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Sir: 

This reply is in response to the Notice to File Missing Parts ofNonprovisional 

Application mailed on March 7, 2019. The shortened statutory period for reply expires May 7, 

2019, therefore, this response is timely filed. Applicant respectfully requests consideration of the 

above-referenced application in view of the following remarks: 

Amendments to the Claims begin on page 2 of this paper. 

Remarks begin on page 6 of this paper. 
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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. (New) A system of detecting somatic genetic variants of double-stranded cell-free 

deoxyribonucleic acid (ciDNA) in a blood sample for cancer testing in a human subject, 

compnsmg: 

(a) a ciDNA sequencing sub-system to: 

cause contact between 1 nanogram (ng) to 100 ng of ciDNA derived from the blood 

sample and a set of molecular barcodes comprising between 5 to 1,000 molecular 

barcodes to produce tagged parent polynucleotides, wherein at least 20% of the ciDNA 

are tagged with the set of molecular barcodes, and wherein a molecule of the ciDNA is 

joined to a molecular barcode at each end of the molecule of the ciDNA; 

amplify a plurality of the tagged parent polynucleotides to produce progeny 

polynucleotides with associated molecular barcodes; 

selectively enrich the progeny polynucleotides for target regions associated with 

cancer to generate enriched progeny polynucleotides; and 

sequence at least a portion of the enriched progeny polynucleotides to produce 

sequencing reads; and 

(b) a computer sub-system comprising a processor programmed to: 

access the sequencing reads; 

align the sequencing reads to a human reference genome to identify mapped 

sequencing reads, from among the sequencing reads, that map to the human reference 

genome; 
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identify beginning base positions in the human reference genome and end base 

positions in the human reference genome at which the mapped sequencing reads map to 

the human reference genome; 

associate a first set of the mapped sequencing reads with a first ciDNA molecule in 

the blood sample based on one or more first molecular barcodes of the molecular 

barcodes, one or more first beginning base positions of the beginning base positions, and 

one or more first end base positions of the end base positions; 

associate a second set of the mapped sequencing reads with a second ciDNA 

molecule in the blood sample based on one or more second molecular barcodes of the 

molecular barcodes, one or more second beginning base positions of the beginning base 

positions, and one or more second end base positions of the end base positions; and 

detect, from among the first and second sets of the sequencing reads, the presence or 

absence of one or more somatic genetic variants comprising a single nucleotide variant 

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

32. (New) The system of claim 31, wherein the ciDNA sequencing sub-system comprises a 

nucleic acid sequencer. 

33. (New) The system of claim 32, wherein the nucleic acid sequencer is to perform sequencing­

by-synthesis on the at least a plurality of enriched progeny polynucleotides to produce the 

sequencing reads. 

34. (New) The system of claim 32, wherein the nucleic acid sequencer is to perform 

pyrosequencing, single-molecule sequencing, nanopore sequencing, semiconductor 

sequencing, sequencing-by-ligation or sequencing-by-hybridization on the at least a plurality 

of enriched progeny polynucleotides to produce the sequencing reads. 

35. (New) The system of claim 32, wherein the nucleic acid sequencer is to use a clonal single 

molecule array derived from the at least a plurality of enriched progeny polynucleotides to 

produce the sequencing reads. 

36. (New) The system of claim 32, wherein the nucleic acid sequencer comprises a chip having 

an array of microwells for sequencing a sequencing library to produce the sequencing reads. 

37. (New) The system of claim 31, wherein the computer sub-system comprises a memory, a 

hard drive or a computer server. 
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38. (New) The system of claim 31, wherein the computer sub-system comprises a 

communication interface to communicate with one or more other systems via a 

communication network. 

39. (New) The system of claim 38, wherein the communication network comprises a 

telecommunication network, an internet, an extranet, or an intranet. 

40. (New) The system of claim 38, wherein the communication network includes one or more 

computer servers capable of distributed computing. 

41. (New) The system of claim 40, wherein distributed computing is cloud computing. 

42. (New) The system of claim 32, wherein the processor is remotely located from the nucleic 

acid sequencer. 

43. (New) The system of claim 42, wherein the processor is to generate a user interface 

comprising a result of the detection. 

44. (New) The system of claim 43, wherein the processor is to provide the user interface via an 

electronic display in communication with the computer sub-system via a communication 

network. 

45. (New) The system of claim 44, wherein the user interface comprises a graphical user 

interface (GUI) or a web-based user interface. 

46. (New) The system of claim 44, wherein the electronic display is in a personal computer. 

47. (New) The system of claim 44, wherein the electronic display is in an internet enabled 

computer. 

48. (New) The system of claim 47, wherein the internet enabled computer is located at a 

location remote from the computer. 

49. (New) The system of claim 31, wherein the ciDNA sequencing sub-system is to cause 

contact between 10 ng to 100 ng of ciDNA and the set of molecular barcodes to produce the 

tagged parent polynucleotides. 

50. (New) The system of claim 31, wherein at least 30% of the ciDNA are tagged. 

51. (New) The system of claim 31, wherein at least 40% of the ciDNA are tagged. 

52. (New) The system of claim 31, wherein at least 50% of the ciDNA are tagged. 

53. (New) The system of claim 31, wherein an expected size distribution of the ciDNA 

comprises 140-180 nucleotides. 
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54. (New) The system of claim 31, wherein the ciDNA comprises circulating tumor DNA 

(ctDNA). 

55. (New) The system of claim 31, wherein the set of molecular barcodes comprises between 5 

to 100 molecular barcodes. 

56. (New) The system of claim 55, wherein the molecular barcodes are at least 5 nucleotides in 

length. 

57. (New) The system of claim 31, wherein the ciDNA sequencing sub-system comprises a 

device to perform polymerase chain reaction (PCR) to amplify the plurality of the tagged 

parent polynucleotides. 

58. (New) The system of claim 31, wherein the processor is further programmed to generate a 

base call at each genetic locus of a plurality of genetic loci in the human reference genome 

for the first and second sets of the mapped sequencing reads. 

59. (New) The system of claim 58, wherein the processor is further programmed to measure a 

frequency of one or more bases called at the locus from among the first and second sets of 

the mapped sequencing reads. 

60. (New) The system of claim 31, wherein the ciDNA sequencing sub-system is to implement 

next-generation sequencing, and wherein the ciDNA sequencing sub-system includes a 

device to perform PCR to amplify the plurality of the tagged parent polynucleotides. 
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REMARKS 

Applicant received a Notice to File Missing Parts mailed March 7, 2019, indicating 

additional claim fees were due for pending claims 1-30. Applicant submitted a Preliminary 

Amendment on March 6, 2019 cancelling claims 4-30. Claims 1-3 remained pending. As such, 

the requirement for additional claim fees of the Notice to File Missing Parts is moot. 

Applicant hereby submits a subsequent Preliminary Amendment. After entry of the 

above-referenced claim amendments, claims 1-3 are cancelled and claims 31-60 are newly 

added. Support for these new claims may be found throughout the application as filed, for 

example, at least at paragraphs [0044], [0098], [00249]-[00252], [00322]-[00331] and Figure 15. 

With the cancellation of claims 1-30 and the addition of claims 31-60, no further claim 

fees are due are believed to be due. However, the Commissioner is authorized to charge any 

underpayment or credit any overpayment to Deposit Account No. 60-2231(Attorney Docket No. 

42534-704.310). 

A copy of the Notice to File Missing Parts is also submitted herewith. 

CONCLUSION 

Should any questions arise, the USPTO staff member is encouraged to contact the 

undersigned patent practitioner. 

Date: ---=M~ay:........:....:7,,_,2"-"0'""'1"'-9 __ 

GUARDANT HEALTH, INC. 
505 Penobscot Drive 
Redwood City, CA 94063 
Customer No. 115823 

By: 

Respectfully submitted, 

GUARDANT HEALTH, INC. 

/Timothy A Hott/ 

Timothy A Hott 
Registration No.: 67740 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AlA. 

EXAMINER'S AMENDMENT 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Jackie Stroncek on 05/05/2020. 

Please amend the claims as follows (see underlining, stril~ethrough, "(canceled)" 

and "(new)"): 

31. (Currently Amended) A system of deteetingconfigured to detect somatic genetic 

variants of double strandedin cell-free deoxyribonucleic acid (cfDNA) in a blood sample 

for cancer testing in a human subject, comprising: 

(a) efDNAa nucleic acid sequencer for sequencing sub system to: 

eause eontaet betvveen 1 nanogram (ng) to 100 ng of efD~JA derived from 

the blood sample and a set of moleeular bareodes eomprising betvveen 5 to 

1 ,000 moleeular bareodes to produee tagged parenta plurality of 

polynucleotides, vvherein at least 20% of the efDNA are tagged Vv'ith the derived 

from non-uniquely tagged cfDNA to produce a set of sequencing reads, 

wherein the non-uniquely tagged cfDNA comprises molecular barcodes from a 

set of molecular barcodes, and wherein joined at both ends of a molecule of 

the cfDNA, and wherein the cfDNA is joinedthat map to a moleeular bareode at 

eaeh endmappable base position of th-edifferent molecular barcodes ranging 

from at least 2 and fewer than a number of cfDNA molecules that map to the 

mappable base position~ 
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amplify a plurality of the tagged parent polynueleotides to produee 

progeny polynueleotides Vv'ith assoeiated moleeular bareodes; 
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seleetively enrieh the progeny polynueleotides for target regions assoeiated with eaneer 

to generate enriehed progeny polynueleotides; and 

sequenee at least a portion of the enriehed progeny polynueleotides to 

produee sequeneing reads; and 

(b) a computer sub system comprising a processor 

programmed to: 

aeeess the sequeneing reads; 

access sequencing reads from the set of sequencing reads, wherein the 

sequencing reads comprise nucleic acid sequences corresponding to (1) a 

cfDNA molecule from among the non-uniquely tagged cfDNA and (2) nucleic 

acid sequences of the molecular barcodes associated with the cfDNA 

molecule; 

align the sequencing reads to athe human reference genome to identify 

mapped sequencing reads, from among the sequencing reads, that map to 

the human reference genome; 

identify beginning base positions in the human reference genome and end 

base positions in the human reference genome at which the mapped 

sequencing reads map to the human reference genome; 

associate a first set of the mapped sequencing reads with a first cfDNA 

molecule in the blood sample based on one or more first molecular 

bareodesbarcode sequences of the molecular barcodes, one or 

ffiOfe-associated with the first cfDNA molecule, a first beginning base 

positions of the beginning base positions, and one or moreg first end base 

positions of the end base positions; 

associate a second set of the mapped sequencing reads with a second 

cfDNA molecule in the blood sample based on one or more seeondthe 

molecular barcodes sequences of the molecular barcodes, one or 

ffiefeassociated with the second cfDNA molecule, a second beginning base 
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positions of the beginning base positions, and one or more_g second end base 

positions of the end base positions;-aOO 

detect, from among at least the first and second sets of the mapped 

sequencing reads, the presence or absence of one or more somatic genetic 

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

(CNV), an insertion or deletion (indel), and gene fusion. 

32. (Canceled) 

33. (Currently Amended) The system of claim ~Ji, wherein the nucleic acid sequencer 

is to perform sequencing-by-synthesis on the at least a plurality of enriched progeny 

polynucleotides to produce the set of sequencing reads. 

34. (Currently Amended) The system of claim ~Ji, wherein the nucleic acid 

sequencer is to perform pyrosequencing, single-molecule sequencing, nanopore 

sequencing, semiconductor sequencing, sequencing-by-ligation or sequencing-by­

hybridization on the at least a plurality of enriched progeny polynucleotides to 

produce the set of sequencing reads. 

35. (Currently Amended) The system of claim ~Ji, wherein the nucleic acid 

sequencer is to use a clonal single molecule array derived from the at least a 

plurality of enriched progeny polynucleotides to produce the set of sequencing 

reads. 

36. (Currently Amended) The system of claim ~Ji, wherein the nucleic acid sequencer 

comprises a chip having an array of microwells for sequencing a sequencing library 

to produce the set of sequencing reads. 

37. (Currently Amended) The system of claim 31, wherein the computer sub system 

comprises a memory, a hard drive or a computer server. 

38. (Currently Amended) The system of claim 31, wherein the computer sub system 

comprises a communication interface to communicate with one or more other 

systems via a communication network. 

41. (Currently Amended) The system of claim 40, wherein the distributed 

computing is cloud computing. 
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42. (Currently Amended) The system of claim~~, wherein the processor is 

remotely located from the nucleic acid sequencer. 

44. (Currently Amended) The system of claim 43, wherein the processor is to 

provide the user interface via an electronic display in communication with the 

computer sub system via a communication network. 

49-53. (Canceled) 
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55. (Currently Amended) The system of claim 31, wherein the set of molecular 

barcodes comprises molecular barcodes having between 5 to 1 00 different 

molecular barcode[[s]] sequences. 

57. (Canceled) 

60. (Canceled) 

61. (New) The system of claim 31, wherein the set of molecular barcodes comprises 

molecular barcodes having between 2 to 1 ,000,000 different molecular barcode 

sequences. 

62. (New) The system of claim 31, wherein the processor is further programmed to 

determine if the first or second sets align to one or more predefined regions of the 

human reference genome. 

Reasons for Allowance 

Claims 31, 33-48, 54-56, 58-59 and 61-62 are allowed because the prior art fails 

to teach or suggest sequencing and processing cfDNA that was non-uniquely tagged 

and using the non-unique tags and the beginning base and the end base to associate 

sequence reads. In other words, the barcoding yields non-unique barcodes because 

the amount of cfDNA (and number of different cfDNA molecules) is in excess of the 

number of barcodes (Spec., para. 0252 ("non-uniquely tagged, that is, the number of 

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

polynucleotides that map to the mappable base position")). Contrary to this, the closest 

prior art teaches to use an excess of barcode adapters to DNA (and number of different 
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DNA molecules) to uniquely barcode. See Schmitt eta/., Detection of ultra-rare 

mutations by next-generation sequencing, Proc Natl Acad Sci U S A. 2012 Sep 
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4;109(36):14508-13. Epub 2012 Aug 1; US 9,752,188; WO 2012/042374 A2; Kinde et 

a/., Detection and quantification of rare mutations with massively parallel sequencing, 

PNAS June 7, 2011 108 (23) 9530-9535. Furthermore, a number of the SALK patent 

documents (e.g. US 1 0,604,804) include some of the same authors as the Schmitt 

reference. These SALK patent documents teach the same invention as in Schmitt, but 

contain language arguably directed to circulating DNA and "non-unique" barcoding. For 

example, US 10,604,804 contains claims directed to "attaching tags comprising 

barcodes selected from a plurality of distinct barcode sequences to said circulating 

nucleic acid molecules obtained from said bodily sample of the subject" and 

"generat[ing] non-uniquely tagged parent polynucleotides." As to "non-uniquely" 

barcoding, US 10,604,804 has a single sentence suggesting "[a] hybrid method using a 

combination of sheared ends and a shorter n-mer tag (such as 1 or 2 or 3 or 4 or more 

degenerate or semi-degenerate bases) in the adaptor may also serve as unique 

molecular identifiers." At the least, this definition of "non-uniquely" barcoding is different 

from the current Application: "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 at least 2 and fewer than the number of 

polynucleotides that map to the mappable base position" (para. 0252). Thus, at the 

least, US 10,604,804 does not "non-uniquely" barcode as defined by the instant 

application because neither Schmitt nor US 1 0,604,804 disclose the number of different 

identifiers can be at least at least 2 and fewer than the number of polynucleotides that 
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map to the mappable base position (e.g. 100-1000,000 haploid genome equivalents of 

cfDNA versus 2-1 ,000 different molecular barcode sequences of at least 5 nucleotides 

in length, as claimed). 

As to cfDNA, the background section of the Specification of US 1 0,604,804 

indicates that deep sequencing has been implemented for "nucleic acid-based serum 

biomarkers." US 10,604,804 never explicitly states that their method can be used with 

circulating/cell-free nucleic acids. Most likely this is because it was not enabled to be 

used with cfDNA as explained in Perakis. Perakis eta/., Advances in Circulating Tumor 

DNA Analysis, Adv Clin Chern. 2017;80:73-153. Epub 2017 Jan 3, states that the 

"[a]lthough the same group [Schmitt/US 10,604,804 used this approach for selective 

enrichment of small genomic regions, the original protocol has not yet been used with 

ctDNA" and "[p]rospects of success are limited since the method is relatively inefficient 

when limited amounts of input DNA-as it is most likely the case for cfDNA-are used" 

(pg. 1 02). In other words, skilled artisans expected that the method of SchmitVUS 

1 0,604,804 was not enabled for cfDNA. 

Thus, the claims are allowed because the prior art fails to teach or suggest an 

enabled step (a) with cfDNA and (b) the "non-uniquely" barcoding is not disclosed in US 

1 0,604,804. 

As to subject matter eligibility under Section 101, even if the claims were directed 

to a judicial exception, yet the claims require to non-unique barcoding with non-routine 

cfDNA:barcode ratios to allow non-routine data processing of sequence reads that 

amounts to an inventive sequencing concept. Thus, the claims are patent eligible at a 

minimum for this reason. 
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Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Claims 31, 33-48, 54-56, 58-59 and 61-62 are allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to AARON PRIEST whose telephone number is (571) 270-

1095. The examiner can normally be reached on Monday-Friday 1 Oam-6pm. 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 http://pair-direct.uspto.gov. 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. 
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