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EXAMINER'S COMMENTS 
  

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

2. The declaration under 37 CFR 1.132 filed 06/15/20 is sufficient to overcome the 

rejection of claims 31-60 based upon Salk et al. (U.S. 10,604,804) applied under 35 U.S.C. 102 or 103. 

3. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KENNETH R HORLICK whose telephone number is (571)272-0784. The 

examiner can normally be reached on Mon. - Thurs. 8:30 - 6:30. 

Examiner interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use 

the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor, 

Gary Benzion can be reached on 571-272-0782. The fax phone number for the organization where this 

application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. Status information for published applications may be obtained 

from either Private PAIR or Public PAIR. Status information for unpublished applications is available 

through Private PAIR only. For more information about the PAIR system, see https://ppair- 

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private PAIR system, contact 

the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information system, call 800-786- 

9199 (IN USA OR CANADA) or 571-272-1000. 

07/09/20 

/KENNETH R HORLICK/ 

Primary Examiner, Art Unit 1637
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AMENDMENTS TO THE CLAIMS 
  

This listing of claims will replace all prior versions and listings in the above-referenced 

patent application. 

Listing of Claims: 

1.-30. (Cancelled). 

  

31. (Currently amended) A method for detecting_a presence or an absence of one or more   

somatic genetic variants, the method comprising: 

(a) non-uniquely tagging a plurality of cell-free deoxyribonucleic acid (cfDNA) 

molecules obtained from a human subject with adapters comprising molecular 
  

barcodes 

  

produce non-uniquely tagged parent polynucleotides, wherein the adapters are ligated 

to both ends of molecules of cfDNA from the plurality of cfDNA molecules; 

(b) amplifying a plurality of the non-uniquely tagged parent polynucleotides to 

produce progeny polynucleotides with associated molecular barcodes; 

(c) sequencing a plurality of the progeny polynucleotides to produce sequencing 

reads of the progeny polynucleotides with associated molecular barcodes; and 

(d) detecting, from among a plurality of the sequencing reads, [[a]] the presence or the 

absence of the one or more somatic genetic variants, based at least in part on the 

associated molecular barcodes of the sequencing reads. 

32. (Previously presented): The method of claim 31, wherein the human subject has a cancer 

or is suspected of having a cancer. 

33. (Previously presented): The method of claim 31, wherein the non-uniquely tagging 

comprises blunt-end ligation or sticky-end ligation. 

34. (Previously presented): The method of claim 31, wherein the molecular barcodes are from a 

set of molecular barcodes having 5 to 1,000 different nucleotide sequences that are 5 to 20 

nucleotides in length. 

35. (Previously presented) The method of claim 31, further comprising selectively 
2 
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36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44, 

enriching the progeny polynucleotides for target regions associated with cancer. 

(Previously presented) The method of claim 31, further comprising filtering out one or 

more of the sequencing reads that fail to meet a quality control threshold. 

(Currently amended) The method of claim 31, further comprising mappingalerine a plurality 

of the sequencing reads to a human reference sequence to produce aligned sequencing reads. 

(Currently amended) The method of claim 37, further comprising grouping a plurality of the 

attiened- mapped sequencing reads into families based on sequence information of the 

molecular barcodes, a start base position of a given atened-mapped sequencing read from 

among the ahenedmapped sequencing reads at which the given ahened-mapped sequencing 

read is determined to start ahenine-mapping to the human reference sequence, and a stop 

base position of the given ahened-mapped sequencing read at which the given ahened 

mapped sequencing read is determined to stop atenine-mapping to the human reference 

sequence. 

(Previously presented) The method of claim 38, further comprising generating a set of 

consensus sequences from among the sequencing reads in the families. 

(Previously presented) The method of claim 39, further comprising determining the 

presence or absence of the one or more somatic genetic variants in the set of consensus 

sequences as compared to the human reference sequence. 

(Previously presented) The method of claim 40, further comprising quantifying a number 

of consensus sequences from the set of consensus sequences that comprise one or more 

somatic genetic variants as compared to the human reference sequence. 

(Previously presented) The method of claim 38, wherein the detecting comprises generating 

a base call at a genetic locus of the human reference sequence for a family from among the 

families. 

(Previously presented) The method of claim 38, further comprising quantifying a number 

of the families. 

(Previously presented) The method of claim 31, wherein the one or more somatic genetic 

variants comprise a single nucleotide variant (SNV), a copy number variation (CNV), an 
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insertion or deletion (indel), a gene fusion, or any combination thereof. 

45. (Previously presented) The method of claim 31, wherein the detecting further comprises 

detecting cancer in the human subject when the presence of the one or more somatic 

genetic variants is detected. 

46. (Previously presented) The method of claim 31, further comprising generating a tumor 

mutation profile of the human subject based on the detected presence or absence of the 

one or more somatic genetic variants. 

47. (Previously presented) The method of claim 46, wherein the tumor mutation profile is 

generated based on the presence or absence of one or more somatic genetic variants detected 

from different samples obtained from the human subject at different time points. 

48. (Previously presented) The method of claim 31, further comprising performing (a)- (d) in 

combination with immune repertoire profiling. 

49. (Previously presented) The method of claim 31, wherein the one or more somatic genetic 

variants are located in a microsatellite region. 

50. (Previously presented) The method of claim 49, wherein the one or more somatic genetic 

variants comprise an indel. 

51. (Currently amended) A method for detecting a presence or an absence of one or more 

somatic genetic variants, the method comprising: 

(a) non-uniquely tagging a plurality of cell-free deoxyribonucleic acid melecutes 

(cfDNA) molecules from a human subject with molecular barcodes frem-a 

phoralitof cfDNA-molecules-obtainedfrom-ahuman-subsectto produce non- 

uniquely tagged parent polynucleotides, wherein the molecular barcodes are 

  

ligated to both ends of molecules of cfDNA from the plurality of cfDNA 

molecules; 

(b) amplifying a plurality of the non-uniquely tagged parent polynucleotides to 

produce progeny polynucleotides with associated molecular barcodes; 

(c) selectively enriching the progeny polynucleotides for target regions associated with 

4 
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cancer, whereby enriched progeny polynucleotides are generated; 

(d) sequencing a plurality of the enriched progeny polynucleotides to produce 

sequencing reads of the enriched progeny polynucleotides with associated 

molecular barcodes; 

(ce) ahenine-mapping a plurality of the sequencing reads to a human reference 

sequence to produce algened-mapped sequencing reads; 

(f) grouping a plurality of the aligned sequencing reads into families based on 

sequence information of the molecular barcodes, a start base position of a given 

mappedalsred sequencing read from among the atened-mapped sequencing reads 

at which the given ahened- mapped sequencing read is determined to start abeninge 

mapping to the human reference sequence, and a stop base position of the given 

attiened-mapped sequencing read at which the given ahened-mapped sequencing 

read is determined to stop aheni#emapping to the human reference sequence; and 

(g) detecting, from among a plurality of the families, the presence or the absence of 

the one or more somatic genetic variants comprising a single nucleotide variant 

(SNV), a copy number variation (CNV), an insertion or deletion (indel), a gene 

fusion, or any combination thereof. 

52. (Previously presented) The method of claim 51, wherein the plurality of cfDNA molecules 

comprises between ] nanogram (ng) and 100 ng of cfDNA molecules. 

53. (Previously presented) The method of claim 51, wherein the molecular barcodes are from a 

set of molecular barcodes having 5 to 1,000 different nucleotide sequences that are 5 to 20 

nucleotides in length. 

54. (Previously presented) The method of claim 51, wherein the molecular barcodes are part of 

adapter sequences. 

55. (Currently amended) The method of claim 51, further comprising filtering out one or more of 

the sequencing reads or the atened-mapped sequencing reads that fail to meet a set 

accuracy, quality score, or mapping score threshold. 

56. (Currently amended) The method of claim 51, further comprising generating a set of 
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consensus sequences from among the agened-mapped sequencing reads in the families. 

57. (Previously presented) The method of claim 56, further comprising calculating a number of 

consensus sequences from the set of consensus sequences that comprise one or more 

somatic genetic variants as compared to the human reference sequence. 

58. (Previously presented) The method of claim 51, further comprising quantifying a number 

of the families. 

59. (Previously presented) The method of claim 51, wherein 0.1% to 1.0% of the cfDNA 

molecules in the plurality of cfDNA molecules is from one or more cancer genomes. 

60. (Previously presented) The method of claim 51, wherein the detecting further comprises 

detecting cancer in the human subject when the presence of the one or more somatic 

genetic variants is detected. 
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SUMMARY OF THE INTERVIEW 
  

Applicant is appreciative of Examiner Horlick for extending the courtesy of a telephonic 

interview to Applicant’s representative(s) Timothy Hott, on May 13, 2020, and to Timothy Hott 

and Jacqueline Stroncek on June 11, 2020. During the interview, amendments and arguments 

consistent with those detailed herein were discussed. 
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REMARKS 

Claims 31-60 were pending prior to the entry of these amendments. Claims 31, 37, 38, 

51, 55, and 56 have been amended. No new matter is added by these amendments. Accordingly, 

upon entry of these amendments, claims 31-60 will be pending. 

Reconsideration and allowance are respectfully requested in light of the abovementioned 

amendments and the following remarks. 

Claim amendments 
  

Claims 31, 37, 38, 51, 55, and 56 have been amended for clarity and antecedent basis 

purposes. These amendments are fully supported by the application as originally filed (U.S. 

Application No. 16/593,633, now U.S. Patent Publication No. 20200087736A1, referred to 

herein as “Application’”) at, for example, paragraphs [0221 ]-[0223], and throughout the 

specification. 

35 U.S.C. § 102 
  

Claims 31-33, 35-51, 54-58, and 60 stand rejected under 35 U.S.C. § 102(a)(2) as being 

anticipated by Salk et al. (US 10,604,804, hereinafter referred to as “Salk”). Applicant 

respectfully submits that claims 31 and 51 are novel over Salk because Salk does not meet all of 

the elements of the instant claims. For example, Salk does not disclose a tagging method for 

cfDNA molecules, much less “non-uniquely tagging a plurality of cell-free deoxyribonucleic acid 

molecules (cfDNA) molecules from a human subject with molecular barcodes to produce non- 

uniquely tagged parent polynucleotides,” as recited in claims 31 and 51. Nor does Salk disclose 

“(e) mapping a plurality of the sequencing reads to a human reference sequence to produce 

mapped sequencing reads; (f) grouping a plurality of the mapped sequencing reads into families” 

as recited in claim 51. 
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1. Salk does not disclose tagging cell-free DNA molecules as recited in claims 31 and 51. 

As explained in the Declaration of Jay Shendure, M.D., PhD., submitted concurrently 

herewith (the “Declaration,” attached hereto as Appendix), a person of ordinary skill in the 

art would not view Salk as teaching, or even contemplating, application of its methods to 

cfDNA. (Declaration, 7 12) The “Duplex Consensus Sequencing” or “DCS” method disclosed 

by Salk is described exclusively as applicable to cellular DNA samples. (Declaration, § 13) 

Cellular DNA samples are discussed throughout Salk and provide the only examples of 

application of DCS. / Salk does not even mention applying DCS to cfDNA, let alone 

suggest that DCS might be applicable to such samples. /d. 

To the extent that other types of nucleic acids are even mentioned in Salk, a person of 

ordinary skill in the art would not understand these portions of Salk to be contemplating 

application of DCS to the detection of rare variants in cfDNA. (Declaration, §] 15) Observing that 

others have applied fundamentally different methods to fetal aneuploidy (Salk, 1:45-46) is not 

disclosure of application of the DCS method to cfDNA. /d. Further, single molecule counting of 

circulating microRNAs (1.e., Salk’s only disclosed circulating nucleic acid) is not disclosure of 

applying the DCS method to cfDNA at least because (1) circulating microRNA is not cfDNA, 

and (2) single molecule counting is not the DCS method. /d. 

2. Salk does not disclose “non-uniquely tagging” as recited in claims 31 and 51. 

As explained in the Declaration, Salk would not be viewed by a person of ordinary skill 

in the art as disclosing or teaching “non-uniquely tagging” as that term is used in the 

Application. (Declaration, 29) Paragraph 252 of the instant specification provides a definition 

of “non-uniquely tagged.” 

A set of polynucleotides in the composition that map to a mappable 

base position in a genome can be non-uniquely tagged, that is, the 
number of different identifiers can be at least [] 2 and fewer than the 

number of polynucleotides that map to the mappable base position. 

(Declaration, 人 30) 

The instant claims are directed to a tagging method that uses at least 2 and fewer than the 

number of polynucleotides that map to the given mappable base position—far fewer tags than the 
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total number of polynucleotides in the sample and is in marked contrast to the tagging methods 

described by Salk. (Declaration, §] 34) Salk does not use the term “non-uniquely tagged” in the 

specification, nor does Salk contemplate non-unique tagging as claimed. /d. In contrast to the 

claimed method, the DCS method of Salk critically relies on flooding a sample with an excess 
  

number of tags, such that every DNA fragment is labeled with distinct or “unique” tags. 
  

(Declaration, 和 35 (referencing Salk)) Furthermore, Salk exclusively describes methods that use 

more tags than polynucleotide fragments in the sample. Salk refers to its disclosed methods as 

providing “unique” tagging. (Declaration, { 36 (referencing Salk)) 

Salk never instructs that the number of tags — which Salk refers to as “Single Molecule 

Identifiers” or “SMIs” —should be /ess than the number of polynucleotides in a sample, let alone 

fewer than the number of polynucleotides in a set of the composition that map to a given 

mappable base position. (Declaration, 37 (referencing Salk)) Where Salk does relate the 

number of barcodes to polynucleotides in a sample, it instructs that the barcodes should be in 

excess of the sample polynucleotides. /d.; see also Salk 3:55-61 (describing Salk’s DCS method 

generally); 6:67-7:4. With respect to the “hybrid method” of Salk, this is expressly characterized 

as providing “unique molecular identifiers” — rather than non-unique barcodes. (Salk, 9:31-35). 

Absent information about the particular sample size, how many nucleic acid fragments are 

tagged, and express disclosure of using far fewer tags (disclosure that is absent from Salk) one 

could not reasonably conclude Salk is contemplating anything other than what is expressly stated 

throughout the Salk reference—i.e., flooding a sample with an excess number of tags or 

“unique” tagging. See e.g., Salk 3:55-61; 6:67-7:4. Finally, Salk’s “hybrid method” uses sheared 

ends of polynucleotide molecules. Salk, 9:32. As explained in the Shendure declaration and 

below, shearing is not compatible with cfDNA. (Declaration, {| 17-18) 

3. Salk does not disclose “mapping” and “grouping” as recited in claim 51. 

Additionally, Salk does not disclose “mapping a plurality of the sequencing reads to a 

human reference sequence to produce aligned sequencing reads” and “grouping a plurality of the 

mapped sequencing reads” as recited in claim 51. 
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Accordingly, Applicant respectfully requests that the § 102 rejection of independent 

claims 31 and 51 be withdrawn. 

Claims 32, 33, 35-50, 54-58, and 60 depend from an include all elements of claims 31 

and 51 and recite additional elements of particular advantage and utility. Salk does not meet all 

the elements of claims 31 and 51, much less the unique combination of claims 32, 33, 35-50, 54- 

58, and 60. Accordingly, Applicant respectfully requests that the § 102 rejection of claims 32, 

33, 35-50, 54-58, and 60 also be withdrawn. 

Finally, Salk was filed as a continuation application (U.S. Application No. 16/411,045) 

on May 13, 2019, claiming priority to USSN 15/660,785 (the ‘758 application). The ‘785 

application claims priority to USSN 14/386,800, which is a U.S. national stage application of 

International Application No. PCT/US2013/032665, filed Mar. 15, 2013 claiming priority to 

U.S. Provisional Patent Application No. 61/613,413, filed Mar. 20, 2012; U.S. Provisional Patent 

Application No. 61/625,623, filed Apr. 17, 2012; and U.S. Provisional Patent Application No. 

61/625,319, filed Apr. 17, 2012. 

In articulating its rejection, the Office refers to certain claims of Salk. (“Salk et al. 

discloses methods comprising these steps as well as the steps in the dependent claims; see claims 

1-2, 7-11, and 16-28. The claimed methods cannot be distinguished from the patent methods of 

Salk et al.” Office action, p. 3) To the extent that the claims of Salk are referenced by the Office 

with respect to the instant claims, Applicant submits that at least “(b) attaching tags comprising 

barcodes . . . to generate non-uniquely tagged parent polynucleotides, wherein each non-uniquely 

tagged parent polynucleotide is substantially unique with respect to other non-uniquely tagged 

parent polynucleotides in the bodily sample,” amongst other elements of Salk’s claims, do not 

find support in the disclosure of its priority documents and therefore are not prior art under § 

102. (See MPEP 2136.06 “For prior art purposes, a U.S. patent or patent application publication 

that claims the benefit of an earlier filing date under 35 U.S.C. 120 of a prior nonprovisional 

application (i.e., a continuation, divisional, or continuation-in-part application) would be 

accorded the earlier filing date as its prior art date under pre-AIA 35 U.S.C. 102(e), provided the 

earlier-filed application properly supports the subject matter relied upon in any rejection in 
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compliance with 35 U.S.C. 112(a) or pre-AIA 35 U.S.C. 112, first paragraph.” MPEP 211 “The 

disclosure of a continuation application must be the same as the disclosure of the prior-filed 

application; i.e., the continuation must not include anything which would constitute new matter if 

inserted in the original application.”) 

35 U.S.C. § 103 

Claims 34, 52, 53, and 59 stand rejected under 35 U.S.C. § 103 as being unpatentable 

  

over Salk et al. 

Initially, Applicant submits that claims 31 and 51 are not obvious over Salk because Salk 

does not teach, suggest, or disclose all elements of claims 31 and 51 (as stated above). Claims 

34, 52, 53, and 59 depend from and include all elements of claims 31 and 51 and recite 

additional elements of particular advantage and utility. 

Second, the teachings and disclosure of Salk provide no reasonable expectation of 

success for at least “non-uniquely tagging a plurality of cell-free deoxyribonucleic acid 
    

(cfDNA) molecules” to “detect[], from among a plurality of the sequencing reads, the presence 
  

or the absence of the one or more somatic genetic variants” as recited in claims 31 and 51, let 

alone dependents thereof. 

As provided in Dr. Shendure’s declaration, a person of ordinary skill in the art would not 

view Salk as teaching, or even contemplating, application of its methods to cfDNA. (Declaration, 

4 12) In fact, there are numerous aspects of Salk’s method that would be recognized as 

incompatible with cfDNA analysis. (Declaration, | 12 and § 16) This includes Salk’s random 

fragmentation process, sample processing that instructs discarding fragments of the size expected 

in cfDNA, and Salk’s requirement of excessive amounts of DNA not available in cfDNA 

samples. (Declaration, 和 12) 

(a) Salk requires excessive amounts of DNA for cf{DNA sample analysis. 

The “Duplex Consensus Sequencing” or “DCS” method disclosed by Salk is described 

exclusively as applicable to cellular DNA samples. (Declaration, 人 13) Cellular DNA samples 

are discussed throughout Salk and provide the only examples of application of DCS. /d. Salk 

describes a method designed for cellular DNA samples which includes numerous aspects that are 
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fundamentally incompatible with cfDNA samples. (Declaration, 1 14) Salk describes methods 

which require large amounts of cellular DNA. (Declaration, 和 1 21) For example, Salk discloses 

using 3 ug of human DNA. (/d., referencing Salk, 20:50-51). While cellular DNA might be 

available in such large quantities, cfDNA is not. (Declaration, § 22) For instance, 1 mL of human 

serum typically contains only about 10 ng of cfDNA. /d. That is, the amount of cfDNA in 1 mL 

is over 2-orders of magnitude less than what Salk discloses is used for DCS. /d. It is simply not 

feasible to routinely obtain cfDNA in microgram quantities from patients. /d. 

(b) The DCS method disclosed in Salk cannot be adapted for cfDNA without 

fundamental modification. 

As provided in the Declaration of Dr. Shendure, adapting Salk to detect somatic genetic 

variants in cfDNA is not just a matter applying the technique to a more dilute DNA sample but 

would require fundamental modification and redesign of the DCS method. (Declaration, 1 23) 

By way of example, the enzymatic steps involved in preparation of samples for DCS 

analysis (e.g., end repair, T-tailing, ligation, Salk, 20:50-21:8)) work less efficiently with dilute 

samples. Id. 

Other aspects of Salk’s method are not compatible with cfDNA analysis. For example, 

Salk’s method also relies on acoustic shearing of cellular DNA. (Declaration, 人 17) Acoustic 

shearing is not compatible with cfDNA. (Declaration, 人 18) Cell-free DNA is already 

fragmented and has a peak size of around 160 nucleotides. /d. Further reduction in size, such as 

by shearing, would result in significant destruction of sample DNA that is already present in only 

minute quantities. /d. Moreover, sheared cfDNA would be even more difficult to isolate and 

sequence due the reduction in fragment length. /d. 

(c) Salk characterizes polynucleotide fragments that are of the length of cf{DNA as 

sub-optimal. 

As provided in the Declaration of Dr. Shendure, Salk characterizes polynucleotide 

fragments of the size that would be found in cfDNA samples as being sub-optimal for its method 
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and instructs that such fragments are discarded during sample preparation. (Declaration, § 19) 

For example, Salk instructs selection of fragments in the optimal range of 200-500 base pairs. /d. 

The vast majority of cfDNA fragments, however, are about 140 to 170 base pairs—which is 

outside of Salk’s optimal size range. (Declaration, § 20) Salk, in fact, instructs that fragments of 

less than 200 base pairs (e.g., fragments about 140 to 170 base pairs) should be discarded in the 

sample preparation steps of the DCS method. /d. Discarding fragments outside the optimal range 

of about 200-500 base pairs is not compatible with cfDNA analysis as it would result in 

discarding the vast majority of informative cfDNA fragments. /d. 

(d) Salk discloses the use of SMIs, resulting in data loss, which is incompatible with 

methods for analyzing cfDNA samples. 

As provided in the Declaration of Dr. Shendure, the Salk DCS method also loses 

significant amounts of data through its reliance on random (i.e., degenerate) SMI tags. 

(Declaration, 24) Data loss, for all practical purposes, is no different than loss of physical 

sample and is incompatible with cfDNA samples. /d. According to Salk, approximately 1% of 

bases are incorrectly identified by NGS. (Declaration, {| 25) These errors are incorporated 

throughout the polynucleotide fragment, including in the SMI tag. /d. Taking Salk’s 12-base SMI 

tags as an example, where every fragment includes two tags (one at each end), even a relatively 

low error rate of 1% will result in an error in about every fourth sequence read. /d. Base 

misincorporation errors in the SMI tag cannot be easily corrected. (Declaration, 26) Rather, an 

error in the SMI tags would substantially limit the grouping of the polynucleotide into the 

appropriate family as required by Salk, particularly so when there are large numbers of families. 

Id. As a result, polynucleotides with sequence errors in the SMI tag are unlikely to be usable for 

error correction and must be discarded. /d. 

Unlike the disclosure of Salk, which requires (1) excessive amounts of DNA, (2) a 

protocol that cannot be adapted to cfDNA without fundamental modification (including which 

molecules to keep for analysis), and (3) the use of tags that potentially introduce data loss, an 

embodiment of the claims, “Digital Sequencing Technology workflow enables the vast majority 

of starting molecules to be converted and sequenced.” (Declaration, §/ 27, Application [0377]) 
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“This is critically important for detection of rare variants as there may only be a handful of 

somatically mutated molecules in an entire 10mL tube of blood.” /d. This advantage is not 

contemplated by the disclosure of Salk. As such, there would be no reasonable expectation of 

using the disclosure of Salk to arrive at the instant claims. 

(e) The inapplicability of Salk to cfDNA was recognized in the art. 

The inapplicability of the Salk method to cfDNA samples has been recognized and 

documented in the literature. For example, in 2017 (nearly five years after the earliest claimed 

filing date of Salk), Perakis et al. noted that the method had yet to be applied to cfDNA samples. 

Perakis further stated that “[p]rospects of success are limited since the method 1s relatively 

inefficient when limited amounts of input DNA—as it is most likely the case for cfDNA—are 

used.” Perakis et al., “Advances in Circulating Tumor DNA Analysis,” Adv. Clin Chem (2017) 

p. 30 (IDS submitted October 22, 2019). 

Applicant respectfully submits that at least for the foregoing reasons, claims 31 and 51 

are not obvious over the cited references, and neither are the claims depending therefrom. 

Withdrawal of the rejections is respectfully requested. 

38 3K 2k 

It shall be understood herein that any instance in which Applicant has addressed certain 

comments set forth by the Office shall not be construed as a concession to other comments or 

arguments advanced by the Office. Any circumstance in which Applicant has amended or 

canceled a claim also does not mean that Applicant concedes to the arguments or positions 

advanced by the Office with respect to that claim or other claims pending herein. 
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CONCLUSION 
  

In view of the foregoing, Applicant believes that all claims now pending in this 

Application are in condition for allowance. Should the Examiner have any questions, the 

Examiner is encouraged to contact the undersigned at 650-849-3293. 

The Commissioner is hereby authorized to charge any additional fees or credit any 

overpayment in connection with this paper to Deposit Account No. 23-2415, Attorney Docket 

No. 42534-704.314. 

Respectfully submitted, 

Dated: June 15, 2020 By: /Jacqueline Stroncek/ 
Jacqueline Stroncek, Reg. No. 72,619 

  

  

WILSON SONSINI GOODRICH & ROSATI 

A Professional Corporation 
650 Page Mill Road 

Palo Alto, CA 94304-1450 

Tel: 650-493-9300 

Fax: 650-493-6811 
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In re Application of: Confirmation No.: 1021 

Inventor: AmirAli TALASAZ Examiner: Kenneth R HORLICK 

Application No.: 16/593,633 Group Art Unit: 1637 

Filed: 10/04/2019 

Title: SYSTEMS AND METHODS TO 
DETECT RARE MUTATIONS AND COPY 
NUMBER VARIATION 

Customer No. 115823 

    

DECLARATION OF JAY SHENDURE, M.D., PH.D. UNDER 37 C.F.R. § 1.132 
  

Mail Stop Amendment 
Commissioner for Patents 

U.S. Patent & Trademark Office 

P.O. Box 1450 

Alexandria, VA 22313-1450 

I, Jay Shendure, hereby declare as follows: 

I. Qualifications 

1. I am currently the Director of the Brotman-Baty Institute for Precision 

Medicine, as well as the Director of the Allen Discovery Center for Cell Lineage. I am an 

Investigator for the Howard Hughes Medical Institute, a tenured Professor at the University 

of Washington (Department of Genome Sciences), and an Affiliate Professor at the Fred 

Hutchinson Cancer Research Center (Division of Human Biology). 

2. I graduated summa cum laude with a Bachelor of Arts in Molecular Biology 

from Princeton University in 1996. In 2005, I earned a Ph.D. in Genetics from Harvard 

University. Then, in 2007, I earned my M.D. from the Harvard Medical School. 

3. I am the founder of Bellwether Bio, Inc. (“Bellwether”). Bellwether 

researched and developed next generation cancer diagnostics techniques using cell-free



Application No. 16/593,633 
Attorney Docket No. 42534-704.314 

DNA. Bellwether was acquired by Guardant Health on April 8, 2019. I continue to serve as a 

Scientific Consultant to Guardant Health pursuant to that acquisition. 

4. I also serve on the Scientific Advisory Boards or as a consultant for numerous 

other corporations, including Nanostring (Scientific Advisory Board); Maze Therapeutics 

(Scientific Advisory Board); Camp4 Therapeutics (Scientific Advisory Board); Phase 

Genomics (Founder; Scientific Advisory Board); GenePeeks (Scientific Advisory Board); 

Adaptive Biotechnologies (Scientific Advisory Board); and Stratos Genomics (Scientific 

Advisory Board). 

5. I am also a member of the Editorial Boards of numerous publications in the 

field, including Science, Genome Medicine, Molecular Case Studies, Genetics, Human 

Molecular Genetics, Human Genetics, Genome Biology, and Genome Research. 

6. I have authored or co-authored numerous articles and publications, including: 

Diversity of Human Copy Number Variation and Multicopy Genes, 300 (6004) SCIENCE 641 

(2010); Copy Number Variation and False-positives in Prenatal Aneuploidy Screening, 372 

(17) NEW ENGLAND J. MED. 1639 (2015); Cell-free DNA Comprises an In Vivo Nucleosome 

Footprint that Informs Its Tissues-Of-Origin, 164 CELL 57 (2016); Fragment Length of 

Circulating Tumor DNA, 12(7) PLOS GENETICS (2016); Noninvasive Whole-Genome 

Sequencing of a Human Fetus SCIENCE TRANSLATIONAL MEDICINE Jun 6:4(137) (2012). 

7. I am a named inventor on numerous patents and patent publications, 

including: U.S. Patent No. 7,425,431, “Polony Fluorescent in situ Sequencing Beads”; U.S. 

Patent No. 8,865,410, “Error Detection in Sequence Tag Directed Subassemblies of Short 

Sequencing Reads”; U.S. Patent No. 9,809,904, “Methods for Retrieval of Sequence-Verified 

DNA Constructs”; PCT/US2015/0423 10, “Methods of Determining Tissues and/or Cell 

Types Giving Rise to Cell-Free DNA, and Methods of Identifying a Disease or Disorder 

Using Same”; U.S. Publication No. 2016/0357903, “4 Framework for Determining the 

Relative Effects of Genetic Mutations”; U.S. Publication No. 2015/0105267, “Whole Genome 

Sequencing of a Human Fetus”; U.S. Publication No. 2008/0269068, “M/fultiplex Decoding of 

Sequence Tags in Barcodes.” 

8. I have been involved in numerous research projects, both completed and 

ongoing, with numerous organizations. Examples of these research projects include: 
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Massively Parallel Genome Sequencing of Antibiotic-Resistant Emerging Pathogens 

(NIH/NIAID, 2009-012); Ultrasensitive Identification and Precise Quantitation of Low 

Frequency Somatic Mutations by Molecular Counting (NCI/NIH, 2011-2014). 

9. For my work in the field, I have been honored with various awards. These 

awards include: Richard and Carol Hertzberg Prize for Technology Innovation from the 

University of California, San Diego (2018); Cell “40 under 40” (2014); NIH Director’s 

Pioneer Award (2013); Curt Stern Award from the American Society of Human Genetics 

(2012); James Tolbert Shipley Prize from the Harvard Medical School (2007). 

10， My professional curriculum vitae is attached. 

II. Scope of Work 

11. ITIhave been asked to review Salk (U.S. Pat. No. 10,604,804) for disclosure 

relating to, and the applicability of, the methods described therein to cfDNA samples and for 

disclosure relating to non-uniquely tagging polynucleotides. My billing rate is $500 per hour. 

My compensation is not contingent on the outcome of this matter or the specifics of my 

testimony. 

Ill. Salk does not Disclose Cell-Free DNA 

12. Having reviewed Salk in detail, it is my opinion that a person of ordinary skill 

in the art would not view Salk as teaching, or even contemplating, application of its methods 

to cf{DNA. In fact, there are numerous aspects of Salk’s method that would be recognized as 

incompatible with cfDNA analysis. This includes Salk’s random fragmentation process, 

sample processing that instructs discarding fragments of the size expected in cfDNA, and 

Salk’s requirement of excessive amounts of DNA not available in cfDNA samples. Further 

explanation of my analysis is set forth in detail below. 

13. The “Duplex Consensus Sequencing” or “DCS” method disclosed by Salk is 

described exclusively as applicable to cellular DNA samples. Cellular DNA samples are 

discussed throughout Salk and provide the only examples of application of DCS. Example 1 

applies the method to cellular DNA isolated from “normal human colonic mucosa.” Salk, 

20:13-14. Example 2 applies the method to “human mitochondrial DNA” isolated from cells. 

Id., 25:23-24. Example 3 applies the method to DNA isolated from yeast cells. /d., 26:56-57. 

Example 4 applies the method to plasmid DNA isolated from bacterial cells. /d., 28:10-15. 
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Salk does not even mention applying DCS to cfDNA, let alone suggest that DCS might be 

applicable to such samples. 

14. The background section of Salk (1:41-48) observes that other methods 

employing “deep sequencing” may be useful for analysis of certain biological specimens. 

Salk also mentions that “single-molecule counting” can be applied to “quantitation of 

circulating microRNAs.” (18:63-19:8) However, I have reviewed the Salk reference in detail 

and am unable to find disclosure regarding application of Salk’s DCS method to cf{DNA. 

15. Aperson of ordinary skill in the art would not understand these portions of 

Salk to be contemplating application of DCS to the detection of rare variants in cf(DNA. 

Observing that others have applied fundamentally different methods to fetal aneuploidy 

(1:45-46) is not disclosure of application of the DCS method to cf(DNA. Further, single 

molecule counting of circulating microRNAs (i.e., Salk’s only disclosed circulating nucleic 

acid) is not disclosure of applying the DCS method to cfDNA at least because (1) circulating 

microRNA is not cfDNA, and (2) single molecule counting is not the DCS method. 

16. Besides containing no disclosure regarding application of the DCS method to 

cfDNA, the method of Salk includes numerous aspects that are fundamentally incompatible 

with ctDNA samples. 

17. For example, Salk’s method relies on acoustic shearing of cellular DNA. Salk, 

3:52-55 (“FIG. 1 illustrates an overview of Duplex Consensus Sequencing. Sheared double- 

stranded DNA that has been end-repaired and T-tailed is combined with A-tailed SMI 

adaptors and ligated according to one embodiment.”), 4:33-35 (“‘...randomly sheared 

fragments containing a particular genomic site are identified...”), 20:51-53 (“DNA was ... 

sheared on the Covaris AFA system”). 

18. Such acoustic shearing, however, is not compatible with cf{DNA. Cell-free 

DNA is already fragmented and has a peak size of around 160 nucleotides. Further reduction 

in size, such as by shearing, would result in significant destruction of sample DNA that is 

already present in only minute quantities. Moreover, sheared cfDNA would be even more 

difficult to isolate and sequence due the reduction in fragment length. 

19. Additionally, Salk characterizes polynucleotide fragments of the size that 

would be found in cfDNA samples as being sub-optimal for its method and instructs that 
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such fragments are discarded during sample preparation. For example, Salk instructs 

selection of fragments in the optimal range of 200-500 base pairs. Salk, 19:65-66 (identifying 

“the optimal range of ~200-500 bp” for its DCS method), 22:43-46. 

20. The vast majority of cfDNA fragments, however, are about 140 to 170 base 

pairs—which is outside of Salk’s optimal size range. Salk, in fact, instructs that fragments of 

less than 200 base pairs (e.g., fragments about 140 to 170 base pairs) should be discarded in 

the sample preparation steps of the DCS method. Salk, 20:58-64 (“DNA fragments larger 

than the optimal range of ~200-500 bp were removed....”), (“this step allows fragments of 

approximately 200 bp or greater to bind to the beads.”’), 23:36-40 (describing “size-selection 

for fragments in the range of ~200-500 bp by size-selective binding to Ampure XP beads.”’). 

Discarding fragments outside the optimal range of about 200-500 base pairs is not 

compatible with cf{DNA analysis as it would result in discarding the vast majority of 

informative cftDNA fragments. 

21. Salk describes methods with high levels of sample and data loss and, as such, 

require large amounts of cellular DNA that are simply not available when working with 

cfDNA. For example, Salk discloses using 3 hg of human DNA. Salk, 20:50-51. 

22. While cellular DNA might be available in such large quantities, cfDNA is not. 

For instance, 1 mL of human serum typically contains only about 10 ng of cfDNA. That is, 

the amount of cf{DNA in 1 mL is over 2-orders of magnitude less than what Salk discloses is 

used for DCS. It is simply not feasible to routinely obtain cfDNA in microgram quantities 

from patients. 

23. Adapting Salk to detect somatic genetic variants in cfDNA is not just a matter 

applying the technique to a more dilute DNA sample but would require fundamental 

modification and redesign of the DCS method. By way of example, the enzymatic steps 

involved in preparation of samples for DCS analysis (e.g., end repair, T-tailing, ligation, 

Salk, 20:50-21:8)) work less efficiently with dilute samples. 

24. The Salk DCS method also loses significant amounts of data through its 

reliance on random (i.e., degenerate) SMI tags. Data loss, for all practical purposes, is no 

different than loss of physical sample and is incompatible with cfDNA samples. 
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25. According to Salk, approximately 1% of bases are incorrectly identified by 

NGS. Salk, 1:67-2:9 (“Polymerase mistakes during pre-amplification generate point 

mutations resulting from base mis-incorporations and rearrangements due to template 

switching [26, 27], cluster amplification, cycle sequencing and image analysis, 

approximately 1% of bases are incorrectly identified, depending on the specific platform and 

sequence context [2, 28].”). These errors are incorporated throughout the polynucleotide 

fragment, including in the SMI tag. Taking Salk’s 12-base SMI tags as an example, where 

every fragment includes two tags (one at each end), even a relatively low error rate of 1% 

will result in an error in about every fourth sequence read. 

26. Base misincorporation errors in the SMI tag cannot be easily corrected. 

Rather, an error in the SMI tags would substantially limit the grouping of the polynucleotide 

into the appropriate family as required by Salk, particularly so when there are large numbers 

of families. F.g., Salk, Fig. 3, 4:12-37. As a result, polynucleotides with sequence errors in 

the SMI tag are unlikely to be usable for error correction and must be discarded. 

27. As the instant application explains in paragraph 377, loss of sample is not 

trivial when the purpose of the method is the identification of rare somatic variants in 

cf{DNA. 

Unlike conventional sequencing library preparation protocols, whereby the 

majority of extracted circulating DNA fragments are lost due to inefficient 

library conversion, our Digital Sequencing Technology workflow enables 

the vast majority of starting molecules to be converted and sequenced. This 

is critically important for detection of rare variants as there may only be a 

handful of somatically mutated molecules in an entire 10mL tube of blood. 

The efficient molecular biology conversion process developed enables the 

highest possible sensitivity for detection of rare variants. 

28. Accordingly, a person of ordinary skill in the art would not understand Salk to 

teach a method for detecting somatic genetic variants in cell free DNA (“cfDNA”). 
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IV. Salk does not Disclose Non-Uniquely Tagging Parent Polynucleotides 
    

29. It is my opinion that a person of ordinary skill in the art would not view Salk 

as disclosing or teaching “non-uniquely tagging” as that term is used in the instant 

application. Further explanation of my analysis is set forth in detail below. 

30. Paragraph 252 of the instant specification provides a definition of “non- 

uniquely tagged.” 

A set of polynucleotides in the composition that map to a mappable base 

position in a genome can be non-uniquely tagged, that is, the number of 

different identifiers can be at least [] 2 and fewer than the number of 

polynucleotides that map to the mappable base position. 

31. | The number of polynucleotides that map to a given mappable base position 

reflects the number of genomic copies in a sample. Such a set of polynucleotides in a sample 

is less than the total number of fragments in a sample. 

32. Consider as an example, a single copy of a genome that is fragmented into 

five polynucleotides, all of which are mappable to the reference sequence. Such a sample 

includes five polynucleotides. Yet, at any given mappable base position of the reference 

sequence (e.g., locus “A,” below), there is only one polynucleotide fragment (fragment “2” in 

this example). 

  

     

A 

Reference Genome Sequence 

x RSSRR ants af a 

1 1 2 3 4 5 

33. As another example, consider a sample comprised of five haploid copies of 

the human nuclear genome that is quantitatively fragmented. The entire sample might 

comprise millions of polynucleotides, but no more than 5 polynucleotides that map to a given 

mappable base position. 
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34. Accordingly, the instant claims are directed to a tagging method that uses far 

fewer tags than the total number of polynucleotides in the sample and is in marked contrast to 

the tagging methods described by Salk. Salk does not use the term “non-uniquely tagged” in 

the specification, nor does Salk contemplate non-unique tagging as claimed. 

35. Incontrast to the claimed method, the DCS method of Salk critically relies on 

flooding a sample with an excess number of tags, such that every DNA fragment is labeled 

with distinct or “unique” tags. F.g., Salk, 3:55-61 (“Because every adaptor contains a unique, 

double-stranded, complimentary n-mer random tag on each end (n-mer =12 bp according to 

one embodiment), every DNA fragment becomes labeled with two distinct SMI 

sequences...). 

36. Furthermore, Salk exclusively describes methods that use more tags than 

polynucleotide fragments in the sample. Salk refers to its disclosed methods as providing 

“unique” tagging. /.g., Salk, 16:15-19 (“The double-stranded target nucleic acid complex is 

then amplified by a method known in the art (e.g., a PCR or non-PCR method known in the 

art), resulting in a set of uniquely labeled, amplified SMI-target nucleic acid products.”), 

19:25-31 (“Because the use of SMI tags (or ‘double-stranded SMI sequences’) allows every 

molecule to be uniquely labeled prior to PCR duplication, trae PCR duplicates may be 

unambiguously identified by virtue of having a common (i.e., the same or identical) SMI 

sequence.”). 

37. Salk never instructs that the number of tags — which Salk refers to as “Single 

Molecule Identifiers” or “SMIs” —should be less than the number of polynucleotides in a 

sample. Where Salk does relate the number of barcodes to polynucleotides in a sample, it 
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instructs that the barcodes should be in excess of the sample polynucleotides. 性 g., Salk, 

3:55-61 (“Because every adaptor contains a unique, double-stranded, complimentary n-mer 

random tag on each end (n-mer =12 bp according to one embodiment), every DNA fragment 

becomes labeled with two distinct SMI sequences...), 6:67-7:4 (“The first and/or second 

degenerate or semi-degenerate nucleotide n-mer sequences may be any suitable length to 

produce a sufficiently large number of unique tags to label a set of sheared DNA fragments 

from a segment of DNA.”). 

38. A person of ordinary skill in the art would not understand Salk to teach a 

tagging method based on the number of polynucleotides that map to a given mappable base 

position. 

V. Concluding Statements 

39. I declare that all statements made herein are true to the best of my knowledge, 

or if made upon information and belief, are believed to be true; and further that these 

statements were made with the knowledge that willful false statements and the like so made 

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 

States Code and that such willful false statements may jeopardize the validity of the patent 

under examination thereon. 

  

  

Respectfully submitted, 

June 9, 2020 YY phew 

Date Jay Shendure, M.D., PhD. 
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Notice of Pre-AlA or AIA Status 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

NEW GROUNDS OF REJECTION 
  

2. In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the 

statutory basis for the rejection will not be considered a new ground of rejection if the prior art relied 

upon, and the rationale supporting the rejection, would be the same under either status. 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 

the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -(a)(2) the claimed invention was described in a patent 

issued under section 151, or in an application for patent published or deemed published under section 

122(b), in which the patent or application, as the case may be, names another inventor and was 

effectively filed before the effective filing date of the claimed invention. 

Claims 31-33, 35-51, 54-58, and 60 are rejected under 35 U.S.C. 102(a)(2) as being anticipated by 

Salk et al. (US 10,604,804; effective filing date 03/20/12). 

Claims 31-33 and 35-50 are drawn to methods comprising non-uniquely tagging a plurality of 

cell-free DNA molecules with adapters comprising barcodes, wherein adapters are ligated to both ends 

of the molecules; amplifying said molecules; sequencing a portion of said amplified molecules to 

produce sequencing reads; and detecting among the sequence reads one or more somatic genetic 

variants. Claims 51, 54-58, and 60 are drawn to similar methods comprising the additional steps of 

aligning sequencing reads; and grouping such reads into families.
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Salk et al. discloses methods comprising these steps as well as the steps in the dependent 

claims; see claims 1-2, 7-11, and 16-28. The claimed methods cannot be distinguished from the 

patented methods of Salk et al. 

4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is 

not identically disclosed as set forth in section 102, if the differences between the claimed invention 

and the prior art are such that the claimed invention as a whole would have been obvious before the 

effective filing date of the claimed invention to a person having ordinary skill in the art to which the 

claimed invention pertains. Patentability shall not be negated by the manner in which the invention 

was made. 

Claims 34, 52, 53, and 59 are rejected under 35 U.S.C. 103 as being unpatentable over Salk et al. 

These claims are drawn to the methods as described and rejected above, with further 

limitations regarding the set of barcodes, quantity of cell-free DNA molecules; and percentage of said 

molecules that are from one or more cancer genomes. 

While Salk et al. does not disclose these further limitations, it is submitted that they are within 

the category of routine optimization of known-important reaction parameters, which as established in 

U.S. patent practice does not support unobviousness (see M.P.E.P. 2144.05). Thus, it would have been 

prima facie obvious to one of ordinary skill in the art at the time the application was filed to optimize 

these known-important parameters in the method disclosed and claimed in Salk et al. 

CONCLUSION 

5. No claims are free of the prior art.
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AMENDMENTS TO THE CLAIMS 
  

This listing of claims will replace all prior versions and listings in the above-referenced 

patent application. The foregoing amendments are without prejudice and do not constitute an 

admission regarding the patentability of the amended subject matter and should not so be 

construed. Applicant reserves the right to pursue the subject matter of the canceled claims in this 

or any other appropriate patent application. 

Listing of Claims: 

1.-30. (Cancelled). 

31. (Currently amended): A method for detecting one or more somatic genetic variants, 

the method comprising: 

(a) non-uniquely tagging a plurality of cell-free deoxyribonucleic acid (cfDNA) 

molecules with adapters comprising molecular barcodes from a plurality of 

cfDNA molecules obtained from a human subject to produce non-uniquely 

tagged parent polynucleotides, wherein the adapters are ligated to both ends of 

molecules of cfDNA from the plurality of cfDNA molecules; 

(b) amplifying a plurality of the non-uniquely tagged parent polynucleotides to 

produce progeny polynucleotides with associated molecular barcodes; 

(c) sequencing a plurality pertter of the progeny polynucleotides to produce 

sequencing reads of the progeny polynucleotides with associated molecular 

barcodes; and 

(d) detecting, from among a plurality of the sequencing reads, a presence or 

absence of the one or more somatic genetic variants, based at least in part on 
  

the associated molecular barcodes of the sequencing reads. 
  

32. (Previously presented): The method of claim 31, wherein the human subject has a 

cancer or is suspected of having a cancer. 

33. (Previously presented): The method of claim 31, wherein the non-uniquely tagging 

comprises blunt-end ligation or sticky-end ligation.
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34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

(Previously presented): The method of claim 31, wherein the molecular barcodes are 

from a set of molecular barcodes having 5 to 1,000 different nucleotide sequences 

that are 5 to 20 nucleotides in length. 

(Previously presented): The method of claim 31, further comprising selectively 

enriching the progeny polynucleotides for target regions associated with cancer. 

(Previously presented): The method of claim 31, further comprising filtering out one 

or more of the sequencing reads that fail to meet a quality control threshold. 

(Currently amended): The method of claim 31, further comprising aligning a plurality 

of the sequencing reads to a human reference sequence to produce aligned sequencing 

reads. 

(Currently amended): The method of claim 37, further comprising grouping a 

plurality of the aligned sequencing reads into families based on sequence information 

of the molecular barcodes, [[the]] a start base position of a given aligned sequencing 

read from among the aligned sequencing reads at which the given aligned sequencing 

read is determined to start aligning to the human reference sequence, and a stop base 

position of the given aligned sequencing read at which the given aligned sequencing 

read is determined to stop aligning to the human reference sequence. 

(Previously presented): The method of claim 38, further comprising generating a set 

of consensus sequences from among the sequencing reads in the families. 

(Previously presented): The method of claim 39, further comprising determining the 

presence or absence of the one or more somatic genetic variants in the set of 

consensus sequences as compared to the human reference sequence. 

(Previously presented): The method of claim 40, further comprising quantifying a 

number of consensus sequences from the set of consensus sequences that comprise 

one or more somatic genetic variants as compared to the human reference sequence. 

(Previously presented): The method of claim 38, wherein the detecting comprises 

generating a base call at a genetic locus of the human reference sequence for a family 

from among the families. 

(Previously presented): The method of claim 38, further comprising quantifying a 

number of the families.
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44, 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

(Previously presented): The method of claim 31, wherein the one or more somatic 

genetic variants comprise a single nucleotide variant (SNV), a copy number variation 

(CNV), an insertion or deletion (indel), a gene fusion, or any combination thereof. 

(Previously presented): The method of claim 31, wherein the detecting further 

comprises detecting cancer in the human subject when the presence of the one or 

more somatic genetic variants is detected. 

(Previously presented): The method of claim 31, further comprising generating a 

tumor mutation profile of the human subject based on the detected presence or 

absence of the one or more somatic genetic variants. 

(Previously presented): The method of claim 46, wherein the tumor mutation profile 

is generated based on the presence or absence of one or more somatic genetic variants 

detected from different samples obtained from the human subject at different time 

points. 

(Previously presented): The method of claim 31, further comprising performing (a)- 

(d) in combination with immune repertoire profiling. 

(Previously presented): The method of claim 31, wherein the one or more somatic 

genetic variants are located in a microsatellite region. 

(Previously presented): The method of claim 49, wherein the one or more somatic 

genetic variants comprise an indel. 

(Currently amended): A method for detecting a presence or absence of one or more 

somatic genetic variants, the method comprising: 

(a) non-uniquely tagging a plurality of cell-free deoxyribonucleic acid molecules 

(cfDNA) molecules with molecular barcodes from a plurality of cfDNA 

molecules obtained from a human subject to produce non-uniquely tagged 

parent polynucleotides, wherein the molecular barcodes are ligated to both ends of 

molecules of cfDNA from the plurality of cfDNA molecules; 

(b) amplifying a plurality of the non-uniquely tagged parent polynucleotides to 

produce progeny polynucleotides with associated molecular barcodes; 

(c) selectively enriching the progeny polynucleotides for target regions associated 

with cancer, whereby enriched progeny polynucleotides are generated;
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52. 

53. 

54. 

55. 

56. 

(d) sequencing a plurality pertter of the enriched progeny polynucleotides to 

produce sequencing reads of the enriched progeny polynucleotides with 

associated molecular barcodes; 

(e) aligning a plurality of the sequencing reads to a human reference sequence to 

produce aligned sequencing reads; 

(f) grouping a plurality of the aligned sequencing reads into families based on 

sequence information of the molecular barcodes, [[the]] a start base position 

of a given aligned sequencing read from among the aligned sequencing reads 

at which the given aligned sequencing read is determined to start aligning to 

the human reference sequence, and a stop base position of the given aligned 

sequencing read at which the given aligned sequencing read is determined to 

stop aligning to the human reference sequence; and 

(g) detecting, from among a plurality of the families, the presence or absence of 

the one or more somatic genetic variants comprising a single nucleotide 

variant (SNV), a copy number variation (CNV), an insertion or deletion 

(indel), a gene fusion, or any combination thereof. 

(Previously presented): The method of claim 51, wherein the plurality of cfDNA 

molecules comprises between 1 nanogram (ng) and 100 ng of cfDNA molecules. 

(Previously presented): The method of claim 51, wherein the molecular barcodes are 

from a set of molecular barcodes having 5 to 1,000 different nucleotide sequences 

that are 5 to 20 nucleotides in length. 

(Previously presented): The method of claim 51, wherein the molecular barcodes are 

part of adapter sequences. 

(Previously presented): The method of claim 51, further comprising filtering out one 

or more of the sequencing reads or the aligned sequencing reads that fail to meet a set 

accuracy, quality score, or mapping score threshold. 

(Previously presented): The method of claim 51, further comprising generating a set 

of consensus sequences from among the aligned sequencing reads in the families.
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57. (Previously presented): The method of claim 56, further comprising calculating a 

number of consensus sequences from the set of consensus sequences that comprise 

one or more somatic genetic variants as compared to the human reference sequence. 

58. (Previously presented): The method of claim 51, further comprising quantifying a 

number of the families. 

59. (Previously presented): The method of claim 51, wherein 0.1% to 1.0% of the cfDNA 

molecules in the plurality of cfDNA molecules is from one or more cancer genomes. 

60. (Previously presented): The method of claim 51, wherein the detecting further 

comprises detecting cancer in the human subject when the presence of the one or 

more somatic genetic variants is detected.
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