a “threshold value” is used to evaluate reads, and select from the reads a 

value for a nucleotide position, e.g., calling a mutation at a specific position in a gene.  In some 

examples, a threshold value for each of a number of subject intervals is customized or fine-tuned.  The 

customization or tuning can be based on one or more of the factors described herein, e.g., the type of 20 

cancer in a sample, the gene in which the subject interval (subgenomic interval or expressed 

subgenomic interval) to be sequenced is located, or the variant to be sequenced.  This provides for 

calling that is finely tuned to each of a number of subject intervals to be sequenced.  In some 

examples, the method is particularly effective when a relatively large number of diverse subgenomic 

intervals are analyzed.  25 

 Thus, in another example, the method comprises the following mutation calling method:  

 acquiring, for each of said X subject intervals, a threshold value, wherein each of said 

acquired X threshold values is unique as compared with the other X-1 threshold values, thereby 

providing X unique threshold values; 

 for each of said X subject intervals, comparing an observed value which is a function of the 30 

number of reads having a nucleotide value at a nucleotide position with its unique threshold value, 

thereby applying to each of said X subject intervals its unique threshold value; and 

optionally, responsive to the result of said comparison, assigning a nucleotide value to a 

nucleotide position, 

 wherein X is equal to or greater than 2. 35 

 In an example, the method includes assigning a nucleotide value to at least 2, 3, 5, 10, 20, 30, 

40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 nucleotide positions, each 
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having, independently, a first value that is a function of a probability that is less than 0.5, 0.4, 0.25, 

0.15, 0.10, 0.05, 0.04, 0.03, 0.02, or 0.01. 

 In an example, the method includes assigning a nucleotide value to at each of at least X 

nucleotide positions, each independently having a first value that is unique as compared with the other 

X-1 first values, and wherein each of said X first values is a function of a probability that is less than 5 

0.5, 0.4, 0.25, 0.15, 0.10, 0.05, 0.04, 0.03, 0.02, or 0.01, wherein X is equal to or greater than 1, 2, 3, 

5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000. 

 In an example, a nucleotide position in at least 20, 30, 40, 60, 80, 100, 120, 140, 160 or 180, 

200, 300, 400, or 500 genes, e.g., genes from Tables 1A-5A, is assigned a nucleotide value.  In an 

example unique first and/or second values are applied to subject intervals in each of at least 10%, 10 

20%, 30%, 40%, or 50% of said genes analyzed. 

Examples of the method can be applied where threshold values for a relatively large number 

of subject intervals are optimized, as is seen, e.g., from the following examples. 

 In an example, a unique threshold value is applied to subject intervals, e.g., subgenomic 

intervals or expressed subgenomic intervals, in each of at least 3, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 15 

100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 different genes. 

 In an example, a nucleotide position in at least 20, 30, 40, 60, 80, 100, 120, 140, 160 or 180, 

200, 300, 400, or 500 genes, e.g., genes from Tables 1A-5A, is assigned a nucleotide value.  In an 

example a unique threshold value is applied to a subgenomic interval in each of at least 10%, 20%, 

30%, 40%, or 50% of said genes analyzed. 20 

 In an example, a nucleotide position in at least 5, 10, 20, 30, or 40 genes from Tables 1A-5A 

is assigned a nucleotide value.  In an example a unique threshold value is applied to a subject interval 

(e.g., a subgenomic interval or an expressed subgenomic interval) in each of at least 10%, 20%, 30%, 

40%, or 50% of said genes analyzed.  

These and other mutation calling methods are discussed in more detail elsewhere herein, e.g., 25 

in the section entitled “Mutation Calling.” Elements of that module can be included in methods of 

analyzing a tumor.  In examples, an alignment method from the section entitled “Mutation Calling” is 

combined with an alignment method from the section entitled “Alignment” (in the Summary and/or 

Detailed Description) and/or target capture reagents from the section entitled “Target Capture 

Reagents” (in the Summary) and/or the sections entitled “Design and Construction of Target Capture 30 

Reagents” and “Competition of Target Capture Reagents” (in the Detailed Description).  The method 

can be applied to a set of subject intervals from the section entitled “Gene Selection” (in the Summary 

and/or Detailed Description). 

 

SGZ ANALYSIS 35 

In certain examples, the alteration evaluated in accordance with a method described herein is 

a germline alteration.  In certain examples, the germline alteration is identified by an SGZ algorithm 
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(e.g., as described in Sun et al. PLoS Comput Biol. 2018; 14(2):e1005965, and U.S. Patent No. 

9,792,403).  For example, when tumor mutational burden is evaluated, a germline alteration can be 

excluded by a method or system comprising the use of an SGZ algorithm.   

In certain examples, the method further comprises characterizing a variant in a sample from a 

subject as being a somatic or germline event, the method comprising: 5 

a) sequencing each of a plurality of selected subject intervals, each of a plurality of selected 

germline SNPs, and a variant; 

b) acquiring: 

i) a sequence coverage input (SCI), which comprises, for each of the plurality of 

selected subject intervals, a value for normalized sequence coverage at the selected subject 10 

intervals, wherein SCI comprises a comparison of the number of reads for a subject interval 

with the number of reads for a process-matched control;  

ii) an SNP allele frequency input (SAFI), which comprises, for each of the plurality 

of selected germline SNPs, a value for a minor allele frequency in the sample; and 

iii) for said variant being characterized, a variant allele frequency input (VAFI), 15 

which comprises the allele frequency for said variant in the sample; 

c) acquiring values, as a function of SCI and SAFI, for: 

a genomic segment total copy number (C) for each of a plurality of genomic 

segments; 

a genomic segment minor allele copy number (M) for each of the plurality of 20 

genomic segments; and  

sample purity (p),  

wherein SCI, SAFI, C, M, and p are related to one another by the following:  

, and 

,  25 

when SCI and SAFI are notated as rij and fik, respectively; and  

where rij is the log ratio (LR) of subject interval j within a genomic segment (Si), Ci is the total 

copy number (C) of Si, li is the length of Si, fik is the minor allele frequency of SNP k within Si, Mi is 

the copy number of a minor allele (M) at Si, and σri and σfi are noise parameters; 

and 30 

d) acquiring a value for mutation type, g, for which is indicative of the variant, being somatic, 

a subclonal somatic variant, germline, or not-distinguishable, wherein g, VAFI, p, C, and M are 

related to one another by the following: 

.  
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In some examples, a value of g that is 0, or close to 0, indicates that the variant is a somatic 

variant; a value of g that is 1, or close to 1, indicates that the variant is a germline variant;  a 

value of g that is less than 1 but more than 0, indicates an indistinguishable result; and a value of g 

that is significantly less than 0, indicates that the variant is a subclonal somatic variant. 

In some examples, the sample purity (p) is a global purity value. 5 

In some examples, a value of M equal to 0 and not equal to C is indicative of absence of the 

variant; a non-zero value of M equal to C is indicative of homozygosity of the variant; a value of M 

equal to 0 and equal to C is indicative of homozygous deletion of the variant; and a non-zero value of 

M not equal to C is indicative of heterozygosity of the variant. 

In some examples, the plurality of selected subject intervals comprises an exon. In some 10 

examples, the variant is positively associated with the type of tumor present in the subject.  In some 

examples, the method further comprises acquiring an indication of the zygosity of the variant in the 

sample.  In some examples, the value for mutation type, g, is acquired without the use of a subject-

matched normal control.  In some examples, the average sequencing depth prior to normalization is at 

least about 100X, 250X, 500X, 800X, 1,000X, 1,500X, 2,000X, 2,500X, 3,000X, 3,500X, 4,000X, 15 

4.500X, 5,000X, 5,500X, 6,000X, 6,500X, 7,000X, 7,500X, or 8,000X.      

 

TUMOR MUTATIONAL BURDEN 

The methods and compositions described herein can be used to evaluate tumor mutational 

burden. 20 

In certain examples, the method comprises providing a sequence of a set of subgenomic 

intervals from a sample (e.g., a sample described herein); and determining a value for the mutational 

burden, wherein the value is a function of the number of alterations in the set of subgenomic intervals.  

In certain examples, the set of subgenomic intervals are from a set of genes, for example, a set of 

genes that does not include the entire genome or exome.  In certain examples, the set of subgenomic 25 

intervals is a set of coding subgenomic intervals.  In other examples, the set of subgenomic intervals 

contains one or more coding subgenomic intervals and one or more non-coding subgenomic intervals.  

In certain examples, the value for the mutational burden is a function of the number of alterations 

(e.g., somatic alterations) in the set of subgenomic intervals.  In certain examples, the number of 

alterations excludes the number of functional alterations, germline alterations, or both.   30 

The methods described herein can also include, e.g., one or more of: acquiring a library 

comprising a plurality of tumor nucleic acid molecules from the sample; contacting the library with 

target capture reagents to provide selected tumor nucleic acid molecules by hybridization, thereby 

providing a library catch; acquiring a read for a subgenomic interval comprising an alteration from the 

tumor nucleic acid molecule from the library catch; aligning the read by an alignment method; 35 

assigning a nucleotide value from the read for a nucleotide position; and selecting a set of subgenomic 
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intervals from a set of the assigned nucleotide positions, wherein the set of subgenomic intervals are 

from a set of genes. 

In certain examples, the mutational burden is measured in a sample from a subject, e.g., a 

subject described herein.  In certain examples, the mutational burden is expressed as a percentile, e.g., 

among the mutational burdens in samples from a reference population.  In certain examples, the 5 

reference population includes patients having the same type of cancer as the subject.  In other 

examples, the reference population includes patients who are receiving, or have received, the same 

type of therapy, as the subject.  In certain examples, the mutational burden obtained by a method 

described herein, e.g., by evaluating the level of an alteration (e.g., a somatic alteration) in a set of 

genes set forth in Tables 1A-5A, correlates with the whole genome or exome mutational burden.   10 

 

TYPE OF ALTERATIONS 

Various types of alterations (e.g., somatic alterations) can be evaluated and used for the 

analysis of genomic alterations, in a method or system as described herein.  For example, genomic 

alterations associated with cancer and/or tumor mutational burden can be analyzed.  Without wishing 15 

to be bound by theory, it is believed that in some examples, the methods described herein are useful 

for analyzing samples with low tumor content and/or low amounts of tumor nucleic acids. 

 

Somatic Alterations 

In certain examples, the alteration evaluated in accordance with a method described herein is 20 

a somatic alteration. 

In certain examples, the alteration (e.g., somatic alteration) is a coding short variant, e.g., a 

base substitution or an indel (insertion or deletion).  In certain examples, the alteration (e.g., somatic 

alteration) is a point mutation.  In other examples, the alteration (e.g., somatic alteration) is other than 

a rearrangement, e.g., other than a translocation.  In certain examples, the alteration (e.g., somatic 25 

alteration) is a splice variant. 

In certain examples, the alteration (e.g., somatic alteration) is a silent mutation, e.g., a 

synonymous alteration.  In other examples, the alteration (e.g., somatic alteration) is a non-

synonymous single nucleotide variant (SNV).  In other examples, the alteration (e.g., somatic 

alteration) is a passenger mutation, e.g., an alteration that has no detectable effect on the fitness of a 30 

clone of cells.  In certain examples, the alteration (e.g., somatic alteration) is a variant of unknown 

significance (VUS), e.g., an alteration, the pathogenicity of which can neither be confirmed nor ruled 

out.  In certain examples, the alteration (e.g., somatic alteration) has not been identified as being 

associated with a cancer phenotype.   

In certain examples, the alteration (e.g., somatic alteration) is not associated with, or is not 35 

known to be associated with, an effect on cell division, growth or survival.  In other examples, the 

alteration (e.g., somatic alteration) is associated with an effect on cell division, growth or survival. 
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In certain examples, an increased level of a somatic alteration is an increased level of one or 

more classes or types of a somatic alteration (e.g., a rearrangement, a point mutation, an indel, or any 

combination thereof).  In certain examples, an increased level of a somatic alteration is an increased 

level of one class or type of a somatic alteration (e.g., a rearrangement only, a point mutation only, or 

an indel only).  In certain examples, an increased level of a somatic alteration is an increased level of 5 

a somatic alteration at a position (e.g., a nucleotide positions, e.g., at one or more nucleotide 

positions), or at a region, (e.g., at a nucleotide region, e.g., at one or more nucleotide regions).  In 

certain examples, an increased level of a somatic alteration is an increased level of a somatic 

alteration (e.g., a somatic alteration described herein). 

 10 

Functional Alterations 

In certain examples, the alteration (e.g., a somatic alteration) is a functional alteration in a 

subgenomic interval.  In other examples, the alteration (e.g., a somatic alteration) is not a known 

functional alteration in a subgenomic interval.  For example, when tumor mutational burden is 

evaluated, the number of alterations (e.g., somatic alterations) can exclude one or more functional 15 

alterations. 

In some examples, the functional alteration is an alteration that, compared with a reference 

sequence, e.g., a wild-type or unmutated sequence, has an effect on cell division, growth or survival, 

e.g., promotes cell division, growth or survival.  In certain examples, the functional alteration is 

identified as such by inclusion in a database of functional alterations, e.g., the COSMIC database 20 

(cancer.sanger.ac.uk/cosmic; Forbes et al. Nucl. Acids Res. 2015; 43 (D1): D805-D811).  In other 

examples, the functional alteration is an alteration with known functional status, e.g., occurring as a 

known somatic alteration in the COSMIC database.  In certain examples, the functional alteration is 

an alteration with a likely functional status, e.g., a truncation in a tumor suppressor gene.  In certain 

examples, the functional alteration is a driver mutation, e.g., an alteration that gives a selective 25 

advantage to a clone in its microenvironment, e.g., by increasing cell survival or reproduction.  In 

other examples, the functional alteration is an alteration capable of causing clonal expansions.  In 

certain examples, the functional alteration is an alteration capable of causing one, two, three, four, 

five, or all of the following: (a) self-sufficiency in a growth signal; (b) decreased, e.g., insensitivity, to 

an antigrowth signal; (c) decreased apoptosis; (d) increased replicative potential; (e) sustained 30 

angiogenesis; or (f) tissue invasion or metastasis.   

In certain examples, the functional alteration is not a passenger mutation, e.g., is not an 

alteration that has no detectable effect on the fitness of a clone of cells.  In certain examples, the 

functional alteration is not a variant of unknown significance (VUS), e.g., is not an alteration, the 

pathogenicity of which can neither be confirmed nor ruled out. 35 

In certain examples, a plurality (e.g., about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 

90%, or more) of functional alterations in a gene described in Tables 1A-5A are excluded.  In certain 
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examples, all functional alterations in a gene described in Tables 1A-5A are excluded.  In certain 

examples, a plurality of functional alterations in a plurality of genes described in Tables 1A-5A is 

excluded.  In certain examples, all functional alterations in all genes described in Tables 1A-5A are 

excluded. 

 5 

Germline Alterations 

In certain examples, the alteration is a germline alteration.  In other examples, the alteration is 

not a germline alteration.  In certain examples, the alteration is not identical or similar to, e.g., is 

distinguishable from, a germline alteration.  For example, when tumor mutational burden is evaluated, 

the number of alterations can exclude the number of germline alterations.   10 

In certain examples, the germline alteration is a single nucleotide polymorphism (SNP), a 

base substitution, an indel (e.g., an insertion or a deletion), or a silent alteration (e.g., synonymous 

alteration).   

In certain examples, the germline alteration is identified by use of a method that does not use 

a comparison with a matched normal sequence.  In other examples, the germline alteration is 15 

identified by a method comprising the use of an SGZ algorithm.  In certain examples, the germline 

alteration is identified as such by inclusion in a database of germline alterations, e.g., the dbSNP 

database (www.ncbi.nlm.nih.gov/SNP/index.html; Sherry et al. Nucleic Acids Res. 2001; 29(1): 308-

311).  In other examples, the germline alteration is identified as such by inclusion in two or more 

counts of the ExAC database (exac.broadinstitute.org; Exome Aggregation Consortium et al. 20 

“Analysis of protein-coding genetic variation in 60,706 humans,” bioRxiv preprint. October 30, 

2015).  In some examples, the germline alteration is identified as such by inclusion in the 1000 

Genome Project database (www.1000genomes.org; McVean et al. Nature. 2012; 491, 56–65).  In 

some examples, the germline alteration is identified as such by inclusion in the ESP database (Exome 

Variant Server, NHLBI GO Exome Sequencing Project (ESP), Seattle, WA 25 

(evs.gs.washington.edu/EVS/). 

 

GENE SELECTION 

 Subject intervals, e.g., subgenomic intervals, expressed subgenomic intervals, or both, for 

analysis, e.g., a group or set of subgenomic intervals for sets or groups of genes and other regions, are 30 

described herein. 

In some examples, the method comprises sequencing, e.g., by a next-generation sequencing 

method, a subject interval from at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 

200, 300, 400, 500, or more genes or gene products from the acquired nucleic acid sample, wherein 

the genes are chosen from Tables 1A-5A. 35 

In some examples, the method comprises sequencing, e.g., by a next-generation sequencing 

method, a subject interval from at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 
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200, 300, 400, 500, or more genes or gene products from the sample, wherein the genes are chosen 

from Tables 1A-5A. 

In another example, subject intervals of one of the following sets or groups are analyzed.  

E.g., subject intervals associated with a tumor or cancer gene or gene product and a reference (e.g., a 

wild-type) gene or gene product can provide a group or set of subgenomic intervals from the sample. 5 

In an example, the method acquires a read, e.g., sequences, a set of subject intervals from the 

sample, wherein the subject intervals are chosen from at least 1, 2, 3, 4, 5, 6, 7 or all of the following: 

A) at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or 

more subject intervals, e.g., subgenomic intervals, or expressed subgenomic intervals, or both, from a 

mutated or wild-type gene according to Tables 1A-5A; 10 

B) at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or 

more subject intervals from a gene or gene product that is associated with a tumor or cancer (e.g., is a 

positive or negative treatment response predictor, is a positive or negative prognostic factor for, or 

enables differential diagnosis of a tumor or cancer, e.g., a gene according to Tables 1A-5A); 

C) at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or 15 

more of subject intervals from a mutated or wild-type gene or gene product (e.g., single nucleotide 

polymorphism (SNP)) of a subgenomic interval that is present in a gene chosen from Tables 1A-5A; 

D) at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or 

more of subject intervals from a mutated or wild-type gene (e.g., single nucleotide polymorphism 

(SNP)) of a subject interval that is present in a gene chosen from Tables 1A-5A associated with one 20 

or more of: (i) better survival of a cancer patient treated with a drug (e.g., better survival of a breast 

cancer patient treated with paclitaxel); (ii) paclitaxel metabolism; (iii) toxicity to a drug; or (iv) a side 

effect to a drug; 

E) a plurality of translocation alterations involving at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 

50, 60, 70, 80, 90, 100, 200, 300, 400, 500, or more genes or gene products according to Tables 1A-25 

5A; 

F) at least five genes selected from Tables 1A-5A, wherein an allelic variation, e.g., at a 

position, is associated with a type of tumor and wherein said allelic variation is present in less than 

5% of the cells in said tumor type;  

G) at least five genes selected from Tables 1A-5A, which are embedded in a GC-rich region; 30 

or  

H) at least five genes indicative of a genetic (e.g., a germline risk) factor for developing 

cancer (e.g., the gene or gene product is chosen from Tables 1A-5A). 

In yet another example, the method acquires reads, e.g., sequences, for a set of subject 

intervals from the sample, wherein the subject intervals are chosen from 5, 6, 7, 8, 9, 10, 15, 20, 25, 35 

30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, or all of the genes described in Tables 1A-1C.   
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In yet another example, the method acquires reads, e.g., sequences, for a set of subject 

intervals from the sample, wherein the subject intervals are chosen from 5, 6, 7, 8, 9, 10, 15, 20, 25, 

30, or all of the genes described in Tables 2A-2B. 

In yet another example, the method acquires reads, e.g., sequences, for a set of subject 

intervals from the sample, wherein the subject intervals are chosen from 5, 6, 7, 8, 9, 10, 15, 20, 25, 5 

30, 40, 50, 60, 70, 80, 90, 100, 200, 300, or all of the genes described in Tables 3A-3C. 

In yet another example, the method acquires reads, e.g., sequences, for a set of subject 

intervals from the sample, wherein the subject intervals are chosen from 5, 6, 7, 8, 9, 10, 15, 20, 25, 

30, 40, 50, 60, 70, 80, or all of the genes described in Tables 4A-4B. 

 These and other sets and groups of subgenomic intervals are discussed in more detail 10 

elsewhere herein, e.g., in the section entitled “Gene Selection” (in the Summary and/or Detailed 

Description).   

  

APPLICATIONS 

Methods disclosed herein allow integration of a number of optimized elements including 15 

optimized target capture reagent (e.g., bait)-based selection, optimized alignment, and optimized 

mutation calling, as applied, e.g., to cancer related segments of the genome.  Methods described 

herein provide for NGS-based analysis of tumors that can be optimized on a cancer-by-cancer, gene-

by-gene and site-by-site basis. This can be applied e.g., to the genes/sites and tumor types described 

herein.  The methods optimize levels of sensitivity and specificity for mutation detection with a given 20 

sequencing technology.  Cancer by cancer, gene by gene, and site by site optimization provides very 

high levels of sensitivity/specificity (e.g., >99% for both) that are essential for a clinical product.   

Without wishing to be bound by theory, it is believed that in some examples, the methods 

described herein can be applied to general sequencing applications which would benefit from 

increased sensitivity in detection of selected genomic regions.  For example, those applications 25 

include, but are not limited to, hereditary cancer panels with increased coverage based upon 

prevalence, other whole exome sequencing (WES) tests targeted to specific disease pathways, and 

prenatal testing with enrichment for candidate actionable focal events. 

In some examples, the methods and compositions described herein can be used to modulate 

(e.g., adjust or optimize) the sequencing depth for one or more subgenomic intervals, e.g., based on 30 

the type of alteration or the purpose of analysis.  For example, high-sensitivity somatic mutation 

calling may require a high sequencing depth and evaluation of tumor mutational burden (TMB) may 

need a moderate sequencing depth.  In some examples, a small number of subgenomic intervals are 

sequenced to a higher sequencing depth (e.g., for analyzing somatic mutations) and a large number of 

subgenomic intervals are sequenced to a lower sequencing depth (e.g., for evaluating TMB). 35 

In some examples, the methods and compositions described herein can be used for combined 

germline and somatic mutation calling.  For example, high sequencing depth may be needed for 
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calling somatic mutations (e.g., to increase the sensitivity of calling) but not for calling germline 

mutations.  In some examples, the target capture reagents (e.g., baits) described herein can be 

modulated to increase the recovery of subject intervals associated with somatic mutations and lower 

the recovery of subject intervals associated with germline mutations, e.g., at the same time or in a 

single capturing step. In some examples, modulating the target capture reagents (e.g., baits) comprises 5 

altering the ratio of one or more (e.g., all) of the target capture reagents (e.g., baits).  The methods and 

compositions described herein can be useful, e.g., for analyzing germline mutations with clinical 

significance (e.g., BRCA1/2).  The methods and compositions described herein can also be useful, 

e.g., for combined somatic mutation calling with human leukocyte antigen (HLA) typing, e.g., for 

determining background mutation rate (pCV). 10 

In some examples, the methods and compositions described herein can be used for 

optimization of large dynamic-range gene expression profiling.  For example, high sequencing depth 

may be needed for analyzing high-expressed genes but not for analyzing low-expressed genes. In 

some examples, high sequencing depth may be needed for analyzing low-expressed genes. In some 

examples, high sequencing depth may be needed for analyzing low-expressed genes but not for high-15 

expressed genes. In some examples, the target capture reagents (e.g., baits) described herein can be 

modulated to lower the recovery of subject intervals associated with high-expressed genes and 

increase the recovery of subject intervals associated with low-expressed genes, e.g., at the same time 

or in a single capturing step. 

In some examples, the methods and compositions described herein can be used for combined 20 

copy number alteration (CNA) calling and somatic mutation calling.  For example, high sequencing 

depth may be needed for calling somatic mutations (e.g., to increase the sensitivity of calling) but not 

for calling CNAs.  In some examples, the target capture reagents (e.g., baits) described herein can be 

modulated to increase the recovery of subject intervals associated with somatic mutations and lower 

the recovery of subject intervals that have been amplified, e.g., at the same time or in a single 25 

capturing step.   

In some examples, the method further comprises selecting a treatment responsive to the 

evaluation of a genomic alteration, e.g., a somatic alteration.  In some examples, the method can 

further comprise selecting a treatment responsive to the evaluation of mutational burden, e.g., an 

increased or decreased level of mutational burden.  In some examples, the method further comprises 30 

administering a treatment responsive to the evaluation of a genomic alteration.  In some examples, the 

method further comprises classifying the sample or the subject from which the sample was derived 

responsive to the evaluation of a genomic alteration.  In some examples, the method further comprises 

determining clinical trial eligibility for a subject from which a sample is obtained.  In some examples, 

the method further comprises generating and delivering a report, e.g., an electronic, web-based, or 35 

paper report, to the patient or to another person or entity, a caregiver, a physician, an oncologist, a 
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hospital, clinic, third-party payor, insurance company or government office.  In some examples, the 

report comprises output from the method described herein.   

Methods described herein provide for clinical and regulatory grade comprehensive analysis 

and interpretation of genomic aberrations for a comprehensive set of plausibly actionable genes 

(which may typically range from 50 to 500 genes) using next-generation sequencing technologies 5 

from routine, real-world samples in order to inform optimal treatment and disease management 

decisions. 

Methods described herein provide one-stop-shopping for oncologists/pathologists to send a 

sample and receive a comprehensive analysis and description of the genomic and other molecular 

changes for a tumor, in order to inform optimal treatment and disease management decisions. 10 

Methods described herein provide a robust, real-world clinical oncology diagnostic tool that 

takes standard available samples and in one test provides a comprehensive genomic and other 

molecular aberration analysis to provide the oncologist with a comprehensive description of what 

aberrations may be driving the tumor and could be useful for informing the oncologists treatment 

decisions. 15 

 Methods described herein provide for a comprehensive analysis of a patient’s cancer genome, 

e.g., by next-generation sequencing (NGS), with clinical grade quality.  Methods include the most 

relevant genes and potential alterations and include one or more of the analysis of mutations (e.g., 

indels or base substitutions), copy number, rearrangements, e.g., translocations, expression, and 

epigenetic markers.  The output of the genetic analysis can be contextualized with descriptive 20 

reporting of actionable results.  Methods connect the use with an up to date set of relevant scientific 

and medical knowledge.   

In some examples, the method analyzes a sample derived from a human body for the purpose 

of providing information for the diagnosis, prevention or treatment of any disease (e.g., cancer) or 

impairment of, or the assessment of the health of, human beings.  In some examples, the method is 25 

performed in accordance with the guidelines provided by Clinical Laboratory Improvement 

Amendment (CLIA) and/or the College of American Pathologists (CAP).  In some examples, the 

method is performed in a CLIA and/or CAP certified facility.  In some examples, the method is 

performed in accordance with the guidelines provided by the Food and Drug Administration (FDA), 

the European Medicines Agency (EMA), Quality System Regulation (QSR), European Commission 30 

(CE), e.g., CE in vitro diagnostics (CE-IVD), Chinese Food and Drug Administration (CFDA) or 

other regulatory agency. In some examples, the method is performed in a FDA, QSR, CE or CFDA 

certified facility. In some examples, the method is performed in a QSR certified facility. In some 

examples, the method analyzes a clinical grade sample, e.g., a sample suitable for clinical practice, 

trials, or management of patient care.  In some examples, the sample comprises a retrospective sample 35 

and/or a prospective sample. In some examples, a retrospective sample comprises a sample analyzed 

before or after a treatment has been administered, or is a research sample. In some examples, a 
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prospective sample comprises a sample from a subject that has not been treated with a treatment. In 

some examples, use of a method described herein to analyze a prospective sample can result in a 

prediction of the outcome of a therapy on the subject from which the sample was obtained, e.g., 

derived.  

 In some examples, the method is used as a diagnostic, e.g., as described herein.  In some 5 

examples, the method is used in or with a companion diagnostic.  In some examples, the method is 

used as a complementary diagnostic. 

In some examples, the validity of the method is established (e.g., under CLIA regulations) by 

determination of one or more (e.g., two, three, four, five, or all) of accuracy, precision, sensitivity, 

specificity, reportable range, or reference interval.  In certain examples, accuracy is determined by the 10 

coverage and quality (e.g., Phred scores), e.g., for known variants (e.g., SNP, indel) in targeted 

regions.  In certain examples, precision is determined by the sequence replication and coverage 

distribution between different operators and instruments, e.g., for known variants.  In certain 

examples, specificity is determined by the false positive rate, degree with which a false variant is 

identified at a specific coverage threshold, e.g., in several samples with well characterized targets.  In 15 

certain examples, sensitivity is determined by the likelihood test that detects known variant, e.g., in 

several samples with well characterized targets.  In certain examples, reportable range is determined 

by the intron buffer and exon region of one or more genes, e.g., with repeat regions, indels, or allele 

drop outs.  In certain examples, reference interval is determined by sequence variation background 

measurement, e.g., in an unaffected population. 20 

In some examples, the method is performed in a setting (e.g., under CAP regulations) that 

includes consideration for one or more (e.g., two, three, four, five, or all) of validated sample 

extraction, library preparation, barcoding, pooling, target enrichment, or bioinformatics (e.g., how 

precise and sensitive variants are called). 

Methods described herein provide for increasing both the quality and efficiency of patient 25 

care.  This includes applications where a tumor is of a rare or poorly studied type such that there is no 

standard of care or the patient is refractory to established lines of therapy and a rational basis for 

selection of further therapy or for clinical trial participation could be useful.  E.g., the methods allow, 

at any point of therapy, selection where the oncologist would benefit by having the full “molecular 

image” and/or “molecular sub-diagnosis” available to inform decision making.  The results can be 30 

used to determine whether a patient may be eligible to enroll in a clinical trial. 

Methods described herein can comprise providing a report, e.g., in electronic, web-based, or 

paper form, to the patient or to another person or entity, e.g., a caregiver, e.g., a physician, e.g., an 

oncologist, a hospital, clinic, third-party payor, insurance company or government office.  The report 

can comprise output from the method, e.g., the identification of nucleotide values, the indication of 35 

the presence or absence of an alteration, mutation, or wild-type sequence, e.g., for subject intervals 

associated with a tumor of the type of the sample.  The report can also comprise information on the 
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level of tumor mutational burden.  The report can also comprise information on one or more other 

genomic signatures, e.g., continuous/complex biomarkers, e.g., the level of microsatellite instability, 

or the presence or absence of heterozygosity (LOH).  The report can also comprise information on the 

role of a sequence, e.g., an alteration, mutation, or wild-type sequence, in disease.  Such information 

can include information on prognosis, resistance, or potential or suggested therapeutic options.  The 5 

report can comprise information on the likely effectiveness of a therapeutic option, the acceptability 

of a therapeutic option, or the advisability of applying the therapeutic option to a patient, e.g., a 

patient having a sequence, alteration identified in the test, and in examples, identified in the report.  

E.g., the report can include information, or a recommendation on, the administration of a drug, e.g., 

the administration at a dosage or in a treatment regimen, e.g., in combination with other drugs, to the 10 

patient.  In an example, not all mutations identified in the method are identified in the report.  E.g., the 

report can be limited to mutations in genes having a level of correlation with the occurrence, 

prognosis, stage, or susceptibility of the cancer to treatment, e.g., with a therapeutic option.  Methods 

featured herein allow for delivery of the report, e.g., to an entity described herein, within 7, 14, or 21 

days from receipt of the sample by the entity practicing the method.  Thus, methods featured in the 15 

disclosure allow a quick turnaround time, e.g., within 7, 14 or 21 days of receipt of sample. 

Methods described herein can also be used to evaluate a histologically normal sample, e.g., 

samples from surgical margins.  If one or more alterations as described herein is detected, the tissue 

can be re-classified, e.g., as malignant or premalignant, and/or the course of treatment can be 

modified.   20 

In some examples, the methods described herein are useful in non-cancer applications, e.g., in 

forensic applications (e.g., identification as alternative to, or in addition to, use of dental records), 

paternity testing, and disease diagnosis and prognosis, e.g., for an infectious disease, an autoimmune 

disorder, cystic fibrosis, Huntington's Disease, Alzheimer's Disease, among others.  For example, 

identification of genetic alterations by the methods described herein can indicate the presence or risk 25 

of an individual for developing a particular disorder. 

 

SYSTEMS 

In another example, the disclosure features a system for evaluating genomic alterations in a 

sample.  The system includes at least one processor operatively connected to a memory, the at least 30 

one processor when executing is configured to perform a method of analyzing a sample as described 

herein. 

Unless otherwise defined, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this disclosure belongs. 

Although methods and materials similar or equivalent to those described herein can be used in the 35 

practice or testing of the present disclosure, suitable methods and materials are described below. All 

publications, patent applications, patents, and other references mentioned herein are incorporated by 
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reference in their entirety. In addition, the materials, methods, and examples are illustrative only and 

not intended to be limiting. 

 

Other features and advantages of the disclosure will be apparent from the detailed description, 

drawings, and from the claims. 5 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a plot showing target coverage of ATM and APC relative to three genes (EGFR, 

NF1 and TP53) without blockers. The y-axis depicts log 2 ratios and the x-axis depicts the gene 

target. 10 

 FIG. 2 is a graph depicting the observed versus expected median coverage of the APC target 

region compared to all other NHC target regions. 

 FIG. 3 is a histogram showing the average consensus target coverage illustrating the 

separation of narrow high coverage (NHC) targets from the blocked reduced coverage non-NHC 

targets. The y-axis depicts counts and the x-axis depicts target sequencing depth. 15 

 

DETAILED DESCRIPTION 

The methods described herein are based, at least in part, on the observation that differential 

sequencing depth of targets can be achieved in a controlled manner by optimizing the level of 

modification (e.g., biotinylation) on target capture reagents for different targets.  In certain 20 

embodiments, the method provides higher sensitivity for specific genomic regions, exons, or RNA 

transcripts, which are likely to contain subclonal mutations or are of higher clinical importance.  In 

other embodiments, the method provides higher sequencing depth on targets in which somatic 

mutations are evaluated versus ones which are used to assess germline SNP allele balance.   

Without wishing to be bound by theory, it is believed that in some embodiments, the methods 25 

described herein can achieve a similar performance for evaluating genomic alterations with a lower 

cost. 

The methods described herein allow for providing target capture reagents that can measure 

somatic mutations from tissue, blood, CTCs, cfDNA, or ctDNA at high sequencing depth in a smaller 

set of genes and simultaneously measure genomic signatures, e.g., continuous/complex biomarkers  30 
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CLAIMS 

What is claimed is: 

1.  A plurality of target capture reagents, comprising first target capture reagents (R1s), wherein 5 

each R1comprises the same first nucleic acid sequence configured to hybridize to a first target nucleic 

acid sequence, and second target capture reagents (R2s), wherein each R2 comprises the same second 

nucleic acid sequence configured to hybridize to a second target nucleic acid sequence,  

wherein: 

at least a portion of the R1s comprise a first member of a binding pair; and 10 

a first portion of the R2s comprise the first member of the binding pair and  

a second portion of the R2s lack the first member of the binding pair; 

wherein the first member of the binding pair is capable of binding to a second member of the 

binding pair disposed on substrate, and 

wherein the proportion of R1s that comprises a first member of the binding pair is greater than the 15 

proportion of R2s that comprise a first member of the binding pair. 

2.  The plurality of target capture reagents of claim 1, wherein the proportion of R1s that 

comprise a first member of the binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 

70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the proportion of R2s 20 

that comprise a first member of the binding pair. 

3. The plurality of target capture reagents of claim 1 or 2, wherein each of the R1s is capable of 

forming a first fragment/first target capture reagent (F1/R1) hybrid, and each of the R2s is capable of 

forming a second fragment/second target capture reagent (F2/R2) hybrid, and 25 

wherein F1, F2, or both, comprises a subject interval from a gene described in Tables 1A-5A. 

4. The plurality of target capture reagents of claim 3, wherein: 

F1 comprises a high sequencing depth event; and  

F2 comprises a low sequencing depth event, e.g., the level of which is associated with 30 

determination of one or more biomarkers, e.g., tumor mutational burden (TMB), or microsatellite 

instability (MSI). 
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5. The plurality of target capture reagents of any of the preceding claims, further comprising third 

target capture reagents (R3s),  

wherein R3s comprise R3s that comprise a first member of the binding pair and R3s that lack a 

first member of the binding pair; 

wherein the first member of the binding pair is capable of binding to a second member of the 5 

binding pair disposed on substrate, and 

wherein the proportion of R2s that comprises a first member of the binding pair is greater than the 

proportion of R3s that comprise a first member of the binding pair. 

6. The plurality of target capture reagents of claim 5, wherein each of the R3s is capable of 10 

forming a third fragment/first target capture reagent (F3/R3) hybrid, and 

wherein F3 comprises a subject interval from a gene described in Tables 1A-5A. 

7.  A method of analyzing a sample, comprising: 

contacting a plurality of first fragments (F1s) and a plurality of second fragments (F2s) with the 15 

plurality of target capture reagents according to any one of claims 1-6; 

contacting a plurality of first fragment/first target capture reagent (F1/R1) hybrids with substrate 

to form F1/R1 hybrid/substrate complexes; and  

contacting a plurality of second fragment/second target capture reagent (F2/R2) hybrids with 

substrate to form F2/R2 hybrid/substrate complexes, 20 

wherein the proportion of F1/R1 hybrids which bind to substrate is greater than the proportion of 

F2/R2 hybrids which bind to substrate,  

thereby analyzing the sample. 

8. The method of claim 7, wherein: 25 

F1 comprises a high sequencing depth event; and  

F2 comprises a low sequencing depth event, e.g., the level of which is associated with 

determination of one or more biomarkers, e.g., tumor mutational burden (TMB), or microsatellite 

instability (MSI). 

30 

9.  The method of claim 7 or 8, wherein a portion of the R1s and a portion of the R2s comprise a 

first member of a binding pair, and wherein the first member of the binding pair is capable of binding to a 

second member of the binding pair disposed on substrate. 
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10.  The method of any of claims 7-9, wherein a portion of the R1s, a portion of the R2s, or both, 

lack a first member of a binding pair, e.g., an altered or blocked first member that is not capable of 

binding, or has reduced binding affinity, to a second member of the binding pair disposed on substrate. 

11.  The method of any of claims 7-10, wherein:  5 

the R1s comprise R1s that comprise a first member of a binding pair and R1s that lack a first 

member of the binding pair; and 

the R2s comprise R2s that comprise a first member of a binding pair and R2s that lack a first 

member of the binding pair. 

10 

12.  The method of any of claims 7-11, wherein the proportion of R1s that comprise a first 

member of the binding pair is greater than the proportion of R2s that comprise a first member of the 

binding pair. 

13.  The method of claim 11, wherein the proportion of R1s that comprise a first member of the 15 

binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 

500, 600, 700, 800, 900, or 1,000-fold, greater than the proportion of R2s that comprise a first member of 

the binding pair. 

14.  The method of any of claims 7-13, wherein the proportion of R1s that comprise a first 20 

member of the binding pair and the proportion of R2s that comprise a first member of the binding pair are 

such that, upon formation of the F1/R1 hybrid/substrate complexes and the F2/R2 hybrid/substrate 

complexes, the number of F1s in the F1/R1 hybrid/substrate complexes and the number of F2s in the 

F2/R2 hybrid/substrate complexes have one or both of the following relationships: 

(i) the number of F1s is greater than, or is substantially the same as, the number of F2s; and/or 25 

(ii) the number of F1s comprising an alteration in a first subject interval is greater than, or is 

substantially the same as, the number of F2s comprising an alteration in a second subject interval. 

15.  The method of claim 14, wherein the number of F1s is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the 30 

number of F2s. 

16.  The method of claim 14 or 15, wherein the number of F1s comprising an alteration in a first 

subject interval is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 
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500, 600, 700, 800, 900, or 1,000-fold, greater than the number of F2s comprising an alteration in a 

second subject interval. 

17.  The method of any of claims 14-16, wherein the first subject interval, the second subject 

interval, or both, is from a gene described in Tables 1A-5A.  5 

18.  The method of any of claims 14-17, wherein the alteration in the first subject interval is 

present at a mutant allele frequency of equal to or greater than 0.1% (e.g., equal to or greater than 0.2%, 

0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, or 0.9%, e.g., 0.1% to 0.9%, 0.2% to 0.8%, 0.3% to 0.7%, or 0.4% 

to 0.6%) in the sample. 10 

19.  The method of any of claims 14-18, wherein the alteration in the second subject interval is 

present at a mutant allele frequency of equal to or greater than 1% (e.g., equal to or greater than 2%, 3%, 

4%, 5%, 6%, 7%, 8%, or 9%, e.g., 1% to 9%, 2% to 8%, 3% to 7%, or 4% to 6%) in the sample. 

15 

20.  The method of any of claims 7-19, wherein F1, F2, or both, comprises a subject interval from 

a gene described in Tables 1A-5A. 

21.  The method of claim 20, wherein the subject interval in F1 is sequenced to a first depth, and 

the subject interval in F2 is sequenced to a second depth, wherein the first depth is at least 1, 2, 3, 4, 5, 6, 20 

7, 8, 9, or 10-fold greater than the second depth. 

22.  The method of any of claims 14-21, wherein F1 comprises a subject interval from a gene 

described in Tables 1A-5A, and wherein the subject interval comprises an alteration, e.g., a somatic 

alteration, e.g., a functional alteration in cancer. 25 

23.  The method of claim 17, wherein the subject interval is sequenced to at least 5,000X depth. 

24. The method of any of claims 7-23, wherein F2 comprises a subject interval from a gene 

described in Tables 1A-5A, and wherein the subject interval comprises an alteration, e.g., a somatic 30 

alteration, wherein the determination of the alteration is used for evaluating one or more genomic 

signatures, e.g., continuous/complex biomarkers. 
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25.  The method of claim 24, wherein the subject interval is sequenced to at least 800X but less 

than 5,000X., e.g., for evaluating one or more genomic signatures, e.g., continuous/complex biomarkers. 

26.  The method of any of claims 7-25, further contacting a plurality of third fragment/third target 

capture reagent (F3/R3) hybrids with substrate to form F3/R3 hybrid/substrate complexes. 5 

27.  The method of claim 25 or 26, wherein R3s comprise R3s that comprise a first member of the 

binding pair and R3s that lack a first member of the binding pair. 

28.  The method of any of claims 26-27, wherein the proportion of R2s that comprise a first 10 

member of the binding pair is greater than the proportion of R3s that comprise a first member of the 

binding pair. 

29.  The method of any of claims 26-28, wherein the proportion of R2s that comprise a first 

member of the binding pair is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 15 

200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the proportion of R3s that comprise a 

first member of the binding pair. 

30.  The method of any of claims 26-29, wherein the proportion of R2s that comprise a first 

member of the binding pair and the proportion of R3s that comprise a first member of the binding pair are 20 

such that, upon formation of the F2/R2 hybrid/substrate complexes and the F3/R3 hybrid/substrate 

complexes, the number of F2s in the F2/R2 hybrid/substrate complexes and the number of F3s in the 

F3/R3 hybrid/substrate complexes have one or both of the following relationships: 

(i) the number of F2s is greater than the number of F3s; and/or 

(ii) the number of F2s comprising an alteration in a second subject interval is greater than the 25 

number of F3s comprising an alteration in a third subject interval. 

31.  The method of claim 30, wherein the number of F2s is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the 

number of F3s. 30 

32.  The method of claim 30 or 31, wherein the number of F2s comprising an alteration in a 

second subject interval is at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 
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300, 400, 500, 600, 700, 800, 900, or 1,000-fold, greater than the number of F3s comprising an alteration 

in a third subject interval. 

33.  The method of any of claims 30-32, wherein the second subject interval, the third subject 

interval, or both, is from a gene described in Tables 1A-5A.  5 

34.  The method of any of claims 26-33, wherein one, two or all of F1, F2, or F3 comprises a 

subject interval from a gene described in Tables 1A-5A. 

35.  The method of claim 34, wherein the subject interval in F2 is sequenced to a second depth, 10 

and the subject interval in F3 is sequenced to a third depth, wherein the second depth is at least 1, 2, 3, 4, 

5, 6, 7, 8, 9, or 10-fold greater than the third depth. 

36.  The method of any of claims 26-35, wherein F3 comprises a subject interval from a gene 

described in Tables 1A-5A, and wherein the subject interval comprises a germline alteration, e.g., a 15 

germline SNP. 

37.  The method of claim 36, wherein the subject interval is sequenced to at least 100X depth but 

less than 800X. 

20 

38.  The method of any of claims 7-37, further comprising providing the sample from a subject. 

39.  The method of any of claims 7-38, wherein the sample comprises DNA, e.g., genomic DNA, 

e.g., cell-free DNA (cfDNA) or circulating tumor DNA (ctDNA). 

25 

40.  The method of any of claims 7-39, wherein the sample comprises RNA, e.g., mRNA. 

41.  The method of claim 40, further comprising providing cDNA from RNA. 

42.  The method of any claims 7-41, further comprising obtaining, e.g., isolating, nucleic acids 30 

from the sample. 

43.  The method of any of claims 7-42, further comprising fragmenting nucleic acids in the 

sample to provide F1 and F2. 
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44.  The method of any of claims 7-43, further comprising amplifying F1 to provide a plurality of 

F1s, and amplifying F2 to provide a plurality of F2s. 

45.  The method of any of claims 7-44, further comprising attaching adapter sequences to F1 and 5 

F2 to provide adapterized F1 (AF1) and adapterized F2 (AF2). 

46.  The method of any of claims 7-45, further comprising amplifying AF1 to provide a plurality 

of AF1s, and amplifying AF2 to provide a plurality of AF2s. 

10 

47.  The method of any of claims 7-46, further comprising contacting a plurality of F1s to R1 to 

provide a plurality of F1/R1 hybrids, and contacting a plurality of F2s to R2 to provide a plurality of 

F2/R2 hybrids. 

48.  The method of any of claims 7-47, further comprising contacting a plurality of AF1s to R1 to 15 

provide a plurality of AF1/R1 hybrids, and contacting a plurality of AF2s to R2 to provide a plurality of 

AF2/R2 hybrids. 

49.  The method of any of claims 7-48, wherein: 

contacting a plurality of F1/R1 hybrids with substrate to form F1/R1 hybrid/substrate complexes 20 

comprises contacting a plurality of AF1/R1 hybrids with substrate to form AF1/R1 hybrid/substrate 

complexes; and  

contacting a plurality of F2/R2 hybrids with substrate to form F2/R2 hybrid/substrate complexes 

comprises contacting a plurality of AF2/R2 hybrids with substrate to form AF2/R2 hybrid/substrate 

complexes. 25 

50.  The method of any of claims 47-49, wherein the contacting occurs in solution. 

51.  The method of any of claims 47-49, wherein the contacting occurs on a solid surface. 

30 

52.  The method of any of claims 8-51, wherein the first member of the binding pair comprises a 

biotin moiety, and wherein the second member of the binding pair comprises a streptavidin or avidin (or a 

modified version, e.g., NeutrAvidin or CaptAvidin) moiety. 
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53.  The method of any of claims 8-51, wherein the first member of the binding pair comprises a 

digoxigenin moiety, and wherein the second member of the binding pair comprises an anti-digoxigenin 

antibody moiety. 

54.  The method of any of claims 8-51, wherein the first member of the binding pair comprises an 5 

FITC moiety, and wherein the second member of the binding pair comprises an anti-FITC antibody 

moiety. 

55.  The method of any of claims 8-51, wherein the first member of the binding pair in R1 is 

coupled to a moiety (e.g., a nucleotide sequence) in R1 that captures (e.g., hybridizes to) F1 via a linker, 10 

and wherein the first member of the binding pair in R2 is coupled to a moiety (e.g., a nucleotide 

sequence) in R2 that captures (e.g., hybridizes to) F2 via a linker, 

optionally, wherein the linker is a cleavable linker. 

56.  The method of any of claims 7-55, further comprising sequencing F1 from the plurality of 15 

F1/R1 hybrid/substrate complexes, and sequencing F2 from the plurality of F2/R2 hybrid/substrate 

complexes. 

57.  The method of claim 56, wherein F1 is sequenced to a greater depth than F2, e.g., at least 1, 

2, 3, 4, 5, 6, 7, 8, 9, or 10-fold greater. 20 

58.  A method of analyzing a sample, comprising: 

a) contacting a plurality of first fragments (F1s) and a plurality of second fragments (F2s) with 

the plurality of target capture reagents according to any one of claims 1-6 to provide a plurality of first 

fragment/first target capture reagent (F1/R1) hybrids and a plurality of second fragment/second target 25 

capture reagent (F2/R2) hybrids; 

b) contacting the plurality of F1/R1 hybrids with substrate to form F1/R1 hybrid/substrate 

complexes, and contacting the plurality of F2/R2 hybrids with substrate to form F2/R2 hybrid/substrate 

complexes, 

wherein the proportion of F1/R1 hybrids which bind to the substrate is greater than the proportion 30 

of F2/R2 hybrids which bind to the substrate; and 

c) sequencing F1 from the plurality of F1/R1 hybrid/substrate complexes, and sequencing F2 

from the plurality of F2/R2 hybrid/substrate complexes, 

wherein F1 is sequenced to a greater depth than F2, 
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thereby analyzing the sample. 

59. The method of claim 58, wherein: 

F1 comprises a high sequencing depth event; and  

F2 comprises a low sequencing depth event, e.g., the level of which is associated with 5 

determination of one or more biomarkers, e.g., tumor mutational burden (TMB), or microsatellite 

instability (MSI). 

60.  A method of analyzing a sample, comprising: 

1) providing a sample, e.g., a sample comprising genomic DNA, e.g., cell-free DNA (cfDNA) or 10 

circulating tumor DNA (ctDNA), from a subject; 

2) obtaining, e.g., isolating, nucleic acids from the sample; 

3) fragmenting the nucleic acids to provide a plurality of fragments (Fs); 

4) attaching adapter sequences to the plurality of fragments (Fs) to provide a plurality of 

adapterized fragments (AFs); 15 

5) amplifying a first AF (AF1) to provide a plurality of AF1, and amplifying a second AF (AF2) 

to provide a plurality of AF2; 

6) contacting a plurality of AF1 and a plurality of AF2 with the plurality of target capture 

reagents of any one of claims 1-6 to provide a plurality of AF1/R1 hybrids and a plurality of AF2/R2 

hybrids;   20 

7) contacting the plurality of AF1/R1 hybrids with substrate to form AF1/R1 hybrid/substrate 

complexes, and contacting the plurality of AF2/R2 hybrids with substrate to form AF2/R2 

hybrid/substrate complexes, 

wherein the proportion of AF1/R1 hybrids which bind to the substrate is greater than the 

proportion of AF2/R2 hybrids which bind to the substrate; and 25 

8) sequencing AF1 from the plurality of AF1/R1 hybrid/substrate complexes, and sequencing 

AF2 from the plurality of AF2/R2 hybrid/substrate complexes, 

optionally, wherein AF1 is sequenced to a greater depth than AF2, e.g., at least 1, 2, 3, 4, 5, 6, 7, 

8, 9, or 10-fold greater; 

thereby analyzing the sample. 30 

61.  The method of claim 60, wherein: 

F1 comprises a high sequencing depth event; and  
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F2 comprises a low sequencing depth event, e.g., the level of which is associated with 

determination of one or more biomarkers, e.g., tumor mutational burden (TMB), or microsatellite 

instability (MSI). 

62.  The method of any of claims 7-61, further comprising acquiring a library comprising a 5 

plurality of nucleic acid molecules from the sample. 

63.  The method of claim 62, further comprising contacting the library with target capture 

reagents to provide selected nucleic acid molecules, wherein said target capture reagents hybridize with 

the nucleic acid molecule, thereby providing a library catch. 10 

64.  The method of claim 63, further comprising acquiring a read for a subject interval comprising 

an alteration (e.g., a somatic alteration) from a nucleic acid molecule from said library or library catch, 

thereby acquiring a read for the subject interval, e.g., by a next-generation sequencing method. 

15 

65.  The method of claim 64, comprising acquiring reads for subject intervals in a plurality of 

genes. 

66.  The method of claim 65, wherein the plurality of genes comprises genes in mutant form, e.g., 

the mutant genes are associated with an effect on cell division, growth or survival, or are associated with 20 

cancer. 

67.  The method of claim 65 or 66, wherein the plurality of genes comprises at least 50 or more, 

100 or more, 150 or more, 200 or more, 250 or more, 300 or more, 350 or more, 400 or more, 450 or 

more, 500 or more genes, or 1,000 or more genes, or all genes for whole exon sequencing (WES). 25 

68.  The method of any of claims 64-67, wherein the plurality of genes comprises at least 50 or 

more, 100 or more, 150 or more, 200 or more, 250 or more, 300 or more, or all of the genes described in 

Tables 1A-5A. 

30 

69.  The method of any of claims 64-68, wherein acquiring reads for subject intervals comprises 

sequencing subject intervals from at least 50 or more, 100 or more, 150 or more, 200 or more, 250 or 

more, 300 or more, or all of the genes described in Tables 1A-5A. 
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70.  The method of any of claims 64-69, wherein subject intervals are sequenced to greater than 

100X, greater than 250X, greater than 500X, greater than 800X, greater than 1,000X, greater than 

2,000X, greater than 3,000X, greater than 4,000X, or greater than 5,000X, average depth. 

71.  The method of any of claims 64-70, wherein subject intervals are sequenced to greater than 5 

100X, greater than 250X, greater than 500X, greater than 800X, greater than 1,000X, greater than 

2,000X, greater than 3,000X, greater than 4,000X, or greater than 5,000X, average depth, at greater than 

95%, greater than 97%, or greater than 99%, of the genes (e.g., exons) sequenced. 

72.  The method of any of claims 64-71, further comprising aligning said read by an alignment 10 

method. 

73.  The method of claim 72, further comprising assigning a nucleotide value from said read for a 

nucleotide position. 

15 

74.  The method of any of claims 7-73, further comprising evaluating one or more genomic 

signatures, e.g., continuous/ complex biomarkers in the sample. 

75.  The method of claim 74, wherein the sample is a blood sample. 

20 

76.  The method of any of claims 7-75, further comprising characterizing an alteration in the 

sample as a somatic or germline alteration. 

77.  The method of any of claims 7-76, further comprising determining the zygosity of an 

alteration in the sample. 25 

78.  The method of any of claims 7-77, further comprising classifying the sample or a subject 

from which the sample was obtained responsive to the analysis of the sample.      

79.  The method of any of claims 7-78, further comprising providing a report, e.g., an electronic, 30 

web-based, or paper report, to the subject from which the sample is obtained or to another person or 

entity, a caregiver, a physician, an oncologist, a hospital, clinic, third-party payor, insurance company or 

government office.   


